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PREFACE

Experience repeatedly confirms that the practical value of an oscilloscope
depends essentially upon how far its most useful potentialities are understood
for the wide variety of measurements to which it can be applied. This in turn
presupposes a comprehensive knowledge of the way the oscilloscope functions,
since its circuit enters into the whole circuit under measurement and its
properties determine to a very great extent the most suitable method of
measurement to be adopted.

Accordingly, parts I and II of this book are mainly concerned with the struc-
tural sections and the mode of operation of the oscilloscope. The circuit
descriptions are supported by numerous original oscillograms and part 1I
also deals with the principles which apply when using the oscilloscope in
measuring-technique.

In part III a number of examples are considered of measurements taken from
actual practice, and the methods used for evaluating the results are discussed
in detail. Particular attention is devoted in chapter 15 to measurements on
television receivers, showing at the same time how the use of a time base
expansion unit allows far greater insight into the details of a signal under
investigation than a normal oscillogram.

Part IV is devoted to directions for building a simplified oscilloscope, a high-
precision instrument and a simple time-base expansion unit. The circuits
described provide an opportunity of considering further details of importance
for working with oscilloscopes and for assessing their suitability to perform
certain tasks. '

This book is above all intended as an introduction for those who are new-
comers to the technique of oscillography, a technique which is gaining more
and more in importance as time goes by. For this reason I have made ex-
clusive use of original oscillograms in this present work as in all my previous
publications, which are also partly reproduced here. I believe that only in
this way is it possible to convey that direct impression of the results of mea-
surement which is so important for becoming familiar with the uses of the
oscilloscope.

I gladly take this opportunity of thanking all who have lightened the task
of preparing this book. I am especially indebted to the managements of the
Deutsche Philips GmbH, Valvo GmbH, and the Elektro Spezial GmbH, -
Hamburg, who placed at my disposal the measuring apparatus and accessories
needed for the practical work involved. Acknowledgements are also due to
N.V. Philips’ Gloeilampenfabricken, Eindhoven (Holland), who kindly allowed
me to make use of information from various sources which are listed in the
bibliography. I should also like to express my gratitude to Mr. G. K. Luton
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Preface

for his English translation and to the members of the Industrial Products Divi-
sion of Philips Electrical Ltd., London, who gave their help in checking the
proofs.
May this book contribute not only to the advancement of the cathode ray
oscilloscope on its own territory, electrical engineering, but also to promoting
its application in other fields where problems of measurement still await a
solution.

J. Czech
Hamburg, December 1956
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PARTI1

The Cathode Ray Oscilloscope






1. The Cathode Ray Oscilloscope

Structural Sections.

The main structural sections of the oscilloscope, apart from the cathode ray
tube itself, are the power supply, the vertical deflection amplifier—Y axis—
and the time base or “sweep” generator. This is sometimes combined with a
horizontal deflection amplifier—X axis.

A schematic indication of the way the individual sections work together is
given in fig. 1-1.-The mode of operation and uses of the oscilloscope will be
dealt with in detail in the follow-
ing chapters.

Cathode ray tube

The power supply provides the  diasan | Vortieal |

AC and DC vgltagtlgs needed for voage :q,mp/lﬁef, 1 _

feeding the cathode ray tube L . r |

and auxiliary circuits. Internal Syne I goess

As the block diagram shows, i~ S

there is also a synchronizing Exgerndl s

device, which enables the time-  £xterna ; = )

base frequency to be locked with " "% ohis e K
‘ quency to w. Synchroni—: generaior: SER

either the vertical deflection zing clrcuit (possibly combined] S35

voltage, with a voltage supplied L ' W‘?ﬁ/%p%@%m";’gi?

from an external source or with S

the mains voltage, according to

choice. Possibilities are also pro- -

vided for triggering a single time LT.and HT

base and for triggering a sweep 7 )

by a pulse sequence or by a part Fower pack

cycle of a sinusoidal voltage. .

These processes are dealt with in Fig. 1-1.

detail in the chapter on time Schematiclayout of the structural sections of a
bases. conventional oscilloscope

The synchronizing device is nearly always combined with the time base, both
in the circuit and in the structural design. This has been particularly brought
out in fig. 1 in order to emphasise its useful possibilities which, as experience
shows, are seldom exploited to the full, ‘

Fig. 1-2 shows the exterior of a cathode ray oscilloscope with its control panel.
The probe in the input permits a division of the voltage to be measured by a
ratio of 20 : 1 before it is fed in correct amplitude and phase to the Y am-
plifier.

The retractable light-shield with the scale for quantitative evaluation of the
patterns is shown pulled back. The heat generated in the apparatus is allow-
ed to escape through vents plentifully provided in the casing.

The structural sections indicated in fig. 1-1 can be seen in figs. 1-8 and 1-4,
which show the interior of Philips oscilloscope GM 5658.

Fig. 1-8 gives a view of the mains transformer, the rectifying valves for the
anode voltages together with the valves and circuit components for the time
base.




The Cathode Ray Oscilloscope ' 1 ‘

Fig. 1-4 shows the other side of the chassis with the valves and circuit com-
ponents for the vertical deflection amplifier. Below in the centre can be seen
a group of electrolytic condensers, whose main function is to provide the
filtering for the two cascade rectifiers which generate the E.H.T. for the
anodes of the cathode ray tube (See circuit diagram fig. 8—-6 page 81). The
mains transformer is again visible, as well as two stabilizer valves 85 A1, and
valves PL 81 and EF 42 for electronic control.

Fig. 1-2.
Front view of Philips oscilloscope <“GM 5653/01.”

An R.F. choke is located above the transformer for preventing time base
harmonics from interfering with radio reception.

These illustrations show that the mains transformer is generously dimension-
ed. This is necessary to minimize its stray field, which might otherwise cause
unwanted deflection of the electron beam. The cathode ray tube is further
protected against stray magnetic fields by a high grade mu-metal cylinder.
All sections of the oscilloscope—the cathode ray tube, the power supply, the
time base and the deflection amplifiers—will be examined in the following
chapters.

The descriptions of oscilloscope construction given in part IV provide further
and more detailed examples of rating specifications for the individual circuit
components. :

4



Structural Sections

Post-acceleration EL41 EF 42

Fig. 1-8.
Interior view of oscilloscope “GM 5653/01”’, showing time base and
power supply sections.

EF42 EL41 H.T.connection for a3

EF42 :
‘Cathode follower T

85A1  PLOT il
Fig. 1-4.
Interior view showing vertical amplifier.




2. The Cathode Ray Tube!

The cathode.

An indirectly heated cathode is generally used as the source of electrons. The
electrons are emitted from an oxide coating on the tip of a small nickel cylin-
der sealed at one end. The coated tip is shown in fig. 2-1a as a white surface
marked k. The filament or “heater’ is reproduced in fig. 2-1b, the cathode

Fig. 2-1a. Electrode system showing

the cathode of DG 10-6. &k = electron-

emitting layer. g = Wehnelt cylinder

(opened). 4 = aperture for electron
stream.

Fig. 2-1b. Filament of ‘cathode ray
tube DG10-6. Heater supply: .
6.3V/0.3 A,

cylinder having been removed. As can be
seen, it is bent double. This is done to
achieve maximum heating with the most
economical means. To insulate it from the
cathode, the- filament is coated with a
layer of kaoline. ‘

Electrode arrangement in the cathode
ray tube.

In its simplest form a cathode ray tube
might be built as indicated in fig. 2-2.
Opposite the indirectly heated cathode is
a metal dise with anopeningin the centre.
This is the anode and it is operated at a
positive potential to the cathode. The
negative electrons emitted by the cathode
are attracted by the positive anode. The
great majority of the electrons land on
the metal disc and return to the cathode
via the voltage source. Some, however,
accelerated by the attractive force of the
anode voltage, pass through the opening
in the disc and proceed in a straight line
to the screen. ,

Thescreen consists of a phosphor-chemical
coating on the inside of the large end of
the tube which becomes fluorescent when
struck by the electron beam. Within
certain limits, the brightness of the spot
thus produced on the sereen is proportional
to the density of the electron beam.
The colour of the fluorescent glow depends

upon the composition of the coating material.

By analogy with radio valves the arrangement of electrodes described cor-
responds to a diode. To control the magnitude of the electron beam, another
electrode is added, consisting of a metal cylinder which is placed around the

1 The C.R.T. was described by Prof. Braun in 1897, after whom it was at first named the

“Braun Tube”.

6



Concentrating the electron beam

cathode and closed at one end except for one small aperture. This arrange-
ment is represented schematically in fig. 2-8.

This electrode, named the Wehnelt Cylinder after its inventor, or quite shortly
grid “g” by analogy with the amplifying valve, is kept at a negative (DC)
potential with respect to the cathode. By varying this potential it is possible

to control the intensity of the electrons
which are attracted by the anode voltage
through the opening in the Wehnelt
cylinder. The voltage at which the elec-
tron beam is just suppressed, or cut
off, is known as the grid cut-off voltage.
This voltage is given in all tube data
published by the manufacturers. In
standard commercial tubes it lies be-
tween—380 and—100 V.,

With a grid bias of zero volts the elec-
tron beam is not influenced and the
greatest number of electrons then pass
through the aperture in the electrode.
Fig. 2-4, a, b and ¢ shows schematically
the effect on the electron beam of
different grid bias voltages and fig. 25
reproduces the actual construction of
the Wehnelt cylinder.,

It is important to remember that the
voltage on the Wehnelt cylinder must never
be positive, as otherwise grid current will
flow and the cathode may be damaged
by excessive emission.

Concentrating the electron beam.

The electrons emitted by the cathode
represent identical charges; they there-
fore mutually repel each other and the
beam tends to spread out.

It is essential, however, to have as fine
a beam as possible, and so special
measures are taken to concentrate the
electrons into asnarrow abeam ascanbe
obtained. It is clear that the beam will
be narrower if the electrons are made to
travel faster since they will then have
less time to scatter before reaching the
screen. \

Thus, to obtain a small spot on the
screen, it is necessary to have the anode

g B

a

Fig. 2-2.

Simple arrangement of a cathode ray
tube; f = filament, %k = cathode,
@ = anode, s = screen

|
-5
K g S

Fig. 2-8. Electrode arrangement of a

cathode ray tube with Wehnelt cylin-

der. k = cathode, g = grid (Wehnelt
cylinder), « = anode, s = screen.

T E=T F—_E
] I ;_rl
k g' K¢ kg
a b C
Fig. 2-4. Control of the cathode

current of a C.R.T. by means of the
Wehnelt cylinder. ¢) 0 bias, maximum
electron emission. b) Medium bias,
medium emission. ¢) Cut-off bias,

electron beam suppressed.

Fig. 2-5. Wehnelt cylinder of a ca-
thode ray tube; g = Wehnelt cylinder,
A = aperture for  electron beam.
B = observation points for assembly.

7




The Cathode Ray Tube 2

potential as high as possible. Reasons of economy, however, set a practical
limit to this. Only by introducing further electrodes between the anode and
the grid can a sufficiently narrow beam be obtained with a reasonable anode
voltage. Fig. 2-6a illustrates the basic idea of these electrodes. Between
anode and grid a. cylindrical electrode is added which receives a positive
voltage with respect to the cathode, namely about /, of the anode voltage.
A potential difference now exists between the anode and the additional elec-
trode amounting to about ?/, of the anode voltage and a corresponding elec-
trostatic field is set up.

The lines of force of this field are shown in fig. 2-6a. The arrows indicate the
direction from the lower and the higher potential and also the direction of the
force acting on the electrons. The
concentrating effect of this new
electrode on the electron beam can
plainly be recognized. The surfaces
that cut the lines of force have an
equal potential at all points and are
therefore known as “equipotential
surfaces”.  The cross-sections
through these are shown as broken
lines in fig. 2—6a. Comparison with
fig. 2-6b makes it clear that these
surfaces have the same form as the
Fig. 2-6. Electron optics — light optics. @)  boundary surfaces of a correspond-

Voltage relationship between anode and )0 htica] lens. Their influence on
auxiliary anode and its effect upon the electron

beam. b) Analogy with a) behaviour of light the electron beam is in fact very
rays in a glass lens, ¢) influence of electro-  similar to the influence of an optical
static field upon electron beam. lens on rays of light, and thus we
speak of “electron optics.”
Varying the voltage on the focusing electrode g, (fig. 2-6¢) varies the electro-
static field between anode a, and this electrode and thus the concentrative
influence on the electron beam.
In this way the spot of light on the screen can be sharply adjusted for defi-
nition just as, for instance, an object to be photographed is focused by a
camera. Where particularly sharp focusing of the spot is demanded, it is not
uncommon in practice to employ not only one “electron lens”, but, as in
light optics, to use a.combination of such lenses, involving a complicated
electrode system. Fig. 2-7 shows different stages of spot definition when the
voltage on the first (focusing) anode is varied in the region of sharp
focus. The spot on the screen shown here is actually the reduced image of the
emitting surface of the cathode. It follows from this of course that it must also

Fig. 2-7. The spot on the screen with different voltages on anode a,.



Deflecting the beam

be possible to reproduce in this way a
magnified image of the cathode. With
the aid of a suitable electron lens it is
in fact possible to achieve magnifica-
tions of this sort far exceeding the
capabilities of optical microscopes.
Most oscilloscopes are able to repro-
duce an enlarged image of the cathode
on the screen, or of a section, which
is determined by the apertures of the — p . 2-8. Tmage of the cathode on the
electrodes through which the beam  goreen of a C.R.T. ) Uniformly emitting
passes. When the grid bias is set at  cathode. b) Cathode with an area of low
zero, i.e. when the tube is ‘“turned emission.

on”, it only requires a low potential

on @, to obtain distinctly on the screen a magnified image of the cathode.
In this way it is possible to gain an impression of the condition of the cathode
in a given tube. “C.R.T. spot photographs” of this sort are shown in fig. 2-8
a and b.

Deflecting the beam.

The electron beam can be deflected from its path by electromagnetic as well
as by electrostatic fields. For electromagnetic deflection, two coils are fitted
opposite each other over the neck of the tube and the current to deflect the
spot on the screen is passed through them. This method of deflecting has the
disadvantage that, even using coils with a large numbers of turns, a fair
current and therefore relatively high power is needed for deflecting the beam.
Moreover, self-induction in the coils may cause extra distortion of a possibly
non-sinusoidal alternating current passing through them. Since it is precisely
the behaviour of the current which is to be observed, tubes of this sort are
only used in television, where known fixed frequencies are used for deflecting
the beam.

To deflect the electron beam, and thus the spot on the screen, by electrostatic
fields, a pair of deflection plates is arranged as close behind anode «, as possi-
ble, in such a way that the electron beam passes centrally between them (when
they are not under voltage) and the voltage to be observed is applied to them.
With the vacuum of the tube as
dielectric, the deflection plates
constitute in effect a condenser.
However, its capacitance together
with that of the leads in the tube
amounts to only a few micromicro-
farads (in practice between 1 and 3
pF) so that the alternating current
flowing remains extremely small

Fig. 2-9. Electrode system for electrostatic
deflection. a, = anode, D;, D,” = deflection - 4
plates, S = screen even up to high frequencies and

therefore the load on the source
whose output is to be investigated is kept to a minimum.,




The Cathode Ray Tube 2

Electrostatic deflection of the beam is thus particularly suitable for electrical
measurements and is almost exclusively used for such purposes.-
We shall therefore examine the conditions which apply, making reference to the
schematic representation in fig. 2-9. When, for instance, one of these plates
is positive, the electron beam will be attracted to it, while it will be repelled
by a negative plate. If, however, an alternating voltage is applied to both plates,
the electlon beam will be altelnately attracted and repelled by the plates in
a way corresponding exactly to the waveform and polarity of the voltage.
Fig. 2-10a shows the positions of the spot when DC voltages up to 4100 V
are applied to the plates in steps of 25 V, and fig.
2-10b shows the trace under otherwise identical
conditions with an alternating voltage of 50 Y S,
on the plates.
As the alternating voltage moves the spot to and
fro on the screen at a speed corresponding to the
frequency, the individual positions of the spot can
no longer be seen and now appear to the eye as a
single luminous line, the length of which corre-
sponds to the positive and negative amplitudes of
the alternating voltage. The increase in brilliance
at the end of this line is due to the fact that the
velocity of a sinusoidal voltage falls to zero towards
the maximum value, i.e. the speed is fast at the
centre of the screen and slow near each end. Since,
within certain limits, the screen becomes brighter
Fig, 2-10, Picture on the the more electrons strike it within a given interval
screen with DC and AC de- o time, the line traced on the screen by a sinusoidal
flection @) DC voltage in . .
steps of 25V b) AC voltage  voltage appears brighter at the ends than in the
50 Vs, middle. What stands out more than anything in
fig. 2-10a is that the distance between each
position of the spot is absolutely identical for identical increases of voltage.
From this the important fact emerges that the beam deflection is linearly pro-
portional to the deflection voltage.

Calculating the beam deflection.

The following calculations presuppose that care has been taken in the tube
construction to ensure that a sufficiently uniform field exists between the
plates within the limits necessary for deflection. After passinO‘ through the
anode, the average longitudinal velocity of the electrons in the beam isv,. The
amount of work exerted upon the electrons was:

W=V, e (a)
(e =charge of electron)
This work must be equal to the kinetic energy, thus:

W:Va-e:%-mmf (b)
From this it follows that:
" Ifa (0)
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Calculating the beam deflection.

The electrons now arrive in the field between the deflection plates, whose
potential difference is Vy. The field strength & is

Vy

€= (d)
The force exerted upon an individual electron is thus:
F=¢g-e (e)
The transverse acceleration of the electron is therefore equal to:
F e

If the electron remains under the influence of the transverse field for a time
t,, its transverse velocity is:
€
vy=a-t =6 _ 1 (8)
The time ¢, is given by the velocity with which the electron passes through
the length I of the deflection plates, thus:

1 .
= 0 (h)

From this it follows that:
e 1 .
ry= § .771.;‘ (1)

The electron therefore retains this velocity while passing through the length
L, for a time of:
L
1y = ;)‘l (k)
The electron thus covers a distance vertical to the axis of the tube (the de-
flection from its orginal path) equal to:

Vy e 1| L
V=1, vy = NN _
Y ty 0 d'm'o v (2-1)
If the value of v,? obtained is inserted (c), the deflection on the screen can be

expressed by:
1 L1 _.

Y = 2V, d Fy (2-2)
With this formula all values can be calculated needed for deflecting the beam.
It also shows that the deflection is linearly proportional to the deflection
voltage. A linear fall-off in deflection occurs with increasing anode voltage.
As a measure of a tube’s deflection characteristics it is usual to indicate how
far the spot can be displaced by 1V deflection voltage Thus the deflection
sensitivity can be expressed by the equation:

DS==Y 111

cyr—aa v, L (2-8)

11




The Cathode Ray Tube 2-

The deflection factor is also commonly used for describing the behaviour of a
tube and is expressed by the reciprocal of the deflection sensitivity:
_Vr_2-a -k V _
DF:_Tul_'f Ve=k--V, (2—4)
In this equation % is a tube constant given by d, [ and L. The deflection factor
indicates what (DC) voltage is needed to deflect the spot over a given unit of
Iength on the screen (e.g. 1 cm.) It increases therefore linearly with the
acceleration voltage V.
With an AC voltage on the deflection plates, the maximum spot displace-
ment is determined by the peak voltage values. If the voltage is sinusoidal

(the peak-to-peak values then correspond to 2 - V/2 times the r.m.s. values),
the deflection sensitivity is equal to:
Ds_ —V2:lL (2-5)

~

and the deflection factor is:
d
- v . — LV »
DF, = g Va=ln Ve (2-6)
For tube DG 10-6, to take one example, the tube data give a deflection sen-
sitivity of 0.8 mm/V_ for an anode voltage of 2000 V. From (2-3) the deflec-

tion is expressed by:
Y- =DS_ V¥ ’ (2-7)
With a DC voltage of 40V, therefore, a deflection of 12 mm is obtained. (10

mm = 1 ecm = 0.83937 inch). The deflection factor (for 1 cm) would thus

. . 10 [mm .
amount in this case to: _10 [mm] = 881/; V. In other words, a deflection
0.3 [mm/V]

of 10 mm is achieved with a DC voltage of 38!/, V. With a sinusoidal voltage

the same deflection is achieved with a voltage whose r.m.s. value is 5 1\/5
= 0.855 times the DCvalue. In the example given, therefore, a deflection of 10
mm is achieved by 831/, - 0.8355 = 11.8 V,.,,,s. In pulse technique (television,
radar, electronic control ete.) non-sinusoidal voltages are very frequently
encountered. Voltages such as these can only be denoted by the oscillogram
and the peak-to-peak (V) values. The peak voltage is obtained by compar-
ison with a sinusoidal voltage causing the same beam deflection. The r.m.s.
value of this voltage multiplied by 2 - V2 — 2.88 gives the corresponding
V,, value of the voltage being investigated.

Two-dimensional deflection of the beam.

Although cathode ray tubes with only one pair of plates can be put to quite a
considerable number of uses, the wide range of applications at the present
day first became possible by using tubes with two pairs of deflection plates. As

12



Two-dimenstonal deflection of the beam

shown in fig. 2-11, the pairs of plates are mounted one behind the other in
such a way that one pair deflects the beam at right angles to the other.

Thus deflecting the electron beam in two mutually perpendicular directions
corresponds to the customary scientific method
of representing the dependence of one quantity
upon the values of another by means of
rectangular co-ordinates. 2

In this familiar method, the values of the
quantity whose dependence is to be illustrated
are shown in the vertical plane, along the
Y-axis (‘“ordinate”), while the values of
the reference quantity are shown in the hori-
zontal plane, i.e. along the X-axis (“abscissa’).
To use the terms of analysis, ¥ is represented
as a function of @, thus:

y=rf() (2-8)

If the voltage to be examined is applied to the
pair of plates for the vertical deflection and if
the voltage upon which the dependence is to
be shown is applied to the plates for the hori-  Fig. 2-11. Anode and deflection
zontal deflection, the spot will be moved on Plates for double clectrostatic
B . beam deflection.
the screen in a manner corresponding to the
influence of both voltages.
In this way it is possible to display the interdependence of two variables. The
visible path traced on the screen represents the resultant or the vector sum
of the two voltages. Apart from actual electrical voltages, practically any
other measurable phenomena can be converted into
Dy proportional electrical voltages and displayed on the
cathode ray tube by means of a suitable transducer
(condenser microphone, photocell, mechanical Vlblatlon

b2 P2"  pick-up, strain gauge, etc.).
It is usual in circuit diagrams to represent the cathode
Dy ray tube by the deflection plates only, as shown in

, . fig. 2-12. The remaining electrodes for controlling
Fig. 2-12. 'Symbohc brilli £ " . t tial ts of th i
representation of a Prilliance, focus ete., are not essential parts of the mea
cathode ray tube. D;, surement itself, The photograph reproducedinfig.2-18a
D, = Y plates D,, gives an example of the positions of the spot when DC

= X plates.  yoltages are applied in uniform steps of 20 V to the pairs

of plates singly and simultaneously.
By reversing the polarity of the voltage source the spot can be moved upward
as well as downward. With a voltage on both pairs of plates, row number 3 is
situated in quadrants I and IIT and row number 4 in II and IV of the
system of co-ordinates. The spots of row 1 lie in a line representing the Y-axis,
row 2 represents the X-axis while rows 8 and 4 represent the positions of

2 Other methods of deflection are, of course, conceivable. In ‘‘triographs” for example,
(used for investigating the contractions of cardiac muscles) the electron beam is deflected
by 8 pairs of plates each displaced at angles of 120° with respect to the other.
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The Cathode Ray Tube 2

Fig. 2-18a. Spot deflection with DC voltage

on. the plates. @) positions of spot on screen.

1) DC voltage on Y plates only, 2) DC voltage

on X plates only, 8) and 4) DC voltage simul-

taneously on X and Y plates, with differing
\ polarities.

Fig. 2-18b. Circuit for 2-13a. The switch
positions correspond to the appertaining
rows of spots on the screen.

the spot when the voltages on the Y plates and on the X plates are changed
simultaneously with differing polarities.

If a voltage of 80 V is applied to both pairs of plates, the spot is deflected
beyond the useful area of the screen.

Particularly noticeable in this photooraph is that the deflections along the
Y -axis for each uniform increase in voltage are greater than along the X-ax1s
Thus, the line of the spots when an equal voltaoe is applied to both palrs of
plates is not, as one might expect, at an angle of 45° but steeper. This is due
to the fact that both pairs of plates do not act upon the beam at the same

Fig. 2-14. Two alternating voltages
on the deflection plates. a) Both voltages
reach maximum and minimum simultan-
eously: they are in phase. b) Both volt- §
ages do not reach maximum and minimum  §

simultaneously: a phase shift exist.

point, because, as can be seen from figs. 2-11 and 2-16, they are arranged one
behind the other. The length L in formula (2-8) is therefore different for the
two axes of deflection, resulting in different values of deflection sensitivity.
Fig. 2-14 shows two patterns on the screen produced by two different AC
voltages with the same frequency applied to both pairs of plates.

Fig. 2-15. Complete arrangement of elec- _D{__/
trodes in a C.R.T. k = cathode, g = grid, 5_4_.-___.___. B PR
a, = first anode, a, = second anode, ’ | 0y —
D, = Y plate, D, D,/ = X plates. kg dy as 0y

A highly significant feature of this method of displaying two interdependent
quantities is the ability to represent the behaviour of a given phenomenon

14



Connection of the deflection plates

within a given interval of time; that is
to say, a quantity can be shown as a
function of time (@ = f (t)). For this
purpose it is customary to apply the vol-
tage to be measured to the vertical
deflection (Y) plates, while the spot is
made to move along the horizontal
axis uniformly with time—Iinear with
time—by simultaneously applying an
appropriate voltage to the horizontal
deflection (X) plates Fig. 2-15 shows
schematically the arrangement of elec-
trodes in a C.R.T. with 2 pairs of deflec-
tion plates. Fig. 2-16 shows the assem-
bly of electrodes in tube DG 10-6. (See
also fig. 2-11).

Connection of the deflection plates.

There must be no voltage difference
worth mentioning between the anode and
the deflection system, as otherwise the
velocity of the electrons will be in-
creased or decreased according to the

polarity of the voltage. As the voltage,

to be measured is usually connected in
some way with earth potential, the anode
is earthed in cathode ray tubes and not,
as is customary in the case of amplifier
valves, the cathode. With respect to
carth therefore, the cathode is below the
anode.

For sharp and undistorted patterns on

Fig. 2-16. Electrode system of ca-
thode ray tube type DG 10-6.

the screen it is also necessary to consider the operation of the plates with

+Vp
14
az

by

—_.OVD

Tig. 2-17. Unbalanced cir-
cuit for deflection plates.

respect to earth. Fig. 2-17, for example, shows a
simplified arrangement of the first pair of plates in
their circuit relationship with anode a,. Plate D,
is connected to earth i.e. with the anode. If there
is a potential on the deflection plates, there will be
a voltage drop between them that can always be
assumed. This means with this circuit, however, that
there is not the same potential in the middle of
the deflection system. It fluctuates between zero
and half of the voltage Vp on the“hot” plate. This
results in additional acceleration of the beam fol-

lowing the fluctuations of the deflection voltage.
The field is distorted as shown in fig. 2-17, being distributed from plate D,
to plate D; and to the anode a,. As the accelerating field does not originate
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The Cathode Ray Tube i 2

from a symmetrical electrode, distortion of the spot takes place on the one
hand, and on the other hand much depends upon whether the beam passes
nearer to the earthed plate or to the voltage-carrying plate. If it passes nearer
to the earthed deflection plate its velocity is not affected. The sensitivity in
the X-direction remains unchanged.

If it passes nearer to the “hot” plate (which is positive) it will be accelerated
corresponding to Vp. According to formula (2-3) however, this results in
a reduction of the deflection sensitivity, as the
accelerating voltage is now V, + V.

With 4C deflection voltages on both pairs of
plates, the spot should describe a square or
rectangular pattern on the screen. Owing to the
voltage asymmetry on the respective plates, the
amounts of deflection in the vertical direction
vary and the pattern described by the spot
becomes trapezoidal, a phenomenon known as
trapexium distortion and represented in fig. 2-18.
These unwanted phenomena (partial defocusing
—see spot series in fig. 2-10a—and trapezium

Fig. 2-18. Oscillogram of distortion) can be wholly avoided in practice by
unbalanced voltage on using a deflection system balanced with respect
balanced X plates. to earth. As shown by fig. 2-19, the lines of the

field are symmetrically distributed between the plate, the average field
remaining constant.The voltages on the plates now fluctuate symmetrically

between only —+ %so that there is no noticeable deterioration of the spot

or trapezium distortion. The deflection system can be balanced by a voltage
divider or by centre-tapped transformers as shown in fig. 2-20¢ and b. As a

+h D
2
a, Dy
o
T 0, +a
) ’
+2
+a
= ¢
Fig. 2-19. Balanced circuit for Fig. 2-20. Circuits for balancing the voltage
deflection plates. tobe measured. «) Balancing by voltage divi-
sion, using two resistors. b) Balancing by a
transformer.

rule, however, amplifier valves in push-pull are used for this purpose. This
method is discussed in detail in chapter 5, “Deflection Amplifiers”.

For reasons of economy, other means of compensating for these defects were
sought by improving the deflection plates and by the use of auxiliary electrodes.
This is satisfactory as regards the pair of plates nearer to the screen. The pair
of plates nearer to the anode, however, should always have as balanced a

16



Load due to deflection plates

deflection voltage as possible applied to them, unless only small deflections
are required or general allowances can be made for the geometry of the pat-
tern. A solution of this sort is indicated in fig. 2-21a

and b. Two small wire hooks have been soldered , = —
as auxiliary electrodes- d- to the unearthed plate ’-"—DJ"':"_: ol I
for horizontal deflection. If the voltage on this —F—— D,
plate increases in the positive direction, the ’

deflection sensitivity will normally decrease. But a

this auxiliary electrode also attracts the beam so —
that the deflection in this direction is greater. L =

The fact remains that, where high demands are ——-—77~— """
made on pattern geometry, the voltage balance -~ 7 =g b

for both pairs of plates must be improved and b

symmetrical electrodes used for deflection. Fig. 2-21. Compensating for

trapezium distortion. a) Un-
. earthed X plate alters the
Load due to deflection plates. velocity Ofl the beZm. b)

. . Compensating for loss of
Asalready mentioned, the deflection plates together  sensitivity by means of two

with their leads in the tube possess a certain auxiliary electrodes d.
amount of capacitance, small though it may be.

With an AC voltage on the plates, a current increasing with rising frequency
will flow over this capacitance.

Because of the low value of capacitance, however, this current only needs to
be taken into account for high frequency measurements. But there is still
another way in which the deflection plates represent a certain load upon the
voltage source. When the electrons strike the screen their kinetic energy is
partly converted into radiant energy, and partly serves to release new elec-
trons from the material of the screen. These are known as secondary electrons.
(Secondary emission is brought about intentionally. Details are given in the
section dealing with screens.)

The screen electrons constantly strive to move towards higher potentials,
which means that they will move to the deflection plates when these have a
higher potential at a given moment than the anode. Other electrons (stray
electrons) also attach themselves to the deflection plates, so that a compen-
sating current can arise between each pair of plates, resulting in a further load
upon the voltage source. In order to avoid these effects, the inside of the glass
envelope of the C.R.T. is coated with a colloidal graphite known as “aquadag”.
By means of two ductile springs (see springs marked “F” in figs. 2-11 and
2-16) this coating is connected with the anode and thus to earth. The
electrons are thereby conducted to earth and additional load on the voltage
source is avoided.

Rough treatment during transport may have caused damage to the contact
between the graphite coating and the springs, or even have broken the springs.
Defects of this sort can be recognized immediately by the severe distortion
of the pattern causedif the screen is touched during operation. It can also happen
in such cases that the pattern on the screen becomes erratic. The charge on
the screen is no longer able to leak away and after reaching a certain potential,
caused by the accumulation of electrons, it breaks down at irregular intervals
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determined by the remaining possibilities of escape. It is also possible in this
way for “islands” to form, that is to say, areas where no fluorescence occurs,
Similar defects are more likely to be found in tubes working on excessively
low anode voltages. The potential of the accumulated electrons on the screen
is then wholly or in part higher than the accelerating voltage between cathode
and anode. For various reasons the AC voltage for the vertical deflection
plates must be applied via coupling condensers. This is primarily necessary
in order to keep the anode DC voltage of the 4Camplifier from the plates. At
the same time the deflection plates must always be directly connected to earth
via leak resistors, as otherwise they can take on random charges from stray
electrons and thus introduce uncertainty into the measurements. The leak
resistors should be rated between 1-10 MQ to keep the load on the voltage
source to a minimum,

Influence of electron transit time on deflection sensitivity.

The displacement of the spot on the screen corresponds to the instantaneous

value of the AC deflection voltage only as long as the electron transit time

within the pair of plates concerned is sufficiently short with respect to the
- duration of one cycle. Otherwise the deflection sensitivity will suffer.

The frequency f, at which the deflection sensitivity is reduced by a certain

portion p for a plate length [ and an anode voltage V, can be found from the

equation:

46-Vp -V, (V)

lem) (2-8)

7 (Mejs) =

In tube DG 10-6, for example, I = 2 cm. If, with an anode voltage of 1000V,
a deflection error of 29, — (p = 0.02) —is admitted, the frequency can be

\/0—02%)92 = 145 Mc/s approx.

As regards general-purpose tubes, therefore, and especially when working
with even higher accelerating voltages, the equation shows that the deflection
error remains within limits' of accuracy on the screen up to and exceeding
100 Mc/s.

Where the time differences between voltages on both pairs of plates are to be
determined (e.g. in phase measurements by ellipses) the transit time of the
beam between both pairs of plates must be taken into consideration. At high
frequencies an error occurs which can be indicated as an additional phase
angle.

For a phase error with an angle 8, the frequency fappears from the equation:

calculated as: f = 46 -

6-VV,
SE

1 (cfs) = -1.65 - 10° (2-9)

Taking the phase angle of 2° in an elliptical pattern, a frequency f = 4.2 Mc/s
is obtained when ¥V, = 1000 V and the average distance between plates
is sz = 2.5 cm (DG 10-6).
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The fluorescent screen

This error in transit time can play an important part in phase measurements
in radio engineering and most especially in television and short-wave
technique(f > 8 Mc/s) [1].

The fluorescent screen.

As already stated, certain chemical substances used as the screen in cathode
ray tubes become fluorescent when bombarded by electrons.

The brightness and colour of the light thus emitted depend upon the charac-
teristics of the substance used.

The light is produced by a part of the kinetic energy of the electrons being
converted into light energy. The electrons receive their kinetic energy while
traversing the voltage drop between cathode and anode. The power inherent
in the beam current can accordingly be expressed by the product:

N=1Is-V,3 (2-10)

and given in Watts or mW.

The amount of light emitted is not only directly proportional to the power of
the beam but is also dependent upon the velocity of the beam, and thus upon
V,. For a given product Iy - V,, therefore, more light is obtained from a high
anode voltage and small current than from a lower voltage and correspond-
ingly higher current.

An upper limit is set to the brightness by the fact that beam currents ex-
ceeding a certain value cause “‘spot burns”, resulting in a loss of efficiency in
that part of the screen. It is obvious that this danger is greatest when the
area under bombardment is small, i.e. a spot. It should be a rule, therefore,
always to keep the beam moving in some way across the screen. But even as a
trace, burning can be caused if the screen is subjected to bombardment for a
prolonged period, as can often be observed on oscillocopes which have been
in use for some time. It is interesting to note that the danger of burning is
apparently greater at lower anode voltages.

Whereas it is difficult to produce a screen with a satisfactory life for anode
voltages under 500 V, screens of tubes working with anode voltages of several
kV are comparatively free from the phenomenon of burning. No complete
explanation of this apparent paradox has so far been offered, as the process
of energy conversion in the fluorescent screen is not yet sufficiently under-
stood [2].

It is assumed that, with low accelerating voltages, only the upper layer of
screen atoms takes part in the conversion of energy. At higher voltages the
electrons of the beam penetrate deeper. Therefore deeper layers of the screen.
will also emit light and thus the specific load on the atoms will not be so great.
The screen is continuously supplied by the electron beam with a negative
charge, so that without counter-measures its potential would constantly in-
crease. This charge could have an undesirable effect upon the spot deflection
and might even prevent further electrons reaching the screen. However, by

* The beam current Ig must never be confused with the anode current Ia,. It is usually
appreciably smaller than the anode current. In tubes without a post-acceleration electrode
it can be measured by applying a sufficiently high voltage to one deflection plate to cause
the beam to end there,
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2

choosing a suitable luminescent material, the electrons penetrating the screen
(primary electrons) can be made to release new electrons, known as secondary
electrons. The majority of these secondary electrons possess enough energy
actually to leave the screen. They then move towards the positive anode, or
towards the graphite layer on the inside of the tube, which is also connected

to the anode.

In this way they are able to return to the electron source—to the power
supply for the C.R.T. anode voltage. A condition of balance results when
the number of secondary electrons emitted from the screen equals the
number of primary electrons striking the screen. The luminescent layer then
assumes a constant potential, which experiments on general purpose tubes
have shown to be about 100 V below the accelerating voltage. The maximum
possible Iuminous intensity is thus directly related to the value of the upper
limit of potential for a given material. This is known as the “sticking

potential®.

Every screen has its “‘sticking potential”’ beyond which an increase in Iumi-
nous intensity is no longer possible, even with higher accelerating voltages
(unless metal-backed screens are used). The sticking potential is about 8 kV
for standard screen materials. A great variety of screen materials is available
for producing a luminous trace in practically any desired colour. As, in general,
oscillograms are visually observed it is desirable to use a screen whose spectral
energy maximum corresponds as far as possible with the spectral sensitivity

maximum of the eye.

The maximum sensitivity of the average human eye is about 5500 A 4 so that
screens emitting a greenish-yellow light are the most favourable. With such
a screen, a satisfactory brightness of image can be achieved with a smaller
beam current than would be necessary for a screen with a less suitable colour
of Iuminescence. This means, of course, that with a greenish-yellow screen

the spot appears small and the picture “sharp”.

Curves comparing the spectral energy distribution of standard C.R.T. screens
and the spectral sensitivity of the human eye are given in fig. 2-22¢ and b.
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Fig. 2-22. Spectral energy distribution of various screens on Philips cathode ray tubes.
a) Short and medium persistence screens b) Long persistence screens

¢ This depends upon the adaptation of the particular eye. The maximum sensitivity of the
average light-adapted eye is around 5550 A, while for the eye completely adapted to the

dark it is about 5070 A.
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The fluorescent screen
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A certain period of time is necessary for the screen to be excited into light
emission and also for the light to decay after excitation. Whereas the period
of excitation is so short that it is for general purposes negligible, the period
of phosphorescence (afterglow) usually lasts longer. Long afterglow is of
particular advantage for observing the behaviour of non-recurring or
slowly moving phenomena, and so special long-persistence screens were
developed with a prolonged duration of afterglow. Fig. 2-28a and b give the
persistence characteristic of five different types of screen. The blue fluorescent

screen B belongs to the short persistence category; after 20 ms the relative

. 1 . L .
brightness has decreased tol—o—o—(—) th of its original value. Screen G, with an

afterglow of almost 50 ms more, belongs to the medium persistence category.
It should be noted in this context that G’s light decreases more slowly at first
than that of R and P. The green fluorescent screen N with an afterglow of
about 6 secs. belongs to the long persistence category, while R is very long
(20 secs.) and the double-layer screen P extremely long (80 secs.).

How long the afterglow can be per-
ceived by the observer depends more
than anything upon the ambient
light. In darkened rooms, traces

decayed to of their original

1000
brightness can be seen quite well.
The times given apply in these
conditions.
‘ A photographic impression of the
Fig. 2-24. Photographic recording of afterglow afterglow is given by the oscillogram
on four different screens. in fig. 2-24. For this photograph,
the spot was moved from left to
right at a speed of approx. 1 m/sec(on the screen) by the time base generator of
a standard oscilloscope. Photographs were taken of the afterglow from tubes
with screens of different persistence, using in each case an exposure of 1/,,, sec.
Whereas little more than the actual spot could be retained on the B screen,
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the other types of screen show various lengths of afterglow trace. The G-
screen, as one would expect from the curve in fig, 2-28, shows a short but
initially fairly strong afterglow. The R-screen, also corresponding to its
persistence curve, shows a sharp initial drop and a longer duration of after-
glow. The afterglow effects on the P-screen overlapped during the individual
periodic movements of the spot, so that the whole length of the trace was
recorded, falling off a little from the actual spot onwards during the exposure.
Of course, these oscillograms can only give an approximate idea of the per-
sistence of the various screens. When the photographs were taken, the most -
favourable conditions for each type of screen could not be selected, as other-
wise there would have been no basis of comparison. Particularly with regard
to the long-persistence screens R and P, the difference between the luminous
intensity upon excitation and that of the afterglow is so great (as shown by
the curves in fig. 2-28) that it can hardly be overcome by an ordinary photo-
graphic film.

To avoid glare effects on the eyes during the observation of slow-speed phe-
nomena or single transients on long persistence screens, advantage can be
taken of the fact that the light emitted as a direct result of excitation (fluo-
rescence) has a colour different from the light given off during afterglow
(phosphorescence). If, for instance, a yellow filter is placed over the P-screen,
the bluish-green light emitted during excitation will be greatly damped and
the yellow afterglow trace will stand out more clearly.

Filters of this sort, using the colour of the trace of a particular tube, can be
applied with advantage to other screens also. They prevent the ambient light
from whitening the whole screen. The ambient light has to penetrate thefilter
twice (there and back) before it reaches the eye of the observer. For example,
if a green filter is used in front of the tube, a bright green oscillogram appears
upon the dark green screen. Thus the contrast of an image on the screen is
considerably heightened. Care must be taken, however, that the transparency
of the filter agrees as far as possible with the spectral energy distribution of
" the screen, as otherwise loss of light will result. '

Photographic recording of oscillograms is possible with all standard types of
film. The overall sensitivity as well as the spectral sensitivity in relation to
the spectral energy distribution of the screen must naturally be taken into
account.

For yellowish-green screens, orthochromatic high sensitivity film is especially
suitable; e.g.: Agfa “Fluorapid”, Gevaert “Scopix G ete. High contrast
developers must be employed (no soft tones!). For general purposes, standard
80 B.S. (81° Scheiner) (80 ASA) Pan film is used, as this produces a finer
grained photograph than the high-sensitivity films mentioned.

Blue B screens are useful when, for instance, a short afterglow is needed for
moving-film recordings or when a large number of photographs are to be made
on cheap recording paper. Low colour-sensitized material has the highest
sensitivity in the blue-violet part of the spectrum so that in this case the
most favourable conditions are present when a blue fluorescent screen is
used [3] [4] [5].
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Cathode ray tube data

Post-acceleration tubes.

The aim of the tube designer has always been to achieve the brightest possible
spot on the screen. ThlS means, of course, that the output of the beam must
be as high as possible. By increasing the beam current, a certain increase in
brilliance can certainly be obtained, but this soon results in beam-scattering
so that the spot becomes unduly large. The only alternative is to increase the
anode voltage, If this is stepped up, the brightness of the spot does indeed
increase quite consider ably because the hlghel anode voltage not only boosts
the beam output but also improves beam concentration and screen efficiency.
Unfortunately, however, the deflection sensitivity deteroriates. This entails
very high voltages for beam deflection and thus a costly lay-out in deflection
amplifiers. Intensive research has nevertheless shown a way of increasing the
spot brightness without causing any appreciable deterioration in the deflec-
tion sensitivity [6] [7] [8].

The method is to effect the main acceleration of the beam after deflection by
using a further anode—a,. In this way a decline in deflection sensitivity can
be largely avoided. If a voltage positive with respect to earth is applied to this
electrode, the velocity of the electron beam will be increased after deflection
by the accelerating field of the Voltage and thus the brilliance of the spot on
the screen w1ll be correspondingly increased. Tubes employing this device are
known as ‘“‘post-acceleration tubes”.

A certain transverse attractive force exerted by this electrode cannot be
avoided, so that the deflection sensitivity does suffer a slight decline. Never-
theless it remains considerably higher than it would be if the anode voltage
on a, alone were to be raised to the same value.

A cathode ray tube of this type, DG 10-6, is reproduced in fig. 2-25, showing
the connection for the post-acceleration voltage and the cone-shaped
electrode (graphite layer).

With a potential of 1 kV on «, in DG 10-6, the deflection sensitivity declines
by only 209, for a post-acceleration potential of 1 kV on @, and by 83%/,%
for 2 kV. ;

A distinet increase in luminous intensity and spot sharpness is noticeable if
only the 01d1na1y DC voltage of 250-400 V for the deflection amplifier and
time base supply is applied to @z In this case, deflection sensitivity declines
by about 5%, only.

The increased brightness of the image on the screen due to post-acceleration
makes it possible, on ordinary cathode ray tubes, to photograph movements
of the spot at speeds of up to about 100 km/sec. It also enables the oscillo-
graphic image to be projected on to screens of up to 2 m? [9].

Cathode ray tube data.

Typical operating and limiting characteristics are given for cathode ray tubes
as for thermionic valves.
The following data apply to tube DG 10-6.
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The Cathode Ray Tube 2

Table 2-1
Operating characteristics
Filament voltage: ..............ooviiia. N V = 6.3 V (indir.)
Filament current: ......... .. iiiiiiiiiiiae, I, = 0.3 A (4AC or DC)
Anode voltage:*............. B = 2000 .,, 4000V
Vistgs = 2000 ... 2000V
o = 400 .. 7220V
Grid voltage: ..o, V, =—45 ..—100V
Anodes current: .......oviiiiiii i, R N = 0 ... 1200 A
1, = —15 .. 10 gA
Deflection sensitivity (first pair of plates)** .... DSp;p, = 0.3 ... 0.25 mm/V

Deflection sensitivity (second pair of plates)..... DSp,p,’ 0.23,.. 0.19 mm|V

Capacitances
Grid-cathode...........ovvvvnnenn. I o = 8.0 pF
1st plates (singly) —a, (chassis). ............... Cp, = 5.8 pF
Cp/’ = 5.8 pF
2nd plates (singly) —a, (chassis) ............... Cp, = 7.6 pF
Cpy’ = 7.6 pF
1st plates (mutual) ............... e Cpi—p/ = 1.9 pF
2nd plates (mutual) .......... ... .. 00l Cpy—Dpy = 2.4 pF
Both pairs of plates mutually ................. Cp,Cp,'-Cp,Cp,” = 0.85 pF
Weight ............... Ciieees Ceieeseeseanee 330 g.
Limiting values (maximum )
Anode voltages*** ... ... .. . i iiieeen Vs = 5000V
. Vigrgs = 2500V
- = 1000V
Anodeload: ...............uut e vevee Nygrge = 4w
Grid voltage: .....ooviviiiit i v, =0V ..—100V
Voltage on deflection plates................... Vpip,'VD,p,’” =450V
Load on SCreen. . covv v N, = 3 mW/em?
Leak resistor for deflection plates.............. Rp,p,/Rp,py’ < 5MQ
Grid leak ............ e e R, <15MQ

* The tube can also operate with ¥V,, = 1000 V., in which case it is essential to apply a
post-acceleration voltage to a,, connecting it at least to the low voltage positive pole of -
300 V. It is of course better to use a post-acceleration voltage of not less than 1 kV, as in
the case of the Oscilloscope FTOQ 2, described in the appendix. In this way a bright spot is
obtained with a comparatively high deflection sensitivity (almost twice as high as with
V. = 2000 V).

#* Counted from cathode to anode.

*%* The value of V4 refers to the total potential difference between cathode and a,. If,
for instance, there is a potential of 2 kV on a,, the positive post-acceleration voltage may
have a maximum of 8 kV. It should be noted that ¥, must be at least half ¥ ;. A voltage
relationship V,, = 1kV, ¥, = 8kV, would be unfavourable. -

Dimensions, base characteristics and a schematic arrangement of the elec-
trodes for tube DG 10-6 are given in fig. 2-26. Characteristic curves of I,,
and I, (beam current) in dependence upon grid voltage are reproduced in
fig. 2-27.
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Fig. 2-25. Cath-
ode Ray Tube
DG 10-6 with
post-acceleration
electrode (aj).

935..97,5

Dy D? Fig. 2-26. Dimensions and base
D 0 3 connections of C.R.T. DG 10-6
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Fig. 2-27. Anode current (I,,) and beam o R o

current (I;) as a function of grid voltage Vg. P Lo
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Power Supply 3

In type designations of cathode ray tubes, an attempt was first made with
Philips types to provide at the same time information about tube charac-
teristics. The following method of designation applies to standard tubes:

Table 2-11
1st Letter 2nd Letter Figure preceding
’ . the dash
. Diameter of screen
Be Drgﬂggzgelil‘?;ﬁion Screen (diagonal in the case of
a rectangular tubes)
D = double-electrostatic B = blue screen, 7 = tube with
deflection, electrostatic short persistence useful screen
beam concentration G = greenish-yellow diameter of 7 cm
M = magnetic deflection in screen, medium 10 = useful screen
both directions, magnetic persistence dia. 10 cm.
. beam concentration N = green screen, long 36 — rectangular
persistence tube with
R = greenish-yellow screen diagonal
screen, very long per- of 86 cm.
sistence 4 " dar tub
E=— O
P = bluish-green screen, 3 'tll'ec anguiar tube
extremely long per- WILh sereen
: diagonal 48 cm.
sistence, yellow after-
glow

The figure following the dash represents a constructional characteristic.

Example: DG 10-6 = double electrostatic deflection, electrostatic beam
concentration, greenish-yellow screen of medium persistence and 10 cm useful
screen diameter.

3. Power Supply

Construction.

Cathode ray oscilloscopes, like all other electronic measuring instruments, are
designed as a rule to operate on 4 C mains voltage only. The secondary of an
appropriately rated mains transformer supplies all voltages required. 4C is
used throughout for the valve filaments and this is also provided by suitable
windings on the mains transformer. Separate windings are necessary for
heating E.H.T. the rectifiers and the cathode ray tube; these must be
properly insulated as they are usually at a high potential with respect to the
chassis or with respect to other windings. The DC voltages for the anodes of
the valves in the vertical deflection amplifier and time base sections are
generated by full-wave rectification of a corresponding 4C voltage. Forreasons
which will be discussed later, considerable currents are needed for vertical
deflection amplifiers, particularly for those with a high upper frequency limit.
This load usually accounts for the greatest share in the power supply.
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Anode voltage for the cathode ray tube

Anode voltage for the cathode ray tube.

The high anode voltage needed in cathode ray tubes can be obtained by
simple half-wave rectification of a correspondingly high 4C voltage, or by a
voltage doubler or voltage multiplier.5 Valves suitable for rectification are
Philips types 1875, 1876 and 1877, having been developed especially for this
purpose. Valve type EY 51 is suitable for smaller currents. PL 81, connected
as a diode, can also be used for rectification.

Fig. 8-1 shows the basic circuit of an E.H.T. rectifier. The voltage required for
anode a; is obtained from a variable voltage divider which permits fine
adjustment. The negative grid voltage for brilliance control is taken in this
circuit from the potentiometer R; which is in series with the filter resistor
R,. Additional filtering and de-
coupling is provided by resistor
R, and condenser C,.

Table 3—1 on page 86 sets out the
circuit component ratings for the
most important Philips cathode
ray tubes.

As the current consumption of
the auxiliary anode seldom ex-
ceeds 250-500 yA in practice, a
current rating of 1-2 mA suffices
for the voltage divider. For this
reason thefilter elementis usually
asimpleresistor. Itis alsopossible  Fig. 8-1. Conventional circuit of an E.H.T.
under certain circumstances to power pack.

obtain satisfactory filtering by

means of an appropriately rated reservoir condenser alone. To this end,
two or three electrolytic condensers can be connected in series for particularly
high operating voltages. For example, the capacitance of 4uF resulting from
two condensers each with a rating of 8 uF for 550/660 V permits adequate
filtering of a voltage of 1000 V.

It is worth noting that anode voltage fluctuations resulting from ripple have
a greater periodic effect upon deflection sensitivity than upon spot focus. This
is explained by the fact that the voltage on the auxiliary anode is obtained
by division of the anode voltage. As the ratio of anode voltage and auxiliary
~ anode voltage determines the spot sharpness, only large fluctuations in anode
voltage can produce a noticeable deterioration of spot focus. The oscillograms
in fig. 8-2 illustrate the influence of anode voltage ripple on spot sharpness
and deflection sensitivity, showing anode voltage, spot, datum line and the
wave shape of a 800 c/s sinusoidal voltage during three periods of ripple
voltage. In this case, smoothing was effected by simple reservoir condensers
of 0.1 uF and 0.4 uF.

If the fluctuations in deflection sensitivity caused by ripple in the acceler-

kT

+dy

oec

5 Special high-frequency oscillators or pulse generators are used at present for generating
E.H.T. in television projection receivers but seldom in standard oscilloscopes. This method
of E.H.T. generation will not therefore be treated in this work.
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0,1 uF

0,4 uF

Fig. 3-2. Influence of anode voltage ripple on spot focus and deflection sensitivity

ation voltage are to remain unnoticeable, they must be smaller than !/, of
the spot diameter. As in good cathode ray tubes the spot diameter is in the
order of 1/, millimetre, the change in beam deflection as a result of ripple
must be < 0.25 mm. With a maximum deflection of 75 mm, this corresponds
to a permissible ripple of 0.8%,, which means a A V of only 8.0V for an anode
voltage of 1 kV.
The exact calculation of rectifier and filter specifications has been dealt with
comprehensively elsewhere [1] [2] so that it will only be necessary here to
touch upon one or two simple aspects for the purpose of orientation. To
calculate the ripple voltage, for instance, the following rule-of-thumb formula
applies:
_I_(mA)
C (uF)

A Vigp) = 4.5 (8-1)
Expressed in words, the ripple voltage equals 4.5 V,,,,. for 1 mA current and
1 uF capacitance. (For full-wave rectification under identical conditions,
AV = 1.5 V.) From this equation (3-1), the capacitance C for a given per-

missible ripple AV is: '
I_(mA)

1z (3-2)

C(uF) = 4.5 -
The process of rectification may now be considered in rather more detail with
reference to the oscillograms in fig. 8-8. Fig. 8-8a represents two cycles of an
alternating voltage on the secondary of the transformer and 8-8b shows the
half cycles allowed to pass through a rectifier (without a filtering condenser).
The oscillogram in 8-8¢ shows the DC voltage across a filtering condenser of
0.1 yF drawing 1.5 mA current.
When choosing rectifier valves it is important to ascertain in what way the
current passes to the reservoir condenser. As illustrated in fig. 8-8¢, the
condenser charges almost to the peak amplitude of the rectified half cycle.
When the voltage pulse is withdrawn, the current drain discharges the
condenser until the arrival of the next pulse renews the charge, This means
that current can pass through the rectifier valve only within this short period
of time, and as the condenser is correspondingly heavily charged, the current
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Anode voltage for the cathode ray tube

pulses can reach considerable peak values.
Fig. 8-8d reproduces the pattern of these pulses
in the example discussed. To provide a scale for
the amplitude, the trace was first recorded of
an AC voltage corresponding to a current of
80 mA,,, which shows that the peak value of
the charging current pulses is 18 mA.

It may be necessary, especially when using
large reservoir condensers, to reduce these
current pulses to accord with the permissible
value for a particular valve (e.g. for EY 51).
This is done by means of aseries resistor as shown
by dotted lines in fig. 8-1. The condenser then
takes longer to charge up but the voltage is
prevented from reaching the peak value.

With regard to rating the filter system for the
high tension, the following indications may
be useful: ~

If, for instance, the first filter condenser is
chosen with a rating of 0.5 uF, then according
to the formula (8-1), for a current drain of 1.5
mA, the ripple across this condenser will be:

1.5

As the permissible ripple voltage must be no
more than 8.0 V, smoothing will have to be
. 13.5 . .

increased -—— = 4.5 times. For this purpose, a

resistor and a further condenser must be con-
nected after the first condenser, as shown in

fig. 8—4a. As a
result of the
R R ripple voltage

on C}, an alter-

CI-I- C;[ Cf-\- nating current
| . . T flows through

a b resistor R and

Fig. 8-4. Resistance-capacitance condenser C,.
filter. The reactance

of condenserC,

Fig. 8-8. Voltage and current
waveforms in anode half-wave
rectification. a) AC voltage Vp»
on anode winding of transfor-
mer (approx: 850 V,,.) b)
Rectified half-cycles of AC
voltage (capacitance C not
present) c¢) DC voltage V_,
when C = 0.1 uF and current
drain is 1.5 uA. 4 V = voltage
ripple. d) Charging current
surges from rectifier to C. The
broken line corresponds to the
mean value of the constant
current drain I = 1.5 mA.

should be as small as possible in relation to the resistance of R. In other words,
the ripple voltage should as far as possible be wholly across the resistor. In

. . 1
the example given, the ripple on C, must be at the most 25 of the ripple in C,.

This means, therefore, that the ratio of the total impedance of R and C, to the
capacitive reactance of C, alone must be 5.5 : 1. Thereactance of a capacitoris:
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1

X.= ¢

(3-8)

(where w = 2, f = the frequency of the ripple voltage and C = the capaci-
tance in farads) and therefore the total impedance is:

7— [/1; (L) (38-4)
B <co C,

The ratio between these two values, and thus the smoothing of the ripple
from C,, is:

1

X o6 (8-5)

e

By transposing formula (8-5), equations are obtained which allow the values

. . . Xc.
for R and C, to be directly calculated. If the smoothing ratio 7 i called s,

the required value of the filter resistor R can be obtained from:

1 1
Re b .ng 1 (3-6)

The capacitance C,, with a given value for R, is obtained from:

, czzw_ll-g-l/%—l (3-7)
In the example quoted, an increase in smoothing of at least 4.5 has to be
achieved. If the capacitance of C, is taken as 0.5 uF, then R must be at least
35 k@ for the filtering desired.
‘ With an anode currentof 1.5 mA,
O0.J6uf 016uF 0.16uF there will be a DC voltage drop

across this resistor of 52.5 V.
The transformer voltage should
therefore be taken correspon-
dingly higher. This voltage drop
is not wholly lost to the cathode
ray tube supply. It can still be
used for grid biasing, as shown
in the circuit in fig. 3-1. In a
practical case of this sort, the
resistor would be rated at 50 k2
Fig. 8-5. Power supply circuit of the Philips and the voltage drop of 75 V to-
5 kV post-acceleration unit GM 4188. lerated in order to avoid all hum.
' The filter components in the cir-

cuit in fig. 8-1 have been rated in accordance with these considerations.

As an example of a voltage multiplier circuit for generating the anode voltage
for a cathode ray tube, fig. 8-5 reproduces the circuit used in the Philips post-
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The high tension supply and electronic stabilization

acceleration apparatus GM 4188. In this circuit, an AC voltage from the
secondary of the mains transformer is fed ta a voltage sextupler with selenium
rectifying cells, so that a DC voltage of 1, 2, 8, 4 or 5 kV can be taken from
the connection plug.

Having regard to the high tension present, the whole rectifying unit is housed
in an oil-filled tank. o

With this circuit a maximum current of 100 yA can be drawn. When the
load is 50 uA and the output voltage 5 kV, the ripple amounts to < 40 v
(0.8%).

(As the post-acceleration voltage has considerably less influence on deflection
sensitivity than the ‘“pre”’-acceleration voltage (Va,), an appreciably greater
ripple is-admissible for Vg, than for V,,). In order to avoid fluctuations in the
screen pattern resulting from the influence of mains surges on anode voltage,
electronic stabilization of the extra high tension has recently been introduced
similar to that described in the following section ¢ (see fig. 8-8).

The high tension supply and electronic stabilization.

Where high currents are needed it is necessary, among other things, to connect
two rectifier valves in parallel, _
. 1200v
as shown in fig. 8-6. As a rule, o
the vertical deflection amplifier
and the time base generator are
both fed by the high tension AZ4l
supply. However, as both often v 1
have to work on extremely low 1 o
. ~600V
frequencies (a few cycles or less)
and as these must be decoupled,
it is of primary importance that
the internal resistance of the
power supply be low enough
even for frequencies as low as

these. nnn -I-j'o

ﬂ?c

AZ41 .

L

Standard filter components are AZ4] =
only suitable for this purpose
under certain conditions, so that
the only satisfactory solution is
to use an electronically stabilized

power supply. E’ .
Fig. 3-7 shows the circuit used = +350V
in the GM 5653 OSCiHOSCOpe, a  Fig 8-6. Power supply of a large oscilloscope

circuit which is typical of electro- (:élilips GM 5653) high tension section: two
nic stabilization in seneral. Be- ‘4.{1 rectifiers in parallel. Extra high tension
t I{zh flt %; £ th section: two full-wave rectifiers AZ41 of 600
ween € er section O € V_connected in cascade.

mains rectifier and the load lies
the internal resistance of PL 81, which is connected as a triode. The grid

voltage of this valve, which determines its internal resistance, is taken from -

8 Philips Oscilloscope GM 5654.
31



Power Supply 3

a voltage divider across the load and controlled and amplified via a high-mu
sharp cut-off pentode, EF42. If now for any reason the output voltage
from the power supply drops, the voltage on the load would normally drop

likewise. However, as soon as the
1]
O———é [] i )
+325V J

slightest reduction in load volt-
+230v 2ge occurs, the grid voltage of
—  the controlled valve PL 81 (am-
plified by EF 42), and thus its
internal resistance, is also re-
duced. This means that the volt-
age drop across PL 81 is reduced
so that the voltage on the load
iskept for the most part constant.
A change of 109, in the mains
voltage changes the load voltage
by only some °/,,. The constant
| grid bias for the control valve is
__I__ supplied by the high-constancy
Fig. 8-7. Electronic stabilization of H.T. S?:ablhzer valve 8.5A1' (The igni-
section tion voltage of this valve changes
by no more than 1 V in 5000

hours; the change is usually less than a few tenths of one volt.)
By means of electronic stabilization the output voltage is kept independent
of the current drain, while on the other hand the current is kept reasonably
independent of the voltage from the power supply. In other words, the in-
ternal resistance of the powersupply is very small (10...25 £2), which holds good
for all frequencies from zero upwards, right up to the range where the filter
condenser in the output acts as a short circuit. This entails, of course, a certain

loss of voltage, in the example about 95 V. ,

Of course, this “expensive” electronically regulated voltage will only be used
for those stages which are unable to do without it. The output stages of the
vertical deflection amplifier with their large current consumption can be fed
directly by the voltage from the filter system. At the most, only the screen grid
voltages for these valves (which, in pentodes, determine the anode current)
will be kept constant by means of the electronic stabilizer. (See fig. 5-41.)

+85V

85A1

Electronic stabilization in the E.H.T. supply.

Even when the low tension supply is electronically stabilized, it is still possible
for mains voltage fluctuations to affect the size of the pattern on the screen
by causing fluctuations in the extra high tension supply for the cathode ray
tube. This can only be completely overcome if the extra high tension supply
is also electronically stabilized.?

Fig. 3-8 gives as an example the power supply circuit for the cathode E.H.T.

7 Stabilization with “glow stabilizer cascades” has the disadvantage that the voltage
source must supply a-509%, higher voltage for ionization. A further disadvantage of ordinary
gas-discharge tubes is that sudden spontaneous changes in gas pressure or changes in tem-
perature may cause erratic changes in voltage.
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of 1200 V in the Philips oscilloscope GM 5654. Pentode PL: 81, connected as a
diode, serves as the rectifier. The DC taken from thel uF reservoir condenser
must flow through the pentode PL 83 which is connected in the positive lead
of this circuit. The second grid
of this valve derives its electro-
nically stabilized voltage of
-+250 V in the manner already
described. (See fig. 8-7.) The volt-
age for the control grid is taken
from a voltage divider which
lies’ between the - 250 V and
the output E.-H.T. of—1200 V.
The voltage division is arranged
in such a way that the operating
point of the valve lies on the =
desired part of the I,/V, charac- Fig. 3-8. Electronic stabilization of E.H.T. section
teristic at the nominal mains (Philips GM 5654).

voltage and under normal load

current. As the voltage of this divider is electronically stabilized at 4 280 V,
any change in the negative output caused by mains voltage surges or varying
current drain (brilliance control of the C.R.T.) will produce a corresponding
change in the (negative) voltage on the first grid of PL 83. The internal resist-
ance of the valve is thereby altered to such an extent that it opposes all
voltage fluctuations in the E.H.T. output.

=200V
—0

— 2 o

Although in this circuit the control voltage is not, as in the stabilizing circuit
giveninfig. 8-7, amplified by afurther valve, a sufficiently good degree of E.H.T.
stabilization is nevertheless achieved, due to the high mutual conductance
of PL 83. In this way also, the residual ripple from the reservoir condenser
can be quite considerably reduced.

Simplifying the E.H.T. circuit. ,

For reasons of economy in the power supply, various simplifications in
circuitry have come into general use. Examples are shown in figs. 8—9 and 8-10.

2x270 V; — ¢ ¢
T 04300V ; J_
L

&
. IR
"1
o-1000V 1 ICJ %

4080

Fig. 3-9. E.H.T. power supply using Fig.3-10. E.H.T. powersupply for cathode () and
one half of H.T. winding. post-acceleration electrode (4 ) from one winding.
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Fig. 3-9 illustrates how a part of the E.H.T. winding can be saved if one half
of the high tension winding b) is connected in series with the extra high
tension winding c¢). The low current consumption of the E.H.T. supply will
of course have no effect upon the balance of the high tension supply.
Furthermore, by using two rectifier valves with alternate polarity, one
E.H.T. winding is able to provide the negative E.H.T. for the cathode as well
as an equally high positive voltage for the post-acceleration electrode. (See
fig. 8-10.) In this circuit, the charging current flows through the rectifier
valves during each half cycle alternately. '

Beam positioning.

In order to adjust the exact position of the spot on the screen or to displace
it when observing asymmetrical patterns, it is necessary to apply appropriate
DC voltages to the deflection plates. These voltages must be variable up to
a certain value on the 4 and — sides of zero. A suitable voltage can be
obtained by connecting a potentiometer across two terminals of the power
supply with a sufficiently high positive and negative potential: for example,
across — 600 V and + 850 V, as in fig. 3-6.

If the deflection plates have single-pole earthing, the spot can, of course, only
be displaced by a DC potential on the “hot” plate, as indicated in fig. 8-11a.

L
Horizontal deflection  Vertical deflection - | ] AH
T |
- _] r
T T Vertica/ | - | Horizontal
deflection ' l deflection
+ ) + l i Lo+

<]}
I
= a b
Fig. 8-11. Supply for positioning the spot @) for unbalanced deflection plates
b) for balanced deflection plates

As already described, with unbalanced deflection systems of this sort certain
distortions of the pattern on the sereen must be expected (trapezium distor-
tion, astigmatism), especially if any large displacement is necessary. Sharply
focused patterns entirely free from distortion can be obtained by a balanced
deflection system, together with balanced DC displacement voltages, as shown
~ in fig. 3-11b. For each pair of plates a tandem potentiometer is required whose
arms of resistance are oppositely connected. Thus any increase in positive
potential on the 6ne plate necessarily sends the potential on the other plate
more negative for the same amount. It is important in this context to note
that the average potential between the pair of plates must always remain
equal to the potential on anode a,. The centre position of the potentiometer
must therefore actually correspond to Vg, (usually “0”’). If this is not so, (and
the spot is also central if, for instance, both plates are at+15 V) severe astig-
matism will appear.
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Beam positioning

The spot will no longer be round but flattened out in a shape which will also
be dependent upon the position of the spot. These points should therefore be
borne carefully in mind when rating the power supply components.

In order subsequently to ascertain the electrical centre as exactly as possible,
special controls are provided. These make it possible to shift either the average
potential of the deflection plates or the potential on anode a,; the focusing
effect is the same. In the hints on construction given in part IV, using the
oscilloscope FTO 2 as an example, adjustment can also be made by means
of Rg.

A device of this sort for post-adjustment of the average plate potential
(astigmatism control) permits good spot definition even with unbalanced
operation of balanced deflection plates ¢, However, as the displacement of
the plate potential must always correspond to the average value of the
deflection voltage on these plates in order to obtain a sharply focused pattern,
this (second) focusing does rather depend upon the amplitude of the deflection
voltage. The shift voltage must therefore be post-adjusted accordingly,
especially for large variations in deflection voltage.

A further advantage of this device is that it improves the frequency- and
phase-response of the deflection amplifier.

Shielding the cathode ray tube

The electron beam can also be influenced by magnetic fields. If no counter-
measures were taken, the stray field of the mains transformer would therefore
affect the deflection of the spot. In practice this causes an inclined stroke or a
loop to appear on the screen instead of a spot (fig. 8-12a). If beam deflection
is applied, a wave or a ribbon of light appears instead of a trace (fig. 3-12b
and ¢).

The position of the mains transformer which produces the least disturbance
must be found by experiment. To eliminate all remaining magnetic influence,

Fig. 3-12. Effect of magnetic interference on the screen.

however, the cathode ray tube must be magnetically shielded. This is best
done with a mu metal cylinder. All remanent magnetism must be carefully
removed from the shield as otherwise the spot will be pre-deflected from the
zero position, resulting in a certain astigmatism.

The presence of remanent magnetism can easily be recognized by eccentric
movement of the spot on the screen if the shield is turned around the axis
of the tube. '

8 Philips Oscilloscope GM 5660.
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Table 8-1 (to fig. 3-1, p. 27)

Operating
Vo, C C C; | R, | R, | Ry | Ry | Ry | R ?
C.R.T. Valve | L 2 3 1 2 2 S 2 & | current
[Vrm.s] [uF]| [uF]| [uF]| (k2] [MO] [kQ]| (k2] |[ke2] [ML] [mA]
DG 7-5 j
DG 7-6 850 1876 | 0.5 | 0.5 | 0.5 | 100 | 0.5 | 100 | 200 | 50| 0.5 1.0
DG 0-6 850% 1876 | 0.5 | 0.5 | 0.5 50 [0.42] 100 | 150 | 50 | 0.5 1.5
1500%*% | 1875 | 0.5 | 0.5 | 0.5 50 | 1.25| 300 | 400 | 100 | 0.5 1.0
DG 13-2 1500%*% | 1875 1 0.5 | 0.5 | 0.5 50 | 1.25| 300 | 400 | 100 | 0.5 1.0
* V= Vi = 1000 V w6 Y =V, 2000 V.

4. The Time Base Generator

The representation of changing phenomena.

The great significance of the oscilloscope as a measuring instrument is due
more than anything else to the fact that it enables the course of changes in
a condition over a period of time to be made visible in a singularly clear
and comprehensive way. To explain the time base principle in the oscilloscope
as simply as possible, it will be best to begin by describing the common scien-
tific method of representing the dependence of a given quantity upon time. In
this method it is customary to plot the instantaneous
values of a quantity in the perpendicular direction from
zero and to plot time in a horizontal direction pro-
gressively to the right (along the “‘time axis’), both
in any scale which may be suitable. Positive values
are plotted above and negative values below the zero
line. Each instantaneous value appears displaced in
points to the right according to the length of time which
has elapsed between one value and the next, so that if
the points are joined together they will form a diagonal
Fig. 4-1. Example of re-  line or a curve. This “‘curve” represents the ‘‘function”
presenting a quantity in  of the quantity in dependence upon time. To illustrate
relation to time. 4 = . . . .
amplitude of the quan-  UDIS, fig. 4—1 shows the course of a sinusoidally changing
tity to be measured; ¢ = voltage as a function of time. This method is in such
time axis moving pro-  general use that it is customary to speak only of the
gressively to the right.  \attern of the electrical phenomena. Other methods
of representation are possible, however, and these
will be discussed in the chapter on practical measuring technique.
A particularly important function of the oscilloscope is also to represent the
interdependence of two or more different phenomena.

Horizontal deflection for the time base.

In order to get a clear picture from the oscilloscope of the behaviour of a given
quantity over a given period of time, it is necessary to be able to observe the
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Horizontal deflection for the time base

changes of condition long enough for a judgement to be made. This means in
other words that the movements of the spot produced by each instantaneous
value of the phenomenon being measured must be presented in such a way
that the observer sees, or believes he sees, the changes taking place at one
and the same time. For this purpose the voltage to be examined is applied to
the Y plates so that the spot is deflected vertically by an amount corre-
sponding to the momentary values of the voltage.

A voltage is applied simultaneously to the X plates which increases at a
uniform rate, that is, always by the same amount for each moment of time,
and this voltage moves the spot to the right at a constant speed across the
screen. In other words it deflects the spot “linearly with time”. Thus the
vertical deflections produced by the signal appear, not in a perpendicular line

Image on the screen
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3 4\\ Fig. 4-2. Plotting the movement of the
BN spot with simultaneous. voltages on the
N Y and X plates.
&
3 R \|
” ™

2

—-"VX

Time base voltage

but progressively to the right, one after the other. In this way the spot on
the screen describes a curve, completely analogous to the method of repre-
sentation outlined at the beginning of this chapter, a curve which presents the
changes in value of the phenomenon under investigation in dependence
upon time. As there would be no point in deflecting the spot horizontally
beyond the useful area of the screen, the voltage on the X plates drops to zero
when the right-hand edge of the screen is reached and the spot thus returns
to its starting point at the left.

The way in which a pattern is formed on the screen as a result of simultaneous
vertical and horizontal deflection is explained in fig. 4—2. One complete cycle
of the time base voltage is shown subdivided into 12 equal periods of time.
Rather more than one complete cycle of the voltage to be applied to the ¥
plates is shown on the right, with its amplitude plotted against time. Under-
neath the pattern on the screen the change in the potential on the X plates
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is indicated by a linear voltage, whereby time, also beginning from zero, is
plotted progressively downwards. If now the individual points from the time
base voltage are projected perpendicularly to the screen and if corresponding
instantaneous values of the Y voltage are projected horizontally, then the
position of the spot on the screen at each moment is given by the points of
intersection.

To simplify the illustration, the length of the time base is taken to equal one
eycle of the signal applied to the Y plates and both are taken to start simul-
taneously from zero. The resulting pattern on the screen is one cycle of the
signal applied to the Y plates. '
With a single time base of this sort, however, no more than an extract of the
signal is described once only. Such a system is of practical value solely when
relatively slow-moving phenomena have to be studied, and even then it is
necessary to use a long-afterglow tube or photographic recording. Only by
using a repetitive time base is it possible to study the course of periodically
recurring phenomena on the oscilloscope in a generally satisfactory way. If
at the same time a synchronizing device is used, whereby the time base is
made to be always one or more integral periods of the voltage on the Y plates
(i.e. the ratio of the time base frequency to the signal frequency is a whole
number), then the spot will always retrace exactly the same path on the
screen. As a result, because of the inertia of the human eye and partly be-
cause of the afterglow on the screen, the observer sees a stationary pattern.?

Generation of the time base voltage.

As we have seen, the horizontal deflection for the time base needs a voltage
which will rise linearly with time to an adjustable value and then return
rapidly to zero. This process must repeat itself uniformly for as long as may
be desired at regular intervals which can also be adjusted. Three cycles of the
voltage trend required are shown in fig. 4-8. The voltage-versus-time charac-

R IML Cyx O.5uF 4
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v
——o0
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Fig. 4-3. The voltage wave- Fig. 4-4. Glow-tube relaxation oscillator for
form required for linear time generating time base voltage. R, resistance

base deflection (sawtooth). for limiting discharge current.

9 If the time base frequency is lower than about 30 c/s, the image on the screen will begin
to flicker. It will flicker more and more distinctly the more the sweep frequency decreases,
so that the eye is gradually able to follow the movement of the spot.

The reason why the number of patterns per second needed for a steady oscillogram is
greater than the minimum number of pictures per second necessary in cinematography
(min. 16 pictures per sec.) is that the picture on the cathode ray tube does not originate as
one whole but is produced by the movement of a spot on the screen.
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Generation of the time base voltage

teristic is a ‘“‘sawtooth’ wave-shape, for
which reason the time base voltage is

referred to sometimes as the ‘“‘sawtooth — 2V \‘/A/T/'f
sweep”’ voltage. One of the suitable circuits Ve |

for generating a voltage of this sort is Vext V[gn
the “glow-tube relaxation oscillator” or |} I
the “neon sawtooth generator”’, shown in  [[EEY

fig. 4—4.

A voltage from a DC power source V,
charges condenser C through resistor R.
Directly across the condenser is connected
a glow tube GI. As soon as the voltage
across the condenser reaches the ionizing or
“jgnition” potential of the tube, the tube
becomes conductive and forms a path
through which the condenser can discharge
until the voltage falls to the de-ionizing or )
“extinction”Potential. The glow tube thpn " Fig. 4-5. a) Waveform of voltage
stops conducting and the condenserbegins  across charging condenser in a glow-
to charge up once again' A Varying Voltage tuberelaxation oscillator. Vibn —ioniza-
thus exists across the condenser which, as  tionpotential (ignition voltage); V,,, =
. . . de-ionization potential (extinction vol-
the oscillogram in ﬁg 4-5a shows, has the tage); b) waveform of condenser
sawtooth trend required for the time base.  current; charge above zero line; dis-
(See fig. 4-8). The waveform across the charge below zero line.
condenser is shown in fig. 4-50b.

To produce a voltage trend of this kind the discharge period must be so
short that no time is left for a further significant charge to build up again
through resistor R. Expressed in another way, the RC time constant during
discharge must be very small compared with that during charge [1] [2].

The amplitude of the voltage variation AV (fig. 4-5a) is determined by the
difference between the ignition and extinction voltage of the tube. The fre-
quency of this variation may be found approximately from the formula:

1,
I=7vc (4-1)
For a particular tube with a fixed voltage AV, the frequency is thus given by
the average charging current I, and by the capacitance of condenser C. The
current, and therefore the frequency, can be varied by changing the value of
resistor K.

To prevent the DC voltage V, from reaching the deflection plates and thereby
causing horizontal displacement of the spot, condenser €}, must be connected
between glow-tube and deflection plate. To ensure that the DC potential on
this plate remains at a clearly determined value, the plate should be connected
to earth over a leak resistor of between 1 to 10 megohms. The other plate is
connected straight to earth. (The glow-tubeis thus connected asymmetrically.)
Employing a Philips type 7475 glow-tube, with an ignition voltage of 110V
and an extinction voltage of 85 V, the difference A V is 25 V.

It is found when using this circuit that the voltage is insufficient to deflect
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The time base generator 4

the spot horizontally over the whole length of the screen. As fig. 4-5a shows,
the deflecting voltage is determined by the difference between theignition and
extinction voltages of the tube employed. This voltage difference is relatively
small and depends partly upon the type of gas filling used. Fig. 4-6 shows the
patterns  produced by the time base voltage from a glow-tube sawtooth
generator with a sinusoidal signal of suitable frequency simultaneously on
the Y plates. Apart from the inadequate length of the trace, it is noticeable
in fig. 4-6a that the waveforms of the signal become crowded together
towards the right. The reason for this is made clear from fig. 4-6b, which
: shows the waveform of the time base
voltage itself. As can be seen, the
voltage does not rise as it should do,
linearly with time, but slows down
towards the end of the charge. Thein-
stantaneous value of the charging cur-
rent is determined by the difference
between V, and v,; because the vol-
tage on the condenser is increasing,
this difference becomes progressively
smaller so that the charging current
decreases likewise (see fig. 4-5b). Thus
the charging current for any given
moment can be calculated from the
equation:

1:c = S M. (4""2)

For the voltage rise, therefore, the
characteristic charging curve of a con-
denser is obtained as depicted in figs.
4-5a and 4-6b. The formula for cal-
culating the instantaneous voltage
Fig.4-6. a) Pattern  Fig. 4-7. @) and b) across the condenser is:

on the screen pro- Patterns as in fig. ¢

duced by glow-tube 4~6, but with higher 0, = Voo [1— e_ RC (4-3)
sweep generator supply voltage V. ¢ v

and sinusoidal in- . . .

put signal. b) Wave- (in which v, is the voltage across the
form of voltage on condenser after time #, with a battery

the X plates. voltage V,; e is the base of thenatural

logarithm e = 2.718).

From formula (4-8) it can be derived that the voltage rise will be less curved
if V,, is higher. The difference V,—u, is then not so much smaller towards the
end of the charge as in the first case, so that the charging current remains more
constant and the voltage increase across the condenser occurs more uniformly.
This improvement is clearly visible in fig. 4-7a and b. For fig. 4-6, the DC
" voltage V, = 150 V, and for fig. 4-7, V, = 250 V.2
10 These oscillograms were recorded on a DG 9-8 cathode ray tube, with a voltage of approx.
950 V on anode a,.
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The amplitude of the time base voltage

As fig. 4-8 shows, useful results can be obtained with
this voltage if the demands are not too high. The wave-
form of two cycles of the input signal can be followed
quite distinctly.

It can be seen from these oscillograms, however, that
the sawtooth voltage achieved in this way is hardly
sufficient. It would certainly be possible to amplify this
voltage as is done in other time base circuits, but the
glow-tube circuit has other disadvantages, for which
reason it is now no longer used, although it served its
purpose during the early development of the oscillo-
scope. It is discussed at this stage because it is useful
as an introduction to the generation of sawtooth sweeps.
It also offers the opportunity of considering the behaviour ffig"c ;;8-0 ng;;logga;ﬁ
of gas discharge tubes, which in itself is not without ACvoltage with time
interest. ~ base deflection as in

fig. 4-7b.

The requisite amplitude of the time base voltage.

When designing the source of the time base voltage it is first of all necessary
to decide on the voltage amplitude required. Since we are concerned with
non-sinusoidal waveforms, it will not be possible to measure these with the
normal measuring apparatus calibrated in 7.m.s. values. Having regard to
the fact that the deflection path of the spot corresponds to the maximum
values of the deflection voltage 1, and moreover that these maximum values
must be taken into consideration when rating the voltage source for horizontal
deflection, it will be necessary always to calculate the voltage in peak-to-peak
(V,,) values.

The deflection voltage required is determined by the deflection sensitivity
or the deflection factor of the tube for given operating conditions. (The peak-
to-peak voltage V,, is identical with the DC voltage V_). X
According to equation (2-8) the deflection sensitivity is given by DS_ = Vo

x

in which X is the deflection and Vy is the voltage on the deflection plates.
The voltage necessary for a certain deflection (DC voltage V_ or V,p) is
given by:

X

Vo = DS_ (4-4)
To take an example, for tube DG 10-6 with V,, = V., = 2kV, and with a
] . 80
length of deflection of 80 mm, V, = 080 — 267 V,,.

Time base circuits using a gas triode (thyratron sweep circuits).

Adequate time base voltages can be obtained by using a gas-discharge valve;
in addition to the electrodes of the glow tube discussed, this has a control

1t See chapter 2. “Calculating the beam deflection’ and fig. 2-10b.
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The time base generator 4

200 grid and usually an indirectly-heated

cathode. Valves of this sort, which

are often used nowadays for gener-

1000 ating low frequency sawtooth
Va sweeps, are known as gas triodes
T or thyratron triodes. Fig. 4-9 shows
the gas triode with its three elec-

90 1 O O N LI O A
00 O T
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800
trodes—the indirectly-beated ca-
thode, the control grid and the
, anode. After the air has first been
00

evacuated, the glass envelopeisfilled
with an inert gas under low pressure
(neon, argon or helium). In the
400 de-ionized state the gas-triode be-
haves very much like a high vacuum
valve. Electrons are emitted by the
cathode and these are controlled by
the potential existing between grid
and cathode. This control potential
Veon—which may be imagined to
-1 S0y, -2 ~10 0’ be in the plane of the grid—is com-
: posed of the grid voltage proper and
Fig. 4-9. Thyratron ignition characteristic.  that part of the anode voltage which
Arrangement of electrodes in gas triode EC50 enetrates through the grid. How
with dimensions and base connections. p L. g .8
large this influence is depends,
among other things, upon the geo-
metric dimensions of the grid (number and thickness of the windings of the
mesh) and upon the distance from the anode. This penetration is denoted
by the symbol D for the German expression “Durchgriff”’, otherwise known
as the penetration factor.
The value of the anode voltage penetration is thus: D + V, so that the control
voltage can be expressed by:

Vcon = Vg + VoD (4'5)

Conversely we may indicate how much greater the influence of the grid
voltage changes are on anode current in proportion to the influence of anode
voltage changes on anode current. This relationship is a constant of high
vacuum valves and is called the amplification factor, denoted by the symbol
p. The amplification factor can be expressed as the reciprocal of the pene-
tration factor, thus:

W= (4-6)
When the control voltage is lower than zero, i.e., negative, only very few of
the electrons emitted by the cathode are able to penetrate the grid; they are
forced back and form a cloud (known as the space charge) around the cathode.
However, as soon as the control voltage goes positive, e.g. when the anode
voltage is increased, the electrons will flow in increasing numbers through
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Controlling the ionizing potential of a gas triode

the grid to the anode. As long as the now positive control voltage remains
below the ignition or ionizing potential of the particular gas, the electrons
in a gas triode wander in a small, ineffective, though measurable stream to
the anode. In a high-vacuum valve this current is largely limited by the space
charge, which determines the grid-voltage/anode-current characteristic. The
moment the control voltage reaches the ionizing potential, however, the gas
filling becomes effective. The electrons, now flowing at sufficient speed, ionize
molecules of gas and set up a chain reaction whereby new ions and electrons
are constantly being formed. The gas thus “ignites”, an automatic arc dis-
charge occurs and a strong electron stream begins to flow.

The ions move towards the cathode, where they are mostly absorbed by the
electrons in the space charge and become neutral gas molecules again. In this
way the space charge rapidly disappears so that the total electron emission
of the cathode—the saturation current—would normally be able to flow
unhindered to the anode. This current, however, would in itself overload the
cathode and, what is more, the excess of positive ions, which can no longer be
neutralized by the space charge, would flow to the negative cathode, and
indeed especially to the parts emitting the greatest number of electrons. At
these points, therefore, the cathode would be damaged by the heat thus
released if nothing were done to limit the anode current to the permissible
value. This is done by inserting a resistance, either in the anode or the cathode
lead. The internal resistance of a gas triode is, at least in the ionized state,
extremely low (it is in principle negative), so that it is particularly suitable
as a discharge valve in relaxation oscillators for generating a tims base
voltage.

Controlling the ionizing potential of a gas triode.

If the grid is joined with the cathode, i.e. if the grid potential is zero, then for
practical purposes all electrons emitted by the cathode can be attracted
through the grid by the positive potential of the anode. Only a small
ignition voltage is then necessary for ionization. Taking the helium-filled
triode thyratron EC 50 as an example, 35 V are nceded. At this potential
the discharge—the “arc”’—in the valve is only just maintained; it is thus
also referred to as the arc potential and denoted by V. If the voltage on
the grid is not zero but has a certain negative value, a higher anode potential
is necessary for ionization. This relationship is shown by the characteristic
‘reproduced in fig. 4-9. The curve indicates how high the anode voltage must
be to ionize the gas for a given negative grid voltage. As regards this valve,
it can be seen that above about 40 V the anode potential must always be
larger by a certain constant factor than the negative grid potential for
ionization to take place. This factor will be called the ‘“‘ignition factor” and
represented by the symbol x4 by analogy with the amplification factor of
amplifier valves, with which it might be compared. Thus:

Vom—uV, (-7

In our example EC 50, the factor is 85. This means that with a grid bias of
—11.4 V, for instance, ionization will occur at an anode potential of 400 V.
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If a gas triode is used in the circuit given in fig. 44 for discharging the con-
denser C, as shown in fig. 4-10, it is then possible to control the charging
« potential of the condenser by simply varying the

+ —o  grid bias. g3
Rs The voltage V; across the condenser (see fig. 4-11),
which is the voltage for the time base, varies
b == Thy between the anode potential V, at the point of
| Tc ' ionization and the arc potential V,,, thus:
l Rg Vs = Va - T/varo (4’-8)
5 —o  The potential across the condenser for a certain
Vg ?’p deflection voltage is thus the sum:
\
- V,= V,= Ifs + Varc (45—9)

Fig. 4-10. Thyratron relaxa- o
tion oscillator for generating Fig. 4-11 shows the waveform of the voltage

sawtooth sweep. across the condenser obtained when using the
circuit in fig. 4-10. If we compare this oscillogram
with that in fig. 4-5, a considerable improvement can at once be seen. The
residual DC voltage V,,, is noticeably smaller as compared with the extinction
voltage V., in fig. 4—5a, and V, is several times larger than AV in fig. 4-5.
The expression (4-9) must, however, be equal to (4-7), thus:

—u-V, =V, + Vare (4-10)

From this is obtained the grid bias required for a specific value of sawtooth
voltage:

Vy=——s T Tar (4-11)

Fig. 4-11. Voltage and current waveforms
across condenser C'in the circuit given in fig. 4-10.

Fig. 4-12. Oscillogram of sinusoidal

input signal with time base generated

by thyratron relaxation oscillator given
: in fig. 4-10.
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Linearizing the sawtooth sweep voltage with a pentode '

The deflection voltage required for DG 10-6 was calculated from formula
(4-4) as 267 V,,. Using thyratron triode EC 50, a negative bias is therefore

267 5
needed of: V, = ﬁ——3-_5|_—:~3—— = —8.63V.

This value can also be read from the characteristic curve in fig. 4-9. We can
now compare the output of the thyratron triode sawtooth generator, figs.
4-11q and 4-12, with that of a glow-tube (figs. 4-6a and 4-7a). It can be seen
that, for general purposes, adequate amplitudes of deflection voltages can.
be obtained using a gas triode, although the time base voltage is still not
linear with time.

Linearizing the sawtooth sweep voltage with a pentode.

It is clear from fig. 4-11a that to achieve a linear sawtooth waveform, the
all too rapid initial voltage rise must be prevented in some way. The charge
must increase evenly for each
unit of time. This means that Ig l [
the charging resistor must have mh pm— o

. g1=-1V
the property of allowing at all 30 Voo —ov
times a constant and adjustable / i
current to pass, even during a P
falling potential difference. Up 0 ‘
to a certain lower voltage limit, - 150V ——|
this condition is fulfilled by a_ ol J”]
pentode. Fig. 4-18a gives theZ 100,
characteristic curves of an EF 80,
showing the dependence of anqde o5 00 T 0 5 700 ¥, 500
current upon anode voltage with
various voltages on the second 1, | EF80 ng':gv’
grid as parameter. It can be seen /m!
from these curves that, foragiven ~ * Vo =250V
grid voltage, the change in anode Vgs=0V 7V
current is negligible after alower 30 7
limit of approximately 100 V _ L _zl
anode potential. (The internal ‘ A A0
resistance of a pentode, which is A
high in any case, can be made ) ) o Y
still higher by introducing nega- , 14D —qv
tive feedback. In circuits figs. = AL AT LA A |

. . . o L
4-25 and 4-27 and in the circuit "o 50 00 750 200 250 300 VgV

for a small oscilloscope given' in Fig. 4-13. Characteristics of high mutual conduc-
part v O,f this book, negative tance pentode EF 80; a) anode current in de-
feedback is effected by means pendence upon anode voltage; b) anode current
of a non-bypassed cathode resis- in dependence upon screen grid voltage.
tor.)

Fine adjustment of the time base frequency by the anode current is now
possible by controlling the screen grid voltage. Using a potentiometer with
a linear characteristic, the resulting curve is practically linear, in contrast to
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that obtained by controlling the voltage on the first grid. The curves in fig.
4-18b show the dependence of anode current upon screen grid voltage for

o
+T Thy i
<«
3 o, = %
y ¢ l
i SIS
R, ]
¥

Fig.”4—14. Time base generator with a pen-

tode for controlling charging current. Thy —

gas triode. P,; = potentiometer for control-

ling ignition potential; P,, = potentiometer

for controlling charging current by varying

voltage on second grid of pentode (frequency
control).

various voltages on the first grid,
again using EF 80 as an example.

A circuit for generating the sawtooth
sweep voltage by this method is shown
in fig. 4-14.

The pentode for controlling the
charging current is now connected
in the negative lead in order that it
may also receive the supply voltages
for the charging valve in the correct
polarity from voltage source V,. The
way the circuit itself functions is not
aitered by thisin any way.'?Fig. 4-15a
shows the waveform of the voltage
across the charging capacitor, and

: fig. 156 that of the charging current.
The charging current (above the zero line) is now constant and the voltage
rise linear. It can be seen from fig. 4-16 that the individual cycles of a
sinusoidal signal on the ¥ plates are now evenly spaced.

Fig. 4-15. Waveforms of current and voltage
across charging condenser C in circuit as in
fig. 4-14; a) voltage b) current.

Fig. 4-16. Oscillogram of sinusoidal in-
put signal with time base generated by
circuit in fig. 4-14,

Flyback time.

We have so far assumed that the flyback or retrace of the spot to its starting
position, and therefore the discharge of the condenser in the sawtooth sweep
circuit, took place in a negligibly small space of time. As can be seen from

2 Variations of this sort are quite common in time base circuits. Some circuits provide for
initially rapid charging and a linear discharge by means of a pentode or a cathode follower.
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Linearizing the sawtooth sweep voltage with a pentode

fig. 4-15a, this is not so in practice. The time required for discharge is deter-
mined by the resistors in the discharge circuit and by the capacitance of the
charging condenser, i.e. by the RC time constant (t = R x C). The charge,
and thus the forward trace on the screen, takes place during the time 1%,
while the discharge—the flyback of the spot—occurs in the time 7'y. The
duration of the whole horizontal deflection cycle T'yis therefore equal to the
sum of forward trace and flyback times:

Ty =T, + Ty (4-12)

The number of horizontal deflection cycles in one second—the #ime base
frequency—thus appears as the reciprocal of the duration of one horizontal
deflection cycle:

1
e =1 (4-18)
In order to be able to study the waveform of the signal on the Y plates, at
least one complete cycle must be visible. The time base frequency is therefore
chosen as a rule to be either equal to or a whole fraction of the frequency of
the signal to be examined. If the time base frequency is equal to the signal
frequency, one complete cycle will appear on the screen; if it is one half of
the signal frequency, two cycles will appear, and so on. The total number N;
of cycles of the signal appearing on the screen during the forward trace and
flyback of the spot is thus the ratio of the signal frequency f; to the time base

frequency fx:
A
The portion attributed to flyback can be seen immediately from the signal

frequency. In fig. 4-12, for example, the flyback accounts for about ?/, of a
cycle of the signal frequency (the missing eycle is added in broken lines). With

3/41

a total of 6 cycles, therefore, the flyback time is: == 12'/, % approx. of
the duration of one whole time base cycle.*® 6

In general, then, the ratio of the number of cycles attributable to the flyback
(N) to the total number of visible cycles of the signal (N;) gives the share
of the flyback in the duration of one whole time base cycle.

Tf we call this ratio Z;, we get:

N (4-14)

N,

7, =%,

(4-15)
With a resistor in circuit, it can be seen from figs. 4-11 and 4-5 that the
condenser charges and discharges according to an exponential function.

Because the flyback interrupts the pattern on the screen, the aim is to keep
the flyback time as short as possible. In this circuit it is essentially deter-
mined by the limiting resistor for the discharge current through the thyratron.
This current falls during discharge from the permissible peak value I, 4, t0
18 Tn figs. 4-11, 4-12, 4-15 and 4-16, the flyback time was made deliberately long in order to

show distinctly the phenomena under discussion. In practice it lies between 1 and 5%.
Only at the highest frequency ranges does T’y rise to 20...80%.

47




The time base generator 4

zero. It may therefore be assumed with some approximation that the average
. .y . . . .
discharge current is Lé"ﬂ The period of discharge, i.e. the flyback time 7%,

is arrived at in a way similar to formula (4-1)

L Vx-C
T,:z-IX

a max

L

=2-R,-C (4-16)

According to formula (4-1) the time 7'; required for the trace, i.e. the charging
time, is: ,

T, =%~ . (4-17)
(I, = average charging current)
Ty . |
The ratloff , which approximately corresponds to Z; for the share of the
b

flyback in the time base cycle, is therefore:

T, 21,
Tt Ia max

(4-18)

Thus, if the flyback is to be small, it is desirable for the charging current to be
as low as possible in proportion to the discharge current. However, to obtain
a certain time base frequency, we are compelled, following formula (4~1),
for a given value of C to choose a correspondingly high value of I o At higher
frequencies, therefore, a relatively longer flyback time will have to be toler-
ated.

Moreover, at higher time base frequencies a, certain inertia of the gas filling
becomes increasingly noticeable. The fact is that a certain time is also
necessary for the gas to ionize and thus for C to discharge, so that under some
circumstances the flyback time may be several times longer than that cal-
culated from formula (4-16). It is easily conceivable that the complete
ionization of the gas filling will be accelerated if, immediately after ignition, the
grid is driven sharply negative, because in this way the free ions will more
rapidly leak away. ,

Improved time base circuit with thyratron triode.

Fig. 4-17 reproduces a circuit incorporating improvements on that given in
fig. 4-14. The charging pentode is in this case connected across the grid and
the cathode of the thyratromn.

The time base voltage is controlled by potentiometer P,, by which a
suitably high inverse voltage is applied to the grid of the thyratron. When
condenser C is discharged, a high potential difference exists between cathode
and anode of the charging valve, and the grid of the thyratron is negative
with respect to the cathode. As C is charging up, the negative voltage goes
more positive and thus the potential difference between grid and cathode of
the thyratron decreases until, at a potential corresponding to the ignition
characteristic, the gas ionizes. Fig. 4-18 reproduces oscillograms showing the
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resultant waveforms of grid and anode voltages of the thyratron with refer-
ence to the ignition characteristic. The reduction in grid voltage necessarily
corresponds to an increase in anode voltage.

With this circuit it is possible, even at higher time base frequencies, to obtain
fiyback times approaching those calculated from formula (4—16). Small values

Charging
pentode

Fig. 4-17. Improved time base generator.
The charging element lies between grid and
cathode of the thyratron.

Fig. 4-18. Anode voltage and grid voltage

with reference to ignition characteristic of -

thyratron in circuit fig. 4-17, showing signal

superimposed on grid voltage for synchro-
nization.

of capacitance for C must be used at high frequencies. However, this might
lead more easily than at higher values for C to interfering voltages straying
to the unearthed connection of the charging condenser, which is connected
with one of the X platest4,

For this reason a special heater winding must be provided for the thyratron,
and screened from the other windings. Its centre tap is connected to the
cathode to avoid stray voltages between the cathode and the filament. As the
capacitance of this winding lies parallel to the charging condenser, it must
be kept as small as possible by means of a suitably strong insulation barrier.

Maximum time base frequency and thyratron load.

It is understandable that high time base frequencies are needed in order to
be able to examine high frequency waveforms.

The relevant data published by the manufacturers refer only to the individual
valves (gas-filling, electrodes, dimensions ete.) and should be taken to mean
that the indicated frequency is within the reach of the valve in question in a
reasonably normal circuit. ‘

The maximum frequency is limited not only by the maximum permissible

14 The power supply must be rated in such a way that it represents an 4C short-circuit for
the entire frequency range of the time base. It is then unimportant whether the plus or
the minus pole is earthed.

49




The time base generator 2

average anode current of the thyratron, by the charging capacitance and by
the capacitance lying in parallel with it, but also in another way by the per-
missible load of the thyratron. The power drawn by the thyratron, if the
frequency is not too high, is found from the product: arc voltage X recharging
current (the latter is also the mean current through the valve). Thus:

Ny = Vare * Lom 7 (4-19)

In high-vacuum valves the power drawn causes heating of the anode (anode
dissipation). In thyratrons, however, a part of the current is due to ions
wandering to the cathode and giving up their energy there. We may therefore
speak of a maximum permissible cathode load. For thyratron EC 50 we can
calculate from formula (4-19): Ngo 50 = 85 X 0.01 = 0.835 W. However, as
already mentioned, some time elapses before the gas filling forms an arc. This
means that during this time the voltage on the anode is higher than the arc
voltage at low frequencies. As a result, the load on the thyratron is increased,
so that at high frequencies overloading can easily occur. For this reason,
thyratron time base circuits are employed mainly for low frequencies, where
they make it possible to obtain relatively short flyback times. Generally
speaking, high-vacuum valves are used for sawtooth sweep circuits, especially
for the high frequencies. These circuits will be discussed at a later stage. The
following observations on synchronization apply, of course, to time base
circuits in general.

Synchronization of time base circuits.

As we saw at the beginning of this chapter, a stationary picture of periodically
recurring phenomena can be obtained if the frequency of the time base is
exactly the same as, or is an exact whole multiple of, the input signal on the
Y plates. This is not so easy to bring about by simple adjustment, especially
at higher frequencies, so that the pattern on the screen is seen to drift. (During
each time base cycle the pattern is displaced either to the left or to the right.)
However, it is possible to lock the sawtooth voltage with the signal to be
investigated. This is known as synchronization. For example, if a portion of
the input signal is fed to the grid of the thyratron, it will superimpose itself
upon the grid bias. (Figs. 4-17 and 4-18). As long as the grid bias is below the
ignition point, the additional voltage will have no influence whatsoever. But
as the operating point of the tube approaches the ignition potential—rising
anode voltage and falling bias—(fig. 4-18) —the 4C'signal on the grid can cause
earlier ionization than would otherwise be the case. The duration of one time
base cycle T'yx, will now be shorter (without synchronization it would be T'x,).
In other words, the time base frequency will be increased. Referring again to
fig. 4-18, if the time base frequency is somewhat lower than 1/, of the input
signal frequency, it will be carried along by the ‘‘sync” signal such that
ionization will occur at the maximum of the sixth cycle of the signal to be
observed. The pattern jumps into step and remains stationary on the screen
for six cycles (half a cycle here goes in flyback). In this way it is possible to
make the waveforms stationary on the screen up to very high frequencies.
In thyratrons, fractions of one volt are quite sufficient for synchronization, If
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the sync signal is chosen too high, ionization might be brought about at the
fifth cycle of the input signal (dotted cycle in fig. 4-18). This would have the
result, however, that the condenser would discharge again at quite a low
anode potential so that the time base voltage, and thus the length of the
pattern, would be smaller by /4 (1'x;). In order to obtain any desired value
of sync voltage, variable resistors are connected in the lead to the grid of the
thyratron.

Broadly speaking, the electrodes of the thyratron can be considered as inter-
connected once ionization has set in, and therefore a quite considerable current
might flow over the sync voltage sockets. To avoid this, a resistor and con-
denser should be connected in one of the leads. As general guidance, the
resistor R, should be at least 300 + Vx. For a 500 V, time base voltage it
must therefore be not lower than 150 k2. The sync voltage is usually supplied
either by the input signal amplified in the vertical deflection amplifier, by an
externally fed signal or by the mains frequency. To avoid mutual interference
between time base generator and input signal, special sync amplifiers are
used when the demands are palticularly high.

To use the oscilloscope correctly it is most important to understand clearly
the correct conditions for synchlonlzatlon Space will therefore be devoted to
its extensive possibilities in the section of this book dealing with the specific
applications of the oscilloscope.

Further circuits for linearizing the sawtooth sweep.

When describing the thyratron time base oscillator it was shown in circuits
figs. 4-14 and 4-17 how a pentode could be used to obtain alinear increase of
the voltage across the charging condenser.
Circuits by means of which an exponentially rising {a
voltage (the charging of a condenser through a
resistor) can be subsequently linearized, have
achieved considerable importance [3]. They make
it possible first to generate a sawtooth voltage in
the simplest way and then to linearize it before it is
applied to the X plates.

The easiest method of doing this is offered by the
curved grid-voltage/ anode-current dynamic transfer
characteristic of an amplifying valve. By choosing
a suitable transfer characteristic, i.e. a suitable Fig. 4-19. ~ Linearizing
operating portion of the curve, it is possible, as fig. fggl{fﬁgtsg};f‘;ggi%ivg
4-19 shows, to obtain a linearly rising voltage on the V,/I, characteristic of an
grid. The drawbacks of this system are that the amplifying valve.
operating point must be well maintained and the

amplitude of the grid voltage must not vary to any great extent.

Fig. 4-20¢ shows another possible way of linearizing the charging curve of a
condenser. The charging resistor Rz, now consists of two resistors, B, and R,,
connected in series. The voltage from charging condenser Cylieson the grid of the
cathode follower (1).28 The voltage across the cathoderesistor increases with the
15 Further details are given in chapter 5. Deflection Amplifiers.
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Voltage across the charging condenser and is in the same phase. This voltage
is now fed back via condenser Cy to the junction between R, and R,. While
the condenser is charging up through the resistor, the potential difference
between Cy, and the positive terminal +a is normally falling. However, in this

ta circuit the voltage from --a has added

? to it the voltage fed back from the
cathode of the valve over condenser Cp,
which is itself increasing, so that, if the
circuit components are suitably rated,
the potential on this terminal remains
constant. This means therefore that the
voltage across R;, and thus the charging
current, will also remain constant, In this
way a quite considerable linearity of the
voltage rise across charging condenser Cy,
is achieved. The discharge occurs in the
usual way, that is by means of a thyratron
as already described, or by circuits em-
ploying high vacuum valves in a manner
which will be discussed later. The device
employed is indicated by switch § and
resistor Rz, A circuit of this sort, which
is known in America as the “bootstrap
circuit” offers several important advan-
tages by its use of a cathode-follower

}RE .
° is high, whereas its output impedance is

Theinputimpedance of a cathode-follower

Flg. 4-20 low. For reasons which will be gone into,
Linearizing the sawtooth voltage by  good linearity of the sawtooth voltage
foobe of a cathodefollower with — poqiires that the load on the charging
eedback (Bootstrap circuit). ) Basic . .
circuit. b) Improved circuit using a condenser (which is after all the voltage
diode in the charging circuit and inte-  source of the sawtoothsweep) shall be kept
gration network at the charging con- a5 low as possible, i.e. it musthave ahigh
denser. ohmic value. On the other hand, the output
impedance must be low in order, for one thing, to minimize the adverse in-
fluence of stray wiring capacitances at high frequencies. Both these require-
ments are largely met by this circuit.
The circuit can be extended as shown in fig. 4-20b. A diode takes the place of
R,, so that in the direction from the junction point R, Cg and the cathode
of valve 2 to the voltage source +atheimpedance for practical purposes will be
infinitely high. In consequence the voltage coming from cathode resistor Ry
via Cg will serve exclusively to increase the potential at this point (the diode
cannot load the feed-back voltage). Furthermore, the charging condenser is
made up of two separate parts, Cr, and Cr,. Between the junction point of
these two condensers and the cathode of the cathode-follower, a resistor forms
an integration network with Cg,. The sawtooth signal coming from the cathode
produces at this position a parabolic upward-peaking waveform. The po-
tential now upon the grid of the cathode-follower consists of the sawtooth
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voltage across Cz, and the parabolic voltage across Cp,, the peaks of which
coincide with the peak of the sawtooth voltage. This enables a great degree
of linearity to be obtained. Since the way the circuit components function
depends upon the frequency they have to work with, provision must be made
for switching over to higher frequency ranges. This entails a more extensive
outlay, which is why the circuit as shown in fig. 4-20b is used more in tele-
vision and radar sets than in oscilloscopes [4].

To obtain the lowest possible output impedance, a valve with a high mutual
conductance is needed as the cathode follower in these circuits, for which
reason steep slope pentodes are used, such as types EF 42, EF 80 ete., which
can be connected either as a triode or as a pentode.

When used as a pentode, the screen grid must be decoupled over a condenser
at the cathode.

As shown in the time base generator circuit in fig. 4-27, a triode can also serve
to linearize the charge. By means of a relatively high cathode resistor, a strong
negative feedback current is introduced to keep the charging current constant.
These widely used and characteristic examples are only a few of the many
circuits either possible or in practical use for obtaining greater linearity of
the sawtooth waveform. .

Time base circuits using high-vacuum valves.

Although time base frequencies of up to 150 kc/s are possible using gas
discharge triodes in the manner described (circuit fig. 4-17), most oscilloscopes
nevertheless use high-vacuum valves in the time base generator. Depending
on the outlay, they enable sweep frequencies from 250 to 500 ke/s, and
even as high as 1 Mc/s, to be produced. These “‘hard” valve circuits have some
features in common with those of the “soft” valves (periodic charging and
discharging of a condenser); but otherwise they work on a different circuit
principle altogether, very often on what is called the multivibrator principle.
In most cases the amplitude of the output voltage from these circuits is too
low for direct use in time base deflection, and must therefore be amplified
before being applied to the X plates.

Multivibrators.

If the amplified voltage of a two-stage RC-coupled amplifier is fed back over
a coupling condenser, a circuit is obtained as shown in fig. 4-21a which, re-
drawn as in 4-215, is known as the multivibrator after Abraham and Bloch.
As drawn, the circuit is not stable; the voltages across both valves swing
alternately from one extreme to the other at a frequency determined by the
time constants of the coupling components. Because of its action, the multi-
vibrator is also known as the “flip-flop”. When, for example, the anode voltage
V., of valve 1 rises for any reason, the grid voltage V,, of valve 2 goes less
negative. This causes the anode voltage V,, of valve 2 to drop, and con-
sequently the grid voltage V,, of valve 1 is driven more negative via coupling
condenser C,. As a result, the anode voltage V5, rises still further, and so on,
until in this way the grid voltage V,, is driven so negative that the anode
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current of valve 1 is cut off and V,; becomes equal to V. V, is now conducting
heavily and no further increase in current is possible, V,; being at a maximum
and V,, at a minimum. This state of equilibrium (the anode voltages remain
at this value) lasts until, at a moment determined by the circuit time con-
stants, the voltage V,; begins to go less negative. This causes the anode
current in valve 1 to rise and the same process repeats itself rapidly in reverse;
the voltages “flop” to the other extremes. '

It is desirable for the trailing edge of the sawtooth sweep voltage to be as
steep as possible; i.e. the flyback time must be short. For this reason, asym-
metrical rectangular pulses are generated for time base circuits, whereby one
pulse width is made very short. If this asymmetrical rectangular pulse is used
to charge a condenser (C; in fig. 4-21b and Cin fig. 4-22), an integration of
the rectangular voltage curve results. The linear voltage rise occurs during
the long portion and the drop oceurs during the short portion of the cycle.

IRy

Fig. 4-21 Fig. 4-22

Fig. 4-21. Multivibrator; a) output circuit of a two-stage amplifier with
feedback coupling; b) conventional multivibrator circuit.
Fig. 4-22. Practical circuit of cathode-coupled multivibrator.

A great number of similar circuits have been developed with which it would
be impossible to deal in detail within the scope of this book. Double triodes
such as the ECC 40 or ECC 81 are predominantly used in these circuits, al-
though.pentodes can also be employed with advantage. The cross-connected
screen grids then act as the anodes, and the output can be taken from the
anodes proper without changes in the load affecting the oscillatory circuit.
Occasionally the grid resistors are connected across a positive voltage instead
of to the chassis in order to effect a more rapid “flip-flop” action.

The conventional circuit described couples back the anode voltage. For this
reason it is known as the anode-coupled multivibrator.

The circuit using pentodes is known as the electron-coupled multivibrator.
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Another widely used circuit is the cathode-coupled multivibrator. Here the feed-
back takes place over the cathode resistor common to both valves. A circuit
of this kind is shown in fig. 422, which gives the operating data for ECC 40.
The frequency is determined by the values of C, and R,;. Fine adjustment is
effected by varying R, though it causes some fluctuation in the output voltage.
For higher frequencies both C and C, must be given different values; C,
should be 1/, to /4, of the value of C, and for a sawtooth sweep frequency
of 50 c¢/s C should be approximately 0.5 uF. At frequencies up to 1 ke/s the
flyback time is about 5%, and at frequencies from 10-20 ke/s, about 20%,. For
both systems the anode current is 2.6 mA.

Fig. 4~24. Oscillograms of cathode-coup-

led multivibrator, synchronized with a

sinusoidal voltage (f o =Fx = 3); a) com-
mon cathode; b) anode I; ¢) grid L

Fig. 4-238. Oscillograms of cathode-coup-
led multivibrator as in fig. 4-22; a) grid
I; b) anode I; c) voltage on common
cathode; d) sawtooth voltage on all.

For synchronization, the sync voltage, which must be at least 1V, can be
applied to the grid of valve I.

The oscillograms in fig. 4-28 show the waveforms obtained with this circuit.
At the circuit component ratings the frequency of the sawtooth sweep was
about 850 ¢/s. In view of the fact that the waveforms are reproduced at
similar amplitudes for the purpose of easy comparison, the individual peak-
to-peak values are given at the side. In this example, the amplitude of the
sawtooth voltage was about 80 V__, so that further amplification is necessary
for adequate spot deflection. The oscillograms in fig. 4-24 show the wave-
forms at the cathode and anode of valve system II and at the grid of valve
system I with a sinusoidal synchronizing voltage.of 1050 c/s (three cycles on
the screen of the oscilloscope in question).
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Triple pentode circuit.

A time base circuit can also be built with three pentodes. This circuit, which
was published in 1936, is used with slight modifications in Philips oscillo-
scopes GM 5658 and GM 5654 for a flequency range of 5 c/s. .., 500 ke/s. The
basic circuit diagram is shown in fig, 4-25,

The circuit works as follows:

If to begin with there is a voltage across charging condenser €, and if at the
same time an anode current is flowing in valve 7 such that the voltage drop

o+200V

Phaseinverter

Fig. 4-25. Triple-pentode circuit (oscilloscope GM 5653).

across R, is greater than the voltage across Cy, then there will be a negative
bias on the grid of valve 6; the valve is cut off and no anode current can flow.
€y therefore charges linearly through the valve, which causes the anode po-
tential on valve 5 to sink, and with it the potential of the interconnected
cathode of valve 6. As soon as the potential difference between grid and
cathode of valve 6 has become so small that anode current begins to flow, a
voltage drop occurs across the load resistor R, of valve 6 which is transmitted
to the grid of valve 7 via condenser C,. The anode current of valve 7 falls in
consequence, Whereby the grid of valve 6 is driven more positive, causing a
sudden increase in anode current in this valve. As a result Cy, dlscharges
rapidly and the process starts again from the beginning.

Oscillograms depicting this sequence of events are shown in fig. 4-26.

Infig. 4-26a, three cycles of the voltage across Cy, are reproduced ; 4-26b shows
the discharge current as the voltage on the anode of valve 6, 4-26¢ the voltage
on grid 1 of control valve 7 and 4-26d the voltage on the anode of this valve.
Coarse frequency adjustment is carried out by switching over to other values
of Cz and Cg and fine adjustment by means of controlling the charging current
of valve 5 with its screen grid voltage by means of R,. As the time base de-
flection must be symmetrical in cathode ray tube DG 106, which is used in
GM 5658, a phase inversion stage—valve 8—is used. Through the frequency-
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compensated voltage divider, con- ‘
sisting' of B; and R, with C, and 2
Co, a portion of the sawtooth vol- gqv
. . 24
tage reaches the grid of valve 8. This
voltage then appears amplified at
the anode, with its phase shifted
180°. _ sy
The  amplitude of the voltage is
adjusted by varying the cathode
resistor R;, thus varying the anode
current of the control valve. g3 Vow
Synchronization is effected via the
third grid of valve 7; the syncinten-
sity is controlled by potentiometer 4
Ry The frequency range obtained
extends from 5 c/s to 500 ke/s in 145 Vy,
10 steps. As the discharge valve in
this circuit (fig. 4-25)is connected as
. ARy
atrl?ﬁie’ the deSIgnatlon “triple Pen' Fig. 4-26. Oscillograms for circuit in fig. 4-25.
tode” may not seem appropriate. a) Anode of charging valve 5 or voltage
It became familiar, however, at a  across charging condenser. b) Anode of
time when the third valve was also  discharge valve 6, inversely proportional to
connected as a pentode and the discharge current. ¢) Grid 1 of control valve 7.

; d) Ancde of control valve 7.
name has therefore been retained. .

Triple triode circuit.

If a horizontal amplifier is used in the oscilloscope, small amplitudes of voltage
may suffice for generating the sawtooth sweep. The time base oscillator can
then be simplified. An example
Eccep —>CR Ty Ecca of th1§ is th.e'tlme bgse generator
used in Philips’ oscilloscope GM
5659. A circuit is employed
which in principle is identical
with the triple pentode circuit
just described. Although only
three triodes are used (the fourth
serves to amplify the synchroni-
zation signal), a frequency range
of 8 c¢fs — 250 ke/s is achieved,
together with good linearity of
the output.
« The practical circuit is shown in
) i . Fig. 4-27. fig. 4-27. Valve system I serves
Triple triode circuit (oscyllloscope GM 5659). as the charging valve. The current
through the cathode resistor R,
givesrise to astrong negative feedback current whichkeeps the charging current
remarkably constant By varymg R, the average value of the chargmg current
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varies; this is thus the fine frequency
control of the time base. The time
frequency ranges areselected by base
switching to different values of the
charging condenser Cz. During the
charging time, valve IIis cut off.
The grid voltage of this discharge
valve is again dependent upon the
potential difference between the
anode of system I and the anode of
system I’ (control valve). As in the
case of the circuit in fig. 4-25, here
too the sequence is briefly as
follows: when condenser Cy, charges
up, valve IT becomes conductive
and thus triggers a positive pulse to
its own grid via valve I’, whereby
condenser Cp rapidly discharges.
The oscillograms in figs. 4-28 and
4-29 reproduce the waveforms at
the interesting pointsin this circuit.
Fig. 4-28a shows the voltage on
the anode of valve system I, and
thus the voltage curve of the
charging condenser. Fig. 4-28b
shows the voltage on the anode of
the discharge valve, which is inver-
sely proportional to the discharge
current. This waveform is very
useful for brightening the trace, and
Fig. 4-28. Oscillograms for circuit in fig. 4-27. accordingly for suppressing the

a) Anode of charging valve (I). b) Anode of e .
discharge valve (II). ¢) Anode of control ﬁyback if it is also apphed to the

valve (I’). d) Grid of control valve (I'). grid of the cathode ray tube, as it
¢) Cathode of control valve (I’ and II’). is in this circuit. In ¢), the voltage

on the anode of the control valve I’
is shown; the peaks in this waveform are the pulses which trigger the rapid
‘discharge of Cj.

The voltage on the grid of the control valve, which is fundamentally identical
with the voltage on the anode of the discharge valve, is reproduced in d). Ine)
is shown the voltage on the cathode of the control valve, the shape of which
agrees with that of the cathode current.

In the lead from the anode of discharge valve II to the grid of control valve I’
is located switch §, with which various values of the coupling condenser Cg
can be selected for the frequency range required. Another switching position
is provided, marked “Trigg”, by means of which this connection can be
interrupted. The charging condenser then remains charged up and the circuit
is static, the self-oscillating action having been arrested. However, as soon as
an AC voltage or a rhythmical pulse train is applied to the grid of system I,
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it is coupled into system I’ via
cathode resistor R, From the anode
of this system it passes to the grid of
the discharge valve II, and discharge
now occurs in the rhythm of the
applied pulse. The speed of the time
base can then be adjusted indepen-
dently of the pulse rhythm so thatitis
possible to expand along the time axis
those pulses whose duration is short
compared with their frequency of re-
petition. For this purpose the time base
frequency must always be larger then
the pulse frequency or the frequency
of the AC voltage. In the case of a
sinusoidal voltage, one half cycle is re-
produced expanded along the time
axis according to the adjusted speed of
the sweep. This method of ““time base
expansion” in an oscilloscopeisknown
as “triggering”’. It makes possible, for
instance, a time base expansion of 1 ms
for the whole width of the pattern in
the rhythm of 50 ¢/s corresponding to

Fig. 4-29.
Oscillograms for circuit in fig. 4-27 with
syne voltage. a) Grid voltage of sync-
amplifier stage (IT'). b) Cathode (I’ and
II'). ¢) Anode of control valve (I’y or grid
of discharge valve (II).

a cycle duration of 20 ms. The

oscillogram will show a bright spot or dash on the left from which starting
point the waveform of the pulse appears, less bright, towards the right.

In this example, the time base voltage is amplified by a two-stage amplifier
consisting of two EF 80’s. As an AC amplifier of this sort is only capable of
undistorted amplification of voltages varying about a zero line, it cannot be
used for “single shot’’ sweeps. ‘

Fig. 429 shows the waveforms of a number of voltages, synchronized with
an input frequency equal to five times the time base frequency (five cycles
on the screen of the oscilloscope in question). The voltage on the grid of
system I’ is reproduced in a). From this can be seen the form of the input
signal and the peaks which ‘are injected by the feedback pulses. The wave-
form in b) corresponds to the cathode voltage and that in ¢) to the voltage
on the anode of control valve I’ and thus on the grid of discharge valve 1I
which triggers the discharge. The flyback times in these oscillograms is normal
(short), so that the shape of the positive-going pulse cannot be seen so clearly
as in fig. 4-28. (For these oscillograms the longest practical flyback times were
chosen to make the behaviour of the voltage as clear as possible.)

Blocking oscillator circuits.

In the circuits so far described, the flip-flop action was effected with the
anode current of the valve. There are a large number of sawtooth circuits in
use, however, which employ the grid current of a valve for rhythmically
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charging a condenser. (In such circuits, the grid current must, of course,
remain within permissible limits.)

A suitable circuit can be built, as shown in fig. 4-80a, with a triode oscillator,
making the inductive coupling between anode and grid so tight that when
the coupling M goes beyond the oscillation point, the strong grid current’
drives the voltage across condenser C in the grid circuit so negative that
oscillation is cut off or “blocked”. (The operating portion of the curve is no
longer steep enough, so that despite tight coupling the conditions for oscilla-
tion are no longer fulfilled.) The condenser C can now discharge through the
leak resistor; in other words, it becomes less negative. As soon as the negative
_“voltage on the grid is reduced to just above cut-off, anode current begins to

+630V
ECH21
S) H
voI{g_‘q:e"l =f=s J
Cg ]
SRy ) R
% —H

Fig. 4-30. :
Blocking oscillator. a) Basic circuit with triode. b) Circuit with
heptode-triode (oscilloscope GM 5655).

flow and oscillation again sets in. The process is then repeated. Every radio
amateur knows this process in a regenerative detector; when the feedback is
amplified beyond the oscillation point, the receiver begins to growl to an
extent depending on the time constants of the grid circuit. If, as is usual in
radio practice, the grid resistor B were connected to the cathode, the
condenser would only be able to discharge non-linearly, in view of the small
voltage across it. If, however, this resistor is connected across a high positive
potential, as shown in fig. 4-80a, the voltage drop across R will remain
constant during the build-up of the charge (the potential difference between
charged and discharged condenser C is small compared to the voltage drop
across R) so that a good, linear sawtooth voltage is obtained across con-
denser C. ‘ ' '
This circuit is used in Philips Oscilloscope GM 5655, in which the heptode
section of a heptode-triode ECH 21,'¢ connected as a pentode, acts as the
oscillator (see fig. 4-80b). The triode section serves to amplify the syn-
chronization signal, for which a smaller voltage suffices than in the simple
circuit diagram 4-80a, where the sync voltage is fed direct to the anode of the
1¢ Valves ECH 81, ECC 81, ECC 83 and ECL 80 can be used for the same purpose.
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Blocking oscillator circuits

oscillator. A number of oscillograms
recorded from oscilloscope GM 5655
are reproduced in fig. 4-81 to illu-
strate the way this circuit functions.
The voltage on the grid is shown in
a). It can be seen that when the con-
denser is charging (negative), the
circuit oscillates briefly for a few
cycles. The sawtooth voltage across
charging condenser Cy, is shown by
b); the condenser short-circuits the
high frequency voltage, resulting in
a pure, linearly rising sawtooth
voltage.

During the high frequency oscilla-
tions, short H.F. pulses appear on
the anode, as shown in ¢). Rectified
L.F. pulses as shown in d) can
accordingly be taken from the anode
resistor to which the circuit capaci-
tances are in parallel. These pulses
are fed to the grid of the cathode
ray tube where they suppress or
“blank’ the flyback of the spot. In

Fig. 4-81. Oscillograms for circuit in fig. 4—

80b. a) Grid 1 of heptode. b) Sawtooth

voltage across charging condenser. ¢) H.F.

pulses on anode. d) Pulses across anode
resistor R,

this apparatus, the time base frequency ranze is 15 c/s — 25 ke/s. Another
Philips circuit, using an ECC 40, is given in fig. 4-82. The valve system I

serves, as already described, as
the oscillator, while system II
linearizes the sawtooth output
by the - “boot-strap” method,
shown in fig. 4-20a.

As can be seen in fig. 4-82, the
condenser C is not charged by.
the "anode voltage, but by a
potential comprising the positive

Re*1___ |, voltage across cathode resistor

o| R, and the negative build-up of
the charge across C to the peak

Ry
Ry= 10K{L Cy = 0.22uF
R2= /?_;=68k.n, C2 = 390/JF
Ry= 0.4MA0, C; = 4uF
Rg= L.OML, C = 50000--150pF
Rs= 2.7M0,
Rr= Tk
Ry= 10kd)

Fig. 4-82. Blocking oscillator and cathode-
follower feedback circuit (‘‘bootstrap’ circuit)

voltage during the blocking pro-
cess. With the component values
given, this voltage has a mean
value of 40 4+ 48 = 88 V.

The reaction coils particularly
suitable for this purpose are LF.
filters for about 470 ke/s. Parallel
capacitances must obviously be
removed as well asall unnecessary

o
3004;'

for additional linearizing, using duotriode ECC 40,  connections Care must be taken
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The time base generator . 2

that the polarity of the coils is correct. This circuit permits H.F. oscillations of
between 45 Mec/s. Coarse frequency adjustment is effected by switching
over C and fine adjustment by varying R;. The resistor R, is required to ensure
the desired oscillating conditions under all circumstances.

The synchronizing voltage is here again superimposed directly upon the anode
voltage. If necessary, a separate valve can be used to amplify the sync voltage
as, for example, in fig. 4-80b.

The data for the circuit components are given in fig. 4-82. If condenser C can
be switched in seven stages from 50,000 pF to 150 pF, the sawtooth sweep
frequency range will extend from about 20 c/s to 20 ke/s. The output voltage
is about 54 V_, for a supply voltage of 800 V. Flyback times lie between
2.5 to 8%, and non-linearity is between — 8.8 and — 5.49,.

In another type of blocking oscillator, the feedback coupling is made even
tighter than in the circuit described and the grid circuit is so severely damped
that HLF. oscillations cannot arise. The condenser is then charged up, for
practical purposes, within one H.F. cycle.

This type of oscillator!” is very often used in television circuits.

Its mode of operation is illustrated by the oscillograms of fig. 15-16 in
chapter 15 on ‘“‘Investigations on Television Receivers’.

In all such oscillator circuits, particular care must be taken to ensure good
H.F. decoupling of the time base section from the power supply, as otherwise
oscillator radiation may lead to severe interference with radio reception.

The transitron-Miller circuit.

Among the numerous systems of generating a sawtooth voltage by means of
one valve—usually a pentode—special significance attaches to the “tran-
sitron” circuit [6] [7].

The transitron-Miller. circuit (incorporated in the oscilloscope described in
chapter 21) is essentially a combination of two circuit ideas.

The sawtooth voltage is generated by the transitron, and the application of the
“Miller effect” permits the use of considerably smaller charging capacitances.
The transitron circuit, indicated by Brunetti [8], takes advantage of the fact
that at particular values of voltage on the second and third grids of a pentode
the screen-current/screen-voltage characteristic has a very steep negative
portion. The voltage on the first grid must be slightly positive—between 0
and approx. - 0.25 V. The voltages on the second and third grid should be
approximately equal and between 440 and +80 V. The potential on the
anode is less critical. (In the publication quoted [6] curves are shown for
Vye = V3 = 460 Vwith V, = 50 V and 200 V, which differ very little from
each other.)

The transitron characteristic is very similar to the dynatron characteristic of
a tetrode. In the dynatron, however, the falling portion of the V,-I, charac-
teristic is due to the effect of secondary emission of the anode. As this does
not occur evenly and in the standard makes is not controlled and certainly
not sought after, the valve suppliers generally reject this circuit. With a

17 This actually is the genuine “blocking” oscillator. The circuit so far discussed is better
described as the ‘“‘squegging” oscillator.
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The transitron- Miller circuit

transitron, on the other hand, use is made of the current distribution between
the third and second grid. Since this current distribution essentially depends
only upon the geometric form of the grids and the voltages applied to them,
no fundamental objection is raised against their use. In this circuit, as always,
care must be taken that the limiting data for the valves are not exceeded
under any possible working condition. The basic transitron circuit is shown
in fig. 4-88. The voltage for the third grid appears automatically across the
condenser as a result of oscillation. If, as a starting point, we take Cy as
discharged, then as the charge builds up through Ry the voltage rises until
anode current begins to flow. Owing to the anode current, which is controlled
by the second and third grid, Cy, will now discharge rapidly. This produces a
sawtooth voltage at the anode and an asymmetrical rectangular voltage on
the screen grid. With the operating data given in the circuit diagram, for
example, a sawtooth voltage of about 80 V,, can be taken oif at the anode. In
principle, the charging condenser
with its resistor could be con-
nected in the grid circuit. The
discharge would then take place
as grid current, and the voltage cbo
variation across the charging R,
condenser would then appear 5/‘{7 A i%T
amplified at the anode. Thus only -

a small variation in grid volts N
suffices to produce afundament-. —o+al2s0/]
ally improved linearity and
enables a still larger sawtooth
voltage to be taken off at the anode, which must now be connected to the
voltage source via a coupling resistor. It is large enough to deflect the beam
in the cathode ray tube without subsequent amplification.

If, however, the charging condenser is connected between grid and anode
instead of between grid and cathode, then for a rise in grid voltage of e.g. 1V,
there will be a voltage drop at the anode of G-volts. (G = the gain of this
stage). A certain voltage variation between grid and cathode thus produces
a (1 + G) times greater variation of the voltage across condenser Cy. Fora
given charging current to produce a certain voltage variation across the

1}««—-§———»u

Fig. 4-88. Transitron circuit.

times the capacitance needed when it was

. 1
charging condenser, only TG
connected between grid and cathode is now required.

This effect became known as the Miller effect at a time when the influence of
the grid-anode capacitance of a triode was being investigated. It does not
influence by itself the linearity of the voltage rise, as is sometimes assumed,
but merely makes it possible to use considerably smaller capacitances to
obtain a nevertheless satisfactory amplitude of voltage.*®

18 This apparent amplification of capacitance is also made use of when time bases with a
duration in the order of one minute have to be generated. The charging condenser is then
_ connected between the grid of the firststage of a cascade amplifier with an odd number of’

stages and the anode of the last stage. In this way the same effect can be obtained with a small
" capacitance as with a capacitance several thousand times larger between grid and cathode.
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The time base generator 2

A basic circuit of this sort, as first indicated by Cocking [9], is shown in
fig. 4-34, together with the component values given by Philips for valve
EF 50. For a time base frequency of 60 c/s, Cz, = 0.1 #F and C; = 4,500 pF.
The following currents were measured for a supply voltage of 250 V:

I, =5.5mA I,, = 24mA

I, = 90 uA I, =4 pA,
The output voltage was 180 V,,, the flyback time 29, and the deviation from
linearity —0.29%,. :
The pentode EF 42 is especially suitable for this circuit. It is used for this
purpose in the oscilloscope described in chapter 21. The oscillograms in fig. 4-85
show the voltage

+a(250v)

Fig. 4-34.
Transitron-Miller sawtooth generator.

Fig. 4-85. Oscillograms of Transitron-Miller
circuit, using valve EF 50. a) Grid 1, 90V,,
b) grid 2, c) grid 8, d) sawtooth voltage on

anode, e) gate voltage from g, for suppressing

the flyback.

waveforms obtained on an EF 50. The pulse for blanking the return trace
(or brightening the forward trace) is taken from the second grid. To ensure
~uniform brilliance of the spot during the forward trace, the voltage is
“clipped” by a biased diode EA 50. The waveform thus obtained is shown
in fig. 4-85e. It can be seen that the positive part of the cycle is quite flat.
This results in an even intensity of brilliance on the screen of the cathode
ray tube.

A review of sawtooth generators of particular interest to television engineers, in
which detailed descriptions of the way the circuits function are given, may be
foundin chapterV of thebook “Television”’ by F.Kerkhof and H. W.Werner [10].
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Screening the time base voltage

Dependence of amplitude control upon frequency.

Many of the circuits familiar at the present time, especially those not using
post-amplification (e.g. fig. 4-25) have the drawback that controlling the
amplitude of the deflection voltage influences the control of the frequency
and vice versa. With the ‘“Transitron-Miller” circuit, in which the oscillator
itself works as a “Miller amplifier”’, the output is taken from the relatively
low-ohmic anode resistor. As this can be connected as a potentiometer without
- noticeable disadvantage, it is possible with this circuit to regulate the am-
plitude without influencing the frequency.

The same applies also to all circuits using a cathode-follower in the output
for extra linearity (see fig. 4-20a and b). Here, too, the generally low-ohmic
cathode resistor in the output can be used to control the amplitude without
the frequency being affected.

It is plain, of course, that in all circuits where the sawtooth voltage is sub-
sequently amplified by a wide-band amplifier (e.g. in oscilloscope GM 5659;
figs. 4-27 and 5-40) the amplitude of the output on the deflection plates can
be controlled by the prescribed adjustment of amplification without in-
fluencing the frequency.

In this connection another circuit may be mentioned in which the time base
frequency is automatically controlled in such a way that when a certain
number of cycles of the input signal is adjusted on the screen, the adjustment
remains constant even when the frequency of the input signal changes
(up to 1 : 10). When regulating the frequency, readings can be made on a
milliammeter which indicates the average charging current. In this circuit
the amplitude of the time base voltage also stays constant at the adjusted
value. The practical application of this circuit in industrially manufactured
apparatus has not so far been made known.

Screening the time base voltage.

The necessity of carefully screening the time base voltage becomes obvious
when one considers that it always has a value of several hundred volts and
has a high harmonic content, owing to the waveform required (steep voltage
drop). Not only when high frequencies are employed but also in the lower
frequency ranges (a few hundred cycles) the harmonics falling within the
reception bands of radio receivers are considerable. Without satisfactory
screening, the harmonics may interfere severely with radio reception. The
time base frequency and its harmonics must also be kept away from the Y
plates and from the input to the vertical deflection amplifier. Otherwise, even
without a signal on the Y plates, deflection would take place in the vertical
direction, and since this occurs simultaneously with the time base deflection,
the trace would become twisted or curved. If harmonics alone are responsible
for Y deflection, a peak appears at one end of the trace.

A number of typical patterns on the screen are glven in fig. 4-87, which should
make it easier to trace this kind of fault if it arises.

For the reasons described, all leads and components carrying such voltages
must be thoroughly screened. Care should be taken, however, to keep the
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The time base generator 4

Fig. 4-36. Oscillogram of two

cycles of an 4C input-signal

with the time base voltage dis-
torted by ripple.

[ 4

Fig. 4-87. Examples of time base distortion caused by
sweep voltage interference on the Y plates. a) Time base
with simultaneous interference from fundamental and
harmonics. ) Fundamental of interference voltage at-
tenuated with respect to harmonics (capacitive coupling).
c¢) Interference from harmonics only (coupling via small
capitance). d) Time base without interference. e¢) Y
amplifier transmits interfering sweep voltage in wrong
phase.

extra wiring capacitance resulting from screening to a minimum to avoid
affecting the higher frequencies. A good R.F. choke in the power supply is
most advisable.

Blanking the return trace.

As could be seen from some of the oscillograms so far reproduced, the re-
turning spot also leaves a visible trace on the screen. This “flyback’ can be
especially disturbing at high frequencies, and so circuits have been developed
to suppress the electron beam during the flyback time and thus make the
return trace invisible. To this end the grid of the cathode ray tube receives a
negative pulse during the discharge of the condenser in the time base
generator.
A suitable voltage is available at certain points in almost all time base circuits.
Mention has been made of these in some of the various circuits already de-
scribed ; see in this connection figs. 4-25, 4-27, 4-80b and 4-38, and also the
. oscillograms of figs. 4-26b, 4-28b, 4-31d and 4-85e.

Load on the time base generator and linearity.

In so far as the voltage is not taken from an amplifying stage or a cathode-
follower, as in some examples, but straight from the charging condenser,
non-linearity can result from a too heavy external load. The additional non-
linearity of a condenser charging to a voltage Vy with a current I, can be
approximately given for a total load resistance of Ry by the expression:
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Anode voltage ripple in the time base generator

, , Vx
Jon- —
Non-linearity due to load Br Lo
(Rpis the total shunt resistance). If, for example, this ratio should be no more
than 109, (i.e. the fraction !/,,), then the load resistance By will be:
| Vx
Ry =105 : (4-20)
When Vy = 400 V, and Iy, = 2.0 mA, then

400

RT—’:].O'W

= 2MQ

This would mean a leak resistor of 4 MQ and an internal resistance of the
charging valve of 4 MQ. In general, the internal resistance of this valve will
not be so high, but by means of negative feedback it is comparatively easy
to obtain values of this sort. It is thus advisable in order to obtain lower
frequencies not to permit the values to be too low for the control range of the
charging current. Again, when the time base frequency is used to control
another apparatus (e.g. a wobbulator for representing resonance curves) care
must be taken that the load impedance of the apparatus remains sufficiently
high, usually at least 5 MQ. A further prerequisite is that the insulation re-
sistance of the charging condenser dielectric must be high enough to be left
out of account. (Time constant: insulation resistance X capacitance
> 1000 —MQ X uF —). Otherwise it would cause much worse non-linearity
than that resulting from the influences discussed. For this reason, only first-
class condensers should be used in time base generators.

Anode voltage ripple in the time base generator.

The supply voltage for the anodes of the time base valves must have a
minimum hum content. Fig. 4-86 shows an oscillogram of two cycles of a
sinusoidal voltage with a frequency > 50 ¢/s, a sweep voltage amplitude of
850 V,, and a ripple of 6.59%,. It is clear from this that the amplitude or ripple
in the anode voltage must be smaller than 0.5%,. There must therefore be
very thorough filtering in the power supply. This is also particularly important
in order to avoid undesired synchronization with the mains frequency.

Circuit characteristics.

The electrical efficiency of a time base generator is very often indicated only
by the frequency ranges, which are by no means conclusive. It is also import-
ant to know what the maximum width of deflection is for a given time base
frequency. During one cycle of the sweep, the spot is moved by the deflection
voltage Vy from one end of the screen to the other. The faster the rise of Vi,
the shorter will be the time Ty required for one cycle of the sweep. The time
base allowing the presentation of the most rapidly changing phenomena will
be that which permits the greatest rise of voltage in the unit of time, i.e. the
highest sweep voltage velocity. This value is obtained from the relationship:
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Velocity of sweep voltage = vyy = % (4-21)

Substituting the duration of deflection by its reciprocal (% = X)—the fre-
x

quency—the velocity of the sweep voltage appears as the product of time
base frequency and voltage amplitude:

vy = Vx - fx (4-22)

To be able to compare time base generators it is therefore necessary to
compare the sweep voltage velocities obtainable. If, for example, with a
voltage of 800 V, , a maximum frequency is given of 40,000 c/s, this means
a maximum sweep voltage velocity of: 800 V X 40,000 c¢/s = 12-10° V/sec or
12 V/u sec.

To compare the highest possible time base velocities on the screens of two
oscilloscopes, the deflection sensitivity of the cathode ray tubes must be taken
into account. The sweep voltage velocity indicates the increase in sweep
voltage in the unit of time. The path on the screen covered along the X axis
in the unit of time—the speed of deflection along the X axis v,—is obtained
by multiplying together the sweep voltage velocity and the deflection sensi-
tivity of this pair of plates, thus:

vx = fx  Vxpy DS_ (4-23)

The time base frequency and the length of the trace (denoted by X) willusually
be known. As the length of the trace is given by X = Vx, DS, the time
base velocity on the screen is obtained from the product:

or = fr- X : (4-24)

Taking as an example tube DG 7-6, where Vy,, = 800V, f = 40,000 c/s
and DS- = 0.26 mm/V, then 40,000 X 800 X 0.26 = 3.12 X 10°mm/s =
= 0.812 X 10°¢ cm/sec. This is equal to 0.812 cm/usec. Of course, the input
frequency is quite often known, at least approximately, and therefore it is
useful to know the time base frequencies in an oscilloscope. Nevertheless, one
should always insist on information on the maximum sweep voltage velocity
of a time base generator, or on the maximum velocity of deflection. These
values alone truly characterize the efficiency of a time base generator or an
oscilloscope. At high frequencies, where the flyback time of the spot (usually
blanked) is an important factor, knowledge of these values may reveal that
the time base expansion is greater than might have been expected from an
indication of the time base frequency alone.

Limiting effect of spot diameter on frequency.

The shortest duration of a changing phenomenon which can still be recognized
on an oscilloscope is dependent not only upon the maximum deflection
speed of the spot but also upon the diameter of the spot. It may be assumed
that the smallest distinguishable value (4Y ,;,) on the screen of a cathode ray
tube is given by the centres of two positions of the spot, the space between
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which is equal to the diameter of the single spot (d,). Therefore the discrimi-
nation on the screen can be assumed to be: :

AY pin =2+ dg (4-25)

To illustrate these relationships, the oscillogram in fig. 4-88a shows a section
of a sinusoidal voltage, the frequency of which was chosen such that the
spaces between the turning points at
the upper and lower ends of the wave-
form were each equal to the diameter
of the spot. In fig. 4-88b the section
indicated in @) is reproduced magnified
about 2!/, times, and ¢) shows the
section of an oscillogram with the
input frequency doubled. The end
points now touch each other'® and
it is no longer possible to distinguish
between them. The smallest interval
of time of the measured signal which
can be distinctly determined—7",....
—appears from the formulas (4-22),

Fig. 4-88. IKExamples of oscillograms
showing limiting effect of spot diameter

(4-28) and (4-25) as: on sweep frequency.
d d
Tofprsy =2 B 9. % 4-26
Mmin 2 fX “Vx-DS_ 2 ox ( )

In the example quoted, taking the spot diameter at 1.0 mm.,?° a time 7'

" Mmin
is calculated of:

?%% = 0.64 + 10-% sec or 0.64 u see.
The highest frequency of the signal to be measured (f;,) which still has a

clearly distinguishable waveform (see fig. 4-88a) appears then as the recipro-
cal of Tyrpin:

o o
0 (4-27)

DO

meam =

Turning to the example'dnce again, we get:

3.12 - 10¢
2_'1.6— = 1.56 MC/S.

Rating the coupling components for the time base generator.

Forapplication to the deflection plates and within the oscillator circuit the time
base voltage must often be coupled free of DC over CR networks. When rating
the coupling components it should be remembered that the sawtooth voltage
consists of a fundamental with a large number of harmonics having specific

1% This position might also be used to define the upper frequency limit.
20 In the turning point.
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phase relationships. It is essential therefore for the rating to permit the
fundamental plus its harmonics to pass unattenuated and, what is more
difficult, without phase distortion. This is only touched on here in passing,
as the subject is dealt with in detail in the following chapter on deflection
amplifiers.

" Special-purpose time bases.

A great number of measurements are concerned with the investigation of
single transients, for which a non-repetitive or single shot time base is needed.
A long persistence tube, i.e. with a long afterglow screen, is the most suitable
for observing these waveforms, although photographic recordings are in-
dispensable for accurate assessment. To prevent premature exposure resulting
from the initially quiescent spot, it must be deflected beyond the screen, or
even better, suppressed by a sufficiently high negative potential on the grid
of the cathode ray tube. As a rule the spot should also write a portion of
the trace before the transient to be examined is started. By means of contact
relays or suitable valve circuits it is possible at the required intervals first to
brighten the beam, then to start the time base (single-shot) and only
subsequently to release the signal.

The measures to be taken for this are described in the introduction to the
methods of operating oscilloscopes. Guidance is also given in part ITI of this
book in the chapters “Investigating switching phenomena on electric light
bulbs” and “Measuring the action of between-lens shutters”.

The method of starting rapid time bases by low-frequency pulses—triggering
—was mentioned when describing the triple-triode oscillator (circuit in
fig. 4-27). The apparatus for greatly expanding the time display about to be
described operates on the same principle.

Sinuso:dal voltages too can be used to obtain a linear time base. Advantage is
taken of the fact that the sinusoidal voltage has a constant speed, i.e. is linear,
in the vicinity of the zero cross-over point. Only the rising portion of the sine
wave is used. The falling portion is blanked by a voltage 90° out of phase with
the sweep voltage applied to the grid of the cathode ray tube. This process is
described in detail for a voltage with a frequency of 50 c¢/s in chapter 22
“A simple time base expansion unit”. Since it has so far proved impossible
to produce a linear time base directly with frequencies of several megacycles
and more, other methods have been sought for generating high frequency sweep
voltages. A circuit hasbeen described[18]in which, by using sinusoidal voltages
from 60 ke/s to 6 Mc/s a time base expansion is achieved corresponding to
linear sweep voltages of frequencies from 0.9 to 90 Mc/s. The field of application
for such apparatus is naturally limited to specialized laboratory work.
High-frequency sweep voltages(>1Mec/s) are very difficult to synchronize with
any degree of stability, so that when investigating frequencies above 100 Mc/s
we are limited as a rule to photographing oscillograms on a single-shot time
base. High-frequency voltages of several thousand megacycles have been
recorded in this way. These processes cannot be dealt with in any detail
within the scope of this book, but the interested reader is referred to the
literature on the subject quoted in the bibliography [18] [14].
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Time base generators for extreme expansion of the display.

The normal time base is no longer adequate when it is required to display
changes in a condition which are short in relation to the duration of one
cycle. In standard oscilloscopes, the maximum amplitude of the sweep voltage
is usually just sufficient to deflect the spot over the whole length of the screen.
On the other hand, the time base frequency can at the most be equal to the
input signal frequency for correct synchronization to be possible. The highest
relative expansion of a certain portion of a whole cycle which can be obtained
in this way is thus determined by the maximum deflection speed of the spot
and by the ratio of the diameter of the screen to the diameter of the spot (see
“Limiting effect of spot diameter on frequency”, page 68).

To achieve greater expansion of the display on the time base, the following
are some of the possibilities known:

1) greatly increased time base frequency;

2) periodic triggering of relatively short sweeps in the rhythm of the funda-
mental frequency; ‘

8) greatly increased amplitude of sweep voltage.

1. Greatly increased time base frequency

The use which can be made of a time base frequency several times greater
than the input signal frequency to expand the display on the screen has
already been touched upon in this chapter. Further details are given in
chapter 6 (see fig. 6-7 on page 137). '

In order to obtain the stationary pattern shown in fig. 6-7, for a time base
frequency eleven times higher than the input frequency, it was necessary to
over-synchronize; the resulting pattern is therefore not entirely reliable.
Abnormal synchronization also caused oblique curtailment of the right-hand
edge of the pattern.

Nevertheless, it is possible to achieve good synchronization of a time base
frequency several times higher than the input frequency by producing har-
monics from the input frequency with a distorting circuit and a suitable
filter, and by using these harmonics to synchronize the time base frequency.
Oscillograms of this sort always have the disadvantage, however, that they
contain all the expanded phases of a cycle in one picture.?*

This method is only usable, therefore, when the voltage trend is generally
constant and manifests merely at one or two short intervals the rapid
changes which are to be investigated. It cannot be used for voltages which
contain rapid and possibly differing pulses over the entire cycle. In such
cases all that appears is an undecipherable maze of lines.

2. Periodic triggering of relatively short sweeps in the rhythm of the Sfundamental
Jfrequency
In high-grade oscilloscopes a triggering device is provided for examining the

21 This disadvantage could be overcome by using a suitable rectangular pulse to brighten
only that cycle of the sweep which contains the interesting portion of the voltage under
investigation.
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waveforms of pulses. In the triggering position the time base generator is
fundamentally static and is started only by the input voltage-pulse itself at
any desired time base velocity corresponding to the setting for the appropriate
sweep frequency.

The quiescent spot is then visible, usually on the left, as a bright spot or
vertical blip (unless it is blanked) and from this point the oscillogram is de-
scribed, less bright, over the screen to the right. The difference between the
luminous intensity of the quiescent spot and that of its trace on the screen is
due to the difference in bombardment time on the screen.

With this process it is evident that the beginning of the pulse will not be
completely visible, because a certain time—even though fractional—elapses
before the time base can start to move across the sereen. It is possible, however,
to incorporate a delay circuit in the vertical amplifier which ensures that the
beginning of the pulse reaches the Y deflection plates after the sweep has
already started. This delay circuit must not, of course, distort the input signal
in any way. ‘

To investigate a train of different pulses which have a rhythmic repetition
frequency (e.g. in television, radar, etc.), a rapid time base of this sort can be
suitably triggered by the lower frequency. Naturally this will only allow a
section of the whole pulse train in one cycle to be visible on the screen. In
order to select at will a certain section of the pulse train for observation, it is
necessary to provide for phase control between the triggering pulse and the
time base generator, which must allow a 860° phase change within one cycle
of the pulse train. This circuit has become known as the “time base expansion
unit”. It is used particularly for investigating pulse shapes in television engi-
neering.

A more detailed description is given in the following part of this chapter.

3. Greatly increased amplitude of sweep voltage

In so far as the sweep voltage is obtained through an amplifying stage, the
maximum permissible voltage drive of the amplifier valves sets a limit to the
time base expansion which can be achieved by increasing the amplitude of
the sweep. An expansion of hardly more than ten times the normal time base
is possible by these means. Here also it is appropriate to provide a facility for
phase control in order to be able to select the desired portion of the phe-
nomena to be observed. The advantage of this method is that its permits,
especially where circumstances are limited, the construction of comparatively
simple yet very efficient circuits for extreme time base expansion. (see
page 77.)

Sawtooth generator for pulse modulation (triggering)

The familiar sawtooth generators are used to produce the deflection voltage
for this type of time base expansion too. The individual cycles are not,
however, produced contintously by direct synchronization with the input
signal, but mostly via a “flip-flop” multivibrator (Eccles-Jordan circuit) [15].
This makes it possible to select the deflection speed independently of the
time base frequency. Fig. 4-89 shows the circuit of the time base generator
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displacement of the operating point owing to the rectification effects caused by
over-modulation. By the simultaneous application of triggering and sawtooth
voltage amplification, unusually large time-base expansions can be obtained. By
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Fig. 4-89. Time base generator for pulse triggering.

used in Philips’ type GM 5660 oscilloscope [16]. The sweep circuit consists of
the synchronizing stage (valves 1 and 2), the multivibrator (4 and 5), the
sawtooth generator proper (8b, 7 and 8) and the phase inverting stage [9].
The sawtooth voltage is generated by charging a condenser (Cy,. .. Ci4)
through a resistor (R,;) and by discharge through a pentode [7]. A modi-
fication of the bootstrap circuit in fig. 4-20b is used for linearizing the
voltage rise. (The integration network, consisting of B, and Cy,, is not em-
ployed.)

The parallel systems of an ECC 40 serve as a cathode follower stage [8].
The voltage appearing on the cathode of this stage is fed viacapacitor Cy,
to the junction of resistor R;, with diode 8b. This voltage rises with the
voltage across the capacitor and thus the voltage rises in the same way at
the junction. The result is  that the difference between the voltages at the
ends of resistor R,, remains pratically constant, and so, therefore, does the
charging current. In this way the voltage rise across capacitor Cy, . .. Cy4 is
linear with time,

This voltage is fed to the left-hand X plate of the cathode ray tube direct
and to the right-hand X plate via a phase-inverter stage [9].

The discharge valve [7] is driven by the multivibrator (4 and 5), which can
work either in continuous self-oscillation or in two stable working positions.
The anode alternating voltage of the first valve (4) of the multivibrator also
lies on the first grid of the discharge valve [7]. During the negative phase of
this voltage the discharge valve is cut off, which allows the condenser for
generating the sawtooth voltage to charge up. A part of the sawtooth
voltage is fed back via a diode [28] to the grid of the second multivibrator
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[5], thus ensuring that the change of equilibriumin the multivibrator—which
also introduces the discharge again—always occurs at a specific amplitude
of the sawtooth voltage. Because of this, the controls for the time constants
of the sawtooth generator can be calibrated for durations of deflection
independent of the time base frequency.

In this way the deflection over the whole screen can be regulated in five
steps of 2 to 5000 us, corresponding to time base expansions of 0.2 to 500
psfem. If the multivibrator is brought into equilibrium by suitably adjusting
the grid bias of the first valve [4] with E,,, the flip-flop action, and thus the
triggering of the time base, will only be possible by means of synchronous
pulses over diode 8, After each pulse a complete deflection takes place,
upon which incidental voltage surges have no effect. By means of the first
valve in conjunction with the coupled switches S,, and S;, a choice can be
made, for triggering the time base, between positive and negative pulses,
between sinusoidal voltages (including the mains) or between the pulses from
the pulse generator incorporated in the apparatus. The rectangular voltage
on the anode of the second valve of the multivibrator [5] is fed via a cathode
follower [6a] to the grid of the cathode ray tube. In this way the spot on the
screen is modulated in intensity; it remains bright for exactly as long as the
deflection lasts. (The trigger time for the maximum time-base cycle is 0.25 us
and for the minimum cycle, 0.1 us.) The time base deflection can thus be
pulse-triggered for non-recurring phenonema, or take place in the usual
manner either synchronized or non-synchronized. (The modulation time for
the triggered time base is about 0.1 us.)

The waveforms of the most important voltages in this circuit are shown by
the oscillograms in Fig. 4-40, which were taken on a type GM 5654 oscillo-
scope with probe. Those settings were used in which the 1 Mc/soscillator{12]
was switched for time calibration via the amplifier on to the Y plates. This
voltage is used for driving the time base generator (internal synchronization).
- The values of voltage or current are given as peak-to-peak beside the corre-
sponding oscillograms. 22

The 1 Me/s voltage is generated with a double triode, type ECC 40 [12]. The
grid of the left-hand triode in the eircuit diagram receives from the anode of
the left-hand valve in the multivibrator a voltage of the waveform shown in
oscillogram d. During the positive cycles of this voltage the triode is con-
ductive. Its output resistor lies in parallel to the ringing circuit in the cathode
lead. As the valve is circuited as a cathode follower, its output resistance
is low and has such a damping effect that the ringing circuit is not able to
oscillate during the positive cycles. When the voltage goes negative the grid
is blocked and the condenser in the ringing circuit is charged by the voltage
surge (the current through the inductance cannot rise so rapidly). As there
is now no anode current flowing, the circuit is no longer damped, so that the
condenser can discharge through the inductance. The circuit now oscillates
at its own frequency until the grid goes positive once more. The resultant
surge causes the ringing circuit to oscillate again, but the severe damping due
to the output resistor of the valve stops the oscillation after only one cycle.

22 At other settings the waveforms as well as the amplitude of the oscillograms can
deviate considerably from those shown.
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One part of the choke in the ringing
circuit is connected to the cathode lead
of the right-hand triode [12], to the grid
of which the HF voltage is fed via a con-
denser from the upper end of the choke.
The resultant circuit is a Hartley oscilla-
tor. By suitably rating the two resistors
in the cathode circuit favourable de-
damping can be obtained and the oscilla-
tion produced in the ringing circuit falls
off quite slowly. 22

The time base deflection is thus trig-
gered by this voltage over valves [1] and
[2], so that in this case the time base
generator controls the voltage under test,
and this in its turn triggers the time base
generator. In other words, inverse
coupling takes place over two oscillation
generators.

The voltage on the anode of the syn-
chronization valve [8] is shown by oscil-
logram b. The horizontal, thick parts
originate from a certain residuum of
the 1 Mc/s voltage, which shows that the
amplification of this valve was higher
than practically necessary. Normally one
will only see the pulses visible in the
oscillogram.

Fig. 4-40. Waveforms in the time base gene-
rator as in circuit diagram fig. 4-39.
a) Voltage on the ringing circuit for the 1 Me/s

time calibration. (Valve 12) 11V,
b) Sync pulse on anode of valve 2 210 Von
¢) Valve 4, grid voltage 80 V,,
d) Valve 4, anode voltage 130 V,,
e) Valve 5, grid voltage 85V,
f) Valve 5, anode voltage 105V,
g) Charging current in condenser

(Cia...Cis) 55 mA,,
h) Valve 8, cathode 140 V,,

28 This fall-off is more clearly pronounced in
oscillogram fig. 4-40a because three time base
cycles are shown. In consequence, the train of
oscillation, which practically extends over the
whole width of the screen, is correspondingly
compressed. Slight damping must nevertheless
be preserved to ensure that the oscillation is effectively stopped.
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Oscillogram ¢ shows the voltage on the grid of the multivibrator valve [4]
and oscillogram d the voltage on the anode of the same valve.

The grid voltage of the second multivibrator valve [5]—oscillogram e—is
determined by the sawtooth voltage, which is fed back from the cathode of
double triode ECC 40 [8], from the condenser (Cya . .. Cy) and from the anode
of the discharge valve EL 41 [7] over diode EB 41 [28]. The waveform of the
voltage on the anode of valve [5] is
shown in oscillogram f.

Oscillogram g shows the form
of the charging current in the
condenser. This was taken by con-
necting a resistor of 100 Ohms to
the earth side of the condenser and
recording the voltage appearing
across it. To make a clear distinc-
tion between the charging and
discharge currents the zero line was
recorded separately and added to
the picture. The course of the
charging current can be seen above
the zero line, and below it, the
negative current surge during
LA /\J ‘ (ti;sclgarge, found by measurement

:‘/ VAV VA VNN e 55 mA,,. The average
; charging current was found to be
8.0 mA. With a total duration of a
sawtooth section of about 25 us
(40 ke/s) the discharge current
pulse lasted about 11/, us. The
time during which the electron
beam remains at the left of the
screen—spot suppressed—can be
recognized as the horizontal part
of this oscillogram on the zero line;
it is dependent upon the setting of
the operating point of the left-hand

Fig. 4-41. Comparison of normal oscillograms multivibrator valve [4] (tlme base

(@ and b) with oscillograms expanded by pulse equilibrium). R
triggering (¢ and d). An example of the possibilities

of increased time base expansion
offered by this circuit is given in fig. 4-41. The oscillograms show the wave-
form of the voltage on the anode of a grid-controlled thyratron, the anode
current being taken from the 50 ¢/s mains. Oscillograms « and b represent
normal time base frequencies of 25 ¢/s and 50 ¢ /s respectively. It is particularly
evident from oscillogram b that after the collapse of the anode voltage (current
flow) oscillation takes place. However, the behaviour of the voltage in this
part of the oscillogram can only be clearly recognized and assessed in the
greatly expanded oscillogram shown under ¢, which was obtained by pulse
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triggering. The natural frequency of this damped oscillation was found to be
15 kefs. It can also be seen that a further damped oscillation is present at
the beginning of the voltage curve in this oscillogram. From the even greater
time base expansion represented under d, to which the picture of a voltage
with a frequency of 1 Mc/s has been added for time calibration, the frequency
of this oscillation can be determined as about 200 ke/s.

Time base expansion unit.

The assembly of Philips’ GM 4584 apparatus, which we shall use as an example,
is shown in block diagram form in fig. 4-42. The sawtooth voltage for the time
base is generated by an EF 80 pentode, connected as a Transitron-Miller
oscillator-1. It is applied in antiphase to symmetrical deflection plates after

Intermediate - N Sync, voltage
plug == Multivibrator _
25¢fs <
Mains (50 ¢/s)
Multi-
y. vi%ators
- r
mplitier Synchro Sync. switch
nization biig
(phase)
External
_l' (vertical pulse)
T —77;«{/;5;;‘}; modulation
Sawtooth ifi recelver
e;erutor and ,’@;”ﬁ%‘;ﬁ,ﬁ
I has? inverter 1 suppressor [
for:
hon. deflection voitage

" Sync. voltage
Fig. 4-42. Block diagram of Philips GM 4584 time base expansion unit.

passing through a phase inverter, formed by a section of an ECC81double triode.
The circuit components of the sawtooth oscillator are rated such that the
transitron section can generate a frequency approximately equal to the mains
frequency (50 or 60 c/s). '

“Miller” capacitors with small ratings (Cy, in fig. 4-84) make it possible to
achieve at the same time a sawtooth cycle which, unlike that in usual time
base oscillators, is essentially shorter than would correspond to the total
duration of one cycle of the process to be investigated (50 ¢/s — 20 ms).

The duration of the sawtooth pulses can be adjusted by switching to different
values of capacitance (Cy in fig. 4-84) and can be continuously controlled by
the charging resistor (2.7 M in fig. 4-34).

The oscillograms in fig. 4-48 show, each in the starting position of the fine
frequency control (longest sawtooth pulse), the voltage waveforms during
two cycles (40 ms) of the appropriate range. '

The linearly rising portion of the voltage corresponds in a) to about 2/, ms,
in b) to about 1 ms and in ¢) to about 0.4 ms.

These voltages are applied to the X plates, the normal time base generator of
course being switched off. A pulse derived from the same circuit is amplified
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via II (second triode ECC 81) and
used to modulate the intensity of the
beam (brighten the spot) during the
time base deflection. With no input
signal, all that appears on the screen
is a bright spot at the left, since the
electron beam isin a state of obeyance
for most of the time, corresponding
to the zero line in the oscillograms in
fig. 4-48. As aruleitis placed outside
the screen by a positioning control.
The oscillogram is fainter, corre-
sponding to the speed of deflection,
Fig. 4-43. Deflection voltages of the GM and becomes still fa%inter th_e shorter
4584 time base expansion unit for various the sawtooth pulse is, that is to say,
stages of sweep velocity. the larger the time base expansion
chosen.
In order to be able to select for observation any desired portion of the input
signal, a more than 860° phase-changing facility is necessary for synchroniza-
tion of the time base.
This is done in the following way: a multivibrator—III, ECL 80— is locked
in phase with the reference frequency—the mains or the vertical pulse from
the source under investigation. The trailing edge of the rectangular pulse from
the multivibrator is used, after differentiation, to synchronize with the saw-
tooth voltage generator. »
Thus, by changing the pulse width, the phase of the synchronized pulse can be
shifted.
Since with only one multivibrator a phase change of < 860° is obtained, this
apparatus uses two multivibrators connected one behind the other. The sync
pulse of the first synchronizes the second multivibrator and this locks in with
the sawtooth voltage generator. In this way the time base can be adjusted
in phase with respect to the reference voltage over more than 400°.
In order to be able to represent separately the voltage waveforms of the
composite television pulse of both fields, a third multivibrator is provided—
IV, ECL 80— which generates a symmetrical rectangular pulse with exactly
half the frequency (25 c/s) of the input signal. This multivibrator too is locked
in with the first multivibrator in IIT. If the output voltage of IV is fed to the
input of the vertical deflection amplifier, two lines are obtained one above the
other, similar to the result obtained when using an electronic switch. The
distance between them is determined by the output voltage of the multi-
vibrator and by the adjusted amplification in the ¥ amplifier.
In oscilloscopes GM 5658 and GM 5654, a plug—V—together with a
probe—VI—forms a resistance 7-network. In this way, as indicated in
fig. 4-42, the voltage to be measured— V,,—can be added to the rectangular
pulse of the 25 c/s multivibrator with sufficient freedom from reaction. The
pulse sequences of both fields of the television frame thus appear on the screen
of the oscilloscope one above the other. Fig. 4—44a shows a double oscillogram
of this sort using the smallest time base expansion of the GM 4584 unit. The
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phase of the time base
voltage was adjusted in
such a way as to make the
picture of the sync-pulse
mixture visible around
the vertical blanking
pulse. The ranges of ad-
justmentfor the timebase
velocities are approxima-
tely as follows for the
individual stages:’

Stage Time base velocity

I 10..... 30 cm/ms
Ir 23..... 80 cm/ms
IIT 60....150 cm/ms

25798 0 = e - - w

-
LTS § § @ @ 5 A ST S P SIS AP, G SO BRI Vo

The “normal’’ oscillogram o -
of a 50 cycle waveform e ee e s m——— 1y s A s = e = o

b e R et Ll ad ‘_\v

ura- :
represents a cycle dura ; i by
a ‘

tion of 20 ms. Thus with
a picture width of 8 cm
the oscillogram corre-  Fig, 4-44. Expanded oscillogram of composite television

spondstoatime basevelo- pulse with: a) vertical blanking pulse and b) corresponding
intensity-modulated lines on television screen.

ity of i 0.4 cm/ms
ci — =0, .
V%90

It follows from this that the GM 4584 time base expansion unit is capable of
expanding a normal oscillogram by more than 800 times. Of course, it is to
be expected that the brilliance of the pattern on the screen will suffer
considerably in consequence. For this reason the cathode ray tube normally
works with a high post-acceleration voltage (2 kV).

The intensity-modulating pulse for the linear portion of the sawtooth voltage
has a further very useful application. When investigating a composite televi-
sion pulse, using the time base expansion unit, the pulse sequences during
more or less horizontal deflections—the line signals—appear on the screen
according to the time base expansion employed. If the intensity-modulating
pulse for the oscilloscope is fed simultaneously to the grid of the C.R.T. of the
television receiver, a part of the picture corresponding to the oscillogram
under observation will be brightened. In this way it is possible to distinguish
the lines in the picture appertaining to the pattern on the oscilloscope. Fig.
4—44b shows the picture on the television screen appertaining to the oscillogram
in fig. 4—44a.

As this oscillogram embraces the vertical blanking, which is normally not
visible, the vertical frequency was overadjusted to bring the blanking gap
into the picture, The first horizontal pulse is identical with the first line (from
above) in the intensity-modulated strip. The starting position of the spot
appears in this process as vertical blips in the double oscillogram in 4—dda
(see also fig. 15-84).
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Fig. 445. Expanded oscillogram of composite television pulse from the large signal
generator GM 2657. (Three recordings joined together.)

As the deflection voltage of the time base expansion unit GM 4584 is greater
than is used for deflection over the whole width of the screen, more lines ap-
pear intensity-modulated in the receiver picture (below) than line pulses can
be seen in the oscillogram. The white arrows in the receiver picture circum-
scribe the lines actually covered in this way.

Further similar pictures are given in figs. 15-84 to 15-40 in chapter 15, on
“Investigations on Television Receivers”.

In conclusion, fig. 4-45 reproduces the signal-pulse mixture with vertical
blanking signals from the large television signal-generator GM 265%7. This
picture however is made complete by three oscillograms with large time base
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expansion and corresponding phase angles joined together, It can be seen that
the vertical synchronizing pulses from this signal generator, in accordance
with the CCIR standard, are accompanied by pre- and post-equalizing pulses,
and in general satisfy the prescribed conditions.

Mains synchronization cannot be used for large time base expansions, even
when the television system is mains-coupled, as phase changes in the mains
between synchronising signal-generator and receiver cause the picture to
fluctuate to and fro in a horizontal direction. In such cases external syn-
chronization is essential, whether it be from the synchronization separator
or from one side of the frame output transformer of the receiver. Using
free-running synchronizing signal-generators with quartz crystal control for
the syne pulses—completely in accordance with the standards— external
synchronization must always be applied.

Fig. 4-46 shows an exterior view of the GM 4584 time base expansion unit
together with the GM 5658 oscilloscope in working arrangement.

Obviously, the application of this apparatus is not limited to television
practice. It can be used for observing, expanded along the time axis, all other
voltage changes with a recurrence frequency of 50-60 c/s. (Relay testing,
waveforms of electronic-control circuits, ete.) Reference is made in this
connection to figs. 22-1 and 22-6 in chapter 22 “A simple time base expan-
sion unit” [16].

5. Deﬂéction Amplifiers

General.

The cathode ray tube is an ideal device for the static representation of
electrical potentials. They can be observed on standard tubes, without per-
ceptible errors of measurement, at frequencies of up to more than 100 Mc/s.
For adequate deflection of the beam, however, voltages are necessary which
are only seldom available in practical measurements. Amplification is there-
fore essential in the majority of cases. For this reason oscilloscopes are, as a
rule, provided with an amplifier for vertical deflection, and sometimes with
an amplifier for horizontal deflection, possibly with a smaller frequency range.

Frequency range.

A vertical amplifier with a frequency rating of about 5 ¢/s to 20 ke/s suffices
for audio frequency measurements. However, in order, to be able to reproduce
satisfactorily the harmonics of the voltages under examination, an upper
frequency limit of 40 to 50 ke/s is desirable even for audio frequencies.

For high frequency investigations, vertical amplifiers with frequency ratings
of up to at least 1 to 8 Mc/s are required, and in television and pulse technique,
up to10-80 Mc/s. Since, for reasons which will be discussed later, an amplifier
with a widely extended upper frequency range entails a disproportionate
increase in outlay, probes with a demodulating diode or a crystal detector are
used for measuring high frequency voltages on ordinary oscilloscopes. If the
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H.F. voltage under investigation is modulated by a low frequency signal,
this signal appears across the probe and can be observed on the oscilloscope.
In so far as the depth of modulation is known, it is possible in this way to get
an indirect idea of the magnitude of the high frequency voltage, though not,
of course, of its trend. For physiological investigations, measurements of
mechanical vibrations and the like, the lower frequency limit must be very
low. An AC amplifier for vertical deflection has been developed, for instance,
with a lower frequency limit of 1/,, ¢/s [1]. Certain measurements require
special DC ampliers, which must be capable of amplifying without distortion
both the DC voltages and the desired frequency range of AC voltages.
Carrier-frequency amplifiers are sometimes used for indicating values of
voltage with a DC component. Here a carrier frequency is first modulated
with the voltage in question, and amplified to the value required. The carrier
frequency is then demodulated and the demodulation voltage is fed direct,
or via a vertical amplifier, to the deflection plates. Usually, 4C wide-band
amplifiers with RC coupling are used in oscilloscopes.

Characteristics of a vertical amplifier.

The fundamental requirement of a vertical amplifier in an oscilloscope is that
it should provide the necessary amplification in the frequency range required
without causing any perceptible change in the shape of the voltage observed
on the screen. This applies not only with respect to a simple, sinusoidally

Fig. 5-1. Amplitude distortion; sinusoidal Fig. 5-2. Phase distortion: voltage with
voltage; a) unamplified voltage, b) ampli- third harmonic; a) unamplified voltage,
fied voltage with no amplitude disortion, b) amplification with no phase or ampli-
¢) amplified voltage with amplitude tude distortion, c¢) the amplitude is un-

distortion. distorted but the phase of the harmonic

has been shifted (phase distortion).

varying voltage which must suffer no amplitude distortion, but even more so to
phenomena which appear on the screen as the sum of several alternating
voltages.

The whole purpose of the oscilloscope is to make changes of this sort visible,
but a deflection amplifier which produces additional deformation of a wave-
form would only have a very limited field of application.

Fig. 5-1a shows one cycle of an unamplified sinusoidal voltage and fig. 5-1b
the same voltage amplified tenfold. Fig. 5-1c shows the picture on the screen
when amplitude distortion is caused at the same amplification. The oscillo-
grams in fig. 5-2 reproduce the possible effect of an amplifier when two
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frequencies are amplified simultaneously. In this instance the input voltage
contains a strong third harmonic. Fig. 5-2a represents the unamplified
voltage and b) the shape of the voltage amplified in the desired way. Fig. 5-2¢
shows a voltage amplified by the same amount in which, although there is no
amplitude distortion, the relative positions of fundamental and harmonic
have become displaced. The transit time of both frequencies through the
amplifier was not equal, that is to say a phase shift occurred. Phase shift is
synonymous with time delay, which means that in this case the time delay
characteristic of the amplifier is not linear and the output signal is therefore
not a true reproduction of the input signal.

The frequency response required of an amplifier is dictated by the range of
applications within which it has to work. The output voltage of the amplifier
must be large enough in its working range to deflect the spot without notice-
able distortion over the whole screen and even, for certain purposes, far
beyond it. Moreover, the changes in output voltage must follow the changes
in input voltage linearly, or in any other way desired. The amplification must
be susceptible of control such that small as well as large input signals can be
amplified to produce a pattern of the required size on the screen. It must be
possible by means of voltage division in true frequency—and phase—to
attenuate a large input voltage in such a way as to exclude the danger of
overloading.

To summarize, the following are the principal demands made upon a de-
flection amplifier for oscilloscopes:

1) a sufficiently high amplification;
2) a satisfactorily uniform amplification within a given frequency range;

38) no noticeable shift between phase relationships for the various frequencies
of a given range;

4) a sufficiently high output voltage within the frequency range concerned,
without noticeable amplitude distortion;

5) an amplification susceptible of control within definite limits;

6) an output voltage which follows proportionally the trend of the input
voltage.

The simultaneous fulfilment of all these requirements, which not infrequently
contradict each other in their technical context, demands a very thorough
study of the factors involved. Considerations of economy in outlay, which will
be discussed later in detail, make it necessary, especially as regards increasing
the upper frequency limit, to compromise between technical requirements and
tolerable costs.

Amplification with electronic valves.

To help elucidate the effect of amplification, fig. 5-8 shows the basic circuit
of an electronic valve with its anode load resistor R,.
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The voltage gain G is equal to the ratio between the output and the input
voltage, thus:
_ Your ™ :

G = (5-1)
To calculate the voltage gain obtained with this circuit, it is customary to
look upon the valve as the voltage source with an EMF': g - v,,, which drives
the anode alternating current ¢, through the internal resistance E, connected
in series with the external resistance E,. However, since in the following
considerations a number of impedances will be found in the anode circuit

+a
FRa

T i=viy.S
Vout : f

Ig I I R Ra Yout

; v

Fig. 5-8. Basic circuit of an electronic Fig. 5-4. Equivalent circuit of a valve with
valve as amplifier. internal resistance R; and load resi-
stance R,.

connected in parallel with the anode load resistor, it will be more appropriate
to look upon the valve as the current source, with a constant current:

ia = Ogp * S (5_2)

The result of these considerations is not affected thereby. The corresponding
equivalent circuit is given in fig. 5—4. For the current source, the total load
resistance R, is obtained as the value of R; and R, in parallel:

R, R,

Rt - Ri _,‘ Ra (5“8)
The AC voltage on the anode is equal to:
‘ . Rz * Ra
Dout = Ta* R, I R, (5-4)
Taking %, = v,, * S as in formula (5-2), then:
_ . . Ri : Ra
Vout = Usn S 1_22 + Ra (5—5)
From this, the gain % = (@ is given by:
in
R, R,

For pentodes, R, is always > R,.

24 To distinguish the values of AC voltage clearly from those of the operating DC voltages,
small letters are used here for the former.
25 § = slope (mutual conductance).
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In wide-band amplifiers, moreover, the anode resistance must be particularly
low in order to achieve a high upper frequency limit, so that R, > R, usually
applies to triodes also.

However, if B, as opposed to R, in the denominator of equation (5-6) can be
neglected, the gain is then simply:

G=S"R, . (5-7)

Frequency response of the vertical amplifier.

In the frequency ranges in question ( f < 10 Mc/s) the process of amplification
takes place in the valves themselves without power loss or time delay (phase
shift). The values S, D and R, of the valves are free of phase distortion.

As the following observations will show, the decrease in gain at the upper and
lower limits is determined solely by the characteristics of the coupling ele-
ments between the valves, although, of course, the capacitances of the valves
must not be overlooked. Thus, when considering the loss in relative gain from
the mean value it is sufficient to limit ourselves to these factors. It will be
shown that the gain at the upper and lower frequency limits decreases ac-
cording to definite functions. It must now be ascertained what decrease in
gain is to be considered as permissible.

Taking as a starting point the fact that by reducing the output voltage of an
amplifier by 809, (corresponding to 8 db or 0.88 N) the decrease in loud-
speaker volume is just imperceptible, it is customary in electro-acoustics to
denote that frequency as the limit frequency at which the gain has fallen to

1 .
—— = 0.707 of the mid-frequency value.
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Fig. 5-5. Drop in gain at the ends of the frequency band.

The curves given in fig. 5-5 represent the relative loss in gain at the upper
and lower ends of the frequency range. For a drop to the value of 0.707, the
cut-off frequency at the lower end is denoted by f; and at the upper end by f,-
At both ends the relative gain is indicated in fractions of the cut-off frequen-
cies from 1/10 to 10. In accordance with the usage in electro-acoustics, the
ordinate scale is logarithmic.

When determining the cut-off frequencies, the stipulation is that the fall-off
in gain must be only just imperceptible. This stipulation carried over into
oscillography means that the limit must be set by a drop of about 2%,

For assessing the performance of amplifiers in oscilloscopes it is therefore
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Deflection Amplifiers 5

essential to represent the response as ordinates with a linear scale, unless of
course the gain for certain purposes is in actual fact logarithmically pro-
portional to the input signal, which is only the case in oscilloscopes designed
for specific tasks.

Loss of gain at the lower frequency limit.

The basis for the following considerations is the circuit given in fig. 5-6,
representing two stages of a conventional resistance-coupled amplifier. The
components determining the frequency limits have been marked with the
customary symbols. In addition to these, C,,, and C,, represent respectively
the output and input capacitances of the valves, C;is the stray wiring capaci-
tance and C, the additional capacitance due to anode reaction. In general the
symbols refer to the electrodes in whose path they lie, thus: C is the grid
condenser, C,, is the cathode condenser, etc.

T

!

i
Cout*Cs 4

i
T é
Rsg : Ry

!

L

Fig. 5-6. Basic circuit of a two-stage resistance-coupled amplifier.

For the low frequency range, the capacitances (C,,,, C;) shunted across the
path of amplification can be ignored. They offer such a high impedance to
these frequencies that, especially as compared with the anode resistor R,
they play no part at all. (It is assumed in the first place that Cy in the cathode
lead and C,, for decoupling the screen grid are infinitely large. Their in-
fluence will be mentioned separately at a later stage.) The resulting equi-
valent cireuit is given in fig. 5-7a. According to formula (5-2) an alternating
current i, — v, + S flows through the anode load resistor, so that from formula
(5-5) there will be a voltage across this of:

Vg = Vg S R, (5-8)
(This assumes R, to be > R,)

The grid of the following valve receives this amplified voltage via the grid
coupling capacitor C,. The AC voltage produced across the anode resistor
results in a current which flows through the series-connected C, and R,

Since, however, the capacitive impedance Z, of C, is equal to and

1
w:C,
thus increases with decreasing frequency, in this range the output voltage v,
of this coupling element will be smaller than v, and will decrease with the
frequency. The series circuit of C, and R, acts as a (frequency dependent)
voltage divider. The drop in output voltage v, with decreasing frequency—the
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Loss of gain at the lower frequency limit

“frequency response”’—is shown by 5 ;/g g
|
11

T
I
|
I

the curve in fig. 5-7b. It results from Gy 4, > i
the voltage ratio v, : v, for the given f 7
frequencies. These voltages are related 60
to the circuit impedance, thus: Zz ]
v, 0, =R, (R, +Z,) (5-9) ;Z > aLl
As a condenser represents an opposi- 70
tion to alternating current, the voltages ‘gz 930406 1 2 3

or the values of resistance and capaci-
tive mp edanqe mu.st be brought 1nt‘o a Fig. 5-7. Relative gain (b) obtained with a
vectorial relationship when calculating frequency-dependent coupling network a).
or otherwise treating these ratios.

(See following paragraph and fig. 5-9.)

The ratio of the voltages v, : v, is the “transfer function” of this coupling
network. Its value |U| may be derived from the resistance/impedance
relationship: '
R

—3 g
/
1
2
V B+ e

From the curve in fig. 5-7b may be derived the actual gain @ in relation to
the gain G,, in the mid-frequency range (where there is no attenuation). This
ratio is also equal to the transfer function of the coupling network, thus:

1e1

Yy
Vg

U | = (5-10)

Ul = (5-11)
The relative gain is therefore equal to:
G| _ 1 (5-12)
G V 141
w? C2 R}
The gain @ is thus: ; :
|G| =G, |U| (5-18)
If w2 C2 R =1
. GI _
then: G, = 0.707
Therefore f, = D1 s the lower-frequency limit of the amplifier. In order to

27
be able to make the widest possible use of the curve in fig. 5—7b the scale for -
the abscissa was not taken as simply the frequency but as the product
w-R,-C,. If f= L s the frequency under consideration and f, = R
2 w-C,-R, o f . W
———-% = — =" instead of the
w,-C, R w, f

g g

is the lower frequency limit, then as

product w - C, - R, we can take the ratio ! as the scale for the abscissa,
(see also figs. 5-5 and 5-27). l
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In this way the required RC product can be determined for a given frequency
and for the permissible drop in gain. At the same time, the curve enables the
transfer function, thus the frequency response, to be ascertained for other
frequencies, once the RC product, and with it the frequency limit, have been
fixed. ,

If, for example, the drop in gain is not to exceed 59, then for w-C - B,
we may read off the value of 8. With a value of 2MQ for R, and a frequency
3 3 .

— 80c/s, then C, = = — 8000101 F 0 pF.
f c/s, then C, SR 2m 802108 1 or 8000 pF

g

(in round figures).

For one third of the frequency, thus f = 10 ¢/s (w * B, - C, = 1) the attenu-
ation is 0.707. This would therefore be the frequency limit. Three times the
frequency, i.e. 90¢c/s (w- R, -C, =9) will be transferred practically un-
attenuated. These considerations, however, apply to one coupling network
only. In a deflection amplifier there are always several such coupling net-
works. '

The total transfer function | U,| of the amplifier, which indicates the drop in
gain for a given frequency, is the product of the transfer functions of each
stage:

lUtllell'\Uzl'IUa\etC. (5-14)

Phase shift at the lower frequency limit. °

In ordinary electro-acoustical amplifiers it is not generally necessary to pay
attention to phase relationships, unless special problems have to be solved,
such as the rating of phase inversion stages and feedback circuits. In de-
flection amplifiers for oscilloscopes, on the other hand, high demands are
made on the ability of an amplifier to reproduce phase relationships faith-
fully. One of the most important applications of the oscilloscope is the
measurement of phase shifts.

Fig. 5-8a shows, together with the characteristic curve, the vectorial relation-
ship of resistance and capacitive reactance and thus of the voltages in the
series cireuit of R, and C, as in fig. 5-7a.

The vector of the capacitive reactance X, of C, or the voltage v, is shown
as the vertical side (ordinate) of a right angle whose base (ascissa) represents
the resistance R, or the voltage v,. The impedance Z resulting from R, and X,
results geometrically in the hypotenuse of a right-angled triangle whose small
sides are the vectors of R, and X . From fig. 5-9 it can be seen that for differ-

ent values of

! c and R, the vertices of the right-angled triangle formed

by the two Vec‘cors,gvC and v, (X, and R,) lie on a semi-circle above the vector
of v, (Z). On this semi-circle can be plotted as a scale the points corresponding
to the different values of w - C,, - B,. The angle formed by the reference vector
R,—(v,) and the resultant vector Z—(v,) is known as the phase angle, also
referred to as the phase shift, phase distortion or phase difference.

A phase shift between two voltages means that the voltages cross the time
axis at different times. This time difference can be designated in degrees as the
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Fig. 5-8. Phase shift b) caused by a CR Fig. 5-9. Vector diagrams of AC voltages
network as in fig. 5-7a for various values of in a coupling network as in the equivalent
o R, C, and a) vector diagram of vol- circuit fig, 5-7a.

tages and impedances.

angle between the two voltage vectors or as a fraction of the total time of
alternation —7'. It is sometimes more convenient to indicate the phase
angle by the length of the chord of the arc pertaining to this angle for the
radius 7 = 1. As a rotation of the vector by 860° is equal to the duration T
of one complete cycle, and as this corresponds to the arc 2, the result
for this representation is 8360° = 7' =27, The phase angles can thus be expressed

. T
also as fractions of 7, where 7 = 5

In the oscillograms (figs. 5-10 and 5-11) the phase shift is best determined as
the distance between the zero points where the two voltages being compared
cross the time axis. This distance represents the time difference of the voltage
vectors which exists between input and output voltage of a coupling element;
it is the time expressed in electrical degrees by which one voltage leads or lags
the other.

This “phase delay time” 7, is calculated from the formula:

T = — (5-15)

The angle § must be inserted in this formula in radians. Thus 860° = 27 =

6.28
6.28 and 0,,, = —— - ° = 0.0175 - 0°.
360
According to formula (5-15) a phase angle of 45° in fig. 5-10d, for example,
. - 0.
corresponds to a phase delay time of 7 = éé——gi—gl?f = 2.5 ms. The phase

.angle 0 can be calculated trigonometrically, thus:

cot 0 =w-R,-C, (5-16)

and the angle itself is:
6 = arccotw - R, - C, (5-17)
The equation (5-17) states that the angle.§ is represented by that chord
length (arc) for which the cotangential ratio is equaltow * B, « C,. (In fig. 5-9
this ratio is the distance ratio 4B : BC for the angle 15°), Thus for a certain
value of w - R - C,, the angle § can be read off directly from a table of
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trigonometrical functions. In fig. 5-8b, moreover, the curve (which basically
corresponds to the cotangential function) indicates the trend of the phase
angle at the lower frequency limit for different values of w - C, R . The
arrangement of oscillograms in fig. 5-10 gives an illustration of the relation-
ships discussed. In each case, for different values of w + B, - C,, a section of an
oscillogram is given with a whole cycle of the sinusoidal voltage v, (dotted)
with at the same time the corresponding cycle of the grid voltage v, (full).
The values used for these recordings are set out in Table 1. In all cases the
grid resistance was 16 k{2 while the capacitance C, was varied. The frequency
was f = 50 ¢/s (w = 27+ f = 814). The phase differences are expressed as
fractions of T'. From these oscillograms can be read off directly not only the
attenuation but also the phase shifts between the voltages v, and v,. A law
governs the relationship between voltage decline and phase shift through a
coupling netwc;rk. It is:

% _ cos 0 \ ‘ (5-18)
Vg

The transfer function is therefore: U = cos 6 and thus:
. vV, = 0, cos 0 (5-19)

If both vectors of the voltages across the resistor and the condenser are equal
(in fig. 5-9 v, and v,) then the angle between v; and v is 45°. But cos 45°is
0.707 so that this relationship corresponds to the cut-off frequency.

A series of coupling networks in the amplifier results in a phase shift which is
equal to the sum of the phase changes of each individual network. Thus:

Ototar = 01 + 05 + Oy ete. (5-20)

The influence of phase shifts on an oscillogram of composite voltages.

When all the positions of the spot in the oscillogram of a composite voltage
(as in fig. 5-11a—full line) are displaced uniformly in one direction along the
time axis, the resultant waveform of the voltage trend is in itself unaltered.
The sum curve in this oscillogram is composed of the two voltages shown in
broken lines. ' ‘

Fig. 5-10.
Oscillograms  of
voltages at the
input and output
of a CR network
as in fig. 5-7a, for
different values
ofw: R, C,.
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Fig. 5-12. Harmonic of

Fig. 5-11. Distortion of a composite 4C fig. 5-11 in the starting
voltage due to a CR network. @) Sum position (full) and shift-
voltage curve (full) and its components ed in phase by 180°
(dotted) in the starting position (funda- (dotted) for compari-
mental and harmonic in phase). b) Distor- son with the oscillo-
tion due to phase shift in a CR network. gram in fig. 5-10e.

Fig. 5-12 shows the waveform of the harmonic of fig. 5-11a and the same
voltage displaced in phase by 180° %) (dotted). Fig. 5-10e shows a phase
shift of the fundamental (apart from the difference in amplitude) of 60° (é]:) .

TABLE I (for fig. 5-10)

|
Quantity a b c d e £ Remarks
o R, C, 11.4 8.75 1.78 1.00 0.58 | 027 = cot 0
R,-C, 86.8 - | 12.0 5.60 3.20 1.86 0.87 % 10~3sec -
- C, 2.3 0.75 0.35 0.20 0.116 0.054 uF
(%
v—" 1.00 0.97 0:87 0.707 0.50 0.25 = cos 0
a .
0 5 15 30 45 60 75 6°

R, =16kQ2; f = 50c/s
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A comparison of these two oscillograms confirms that a phase shift of three
times that of the fundamental is required for the same displacement along the
time axis at three times the frequency.
(Accmdmg to ﬁg 5-8b, in certain parts of the curve there is an almost
linear increase in 0 at decreasing values of cot § = w - R, - C,.)
If, therefore, the pattern on the screen is to correspond falthfully to the
voltage trend, the coupling networks must either cause no phase shift at all
or the stipulation must be made:

0=k f (5-21)
where k is a constant.
In practice, however, this can only be achieved, with some approximation, at
the upper cut-off frequency (see fig. 5-21a and b). At the lower end, the
reverse is the case. In fig. 5-11b, for example, voltage curves are reproduced
which, passed through a coupling network, suffer a phase shift of the funda-

mental of 80° = 17 For three times the frequency, the result is, according to
formula (5-17), only about one third of the phase shift of the fundamental
frequency, thus 10° or é—of T,.

The duration-of one complete cycle of the triple frequency—(7'; in ﬁg 5- 11a)
is however only 1/, of T' (10 mm), so that the displacement of the harmonic is

1 . .. . .
only 108 of 7', in the original oscillogram about */; mm, It can therefore no

longer be perceived, as it only amounts to a fraction of the diameter of the
spot. On the other hand, the displacement of the fundamental, for which 7'

T
on the screen amounted to about 80 mm, was T 21/, mm. The sum of

these two curves, now displaced one against the other (full curve in fig. 5-115)
is a severely distorted picture of the original voltage trend.

It follows from this that an essential requirement of deflection amplifiers is
that they should keep phase shifts as low as possible to prevent noticeable
changes in the voltage waveform appearing on the screen. Whereas with a
simple sinusoidal voltage a phase shift of 5° is only just perceptible, phase
shifts of the fundamental of more than 2° cause distinct distortion of the wave-
form of composite voltages. Moreover, as a voltage diminution of only 19,
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The rating of coupling networks for AC voltages with a DC component

corresponds to a phase shift of 8°(cf. fig. 5-8 and 5-10) it is evident that very
high demands must be made on the transfer function of the coupling elements.
Fig. 5-13 shows the distortion of a voltage composed of the same frequencies
but in which the harmonic is shifted in phase by 180° as compared with
fig. 5-11. The component voltages are shown dotted in a) and the resultant
voltage in the initial stage is shown as a full curve. The oscillograms b to g
show the waveforms produced when the fundamental suffers a phase shift
through coupling networks of 5°, 15°, 80°, 45°, 60° and 75° degrees respective-
ly. For the sake of comparison the waveform of the starting oscillogram is
shown dotted in each case.

The rating of coupling networks for 4C voltages with a DC component.

The highest demands on the amplifier are made by voltage waveforms which,
in periodically recurring intervals, have a constant value, i.e. a DC component
(appearing as a horizontal line in the oscillogram).
A typical example is the waveform of an 4C voltage after half-wave rectifi-
cation. To ascertain the minimum value of the coupling elements necessary in
this case, the RC product can be taken (not w « R - C).
This RC product—the time constant—must at least be large enough to prevent
the drop in the output voltage of the coupling network (due to the discharging
process) from becoming noticeable on the screen during those periods when the
voltage persists at a constant value. Otherwise the straightline portions of the
oscillogram become tilted or bent, as shown in fig. 5-14¢ —f. In this figure
are reproduced six oscillograms of two cycles of an AC voltage after half-
wave rectification, passed through differently rated coupling networks. The
drop in voltage at the output of the network is particularly conspicuous in
sub-figures e and f. This occurs according to the exponential equation:
T

Vg =10, € 2R, - C, (5-22)
Assuming that the periods of conduction and cut-off in the rectification are
equal, we can calculate the required product R, - C, according to (5-22) for a

(4

voltage decline down to s = o from the equation:
1
1
B, C=— 5 (5-23)

Fig. 5-18.

Oscillograms showing the
distortion of a composite
AC voltage due toa CR
network, for different phase
shifts of the fundamental.
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Multiplying both sides of the equation by o (= 2 f) we obtain, referring
back to (5-16):

Vco~Rg~Cg=—%=cot6 ‘ (5-24)

Thus, for a voltage reduction to s = 0.9, we get: w - R, -C,= = 30;

lno0.9
arc cot 30 = 2°,
Fig. 5-14 will serve to illustrate the process without further calculation. The
appertaining data are set out in Table II. For the oscillogram in sub-figure a)
the voltage was applied directly. Resistance R, remained 16 k® in all cases
while C, was varied for sub-figures b to f.
Examining these oscillograms more closely and following them from left to
right along the time axis, we can already see in b) a slight tilt of the horizontal
line. The phase shift here was only 1/,°. According to (5-16) this corresponds
to a value of w - R, - C, = 115.
For a coupling network which, for example, must cause at 80 ¢/s no more than
'/,° phase difference, the coupling capacitance required when the grid resistor
B, = 2M£ can be calculated as:

115

Co =658 802108

+ 108 ~ 0.8 uF

This value is considerably larger than that calculated on page 88 for a
voltage reduction of 5%, (8000 pF). In the light of the foregoing, amplification
with faithful phase reproduction requires that o+ B, - C, > 80 (§ = 2°) shall
be as nearly as possible > 100.

Limitation of the lower frequency limit.

The lower cut-off frequency obtainable by suitable rating of the coupling
components is subject to various limitations. As definite maximum ratings
are laid down for the grid resistors of the amplifier valves, the RC product
required can only be achieved by increasing the value of the coupling con-
denser. This, on the other hand, must have a high insulation resistance so
that no displacement of the working point of the following valves will be
caused by the anode voltage of the preceding valves. But high insulation
resistance becomes more difficult to obtain the higher the capacitance
required.

Fig. 5-14. Distor-
tion of the voltage
curve of a half-wave
rectified 4C voltage
due to different
phase-shifting
coupling networks.
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Influence of the cathode and screen-grid condensers

Again, the larger dimensions of higher coupling condensers increase the un-
wanted capacitance with respect to the chassis, thus imposing limitations on
the upper cut-off frequency (see ‘““Loss of gain at the upper frequency limit”).
Moreover, a large time constant is synonymous with a large period of grid
swing. If the amplifier is brought out of voltage balance by a voltage surge
(e.g., as a result of applying the input signal or owing to a sudden change in
supply voltage), a certain time elapses before it returns to its operating condi-
tion. As may be deduced from formula (5-22), the RC product—the time
constant—corresponds to the time in which the voltage generated by a voltage

pulse on an RC network falls to %th (87%,) of the peak value. When RC = 1

(e.g. R =2MQ, C = 0.5 uF) the voltage will fall to this value after one
second, whereas when RC = 0.1, only 1/10th of a second is necessary.
Sensitivity to voltage surges can be largely reduced by, for instance, con-
necting the whole amplifier in push-pull and stabilizing the supply voltages.
In the vertical amplifier of one oscilloscope, [1], satisfactory operating con-
ditions were achieved in spite of a time constant of RC = 4 (R, = 2 MQ,
C, = 2ukF, lower cut-off frequency of the whole amplifier 1/, ¢/s).

Influence of the cathode and screen-grid condensers.

To obtain the negative bias for the control grid, a resistor is usually included
in the cathode lead through which the cathode current (anode current and
possibly auxiliary grid current) will flow. The resultant voltage drop is fed
in the conventional way to the grid over the grid resistor (R, in fig. 5-6).

TABLE II
(for fig. 5-14)
' Quantity a b c d e f Remarks
w- R, C, — 115 | 286 | 114 3.73 178 | = cot 6
R,-C, — 57.5 14.3 5.7 1.87 0.87 - 10~ 3sec
c, —_— 570 143 57 18.6 7.65 10 pF
Z—g 1.00 1.00 0.999 0.996 0.966 0.866 = cos 0
w
) 0 i 2 5 15 30 6°

R, =16kQ2; f = 2000c/s’
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Since the anode AC current also flows through the cathode resistor, an 4C
voltage corresponding to the amplified frequency will reach the grid unless
counter-measures are taken. This voltage will be 180° out of phase with the
input voltage (excluding additional phase shift) so that the effect would be to
decrease the voltage on the control grid and thus to reduce the amplification
of the valve (negative or degenerative feedback—see also under “Improving
amplifier characteristics by negative feedback”).

To avoid this happening, the cathode resistor is shunted by a condenser whose
capacitance must be so large that it represents a considerably smaller im-
pedance (larger conductance = w - C) to the frequency in question than the
cathode resistor. In this case the product w - R, + C;,, must have a specific
value. It should be remembered here that the 4C voltage appearing across the
cathode resistor and short-circuited by the condenser is dependent upon the
valve data, particularly upon the mutual conductance [2].

The transfer function of the cathode network is given by:

6| 1fa?
G, V(Q+a? +a? (5-25)
The additional phase change caused by these circuit components is:
a-w
6 = arc tan Ttalat (5—-26) »

For the sake of brevity, some values in these equations are composite ex-
. R
pressions. Thus, 2 = w * B, C,and a = G,, - —R—’° or S, R,.
a
For the parameter a, the product §, - B, must be used if the screen grid
alternating current also flows through the cathode resistor. (The decoupling
condenser for the screen grid is connected to the chassis.) If, however, the
screen grid condenser (as in fig. 5-6) is connected directly to the cathode, then

a = @G, - is applicable.
The cathode mutual conductance is denoted by §,. It indicates the change of
the total cathode current for a certain change in grid voltage, thus:’

AT, C

As a rule this value is not given by the manufacturers of multiple-grid valves

but for most calculations it should suffice when, in the case of pentodes for

example, the following equation is applied:

1, + I,
-

a

Sy = (5-28)
The curves calculated for these relationships from formulae (5-25) and (5-26)
are given in figs. 5-15 and 5-16 for different values of a.

If fig. 5-15 is compared with fig. 5-7 it stands out that, for small values of
w* C,* R,, the gain does not fall back to zero. Even for very low values it
does not fall below a certain amount.
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In fig. 5-16 it can similarly be %[ o= T

ascertained that the phase change 4, s 7 -

for diminishing values of - Cy, - B, 17 S A
reaches a certain maximum figure = D

and then begins to fall again. The @b .
conductance figure w:C, of the 4 HEpE VA i 7 i
capacitor C,, shunted across the LA ] VA
cathode resistor, then becomes so 2 =P

small thatits phaseshiftinginfluence  » i e

a,lso iS reduced. ”a,r 92 9% 9648 1 = 6 610 20 40 608070
Taking pentode EF 40 as anexample, ) TRy Ry)
i Rk = 5000, Ra. — 50kQ and Gm —  Fig. 5-15. Drop in relative gain at the lower

500 frequency limit due to circuit components in
100. th — . —1. the cathode and screen-grid lead. The para-
s thena =100 50,000 L. If the meter “‘a” should be selected in accordance

gain is not to drop below 5%, then with the valve data.
according to fig. 5-15, w - R,- C;, = 6.
Therefore, for w =802 7w ~ 200,

degrees

o6y goh H

C, must be: 6 ~ 60uF. The T m”: S I
W Rlc . %,%‘,sf_%_ 1] PR
additional phase shift in this case % ! nEih
(f=80c/s) would, according to ¥ i B
fig. 5-16, be about 9°. A difficulty ¥ BRI
arises in the rating of deflection ¥ 2 § - N
amplifiers when the cathode resistor % T i NEMNI]
is particularly small, as is frequently v = asSemas I
the case when using valves with high o T Y T R T i ¥ AR
W grg2 —— G Ry (w0 Gy Reg)

mutual conductance. Taking valve
Fig. 5-16. Phase shift of the amplified voltage

EF 80 for example, the following N limit 4 L

ditions may occur: R, — 150 O at the lower' frequency limit due to circuit
condi Yy et At s components in the cathode or screen-grid lead.
R, = 38000 0,G, = 20. Accordingly,

150 . .
a=20" 3000 — 1.0. It is required that when f=380c/s, 6 < 1°. From 5-16,

w-CyRymust therefore be at least = 50, and thusweget: C,,=

50

' P 'R70_1700‘MF.
Although it would be possible with the low working voltage given(V, = —2V)
to procure a condenser of this size, it nevertheless appears advisable to choose
another way in such cases. If, for instance, the cathode condenser is left out
altogether, the gain sinks to about 519, of the maximum value obtainable.
At the same time, however, negative current feedback occurs which increases
the undistorted drive possible, i.e. permits an increase in the upper frequency
limit. It is also possible to earth the cathode and to generate the grid bias
by other means. In this way, full amplification is obtained corresponding to
R,-S.

To reduce the screen grid voltage to the required value it is often necessary
to include a series resistor R, . Here also an opposing 4C voltage would arise
if the screen grid were not bypassed by a suitably rated condenser with respect
to earth, or better, with respect to the cathode.
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For rating these decoupling elements B, and C,,, the same conditions may be
derived as given by equations (525 and 5-26) for the cathode circuit com-
ponents. Corresponding values have only to be inserted for the variable @
and for the parameter a, namely:
2=0'C,R,anda=28,-D,-R, _Ey .

. s isg

The symbols S, D,, and R, refer to the relevant data of the screen grid.
These data are not as a rule included in standard valve data but they will be

supplied if asked for. On some examples of valve EF 50, values were measured

R
of B, , = 40 kQ. If, for instance, R,, = 120 k{2, then a = —*. = 3. Where

sg R X
89
the phase shift must not exceed 2° for f = 80 c¢/s, then, according to the curve
; . . 80
a = 8 in fig. 5-16, w - C,, - B, = 80. This gives: C,, = ——— =
80 w- Ry

B} 106 — .
6.28 - 80 - 120,000 10" = 3%uF

Improvement of amplifier characteristics at the lower frequency limit.

For uniform amplification of the lower frequencies and especially for faithful
phase reproduction, it can be seen from the foregoing observations that a
fairly considerable outlay in circuit components is required.

Attempts have therefore been made, with a view to economy, to compensate
for the loss in gain and the phase shift by a suitable arrangement of the
circuit components.

"~ A circuit commonly used for this purpose is shown in fig. 5-17a. An RC
combination C R, lies in series with the anode load resistor R,. The resultant
equivalent circuit is shown in fig. 5-17b. The resistor R, can be neglected

provided it is at least ten times larger than the value of

for the given

.

v
frequency range. From a certain frequency onwards the condenser C, can be
regarded as a complete short-circuit, so that it has no influence on the gain.
With a falling frequency, however, the total impedance of the anode circuit

i =Vip.S

Fig. 5-17. a) Circuit for improving the frequency response at the lower frequency limit by
means of an RC network in the anode circuit. ) Equivalent circuit.
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Loss of gain at the upper frequency limit

(B, and C, in series—R,, > R,) rises and, with a constant alternating current
at the anode (B, > R,) the alternating voltage on the anode, in other words,
the gain, rises likewise. In this way, the drop in amplified voltage across R,
at low frequencies can be compensated by suitably rating C,and R,.

With a falling frequency, condenser C, in the anode circuit also increasingly
shifts the phase of the amplified voltage. Referring again to the equivalent
circuit in fig. 5-17b, it can be seen that this phase shift must be opposed by
that caused by the grid network C, ' R, By means of an RC network in the
anode circuit it is thus possible to achieve a large measure of compensation
for the frequency response as well as for the phase shifts of the other circuit
components in the path of amplification. To remove the effects caused by
the grid network C, - R, the following condition must be satisfied :

Cc, R,=C, R, (5-29)

It would not be appropriate, however, to adopt this compensation for each
individual stage. It is more advantageous first to rate the circuit components
which are decisive for the lower frequencies in such a way that the required
amplifying characteristics can be obtained as nearly as possible with a minimum
of outlay. The required correction of the frequency response and the phase
shift can then be carried out for the whole amplifier in one stage (or in
multiple-stage amplifiers, in every second or fifth stage). In this connection,
the following must apply according to (5-29):

1 1 1 1
+ + o=
Cp R, Cps R, Cys - B, C, - R,

(5-80)

The most suitable method is to select that stage which requires the lowest
quiescent anode current. The DC voltage loss at R, is then kept as low as
possible.

Loss of gain at the upper frequency limit.

The basis for these observations is again the circuit of a two-stage RC coupled
amplifier given in fig. 5-6. The decoupling condenser C,, for the screen grid
and C;, for the cathode and the coupling condenser C, for the grid can be
considered as short-circuits 2 as regards the upper frequency limit and are
replaced in the 4C equivalent circuit by direct junctions. The resultant equiva-
lent circuit between the anode of the first valve and the grid of the second
valve is given in fig. 5-18 7, ‘ ’ .

The shunted resistances and capacitances can be condensed into one resistance
and one capacitance respectively, producing the simplified equivalent circuit
shown in fig. 5-19a. In this case:

%6 It should never be overlooked in practice that the standard types of condensers for this
purpose always have a certain amount of series-resistance or inductance in their wrapping.
It is therefore essential, especially in deflection amplifiers with a high upper frequency
limit, to shunt these capacitances with small, low-loss (ceramic) R.F. condensers of 1000~
10,000 pF.

#" The additional capacitance C,,, arises by reason of anode reaction (“Miller effect””) in the
second valve. It consists of Cpyq = Cy, (1+ @) inwhich C,, is the grid-anode capacitance
of the valve and G is the gain. With pentodes, Cy, and thus C, 4 can, as a rule, be neglected.
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d= Vip:S . . ) . -
— -]- 3 16179y N
G/ﬂ
L Cout Cs Cin |Cod @ = VS a I
@ = =""% P =] .
Ri RGT Rg -I- 60 11, ‘l[ 1 N\
4 B == %
. . ' J ) w0 T T Vl ‘
Fig.5-18.Equivalent circuit of a resistance- L N
coupled amplifier for high frequencies. JZ
2

7 ™

Fig. 5-19. a) Simplified equivalent circuit

0
to fig. 5-18 and b) relative amplification 07 Qo2 403 QG741 02 43 G547 7 2 3 4567891

. = w-Rplp
response at the upper frequency limit.
1 1 1 1
= 5-31
EoRTETE (5-81)
and
C, = Cous + Cs + Cin + Cuaa (5-82)

In wide-band amplifiers R, < R, and R, > R,, so that, particularly when
using pentodes, R, is for practical purposes equal to E,. In this case, the
amplified 4C voltage v, which reaches the grid of the second valve, is equal
to the anode 4C voltage v,,.

This voltage is equal to the product of anode alternating current and anode
load resistance. The latter is shunted, however, by the capacitance C, so that
the resultant anode impedance decreases with the frequency. Therefore the
AC voltage in the anode circuit decreases correspondingly and with it the
gain. The impedance of the anode circuit is given by the equation:

1
Z=R,- l/m (5-33)

As long as C,, plays no part, the mid-frequency gain is:
: Gn=S"R, (5-34)
For higher frequencies the gain, according to (5-88), is reduced by the factor:

1
}/i—;:jgatzggtfg;a (5-85)

The relative gain is thus:

|G _V 1
G, Vit ot G R . (5-36)

The curve in fig. 5-19b shows the trend of the relative gain for different values
of - C,+ R, between 0.01 and 10. The cut-off frequency is then given if:

1

w-C,

R, = (5-87)

In practice the capacitances comprised by C, are always given in advance so
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Phase shift at the upper frequency limi

that for a desired upper frequency limit the maximum permissible value of
R, is also given by the equation (5-87). The gain per stage for w, is then:
S 1

IG[=@;‘7”' (5-38)

It appears from this that the gain is greater than 1 only when o - Cc,<8S.

Special valves for wide-band amplifiers.

Since the capacitance C,, is essentially determined by the sum of the input and
output capacitances of the valves used in these stages, wide-band amplifiers

should have valves with a large [ ratio (Cp = C,, + C,,,). The stray wiring
capacitance C; cannot be suppressed below a certain minimum value so that

. S . . .
among several valves with the same o ratio the valve with the highest
/ R

mutual conductance is in general the most advantageous, .
Valves particularly suitable for this are types EF 42, EF 80 or the long-life

S .
valves K 83 F and E 180 F. The o ratios of these valves are:0.66,0.65, 0.66,

R
and 1.17 respectively. For output stages, suitable valves are EL 41 with an

S . .
E—ratio of 0.555, PL83 with 0.62 or the long-life E 80L with 0.41.
R

Taking valve EF 42 as an example, C;, = 9.4 pF and C,,, = 4.3 pF. As-
suming the stray wiring capacitance to be 12.8 pF, then C, = 26 pF. If the
upper frequency limit is to be 8 Mc/s, then R, according to (5-87) must be:
1 . . .

R, = 6.28-3.10°.26. 102 ~ 2 kQ. The mid-frequency gain G, of this
stage is, according to (5-7) times 18. At 8 Mc/s (cut-off frequency) it falls
t0 12.7, and at 9 Mc/s to 6, i.e. to one third of the mid-frequency gain.
Nevertheless, it should not be overlooked, taking the 9 Me/s in this example,
that conversely about three times the control voltage on the grid will be
necessary for the same anode alternating voltage. As, however, the operating
conditions must, for other reasons, always be chosen such that with the
maximum undistorted 4C anode voltage obtainable at medium frequencies
‘there will also be just sufficient deflection for the beam of the cathode ray
tube, there would then be a risk of over-control. These conditions will be
discussed later under “Output voltage requirements”.

Whereas the lower frequency limit can, as described, be reduced quite
considerably by a suitable outlay in circuitry, the upper frequency limit is
determined by wiring capacitance and by valve data. There thus exists a
“natural limit”, so to speak, which is essentially set by the characteristics of
the valves available and by the lowest obtainable stray wiring capacitance [3].

Phase shift at the upper frequency limit.

At the upper frequency limit a phase shift of the amplified voltage occurs due
to the capacitance C,. This phase shift increases with increasing frequency.
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The total alternating anode current 5, = § - v, divides into currents iR
through resistance R, and ¢, through capacitance C, (see fig. 5-19a). With an
increasing product w - R, - C,, the portion of current through C, rises and
thus the phase of the resultant current will be increasingly determined by the
capacitive vector. The voltage increasingly lags behind the current and the
phase angle becomes greater in a negative direction. The diagram @ within
the curve field of fig. 5-20b shows the composition of these currents. The
phase angle 6 is given by the relationship between the vectors ig and i¢. As

ip is inversely proportional to the resistance R, and i¢ to X¢ <: 8 ) , we
obtain: ’
‘ R
tan § = — 1” (5-39)
and from this we obtain the angle: _
' 6 = arc tan (o - R, - C,) (5-40)

In the diagram given in fig. 5-20a, the vectors for § = 80° (i¢ and ¢ r) and 45°
(dotted: i¢’ and ¢z’) have been drawn in as examples. For the upper frequency
o 1
limit | R, = o C ) 0 = —45°. The curve in fig. 5-20b shows the phase
by
angles in dependence upon w + R, - C,, for the range from 0.01 to 10. The drop
) in gain at the upper frequency limit

0 with reference to the phase angle
v K appears from the diagram, fig. 5-20a,
2 N by the relationship of 7 and iz, as:
30 N
- a 5 6] 1
=) = 5-41)
ol G, cos 0 (
60 E N Generally speaking, therefore, an
7 - N increase in the ability of an amplifier .
-6 80 1T TT T T 111 to deal with phase relationships
S 1 faithfull i
o a5 Leathiully presupposes an increase
@ Rplp in the upper frequency limit.
Fig. 5-20. Phase shift of the output voltage Even. with an elaborate outlay,
at the upper frequency limit. additional phase shift cannot be

avoided beyond a certain frequency
range. One solution of this problem has been found by bringing about, with
suitable circuit rating, a frequency-linear increase in the phase shift of the
input voltage. This fulfils the condition of equation (5-21), so that the same
phase delay occurs at all frequencies. It guarantees true phase reproduction
even of voltages rich in harmonics (square waves, ete.) up to high frequencies.
As an example of this, fig. 5-21a shows the frequency and phase response
curve of Philips Oscilloscope GM 5653/02. In fig. 5-21b the phase curve
at the upper frequency end is reproduced, this time with a linear frequency
scale. It can clearly be seen that in this amplifier the phase shift at the upper
frequency limit increaseslinearly (in the negative direction) with the frequency.
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Improving gain linearity at the upper frequency limit by resonance.

Various measures have been suggested for improving the linearity of the gain
at the upper frequency limit. The feature common to all of them is that

the unwanted capacitances C,,,, C, and
C,, are combined with inductances to
form an oscillating circuit or networks.
In the simplest circuit of this sort, an
inductance is connected in series with
the anode resistance. It forms together
with the capacitances C, (fig. 5-22a)"
an oscillatory circuit damped by R,.
Parallel as well as series wiring of
inductance and capacitance is possible.
Making use of the distributed capaci-
tances—on the one side C,,,,, C, and on
the other C,, and C,,,—filter couplings
can also be formed. As parallel reso-
nance involves very simple circuitry
and as the phase shift of the output vol-
tage shows a most favourable trend as

e T
161 ot Naas S Bd
3 N ]
o Y ANEE
80 AN A =247
T N
n NN Ta=azz
- 1 N N
60 [ . i=5Vu SRS
= SN
4 1 a=0 N~ B
4 —H La I . = T~
17 17 a
1] I ]a =
30 N Ry [ = s
20 |+
wiHs  +v,
0 [TITTTT]
92 94 46 06 10 12 14 16 18 20 22 24
. @' Ry Ca

Fig. 5-22. Relative gain at upper fre-
quency limit when using anode resonance.

compared to that of other types of coupling, this is the circuit most generally
employed. It will therefore be treated here to the exclusion of other types [4].
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Owing to the inductance, the anode resistance rises with increasing frequency
and therefore the amplification follows accordingly. In this way, the ‘“natural”
fall-off of the amplification curve at higher frequency ranges can be displaced.
Fig. 5-22a represents the simplified circuit of an anode circuit of this sort. The
relative gain is now given by the equation:

’G‘AIZ!_ 1+a2-ﬂ2
HG;— R, _V] +(1—2a).ﬂ2+a2ﬂ4 (5—42)

To make this formula less cambersome than it would otherwise be, some factors
have been compressed into equivalent values a and 8, The meanings are:
L,

a= Ri-C, o andf=w- B, -C,

In fig. 5 22b four curves represent the relative gain for four different values of
a (0, 0.25, 0.414, 0.5) calculated from formula (5-42). The curve for the value
of a = 0isidentical with the curve in fig. 5-19b. In contrast to this, the abscis-
sa scale forw -+ R, - C,(C, ~ C,) in fig. 5-22b is linear in order to show clearly
the behaviour of the amplification curve in the region of the frequency limit.
It is now to be ascertained how far the improvement of the amplification
response can be taken without intro-
ducing concomitant disadvantages
when using it with the oscilloscope. If,
for example, in formula (5—42) the third
summand in the denominator—a? f*—
is neglected (which is possible if the
frequency is not too high) then the
relative gain would be independent of
the frequency if a is given such a value
that a? = 1 — 2a. To this would corre-

spond ¢ = V2—1 = 0.414. If, there-
fore, the inductanceisrated L, = 0.414
Rz2-C,, it is to be expected that the
gain will be independent of frequency
over a relatively wide range. On the
other hand, the inductance cannot be
selected as high as one may wish, since
otherwise the damping of the anode
circuit would become too small. With
deflection amplifiers for oscilloscopes
it must be taken into account that
the signal to be measured may not rise

Fig. 5-23. Oscillogram of a rectangular
pulse, half-value width 2.5 us. @) Pulse .
direct from square-wave generator. b) Dis- and fall constantly but jumps suddenly,

torted pulse on the anode of an amplifier  as with rectangular pulses. Such pulses
valve, with circuit elements for a = 1.0. might excite these types of anode cir-

cuits into self-oscillation if the damping
by R, does not stand in a definite minimum relationship to the other circuit

L,
constants. In other words, the factor o = R o must not be too large. We
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Improving gain linearity at the upper frequency lmit resonance ‘

shall consider this process
more closely with the aid of
oscillograms of a rectangular
pulse having a half-value
width of 2.5us and a rise time
of about 60us, recorded with
a type GM 5660 pulse oscillos-
cope (amplifier rise time ap-
prox. 85 mus).

Fig. 5-28a shows first the os-
cillogram of the pulse voltage
when the latter is applied
directly to the oscilloscope
from the pulse generator (GM
2814). In this case the pulse
was externally triggered with
the control pulse generator in
the oscilloscope, the repetition
frequency being about 2500

c/s.
For recording fig. 5-28b and
the oscillograms a..... e in

fig. 5-24, this pulse was fed, in
negative polarity, to the grid
of a separating stage, valve
E83F, in the anode lead of
which was arranged a circuit
as shown in fig. 5-22a. The
anode resistance was 8.8 k@2
and the total parallel capaci-
tance (including the oscillos-
cope input capacitance) 60 pF
(Co). By including different
values of inductance (L,) in
series with resistor (R,), va-
rious values of a were obtained
and then the oscillogram of
the alternating anode voltage
recorded.

Fig. 5-24. Anode voltage of an
amplifier valve, with a rectangular
pulse of 2.5 us width on the grid,
at various values of

a

a=0

a=10.3

a=0.414

[«

—
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For the oscillogram shown as fig. 5-28b the value of o was 1.0. (The picture
height in this case was somewhat smaller than for the other oscillograms
discussed.) It can be seen that severe overshoot occurs when the voltage
reverses polarity; for this reason, such ratings are not generally suitable for
the coupling elements of a wide-band amplifier. They were chosen in this case
to illustrate this effect more clearly.

The oscillograms in fig. 5-24 show the waveform of the pulse voltage on the
anode of valve E88F, the circuit elements being rated at the conventional
values for wide-band amplifiers.

Fig. 5-24a represents the voltage waveform which appears when there is no
inductance. According to formula (5.44) derived in the next paragraph, the
rise time 7', can be calculated from the time constant as:

e =28 " R-C=238:88:10%60" 10712 ~ 0.46 us 28

At the adjusted deflection velocity of 2.0 em/us, 2 mm corresponds to a time of
0.1 us. For a voltage rise from 10%, to 90%, of the peak value, 11 mm is found
to correspond to 0.55 ws. This is somewhat more than the theoretical value
calculated from the formula,

The influence of the shape of the amplifier valve characteristic was not, how-
ever, taken into consideration. (See P. A. Neeteson “Electron tubes in pulse
technique”.) -

For the following oscillograms, &..... d, inductances were connected in
series with the resistor, as in fig. 5.22a, for the purpose of increasing the upper
cut-off frequency; the resultant values of a were respectively 0.25, 0.30, 0.414
and 0.50. At ¢ = 0.25 and a = 0.30 (fig. 5.24b and ¢) an improvement can
be seen, due to the inductances, in the leading and trailing edges. At a factor
of 0.414 (fig. 5-24d) it can be seen that slight overshoot occurs; this therefore
represents the reliable limit when high demands are made on the fidelity of
reproduction. In practice, the factor ¢ = 0.86 is seldom exceeded.

At a = 0.50 (oscillogram ¢) the overshoot is excessive.

These oscillograms confirm that the use of inductances to improve the gain at
the upper frequency limit should not be taken too far if the amplifier is to
satisfy the demands of pulse technique.

For the purpose of comparison, we give below the upper cut-off frequencies
for the differently rated circuit elements in the anode lead of the amplifier
valve for the individual oscillograms in fig. 5-24.

a Jiu(Me/s)
0 0.8
0.25 1.14
0.30 1.25
0.414 1.35
0.5 1.44
1.0 1.54

28 The rise time of the pulse itself (T',) and of the amplifier (T',,,) may be neglected for
this purpose, since their influence is smaller by one order of magnitude. Provided that the
input voltage has no more than 5%, overshoot, the total rise time (7' 1954;) may be derived
from the equation:

T, v = V T?0p + T?m — V602 + 852 ~ 0.07 us
(see fig. 5.28a.) )
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Unit function response curve of an amplifier

By connecting several amplifier stages one behind the other, the rise time and
the phase velocity are increased, and, if the overshoot per stage is greater
than 5%, the overshoot too is increased. Reference is made in this connection
to the book ‘““Television by F. Kerkhoff and W. Werner (4) in which this
subject is dealt with in considerable detail *.

In this respect it should be added that, as a rule, much higher demands are
made on a wide-band ampliﬁel for measurement purposes than on a conven-
tional video amplifier in television receivers. After all, the oscﬂloscopes in-
tended for this field are used, among other things, for asessing the perfor-
mance of video amplifiers.

Unit function response curve of an amplifier.

As we saw in the preceding sub-paragraph, a rapid rise of voltage in the
amplifier can, depending upon the coupling elements, cause distortion of the
voltage curve. The oscilloscope is very often used in-pulse technique (tele-
v151on) for investigating voltages with a steeply rising or falling curve, so that
it is of general 1mportance to know how a deflection amplifier will behave
when called upon to reproduce rapid changes in signal input.
These properties of an amplifier are represented by the unit function response
curve which indicates the dependency of the output voltage of the circuit
components in question (or of the whole amplifier) upon time, when the input
voltage rises to a certain value (4) in an infinitely short time. This assumption
only applies for the convenience of calculation, as in practice some time, no
matter how small, is always required. (Rectangular pulses with a rise-time of
2 - 107® secs. can, however, be achieved in practice.)
Fig. 5-25a shows an ideal voltage rise of the sort we are discussing. The rise-
time actually required (7',) is defined as the time taken by the voltage across
the element under consideration to rise from 109, to '90%, of its maximum
value. This process is illustrated by the sketch in fig. 5-25b. The rise-time can
be calculated by assuming that the RC network in question is to be charged by
a voltage rising in an infinitely short space of time. The charge takes place
according to the function: ‘
t
v, =V, (1 —e RC) (5-43)

For a charging time from 10%, to 909, of the output voltage, we obtain for T';:
T,—23-R-C (5-44)

© With an anode resistance of 2000 2 and a capacitance of 25pF, we then arrive

at a rise-time of: T, = 2.8 - 2-10%- 25 - 1072 = 11.5 + 107® sec.

20 Tt should be pointed out that the factor a is identical with the square of the factor @

L
(Q =% ][C') which is used in Kerkhoff and Werner’s book “Television”. The frequency

characteristics shown in fig. 8.5-1 in their book therefore agree essentially with fig. 5-12
in this book. The oscillograms in figs. 5-28b and 5.24a...e likewise correspond to the
transient responses given in fig. 8.6-2 of their book, if a = Q2.
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Deductions prove [5] that, between the rise-time 7', and the bandwidth B 3¢
of an RC-coupled amplifier, a relation exists which can be expressed by the
equation: ‘

(5-45)

If the upper cut-off frequency of the network under consideration is increased

by inductances then, as already

Input voltage shown, “overshoot” may occur (fig.

@ A 5-25c).

This may be an overshoot of amp-

i litude in the positive direction(4y. ;)

i as well as, at higher inductances, an

overshoot in the negative direction

(4_4). The formula applies only if

the overshoot does not exceed 59%,.

If it is greater, then a factor up to

0.45 must be used in place of 0.35.

\ Output  The unit function response curves

witages 4]0 show the phase delay time 7'

(See equation 5-15). At the lower

frequency limitthereis, furthermore,

a certain fall-off in voltage after a

rapid voltage rise, as can be seen in

fig. 5-25d. (See sub-paragraph: “The

A —t rating of coupling networks for 4C

Fig. 5-25. Ideal voltage rise a) and unit func- voltages with a DC component”,
tion response curves of output voltage(b,c,d). pages 94-95.)

According to the demands to be

met, the time taken by this fall-off—the drop-time—is regarded as the decline
from the maximum amplitude by 29,, 109, or even 50%,.
Thus, from the unit function response curve we can read the behaviour of an
amplifier not only as regards frequency response (amplitude in dependence
upon frequency) but also as regards phase relationships (delay time). This
characteristic is therefore of great importance when assessing the per-
formance of wide-band amplifiers and a study of the comprehensive literature
on the subject is very much to be recommended [6] [7] [8] [9].

Improvement of amplifier characteristics by feedback.

Among the different methods of improving the characteristics of an amplifier,
a most important place must be assigned to the use of feedback. Negative
feedback in particular is universally used because of a number of very bene-
fitial effects which will be discussed in the following pages.

By feedback in an amplifier is understood the transferring of a portion of the

30 The bandwidth can, for practical purposes, be equal to the upper cut-off frequency as the
lower cut-off frequency in oscilloscope amplifiers is always << 50 cfs.
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Improvement of amplifier characteristics by feedback

output voltage or of a voltage proportional to the output current to the input
circuit. 31

For this purpose a great number of possible circuits exist. Fig. 5-26 gives in
block diagram form two of the circuits commonly used for the purposes under
consideration. In fig. 5-26a, a portion

of the output voltage—a - v,'—is taken

from a voltage divider (R, and R,) and f ) / RIS )
fed back to the input circuit. Thisis ' Vil - amyplifier R L
voltage feedback. In fig. 5-26b, the alter- ] %

nating output current flows through pave

resistance R,. The voltage across this

resistor is used for the feedback. As this a

voltage is proportional to the amplified

current, the term current feedback is

used for this type of coupling. (Strictly  § , i

speaking, it is still voltage feedback, "I Vin| amplifier la R Iﬂ
—_—

but it is now proportional to the output '

current and not to the output voltage). t’a'Rk
By these means a portion of the output
voltage a -v,’ is superimposed upon the b
input voltage v, so that the sum of Fig. 5-26. Feedback block-diagrams.

both voltages now drives the amplifier. a) Voltage feedback. b) Current feedback
Thus: (voltage proportional to current),

vin/ =0t a- va/ (546)

The factor a indicates which portion of the output voltage is fed back (in fig.

R
5-26a, the resistance ratio: Iﬁ) It is therefore known as the feedback
1 2

Jactor. The feedback may be negative or positive. According to whether the
feedback voltage supplements or opposes the input voltage—i.e. whether it is
fed back in phase or in anti-phase, the resultant drive voltage v’;, and thus
the new gain G’ will be greater or smaller than in the original state. In the
general term “‘feedback”, therefore, a distinction must be made between
posttive or regenerative feedback and negative or degenerative feedback.

Without feedback, the output voltage is:

V, = Uy * G (5-47)

With feedback, the output voltage becomes
V' = Uy G (5-48)

The gain itself in the amplifier remains, of course, unaltered, thus

’
G= P _ Y

P (5-48a)

# This is, of course, to be understood in a general sense. The measures discussed can be
carried out in the individual amplifier stages as well as actually extended over the whole
amplifier. It may also be advantageous to use differently rated feedback couplings in the
individual stages.

109




Deflection Amplifiers ‘ 5

From (5-48a) results
) =G vy (5-48b)

Substituting equation (5-48b) for v, in (5-46) gives, otherwise arranged,

Vin = Ui (1 F @ G) (5-48c)
As, héwever,
: 4 vﬂv’
G =2 (5-48d)
Oin
the gain with feedback is
P
¢ =6 1z.g (5-49)

As the factor i-il—a indicates how and by what amount the gain changes,
a

it is known as the positive (or negative) feedback factor.

If, for example, with negative feedback, a *G = 2, then the negative feedback
1

1+aG 1/3. :

The curves in fig. 5-27 give as an example the amplification response of a two-

stage amplifier without feedback (curve G,,), with a positive feedback factor of

5 (curve G,,;) and with a negative feedback factor of 1/5 (curve G',,,).

(At the moment we are only concerned with the dotted-line curves). *

When using positive feedback, the gain is certainly several times greater,

factor is:
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Fig. 5-27. Relative amplification response of a two-stage amplifier without feedback, with
five-fold positive feedback and with five-fold negative feedback.

32 The values applicable with feedback are distinguished from the others by a stroke.
G’ﬂll
GI
m2
arithmic scale has been used for the relative gain also.

% In order to represent the great differences in gain < = 25) on the same graph, a log-
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Influence of phase shift

corresponding to the feedback factor, but the spacing between the frequency
limits f, and f, (the frequency response characteristic) becomes smaller by the
same extent. With negative feedback, on the other hand, although the gain
is reduced, the frequency response characteristic, becomes flatter and wider.
For this reason wide-band amplifiers make great use of negative feedback.
The middle curve G,, refers to the amplifier without feedback coupling. As
two coupling elements have been taken, the drop in gain at the frequency
limits is 0.707 X 0.707 a2 0.5, in round figures. The curves shown in dotted
lines illustrate the amplification response of a feedback-coupled amplifier in
the most conventional way. To calculate this, only the amount of the relative

. G . - . . .
gain— —— —asinfigs. 5-7 and 5-19 has been inserted in the expressiony——n

G, :F G’

This, howevel does not always take into account, that an increasing phase
shift of the output voltage takes place at the ends of the frequency response
characteristic. (See figs. 5-8 and 5-20). This means that at these points of
coverage the vector of the feedback voltage not only becomes smaller but
suffers additional phase displacement. In consequence, the effect of the feed-
back is changed. To examine these relationships, it is necessary to represent
vectorially the relationship between the voltages v,, and a - v',.

Influence of phase shift caused by coupling networks on the frequency
response of feedback amplifiers.

Especially suitable conditions can be obtained by using a feedback ampli-
fier with two coupling networks. 3¢

At a corresponding space from the linear amplification characteristic the
phase shift approaches the value 2 X 90° = 180° (see figs. 5-8 and 5-20). At
these points, in so far as adequate amplification and a sufficiently large feedback
factor produce a feedback voltage worth mentioning, this voltage will be fed
back shifted 180° in phase with respect to the mid-frequency range. Here,
therefore, the feedback will cause exactly the opposite of the effect actually
intended; positive feedback has become negative feedback and vice versa.
At the area of transition between these extreme frequency ranges and the
middle range there will, with positive feedback, be a corresponding reduction
in relative gain in the vicinity of the frequency limit and, with negative feed-
back, an extra increase.

The actual curves resulting from this are shown in full in fig. 5-27. With
positive feedback the amplification range B, becomes even narrower than it
was found to be without taking the phase shift into consideration. With
negative feedback B, there is not only a considerable widening of the range but
even a rise in gain at each limit of the linear portion of the curve. The position
of this rise depends upon the number of phase-shifting networks used and its
maximum amplitude depends in each case upon the negative feedback factor
and the overall gain [10] [11].

%4 The number of circuit elements which cause this phase shift at both ends of the frequency
response characteristic must not be mutually equal or equal to the number of amplifying
stages.
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Deflection Amplifiers 6

Limitation of maximum possible feedback.

In an amplifier with positive feedback coupling the quantity « - G must never
be more than 1 as otherwise the positive feedback factor would be
1
1—a-G
On the other hand the amplitude of negative feedback may not be indis-
criminately high. Using four coupling networks, for example, the total phase
shift at the frequency limit is 4 X 45° = 180° and the voltage fed back acts
regeneratively. The gain thus increases again in this region and self-excitation
will be inevitable. But even at smaller magnitudes of negative feedback a rise
in amplification can occur above and below the linear frequency response curve
which may be excessive. At all events, careful attention must be paid to the
whole frequency range from 0 to far beyond the upper cut-off frequency when

rating a feedback amplifier, especially one with negative feedback.

To counter these difficulties, suitable frequency-dependent networks may be
incorporated in the amplification or feedback path. This however gives rise
to further phase shifts, which must also be taken into consideration. It is
evident therefore that a knowledge—at least of the fundamentals—of phase
requirements is absolutely essential if the way feedback amplifiers function is
to be properly understood.

— oo and the amplifier would be driven into self-oscillation.

Phase Shift of the output voltage of a feedback amplifier.

In figs. 5-28a and 5-29a are first of all shown the voltage vectors for the
mid-frequency amplification range, without phase shift of the output voltage.
Fig. 5-28 represents the phase relationships for positive feedback with G = 8
and @ = 5 and fig. 5-29 represents those for negative feedback with G = 5 and
G’ = 335, In those frequency ranges where phase shifts of the amplified voltage
are occasioned by coupling networks, the feedback voltage a - v, now also con-
tains this additional phase angle with respect to the input voltage. 3¢

In the vector diagrams, fig. 5-28b and fig. 5-29b, the phase angle of the output
voltage (without feedback) was taken to be 80° for the lower frequency limit
(positive phase angle) corresponding to w - R, - C, = 1.78 (see fig. 5-8). The
vector of the feedback voltage a - v, is to be added at the same angle to the
vector of v,, for the feedback amplifier. This now results in the actual drive
voltage v’,, at the input of the amplifier. The feedback voltage supplies at the
output a voltage increased by the factor G, namely a-v’,-G, which is in its
turn to be added to v,. This gives finally the vector v’, of the output voltage
which now contains, as opposed to the input voltage, the phase angle §'. It
appears that the original phase angle is increased according to the value of the
positive feedback, whereas it is correspondingly decreased by the value of the
negative feedback. Negative feedback, therefore, has the further advantage
that it provides a means of reducing the phase shift caused by the coupling
elements.

35 The differences between amplifiers without and those with feedback have deliberately
been kept relatively small for the sake of clear illustration.

36 This presupposes that no further phase shift occurs in the feedback path itself. If there

are frequency-dependent elements in this path, the phase shifts which they produce must
also be taken into consideration.

112



Frequency-dependent feedback
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Fig. 5-28. Voltage vectors in an amplifier Fig. 5-29. Voltage vectors with negative

with positive feedback; @) in mid-frequency  feedback; @) in mid-frequency range and b)

range and b) at a phase shift of 80° (assumed  at a phase shift of 80° (assumed without
without positive feedback). negative feedback).

Several assumptions have been made in the foregoing for the sake of
simplicity. For exact study, reference should be made to specialized publica-
tions [12][13]. .

The purpose here was merely to show how the amplitude and phase of the
output voltage change compared with the input voltage at positive and nega-
tive feedback respectively.,

Frequencyédependent feedback.

As stated, it is possible by means of frequency-dependent circuit components
in the feedback path to influence the feedback voltage very considerably.,
A reduction of negative feedback at a certain point on the frequency response
curve means an increase in the resultant gain. If, for example, the cathode
resistor of an amplifier valve is bypassed by only a small condenser, then the
negative feedback which occurs at the lower frequencies will be reduced at the
upper end of the frequency range. This provides a most convenient method of
raising the upper frequency limit, for which reason it is very frequently used.
(See fig. 5-41 and condensers C,,, C,, and C,, in the vertical amplifier circuit
of Oscilloscope FTO 2, fig. 21-1, and fig. 21-15).

It should not be overlooked, however, that in contrast to the method of
increasing the gain by anode resonance, negative feedback produces no in-
crease in the undistorted output voltage at this frequency range. Itis amethod
therefore which is particularly useful in the initial stages of an amplifier but
not in output stages where a certain amplitude of voltage is required. When
rating the negative feedback circuit in wide-band amplifiers attention must be
paid to the limits set out by the amplifier’s response to suddenly rising or
falling voltages (e.g. rectangular pulses) [14]. Excessive negative feedback
might lead here to overshoot.
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In certain ranges it is possible to employ positive feedback with frequency-
dependent coupling to increase the gain. The disadvantage of negative feed-

1
back is that the overall gain is reduced by the factor 170G .For high de-

a G
mands it therefore entails a relatively extensive outlay in amplifier stages.
Good results have, however, been obtained with moderately priced, portable
oscilloscopes by using frequency-dependent positive feedback coupling.

Distortion and hum in feedback circuits.

Owing to the input voltage waveform being distorted during amplification,
caused particularly by non-linearity of the valve characteristic, new frequen-
cies are created. Residual ripple from the supply voltages can also cause
frequencies to appear in the amplified output which were not present
originally. In a positive feedback circuit these unwanted frequencies are
amplified by an amount corresponding to the feedback value. For this reason
suitable measures must be taken to keep them as small as possible (e.g. by
using valves with a sufficiently large grid spacing).

In a positive feedback circuit it is usually only a matter of a limited increase
of the upper frequency range, so that low-frequency ripple voltages will not
in any case be magnified.

In a negative feedback circuit, on the other hand, the unwanted voltages are
fed back to the input in antiphase. It is clear that these voltages will conse-

quently be reduced at the output, by the negative feedback factor 11 a.C —l—la ¥R
This is therefore a further advantage of using negative feedback in wide-band
amplifiers.

The distortion-reducing influence of negative feedback may be explained by
the linearizing effect it has on the dynamic characteristic of the valve. This
linearizing effect can, of course, only be taken as far as the susceptibility of
the anode current to further influence permits. In practice the result is that
the bends of the dynamic characteristic curve are moved further apart and
become correspondingly sharper. This is especially to be observed in output
stages which must be heavily driven. :
Another way of influencing still further the dynamic characteristic of the
valve is to include non-linear networks, auxiliary valves and the like in nega-
tive feedback circuits. By the intelligent application of negative feedback,
circuits can be built which often lead to fundamental improvements of ampli-
fier characteristics (constant amplification during voltage fluctuations, etc.).

Internal resistance in negative feedback amplifiers.

A change in the effective output and input resistance of an amplifier takes
place as a result of feedback.

As negative feedback in particular is extended over the whole amplification
range, it is important to mention this effect. A fundamental distinction must
here be made between negative current feedback (series coupling) and negative
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Output voltage requirements

voltage feedback (parallel coupling). In the case of negative current feedback,
input and output resistance are increased according to the feedback factor.

Thus:
input resistance with ;o ) 5
negative current feedback: Bim = Rin (1 + a-6) .(5 50)
and
output resistance with 1 p
negative current feedback: f Flow = Rou(1 + a-6) (5-51)

In the case of negative voltage feedback, input and output resistance are
reduced according to the feedback factor.

Thus: -
input resistance with R R,, (5-52)
negative voltage feedback: " 14 a G
and
output resistance with 1 p Bous
; R gy = —ont _
negative voltage feedback: f 2714+ a @ (5-53)

Since the aim with regard to deflection amplifiers for oscilloscopes is to achieve
a constant voltage amplification over as wide a band of frequencies as possible,
it is clearly preferable to use negative voltage feedback. Negative current
feedback has only a slight influence on the matching conditions when using
pentodes since, for reasons already discussed, the impedances of the coupling
elements must remain low. They represent therefore, even without negative
feedback, only a small fraction of the value of the input or output resistance
of the valve. But also the value of the output resistance reduced by negative
voltage feedback remains, generally speaking, without appreciable influence
on the characteristics of the amplifier. The increase of the input resistance
can, however, have a significant effect on the input stage. When the oscillos-
cope is connected up, the voltage source should be as little loaded as
possible; the input of the amplifier must therefore have a high ohmic value.
For this reason it is appropriate to use negative current feedback in the first
stage and negative voltage feedback in the other stages of a multi-stage
amplifier.

Output voltage requirements.

The output stage of the amplifier must be able to supply the voltage necessary
for the deflection required without additional amplitude distortion. In this it
differs fundamentally from the pre-amplifying stages which are only called
upon to deal with small amplitudes of voltage. As according to formula (5-87)
the value of the anode resistance must not exceed the calculated amount for a
certain upper cut-off frequency, the anode alternating voltage needed can only
be obtained by a sufficiently large change in anode currént. But the anode
current cannot quite be driven by grid control from zero to twice the value of
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the quiescent current. In general, the maximum anode current change
(4 1, 100) Will correspond to 1.5-1.8 times the anode quiescent current.
Thus: ,
AT e = (L5....1.8) - I, (5-54)
(With strong negative feedback it is possible to approach the factor 2.)
To achieve a satisfactorily large change in current, powerful output valves
must be used in the output stage of a deflection amplifier and their less
favourable characteristics as compared with the pre-amplifying pentodes
(larger electrode capacitances) will have to be tolerated. With a deflection
sensitivity of DS_, a deflection voltage Vy is necessary for the input voltage
on the Y plates to produce a certain deflection Y. -
Thus:
Yu

_ M (5
= Ds. (5-55)

Vy

If, for instance, the deflection sensitivity is DS— = 0.5 mm/V, then for a
beam deflection of 60 mm, a peak-to-peak voltage will be required of:

60 . .
05" 120 V,,,. In a symmetrical output stage, 60 V,,, will then fall to each

valve. In the family of curves for PL

a0 —PL83] Vepz200v_ 83 shown in fig. 5-80a, the load
I //' gr=0v 93 line has been drawn in for an anode
[mAl \ -w] resistance of 2k, where the screen
/ - grid voltage is 200 V, the :supply
80 { Y \|-Fa=22 | voltage 280 V and the anode quiescent
/ —A—TX current 30 mA. For a change in anode
,// \ _gy| current of A I, =1I,,, the output

40 voltage is:
ﬁ/ \ | = Vave = Lo oo By 5-56)
20— o =34 The output voltage of 60V, is obtained
[/ \ —v| by driving the anode current from

— A about 15.0 mA to 45 mA.
0 \ Any asymmetry is compensated by con-
0 100 200 300

L. tv1 490 necting the output in push-pull. In this
‘ fficient grid control is obtained
Fig. 5-30. Anode current—anode voltage case su g

characteristic of valve type PL 83 with a by a ‘grid 4c Yolta,ge of about 3.3 V,,,,
load line for 2 kQ. that is approximately 1.2 'V,,...

Balancing the output voltage.

As a'rule the input signals to the ¥ plates are single-pole earthed so that for
the symmetry of the deflection plates (see Chapter 2 “Cathode Ray Tube”,
page 15) there must be a balanced output from the amplifier.

One method of achieving this is by taking a voltage from the anode of the one
output valve, divided according to its amplification, and using it to drive the
other output valve. In the example shown in fig. 4-25 of a triple-pentode time
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Balancing the output voltage

base generator, a capacitance- compensated voltage divider is used for this
purpose. (Further details of this are given in the following sub- chaptel)
Another method, which is used in oscilloscope FTO 2, is 1Hustrated in fig,

5-81. Voltage division is effected in this instance by means of a variable
resistor in the anode load. This resistor R’ , must be adjusted in such a way
that the ratio of the anode 4C voltage (v,) to the portion taken off (p * v,) is
equal to the gain factor G of the stage.

Thus:
G= " _1 (5-57)
P Vg p
This results in a resistance ratio of
Ry 1
= = 5-58
=R, + R, G (5-58)
~and
4 R/l + R/ﬂ
Ry =—t(p—" - (5-59)

If, in the example of PL 83, G = 18 for B, = R,, 4 R',; = 2k then R”
must be %9 =111 Q.

If an inductance is in circuit to extend the upper frequency range, then, of
course, a corresponding portion of the inductance must be in series with R’ ,
The disadvantage of both circuits discussed is the further CR network which
has been added. As a result of this the lower cut-off frequency will be higher
for the second output valve than for the first, so that the grid drive will be
unbalanced at this frequency limit, in so far as it lies at all in the frequency
range wanted.

To overcome this disadvantage, a phase inverter stage may be used as shown
in basic form by fig. 5-82. In this case the second valve is driven by the

Vout Vout
,_—.N_ﬁ
V07—> 4—-Vc12 <—Vo; - 02‘:-
oL T i?. 6, L *_T_ L,
T Ry Ry ) Rap

Fig. 5-81. Controlling the second valve Fig. 5-82. Controlling the second valve
of a balanced output stage with a portion of a balanced output stage by means
of the output voltage of the first valve. of cathode coupling.
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alternating voltage across the common cathode resistor. This circuit is there-
fore particularly suitable for amplifiers required to pass extremely low
frequencies and DC voltages too.

The working principle of the circuit in fig. 5-82 may be described as follows.
The input voltage v,, results in an alternating anode current ¢,, which also
flows through the cathode resistor Rj. The resultant alternating voltage
across I; is in antiphase to the input voltage on the control grid of valve 1
(negative feedback). This voltage is, however, simultaneously operative be-
tween grid and cathode of valve 2 whose grid is at earth potential; this valve
is therefore controlled in the way desired, namely in antiphase. The alter-
nating current set up in the anode circuit of valve 2 also flows through the
common cathode resistor but the resultant 4C voltage drop is in antiphase
to the cathode AC voltage caused by the current of valve 1, so that the control
voltage for valve 2 is reduced and as a consequence of this, the voltage drop
due to the current of this valve is also reduced. This, however, means that the
voltage difference on the cathode resistor will be increased, valve 2 will again
be driven more heavily, and so on. A state of balance is thus introduced after
the amplifier has been switched on, which is achieved for certain valves by
suitably rating E,. If, under certain circumstances, the negative grid bias
becomes too large, the operating point can be restored by connecting the
grid leak resistors E,; and R, to an appropriate source of positive voltage.
Thus, the grid drive of valve 2 as well as the negative feedback coupling of
valve 1 is effected by the alternating voltage difference caused by the cathode
currents 4,; and ¢,,. It follows in the nature of things that perfect symmetry
cannot be achieved in this way. A simple calculation proves, however, that
the asymmetry remains satisfactorily small if the product S - R, is large with
respect to unity.

The relationship between the anode alternating currents is given by the
following equation:

ial_l—f'ﬂ'S'Rh i

—_— 5-60)
e B S Ry (5-60)

If, for example, two valves, type PL 88, are used in this stage with a mutual
conductance of 10 mA/V and a cathode resistor of 500 £, then:

’@_1—}—1.14&( 10 X 10—2 X 500
Tes 114 X 10 X 10—3% X 500

= 1.175

The difference of the anode currents and thus of the output voltages is there-
fore 17.5%. It can, however, be completely compensated if necessary by
unequally rating the anode resistances. This circuit can, of course, be used
for pre-amplifying stages as well as for output stages. The gain of such a
stage is in general approximately one half of the gain obtained by means of
the cathode resistor without negative feedback (e.g. with fixed grid voltage
and earthed cathode). If, as shown in fig. 5-88, equally large coupling resistors
are connected in the anode and cathode leads of a triode, the voltage on the
grid of this valve can also be taken off, balanced and in antiphase, from

37 The factor 8 expresses the difference between cathode current and anode current (about
1.1.....13).
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Controlling the amplitude of the signal

cathode and anode. The amplification from input to one output will, of course,
always be less than 1, as the entire voltage from the cathode resistor is fed
back in antiphase. The disadvantage of this
circuit is, therefore, that the maximum
amplitude of the output voltage is somewhat
smaller than twice the input voltage, so that
to drive large output stages it is necessary
either to use a valve with a sufficiently large
anode current or to interconnect a further
symmetrical stage of two valves.

Its advantage is that it offers a high input
and a low output impedance (strong negative
“current” feedback). In this way, both the .
output valves may be driven entirely sym- Fig. 5-83. “Catodyne™ circuit for
metrically. ’ voltage symmetry in amplifier.
Other phase inverter circuits for driving

push-pull stages are in use [15].

In oscﬂloscope “FTO 27, for example, an anode follower is employed for
balancing the time base voltage.

Controlling the amplitude of the signal.

There are fundamentally two possible ways of controlling the amount of
beam deflection caused by the signal to be investigated.

We may either vary the amplification of the valves or brlng about a division
of the unamplified or amplified voltage.

The latter method leaves the amphﬁcatmn at its maximum value and effects
adjustment by dividing the input voltage. It is the system most widely used
at the present day and permits the voltage division to be carried out at the
input, between the individual amplifier stages, or at the output. The use of an
input potentiometer, as adopted for audio frequency amplifiers, might seem
on the face of it to be particularly suitable in this instance. Since, however, the
upper frequency limit is mostly much higher in deflection amplifiers for
oscilloscopes than in electro-acoustics, attention must be paid to the in-
fluence of unwanted capacitances on the voltage division.

A circuit of this sort is shown in fig. 5-84a and the equivalent circuit of an
“input potentiometer” is shown in fig. 5-34b. It can be seen that the influence
of capacitance C, which is composed of the self-capacitance of the potentio-
meter, stray wiring capacitance and the input capacitance of the valve, is

greatest in the centre of the potentiometer. The voltage division ratio 7o
"0

then appears from the equation:

% _ L (5-61)
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Fig. 5-84. Circuits illustrating the influence
of stray wiring capacitance on a voltage
divider.

Fig. 5-85. Practical circuit of a step voltage-

divider with compensating condensers. Resis-

tors: R,, Ry, R; R, = 0.8MQ. R,, R, R,

Ry = 0.1 M{Q. Capacitances: C; = 0.2 uF, C,,

C;, C;, Cy = 160 pF. C,, C,, Cy, Cy = 6-30 pF
(air trimmer).

If, for example, R = 10,000 ohms, C = 20pF and w = 2 -10° ( f = 10° ¢/s),
then we obtain:
Vg . 1 o 1
p o 4 - 9.85 - 10 - 400 - 10-2* - 10° V1 F 0.0985
L+ 16

= 0-953.

It thus appears that, as a result of the shunt capacitance C, at a frequency of
1 Mc/s the output voltage v, is smaller by about 4.7%, than it should be.
If R = 100 k{2 the error would be 699 and therefore not to be
tolerated. For this reason such types of controls must have a low ohmic
value, but if they are used in the input, this again entails an impermissible
load on the voltage source. A way around the difficulty can be found by
shunting a condenser (C' in fig. 5-84b) across the ‘“‘upper” part of the
potentiometer. As the frequency increases, extra current flows through C,
thus compensating the influence of capacitance C which also increases with the
frequency. In this way it is possible to build high-ohmic voltage dividers
which are to a great extent independent of frequency. The following must
apply in this case:

R,-C'=R, C (5-62)

(At the low frequencies, voltage division is effected by the resistances, at the
high frequencies by the capacitances.)

In the example quoted, compensation could only apply to that particular
setting of the potentiometer; it has not so far been used for continuous
voltage adjustment since the capacitance C’ would likewise have to be variable
and this would lead to complicated control components. Great use is made
of it, on the other hand, in step voltage dividers. A practical voltage divider
of this sort is shown in fig. 5-85. This circuit also contains pi elements but in
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general these are dispensed with, and for each attenuator position a voltage
divider is switched in between input voltage and amplifier input.

Controlling the amplification by varying the DC voltages on the first or
second grid is, in general, not to be recommended. The jumps in voltage
which are unavoidable with this procedure are transferred in an amplified
form to the deflection plates, especially where amplifiers with a very low cut-
off frequency are concerned.

It is, however, very convenient to control amplification by means of variable
negative feedback. Any other form of adjustment is synonymous with a
deliberate worsening of the maximum amplification that can be obtained,
while the frequency response of the amplifier remains unaltered. If, on the
other hand, the amplification is reduced by means of increasing the negative
feedback, then as pointed out earlier in this chapter, the frequency response
of the linear characteristic is widened at the same time.

Care must be taken, however, when using variable negative feedback with
frequency-dependent circuit components in the feedback path, that no
disturbing rise in amplification or tendeney to oscillation occurs in the critical
areas at the frequency limits.

The cathode follower.

The cathode follower is anideal means of matching
a high input impedance to the low impedances of
the coupling elements in a wide-band amplifier,
which is of course a fundamental requirement.
In this circuit the coupling resistorisin the cathode
lead while the anode is connected direct to the DC
voltage source. Since from the point of view of
alternating voltage the anode remains without
voltage, this circuit is also referred to as the Fig. 5-86. Conventional cir-
“anode base’ circuit [16] [17] [18]. cuit of a cathode follower.
A conventional circuit of this kind is shown in

fig. 5-86. (It includes the circuit components which generate the grid bias,
but these have no influence on the amplification.)

Specially characteristic of the cathode follower’s properties is the fact that
the total output voltage v, is inversely coupled to the grid. All advantages of
the negative feedback amplifier—freedom from distortion, linear frequency
response up to high frequencies—are therefore present here in a correspondingly
high degree.

The output voltage v, is obtained from the equation:

R, R,
R, R,

V=48 "0," (5-68)

R,-R
Tf the factor ﬁ, which represents the parallel circuit of the internal
i k

resistance of the valve with the cathode resistor, is simplified to B, and if v, is
represented by:
Vy = Vg — Uy 5-64)
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then we arrive at the expression:
Oy =8 By (Vs — ) (5-65)

. . 0
From this we can calculate the gain G = - as:
in
SR,

=115 =&,

(5—66)
The voltage gain will thus always be less than 1. Taking as an example an
EF 80 connected as a triode, with an internal resistance of R, = 10,000 £, a

10,000 - 5000
cathode resistor of R, = 5000 £, (thus B, = 10,000 1 5000 — 3333 2) and

a working slope of 5 mA/V, the gain is found to be:
5-10-3 - 3333

G¢=7 1 5-10-%-3333 0.943.

Now the input current is not, as in “anode’ amplifiers, given by the quotient

i, = Zﬂ This current is determined in a cathode follower by the voltage
g
difference v,, — v, = v, so that we obtain the equation:
L gy — U g
ly = St (5-67)

The effective input impedance is therefore increased. It can be calculated from
the equation:

1
Ziang'l,

i@ (5-68)

. 1
71-—0.948
R,-17.5. If therefore R, = 2 MQ, the input impedance will be Z,;, =
35 MQ 36,

It is clear that with an input impedance as high as this even the slightest
currents caused by stray couplings will result in interfering input voltages. In
these circuits, therefore, the input terminals and the grid lead must be
thoroughly screened.

The output impedance is, in general, resistive and is expressed by the
equation:

Taking EF 80 again as an example, theinputimpedanceZ,, = R

1

=R e
s~<1+1)
U

(5-69)

0 =

. . . . 1
in which u represents the amplification factor of the valve. In most cases —

with respect to 1 can be neglected so that the output impedance is equal to

38 This increase in impedance does not occur for impedances lying immediately between the
input terminals across v;,. They, of course, load the voltage source direo@tly.
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the reciprocal of the mutual conductance (slope). With EF 80 where § —
5 mA/V, we obtain:

1
5103

Z,=R, = = 200 2

Equations (5-68) and (5-69) show that with a cathode follower an extremely
high input impedance can be matched to a low output impedance.

This “impedance transformation” also means that small alternating input
currents can be amplified to appreciable values. A cathode follower, therefore,
does not amplify voltage but it does amplify the current of the input voltage
source and, since the voltage remains almost constant, it permits a quite
considerable power amplification.

For use in oscillograph amplifiers it is important to know the value of the
maximum permissible input voltage v;, ,,q,- The maximum permissible alter-
nating grid-voltage v, .., can be obtained from the valve data or family of
characteristics. The value of v, .., is then given by the expression:

1

Vin maw = Oy man * 1 G

(5-70)

If, therefore, the valve in the example is set so thatv, ., = 0.8 V, _and, as

calculated, = 17.5, then v,, ,4, = 14.0 V... (When establishing the

1
1—G
value of v, ., it must be ascertained whether the maximum peak-to-peak or
the r.m.s. value has been determined.) :

In another type of cathode follower circuit, shown in fig. 5-87, the grid
resistor is connected, not to the cathode, but

to the chassis (“0”). This does not result in a R o+

ga I

? Ya

reduction of the load due to the grid leak, as
previously described, but it has the great ad-
vantage that the output impedance is largely
independent of the impedance of the voltage
source [19] [20] [21] [22]. For this reason, it finds
wide application in amplifiers of oscilloscopes
which are required to operate with voltage Y_
sources qf varying output impedance. As in Fig. 5-87. Cathode follower cir-
this circuit the voltage drop across the cathode cuit in which the operating
resistor delivers to the grid a voltage that is'too  point is adjusted by a positive
high for a proper operating point, this voltage inverse voltage.

must be controlled by simultaneously applying

a suitably high positive voltage (as in the balanced cathode-coupled stage).
As shown in fig. 5-87, this can be done quite simply by connecting the grid to the
anode voltage source via a resistor. The ratio of the resistances (R, + R,,) : R,
determines the portion of anode voltage which is to be used as positive counter-
voltage. Since this voltage is determined only by the ratio of resistances and
can thus be regarded as ‘“fixed”, whereas the negative voltage from the
cathode resistor amounts to several times the value of the normal grid
voltage, the operating point of this valve always adjusts itself automatically
and stably to the adjusted value of cathode current.

Vin
Ry Rk Vour
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DC voltage amplifiers.

For many tasks which the oscilloscope is required to perform it is necessary to
amplify DC voltages or the DC voltage components of complex signals.
Amplifiers for this purpose are often employed in supplement to the normal
AC amplifiers in oscilloscopes (e.g. Philips GM 4580 and GM 4531).

As an example, fig. 5-88 gives the simplified circuit of a single-stage, sym-
metrical DC voltage amplifier with two valves, type EF 42,

The input signal v,,, is applied directly to the input terminals. Since the cathode
resistance Ry, , is small compared with the impedance of the signal source and
with the resistance of the grid leak R, practically the entire input voltage
appears between grid and cathode of this valve, the anode current of which is

o
ﬁ’m —n—t

Fat,2/5kl)

Rg2f2mn, m Raz2/10 k41
i :
i Lyt
P1/1ok0 Jf?T/aok.n, Pa/sorma,
[]

ziouF B
< # zs0v= 0

a +
Fig. 5-88. Single-stage DC amplifier in push-pull.

s

driven accordingly. This current, together with the anode current of valve 2,
flows through the common cathode resistor Ry, so that the voltage drop
across this resistor is increased. But the same voltage appears also, via P, and
R,,, between grid and cathode of valve 2 so that if, for example, a positive
input voltage arrives, the current in this valve will sink. The anode potential
will have risen accordingly, whereas in valve 1, as a result of the increase in
current, it will have fallen. Here again, therefore, we have obtained by means
of cathode coupling a push-pull relationship between the anodes of both
valves, providing the balanced voltage output to the ¥ plates of the cathode
ray tube which is necessary if the oscillogram is to be sharp and free from
distortion. The symmetrical grid drive of both valves can be achieved by
suitably rating the cathode resistor Ry ; it may be useful to make this
resistor variable. Since the change in anode current of valve 2 causes a voltage
change across the cathode resistor in opposition to that caused by valve 1,
the grid drive of valve 2 is, to be exact, the consequence of a certain residual
asymmetry of the anode currents. (See also “circuits for balancing the output
voltage” pages 115-117.) In general, this will result in a value for the cathode
resistor which would produce an excessive quiescent grid voltage. To obtain
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Some practical AC amplifiers

the most favourable operating point, the grid leaks are led in this case, not to
0, but to a variable positive voltage on the arm of potentiometer P;.
Anode symmetry can be adjusted by means of potentiometer P, ,.

The following remains to be noted with regard to the deflection plates of the
cathode ray tube when using DC voltage amplifiers:

The final accelerating electrode of every cathode ray tube used for measure-
ment purposes (a, in the circuit diagram) is earthed in the usual way. Now if
the reference point (“0°’) of the amplifier were also to be earthed, then both
deflection plates D; and D’; would, with respect to a,, be at the positive
potential of the quiescent anode voltage. As, however, the deflection plates
in the path of the beam do not represent symmetrically turned electrodes, the
result is a distortion of the field which produces severe astigmatism of the spot
on the screen. This can be avoided if, instead of the “0’’ point, a point of the
amplifier is tied to the chassis of the oscilloscope which can be adjusted to the
same positive potential as that of the anodes of the valves in quiescence. In
the circuit diagram, P, is used for this purpose. This means in practice,
that the spot focus must be adjusted twice, firstly in the usual way and
secondly by means of P, As long as the voltage divider P, — By — P, has
not been given a too high ohmic value, there are no resultant difficulties with
mains hum or the like. To make quite sure, however, a condenser of about
10 uF can be connected between “0”” and earth, as shown in the circuit diagram.
Care must be taken at the same time that a corresponding DC potential
exists between the chassis of the amplifier and the chassis of the oscilloscope.

Some practical AC amplifiers.

The circuit diagrams given in figs. 5-89, 5-40 and 5-41 are practical examples

of deflection amplifiers used in some Philips oscilloscopes.

Fig. 5-39 shows the circuit used in the small oscilloscope GM 5655, in which

both systems of a triode-

hexode areconnectedin cas- ta = g

cade. The voltage-divider

across the input consists of éf?az 0.25M
68n= 2.7M

a fixed resistor of 1 MQ2 and 5 o
a potentiometer of 0.1 M.
Input voltages of up to 50 47==5/M 5
V,..s can be apphed direct e
to the potentiometer (ter- 4o
minals 8 and 4). For vol- 0.22u
tages greater than 50V, .  OM 2-2M§
(up to 800 V,,,.) the voltage

divider is necessary; these 3
are applied to terminal 5. - Yy
As compensation for the o %2
capacitance between the Fig. 5-89. Deflection amplifier in oscilloscope GM 5655.
grid of the first stage and

chassis, the voltage divider resistor of 1 M{2 is shunted by a small condenser of

about 4.7 pF. This compensation is only effective, however, when the arm of
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Deflection Amplifiers 5

the potentiometer lies right at the end, at the junction with terminal 4.
As an identical amplifier is also available for X deflection, it is necessary, in
cases where intermediate positions of the potentiometer are required, first of
all to find a setting, with the same 4C voltage on both amplifiers, such that
the phase difference in both amplifiers will remain sufficiently small. With a
maximum deviation of + 109}, however, phase measurements can readily be
carried out between 6 ¢/s and 10 ke/s, if the voltages are to be applied to
terminals 4 and 8. Using the voltage divider, this applies up to 2000 c/s. The
triode system of the valve is used as the pre-amplifier stage. To boost the
upper frequency limit, positive feed-back is employed in this stage, using a
condenser of 15 pF between anode and grid.

The resistors of 0.56 M2 and 0.1 MQ between the anode of the hexode system

/
Ry R/
100k 400k

Fig. 5-40. ,
Deflection amplifier in
oscilloscope GM 5659,
y a) Basic circuit. b) Nega-

‘ '

1 tive feedback network.

Rag Ry Cap O-111F
120k & 20k

and the anode of the triode system introduce negative feedback for the output
stage to increase the undistorted drive voltage for the output. A condenser of
10 pF between the junction of these resistors and the chassis reduces the
negative feedback at high frequencies, so that in this way too the amplifi-
cation curve at the upper frequency end can be boosted. With this amplifier,
the deflection factor of cathode ray tube DG 7-6is 80 V,,, ./em. The cut-off
frequencies lie at 3 ¢/s and 50 ke/s 9.

Fig. 5-40a and b shows the circuits of a balanced two-stage amplifier with four
EF 80 type valves as used in the GM 5659 oscilloscope.

The amplitude of the input voltage is regulated in steps by means of frequency
compensated voltage dividers, as shown in fig. 5-34b. For every individual
attenuator position, a voltage divider (with 5 : 1 ganged divider ratios) can be

3 In Philips’ GM 5655/02 oscilloscope, the deflection amplifiers are each fitted with one
ECC 81 and one EF 80. The EF 80 functions as a pre-amplifier, and both systems of the
ECC 81 as a push-pull output stage. The cut-off frequencies are 3 c/s and 150 ke/s, the
deflection factor 20 mV,,,/ecm.
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Some practical AC amplifiers

switched in between input voltage and amplifier input. The input impedance
is thus kept constant and amounts to 1 M£2 in all attenuator positions.

The second side of the balanced amplifier is driven by means of cathode
coupling via the delta arrangement of resistors By,, Ry, and Ry, Frequency
response correction is provided by frequency-dependent negative feedback
over resistors R,; and R,,. These are shown in the circuit diagram as simple
resistors but in the actual oscilloscope they consist of a network of resistors
and condensers, as shown in fig. 5-40b. The negative feedback resistor proper
(R,1) is shunted by condenser C,, and by R’,; and C,, in series. At high
frequencies C,,is a short circuit so that this circuit element then consists only
of the resistors R,; and R’ in parallel, and C,,.

C, represents the capacitance between filament and cathode of the valve as
well as the stray wiring capacitance. In the mid-frequency range, the negative
feedback is independent of frequency when:

R, R,

Cn R, TR,

=G, By (5-71)
(R; = resultant total cathode resistance of the delta circuit). Capacitive
compensation, as in the frequency-compensated voltage divider in fig. 5-84b,
is thus achieved by means of C,, and C,.

At low frequencies the reactance of C,, increases, so that the negative feed-
back decreases and the gain at the lower end of the frequency response
characteristic is boosted ( f; = 0.8 ¢/s).

To improve the frequency response at the upper end of the range the negative
feedback is decreased by correspondingly adjusting C,, in relation to C.,.
By varying Ry, it is possible to control continuously the negative feedback
and inversely change the overall gain in a ratio of 5 : 1 40, Together with the
step voltage-divider at the input, a gain control in a ratio of 8000 : 1 can be
achieved in this way.

The maximum amplification is about X 850 which, in conjunction with
C.R.T. DG 7-5, corresponds to a Y deflection factor of about 20 mV,,,/cm.
(56 mV, /cm). The maximum permissible input voltage is 500 V,,, .

The cut-off frequencies lie at 0.8 ¢/s and 0.8 Mc/s. This ensures faithful repro-
duction of voltage pulses from 50 ¢/s to 50 ke/s, and if the demands are not
too high, up to 100 ke/s.

Fig. 5—41 shows the amplifier circuit of Philips Oscilloscope GM 56538. With
its cut-off frequencies of 1 ¢/s and 8 Mc/s, it is an example of a special high-
efficiency amplifier.

An EF 42 pentode is connected as a cathode follower triode at the input.
The cathode voltage, which is too high to be used for grid bias, is compensated
im this case by feeding an equally high negative voltage to the cathode. To

40 This may be explained as follows: If one first assumes that R, is not present, then the
entire negative feedback, which also drives the appertaining grids, appears across the
cathode resistors R;; and R;,. If, on the other hand, one assumes that the cathodes of
valves 1 and 2 are directly connected, then the negative feedback voltages across the
cathode resistors will cancel each other out, as they are in anti-phase (provided, of course,
that both stages are perfectly balanced).

Between these two extremes it is possible, by means of a variable resistor between the two
cathodes, to vary continuously the negative feedback and hence the overall gain.
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Fig. 5-41.

Deflection amplifier in Oscilloscope GM 5653. a) Basic circuit, b) voltage divider in probe.

prevent this compensation voltage from leading to supply-voltage surges in
the amplification path, it is stabilized by valve 85 A1. In this way the cathode
current flows to the source of the negative voltage so that the cathode resistor
itself remains void of current for all practical purposes. Thus the risk is
avoided of voltage surges arising when regulating the amplification by voltage
division in the cathode circuit, surges which, at the extremely low cut-off
frequency of the amplifier, might cause annoying fluctuations in the pattern
on the screen.

Voltage division is carried out by switching over the cathode resistors in three
groups, and a facility for continuous control is provided by potentiometer R,.
Next to the cathode follower come two pre-amplifying stages in cascade. The
condensers in the cathode circuits here and in the output stages are small and
serve only to boost the gain in the upper frequency band; furthermore,
negative current feedback takes place via the cathode resistors. A further
increase of the upper frequency limit is brought about by means of inductances
L, and L, and L, and L, in the anode circuits.

These chokes are amply rated to exclude all possibility of overshoot. In this
way too a very good phase characteristic is obtained. (See fig. 5-21a and b.)
The drive of the second valve in the balanced output stage emanates in this
circuit neither from the anode resistor nor from the cathode, but from the
screen grid of the first valve. The screen grid resistor, which, with respect to
the chassis, must not be bypassed with a condenser as is the usual practice, is
rated in such a way that the control voltage for the second valve has the same
amplitude as for the first, except that it is shifted in phase by 180°. In this
stage, type EL 41 output valves are used with their normal anode current of
86 mA in order to obtain sufficiently large deflection voltages with low anode
resistors at an upper frequency limit of 8 Mc/s. The output voltages of this
vertical amplifier are so large that undistorted oscillograms are possible ex-
tending in the Y direction beyond the useful screen of the cathode ray tube.
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Some practical AC amplifiers

Thus, details can be observed in the Y direction with increased amplitude,
corresponding to the use of a larger screen.

The maximum undistorted input voltage of the cathode follower amounts to
14V, .. (about 40V, ). For higher input voltages an additional voltage
divider is provided in the form of a probe, the circuit of which is given in fig.
5-41b. It can be seen that this is another frequency-compensated voltage
divider as already described. The ratio of the resistances is arranged to allow a
division of voltage in a ratio of 20 : 1, so that 4C voltages of up to 280V,
(about 800 V) can be observed. In the lower part of the voltage divider, the
variable condenser Cy, lies in parallel with the input capacitance C,, and the
capacitance of the cable. The variable condenser Cy;is responsible for frequency
compensation #!, The input resistance of the oscilloscope (R,, = 1 MQ) is
also shunted by the divider resistor R,. If B, has a value of 9.5 MQ, then with
a probe input resistance of altogether 10 M, a voltage division of 20 : 1 is
obtained. As the input capacitance of the probe only amounts to 8 pF, it is
advisable to use the probe whenever possible and most especially with voltage
sources having a high internal resistance (television receivers, time base
circuits, etc.), as otherwise the input capacitance of the vertical amplifier with
direct connection between terminals 5 and 6 will be less favourable (15 pF,
input resistance 1 M{Q). The smallest possible deflection factor is 0.8 V,,./
em. with probe and without probe (amplifier direct) it amounts to 15 mV,,,/
cm. The cut-off frequencies lie at 1 ¢/s and 8 Mc/s; at 7 Mc/s the gain is still
809, of the average. Voltage pulses are faithfully reproduced from 50 ¢/s to
200 kefs, and if the demands are not too high, up to 500 kc/s.

The cathode ray tube employed in this apparatus is the type DG 10-6, with
Vi =—1200V and V,; = 4825 V. The deflection factor amounts, for alter-
nating voltage, to 8V, (23.6V,)/cm, corresponding to a deflection
sensitivity of DS+ = 1.25 mm/V,,,. or DS= = 0.44mm/V-.

Further examples of deflection amplifiers are contained in part IV of this
book, in which more details will be found on the rating of the circuit compo-
nents, not only for amplifiers but also for the other structural sections.

Direct-voltage amplifiers are often used as independent units supplementary
to the 4C amplifiers incorporated in the oscilloscopes. Fig. 5-42 shows as an
example the circuit diagram of the DC amplifier, type GM 4531, brought out
by Philips.

When designing DC amplifiers, care must be taken, more so than when
designing 4C amplifiers with a very low frequency limit, that fluctuations in
the supply voltage have no noticeable effect on the output voltage.

This amplifier is therefore designed symmetrically throughout. Moreover the
valves in both pre-amplifying stages are heated in series and the heater-
current is kept constant by a ferro-hydrogen resistor (8). The screen-grid
voltage of the valves in the first amplifying stage is stabilized independently
of the supply voltage by means of a type 85 A2 stabilizer valve (7).

The anode current is supplied by two rectifiers and filters in opposite polarity.
This makes it possible to connect one pole of the input connections and one
“ The component numbering is as used in the original circuit diagram.
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pole of the output to the chassis. The input is symmetrical; asymmetrical
input voltages can nevertheless be applied between sockets 1 and 2 or between
3 and 2.

The amplification of the first pre-amplifying stage with valves 1 and 2 is about
50 X, having regard to the negative feedback due to the cathode resistors.
The output voltage in the anode circuit of these stages must be divided by a
ratio of 5 : 1 (resistors By, and R,, and resistors R, and R,;) in order for the
requisite direct voltages to appear on the grids of valves 8 and 4 of the second
stage. The resultant “net” gain of the first stage is 10 X. In the second
stage it is about 120 X. \

In the output, two valves, type UL 41 (5 and 6), are circuited as triodes in a
cathode follower stage. This arrangement allows the connection to the ampli-
fier not only of oscilloscopes but also of low-ohmic indicating devices (between
sockets 4 and 5 minimum 5 k&) such asloop galvanometers or paper recording
apparatus (Kelvin & Hughes Recorder “FE 104” or “FE 105”) for recording
slowly changing phenomena. The gain of this stage is about 0.8 X.

For further stabilization, and to improve the frequency response of the
amplifier, a second negative feedback (5-fold) is provided from the cathodes of
valves 5 and 6 via resistors Ry, Ry, and condensers Cy, C, to the cathodes of

2xUAF 42 2xUAF42 2xUL 41
o & gfﬁm 3
18 -
15 JJF 100
PYo=N Ryt
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Fig. 5-42. DC amplifier, type GM 4531.
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valves 1 and 2. The resultant total gain is 200 X with an upper cut-off fre-
quency of 50 ke/s.

By means of potentiometer R, the screen grid voltages of valves 1 and 2 can be
varied by a certain amount with respect to each other. The output voltage on
sockets 4 and 6 is thus correspondingly displaced. The value of this displace-
ment (+ 250 V,,,.) can be read on the scale beside the control button for R,.
In this way it is possible to adjust on the screen of the cathode ray tube the
image of a suitably amplified composite input voltage—the alternating
component being relatively small—and to obtain good analysis of the small
voltage change. (See footnote 2 on page 187.) In a similar way the value
of the DC input voltage can be determined directly, taking into account the
adjusted gain.

The great constancy of valve working-voltages needed in DC amplifiers for
still higher amplification involves a very considerable outlay. In Philips’
amplifier type GM 4530, whose five stages provide a gain of 8,000 X (with
certain limitations, up to 10,000 x) all anode DC voltages are stabilized
electronically in an extensive power pack, in addition to the measures
described for the type GM 4581 amplifier. (See fig. 8-7.) Further provisions
are made to reduce to a minimum the influence of changes in circuit compo-
nents caused by ambient humidity or variations in temperature.
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6. Taking the Oscilloscope into service ; adjustment
procedure

Setting up the oscilloscope.

Although quite considerable brilliance of pattern has been achieved on the
screens of modern cathode ray tubes, it is nevertheless desirable to set up the
oscilloscope in a position where no direct
light, either natural or artificial, will fall
on the screen, !

The oscilloscope should not be set up beside
a window where it might be necessary to
adjust picture brilliance to an undesirably
high value. To prevent light falling on the
screen, a visor or light-shield is always to be
recommended. Examples can be seen in
fig. 6-1 and fig. 1-2. Using these, the operator
will automatically be bound to keep the spot
and thus the width of the electron beam

Fig. 6-1. Front panel of an oscillos-
R . cope showing visor for shielding the
small, achieving in this way the best pattern C.R.T. against incident light.

definition on the screen.

Switching on; brilliance and focus adjustment.

In general no special measures are needed when switching on. The brilliance
should be turned right down beforehand to avoid overloading the cathode
while the filament is warming up. The filament voltage should have been
on for at least one minute before the brilliance control is turned up. If
there is no deflection voltage on either of the pairs of deflection plates, what
appears on the screen is the reduced image of the cathode. As the accuracy of
picture definition is greater the smaller the spot, the voltage on anode a,
must be adjusted by the focus control to produce the smallest possible spot
on the screen. During this process the spot appears in several different shapes
and sizes, as may be seen by referring back to fig. 2-7 on page 8. When the
input voltage is on the Y plates simultaneously with the time base voltage on
the X plates, the resultant oscillogram on the screen is adjusted for optimum
definition with the brilliance and focus controls. Typical results are shown in
fig. 6-2, which also demonstrate the influence of brilliance on the accuracy of
picture definition. In fig. 6-24 the trace of the spot, although fine, is too faint
to allow the whole pattern to be recorded satisfactorily with the camera. The
most favourable brilliance is seen in fig. 6-25, where the whole oscillogram
can be observed distinctly without any loss of detail, If a strong presentation
of the wave-shape is required, c is the right oscillogram. In 4 and e the bril-
liance is too high and the trace of the spot too broad so that certain charac-
teristics of the waveform may well be obscured. Excessive brilliance also

! The light from the total charge of fluorescent lamps, with its strong ultra-violet compo-
nent, can be particularly unfavourable, since this latter excites the entire screen into
fluorescence so that it appears brighter than accords with its natural ‘“whiteness®’.
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involves the danger of the trace
“burning in”’ on the screen, and this
danger is greater the smaller the
surface covered by the spot, that is
to say, the greater the specific load
on the screen. This fact should
especially be borne in mind when
there is a possibility of a deflection
voltage cutting out for any reason.
When large-area waveforms, (for
example that of a modulated RF
voltage) are under investigation, the
brilliance must be turned up rela-
tively high. If the signal now cuts
out, the high power of the beam will
be concentrated on the horizontal
trace; thisis one of the most frequent
~ causes of burnt-in zero lines on ca-
thode ray tubes.

a) Fine definition
but brilliance
too low.

b) Most favoura-
ble setting.

¢) Strong wave-
form.

d) Brilliance too
high.

Astigmatism.

If there is an alternating voltage e) Details  obs-
on the Y plates only, a vertical cured by exces-
trace will appear on the screen. i‘r:iley thick

When adjusting the sharpness of this
trace, we find that the setting of the
focus control is different from that
which was needed for the horizontal
trace, the extent of the difference
depending upon the tube in question.
This is due to an imperfection in the electron lens of the cathode ray tubes
and, by analogy with the corresponding correction error in light optics, is
referred to as ‘‘astigmatism”.

In fig. 6-8, three sections of oscillograms are reproduced, enlarged about 1%/,
times, showing the result in such a case at the junctions of these traces. In a),
the horizontal trace is sharply focused and in b), the vertical trace. (A tube
with marked astigmatism was chosen for the purpose of illustration.) With
such tubes a compromise must usually be struck between both settings

(fig. 6-3c¢). The smaller the difference
. . - - . .} between them, the better will be the
a b [

overall focus of the pattern. In
certain high-duty oscilloscopes a
Fig. 6-8. Co-ordinate traces of an astigmatic
cathode ray tube.

Fig. 6-2. Oscillograms showing the influence
of brilliance on the waveforms.

control is provided by means of
which the mid potential of the
deflection plates can be made to
equal that of the final accelerating
anode. This avoids the additional
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v

Fig. 6-4. Choice of picture width.

astigmatism which might otherwise result from the
potential difference between these electrodes.

Picture width.

The width of the pattern on the screen can be adjusted
by varying the voltage on the X plates. It is clear that
the “time expansion” of the phenomena being observed
will be greater the wider the oscillogram can be made
(the time base frequency remaining the same, of course).
Nevertheless, there are certain limitations.

Fig. 6-4 shows the influence of the picture width on the
pattern on the screen. For this oscillogram the time base
voltage applied was so high that the waveform under
investigation passed beyond the edge of the screen.
The curvature at the edges of the screen then distorts part
of the oscillogram. This large width is restricted to special
cases. The oscillogram in b) shows the most advantageous
width for general purposes, as the whole screen is used
for the display without the useful surface being exceeded.
The setting as in ¢) may be preferable for some purposes,
although some subtleties of the waveform are lost by
compression along the time axis. The pattern shown in d)
would be most unfavourable.

Picture height.

Directly connected with the question of the most useful
width of picture is the question of the most advantageous
height of the picture. This too can be adjusted by varying
the amplitude of the signal applied to the ¥ plates.

Fig, 6-5 gives a number of oscillograms from which it
can readily be seen which setting will probably be the
most favourable. In a) and b) the waveform again goes
beyond the useful surface of the screen. This setting will
only be serviceable for special investigations 2 The wave-

Fig. 6-5. Choice of
picture height.

2 Of course it is possible in this way to observe details in the Y direction which would
correspond to observation on a larger type of tube. In fig. 6-5a, for example, the centre of
the oscillogram appears enlarged. With the vertical shift control one can then observe the
other portions of the waveform (top and bottom) by shifting them to the centre of the
screen. This method was used to obtain the oscillogram in fig. 15-19 (page 248) which
shows the upper peak of the waveform of fig. 15-17a (see chapter 15).
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forms in c) and d) are clearly the most advantageous; which setting of the
two is to be preferred depends upon the intention. In e).not enough details
are visible in the Y direction.

Synchronization.

Numerous applications of the oscilloscope are concerned with the observation
of periodically recurring phenomena in dependence upon time. If the time
base frequency is adjusted to be a whole fraction of the frequency of the signal
on the Y plates, the: patterns obtained on the screen show in inverse
proportion one or more whole cycles of the pheno-
menon under investigation. If the frequencies are
identical, one cycle appears on the screen; if the
time base frequency is one half of the frequency on
the Y plates, two cycles appear, if one third, then
three cycles are shown, and so on.

Only when the time base frequency is amathematic-
ally exact whole fraction of the input signal will
the oscillogram be perfectly stationary, drifting
neither to the left nor to the right, for only then
does the spot describe the trend of the input signal
in exactly the same path on the screen. When
there is no synchronization, the traces described
by the individual cycles of the time base no longer
appear one above the other but side by side,
resulting in blurred or superimposed oscillograms.
In fig. 6-6a the time base frequency is much too
high; as synchronization wasnevertheless attempt-
ed, the sloping edge typical of over-synchronization
can be seen, particularly on the right.

In fig. 6-6b the time base frequency approaches
that of the input signal, but synchronization was
introduced too soon and too strongly, producing
the result as shown with the characteristic slope at
the right-hand edge.

Fig. 6-6c is likewise the outcome of premature and

excessive synchronization. If the time base frequ- Fig. 6-6. Oscillograms
ency had been reduced slightly a steady oscillogram showing the effects of bad
of six cycles of the input signal would have been synchronization.
obtained.

Tn fig. 6-6d, correct synchronization with 2 cr 8 cycles of the input signal is
only just out of reach.,

Choice of the most suitable relationship between input frequency and
time base frequency.

The eight oscillograms shown in fig. 6—7 give an idea of these relationships and
an indication of the possibilities offered by expanding the display on the
screen (time base magnification effect).
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Choice of the most suitable relationship

Fig. 6-7. Various possibilities of
expanding the time base display by
a suitable choice of sweep frequency.

1 %
QM Amplifier

Shaper : Filter : genera ﬁ;-

VW~

Fig. 6-8. Block diagram of circuit

for synchronizing the time base fre-

quency with a multiple of the input
frequency.

The oscillograms are of the 50 cycles mains voltage, which was not, however,
directly applied. Waveforms of this sort are obtained when a short length of
wire is inserted into the input terminal of the vertical amplifier, the other end
of the wire being left free. Due to the capacitive coupling of this wire with the
mains, a current flows in the input impedance of the amplifier which sets up a
corresponding alternating voltage on the grid of the first valve, Everyone who
has worked with oscilloscopes is familiar with this phenomenon, often only
too well, as the stray coupling can sometimes lead to difficulties when other
small voltages from sources with high internal resistance are to be observed.
Since the coupling capacitance for this current is small, the fundamental
frequency (50 c/s) is weakly coupled while the harmonics that are always
present in the mains voltage receive preference. This is therefore a simple
means of bringing out harmonics and distortions in the display. Very few
details can be perceived in fig. 6-7a, as the six cycles are bunched together too
much. Even here, however, short peaks are visible at the crests which become
more distinet when the number of cycles displayed is reduced (greater time
base expansion). But even with only one cycle it is still not possible to ascertain
the trend of the voltage curve at this point.

Whereas it is not easy to synchronize the time base frequency to multiples of
the input frequency ®, with most time base generators it is possible, after a
little practice, to adjust fairly stationary patterns on the screen when the time

3 Synchronization is achieved by arranging for the peak value of every first, second, third,
etc. cycle of the input signal to trigger the flyback of the time base voltage. However, if the
frequency is lower than the time base frequency, then upon one cycle of the input will fall
several cycles of the time base, and of these, only that cycle whose peak value coincides
with that of the input will be synchronized. The cycles in between will not be influenced.
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Taking the Oscilloscope into service; adjustment procedure 6

. base frequency is several times higher than the input frequency, thus ob-
taining an accordingly increased time analysis. In fig. 6-7e the time base
frequency, is twice as high. It can now be seen plainly that the peak in the
oscillogram corresponds to the behaviour of a damped oscillation. This is
plainer still in the next oscillogram where the time base frequency is three
times as high. The following pattern, however, is the result of a time base
frequency eleven times higher than that of the input, thus 550 c/s. It can
easily be calculated from the average length of the time base and the wave-
length of this phenomenon that the natural frequency of the damped
oscillation, caused by a voltage surge, is about 8800 c/s. It was found that it
actually originated from the secondary of a nearby E.JH.T. rectifier which had
been excited into oscillation by the charging current surges through the valve.
The final oscillogram. fig. 6-7h, is an enlarged photographic reproduction
(about 2!/, times) of the indicated portion of fig. 6-7g. This proves that a
very great degree of oscillographic analysis is possible with simple means.
If such requirements are frequent, however, a circuit should be built as in-
dicated by the block diagram in fig. 6-8. In this layout the input signal is fed
to an auxiliary amplifier, a “shaper”, as well as to the vertical amplifier. The
operating point of this extra amplifier is adjusted in such a way as to severely
distort the voltage waveform and produce as square a wave as possible which,
as we know, is rich in harmonics. The shaper is followed by a filter which picks
out the harmonic desired and passes it on to synchronize the time base gener-
ator. The filter is necessary above all to suppress the fundamental frequency,
as this always has the largest amplitude and would otherwise influence the
time base in the manner already described. Of course, this method produces
an oscillogram in which the individual pictures of one cycle of the signal
appear one above the other, as seen in fig. 6-7g and h. A particular section
from the total picture of a cycle of the phenomenon under observation can be
obtained by triggering, or with the aid of a time base expansion unit. (See chap-
ter 4 under “Time base expansion unit”, p. 77, “‘sawtooth generator for pulse
triggering”’, pp. 72-76, and chapter 22 “A simple time base expansion unit”.
Oscilloscopes with a facility for triggering the time base by a positive or
negative voltage pulse are an ideal means of carrying out investigations of
this sort. In so far as the time base is triggered by the output of the vertical
amplifier, the picture on the screen begins at the zero line with the positive or
negative half cycle, according to choice. If, on the other hand, the part of the
input voltage for triggering the time base is fed in externally via a phase
shifter, a greatly expanded image can be obtained of any desired part of one
cycle of the phenomenon being investigated.

With every good oscilloscope it is possible, to synchronize the time base
generator in three ways: with the voltage on the Y plates (internal syn-
chronization), with a voltage from an external source (external synchroni-
zation) and with the mains frequency (mains synchronization). The intelligent
use of these methods of synchronizing the time base opens up many valuable
fields of application, but experience shows time and again that use is made
only of internal synchronization. Using external synchronization, on the
other hand, it is possible with a given voltage to synchronize in a reference
phase position. If this synchronization is maintained and, in place of the first
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Accuracy of the display and limits of measurement

voltage, a second voltage is applied with the same frequency but in a different
phase, it will appear on the screen displaced along the time axis in a way
exactly corresponding to its phase relationship with the first voltage. (The
oscillograms in figs. 5-10, 5-11, 5-12 and 5-18 were recorded in this way.)
If these two voltages are then applied alternately to the ¥ plates (electronic
switch) pictures will appear one after the other of both voltages in their
correct phase relationships. Naturally, more than two voltages can be ob-
served or recorded in this way. An accurate insight into the phase relation-
ships and behaviour of any number of voltages can be obtained by photo-
graphing on the same recording-material each voltage in turn. (See figs. 13-6,
13-8 and 13-9.)

7. Simple amplitude measurement

.Nature of the display.

A given vertical deflection of the spot on the cathode ray tube screen pre-
supposes a correspondingly large voliage applied to the vertical deflection
plates. .

Since the leak resistors for the deflection plates (as also the input resistors of
the amplifier) are in the order of 1-10 Megohms, the current flowing, and thus
the load on the circuit under test, is extremely small. The oscilloscope can
therefore be regarded in principle as a static voltage indicator 4 The familiar
indicating instruments are, with very few exceptions (static voltmeter),
actually current meters, as an appropriate value of current is a prerequisite
for the information to be indicated. The user of the oscilloscope should always
bear these facts in mind, as they open up in themselves alone wide fields of
application and lead quite logically to the correct use of the instrument. It is
true that with an increasing frequency of the voltage under measurement the
capacitance of the deflection plates represents a rising capacitive conductance.
When the capacitance of the deflection electrodes (including connection
capacitance) is about 10 pF this means that the impedance will be approxi-
mately only 160 ohms at 100 Mc/s. However, in most cases it will be possible
to include this capacitance in the circuit capacitance so that it will not appear
as a load in this sense.

Accuracy of the display and limits of measurement.

In practice the fullest possible use is not always made of the extraordinary
advantages offered by the oscilloscope in quantitative investigations, i.e. in
determining the absolute value of a quantity or amplitude under test.

It is, of course, necessary to know to what extent the spot deflection is pro-
portional to the voltage applied, what the smallest ascertainable change of
spot deflection is (accuracy of definition), and what influence fluctuations
of the mains voltage have on the results of the measurement, etc.

* With AC voltages, the power required for 1 cm deflection with a leak resistance of 5 MQ
is approx. 2 - 10~° W. When using a deflection amplifier it drops to 10722 W and lower.
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Linearity of the display.

The deflection plates of modern cathode ray tubes are constructed and ar-
ranged in such a way as to ensure a linear relationship between the voltage
apphed and the deflection of the spot over the whole area of the screen. If,
for example, for 10 volts DC between both plates a deflection is obtained of
4 mm (deflection sensitivity 0.4 mm/V), then for 25 V the deflection is 10 mm,
for 50 V it is 20 mm, and so on. This, of course, applies to both directions of
deflection, as may be perceived from fig. 7-1. For these illustrations a voltage
linear with time was applied to one pair of plates, while on the other a DC
voltage was raised in steps of 25 V. A photographic recording was then taken
of each such position with respect to the other on the same negative. (Fig.
7—1a thus consists of 20 and fig. 7-1& of 22 separate recordings). In fig. 7-1a
these deflections were recorded such that they corresponded to the different
deflection sensitivities of both pairs of plates. (The vertical deflection plates
have a higher sensitivity.)

~ ANNEEER
AEEEEEEN

MIIIIIIII

gy

Fig. 7-1. Co-ordinates formed by deflecting a linear trace with DC voltages in steps of 25 V;
a) without sensitivity correction of the Y plates, b) deflection sensitivity of the ¥ plates
matched to the X plates by voltage division.

The deflection voltage for producing the trace was chosen high enough to
permit ample coverage of the screen; it can thus readily be seen in what area a
linear display may be expected and where the curvature of the screen will
cause distortion. This is shown more distinctly in fig. 7-1b. In this case the
sensitivity of the Y plates was reduced to that of the X plates, resulting in a
quadratlc grid. Characteristic of the inertialess functioning of the cathode ray
tube is the fact that small voltage changes, which the small indicating instru-
ment used for comparison failed to register after the voltages had been ad-
justed, are plainly visible on the screen of the oscilloscope. (In fig. 7-1a, the
second horizontal line above the centre line is rather too low.)

Reading off the display.

The simplest way of reading off the spot deflections is to use a suitable strip of
transparent graph (millimetre) paper. Frequently the screen is covered by a
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Reading off the display

transparent plastic or celluloid sheet
bearing a number of crossed lines in the
form of a lattice, the distance between the
lines being 5 mm or 1 mm. (See fig. 7-2.)
In high-grade oscilloscopes flood-lit scales
are used, the scale being marked on a
thick strip of transparent material which
is illuminated from the sides by electric
bulbs with variable intensity. Fig. 7-8
shows as an example the scale used on
Philips’ GM 5660 oscilloscope, with the
oscillogram of a pulse 1 usec wide. (The
overshoot visible originated from the
voltage source. This was confirmed by a
cross-check in which the voltage was 4P~ Fig, 7-2. Calibration lattice fitted over
plied direct to the deflection plates.) the screen of the C.R.T. for amplitude
A scale of this sort has the great advantage measurements.

that it does not cover over parts of the ,

screen as the lattice in the photograph does but is perfectly bright and visible
together with the phenomena under observation. When the illumination is
turned down it becomes almost imperceptible so that it is not troublesome

Fig. 7-8. Oscilloscope type GM 5660 with floodlit scale. Fig. 7—4. Qbserving small
changes in amplitude.

during tests which require no amplitude measurement. The scale illumination
can also be used to indicate whether or not the oscilloscope is switched on.
If it is required to observe small changes in amplitude, a practical method
is to cover the lower portion of the display with a sheet of thin pressboard or
stout paper. Peaking of the crests is then readily observable (fig. 7—4).
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Fig. 7-5. Enlarged
sections of photo-
graphs of the horizon-
taltrace,first without
vertical deflection
and then with DC
vertical deflection
increasedin each case
by AV, to determine
the accuracy of
reading from the
screen. (Deflection
sensitivity DS_ =
0.4 mm/V.)

Accuracy of definition.

The oscillograms in fig. 7-5 are intended to illustrate
the maximum accuracy of definition obtainable on the
screen. They reproduce sections from the horizontal
trace enlarged about 1!/, times. The first trace above
is an extract from the trace in zero position. The second’
picture actually represents two traces, namely the trace
in the zero position and a trace vertically deflected by a
DC voltage of 0.5 V. In the following oscillograms the
zero trace is represented together with its position when
vertically deflected by a DC voltage 1/, V larger in each
case. We can thus easily ascertain that voltage at which
the two traces only just separate from each other. This
is clearly the case in the seventh picture from above,
at 175V 5.

The spacing between the spot centres is then, therefore,
somewhat greater than the diameter of the spot (in this
case about 0.7 mm). In the third picture from the bottom
one could also find a definition for the readable change
of voltage. This recording was taken at a voltage differ-
ence of 8.5 V (twice that of the criterion already dis-
cussed).

The dark intermediate space is now approximately equal
to the thickness of the trace. (See also ‘Limiting effect
of spot diameter on frequency”’, pp. 68-69.)

Influence of the amplifier
on the linearity of the display.

It is understandable that a practical limit is set to all
measures aiming at good linearity in conjunction with
an adequate output voltage. Thus, the lowest possible
anode resistors must be employed if high frequencies
are to be uniformly amplified, so that the undistorted
voltage drive of the output stages of the amplifier is
limited accordingly. In the case of amplifiers with a high
upper cut-off frequency one is therefore compelled to
make shift with a limitation of the undistorted control
voltage amplitude. (See chapter 5 “Deflection amplifiers
—output voltage requirements”—page 113.)

As an example, fig. 7—6 shows the dynamic characteristics
of the amplifier in the oscilloscope “FTO 2” (see part 1V)
together with the lattice of the floodlit scale. Character-

istics of this sort can be easily obtained by feeding a suitably chosen portion

5 The procedure adopted here is the practical one. The smallest still readable change of
voltage might also be defined theoretically as that value of voltage at which the blackening
between the two bright traces of the spot is at the most 1/e = 0.37 times the blackening
of the remaining background of the picture.
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Dependence of the deflection sensitivity upon the mains voltage

a b
Fig. 7-6. Dynamic characteristics of the vertical amplifier in oscilloscope “FTO 2”; a) with
+265 V on ay; b) with +1.2kV on a,.

of the time base voltage of the oscilloscope to the vertical amplifier. For
various values of the time base voltage in the horizontal direction the spot
then traces out simultaneously the corresponding deflection in the vertical
direction due to the amplified voltage from the amplifier under investigation.
If the gain has been adjusted such that the Y deflection is equal to the
X deflection, then with an ideal amplifier the spot must trace out a straight
line at an angle of 45°. The grid drive limitation of the amplifier, conditioned
chiefly by the low anode resistances, expresses itself in a more or less severe
S-bend at the ends of the characteristic.

In fig. 7-6a the spot is deflected in the vertical direction only to the maximum
permissible ‘“‘useful drive” for 60 mm picture height. It can readily be seen
‘that up to 40 mm picture height the characteristic may be regarded as straight
even for high demands. Up to 60 mm the bend still represents less than 89,
distortion. Such slight distortion in the oscillogram of a sine wave would only
be ascertainable by very experienced observers. .

With the post-acceleration voltage of 1.2 kV in oscilloscope “FTO 2” an
approximately 809, higher deflection voltage is necessary, so that greater
amplitude distortion will result for the same picture height. However, fig. 7-6b
shows that the characteristic up to 40 mm deflection in the ¥ direction may be
regarded, even under these conditions, as sufficiently linear.

Dependence of the deflection sensitivity upon the mains voltage.

For practical work it is important to know the influence of mains voltage
fluctuations upon the display. Fig. 7—7 shows in this context the change in the
sensitivity of the cathode ray tube alone—curve a—and the sensitivity curve
(B) when using the vertical amplifier in oscilloscope “FTO2”. As expected, the
deflection sensitivity of the cathode ray tube alone is linearly inversely pro-
portional to the mains voltage. If, therefore, the mains voltage falls by 59,
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o1 the deflection sensitivity will

: DS % 15. rise by the same extent and vice

. - versa. (See chapter 2 “Cathode

« Ray Tubes—Deflection of the

41 beam’ p.9.) When the deflection

Ne2 £ amplifier is used, however, it

L T naturally exerts an influence on

10 Vé 6 4 2 2 4 & 8 1% the deflection sensitivity. If the

mains™ " -2 ' mains voltage rises, -the mutual

glg,,a/ app/zed / 41 co?ducf{)ance of the amgliﬁer

] valves becomes greater and vice

v amplzfzer ¢ ap%Légldszec A versa, so that according to the
BJ to Y~plates numbei' of ampilfylng stages (or

10l the adjusted gain) a measure of

Fig. 7-7. Sensitivity of the C.R.T. in dependence ~COMMPensation, within - certain
upon changes in mains voltage (in “FTO 2”°). limits, exists for changes in the
sensitivity of the cathode ray
tube. Curve f shows that, at
small fluctuations of the mains voltage, smaller changes in sensitivity occur.
But even the influence of larger fluctuations of the mains voltage is smaller
than on the cathode ray tube alone.
The influence of mains voltage fluctuations can be eliminated to a great
extent by electronically stabilizing the DC supply voltages.
In Philips oscilloscope GM5654, for example, the anode high tension (fig. 8-7)
is electronically stabilized as well as the E.H.T. The results of measure-
ment are thus largely unaffected by mains voltage fluctuations, and changes
of picture brilliance and deflection sensitivity, which are particularly
troublesome when making photographic recordings, are thereby entirely
avoided.

Relation between deflections due to DC voltages and those due to 4C
voltages.

It has been shown that the deflections of the spot over the whole screen are
linearly proportional to the voltage applied. This applies to DC as well as to
AC voltages. With AC voltages, however, the maximum amount of deflection
due to a voltage whose r.m.s. value has the same amplitude as a given DC
voltage is several times greater than the deflection due to the DC voltage.

As the spot always follows the instantaneous value of the voltage at the
frequencies under consideration, it will always be deflected to the mazimum
positive and negative value of an AC voltage. By the r.m.s. value I, of a
sinusoidally alternating current with a maximum value I, is, of course,
understood that current which generates the same amount of heat in an
ohmic resistance as is generated by a corresponding value of direct current,
measured with a direct current instrument. Mathematically, the following
familiar equations are derived:
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Loy = Lyms * V2 = Toms + 1414 (7-1)
and )
T, Lna I 0.707
ms = {414 maee - 0.707 . (7“2)

The extremes of the deflection with AC voltage will therefore lie 2 X V2 =
2.828 times further apart (in a positive or negative direction according as the
direction of current changes) than the deflection by a DC voltage of the same
value. This means in other words that the deflection sensitivity for 4C
voltage is greater to a corresponding extent, leading to the equation:

DS,_ = DS_-2.828 o (7-8)

These conditions are illustrated in the oscillogram in fig. 7-8. With a DC
voltage of 50 V, the spot was deflected vertically a) and along the time axis b).
Above this the spot traced out its

path with an AC voltage of 50 V..
For alternating voltage measure-
ments especially we can also work
without time base deflection; a cor-
respondingly long vertical trace is
then obtained. If the time base voltage
is synchronized to this frequency then
it is possible to measure the distance
between the crests of the curve
(“peak-to-peak—V, ). If itis onlya
matter of determining the voltage it
may be appropriate to select the time
base frequency considerably higher
or lower than the frequency of the input signal. This produces a luminous
area, the height of which is to be measured.

Fig. 7-8. Oscillograms illustrating beam
deflection with DC and AC voltages.

DC voltage measurements.

When the amplitude of the voltage to be tested is adequate, it can be applied
directly, that is to say, without amplification, to the ¥ plates. Fig. 7—5 shows
that with a deflection sensitivity of DS_ = 0.4 mm/V and a trace breadth of
0.7 mm, a voltage difference of 1.75 V_ can be read off quite distinctly. If we
take a maximum deflection of 40 mm from the zero position (corresponding to
100 V_) this value can be read off with an accuracy of a good 1.75%,. At
smaller deflections the degree of uncertainty will indeed be greater, but about
89, should be the expected average.

For measurements of this sort it would certainly be possible to dispense with
deflection in the X direction; in general, however, it is better to have a time
base voltage with a frequency of about 100-1000 c/s describing a short trace.
This trace will be moved by the DC voltage, just like the pointer of an ordi-
nary indicating instrument. A scale can then be fitted, calibrated according to
the deflection sensitivity. Fig. 7-9 shows a scale of this type and the picture
on the screen with a DC deflection voltage of 48 V. In this way it is possible to
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. measure not only all anode and, above all, screen-
grid voltages in radio receivers and amplifiers, but
also A.V.C. voltages, grid bias, etc., as long as they
are not too small, the polarity of the deflection
plates being such that a positive voltage will produce
an upward deflection and a negative voltage a
downward deflection.

Fig. 7-10 shows the circuit of a device by means
of which DC voltages can be read off from the
minimum perceptible value to 1800 V when using a
cathode ray tube with a sensitivity of DS- =
0.4 mm/V. Up to 100 V, intermediate values must
be read off a scale on the screen. The accuracy of
the reading decreases with diminishing voltage.

Fig. 7-9. Scale for D¢ When alargeinputimpedanceis required, the switch

measurement; positions of S iS set in position 2 and resistor R, is adjusted to

the trace with 0 V and jt5 highest value. For voltages higher than 100 V
48 Vonthe ¥ plates. 1o positions of switch § should be chosen as in-

dicated in the circuit. Within the given voltage
range, the setting of potentiometer R; should now be such that the spot
deflection will be just as large as with direct connection of 100 V. From the
position of the indicator on potentiometer R, the value of the voltage under
test can be read off directly, after the angle of rotation has first been
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Fig. 7-10. Circuit of auxiliary device for measuring DC voltages in
ranges of 0-100 V, 100-400 V and 400-1300 V.

calibrated (the ohmic value and the voltage scale run counter to each other).
The great advantage of this is that it is now possible to work with the
greatest possible accuracy of reading, namely < 29%,.

By shorting button 7', the zero starting position can be restored at will, and
thus the deflection difference very distinctly ascertained. (The resistor R,
prevents short-circuiting of the input voltage source.) It may be useful to
restore this contact at rapid intervals by means of a relay in conjunction with
an electronic switch, so that both positions of the spot can be observed
simultaneously. A device of this sort can be connected to terminals a and b .

¢ The input terminals and the series resistors must be well insulated and made safe. When
measuring DC voltages, auxiliary voltages for correcting the zero position should be
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AC voltage measurements

In this way it is possible to read distinctly very small deflections of the spot.
The cathode ray tube is, as we have seen, a voltage indicator, Current measure-
ments are therefore only possible by measuring the voltage drop across a
resistance of known value in the circuit. As the voltage loss must be kept small,
DC measurements are as a rule possible only with the aid of a DC voltage
amplifier.

AC voltage measurements.

The uses of the oscilloscope in measuring AC voltages are very numerous
indeed. The vertical amplifier makes it possible to investigate an extremely
wide range of voltages, and, with a suitable amplifier, measurements of volt-
ages down to a few millivolts or microvolts can be carried out in a large range
of frequencies. With the maj ority of oscilloscopes the maximum sensitivity of
indication is known (the fine adjustment control being fully turned up);
intermediate values can be estimated according to the position of the control.
For more exact quantitative analysis, comparison with a known 50 ¢ /s voltage,

max, 3I0mA
Multi-range
: metep
Mains voltage T 10--30
correction . . mA
100ln, i i }?l }i I ¥2k.(),/lln ¢

Q.
" 35V

: 2004)
! Substitute resiston

7 |

—0
Input
V)i,)vo tage

o
External calibration
o—

Oscilloscope
(Input vert. ampl,)

Fig. 7-11. Circuit of a calibration unit for 4C voltages.

possibly calibrated by a measuring instrument, is very much to the purpose.
A facility of this sort is provided in oscilloscopes which are especially intended
for the quantitative evaluation of oscillograms (Philips’ GM 5660). If no such
facility exists, users of the oscilloscope will be well advised to have such a
calibration instrument made. Fig. 7-11 shows the circuit of an instrument of
this type and fig. 7-12 a photograph of an actual apparatus. Measurement is
effected by alternately applying the unknown voltage and the calibration
voltage to the input terminals of the oscilloscope,

switched off. As these are fed in via the high-ochmic leak resistors, the effective voltage on the
deflection plates would be dependent upon the internal resistance of the input voltage
source and the beam deflection would suffer in consequence,
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Fig. 7—12. Practical model of calibration unit for 4C voltages.

By means of the 2 k@ intermediate control, the amplitude of the calibration
voltage is adjusted in such a way that it causes the same peak values as the
unknown voltage. In this manner it is possible with the calibration unit to
adjust all values of voltage between 10 mV and 30 V(r.m.s.). The instru-
ment shown can also be replaced by a resistor with the value of the instrument
resistance, but fluctuations in the mains voltage will then be included in the
measurement. A calibration voltage with a square waveform is particularly
advantageous. In so far as synchronization with the time base voltage is
deliberately avoided, two horizontal traces will be obtained on the screen
which lend themselves very well to amplitude calibration. A voltage of this
sort can be generated quite simply by means of a glow-stabilizer valve, con-
nected via a resistor across: an alternating voltage source with 50 ¢/s mains
frequency. The top of the sine wave will then be clipped at the height of the
operating voltage. (See oscillograms fig. 11-19 and fig. 22-8a and b.)

If a stabilizing valve with an especially constant operating voltage is used, as,
for example, type 4687, the calibration voltage will be largely independent of
the mains voltage and extraordinarily constant during the life of the valve.
To measure alternating currents it is necessary, as with direct currents, to
connect a small value resistor with a known resistance in circuit; the voltage
drop across this is then observed on the screen. The larger the gain of the
vertical amplifier, the smaller may be the resistor and the current.

Determining the voltage amplitudes by vertical displacement of
the pattern and measuring the shift voltage.

It has been shown in the foregoing how, by comparison with a sinusoidal
voltage whose maximum amplitudes deflect the spot by an equal amount, the
peak-to-peak value can be measured even of an irregularly alternating voltage.
It is sometimes also necessary, however, to determine the exact values of
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individual sections of the voltage curve (in the
Y direction), apart from the desirability of in-
creasing the accuracy of reading.

All these measurements can be very conveniently
carried out by determining that value of the shift
voltage (DC) by which the interesting point on
the curve can be moved vertically to the same
position on the screen as the zero reference line
or to some other point of reference.

Fig. 7-18a shows, to begin with, a normally ad-
justed oscillogram of a sinusoidal voltage with
peaky crests. :

In fig. 7-18b the oscillogram has been shifted so
far upwards as to bring the lowest point of the
sine wave to lie upon the zero line.

For oscillograms 7-18d and 7-18e¢, the appropriate
settings for the positive crest of the sine wave
and the positive voltage peak were found with
shift voltages of —15.5 V and —65 V respectively.
According to this the value for the sinusoidal
voltage is v~ = 81V, and that for the peaks
isv, =130V,

This procedure has proved itself particularly
useful for evaluating pulse-shaped oscillograms as
frequently occur, for example, in theinvestigation
of blocking oscillators and multivibrator circuits.
For this type of quantitative evaluation the type
GM 5660 pulse oscilloscope is particularly suit-
able, As the circuit in fig. 7-14 shows, the DC
voltage for the vertical shift is also led from the
arms of potentiometers R;; and R, to sockets
11 and 12. To these sockets may be applied a
high-ohmic voltmeter (Philips’ type “P 811”°) and
the shift voltage measured for the purpose de-
seribed. Quite frequently the amplitude of the
test voltage is sufficient for direct connection to
the deflection plates, in which case the vertical
-amplifier—whose frequency limits always restrict
the measuring range—may be dispensed with. As
regards pulsed voltages with short rise-times, this
is most welcome; the faithful reproduction of
the waveforms is then limited only by the

Fig. 7-13. Oscillograms for evaluating the amplitudes of

different sections of an allernating voltage: a) usual setting;

b) determining the negative crest of the sine wave;

¢) determining the negative voltage peak; d) determining

the positive crest of the sine wave; ¢) determining the
positive voltage peak.
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Simple amplitude measurement 7
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Fig. 7-14. Extract from the circuit of pulse-oscilloscope type GM 5660.

capacitances of the deflection plates and circuit. If the output resistance of
the voltage source is low, the picture thus obtained on the screen will
conform very closely to reality. Moreover, if the test signal is applied
directly (without coupling capacitances) any DC component present will also
be visible in the oscillogram, and its share can be evaluated in the manner
described.

On the type GM 5660 pulse oscilloscope, the first position of the vertical
deflection selector-switch is the appropriate one for these measurements. The
interesting part of the circuit is shown in fig. 7-14. The input signal reaches
the “upper” Y plate D’; via the compensated calibration voltage-divider
(Rgs—R,y; and C5—C;,). The DC shift voltage from potentiometer B4 reaches
the other plate D, via leak resistor E;,.

In this position of the switch S, therefore, leak resistor B, of plate D', is
tied to the chassis, so that regarded individually, each of these voltages lies
asymmetrically on the Y plates (In the other positions of switch.S,, the vertical
shift is effected by symmetrical DC voltages, i.e. in positions 2, 8 and 4, plate
D', receives an opposing DC voltage from Ry, via Rs,).

In so far, however, as the oscillogram is positioned in or near the middle of
the screen, the voltage on both plates—with opposite polarities—must
necessarily be almost equal, and thus the mid potential of the plates ap-
proximately zero. There will therefore be no astigmatism 7.

But even with the greater shifts needed for evaluating the voltage curve as
described, the potential on anode a, can be adjusted with R, to equal the
mid potential of the deflection plates and thus keep the pattern in focus.
This is of particular advantage when, as described in the following, the signal
amplitudes are increased to several times the diameter of the screen in order
to improve the accuracy of reading.

7 See also “connection to the deflection plates”, page 15 and the remarks on beam posi-
tioning and astigmatism, pages 84-35.
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Improving the accuracy of reading

Improving the accuracy of reading by increasing the signal
amplitude and shifting the pattern on the screen.

The voltage amplitudes can be measured with considerably greater accuracy
if the vertical deflections are made to exceed the useful area of the screen 8.

The pattern shift needed for determining a
certain potential difference in the voltage curve
is correspondingly greater, so that the accuracy
of reading is increased by the same extent. In
this way the accuracy of measurement is limited
in practice only by the accuracy of the DC
instrument with which the shift voltages are
measured.

Fig. 7-15a, b, ¢, d, shows some oscillograms taken
with the pulse oscilloscope, type GM 5660, with
the switch in position 1 as in fig. 7-14. They refer
to the voltage on the anode of an amplifier valve
while negative pulses are being applied to its
control grid.

Fig. 7-15a shows the pattern on the screen in
the conventional way. To all these pictures the
zero level has been added to make the DC
component visible. For this particular recording
the voltage was divided in the ratio 2 : 1 (switch
S5a,5 in position 3).

For the other recordings the voltage was applied
undivided to the Y plates (switch Sy, in
position 4).

The oscillogram in fig. 7-15b corresponds to the
zero position; the shift voltage was 0V,

For fig. 7-15¢ the pattern was shifted so as to
bring the horizontal voltage “level” to the zero
line. In this case, 19 V, was measured.

In fig. 7-15d the upper edge of the oscillogram
just touches the zero line. The shift voltage
needed was 150 V~. Thus, the total amplitude

Fig. 7-15. Oscillograms for accurately reading the voltage
amplitudes by shifting the pattern: a) usual oscillogram;
b) zero setting at twice picture-height; ¢) determining the
horizontal DC voltage level; d) determining the voltage
crest.

8 If the amplitude of the signal is inadequate, an ap-
propriate amplifier must be used. Signals with DC com-
ponents must obviously be passed through a DC am-
plifier. Provided that their frequency limits meet the
requirements, Philips’ types GM 4530 or GM 4581 may
be used. They can be connected directly to the Y plates
and the pattern may be shifted by means of controls
on the amplifiers.

b
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Simple amplitude measurement ' 7.

of the measured voltage is 150 V,, with a level component at 19V,,.
With this procedure, which gives an accuracy of reading equivalent to that
on a screen several times larger, it is also possible to determine with exacti-
tude the individual modulation levels in the oscillogram of a modulated
voltage.

Resistance measurements.

© As a typical voltage measuring instrument the oscilloscope is also very suitable
for measuring high resistances with DC voltage. The simple circuit required is
shown in fig. 7-16. There should be a small amplitude of time base voltage on
the X plates, as for DC voltage measurements, in order to produce a short
horizontal trace. The value of the unknown resistance R is found from the
leak resistance—symbolized here as R,—and from the input voltage V_,
according to the equation:

R,=R,- ( (7-4)

V_-DS_
—-Y—_l>

If the first term in the bracket is considerably greater than 1 then we can
write without disadvantage:
V_ - DS

R,=R, —=%

(7-5)
in which DS_ is the deflection sensitivity of the cathode ray tube for DC
voltages and Y is the deflection of the spot read on the screen. If, for example,
the supply voltage (300 V) of the vertical
amplifier is used for this purpose, then when
R,=38MQ, DS_-=0.4 mm/V and Y =0.7 mm,
avalue of R, ~ 500 M2 (only just distinguish-

Timabase  able) can be read from the screen.
l * voltage This method is particularly suitable for testing
© ° the insulation resistance of block condensers.
Fig. 7-16. Circuit for For measuring even higher resistances the
measuring high resistances. anode voltage of the cathode ray tube could

. also be used. In this case, of course, safety
measures must be taken to avoid accidents resulting from the high tension
(e.g. a series resistor of at least 1 MQ which, if necessary, must be deducted
from the result). This would make it possible to test resistances up to ~ 1750
Megohms °.

Impedance measurements.

Since there is always an amplifier available for alternating voltages, it is also
possible to measure small values of resistance to alternating current, that is
to say, impedances in general. A sufficiently small ohmic resistance is in-
cluded in the circuit and, as already described, the voltage drop across it is

® Just as small DC voltages can be measured on the oscilloscope with the aid of DC ampli-
fiers, correspondingly small resistances can, of course, also be measured in the described
way.
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Capacitance measurements

measured, and thus the current, at a known Voltage In this way impedance
measurements can be carried out by comparison with an equally adjusted
variable ohmic resistance [2].

A very simple method of power measurement is the following. The voltage
from the object under test is applied via the vertical amplifier to the ¥ plates.
The voltage proportional to the current (from a small ohmic resistor in the
circuit to the unknown impedance) is used, via the horizontal amplifier, to
deflect the spot in the X-direction. As current and voltage are generally not in
phase, an ellipse appears on the screen. By calibrating the amplitudes along
both co-ordinates, current and voltage can now be determined as descrlbed
The distance between the points at which the co-ordinates are bisected is,
moreover, a measure of the phase angle § or of cos 6 (see chapter 11 ‘“Phase
measurements,” and especially figs. 11-8b and 11-12, with description).

The power dissipated in the impedance can therefore be found from the relation:

W, =wv,"1," cos 0 (7-6)

Capacitance measurements.

A particular instance of measuring impedances with the oscilloscope is the
measurement of small capacitances. Fig. 7-17 gives the basic circuit for this.
The Value of the reference capacitance and the input frequency must be such

that < R,

The unknown capacitance C, is found from the equation:

v, 3
Cx=Cn‘vM_vn (7-7)

If v, <€ vy, the equation can be written:
c,=c, Lo ‘ (7-8)

Vpr

For B, = 8 MQ and f = 5000 ¢/s, C, can be 1 muF. If vjy = 80 Vandv, =

10mV are still readily measurable, this

corresponds to a minimum value for O——C-" '
e = 1/8 pF 10, T Z_L

This method is therefore particularly [I/MN Gy Yn

suitable for measuring small capaci- T

tances (valve capacitances, etc.). Since o

the voltage on ¢, must always be Fig. 7-17. Circuit for measuring

amplified for the display, a vertical small values of capacitance.

amplifier is assumed to be at the

position marked with broken lines in fig, 7-17.

The exact value of this voltage is determined as under ‘4 C voltage measure-

ments”’, page 149.

To summarize, the foregoing examples show that the cathode ray oscilloscope

A
i
l

—1
Rp Time base
voltage

O

|
!
!
!
I
|
|
|

10 It may be necessary to take into consideration the input capacitance of the oscilloscope
with respect to capacitance C,, so that it must accordingly be rated smaller.
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The oscilloscope as null-indicator in AC bridge circuits 8

can be employed for amplitude measurements just as an 4C or a DC therm-
ionic valve voltmeter.

With regard to input voltages requiring amplification, the pass band of the
vertical amplifier determines the application of the oscilloscope from the
point of view of frequency.

8. The oscilloscope as null-indicator in AC bridge circuits

The cathode ray oscilloscope, as a voltage indicator of extreme sensitivity,
can be used with great advantage as a null-indicator for 4C measuring bridges.
Its high input impedance is very welcome for this purpose.

Simple null-indicator.

Its simplest application as null-indicator in a “sliding arm” bridge is shown in
fig. 8—1. In this circuit the horizontal deflection plates are not used, so that the
null voltage, after passing through the vertical amplifier, causes linear vertical

3 |
=
a
b
—— =
00102051 2 5 100 Zy=aZy
[ a
> Vi
Fig. 8-1. AC bridge circuit with oscillo- Fig. 8-2. Oscillograms obtained using
scope as null-indicator. the oscilloscope as mnull-indicator;

@) and b) without horizontal deflection
¢) horizontal deflection voltage syn-
chronized to § f,,,.

deflections on the screen, as shown in the oscillograms in fig. 8-2a and b. If
the bridge is balanced, the null voltage and the amplitude of deflection
disappear; all that is left on the screen is the spot ““0”’. The value of the un-
known impedance is then found from the familiar expression:

Zy=a-Zy, (8-1)

The factor a expresses the ratio of the potentiometer arms a : b, as indicated
in fig. 8-1. Traces “I”” and “II” appear as a result of arbitrarily varying the
setting of potentiometer P to positions right and left of the null position.
In fig. 8-2b these amplitudes of deflection have been recorded superimposed,
as they appear to the observer. It must be admitted that this procedure has
the disadvantage common to most other conventional indicating methods in
ACbridges (with the exception of indicating instruments with phase-dependent
rectifiers) that when the bridge is unbalanced thereis no way of telling whether
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Null-indication by horizontal deflection with the bridge voltage

the correct position of the potentiometer “P’’ should be sought further to the
left or to the right. At high indicating sensitivities this makes it particularly
difficult to ascertain the bridge minimum.

Phase-dependent indication by synchronizing the time base with the
bridge voltage. ‘

The disadvantage described can be avoided by applying the linear time vol-
tage to the X plates and synchronizing it securely with the bridge supply
voltage, as indicated in the layout
in fig. 8-83. What now appears on
the screen is the trend of the null-
voltage in dependence upon time.
In the oscillogram reproduced in fig.
8-2c, the frequency of the voltage _J_
applied to the Y plates was 50 c/s

and the time base frequency 162/, ¢/s, — Sync voltage
resulting in a picture of three cycles. o Vi o—
The time base freql'lency ) havmg Fig. 8-8. Bridge circuit with oscilloscope;
been ﬁl‘mly synchronized with the time base synchronized with the frequency
input voltage, the oscillogram not of bridge supply voltage.

only provides information on the

amplitude of the null voltage but also, from the phase relations, on the
direction in which the unbalance lies. When the bridge potentiometer is
operated, the phase position of the null voltage reverses when passing through
the point of balance, as may be seen from oscillograms I and IT.

Y—amplifier

Ttme base
gé”vemlur

Null-indication by horizontal deflection with the bridge voltage.

A still more accurate null indication is obtained by applying the bridge supply
voltage directly to the horizontal deflection plates in the manner indicated
in fig. 8-4a.

Since the voltage to be measured (v,,), that is the voltage on the bridge itself,
is hardly sufficient as a rule to achieve a horizontal deflection of 30—60 mm,
it must first be brought to the requisite amplitude by a suitable amplifier.
Provided that the impedances Z,, and Z, are of the same type, without phase .
difference, and that the amplifiers cause no phase shift, the spot deflections in
both directions will be in phase and will produce straight-line images on the
screen.

When the bridge is balanced the spot will be deflected in the horizontal
direction only, resulting in the trace “0” in fig. 8-5.

With an unbalanced bridge the spot is also influenced in the ¥ direction, so
that when the potentiometer is operated, the trace turns about the point “a”.
As long as the level surface of the screen is not exceeded, the end points of the
resultant traces will lie upon straight lines in the vertical direction, indicated
by G, and G, in fig. 8-5.

Traces 4, and A4, correspond to different degrees of bridge unbalance on the
one side, while 4, points to a change of balance in the other direction.
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Fv

Y-
amplifier

J;?_
| 5
I'_El_l.'g a
31><E_
oV o — §

C
b :1;- c

= 3
Fig. 8—4. Bridge circuit with oscilloscope for Fig. 8-5.
null-indication with rotating trace. Horizontal Oscillograms of null indication
deflection by voltage under measurement. with rotating trace.

Correction of the phase relationship between bridge voltage and
horizontal deflection voltage.

It is also possible to obtain the deflection voltage for the X plates by transfor-
mation of the bridge voltage. Phase shifts are introduced during this process,
so that the pattern appearing on the screen is no longer a simple trace but a
more or less open ellipse. Employing the mains voltage for measurement, we
can use the 50 c/s X-deflection position of the selector switch provided on
some oscilloscopes for deflection along the X axis. In this case, too, we must
reckon with a phase difference with respect to the bridge supply voltage.
When the deflection amplifier also causes a phase shift its effect must be
eliminated by turning back the phase to a corresponding extent. This can be
done by incorporating a phase shifting network in the null voltage lead to the
vertical amplifier (points 1, 2, 8) or in the deflection voltage lead to the X
plates (points 1/, 2’, 8’), as indicated in the layout in fig. 8—4b and c. The net-
work must be rated such that when comparing impedances without phase
difference a simple trace will appear on the screen as before. (For first adjust-
ment it is better to compare ohmic resistances.) According to the ratio
R: w—% , the phase shift when R = wLC will be 45°. At the same time the
voltage at the output of the network will fall to 0.707th of its value.

The output voltage of the network in fig. 8-4b lags behind the input voltage
while that of the network in 8—4c leads the input voltage.

If considerable phase correction is necessary, anti-phase shifting networks can
be incorporated at the same time between points 1, 2 and 8 on the one side and
between points 1, 2’ and 8’ on the other. In this case, when R = 5}—0 , the
phase difference measurable at both networks will be 90°. At all events the
essential point here is that the voltage for the X axis need not necessarily
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Bridge sensitivity

originate direct from the one bridge diagonal but can be taken in other ways
from the voltage source. Once the correction has been made, the measure-
ments of complex resistances can be undertaken in a manner which will be
described later on in this chapter.

Bridge sensitivity.

If the minimum deflection factor of the available oscilloscope is, to take an
example, 1.0 mV,,, /Jem and the mean diameter of the spot is 0.5 mm, this
means that a change of the end point of the indicator by a null voltage of
50 uV will still be readable on the screen. By using a special tuned amplifier,
considerably higher null sensitivities can be achieved.

A convenient procedutre, especially for observing small amplitudes of
deflection, is to short the voltage under measurement either by means of a
key (see fig. 8—4) or periodically, by mechanical means or by an electronic
switch. The result of this on the screen is the appearance both of the null posi-
tion “0”” and of the pattern deflected by the null voltage.

This idea can be taken further; one can switch over to two pairs of resistances
which correspond to certain plus and minus tolerances. Four pictures then
appear on the screen: '

1. Null trace.

2. Trace with minus tolerance.

8. Trace with plus tolerance.

4. Moving trace corresponding to the amplitude of the voltage being
measured.

Since the indication of the bridge ratios is displayed by a rotating trace on the
screen, the dependence of the angle of rotation ¢ upon the null voltage is of
interest. The horizontal deflection of the spot by the bridge voltage is con-
stant. (In fig. 8-5 it equals 2 X B). The deflection of the end point in the
measuring direction is determined by the(amplified) null voltage. The relation
A/B represents here the tangent of the angle 6. The angle of rotation is
therefore found from the equation:

A
6 = arc tan B (8-2)

By plotting the dependence of the angle of rotation § upon the relation %,

a curve is obtained as shown in fig. 8-6a. It corresponds to the arc tan curve
for the range 4 90°. As larger angles than -+ 90° are impossible in this

arrangement, the other branches of the curve for more than + 7—; of the arc

tan function can be left out of consideration.

The important and welcome fact emerges from the curve in fig. 8-6a that the
change of angle is greatest for a small change of the null voltage in the vicinity
of bridge balance; in this region the curve is at its steepest. (It is determined
by the deflection sensitivity of the tube, the amplification and the value of the
bridge supply voltage.) A clearer picture is obtained if we plot the change of
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The oscilloscope as null-indicator in AC bridge circuits 8

90° angle itself in dependance upon the
. | .

] ratio g o8 shown in fig. 8-6b. Mathe-
matically, this curve represents the
0 differential quotient of the arc tan.
e -1 0 B 2 +3 curve. The appropriate equation is:

e —e 4 d(arc tan 4/B) 1
_— g d AB T 1+ (4/B)?

(8—2a)

o One of the essential advantages of this
method of measurement is that the
! acute sensitivity of the null indication
46 declines rapidly with bridge unbalance.
f This represents a degree of insensitivity

05— to overloading that -can scarcely be
/ \ equalled by any other null-indicating
— ~—— device.

-3 -2 ht +! *2 +3

Q.Ix.

A Direct reading of bridge
b unbalance.

Frig. 8-6. Curves showing indication sensi- A fypther advantage of this procedure
tivity of oscilloscope with rotating trace. . Lol
«) Angle of rotation in dependence upon 1S that the moving indicator trace can
A/B (see oscillograms fig. 8-5). also be used for direct indication of
b) Change of angle in dependence upon  the bridge unbalance. The perpendicu-
A/B (= tan of angle of rotation ). lars traversed by the end points of the
traces (G; and G, in figs. 8—5 and 8-7)
can be fitted with a scale which may be calculated from. the mathematical
conditions already considered, although in practice it is simpler to create
certain known values of unbalance by means of test resistors and then to
calibrate the scale accordingly. This was the method adopted for the scale
in fig. 87 in which eight different rotating traces are shown on the screen.
It is now no longer necessary to balance the bridge; the unbalance can be
read off direct and impedance Z, determined according to equation (8-1).
This procedure is particularly useful when, for instance, sorting is required
within certain manufacturing tolerances. Since the null voltage on the
straight part of the curve in fig. 8-6a is linearly proportional to the un-
balance, the divisions of a percentage scale of this type are linear, as can be
seen in fig. 8-7.

The measurement of complex impedances.

Still another advantage of the rotating trace method of indication as com-
pared with other systems of null indication in AC bridges appears in the
measurement of complex impedances. In this case the null voltage is also
complex, comprising as it does the two voltage vectors corresponding to the
different types of impedance. If, as in fig. 8-8 for example, an electrolytic
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The measurement of complex impedances

Fig. 8-7. Oscillograms of rotating traces with scale for
reading off tolerances.

Fig. 8-8. Bridge circuit for measuring
impedances.

V-
amplifier

X—
amplifier

—o Vo

condenser is to be tested, the pattern on the screen when the bridge is off
balance will not be a simple trace but an ellipse, as illustrated in figs. 8-9 and
8-10. The bridge can again be balanced by operating potentiometer P, where-
upon the ellipse rotates into the position marked 0, The two voltage vectors
corresponding to the capacitance ratio C, : C, have now been balanced, but
because of the ohmic “series resistance” of the electrolytic condenser there
will still be a residual voltage to contend with. As the vector of this voltage is
at right-angles to the vectors of the capacitive voltages of C, and C,, the
ellipse will remain open even when the bridge is balanced. Only when a
variable resistor B, in series with C, is adjusted to the appropriate value will
the ellipse collapse to the null line “0”.

The value of the “leak resistance” R, is found from the equation:

1
R, =R, : (8-3)

in which a is again the bridge ratio of the potentiometer * P,

It is interesting to note that “bridge balance” and “phase balance” are now
completely independent of each other, the influence
of the adjustments described being separately re-
cognizable on the screen. Referring to fig. 8-9, when
the bridge is unbalanced, the phase balance can first
be adjusted to produce the indicator 4 and after-
wards the bridge can be balanced to produce the
indicator 0, and vice versa.

This is a unique advantage compared with all other
methods used for measurements of this sort. These
always require alternate adjustment of “phase
balance” and ‘‘bridge balance” until the minimum
is reached. With the method described here, how-

Fig. 8-9. Oscillograms
A ; for measuring
ever, both adjustments can be rapidly and accurately impzdances.
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The oscilloscope as null-indicator in AC bridge circuits

made in complete independence of each other.
To illustrate the practical functioning of this pro-
cedure, fig. 8-10 shows the null trace “0” and the
null ellipse “0,,” together with eight different
oscillograms of ellipses with an unbalanced bridge.

Direct reading of the power factor of
a condenser without phase balance.

A striking fact appearing from fig. 8-10 is that all
ellipses without phase balance bisect the Y axis
at two common points “«”’ and “b”. At a certain
bridge sensitivity, the spacing between these points
is a measure of the ohmic share of R, on C,. If it
is larger, the ellipses will be wider and thus the
spacing between “a” and “b” greater. An attempt
has been made in fig. 8-11 to reproduce these
relationships by means of original photographs of
two measurements with a different complex com-
ponent.

Tt can be seen at once that in order to measure the
power factor of a condenser it isnot at all necessary
to obtain phase balance. It is sufficient to balance
the bridge and to read off the opening of the null
ellipses at points “a,”” and “b,”” and “‘a,” and *b,”
respectively.

If the value of the unknown quantity is not im-
portant and it is merely a matter of ascertaining
the power factor, it will suffice if the bridge is only
approximately balanced. As fig. 8-11 shows, the
points of bisection on the ordinate always allow
the possibility of reading off the phase angle or
its funections [1] [2].

We have so far only con-
sidered measurements with
purely sinusoidal voltages
which are, of course, a

Fig. 8-10. Family of oscillo-
grams showing common
points of bisection
55a77 and L‘b?’.

Fig. 8-11. Oscillograms for
reading off the power factor
of a condenser.

desirable prerequisite for such purposes.

It may, however, happen that the voltage to be
measured will contain harmonics. Fig. 8—12 shows the
pattern on the screen produced by taking the test
voltage straight from the mains without filtering.
(Compare with fig. 8-9.) It can be seen that measure-

Fig. 8-12. Oscillograms ments are still possible with such voltages, whereas in
for measuring impe- other methods of null indication they would produce

dances with voltage

- . most equivocal results.
containing harmonics.

Moreover, in distortion measurements with bridge

circuits one can in this way separate the fundamental from the harmonics.
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Impedance measurements by voltage comparison

Impedance measurements by voltage comparison.

The oscilloscope often finds useful application in other methods of measure-
ment based on voltage comparison, apart from actual bridge circuits. Fig.
8-18 shows a circuit with which it is easily possible to compare R, C and L
impedances. The unknown Z, and the known Z, are connected in series to the
voltage source v,,. The alternating voltages
across these components are fed to one pair
of deflection plates each. As the current
through both impedances is equal, the
voltage ‘drops are proportional to the im-
pedances. To obtain satisfactory deflection,
Fig. 8-18. v,, should be about 100 V. This means
Circuit for comparing impedances.  that without an amplifier this procedure is
suitable only for comparing high im-

pedances. If suitable amplifiers are available for both directions of deflection,
then, of course, small measuring voltages can be used and correspendingly
small impedances compared.

If the higher deflection sensitivity of the ¥ plates is compensated by a voltage
divider “P”, the picture on the screen when both impedances are equal will be
a trace at an angle of 45° If Z, = oo, all
the voltage will be on the X plates and the
trace will be horizontal. When Z, = 0, all
the voltage will be across Z, and thus on
the Y plates, resulting in a vertical trace.
Thus the trace on the screen will turn ac-
cording to theratio Z, : Z and when Z, = Z |
it will be inclined at exactly 45°. Patterns
of this description are shown in the oscillo-
gram in fig. 8-14. It can be seen that the
ends of the diagonals lie upon a straight
line connecting the end points of the X and
Y traces. '

Contrary to the bridge method previously )
described it is not possible with this circuit .. Fig. 8-14.

. N . Oscillograms to fig. 8-18.

to increase the indicating accuracy by am-

plification. However, better use can be made

of the surface of the screen and maximum accuracy of reading achieved
if the pivotal point of the traces is displaced to the edge of the screen.
This can always be done in good oscilloscopes by suitable DC positioning
voltages. One can go a step further and turn the cathode ray tube around
in such a way that the pivotal point lies bottom centre as shown in fig. 8-15.
For a 1 :1 ratio the indicator now lies in the centre, and the end points move
over a straight line which can be fitted with a calibrated scale. This method
also has the advantage that the sensitivity is greatest in the middle and
declines with increasing values of Z, : Z,, and vice versa. It is a useful
arrangement for rough sorting and is suitable, as already mentioned, for
comparing high resistances and inductances as well as small capacitances
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The oscilloscope as null-indicator in AC bridge circuits 8

where

a)lC is high for a given measuring frequency. Where there is a phase
@
angle between the two impedances, then here also an ellipse appears on the
screen instead of a linear trace. The power
factor of a condenser, for example, can be
determined quite accurately by comparison
with a loss-free condenser in the manner
00102 05 0611252 510 previously described for the bridge circuit.
= This will be considered in more detail in the
chapter on phase measurements.
The description given here of the uses of
the oscilloscope in bridge circuits has only
touched upon the basic possibilities of ap-
plication. For further and specialized ap-
/Il\ - plications the reader is referred to the
‘ literature on the subject [8] [4] [5].

Fig. 8-15.
Family of oscillograms for impe- . . . .
dance measurement. Pivotal point Bridge circuit for sorting core plates.

at the edge of screen and tube . . . .
turned 45°. Oneinteresting application worth mentioning

is a bridge circuit for sorting core plates. The
circuit for this is shown in fig. 8-16, with the amplifier omitted.
Two branches of the bridge are formed by coils L; and L,, in which the spe-
cimen core plates can be inserted. The coils consist of 15,000 turns of 0.1 mm
Cu wire. In the other two branches of the bridge are located resistors R, and
R,, the bridge being balanced by varying R;. Due to resistor R and condenser

1
C, integration of the null voltage takes place ( > C <L R) , so that the spotis
deflected vertically by a voltage which is directly proportional to the differ-

ence of the magnetic fluxes—but not to W (This will be dealt with more

fully in the next chapter concerning the display of hysteresis loops.)
For the purpose of balancing, plates with
identical dimensions and of known ma-
terial are introduced into both coils and
“null” is adjusted by means of R,. If
now, in place of one of the plates an un-
known plate of the same size is intro-
duced, the pattern on the screen will be
seen to change. After some experience it
is possible in this simple way to obtain
information rapidly on the properties of £
the unknown material. -
It would exceed the scope of the present

. . . 7
work to go deeper into this subject; ©
the reader is therefore again referred to Fig. 8-16.
the bibliography [6] [7]. Bridge circuit for magnetic sorting

164



The display of hysteresis loops

9. The display of hysteresis loops

In context with the preceding chapter it will now be shown how the oscillo-
scope can be used to display the hysteresis loop of magnetic material.

As the reader will be aware, it is a question of representing magnetic induction
B as afunction of the field strength H, i.e. theinterdependence of two quantities
is to be shown. ‘ '
Provided that the iron core is sufficiently well closed (there must be no air
gap), the field strength H can be taken as proportional to the number of
ampere turns, This means that the primary current 4, can serve to represent
the field strength. Two windings are arranged on the specimen core. A resistor
R, is connected in series with the primary winding and the voltage drop across
it is used as the deflection voltage for the X plates, as indicated in fig. 9-1.

FRo2MO,
C~2uF

Specimen R
core

2 condary
foovrms

When DSy is the deflection sensitivity of the X plates for AC voltage,
R, the value of the series resistor, Z, the number of primary turns and ! the
mean length of the lines of force, we obtain as the scale for the horizontal
deflection:

Fig. 9-1. Circuit for displaying Vin
hysteresis loops. ™

Y-amplifier

Ry

_ 04'm-Z, .
1 mm = B, 1-DSx. [Oersted] (9-1)

The vertical deflection is to be proportional to the magnetic induction B.
The secondary winding on the specimen core serves for this, the voltage on it
being:

dB

Voo = K - ar (9“2)

in which k is a constant. This voltage is electrically integrated by feeding it

. 1
via a large resistor R to a condenser in such a way that B> o The voltage

C
on the condenser is then:
(9-3)

Due to integration the amplitude of the voltage is small and must be amplified
to produce satisfactory deflection.
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The display of hysteresis lbops 9

Fig. 9-8.
Hysteresis loop distorted by
phase error of vertical amplifier.

Fig. 9-2. Hysteresis loops (recorded with
circuit as in fig. 9-1).

The secondary windinggis divided in two parts and arranged so that both ends
lie outside and have approximately the same capacitance to the primary
winding and to the core. Screening is provided between primary and secondary
so that the secondary voltage is entirely due to magnetic induction.
If DSy~ is the deflection sensitivity of the Y plates for 4C voltage, C the
value of capacitance in uF, R the resistance in M2, Z, the number of turns of
the secondary, @ the cross-section of the core and G the gain, then the scale
for the vertical deflection is:
. . 8

1 mm = %%T; [Gauss] (9-4)
Fig. 9-2 shows the patterns of the resultant hysteresis loops on the screen.
By varying the input voltage with the variable transformer T4, different
hysteresis loops representing a number of different degrees of magnetization
were recorded for this illustration one upon the other.
The pictures of the axes were obtained in each case by switching off the voltage
from one pair of plates at the moment of maximum magnetization and then
photographing the resultant trace.
The vertical amplifier must cause no phase shift during this test as otherwise a
pattern will appear on the screen as shown in fig. 9-8. Small phase errors,
however, can be corrected by connecting a phase-shifting network in the am-
plifier input as in fig. 8-4b or c.
There are, of course, numerous types of hysteresis. Electrical hysteresis
received a great deal of attention during the creation of dielectrics with a high
&. These phenomena produce patterns on the screen of the oscilloscope similar
to those produced by magnetic hysteresis. On this subject reference is made to
special publications [1] [2] [8].
To form a judgment on the properties of different sorts of iron it is not always
necessary to record hysteresis loops. As a rule the magnetic sorting bridge al-
ready described will be sufficient, particularly in view of the facility it offers
for changing the specimen quickly.
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10. The uses of intensity modulation
Rating of the circuit components—Time marking.

In the majority of measurements performed by the oscilloscope, the electron
beam, and thus the spot, is deflected by the two pairs of deflection plates in co-
ordinates at right-angles to each other—the ¥ and X axes. It may sometimes
be required, however, to make a third quantity visible on the screen for which
purpose it is possible to have a second trace by using a twin beam oscilloscope
or an electronic switch.

However, when it is only a matter of time marking and not of actually
portraying the behaviour of a second phenomenon, no additional outlay is
necessary, for the oscillogram can be given adequate time marking by simply
modulating the intensity of the electron beam. This is done by superimposing
the time marking voltage upon the negative grid bias of the C.R.T.

This voltage (usually alternating) can be applied via a condenser, C,, to the
grid in the manner shown in fig. ‘
10-1. The other pole comes to the .
chassis. The current flowing from
this voltage source arrives at the

cathode gver condenser C, and C’T :I:D'
reaches the leak resistor R, over C,. P
The alternating voltage across R, Czl

then controls the grid voltage.

It should be noted that the grid g is L p
tied viaresistors R, R, and potentio- Fig. 10-1

~meter P to that POIC ,Of the ﬁlter%ng Circuit for mod%lating' the intensity
condenser C, which is under high of the beam.
tension with respect to the chassis.

The coupling condenser C, must therefore be suitably insulated.

" By these means, during each half cycle of the control voltage the spot on the
screen will be made brighter or fainter, as the case may be. The resultant
“brightness modulation” is clearly to be recognized in the oscillograms in
fig. 10-2. In parts b, ¢, d and e, the alternating voltage “a” was raised in steps
and the grid bias increased in each case such that the brilliance peak remained
approximately the same,.

The variations of brilliance are barely perceptible in the first trace; in the
course of the procedure described the interruptions in the trace become in-
creasingly pronounced. This third possibility of influencing the spot is often
referred to as the “Z axis”, although other measures are necessary for the
presentation of three-dimensional oscillograms, and intensity modulation in
this case serves only to produce a spatial impression.

Although there may be no objection to the relatively large intervals between
the brilliance marking in these oscillograms, it still being possible to determine
the centres of the markings or of the darkened trace, interruptions of this kind
are nevertheless undesirable since they could mean the loss of certain details in
the information displayed.

The markings are therefore kept as close together as possible (fig. 10-2f).
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The uses of intensity modulation 10

Fig. 10-2. Sinusoidal
brightness-modulation
with traces of different

intensity.

Fig. 10-3. Intensity
modulation with closer
time markings.

Fig. 10-8 shows four traces with which, as a result
of various amplitudes of modulation-voltage and cor-
respondingly higher grid bias, good intensity-
modulation is achieved in conjunction with small
variations of brilliance. The spacing of the bright
points (or of the centres of the darkened trace) corre-
sponds to a time difference T'; which is equal to the
reciprocal of the frequency f,. thus:

_L
Iz
Therefore, at a frequency of 1000 ke/s, the spacing

Tz (10-1)

sec = 1 millisec. The time

1
1000
marking achieved in this way is satisfactory for
many purposes.

For the sake of clarity the traces shown in fig. 10-3
have been somewhat enlarged as compared with
those in fig. 10-2.

Oscillograms of several different quantities, which
can easily be recorded one after the other in one
picture, can be clearly distinguished by varying the
degrees of intensity modulation. (The time base
generator must then be synchronized in fixed phase
with the reference voltage.) An example is given in
fig. 10—4a; it shows the fundamental frequency of

of the points will be:

an alternating voltage strongly punctuated and the third harmonic (shifted
in phase), less strongly punctuated, together with the unmodulated resultant
of both voltages, For comparison, the same curves without intensity modu-
lation are shown in fig.10-4b. The intensity-modulation frequency for modu-
lating the fundamental(50 c/s) was 2200 c/s; that for the harmonie (150 c/s)

was 1250 c/s.

Crowding the time markings.

Although bright-dark modulation, as exemplified by the bottom trace in
fig. 10-8, is almost invariably used for

time marking, it will only be adequate if
the writing speed of the beam is reason-
ably constant. Sudden fluctuations could
cause gaps to appear in the oscillogram.
However itis apparent from the magnified
traces in fig. 10-5 (as seen under a magni-
fying glass) that it is still possible to count

Fig. 10-4. Use of intensity modulation to clarify
the presentation of multiple oscillograms.
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Synchronous intensity modulation

the time markings with reasonable accuracy even when they are closely
crowded together. The section reproduced shows that the bright-dark trace
contains six time-marking spaces, whereas the closely modulated trace
contains fourteen.

An example of the practical application of this procedure is given in fig. 10-6.
The time markings can still be counted even in the steep portion of the

1iesaed
Fig. 10-5.
Magnified traces, @) with
alternate brightening
and blanking and b) with

closely bunched modula- Fig. 10-6. Opening behaviour of a
tion marks. between-lens shutter with time-
marking by intensity modulation:

fz = 1000 ¢/s. :

oscillogram, which represents the opening behaviour of a between-lens
camera shutter. The opening and shutting time amounted to 8 ms (time

. 1 . .
marking 1000 c/s). The shutter was open for 20 ms. (% sec; 20 time markings).

It is interesting to note that, possibly due to rebound, the shutter opened
again for about 8 ms approximately 1 ms after closing 11 [1].

Synchronous intensity modulation.

As long as differences, however small, exist between the frequency of the
intensity modulating voltage and corresponding multiples of the frequency
under observation, the modulation markings will drift along the pattern on
the screen. This can make the photographic recording of such oscillograms
extremely difficult. It is advisable. therefore, if recordings are to be carried
out frequently, not to take the modulating voltage from a second source but
to produce it by distorting the actual voltage being measured and by filtering
out suitable harmonics. (See fig. 10-7.)

The test voltage is fed not only to the vertical amplifier but also to a distorting
stage in which strong harmonics are formed. The desired harmonic (about
10-50 times the fundamental) is filtered out and amplified in an auxiliary
amplifier to produce the requisite intensity modulation. By subsequently
tuning the filter it is now possible to select the number of time markings
wanted. The time markings remain stationary automatically.

11 The shutter in question belonged to a fairly old camera. In chapter 16 “Measuring the
action of between-lens shutters’, a number of oscillograms are reproduced of measure-
ments made on more modern shutters. '
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The uses of intensity modulation 10

Another procedure is to excite a poorly-damped tuned circuit into self-
oscillation by the flyback of the time base voltage. The circuit oscillates
during the time the spot is travelling across the screen, and this voltage, (if
necessary after rectification), can likewise be used to modulate the intensity
of the beam (brightness modulation or blanking).

Since the starting moment of these oscillations is determined by the flyback
pulse, the resultant time
markings in the oscillogram
remain stationary, irrespec-
tive of whether the frequen-
cy ratio between the saw-
tooth and the time marking
voltages is a whole-number-
ed one or not. Changing the
frequency relationship mere-
ly has the effect of changing
the distribution of time

Distor-1 .
ting Filter

stage

- markings over the oscillo-
amplifier) gram. .
An example of this method
" 1 ' is given in fig. 10-8 which
° shows two greatly expanded

Fig. 10-7. Circuit for intensity modulation with oscillograms of line synchro-
multiples (harmonics) of the input frequency. nizing pulses as used in tele-
vision technique. (Time base
expansion about X 800 and X 1700; see ‘“Time base expansion unit”’, pages
77-80 and fig. 4-39 on page 73.) The high frequency time marks make it
possible to analyse exactly every interesting section of the oscillogram.
According to a method described by Steinberg [2] a punctuated ‘‘time line” in
the manner of an electronic switch can be traced on a normal, uninterrupted
oscillogram. For this purpose a valve circuit is used to blank out the voltage
under measurement in
each second deflection
cycle, and at the same
time the horizontal line
then appearing on the
screen is modulated by
the time marking genera-
tor, which begins to
oscillate at exactly the
sameé moment. This time
“scale’” can be displaced
vertically and horizon-
tally and thus brought to
lie on the oscillogram of
the process being mea-
sured, as indicated in fig.

Fig. 10-8. Greatly expanded oscillograms of T.V. line
pulses, with time marking by means of synchronous
N . intensity modulation; upper curve: f,; = 8.2Mc/s =0.05 H
10-9. Iftwotime-marking (H = duration of oneline)lowercurve: f,, =10 Mc/s = 0.1us.
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Short brilliance markings without gaps

generators of this kind are available, the accuracy of interpretation can be
increased ten-fold according to the vernier principle. The oscillogram is then
intensity-modulated by the one oscillator,
while the other, whose frequency differs
from the first by 109, serves to intensity-
modulate the time scale. The oscillogram
is interpreted by counting and com- Fig. 10-9.

paring the rows of dots. Intensity-modulated “time scale”.

Short brilliance markings without gaps (or short blank-markings).

In some cases it may be necessary to have time marking without blank inter-
spaces For this purpose, short, sharp voltage pulses are needed.

A great number of circuits exist for generatlng voltages of this kind. (They are

used for instance, in radar units, in electronic com-

o———-l puting devices and in television engineering). Most

% such voltages are generated by differentiation of a

square wave. For the following oscillograms a type

Fig. 10-10. GM 4581 electronic switch was used as the voltage

CR network for differ-  source, which not only supplies rectangular voltages

entiation of AC voltages.  in a wide range of frequencies but also permits them

to be adjusted symmetrically or asymmetrically, as

desired. (A pulse and square wave generator—type GM2814—is better suited to

the purpose than an electronic switch, which was used here only as a make-shift.)

Differentiation can be effected by a pulse transformer or simply by a CR net-

1 1
work as illustrated in fig. 10-10. Whereas e =<1—(% - R must apply for
passing a square wave properly, good differ- @

. . 1
entiation can be achieved when N > R
)
Good practical results are obtained when

= (8...10) - R. (The limit frequency ap-

plics when wlC — R). [8] [4] [5] (_L L \_

This process is illustrated by the oscillograms [ T F /
reproduced in fig. 10-11. Part a) shows three
cycles of a rectangular voltage and b) the

wave-form of the voltage after a CR net- : )
. ! ' I '

. 1 .
work, as in fig. 10-10, when — = 8 - E.
wC

[P I

During the rise of the square wave a positive
peak occurs; as the square wave falls again a .
negative peak is formed. If the trace on the (‘

screen is modulated by this voltage the re-

sultant pattern is as shown in 10-11c). Al- /A Ir

ternate brightness modulation and blanking Fig. 10-11. Waveforms of voltages

takes place. In order to obtain brightness i, civcuit fig. 10-10, with corre-
modulation only, the voltage must be full- sponding traces on the screen.
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The uses of intensity modulation 10

wave rectified. (In each cycle of the rec-
tangular voltage there will now be two
time markings.) A circuit of this type (as
used in conjunction with the GM 4581
electronic switch as the voltage source at
5()/@?| i a frequency of 1000 c¢/s) is shown in fig.

GM4581
JuL

000F 10-12. Fig. 10-11d reproduces the wave-
form of the output voltage and 10-11ethe

Fig. 10-12. Circuit for full-wave resultant intensity-modulated trace.
rectification of differentiated One time mark per cycle can be obtained

voltages (f = 1000 ¢/s). by inserting only one diode (crystal diode)

between the two voltage poles—after
series resistors—instead of the full-wave rectifier.
With a suitable modulating voltage, semi-punctuated and other types of
oscillogram can be obtained. As a practical example, fig. 10-13a shows
the pattern of a damped oscillation intensity-
modulated by the time marking tracein10-18b.
The differences in spacing give a clear im-
pression of the decreasing speed of the spot.
By changing the polarity of the modulating
voltage, short blank markings can be obtained
as shown in fig. 10-14a and b.

Intensity modulation proportional
to deflection speed.

Fig. 10-18. Time-marking by = In practice, oscillograms are not often encoun-
trace brightening. tered in which the deflection speed is constant.
One has therefore to put up with a trace of
varying intensity. However, even when it is
only a matter of portraying a simple sine wave,
it may be undesirable for the brilliance in the
vicinity of the zero axis, where the speed of the
spot is greatest, to be essentially less than at
‘the crests of the curves. In this example the
speed trend is displaced by 90° according to
the cosine function.
The aim must therefore be to modulate the
beam intensity in such a way as to achieve a
uniform trace. A circuit designed to do this is
shown in fig. 10-15. The voltage to be measured
(vy) is fed via an RC network to the vertical
amplifier, the output of which is applied to the ¥ plates. At the same time
vy is fed via a CR network to a transformer (a normal A.F. transformer for
driving push-pull stages) the secondary of which is centre-tapped. After
full-wave rectification, the output is as shown in the oscillogram in fig.
10-16d. The requisite phase difference can be obtained by C;, R, (voltage
leading). To avoid causing too high a voltage drop during this process, the
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Electrical “‘switching” of the brilliance

R Ry
EB4lI T
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50k n
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1 JI a2 My
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Y
¢l G I amplifier,
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Fig. 10-15. Circuit for speed-proportional
brightening of sinusoidal voltages.

voltage on the Y plates can at the same time be
counter-displaced by R, C, preceding the vertical
amplifier, as indicated in the circuit, so that the desired
90° phase difference is achieved in each case with a
voltage loss of only 80%,. Parts a), b) and c) of fig. 10-16
show the effect of this circuitry. In a) can be seen the
normal sine wave without corrective intensity modula- )

tion. (See also fig. 6-2a). The differences in brightness fﬁ%w}::;?he Egzzzrgsf
between the peaks and the points of zero transition are speed-proportional
clearly visible. In b) brightness modulation has been brightening.
introduced so that the zero transition is approximately

equal in brilliance to the peaks. Modulation has been somewhat exaggerated
in ¢) to illustrate the effect distinctly. All waveforms show the same brilliance
at the peaks, but different degrees of brilliance on the other portions of the
curve. (The reference line permits easier comparison of the time spacings.)
Other wave-shapes too can be considerably improved by speed-dependent
intensity modulation. In fig. 10-11f, for example, the modulation voltage as in
10-11e was used at the same time for brightness modulation, resulting in a
great improvement on the pattern in 10-11d. The flyback, indicated by “R”
can now also be seen. If higher demands are made, of course, a greater outlay
is needed [6] [7] [8].

Electrical “switching” of the brilliance.

When observing and recording single transients it is especially desirable that
the course of the spot on the screen should last no longer than the duration
of the transient itself. If the quiescent spot, which is needed to describe a
bright trace, were to appear with great brilliance on the screen before
hand, it would dazzle the observer or produce a severe blackening halo on
the recording material.

This disadvantage can be avoided by blocking the grid with a suitably high nega-
tive voltage until just before the recording is to be made. This can be done by
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The uses of intensity modulation 10

arranging a change-over switch ‘S in the lead to the arm of potentiometer
“P”, as indicated in fig. 10-17. When the switch is set in position 2, the grid
receives from point “a’ a biasing voltage sufficient to cut off the tube. In
position 1 the preset voltage on
the potentiometer arm lies on the
grid. Another means of switching
is provided in the majority of
Philips oscilloscopes. The voltage
from a 45 V dry battery is applied
to terminals 4 and B over a relay
contact. (Switch 1-2 can also be
a relay change-over contact of
course.) Since the internal re-
sistance of the battery is always
smaller than the resistor of 0.5 MQ,
the battery will determine the
Fig. 10-17. Circuit for electrical operating point.!2 In this way it
“switching” of the brilliance. is possible, with the aid of further
relays or valve circuits, to record

single transients in the following sequence:

1) the spot appears;

2) the time base deflection begins;

8) the transient is released;

4) the transient ends;

5) the time base reaches the end of the screen;
6) the spot disappears.

Fig. 10-6 was recorded in this way, the spot brightness being modulated in
addition by an A.F. voltage as time marker.

It has not been possible in this chapter to deal with more than the rudiments
of intensity modulation. Its significance in television engineering needs no
emphasing, as after all it contains the picture signal itself.

The subject of blanking the flyback was touched upon in the chapter on time
base generators.

When making moving-film recordings, (with the Philips-Voigtlinder camera,
“FE 106”, for example), it is useful to brighten the spot in the manner
described in the foregoing. In this way, the spot, which is stationary before
the recording, can be prevented from burning the screen.

Intensity modulation is also used for displaying vector locus diagrams and
three-dimensional oscillograms [9] [10] [11] [12] [18] [14] [15].

The functioning of the ‘“stroboscope oscilloscope” for frequencies up to
50 Mc/s is also partly based upon intensity modulation [16].

It can moreover be applied for recording valve characteristics [17] and for
representing simultaneously the interdependence of several quantities [18].
It is clear from the foregoing that the appropriate use of intensity modu-

12 It must always be borne in mind that all these components are under high tension with
respect to the chassis. Brightness “switching” can nevertheless be carried out quite safely
by means of relays or voltage divider circuits.

174



Phase measurement by multiple oscillograms

lation—influencing the spot in the third dimension—opens up innumerable
possibilities of application and greatly widens the scope of the apparatus.

11. Phase measurements

Fundamentally, two tasks can be distinguished:

1) the phase difference between two or more given voltages or currents is to be
determined, or

2) the characteristics of a circuit unit, of a four-pole network (circuit com-
ponents, amplifiers, etc.) are to be determined by measuring the phase
shift of the output with respect to the input by means of a reference
voltage of given frequency. '

At this juncture a point of general importance must be made: every phase

measurement is synonymous with a measurement of time difference.

Thus, every measurement of phase differences allows at the same time the

determination of time differences, and vice versa.

The term ‘‘phase” means nothing more than the relative time difference

between the phenomena under observation.

In the scope of this chapter we shall only be able to deal with the most

essential of the great variety of procedures that have been made known up

to the present day.

Phase measurement by multiple oscillograms.

When the waveforms of two voltages are displayed simultaneously on the
sereen of the oscilloscope, the mutual phase difference, that is the time differ-
ence between the relative points of the voltage curves, can be read off directly.
This is illustrated by fig. 11-1. To read off the phase relationsitis best to observe
the points at which the voltages pass through zero; the maxima are less
suitable for the purpose. The spacing of the zero points of one complete cycle
corresponds to 360°, that is to the duration of one alternation T' (the time
taken to complete one cycle) or 2.

For investigations of this kind a multibeam oscilloscope is not essential; the
vertical deflection plates of a single beam oscilloscope can be switched to two

cemmo——y
e .
g ! “4*’_:‘?\— V-
1 Vo % Oo amplifier
byv, | °p
3. 3
: j" Synchronization Time base
o OJ-L”JI with i, generator
o——o— ]
/1 ! ,ll 2/1 7 2
a b
Fig. 11-2. Layout for measuring the phase
Fig. 11-1. Determining the phase difference between a number of voltages.
difference between two voltages by Time base firmly synchronized with reference
a double oscillogram. voltage.

175




Phase measurements ’ 11,

or more voltages one after the other. What is essential is that during this
process the time base generator must always be synchronized in fixed phase
with the reference voltage, as indicated in fig. 11-2 (external synchronization).
- We can then be sure that the waveforms of the other voltages will represent
faithfully the relative phase positions 22,

If switching is carried out rapidly enough (relay switch with at least 20 ¢/s or
rotary switch with 1500 revolutions) in conjunction with long-persistence
cathode ray tubes (DN 9-8, DR 10-3) or, still better, types with post acceler-
ation (DN 10-5, DR 10-5, DR 10-6), the observer will obtain a picture of
all the different waveforms at one and the same time.

A particularly efficient solution of the switching problem is offered by the
electronic switch 1* by means of which the switch-over is adjustable between

e
3 =
Vi = MV +a
¥ =
4 T
U
CRT

-a ’ e

Fig. 11-38. Basic circuit of electronic switch.

frequencies from 2.5 c/s to 40 ke/s with the aid of electronic valves [1][2] [8]
[4] [5].

The basic circuit of this electronic or “amplifying” switching unit is shown in
fig. 11-8. The two valves 1 and 2 represent two conventional amplifier stages
which, however, possess a common anode resistor B,. Both input signals v,
and v, are applied to the control grids of these valves. The screen grids do not
receive a constant DC voltage but a rectangular voltage from a multivibrator
M V. During the half cycles when the screen grids are driven positive by this
voltage the amplifier valves work alternately; that is to say they are switched
on in turn during each half cycle of the multivibrator frequency. The ampli-
fied input signals appearing across anode resistor R, are thus applied alter-
nately via C, to the Y plates of the cathode ray tube. In this way two signals

% To displace the whole picture sideways if required and to adjust a certain over-all phase
position, a corresponding correction is possible by means of phase shifting networks in the
sync lead, as shown in fig. 11-2¢ and b.

14 The author recommends the use of the name “amplifier switch’’ instead of “electronic
switch”, in view of the fact that it expresses an important aspect of its functioning, namely
that amplification also takes place, which can sometimes, indeed, be quite considerable.
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Measurements by phase marking

can be made simultaneously visible on the screen of a single-beam cathode ray
tube (with two electronic switches three signals can be displayed and so on).
1t is particularly important here that synchronization be carried out directly
with an input signal frequency (external synchronization). Otherwise the time
base frequency will fall into step with the switching frequency which, of
course, lies on the vertical deflection plates, and the pattern will be corres-
pondingly interrupted. For correct synchronization it is only necessary to
adjust the switching frequency such that it differs from the integral multiple
(or fraction) of the input frequency by more than about + 20 c/s. Too great a
difference between input and switching frequencies is not advantageous since
the undesired patterns will then lie close together and it will be difficult to
adjust the suitable switching frequency.

If the multivibrator of the electronic switch can be synchronized externally
it is advisable to lock it with the time base voltage of the oscilloscope. This
will ensure that the change-over to the second oscillogram always takes
place during the flyback of the time base. The oscillogram of the one pheno-
menon will thus be displayed with one or more whole sweeps of the time
base cycle before the change-over takes place.

A special switching device is not absolutely necessary for the photographic
recording of multiple oscillograms. As described at the outset, the time base
voltage is firmly synchronized with one of the voltages to be observed and
this synchronization is then retained for the subsequent recordings. The
individual phenomena are now adjusted on the screen at the appropriate
amplitude and recorded one after the other on the same photographic
material.

This was the method used for recording the oscillograms in figs. 5-10, 5-11,
5-18 and 18-6, 18-8, 13-9 and 13-11.

Measurements by phase marking

With the method just described the actual trend of the phenomena can be
observed at the same time. There are some measurements, however, where
all that is required is information on the phase difference (time difference).

For this purpose it is expedient to take off phase-dependent pulses from the
voltages in question. This can be done magnetically by means of ‘“‘pulse
transformers’ or electronically by means of thermionic valve circuits (fig.
11-4). The input voltage to be measured is amplified by valve 1 and the
output is then applied to valve 2 in which, by anode and grid rectification,
its peaks are clipped in such a way that a rectangular voltage appears in the
anode circuit. By correctly rating the following CR coupling network,

(R >3 R) , differentiation is obtained, resulting in the peaky waves indicated.

The grid of valve 8 is kept at such a heavily negative potential that only the
positive pulses are able to cause a change in anode current (anode rectifi-
cation). Thus during each cycle, a voltage pulse appears at the output and
this pulse is used for phase indication 5.

15 Phase correction can also be carried out here by connecting phase-shifting networks
(RC or CR) to the input of this circuit.
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Phase measurements 17

For phase measurement, the time base generator is now adjusted to the
frequency of the input signal and synchronized with the reference voltage
(fig. 11-5). Both voltage pulses v, and v, are applied simultaneously to the
input of the vertical amplifier. Mutual reaction is avoided in this type of
circuit in the simplest possible way by resistors B, and R,. If necessary a buffer
stage can be incorporated. (See also fig. 12-15.)

The pulse v, synchronizes the time base. Since the sweep frequency is equal

Fig. 11-4. Basic circuit for generating pulses from a sine wave for
phase measurements with oscilloscope.

to the signal frequency the total picture-width, as shown in fig. 11-6, corre-
sponds from the point of view of phase to one complete cycle, that is, to 860°.
The time base voltage rises linearly with time and thus the phase scale over
the whole width of the display is also linear. The phase difference can there-
fore readily be read off from the distance between the markings v, and v,.

With this procedure, however, just as with that previously described, the
accuracy of the reading is not very great, being only between about 5-10°.
Improvement is possible by displaying several traces. A second sawtooth

Ra((R], Rz,R4
Ry

|

Ry Vertical
amplifie

Reg 24

o

180° 270°  360°

o X —
q

v.l
I

90° 160°  270°  360°

N 7
External synchroni-
zation withv, %’éﬂ%’%ﬁr

Fig. 11-6. Oscillograms of phase

Fig. 11-5. V comparison with pulses; @) voltage
Layout for phase comparison with pulses of different amplitude,
" pulses according to fig. 11-—4. = - b) pulses of equal amplitude.
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Phase measurement by Lissajous figures

generator is used for this purpose, the linear
output of which is applied via resistor R,
(in circuit 11-5) to the Y plates with the
frequency of the input signal (synchronize!).
If the time base frequency is now adjusted
to, say, four times the second .sawtooth
frequency, four traces or lines will appear
on the screen (see fig. 11-7). Each trace
corresponds to a phase range of 90° so that
the accuracy of reading is now within
about 2°,

It can be seen from fig. 11-7a that the
traces obtained are tilted. This is only a
defect of appearance which can be removed
by impressing on one of the Y plates a part
of the time base voltage proper. This is
effected via R, as indicated in fig. 11-5 and
the correct Y plate must be found by ex-

periment.
The corrected oscillogram is shown in fig. ,
11-7b. Fig. 11-7. Phase comparison with
pulses extended to 4 traces;
. . a) tilted traces without correction,
Phase measurement by Lissajous b) horizontal traces corrected via
figsures (ellipses). R; as in fig. 11-5.

Because of its great simplicity the measurement of the phase difference be-
tween two sinusoidal voltages by the formation of an ellipse has gained great
importance. For such measurements the two voltages are simply applied to
one pair of deflection plates each (fig. 11-8a). The resulting pattern on the
screen is known as a Lissajous figure.

For better understanding of the process, some oscillograms are shown in
fig. 11-9 to illustrate how the spot behaves when under the influence of in-
phase voltages on the deflection plates. In this figure and in fig. 11-10, in
which there is a phase difference of 80° between the two signals, thirteen
equally spaced points have been marked along the time axes, and by pro-
jecting each of these points from the corresponding points on the voltage
curves, the formation of the reference pattern is illustrated, which has itself
been photographically recorded.

Ry <Ry
amp/i_fier'
17
4 Fig. 11-8. Phase comparison by deflecting
nmnn " the spot in both coordinates to produce
Ry qj“—lpl C an ellipse (Lissajous figure); a) basic con-
U —o 0 nections to deflection plates, b) layout
for measuring the phase difference between
a é current and voltage on a reactive load Ry,
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Fig. 11-9. Movement of the spot (¢) under Fig. 11-10. Movement of the spot (¢) under
the influence of two sinusoidal voltages in the influence of two sinusoidal voltages
equal phase (a) and (b). (a) and (b), with voltage (a) lagging.

Fig. 11-11.
Determining the phase angle
from the ellipse.

Whereas in the course of one cycle the spot in fig. 11-9 travels up and down
on a straight diagonal, it describes an ellipse in fig. 11-10. The opening of the
ellipse increases with increasing phase difference.

The phase angle can now be determined as shown in fig. 11-11a or b. The
ratio of the part of either axis, ordinate or abscissa, bisected by the ellipse to
the length of the projection to the corresponding axis is equal to the sine of
the phase angle:

sine 0 = % ' (11-1)
and the angle § is thus:
6 = arc sine% (11-2)

It is a matter therefore of measuring the lengths « and b; the angle corre-
. o a . . .
sponding to the quotient 5 can be found in any trigonometric table.

But even this small amount of labour can be made unnecessary by fixing over
the face of the screen a sheet of transparent material calibrated with an
appropriate scale as shown in fig. 11-12. For measurement, the amplitude of
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Phase measurement by Lissajous figures

deflection should be as large L/
as is required for both end
points of the scale just to be
touched by the ellipse. The
phase angle can now be read
off directly. ¢

The phase angle can also be
calculated from the length of
the axes o and § of the ellipse | ‘ | I | i | l |
and their projections X and ¥ | | | ! | ! I ! |
according to the equation: om0 0 40 3020

0 20 0 40 50 60709
|I|I|II
HEEER

el b
]

S|
—

S

|39

3

INHENEE

. a-fp ]
= - — 20—
6 = arc sine <5 (11-3) ]

(See fig. 11-115.) 30—
An impression of the patterns 40—
resulting from different phase 50—
angles is given by the oscillo- 60—
grams in fig. 11-14. It can be A
seen that the pattern is already  Fig.11-12. Scale for phase measurement for 6 < 90°.
ellipsoidal at 1°. In the oscillo-

grams shown so far the amplitude of the deflection in both directions, was
equal so that the longitudinal axis of the ellipse always appeared at an angle
of 45°. This is not absolutely necessary.

Fig. 11-18a, b and ¢ shows three oscillograms with a phase angle of 30° to
illustrate the effect of differences in amplitude between ¥ and X deflection.
What is always decisive is the ratio between the lengths a and b.

The phase angle may not always be of direct interest, however. Very often a
function of the phase angle—tan 6 or cos —is required. This can also be read
off directly. A scale with cos 6 for § = 0-90° is given in fig. 11-15, similar to
that given in fig. 11-12. It can be calculated from the formula:

cos 6 = ]/1 — (%)2 (11-4)

It is worth noting in this context that precisely those cos 6 values above 0.5,
which are of chief interest in practice, become increasingly easy to read as
they approach 1.0.

The phase difference between current and voltage in a reactive load Ry, can be

¢ 0-90°

Fig. 11-13. Examples of
the independence of phase
measurement of deflection
amplitude. ¢) Y amplitude
smaller than X amplitude;
b) Y amplitude equal to X
amplitude; ¢) Y amplitude
larger than X amplitude.

6 The figure has been reproduced in its present size to enable a copy to be made of it on a
similar scale, if so desired (photostat on transparent material or floodlit scale).
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Fig. 11-14.
Nine characteristic oscillo-
grams with varying phase
differences.

measured as shown in fig. 11-8b. The voltage across By is used for the hori-
zontal deflection. The total current flows through a resistor R,, which is small
compared with Bz, and the resultant voltage drop is used, after amplification,
for the vertical deflection. (This deflection is thus proportional to the current.)
Interpretation of the ellipse appearing on the screen makes it possible to
determine at the same time, in the manner already described, current, voltage,
cos 0 and thus the power of
the circuit.

Determining the sign of
the phase angle.

cos A

From the formation of the
ellipse, therefore, the phase
difference between two volt-
ages can be ascertained with
appreciable accuracy. The | 5 4 s
oscillograms we have con- o0 == 297
sidered do not, however, re- poz o= 699
adily show whether the volt- ]
age observed lags or leads the - “
reference voltage. ]

0551065} '435 ‘qyz 095 098 am'.oggs 0296 095 qez) 445 | 079 1065, 0
I (N N 'I'

I H Illll

||| IIHIII llll,
093 095 097 ﬂﬁ! /-- N! 057055051

09 09954 039 [

05’8 -

6<90°

o7
65—
055 —

Fig. 11-15. 05

Scale for direct reading of cos 6.

182

IHILULIE

]
N

[L1h)




Determining the sign of the phase angle

A method of determining the sign of the phase angle is to introduce into the
junction of the voltage with unknown phase angle a phase shifting network as

in fig. 11-2a and b, in which the direction of
phase change is known. (In fig. 11-2a the out-
put voltage leads and in 11-2b it lags). If as a
result of this network the ellipse is widened,
then the phase shift of the unknown voltage
will have the same direction and if it is
narrowed, it"will have the reverse direction.
It is better to use a CR-network for this purpose
(fig. 11-2a—output voltage leading.) The re-
sistance R can be formed, in the AF band at
least, by the input impedance of the oscillo-
scope so that in practice it is only necessary
to connect up a suitably rated condenser.

If the phase difference is greater than 90°, the
ellipse inclines towards the left side of the
screen, as can be observed in the series of
oscillograms given in fig. 11-16. At 180°, a
straight diagonal forms as at 0°, but inclined
towards the left of the screen (seen as a mirror
image). As the phase difference increases, the
ellipse widens again until at 90° and 270° a
circle appears. If no special measures are taken
the patterns up to 270° will be the same as
those between 90° and 180° just as the
patterns between 270° to 360° will be the
same as those between 0° and 90°.

Various measures have beendevised for making
these oscillograms free from ambiguity. The
method proposed in fig. 11-17 is particularly
simple. The grid of the cathode ray tube is
supplied, via phase-shifting networks, with a
portion of the reference voltage (not of the
voltage whose phase changes) in such a way
that at phase differences between 0-180° the
right of the pattern on the screen is brightened
and the left dimmed. This method was used
for the oscillograms in fig. 11-16. If the phase
difference exceeds 180°, the situation is re-
versed and the left of the picture is brightened.
Thus in the examples shown in fig. 11-16 we
can easily distinguish between the patterns
representing phase differences of 15° and 345°,
45° and 815°, 90° and 270°, 185° and 225°, and
165° and 195°.

The most favourable value of the phase-
shifting components R and C depends upon

345°
-15°)

45°
315°
(-45°)

g@ M )
(-270°) ' (-90°)

225°
(-135°)

135°
(-225°9)

195°
(-165°)
165°
{~195°) :

Fig. 11-16.-
Oscillograms for phase measure-
ment with intensity modulation,
for unambiguously interpreting

all patterns from 0° to 360°.
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L
TQ__ amplifier 4 g i
]
vl X
Lamphf!er /
Fig. 11-17. Circuit for unambiguously inter- Fig. 11-18.
preting ellipses by intensity modulation Phase measurement by means of
with the voltage with reference phase. glow-tube circuit.

the values of the grid network R,, C,, and must be found by experiment
for a given signal frequency. The intensity modulation can be varied if
necessary by potentiometer P. In this way it is possible to see from the
oscillogram whether one has to do with a leading or lagging phase relationship
(0 less than or greater than 0° or 360°).

Obviously, the accuracy with which phase measurements can be interpreted
from the patterns on the screen depends also upon the sharpness of spot
focus. A phase angle of 1° is still clearly readable. Measurement naturally
is made more difficult and less accurate if the voltage curves are distorted [6].
Another interesting method of unambiguously determining phase-angles from
oscillograms obtained with sinusoidal voltages is shown by the circuit in fig.
11-18. Both voltages, the reference voltage and the voltage to be compared, are
brought by transformation or amplification to an amplitude higher than the
ignition potential of a glow-tube. The voltages on both glow-tubes are switched
alternately to both deflection plates. When the voltage on the glow-tube
circuit during one half cycle reaches the ignition potential the voltage, after
ionization, falls to the operating value vy as indicated in the oscillogram in fig.
11-19, so that each time the peak P is formed. If the value of the peak voltage
v, is at least 2 X vp, the remaining portion of the sine wave will be almost
even. As aresult of two such voltages on the deflection plates, angular patterns

Fig. 11-19.

: Fig. 11-20.
Operating voltage waveform Patterns on the screen for 0 = 90° and
of a glow-tube circuit as in 6 = 270° in measurements with a circuit
fig. 11-18. . as in fig. 11-18.
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Measuring the phase difference with a sharply bent sine wave

with peaks appear on the screen, and the length
of their sides is a measure of the phase difference.
At the same time, the peaks at the ends of the
figureindicate the direction of the phase difference.
Two characteristic patterns are shown in fig. 11-20,
for 0 = 90° and 6 = 270° (or —90°),

Brightness modulation is another means of ob-
taining an accurate indication of the phase angle. If,
as shown for example in fig. 11-21, the ellipse is
intensity-modulated with an alternating voltage

Fig. 11-21.
Phase measurement with
brilliance marking,

. 360 . .
whose frequency is 5 fu a brightness marking

will result at every 5°, making altogether 72 points.
To determine the phase angle under 90°, it is only
necessary to count the points falling into quadrants II or IV. The number of
the points X 5° gives the phase angle. In the example reproduced it is there-
fore 51y X 5 = 262/,°

It is expedient to produce these modulation markings by multiples of the
input signal frequency, as was described in chapter 6 and illustrated in fig.
6-8. In this way the markings remain stationary and the pattern can be
interpreted with ease.

Measuring the phase difference with a sharply bent sine wave.

An interesting method of particular value for measuring small phase angles is
the following one [7]. The input signal is led over two cross-circuited diodes
(valves or crystal diodes) which receive a small bias from battery B, as in
fig. 11-22, Without bias both half-cycles of the sine wave would be passed
through unattenuated. The result of the bias is to prevent current from flowing
for a short period in the vicinity of the zero transition points. The resultant
voltage appearing across the output resistor has a waveform as shown.in
fig. 11-28a for § = 0°.-

Applymg this voltage now to a circuit element (CR-network, ampllﬁer) in
which the phase change occurs which is to be measured, then these “steps”
become displaced, the displacement ‘4> being a measure of the phase change.
In fig. 11-28 the oscillograms above “a’ show corresponding patterns for
phase angles of 0°, 1°, 5°, 15° and 80°. For this process, therefore, no compari-
son voltage with a reference phase is required.

In extension of this idea, other possibilities present themselves. For example,
without horizontal deflection (fig. 11-28b) the bends in the curve cause two
points to appear in the vertical trace, and the distance between them is like-
wise a measure of the phase difference. In fig. 11-28a the horizontal deflection
frequency was half as great as the signal on the Y plates to produce the
pattern observed. But even when the time base frequency is deliberately not
synchronized with the vertical deflection frequency but i appreciably higher
or lower, patterns are obtained which can still be interpreted (fig. 11-23¢). On
a luminous area, which becomes darker towards the middle, two horizontal
traces appear, the spacing of which can also serve to indicate the phase
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Vin /\/ —”_——,—Ra A\f
5

Fig. 11-22.
Circuit for generating a ‘““bent”
sine wave.

Fig. 11-28.
Oscillograms for measurement
with a “bent” sine wave.

difference. It is also possible to dispense with the time base generator alto-
‘gether and to effect the horizontal deflection by means of the “unbent” input
signal (amplified if necessary) as shown in the circuit in fig. 11—24 The pat-
terns then obtained on the screen

are, as reproduced in fig. 11-23d, s
“bent” ellipses—ellipses with a — i

short, horizontal }?ortion in the - Object

centre. The spacing of these L7 M under |
portions of the curve is again a ment
measure of phase.

048 +<f

L

Phase measurement on a
circular scale.

Fig. 11-24. Circuit for phase measurement
with bent sine wave for patterns as in

The use of a circular scale to indic- fig. 11-23d.

ate the phase angle between two
alternatmg Voltages is particularly expedient since it allows direct presen-
tation in electrical degrees of angle One method of achlevmg this is as
follows. The reference voltage v, is impressed upon both pairs of deflection
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Phase measurement on a circular scale

plates such that both component voltages have a phase difference of 90°. The
circuit generally to be recommended is shown in fig. 11-25, in which the
comparison voltage v, is applied across the series arrangement of a resistor

R with a condenser C. If 516 = R, theg the

Y-
phase difference between the voltages v¢ and vg amplifier
is very nearly 90°. With equal amplitudes of L

deflection in the X and Y directions, the pattern c R
appearing on the screen at exactly 90° phase '_"'_— — 11—
shift will be a circle. PRS- S PR I
The prerequisite here is, of course, that v, shall ¥ o

be symmetrical with respect to earth. As this Fig. 11-25

%s selc_lom the case, the circuit ‘usual.ly e.amp}oyed Circuit for generating

is as illustrated in fig. 11-26. In this circuit the a circular trace.
deflection voltages for both pairs of plates are v

mutually displaced by minus or plus 45° by means of an BC or a CR network. In
the process the voltages drop to 0.707 of the amplitude of the input voltage.
In this example the mains voltage is employed for v,. (Since a variable auto-

R
10k [00k Fig. 11-26.

Circuit for a circular

3 c== trace —v, single-pole

?7 0. 5‘7 B earthed.

50n
2Mflin
ps

transformer with one winding is used at the input, attention must be paid to
correct polarity.)

The harmonics always present in mains voltages must be filtered out by an
RC network as otherwise severe distortion of the circle will appear. (The circle

360° = 6,

\7/

90° 270°

Fig. 11-27. Oscillograms for phase measurement with a circular trace;
a) brilliance marking, b) blank marking, ¢) brightening of semi-circle.
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is an ideal criterion for harmonics.) The size of the circle can be adjusted by
the input transformer. The phase and thus the circle itself can be adjusted by

N -15"0"4'5“ °
- 450 +30

= 360°+1= +360°

Fig. 11-28.
Phase measurement with
rotating trace.

the two variable resistors of 100 kQ and the
symmetry of the pattern can be regulated
by the 2 M@ potentiometer.

A pulse is now generated (as described by
fig. 11-4) from voltage v,, whose phase differ-
ence with respect to v, is to be measured,
and this pulse is impressed upon the grid of
the cathode ray tube so that, according to
polarity, a bright marking or an interruption
appears on the circumference of the circle,
as shown in fig. 11-27a and b. The marking
for § = 0 can be easily ascertained by con-
necting v, itself to the device for generating
the pulse (fig. 11~4). The output position on
the circumference of the screen can be cor-
rected as desired by means of phase-shifting

networks at the input of the pulse-former.
The distance of the measuring mark from the zero mark on the circumfe-
rence of the circle gives the phase angle directly in degrees up to 860°.
The oscillogram in fig. 11-27¢ indicates another, similar method, which is to
take a rectangular voltage from the second valve in the circuit in fig. 114,
and to apply it to the grid of the cathode ray tube. The result is that exactly
one half of the circle is brightened. The chord connecting the end points of the
semi-circle likewise gives a phase scale in degrees of angle. The degree of
accuracy in interpretation using these methods with standard cathode ray
tubes is about 2° [8] [9].
A number of circuits, “phase bridges”, have also been made known, with
which a trace is formed that rotates in dependence upon the phase difference
between both voltages [10] [11][12] [18]. (An identical circuit is described in
the following chapter on frequency measurements “circuit for the represent-
ation of cycloids”.) A prerequisite is that the amplitudes of these voltages shall
be entirely equal. The phase angle can then be read from a circular scale covered
by a rotating trace as illustrated by fig. 11-28, which shows a number of
traces representing certain phase angles.
It can be seen that phase angles are indicated of max. +860° or —360°.

Ty Ty R [ oosur A G2UE
\ CR
Fig. 11-2 kil T \ P 0.25uF T
18, 9. L . S5k f
Bridge-circuit for cT Y P
producing a rotating L 0.5uF l
. 0.2 i

trace 2 ﬁ' b -

—o 1, o
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Phase measurement on a ctrcular scale

The phas‘e angle corresponds to twice the angle of rotation of the trace.
Thus if o is the angle of rotation and 6 is the phase angle, then:

6=2-a (11—5)

The relevant circuit is shown in fig. 11-29. In this example the phase differ-
ence between the voltages v, and v, at mains frequency was observed. The
voltage was taken from the mains after regulation by 7'y, separation by T,
and smoothing by R and C. For the elements of the bridge circuit, a—)}(—j must be
equal to R. The values given in the circuit provide satisfactory results.

It must be added that this method of indication is ambiguous, that is to say
the trace for 0° can also be 860°, that for 90° also —270° and that for 180°
may be —180°. The method is most suitable for the measurement of large
phase angles. The accuracy of reading remains constant over the whole range
of 860°, being about 5°.

If the two voltages v, and v, are taken from different AC generators, then
without perfect synchronization a rotating trace is obtained, from which the
synchronization of the generators can be very simply and clearly adjusted.
It should be noted that, where sufficient voltage is available, no more than
a few inexpensive circuit elements are needed for the purpose, apart from
the cathode ray tube and its power supply (no vertical amplifier and no time
base generator). In this way phase measurements can readily be carried out
even at frequencies as high as 1 Me/s [14].

The circuit for the phase bridge is, as in most measuring arrangements given
here, rated for a specific frequency. If phase measurements are to be carried
out within a certain frequency range, however, it is necessary to include
in each voltage lead a mixer valve for frequency transposition. The frequency-
determining elements of this stage should be rated such that the output
frequency is always equal to the bridge frequency.

Phase measurement with a rectangular voltage.

With the aid of a symmetrical rectangular voltage it is possible to investigate
with excellent results the phase-shifting influence of individual circuit ele-
ments or of an entire amplifier, especially when the phase differences are small.
Alternating voltages of this kind can either be generated in multivibrator
circuits, in a square-wave voltage generator (e.g. Philips’ GM 2814 or GM 2324)
or obtained by “clipping” a sinusoidal voltage.

The voltage is applied with a suitable amplitude to the object under measure-
ment and the wave-form of the output voltage is observed on the oscilloscope.
The oscilloscope amplifier must naturally be able to pass this waveform
faithfully at the frequency in question. One should first, therefore, make quite
sure on this point by connecting the input signal directly to the oscilloscope.
As we saw in chapter 5 (fig. 5-14) square waves make very high demands on an
amplifier.

The behaviour of the voltage in relation to time is then observed (preferably
two cycles) with a linear voltage on the X plates.
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The resultant patterns of the most important gradations of phase difference
are shown in the series of oscillograms in fig. 11-804. Viewing these pictures
from the side we can perceive as early
as '/,° a faint tilt of the straight por-
tions of the waveform. (The vertical
portions could not be recorded
owing to the extraordinarily high
deflection speed.) ,

In addition to this familiar proce-
dure, two other possibilities are
indicated in the series of oscillo-
grams b) and c). In series b) the
voltage on the X plates was
switched off: for this purpose the
time base generator can be dispensed
with entirely, ‘ ‘
This results in the appearance of
points, or strokes, whose height in
relation to the total picture height
is a measure of the phase difference.
In series ¢), although the time -
base generator was in use, the
frequency was much higher than
the input frequency and not syn-
chronized. Traces or strips of diffe-
rent thickness now appear whose
breadth in relation to the whole
picture height can again serve as
a measure of the phase difference.

The distortion of a square wave
by phase shift.

To be able to judge the oscillograms
thus obtained we must first know
the causes of this distortion.

As is known, a square wave can
be built up according to Fourier
from a fundamental sine wave and
an appropriate number of sinusoidal
harmonics in certain phase rela-
tionships. For a square wave vol-
Fig. 11-80. Oscillograms for phase meas- tage beginning at zero with the
urement with square waves; a) patterns of positive maximum value of ampli-

two cycles, b) without time base, ¢) time . .
base frequency higher than signal fre- tude A the followmg equation ap-

quency and not synchronized. plies:
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The distortion of a square wave by phase shift

4-ATT® .
y=— nzl 2n1—1 +sine (2n—1)x (11-5a)
or
4-A T, 1, 1,
sz-[smex+§sme3x+gsme5x...} (11-5b)

The amplitude relationships are as follows:

Fundamental: amplitude 1

8rd harmonic: " s
5th 3 . 9 1/5
7th 3 H k2] 1/7
9th I : ’9 1/9
11th ' : ' 1/1; and so on,

This means that a voltage of this shape contains the 101st harmonic with
still 1%, the fundamental.

In a circuit element which determines the low-frequency end, the output
voltage leads the fundamental frequency of the input voltage.

In a circuit element which determines the upper frequency end, the output
voltage lags the input voltage. Since at the low-frequency end the harmonies,
corresponding to the frequency, are appreciably less shifted in phase, and

* Fl

90 I
AN J*R% 1T
70 \

60 \

50 " p-T-tane N

@
40 N
: ~

i~
20 ~

10
\\
0 0 5 10 15 20 25 30 35 40 45 50 55 8°

Fig. 11-81. Dependence of attenuation factor e—=-tan @ upon phase angle 6. @) CR network,
b) oscillogram distorted by phase shift.

since, moreover, their “wavelength” is only a fraction of the fundamental,
the instantaneous values change such that the horizontal portions of the vol-
tage curve become tilted in the direction of the time axis.

In a circuit element determining the upper frequency limit the harmonics are
influenced more strongly than the fundamental (as a rule attenuation occurs
too) and the portions of the curve become rounded counter to the direction
of the time axis.

To gain a picture of the change in waveform at a certain phase shift we
could draw the fundamental together with its harmonics and construct the
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sum curve for the characteristic cases. But this would take up far too much
time. 'We can, however, find the connection between phase difference and
change of the square wave from the following consideration.

At the beginning of each half cycle of the signal, condenser C (fig. 11-81a) is
charged up °

Until the arrival of the following half cycle, condenser C can discharge through
resistor RB. The voltage decay is given by the time constant v = R - C, to which
the familiar equation for the discharge curve of a CR circuit applies:

t
Vp = Vg€ c-R (11_6)

As indicated in fig. 11-81a, v, is the initial voltage and vz is the voltage at the
end of the half cycle.

The time ¢ is in this case (symmetrical signal) equal to half the reciprocal of the
rectangular-voltage frequency, thus:

(11-7)

- L
2f

It is now necessary to show the voltage v, and vz on the one hand and the

phase angle on the other hand in their mutual dependency. We should recall

in this context the equation: cot § = w + R - C, which was derived as (5-16) for

coupling elements of this sort in chapter 5.

If we now insert in equation (11-6) equations (11-7) and (5-16) and substitute

1 .
for cot 0, we obtain:
tan 0 ‘
Vg = v, e tn0 (11-8)

Fig. 11-81 shows the curve for the dependence of the attenuation factor
e%20 ypon the phase angle 0, calculated according to (11-8). We can
read from this, for a given phase angle, the voltage decay at the end of the half
cycle or inversely the phase angle corresponding to a given fall in amplitude. °
Oscillograms 11-80 b and ¢ are particularly suitable for this measurement,
being so easy to interpret.

The oscillograms reproduced in fig. 11-80 correspond to the prerequisites
mentioned so that they can readily be used as a kind of scale for practical
comparisons.

For this reason a fairly comprehensive series of oscillograms was selected to
provide the reader with a basis of comparison for a given case. It is worth
making an attempt to memorize these characteristic patterns.

In series a), especially in the lower pictures, it can be seen that the total

5 For the lower frequency limit the corresponding circuit elements of an amplifier can be
combined to form the equivalent circuit of a CR network. In a similar way, the upper
frequency limit can generally be characterized by the parallel circuiting of a suitable
resistor and an “equivalent” capacitance.

¢ A scale can also be constructed from this curve to enable the phase angle to be read
straight from the screen. It is only necessary in this case. to adjust the picture height so
that the end marks are reached above and below.
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Electrical differentiation

picture height increases with increasing
phase-shifting influence of the circuit ele-
ments present. This can be explained as
follows.
If the RC time constant is so large that no
noticeable phase change appears, then the
voltage amplitude is so high that as a result
of “‘recharging’”, the spot jumps from the
given minus deflection to the plus deflection
and vice versa as in fig. 11-82a. The voltage
source thus overcomes the voltage differ-
ence 2 0,,,, 1f, however, the time constant
is so small that the zero line is reached before
the end of the half cycle, as shown in fig.
11-82b (the condenser can practically dis- Fig. 11-82. Oscillograms to explain
charge itself within this time), then the volt- increase of amplitude at large
) X . phase angles; a) phase angle § =
age source again allows the output voltage 0°, b) phase angle § = 60°.
to rise to the value 2 *v,,, but this time ’
from the zero line. At the next half cycle it falls by the same amount after
it has first again become zero, so that about twice the amplitude of the
voltage peaks occurs as before. This applies to the case where § < 60°.
Where § > 60° (75° ete.), the decay of the amplitude of the fundamental
becomes noticeable, so that the total picture now becomes smaller. If the
value of the CR network is such that the condenser can partly but not wholly
discharge, then of course various intermediate values of amplitude are found,
as may be seen from the pictures in fig. 11-80 from about § = 10° onward.

Electrical differentiation.

With increasing phase shift the oscillogram corresponds less to the course of
the input voltage itself than to its change or to the slope of the curve at each
moment. As a curve of this kind represents the differential quotient of the
original curve, the possibility of electrical differentiation arises. For the picture
. . 1 1
in which 6 = 60°, =G Was equal to 1.8 - R and for § = 75°, —C Ves equal to

) 0]

1 . .
4 - R. It can be seen that from about pYel 8 R, this effect becomes sufficiently
®

distinct for interpretation. In this way, from any voltage corresponding to a
changing phenomenon an oscillogram can be obtained which represents mathe-
matically the first derivation of the process. Referring to the circuit as in fig.

. 1 . . o
11-81a, if we make PG, >R, then the current ¢ flowing through these circuit
w

elements will be determined mainly by C.
The voltage v, across this condenser is then for practical purposes equal to the
input voltage v,, thus v, ~ v,. As is known, the current through a condenser is

. d .
proportional to the voltage change d_zz):’ and thus the current here is pro-
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. d .
portional to _az% The voltage drop vg is then equal to:
. do,
i"R=oy~R-C- 32 (11-9)

The output voltage vy in a circuit rated in such a way is given by the product
of a constant (k = RC) and the differential quotient of the input voltage. It is
thus proportional to the first derivation of the input voltage.

Phase measurement with half-wave rectified sinusoidal voltages.

Since there may not always be a voltage source available for square waves of
variable frequency, it should be mentioned that similar measurements are
possible with a half-wave rectified 4C voltage. In fig. 11-88 oscillograms are
set out similar to those for square waves in fig. 11-30. Here also we can work
without horizontal deflection and obtain patterns as in series b). With a higher,
non-synchronized time base frequency, patterns result as shown in series c).
With a voltage curve of this sort, however, phase changes of less than 2° are
not readily perceptible.

Investigations on circuit elements with lagging phase.

Square waves can also be used to investigate the influence of an RC network
(fig. 11-84a) on phase relations. A series of oscillograms for such a case are
shown in fig. 11-85. The voltage across the condenser now reaches its maxi-
mum value after a delay. The larger the RC time constant, the slower the
voltage rise. Since the influence of the circuit in 11-84¢ is equivalent to
the circuit in 11-84b, under certain conditions which apply in amplifying
technique [15] [16], these results can also be applied to investigations on the
upper frequency limit of circuit elements or amplifier stages. According to
fig. 11-85 the amplitude of deflection does not increase in this case but always
decreases, as opposed to the case of a CR-network.

Electrical integration.

As the picture for § = 75° in fig. 11-85 shows, an almost exact triangular
wave has been formed from the square wave. Thus, during each half cycle of
the rectangular voltage the output voltage rises constantly, and falls likewise
during the next half cycle. But this corresponds to the integrated curve of the
input voltage. Therefore, with a circuit as in fig. 11-84b electrical integration

is possible. For this purpose R must be >3- a%é .
Referring to the circuit in fig. 11-84a, if we make R> oC then the current
¢ flowing through these circuit components is for practical purposes deter-
mined by the value of R. In first approxmation, therefore, 7 = % .Thevoltageve
. across condenser C caused by the alternating currentsis given by the equation

1. . . . .
vE =5 f ¢+ dt. (The capacitance integrates the current ¢ over the time ?).
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5°

10°

30°

Fig. 11-88. Oscillograms for phase measurement

with half-wave rectified sine waves; ) with time

base, b) without time base, ¢) with high, non-syn-
chronized time base frequency.

gU——s

S L P T .

o - (md(3 ( R :..,-.C 0—*VE

l Lo |
a b

Fig. 11-34. RC circuit a) and equivalent circuit
with resistor and capacitor in parallel b).

0°

Ya®

1°

90

10°

15°

30°

45°
60°

75°

Fig. 11-85. Oscillograms for
phase measurements at nega-
tive phase angle.
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Provided that ¢ = %, the voltage across the condenser is obtained from the

equation vg = %
over time £.
In this way the voltage corresponding to any other change in condition (e.g.
_the velocity of a movement) can again be converted into a voltage pro-
portional to the time integral of this voltage (the amplitude of a movement).
See also the relevant references to the literature in
chapter 10 “The uses of intensity modulation” [2]
[8] [4].
It can be seen from the osc1llocrams in fig. 11-36 that
half-wave rectified sinusoidal Voltages are less suited
for investigating circuit elements with a phase lag.
Particularly noticeable is a rounding of the trailing o0
edge of the voltage peak and a displacement of the
half-wave peak due to increasing phase lag of the
fundamental. These changes are not so marked how- 5o
ever as with a square wave.

. f v, * dt. It corresponds to the integral of the voltage v,

0°

The use of square waves for assessing the 10°
properties of electrical transmission systems.

It was mentioned in chapter 5, with regard to the 15°
unit function response of an amplifier, that a very
clear general idea of the essential characteristics of
a deflection amplifier can be obtained by observing
its behaviour during sudden periodically rising or
falling input voltages 45°
We have further seen in this chapter how phase
changes can be observed with the aid of square 60°
waves.

The combination of such results has shown that 75°
square waves, which can be regarded as a periodic
sequence of switching on and off, can provide inform-
ation on all the essential characteristics of the ob- Fig. 11-36. Phase meas-
ject under measurement, i.e. frequency response, E;g,énlﬁe:; sﬁzhwgigs"‘zfifﬁ
phase distortion, overshoot, etc. negative phase angle for
For such purposes, asymmetrical rectangular volt- the fundamental.
ages are sometimes used to allow the system under

test a longer time to swing out in accordance with its time constants after the
pulse of the shorter part of the cycle.

Contrary to frequency-response testing with sine waves, which requires a
whole sequence of measurements, often only one measurement suffices for
ascertaining whether a certain square wave is undistorted, or distorted to a
certain known extent, in order to be able to form a sufficiently accurate
judgment of the characteristics of the transmission system in question. A
special oscillographic technique has been developed from this which finds
particular application in pulse technique and in the field of television.
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Frequency measurement by comparison with the time base frequency

The principle is also applied in locating faults in cables and overhead lines [17]
and for ultrasonic testing for defects in manufactured parts [18].

For a through treatment of these subjects the reader is referred to the relevant
publications [19—29]. A work by J. Miiller [24] deserves special attention in
view of the wide survey it offers. (See also chapter 19.)

12. Frequency measurements

Frequency measurement — frequency comparison.

The cathode ray oscilloscope by itself is not a device for measuring frequency,
but it makes possible frequency comparison with a measure of accuracy which
can hardly be equalled by other means. (For absolute frequency measurement,
see page 228 et seq.)

The only limit set to the accuracy of the reading is the “absolute” limit at
which the observer is still able to determine with sufficient precision changes
in the pattern on the screen. The higher the frequency, the higher the accuracy
of reading. :

The oscilloscope being fundamentally a voltage-actuated device, the following
pages will deal mainly with investigations on actual electrical potentials, but it
should be recalled that quite generally every change of condition, mechanical,
optical, thermic and so on, can always be converted by a suitable transducer
into a proportional voltage and displayed on the screen of the oscilloscope. In
this way, for example, very accurate measurements of rotation speeds are
possible. The rotating part can be scanned by a light beam and a photocell, so
that no mechanical connection or loading is necessary.

In a similar manner the time-keeping of a watch can be checked and adjusted
in a surprisingly short space of time [1].

Frequenc ymeasurement by comparison with the time base frequency.

The time base frequency first suggests itself as a means of determining the un-
known frequency, since it is after all adjustable within the individual ranges.
As a rule, however, the scale adjustment only approximately coincides with
the actual frequency of the time base (it can be dependent upon the supply
voltage, amplitude, etc.) so that without further measures being taken it is
not to be recommended if absolutely reliable results are required. *

On the other hand, exact measurements are immediately possible if the time
base frequency is firmly synchronized with a suitable standard frequency. The
standard frequency should be equal to, or a small integral multiple of, the
time base frequency required for the measurement.

To proceed, therefore, the frequency of the time base generator is adjusted so
that it is equal to or a fraction of the standard frequency. Once synchronization

1 Certain oscilloscopes, especially those for pulse measurement, are being fitted nowadays
with calibrated scales for time-base expansion. These can of course be used straight away
for frequency measurements—within thel imits of accuracy indicated.
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is firmly established we have the assurance that the time base has the accuracy
of the standard frequency.

The voltage with the unknown frequency is then applied, amplified or not, to
the Y plates. The circuit for a frequency comparison of this kind is shown in
fig. 12-1. What now appears on the screen is the waveform of the voltage
with known frequency. In the following examples sinusoidal voltages will
generally be used. Zig-zag wave shapes and other

forms may also appear, however, and be similarly
interpreted. If the number of cycles appearing

on the screen is equal to Ny, and if the known
frequency is f,, then, if the frequency ratios are a
whole-numbered the unknown frequency will be:

Jo= Nz fu'p (12-1)

. . b
The factor “p” represents the ratio—time base

frequency: reference frequency. If they are equal,
it is then equal to 1. Otherwise it will always be
a fraction or an integral multiple of unity. In c
the series of oscillograms given in fig. 12-2, the
patterns “e” to ‘4" represent those cases where
the unknown frequency is exactly equal to or
an integral multiple (1, 2, 8, 5 and 10X ) of the

Vex | amplifier

1 e

Time base Standard
generator Sync. |frequency
'fn f

Fig.12-1. Layout for frequency measurement
by comparison with the synchronized time
base. ‘

time base frequency. If, on the contrary, the un-
known frequency is only an integral fraction of
the time base frequency then during each time
base cycle only a portion of the waveform of
the unknown frequency will appear. The whole
picture of one cycle of this voltage now appears
during a certain number of time base cycles in
sections one above the other, as shown in fig. .
12-2 a to d for integral frequency ratios of 1/, i
to 1/,.

Fig. 12-2. Oscillograms obtained a|bleld]
with a circuit as in fig. 12-1. fwf o = Yol Ys | s | Y| 1|
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Frequency measurement by comparison with the time base frequency

The unknown frequency is found from patterns of this kind as the quotient of
the known frequency £, and the number of curve sections N, of the unknown

frequency, as:

fa: zl];_”sp

Useful results can still be obtained from patterns
where the frequency ratios are not even numbered.
Fig. 12-8 reproduces an arbitrarily chosen number
of the innumerable figures resulting from a fre-
quency ratio between 2 :1 and 8 :1 (fig. 12-2
between f and g). If the comparison frequency
f. = 50 ¢/s (mains) and the time base frequency
is synchronized in the ratio 1 :1, then these
patterns correspond to values of f, as given in the
last column of table 12-1. The frequency ratios
for these patterns are set out in fractions and
decimals in order to show how, with a single
comparison frequency, any desired number of
intermediate values in the frequency adjust-
ments can be found, which is particularly expe-
dient when making continuous calibrations.

To interpret such patterns it is best to think of
the figure as being enclosed in a rectangle and
then to count the number of points at which the
loops touch the horizontal tangent (above or
below) and the number of loops touching the
vertical tangent (left or right), as illustrated in
fig. 12—4. The unknown frequency isnow given by :

fo="1a % p (12-3)

in which N, is again the number of curve sections
and N, the number of loops touching the tangents.

f. (in ¢fs)
Symbol fx 'fn (for fn=50 C/S)

a 17/ = 28/, = 2,838 1412/,
b 14/ = 24/ = 2,800 140

¢ 11/4: 23/4:2,750 1371/2
d 8/, = 22/, = 2,667 133/,
¢ 5/, = 21/, = 2,500 125

p 7, =21/, = 2,383 1162/,
° 9, = 21/, = 2,250 112/,
h 1), = 21] = 2,200 110

: 18/ =21/, = 2,167 108/,

Table 12-I (to fig. 12—3)

(12-2)

YRR
L

Qi

Fig. 12-8. Oscillograms

with odd-numbered fre-

quency ratios (8....2;
Table 12-I).
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. Jy (in cfs)
Symbol foifa (for £,—1000 c/s)
a /16 =0,438 4374/,
b 3/, = 0,428 4284/,
c 512 = 0,417 4162/,
d 2/ = 0,400 400
e 5/,5 = 0,385 8848/,
b 3/ =0,375 375
g 4/11= 10,364 8687/

Fig. 12-4.

Counting the patterns at
frequency ratios: f, : f, =
a) Sl = 2%[3; b) /s

In fig. 12-4a, f,, = 50 c/s, f, = 50 - 8/, = 183/, c/s.
The equation (12-8) also applies, however, to fre-

. .. N, .
quency ratios at which —! is < 1. In the example

N, N
given in fig. 12-4b, 171 =4, f, = 50 ¢/s and f, =
s

50 - ¢/; = 40 c/s.

The fact that numerous intermediate values can also
be found for frequency ratios smaller than unity is
demonstrated by the arbitrarily selected oscillograms
in fig. 12-5, which appear between the frequency
ratios !/, and */;. Assuming again that the time base
is synchronized in the ratio 1 : 1, with f, = 1000 c/s,
frequency ratios and intermediate values are obtained
as set out in table 12-I1.

Interpretation of these patterns is limited by the
ability to count the number of loops N, touching the
tangents. It should also be noted that, if the number
of curve sections is too large, some of them may be
lost owing to the flyback time. The patterns in figs.
12-38 and 12-5 particularly may appear at first rather
confusing and difficult to interpret, but after some
practice it will soon be found that patterns such as
those in 12-8¢ and 12-5d, for example, stand out very
clearly. Usually it is not even necessary to count them
in this way. When calibrating a scale, it is found by
continuously varying the unknown frequency that
characteristic patterns of this kind appear quite dis-
tinctly, so that these points can readily be established
as calibration marks between the integral frequency
ratios. It was mainly to draw attention to these in-
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odd-numbered
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Frequency measurement with several traces

frequently exploited possibilities that the oscillograms reproduced have been
discussed at such length.

Frequency measurement with several traces (lines).

The oscillograms discussed in the foregoing make it apparent that for large
frequency ratios the screen should be able to accommodate a widely extended
picture. For this purpose, as already described in the chapter on phase
measurements, it is possible with two linear time base voltages to. trace

R
ndﬁmrgf base '_&
, . generator
Y-amplitier} Vg, Dicture Ve
Fig. 12-6. 2 frequency” |._§
Block diagram for frequency
comparison with several traces.
" Garmrator | Syne_| Ogtorter
€«
fréclzgincj' (multipher)

horizontal lines on the screen and superimpose on them the voltage with the
unknown frequency. The relevant circuit is shown in fig. 12-6 which largely
resembles the circuit in fig. 11-5 in chapter 5.

The sawtooth oscillator for the “picture” frequency is synchronized with the
standard frequency. By means of a distorting stage (shaper) multiples of the
“picture” frequency are generated, filtered and used to synchronize the line
frequency oscillator. If, for example, the standard frequency is 50 ¢/s, then it
is quite possible to observe in five lines a frequency one hundred times that
of the standard frequency, i.e. 5000 ¢/s. By an appropriate choice of lines one
can in this way—with one “picture’ frequency and various line frequencies—
cover a wide band of frequencies. Where a standard frequency equal to or a
multiple of the line frequency is available, we can then, in inverse order, use it
to synchronize the first sawtooth oscillator and from this we can synchronize
the second. The shaper with filter elements can then be dispensed with.

" Fig.12-7. Oscillograms with several traces

(lines) for frequency comparison: a) 5 Fig. 12-8. Frequency comparison with

traces; f, : f, = 127; b) 5 traces; trace produced by triangular voltage: a)

fo i fp = ¥ + 1 = 41%,; f, = picture pattern of the base line; b) with the fre-
frequency. quency to be measured f, : f, = 141,
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Typical patterns are shown in fig. 12-7a and b. In order to obtain horizontal
lines, here again a portion of the line frequency voltage was fed to the Y plates
over resistor R;. A point to be noted in this context is that when there are a
large number of lines ‘a not unappreciable part of the unknown frequency
pattern is sacrificed to the flyback.

In such cases it is better to use a triangular instead of a normal sawtooth
line voltage. Voltages of this sort can be produced by integration of a rec-
tangular voltage [2]. (See also chapter 16 ‘“Measuring the action of between-
lens shutters”, figs. 16-2¢ and 16-8.) In place of the first sawtooth voltage
oscillator, an arrangement should be visualized of a square-wave generator,
an integration network and perhaps an amplifier, in circuit following each
other (fig. 12-6). Examples of the result of this arrangement are shown in
fig. 12-8. Trace and flyback are now equalized so that the patterns can be
evaluated in both directions without any portions remaining unseen.

Frequency comparison by double oscillograms.

If a twin-beam oscilloscope, or a single-beam oscilloscope with an electronie
switch, is available, frequency comparison can be undertaken by directly
comparing the patterns of both voltages. The time
base is now to be synchronized again with the
Flectronic standard frequency. With a twin-beam oscilloscope
switch the same time base voltage can be used for both
systems, as it must be in any case with a single-
beam oscilloscope. The voltage of the comparison
frequency is applied to one input of the electronic

Time base

generator |Syne- switch and the voltage with the unknown frequency
LR to the other. The waveform of the known frequency
i Vix then remains stationary, and shows immediately

Fig. 12-9. Block diagram Whether the time basg frequency is equal to or a
for frequency comparison Lraction of the comparison frequency.
with electronic switch,  Fig. 12-9 shows the basic layout for this method of
frequency comparison. By comparing the number of
cycles of the unknown frequency N, with the number of cycles of the known
frequency Ny,, the unknown frequency is:

Je="Tn" N,. . (124

Fig. 12-10 shows a double oscillogram of this kind (f, above, f, below) for an
integral frequency ratio of 4 : 2. In fig. 12-10b the frequency ratio was not an
integral one, being 5 : 2. '

If the waveform of the reference frequency is not a simple figure but looks
like those in fig. 12-8, then in accordance with equation (12-8) the factor “p”
must be introduced for Ny, (fig. 12-10c-top). The same applies when the
waveform of the voltage with unknown frequency is not a simple figure

(see fig. 12-5).
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Frequency comparison by anode-voltage modulation of a circle

Fig. 12-10. Double oscillo-
grams using electronic
switch:

a) fythn =2
b)fa, e = :/2 = 21/2;

O the= 2 =11,

Frequency comparison by anode-voltage modulation of a circle.

A circular trace is obtained, as already described, by applying two voltages
displaced 90° with respect to each other to both pairs of deflection plates. The
basic circuit is again shown in fig. 12-11.

If the anode voltage of the cathode ray tube is now modulated sufficiently
by the voltage with the unknown frequency, the sensitivity of the deflection
plates will vary in such a way that the circle will be rhythmically widened
and narrowed.

For this purpose the second anode of the C.R.T.is not directly earthed but con-
nected to the chassis over a resistor. To this resistor is applied the voltage with
the unknown frequency, and the result on the screen is as shown in fig. 12-12.

Fig. 12-11.
Circuit with anode-modulated C.R.T. for Fig. 12-12.
frequency measurement with circle. Circular trace with anode-

modulated C.R.T."

It should be added that modulation of the anode voltage also affects the sharp-
ness of spot focus. It must therefore not be too large. Good spot focus in
conjunction with the possibility of stronger modulation can be achieved by
modulating simultaneously the other electrodes (a, g,), in proportion to their
share of DC voltage. The unknown frequency is found from the number of
radial displacements Ny, on the circumference of the circle, thus:

Jo=1Un" Ny (12-5)
(The “circle” frequency is then equal to f,).
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jormplitier|

L Time

base
generator

Sync

R< Ry, and Ry,

Fig. 12-18. Circuit for frequency comparison‘
by addition of vy, and Vg,

Fig. 12-15. Circuit for addition
with a double valve.
Fig. 12-14. -Oscillograms for
frequency comparison by addition.
The figures beside the patterns apply
to f, = 1000 c/s and f, = fy = 84,

Frequency comparison by adding the voltage of unknown frequency
and the comparison frequency.

In this process both voltages are applied together to the input of the vertical
amplifier, as shown in fig. 12-18. To avoid mutual reaction on the voltage
sources, there should be at least two series resistors, R,, and R,,, asindicated,
and the common input resistor B should be small with respect to them. In the
circuit used when recording the oscillograms in fig. 12-14, R,, = R,, were
800 k(2 and R was 170 k. A better method of adding the two voltages is to
use a double valve, as shown in fig. 12-15 (ECC 40 or ECC 83). Since both
anode connections contain the common load resistor R,, the voltages 0y, and
Ut amplified in both systems, are added in the anode circuit. The possibility
of reaction is thus extremely slight. If necessary it could be reduced still
further by using pentodes. The input voltages for measurement should prefer-
ably have approximately the same amplitude. The time base generator should
be firmly synchronized with the reference voltage Vs, 50 that its frequency will
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Frequency comparison by adding the voltage of unknown frequency

not change if, during measurement, amplitude
fluctuations appear on the deflection plates
(external synchronization).

As long as the two frequencies do not stand in
any integral relation to each other the patterns
on the screen will drift one through the other.
When frequency equality is achieved, however,
the pattern of the reference voltage appears
again, but the amplitudes fluctuate in the
rhythm of the frequency difference, i.e. a beat
frequency occurs. This is illustrated by the
oscillogram, in fig. 12-14f; the amplitude fluct-
uations from o to B were photographed em-
ploying a long exposure in conjunction with a
small aperture. '

Should the unknown frequency deviate from
the comparison frequency, on the other hand,
symmetrical variations of amplitude appear

above the waveform of the standard frequency, Fig. 12-16.
which, at certain frequency-differences, appear Oscillograms with large
as stationary beating patterns (amplitude spacings between the known

modulation). and unknown frequencies.

Oscillograms illustrating this phenomenon are
shown in fig. 12-14a) to e). If N, is the number
of cycles adjusted via the time base, corre-
sponding to the quotient of the comparison and
time base frequencies, thus:

Ny =T (12-6)
, fx
then the unknown frequency f,, which, with

the reference frequency, causes the beating,
is found by:

fo="Fn £ Fu- 1\17:;“‘ (12-7) Fig. 12-17.
m

Oscillograms for
a)fy=38fxandd) fo =fx-

in which N,,, is the number of beating
patterns in the picture. The interesting fact
emerges from this that one can thus very easily obtain fixed frequency points
in the vicinity of a standard frequency at a spacing of:

Nbeat
Tl =
J: Ny

By the choice of N, (the cycles of the reference frequency adjusted on the
screen) the frequency spacing can be chosen within very wide limits.

In the oscillograms in fig. 12-14, N;, = 34.

At larger frequency spacings the patterns are not always so easy to interpret
but, after a little practice, equally accurate results can be obtained from them.
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In fig. 12-16a), for example, f, = Y/, f,, * in b) f, = Y/, f,, in ¢) f, = 1Y, fo
and in d) f, = 2 f,

Useful results can also be obtained when the unknown frequency is so low that
it is equal to or a multiple of the time base frequency. The amplitudes of v,

now vary in the rhythm of & The frequency can be determined in the same

way as described under “Friquency measurement by comparison with the
time base frequency”, page 197.

In this case, however, the ratio f,, : fy can be read straight from the screen
from the number of cycles N,,. The unknown frequency is found from the
equation:

fo =521 (12-8)

The factor N,, now represents the number of variations due to S

In fig. 12-17a the unknown frequency f, was equal to 8fy and in b), f, = f¥.
When N, = 26 and f, = 1000 ¢/s, the unknown frequency is 115545 ¢/s and
88%/,, ¢/s respectively.

These examples make it clear how, in a simple manner, it is possible with one
standard frequency to make accurate frequency measurements in a wide
range.

Frequency comparison with Lissajous figures.

When two voltages whose frequency ratio is to be determined are applied
one to the ¥ plates and the other to the X plates of the cathode ray tube,
the spot under their influence will trace on the screen patterns known after
their originator as Lissajous figures.

The elementary layout for this is shown in fig. 12-18. If both frequencies are
equal, a simple figure with no cross-over appears on the screen, as already
described in the chapter on phase measurements and illustrated in figs. 11-14
and 11-16 (pages 182, 183). The resultant patterns are ellipses, the inclination
and opening of which depend upon the phase difference and amplitude
relationship of the two voltages. For an analytical evaluation of these figures
the interested reader is referred to the relevant publications [3] [4].

Fig. 12-18.
. Layout for frequency
Yee Y-amplitier comparison by
T Lissajous figures.
T T

L° Yin

Fig. 12-19. Composite oscillogram: frequencies equal but
differences of phase. Phase differences of individual figures:
15°, 45°, 90°, 105° and 185°,

2 Otherwise expressed, the oscillogram represents the picture of a sine wave with its first
harmonic in a certain phase relationship.
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At small differences of frequency the oscillogram passes in a certain space of
time through all the patterns for phase ‘
relationships from 0° to 360°.

Fig. 12-19 shows a composite oscillo-
gram representing phase differences of
15°, 45°, 90°, 105° and 185°, where the
amplitudes of deflection in both direc-
tions were equal. The frequency differ-
ence A f can, if small, be determined
by checking on a stop watch the time
taken for the phase to pass through
860° (one cycle). The reciprocal of this
time T (in seconds) is then directly
equal to the frequency difference:

A‘f(cls) = ﬁ (12_9)

In this way very slight frequency differ-
ences, amounting to small fractions of
one cycle, can be ascertained accu-
rately. If the frequency ratio is an
integral multiple, the familiar Lissajous
figures with crossed loops appear
which, depending on the initial phase
relations of both voltages, can also pass
through a great variety of different
shapes.

In fig. 12-20 a number of original
oscillograms are set out to illustrate
how different patterns are produced
in the individual phase positions ? of
the voltage on the Y plates (higher
frequency) when the frequency ratio
is 2 : 1. It can be seen that there are
certain patterns which repeat them-
selves and are thus susceptible of more
than one interpretation. The figure for
a phase difference 6 = 0°, for example,
also appears at §=180°, that for =45°
can also be § = 185°, and so on.

The oscillogram for 90°, which inversely
repeats itself at 270° and which, when
the curves coincide, also appears in a Tig. 12-20. Lissajous figures at 2 : 1 fre-

S — quency ratios for different initial phase
3 The term “‘phase position” refers in this position of the higher frequency. The
context to the initial phase of the voltage oscillograms are set out in steps of 45°
with the higher frequency. A phase difference  between 0° and 225°. The arrow indicates
of 860° means, therefore, a cycle of the voltage ~ the direction of movement of the spot
with the higher frequency. from the starting point.
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Fig. 12-21. Non-linear intensity
modulation to clarify ambiguous patterns
a) 0°, b) 180°.

correspondingly transformed shape at
higher = even-numbered frequency-
ratios, is identical with what is known
as the “Tschebyscheff function” [5].

Here too it is possible to obtain un-
ambiguous patterns by means of in-
tensity modulation with a reference
voltage, as shown in fig. 11-16 in the
preceding chapter. For this purpose an
asymmetrical voltage waveform of a
higher frequency is the most suitable.
The sawtooth voltage in the time base

generator of a second oscilloscope can be used with advantage. The effect of
this intensity-modulation is shown in fig. 12-21¢ and b, where the frequency
ratio is 2 :1 at phase differences of 0° and 180°. A wedge-shaped brightness-

0°(360°)

VALV TAVTAN

135° 180°

AN IOAN

180° f 225°

270° 3i5° 360°(0%

Fig. 12-22. Lissajous figures for 8 :1 frequency ratio at different phase conditions,

marking is produced, the direction of which, when the patterns for 0° phase
difference are known, allows the other phase positions to be unambiguously

distinguished.

Of course, at higher frequency ratios too the oscillograms pass through the

DO

Fig. 12-28. Lissajous figures for whole-numbered frequency ratios: 1 : 1,2 : 1,3 : 1, 5 : 1
and 10 : 1.
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Fig. 12-24.,
Method of counting on
Lissajous figures: a) 8 :1, Fig. 12-25. Lissajous figures for odd-numbered
b)and ¢) 8 : 2. frequency ratios (fx for f, = 50 cfs):

@) 3]y = 2Yy5 fp =125 cfs; D) 8y = 2% fo =
1881/, efs; ¢) )y = Y, f, = 166%[; ¢fs; d) 7y =
8%/, fo = 175 cfs; e) as for b) 8/, different phase
relations; f) as for a) 5/,, different phase relations.

Fig. 12-26. Choice of the most
suitable presentation of pattern,
corresponding to the frequency
ratio: «) unfavourable; b) correct
(frequency ratio 5 : 2).

patterns corresponding to the different phase differences. In fig. 12-22 this is
exemplified by a series of oscillograms in which the frequency ratio is 8 : 1
and the phase differences are given in steps of 45° from 0° to 360°. For an
exact analysis of such figures the reader is referred to a publication on the
subject [6]. Typical Lissajous figures for the frequency ratios: 1, 2, 8, 5 and
10 are shown in fig, 12-28.
To interpret these patterns, the method, as already described, is to think of
the oscillogram as being surrounded by a rectangle whose sides are tangent to
the loops of the patterns. The number of points at which the loops touch two
adjacent tangents is a direct indication of the frequency ratio of the voltages
“on both pairs of plates. For example, in fig. 12-24a, the ratio of the vertically
deflected to the horizontally deflected voltage is 8 : 1.
Frequency ratios that are not even numbers can, as long as they correspond
to rational fractions, also be determined by Lissajous figures.
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In fig. 12-24b and ¢, oscillograms are reproduced for a frequency ratio of 8/2 in
two different phase relationships. A number of typical patterns for odd-
numbered frequency ratios are also given in fig. 12-25. The figures in a), b), c)
and d) are open loops representing frequency ratios of 5/2, 8/3, 10/3 an%’;’ /2.
The figures in e) and f') represent the same frequency ratios as in a) afid b)
* but they are shown at the moment when the loops were coinciding. In such
cases the number of loops or peaks (A) on two adjacent tangents must be
counted twice and the points of contact of the beginning and end of these
figures (B) counted once.

Fig. 12-27. Lissajous figures for frequency ratios < 1.

The patterns shown in figs. 12-19, 12-20, 12-21, and 12-22 are given within
the form of a square. The other patterns, however, are given within the form
of an oblong, corresponding to the frequency ratio. Such pictures are easier
to interpret, as may be seen by comparing the two oscillograms in fig. 12-26.
In all the oscillograms so far discussed the frequency of the Y deflection was
higher than that of the X deflection. If the reverse is the case, patterns are
obtained which, although they have the same shape as those considered, will
be turned by 90°. Fig. 12-27 shows a series of oscillograms for frequency
ratios of 1/2, 1/8, 1/5 and 1/10.

Lissajous ﬁgurés with elliptical trace.

With increasing frequency differences, and particularly when the frequency
ratios are not even numbers, it becomes increasingly difficult to interpret the
resultant patterns. The range of measurements can be considerably extended
if the path of the spot, there and back, is separated by means of a part of the
sinusoidal voltage shifted in phase by 90°, in common with the unknown
frequency on the Y plates. The forward-moving trace and the return trace
will not then move in a straight line but will describe an ellipse, so that the
picture of the otherwise intersecting paths of the spot will also be separated.
Fig. 12-28 shows a suitable circuit for this type of measurement. The com-
parison voltage with the low frequency—in this case taken as the reference
frequency f,—is used for the horizontal deflection. From this voltage, as al-
ready described, two components inversely phase-shifted by 45° are produced
by means of R,, C; and R,, C,.

The voltage from R, lies on the X plates while the 90° phase-shifted com-
ponent from C, is fed, together with the frequency to be measured, over
resistors R,; and R,, through the vertical amplifier to the ¥ plates. By
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Ry,
V-
fo lamplifier)
T PV2 RE
-
Ry Ry
C R
umr\——ug—fLrE
1t
LI} | __J—__
ol o )

Fig. 12-28. Layout for frequency comparison
by Lissajous figures on elliptical trace.

controlling the gain of the amplifier the
opening of the elliptical trace (“H,” in fig.
12-29) can be adjusted as required. The
height of the curve traced by the voltage
with the unknown frequency (H,) is best
adjusted by this voltage itself. The result is
shown in fig. 12-29. With a frequency ratio
of 10 : 1 the figure is much easier to inter-
pret on an elliptical trace than in the con-
ventional display.

Moreover, it is possible, as indicated in the
layout in fig. 12-28, to feed a portion of the
X deflection voltage to the grid of the cathode
ray tube in such a phase that one half of the
pattern will be brightened (see fig. 12-29a).
This gives the oscillogram a certain depth,
so that the observer believes he can dis-
tinguish between foreground and back-
ground, an effect which makes interpretation
easier.

In fig. 12-80 three oscillograms are shown,
illustrating how odd-numbered frequency
ratios can be determined by this method.

If only the frequency difference is to be ascer-
tained, and if the frequency ratio is large,
good results can be achieved by simply in-
creasing the deflection voltage on the X
plates. The movement of the spot in the
horizontal direction may then amount to
several times the diameter of the screen.
This effect is shown clearly in fig. 12-81a and
b. Atsmall frequency fluctuations the pattern

Fig. 12-29. Improvement of
readability by elliptical trace:
b) linear deflection;

a) elliptical trace at equal
frequency ratio.

0 K/ OOV VO )
.; ﬂof 20202‘2‘2‘202@;3‘.\

RRo oM
‘\ \AN/ 0 \
R

4

Fig. 12-80. Determination of
odd-numbered frequency ratios
with Lissajous figures on ellip-
tical trace (f, = 50 c/s);
a) B[y =Ty, f, =875 cfs;
b) ¥[5 =T[5, [, = 870 cfs;
¢) Bly =Ty, f, = 88831/; cfs.
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drifts in a horizontal direction (top and bottom in opposite directions). By
making a mark (shown as “M® in fig. 12-81b) the time required for the
completion of one cycle can be checked with a stopwatch and thus the
frequency difference determined.

At faster frequency changes, the cycles passing within a certain time can be
counted in order to arrive at the frequency difference. These methods are used
for checking the frequency of broadcasting stations with a standard frequency,
and for time measurements in general.

Particularly large frequency ratios can be bridged by means of an auxiliary
frequency f,. A pattern is then formed between f, and f, by one of the methods
described, and then with the auxiliary frequency and f,, a second is formed.
For this purpose one can use two oscilloscopes, a twin-beam oscilloscope or an

Fig. 12-31.
Determining large frequency
differences by increasing the

X deflection voltage.

oscilloscope in conjunction with an electronic switch. It is possible in this way
to compare frequencies in a ratio of 2, i.e. the square of the maximum
frequency ratio measurable with the method used [7].

Methods of frequency measurement working with radial deflection are ideal
for circular screen surfaces. Anode voltage modulation is unserviceable, as
we saw in fig. 12-12, because of the periodically recurring unsharpness of
focus it produces.

It is true that, owing to the bunching together at the ends of the Lissajous
figure, an upper limit is found beyond which interpretation becomes uncertain.
In fig. 12-80b and ¢, for example, it would be difficult for the inexperienced
observer to count the voltage loops or peaks at these positions.

Contrary to the opinion often expressed that, for radial deflections, only
polar-coordinate cathode ray tubes are suitable (but which are only to be
used for this purpose), it should be pointed out that, with relatively simple
circuitry, “polar” oscillograms can also be obtained with standard cathode
ray tubes with two pairs of plates for deflection in rectangular coordinates.
Useful results from simple circuitry are obtained by the method of producing
cycloids on the screen, sometimes known as the “Roulette method” because
of the shape of the resultant patterns.

Frequency measurement with cycloids on a circular trace.

The “function” of a quantity to be measured can also be presented by means
of what is known as the “polar coordinate method” in which a circular trace is
described by a radius rotating at a constant angular velocity. The length of the
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Clircuit for frequency comparison with cycloids

radial vector from a zero point is plotted in dependence upon its angle of
rotation. In polar coordinates, therefore:

r = f(6) (12-10)

These curves begin in general at a centre point with zero amplitude. A great
number of circuits have been made known [8] with which oscillograms of this
kind can be obtained using standard cathode ray tubes with two pairs of
deflection plates. Since, however, they almost invariably demand special
deflection-amplifiers, they need hardly fall within the scope of this book. Very
great importance, on the other hand, is attached to frequency measurements
with cycloids, which may also be described as circular oscillograms. They
require the simplest of circuitry, consisting only of resistors and condensers;
nevertheless they allow a wide range of measurements of even-numbered
frequency ratios as well as an extraordinarily precise determination of odd-
numbered frequency ratios.

The following considerations are based on a very comprehensive work on this
subject by W. Bader [9] which also deals exhaustively with the geometric
analysis of these patterns.

Circuit for frequency comparison with cycloids (roulette patterns).

The basic idea of a circuit for this type of measurement is shown in fig. 12-32.
The two voltages for comparison, vy, and vy, are each applied to the series
arangement of a resistor with a condenser. The condenser is rated such that

, . 1,
for the frequency concerned the capacitive reactance =05 equal to the value

of the ohmic resistance in series with it. As a result of this, the voltages applied
to the pairs of deflection plates are 90° out of phase with each other in each
case. This means that either of these voltages alone will describe a circular
trace on the screen with a circumferential velocity which is determined by its
frequency and amplitude. If now both voltages are applied simultaneously,
the spot will describe a path representing the sum of two circles. Fig. 12-38
illustrates the vectors of both voltages v, and v,,. While the vector with the
lower frequency, in this case v,,, is rotating, the vector of the voltage with the
higher frequency is rotating around the peak of the first vector. The path of
the spot corresponds to the path of a point on the radius of a circle described
by the vector of the voltage with the higher frequency, which, in its turn,
revolves around the circumference of

the circle described by the slower 7

vector. The pattern thus appearing
on the screen is of a basic circular o/
path, fringed by loops or cusps. If |
the faster vector rotates in the same " D, D,
direction as the slower vector then, T )
in simple figures, one loop less will be

. o ¥y, © Rr= a':,lE,
Fig. 12-32, } R= —~
Basic circuit for producing cycloid patterns on a circular trace. 27 wyly
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described than corresponds to the
frequency ratio (the point on the
small circle runs counter to the large
circle), and the cusps or loops point
inward. Curves of this sort are known
as epicycloids. (Fig. 12-88a). If the
faster vector rotates counter to the
slower vector (the point on the smaller
circle leads the larger circle), then, in
Fig. 12-38. Formation of a cycloid pattern simple figures, one loop more is des-
by the addition of two rotating vectors:  orihed during one rotation of the
@) epicycloid, b) hypoeyeloid. slower vector than corresponds to
the frequency ratio. The loops or
cusps point outward. These types of curve are known as hypocycloids.
Referring again to the circuit arrangement, the Y plates are in the first place
connected to points 2 and 4 and thus receive the “ohmic” component of both
voltages from resistors B, and R,. At the same time the X plates receive from
points 1 and 3 the 90° phase-shifted component of these voltages from con-
densers C; and C,. If the Y plates are connected across 1 and 4, they will then
receive the “ohmic” component (R,)of voltage v,, and the capacitive component
(Cy) of voltage v;,. The X plates now receive from 2 and 8 the capacitive com-
ponent of v;, from C; and the non-phase-shifted component of v, from R,.
A provision for reversing polarity is made in the circuit used for carrying
out these tests, shown in fig. 12-46. In this arrangement the voltages of the
“ohmic” components can be switched over, thus allowing a choice of either
hypocycloids or epicycloids. (These oscillograms are also known as roulette
patterns.)

0,
4

Interpreting cycloid patterns.

The process described is illustrated by oscillograms in fig. 12-84. The two
initial circles ““A”” and “B”’ are shown on the same picture, together with their
oscillographic sum “C”. (In these recordings the ratios of the circles to each
other were not equal.)

The frequency ratio concerned is f,/f,, = 4 *

Fig. 12-85 sets out a series of cycloid patterns for whole-numbered frequency
ratios of f,/f, = 2, 8, 5, 10, 21, 80 and 51. :
If the unknown frequency is equal to the reference frequency, or only slightl
different, then, in an epicycloid, a circle appears which beats with the
frequency difference. In fig. 12-86a the two initial circles for this are shown
(the signals to be measured are not equal), together with the background
pattern. The limits of this area are given by the sum and difference of the
peak values of both voltages. If the two voltages are equal in amplitude, there
will obviously be only one initial circle, and the limits will be found at the
centre point, or at twice the diameter, as shown in fig. 12-86b.

% In the following, the lower frequency will always be taken as f,. For all oscillograms
recorded it: was 50 cfs. Bearing this in mind, f, will sometimes be indicated to emphasize
the possibilities of counting by this method.
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Interpreting cycloid patterns

In the case of hypocycloids there will
generally—for unequal amplitudes—be
an ellipse, which will rotate according to
the difference-frequency. When the
signal amplitudes are equal there will
be a rotating trace or straight line, which
can also be used as an indicator of the
phase difference (see ‘“Phase measure-
ments on a circular scale”, fig. 11-28).
The phase angle is equal to twice the
rotation angle of the trace.

The patterns in fig. 12-86¢) and d) are
composite photographs showing the init-
ial circles, the rotating traces and the
area covered by the traces in a hypo-

Fig. 12-84. Geometric composition of
cycloid patterns: «) epicycloid,
b) hypocycloid.

cycloid circuit [10]. An arrangement of
this sort can serve for checking phase
equality in machines connected in
parallel [11].

The desirability of having a smaller’

signal amplitude for the higher than for
the lower frequency is illustrated by the

oscillograms in fig. 12-87. In a), this re- -

quirement has been met, but in b) the
signal amplitudes are equal, while in ¢)
the amplitude of the signal with the
higher frequency is greater than that of
the signal with the lower frequency.
These types of figures could wunder
certain circumstances léad to confusion
with the patterns of odd-numbered fre-

¥ I
%""hn e *

Epicycloids Hypocycloids

Fig. 12-35.
Frequency comparison by cycloids:
simple figures.

quency ratios. By the choice of voltage amplitudes the pattern can be given
the form most favourable for correct interpretation. It can be seen that, in
general, loops appear on the screen, but reducing the amplitude of the voltage
with the higher frequency results in the appearance of peaks, or cusps, as
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Fig. 12-86.

Cycloid patterns at approxi-

mately equal frequencies:

a) epicycloid; different am-
plitudes of comparison
voltage;

b) epicycloid; equal ampli-
tudes of voltage;

¢) hypocycloid; different am-
plitudes of voltage;

d) hypocycloid; equal am-
plitudes of voltage.

shown in fig. 12-88, which are perhaps easier to read, or even in the appearance
of figures with straight sides, as illustrated in fig. 12-89. (The figures in
question are hypocycloids with frequency ratios of 2 and 8.)

If the figures are not stationary, the frequency-difference can be determined,
with respect to the ratio which would correspond to the stationary pattern, by
counting the number of peaks (backwards and forwards) that pass a given
point in the unit of time, just as in the case of Lissajous figures with an
elliptical trace [9].

This process also lends itself particularly well to the determination of odd-
numbered frequency ratios. Fig 12-40 shows oscillograms of an epicycloid
and a hypocycloid for a frequency ratio of: m = 5/, = 21/,. In general terms,
the frequency ratio mg or the frequency f,z can be found from hypocycloids
when s is the number of loops or cusps and when p indicates whether the
figure is traced in a single or multiple form, from the equations:

B 4

My I3

(12-11)

and el (12-12)

Fig. 12-87.
Influence of signal
amplitudes on hypc-
cycloids.
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Interpreting cycloid patterns

16/‘5

31/,

0/,

8'/s

o s +p
P p

Epicycloids Hypocycloids

Fig. 12-38.

Cycloid patterns illustrating gra-
dations of reading in the vicinity of
frequency ratio 3.

(Multiple figures).

110

1162/,

160

1662/,

175

Fig. 12-89.
Straight-sided hypocycloids resulting
from certain voltage ratios.

For epicycloids the equation is:

s+ p
= = 12-1
B P ( 8)
and
Jfog = T $ I p (12-14)

In this way, it is possible with
a fixed standard frequency, to
achieve extraordinarily delicate
gradations in the determination
of unknown frequencies. Some
typical oscillograms for frequency
ratios between 1 and 2 are shown
in fig. 12-41. It can be seen from
the patterns a) and b), however,
as well as from the oscillograms
in fig. 12-38 (k and m) that it
may be difficult in the case of
multiple-figure hypocycloids to
determine the factor p (the
number of outlines of the figures).
Epicycloids are more convenient

Fig. 12-40. Cycloid patterns with 2/; fre-

quency ratio: «) epicycloid, b) hypocycloid.
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fw/fn:8/7=11/ 6/5:115 43:113 | By=11 /s = 1%/,
£, [efs] = 5’71/.,7 60 / / 662/3/ / 75 /2 / 831/3/

Fig. 12-41. Straight-sided hypocycloids at odd-numbered frequency ratios.

9/10 45
45 40
Fig.12-43.
*ls 831/ Epicycloids at f,/f, < 1;
unfavourable.
s 30
Dt~
ZZOON
/’/’"“\\
APSN BN
2 20 (PO
5 w". ’ \“
)
\\ve
N~
s 167/ Fig. 12-44. Unfavourable adjustment of voltage ratios.
Yy 12/,
o5 7
o8 é' Fig. 12-42. Hypocycloids at f,/f,!< 1; easy to interpret.



Interpreting cycloid patlerns

in this respect., as the corresponding
oscillograms in fig. 12—-88 show, es-
pecially when the cusps are drawn
in towards the centre as in figures
a) and ¢). These considerations sug-
gest, therefore, that epicycloids are,
as s rule, the more expedient of
the two *.

On the other hand, epicycloids are
less suitable at frequency ratios
where f,/f, is less' than unity, as
illustrated by the two oscillograms
in fig. 12-48, whereas hypocycloids
can be interpreted just as well as
before. This is demonstrated by

seven oscillograms }'n fig. 12—42. E - 2216/23/3 ofs ;’: - }5212/5/2 ofs
The asymmetry noticeable at ex-

tremely low frequencies is caused Fig. 12-45. Cycloid patterns illustrating
by relatively slight distortions of fine gradations of reading at a frequency
the waveform of the comparison ratio of 10:1.

voltage.

Examples of unfavourable settings are given in fig. 12—4d4. The hypocycloid in
a) represents an odd-numbered frequency ratio and equal amplitudes of signal;
since the inside loops rotate in the centre of the pattern, interpretation is im-
possible. The epicycloid in b) also represents equal amplitudes of signal, so
that the loops which are needed for counting are seen to overlap in the centre.
The epicyecloid in ¢) can indeed be interpreted (m = 25, p = 1, f, = 1250 c/s
for f, = 50 c/s), but it could quite easily be mistaken for a double pattern. A
smaller amplitude of the signal with the higher frequency is always to be
preferred.

The oscillograms in fig. 12-45 show how fine gradations of reading can be
achieved at greater frequency ratios. The three-fold pattern in a) contains 34
loops, in b) 28 loops. According to equations (12-11) and (12-12) and (12-13)
and (12-14), the frequency ratios are:

4 —
3 3 3=10%ande:——- 28 +3

My = = 10}

and the unknown frequency is 5162/4 ¢/s (f, = 50 c/s).

In the hypocycloid in fig. 1245 ¢) there are 45 cusps and in the epicycloid in
d), 87 cusps (quadruple figure). The frequency ratios are thus:

45 —4 87 4 4

Mmyg = = 10} and my = 3= 10%

and the unknown frequency is: 5121/, c/s.

§ To determine the factor p, it is advisable to start counting from the centre of the figure
and to move out along a radius cutting the points of intersection. (At these points the
number to be counted is “2”.)
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Practical circuit arrangement.

As already mentioned, the reference frequency used in these examples was
50 c/s. Fig. 12-46 shows the circuit with the ratings of the components
employed, based on the circuit given in fig. 12-82. An RC network of 10 kQ
and 1uF is incorporated to filter out the mains harmonics. The input voltage is
applied via a transformer to a potentiometer of 50 k{2, which permits adjust-
"ment of the signal amplitude. In both branches of the comparison voltages
two potentiometers of 0.5 MQ/lin., each in parallel, form a resistance net-
work. The one potentiometer is circuited as a variable resistor R — (7)15 to
adjust the circular pattern. Since a reference frequency of only 50 ¢/sisused, one
condenser of 0.1 xF suffices for C,. If the whole audio frequency range is to be
taken into account, provision must be made for switching over C; in the same
way as C,. By means of two switches, not shown in this circuit, the two signals
can be alternately switched off, and the appropriate pair of deflection plates
directly connected. By three switching operations it is thus possible to adjust
the two circles individually one after the other and then to switch over to
both signals to produce the sum pattern. The switchable condensers in the
branch for v,, make it possible over the entire AF range to fulfil the condition

1 .
R, = —. Change-over switch § enables a choice to be made between epi-

Cyw,

0.5M0./tin

Fig. 12-46. Practical circuit for
producing cycloid patterns.

’ ﬁ 50k/lin jy 50k0/tin

G Y

Fig. 12-47. Circuit for cycloids: C.R.T. [
with single-pole earthed deflection plates. o,
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Frequency measurements by intensity-modulation

cycloids and hypocycloids. Another circuit arrangement is illustrated in fig.
12—47. in which a cathode ray tube with asymmetrically operated deflection
plates is used. It is identical with the arrangement described by Reich in 1937
[12] [18]. Rangachari also drew attention to circuits of this kind in 1928
[14][15].

It has been demonstrated that frequency comparison with cycloid patterns
offers a number of advantages over other methods of comparison. The
construction of the simple circuit required is therefore very much to be
recommended if frequency measurements over wide ranges are frequently
carried out. As the oscillograms show, calibration points up to 50 times the
standard frequency and fractions thereof can be read off quite distinetly.
Trace brightening, by using the comparison voltage with the higher frequency
to intensity-modulate the beam, can also serve in many ways for frequency
measurements.

Frequency measurement by intensity-modulating the oscillogram
of the voltage with unknown frequency.

The most obvious method is to brighten, by intensity modulation, the wave-
form- of the voltage with the unknown frequency.

For this purpose the signal is applied in the conventional way to the ¥ plates
and the pattern adjusted on a time base of suitable frequency. The comparison
frequency is applied between the grid of the cathode ray tube and the chassis
of the oscilloscope.

If the comparison frequency is adjustable (e.g. by a signal generator), fairly
stationary points are obtained, which can be counted, as illustrated in fig.
12-48. For exact measurements, especially at large frequency differences,
photographic recording is necessary. From the number of points in the
oscillogram of the voltage with the unknown frequency we find:

e

— Vfa; .
Jo= N, S 12-15)

Fig. 12-48. Intensity modulation of the
voltage with unknown frequency.

in which N,, is the number of cycles of the unknown frequency and N, the
number of brightness markings, or points. In fig. 12-48, f,, = 100 ¢/s, N,, = 38
and N, = 60; according to (12-15) this makes f,, = 5 c¢/s. The example shows
clearly that this method lends itself particularly well to the measurement of
lower frequencies. In the case considered, an ordinary AF generator, the
frequency range of which usually begins at 20-80 c/s, was used for the
measurement of a frequency of only 5 c/s.

221




Frequency measurements 12

Intensity modulation of a circular trace by a voltage with the second
‘frequency.

The circuit illustrated in fig. 12-49 is used for this measurement. In the
manner described on several previous occasions, a circular trace is produced
with the voltage of unknown frequency, v,,, and a voltage of known frequency,
0z displaced in phase by 90°. The voltage with the known frequency v,, is
applied between the grid of the cathode ray tube and chassis. It should be
noted that the time constant of the RC coupling network must be sufficiently

Fig. 12-49. Layout for intensity-modulating
a circular trace by a voltage with the known
frequency.

large to deal with low frequencies of v,,. If the waveform of v,, is not
sinusoidal enough, the harmonies should first be filtered out, but this need
not be taken too far, since a slight lack of constancy in the circular trace has
no effect at all on the measurement. Regularly spaced brightness markings
now appear on the circular trace, which remain stationary if the frequency
ratio is an exact integral, and which are a direct indication of the frequency
ratio itself. When the frequency ratio is not quite integral, the brightness
markings will be seen to move around the circle. Typical sinusoidally intensity-
modulated oscillograms are shown in fig. 12-50a) to f) for f, : f, of 1, 2, 8, 5,
10 and 103.

If f, is greater than f,, the voltages v, and v, must, of course, be changed
over. The ratio f,, : f, is then found directly from the number of brightness
markings.

Thus it is possible with one standard frequency to span a wide measurement
range (at least 1 : 10 and 10 : 1, i.e. a total of 1 : 100).

In addition to integral frequency ratios, intermediate values can also be
ascertained, as demonstrated by fig. 12-51 with oscillograms in the neighbour-
hood of a 4 :1 ratio. Table 12-III shows that the number of brightness
markings on the circle comes into the numerator of the fraction which
indicates the frequency ratio. The number for the denominator, however,

Fig. 12-50. Frequency
measurement by intensity-
modulation of a circular trace.
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Fig. 12-51. )
Intensity-modulated circular Pattern Frequency ratios foatf, = 50c/s
traces at odd-numbered Joifn
frequency ratios

(except c) in the neighbourhood @ 7/ = 8.500 175 cfs
of folfu = 4 b 1/, = 8.667 183!/, ¢/s
4 4 = 4.000 200 cfs
d 1), — 4,383 2162/, cfs
e 9y = 4.500 225 cfs

Table 12-11I (to fig. 12—51)

is not to be found from the number of loops or peaks as in frequency
measurement with Lissajous figures, or by comparison with the time base
frequency. Nevertheless, if calibration is carried out by progressively varying
one of the frequencies under comparison, as is usually done, the number for the
denominator can be found exactly by means of simple experiment. There will
always be only one whole number which will provide a possible frequency ratio.
These patterns differ at once from the oscillograms for integral frequency
ratios by the small spacing between the bright parts of the picture. The
spacing diminishes the more the frequency ratio deviates from a whole-
numbered ratio, so that patterns are ultimately found in which the circle is
entirely filled in. Such patterns can, of course, no longer be interpreted.

Intensity modulation of line patterns.

The intensity modulation of line patterns (similar to television scanning) with
the voltage of unknown frequency makes frequency comparison possible over
a very wide range. To this end, two sawtooth generators are required.

The relevant circuit is shown in fig. 12-52. The sawtooth oscillator for the
vertical-deflection frequency (low) is synchronized with the horizontal de-
flection frequency. The sawtooth oscillator for this (a multiple of the vertical
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frequency) is synchronized with a standard frequency which can again be a
multiple of ten or less.

If the unknown frequency is equal to or an integral multiple of the vertical
Jfrequency, then one or correspondingly more patches of brightness will appear
‘during one pattern in a horizontal direction, as shown in fig. 12-58. If the un-
known frequency is equal to or an integral multiple of the horizontal frequency,
one or more patches of brightness will appear during the tracing of one line in
a vertical direction, as can be seen in fig. 12-54.

Fig. 12-52.
Circuit for frequency measurement by
brightness-modulation of line patterns.

Standard
freg.
n

In the oscillograms reproduced, the vertical frequency fy was equal to 100 ¢/s
and there were 60 lines (i.e. fz = 6000 c/s), therefore the patterns shown in
figs. 12-58 a—e and 12-54 a—e correspond to frequencies of 100, 200, 300, 500
and 1000 c/s and 6, 12, 18, 80 and 60 ke/s respectively.

The interesting fact appears that in this way two separate frequency ranges
can be embraced with one standard frequency. A gap exists between the two,
which can be selected within wide limits according to the ratio Jfalfr. The
method is thus particularly suitable for adjustments at the frequency limits
of an amplifier, for example. The frequencies under investigation can be read
off quickly and clearly in definitely determined steps.

Should the unknown frequency not stand in an exact integral relationship to
the horizontal or vertical frequency, the bright patches will no longer appear .
exactly above or beside each other, but will drift, or, at small deviations,

Fig. 12-58. Oscillograms at multiples of vertical frequency.
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Absolute frequency measurements with rotating trace

Fig. 12-54. Oscillograms at multiples of horizontal frequency.

appear at a slant. This is illustrated by the oscillograms in fig. 12—-55 repre-
senting in a) and b) fy/fy ratios slightly deviating from 2 and in ¢) and d)
from 11. The unknown frequency in each case was somewhat lower or higher
than the indicated frequency ratio.

As long as the frequency ratio differs from the comparison frequency by less
than one complete cycle, an additional phase difference exists. The slant of
the pattern markings can then serve as a direct measure of the phase.

The foregoing is also meant to show how an interfering frequency in a tele-
vision picture and its cause can be determined by means of the known
horizontal and vertical frequencies.

Fig. 12-55. Oscillograms of intensity-
modulated line patterns when the unknown
frequency is somewhat less or more than a
multiple of the horizontal frequency: a)and
b) unknown frequency deviates slightly from
twice the horizontal frequency; c¢) and d)
unknown frequency at 11 times the hori-
zontal frequency.

Absolute frequency measurement with rotating trace

Method of measurement.

All the methods of frequency measurement described so far are based on the
comparison of an unknown with a known frequency. Other methods have been
indicated, however, by which a direct indication of the unknown frequency is
obtained.
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. In a circuit patented by E. T. Jaynes (16) the alternating voltage with un-
known frequency is applied via. phase shifting elements to both pairs of
deflection plates in such a way that the phase difference between the voltages
amounts to 180°. This can be done with RC and CR networks in a manner
similar to that already described for producing a circular movement of the
spot with two alternating voltages of identical frequency and displaced by
90° with respect to each other. (See figs. 11-26, 12-11 and 12-28).

Circuit.

The circuit with examples of component ratings is shown in fig. 12-56. The
components are rated such that each element produces a phase shift of 45°
for 200 c/s (cut-off frequency).
As two elements are provided in each branch, the Voltage arriving at the input
of the ¥ amplifier is displaced by —90° and has somewhat less than half the
amplitude of the input voltage. The voltage at the input of the X amplifier is
attenuated by the same amount but has a phase shift of 4-90°, Since the
phase shifting elements are directly
coupled, certain slight corrections
a because of reaction are needed to
25kﬁi 25kﬂ_L bring about the desired phase
Vix og;_a G, difference of 180°. With the circuit
wF |0.033uF ¢
b i -]_ | in fig. 12-56, for example, the only

Y-amplitier
CRT

i
|
!
I

1
Cy IOOJJyf C4'F703]pf" i correction needed was to increase
' i condenser C, to 0.086 ul.
253 25k ! In general the voltage with un-
” |

X-amphifier known frequency must be amplified
—for both deflections—to obtain a
sufficiently large image on the
screen. A type GM 5654 oscilloscope

' was therefore used for the measure-
ments about to be described, as this permits amplification in both directions.
As the input impedance for the X deflection in this oscilloscope is 50 k€2, R;
was rated for 50 k(2 likewise to obtain from the two in parallel the desired
value of 25 k(2 at the end of this filter.

Fig. 12-56. Circuit for absolute frequency .
measurement with rotating trace.

The oscillograms and the method of evaluating them.

By these means a diagonal trace is obtained on the screen of the cathode ray
tube, from top left to bottom right. (See fig. 11-16, last oscillogram, for 180°.)
At the limit frequency of the circuit components, and with equal amplitudes
of deflection in both directions, the trace would have an inclination of 45°.
Changes in the input frequency produce changes in the phase and ampli-
tude of the output voltages of the filters. Elements R, C, and R,, C, form a
low-pass filter; its output voltage decreases with increasing frequency (see
fig. 5-19b). Condensers C;, C, and resistors R,, R, represent, on the other hand,
a high-pass filter, the output voltage of which increases with increasing
frequency (see fig. 5-7). The phase difference remains constant at 180° (see
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The oscillograms and the method of evaluating them

figs. 5-8 and 5-20). The result is always a diagonal trace, but one which
appears to rotate on its axis following the changes in the amplitude of the
voltages, as described in the previous chapter and illustrated in fig. 11-28.
In this case, however, the end points of the trace do not describe a circle but a
hyperbolic curve, as shown in fig. 12-57. To make this quite clear the oscillo-
grams reproduced were photographed while varying the frequency as smooth-
ly as possible from 25 ¢/s up to 2,500 c/s, the exposure time being 4 secs. and
the aperture small (f 11). The deflection amplifiers were so adjusted as to
have the almost vertical 25 ¢/s trace the same length as the almost horizontal
2,500 c/s trace. With the gain selected, the trace inclined at 45° corresponds
to 250 c¢/s.

360°/0°

Fig. 12-57.
Oscillogram for absolute 270°
frequency measurement.

180°

It should be stressed that an absolute frequency indication is obtained in this
way, the accuracy of which depends only upon the accuracy and constancy of
the circuit elements—apart from the constancy of amplification. Thus, after
the frequency range has once been calibrated, no voltage source with a refer-
ence frequency is needed. ‘

The accuracy of the reading can be improved if the pivotal point of the
trace is moved to the edge of the screen. The reading is further facilitated
if the cathode ray tube is rotated 45° (to the right). The resultant picture on
“the screen when this action is taken is illustrated in fig. 12-58, which shows
the positions of the trace corresponding to 29 different frequency settings.
With the circuit as in fig. 12-56 a frequency scale is obtained that reads from
right to left. Of course, by reversing the connections to the X plates a trace
can be obtained that reads conventionally from left to right. For the sake
of convenience, fig. 12-58 and all subsequent oscillograms in this chapter
are simply enlargements of the negatives reversed.
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Choice of measuring ranges.

With a relatively large frequency range as in fig. 12-58 the scale obtained is
found to crowd together at the ends; the accuracy of reading is greatest in the
middle (about 29). By adjusting the gain of the amplifiers, the frequency
range can be influenced and thus the accuracy of the scale reading improved.

c/s
25 50 70 90 170130 150 200 250 300 400 500 700 1000 2500
|‘9.0|60‘80 wooltzolrso] 775 | 225|275} 350 450‘ 600 | 800|7500] Fig. 12-58.

. Pivotal point of rotating trace

) displaced to the edge of the

C.R.T.; tube turned 45° to the
right.

i

Fig. 12—-59, which was also taken with the circuit shown in fig. 12-56, illus-
trates an almost linear scale in the range from 20...160 c/s with an accuracy of
reading of about 19%,. As a further variation, fig. 12-60 represents a frequency

Fig. 12-59. Fig. 12-60. Accuracy of reading increases
Almost linear frequency scale. with the frequency.
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Simultaneous measurement of several frequencies

range from 10...80 c/s, in which the accu-
racy of the scale reading increases with
the frequency (about 19%,). '

Simultaneous measurement of
several frequencies.

Itis possible in the same way to determine
simultaneously the frequencies of two and
more alternating voltages. If two alter-
nating voltages with different frequencies
and similar amplitudes are applied to
input sockets a, b for v, the resultant
image on the screen is an oblique Lissajous .

figure, as shown in fig. 12-61. (The voltage ) Fig. 12-61.

: : Simultaneous determination of two
with the higher frequency serves for the  proquencies: f, = 60 cfs, f, = 650 cfs.
horizontal deflection.) ¢
The inclination of the sides of this oscillo-
gram is a measure of the frequency in question, just as in the case of the
rotating trace with a single frequency. (The amplitudes of the frequency
components must of course be taken into account.)

The reference co-ordinates in these figures were recorded separately to facili-
tate the reading. To do this, the voltages on the pairs of X and Y plates were
switched off alternately.

As a rule the frequencies do not stand in a whole-numbered or rational
relationship to each other. The picture on the screen is therefore not a Lissa-

Ll

Fig. 12-62. Fig. 12-63.
Simultaneous determination of two Simultaneous determination of three
frequencies not rationally related to frequencies; f; = 50 cfs; fy = 150 cfs;
each other. f5 = 1000 c/s.

¢ Two or more voltages can very simply be added by means of a resistance T' network, as
described with fig. 4-42 on page 77 and fig. 12-13 on page 204.
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jous figure with recognizable contours but simply a luminous area with
straight sides, as illustrated by the oscillogram in fig. 12-62.

Three alternating voltages of differing frequencies produce a hexagon as in
fig. 12-63. Here again the inclination of the sides is a measure of the corre-
sponding frequencies. ‘

Special advantages and applications.

Since this method allows both the frequency and the amplitude to be read
from the oscillogram, it will plainly be very useful in frequency analysis. As
pointed out at the beginning of this chapter, all the methods of frequency
measurement described can, with the aid of suitable transducers, be used also
for measuring mechanical vibrations, speeds of revolution and other non-
electrical phenomena.

In view of the absolute indication it gives, the method of measuring one
frequency described in the foregoing is especially suitable for observing
mechanical vibrations or the speed of a motor.
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Practical Examples







13. Recording the waveforms of luminous flux, current and
voltage of fluorescent lamps

General.

To the illumination engineer it is particularly important to know the nature
and extent of the alternations of the luminous intensity of fluorescent lamps
during one cycle of the mains voltage (the stroboscopic effect). Since the
oscilloscope is actually a voltage indicator, it is necessary, in order to observe
the behaviour of light, to use a photocell for supplying a voltage proportional
to the luminous intensity or to the alternation of luminous intensity.

The basic layout for this type of investigation is illustrated in fig. 13-1.
The distance of the light source L from the photocell F' must be adjusted
such that the maximum permissible density of radiation for the photocell is
not exceeded. In practice, however, this applies only to incandescent lamps,
the radiation density of fluorescent lamps being relatively small. It is essential
for the purposes of the investigation to know the relationship between “‘direct
light” and “alternating light”. For this reason care should be taken that the

cTTTTTTTT N

Fig. 13-1. oc j Oscilloscope ',
Arrangement for displaying on amplitier] | !
the oscilloscope the luminous flux Q-+ l Time base '
of sources of illumination. : generator | |

i L !

. -

direct voltage components from the photocell are also presented for display.
As oscilloscopes often contain only AC voltage amplifiers, a DC voltage
amplifier is therefore needed in addition (e.g. Philips GM 4531 or oscillo-
scope GM 5656). For the recordings dealt with in this chapter, an amplifier
of the type illustrated in fig. 5-88 was used. This amplifier is connected

direct to the Y plates of the oscilloscope and the time base generator is
connected to the X plates.

Incandescent lamps.

To provide a practical basis of comparison for investigations on fluorescent
lamps, an example is first given in fig. 18-2 of the patterns obtained in this
way of the luminous flux variations in the case of incandescent lamps of 40 W
and 200 W during one cycle of the 50 ¢/s mains. In these, as in the subsequent
recordings, approximately the same amplitude for the average brightness was
adjusted in all oscillograms. A clear picture is thus obtained of the relative
proportion of flux alternation with the various light sources. These oscillo-
grams cannot, however, be a measure of the absolute values of luminous flux.
Two cycles of the mains voltage are shown in all cases, extended over the
whole width of the screen. To make easy comparison possible, the parts of the
waveforms extended beyond one cycle have been blanked out.
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Recording the waveforms of luminous fluw, current and voltage 13

Fig. 18-2. Luminous flux
~ of incandescent lamps

during one cycle of the

mains voltage.

a) 40 W/220 V lamp;

b) 200 W/220 V lamp.

a b

The luminous intensity of the 40 W lamp fluctuates around the mean value
by about + 19 %, and that of the 200 W lamp by about -+ 51/, %,

Fluorescent laimps.

Waveforms of the luminous flux of low-pressure fluorescent lamps during one
cycle of the AC mains are reproduced in fig. 18-8. Waveform a) represents the
flux of the mercury-vapour light of the lamp without fluorescent material. It
fluctuates by approximately - 90 vH about the mean value. The light thus
follows almost perfectly the course of the current, with twice the frequency.
Fig. 18-8b shows the luminous flux waveform of a “TL> “Daylight’’ lamp. The
fluctuation of the luminous flux amounts to about + 52 9.

The luminous flux waveform of the ‘“‘white” “TL” lamp is shown in fig. 18-38e.
The fluctuation in this instance amounts to + 83 %. Finally, fig. 13-8d
shows the flux waveform of the “warmtone” “TL lamp with a “ripple” of
+ 27 9%,

Fig. 18-8. Luminous flux
of fluorescent lamps. '

a) Lamp without fluores-
cent material.
b) “Daylight” lamp.

¢) “White”” lamp.
d) “Warmtone” lamp.
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Current and voltage waveforms of fluorescent lamps

It can at once be seen how the fluctuation of the luminous flux can be in-
fluenced by the fluorescent material. In this respect rapid development is
being made and progressive improvement may be expected. *

A further interesting detail emerges from the waveform of the mercury-
vapour light in fig. 18-8a. Using large time-base expansion and photographic

Fig. 18—4.
“Time expanded” and photographically enlarged
section of waveform from fig. 13-3a.

enlargement of a section of this waveform, it appears, as shown in fig. 18—4,
that the whole oscillogram contains a small superimposed low-frequency
flux variation of about 22,000 c/s. This is due to processes taking place during
the gas discharge.

Current and voltage waveforms of fluorescent lamps.

Fluorescent lamps, as is known, are usually employed with a pre-connected
choke. This gives rise to an undesired phase shift between current and voltage
so that the power factor cos 6 in this arrangement is only 0.5 ..... 0.6.

Fig. 185 reproduces a circuit with which, according to the position of switch
S, patterns can be produced on the oscilloscope one after the other of the
current, the voltage on the lamp and the mains voltage. To obtain the current
waveform, an ohmic resistor R, of about 10 ohms is connected in the

a MM Fommce———mmmmm = -
~ Fig. 18-5. Arrangement |
for displaying thecurrent #ins Jamplifier Osculloscope |
and voltage curves of osetllos- Time base | !
fluorescent lamps. cope generator | |

A l

____________________ 4

main circuit. The voltage drop across this resistor is applied to the vertical
amplifier and amplified sufficiently to produce the desired deflection.

In the second position of the switch the lamp voltage lies over resistor B, at
the input of the amplifier, and in position 8, the mains voltage lies across the
input of the amplifier via R,. The values chosen for the resistors should be such
that the desired deflection is obtained on the screen without the necessity of
further adjusting the gain control. A value of 2 MQ is appropriate if, as in the
present instance, the input impedance of the amplifier is 150 k(. When R, and

1 These oscillograms were recorded some appreciable time ago.
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Recording the waveforms of luminous fluz, current and voltage 13

R, are equal, a direct impression is
received from the oscilloscope of the
relationship between mains voltage and
lamp voltage.

With the time base frequency synchro-
nized to the mains voltage, the wave-
forms of lamp current, lamp voltage and
mains voltage appear on the screen dis-
placed with respect to each other in a
way exactly corresponding to their actual
phase relationships. (In most oscilloscopes
a special switching position exists for in-
vestigations of this kind.)

The result of this measurement is illus-
trated in fig. 183-6a.

Fluorescent lamps connected in duo. .
Fig. 18-6. Current and voltage
Endeavours were very soon made to im- waveforms of fluorescent lamps;

prove the poor power factor of fluorescent g) iamp ngll :induc.tti.v e ga}}asz’
lamps and also to reduce the variations ) lamp with “capacitive” ballast.
of luminous flux and thus the stroboscopic
effect.
A large measure of improvement in these respects was achieved by the “duo”
arrangement of fluorescent tubes as shown in fig. 183-7 [1]. One lamp func-
tions in the normal circuit with an interconnected choke. The current and
voltage relations of this circuit were discussed with reference to fig. 18-6a.
The current and voltage of the lamp lag behind the mains voltage.
The second lamp is preceded by the combination of a condenser with a choke,
which is rated in such a way that it has a capacitive character, the current
thus leading the mains voltage. The relationships in question can be seen in
fig. 13-60. (It will be noticed that the waveform of the mains voltage contains
~ severe harmonics. )
The oscillograms in fig. 18-8 show the relationships to the mains voltage vy,
of the lamp currents iz, and 47, ¢ individually and of the total current iy. As
appears from c), the phase shift of the total current with respect to the mains
voltage is small. The power factor for this arrangement is given as 0.95.

“UInductive”

ballast

Stabilizing

condenser Fig 18-7. “Duo” arrangement of

& o fluorescent lamps.
~ | BT TLdoW
——_\_QQQ/—{ﬁg
/
Starter
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Fluorescent lamps connected in duo

This is not, however, the only advantage
of the duo arrangement. The mutually
phase-shifted currents of the two lamps
also result in a corresponding phase shift
of the variations of luminous flux. This
means that when the flux of one lamp
declines, the flux of the other increases
accordingly, and vice versa. These con-
ditions are shown by the oscillograms in
fig. 18-9 for “daylight” lamps. The lumi-
nous flux of each lamp is shown individu-
ally—®; and @, —together with the
sum of both @7, +®;. .

The brightness variation of the light of
both lamps now only amounts to +-18%;
it is thus only as large as with a 40 W
incandescent lamp, as opposed to + 529,
with a single fluorescent lamp.

Two further oscillograms of the duo ar-
rangement are given in fig. 13-10, showing
the luminous flux of “white”’ and “warm-
tone” lamps, for which the flux variations
were calculated at 4 16 9% and -+ 119%
respectively. These values are even less
than those of a 40 W incandescent lamp.
The oscillograms also prove that by means Fig. 13-8. Current and voltage
of the duo arrangement a power factor waveforms of fluorescent lamps in

[2] of 0.95 is within easy reach. “duo”. a) Mains voltage vy and

currents 17, and 77,4 ¢ of lamps in-

dividually. b) Currents of individ-

ual lamps and ‘sum current 7.

¢) Waveforms of mains voltage
and total current.

Fig. 18-9. Luminous flux of two “daylight” lamps
—individually @7 and @r-c-—and their sum
@1, + DL+ ¢ (duo arrangement).

Fig. 18-10. Luminous
flux of fluorescent lamps
in “duo”;

a) “white”

b) “warmtone”
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Recording the waveforms of luminous fluz, current and voltage 13

Lamp current and luminous flux waveforms of electronically con-
trolled lamps.

It is frequently necessary to control the brightness even of fluorescent
lamps. Since they have a relatively high ignition potential and a practi-
cally constant working voltage, control is not possible, as it is with incandes-
cent lamps, by varying the voltage. A solution of the problem was found by
connecting an antiparallel arrangement of two thyratrons in series with the
fluorescent lamp and its ballast. By changing the phase of the grid voltage
responsible for ignition, the current is made to flow only during an adjustable
portion of the half cycles. In this way the mean current of the lamp can be
reduced quite considerably without extinguishing the lamp [8].

The oscillograms in fig. 18-11a show the current waveforms of a lamp
controlled in this manner at settings of 1200, 600, 800, 150 and 75 mA
(measured with a standard multirange meter calibrated in r.m.s. values).
They were recorded in the way described on several previous occasions, with
the time base synchronized in fixed phase with the mains frequency, so that
the same reference phase position was assured for all composite photographs.
The corresponding oscillograms of the luminous flux are shown in fig. 18-115.
It might be assumed, since adjustment to a lower current means a shorter time
of current flow, that the stroboscopic effect would be increased. Experience
shows, however, that the light fluctuates just as little at reduced brightness as
at normal working current. The explanation for this curious behaviour is to be
found in the flux waveformsin fig. 13-11b.
It can clearly be recognized that the after-
glow of the fluorescent material, which at
normal current (top curve) is hardly
noticeable, represents at decreasing
current a progressively increasing part of
the total light."

The foregoing observations show that the
oscilloscope can provide a thorough in-
sight not only into the behaviour of the
lamps themselves but also into the entire
principle of thyratron control.

Fig. 18-11. Current and luminous flux waveforms
for fluorescent lamps, with electronic control in b
five different stages of adjustment.
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Investigating switching phenomena on electric light bulbs

14. Investigating switching phenomelfa
on electric light bulbs

What happens in radio receivers and amplifiers after they have been switched
on is fairly well known. In any case it is now generally recognized that the
cathode ray oscilloscope can display all the information that may be required.
Less interest seems to be shown, however, in what happens during the actual
processes of switching on and switching off. And yet numerous examples
might be quoted of occasions when an exact knowledge of switching pheno-
mena could lead either to greater safety of operation or to greater economy.
The investigations about to be described were carried out, by way of example,
on electric light bulbs, as used on radio receivers. The results are, of course,
valid for incandescent lamps in general.

Using an oscilloscope (Philips GM 8156) recordings were made of the course
of the current through the lamp as well as of the luminous flux at the moment
of switching on. Naturally, both processes could have been displayed simul-
taneously on a twin-beam oscilloscope or with the aid of an electronic switch.
Since, however, the phenomena repeat themselves indentically, it was quite
sufficient to join the recordings together afterwards, especially as they were
made on the same apparatus and with the same time base expansion.

The circuit used is shown basically in fig. 14-1. The bulb is fed, either from an
accumulator or from the secondary of a mains transformer, via contact K,
and resistor RB,. The value of this resistor must be small in relation to the cold
resistance of the lamp, as otherwise the switching process might be falsified.
The voltage drop on resistor R, is proportional to the current through the
bulb. After amplification in the DC vertical-amplifier, it is applied to the

: DC
“ l | RV mplifier
~
Bulb
el
- =

’ Time base
'_@]L_,_v K Sync, —a- | generator
F = - IxA

Fig. 14-1. Circuit arrangement.
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Investigation switching phenomena on electric light bulbs 14

Fig. 14-2. Current of a 6.8 V/0.15A bulb at the
moment of switching on (DC operation). The
broken line represents zero, the horizontal full
line a constant current of 0.5 A. The sinusoidal
frequency for the time scale is 2500 c/s.

Y plates of the cathode ray tube. For
this measurement the time base gener-
ator must be adjusted for a single sweep.
To avoid premature exposure of the film
and to ensure correct timing of the re-
cording the necessary switching processes
are effected by a relay with several con-
tacts. The relay is switched on for the
recording by button 7'. The armature of

. Fig. 14-8.
the relay is then actuated and closes, Above: Swi%ching-on current
one after the other, contacts K;, K, and under conditions identical with
K. This sequence is arranged by suitably thosed fofr tlﬁg‘l 14-2. Ceﬂntl’ﬁ
adjusting the contacts. In the quiescent trend of the luminous flux.

. Below: time scale 200 c/s.
state no spot is to be seen on the screen,

the Wehnelt cylinder being at full cut-off
potential. When K, closes, the grid re-
ceives only a partial voltage from potentio-
meter P,. Now K, closes and a single time
base is triggered, after which K, switches
on the current for the bulb. K, should
preferably be a double contact to avoid
“chatter’” when the relatively high peak
current is switched on. For recording the
behaviour of the luminous flux the light
of the bulb is directed on to a high-
vacuum photocell during the process of
switching. The voltage drop on the

Fig. 144. At AC operation the height of the
current surge depends upon the voltage phase
at the moment of switching on.

a) Switching on in the positive peak.

b) Switching on at a smaller amplitude.
¢) Rise of the luminous flux.

240



Investigations on {elevision receivers

working resistance, which is proportional to the luminous flux, is fed via a
DC amplifier to the Y plates. To provide a time scale for these curves, an
alternating voltage of known frequency was recorded below the waveforms
under investigation. In order also to have a measure of the current, a further
recording was made, for which the bulb was replaced by a rheostat in series
with an ammeter, and the current to be recorded was adjusted to 500 mA.
The oscillograms thus obtained for the first 10 milliseconds with a bulb of
6.8 V/0.15 A are shown in fig. 14-2. The time-marking frequency was 2500 ¢ /s.
In fig. 14-8 the period of time represented is longer, at the end of which the
lamp has certainly reached its stable condition. In this instance the frequency
of the time scale chosen is 200 c/s. The interesting fact appears that, at the
moment of switching on, the current rises to around nine times the nominal
value of the current. It is further interesting to note that light radiation only
begins after the current has reached its nominal value. The time in the case
under investigation is about 15 ms. After a further 50 ms the luminous flux
has attained its normal value.

Observing the switching-on current with alternating voltage in the oscillograms
in fig. 14—4 we can see that the height of the initial peak depends upon the
phase of the voltage at the moment of switching on. In pattern a) it is plain
that the moment of switching on lay in the vicinity of the positive peak; a
maximum value was therefore reached similar to that of the direct voltage.
Tn pattern b), on the other hand, only a small current peak is observed. The
Juminous flux shown in ¢) naturally retains a ripple of about 15%, of the basic
light with twice the frequency of the supply current. No time marking was
necessary for this recording, the time scale being given by the known
frequency of the supply current (50 ¢/s) or of the luminous flux (100 ¢/s).

15. Investigations on television receivers

General.

To be able to form a judgment on the operation of a television receiver,
whether it be for the purposes of development, servicing or general study, it is
of fundamental importance to have a clear knowledge of the behaviour of the
various signal voltages with respect to time.

The actual waveform is usually of more interest than the absolute value of
the voltage.

The oscilloscope presents the information required for these investigations in
an extraordinarily clear and comprehensive way, and for this reason it has
become an indispensable tool of the television engineer.

As long as it is not a matter of solving problems of development, oscilloscopes
with an amplifier having an upper frequency limit of about 1 Mc/s are quite
sufficient for these investigations (e.g. Philips GM 5659 or GM 5650). An
oscilloscope of this standard can display satisfactorily rectangular waveforms
at frequencies many times higher than the line frequency.

The oscillograms in fig. 15-1a and b show to what extent the pattern of higher
modulation frequencies is influenced by the upper frequency limit. For these
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examples the ouput voltage of Philips
GM 2887C pattern generator during two
cycles of the horizontal deflection was
recorded with the addition of eleven
modulation (bar) pulses (eleven vertical
pulses in one line). In fig. 15-1a, the upper
frequency limitis 8Mc/s andinb), 0.8 Mec/s.
It can be seen that the reproduction of

these modulation pulses is perfectly P

satisfactory for most investigations, at

least on deflection voltages or currents.

What is most essential is the lower fre-

quency limit, which should where pos- Fig. 15-1. Pattern generator signal

sible be as low as 1c/s. If this is not so, during two cycles of the horizontal
deflection, reproduced via vertical

the phase of the frame pulses may be amplifiers with upper cut-off fre-

badly distorted. A high input impedance quencies of @) 8 Mc/s and

is also of decisive importance; it should b) 0.8 Me/s.

be at least 1 M2 but using a probe voltage-

divider it can be made as highas 10 MQ.

The vertical amplifiers of the oscilloscopes on which the investigations about
to be described were carried out, types GM 5658 and GM 5654, both have a
band-pass of 1 ¢/s to 8 Mc/s. The normal oscillograms were recorded without
any particular post-acceleration voltage, whereas +2 kV were used for the
expanded waveforms.

This chapter will deal first with the most essential types of oscillogram, all
obtained: using the Philips type TD 2812A “Home Projection Receiver” as a
practical example. The simple time base expansion unit described in chapter
22 was used for the “‘time expanded”’ oscillograms. ,

In addition to these, a number of oscillograms are reproduced which were
taken from Philips Direct View Table-Model TD 1420 U. The expanded
recordings were made with a type GM 4584 time base expansion unit,
with which is was possible to reproduce separately the pulse sequences of
both fields of a frame one above the other on the screen. '

Investigations on TV projection receiver “TD 2312A".

Fig. 15-2 shows the circuit diagram of receiver TD 2812A.

The working principle of receiver TD 1420 U is fundamentally the same as
that of TD 2312A. Differences will be pointed out as occasion arises [1]]2].
The circled numbers found at various pointsin the circuit diagram of TD 2812A
refer to oscillograms. They are given the same designation in the servicing
data and are also marked at the side of the relevant waveforms reproduced
in this chapter.

The reception signal employed was in most cases the aerial voltage of the
West Berlin television transmitter with a test pattern as shown in fig. 15-8,
but occasionally the H.F. voltage of the GM 2887C pattern signal generator
was also used.

Where appropriate, the oscillograms are marked with the peak-to-peak value of

242



<

;

25kY ,A”
! 3 5
2 g- S Mo}

>+ 7

22kl

b—p+6

>+

33
kdd
—+5
-bJ

»+7a

1
0.002uF == <

-
0.001
T8

560 T
ol ool
M
== o.omF

1"
J

b

Fig. 15-2. Circuit diagram of Philips television projection receiver, type TD 2312 A.
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Video detector and video amplifier

all 15Vpp

Fig. 15—4. Video signal on the grid
of pre-amplifier EF 80: a) two
cycles of the frame deflection;

Fig. 15-3. b) t reles of the line deflection.
Test pattern transmitted from West Berlin, ) two cycles of the e

used for oscillograms up to fig. 15-22.

voltage found at the appertaining setting of
the receiver. It was obtained by comparing
the maximum vertical deflection caused by
the signal with an equal deflection caused
by a 50 c/s sinusoidal voltage and by
measuring its r.m.s. value (x 2.83).

The measurements start at the video detec-
tor stage or at the grid of the video pre-
amplifier valve, where the demodulated
signal is already available. The observations
to follow will be summarized for the indivi-
dual stages.

Video detector and video amplifier.

3 ; Fig, 15-5. Video signal as in fig.
The video signal appears across the cathode 15-4a) but with varying intensity

resistor of one section of the double-diode of picture modulation.

EB 41 (B,,). Its phase is negative, as shown

in the oscillograms in fig. 15-4.

For fig. 15-4a the time base frequency was equal to half the frame (vertical)
frequency and in fig. 15~4b equal to half the line (horizontal) frequency during
reception of the television test pattern transmitted from West Berlin, as illu-
strated in fig. 15-8. The oscillograms in fig. 15-5 show three different patterns
with the frame frequency during the normal picture transmission. The pattern
in a) shows the presence of a great deal of ““white” in the lower part while the
upper part contains dark patches, In b) the whole pattern is relatively dark;
the limit of “white”” modulation possible is indicated by a dotted line. In ¢), on
the other hand, the upper part of the pattern is at maximum brightness and
the lower part is dark. It must, of course, be remembered in observations of
this kind that the oscillograms represent the sum of the modulation voltages
at the corresponding vertical and horizontal deflections during the time of per-
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Fig. 15-6. Composite signal on the

grid of the video output pentode

PL 83: a) two cycles of the frame

deflection; b) two cycles of the line

deflection; c) the same, but during
one cycle.

all 75Ypp

Fig. 15-7. Oscillograms on the
cathode of picture tube MW 6-2:
a) composite signal during two
cycles of the frame deflection
b) the same, but during one cycle;
¢) composite signal during two
cycles of the line deflection.

ception, or the exposure time of the recording.
For more analytical observation it is possible
to display the modulation content of one
single line [8]. This subject will be touched
upon at a later stage in this chapter.

The video signal reaches the grid of the video
pre-amplifying valve E¥ 80 (B1;)in the same
form and appears amplified at the anode
with its phase reversed. From this point it
is passed practically unchanged via coupling
elements to the grid of the video output
stage, valve PL 88 (B,,). The oscillograms of
the voltages at this point corresponding to
those in fig. 15—4, are shown in fig. 15-6. In
fig. 15-6¢ a further oscillogram is reproduced
of the pattern during one cycle of the line
frequency ; from this the modulation content
in this time may be compared with the test
pattern in fig. 15-3.

The amplified, composite video signal from
the anode of the video output stage PL 83
controls the cathode of the picture tube
MW 6-2. The relevant oscillograms are
shown in fig. 15-7. The pattern in b) now
represents one cycle of the frame signal with
modulation, to be compared with the test
pattern in this direction.

To form a clear impression of the synchro-
nization measures in the deflection circuits
it is essential to be able to observe what
distortions (wanted or unwanted) of the
sync pulse-train take place in the individual
stages.

Referring to the oscillograms in figs. 15-4,
5, 6 and 7, it can be seen that the relatively
simple line pulse presents no difficulties of
interpretation, even in a normal oscillogram.
With regard to the frame pulse the situation
is different. As is known, the actual frame
sync pulses, each with 6 or 5 equalizing pulses
respectively, and an appropriate series of
line pulses are sent out by the transmitter
during the vertical blanking, which in oscillo-
grams of this kind only amounts to afew
millimetres in width.

The way these pulses are dealt with in the television receiver is decisive
for proper functioning, good line-interlace, etc. To observe them satisfactorily
they must be expanded along the time axis by a time base expansion unit.
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Synchronization separator

A simple apparatus of this kind, which is
however only suitable for mains-coupled
composite television-pulses, is deseribed in
chapter 22,

Fig. 15-8 shows oscillograms, expanded
25-fold by this apparatus, which represent
the beginning of the vertical blanking pulse
measured on the cathode of the MW 6-2
picture tube. The oscillogram in a) shows
the test pattern transmitted from Berlin,
and that in b) the corresponding pulse train
from the type ‘“GM 2887C” pattern gener-
ator. The shaping of these composite sync
pulses will be shown by further oscillo-
grams, expanded along the time base. It
should be noted that with this simple time
base expansion unit, which works on the
50 ¢/s mains, the pulse trains of the two
fields of the lineinterlace process appear
covering each other in the oscillogram. The
pattern generator delivers a simple pulse
sequence only (no line interlace).

Automatic Gain Control.

In the receivers investigated, the control
voltage fed to the RF amplifier EF 80 (B,)
and to the IF amplifiers EF 80 (B, and B,,)
has two components: one constitutes the
positive voltage adjustable by the contrast
control R,;, and the other the automatic
control voltage proper, which is obtained
by rectification of the positive flyback
pulses on the third grid of the video pre-
amplifier EF 80 (Bj;). The third grid of this
valve, together with the cathode, forms a
diode section whose internal resistance is
dependent upon the strength of the signal.
The oscillogram of the positive horizontal
flyback pulse on the third grid of the video
pre-amplifier is shown in fig. 15-9.

Synchronization separator.

This receiver uses a double valve—ECL
80 (B,;)—for simultaneous pulse separation
and pulse amplification.

The complete composite signal in which, as

ﬂﬂq{qrgyc!'.'la.
" [

Fig. 15-8. Expanded oscillogram
with 50 ¢/s time base frequency at
the beginning of the vertical sync
pulse on the cathode of the picture
tube: a) composite. signal from
Berlin test pattern; b) voltage from
pattern generator GM 2887C with
11 vertical bars.

Fig. 15-9. Line flyback pulses on
grid 8 of EF 80 for generating the
control voltage.

Fig. 15-10. Syne pulses on anode of
pentode section of the synchroniza-
tion separator. Time base expan-
sion: a) half frame frequency ; b) one
third of line frequency; ¢) and d)
50 c/s expanded oscillograms corre-
sponding to fig. 15-8 a and b.
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Fig. 15-11. Pulse train on grid of

triode section of the synchroniza-

tion separator. Time base expansion
as in fig. 15-10.

Fig. 15-12. Sync pulses on anode
of triode section of the synchro-
nization separator. Time base ex-
pansion: «) one third of line fre--
quency; b) half frame frequency;
¢) and d) oscillograms taken with
time base expansion unit.

the oscillograms in figs. 15-7 and 8 show, the
sync pulses are positive-going, is taken from
the anode of the video output stage and fed
via condenser C,,, and resistor R,, to the
control grid of the pentode section of an
ECL 80. Grid detection is effected by suit-
ably rating the time constant of the grid
circuit, while the screen grid potential is
kept extremely low. The control range of
the pentode is thus very limited, so that
the modulation content is clipped and only
the sync pulses are further amplified; they
appear at the anode of the valve inverted
in phase.

In fig. 15-10a the time base frequency of
the oscilloscope is again equal to half the
frame frequency, and in 106 equal to one
third of the line frequency. These oscillo-
grams, it must be added, merely disclose
information on whether frame orline pulses
are contained at all in the amplified voltage.
A clear insight into the particularly inter-
esting part in the neighbourhood of the
vertical sync pulse is obtained only by using
a time base expansion unit. Examples are
shown in fig. 15-10¢ and d, corresponding to
the signal forms of fig. 15-8. Comparing
these with the oscillograms of the horizontal
pulses in fig. 15-10b, one can see that the
form of the line pulse is identical, except
that the deflection in the Y axis is smaller
in fig. 15-10 ¢ and d.

These pulses are now fed over a coupling
condenser of 470 pF (Cy;;) to the grid of
the triode section of the ECL 80. The value
of the grid leak resistor is 1 M. The time
constant of this grid network causes slight
distortion of the frame pulse, as can be
observed in fig. 15-11. The pattern in
15-11a) represents the normal oscillogram
with a time base frequency of half the
frame frequency, while b) and ¢) again show

the pulse train expanded twentyfive-fold along the time axis.

The amplified pulses now appear at the anode of this stage (see fig. 15-12),
with the distortion likewise amplified. The oscillogram in a) is reproduced
this time with one third of the line frequency, b) with one half of the frame
frequency, while ¢) and d) are shown with a reduced picture height, just as
in the expanded patterns in fig. 15-10c and d.
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Line deflection generator

Line deflection generator
(horizontal deflection).

This deflection generator is made up of the
following: a multivibrator employing an
ECL 80 (By,), an output valve PL 81 (B,,)
with output transformer, a booster diode
PY 80(B,,) and a phase discriminator stage
employing a double diode EB 41 (B,,). A
sawtooth voltage, as shown in fig. 15-18a,
appears across the output condenser C,;q
from the cathode-coupled multivibrator,
which oscillates at the line frequency. By
adding this sawtooth voltage to a voltage
whose waveform corresponds to the charg-
ing current of Cy,, and which appears across
a series resistor R,, (fig. 15-18b), the volt-
age is obtained which is needed for driving
the line output valve PL 81 (fig. 15-18¢).
For synchronizing the line deflection gener-
ator the “flywheel synchronizing” circuit is
used, which is characterized by its high
degree of insensitivity to interference. The
pulses coming from the synchronization
separator ECL 80(B;,) are not simply differ-
entiated and then immediately employed
for synchronization, but are fed via a coup-
ling condenser and a balancing trans-
former—S';;, S3,—to the anode and cathode
respectively of the series-connected sections
of the double diode EB 41 (B,,), the phase
discriminator. In this stage the relative
phase of the sync pulses is compared with
a sawtooth voltage originating from the
deflection generator and which is obtained
by double integration of the voltage from
the winding S, via the network Ri—Cioy
and R,;;—C\,,. The sawtooth voltage in
question is shown in fig. 15-144. The phase
discriminator delivers a control voltage
which is dependent upon the relative phase
of the sync pulse with respect to the
sawtooth voltage. This results in a stable
state of balance if the syne pulse coincides
with the middle of the steep edge of the
sawtooth.

28Vpp

Fig.15-13. Generation of the drive

voltage for the line output stage:

a) sawtooth voltage from multivib-

rator; b) current waveform of

charging condenser in multivibra-

tor circuit; ¢) drive voltage for line
output.

Fig. 15-14. Voltages in line deflect-

ion generator: «) waveform on

anode resistor of multivibrator;

b) integrated voltage of line flyback

pulse from line output trans-

former; ¢) voltage on flywheel
circuit

The control voltage is fed through a resistor of 100 2 (R,, 5) to the grid of the

multivibrator-triode section of the ECL 80, and by influencing the frequency of
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Hig. 15-15. Voltage waveform on
anode of ECL 80 triode section of
- multivibrator.

Fig. 15-16. Generation of the drive

voltage for the frame output stage:

a) voltage on grid of blocking os-

cillator; b) the same expanded along

the time axis; ¢) charging condenser
voltage.

the multivibrator it enforces the necessary
synchronization between the transmitter
and the deflection circuit of the receiver.
A rectangular voltage (fig. 15-14a) appears
across a resistor of 8.2k (R,,,) intheanode
circuit of this stage. In series with R,,, lies
(at the “cold end”) the flywheel synchro-
nizing circuit proper (Sgs, Cis1, 146), across
which a voltage appears as shown in the
oscillogram in fig. 15-14c. The sum of the
voltages on the anode of the triode system
of the ECL 80 (B,,) is shown by the oscillo-
grams in fig. 15-15. In a) the resonant fre-
quency of the flywheel synchronizing circuit
is in full agreement with the line frequency;
the multivibrator pulse rests exactly upon
the peak of the voltage curve from the
synchronizing system. Variation of the line
frequency results in different relative phase
positions as depicted by the oscillograms
in b) and ¢).

Frame deflection generator
(vertical deflection).

The voltage for generating the deflection
current is produced with a triode-pentode
ECL 80 (B,;), whose triode section works as
a blocking oscillator. The oscillogram in
fig. 15-16a shows the voltage waveform
on the grid of this valve during two cycles
of the frame frequency. What really takes
place is seen in the expanded oscillogram
in b). This shows plainly that the incidence
of grid current sharply limits the increase
in grid voltage. The voltage can only swing
in the negative direction in a manner which
results in the appearance of a sawtooth
voltage across the 68,000 pF charging con-
denser (C,y4) of the blocking oscillator (fig.
15-16¢). The blocking oscillator is grid-
synchronized with a voltage pulse which is

obtained by triple integration of the composite pulse taken from the anode
of the synchronization separator (fig. 15-12). Fig. 15-17 shows a normal and
an expanded oscillogram of the voltage on the first integration network. The
pulse from the blocking oscillator results in a strong downward deflection,
so that even in the expanded oscillogram (fig. 15-17b) only few details are
observable in this direction. If, however, the blocking oscillator is put out of
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Suppressing the flyback

action, it is possible to obtain an expanded
oscillogram of the frame-pulse waveform
on the integration networks and to make
the influence of the equalizing pulses as
clear as it appears in fig. 15-18. The ex-
perienced television technician can re-
cognize at once from these oscillograms
that the interlace is working properly.

The pulses of the two fields coincide on
their steep edge. If there were no interlace,
the edges would appear separately, ad-
jacent to each other [4].

Where an oscilloscope is available with a
particularly high Y deflection and a facility
for zero correction (e.g. GM 5658), a similar
pattern can be obtained with the blocking
oscillator running (fig. 15-19).

A number of different settings for the frame
frequency are reproduced, among which
the oscillogram in fig. 15-19a represents an
unstable condition. The parts of the wave-
form in fig. 15-17a corresponding to the
oscillograms in figs. 15-18 and 15-19 are
circumscribed by a dotted line to illustrate
the extent of time base and amplitude
expansion employed. Fig.15-20b shows the
waveform of the voltage on the grid of the
pentode section of ECL 80, and 20a the
waveform of the anode voltage. The para-

bolic component ! can be seen in the grid -

voltage waveform, although its scale is
reduced in the reproduction owing to the
peaky amplitude of the pulse.

Suppressing the flyback.

Additional blanking of the flyback traces,
_independently of the blanking pulses re-
ceived from the transmitter, is effected by
taking pulses from the line and frame
deflection generators and using them to cut
off the anode current of the picture tube

Fig. 15-17. Voltage waveform on

first integration condenser for

vertical sync pulses. Time base

expansion: @) two frame cycles;

b) section with time base expansion
unit.

Fig. 15-18. Expanded oscillograms

from the integration networks,

with blocking oscillator out of

operation: a), b)and c) first, second
and third networks.

during the respective flyback periods. The line flyback is suppressed by
applying the voltage appearing in the secondary of the line output trans-
former, via smoothing and phase-correcting networks, to the grid of the

1 This pre-distortion of the anode current is necessary in order to obtain a sawtooth
current in the deflection coils of the anode circuit in spite of the influence of the limited

primary inductance of the output transformer.
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Fig. 15-20. Voltage waveforms on
a) anode (15) and b) grid of frame
output stage.

Fig. 15-19. Voltage on first in- Fig. 15-21. Additional suppression

tegration network with blocking

oscillator in operation and with

different ~settings of the frame
frequency.

of flyback (frame and line). Time
base expansion: «)one third of line
frequency ; b) half frame frequency ;
¢) time-base expanded oscillogram.

picture tube. Fig. 15-21a shows the waveform of this voltage during three
cycles of the line frequency.

To suppress the frame flyback, the sawtooth voltage on condenser Cy (fig.
15-16¢) is differentiated by a CR network of 1000 pF and 180 k&2 (Cy4y, Rigs
R,,,) and, since the MW 6-2 has a triode system, it is also applied to the Wehnelt
cylinder.

Fig. 15-21b shows the relevant waveform during two cycles of the frame
frequency, and c) shows a part of the same waveform near the frame sync
pulse expanded along the time axis. In this case the line blanking is relatively
stronger than the frame blanking, but the latter is also quite sufficient for
additional blanking of the correctly adjusted picture,
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Osctllograms of the Direct-View Table-Model, receiver “T'D 1420 U”

Extra High Tension Supply.

The extra high tension of 25 kV required
for operating the picture tube is obtained
by means of a separate aggregate. The
triode section of a UBC 41 (B,,) works as a
blocking oscillator and generates a sawtooth
voltage of about 1000 c/s, which is fed to
the control grids of two pentodes UL 44
connected in parallel. The operating point
of these valves is adjusted in such a way
that a sawtooth current with a very steep
trailing edge flows through the primary of
the transformer in the anode circuit. As a

result of the rapid changes of current the E‘z‘i’{ %5f23) l%ﬁigéi W?C‘Ei(:%aﬁ’:
anode cireuit, which consists of inductance “low load; b) brighl‘z picture,
and winding-capacitance, is excited into

self-oscillation, and this is renewed with

the arrival of each surge. The stepped-up voltage peaks of these oscillations
on the secondary of the transformer amount to about 8.5 kV with a
characteristic frequency of about 20 kefs. This voltage is rectified and

smoothed by a voltage-tripler circuit employing three EY 51 diodes. The -

relevant waveforms are shown in fig. 15-22. The time base frequency in
this picture is 550 c¢/s and thus the frequency of the damped oscillations is
17 ke/s.

Oscillograms of the Direct-View Table-Model, receiver “TD 1420 U”.

The input signal employed for the following oscillograms was again in
accordance with the West Berlin test pattern shown in fig, 15-8. The ““time ex-
panded” oscillogram of a pulse train of this kind during the vertical blanking
on the cathode of the picture tube (anode video output stage PL 83) was
reproduced in fig. 4—44a).

The voltage waveform on the anode of the synchronization separator (ECL
80) is shown in fig. 15-28a and b). In @) the pulse trains of both fields appear
expanded along the time axis one above the other in the vicinity of the frame
sync pulse. In this case there are respectively seven and five equalizing pulses
present.(A type GM 4584 time base expansion unit wasused for theserecordings.)
Fig. 15-28b shows a normal oscillogram during three cycles of the line de-
flection. The form of this voltage can also be recognized at the ends of the
pulse trains in the expanded oscillogram in fig. 15-23a.

This voltage is amplified by the triode section of an ECL 80. The waveforms
of the voltages at the anode of this valve system are shown by the oscillo-
grams in fig. 15-24a and b. In a) can again be seen the expanded pulse trains
of the fields in the neighbourhood of the frame sync pulse and in b) the normal
ocillogram during three cycles of the line deflection. In this recording, six
leading and six lagging equalizing pulses are present.
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This pulse train is now fed via the discriminator transformer to a phase
discriminator stage. The oscillograms in fig. 15-25a, b and ¢ show the volt-
age waveform on the primary of this transformer.

Fig. 15-25a shows the voltage pattern during two cycles of the frame deflection
and b) the pattern during two cycles of the line deflection. The expanded
oscillogram in ¢) shows the pulse train again near the frame sync pulse.

In this receiver a control voltage is generated by means of two germanium
diodes OA 51 which is dependent upon the relative phase position of the

Fig. 15-28. Voltage waveform on

anode of synchronization separator.

(Receiver “TD1420U°°): a) expand-

ed oscillogram; b) three cycles of
line deflection.

Fig. 15-25. Voltage on primary of
discriminator transformer:
a) two cycles of frame deflection;
b) two cycles of line deflection;
¢) expanded oscillogram.

Fig. 15-24. Voltage on anode of Fig. 15-26.
amplifier triode section of sync- Voltage waveform at centre tap
separator: a) time base expanded; of discriminator transformer

b) three cycles of line deflection. secondary.
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Oscillograms of the Direct-View Table-Model, receiver “TD 1420 U

Fig. 15-27. Voltage on anode of
pentode section of ECL 80 in line
time base generator (75V,,,).

e

b '\}V\,

e mww/\ MM 7

Fig. 15-28. Waveform of vertical
sync pulse on first RC network:
a) two cycles of frame deflection;
b) expanded oscillogram (25V ).

Fig. 15-29. Voltage on grid of verti-
cal sync amplifier: a) two cycles of
frame deflection; b) expanded
oscillogram (7.5V,,).

Fig. 15-30.
Anode voltage of blocking oscil-
lator for frame deflection:
a) two cycles of frame deflection;
b) time base expanded; time-
marking 10 ke/s; (150V,,).

syne pulses with respect to a pulsed voltage fed back from the line deflection
generator. The germanium diodes are oppositely connected to the sym-
metrical secondary winding of the discriminator transformer. The voltage
waveform at the centre tap of the secondary during two line cycles is shown

by the oscillogram in fig. 15-26.

The control voltage, which represents the ditference voltage of the two diodes,
controls the inductive reactance of the triode system of the ECL 80. It thereby
effects a frequency change of the sine-wave generator in the pentode system
and thus enforces the necessary synchronization between transmitter and
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receiver. The form of grid voltage required
for driving the line output valve PL 81 is
obtained by adding the asymmetrical rect-
angular voltage generated by the multivi-
brator circuit to a sawtooth voltage which
is produced by integration of a part of the
Fig. 15-81. Voltage on charging rectangular voltage in an RC network. Fig.

condenser of blocking oscillator 15-27 shows the waveform of this voltage
(90V,,). at the anode of the pentode section of the
ECL 8o.

The sawtooth voltage for the frame de-
flection is generated in the triode section
of an ECL 80, working as a blocking os-
cillator. For synchronization, pulses are
again taken from the anode of the syn-
chronization separator triode ECL 80 and.
passed through two RC networks to filter
out the line pulses. Fig. 15-28a reproduces
the voltage waveform on the condenser
of the first network for two frame pulses.
The “time expanded” oscillogram in 15-28b
shows the pulse trains of both fields. The
corresponding voltage waveform on the
condenser of the second network can be
seen in fig. 15-29¢ and b. This voltage lies
on the grid of the pentode section of the
ECL 80. Here it is amplified, separated and
reversed in phase so that the voltage from
Fig. 15-82. Voltages in line output the anode of th.is system appears as positiYe
stage: a) waveform on the grid pulses on a winding of the transformer in
(7.5V,,); b) parabolic component the blocking oscillator circuit and is used

of cathode voltage (~ 0.4V,,); for synchronization.

¢)waveform on theanode(1500V,,). The normal oscillogram of the anode volt-
age waveform during two cycles of the
frame frequency is shown in fig. 15-30a.
The actual trend of the voltage pulse only
becomes clearly visible after time base ex-
pansion as shown—single this time—in fig.
15-80b. A sinusoidal voltage with a fre-
quency of 10 ke/s has been included in the
oscillogram for the purpose of determining
the frequency of the overshoot visible.

Fig. 15-88. Voltage waveform for -
flyback blanking on grid of picture Interpretation of the patterns shows the

tube (45V,, and 65V,,). overshoot to have a frequency of approxi-
mately 175 ke/s.
Here again, a sawtooth voltage appears across the charging condenser
in the blocking oscillator circuit, which, due to the operation of the oscillator,
has a negative peak superimposed upon it, as shown in fig. 15-81.
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“Time expanded” oscillograms compared with selected lines of the picture

A parabolic component is added to this voltage in the familiar manner by
means of RC networks in the grid circuit of the output stage PL 82. The
actual voltage on the grid is shown by the oscillogram in fig. 15-82a. The
shape of the parabolic voltage can be observed on the cathode resistor,
as in fig. 15-82b, and the corresponding anode voltage is shown in ¢). To
blank the flyback traces on the screen of the picture tube MW 3644, the grid
receives a pulse with the line frequency from the line output transformer as
well as a pulse with the frame frequency from the anode of the blocking
oscillator triode section of the ECL 80. The ‘“time expanded” oscillo-
grams of the pulse trains in fig. 15-88 represent the waveform of these voltages
on g, of the picture tube in the vicinity of the vertical blanking pulse. It can
clearly be seen that the vertical blanking of both fields occurs in phase, where-
as the line blanking, as desired, is displaced by a distance of half the spacing
between the pulses. (Compare also fig. 15-21a, b and ¢.)

The oscillograms reproduced in this chapter represent only an arbitrary
selection from the most essential voltage waveforms in the television receiver.
It scarcely needs to be repeated that a clear knowledge of these waveforms is
of fundamental importance in television engineering.

For certain types of investigation an even more far-reaching insight into
what takes place in a television receiver is possible by employing a time
base expansion unit, with the aid of which the individual voltage components
of the video signal can be clearly observed together with all the pulse-shaping
processes during any given cycles of the line frequency.

“Time expanded’ oscillograms compared with selected lines of the
picture.

When observing normal oscillograms which show the composite signal during
one or more cycles of line deflection (figs. 15-4b, 15-6b and ¢, and 15-7c) it is
usual to speak of ‘“line patterns”. It should always be remembered, however,
that what one sees is the sum of the voltages of all 625 lines of both fields during
the time of perception or during the time taken to record the oscillogram.
This produces the well-known ‘‘veil”” between the line pulses, which fluctuates
with the instantaneous values of the video signal voltages or move in a hori-
zontal direction. In this way the sideways movement of an object in the
television receiver can be recognized in an oscillogram of the horizontal
deflection (line) cycles.

However, using a time base expansion unit to produce a greatly expanded
oscillogram in the rhythm of the frame frequency, a single curve can be
observed which represents the actual voltage waveform of the signal-pulse
composition during only one cyecle of the line frequency. With a moving scene
the voltage curve will, of course, vary in amplitude according to the vari-
ations in brightness, and will also move horizontally, corresponding to the
sideways movements of the bright or dark patches. Nevertheless there will
always be single lines only. When the picture is stationary as, for instance,
with a test pattern, the oscillogram will naturally also be stationary. More-
over, if at the same time the appropriate lines in the receiver picture are
brightened by an intensity-modulating pulse from the time base expansion
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Investigations on television receivers 15

unit, as described in
detailinchapter4, pages
77 et seq., an extraordi-
narily clear and useful
means of comparing os-
cillograms with picture
becomes available. The
following figs. 15-34,
85, 86, 87,39 and 40 il-
lustrate the possibilities
offered by this method.
They were recorded
during normal reception
of the test pattern.
broadcast by the West
Berlin television trans-
mitter.
: “?‘MW{':';’;”."_'M’—:“?;‘;":“‘:”““""‘ The voltage fed to the
vertical amplifier of the
oscilloscope was taken
respectively from the
Gennan anode of the video out-
T ' - put stage PL 83 and
Fig. 15-84. Receiver picture b) together with expanded from the cathode of the
oscillogram a) at the beginning of vertical blanking. picture tube MW 86-44
in a Philips televisionre-
ceiver, type TD 1422A,
Fig. 15-84a¢ shows a double oscillogram, expanded over some twelve cycles
of the line frequency, with the frame syne pulse at the beginning of the vertical
blanking. The corresponding picture on the receiver is reproduced in 15-34b
with the frame frequency adjusted in such a way as to make visible on the
receiver screen the gap in the picture during vertical blanking. (See also fig.
4-410.)
The intensity modulation makes clearly apparent that the section under
observation ends within the vertically blanked gap, indicated by arrows in
15-34b.)
In fig. 15-85a a double oscillogram of some five cycles of the line frequency is
observed in conjunction with a test pattern on the picture screen. Fig. 15—
85b reveals that the oscillogram corresponds to the lines at the transition
point from the simple alternation of black and white squares to those squares
which are further subdivided for test purposes. The pulse train during the
first five line-cycles (in the oscillograms both fields counted from the left)
shows in its essentials only the regular rectangular voltages corresponding to
the black-white alternations of the large squares. In the fifth cycle, however,
at the point marked with an arrow, the voltage form that produces the smaller
squares is already visible. In the following cycles the amplitudes of this volt-
age increase in accordance with the further lines of the scan.
In this case the time base expansion is not sufficient to show the details of

‘gn..

o S S b X » - -
ww ?m—u-—-— - & u o n——-_-wnmm
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“Time expanded” oscillograms compared with selected lines of the picture

these voltage forms. On the other hand, the extreme expansions along the
time axis obtained with a type GM 4584 time base expansion unit allow a
clear insight into voltage waveforms of less than half a picture-line in width.
Thus, with the same test
pattern in fig. 15-86, we
can now investigate the
voltage form of the line
which passes over the
centre of the small
squares, through the 200
lines fan and through
the figures 2, 0, 0.
Comparing the oscillo-
gram in fig. 15-86b with
the brightened line in
the test pattern, we can
easily distinguish the
connection between the
black-white alternations
and the upper part of : ,
the oscillogram.The vol- [ PPy /'-,, A Fe m g P
tage fluctuations for co mpes Tyws ;\b P S i
scanning  the smgll PR A 2 S o o .T'-"W,‘ Pew.
squares are now quite cess wpmp my NS ade o
easy to follow. In those C - \

parts of the oscillogram

that show the 200 lines Fig. 15-85. Tt;st pattern b) v_vith oscillogram

fan, or that scan the a) of five intensity-modulated lines of both fields.
number ‘200’ it can be

seen, it is true, that they no longer represent 100%, modulation of the video
signal. Experiments have proved that this fact is neither to be attributed to
excessive frequency-dependence of the receiver nor to a too low upper fre-
quency limit of the oscilloscope. Identical oscillograms were obtained even
when using an especially well-tuned receiver in conjunction with a type
GM 5660 oscilloscope having an upper frequency limit of 10 Me/s. 2

In fig. 15-86, the expanded oscillogram in b) is compared with a normal
oscillogram in a) with the line frequency periodically expanded. To ensure
that the line pulse for this comparison started definitely at the left-hand edge
of the picture, the time base generator of GM 5660 was not synchronized in

2 When assessing these oscillograms, as also those in figs. 15-87a and 15-89q, it must be
remembered that they can only correspond to the usual conditions during practical
television reception. They naturally differ from oscillograms recorded in short-circuit
operation from a dia-scanner or from a monoscope installation [5] [6]. Practical experience
nevertheless shows that satisfactory pictures can be obtained by efficiently regulating the
basic brightness and contrast in conjunction with the gradation characteristic of the
TV screen. Closer examination of the test pattern in fig. 15-86¢ and particularly in fig.
15-37b reveals that the black parts of the fans are not quite so dark as the squares.
Similarly, the intermediate spaces of the fans are not so white as the white squares. The
oscillograms make this quite understandable.
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Investigations on television recetvers 15

the normal way but triggered by the line pulse. Since these oscillograms are
approximately as wide as the receiver picture the corresponding sections along
the horizontal axis can be directly compared.

Figs. 15-87 and 15-89 are intended to demonstrate the possibilities as well as
the limitations of extreme time base expansion. It should first of all be pointed
out that oscillograms of this kind are faint, so that their deficiency of light
must be compensated by particularly favourable conditions during photo-
graphic recording. These oscillograms (figs. 15-87a, 15-89¢ and 15-40) were
recorded with the following equipment:

Oscilloscope: Philips “GM 5654’
Time base expansion unit: Philips “GM 4584
Cathode ray tube: DB 10-6 (blue fluorescent screen)

: (Anode voltage: V;, =—1.2 kV, V,, = +2kV)
Camera: Tenax II (lens/Sonnar 1:2) maximum aperture.

(Scale of picture 4:1. Exposure time: 1/, sec.)

Film: 21/,0,° DIN Pan.
Developer: Rapid (Gevaert 280, X-ray developer)
Enlargement paper: Silver bromide — extra hard.

The oscillogram in fig.
15-37a shows the voltage
waveform during less
than half a picture line of
both fields, while in fig.
15-87b can be seen there-
levant section of the pat-
tern on the TV screen. It
can now be observed dist-
inctly that the voltage al-
ternations corresponding
to the small squares are
still quite rectangular,
and the scanning of the
200 lines fan and the num-
bers 2, 0, 0 is far clearer
than in fig. 15-860b.

The sync pulse and its
surroundings are shown
likewise expanded in the
oscillogram of the second
field, which clearly re-
veals the difference be-
tween black and blanking
level. A similar section
is given in fig. 15-89 of
Fig. 15-86. Test pattern c¢) with oscillogram b) of one line 8 test pattern from the

each of both fields; «) normal oscillogram during one line WesthmanBundespost
deflection. transmitter (fig. 15-38)
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“Time expanded” oscillograms compared with selected lines of the picture

together with an oscillo- [
gram of the voltages
which modulate the line
selected. Here again, the
connection between the
oscillogram and the
black-white alternat-
ions of the receiver pic-
ture can be followed
quite distinctly ®. It can
be seen that there is
1009, white to black
level modulation of the
1 Mc/s bars. The pulses
pertaining to the num-
ber “1’’ and to the cross-
over points of the letters
‘(M”, G(H)’ and “Z,’ do
not, however, reach the Fig. 15-87. Oscillogram «) with section of test pattern
black level, but then b) of fig. 15-86¢), showing maximum time base expansion.
they correspond to a
rectangular voltage of 8 Mc/s.
Fig. 15-40 shows for the purpose
of comparison with fig. 15-87
the expanded oscillogram of the
same line, but this time under
more difficult transmission condi-
tions. It is evident that in this
case overshoot takes place after
each rise of voltage, which ad-
versely affects the edge resolu-
tion of the waveforms. ; -l
These oscillograms, and particu- : FTZ-Testbild Nr 1
larly those in figs. 15-87a, 15-89a
and 15-40 are intended not only
to demonstrate the possible appli-
cations of the oscilloscope in tele-
vision engineering and servicing
but also to stress that it is possible
by these means to study clearly, objectively and critically all transmission
processes in television, whether in new plants or in actual operation.

Fig. 15-88. Test pattern of German
Bundespost transmitter.

# Small differences in the oscillograms, especially at the beginning, may be attributed to a
certain non-linearity of the time base voltage due to the extreme time base expansion,
which exceeds the value indicated in the catalogue for the type GM 4584 time base expan-
sion un.t. Small non-linearities of this kind at the beginning of the sawtooth sweep are
typical of the transitron circuit. For exact measurements one can, of course, use one of
the time-marking methods already described, e.g. intensity modulation with either
1 Mc/s or 10 Mc/s.
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Measuring the action of “between-lens” shutters 16

Fig. 15-89. Maximum ‘‘time
expanded” oscillogram, with
corresponding section of test
pattern in fig. 15-88.

n fARANR
PR "V ¥V 3 ¥ A VT e ——

P Aty

Fig. 1540. Oscillogram of test pat-
tern in fig. 15-87b; as fig. 15-17a, but
with inferior transmission quality.

16. Measuring the action of “between-lens’’ shutters

The growing popularity of synchronized flashlight photography has made it
more important than ever before to have an exact knowledge of the action of
camera shutters. Of the many existing methods for measuring the opening-
time of camera shutters, the clearest and most accurate results are obtained
by measurement with the cathode ray oscilloscope.

There are essentially two methods.

a) The shutter to be tested is built into a camera, with which a photograph
is taken of the path traced on the screen of the oscilloscope by the spot
travelling at a known speed.

b) The shutter is placed between a source of light and a photocell. During the
opening of the shutter, light falls upon the photocell. This then delivers a
proportional voltage which serves to deflect the spot in the vertical
direction.

By simultaneously deflecting the spot in the horizontal direction with a
voltage linear with time, the complete picture of the shutter-action versus
time function appears on the oscilloscope screen.

Measuring the opening-time by direct recording of an oscillogram.

With the first of these methods the measurement will be more accurate the
longer the line traced on the screen. The most convenient way with the means
usually available in laboratories and testing stations is to produce a sinusoidal
trace, [1] which can be done quite simply by applying the alternating voltage
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Measuring the opening-time by direct recording of an oscillogram

of a beat-frequency oscillator to the vertical deflection plates. The 50 c/s
mains voltage will be quite sufficient for shutter times between /; and /4,
sec., which are the most suitable for this method. The basic layout for the
measurement is shown in fig. 16—1. The frequency of the time base generator is
adjusted so that three to six cycles of the voltage on the ¥ plates appear on
the screen, and made stationary by synchronization as specified in the
instructions for using the oscilloscope.
The frequencies for the vertical and horizontal deflection must be chosen such
that the duration of the whole pattern, and thus the reciprocal of the time
base frequency, will be greater than the expected opening-time of the shutter.
When the pattern is photographed with a camera containing the shutter being
tested, the photo will not show the complete oscillogram; there will be a gap,
and where this gap lies depends entirely upon the moments at which the
shutter opens or shuts during the path of the spot. From the measuring fre-
quency fir and the number of cycles photographed Ny (including fractions of
cycles, if any), the opening time 7' is given by: '
N M

T, Tor (16-1)
Fig. 16-2a shows an oscillogram recorded in this way. With a nominal opening
time of /,; sec., and a measuring frequency of 80 c/s, the number of cycles
counted is 81/,, so that according to the formula (16-1) the actual opening time
is 40.7 (40) ms, (the nominal time being included in brackets, as it will be

e e
|
|
Test | y-
AC | femeplitier
voltage |
|
1
|
|
I
! , L‘AC vo/tage
{ Time batse T for
Fig. 16-1. Layout for measuring the : generator I ;narking
opening time of camera shutters by | 1 J
direct recording of an oscillogram. b |-

in the remainder of this chapter). It is clear from this recording that inter-
pretation cannot be very accurate when simply using a sinusoidal voltage on
the Y plates without time-marking. The speed of the spot is not constant
since, of course, it follows the cosine function.

As we have already seen in chapter 10 on the applications of intensity
modulation, it is possible in every oscilloscope to control the brightness of the
trace by simply modulating the beam with an alternating voltage of known
frequency. This results in a punctuated instead of a continuous trace. The
interval between the dots appearing on the screen as a consequence of the
time-marking frequency f; corresponds to the time 7'z, given by the reciprocal

of this frequency:

T, = J—cl; (16-2)
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Fig. 16-2. Oscillograms for determining shutter times with traces of known duration.

In the example reproduced in fig. 16-2b, the measuring frequency is 50 ¢/s and
the time-marking frequency 1000 c/s. The shutter to be tested was set at
/1o 8, corresponding to 100 ms. To interpret the pattern it is only necessary
to count the number of dots recorded. The quotient of the number of dots D
in the oscillogram and the time marking frequency f7 (in ke/s) gives the actual
opening-time 7'y (in milliseconds), thus:
D
fz

116 ' .
In the example selected we therefore find: = 116 ms. An undesired

Ty (16-3)

property of a sinusoidal voltage for the vertical deflection is that the speed
decreases at the peaks, where the time marking dots consequently crowd to-
gether, whereas in the rest of the oscillogram the dots are widely spaced.
This sets a limit to the accuracy of the measurement, but this drawback can
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Measuring the opening-time by direct recording of an osctllogram

be avoided by using a voltage with a linear rise and fall, that is to say, a
voltage with a triangular waveform. Waveforms of this kind can be obtained
by using electronic generators specially developed for the purpose. Usually,
however, rectangular voltage sources will be available (electronic switch or
a special square-wave generator, such as Philips’ type GM 23814 or GM 2324).
The triangular voltage can then be obtained quite simply by integra-
tion of a rectangular voltage. The simplest way to do this is to use an
EC network as shown in fig. 16-3. As a guide to the rating of such an inte-

1
gration circuit, it should be pointed out that R > 5.-—, in which w is equal
to 2m fa, wC
M.
Table 16 — I gives the appropriate values of R and C for the frequency ranges
concerned. They are the values which were used for these recordings. The
intended effect is obtained only when the condenser has a quality grading of I.

R
Fig. 16-8. nn N
RC network for electrical integration of From Source of : B it ;
rectangular to triangular voltages. rectangular-voltage C o é?séi;%séggg
Table 16-I
Rating of the integration circuit
(fig. 16-8)
Frequency Range R C
(c/s) (MQ)
5..... 50 3.0 01 uF
50....250 8.0 0.025 uF
250....750 1.0 0.010 uF
750...2000 1.0 0.002 uF

The condenser and the leads to the vertical amplifier usually require electro-
static screening against the stray fields from the mains voltage, which are
always present. This also applies to the condensers in the phase-shifting
circuits for producing a spiral-shaped trace, which will be mentioned later in
this chapter (fig. 16-5).

Fig. 16-2¢ shows the oscillogram of a triangular voltage recorded in this way.
What particularly stands out in comparison with fig, 16-2b is the spacing of
the dots, 155 of which can be counted, without any crowding at the peaks.
For this test the exposure time was adjusted to /50 sec. = 20 ms and the
time-marking frequency was 8.4 ke/s. According to (16-8) the opening-time

155
was therefore: Vi 18.5 ms.

To obtain a long trace it is possible, with simple means, to produce a raster-
shaped oscillogram, similar to a television picture. To do this, sawtooth voltages
are applied to both pairs of deflection plates in the cathode ray tube. The
ordinary time base generator will of course be used for the horizontal deflec-
tion. For the vertical deflection a second sawtooth voltage generator is required.
If another oscilloscope is available when this measurement is being made, the
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Measuring the action of ‘‘between-lens” shuiters . 16

necessary voltage can be taken from its sawtooth generator. Its frequency
must be adjusted so that the duration of the pattern is again somewhat larger
than the expected opening-time of the shutter. (The frequencies for the two
directions of deflection can also be changed over, so that vertical instead of
horizontal lines appear.) The time base generator with the lower (frame)
frequency is synchronized with the “line” frequency to keep the lines station-
ary on the screen. ‘

An oscillogram of this kind is shown in fig. 16-2d. The exposure time adjusted
for this recording was 1/ s = 10 ms and the number of dots counted
was 158. With a time-marking frequency of 12.5 ke/s, the opening time is
therefore: 198 121/, ms.

12.5

When time-marking by brightness modulation of the trace is not possible or,
for some reason or another, is not desirable, the time marking voltage can also
be used for additional deflection’ of the spot. When properly adjusted it

VS;:rtwtoofth
oltage for
vertical oM
deflection )
Fig. 164.
y- Addition of a sinusoidal voltage for time-
AC voltage ‘5)\ 10 amplifier] marking in the oscillograms in

figs. 16—2¢ and 16-6.

for F
time marking P

M0 CRT

creates a ripple over the trace on the screen. The distance between the peaks
of what is usually a sinusoidal voltage again corresponds, according to (16-2),

. 1 . o
to the time 7', = —. The pulsed voltages from time markers can be used in the
z

same way. For the typical oscillogram reproduced in fig. 16—2e, the voltage of
a beat-frequency oscillator (Philips’ type GM 2308) was applied together with
the voltage for the vertical deflection to the input of the vertical amplifier.
The basic arrangement is shown in fig. 16—4. To avoid reaction, both voltages
are fed in together over high impedances. The small condenser of about
6 pF for the time-marking voltage can, of course, always be replaced by a high
ohmic resistor with an appropriate value. For this oscillogram the alternating
voltage for the time-marking was 2,500 c¢/s and the adjusted exposure 1/, s
= 100 ms. The count showed the cycles of the time-marking frequency to be
276 and thus the opening-time T is 110 ms. In patterns with sinusoidal or
triangular vertical deflection voltages it is expedient, for additional horizontal
movement of the spot, to add the time-marking voltage to the time base
voltage of the oscilloscope. Connection must then always be made via a small
coupling capacitor to keep possible DC voltages at this point in the oscillo-
scope away from the 4C voltage source for the time marking.

In order to get the longest possible oscillogram on the circular screen it is
obviously convenient to produce a circular trace, in the manner previously
described. The idea of a circular trace can be further developed into a spiral-
264



Measuring the opening-time by direct recording of an oscillogram

shaped oscillogram, many times longer than the circumference of the largest
possible circular trace. For this purpose, the damped oscillation of an oscilla-
ting circuit excited by a periodic voltage pulse is applied to one pair of plates
via an RC element so as to give it a phase shift of —45°. The same voltage is

y-

lompl i fier

T,
A mfp/ifier AC voltage
0

Time base
gen. for

en. r for time
exciting the horiz, marking
tank circuit deflection 3

_— =

Fig. 16-5. Layout for producing a spiral-shaped oscillogram (fig. 16-2f ).

applied to the other pair of plates via a CR element and shifted 4-45° in phase,
so that between the two voltages there is a phase difference of 90°. When the
deflections in both directions are equally matched, the voltage pulse produces
a regular logarithmic spiral on the screen [2] [8]. The time base generator in
the oscilloscope can be used to excite the oscillating circuit, but its voltage
must not lie on the deflection plates. These receive only the phase-shifted
voltage from the LC circuit, as in the layout shown in fig. 16-5. The resultant
periodic pulses form a stationary pattern of the spiral.

Here again, time-marking is introduced by intensity modulation, giving a
pattern on the screen as exemplified in fig. 16-2f. The exposure time for this
recording was 1/,;5 = 40 ms, and with a time-marking frequency of
10 ke/s, 371 dots were counted. (The trace described on the screen was alto-

gether about 60 em long.) The opening-time of the shutter was, therefore:

371
—— = 87.1 ms. .
10

The oscillogram in fig. 16-6 was obtained by the method described for fig.
16-2¢. The exposure time was /4, s with a
time-marking frequency of 15 ke/s. It can be
seen that it is now rather difficult to count the
opening-time, since the beginning and end of
the oscillogram are not sharply defined. This
is due to the fact that the opening and closing
times of the shutter are no longer negligibly
short in relation to the “open time”. When this
happens, the trace appears gradually instead of
suddenly, so that one is in doubt as to where
to start and stop counting for the actual “open
time”’,

From this oscillogram the shutter time might Fig. 16-6. Oscillogram as in
be estimated at 6.5 ms (5.0 ms). Forinvestigating fig. 16-2¢, but for /,, see.
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Measuring the action of “between-lens” shutters 16

short opening-times it is better, therefore, to employ the method &) mentioned
at the beginning of this chapter, as it furnishes a clear picture of the whole
process.

Measuring the action of the shutter with a light source and a photocell.

The layout required for this measurement is represented in fig. 16-7. The
shutter is arranged between a light source and a photocell. When the shutter
is opened, light falls upon the photocell and the photo-electric current thereby
produced causes a proportional voltage drop on the anode resistor R,. This
voltage is then used, after passing through a DC amplifier, for vertically
deflecting the spot. ‘
Since it is a non-recurring phenomenon that has to be recorded it is necessary

AC voltage
L] for time

2]
amplifier

Time base
generator
set for

single sweep

Fig. 167, Layout for recording the opening-time with
a light source and a photocell.

to use a single-stroke time-base deflection as described in the directions for
use of the oscilloscope. To avoid premature exposure by the quiescent spot of
light it must either be deflected beyond the area of the screen or, as indicated
in fig. 167, the beam must be blocked by the negative voltage of a dry battery
B,. (No battery is required if a Philips oscilloscope type GM 5653 is employed.)
Usmg the GM 8156 oscilloscope for this measurement, the single-stroke time
base is triggered by short-circuiting terminals 3 and 4. In the layout in
fig. 167 this is not done directly, but via a condenser of 0.1 yF which is
shunted, to enable it to discharge, by a resistor of 2 MQ. After the various
contacts of the relay have been properly adjusted, then, upon the cable
‘release being depressed, the armature “A” is actuated, whereupon the spot is
released, the single time-base starts, the shutter opens and the opening process
is recorded.
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Measuring the action of the shutter

Fig. 16-8 shows an oscillogram obtained
in this way of a between-lens shutter at
an opening-time of 1/; sec. The time-marking
used in this case is a second oscillogram of
a voltage with a frequency of 100 ¢/s, re-
corded below the Rattern of the open?ng- Fig. 16-8. Oscillogram of the action
process. Interpretation shows the opening- ofa camera shutter for 1/, s. Time-
time to be 190 (200) ms. Of course, time marking frequency: 100 cfs.
marking can also be effected with this
method by modulating the brightness of
the trace with an alternating voltage of
known frequency, as already described (fig.
16-2b, ¢, d and f). This possibility is also
indicated in fig. 16-7.

Two further oscillograms are reproduced
in fig. 16-9 which were recorded on a minia-
ture camera for times of /5, s and /g s
respectively. It should be noted that
the opening-time indicated represents the
mean value. This means that to assess the
shorter times the points were counted from

getaeenesconernenn,

Fig. 16-9. Opening-time curve of

half the height of the oscillogram. The shutter in a4 miniature camera:
values for the “open time” (shutter fully above: Yy 8. fz = 5000 cfs.
open) lie in the region of 8.4 and 2.2 ms re- Ty = 4.2 ms (mean);

below: s 8. fz = 10,000 cfs.

spectively. The mean opening-time in this T, —'2.8 ms (mean)
) = 2. .

case was 4.2 (4.0) and 2.85 (2.0) ms re-

spectively. ' ,

In the first method described in this chapter (figs 16-2 and 16-6) cathode
ray tubes with the shortest possible afterglow are required, as, for example,
Philips’ types DB 10-5, DB 10-6 or DB 18-2. In the second method, on the
other hand, it is advantageous to use tubes with long persistence screens so
that the non-recurring phenomena will remain visible for a while after its
occurrence. Suitable tubes are Philips’ types DR 10-5, DR 10-6 or DR 13-2.
On the extremely long-persistence tube, type DP 10-6, the trace remains

fluorescent, even after 80 seconds with 1/,4,, of the original intensity of lumine-

scence. This value is amply sufficient to allow good observation of the wave-
form. To avoid glare from the bright spot of light during the measurement
it is advisable to fit an orange-yellow filter over the screen.
Employing long-persistence tubes of this kind, working observations can be
carried out without the necessity of photographic recording.
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17. Recording the waveforms of the luminous flux and
ignition current of flash-bulbs

Importance of knowing the behaviour of the luminous flux.

In contrast to the eye, which reacts to the radiant output, a photographic
emulsion reacts to the work performed by the light. For the eye, only the in-
tensity is important. The photographic emulsion, on the other hand, ac-
cumulates the effect of radiant energy over a period of time; the film density
corresponds, therefore, to the product of luminous intensity and time—the
work done by the light.

By daylight and incandescent light it is possible, by adjusting the exposure
time, to determine the amount of work to be performed by the light. With
flashlight the situation is different. Here the maximum exposure time is
predetermined by the burning time of the material within the flash-bulb and
by the course of its burning. This applies equally to the “open-flash”
process as to synchronized flashlight photography with “X”’ contacts and,
subject to certain limitations, with “M” contacts.

Only with a cathode ray oscilloscope is it possible to get a true picture of the
behaviour of the luminous flux in flashlight photography and thus of the
amount of luminous work available. The oscillogram can again be provided
with time markings at any characteristic points of the curve.

Recording the luminous flux.

The layout for the measurement is fundamentally the same as that given in
fig. 16-7. In place of the shutter, the flash-bulb is now arranged near the
photocell, preferably at a distance of just over three feet, and a grey filter used,
to avoid overloading the photocell or the amplifier. The release contacts are
adjusted in such a way that the electron beam is released before the flash and
then the time-base started. A DC amplifieris again required to amplify the pho-
tocell voltage to the value needed for satisfactory deflection of the spot. Using
this arrangement, the luminous flux versus time curves of Philips’ Photoflux

Fig. 17-2. Luminous flux waveform of
Photoflux Lamp PF 8N. Time-marking by
intensity modulation: 2000 c/s.

Fig. 17-1. Luminous flux waveforms of different flash-bulbs. Time-marking: 200 c¢/s = 5ms

268



Recording the luminous flux

lamps PF 14, PF 25, PF 45, PF 56 and PF 110
were recorded one above the other on a single
photograph as shown in fig. 17-1. Time
marking is again provided by further re-
cording below the oscillogram the pattern of
a sinusoidal voltage of 200 ¢/s, naturally with
the same expansion along the time axis. The
distance between the peaks corresponds to
5 milliseconds. This method of presentation
allows good comparison of the individual
lamps, but it should be borne in mind that
oscillograms of this sort only reproduce what
happens to be the characteristic of the par-
ticular example. To make a general assess-
ment, the usual manufacturing deviations
must be taken into account. They must not
be confused with the curves published by
the makers, which represent the average
values measured over large series of pro-
duction samples.

The oscillogram in fig. 17-2 represents the
luminous flux of the small PF 8N flash-bulb;
in this case, brightness modulation of the
trace has been used for time marking. To
judge the behaviour of the flux curve in
flashlight photography it is important to
have an exact marking of the moment at
which the bulb is switched on for ignition.
It is obtained by taking a portion of the
ignition voltage from the igniting battery
and feeding it over a high-value resistor to
the grid of the input valve in the vertical
amplifier. The resulting voltage division
depends on the ratio of the series resistor to

bC
amplifier

Time base
generator
set for single
sweep

Fig. 17—4. Layout for the display of ignition
current waveforms.

- P ——

e o [N

PF110

Fig. 17-8.
Oscillograms of ignition
current in flash-bulbs.
Time-marking: 200 c/s.
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the grid resistor, and it must be such that the oscillogram is vertically dis-
placed by an amount sufficient to allow clear interpretation, The significant
times can be obtained by counting the dots from this ‘“‘threshold”
{(fz = 2000 c/s). In this case, for example, the ignition time is ¢;,, = 141/, ms,
the peak time £, =181/, ms, and the light emission time ¢, = 8%/, ms.

It need hardly be stressed that care must be taken during the measurement
to prevent the flashlight from falling, directly or indirectly, upon the screen
of the cathode ray tube. This would completely blank out the oscillogram.
For continuous recordings it is safest to install the oscilloscope in an
adjoining room.

To obtain the correct conditions for ignition it is important to know the value
of ignition current required, or the electrical work in watt-seconds needed
for ignition. This information is clearly provided by the oscillogram of the
ignition current during the time of switching on.

Recording the waveform of the ignition current.

The basic layout for this measurement is represented in fig. 17—4. Reference
should also be made to the remarks on the layout in fig. 16-7. Ignition is
caused by four nickel-iron accumulator cells which supply a voltage of about
8.8 V. A resistor E, of 0.5 £2 is connected in the ignition circuit, across which a
voltage linearly proportional to the current appears. The voltage is passed
through the DC amplifier and applied to the Y plates for vertical deflection.
Resistor B, increases at the same time as the internal resistance of the voltage
source, so that the ignition conditions resemble those for ignition with dry
batteries. To assess the current intensity from the vertical deflection a cali-
bration current is provided by changing-over switch S to position 1 and °
adjusting ammeter “4” with B, to 0.5 A. ‘

The displaced zero line resulting from this is recorded separately and added
to the oscillogram. In this way information is also given on the absolute peak
of the current surge. Fig. 17-8 shows a representative selection from a large
series of oscillograms recorded in this manner, the waveforms being charac-
teristic of Photoflux lamps PF 14, PF 25, PF 45, PF 56 and PF 110 respective-
ly. The horizontal line near the centre of the pictures is the 0.5 A current
marking. At the moment of switching on, when the internal resistance of the
bulb in its cold state is only about 1 ohm, a steep current surge of over 1 amp
appears. This, however, very rapidly declines and remains at a value of
approximately 0.5 A for a certain time, which varies according to the size
of the individual types of bulb.

In view of the steep portions of these curves, time marking by intensity-
modulation was dispensed with, and instead, a third oscillogram of a 200 c/s
sinusoidal voltage was recorded beneath the waveform under investigation.
The time marking corresponds to 5 milliseconds. Here again it should be stressed
that these recordings are not to be judged as manufacturers’ mean values but
only as the results which happened to be ascertained on single examples.
The burning-times that can be read from these oscillograms for PF 14, PF 25,
PF 45, PF 56 and PF 110 are: 28, 82.5, 42.5, 80 and 72.5 ms respectively.
Assuming that the voltage on the lamp during ignition was approximately
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3.0V, the electrical work required for the
ignition can be calculated from the oscillo-
grams as: 88, 32, 86, 144 and 122 mWs
respectively.

18. Investigations on flash-bulb
synchronizers

To examine the action of synchronizer
contacts an oscillogram is generally sufficient
which shows the beginning of the contact
process marked upon the curve representing
the action of the camera shutter. This can
be simply achieved by arranging for the

synchronizer contact to create, via a small .

condenser, a connection between the input
of the vertical amplifier, which amplifies the
voltage from the photocell, and a direct volt-
age source of a few volts. If the other pole
of the voltage source is connected to the
casing of the camera, the surge by the
charging current of the condenser appears
on the oscillogram as a peak or blip when
contact is made. In all other respects the
layout used is fundamentally the same as in
fig. 16-7.

The oscillogram in fig. 18-1a is the result
of testing the “X”’ contact of the between-lens
shutter in a 6 X 6 camera; the time marking
voltage used was 500 c/s. The moment at
which the “X” contact closes coincides with
the beginning of the peak in the curve of the
shutter opening-time and is marked by a
downward blip. (The exposure time is /,;5s.)
As expected, therefore, the contact closes
only after the shutter is fully open.

Fig. 18-1b reproduces the enlarged luminous
flux versus time curve of a PF 14 Photoflux
lamp. The step at the beginning of this curve,
the moment at which the synchronizer
contact closes and the corresponding blip in
the curve of the shutter opening-time all
occur at the same time. The mean ‘“open
time” of the shutter embraces 21 cycles of
the 500 ¢/s time-marking voltage, corre-
sponding to 2 X 21 =42(40) ms. The peak time
of 17 ms and the time of light emission—

Fig. 18-1. Shutter-time curve for
1/,5 sec exposure, and luminous flux
of type PF 14 flash-bulb with
“blip” marking the beginning of
ignition with “X”’ contact. Time-
marking: 500 ¢/s = 2 ms.

Fig. 18-2. Shutter-time curve for
/50 sec exposure, and luminous flux
of type PF 25 flash-bulb syn-
chronizing with ¢“X”’ contact. Time-
marking: 1000 ¢/s = 1 ms.

AR AAAA y
MWW WAV,

Fig. 18-3. Shutter-time oscillogram
for /5,4, sec, with “X’ contact syn-
chronization. Time marking:
5000 ¢/s = 0.2 ms.
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11 ms both lie well within the open time of the shutter. This indicates that
the total light is used when taking the photograph.

At an exposure of 1/,, sec the situation is different. The relevant oscillograms
are shown in fig. 18-2, with time marking in this instance of 1000 c¢/s. The
moment at which the synchronizer contact closes after the shutter has opened
can be recognized more distinctly. The mean “open time’ is 19 (20) ms.

The luminous flux versus time curve of a PF 25 type flash-bulb, again en-
larged corresponding to the time scale, is shown above the curve of the shutter
opening-time. Its peak time of 21 ms and light emission of 15.5 ms
are set against a shutter “open time” of only 17 ms. Since the flash-bulb
does not reach its peak intensity until 21 ms after switching on, the
shutter closes before half the available light has been made use of. The result
will be a badly under-exposed negative. This is why, when using standard
flash-bulbs of 16-20 ms peak time with X contacts, one is always advised
never to work with exposure times shorter than /,; sec.

It is of interest to the users of flash-tube apparatus to know exactly when
the contact closes at even shorter
exposures. Information on this is
given in the oscillogram reproduced
in fig. 18-8 for an exposure of /5,
sec with time marking of 5000 cfs
corresponding to 0.2 ms. The results
are: mean shutter opening-time 8.7
(2.0) ms, “open time”’ (shutter fully
open) 2.2 (2.0) ms. After the syn-
chronizer contact closes, the shutter
remains open for nearly 2.0 ms.
Since the emission time of flash-
tube apparatus is only about */s—/,
ms, this ‘“open time” is amply
sufficient. The oscillograms repro-
duced in fig. 184 were recorded
when testing the between-lens -
shutter of a miniature camera with
an “M” contact. They represent ex-
posures of /55, /50, /1005 /550 and
/500 sec. respectively. The time-
marking voltage is 500 c¢/s corre- -
sponding to 2 ms. The blip ap-
pearing when the “M "’ contact closes
now occurs 16 ms before the shutter
opens. The luminous flux versus
time curve of a PX 14 flash-bulb has
been arranged above these oscillo-
grams in such a way that the
marking for-the moments of contact
for flash-bulb and cameralie exactly

Fig. 18—4. Shutter-time curves with “M”’
contact synchronization and luminous flux - - .
of type PF 14 flash-bulb. one above the other. In this way it
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is possible to observe immediately
the agreement of the peak time of
183/, ms and the emission time of
121/, ms with the shutter time of
the camera.

Apart from the beginning of the
moment of contact, it is also inter-
esting to examine the total duration
of the contact process. This process
can be displayed on the oscilloscope
by applying, instead of a pulse, an
alternating voltage of suitably small
amplitude and appropriate fre-
quency through the synchronizer
contact to the input of the vertical
amplifier. The effect of this is that,
during the time the contactis closed,
a ripple is superimposed on the os-
cillogram of the shutter time. The
peaks of this ripple represent a time
marking corresponding to 1/fz.
Some typical oscillograms are re-
produced in fig. 18-5 for the same
exposure times as in fig. 18—4, but
for this purpose enlarged to produce
oscillograms expanded along the
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Fig. 18-5. Shutter-time oscillograms with
superimposed ripple to mark the closed
time of “M” and “X” contact.

time axis. The frequency of the voltage used for marking the contact times has
also been adapted to the different time base expansions. It can be seen from
these recordings that the “X” contact also closes. This has no bearing on the
ignition process, however, the flash-bulb having already been ignited by the

“M?-contact.
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Fig. 18-6. Shutter-time curve for 1/, sec,

with ripple to mark the closed time of <X

contact alone.

Fig. 18-7. Shutter-time curve with

ripple to mark the closed time of an

imperfectly working “X” contact.
Above: 1/, sec. Below: 1/;, sec.

Even at /,5, sec and /5, sec, corresponding rippleis found at the peaks of the
oscillograms, although not very distinetly at 1/;0, sec. Fig. 18-6 shows a greatly
time-expanded oscillogram prepared especially for investigating the “X”’ con-
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tact at a shutter time of /4, sec with a time-marking frequency of 5000 c/s
corresponding to 0.2 ms. It appears from this that the contact is closed for
almost exactly 1 ms, which is quite sufficient when using a flash-tube
apparatus. Contact is made in this case for approximately 0.6 ms after the
shutter is fully open.

It is obvious that the time-marking for the contact process can also be used
for interpreting the whole oscillogram of the shutter action. The deflection
along the horizontal axis is, after all, linear with time, so that the time scale
obtained in this way can be carried over to the whole pattern. The values
ascertained from the oscillograms in figs. 18-5 and 18—6 are set out in the
following table:

Table 18-1
Exposure ‘ Opening-time Time-marking
a) Yy sec 45.2 (40) millisecs. 500 cfs
b) Yso 21.9 (20) , 1000 ,,
¢) Y00 s 14.2 (10) N 1) 2000 ,,
d) 1/250 i3] 4.2 ( 4) i 2000 131
e) 1/6.00 39 2.8 ( 2) 3 2000 2
1/500 39 2'85( 2) 2 5000 3

These examples show the variety of information that can be obtained from
oscillograms of this kind on the action of synchronizer contacts.

In conclusion, fig. 18—7 presents two oscillograms for observing the contact
times of an X contact subsequently built into a camera by hand. The shutter
times are !/,; and 1/;, sec respectively. They show clearly that the contact is
interrupted shortly after the shutter opens and shortly before it closes. It is
evident that the action of this contact bears no comparison with that of
manufactured contacts in cameras of repute, as illustrated by the oscillograms
in figs. 18—4 and 18-5.

19. Measuring the travel time in four-terminal networks and
investigating line matching conditions with pulsed voltages

Methods of measurement.

The use of rectangular voltages for assessing the characteristics -of electrical
transmission systems has already been touched upon in chapter 11 (page 194).
In the bibliography to that chapter the reader is also referred to numerous
publications which deal with the subject comprehensively. For observing the
voltage waveforms before and after a four terminal network (cable), use is

1 This opening time was inadmissibly long. It should again be stressed that these oscillo-
grams represent individual results only, obtained on cameras which happened to be at the
disposal of the author. It is not the object of these observations to make a critical evaluation
or comparison of the properties either of the camera shutters or of the flash-bulbs,
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always made of a pulse oscilloscope driven by a square-wave generator. The
oscillogram provides the required information with unique clarity and detail.
Apart from the dynamic characteristics, other properties of four terminal
networks can be investigated with a similar measuring arrangement.

It is important to know not only the form of the voltage at the exit of the
network but also the travel or propagation time of the signal in a transmission
system. The time needed by a signal to travel through the network can be
ascertained quite simply and clearly with the aid of the oscilloscope.

All other methods provide the results only indirectly, which means that the
measurement is seldom entirely reliable.

In the oscillographic method of determining the travel time, the time differ-
ence between the leading edge of the pulse at the beginning and end of the
network is measured by rigidly synchronizing the oscilloscope with the pulse
and using a specific time base expansion. This procedure also enables a very
thorough study to be made of line-matching problems [1] [2].

With regard to the steadily increasing demands being made on the bandwidth
and transmission quality of communication systems, such methods of
measurement are gaining considerable importance. Although it is sometimes
necessary for this purpose to use special generators for providing extremely
short pulses, it is nevertheless quite sufficient for a great many such measure-
ments to use a pulse with a half-value width of 0.2 us, as supplied by Philips’
type GM 2814 universal square-wave generator.

In the following, a simple layout will be described, and illustrated by oscillo-
grams, to make clear the principles upon which these measurements are
based.

Further oscillograms show the voltage trend with relatively long pulses under
identical conditions.

Circuit,

The measurements described were carried out on a length of delay cable for
which a travel time was specified of 1.9 us/m. As cables of this kind are so
constructed that, with a minimum of damping, the travel time of a pulse is
several times longer than that in a normal cable, a short length serves the
purpose. The pulse used was the approximately 0.2 us (half-value width)
voltage pulse from the type GM 2814 universal square-wave generator, which
was fed via a separating stage with an E88F valve to the cable input, as
shown in fig. 19-1. As a result of the negative pulses on the grid of this valve,
the anode current drops accordingly and positive pulses appear at the anode
and at the cable input directly connected with it 1.

With this separator valve it is possible to make the pulse-voltage seurce a very
high resistance with regard to the cable input.

For these measurements the square-wave generator should be externally
triggered by a control pulse-generator 2,

! The earth connection of the pulse-voltage source to the cathode is effected via the output
capacitance C,,; of the anode-voltage generator.

2 Philips’ type GM 5660 pulse oscilloscope contains a pulse-generator of this kind. The-
half-value width of the control pulse is approx. 1 us, the rise-time approx. 0.1 us.
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Measuring the travel time and investigating line matching conditions 19

The individual cycles of the time base are triggered in the oscilloscope in the
same way ®. .

For these oscillograms the pulse repetition frequency was about 2000 c/s;
the patterns thus obtained are quite bright enough (post-acceleration voltage
+2 kV). In the examples shown, the voltage trend was observed at the cable
input, to which the vertical amplifier of the oscilloscope was accordingly
connected 4,

By means of switch S, the cable input can either be left “open” or switched
to a resistor of 2.7 k corresponding to the characteristic impedance of the

Delay cable

—a
[r===--——-—=
[ |
| v |
| _
b {- famplifier |
Re 2.7 I : Pul;
: 3 ‘ ulse
0.00iUF 11 1, ' | oscliioscope
..l L 1 _L | l I GM 5660
Lo = _—
Gout
i 150v= } Control | | Time base :
- pulse generator
i T | genera- tng?ened by | !
1ok : tor control pulse) :
Universal 1 o I '
square-wave | 1 1 5 |
gene | 4
GM 2314
ext. [}
o8 W CYTCHE———
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Fig. 19-1. Circuit for measuring the travel time and investigating the
matching conditions in cables.

cable (Z = 2.7 k). By means of switch S,, the cable output can either be
short-circuited (position ““a”) or switched to a variable resistor (position ““4”).
If this resistor is adjusted to 2.7 k€, the cable is then terminated by its
characteristic impedance. If the resistor is adjusted to its maximum value
(20 kQ) the output end of the cable is then, for matching purposes, “open”.

{

Results.

Some of the oscillograms obtained in this way are shown in figs. 19-2a, b, and
¢ and 19-3. For the patterns in fig. 19-2, the cable input was matched to

3 See fig. 4-39. By means of a delay network (not shown in this circuit) a time delay of
about 0.25 us is introduced between the triggering of the time base and the arrival of the
control pulse, which in its turn triggers the pulse to the Y plates. Thus, a part of the
zeio line always appears before the pattern of the pulse is traced, and this appears in its
entirety from the start. :

¢ Rise-time of vertical amplifier 0.04 us.
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2.7 kQ. For fig. 19-24 the switch was set at b at the cable end and the variable

resistor set at 20 k(2 i.e. the cable
end was, for practical purposes,
“open”. After the primary pulse 4
can be seen the reflected pulse B.
‘From the time scale of 1 Mc/s in
fig. 19-2d the travel time 7 >—there
and back—is found to be 8.3 us.
The travel time in one direction is
thus 1.65 us.

According to the specific nominal
travel time, this gives a cablelength
of 0.87 m. If the resistor at the
cable end is adjusted to the value
of the characteristic impedance, the
reflections disappear and an oscillo-
gram is obtained as shown in fig.
19-2b. ,

With the cable end short-circuited,
the reflected pulse is negative, as
can be seen from fig. 19-2¢. If the

-

5 Measured at the base of the pulse at
109, of the maximum pulse height.

Fig. 19-8. Oscillogram with ecable input
open and output short-circuited.

Fig. 19-2. Oscillograms for determining the
travel time and matching conditions: «) end
of cable open; b) end of cable terminated by
characteristic impedance; ¢) end of cable
short-circuited; d) time calibration: 1 Mc/s

= 1 us.
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cable output is short-circuited but the input open, the reflected energy of the
pulse swings to and fro until it is dissipated by the damping of the cable. Fig.
19-8 shows an oscillogram thus obtained. The time base of 1.6 psfem used
for the oscillograms in fig. 19-2 was reduced in this case to 11 us/em in
order to be able to observe the damping process as a whole.

Oscillograms with a relatively long rectangular pulse.

As explained in the foregoing, the pulses used for measuring the travel time in
cables should be as short as possible. Their duration must be short in relation
to the travel times to be ascertained in the object under test.

As soon as the pulse duration becomes equal to or longer than twice the travel
time of the pulse (there and back) overlapping occurs of the input and reflected
voltage. Obviously, conclusions can also be drawn from these oscillograms
with regard to matching conditions and travel times. However, measuring
arrangements of this kind are very frequently used in order, with suitably
selected control pulses, to generate pulses of a desired shape using delay cables
or networks and specific matching conditions. An example of just such a long,
negative pulse is shown by the oscillogram in fig. 19-4a. From the time
calibration of a 1 Mc/s circuit, recorded as a second oscillogram, the pulse
duration is found to be 46 us. This pulse generates in the same circuit as given
in fig. 19-1 a correspondingly long positive pulse in the anode of valve E 83 F,
which then appears at the cable input. If both switches, §; and S, are set in
position a, the cable input will be open and the output short-circuited.

As shown in fig. 194, there now arises at the cable output a negative pulse
which, after twice the travel time, appears at the cable input. Since this is
open, the pulse energy swings to and fro in this way for the whole duration
of the input pulse, as can be seen in the oscillogram, after a short pulse, in
fig. 19-8. At the end of the input pulse a similar line pulse is released, which
swings to and fro in the same manner.

If the output resistance has a specific value (> 0, < Z) only a part of the
voltage surge arriving will be reflected. It becomes superimposed on the input -
pulse, which now appears with a part of its amplitude, as the oscillogram in
fig. 19—4c shows for an output resistance of 0.7 k.

If the output resistance of the cable is identical with its characteristic
impedance—in this case 2.7 k2—the reflections disappear. The picture of the
pulse with full voltage amplitude is now ascertained at the input of the cable ¢,
as shown by the oscillogram in fig. 19-4d.

If the output resistance is several times larger than the characteristic impe-
dance of the cable, and if the input resistance is high also, then avoltage surge
will pass through the cable whose magnitude will correspond to that part of
the input voltage which is due to the ratio of the characteristic impedance to the
internal resistance of the voltage source (in this case the output resistance of
valve E 83 F).

S The amplitud\e relationships shown in the various oscillograms are only approximately
equivalent to those actually occurring. For better patterns it would be necessary to
compensate for large voltage differences by correcting the amplification.
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An example is given in fig. 19-5a for an output resistance of 10 k.
The surge coming from the end
of the cable possesses the same
polarity. Its voltage is again
added to the voltage at the input
after twice the travel time, thus
forming the second step at the .
beginning of the oscillogram. As i
the input pulse still persists, a
charge continues to flow in the
cable which again causes an in-
crease in voltage at the input
after twice the travel time. The
charging current always being
determined by the difference
between the input voltage and
the voltage at the start of the
cable at the same moment, steps
are formed the mean values of
which rise in accordance with an
e-function.

The discharge of the cable at the
end of the input pulse takes place
in a similar way. After twice the
travel time the charge falls in
each case by a certain amount.

Fig. 19-4. Voltage waveform at cable
input with a 46 us rectangular pulse:
a) negative rectangular pulse from
generator and 1 Mc/s time-marking;
b) cable input open, cable output short-
circuited; ¢) cable input open, output
resistance 0.7 k(2; d) cable input open,
output resistance R,,; = Z= 2.7 k.
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In the event that the cable is
terminated at the output with
a multiple of the characteristic
impedance (R,,; = 10 k) and at
the input with a resistance equal
to the characteristic impedance
(R;,=Z) the voltage waveform
will be as shown in fig. 19-55. At
the beginning and end of the input
pulse from the square-wave gener-
ator only one step now appears.
If the input and output of the
cable are terminated with a resist-
ance equal to the characteristic
impedance(R,,=R,,,=Z=2.7 k)
a picture of the positive pulse is
obtained like that shown in fig.
19-4d. Its amplitude will, however,
only be half that shown, as the
total voltage in this arrangement
falls in equal parts to input and
output resistance.

Further reducing the output resis-
tance to a fraction of the charac-
teristic impedance (R,,, = 0.7kQ)
results in an oscillogram as shown
in fig. 19-5¢. A positive pulse
appears at the beginning and a
negative pulse at the end. Its
width again corresponds to twice
the travel time. The amplitude
relationships are given by the
relationships of input and output
resistance and by the characteristic
impedance of the cable L,

Fig. 19-5. Voltage waveform at cable input These examples show hOW, by
Wwith a 45 usinput pulse: a) input open, output means of a delay cable with a

resistance 10 kQ; b) input resistance R, — suitable termination resistance

. Z=2.7kQ, output resistance 10k(2; and by the use of a specific control

¢) input resistance R,, = Z = 2.7 kQ, output ulse, it is possible to generate
resistance 0.7 k. p s p g

voltage pulses with a predeter-
mined and complicated form.

! The question of quantitative pulse relationships cannot be dealt with here. However,
the literature on the subject is extensive. Special reference is made to the book “‘Principles
of Radar” [8] which treats all aspects of the subject very thoroughly and clearly.
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PART IV

Circuit-designing







20. Small oscilloscope.

General data and valve complement.

Vertical amplifier:

1cfs.... 220 ke/s frequency limits
30 ¢/s.... 8ke/s (Phase error < 2°)
Deflection factor: min. 150 mV,,,/em

Time base:

Frequency: 20 ¢/s. ... 20,000 c/s (8 ms/cm.... 8 ys/em approx.)
Picture width: approx. 8. ... 6 cm, adjustable
Flyback suppression: fixed.

Valve complement:

Cathode ray tube: DG 7-6
Power supply: 2 X AZ 41
Vertical amplifier: EF 42
Time base generator: EF 40, EC 50.
Dimensions: 20 X 11 X 24 cm.
Weight: 4.75 kg.
Power consumption: approx. 35 W.

Power supply.

As far as possible, standard radio components are used for the power pack.
As shown by fig. 201, it consists of two rectifier and filter sections connected
in series. One section supplies a full-wave rectified voltage of about +410V
to the second filtering condenser. The anode current for the time base and
vertical amplifier is taken from this point. The other section supplies an
extra voltage of about 810 V for the anode voltage of the cathode ray tube,
which requires a potential of between 500 and 800 V. The current delivered by
this second rectifier is small, so that satisfactory filtering is possible by simple
means with half-wave rectification. Standard electrolytic condensers are
quite sufficient for the purpose *.

The mains transformer should preferably be made specially for the oscil-
loscope, although two suitable transformers from radio receivers could
conceivably be used. The winding 7' in the transformer with windings T's, T's
and T', would, however, have to be very well insulated (750 V-). Moreover, the
heater winding 7'y for the EC 50 thyratron must be thoroughly screened and
have as little capacitance as possible. Table 20-Isets out the rating data for the
windings in numerical order. The shape of the transformer core is illustrated
in fig. 20-2. It consists of sheet-iron 0.5 mm thick, stacked to a height of

1 The accelerating anode a, of the cathode-ray tube is under tension with respect to earth
in this circuit. For this reason it is not possible to apply direct voltages for measurement
to the deflection plates. This restriction was necessary for the sake of economy in outlay.
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Table 20-1
Data for the mains transformer
Winding | Number of | Diameter Voltage
No: turns of wire (mm) (V)
T 1100 0.28 220
T, 2 X 1950 0.08 2 X 390
T, 1200 0.06 1 X 240
T, 21 0.50 4.0
T, 21 0.50 4.0
T,. 33 0.35 6.3
T, 2 X 17 0.45 2 X 3.15
T, 2 X 17 0.70 2 X 3.15

2
° =
D"ooooo”l =
0o o Jo

89920
et 84 ]
1
T %2 ;f;
56 _L
' Fig. 20-2

Section of iron core for
power transformer

28 mm. Two AZ 41 valves are used for rectification, although type EZ 80 is
also suitable. Any other small valve is serviceable for the rectifier connected
to winding 7'y, since the current to be rectified amounts to only a few milli-

amperes.

284



Time base generator

The voltages for the auxiliary anode and the grid of the cathode ray tube are
taken from a voltage divider which has the total voltage across it. Spot focus
and brilliance are controlled by potentiometers P, and P, respectively.

The primary circuit of the transformer should be provided with a mains
switch and a fuse.

Beam positioning.

The displacement of the spot from the centre of the screen is effected by
applying a DC voltage to one plate of each pair of deflection plates in such -
a way that it can be varied with respect to the other plate between a positive
and negative value.
A resistor of 60 k€ lies between anode a, of the cathode ray tube and point
“ 4> with the highest potential in the power supply. The current flowing to
the voltage divider causes a voltage drop on this resistor of about 30 V. The
anode a, and with it the deflection plates D, and D,, are therefore more
negative by that amount than point “4”. Between point “ 4> and the positive
pole of the first rectifier, two voltage dividers with potentiometers P,and P,
are connected. These latter are to be rated such that in the centre setting the
voltage on the arms will be approximately equal to the voltage on anode a,.
If the arms are moved upwards, as illustrated in the circuit diagram, their
voltage will be more positive than a, and thus more positive than D, and D,.
If moved downwards, they will be more negative.
The leak resistors of 2.5 MQ for the deflection plates D', and D', are not,
" therefore, tied directly with D, and D, but connected to the arms of Pyand P,.
This permits zero correction of the spot on the screen by about #/,cm in both
directions of deflection *.
If zero correction is dispensed with, there is no further need of potentiometers
P, and P,, the resistors of 0.5 MQ in series with them and the pre-resistor
of 60 kQ. .
The leak resistors for plates D’; and D', are then connected directly to point
“A73.

Time base generator.

This apparatus uses the familiar thyratron circuit. Coarse control of the time
base frequency is effected in five stages by switching between the differently
rated charging condensers. Fine control is effected by varying the anode
current of charging valve EF 40. This is done by controlling the screen grid
voltage by means of potentiometer P,. With full trace length (about 60 mm),
a time base frequency range of approximately 20 c/s to 20,000 c/s can be
covered. The maximum frequency depends upon the stray wiring capacitance.
In certain circumstances it is necessary to try out the most favourable value
of the charging condenser indicated as 100 pF, and if the wiring capacitance
alone is large, it may even have to be omitted altogether.

The other capacitances should also be found by practical experiment to

1 No noticeable distortion of the pattern is caused by this additional potential difference
between a, and the deflection plates, since it only amounts to roughly 59, of the anode
voltage.
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ascertain the most suitable overlap of the individual frequency ranges. In the
last position of the time base frequency-switch the charging circuit is shorted
(no time base voltage). The second pole of the switch simultaneously switches
off the coupling condenser C, from the X plate D’;, and an external volt-
age for deflection along the X axis can now be applied to the time base
sockets. For 1 cm deflection of the beam, 15 V.ms are required. In all other
positions of the switch, the time base voltage proper can be taken from these
sockets for controlling other apparatus (wobbulators) or for testing amplifiers,
To synchronize the time base frequency with the amplified input signal, this
latter is taken from potentiometer Py in the anode circuit of the amplifier
valve (switch 8 closed) and fed via condenser C; to the grid of the thyratron.
If an external voltage is to be used for synchronization (sockets “sync”),
potentiometer P; is turned back far enough for the switch S, coupled with it
to open. ‘

During the discharge (flyback of the spot), a voltage pulse appears across the
600 ohm resistor in the anode circuit of the thyratron EC 50. This pulse is
passed through condenser C, to the grid of the cathode ray tube, and since it is
negative with respect to the cathode, the tube is cut off for the duration of the
pulse and thus the flyback blanked out.

The cathode resistor of the charging valve EF 40 is not bypassed (negative
current feedback). Its internal resistance is therefore high, resulting in good
linearity of the time base voltage. As the horizontal deflection plates of
DG 7-6 were designed for asymmetrical voltages, it is unnecessary to balance
the time base voltage.

Amplifier for vertical deflection.

For optimum results the vertical deflection plates of these tubes should, it is
true, receive symmetrical voltages. However, as the deflection in the ¥
direction is usually much smaller than in the X direction, simplifications can
be made and an unbalanced amplifier used without any noticeable deterior- -
ation of the pattern. A single pentode with high mutual conductance is
chosen as the amplifier, a valve of this kind giving good amplification even
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Fig. 20-3 Amplification and phase curves of vertical amplifier
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Amplifier for vertical deflection

Ps P, : EF 42 AZ 41

DG7-6

Ps

Sr+s2

X-Voltage R

Sync.voltage B

Y- Amplifier input Py P2

Fig. 20~4 Interior view: amplifier and supply sections

with negative feedback. A sufficiently large, undistorted output and a favour-
able compromise between gain and bandwidth are achieved with an anode
resistor of 25 k2 and a non-bypassed cathode resistor (negative current feed-
back). The EF 42 has an amplification of about 90 x, so that with a deflection
factor of 18.6 V,,, Jem in C.R.T. type DG 7-6, the deflection factor with
amplifier is: DF. = 150 mV,,/em.

The vertical signal may be reduced to the required amplitude on the screen
by an input, voltage divider preceding the control grid of the valve. Voltages
of up to 50 V,,,, can be applied direct to potentiometer P; of 0.1 MQ2 via
sockets “1” and “E”. With the control fully turned up, the gain and phase
curve is as illustrated fig. 20-8. The gain deviates by less than 29, between
about 7 ¢/s and 75 ke/s. In the range between about 80 ¢/s and 8,000 c/s, the
additional phase shift is also less than 29%,. Undistorted measurements are
thus possible over the whole audio-frequency range. But also at 500 ke/s there
is still 409, of the mean amplification and even at 1 Mc/s, deflections of
approximately 15 mm can still be obtained with a voltage of 1 V. This
oscilloscope can therefore find application in radio engineering for investig-
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DG7-6

EF 4 EC50 545,

Fig. 20-5 Interior view: Time-base and rectifier sections

ations in the long-wave and intermediate frequency ranges and over a large
part of the medium wave ranges. Voltages higher than 50 V,,,, must be fed
in via the 1.8 MQ resistor across sockets “2” and “E”, resulting in an
additional voltage division of roughly 1 : 20. Since this input resistor forms a
filter together with the input capacitance of the valve, the upper limit of the
linear amplification range decreases to about 25 ke/s and the limit of phase-
accurate reproduction to 1500 c¢/s. The capacitance in parallel with the input
potentiometer (valve, wiring and potentiometer capacitance) reduces the
voltage division at higher frequencies. To compensate for this, the input
resistor must be shunted by a capacitor of 1...2 pF. In its simplest form this
may consist of two insulated and multistranded wires and it must be adjusted
in such a way that the same voltage division occurs at high frequencies as
in the region of 1000 c/s.
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Construction

DG7-6

Ps Fs+53
P4
S+S2 Pa
€« E
Fig. 20-6 The finished model.
Construction.

The layout of this model can clearly be seen in figs. 20-4, 20-5 and 20-6.
Steel plate 1 mm thick should be used for the casing. The screening for the
cathode ray tube should consist of malleable cast-iron approximately 4 mm
thick or mu-metal with a sectional thickness of 0.5 mm. As shown in fig. 204,
the two potentiometers for the beam positioning are assembled at the right-
hand side in such a way that they can be adjusted through slits with a screw-
driver. It should be particularly stressed that the wiring capacitance in the
time base section and most especially in the amplifier section must be kept
as low as possible. In the last resort, the upper frequency limit of the amplifier
depends upon the wiring capacitance.’

All potentiometers in this model are rated for a maximum load of 0.5 W.
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21. Special duty oscilloscope “FT0-2

General remarks.

Unlike the small oscilloscope described in the preceding chapter, this appa-
ratus can only be built with any prospect of success by those who have com-
pletely mastered the whole technique of time base construction, wide-band
amplifiers, etc. Moreover, it will be necessary to have a certain number of
high-grade measuring instruments and apparatus at hand in order to be able
properly to carry out the sensitive measurements required, especially with
regard to the alignment of the vertical amplifier.

It should be expressly emphasized that the design of this model was based
entirely on the considerations contained in the first section of this book.
With regard to circuitry, as little as possible was borrowed from industrially
manufactured oscilloscopes, since, of course, the conditions are fundamentally
different when building one’s own apparatus. Whereas in industrial makes
every single detail is developed to the last degree by specialists with all the
resources of a modern laboratory at their disposal, a circuit design of this sort
can only be more or less the work of an individual. He has to rely upon
standard commercial components, while the apparatus industry is in a po-
sition to produce and use components specially rated for a particular purpose.
On the other hand, an individual circuit design is better able to provide for
certain additional devices, switches, connections and so on, which tend to
make the apparatus more suitable for a given application, whereas an in-
dustrially developed oscilloscope must be adapted to a wide variety of
applications and must dispense with specialized devices which might make the
cost of the product prohibitive. ‘

Although, as mentioned at the outset, the number of persons able to construct
this apparatus will be very limited, this chapter has nevertheless been included
in order to elucidate by a practical example the detailed considerations
which must apply when building a high-grade oscilloscope. It also makes it
possible to critically assess the limits of efficiency of the apparatus which,
for obvious reasons, could not be done without restrictions when discussing an
industrial product. ‘

Experience has shown that, in descriptions of this kind, data are often requested
with regard to modifications in the valve complement and the like. It must
therefore be pointed out at once that in this type of apparatus only those
modifications can be recommended which have been thoroughly tested and
proved in practice. Since this is not practicable for any conceivable variation
of, for instance, the valve complement, builders are expressly advised to abide
by the data given. With this in mind, the makes have often been indicated for
the various structural components; the valve complement consists of Philips’

types.
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Electrical data

Electrical data.
Cathode ray tube: DG 10-6.

Deflection factors: Y axis —5.5 V,,, Jem (with 265 V post-acceleration) or
5.0 V,,./cm (without post-acceleration) or 7.0 V,,/em

(with 1.2 kV post-acceleration).

X-axis —6.65 V,,,/Jem (with 265 V post-acceleration) or

6.15 V,,,Jem (without post-acceleration) or 8.2V, /em

(with 1.2 kV post-acceleration).

All deflection plates can be switched to sockets for external connection.
Input capacitances: 10 pF (Cp,, C'p,) and 12 pF (Cp,, C'py).

Z-axis (grid): from approx. 10 c¢/s to 0.8 Mc/s; min. 1.5-8.0 V..
Input impedance: 100 k£2/53 pF.

Vertical deflection amplifier:

Three-stage with cathode follower input.
Lower cut-off frequency: approx. 3 ¢fs.

Upper cut-off frequency Minimum deflection factor
0.70 Me/s 5mV,,, /em
2.6 Mc/s 15 mV,,, /em
7.5 Mec/s 50 mV,,,/cm.

Phase error from 50 c/s onward: < 1°

Good reproduction of rectangular voltages up to 2-8 ke/s, 50 ke/s and 250
ke/s respectively.

Voltage divider on cathode follower: 8 switching positions:

0.15V,, /Jem
0.5 V,,./em } upper cut-off frequency 7.5 Mc/s.
1.5 V,,/em

Load to signal voltage: 1.5 MQ/23 pF; max. 15 V..
Further attenuation: 20 : 1 via special socket.

Input impedance: approx. 5 MQ/8 pF; input voltage: max. 800 V.
Intermediate values of gain 8 : 1 continuous control.

Valves: 8 X EF 42; 2 x PL 88.

Time base generator.

Oscillator: 1 X EF 42 in transitron Miller circuit.

Balancing stage: 1 X EF 42,

Frequency range: 1.25 ¢/s...100 ke/s.

Sweep range: 0.1 sec/em. ... 1.2 usec/cm.

Flyback suppression with 1 X EA 50; can be switched off.
Synchronization: Internal, external and mains.

Switchable as X amplifier: frequency limits: 8 ¢/s—225 ke/s.

Phase error < 1° between 80 ¢/s and 80 ke/s. (at 3e/s 15° phase shift).
Input impedance: 25 kf2/ 55 pF.
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Power Supply:

High Tension:

a) Time base generator 1 X EZ 80. 285 V/16 mA.

b) Vertical amplifier 2 X EZ 80. 265 V/120 mA.
1 X 150 B2.

Eaxtra High Tension:

a) 1 X EY 51 —1000 V for C.R.T. cathode.
T b) 1 X EY 51 +1200 V for C.R.T. post-acceleration anode.

T
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Fig. 21-1 The finished model — FTO 2.

Mechanical structure of the oscilloscope.

The individual structural sections of the oscilloscope, the power pack,
the vertical amplifier, the time base generator and the X amplifier are built in
separate compartments separated by 1.5 mm duraluminium sheet, thus com-
bining effective screening with robust construction.

Fig. 21-1 shows the exterior view of the finished apparatus. Contrary to the
practice with most manufactured oscilloscopes, the vertical amplifier input is
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Mechanical structure of the oscilloscope

Fig. 21-2 Chassis with vertical amplifier, power pack and side connection panel.

arranged at the left of the front panel. The consideration that led to this -
measure being taken was that in a measuring set-up the general rule is:
voltage source on the left, object under test in the centre and indicating device
(in this case the oscilloscope) on the right. For the sake of short connections
and an accessible layout it is therefore convenient to have the connection
sockets for the vertical amplifier on the left of the front panel.

The vertical amplifier section and the power pack with the rectifier valves can
be seen in fig. 21-2 while fig. 21-3 shows the interior of the power pack with
the rear chassis-plate removed. The time base generator and the horizontal
amplifier section with smoothing choke, E.H.T. condensers and rectifier valve
EZ 80 for the supply section of the time base generator can be recognized in
fig. 21—4. Fig. 21-5 shows a side and rear view of the casing, with the mains
connection, fuse and switch (S;) as well as the input panel on the left side
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Ces+71 Cyp

Dy D; Dy

‘Fig. 21-8 View of power pack with rear panel removed.

with the sockets for direct connection to the deflection plates, for brightness
modulation and for measuring the beam current. The front view with the
control panel is shown in fig. 21-6.

In view of the high cost which would have been involved in having the front
panel specially etched or engraved, the inscriptions and scales were first
drawn clearly on paper and a photographic reproduction later made on high-
gloss paper of cardboard thickness. It is protected against mechanical damage
by a cellophane sheet 1 mm thick. This simple panel fulfils its purpose in every
respect.

The photograph in fig. 21-7 gives a view into the apparatus from underneath
and that in fig. 21-8 a view from above. The scale drawings in figs. 21-9, 10,
11, 12, 13 and 14 reproduce the exact dimensional relationships and arrange-
ment of the most important structural sections.
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Mechanical siructure of the oscilloscope

C37472 ~ C25 D3 Csg Coo

Fig. 21—4 Chassis with time-base generator and power pack.
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Fig. 21-5 Rear and side view, showing connection panel, mains lead, fuse and switch.
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Mecchanical structure of the oscilloscope

Fig. 21-6 Control panel of FTO-2.
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Fig. 21-7 Chassis: view from underneath.
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Mechanical structure of the oscilloscope

Fig. 21-8 Chassis: view from above.
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Mechanical structure of the oscilloscope

Fig. 21-10 Scale drawing of
rear panel with connection
strips for C.R.T.
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Fig. 21-11 Scale drawing
with time base generator.
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Cathode vay tube and power supply
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Fig. 21-14 Scale drawing of view from underneath.

Cathode ray tube and power supply.
Cathode ray tube.

The tube chosen for this apparatus is Philips’ type DG 10—6,‘Whi0h, with its
symmetrical deflection plates for symmetrical deflection voltages, satisfies the

highest demands.

This tube also has a post-acceleration anode which, by means of switch S5 in
the circuit diagram, shown in fig. 21-15, can be connected either to the chassis
(0V), to the filter condenser for supplying the anode voltage to the vertical
amplifier (4265 V) or to a special E.H.T. source (41200 V). In this way
it is possible to make the most favourable compromise between deflection
sensitivity on the one hand and brilliance or focus on the other, depending
upon the work in hand. In deviation from the data given for this tube, the
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voltage on a, is in this case only 1kV instead of 2kV. This is in order to
achieve the highest possible deflection sensitivity,

Of course, full advantage can only be taken of the good characteristics of the
tube (spot focus, ete.) when the post-acceleration voltage is 1.2 kV. The
deflection sensitivity is still higher at this voltage than it would be if the
potential of a, and a, with respect to the cathode were 2 kV. In this way the
following deflection factors for 4C voltages are obtained:

without post-acceleration voltage: 5.0 V,, /fem
with + 265 V post-acceleration: 5.5V, Jem

TMms
with 1200 V post-acceleration: 7.0 V,, /em.

Tms
The cathode ray tube is screened from the stray magnetic field of the power
transformer by enclosing it in a mu-metal cylinder.

Anode voltages for vertical amplifier and time base generator.

All the alternating voltages needed are supplied by the transformer 7',. For
generating the anode voltages for the vertical amplifier and the time base
generator two special rectifiers with their own filters are used in order to
exclude all risk of the time base voltage interfering with the amplifier, even at
the lowest frequencies. Since the current consumption of the time base
generator does not exceed 20 mA, it is sufficient for this portion of the anode
voltage to use one valve, type EZ 80, and a CRC network for filtering con-
sisting of a 2 k&2 resistor and two electrolytic condensers of 50 uF each. The
ripple voltages measured amount to 8.0 V,,and 85mV,, respectively. In view
of the high current of 120 mA drawn by the vertical amplifier it is necessary
to use two EZ 80 valves in parallel, or one EZ 81, and a smoothing choke
together with two condensers of 50 uF and 100 uF each respectively. The
ripple on the 50 uF reservoir condenser is approximately 12 V_ and on the
100 uF filter condenser about 86 mV,,,. Both windings on the choke are wired
in parallel in order to ensure the lowest possible voltage loss with the relatively
high current. '

E.H.T. section.

Two EY 51 rectifier valves are used for generating the extra high tension. The
circuit is as shown in figs. 8-9 and 8-10 on page 338. The E.H.T. of —1000 V
for the C.R.T. cathode is smoothed by a CRC filter with 1 uF condensers
and with a total R of about 50 k€. A resistor of 20 k2 precedes the reservoir
condenser in order to protect the rectifiers 1,

Controlling the brightness of the oscillogram by varying the negative voltage
on grid “g” with potentiometer R,,, and adjusting the spot focus by varying
the positive potential on a, with potentiometer B,, is effected in the manner
described in detail in the chapter on the power supply. The difference in
brightness appearing when the flyback blanking is switched on and off is
compensated by providing resistor R, with a switch (.S,).

* Although, according to the valve data, 100 k(2 are required in this case, this value was
chosen, with the risk it involves, since with a 100k pre-resistor only 700 V_ were measured

on the reservoir condenser. No detrimental results were ascertained when the oscilloscope
was taken into service.
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Cathode ray tube and power supply

The second EY 51 supplies the post-acceleration voltage of 41200 V over a
CRC filter with two 0.1 uF condensers and one filter resistor. It is possible to
use such small values of capacitance with a resistance of 500 k{2 as the total
current consumption never exceeds 150 uA (voltage drop max. 75 V).

To ensure fairly quick and sure discharge of the condensers, four 7.5 M£2
resistors—in all 80 M{Q2—are connected in series across the voltage output. A
continuous current of 40 pA flows through these resistors. A further effect of
this is to reduce the dependence of the output voltage upon the current drain
so that there is no disturbing fluctuation of the acceleration voltage and thus
of the deflection sensitivity (picture size) when controlling the brightness.

Control voltages for adjusting the position of the patiern on the screen.

Tandem potentiometers Rg,, Rgy and Ry, By are provided in order to be able
to correct the central position of the pattern on the screen and above all to
make it possible to adjust the pattern when the input voltages are asym-
metrical. They form a voltage divider together with resistors R;;, B,,, Ry and
R,,, which lie between —1000 V and about 4200 V. In this way direct
voltages can be fed to the pairs of deflection plates so as to allow any desired
ad]ustment of the pattern over the whole surface of the screen. (See also fig.

8-11b.) These voltages are symmetrical as a result of using two cross-connected
tandem potentiometers. When the voltage on one plate of the pair of plates in
question is adjusted to a certain positive value, the voltage on the other plate
drops automatically to an equivalent nega’cive value; the mean potential on
the pair of plates should always remain zero. Thus, in all posmons, the ad-
justed focus is retained. :

Astigmatism control.

In so far as the voltage divider discussed is correctly rated so that the mean
potential of the pairs of plates always remains zero, subsequent adjustment
should not really be necessary. For this reason no provision is made for it in
the majority of industrially manufactured oscilloscopes. The voltage divider
is set for optimum focus at normal working voltages. In this oscilloscope,
however, a facility is provided for additional adjustment of the mean potential
of the deflection plates. By means of R, it is possible to find the best position
of focus if the working voltages should change or the relationships in the
voltage divider should be altered. It also permits adjustment to optimum
focus in cases where it is desired to apply an asymmetrical 4C signal (via a
coupling condenser) to one of the Y plates. (In such cases the leak resistors
must, of course, remain connected to the plates).

Direct conmection to the deflection plates.

To apply input voltages which are beyond the frequency range of the vertical
amplifier, the ¥ plates can be switched from the amplifier output to the ex-
ternal connection sockets by means of the low-capacitance switches Sgand S;.
This is particularly desirable in DC voltage measurements. If necessary an
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additional DC amplifier can be connected to these sockets. The switches used for
this model were the types often found at the rear of Philips’ radio receivers for
switching over the loudspeakers. Their self-capacitance is small, amounting to
about 1 pF. The horizontal deflection plates, too, can be switched in this way
to external sockets. Since these connections also disconnect the plates from
the leak resistors, provision must always be made, when applying external
voltages, for direct coupling to the chassis of the oscilloscope. If this is not
done through the voltage source itself (connection via capacitances),
additional leak resistors to the chassis must be provided.

R.F. filter in the mains lead.

To prevent harmonics of the time base voltage from being radiated over the
power supply and causing radio interference, R.F. chokes (Ch, and Ch,) are in-
cluded in the mains lead in the way they are frequently used in radio receivers
for R.F. decoupling from the mains. They should be effective down to 150 ke/s
to exclude the possibility of interference in the long-wave range. In this manner
the harmonics of the time base voltage are also kept away from the input of
the vertical amplifier where they would lead to distortion of the oscillogram.
(See oscillograms fig. 4-87¢ and e.)

Connection for measuring 1,(I,).

Since the adjustment of the brightness control is relatively coarse, it was
found expedient for the purpose of photographic recordings to measure
the current on anode @, and to work accordingly. Sockets “I,” are provided
for this, which are normally bypassed by means of a shorting plug. When
photographs are to be taken, a micro-ammeter can be connected here
(measuring range 0-10 A or, for high degrees of brightness, 0-100 LA).
When using a post-acceleration voltage it must be remembered that the
micro-ammeter is under this tension with respect to the chassis.

Vertical amplifier.

General.

The range of applications of an oscilloscope is determined by the frequency
range of the vertical amplifier and by the minimum deflection factor which
can be obtained with it. This section therefore received the greatest attention
during development.

The individual stages will be discussed in the following with reference to the
circuit diagram in fig. 21-15. As can be seen from this, a cathode follower
input-stage is followed by two pre-amplifier stages and an output stage in
push-pull.

The valves used for cathode follower and pre-amplifiers are types EF 42 2
while two valves PL 83 are used for the output stage.

% The S/C ratio of the EF 80 is admittedly more favourable, but since the wiring capacitance
represents the largest share of the harmful capacitance, and the EF 42 has the higher
mutual conductance, the latter was found to be preferable.
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Input and cathode follower stage.

A cathode follower stage is employed in order to obtain the highest possible
input impedance. In addition to the earth socket there are two sockets for the
input voltages (asymmetrical). If connection is made to the socket marked
“15 V”, contact S, is interrupted and the voltage divider B,—R, switched off
so that the signal passes to the grid of the cathode follower over condenser C,.
With a total cathode resistance of 2 k2 and a cathode current of 12 mA, the
input voltage may amount to 15 V,,  before any deterioration in the
linearity of the dynamic characteristic becomes noticeable. Since the DC
voltage drop on the cathode resistor is then 24 V and therefore represents too
high a bias on the grid, it must be compensated by simultaneously applying
a positive voltage of 422 V to the grid. This brings about the correct oper-
ating point at —2,0 V. It is obtained quite simply by connecting a resistor of
8.8 MQ between the grid and a potential of +150 V. A voltage divider is thus
formed with R, and R, by means of which the operating point of the valve
can be adjusted.

As a result of the high cathode potential a certain “‘over-automatic” negative
grid voltage exists, so that the working point can be kept constant within
wide limits. If, for any reason, the anode current begins to change, a counter-
change of the bias is the immediate consequence; this has the effect of
keeping the anode current constant, and is determined exclusively by therating
and stability of resistors Ry and R,. The most favourable value of R, is best
found by experimentally selecting or combining several resistors while ob-
serving the anode current of the valve. In the apparatus described, two
resistors are connected in series. To suppress all influence from mains flue-
tuations the positive anode voltage is stabilized with a stabilizer valve type
150 B2. The voltage gain of this stage was found to be 0.94.

Voltages higher than 15V,,,, must be fed in via the socket marked 800 V”’.
Contact §, then automatically connects the voltage divider R,—R, to
condenser C, so that the voltage is fed, attenuated in a ratio of 20 : 1, over C,
to the grid of valve 1. In order for the same ratio to hold good over the whole
frequency range of the amplifier, this voltage divider also must be compen-
sated by condensers C,—Cj; At lower frequencies the voltage division is
effected by the resistors but, as the frequency increases, it is effected more and
more by the condensers. For C, a ceramic tube trimmer of max. 8 pF is
used.

Rating the amplifier stages and controlling the gain.

The maximum upper cut-off frequency is determined chiefly by the output
stage, which must supply a sufficient amplitude of voltage for vertically
deflecting the spot with a minimum of distortion.

A high anode current is necessary in order that the requisite anode resistors
may remain as low as possible. For these reasons, two PL 83 valves are used
for the output stage; they are especially suitable for the purpose, having been
developed for the video output stages of television receivers. Extensive tests
during construction showed the most favourable value for the anode resistors
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to be 1.5 k(2. The cathode resistors R,, and Ry, of 90 Q are bypassed by only
small values of capacitance in order to improve the upper frequency response.
In the lower and middle frequency ranges, in which these condensers represent
high impedances, negative current feedback occurs, which improves the
possibility of driving the output stage. The dynamic characteristics thus
obtained are reproduced in fig. 7-6a and b (page 145).
The major requirement when constructing a vertical amplifier, particularly
with regard to the output stage, is to reduce the wiring capacitance to an absolute
minimum. It must be remembered that it is this which directly determines the
maximum upper cut-off frequency obtainable. In the model under discussion it
was possible to keep these capacitances at the output of the last stage at about
80 pF. With an anode resistance of 1.5 k€, the frequency limit can then be
calculated from formula (5-87) to approximately 8.5 Mc/s. By including
chokes L; +Lg and L; of 18.0 + 7.0 yH and 20.0 u#H respectively in the anode
circuits, and by bypassing the cathode resistors with condensers of 530 pF
each, the maximum upper cut-off frequency of the amplifier is brought to
approximately 7.5 Mc/s. With 20.0 4H a factor a is obtained for the circuit
elements in the anode lead of a 0.3 (see pages 108-5). As can be seen
in the circuit diagram, the antiphase drive of valve 5 is effected by taking a
portion of the voltage from the anode resistor of valve 4, which must corre-
spond to the amplification of valve 5, in the manner shown in fig. 5-81. To
retain the symmetry right up to the upper cut-off frequency, the inductance
in the anode circuit of valve 4 must also be partly connected in series with
resistor Ry,. The gain of each stage was found to be approximately x 7.5 and
thus X 15 for the whole output stage.
The pre-amplification stage should be rated such that with a satisfactorily
small deflection factor (at the most 50 mV,,,,/em) fullest possible advantage
is taken of the whole bandwidth of the output stage. It appeared that this
was not possible with one pre-amplifying stage alone; two pre-amplifiers are
therefore used in this circuit. Whereas, most types of gain control entail a
reduction of the maximum gain, an attempt is made here, while tolerating
a somewhat lower upper cut-off frequency, to obtain for special purposes a
step-by-step boosting of the total gain. This is done by switching the anode
resistor of the second valve from 750 2 to 2.55 kQ and 8.0 kQ respectively.
The gain of this stage, which is about X 8 with 0.75 k2, can thus be boosted to
X 10 and X 80 so that the total gain is boosted in a ratio of 1 : 8 : 10. The
upper frequency limits then lie at 7.5 Mc/s, 2.6 Mc/s and 0.70 Mc/s respectively,
as shown by the curves in fig. 21-16b. To correct the frequency response at
the upper limits, resonant chokes L,, L, and L, are connected in series to
the anode resistors. The frequency response is improved by bypassing the
cathode resistor (R,,) with a condenser of 150 pF. The most favourable values
of these circuit elements must be determined from case to case. When con-
'structing this particular model the wiring capacitances and the inductance of
theresonant chokes were measured with an “Elomar” LC measuring apparatus, -
type MB 2025. A Philips measuring bridge, type GM 4144, was used for
measuring the other capacitances. The frequency response was measured with
a GM 2653 signal generator together with a GM 6016 HF-millivolt meter.
The first pre-amplifier works with an anode resistor of 700 £, which provides
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an amplification of approx. X 2.6. The total gain at maximum bandwidth is
therefore: 0.94 X 2.6 X 8.0 X 15 = X110.
With a deflection factor of 5.5 V,,,/Jem (post-acceleration voltage 265 V),
this corresponds, with amplifier, to a deflection factor of 50 mV,, /em. By
switching over the anode resistor of valve 8, the deflection factor can be re-
duced to 15mV,, /em and to a minimum of 5 mV,, /em (maximum gain
thus X 1100). No electronic stabilizing of the anode voltages is used; further
boosting of the gain is not therefore expedient since, in consequence of the
lower cut-off frequency of about 3 ¢/s, the amplifier becomes very sensitive to
voltage surges. Electronic stabilization of the anode voltages for the vertical
amplifier and the time base generator was not employed in this model, as
measures of this kind exceed the scope of this design. Moreover, increasing
use is being made of AC voltage stabilizers (e.g. Philips type 7776) with which
the supply for an entire test layout can be made practically insensitive to
interference from mains fluctuations.
When circuiting this amplifier, the rules regarding the earth connections
for the frequency ranges concerned must be carefully observed. More stringent
conditions apply than, for instance, in an RF resonance amplifier in radio
receivers. The latter can come into unwanted oscillation with only one fre-
quency, the tuned frequency, whereas a wide-band amplifier of the sort we
are concerned with can become unstable quite arbitrarily within a range of
less than 1 ¢/s to 15 Mc/s. It not infrequently occurs that very high frequency
oscillations are set up in the first place which, after rectification, result in a
lowering of the operating points of the valves and further in the appearance
- of extremely low-frequency relaxation oscillations. For these reasons, earth
loops must be carefully avoided and all important points must be earthed at
central points.
It is very difficult to achieve continuous control of the gain of vertical ampli-
fiers. After extensive tests it was decided in this case to make the cathode
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resistor of the pre-amplifier valve variable. This admittedly causes a certain
fluctuation of the pattern during adjustment, but it has the advantage of
being both simple and convenient.

The gain is reduced both by displacing the operating point for valve 2 in
areas of reduced transconductance and by simultaneously increasing the
negative feedback due to the cathode resistor. With a resistor (R,,) of max.
500 2, the gain can be stepped down about 8.5 : 1. This provides good
bypassing of the stepped variation of the indication sensitivity, which is al-
ways in aratio of 8 : 1. The potentiometer R,, has a logarithmic characteristic,
so that the gain control is relatively linear with the angle of rotation 2.

For input voltages up to 15 V,,,,, the reduction of gain for the desired am-
plitude of the pattern is effected by means of switch §,, whereby appropriate
voltages are taken from the cathode resistor. Higher input voltages must be
fed in via socket “800 V” as already described. In this way, from 80 mV,,,,
for 60 mm deflection, all voltages up to 800V, can be adjusted to any desired
vertical deflection up to a maximum of 60 mm (see fig. 7-6a and b).

All essential working voltages or currents for the valves are detailed in the
circuit diagram. Compensation at the lower frequency limit of the amplifier is
effected by an RC network R,; — C, (8.3 k2 — 50 uF) in the anode circuit of
the first pre-amplifier stage (valve 2). The relatively high value of Cj is to be
explained by the low value of the anode resistor R,; (700 ). It should be
noted that B;; has only a subordinate influence on the compensation. Since
electrolytic condensers with the required favourable values are not always
available, the final correction is made in this case by selecting the value of
C1o, which, of course, also influences the frequency and phase response at the
lower end ¢ 5.

The curves in fig. 21-16a show the gain G and the phase-angle 6 in dependence
upon the frequency. It can be seen that, owing to the effect of the compen-
sation network, the gain increases at the lower frequency end—as far as could
be observed—as low as 8 ¢/s. (The voltage source used for the measurement
was Philips RC generator “FE 211”.)

The oscillograms in fig. 21-17 indicate the limits of efficiency of this amplifier
with rectangular voltages. The photograph in a) represents a square wave
with a frequency of 50 c/s while that in b) represents a rectangular voltage
with a frequency of 250 ke/s, pulse width 2 usecs. The overshoot visible in the
latter originates from the voltage source itself. (See also fig. 7-8.) With a
deflection factor of 15 mV,, /em, the maximum frequency for the true
reproduction of a rectangular voltage is 50 ke/s. Owing to the high value of
L,, a peak is obtained with rectangular voltages down to several kc/s when

8 A tandem potentiometer of 2 X 1000 Q/log was used with both sliding arms connected in
parallel, in order to reduce gain fluctuations during adjustment to a minimum.

¢ Most favourable results are obtained when the time constant of the coupling elements at
the anode is small. This is why the coupling condenser Cj, is rated at only 0.070 4 F and not
at 0.22 yF as for the other valves.

¢ The new, very small electrolytic condensers of 50 + 50 uF brought out by Philips proved
most suitable for use in this apparatus. (The former types would have been difficult to
accommodate because of their height.) They were used for Cg, Cq, Cy, and Cyy. (See figs.
21-2 and 21-7.)
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Horizontal deflection: Time base generalor

the deflection factor is 5 mV,,s/cm. This setting is therefore less suitable
for square waves.

Horizontal deflection: Time base generator.

The mazimum desirable velocity of the time base.

When the vertical amplifier is in use, its upper frequency limit indirectly
determines the maximum expedient velocity of the time base. There would be
little point, for instance, with a vertical amplifier whose frequency dependence
is as shown in curve 4, fig. 21--16b, in having a maximum time base frequency
of 1/, of the upper frequency limit,
that is, about 750 ke/s, if one wishes
to observe in detail the waveform
of a voltage with a frequency of
7.5 Me/s (10 cycles in the oscillo-
gram). The waveform is, after all,
only interesting when it deviates
from a sine wave, that is to say
when it contains harmonics. How-
ever, since thesé are always multi-
ples of the fundamental frequence,
they are severely suppressed in con-
sequence of the frequency-depen-
dence of the amplifier at the upper
frequency end; the vertical amplifier
then acts as a low-pass filter. This
means that harmonics which, asa
rule, have only a fraction of the
amplitude of the fundamental, will
not be visible at all. Nothing would

b

Fig. 21-17 Limits of efficiency of vertical

therefore be gained by a high time
base velocity, since only sine waves
would appear on the screen of the
oscilloscope ¢.

With these considerations in mind
the greatest attention was devoted

amplifier with rectangular voltages.
a) 50 cfs by 250 kefs.*
* The slight non-linearity wvisible only
occurs in the end position of the time base
fine frequency control. The voltage wave-
form is linear below 50.ke/s time base
frequency.

to the vertical amplifier when con-

structing “FTO 27, and the tran-

sitron-Miller circuit was employed for the time base generator. This allows a
maximum time base frequency of 100 ke/s. By taking advantage of the
flyback blanking, the visible section of the pattern can be made somewhat
shorter than would correspond to the frequency (<< 10 usec). The oscillogram
in fig. 21-17b, represents a time base velocity of 1%/, us/cm.

8 If the input signal is large enough to produce satisfactory deflections when applied directly
to the vertical deflection plates, then, of course, a time base generator with a high velocity
can indeed be of value.
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Circuitry.

The way in which the transitron-Miller circuit functions was dealt with in
detail in chapter 4 on time base generators (page 62) to which reference
should be made. Switching over condensers Cz, and C; in the basic circuit
diagram given in fig. 4-84 (in fig. 21-15, C,—Cy; and C;—Cy) provides
coarse control of the time base frequency. Fine adjustment is effected by
varying the resistor between grid and anode supply (R,,in fig. 21-15). Arange
from 1.2 ¢/s to 100 ke/s is thus obtained in the following steps:

1.2¢/s .... 10¢fs 0.17 kefs .... 1.1 ke/s
3 c¢fs.... 25¢fs 0.47 kefs .... 8.0 kefs
6 cfs.... 40c¢fs 1.7 kefs .... 10.0 kefs
15 e¢/s ....100c/s 5.0 kefs .... 80.0 kefs
45 ¢fs .... 850 c/s 15.0 kefs .... 100.0 ke/s.

The amplitude is controlled by taking different amplitudes of voltage from
the anode resistor of the oscillator, using a potentiometer (R,q) and applying
them via condenser Cg, to the X plate D', and simultaneously via condenser
C,; and resistor R, to the grid of the second valve, EF 42. This valve is in
circuit as an “anode follower” [1]. By this is understood a grounded cathode
amplifier stage with such large negative feedback that its gain is equal to
unity. As opposed to the cathode follower, whose output is in phase with its
input, the output of the anode follower is inverted in phase as in all grounded
cathode circuits. It serves this purpose in the present circuit. The strong
negative feedback enables relatively large amplitudes of the sawtooth voltage
to be passed without distortion. The output is taken from its anode and ap-
plied via condenser Cj, to the X plate D,, thus achieving symmetrical oper-
‘ation of the deflection plates for the horizontal direction also. Since the volt-
age from the oscillator is doubled by the inverter stage, amplitudes of voltage
are obtained sufficient to deflect the spot horizontally 509, beyond the useful
surface of the screen. This makes possible a relatively large expansion of the
oscillogram along the time axis and thus an exact observation of details in the
waveform.

Synchronization.

The sync voltage is fed to the third grid. To keep the load (also capacitive) on

the output of the vertical amplifier as low as possible during internal syn-

chronization, a special sync amplifier stage is provided (triode EC 92).

Three types of synchronization are carried out with this:

a) With the voltage on the Y plates.

The voltage from the anode of valve 5 reaches potentiometer R52 via
resistors R38 and R,, and condenser C,,. The grid of valve 9 thus receives
an adjustable portion of the input signal.

b) With an external frequency.
Contact ¢, is interrupted. From the socket ‘‘sync”, the voltage of an
external source then passes via contact ¢,, now closed, to potentiometer
R,, and thence to the grid of valve 9 for amplification, after which it is
used for synchromzatlon
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Horizontal deflection: Time base generator

¢) With the mains frequency.
Contacts ¢;, ¢, are interrupted and ¢, is closed, so that a small amplitude of
the mains voltage reaches potentiometer R;, over Eg.

Suppressing the flyback: trace brightening.

In this oscillator circuit there is no voltage available on the individual
electrodes that can be used directly for blanking the flyback. However, the
course of the voltage on grid 2 during the time when the voltage on the anode
is linearly falling is almost constant in the positive direction, so that it is
suitable for brightening the trace. (See fig. 4-85b). To ensure that the trace-
brightening will really be constant, this voltage is clipped by diode EA50
(see fig. 4-85¢). Its cathode therefore receives a positive voltage of about 150V
from the voltage divider R;;—Rg,.

Single-stroke time base.

To be able to observe the behaviour of single transients it must be possible to
trigger the time base for one cycle only. This is effected in the following way
The third grid of the relaxation oscillator is tied to earth (contact d;). The
cathode of this valve now lies across earth via contact ks, resistor g and
contact ¢;, so that g; carries a large negative potential and the valve is cut
off from oscillation. If now the sync socket is connected for a brief period to
earth by means of a contact or a key, the time base can be released for a
single sweep.

Horizonial amplifier.

Apart from the observation of one quantity in its dependence upon time,
there are numerous instances when the interdependence of two quantities is
primarily of interest. In phase measurements, for example, the voltages
_corresponding to the two phenomena are applied to both pairs of deflection
plates in the cathode ray tube. In such cases it is often desirable to be able to
amplify the voltage for deflection along the horizontal axis. In the oscillo-
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Fig. 21-18 Frequency response of horizontal amplifier.
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Fig. 21-19 Basic circuit diagram of X-plates

--——

horizontal amplifier. ,

scope under discussion this is
done by providing a means of
switching over a valve to work
together with valve 7 as a sym-
metrical amplifier. To keep the
number of elements to be

. -, ) 00pF
switched over to a minimum,it 251 7 700.0,]0.00575F / 5000
wasfoundnecessary to use apart fdd | MO |
of those in the oscillator circuit, MO,

which meant that entirely op-

timum working corditions could not be obtained for this amplifier. Never-
theless, with the circuit elements used, it was possible to obtain a frequency
response as shown by the curve in fig. 21-18. The smallest possible deflection
factor is 125 mV,,, /em. The circuit for the horizontal amplifier is shown
individually in fig. 21-19. The input impedance is: 25 kQ, 55 pF.

Sinusoidal horizontal deflection with the mains frequency.

In position 4 of switch §; (contact by, 4, 4, 5), the time base generator is wholly
switched off and a voltage with the mains frequency is fed via contact Gy,
potentiometer R,; contact g and resistor R,,, to deflection plate D’, and
via the phase inverter, valve 7, to D,. Since the secondary voltage of the
power transformer is distorted by the pulsed loading of the anode winding
during the charging current on the first filter condensers, the harmonics must
be filtered out with R, and C4,
in order to obtain a really sinu-
soidal 50 ¢/s X deflection.

Rt ot et 777
7 s 4

__

9 Floodlit scale.

,=((,\,\,,«2 As ah‘eady mention'ed, this 0s-

e cilloscope is fitted with a floodlit
it scale. The light from the illumi-
2 nation bulb falls sideways on to
- (‘ﬁi the perspex, as indicated by the
sketch in fig. 21-20. Further de-
tails are hardly necessary, the
principle being the same as used
nowadays in most radio receivers. The arrangement on the screen of the
cathode ray tube is shown in figs. 21-1 and 21-6. The only feature to which
attention should be drawn is that a yellow-green filter must always be fitted
between the “perspex” scale and the screen. The scale on the sheet of “perspex’’
was originally scratched in by the author. When done carefully, and if the
requirements are not too high, a scale of this sort should generally suffice.
The “perspex” scale together with the light-shield and the arrangement of the -
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Floodlit scale

illumination bulbs (B,—B,) around the screen can be recognized clearly in
fig. 21-6. After many experiments it was found preferable, for the sake of
uniform illumination of the scale, to use four bulbs 6.3 V/0.8 A. If the avail-

" able space allows it, it is advisable to arrange the four bulbs diametrically on
the co-ordinates. The light from the bulbs in the example described is suffi-
cient, using Pan film of 21/10° DIN with areduction of 8or4 : 1, an aperture of
4.0 and an exposure of 1/, sec, to obtain an amply exposed scale. It is still
sufficient at an exposure of 1/; sec. Since these conditions are similar to those
required for recording most oscillograms, the scale and the oscillogram can be
photographed simultaneously in one recording. If this is not possible, oscillo-
gram and scale must be exposed individually, under the conditions most
favourable to each, as a double recording.

Mains transformer.

Fig. 21-21 shows the windings on the special transformer used in this model.

d Fig. 21-21 Power transformer used in oscilloscope FTO 2.
2 X 270 V/185 mA DC voltage for anodes 1n vertical
o8 amplifier and timebase generator
0g f
650 V/2.5 mA with e-f for extra high tension-
g 1200 V for C.R.T. (DG 10-6)
} 6.3 V/0.1 A Heating for E.JLT. rectifier Y51,
h (-1200V = with respect to chassis!)
i
g .} 6.3 V/0.8 A © ' Heating for C.R.T. (DG 10-6)
J
11ov k .
b 12.6 V/0.6 A Heating for H.T. rectifiers 2 X EZ 80
1 (filaments in series)
m .
é } 6.3 V/0O.1 A Heating for E.JLT. rectifier EY51
n (- 1200 V with respect to chassis
and 2400 V with respect to “g”).

0  Sereen winding

)
Dy -
220V 6.3 V/1.0 A Heating for time base generator.
4 —og
n\

]

s
t Y 6.3V/2.0A% 115.0 V/0.6A Heating for vertical amplifier
u 3x EF 80 and 2 X PL 83.

v J # Also for scale illumination bulbs
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Parts List

a) Resistors
R, =5MQ/0.5 W; & 29
R, = 0.3 MQ/0.25 W; - 29,

R, = 8.8 MQ (5.0 MQ/1 W + 8.8 MQ/1W, selected)
R, = 1.5 MQ/0.25 W
R, = 5002/0.25 W
R, = 100£2/0.25 W
R, =1,88kQ/0.5 W
gs ; ‘fggg;ggg “; ] ; select experimentally to -+ 29
R,y = 6702/0.25 W
R, = 1.0 MQ/0.25 W
Ry, — 5002/0.25 W
Ry; = 1002/0.25 W
R,y = 5000, Potentiometer 2 X. 1000Q2/log. parallel
Ry, = 7002/1.0 W
Ry = 3.8 kQ/2.0 W } ; select experimentally to 4 29,
Ry, = 6.0 kQ/3.0 W
Ry — 1.5 kQ/1.O W
Ry = 1.0 MQ2/0.25 W
Ry = 100£2/0.25 W
R, — 10002/0.25 W
Ry — 75002/1.0 W
R,; = 1.8 kQ/2.0 W} ; select experimentally to 4 29,
R,y = 55kQ/3.0 W
Ry = 1.0 MQ/0.25 W
Rye = 5082/0.25 W
Ry, = 90Q2/1.0 W
gzz = 1892)29 17?64% W (2 resistors 2.66 kQ2/2 W parallel) } select exp. to 429,
Ry = 8.3kQ/2.0 W
Ry = 2.0 kQ/0.25 W
Ry, — 1.0 MQ/0.25 W
Ry; = 9002/1.0 W
Ry, = 1002/0.25 W
Rgs = 1.5 k2/4.0 W (2 resistors 8.0 kQ parallel); select experimentally to 4 29,
Ry = 50 kQ/1.0 W

o = 1.0 MQJ0.5 W

s = 2.0 kQ[0.25 W
Ry = 2.0 kQ/0.25 W
Ry — 20kQ/2 W
Ry =383kQj2 W
Ry, = Potentiometer 8 MQ/lin; 1 W
Ry = 0.8 MQ/1 W
Ry = 1.0 MQj0.25 W
Rys — 100£2/0.25 W
R,; = Potentiometer 25 kQ/lin; 2 W
Ry, = 70002/0.5 W
Rys = 40 kQ/1.0 W
Ry = 20 kQ/0.5 W
R; = 100 kQ/1.0 W
Ry = 220 kQ/1.0 W
R;; = Potentiometer 100 kQ/lin; 0.5 W
Rg; — 100 kQj1 W
Rgy = 100 kQ/1 W

4.7 kQj2 W

(N

s = 1 MQ/0.25 W
R;, = 1602/0.25 W
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Mains transformer

R, = 1 MQ/0.25 W
R, = 1 MQ/0.25 W
Rg = 1 MQ/0.25 W
Ry = 20 kQ2 W
Ry, = 50 2/0.25 W
R, = 500 2/0.25 W
Ry, = 20 kQ)2 W
R, = 27 kQ2W
R,; = Potentiometer 25 kQ/lin; 0.5 W
Ry = 500 Q1 W
Ry = 20kQ1W
o = 1 MQJ0.25 W
R, = 0.1 MQ/0.25 W
R, = 80kQ/1 W
R,, = Potentiometer 0.5 MQ/lin; 1 W
R,; = 20 kQ)2 W
R,, = 500 kQ/2 W
Ry, = Ry = Ry = Ryy = 7.5 MQ/0.5 W
R, = 50 k22 W
Ry, = 6.8 MQ[1.0 W
R,, = 100 kQ/1 W
Ry, = Ry = Ry = Ry; = two tandem potentiometers, each 2 x 2 MQ/lin; 1 W
Ry, = Potentiometer 25 kQ/lin; 0.5 W
R,; = 500 kQ/2 W
R, = Ry = Ry = Ry = 8 MQ/O.5 W

R,, = Wire-wound variable resistor 10 Q[lin; 2.5 W

b) Condensers

C, = 0.22 uF/250 V_; paper (quality grading 1)
'C, = ceramic tube trimmer Philips max. 8 pF
C, = 60 pF; ceramic

C, = 5 kpF; ceramic

C; = 0.22 yF[250 V._; paper

Cy = 50 uF/850 V_; electrolytic (1 kpF = 1000 pF = 0.001 F.)
C, = 5 kpF/850 V; ceramic

C, = 50 uF/850 V_; electrolytic

C, = 5 kpF/350 V_; ceramic

C,, = 50 kpF/350 V_; paper (quality grading 1)
C,, = 5 kpF; ceramic condenser (C 4000)

C,, = 150 pF; ceramic

Ci; = 5 kpF; ceramic

C. = 50 uF/[850 V_ electrolytic condenser

C,s = 5 kpF; ceramic

C,¢ = 0.22 uF; paper (quality grading 1)

C,;, = 530 pF; ceramic

Cis = 0.5 uF/850 V_; metal paper

Cyy = 50 uF|350 V_; electrolytic

Cyy = 5 kpF'; ceramic

C,, = 580 pF; ceramic

Cy = 0.22 uF; paper

C,3 = 0.5 uF/[350 V_; metal paper

C,, = 500 pF; ceramic

C,s = 50 uF[850 V_; electrolytic

Cys = 0.25 uF[850 V_; metal paper

Cy; = 0.1 uFF[350 V_; metal paper

Cys = 50 kpF/850 V; paper

C,y = 20 kpF /850 V; paper

C;, = 6 kpF/850 V; ceramic

C;; = 2 kpF/850 V; ceramic

C,, = 700 pF/850 V; ceramic
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Special duty oscilloscope “FT0-2”

Cy3 = 220 pF/850 V; ceramic
Cyy = 70 pF/850 V; ceramic

35 = 10 pF/850 V; ceramic
Cys = 0.1 yF; paper
Cg; = 50 uF[350 V_; electrolytic
Cy3 = 5750 pF'; ceramic (selection or combination)
Cyy = 2.0 uF/850 V_; metal paper
Cy = 0.5 uF[350 V_; metal paper
Cy = 0.25 uF[350 V_; metal paper
Cys = 0.1 uF/850 V_; metal paper
Cys = 30 kpF/350 V_.; paper
Cy = 10 kpF/850 V_; ceramic
Cys = 5 kpF/3850 V_; ceramic
Cyy = 1 kpF[850 V_; ceramic
Cy; = 500 pF/850 V_; ceramic
Cys = 250 pF/350 V_; ceramic
Cyy = 50 pF; ceramic
Cyy = 0.5 uF/850 V_; paper
Cs; = 10 kpF/250 V_; ceramic
Css = 2 uF/250 V_; metal paper
Css = 50 uF[350 V_; electrolytic
Csy = 0.5 uF/850 V_; metal paper
Cs; = 0.5 uF/[350 V_; metal paper
Css = 0.5 uF/350 V_; metal paper
Cs; = 10 kpF'; ceramic
Css = 1 uF/1.6 kV_; paper
Csp = 0.1 uF[150 V_; metal paper
Co = 1 uF[1.6 kV_; paper
Cep = 0.1 uF/1.2 kV; paper
Con = Cyy = 0.25 uF/500 V_; metal paper
Cgy = 0.5 uF/500 V_; metal paper
Cos = Cgq = 0.1 uF/1.6 kV; paper )
Cqz = 0.15 uF/500 V__; metal paper (0.10 -- 0.05 uIr)
Cgs = C;y = 50 uF[350 V_; electrolytic
Cge = 100 uF/350V_; electrolytic
Czi = 50 uF/850 V_: electrolytic
¢) Chokes
Ch; = Ch, = RF chokes
Ch, = 4 H/10002 (Iron-core with air gap) Gorler D 524 B
L, = 6 uH;

= 6 uH;
Ly = 75 uH;
Ly = 1.25 mH ! Air choke on ceramic tube
Ly =13 uH
La =" ILtH I
L, =20uH

d) Transformer
Tr = Special construction as in fig. 20-21; Gorler Nr. 47648; M 102b

e) Valves
1=2=8= EF42
4 =5 = PL 83
6 =7 = EF 42
8 = EA 501
9 = EC 92 Philips
10 = DG 10-6
11 =12 = EY 51
13 = 14 = 15 = EZ 80
16 — 150B2 |

! Alternatively, type EAA 91 (EB 91)



Stmple time base expansion unil

22. ‘Simple time base expansioh unit

for displaying phenomena with the mains frequency and
mains-coupled television pulses.

A very simple time base expansion unit can be built if the demands made upon
it ave restricted to the display of phenomena having the frequency of the
mains or of phenomena synchronized with the mains frequency, as, for in-
stance, television pulses from mains-coupled transmitters. The 4C mains
voltage, which can easily be stepped up and controlled in phase, can be used
_for the time base deflection. :

Circuitry

The simplified circuit of the apparatus is represented in fig. 22-1. The series
arrangement of a condenser C, and a resistor R, lies across an auto-transformer
connected directly to the mains. This circuit, which is also known from de-
scriptions of grid-controlled current gating circuits [1], has the characteristic

Ty
G
Fig. 22-1 Basic lay-out of o 2 b
simple time base expansionunit.,
R

G

.|1H

that by varying R, the vector of the voltage on points a and b can be changed
in phase by almost 180°, while the amplitude—and this is the great advantage
of the circuit—remains practically constant.

This voltage is applied to the primary of transformer T, where it is stepped
up, the high voltage on the secondary serving to deflect the spot along the
X axis. A voltage is taken from the appropriate pole of the secondary and
fed through an RC network R,, C, where it is shifted in phase by 90° and, at the
same time, reduced in amplitude such that, when impressed upon the grid of
the C.R.T. (via condenser C,) it brightens one half cycle of the trace and sup-
presses the other half cycle.

The higher the deflection voltage on the X plates, the greater is the expansion
of the voltage on the ¥ plates. By changing the phase with R,, any desired
section from the whole cycle of a pulse train or the like can be accurately ad-
justed on the screen. By additionally reversing the polarity of the deflection
voltage it is possible to shift the phase by a total of 360°.

Details of the practical circuit are shown in fig. 22-2. In the model constructed
by the author, the primary of the mains transformer from a radio receiver,
with a tap for 110 V, was used as the auto-transformer. The potentiometer
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Simple time base expansion unit 22
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Fig. 22-2 Circuit of simple time base expansion unit: «) deflection generator;
b) phase-shifting circuit for intensity modulation.

for shifting the phase should have a logarithmic characteristic and should be
initially rated for a heavy loading-current. Variable resistors of this sort are
difficult to obtain, so that in this case the change of resistance is effected by
switching over three and four groups of fixed resistors respectively. It is
particularly important for the first resistor in the 1 kQ group to be rated for
a high load (about 0.1 A) and condensers C and €’ must be able to withstand
continuously the relatively high reactive current which, at 220 Vpotential, can
amount to a maximum of 0.2 A in each case. In order to approach as nearly as
possible the theoretically obtainable phase-shift of 180°, a resistor of 7.5 k{2 is
connected in series with the three groups of resistors; this can be short-circuit-
ed by switch §,. If a condenser ¢’ also of 3ul’ is connected to condenser C
together with switch S, (not absolutely necessary) the phase shift of 180° can
be achieved to within a few degrees (with switch S, therefore 2 X 180° — 360).
For stepping up the phase-shifted voltage a transformer is required with the
highest possible input impedance and transformation ratio. But these two re-
quirements contradict each other. In this unit, therefore, the primaries of two
transformers are connected in parallel and their secondaries in series. An in-
termediate transformer from a power amplifier was used with a transform-
ationratio of 1 : 2 X 2. (A special transformer for this purpose could, if desired,
be tuned to 50 c/s by suitable capacitors connected in parallel.) To be able
rapidly to find the interesting part of a whole cycle from a phenomenon with
unknown phase relationships, it was found expedient to have a means of redu-
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Circuitry

cing the time base expansion at the beginning of the investigation. This pur-
pose is served by the double-pole switch iS,, by means of which the X plates
can be connected either to the maximum voltage or in three steps to one half
of the preceding voltage in each case. The first division is effected by switching
to the centre taps on the secondaries of both transformers. For further reduc-
tion of the deflection voltage two resistive
voltage dividers are used, which on the one
_side are connected to the centre taps and on’

the other to the chassis. Voltage gradations

are thus obtained as shownin the oscillogram

in fig. 22-8a. The values of the alternating  a
voltages in the individual steps I..... v

are approximately: 80, 160, 320 and 640V, .
Since, in most oscillosocopes, the maximum
permissible voltage for external deflection is

500 V,ms, the voltage peaks are clipped

in this circuit by connecting two discharge
lamps over series resistors of 150 k(2 parallel

to the output terminals. b
The lamps used are of the “150A1” type
with an operating voltage of 150V and a
maximum stabilizing current of 4mA. The
output peak voltage is then limited to twice

the value of the operating voltage of the
lamps, as illustrated by the oscillograms in

fig. 22-8b for the voltage steps I-IV. The ¢
voltage sufficient to produce a satisfactory
deflection in tube DG 10-6 in Philips
oscilloscope GM 5668 (without external post-
acceleration) is indicated by broken lines. To
obtain only one trace, the flyback is sup- Tig. 22-8 Oscillograms of 50 cfs
pressed by a voltage, shifted 90° with respect time-base voltage.

to the deflection voltage, applied to the grid

of the cathode ray tube. The circuit is represented in fig. 22-2b. The phenomenon
under investigation can also be observed on the flyback, the forward trace
~ being this time suppressed. Thisis done by switching over the trace-brightening

voltage to points ¢ and f§ of the maximum voltage. Thus, one half cycle of the
clipped voltage is brightened and the other suppressed, as can be seen in the
oscillogram in fig. 22-8¢ for two cycles of voltage step IV. Naturally, the
Juminous intensity of the oscillogram islower than that of anormal oscillogram,
since the spot is on the screen for a mere fraction of a whole cycle. It is
therefore expedient to use for this purpose a tube with a post-acceleration of
1-2kV (e.g. DN 9-5, DN 10-5, DG 10-6). The built-in post-acceleration voltage
source of 400V in the GM 5663 is sufficient for direct observation.
With oscilloscope “FTO-2”, which can also be used with advantage, it is
only necessary to switch over to 1.2 kV post-acceleration. The brightness
of the pattern on the screen is then quite sufficient for maximum time base

expansion.
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Fig. 22-4 Oscillograms of a
5000 ¢/s voltage: a) time base
25 cfs; b) time base 50 ¢fs;
c) d) e) and f) expanded time-
base in steps I, IT, IIT and IV.

Fig. 22-5 Oscillograms of a half-wave rectified 50 cfs
voltage on an inductive load: @) time base 25 efs;
b) time base 50 cfs; ¢), d), e} and f) expanded time-base
insteps I, IT, IIT and IV ; time marking with 10,000 ¢/s.

Practical applications of the time base expansion unit.

To illustrate the time base expansion obtainable in comparison with normal
oscillograms, a series of patterns of a 5000 ¢ /s voltage under differing conditions
is set out in fig. 22—4. In @ the voltage is shown in the usual way for a 50 ¢/s
pattern with a linear time base voltage of 25 ¢/s. Two hundred cycles thus fill
the whole width of the screen. The individual alternations lie so close to-
gether that only a band of light is visible, without details. For the oscillogram
in b the time base frequency is 50 ¢/s, which would allow the display of one -
whole cycle of the mains frequency; in this instance therefore, one hundred
cycles of the 5000 c/s frequency are accommodated on the screen. Some
individual cycles can now be discerned, in the centre at least.

The remaining oscillograms in fig. 224 represent the patterns produced by
expanding the 5000 c/s voltage along the time axis with the 50 ¢/s voltage of
the time base expansion unit in the four steps I, IT, IIT and IV. In fig. 22—4c
the curves crowd together at both ends of the oscillogram, corresponding to
the sinusoidal deflection (Lissajous figure).

Step II produces, as can be seen in d, a deflection across the screen almost
linear with time, since only the nearly linear part of the sine wave falls to the
visible deflection. The total picture width with 161/, cycles of 5000 c/s corres-
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Application for expanding the display of 50 cls phenomena

ponds to a period of time of about 8.3 ms, that is to say a sixth of the whole
eycle (20ms) of a normal 50 c/s deflection. ’

In step III (oscillogram ¢), 7%/, cycles are obtained, representing 1.6 ms and
thus one thirteenth of the whole deflection cycle. The final oscillogram in f
(step IV) represents the greatest enlargement of signal possible with this
apparatus. With four cycles of 5000c/s on the screen, the whole width of the
display corresponds to a time of only 0.8 ms and thus to a section of one
twenty-fifth of the total trace with normal 50 ¢/s deflection. In other words the
signal has been expanded by twentyfive along the time axis as compared
with the picture of a whole cycle.

“Application for expanding the display of 50 c¢/s phenomena.

The oscillograms in fig. 22-5¢, d, ¢ and freproduce the four steps of expansion
obtainable with this simple unit for the normal oscillograms shown in 22-5a
and b. The waveform in question represents the voltage on a load with
strong inductive components in the circuit of a mercury vapour rectifier.
As can be seen from a, the waveform is fundamentally that of a half-wave
rectified voltage, except that it begins with a very steep rise. Examining the
single cycle shown in b one might well assume that it was a matter of a simple
‘voltage peak with no oscillations in it. Absolute certainty and a clear insight
into the details of the peak can only be obtained by considerably greater
expansion of the signal along the time axis. To get the interesting part into
the centre of the screen—e and f—it was necessary to adjust the phase of
the time base voltage. To provide a time scale, the pattern of a 1000 c/s
alternating voltage was recorded at the same time and can be seen below
the oscillogram in f.

Tt now becomes quite clear that an oscillatory phenomenon lay concealed in
this “peak’”. The frequency of the oscillation can be calculated fairly accura-
tely from the time scale at 85,000 c/s, that s, the 700th harmonic of the funda-
mental. (This oscillation also remained stationary on the screen.)

Application in television pulse technique. ‘

In fig. 22-6 the form of the frame sync pulse from Philips’ small television
signal generator GM 2887C is displayed for examination, with particular
reference to the vertical blanking. Fig. 22—-6a shows in the usual way two pulse
trains at a time base frequency of 25 c/s and in b one pulse train is shown on
a linear time base of 50 c/s. The oscillograms in ¢, d and e represent expan-
sions in steps I, IT and III respectively. In e it is already possible to perceive
the “content” of the frame blanking pulse with the line sync pulses and the
width of the frame sync pulse proper. The pattern only just includes the
whole width of the frame blanking. As a result of the great expansion in
step IV the whole picture is filled out by about 15 to 16 line pulses, so that
still further details are made visible. To investigate the entire frame blanking,
it is necessary to proceed in sections by shifting the phase. A number of
such sections of the pulse train are joined together in fig. 22-7 in such a way
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Simple time base expansion unit 22

Fig. 22-6 Composite signal from Philips television

signal generator GM 2887 C with vertical blan-

king: a) time base 25 c/s; b) time base 50 cfs;

¢), d), and e) expanded time base in steps I, 1T
and III.

as to produce a complete oscillogram of the whole of the frame blanking.
(Its total width corresponds to somewhat more than three separate re-
cordings.) ;

At the beginning and end of this oscillogram a numniber of line pulses are visible
with “picture content”. This consists here of a rectangular voltage, which
supplies 6!/, vertical bar pulses in the television picture. Four such ‘“lines”’
are reproduced, optically magnified, in fig. 22-8a and, for the sake of compar-
ison, fig. 22-8b shows the usual oscillogram of two lines with the same con-
tent. Since, in the small signal generator, the line frequency is not coupled
with the frame frequency, the line pulses drift for the most part over the
screen. To record them photographically, therefore, a moment had to be
chosen when they had become stationary. Fig. 22-9 reproduces (step IV
expansions joined together in the same way) the pulse pattern of the test

(5 IEE S W TOK 0. U 0- WS- WE L. I N YR WU L WE W
o IR

Fig. 22-7 The whole vertical blanking pulse from the GM 2887 C, expanded in step IV.
Several recordings, with different phase of time base voltage, joined together.

transmission from West Berlin (see fig. 15-88). The voltage was taken from
the video output of Philips’ table receiver “TD1410 U” (In this case the ratio
of amplitude of the sync pulses to video content is not according to standard.)
Since the time base frequency is 50 ¢/s, and thus corresponds to the vertical
frequency, whereas the transmitter is sending out pulses for the line interlace,
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Displaying the pulse sequences of both fields of a television frame

both fields of the frame, with their line
pulses phase-shifted by 180°, are obtained
one above the other. The sequence of the
line pulses appears at half pulse spacing. 2
This can be recognized from the fact that -
the oscillogram of the line pulses is not, as
in fig. 22-7, open underneath, butis in each b
case covered over at the height of the
blanking level. The equalizings are clearly
perceptible in the standard composite signal; Fig. 22-8 Line pulse from the
their edges appear a little brighter than GM 2887 C, as in oscillogram

the line pulses themselves. 22-7: a) enlarged section of line
pulse before blanking pulse;

. ) b) normal oscillogram of two
Displaying the pulse sequences of both lines with the same ““bar’ modu-

fields of a television frame. lation as in a.

In ovder to build the simplest possible unit,

one which would work without a DC supply section, the time base frequency
was limited, as emphasized at the outset, to the mains frequency. In conse-
quence of this, however, the two fields of the television frame overlap since,
of course, they occur at 50 c/s. They can be displayed separately by periodi-
cally switching over the time base, with the aid of a rectangular voltage,
to two different heights on the screen (similar to the action of an electronic

switch).

SILITYIYLIILILLELILERR ORONY
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Fig. 22-9, Blanking pulse from west Berlin television transmitter.

If the switching frequency is accurately set to 25 cfs, then one field will be
traced at a higher level during the one half cycle of the switching frequency
and the other field lower during the other half cycle.

This is the manner in which the Philips time base expansion unit GM 4584
works, described on page 77. '

Further oscillograms obtained using the unit described in the present chapter
are to be found in chapter 15, “Investigations on television receivers”.

325




CONCLUSION

The cathode ray oscilloscope is finding steadily increasing application in all
branches of engineering and has become an indispensable tool in workshop
and laboratory alike. Nevertheless, experience repeatedly confirms that the
great variety of uses to which this versatile measuring apparatus can be put
are only seldom fully realized and exploited. More often than not its applica-
tion is restricted to a small number of tasks for which the oscilloscope is, in
any case, the only solution.

With this in mind, the author has devoted considerable space to practical
examples, particularly to measurements on television receivers, showing how
the use of time base generators for extreme expansion of the display enables far
more details of a signal to be observed than is possible with anormal oscillogram.
The various ways in which the oscilloscope is able to solve a given problem
of measurement have been discussed in detail, and special attention has been
devoted in each case to the methods of interpreting and evaluating the results.
The reader will find reference to further possibilities and special measurements
in the bibliography to the individual chapters.

The measurements described deal mainly with investigations of electrical
phenomena. It has been stressed, however, that the oscilloscope is just as
capable of displaying information on any other phenomenon or change of
condition. To this end, all that is needed is to generate, by means of a suit-
able transducer, a voltage proportional to the phenomenon in question and
to feed it to the cathode ray oscilloscope. It is possible in this way to effect
considerable improvements on older, familiar methods of measurement and,
what is more, to establish new processes of investigation far more revealing
and instructive than ever before. '

It is the author’s hope that this book will not only make its own modest
contribution to a more extensive use of the cathode ray oscilloscope in electrical
engineering, where it is at home, but will also act as a stimulus to its wider
application in other fields of technology and science.
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Mid-frequency —, 101
Relative —, 87, 97, 100, 110
Voltage —, 84
Gas triode, 41
Generating pulses from a sine wave, 178
Glow-tube
Phase measurement by means of — circuit,
184
— Relaxation oscillator, 39
Grid, 7
- coupling condensor, 86
— network, 93, 98
- resistor, 86
— voltage, 27, 42, 121, 307

H

Half-wave rectification, 29
Distortion of the voltage curve of a half-
wave rectified AC voltage, 94
Phase measurement with half-wave recti-
fied sinusoidal voltages, 195
“Hard”-valve circuits, 53
Harmonics, 82, 92, 139, 168
Hartley oscillator, 75
Horizontal deflection, 18, 86, 285, 311
— amplifier, 41, 81, 313
HT-supply, 31
Hum
Distortion and — in feedback circuits, 114
Hysteresis loops, 165

I
Ignition
— characteristic, 42
— current of flash-bulbs, 268
— factor, 43
Impedance
Characteristic —, 276
Input —, 122
— measurements, 154, 160
— measurements by voltage comparison,
163
— of the anode circuit, 100

Output —, 122
— transformation, 122
Incandescent bulbs (switching phenomena),
239
Incandescent lamps, 233
Integration, 198, 249, 263
— network, 165

Intensity modulation, 167

Synchronous —, 169
Tonizing potential, 43

L

Leak resistors, 18, 067, 152, 285
Limiting values (CRT), 24
Line
— deflection generator, 247
— frequency, 243
Selected — of T.V. picture, 258
— signals, 79
— synchronizing pulses, 256
Linearity of the display, 142, 144
Linearizing
— by making use of the curved Vg/Ia
characteristic of an amplifying valve,
51
Further circuits for — the sawtooth sweep,
51
— the sawtooth voltage by means of a
cathode-follower with feedback, 52
— with a pentode, 45
Lissajous figures, 179, 206, 229
Load due to deflection plates, 17
Luminous flux, 233

M

Magnetic interference, 85
Mains transformer, 5, 35

~ Measurement

Absolute frequency —, 225
Capacitance —, 155
Complex impedances —, 160
DC voltage —, 147
Frequency —, 194
Impedance —, 154
- on television receivers, 241
Phase —, 175
Power —, 155
Simple amplitude —, 141
Measuring “between-lens” shutters, 260
Measuring the travel time in four-terminal
networks, 274
Measuring technique
General —, 133
Miller-transitron circuit, 64, 77, 311
Modulation
Anode-voltage —, 203
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Intensity -, 79, 183, 208, 221

The uses of intensity —, 167
Multiple oscillograms, 175
Multivibrators, 58, 73, 176, 247

N

Networks, 103, 185

RC or CR -, 69, 183
Non-linearity (of the time base), 40, 44, 67
Null indicator,

The oscilloscope as —in AC bridge circuits,

156
(0]
Opening time of “between-lens’ shutters,
260, 271

Operating characteristics (CRT), 24
Oscillation,
Damped —, 74, 265
Oscillogram
Expanded —~ by pulse triggering, 76, 79,
245
— of blocking oscillator circuit, 61
multiple -, 175, 287
~ of cathode-coupled multivibrator, 55
— of thyratron time base, 46
— of triple pentode circuit, 56
~ of unbalanced voltage on balanced X-
plates, 16
Three-dimensional —, 174, 229
Oscilloscope
— forinvestigations on television receivers,
242
GM 3156, 239, 266
GM 5653, 4, 31, 56, 103
GM 5654, 33, 146
GM 5655, 60, 125
GM 5659, 57, 126
GM 5660, 85, 78, 143, 151, 257, 275
Small —, 283
Special duty — FTO-2, 290
Stroboscope —, 174
Taking the — into service, 185
The Cathode Ray —, 3
Output voltage requirements (amplifiers),
115
Overshoot, 104, 108

P

Pattern
(television) test —, 243
Penetration factor, 42
Persistance of the screens, 21
Phase
— angle, 90
— changes, 78
Checking ~ equality in machines con-
nected in parallel, 215
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— delay time, 89
Determining the sign of the — angle, 182
— distortion, 82
~— inversion, 56, 73, 312
— measurements, 175 — 197
— shift, 83, 97
— shift at the lower frequency limit, 89, 9¢
- shift at the upper frequency limit, 101
Phosphorescence, 22
Photocell, 233, 239, 266
“Photoflux” flash-bulbs, 268, 271
Photographic recording, 22, 268, 315
Picture
— height, 187
— tube (T.¥.), 244, 256
— width, 187
Post-acceleration, 5
— tubes, 23
Potential
extinction —, 39
ignition —, 89
Sticking —, 20
Power
— measurement, 155
— supply, 26, 288, 303
- circuit GM 4188, 30
— electronically stabilized, 31, 33
Practical examples, 231
Probe, 4, 78, 80, 128, 242
Projection of the oscillographic image, 23
Propagation time, 275
Puise train, 245, 261
Pulsed voltages
Measuring the travel time and investiga-~
ting line matching conditions with —,
274

R

Reading
Direct — of bridge unbalance, 160
direct —of the power factor of a condenser,
162
— of the display, 141
Recording (photographic) of oscillograms,
22

Rectangular voltage

~ for phase measurement, 189
Rectifier (EHT), 27

- (HT), 31
Repetition-frequency, 276
Resistance

Anode -, 86, 116

Internal — in negative feedback ampli-

fiers, 114

Resistance-capacitance filter, 29
Ringing circuit, 74
Rise-time, 107, 276
Rotating trace

Null indication with —, 160



Index

S

Sawtooth generator, 86, 38
Sawtooth generator for pulse modulation, 72
Scale
— for direct reading of cos ¢, 182
— for phase measurement, 181
Scales
floodlit —, 143, 814
Screen
Spectral energy distribution of —, 20
The fluorescent —, 19
Screen grid voltage, 45, 97
“Scopix”-film, 22
Sensitivity
Deflection —, 12
Shaper, 140
Shielding the CRT, 85
Shift-voltage, 84, 285, 305
Determining the voltage amplitudes by
vertical displacement of the pattern
and measuring the —, 150 ’
Shutter
Between — lens camera —, 169, 260
Sine wave
Measuring the phase difference with a
bent ~, 184
Slope (mutual conductance), 84
Sorting — core plates, 164
Speed
— of the deflection —, 68
Spiral shape trace, 265
Spot diameter
Limiting effect of — on frequency of the
time base, 68
Spot (on the screen), 8
Square-wave generator, 105, 263, 275
Square waves
- for measuring phase shift, 189
The use of — for assessing the properties
of electrical transmission systems, 196
Stabilization
Electronic (EHT) —, 33
Electronic (HT) —, 81
Stroboscope oscilloscope, 174
Supply, power, 26
Extra high tension —, 27
High tension —, 31
Synchronization
Flywheel ~ (T.V. receiver), 247
— of time base circuits, 50, 138, 286, 312
Over -, 138
- separator (T.V.), 245
Synchronizer
Investigations on flash-bulb —, 271

T
Television
— pulse oscillogram, 79, 245, 256, 325
- signal-generator GM 2657, 80

Television receivers
Investigations on —, 241 — 251
Three-dimensional oscillograms, 174
Time
— axis, 36
— calibration, 75
- constant, 89, 95, 192
— delay, 88, 275
Flyback —, 47
— marking, 167
— scale, 170
Time base
Anode voltage ripple in the — generator,
67
— circuit characteristics, 67
— circuits using a gas triode, 41
— circuit with thyratron triode, 49
— expansion, 75, 187, 189, 245, 255, 819
— expansion unit, 77
— expansion unit GM 4584, 77, 251, 325
Generation of the — voltage, 38
— generator, 86, 53, 811
— generators for extreme expansion of the
display, 71
Horizontal deflection for the —, 86
Load on the — generator and linearity, 66
Maximum — frequency and thyratron
load, 49
Special purpose —, 70
The necessary amplitude of the — voltage,
41
- velocity, 68, 79
— voltage screening, 65
— with a pentode for controlling charging
current, 45
Time base deflection
Single stroke —, 266, 313
Thyratron, 42, 285
— relaxation oscillator, 44
T-network, 77, 204, 264
Tolerance
Scale for reading off —, 162
Trace ‘
— brightening, 167, 318
— for null indication, 156
Rotating — for phase measurement, 188
Voltage comparison with rotating —, 163
Transfer function, 87
Transformer, 27, 33, 284, 815
Transients
Single —, 70
Transistron Miller circuit, 62, 311
Transit time, 83
Influence of electron — on deflection sensi-
tivity, 18
Trapezium distortion, 16
Compensating for -, 17
Travel time
Measuring the —, 274
Triangular voltages, 263

337




Index

Triggering Determining the — amplitudes by vertical
Periodic —, 71, 258 displacement, 151
— pulse, 72 ignition -, 39
Triple-pentode circuit (time base), 56 Influence of E.H.T. anode - ripple, 28
Triple-triode cirenit (time base), 57 — tripler, 251
Tripler,
Voltage —, 251 W
: Wehnelt cylinder, 7
u Width
Unit function response, curve of an ampli- Half amplitude -, 105
fier, 107 ) Wiring capacitance, 289, 308
Writing speed, 23
v
Valves =
Special — for wide-band ampliflers, 101 X-contact, 268
Velocity of sweep voltage, 68 X-deflection, 13, 36, 142, 286, 313
— of the sweep deflection, 68
Vertical v

— blanking pulse, 79

— deflection amplifier, 81, 286, 291, 306 Y-deflection, 18, 86, 286, 306
Video

— signal, detector, amplifier, 242 7
Voltage

De-ionizing -, 89 Z-axis, 167
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PHILIPS TECHNICAL LIBRARY

Philips’ Technical Library comprises 4 series of books:

a. Electronic Valves
b. Light and Lighting
¢. Miscellaneous

d. Popular series

Series a, b and ¢ in cloth binding 6” x 97, gilt. The dimensions of the popular
series, coloured * ‘integral” binding, are 53 x 81”.

Most of these books are published in 4 languages English, French, German and
Dutch.

a. Series on ELECTRONIC TUBES

Book I  “Fundamentals of Radio-Valve Technique”, by J. Deketh

Book  II  “Data and Circuits of Receiver and Amplifier Valves”

Book TIII “Data and Circuits of Receiver and Amplifier Valves”’, 1st Suppl.

Book IITA ““Data and Circuits of Receiver and Amplifier Valves”, 2nd Suppl.,

) by N. S. Markus and J. Otte

Book  IIIB. “Data and Circuits of Receiver and Amplifier Valves”, 3rd Suppl., by
N. S. Markus and J. Vink

Book IIIC “Data and Circuits of Television Receiving Valves”, by J. Jager

Book IV ‘Apphcatlon of the Electronic Valve in Radio Receivers and Am-
plifiers”, Volume I, by B. G. Dammers, J. Haantjes, J. Otte and H.
van Suchtelen

Book V  Ditto, Volume 2

Book VII “‘Transmitting Valves’’, by P. J. Heyboer and P. Zijlstra

Book VIIIA “Television Receiver Design”” 1, by A. G. W. Uitjens

Book VIIIB “Television Receiver Design’ 2, by P. A. Neeteson

Book IX = “Electronic Valves in Pulse Technique” by P. A. Neeteson

Book X “Analysis of bistable Multivibrator Operation’’, by P. A. Neeteson

Book XI  “U.H.F. Tubes for communication and Measurlng Equipment”’

Book XII  “Tubes for Computers’”’

Book XIITI “Industrial Rectifying Tubes”

Book IIIB and XIII are in active preparation.

b. Series “LIGHT AND LIGHTING”

“Physical Aspects of Colour”’, by P. J. Bouma

“Gas Discharge Lamps”’, by J. Funke and P. J. Oranje

“Fluorescent Lighting”’, by Prof. C. Zwikker c.s.

“Artiﬁcal Light and Architecture”, by L. C. Kalff (size 77 x 117)
“Artificial Light and Photography”’, by G. D. Rieck and L. H. Verbeek

(size 7”7 x 117)

“Manual for the Illuminating Engineer on Large Size Perfect Diffusors”, by

H. Zijl

“Calculation and Measurement of Light”, by H. A. E. Keitz

“Lighting Practice”’, Volume I, IT and III, by Joh. Jansen

. “INuminating Engineering Course”’, by H. Zijl
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Book 4 in German only. The English edition of book 8 is in preparation.
c. Series “MISCELLANEOQUS”
a. “Television”, by Fr. Kerkhof and W. Werner
b. “Low-Frequency Amplification”, by N. A. J. Voorhoeve
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SIS R AR A

RO IZ

“Metallurgy and Construction”, by E. M. H. Lips

. “‘Strain Gauges”, by Prof. J. J. Koch

“Introduction to the study of Mechanical Vibrations”’, by G. W. v. Santen
“Data for X-Ray Analysis”, I, by W. Parrish and B. W. Irwin (size 8.2” X
11.6”), paper bound

“Data for X-Ray Analysis” II, by W. Parrish, M. G. Ekstein and B. W. Irwin
(size 8.2” x 11.6”), paper bound

“X-Rays in Dental Practice”, by G. H. Hepple

“Industrial Electronics Handbook”, by R. Kretzmann

“Introduction to TV-Servicing”’ by H. L. Swaluw and J. v. d. Woerd
“From the Electron to the Superhet”, by J. Otte, Ph. F. Salverda and C. J.
van Willigen

“How Television works’’ by W. A. Holm

. “The Cathode Ray Oscilloscope” by J. Czech
. “Industrial Electronics Circuits” by R. Kretzmann

“Medical X-Ray Technique” by G. J. van der Plaats and L. Penning
“Electrical Discharges in Gases’” by F. M. Penning
“Tube Selection Guide compiled” by Th. J. Kroes

Books I, 0 and P arve in active preparvation.

“POPULAR SERIES”

Our “Popular Series’’ is intended to meet the growing demand for works on tech-
nical subjects written in a way that can be readily understood by the less advanced
reader. Popular as used here does not mean superficial, but intelligible to a wider
public than is catered for by the other more specialized books in Philips Technical

Library.
1. “Remote Control by Radio”’, by A. H. Bruinsma
2. “Electronic Valves for L. F. Amplification”, by E. Rodenhuis
4. “‘Battery Receiving Valves”, by E. Rodenhuis
5. “Germanium Diodes”’, by S. D. Boon
6. “Introduction to the Cathode Ray Oscilloscope”’, by Harley Carter
7. “From Microphone to Ear”’, by G. Slot
8. “Valves for A. F. Amplifiers”’, by E. Rodenhuis
9. “Robot Circuits”, by A. H. Bruinsma

Books 4 and 9 are in preparation.

PHILIPS JOURNALS
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- 840

. Philips Technical Review

Philips Research Reports
Philips Telecommunication Review

. Philips Serving Science and Industry

Medicamundi
Electronic Applications



