aias vime
Wiy
L

L= N
= ~
H H i ~
H H o= =
H i &R k)
. 3 : o S w3
i 2 £ A — o
: i : : SR8
H | o g
H ! P N
- o <
: 5 DG PO
3 B S S
i z EH == R
i (8 S S T2
B sE £ R Pl
R £ b 2L
i °f o =D
§oE. = = L=
3 -3 e~ ‘
i ] =
] T
% O ow
i S
oo PR
= S
ey v fee 5=
W w @ NS ==
,ww?wg o ~ T ~e
- 0] i S
. [ o o
8] P o
c = o=
i £ =1 >~ 2
) < R
%WM - S =
£ =
G A = _—
ol = = R g
+ o) SR ha
P . il -
> X g
3 o =2, 2=
i % ) = =~. =
A e — TR T SN
Q) ! -i < EXR
Wy > T TR e
o Q TR
s — Zoel
L TN S
SRR T e
~ e R
e e
e
R~
—eS DS
=S el
NI w3
R~ ~
oD N e
Tt .7“”/..
=
R~ D
<=~ 3
el N~
o S~
~ 2o =
TES o F
~Imoo o=
R
LT R T ey
s
=< s
s —

TYPE 3110




One of the desirable and potentially more
useful features of a general purpose con-
ventional oscilloscope is its ability to dis-
play, however momentarily, erratic events.
Unfortunately, the conventional oscilloscope
cannot always present these events in a
conveniently-observed
veniently display  information for visual
observation, measurement, and analysis, the
conventional oscilloscope requires events that
recur in identical form many times per
second. Given these conditions, the display
will be a hright and steady trace. Erratic
events are not always so accommodating
so as to repeat themselves indefinitely and
allow the observer to revise or complete
his cstimates.

manner. To con-

So in a conventional oscilloscope, the
ability to display erratic events and the
ability to present them in a conveniently
observed manner are not alwayvs compatible.

A principal purpose for a high-speed
storage system in a general-purpose oscil-
loscope, then, is to bring display conven-
ienice into greater agreement with display
capabilities, preserving the unexpected wave-
form for as long as may he required fo
note down its significant characteristics and
dimenstions—or long enough to find a cam-
era, requisition some film, and make a per-
manent photographic record.

For the most part, the purposes of a
storage oscilloscope can be served by a con-
ventional oscilloscope, a camera, and film—
lots of film. The usefulness of a storage
oscilloscope, then, is primarily one of de-
gree rathier than one of kind; one of con-
venience rather than one of unique capa-
bility. Even so, anyone who has attempted
to photo-record carefully-prepared multiple-
exposure of an elaborate series of wave-
forms, only to find that he'd already used
the last exposure on his roll of film, neceds
no reminder that even a small improvement
in the degree of assurance that critical data
to be recorded las been recorded can be of
considerable value.

In the notes below, we have outlined
some of the ways in which the storage
feature can be put to work in obtaining
more  useful and convenient oscilloscope
displays for viewing or for simplified wave-
form photography.

GENERAL APPLICATION AREAS

The three primary uses for storage in a
general-purpose oscilloscope are:

(1) To retain waveforms of single events
which cannot be repeated—or which, if re-
peated, may change significantly with each
repetition.

(2) To allow direct comparison by simul-
taneous display of events happening at
different times, or of related repetitive
events observed at various different points
in a system or by means of different trans-
ducers.

(3) To retain information from very
slow-moving traces—such as those from
low repetition-rate sampling systems or
high-resolution  spectrum  analvzers—until
the entire display may be observed.

SPECIFIC APPLICATION AREAS
Nonrepetitive Fvents

Recording of random transients is the
most familiar application in this area, since
the storage oscilloscope may be left un-
attended for extended periods waiting to he
triggered from an intermittent or random
event. \Within this category of applications
are also destructive testing or testing to
near vield-limits where repeated testing may
change the characteristics of the device un-
der test, and measurements of phenomena
where a number of “mis-fires” may be
expected before a satisfactory (e.g., worst-
case) waveform may be obtained. Much
testing in the mechanical and clectro-
mechanical fields falls into the non-repeti-
tive area.

1. Transistor Beta Characteristic Above
Power Rating

Using an operational amplifier to dif-
ferentiate the collector output waveform of
a grounded-emitter transistor driven by a
linear ramp of current provides an output
voltage proportional to the low-frequency
AC beta of the transistor for a given col-
lector load resistor. Plotting dV./dt against
Ve gives a continuous plot of beta varia-
tion along the given load-line from cutoff
to saturation if a sufficiently large base-
current ramp is available’. Plotting dV./dt
against 1y gives a direct indication of large-
signal output linearity over the range en-
compassed by the current ramp.

Combining this measurement technique
with the capability of completing and pre-
serving a useful digplay in less than a milli-
second on a storage oscilloscope permits
convenient determination of characteristics
at many times the nominal maximum steady-
state  collector-dissipation rating of the
transistor, and  without significant shifts
in beta due to large changes in junction
temperature.

A simple circuit configuration providing
a linear base-current ramp of up to 5mA
peak for NPN transistors is shown in
Fig. 1. For low-beta or high-power tran-

Vee

Bk
Ce
Ay
R
Yob Vi
—L i P o= XP
SWEER ) = e
Saw- u c T
TO0TH by n
= i — v
= = 15> T0
HORIZ,
10
+UGATE e
GRID

Fig. 1. Test circuit for plotting /8 vs g, V. for
NPN tronsistor. Differentiation V. when . is
a linear ramp produces a voltage proportional
to /8 Capacitor C. (=0.01 C) corrects for

overshoot in differentiator.

sistors, a power amplifier or external ramp
source is required to obtain the necessary
lincarity; for PNP types, an inverting
amplifier with output voltage swing capa-
bilities Ve must be used to provide the
base-drive current ramp.

Direct calibration of the oscilloscope ver-
tical amplifier in terms of beta per centi-
meter 1s as follows:

(Volts/em) (Res)

B/em = (R) (RC)H (Ramp dV/db)

Res 1s the constant-current series resistor
in the base drive circuit. Ramp dV/dt may
be measured at the Vi test point using the
internal time-base display. R¢ is the col-
lector load resistance, and R; and C; are
the differentiating components of the oper-
ational amplifier. A quick check of calibra-
tion may be obtained by removing the tran-
sistor and shorting together the base and
collector terminals of the socket. A beta
of —1 should be indicated in the display.

Figure 2 shows beta variation of a Type
2N1308 150 m\W germanium transistor for
a 50-2 load line and a V. of 20V, Peak
dissipation is 2 W at 1. 200mV, V. 10V,

Using this circuit, families of curves
for a given transistor may be displayed on
the storage oscilloscope for (a) various
collector load values (changing V/em or
R; with R¢ to hold the B/cm value con-
stant), (b) various Ve values, or (¢) vari-
ous temperature values, using external
heating and monitoring equipment and trig-
gering a single display as the temperature
passes through cach desired point. This type
of application properly belongs to the second
category below, direct comparison of events
happening at different times. A waveform
photograph illustrating (b) is shown in
application 4.



Fig. 2. Plot of 18 for 2N1308 transistor versus
Ve, 1c far Voo = 20V, R == 508, Vi 0 —
120V, Rey 24 k. Vertical calibration (IB) 100/

cm; horizontal, 2 V/¢m, 40 mA/cm. Peak /;,)
of 600 is close to avolanche region for tran-
sistor.  {Type 549 Oscilloscope, Type O Plug-
In.)

2. Transformer Inrush Current and FEf-
fects on Switches

A major cause of AC power-switch fail-
ures in transformer-powered equipment is
the so-called inrush current occurring dur-
ing turn-on. A combination of four con-
ditions establishes the magnitude of peak
inrush current for a given turn-on: (a) the
hysteresis of the transformer core material,
(b) the phase angle of the AC power
source at the instant of last turn-off, (c)
the phase angle of the power source at the
instant of turn-on and (d) the impedance of
the input power loop, including the DC re-
sistance of the transformer primary. In
the worst case, inrush current amounts o
essentially the peak power-line voltage
divided by the DC resistance of the trans-
former primary circuit.

Where inrush currents alone are to be
routinely measured, test-sets employing sili-
con controlled rectifiers and power diodes
provide a means of providing a worst-case
condition for each turn-on.

Where the frequency of usage does not
justify specialized test equipment, or where
the effects of inrush currents on the switch
itself during the closure process are to be
cvaluated, the storage oscilloscope (with a
suitable differential input amplifier and
probe arrangement) permits observation of
hundreds of turn-ons with minimum incon-
venience or film waste, but with full as-
surance that permanent records may be
kept of any turn-on waveform containing
information of value.

Figures 3 and 4 show the test circuit for
measurement of inrush current, and a typi-

cal waveform obtained by these means. A
current transformer used instead of probes
and a resistive shunt would allow use of a
single-ended oscilloscope input. But the low-
frequency response requirements to repro-
duce accurately the current waveforms of
a transformer in a ftypical capacitor-input
semiconductor power supply—for example—
having a very small conducting angle and
virtually no load for a large part of the
cycle, are sometimes difficult to achieve and
verify in a current transformer that will
also give adequate indication of momentary
peak currents in the 50 to 100 ampere re-
gion.
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Fig. 3. Observation of inrush current using
high-speed storage oscilloscope with differential
input and differential probes. Ri, P;, P. may be
replaced with suitable wideband current trans-
former.

Y e
NANANANANNA
Fig. 4. Inrush current in nominal 120V, 240 W
system

(upper trace) compared with current
Vertical: 10 A/cm;
Horizontal, 10 ms/cm. (Type 549 Oscilloscope,
Type W Preamplifier.)

waveform after warmup.

Figures 5 and 6 show the test circuit and
typical results in measuring the potential
drop across a switch in the process of clos-
ing a 60-Hz transformer primary circuit.

The display is obtained by triggering the
oscilloscope from the inrush current signal.
Good overload recovery characteristics in
the input amplifier are essential for this
measurement, as the full line voltage is im-
pressed across the probes until the switch
has closed.

DEVICE
e UNDER
TEST

Fig. 5. Observation of switch closure character-
istic during inrush. Current transformer 1:50:50

provides trigger for either polority inrush.

Switching ‘“'taw’” side of line makes amplifier

requirements less critical.
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Fig. 6. Potential across switch contacts during

inrush {upper trace} and after warmup. Ver-
tical, 200 mV/cm; horizontal, 10 ms/cm. (Type
549 Oscilloscope, Type W Preamplifier.)

Direct Comparison of FEuvents Happening
at Different Tines

Multiple-beam and multiple-trace oscillo-
scopes are designed to facilitate the direct
comparison of events happening at the same,
or very nearly the same time. The storage
oscilloscope extends this capability to events
happening at quite different times or at test
points that are not conveniently close to-
gether.

3. Speech Therapy for the Deaf

A microphone, a storage oscilloscope, and
suitable filters emphasizing the significant
parts of word and syllable waveforms allow
the student to practice vowels, syllables or
words, with direct visual comparison of the
subtle harmonic phase shifts which convey
speech intelligence, against his instructor’s
standard waveform stored on the screen.
The split storage target permits continuous
trial-and-error operation on one half of the
screen without losing the reference wave-
form on the other.



Fig. 7. Stored single-sweep waveforms of speech

sounds aid in speech therapy. Upper trace:
the word “reed’’. Lower trace: the word “‘red',
Release of the "'d"’ sound is offscreen io the
right. Waveforms are somewhat distorted due
to poar room ocoustics. Sweep, 30 ms/cm.
(Type 564 storage oscilloscope, Type 3A3

vertical amplifier set for 5 kHz bandwidth,)

In Figure 7, waveforms representing the
£ o
pronunciation of the words “reed” and “red”
are compared, using a 3-kHz bandpass filter.
More elaborate normalizing systems may be
o - &
emploved in actual therapy work.

4. Comparing the Effects of Circuit Ad-

Justments

A record of the ecffects of a series of
adjustments or substitutions is often of
value in circuit or component work. An
iustration (Fig. 8) is the effect of chang-
ing collector supply voltage V. in applica-
tion 1, showing the bheta range for a given
collector load resistance for four

of Ve

values

Fig. 8. Comporison of waveforms under vari-
ant operating conditions. Type 2N1308 tron-
sistor beta vs V., l. as in Figs. 1 and 2, but
V.. of 20, 15, 10 and 5 V. Vertical calibra-
tian (/J)), 100/cm.

Preservation of Complete Slow Displavs

The problem of retrieving data from os-
cilloscope displays of slow-rate information
can result in loss of information either be-
cause the beginning of the slow trace is
forgotten when the display is finished, or
the display 1s deliberately completed at a
faster than optimum rate, resulting in loss

of information in the display itself.

5. Sampling System at Low Signal Repe-
tition Raies

Fig. 9. Use of storage oscilloscope and manuol

scan feature of sampling system to obfain op-
timized dot density where needed. Upper irace,
10 dots/cm. Lower irace, manual scan, Fill-in
required obout 10 seconds with 100 Hz sam-
pling rate, but provided same detail as >1000
dots/cm requiring >>1.5 minute sweep. {Type
564 oscilloscope, Type 3777 time bose.)

The upper trace of Fig., 9 illustrates a
case of possible information loss when a
sampling oscilloscope dot density setting is
insuificient to resolve all the significant
data. In this particular case, the signal rep-
ctition rate was 100 Hz, completing the dis-
play shown (100 samples) in 1 second, but
with a serious loss of information in the
leading edge which occurred “between dots”,
so to speak. The alternative of increasing
dot density to 1000 dots/em to obtain the
necessary resolution would have required
over 1.5 minutes to complete the display.

The problem was solved in the lower trace
by storing the low dot-density trace, and
then using the manual scan of the sampling
system to increase dot density only at the
points where needed, completing the display
in minimurn time, and revealing the 70%
overshoot which was hidden in the first
trace. Whether with manual scan or in-
ternally-controlled high dot-density, the stor-
age oscilloscope facilitates retrieval of high-
resolution waveform information even from
very slow-repetition-rate events from sam-
pling systems.

6. High Resolution Displays {rom Spec-
triom Analysers

The maximum sensitivity and resolution
of a spectrum analyzer are achieved only
when the dispersion (frequency sweep)
di/dt is made to be very small. For normal
viewing, in order to obtain a useful repeti-
tive display, it’s usually necessary cither to
confine the dispersion to a very narrow
value, or keep the resolution low in order
to maintain  reasonable sensitivity and a
usable display repetition rate.

HEENREER
F O O o

Fig. 10. Effecis of df/dt on high-resolution

spectrum analysis. Dispersion of 10 kHz, reso-

fution 1 kHz. Sweep rates are: Upper irace,
20 ms/cm {50 kHz/s)}; middle trace, 200 ms/
em {5 kHz/s); lower trace, 2 s/cm (500 Hz/s).
Signat is second harmonic of 5 MHz carrier
moduiated by 1 kHz squarewave (Type 549
Qscilloscope, Type LI0A/TLI0 Plug-in Spec-
trum Analyzer).

Figure 10 illustrates the effect of di/dt
sweep rate on sensitivity and resolution in
a representative spectrum analyzer applica-
tion. Observing the second harmonic of a
5-MHz carrier modulated by a 1-kHz
squarewave, a sweep of 10kHz in 200 ms
with a nominal 1-kHz resolution (top trace)
produces only a hint of the signal and pos-
sible sidebands. Holding the same disper-
sion and resolution but reducing the sweep
rate to 200 ms/ecm (5 kHz/s) begins to re-
veal the true nature of the signal. In the
bottom trace, reducing the sweep to 500
Hz/s provides sufficient resolution to iden-
tify the modulating signal as a squarewave.
Time required to complete this 10kHz
sweep was 20s. The advantage of the stor-
age tube in preserving the entire display
hecomes evident.

SUMMARY

Applications making best use of the capa-
bilities of a storage oscilloscope are those
involving (a) non-recurrent waveforms,
(b) comparison of waveforms of non-
simultaneous events and (c¢) displays requir-
ing several seconds for completion. Within
the writing speed limitations of the instru-
ment used, the storage feature may be
used as a substitute for, or as an aid to,
oscilloscope photography. Representative ap-
plications in these areas are: plotting tran-
sistor beta above nominal power rating;
measurement of transformer inrush current
and its effect on power switches; compari-
son of human speech waveforms; and im-
proving resolution of sampling oscilloscope
and spectrum analyzer displays.

Photographic Note: Waveform photo-
graphs reproduced here were taken with
Polaroid® No. 47 film, using an exposure
of 1/5s at {/3.6, except Figs. 7 and 9, which
were taken at 1/2s, {/11.

Tohm V. McMillin, “Simple Curve-Tracer
Displays Transistor Beta” FElectronics, Au-
gust 24, 1962,



TYPE 304 STORAGKE
SCOPES
TURIE

OSCILLO-
RIZ \1() ' ERASE FEA-

This modification provides an external
Remote-Erase feature for the Type 564
Storage Oscilloscope.

It installs a circuit assembly which con-
tains  two monostable multivibrators—one
for the Upper display area and one for the
lLower display area. When activated from
either the front panel Erase controls or the
Remote-Source Erase controls these multis
erase their respective display areas. The
Remote-Source IErase control can be any
switch contact that can short a wire from
the Type 364 to ground or any equipment
that can provide a negative-going 3-to-10
volt pulse for the multi of ecach display
area.

The external connections are brought out
to a four-contact connector on the rear of
the Type 564 and a mating connector is in-
cluded to permit attachment of the Remote-
Lrase control.

This modification applies to Type 3564
Storage Oscilloscopes, all serial numbers.
Order through vour local Tektronix Field
Engincer or Field Office. Specify Tek-
tronix part number 040-0352-01.

P310 CATHODE-FOLLOWER PRODBI
-PROBE REPAIR KIT

This modification kit contains the parts
necessary to repair several P510A Cathode-
Follower Probes. The instructions are
divided into sections, so that any individual
portion of the probe can be repaired.

Order through your local Tektronix Field
Office, Field Iingineer, Ficld Representa-
tive or Distributor. Specify Tektronix part
number 040-0287-01.

TYPE 335 TYPE 341 AND
()§('Hl(> OPES—CHOP-
ANSIENT 31 NKING

Installation of this modification supplies
a means of applying a blanking voltage, to
the cathode of the oscilloscope CRT, to
climinate switching transients from the dis-
play. These transients will occur when a
multiple-trace plug-in unit—installed in the
oscilloscope—is  operated in  its  chopped
mode. The blanking voltage is applied hy
activating @ switch installed on the rear
panel of the oscilloscope.

The modification involves the changing of
V78 tube socket to a 9-pin type and adding
a CRT CATHODE SELECTOR switch to
the rear panel. Also, V78, a 6AUG6 vacuum

tube, operating as a Multi-Trace Unit's
Syne  Amplifier in the oscilloscope, is
changed to a 6DJ8. One half of the 6DDJ8
is used as the Sync Amplifier and the other
half is used to generate the blanking volt-
age.

This information applies to Type 531,
Type 335, Type 341, and Type 545 Oscillo-
scopes, serial numbers 101 to 20,000 and to
all Rack Mount instruments in these types
with serial numbers 101 to 1000.

Order from your local Tektronix Field
Office, Field Engincer,
tive or Distributor.

number 040-0403-00.

Field Representa-
Specify Tektronix part

TYPE 332 AND TYPI RM32 ()%( 11.1.0-
SCOPES-SWEREP 1L.OCKOU”

Your Type 532 or Type RM32 Oscillo-
scope can be modified for the study of
one-shot phenomena by installation of this
kit.

The Sweep Lockout feature permits you
to “arm” the sweep to fire on the next
trigger to arrive. After firing once the
sweep is locked out and cannot fire again
until rearmed by pressing the RESET but-
ton.  All original features of the instru-
ment are retained.

Order through vour local Tektronix Field
Office, Field Engineer, Field Representa-
tive or Distributor. Specify Tektronix part

number 040-0147-00.

TYPE

o4
BLE-TO-

OSCILLOSCOPE

33 ~PORTA-
RACKMOUNT

CONVERSION

This modification supplies the necessary
mechanical  components and hardware to
securely rackmount the Type 453 Portable
Oscilloscope.

A special feature of this kit is the Rack-
mount Rear Support assembly. A Type
433 correctly installed as a rackmount and
using the Rear Support assembly will suc-
cessfully withstand an environmental shock
of 30 G's or vibration of 4 G’s. This can
be an important consideration for Type
453's installed in mobile or shipboard units
and in aircraft.

A {rame, assembled from components and
hardware in the modification kit, aliows the
oscilloscope to be mounted in a standard
19" open or closed relay rack, or slide out
tracks,

Order through your local Tektronix Field
Office, Field LEngineer, Field Representa-
tive or Distributor. Specify Tektronix part

number 040-0420-00.

TYPID 320 VECTORSCOPE
FAN MOTOR

QUIET

This modification installs a lower r/min
fan motor assembly to reduce the audio
noise-level of the fan motor assembly. The
new fan motor assembly is a direct re-
placement except for the addition of a motor
capacitor, which requires the drilling of
two 5/36 inch holes in the rear panel of
the Tyvpe 526.

Order through your local Tektronix Field
Office, Field Engineer, Field Representa-
tive or Distributor. Specify Tektronix part
number 040-0412-00.

OSCILLOSCOPE CRADLTE MOUNT

This modification enables the Tektronix
Oscilloscopes listed below to be rack-mount-
ed in a standard 19" relay rack. Required
vertical front-panel space is 17V inches.

The modification 1s applicable to the fol-
lowing oscilloscopes:  Types 524AD, 3531,
532, 541, 545, and 570, serial numbers 5001
and up; also, Types 531A, 533, 5333A, 5354,
336, 1A, 543, 343A, 543B, 544, 545A,
5458, 546, 347, 575, 581, 581A, 385, 385A,
and 661, all serial numbers.

Order through your local Tektronix Field
Office, Field Engineer, Field Representa-
tive or Distributor. Specify Tektronix part

number 040-0287-00.

DC FAN MOTOR FOR
CHLLOSCOPES

ASTED O5-

This modification enables the oscilloscopes
listed below to operate on 50- to 400-cycle
power lines. It installs a DC fan motor,
a thermal time-delay relay, and a DC power
supply relay.

The modification is applicable to the
following instruments:

TYPE SERIAL NUMBER
531A 20001-22073
535A 20001-24349
541A 20001-21454
545A 20001-27729
RM31A 1001-1579
RM35A 1001-1850
RM4TA 1001-1189
RM45A 1001-1892

(Please note: If your instrument has the
DC Relay Modification Kit 040-258 in-
stalled, use Field Modification Kit 040-
0233-00.)

Order through your local Tektronix Field
Office, Field Engineer, Field Representa-
tive or Distributor. Specify Tektronix part
number 040-0231-00.
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and distributors is also available from this facility. In addition, Tekironix has: manufacturing facilities within the
European Economic Community and European Free Trade Association.

ANGOLA
AUSTRIA
BELGIUM
DENMARK
FINLAND

FRANCE

GREECE
ISRAEL

ITALY

LEBANON
The NETHERLANDS

NORWAY
PORTUGAL
REPUBLIC OF

SOUTH AFRICA
SPAIN

SWEDEN

TURKEY

WEST GERMANY

Equipamentos: Tecnicos, Lda;; Caixa Postal 6319, Luanda o oo v Telephone: Luanda 6917
Cable: EQUIPAL Luanda

Inglomark Markowitsch & ‘Co., Mariahilfer Strasse 133, Wien- 15,54 . 2 Telephone ;. 54-75-85-SERIE
Telex: Wien: 1393.. . Cable :"INGLOMARK Wien

Régulation Mesure; SPRI; 22, Rue Saint-Hubert, Bruxelles 150 co0ioiioval i Telephone: 71:.20,20
Telex: 02:21520. . Cable: MEREG ‘Bruxelles

Tage OlsenA.S.. 1, Ronnegade, ‘Copenhagen O oo oo vininiansin Telephone: (01):29.48,00
Telex: 5788, .. Cable: TOCOPEN, Copenhagen

Into O/Y; PO, Box 153,11, Meritullinkatu,  Helsinkiv s oo iinninonnnn v Telephone:. 61133

Cable: INTO, Helsinki

Relations: Techniques’ Intercontinentales, S.A: 134, Avenue de Malakoff, Paris: XV I oooiioiiiaiiiiiing
Telex::25.002: ... :Cable: " RELATEK, Paris:. . Telephone: : PASsy 08-36. & PASsy 43:09
Relations: Techniques Intercontinentales,” S;A: Bureau Regional de:Lyon, 166, Avenue Berthelot, (69). Lyon 7
: Telephone - {78)..72,00.70

Relations Techniques Intercontinentales,” S;A.; Bureau Regional: de Nice, 117 Avenue Valdiletta: (6): Nice
Telephone:(93)84.05.93
Relations Techniques Intercontinentales, S/A;; Bureau Regional de Toulouse, 15, rue Joseph Vie, (31) “Tounlouse
Telephone: (61):42,04.50

Marios Dalleggio ‘Representations, 2, Alopekis ‘Street; ‘Athens 139 S o iinicnilinn Telephone:: 710,669
Cable:"DALMAR Athens
Eastronics: Limited, 75 Haifa"Road, (P.0.:Box21029) Tel- Aviv oo oo iiiiina Telephone : 446060
Telex: 033-638...Cable: EASTRONIX Tel Aviv :
Silverstar Ltd.;: Via: Dei:Gracchi-N20, Milano /0 i i v ool Telephone: ' 469.6551,:2,:3,4, 5

Cable: SILVERSTAR, Milano

Silverstar Ltd:; Via PaisielloN:30," Roma .. Cable: SILVERSTAR, Roma .. Telephone:: 855.366 & 869.009

Silverstar Iitd,, Via  Castelfidardo: N.21 Torino v o vy ol il sy Telephone ::400.75: & '435.27
Cable: :SILVERSTAR, Torino

Projects, P. 0. Box 5281, Beirut J.iiviiiii il Cable: ' PROJECTS Beirut 1. Telephone : 241200

C:N.oRood, N.-V:; 13, Cort van der. Lindenstraat, P, 0. Box 4542, Rijswijk ool oiomininonny
Telex:731238:; . :Cable: ROODHOLLAND G.V.:. s Telephone: The Hague :98.51.53

Morgenstierne & Co.- A/S, Wesselsgt 6, :Oslo 1y vl rorninivamins Telephone; 20-16-35
Telex: 1719 Cable: ' MOROE: Oslo
Equipamentos de Laboratorio Lda, Rue ‘Pedro Nunes 47, Lisboa 150 Telephone:.73.34.36. &73.34.37

Cable::EQUILAB, Lisbhoa
Protea Physical & Nuclear: Instrumentation - (Pty) Ltd.;38, Faraday 'Street, "Wemmer,  Johannesburg .05
Telex: J7337:... Cable: MANLU .. . Telephone :'838-8351

Carlos ‘Rafael Marés,  S.L; Valencia- 333, Barcelona: (9): ol ivi iy Telephone:+257.62,00
Cable: SERAM ‘Barcelona

Carlos Rafael: Marés, S.Li.; Calle Thiza: 70, Madrid i .ol Telex; 7332 ;. Telephone::273.38:15

Erik Ferner,A'B.; Snormakarvagen 35, Box 56, Bromma b oo iriniiinn Telephone ; :08/252870
Telex::10312 . Cable: -'SCIENTRON;, ' Stockholm

Erik Ferner, A:B., Vastra' Annebergsvagen 3H, Partille,Goteborg .01 i, Telephone 031/44 4130

M. Suheyl Erkman, Necatibey Cad No, 207, Galata, Istanbul: v i uii o il Telephone ;441546
Cable: INGMESUER ' Istanbul

Rohde ‘& Schwarz: Vertriebs-GmbH, ‘Hohe :Strasse 1160-168, Koln .. o v Telephone;:23-30-06
Telex 08882917 Cable : - ROHDESCHWARZ Koln

Rohde & Schwarz Handels-GmbH; Ernst-Renter-Platz, 10,:Berlin 100w rioinil Telephone; "34:05-36
Telex::0181636 ... Cable: ROHDESCHWARZ  Berlin

Rohde & Schwarz Vertriebs-GmbH, Kornerstrasse 34, Hamburg: oo vriosionnnn Telephone : 27.41.41
Telex::0213749... . Cable: - ROHDESCHWARZ Hamburg

Rohde & Schwarz : Vertriebs-GmbH, Kriegsstrasse ' 39, Karlsruhe .0 sl iy Telephone; 23.97.7
Telex: 0782730 .. Cable:: ROHDESCHWARZ Karlsruhe

Rohde & Schwarz: Vertriebs-GmbH,: Dachauer Strasse 1109, Miinchen - ooy Telephone.:52.10,41

Telex::0522953.".".Cable : ROHDESCHWARZVERTRIEB Miinchen



Service S cope

USEFUL INFORMATION FOR

USERS OF TEKTRONIX INSTRUMENTS

Tekfronix, Inc.
P.O. Box 500
Beaverton, Oregon, U.S.A. 97005

Frank L, Gre?‘n%rood ot
Department o ranspo e
Te%ecommunicationsg Att C"\'ZO
Room 1217, 3 Temporary B mlding
Ottawa, Ontario, Canada

RETURN REQUESTED





