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INTRODUCTION

The D75 is a dual-trace SOMHz portable oscilloscope designed for operation from an AC mains
supply. It consists of two identical Vertical Amplifiers, and a Sweep Unit that provides the Main Time
Base and a Delayed Time Base.

This instruction manual is compiled so that the component information and circuit diagrams
applicable to the Vertical Amplifier Unit is printed on yellow paper. Similarly, pink paper is used
for the Sweep Unit. The design of this instrument is subject to continual development and
improvement, therefore minor changes in detail from the information contained herein may be
incorporated. These changes which usually affect the Component List and Circuit Diagrams are
described on Amendment Lists issued at regular intervals between reprints.

Any Amendment List appertaining ta this manual is located in the pocket inside the back
cover.

Throughout this manual ail references to the front panel controls are in full and capital letters
e.g. INTENSITY.

1 this instrument is returned for servicing the owner is requested not to send the Probe or
Plug Assemblies unless they are suspect. This is to facilitate packing and lessen the risk of damage
during transit.
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SECTION 1

SPECIFICATION

1.0 VERTICAL AMPLIFIER
1.1 OPERATING MODE

1.2 3dB BANDWIDTH
5mV — 2 V/div
5V - 20 V/div
Risetime
Sensitivity
1.3 DEFLECTION FACTORS
Calibrated (12 ranges 1, 2 & 5 sequence}

1.4 INPUT IMPEDANCE

1.5 CHANNEL — CHANNEL
Breakthrough

2.0 HORIZONTAL AMPLIFIER
2.1 OPERATING MODE

2.2 TRIGGER MODE

Level
Auto

0C
AC

H.F. reject

Sensitivity
Internal
L.F.

10 MHz

50 MHz

External
L.F.
10 MHz
50 MHz

Polarity
+

Source
Internal
External

Line

Channel 1

Channel 2 (normal or inverted)

Channels 1 & 2
Summed
Alternate

Chopped (at 350 kHz)

X1

50 MHz

20 MHz

7 ns

5 mV to 20 V/div

5mV — 20 V/div = 3% (X 1)
1mV — 4V/divz3% (X5)

X5

15 MHz

12 MHz

23 ns

1mV to 4 V/div

1 M2, 29 pF in parallel approx.

> 34 dB up to 50 MHz

‘A’ Sweep

‘A’ Intensified by ‘B’

‘A’ and ‘B’ Mixed

‘B’ Delayed by ‘A’

Delayed ‘B’
Variable
Triggered

Repetitive or Single Shot

‘A

‘g

40 Hz — 50 MHz
Bright line

free-run between
20 & 50 Hz

D.C. — 50 MHz
10 Hz — 50 MHz

AC Coupled only,

10 Hz — 2.0 MHz

. 3 Hz — 10 MHz
at min. input leveis

0.2 divisions 0.4 divisions
0.2 divisions 1 division

1 division

300 mV 500 mV
300 mV 1V

500 mV

from positive signal edge
from negative signal edge

trom vertical amplifier
from external source

from power supply
transformer secondary

m
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2.4

2.5

3.0

4.0

5.0

6.0
6.1

6.2

6.3
6.4

6.5

SWEEP
Range

Variable (time)
X 10 Speed

‘A" & 'B" Mixed

Accuracy
X1
X10
‘A" & ‘B’ Mixed

EXT
Sensitivity
X1
X 10
Sandwidth

DELAY TIME MULTIPLIER
Accuracy
Absolute
Incremental

CATHODE RAY TUBE (CRT)

DCisplay area
Phosphor Standard
Overall accelerating potential

FRONT PANEL OUTPUTS

Calibrator, peak to peak
Accuracy

Voltage

Frequency

Current

Z MOD

Full blanking sensitivity
Input impedance
Frequency response

GENERAL

POWER REQUIREMENTS
Voltage

Fregquency
Consumption

SIZE
Height
Width
Depth without front cover
Depth with front cover
Depth with extended handle

WEIGHT
COOLING

TEMPERATURE LIMITS, ambient
Operating
Non-operating

OAI ! .8,
2s — 100 ns/div 1s — 100 ns/div
>251tw01
10 ns/div max.

The ‘A’ sweep as Time/Div, but the mixed portion sweep
speed is calculated from speed [ ;7% |

3%

* 6%

The ‘A’ sweep accuracy is = 3%. The mixed portion

accuracy is = 3% = (B/A x 3) %

400 mV/div = 15%
40 mV/div = 20%
> 1 MHz

I+ i+

1% of Total Delay

8 x 10 div (each div 1.0 cm)
P31
15 kV

30 mV, 300 mV or 3 mA at 1 kHz

1%
20%

1%

I+ 1t I+

+ 20 V approx.
10 k) and 20 pr approx.
DC - 5 MKz approx.

100 — 125 V in 5 V steos
200 — 250 V in 10 V steps
48 — 400 Hz

85 VA

136 mm
380 mm
470 mm
480 mm
555 mm

11.4 kg {25% lbs.)
Convection

—~5 1o +40°C approx.
—25 to +70°C approx.

1% of Total Delay + 450 ns max. | excluding

sweep accuracy



SECTION 2

OPERATING INSTRUCTIONS

2.1 FUNCTION OF CONTROLS AND
CONNECTORS

“  Controls are situated on the front panel except where otherwise
specified.

2.2 CRT
INTENSITY varies the intensity of the display and
serves as the power supply ON—OFF
switch.
FOCUS controis the definition of the display.
ASTIG. a preset situated on the rear panel, used

in conjunction with FOCUS for achieving
the best overall definition.

TRACE LOCATE when pressed brings the trace on to the

screen and free-runs A TIMEBASE.

PQSITION varies the position of the trace in the
horizontal axis.
FINE is a fine horizontal position controi; when

pulled magnifies trace 10 times in the
horizontal axis; sweep calibrations must
by diviced by 10.

TRACE ROTATION  preset situated on the rear panel. Rotates
a trace about the horizontal axis of the
CRT and used to-align a trace in the hori-
zontal axis.

2.3 HORIZONTAL

2.3.1 SWEEP
A&B

TIME/DIV controls the speed of the respective
sweeps. The sweep rates indicated are
only valid if VARIABLE is fully clock-
wise and FINE is not pulled out.

VARIABLE provides continuously variabie sweep
speed acjustment between adjacent fixed
calibrated speed ranges.

REP provides continuous repetitive sweeps.

SINGLE SHOT a sweep occurs upon application of
trigger signal.

RESET Sets TIMEBASE in "Wait’ condition ready

for next trigger signal.

DELAY TIME varies the point on the 'A’ sweep at
MULT which the ‘B’ sweep starts.
Used in conjunction with ‘A & B Mixed’,
‘A INT BY B' or ‘B DEL BY A'.
Note: For minimum delay jitter TRIG
mode should be used.

VAR provides continuously avariable delay for
the start of the B sweep set by the
D.T.M.

TRIG starts the B sweep on receipt of the next

suitable triggering signal, after the point
set by the DELAY TIME MULT.

A ONLY displays A sweep, B sweep is disabled.

A INT BY B displays the A sweep with that part of
trace covered by B intensified.

MIXED simultaneously displays both A and B
sweeps, but B sweep calibration is affect-
ed.

8 DEL BY A displays the oelaved B sweep onty.
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2.3.2 TRIGGER
A TRIG LEVEL

TRIG MODE
AUTO

AC or DC

AC HF REJ

POLARITY

+

SOURCE
INT and EXT

LINE

B TRIG LEVEL

2.4 VERTICAL

DC-GND-AC

VOLTS/DIV

SET GAIN
" 5mV

1mVv

VARIABLE

selects that point on the signal waveform
at which the A sweep starts.

provides a bright line auto, allowing the
A timebase to free run until a signal is
applied. LEVEL range is reduced to
approximately 1 division,

relate to the coupling of the trigger cir-
cuit, and EXT X socket. For very low
input frequencies OC should be selected.

progressively rejects high-frequency sig-
nals, permitting the trigger to respond t0
low-frequency components of the trigger-
ing signal.

selects triggering. from the positive or
negative-going siope of a waveform,

enable the sweep to be triggered either,
internally from the vertical amplifier, or
externally.

provides trigger signal at the power
supply frequency.

selects that point on the signal wave-
form at which the B sweep starts,
In the AUTQO position, the trigger oscil-
lates at a low repetition rate in the
absence of a triggering signal. When a
suitable signal is applied, the circuit is
automatically triggered at the mean level
of the input waveform,

selects the input signal coupling. In the
DC position, the signal from the CH1,
CH2 connector is directly coupied to the
atrenuator.

In the AC position a capacitor is inserted
in series,

In the GND positon the input to the
attenuator is grounded: this position
enables the 0 V D.C. level of 3 trace 10
be ascertained.

provides twelve steps of attenuation of
each channel’s input signal. Calibrated
sensitivities are onty valid when VARI-
ABLE is fully clockwise.

a preset; adjusts X1 GAIN calibration.
a preset; adjusts X5 GAIN calibration.

Note: VARIABLE shouid be fully clock-
wise,

enabies all deflection sensitivities between
that selected by the VOLTS/DIV switch
and the next below to be covered. The
controls must be fully clockwise for a
calibrated sensiuvity; when pulled mag-
nifies sensitivity 5 tmes in the verucai
axis.

21



INVERT

TRIG SELECT

POSITION

CC 2AL

CHANNEL SELECT

CH1

CHCP

SUM

ALT

CH2

the setung of this button determines
whether the CH2 signal is disptayed in
the same polarity as the input signal or
inverted. The inverted setting may be
used to display the difference between
two signals in the SUM mode.

selects triggering from either channel or
the display.

moves the respective traces in the vert-
ical axis.

a preset adjustment to eliminate trace
movement when the respective PULL
XS control is operated.

selects Channel 1.

the channels are aiternately switched on
and off at a frequency of about 250 kHz:
this mode is suitabie for slower sweep
speeds.

the display is the addition of the indiv-
idual signals:

If INVERT is pulled, the resuitant dis-
piay is the difference betweesn two input
signals.

each channel is alternately displaved for
the duration of a sweep; the ALT moce

is preferable at higher sweep speeds.

selects Channel 2.

2.5 CONNECTORS

2.5.1 INPUTS

CH1/CH2

8 EX

-

TRIG

ZMO0D

2.5.2 OUTPUTS

L

(SAWTOOTH!

L

(GATE OUT)

BNC sockets connect the signal to be
viewed to the respective vertical ampli-
fier.

i1s the right hand 3NC connector an the
front panel. This enables either axternal
triggering signals to be applied by selec:-
ing the adjacent EXT button or in the
ZXT position of the'8° TIME/DIV switch,
provides the EXT X input. The connector
is OC or AC coupled to bath trigger and
horizontal amplifier circuits.

Input resistance is 100 k2.

a separate BNC connector, enables an
externai trigger signal tc be connecied
to the 8 Timebase.

an input socket situated on the rear
panel DC coupled via Z mod amp. to the
CRT grid. A negative-going signal is
necessary to intensify the trace wniie a
positive-going signal will blank it.

provides a positive-going ramp waveform
when the A sweep is running. A recur-
ring sawtooth is produced when AUTO
is selected. The resistance of an applied
load should exceed 47 kxQ) to avod toad-
ing the sweep generator.

provides a fast-edged positive-going rec-
tanguiar pulse lasting for the duration of
the sweep.

CAL output sockets provide a 1 kHz waveforn
for checking the caiibrations of the
vertical channels and setting up probes
The two outputs provide 300 mV anc
30 mV of 3 1 kHz {approx.) sQuarewave
when linked a 3 mA peak to peak curren:
passes.

/7177 terminal is connected to the chassis o!
the instrument,

2.6 PRE-OPERATIONAL CHECKS
2.6.1 SUPPLY

Check the following: 1. Rear voltage-selector plugis indicating
the local supply voitage or nearest vaiue.

2. Fuse fitted is 3 2 A for 10C—125 V
operation or 1 A for 200—-250Q0 V/.

Note: The 2-core supply lead s colour
coded as follows:

LINE NEUTRAL ! EARTH (Chassis)

drown Blue . Green/Y 2ilow
or

Black White } Green

2.6.2 Set controls as follows:

1. CRT
INTENSITY Central
FOCUS Central
TRACE ROTATION As set

2. HORIZONTAL

SWEE=P REP
A CONLY Depressed
TIME DIV 5 ms
VARIABLE Fully clockwise
TRIG MCCE Auto
PCLARIT Deopressed
SOURCE INT

3. VERTICAL il
TRIG SELECT CH1
CHANNEL SELECT CH1
POSITION Central
VOLTS/DIV 5 mVv
INVERT Oepressed
VARIABLE Fully clockwise, pusned in

CC-GND-AC GND
Input connection CH1 INPUT

2.7 OPERATION

1. Plug intc the supply; turn INTENSITY clockwise —
POWER on.

2. Allow 3 few minutes for warm up then adjust CRT ana
POSITION controis for a display.

3. Adjust TRACE ROTATION, if necessary to align trace
horizontally.

4. Connect the CAL 30 mV to INPUT via co-axial lead.
5. Set DC-GND-AC to DC.
6. Rotate LEVEL anu-clockwise to lock dispiay.

7. Checx amoiitude of § divisions.

212
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The Power Cord snouid be securea, Dv the nuts and screws provided, to COMply with local legrsiation. E




SECTION 3
CIRCUIT DESCRIPTION

3.1 GENERAL

2 1.1 This instrument comprises three main assemblies: Mainframe

Vertical and Sweep Units. The descriptions are given below.
To facilitate references made in this section to the circuit
diagrams, a3 colcur code has been adopted to identify the
appropriate figure numbers.

31.2 The interfaces, reference Figure 1 (White), berween the

display unit and ampiifiers are two 16-way edge connectors.
The sockets are mounted on PC147, situated in the display
unit and the mating plugs are a part of PC152 and PC133 in
the Vertical and Sweep ampiifiers respectively. These provide
the inter<onnections of Vertical (Input), Sweep and Trigger
ampiifiers, Vertical output and power etc. necessary for the
tunction of the instrument,

21.3 The Vertical system comprises two ampiifiers, which are

switched in various ways to feed a main amplifier in the display
unit.

3.1.4 The dual sweep system generates precise Uming currents

which, when applied to the Sweep amplifier and the bright-up
amplifier, enabie the CRT to display a highly accurate sweep
controiled dispiay. The system comprises a master sweep current
generator, known as the ‘A’ sweep and a subsidiary sweep current
generator, the ‘8’ sweep. Both incorporate an integral bright-up
current generator. Individual trigger amplifiers are able to accept
internal or external trigger signais. These control the start point
of each sweep, also a comprehensive switching system enabies a
wide variety of display modes to be selected by the user.

3.2 ATTENUATORS

3.2.1 The input attenuators, reference Figure 1'(Yeliow) are simpie

capacity compensated L type sections which are switched singly
or in cascade to obtain the correct attenuation. The sections on
the two rear wafers of the attenuator are the =1, =2 and -4, on
the front two wafers =10, =100 and =1000. The inout impedance
of the attenuator is maintained at 1 MS] and 29 pF on all
positions. The attenuators are identical electrically.

The DC-GNO-AC switches select either a through connection
on DC, a capacitor coupled connection via a Q.1 UF 400 V
capacitor on AC or a3 GNLC .onnection with the signal path
input open-circuited and the ampiifier input grounded.

3.3 VERTICAL AMPLIFIER (lnput)

3.3.1 The circuits of channei 1 (CH1) and channel 2 (CH2) are

[&)

very similar and situated in the Vertical {input) assembly.

CH1 is odescribed below with reference to Figure 2 (Yeliow)
except where reference is made to CH2. TR601A and TRE6Q18B
are FETS used as source followers which drive TR605A and
TRB05B, a phase-splitting stage. These are a long-tailed pair
with the 1 mV and 5 mV SET CAL potentiometers, R6396 and
RE2S, in the emirtter circuit. DC BAL, R601, is adjusted to
eliminate trace movement when the gain is switched; the cotlec-
tors are connected 10 a shunt feedback stage, TR609 and
TRE11 via the variable VOLTS/DIV circuitry. The input imped-
ance of this stage is very low and its total input resistance,
inctuding tne 91 Q resistors, R646 and RB47, is approximately
100 Q) per side. When the variabie VOLTS/DIV potentiometer
is at maximum resistance, the attenuation of the signal is small.
When at minimum, however, tne resistance is approximately
51 () per side. The attenuation of the signal is now aporox. 3.
This covers the gaps in the 1—2—5 ssquence in the attenuators.
The shift signai is inserted at the bases of TR609 and TR611,
atter the VARIABLE control. This ensures that the same amount
of shift is obtained regardiess of VARIABLE setting.

~4

3.3.2 The emitter followers, TR614 and TR615, provide a low
output impedance for the trigger pick-off and a low capacity
loading for the shunt feedback stage. The CH1 trigger signal
is fed to the bases of TR756 and TR757, which are a long-tailed
pair; then from their collectors, via a diode matrix 10 a trigger
interface Pins 7 and 10 on SK602. The diode matrix allows the
trigger signals to be switched from CH1, CH2 or the displayed
signal merely by changing DC levels; +24 V switches the channel
on and —24 V switches the channel off, The display or ALT
trigger pick-off circuitry is on the dispiay unit mother board
PC147. TR618 ancd TRE619 are series feedback stages with HF
peaking between their emitters. The voltage swing at their bases
is approximately 22 mV/div/side or 44 mV/div push-pull. Their
collectors feed the disptay unit interface via the channel dicde
matrix.

3.3.3 When CH1 is selected, the voltage at eyelet 132/24 is taken
to +11 V and at eyelet 152/23 to +15 V. This reverse biases
D605, D606, D611 and D613, and switches on D612, D609,
D607 and D603. The signal current now passes through D609
and D612. The interface voltage level is approximately +12.7 V;
the current sensitivity approximately 0.27 mA/div/side. This
gives a voltage swing of 25 mV/div/side as the input impedance
of the following staoe is 100 Q2/side approximarteiy.

33.4 When CH2 is setected D612, D603, D607 and D608 are
reverse biassed and 0605, D606, D611 and D613 are switched
on. The signal current now flows in D611 and D613. Pin
152/24 is at +15 V and 152/23 +11 V.

On CHOP, reference Figure 3 (Yellow), these levels are switched
at approximately 350 kHz, on ALT at sweep repetition rate.
The switching signals are obtained from TR751 and TR753
collectors, eyelets 153/14 and 153/17. The switching levels are
+11 V and +15 V. TR751 controls CH2 and TR755 controls
CH1. The collectors and bases are cross-coupled to ensure bi-
stable operation. When CH1 is setected; the emitter of TR751
is open-circuited switching it off and TR753 on. The reverse
happens when CH2 is seiected.

3.3.5 When SUM is seiected, both transistors are saturated and
R771 is switched inte circuit to reduce the current drain from
the supply.

3.3.6 On. ALT, the circuit operates as a bistable, triggered by
negative puises from the sweep circuit. D751 and 0783 are
the steering diodes and C750 and C754 the input capacitors.
The crosscoupling resistors R756 and R761 are non-symmetrical
1o ensure that the circuit does not achieve a third stable state
with both collectors resting at +13.5 V due to low common mode

gain.

3.3.7 On CHOP, the circuit operates as an emitter<oupied multi-
vibrator., R757, C751, C752 and R762 form the timing circuit
and C753 provides 3 blanking pulse output at twice the
chop frequency. TR752 is the blanking amplifier and shaper
giving a current pulse via D752 and Pin 3 on SK602 to D606,
reference Figure 1 (White).

3.3.8 CH2 has an invert facility, a 2-pole change-over switch, S601,
which re-routes the signal current when the invert xnob is pulled.
On CH1, R703 is used to eliminate trace movement, when
operating the VARIABLE. On CH2, R704 is used t0 equalize
the currents through the two switch paths, so that no movement
occurs on normal/invert operation, R645 provides the balance
controls for the VARIABLE movement and R602, the balance
control tor gain switching movement

3.3.9 The CH2 trigger signal is fed to the bases of TR758 and
TR759, then via a diode matrix, and Pins 7 and 10 on SK602
to the switching dioces D601, D602, D603 and D604, reterence
Figure 1 (White).
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3.4 VERTICAL AMPLIFIER (Final stage)

3.4.1 The signal from input vertical ampiifier is carried, via Pins 5
and 13 on SKB02 to the delay line drive ampiifier., TR603-and
TRE04, reference Figure 1 {White). To ensure the inrerface
always has the same sensitivity, the gain is set by the series
elements R611, RE12 and the shunt elements R608, R603. The
total gain adjustment is approximately 18%. This enables the
input sensitivity to be set to 0.27 mA/div = 5%,

3.4.2 The drive amplifier is 3 voltage feedback stage giving iow
input and output impedances i.e. 9 Q and 11 2 approx. The
resistors, R629 and RE28 are used to raise the output impedance
of this stage to match the delay line, which is 33 Q/side. The
feedback resistors are split to enable the delay line compensation
circuits C607, R617, C608 and R621 to be inserted, these provide
medium frequency peaking. The ALT trigger signal is taken
from the low impedance output of this stage and fed through
R626 and R627 to the ALT trigger amplifier, TR601 and TRE02
Selection of ALT is achieved by a D.C. Control voltage switching
the diodes D601, D602, D6Q3 and 0604; +24 V at Pin 5 on
SK502 seiects ALT and —24 V switches it off. The trigger
signal is gated with that from Pins 7 and 10 on SK602 and ‘ed
to the Trigger ampiifier via Pins 11 and 12 on SK801.

3.4.3 The Sum balance control, RE14, is in circuit oniy when SUM
is selected on the Vertical ampiifier, When this occurs <24 V is
applied to Pin 14 on SK602 which switches on D605 and suoplies
the extra current needed in the SUM mode through R613, R614
and R615. When SUM is not selected the control line is at
earth porential,

34.4 The delay line is a twin helix type sheathed with braid having
a total delay of 140 ns, terminated on ?C151 by R701, R703
and L701. The two resistors are in parailel with the input
resistance of the next stage and give a terminating resistance
of 186 Q. L701 is a partial compensation for the input cap-
acity of TR701 and TR702, which is acjusted for minimum
delay line termination rippte. The following stage is a long
tailed pair, TR701 and TR702, with a gain of 2 and peaking
between the emirters. R711 and C703 are delay line caomoen-
sation and C704 high frequency peaking.

The output stage is a cascade comprising TR703, TR704, TR705
and TR706. It has 3 gain of acproximately 15 and runs 3t a
current of 50 mA/side, gain being determined by R724, R72S
and R718. The comgonents between the emitters of T3705 and
TA706, which drive the Y plates of the CRT, R719, C706,
C708 and R721, provide thermal compensation. Zener diogaes,
C702 and 0703, orevent TR703 and TR704 homntoming at
extremes of snift and signal.

34.5 A portion of the output stage current is used to provide trace
rotation., L702 is the trace rotauon coil and R727 the preset
control on the back panel of the oscilloscope. Geometry cantrof
is provided by R634 which is mounted on PC147,

3.5 ‘A" TRIGGER AMPLIFIER

35.1 This amplifier, reference Figure 1 {Pink)} can acceot balanced
trigger signals originating in the vertical amplifier system o
single-ended external signals via a panel co-axial socket SK1.

Balanced signals are fed into the trigoer ampiifier, via a 130 2
matched transmission line from the edge connexion part of
PC135. They connect to the balanced trigger ampiifier, TR3
and TR4, via DC blocking capacitors, C3, and C4, the INT/EXT,
switch, S1, the POLARITY switch, S2, and terminating resisiors,
R13 and R31.

3.5.2 TR3 and TR4, form a long-tailed pair amplifier. When S3d
is set to H.F. REJ., the amplifier gain commences to fall at
frequencies above 2.0 MHz, making the circuit progressiveiy
unresponsive to H.F. signais. ‘A° LEVEL, R22, alters the currents
in TR3 and TR4 permitting the selection of any point on the
trigger signal to be set at D.C. level, wnere the Schmitt amplifier
TR6 and TR7 switches over,

In the AUTO position, R22 is shunted by D4, R19, R29, 06
and R27 is connected in series with the wiper. The range of 322
is drastically reduced, thus enabling accurate setting of the
trigger point for low amplitude signals. R26 is adjusted to give
the correc: output O.C. level with the TRIG LEVEL controt in
mid-position.
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3.5.3 Following TR4, is a frequency compensated shunt feedback
stage formed by TRS, R32, R33 and C13. R32 and C12
compensate for R23 and C11 in the emitter of TR3 and TR4 and
give a flat frequency response but limit the output voltage swing
at frequencies above 2 MHz. It is D.C. coupied via parasitic
stoppers, A35 and C15 1o the Schmitt trigger circuit TRE, TR7.

Normal dividing down action takes piace between 2 and 10 MHz
depending upon input amplitude. Two outputs are praovided: -

{1) Fast negative spikes via C61 and D61 to the bright line
monostabie TRE61 and TRB2.

(2) Fast positive spikes via C84, LB1 and D64 to the A sween
gating bistable TR63 and TR64.

3.5.4 Unbaianced trigger signals, originating from any external
source, are applied to the sweep unit via a co-axial socket SK1
at an input impedance of 100 k0. The trigger amplifier is
responsive to both D.C. and A.C. signals. 8y operation of S3
the O.C. component of an A.C. signal to the peak value of
250 V may be blocked. TR1 and TR2 farm a single-2ncec
shunt feecback pair, the output of which may be directed into
the trigger amolifier or the horizontal amplifier in the display
unit. This latter connexion is made when the 'B° TIME/DIV
switch, reference Figure 3 (Pink}, S251, is set to the extreme
anti-clccxwise position.  In all other positions TR1 and TR2Z
output is connected to the trigger amplifier via S1b, Sia and
S2.

R7 anables D.C. acjustment of the =xternal signal level to the
same as that af the internal signals. TR 2 supply voitage is derived
from a win zener regulator, O3 and 08, fed from the main
+24 V line via R12.

355 In the SXT X position of the '8° TIME/DIV switch, TR3
and TR are discannected from the —24 V line to prevent trigger
signals from internal sources reaching the Schmitt amplifier, C3
permits current, from the 100 V and +24 V lines, o flow 10
ground.

3.6 ‘A’ SWEEP GENERATOR

3.6.1 This system, reference Figure 2 (Pink), is a conventional
Miller Integrator, TR66 and TR&E7, forming the basic ramo
generator. The ramp slope is determined by selection of nmng
capacitors 2275 to £279, C281 ana C282, reference Figur2 3
(Pink) an¢ uming resistors R276 to R283, with R287 ang R2E9
mounted on the ‘A’ TIME/DIV switch (S271), R31 provices
calibration adjusiment.

3.6.2 Trigger sulses from the "A’ Trigger amplifier are differentiateg
by R41 and L51. D64, being marginaily diased in the canducting
direction, permits the fast positive-going edges to be applied 10
TRE3 coliector and TRB4 base via CS6. Negative-going egges are
rejectea Dy diode action. TR63 and TRE4 form a gating bistabie.
During the WAIT period, when the sweep generator is receptive
to trigger signals, TRE3 is conducting and TR64 is off. The
quiescent state of TRE3 and TRB4 is set by R73 which adjusts
the bias of TRB3 with respect to TRE64. A positive pulse being
applied to TRB3 causes it to conduct; the feeaback action via
the coupled emitter, R76 and C66, switches TRE63 off. This
collector potential rises to reverse bias D64 and prevents furtner
trigger puises from entering the bistable and a positive-going gat2
pulse is made available at the front panel socket SKE1 via R8C.

3.6.3 TR63 ctamps the D.C. level from which the ramp commences.
The current flowing from TRE5 collector, via D68, 0639 and C71
to the timing resistors, is diverted through TR64, which reverse
biases 065, 061 and 071 and allows the current through tne
timing resistors to flow into the timing capacitors.

3.6.4 The TR66 drain voltage then commences (0 rise linearly
carrying TRE7 base and emitter with it. A positive feedback 10
increase te loop gain is provided, via R99 and R9E6, thus
improving ramp linearity by reducing the potential excursion
at TR6G gate.



The ramp voltage appearing at the emirtter of TRE7 is fed to the
sweep-out circuit, reference Figure S (Pink) via S271 and 5192
and aiso to SK271 on the front panel via R288; and is also
aoplied to the hold-off bistable TR68 and TRE9, via D73 and
the parallel combination of C75 with R103, R104 and R10S.
TR6E9 is normally conducting, drawing part of its collector
current through neon lamp V61, mounted on the front panel,
causing it 10 glow during the wait and sweep period.

32.6.5 The ramp terminates when TRE3 base potential rises 10 the
same value as TR69 base potential, switching TR68 on, and
TRE9 off and extinguishing V61. TRE9 no longer draws current
via R118 and D75, causing D76 to conduct and turn on TRE3.
The two transistors switch back to the state prior to receiving
a trigger pulse. Flyback current then flows from TRE5 to the
timing capacitors via 066, DE3 and D71, causing the ramp
voltage to return linearly to the quiescent condition.

3.6.6 As it is undesirable for the sweep to be triggered before
flyback is completed, a time delay is achieved by selecting a
suitable capacitor mounted on S271, which holds TRE9 in the
off state, thus preventing TR64 being triggered to the conducting
srate, Hold-off capacitors C271 to C274 are charged during the
sweep period via D73 and discharge during and after the flyback
period via R103 to R106. R105 sets the sweep length. At the
end of the hold-off period, TRE9 conducts, permitting the gating
bistable, TR63 and TR64, to be receptive to a trigger signal which
initiates another sweeg.

3.7 BRIGHT LINE AUTO

3.7.1 TR61 and TR62 form a monostable pair in which TR62 is
normally conducting and TR61 is off. When S3a is in the non-
auto position, D63 is back biased and exerts no influence on
the bias of TRE3.

3.7.2 in the AUTO position RB8 is open<ircuited and the bias
resistors, R72 and R73, are shunted by R65, which lowers
TRE3 base potential, causing the sweep 1o free-run.in the absance
of trigger signals, giving visual indication of the trace position.

3.7.3 Upon the application of positive and negative trigger pulses
from the ‘A’ Schmitt amplifier, via C61; D61 being marginally
forward biased accepts and passes negative puises to TRE1 base,
positive puises being blocked by diode action. A negative pulse
applied 10 TR61 base, causes TR61 to conduct for a period
determined by C83 and RE7, before switching back. The mean
current drawn by TR61 causes a potential rise across RES5,
smoothed by capacitor C62 to reverse bias D63 and prevent the
gating bistable free-running the ‘A’ sweep. In this condition the
‘A’ sweep is riggerable and the trace is locked to the input signal.

D32 prevents TRE1 bottoming during its conducting period
ensuring an approximate cycling frequency of about 25 Hz.

3.8 UNBLANKING AMPLIFIER

Fl& 2 PI'NK

3.8.1 The Unblanking amplifier, reference Figure 3 (White) is a

current 10 voitage convertor or transimpedance amplifier, Current -

input source for this amplifier is provided by R89, R93 and
R92. Prior to the initiation of the sweep D67 is reverse biassed
by D66, suppressing the CRT beam current. At the commence-
ment of sweep, D66 is reverse biased permitting current from
the unblanking amplifier to flow to the —24 V line via D67,
R839 and D68. In the ‘A’ INT BY ‘B’ position, an additional
resistor R217, reference Figure 5 (Pink) is switched in series to

reduce slightly the current drawn through D67 and reduce the

beam intensity, so that when tne ‘B’ timebpase sweeps, 'ne full

beam current is restored for the ‘B’ sweep period via D138,

R222, 0203 and R218.

3.8.2 Unblanking signals from D67 and D198 via Pin 6 on SK601

are summed at earth potential in the emitter of TR351 refarence
Figure 3 {White). TR351 drift is compensated for by D351. This
composite signal is mixed with the intensity control current at
the base of TR352 which, with TR353, forms a low input and
output impedance shunt feedback amplifier. R362 and C353 are
the gain and frequency response determining components i.e. a
2 mMA current change at the base of TR352 producesad8 Vv
change at the coliector of TR353. TR354 and TR355 comprise
a complimentary emitter follower stage to provide the large fast
transients required.

3.9 ‘B’ SWEEP TRIGGER AMPLIFIER

32.9.1 This amplifier, reference Figure 4 (Pink) can accept balanced

trigger signals originating in the vertical ampiifier or single-ended
A.C. coupied external signals via a panel co-axial socket SK151.

2.9.2 Balanced signals are fed into a high impedance input from a

balanced 150 {1 transmission line terminating at the ‘A’ trigger
amplifier. C152 and C154 block the D.C. component and limit
the low frequency response to approximately 3.5 Hz. When
S152 is in the INT position, baianced signals are applied via
POLARITY switch S151 to TR151 and TR152 bases, a frequency
compensated long-tailed pair amplifier.

R153, connected between the +24 V line and ground, permits
bias adjustment to TR151 thus enabling any point on the input
signal to be aligned to the switch-over point of the ‘8’ Schmitt
trigger TR154 and TR155. TR153, R165, R166, R167 and
R168 form a shunt feedback stage acting as a buffer ampiifier
between TR152 and TR154.

3.9.3 In the AUTO position; the LEVEL control, R183, is switched

out of circuit and the output from TR 153 collector is integrated
by R174 and C157 and fed back 1o the base of TR153 via R163.
The circuit then oscillates in the absence of trigger signais at a
frequency of approximately 35 Hz. The base waveform of
TR 154 is triangular in shape and oscillates between the triggering
levels of the Schmitt. The mark space ratio is adjusted to unity
by R153 and the backiash st to 60 mV by R173.

3.9.4 External trigger signals from front panel socket SK151 are

applied via S152 and R151 to the aporooriate base of the trigger
amplifier. The squarewave response is set up by adjustment of a
twisted pair across R151.

3.10 ‘B’ SWEEP GENERATOR

3.10.1 This system is a conventional Milier integrator TR196 and

TR197 forming a basic ramp generator, reference Figure § (Pink].
The ramp slope is determined by selection of timing capacitors
C251 to C257 reference Figure 3 (Pink) and uming resistors

+17%1 to R258 mounted on the ‘B’ TIME/DIV switch S251.
R236 provides a calibration adjustment. A close operational
similarity exists with the ‘A’ ramp generator so a full description
will not be necessary, except to note that the ramp is terrminated
by the zener diode D201 and flyback is delayed until the
‘A’ sweep flyback occurs.

3.10.2 Initiation of the ‘B’ ramp is dissimilar and totally dependent

upon the presence of the ‘A’ sweep ramp. The ‘A’ ramp
voitage, divided down by R191 and R193, is applied to
TR191 base. TR191 and TR192 form a bistable, where
TR191 is conducting initially. Conduction switch-over takes
place wnen tne divided-down ‘A’ ramp voltage of TR191 base
is equal 1o the voltage of TR192 base, set by potential divider
R199, a precision wirewound potentiometer on the front panel.
At tne instant of switch-over, TR191 collector current falls
rapidly and a negative-going voltage step is applied to TR183
wia R206 and C196.
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The ramp voltage appearing at the emitter of TRE7 is fed to the
sweep-out circuit, reference Figure 5 (Pink) via S271 and S1982
and also to SK271 on the front panel via R283; and is also
aopiied to the hold-off bistable TR68 and TRE9, via D73 and
the parallel combination of C75 with R103, R104 and R105.
TRE9 is normally conducting, drawing part of its collector
current through neon lamp V81, mounted on the front panel,
causing it to glow during the wait and sweep period.

3.6.5 The ramp terminates when TRB63 base potential rises to the
same value as TR69 base potential, switching TR68 on, and
TRE9 off and extinguishing V61. TR63S no longer draws current
via R118 and 075, causing D76 to conduct and turn on TRE3.
The two transistors switch back to the state prior to receiving
a trigger pulse. Flyback current then fiows from TRE3 o the
timing capacitors via D66, D63 and D71, causing the ramp
voltage to return linearly to the quiescent condition.

3.6.6 As it is undesirable for the sweep 10 be triggered before
tlypack is completed, a time delay is achieved by selecting a
suitable capacitor mounted on S271, which holds TRES in the
off state, thus preventing TR64 being triggered to the conducting
state. Hold-off capacitors C271 to C274 are charged during the
sweep oeriod via D72 and discharge during and after the flyback
periog via R103 to R106. R105 sets the sween length. At the
end of the hoid-off period, TRBI9 conducts, permitting tne gating
bistable, TRE3 and TRBE4, 10 be receptive 10 a trigger signal which
initiates another sweep.

3.7 BRIGHT LINE AUTO

2.7.1 TR61 and TRE62 form a monostable pair in wnicn TRE2 is
normally conducting and TR61 is off. When S2a is in the non-
auto position, 063 is back biased and exerts no influence on
tne bias of TRE3.

3.72 in the AUTO positon R63 is open<ircuited and the bias
resistors, R72 and R73, are shunted by R85, wnicn lowers
TRE3 base potential, causing the sweep 1o freewun in the atsence
of trigger signals, giving visual indication of the trace position.

3.7.3 Upon the application of positive and negative trigger duises
from the ‘A’ Schmitt amplifier, via C61; D61 being marginally
torward Drasec acceots and passes negative ouises 10 T =61 tase,
positive pulses being blocked by diode action. A negative pulse
aocoliec to TRBE1 base, causes TRE1 10 conduct for a period
determinec by CZ3 and R67, before switching back. The mean
current drawn by TRG1 causes a potential rise across RE63,
smoothed by capacitor C62 to reverse bias D83 and arevent the
gaung biswtapnie free—wunning the ‘A’ sweep. In tnis condition the
‘A’ sweep istriggeradle and the trace is lockec 1T ne indut signal.

D32 prevents TR61 bottoming during its concucting period
ensuring an approximate cycling frequency of aoout 25 Hz.

3.8 UNBLANKING AMPLIFIER
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3.8.1 The Unblanking amplifier, reference Figure 3 (White! is a
current 10 voltage convertor or transimpedance amolifier. Current
input source for this amplifier is provided by R83, RE3 and
RS2. Prior to the initiation of the sweep D67 is reverse biassed
by D68, suppressing the CRT beam current. At the commence-
ment of sweep, D6S is reverse biased permitting current from
tne unplanking amplifier 1o flow to the —24 V line via D87,
R82 ancd D68. In the ‘A’ INT BY ‘B’ position, an aacitional
resistor R217, reference Figure 5 (Pink)} is switched in series to
reduce siigntly the current drawn through D67 anc requce the
Deam intensitly, so that wnen the ‘B’ timeDdase sweeds, the full
beam current is restored for the ‘B’ sweep period via 0183,
R222, 0203 ana R218.
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3.8.2 Unblanking signals from D67 and D188 via Pin 6 on SK601

are summed at earth potential in the emitter of TR351 reference
Figure 3 (White). TR251 drift is compensated for by 0351, This
composite signal is mixed with the intensity conuol current at
the base of TR352 which, with TR353, forms a low input and
output impedance shunt feedback amplifier. R362 and C253 are
the gain and frequency response determining components i.e, a
2 MA current change at the base of TR352 producesad8 Vv
change at the coilector of TR353. TR354 and TR355 comoprise
a complimentary emitter follower stage to provide the large fast
transients required.

3.9 ‘B’ SWEEP TRIGGER AMPLIFIER

3.9.1 This amplifier, reference Figure 4 (Pink) can accept balanced

trigger signais originating in the vertical amplifier or single-ended
A.C. coupled external signals via a panel co-axial socket SK151.

3.9.2 Balanced signals are fed into a high impedance input from a

balanced 150 £} wansmission line terminating at the ‘A’ trigger
amplifier. C152 and C154 block the D.C. component and limit
the low frequency response to approximately 3.5 Hz. When
S152 is in the INT position, balanced signals are applied via
POLARITY switch S151 to TR151 and TR152 bases, a frequency
compensated long-taiied pair amplifier.

R153, connected between the +24 V line and ground, permits
bias adjustment to TR131 thus enabling any point on the input
signal to be aligned tz the switch-over point of the ‘8° Schmitt
trigger TR154 and TR155. TR153, R165, R166, R167 and
R168 form a shunt feedback stage acting as a buffer amplifier
between TR152 and TR154.

3.9.3 In the AUTO position; the LEVEL control, R153, is switched

out of circuit and the output from TR155 collector is integrated
by R174 and C157 and fed back to the base of TR153 via R163.
The circuit then oscillates in the absence of trigger signals at a
frequency of approximately 35 Hz. The base waveform of
TR 154 is triangular in snape and oscillates between the triggering
leveis of the Scnmit The mark space ratio is adjusted to unity
by R159 and tne backizsn st to 60 mV by R173.

32.9.4 External trigger signals from front panel socket SK1i51 are

applied via S152 anc 2131 10 the appropriate base of the trigger
amplifier. The squarewave response iS set up Dy adjustment of a
twisted pair across R151.

3.10 ‘B’ SWEEP GENERATOR

3.10.1 This system is a conventionai Miller integrator TR196 and

TR197 forming a basic ramp generator, reference Figure 5 (Pink).
The ramp slope is determined by selection of timing capacrtors
C251 to C257 reference Figure 3 (Pink) and uming resistors
2251 1o R258 mounted on the 'B° TIME/DIV switch S251.
R236 provides a calibration adjustment. A close Operationa:
similarity exists with the ‘A’ ramp generator so a full description
will not be necessary, except to note that the ramp is terminated
by the zener diode C201 and flyback is delayed until the
‘A’ sweep flyoack occurs.

3.10.2 initiation of the ‘2’ ramp is dissimilar and totally dependent

upon the presence of the ‘A’ sweep ramp. The ‘A’ ramp
voitage, diviged down by R191 ancd R193, is applied 10
TR191 base. TR19: and TR192 form a bistable, where
TR191 is conducting initially. Conduction switch-over takes
olace when tne diviceg-gown ‘A’ ramp voitage of TR191 base
is equal to tne voltage of TR1392 base, set by potential divider
R199, a precision wirewound potentiometer on the front panel.
At tne instant of switch-over, TR191 collector current falls
rapidly and a negative-going voltage step is applied to TR193
wvia R206 ana C196.



3.10.3 Nhnen S131a 15 in the VAR acsition, the O C. Dias  on
TR192 1s such :hat the negative step aophied causes 14193
to switzh on and TR 194 10 switch off. D195 anode sotennal
fails *awards the negative line as TR195 current .s insufficient
10 sustain a hign enough ootennal across R212 and 32373,
and it 1§ zaught just Delow ground potennal by D134, D136
and D197 are instantly back biased, TR196 through ‘Ailler
action zommences to generate the '8° ramp voltage.

3.10.4 'Mitn 3191a ' the TRIG oosition, the slight!y nigher Sias on
TR 193 nase prevents cONAUCTION SwitCh-dver 4OON recaipt 21 the
negative step from TR191. TR193 remains off ana TR1384
conducts with Dasa 9ias just shghtly mcore negative than
TR193,

3.10.5 The '3' LEVEL control in the AUTO position or agjustad
ro cause :ne ‘3 Scamirt to operate, permits 3ny nout
wrigger signals of sufficient amplitude to pass fast 2ages sauare-
~ave vottages to 0183 wvia differentiating network Ci23 3na
R2C7. 3183 'aiil sass the positive-going 3ifferantiateg ouises
ro TR192 collector and TR194 base wia C1838 anc 216,
Nazgat:z2-oing so:xes ire rejecied Oy diode icuon

The first positive-going ouise from D193 reaching TR 194 zase,
after :he negative 3t1en 3pphcation to TARIS2 oase, czuses
23nducnion changeover Setween TR 133 ang TR194, mittating
cne ‘3° ramp. Summar:sing: the '3’ ramp s muatec 1n ne VAR
sosition of S191a oy ne oresence of the A’ ramo voitage and
:ne satting of SEZLAY TIME MULTIPLIER, RiS2. In tne
TRIG ososition of 319%a are the foregorng conaitions alus ir gger
puises via 0193 from tne '8° Senmutt.

3.10.8 During the perica of the ‘B° sweeo, 0198 is forward aiased
and current from he unolanking amolifier then flows 0 he
~24 Y/ line via 3222, 0203, R218 and S182d. A smail oro-
asortion of this current reiative 10 the current Zrawn ‘rom ne
same source Dy he A’ ramp generator, Sermits 3 momentary
srigntening of the CART trace. The adjustment of R 199 positions
the Drignt portion of the trace to any point on the 'A’ trace,
the length of the Brignt portion being dependent ucon the
'3 TIME,/ DIV setung,

Cutout volitages of 2otn "A’ and ‘3° ramp generatars are convert-
2d to suitaole currants Dy R230 ana R233 respectivety anc fec
via Pin 2 on 3K301 and R7 o the base of TR3. S192a, S182¢
and $192d or all hree setect either ‘A°, ‘8" or MIXEZ sweens
resgaclively.

3.11 HORIZONTAL AMPLIFIER

3.11.1 This comprises enirput mixing amphifier anc an Jveran mulu-
s:age ‘zecback amoiifier, reference Figure 2 (Whites. The mpuz
amotifier TA3 has 3 gain of 0.5 with low input anc Juidut
imopedances. It mixes the sweep signal with the two position
conirsi voliages 3nG orovides 3 COMDOsite 5ignal 0 ne Mmain
amohifier.  R17 s tne daiance control which sets the vcliace at
TR czllector 10 centranze the position controls. C3 orovices
H.F. peaking.

3.11.2 Ths main amoniier is a voltage ‘eedback lyoe wnich nas he
agvanisge 2 hign .nput and low output impedances. R32 and
A31 are the feechack resistors and the gain is geterrminec 2y
snese -231510fs anc tne resistors between the amucters of TA4
snc TRS., For X1 gan tnese are R26 and R27. On X10 gain
323 snc R29 are switcned in parallel with R26 ana R27. R27
sets X1 qain and R29 sers X10 gain.

3.11.3 The mean X oiate potential is set Dy R23 0 approximateiy
57 V. D4 and DS umit tne excursion on the bases of TRE and
TR7 wnen X10 gain is used. The output stage TRE. TR7, TR8
and TRS s capaore of detivering large current swings :Nto ap-
acitive 10ads whiist running at 3 low guiescent current. In the
positive direction tne emitter foilowers TR8 and TRS sunply
the cur-ent and in tne negative direction TRE and TR7 supoly
ine cur-2nt tnroucn cioces 06 and D7. The output 1s pusn-oult,
TR4 ana TRS being a phase-spiitting stage.

3.12 CALIBRATOR

3.12.1 The calibrator, reference Ficure 2 "Y/hite) 1s a simple, satur-
ating MuitIViOrator running at approximately 1 xHz. The uming
components are R1, C1, C2 and 86, The transistor TR 1 switcnes
petween —-24 V and earth, TR2 between —24 V and ~0.7 V.
D2 catches TR2 cotlector as it aims for +24 V. The accuricy
of the catibrator depends on the resistors RS, R9, R13 and the
~24 V line. R4 is a = 1.2% canirol 0 take up the tolerance of
RS. 1f SK1 and SK2 are shorted together 3 mA passes througn
the shorzcircuit determined by tne —24 \/ lineand R4 » RS - R13

3.13 TRACE LOCATE

This recuces the maximum swing cf verucal and hornzoniat
amplifiers ang irze-runs ne sweep. The vertical ampiifier «s
compressac 0 ine celay line terminatucn stage TR701 and TR702.
The sweeo is mace 10 free-run 3v 3pOIYing 3 positive voltage 3
Pin 12 on 3K301 wia 3 220 <22 resisior AB02.

3.14 PCWER SUPPLY

~108 /, =24 V/ and =24 / 'ines, reference Figure 4 (\White!
are all s13D012ing Sircuits, profaciec 3gainst shart circuits, connec-
ied o *he verucal inout ana sweea amplifiers via Pins 4, 2, 3 and
3 on SK332 snc Pins 14, 2 2 3nc 3 on 3KBQ1 respectivary.

3.14.1 £24 7 LUINZ

D405, T4C6, 0407 anc 24C3 form 3 full wave bridge circuit.
R424, R425 and R426 3¢t 2s & samouing chain and use he
—24 V ine 2s :he raference voitage. Any atrempted change .n
outout voltage of tne =24 Y/ line 's pacZed back 0 the controlling
nerwork of TRA08, TRA4CE ana TR403, wnich reduces the change
to a very small value. TR402 3na R407 provide current limiting
r0 protect the output from snart Circuits.

3.14.2 —-24 V LINE

This 's used as 3 reference voltace ‘or the ather twao iines
3nd it :s 2ssential tnat s hine s 3@t 10 Its cOorrect voltage.
2409, Cai1, 2212 3nd 2212 form 3 fuli wave bnicge wirsuit
TR411 3and TR207 are a3 !org-taniea oair and togetner anin
TR40Y9 an TR-‘-‘x: staoiize tne zircuit. 1R403 ana
niNg  aNG 2rSi2CT tne Jutpul from sngct

w
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3.14.3 103 v UNE

D401, 2402, D4C3 anc 2402 crovice full wave dridge r2¢
cauon. This line differs irom ne =24 Y/ anc =24 V lines .n nat ' f
a snort circuit OCCuUrs in the Outdul the instrument must
switcnec off 3nc turnec 2n 3gan sefsr2 tne line can de resisrs
1o its mormal voltage. TR2'4, TI212, TR41S anc TARS"2
stapilize the outout and 72401 anc TR404 orovide the snor:
circuit orotection in the form of 3 Distaole whnich is cnangec
over by current flowing througn 3406,

n

3.14.4 H.T.

The =.: T reference Figure 2 'White) is derived from 3

~

Class C oscillator opersung at aporoximateiv 28 kHz. The
oscillator transistor TR304 uses transtormer, T301, as its
load and main frequency Qatermimng comoonent. A feec-
back locp. inciuging a hign 3ain amorifier, TR301,
anc¢ TR303, regulates the cathoge suoply, which is set o tne
correct potenual by agjusung 33C1, anc the grid is set 0 e
correct tupe cut-off potential ov adjusting R315. Diodes D304
and D302 provige naif-wave recuficauion from T301 for tne
cathode and grid supones. A five stage voltage muitpuer
{quintupler) provides the +12.5 xV PDA. The input 10 ine
multiplier 1s taxen from ne same tapoing on T301 as tnatusec
for the catnoce supoly.

Thermistor TH301 tmits tne output voltage at switch on arc
€304 reauces Z.H.T. feecbacx :nto the unregulated <30 V lne
The tupe 15 focusec Dy aciusiing A327, wnicn is on the frone
panel.



SECTION 4
MAINTENANCE AND CALIBRATION

"4.1 GENERAL

4.1.1 This instrument comprises three main assemblies: Main

Frame, Vertical and Sweep Units. To facilitate references made
in this section a colour code has been adootec t0 identify the
appropriate PC beards (see Introduction).

4.1.2 Before it is assumed 3 fault condition exists, control settings

should be verified with reference to the pre-aperational checks,
cara 2.2. Where a3 component is replaced e.3. transistor, it is
advised tnat the calibration check detaiied 1n para 4.4, be carried
cut.

4.1.3 The entirely solid-state design of tne instrument snould

render frequent re-adjustment of the internal preset controls un-
necessary; however, to ensure full measurement accuracy, itis
cesirable to make an occasional check of ine vertical amolifier
sensitivity, reference 4.3.2. The internally generated 30 mV peak
to peak calibrator waveform may conveniently oe used for these
cnecks.

4.2 MECHANICAL

4.2.1 ACCZSS TOINTERIOR

The capinet covers are removed as foliows:—

1. Disconnect the power supply lead.

2. Turn four buttons on each cover 1o release.

3. Lift to clear channel,

4. The chassis rear plate is secured by four fixing screws, one at
eacn corner.

5. The Vertical and Sweep units are secured by one screw each
1o the iower front casting. When unscrewec, ne units may be
witngrawn,

4.2.2 LOCATION GF PRESET CONTROLS

: PC Beard | Lozaton

Circuit ' ONo. w.r.. CRT
Cauprator 130  Rugne Ref.
ZH.T. 148 | Rear Rignt Plates
Power Supoly : 143 . Rear Centre 8.1,
Unoianxing Amplifier 128 1 Rear Centre 6.2,
X Ampiifier 150 | Rignt 8.3
Y Amoiifier . 151 Lefs wnite
Interface Connector Board i 147 Across
Attenuator N 137 Vertical Unit Left
Veruca! Input i 152 Vertucal Unit Left

|
{
|
Trigger Ampiifier ‘A’ 132 ' Sween Unit Rignt

i
- e , 1 - :
Trigger Amplifier ‘'8 : 123 Sweez Unit Lett
‘A’ Sweep Generator i 132 Sweeo Unit Right
‘8" Sweep Generator : 123 Swees Unit Left

]

4.2.3 CRT REMOVAL

[B]

1. Remove too, bottom and rear covers.

2. Turn instrument upside down,

3. Release PDA cable securing clips.

4. Cautiously siide cable connexion mouiged olug and socket

apart 1o expose connexion.

S, Eartn PDA connexion; then disconnecs.

€. Remove four neck pins.

7. Remove tube base socket.

8. Remove Intensity, Focus, Fine and Position knops.

§. Remove two bezel retaining nuts.
1C. Ailow dezel 1o ‘ail forward sutficiently 10 remove ‘ilter
11, Litt-out pezel.
'2. Ease CRT forward througn tront panei aperture.
13. Remove four: CRT location mouldings.

14 FRemove CAT

4.2.4 CRT FITTING

Reverse the order detailed in para 4.2.3 above

4.3 CALIBRATION

4.3.1 The following procedure enables a caiibration check of the

instrument to be accomplished. It is advised that isolated adjust-
ments are not made due to the risk of interaction with settings
made in earlier checks. A functional check may De carried out as
detailed in para 4.4, checking parameters are met, before oro-
ceeding to the nex: check. Adjustments, it made, snould be
minimal, except wnen setting-up procedures are referred t0.

The following tools and facilities will be required:—
Screwdrivers
Plain 4 mm blage
Non-capacitive.
Fixture extension, fiexinle 067-0688-00
Screened, 3NC acaotors
Calibration Units
Vertical 067-0672-00
Horizontal 067-0673-00
Adaptors
BNC 3-way, Maie/=emale/Maie
BNC 2 mm
Fixture extension, rigid 067-0683-00
Probe X 10, with ear:n iead
QOscilloscope Monitor
Piiers, flat nose
Normalizer, set to 33oF {067-0552-00)
Probe for voitage measurement

FACILITIES
Variaple voltage suooly
Voitage measurement from —24V 10 2.5 kV Z0.5%.

Input Signais
° 'S | Sauarewave ‘ Markers

Sinewave
50 Hz . 5 mv 1 kHz 1%
1.6V 100 Hz : 25mV 1 kHz 1%
300 mv 50 kHz . SO0 mv 1 kHz 1%
1V 50 kHz 100 mv 1 kHz 1% 1—2-3 sequence
2V 50 kHz 250 mV 1 k42 1% from Q.1us
4v 50 kHz 500 mv 1 kH2 1% . o 2s.
300 mV 100 kHz 1V 1 kH2 1%
500 mv 10 MMz 23V 1 kHz2 1%
500 mV 55 MHz; 50V 1 kHz 1% |
25 mv 20 MHz 10V 1 kHz 1% °
25 mv 50 MHz. 25V 1 kH2 1% .
i 50 v 1 kHz 1%

: 25 mVv 50 kHz
“ins risetime 100 kHz
ins 25 mv 1 MH2 ‘
'1ns 200 mV 1 MHz :

Note: Input signal voitages are peak 1o peak

4.3.2 INITIALSETTINGS

1.1 Ensure that instrument is not connected to @ power supply.
1.2 Check for correc: Voltage Selector setung and fuse as in
2.6.1.

Pusn INVERT.

Set botn DC-GND-AC to GND.

Set both VOLTS/DIV to 5 mV.

Push both VARIABLE and set fully clockwise.

Pusn TRIG SELECT CHI1.

Push CHANNEL SELECT CH1.

Se: poin POSITION controls To Mig position.

.10 Set FINE ano POSITION to mid position.

11 Set DELAY TIMEZ MULT 1o 5.0.

12 Pusn REP VAR A ONLY, AUTO.

1.13 Pusn ootn PO L_ARITY buttons in (=},

wououns WL

1
1
1
1
]
1
1
1
1
1

&



.14  Push both INT.

15 Set A and 8 VARIABLE TIME/DIV 0 CAL.

.16 Set A and 8 TIME/DIV 0 0.1ms. .

.17 Connect instrument (0 3 varianie AC Jower supoly.

.18 Switch on variaole power supory 3and increase voitage
graduaily to the instrument voltage setung.

1.19 Turn INTENSITY clockwise ‘for POWER ON tLamp

should glow) and visibie trace.
1.20 Adjust FOCUS and ASTIG.
1.21 Adjust TRACE ROTATION :0 3i'37 trace with graticule.

4.4 CALIBRATION PROCEDURE

4.4.1 PUWER SUPPLY

CAUTION HIGH VOLTAGE.

1.1 Remaove main covers.
1.2 Set voltages as snown in taole.

LGCATION SKT 803

| VOLTAZZ PRESETS
PC147 {wnite)

I .
Vaoltage Aciust

2:n No. l
7 i ~24 2428
3 ' - 24 1 R425S
5 | -0s A222

4.4.2 SET CATHODE VOLTAGE —-2.5kV.

NOTZ:~ A Voltmetar of input impoecance jreater tnan 25M0C)

snould oe used.

1 Connect meter 0 Pin 2 mauve wir2, of CRT nase.
Adijust preset R301 to PC148 'wn:te) for 3 mezer r2acing
aof =2.5xV.

4 —a
[ S

4.4.3 SET GRID CUT-OFF.

1.1 Set TIME/DIV 10 10ms.
1.2 Turn INTENSITY anticiockwise.
1.2 Acjust R315 PC148 {wnite) unul irace just Btanxks out.

3,23 MAIN FRAME ADJUSTMENTS

.
L]

Raster distoruon

1 Aopty 100kHz sinewave 1o CH1 nour.

1.2 Aciust controts for 10 x 3 giv r3st27.

* 32 Agjust RB23 PC 147 for minimum ~3572r Sistcrion,
1.4 Disconnect signal and switcn off Astrumant,

Horizontal balance

2.7 Remove Duai Sweep Urit,

2.2 Insert HORIZONTAL CALIBRATION UNIT
{067-0673-00) and switcn on insirument.

.3 Apoly 3V D.C. o input.

3 Setnorizontal POSITICN and FINZ 09 mic 20sition.,

El Acjust R17 PC150 {wnit2) 0 can

Horizontal plate potentials

3.1 Connec: = wcitmeter between Pin 14 7C150 3ana GND.
3.2  Aciust R23 °C150 for 37V D.C.

3.2 Remave 3V input.

Horizontal sensitivity

Apply 10V, 1kHz squarewave 10 mCRIZONTAL inout.
Adjust R27 PC150 for 10.0 div gisc:av.

Appoly 1V, 1kHz squarewave 10 HORIZONTAL input.
Puill FINE for X10 magnification.

Acjust R29 PC150 for 10.2 awv cisoiay.

Disconnecs signal and switch off instrument,

Remove HORIZONTAL CALIBRATION UNIT.

Inser: Sween Untt and switch on 'nsirument,

b bebn
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Horizontal linearity

5.1 Agoly 20MHz to CH1 input.

5.2 Se: TIME DIV 10 0.1us.

3.3 Se: controls for a 3 division locxec Trace.

54 Azjust C11 PC150 for best linearity on the first o
ccies.

5.5 P.il LINE for X10 magnification.

55  Azjust C13 and C5 PC150 for best linearity on the first
faw cycies.

5.7 Pusn FINE.

5.3 Cisconnect signal.

Calibrator setting

6.1 Serect CHI.

6.2  Azoiy 25mV, 1kHz squarewave to CH1.

6.3 Se:DC-GND-AC w0 DC.

6.4 S2: VCLTS/OIV 10 5SmV.

6.5 P.usn VARIABLE in and set to CAL.

6.6 S22 TIME/DIV to 1ms.

8.7 Acjust S2T 3mV GAIN for S div display.

6.8 Oisconnec: 25mV input.

6.9 Cznnec: 30mV CAL 10 CH1.

6.10 Acjust R4 PC150 {wnite) for a 6 div disolay 10 = 0.1
divisicns,

6.11 CTiscornect 20mV input.

Horizantal sosition balance

7.1 Sas TIME/DIV 0 'ms.

7.2 Aziust 217 2C 30 1o cantralize trace so tnat PCSiTICA
~z FINE move 23cn 2nd of trace past screen zeaira
zsaily.

woo

Unbianking amplifier puise response

3.1 S2e TIMEZ/CIV 10 0.1Ls.

8.2  Sz:INTEINSITY for just visible trace.

3.3 iust C253 PC128 lwnite) for uniformity of intensity 3t

of trace.

Vertical halance

9.1 Samgve Verucal Unit.

9.2 lrsert WSRTICAL CALISRATION UNIT (067-2672-C0).

9.3 Saiect 2AL.

9.4 S2: TIME/DIV 0 1ms.

9.3 Aciust R7C6 PCi51 (wnite) to align trace with verucai
centre.

Vertical sansitivity

10.1 Sziec: CAL.

10.2 Asooly 250mV 1k™2 scuarewave 0 verticai ‘nout.
10.3  Aziust 3609 2C147 lwnite) for 5 aiv disotay =0.2 div.
10.4 T sconmect signal,

Versicat cuise resoonsa

11.1 S2: TIVEDIV 0 0.1,

11.2 2.0 5iINEZ for X 10 magnification.

11.3 A2z2:v 1MiHz sguarewave witn Ins risetime 10 veruica
imzt, 10 Zive 3 Siv disdiay.

11.4  Ag:ust TBCE 2147 1o zive Hat wco.

11.5 Acjust 27171 ang A722 2C151 for soumum ressonse.

11.6 Acius: 2707 PCi31 for opuimum response.

11.7 S22 C7%4 2C151 10 m:c position.

11.8 Azius: =701 PCI31 for mimimum ce:ay-iine 3i.ien.

11.9 AciustC704 2C151 for opumum response.

11.10 2:scornecs signal and switch off instrument.

11.11 Ra2move VERTICAL CALIBRATION UNIT.

11.12 !ns2rs Verucai Unit. ’

SWEZP UNIT ADJUSTMENTS

4.4.5 'A" TRIGGER

NOTZ: "A" zontrois are used uniess atherwise siatec.

1.1 witncraw Sween Unit and connect 1o Mainframe Jnit via
tiexioie 2xtension (067-0638-00).

1.2 Samove unit covers.

1.3 Switct on instrument.

Set sensitivity

2.1 o4sn A ONLY, AC and INT.

2.2 Deoress POLARITY.

2.3 Set TIMZ. DIV to 10us.

2.4  SerVOLTS/DIV w0 0.5V.

2.5 Serec: CH1T trig anc cnannel.

2.6 Agoty 300mV, 50k4z sinewave to CH1.
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2.7

2.9

Set DC-GND-AC 10 AC.

Obtain trace.

Connect monitor oscilloscope (M.Q.) via screened X10
Probe to junction of R22/C15 PC132 (pink) GRID
REF 6-E3).

Set M.O. TIME/DIV to Sus.

Set M.O. VOLTS/DIV 1o 10mV input AC coupled and
auto trigger.

2.12 Adjust R36 PC132 for triggering levels 80mV {0.8div)

apart. Similar to Plate 4.1,

2.13 Check 1that triggering levels are within = 10mV with

change in POLARITY,
Check that trace starts on correct polarities.

2.15 Disconnect M.O. probe.

Set
3.1

32

NN}
w

(D)W
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Disconnect signal.

fevel range
Push A ONLY, AUTQ and INT.
Depress POLARITY.
Apply 1V 50kHz sinewave to CH1.
Set TIME/DIV 10 10Ls.
Set VOLTS/DIV to 1V,
Set DC-GND-AC 10 AC.
Adjust R26 PC132 (pink) so that irace does not free-run
at LEVEL extremeties.

3.8 Disconnect signal.

Set extarnal trigger

4.1 Apply 2V 50kHz sinewave to EXT and CH1.

4.2  Release and depress POLARITY,

4.3 Adjust LEVEL for trace triggering point to coincide.

4.4 Set: trace start at centre of screen.

4.5  Push EXT.

4.5  Adjust R7 PC122 (pink) 0 align trigger point with screen
centre.

4.7 Reduce signal 10 300mV.

4.8  Observe stable trace on DC, AC, AC HF REJ with LEVEL
control adjustment.

4.3 Disconnect signal.

Set Ext X

5.1 Push A ONLY, DC and INT.

5.2  Turn ‘B’ TIME/DIV fully antictockwise.

5.3 Apply 100kHz sinewave to CH1 and EXT X linked
togetner.

5.4  Set VOLTS/DIV to 1V.

€3 Increase signal voltage until trace crosses extreme
verticals,

.6  Check that vertical difference beiween extremities is
4 divs =0.8 div.

c.7 Adjust twisted pair on PC122 to minimize eliipticai effecs.

3.3 Set DC-GND-AC to GND.

£.9  Adjust signal voltage to give 5 div trace.

5.10 Increase signai frequency to reauce trace to 3.5 div-

isions.

5.11 Cneck frequency > 1.4MHz.
5.12 Disconnect signal.

Check H.F. triggering

Push A ONLY, AUTO, INT.

Turn 'B° TIME/DIV to Sus.

Set DC-GND-AC to AC.

Set TIME/DIV to 0.1/4s.

Apply S0MHMHz to CH1.

Set amplitude to 0.5 div

Check for locked trace on AUTO,DC, AC with LEVEL
control adjustment,

Apply 500mV 50 MHzsinewave to SXT X and CH1.

Pusn EXT. )

6.10 Check for locked trace on AUTO, DC, AC with LEVEL

control adjustment.
Disconnect signai.

Check H.F. rejection

~J
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Pusn A ONLY, AC, INT.

Depress POLARITY,

Apoty 20MHz to CH1.

Set VOLTS/DIV to give 8 awv trace.
Se: TIME/DIV to 0.2us.

Adust LEVEL 1o lock trace.

Pusn H.F. REJ.

Agjust LEVEL.

79 Observe trace unlockable.
7.10 Disconnect signal.

Check line trigger

8.1 Push A ONLY, AC LINE.

8.2 Depress POLARITY.

8.3 Set TIME/DIV to 5ms.

84 Apply AC line supply to CH1 via 10 : 1 Probe.
8.5 Set VOLTS/DIV to give 8 div trace.

8.6 Adjust LEVEL for locked trace.

8.7 Release and depress POLARITY.

8.8 Observe trace locks at alf points of the waveform,
8.9  Disconnect signal.

4.4.6 ‘A’ SWEEP

NOTE:— ‘A’ controls are used unless atherwise stated.

Set timing

1.1 Push A ONLY, AUTO and INT.

Depress POLARITY.

Turn VARIABLE fully clockwise.

Apply 1ms marker signal ta CHI1.

Set TIME/DIV to 1ms.

Set VOLTS/DIV to give approximately 2 div display.
Adjust LEVEL for locked trace.

Adjust R91 PC132 (pink) for one marker per division.
Discannect signal.

_..._A_._,_._..A
Louowmb L

Set H.F. timing

2.1 Apply 0.1us marker signal.

2.2 Set TIME/DIV t0 0.1us.

2.3 Set VOLTS/DIV to give approximately 3 div dispiay.

2.4 Adjust LZVEL for locked trace.

2.5 Adjust C281 on TIME/DIV switch (access hole in PC132.
GRID REF 6-F2).

2.6 Adjust for one marker per div,

2.7 Check TIME/DIV ranges overlap using VARIABLE.

2.8  Check range calibration.

2.9 Disconnect signal.

Check stability

3.1 Push A ONLY, AUTO and INT.

2 Depress POLARITY.

.3 Set TIME/DIV to 10us.

4 Set VOLTS/D!V 10 1V,

.5 Apply 2V 50kHz to CH1.

.6  Adjust LEVEL to lock trace.

7 Rotate R73 PC122 (pink) clockwise until trace free-runs.
.8 Note slot position on R73.

9 Rotate R73 anticlockwise until trace disappears.
.10 Note siot position.

.11 Set R73 to centre of two noted positions.

.12  Disconnect sigral.

WL WWWWWWWeLow

Sat trace langth

4.1 Push A ONLY, AUTO and INT.

2.2 Set DC-GND-AC to GNO.

4.3 Set TIME/DIV to 0.1ms.

4.4  Adjust R105 PC132 {pink) for 10.4 divisions.

Check sawtooth and pedestal voltage
5.1 Apply 1ms marker signal to CH1.
5.2 Set VOLT=/DMV 1o give approximately 2 div dispiay.
§.3 Connect M.O. probe to Pin 33 PC132 (GRID REF 6-H2)
See plate 4.2.
CHECK: Y 1 =15 =0.2V as Plate 4.2
Y2=2=0.5V asPlate 4.2
5.4 Disconnect signal.
5.5 Do not disconnect probe.

Set hold-off ume
6.1 Sert as table. See plate 4.3

Sweep Unit M.O. M.O. X axis
‘AT TIME/DIV TIME/DIV. l DIVISIONS
10ms : 2ms } 2t 4
0.1ms ' 50 us ) 121024
10 s | 5 us l 1.21024
0.5 s ! 1 s 1tw?2

4/3



Check

Adiust A1C3 PC132 for s30timum noid-off time as n dlate
4.3,

Reset trace lengtn.

Oisconnec: probe.

single shot

Apoly 100ms marker signal 10 CH1.
Push RE2, A ONLY, AC ang INT.
Obtain trace by rotating LEVIL,

Set VOLTS/DIV to display acoroximately 2 div.
Set TIME/DIV 10 0.2 sec.

Set OC-GNO-AC 10 AC.

Pusn SINGLZ sweep.

Observe nean goes off at and of sween,
Set OC-GND-AC 10 GNC.

Push RESET.

Observe neon glows with ng sweeg.

Set DC-GND-AC 10 AC.

Observe neon glows for seriog 97 sweep.
Pusn REP.

Disconnect signal.

4.4.7 '8°TRIGGER

Reoiace rignt hand cover of unit ang -urn over ro give access
0 PC133.

NOTE:~ '8’ controis are ysea uniess stnerwise stated.

S
1

1
!
1
1
1
1
1
1
1
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at
1
2

3
4
5
3

intarnal triggering

Set DELAY TIME MULT 'DT*4) 0 5.0.

Deoress VAR, TRIG.

Pusn A INT 3Y 3,'A" AUTS 3nc ootn INT's,

Deoress POLARITY.

Rotate LEVZL ‘uily antictockwaise.

Set TIME/DIV "A’ 10, '3" s,

Aoply 1V 30 kH2zZ sinewave 10 SH1.

Set VOLTS/OIV 0 2V,

Set DC-GND-AC 0 AC.

Adijust "A° LEVZL for locxed ‘racs.

Connec: monitor oscillascaze 'M.D.} via 10 : 1 orooce to
junction of R166/R163 °C123 :GRID REF 5-F3)ioink].
Set M.O. TIME/DIV 10 Sis.

Set M.O. VOLTS/DIV 10 5 mv.

Adjust R152 PC122 to sotain M.D. srace.

NCTZ: if 3133 s at :ne 2rc 5f s range change over
TRIS1 ane TRI32PCIIZ 2RIC 3ZF 5-35).

Acjust R17I PCIZI3 for v zz2eng ‘avels. 50mV 1.2 ziv)
3zart simitar 1o Plate 11,

Connect M.O. orobe 10 .uncton of C195,8174 2Ci3
‘GRID RZF 3.74a),
S2tM.O. VCLTS/DIV 5 3Cmv/.
Check M.Q. trace s 1.25 =
Reguce TH1 10 zive 0.2 Siv 37 trace.

Release ang secress POLARITY.

Acjust 3158 2C133 for 20umum mark/soace ratia.
Ddisconnec: signai.

4.2.83 ‘B'SWEEP

NCTEZ: '2' contrals 3r2 useC cniass 3tnerwise stated.

Set timing

1
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Turn VARIASLE fully ziockwrse.

Set TIMEZ. IV "A” 2ms. ‘3 ims.

Apoly 1ms marxer signa: 10 CH1.

Set DELAY TINE MULT 27 15 1.00.

Set VOLTS, DIV 1o aooroximataly 2 div gispiay.
Pusn 8 DEL 3Y A,

Aajust R238 PC133 for one marker per div.

Check TIME DIV ranges over'ap using VARIASLE.

H.F. timing

Aoply 0.1uUs marker signai 10 CH1.

Ser TIMEZ'CIV "A" 0.2us, 27 2.7 us.

Agjust ‘A" LEVEL for iocxaz trace.

Agjust C2E5 irignt hanc sice 2¢ 'S’ TIME/DIV switcn) for
one marker Der v,

Otsconnecs: signat

Check sawtooth and nedestal valtage
3.1 A2ty 1ms marxer signai 10 CH1.
3.2 S2:TIME/OIV "A" 2ms, '8° 1ms,
3.3 Set VOLTS/DIV to give 3ooroximately 2 divisions displa
(CRID REF 6-G4).
3.4 Connec: M.0. prooe to 0in 16 PC133 IGRID REF 5.G.
see Plate 4.2
Creck Y1 =155 20.5V as P'ate 4.2
Y2=2.0=Z0.5V asPlate 4.2
3.5 Cisconnec: M.O. srobe.
Chaeck range calibratian
4.1 Set TIME/DIV's "A" Q.2us, 3" 0. 1us.
4.2 Aooly 0.1us marker signal to CH1.
4.3 Tdrn both TIME/DIV switcnes togetner antciockwise gne
se1ting at a time.
4.4 Set marker signal to correspong with '8* TIME/DIV ior
eacn setting.
4.5 Acjust R236 PC133 (pink} to equalize errors for sacn
se:tng.
4.8  QCisconnecs signal.
Set stability
5.1 Pusn A INT 3Y 3 and INT.
5.2 Reiease VAR/TRIG.
5.3 S2or253 POLARITY.
5.4 Se:DELAY TIME MULTI!CTM) :0 5.0,
3.3 Cznnect 10MHz sinewave 10 CH1.
3.6 S2: VCLTS/DIV to give 1 giv of disoiay.,
5.7 S2: TIME/DIV's "A" 1us, '3° 0.1,
5.3  Aciust'A’ LEVEL for locked -race.
5.9 Tern '3 LEVEL fully clockwise.
S5.10 S2:M.O. VOLTS/DIV SOmV.
511 S2e MO, TIME,/ DIV 2us.
S.12 snnect M.O. prope to juncuion of R192/R196 ACiz3
‘GRIC REF §-Z4)(pink],
5.13  Cuserve M.O. trace reference 2late 4.4, o4
5.14  Acjust R204 PC123 (pink! so :mat smail positive st2g
‘ravels 1owards and is just 3bsoroed into large positve
50ing st20. Plate 4.4, 'A’
NQOTZ: further rotation of R204 is cetrimental,
5.15 Turn LEVEL t0 AUTO small step snould re-2merge, irack
forward 0 the negative going 2dge. Plate 4.4, '3’
3.16 Cisconnec: orobe.
5.1 Se: YOLTS/DIV 0 give 0.5 Ziv disciay.
5.138 Coserve arignt-up.
.19 Pusn 2 DEL 8Y AL
5.20 Tcserve locked 3° sweeo 2y aciusiment of LZVEi
zznron.
heck ievel cantrol
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14
15
16
17

(o 13N T} N4

S2:27M w0 5.

P.sn AINT 3Y 3,

Zaoress PDLARITY.

- LIVEL fully snuciocxaise.

20 TIMZ/CIV's "A" 10us, '3° 3.s.

Soty 30k Hz sinewave 10 CH1.

< VOLTS/OIV 0 give 2 aiv display.
Siust INTENSITY for brignt-uo.
ctare LIVEL,

Coserve brignt-uo moves along siooe.

Ses brignt-up start aporoximatety haifway up siope.

Sz13t2 OTM.

PRSI U7 I VRV

Coserve brignt-uo iumos 10 same 2osition on sucsessive
cvcies.

Release and depress POLARITY.

Coserve bright-uo potarity cnange.

S2cneck LEVEL contror 3t 2.2 ziv of cispiay.

Re2-set stability if unsausiacsory.

Set externai triggering

7.1

~1 =~
O wv & LM

~E N~

~ o~
w

Aooly 300mV 30kHz sinewave 0 ‘8 EXT TRIG anc
CH1 togetner.

Pysh ‘8" EXT.
Sorate LIVEL.
Coserve oright-up.
Pusn 8 DEL BY AL
Coserve iocked ‘S’
control.

DJisconnec: signal.
Aoolv 1MHz squarewave via 53] termination to '8° =X 7
TG

sweez Dy acjustment of LIVIL



7.12
7.13
7.14

7.15
7.16
7.7

Check

S.10
ERE
9.12
9.13

9.14
9.18
9.16

Set ‘B’ LEVEL to centre of range.

Remove TR155 PC133 (pink) (GRID REF 6-F5).
Connect M.O. probe to junction R166/R168 PC133
(GRID REF 6-F5).

Set M.O. TIME/DIV 0.21s.

Set M.O. VOLTS/DIV 20mV.

Adjust EXT TRIG input voltage for 4 divisions M.O.
display.

Adjust twisted pair PC133 for optimum squarewave.
Replace TR155,

Remave probe and signal.

H.F. triggering

Push A INT BY B.

Set DTM 10 5.0.

Set TIME/DIV ‘s "A’ 0.5us 'B° 0.1us.

Set VOLTS/DIV 10 C.2.

Apply 0.5V 10MHz sinewave to ‘B° EXT TRIG and CH1.
Release VAR/TRIG.

Adjust ‘8" LEVEL.

Observe brignt-up.

Pusn 8 DEL BY A.

Observe locked ‘B’ sweep with adjustment of LEVEL
contral.

Disconnect signal.

A & B8 mixed

Pusn A INT 8Y B and INT.

Dearess POLARITY. T
Turn LEVEL fully anticiockwise.

Apoly 30kHz sinewave to CH1.

Set TIME/DIV's ‘A’ 0.5ms ‘B’ 204s.

Set VOLTS/D!V for 2 div display.

Note position of bright-up,

Pusn MIXED.

Observe start of the expanded portion coincices with tne
start of the bright-up portion.

Release ‘8" POLARITY.

Observe start of expanded portion changes siooe.

Observe both portions of trace are of similar intensity.
Rotate DTM through range. Note start of expangec
portion at constant point on slope.

Depress VAR/TRIG.

Rotate DTM.

Cbserve mixed sweep. Note start of expanded portion
foilows sinewave curve,

Disconnect signal.

4.4.9 CALIBRATE DELAY TIME MULTIPLIER (DTM)

1

h h a ot e e s e
Lobmuwone i

0
1

22
13
14
.18
1.16

- ea -

NOTE

Pusn A INT 8Y B,’A’ AUTO, and botn INT’s.

Deoress POLARITY.

Se: TIME/DIV's ‘A 1ms, ‘B’ 1.

Ser OC-GNC-AC to GND.

Adjust INTENSITY for maximum contrast.

Adjust FINE to align ‘A’ trace start with 1st vertical.
Set DTM 0 1.0,

Acjust R2C2 PC133 (pink) to align spot on 2nc verzicai.
Set DTM 10 3.0. ’

Adjust R198 PC133 to align spot on 10t verucal.
Reoeat las: four operations until botn aiignments are
correcs.

Check for error <*1% an each major division.
Centraiize nright-up spot.

Set TIME/DIV’'s ‘A’ 1us, ‘B* 0.24s.

Adjust FINE to align ‘A’ trace start on 1st vertical.
Check brignht-up <0.45Us from centre verticai.

: Turn urit on to left hand side anc remove cover 10

give access to PC132.

Check
2.1
2.2
2.3
24
2.5
2.6
2.7
23
2.9
2.10

aelay jitter

Pusn A INT 8Y B, 'A° AUTO and both INT's.
Depress VAR/TRIG.

Set TIMEZ/DIV's ‘A" 1ms, ‘B’ 1us.

Apply 1ms rnarker signal to CH1.

Set DC-GNC-AC o DC.

Set VOLTS/DIV to give 4 div display.

Ser'A" POLARITY to match marker signal.
Ser oricnt-us on 9tn marker.

Pusn B DEL BY A.

Agjust R0 PC132 (pink; to centraiize marxer.

2.11  Adijust 'A’ LEVEL to minimize jitter.
NOTE: lighthood may be required.

2.12 Check jitter <1 division reference Plate 4.5.

2.13 Switch off instrument,

2.14 Remove signal and extension lead.

2.15 Replace unit covers.

2.16 Insert Sweep Unit into Mainframe,

2.17 Switch on instrument.

4.4.10 VERTICAL UNIT ADJUSTMENTS

Set CH1 X5 balancs

1.1 Push A ONLY, A AUTO’

1.2 Set'A’ TIME/DIV to 1ms.

1.3 Adjust POSITION to centralize trace.

1.4 Puil VARIABLE for X5 magnification.

1.5 Adjust D.C. BAL to recentralize trace.

1.6 Push VARIASBLE.

1.7 Re-centralize trace with POSITION control.

1.8 Repeat last four operations yntil no movement occurs.

Set CH2 X5 balancs

24 Set as in CH1 using corresponding CH2 controls.

2.2 Switch off instrument. Remove Vertical Unit.

2.3 Rermove unit left-nand cover.

24 Connect unit to Mainframe via extension lead.

2.5 Lay unit on rignt-nand side giving access 10 PC152.

2.6 Switch on instrument.

Set CH1 Variable gain balance

3.1 Push CH1 TRIG and CHANNEL SELECT.

3.2 Rotate VARIABLE anticlockwise.

3.3 Adijust POSITION to centralize trace.

3.4 Turn VARIABLE fully clockwise.

3.5 Adjust R703 PC152 (veliow) to recentralize trace.

3.6 Repeat last four operanions until no Movement occurs.

Set invert balance

4.1 Adjust PCSITION to centralize CH2 trace.

4.2 Pull INVERT ana note new position of trace.

4.3 Adjust R704 PC152 (yellow) to centralize trace between
WO positions.

4.4 Push INVERT.

4.5 Repeat operations until no movement occurs.

Set CH2 Variabie gain balance

5.1 Set as in CH1 using corresponding CH2 controls and
R645 PC 152 iveliowl.

5.2 RE.CHECK ZH2 XS BALANCE.

5.3 RE-CHECK CH2 INVEIRT SALANCE.

Set CH1 Gain

6.1 Set TIME/DIV 0 0.1ms.

6.2 Set VOLTS/D!IV 0 SmV.

6.3 Select CH1.

6.4 Set DC-GND-AC tc DC.

6.5 Apply 25mV 1kHz sauarewave to CH1.

6.6 Rotate SE7 GAIN 5mV.

6.7 Check ampiituge ranges from <4.5 to >>5.5 divisions.

6.8 Set ampiituce 1o 5 divisions.

6.9 Turn VARIABLE fully anticlockwise.

6.10 Check amolitude <2.0 divisions.

6.11 Turn VARIABLE fully clockwise and pulil.

6.12 Reduce input to SmV.

6.13 Rortate SET GAIN 1mV.

6.14 Check amplituge ranges from <4.5 10 >5.5 divisions.

6.15 Set amolituae tc S divisions.

6.16 Disconnecs: signai.

Set CH2 gain

7.1 Set as in CH1 using corresponding CHZ controls.

Set CH1 trigger

8.1 Place unit on 1ts left-nanc sige.

8.2 Remove cover to exoose PC153.

8.3 Select CH1.

8.4 Set TIME/DIV tc Sis.

8.5 Set VOLTS/ DIV to 5mV.

8.6 Set OC-GNTZ-AC 0 DOC.

8.7 Apply 25mV 50kHz sinewave to CH1.

8.8 Pusn ALT 'TRIG;.



I

0 Adjust LEVEL 10 start trace on vertical centre hine,

1 Pusn CH1 (TRIG:.

2 Adjust R797 27153 l(yellow) to correct irigger soint
movement. '

3.13 Disconnect signa..

2 Pusn DC an Sw.222 Lot
1
1
1

Set CH2 trigger

9.1 Sert as in CH1 using corresponding CH2 contrals.

9.2 Adjust R798 2C:53 lyellow) to correct ir.gger doint
maovement,

CH1 attanuator compensation

10.1  Switch off instrument,

10.2 Remove extension iead and fit right-nana cover.

10.2 Cornec: umit o Mainframe wvia exiznsion 2card
(670-2864-00).

10.4 Switcnh on insirument.

10.5 Pusn A ONLY, AUTO.

10.6 Set TIME/DtV 0 Q.1.s.

10.7 Set DC-GND-AC 2 DC.

10.8 Seiect CH1.

10.9 SerV/QOLTS/DIY ranges 3s in iable.

10.10 Ser faor flat rasconse.

10.11 Apoly 25mV 1k=z via inout normalizer 320F 0 CH1.

CH1 & CH2 | iNeuT | ADIUST

VOLTS/OIV SETTING | VOLTAGE: TRIMMER 3C 127

S mv | S0mv | c3'5

Remove input normanzer | - : -

13 mv . SOmv C3i7

20 mv | 100mv | c313

30 mv ¢ 280 mv C3C7

a.1vV | 03V C313

0.2V : 1V ‘ C3ts

asv : 25V C3Ce

SV . 3B/YV : CzCs
Apolv input via X1Q0 zrzoe - Adjust prope rimmer

30 mv P03V €304

0.5V ! ERY i Csa3

SV | sov | csc2

CH2 attenuator compensation

11.1  Set and adjust as .n CH1 using corresponding CH2
controts.,

Disconnect signar.

Switeh off instroment,

Remove 2x3215.27 203rc 3nd refit umit 10 nstrum2nt,

Swiicn on .AstrLTEnL

1
11.
1.

(IR

(ST S S N

Set CH1 pulsa responsa
12.1 Serzz:CH! T2'C AND CHANNEL SELZCT.

i
12.2 SerVCOLTS/ TSI 10 3mVY,
122 Ser TIME DIV 12 3,748 and ousn SINE.
12,4 321 3C-GNDO-AZ 0 AC.

1.5 A=z, 25~ iniHz <lagriretme souarzwave to CHT,

12.6 Acjust C516 ana RE23 PC152 (yeilowi far trace over.

snoot <0.1 awisions.

12.7 Pt FINE ‘or X 10 magnification.

12.3 Acpust C814 PCi32 ivaiow: for 10% - 90% risezume
<0.7 9.1 aw.

12.9 Oisconnect signal.

Set CH2 puisa response

13.1 Se: as :n CH1 using corraspona:ng CH2 controls.

13.2 Aciust C617 and REZS PC152 lyellowl for trace over-
sncor.

13.3 Agjus: C815 PC152 for risetime.

Check CH1 X1 bandwidth

14.1 Saect SH1 TRIG AND CHANMNEL SELECT.
14.2 Set TIME!DIV 0 Ims.

14.3 Apoly 30kHz sinewave 0 CH1.

14.4 Aciust generator 10 give 5 div 2isolav.

14.5 Switcn generator to 30MHK2z.

14.6 Creck amotituce > 4.2 giv of Zisolay.

Check CH1 X5 bandwidth

15.1 Pun VARIASLE for X2 magnification.
15.2 Acoly 30kHz sinewave 0 CH1.

15.3  Acjust 32n2rator 10 give 3 Qv S13DIayY.
15.4 Switcn jenerator 10 13MHz,

16.5 Chacx amotituce <s.2 2iv of Cispiay.
15.6 Orscannace signal.

Check CH2 X1 bancwidth
16.1 Check as ‘or CH1 using corresaonding CH2 controls.

Check CH2 XS sandgwidth

17.1 Creck as ‘or CH1 using z2rresooncing CH2 controis.
17.2 Reotace .2fr-nand cover of unit.

17.3 Re-zmeck ©H' ang CHZ X5 2ALANCE.

Sum balance

18.1 Selact ALT CHANNEL SEL
18.2 Se:oown SC-GND-AC 10 GNC.
18.3 Se: TIME/DIV 0 1ms.

18.4 Cenzre notn traces witn 2OSITION controis.
18.5 Pusn SUM.

18.6 Acjust R614 ?C147 [wnite) 10 centre race.

=CT

Switen 2% nstrumanr, sesure units a Mainframe and -20.222

main cove-s,

Switch I~ /sitLTENT I8 2,sur? TTET TIvers 20 NOT Z3use 3t

circuit fausts.

Switcn o%¢ Asitumant 3ng var 2Tie S2v.er suloly.

Disconnec: :nstruim2ant from varigdi2 Lower sudoiy.
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SECTION b5
COMPONENTS LIST

Values of resistors are stated in ohms or multiples of ohms: ratings at 70°C are in watts or sub-multiples of watts. Values of capacitors are
stated in sub-multipies of farads; ratings at 70°C are in voits or kilovolts.

Whenever possia'e, exact replacements for components should be used, although locally availabie alternative may be satisfactory for standard

components,

Any order for replacement parts should include:

1.
2.
3.

BM

c?P
Ccv

ZR

CT
cM

Instrument type
Instrument serial numoer
Component circuit reference

Button mica
Carbon

Carbon preset
Carbon variagole
Ceramic

Ceramic trimmer
Cermet thick film

CMP
3

Ge
MF
MQ
PE
PP

ABBREVIATIONS

Cermer preset

Electrolytic
Germanium
Metal Fiim
Metal oxide
Polyester
Palypropylene

TEKTRONIX U.K. LIMITED

Component part numper
Companent value

PS

Se

Si

SM
Y

WwWPpP

WWV

Polystyrenre
Selenium

Silicon

Siiver mica
Wire-wound
Wire-wound preset
Wire-wound variable

36 - 38 Coicharbour Lane, Harpenden, Hertfordshire, Sngiand.

Telephone: Harpended 63141 ~-

Telex: 2

Eete]
[egete)}

All requests for repairs or reptacement pars should be directed to the Tex:ronix Fielgd Office

or representative in your area.

This procedure will assure you the fasiest possible service.

573



DESCRIPTION DESCRIPTION
CIR PART VALUE TYPE TOL RATING CIR PART VALUE TYPE TOL RATING
REF NUMBER F % v REF NUMBER F % v
c1 285-1015-00 4.7n PE 20 180
c2 290-0627-00 2u £ a0
c3 285-0800-00 10u PE 20 250
ca 281-0734-00 100n  CER 20
cs 281-0192-00 26p cT 250 !
cs 281.0710-00 10n CER 230
c7 285-0800-00 10n PE 20 250
c3 285-0915-00 100n  PE 20 100
c9 285-0866-00 10 p PS 1p 23 C801 281-0710-00 10n CER 250
cio 235-0854-00 100p PS 2p 23 ; €802 285-0800-00 10 n pe 20 230
11 281-0135-00 4.20p CT 2z I C603 285-0915-00 100n  PE 20 100
c12 285-0870-00 120p  PS 2 330 f c304 285-0800-00 10 A pe 20 250
c13 281.0191-00 10-80p CT 239 ' €605 285-5867-00 20 2 PS 1o 350
c14 290-0664-00 47m E 150 ' c506 285-3367-00 205 S 1o 250
! C807 285.0776-00 272 S 1p 230
| c608 281-0135-00 4200 CT 230
‘l €809 281-0710-00 10 CER 250
i c611 281-0710-30 10n CER 239
]
i
c201 285-1014-00 1L pc 20 53 i
€202  250-0495-00 47y € 20 !
€203 281-0726-00 1a CER 2« :
C304  290-0495-C0 aTp € <0 |
€305 ~ 285079900 33n Pe ~20 .250 i
€206 281-0631-00 10n CzR < i
czq7 285083700 20 n PE 5« | c701 285-0915-00 100n  PE 20 100
caes 285-1015-00 47n PE 20 180 i c702 285-0300-00 10n PE 20 250
c209 2310631-00 10 n CER ay i c703 285-0844.00 252 PS 2p 250
c310 285-0837-00 20n pe 5% f c704 281-0135-00 4200 CT 250
c3n 281067700 10n CER 2% | C705 285-0800-CO 10n pe 20 250
c312 282-071000 10 n C=R 250 | c706 287-0710-00 10n czR 2350
i c707 281513500 4202 C7 2350
! c708 281-3710-00 10 A czR 230
t C709 285-5822.00 RN PS 2o 350
' ocmn 281.2135-00 &2 CT 25
c712 282.2215.00 100~ PS 20 120
iocn3 290-0625-00 274 g 180
C2s 283-0800-00 10 n pe 20 233 N VAL 28:.0710-C0 10 a cz] 230
cas2 2213710-00 10 n cz13 252 c715 285-33556-C0 102 s 1p kER)
c3s3 231.0183-0C 0532 CT 223
casa 225-38C000 10 n PE 20 238
C2s5 285-0800-00 10n PE 20 239 ,
l
|
ca01 285-0793-00 10n pe 2 82 i
C102 225.0793-00 10n pe 20 238 ‘
c102 285079300 10n PE 20 &2 ;
ca04 290-0547-00 330u E 120 '
c105 290-0624-00 22m E KEe!
C406 290-0624-00 22m € 20
ca07 281071000 10 n CER 250
ca08 290-0494-00 a7 1 3 a3
C109 2850915-00 100n  PE 20 1CO
ca10 285-0854-00 100p  PS 20 380 }
a1 29C-0635-00 a7 u |3 33
c1i2 2850870-00 1200 PS 2 230
cai3 285-0796-00 100n  PE 20 230 Q
cata 290062700 224 E 25 i
ca1s 290-0627-00 224 = 25 '
C416  290-0625-00 a7u  E 180 §

(]
w

w



CIR PART VALUE DESCRIPTION TYPE TOoL RATING
REF NUMBER v %

D1 152-0062-01 1NG14/1N4148 Si 75 v
02 152-0062-01 . 1N914/1N4148 Si 75 v
03 152-0062-01 IN914/1N4148 Si 5 v
D4 152-0062-01 1N914/1N4148 Si 5 Vv
o] 152-0062-01 1N914/1N4148 Si 75 Vv
D6 152006201 1ING14/1N4 148 Si 75 v
o7 152-0062-01 1N914/1N4148 Si 5V
0301 152-0062-01 ING14/1N&148 Si 75V
D302 152-0554-00 50 8AY 74 Si 200 mA
D303 152051500 6k Rectifier Si 10 mA
D304 152-0515-00 6k Rec:ifier Si 10 mA
D305 152-0388-00 130 Zener Si 5 330 mwW
D306 152-0510-00 150 Zener 5 1TW
D350 152-0062-01 ING14/1N4148 Si 75V
0351 152-0062-01 1N914/1N4148 Si 75 V
D382 152006201 1ING14/1N4148 Si 75 Vv
D353 1520544-00 43 Zener Si 5 700 mW
D354 152006201 1ING14/1N4148 Si 75V
0355 152006201 1NG14/1N4148 Si 75V
D355 152-0062-01 1N914/1N4148 Si 75V
D357 152-0062-01 1N914/1N4&148 Si 75V
D358 152-0494-00 75 Zener Si 5 TW
D40 152034100 450 Rectifier Si 500 mA
D402 152034100 450 Rectifier Si 500 mA
D403 152034100 450 Rectifier Si 500 mA
0404 152034100 450 Recufier Si 500 mA
D405 152034100 450 Reczifier Si 500 mA
D406 152034100 450 Rectifier Si 500 mA
D407 152034100 450 Rectifier Si 500 mA
D4cs 152034100 450 Rectifier Si 500 mA
D409 15234100 450 Rectifier Si 500 mA
D41 152034100 450 Rectifier Si 500 mA
D412 152034100 450 Rectifier Si 500 mA
D413 152034100 450 Rectifier Si 500 mA
D44 152034800 6.2 Zener Si 330 mW
D415 152-0062-01 1NG14/1N4148 Si 75V
D416 152006201 1NQ14/1N4148 Si 75V
D417 152-0468-00 150 Recrifier Si 200 mA
D601 152-0062-01 INSG14/1N4148 Si sV
D602 152006201 ING14/1N4148 Si 75V
D603 152-0062-01 ING14/1N4&148 Si sV
D604 152006201 IN914/1N4148 Si 75V
D605 152006201 ING14/1N&148 Si BV

-
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<IR PART VALUE DESCRIPTION TYPE TOL RATING
REF NUMBER ' %
=606 1520062 01 1N914/1N4148 S 75
20607 152.0548-00 47 Zener S 5 77C mw
-002 182047206 23 Zarer S 5 -
0702 152047220 5.6 Zaner Si 5 320~
2704 152-0542-00 3.0 z2ner S 3 320 mw
0705 152.0547-30 22 Zaner St 3 320 My
5401 158-0031-30 1A :200-230V) 1.25 in. deiay

159-0113-CO 2A 1100-125V) 1.25 .n. delay
#3402 153-0072-C0 1A 1.25 in. fast
=3 276-058720 Farrite bead Mullarg #X 1115
L1 108-0422-20 160 uH Zixeg ingductor
701 113.0222-20 Var:aole inductor
702 108-072C-30 Trace rotation coil 1920 turns
240 150-007=-20 5.2V Las

W
5



DESCRIPTION DESCRIPTION
CIR PARY VALUE TYPE TOL RATING EH. CIR PART VALUE TYPE TOL RATING Eff.
REF NUMBER ohms % Ser.No. REF NUMBER ohms % w Ser.Na.
A1 317015831 150k c 5 125 m R328 3160106-01 10M c 10 250m
R2 317082241 8.2 K c 5 125 m R329 311-0767-00 100 k ce 20 11
A3 317010391 10k c 5 125 m R330 317-010201 1k c 5 125 m
R4 311-144800 220 cp 20 75 m R331 301-0682-01 6.8 k c 5 500m 574101
RS 321028048  8.06 k MF 1 125 m
A6 317-0683481 68 k o] 5 125 m R333 321-048148 Y MF 1 125 m
R7 317068501 68 c 5 125 m
A8 311.146808 10k cv 20 250m
A9 321-0093<2 909 MF 05 125m
R11 217039231 29k c 5 125 m R351 311-1463-00 10 k cv 20 250m
R12  317-039201 390k c 5 125 m R352 315-0103-01 10 c 5 250 m
R13 325012300  10.1 MF 05 125m R353 317-0183-01 18 k c 5 125 m
R14 321084848 2.2k MF 1 125 m R354 317-0103-01 10 k o 5 125 m
*R15 311134500 50K cv 20 250 m R355 317-0104-01 100 k o 5 125 m
R16 317056201 56k c 6 125 m R356 317-0680-01 63 c 5 125 m
R17  311-144300 4.7k cP 20 75 m R357 317012301 12k c 5 125m
R18 321084548 2.7k MF 1 125 m | R3s8 317-0273-01 27 % c 5 125 m
R19 3170182401 15k c 5 125 m ! R359 315015301 15 k c 5 250 m
R21 317056201 56k c S 125 m .\ R361 317047001 a7 c 5 125 m
R22 317051201 5.1k c 5 125m R362 321-1325-18 24 % MF 1 125 m
R23  311-144800 4.7k cp 20 75 m R363 317-0123-01 12 % c 5 125 m
R24 317012301 12k c 5 125 m | R364 317027301 27 c 5 125 m
R25  317-012301 12 k c 5 125m R365 317010201 1k c 5 125 m
R26 321084848 2.7k MF 1 125 m R366 317010101 100 c 5 125 m
R27  311-144B00 1k cP. 20 75 m R367 317010101 100 o 5 125 m
R28 321084348 270 MF 1 125 m R368 317-0561-01 560 c 5 125 m
R29  311-1443500 100 ce 20 75 m :
R30 317010001 100 c 5 125 m
R31 321085048 27k MF 1 125 m
PR32  321-085048 27k MF 1 125 m
R23 307014300 5.6k MO 5 1.5 '
R34 307014300 56k MO 5 15
R35 317039201 39« c 5 125 m
: R400 315-0200-01 20 CF 5 250 m 574801
R402 317-0683-01 68 k c 5 125 m
R403 317-0562-01 5.6k c 5 125 m
R404 317022301 22k c s 125 m
R405 308-0726-<00 1.5 wwW 10 1
| R4a06 3080725400 2. VW 10 1
| R407 308-0727-00 1 ww 19 1
R301 311-145300 1Sk cP 20 75 m ! R408 317047401 470 % c 5 125 m
R302 3150223401 22 C 5 250 m ' R40S 317010001 10 o 5 125 m
. R410 317047101 470k c 5 125 m
R304 307053200 6.3M cM 5 500 m i R411 317033201 3.3«x c 5 125 m
R305 3070523200 63M cM 5 500 m ‘' R412 3174033401 230 k c 5 125 m
R306 317010201 1k c 5 125 m ! R413 307037000 180 MO 5 6
R307 317012601 120k o 5 125 m | R414 315047202 a7k c 5 250 m
R308 31703301 330 c 5 125 m ! R415 307014400 10 k MO 5 15
R309 307053200 68 M CcM 5 500 m i R416 317-0562-01 5.6 k c 5 125 m
R210 316022301 220 c 10 250m . R417 317010301 10 x c 5 125 m
R311 317010201 1k o 5 125 m \  R418 317082201 8.2k o 5 125 m
R312 307018400 15k MO 5 15 ! R413 316018301 18 & c 10 250m
R313 307083200 6.8M c™ 5 500 m ;
R314 317018601 180 k c 5 125 m . R421 317010801 100 k c 5 125 m
R315 311-145:00 2.2 M cp 20 75 m - R422 317-0883-01 88 k c 5 125 m
R316 317027301 27k o 5 125 m | R423 317-0103-01 10 k c 5 125m
R317 301010802 10M c 5 50U m ! R424 321031848 20 k MF 1 125 m
R318 301010602 10M c 5 500 m | R425 311-1453-00 47k CMP 20 500m
R319 3010106902 10M c 5 500 m | R426 321-132548 24 k MF 1 125 m
. R427 321-087148 6.8 k MF 1 125 m
R321 301010692 10M C 5 500 m | Ra28 311.145400 15k CMP 20 500m
R322 301010662 10M c 5 500 m R429 321-1313-48 18 k MF 1 125 m
R323 301-032541 3.9M c 5 500 m :

T R324 3010475492 47 M c 5 500 m | R431  316-0473-01 47 x c 10 250m
R325 301-0473C2 4.7M c 5 500 m ! R432 321-135348 47« MF 1 125 m
R326 301058501 5.6M o 5 500 m [ R433 311-145300 a7k cMP 20 500m
R327 311-1347401 2.5M cv 20 250m i R434 321028948 10 % MF 1 125 m
3/77 * with S1 5/5



DESCRIPT\ON : DES
CIR PART vALUE TYPE ToL RATING | CIR PART VALUE TYF
REF NUMBER F % ) i REF NUMBER £
| me33 307-0369-00 160 MC
\ RE34 311-1457-00 100 c?
| R63S 317-0333-01 33 % c
R601 316-0332-01 33% c 10 250 m !
ago2  317-033401 130« C 5 125 m
RE03  3170562:01 56k c 5 125 m \
Rgoa  317-0862:01 5.6 & c 5 125 m ,
R605 417-0242-01 24K o 5 125 m ; R701 321-0095-48 95.2 M
agos  317-0242:0! 24% c 5 125 m L R702 317-0101-01 100 c
ago7 317088101 530 c 5 125 m t R703 421-0095-28 95.3 N
Rgog  317-0821-01 820 c 5 125 m ¢  R704 117.0332-01 33% c
Rgog  311-1455-00 10k ce 20 som ;| R79S 315.0821-01 820 2
i R706 31 1.1447-00 470 -
RE11 321-0968-18 g1 MF 1 125 m . R707 315-0821-01 20 -
R612 321096848 a1 MF 1 125 m ;
R613 317015201 1.5k c 5 125 m ‘
Re1a  311-1456-00 470 ce 20 50 m ;
R615 317-0152-01 15k c 5 125 m . R711 317-0382-01 3.6%
agi6 317022101 220 c 5 125 m f R712 317011101 110
ag17  317-018391 18 c 5 225 m . A713 317.0121-01 120
agig  317-0221:0 220 c 5 125 m . R4 317-0470-01 17
R619 317-022101 220 c 5 125 m : R715 317-0121-01 120
i R716 307-0372-00 390
R621 317-0222-01 22k c 5 125 m " a717  307-0372-00 290
pg22 317022101 220 c 5 125 m AL 317-0680-01 33
RE23 317047001 47 ¢ 5 125 m VAL 317-0680-01 &8
Rg24 307017300 470 MO 5 1.5 :
ag2s 317047001 a7 c s 125 m . R 317-0680-01 53
Rg26  317-0221-01 220 c 5 125 m . RT22 311-1446-00 220
agz7 31702210 220 c 5 125 m . R7Z3 315-0103-01 10 %
Rg28  317-0820:01 82 c 5 125 m . R724 307-0371-0C 510
R629 317-0820-01 82 c 5 1256 m i R725 307-0371-00 510
|
R631 307-0369-00 160 MO 5 1.3 | R727 311-0727-00 1%
CIR PART VALUE DESCRIPTION TYPE

S 311-‘.345{)0 Pull (with R15)

S2 260-1408-00 pyush 1-putton

Sa01 311-1468-00 Rotary (with R351)

T301 120-0771-00 =z 4.7 oscillator sransformer

T401 120-0813-00 Power wansformer

TH301 307-0258-00 13002 Thermistor Mullard VA 1040



CIR PART DESCRIPTION TYPE
REF NUMBER
TR1 151-0326-00 B8C107 Si NPN
TR2 151-0326-00 8C107 Si NPN
TR3 151031700 8C109C Si NPN
TR4 151-0320-01 MPSE518 Motoroia Si PNP
TRS 151-0320-01 MPSES 18 Motorola Si PNP
TR6 151-0525-00 FRB749/SPS5286 Si NPN
TR7 1510525-00 FRB749/SPS5286 Si NPN
TRS8 151-0525-00 FRB749/SPS5286 Si NPN
TRY 1510525-00 FRB749/SPS5286 Si NPN
TR301 1510326-00 8C107 Si NPN
TR302 151031700 BC109C Si NPN
TR303 151031700 B8C109C Si NPN
TR304 151-0400-00 2N5191 Si NPN
TR351 151-0525-00 FRB749/SPS5286 Si NPN
TR352 151-0326-00 8C107 Si NPN
TR353 151-0404-00 TO203 Si PNP
TR354 151-0525-00 FRB749/SPS5286 Si NPN
TR3S5 151-0404-00 T0203 Si PNP
TR401 1510257-01 BF305 Si NPN
TR402 151-0404-00 T0203 Si PNP
TR403 1510326-00 8C107 Si NPN
TR404 151-0326-00 BC107 Si NPN
TR405 151-0400-00 2N5191 Si NPN
TR406 151-0318-00 BFYS1 Si NPN
TR4G7 151-0317-00 8C109C Si NPN
TR408 151-0326-00 8C107 Si NPN
TR409 1510318-00 BFYS1 Si NPN
TR411 151-0317-00 BC1C9C Si NPN
TR412 151-0525-00 FRB749/SPS5286 Si NPN
TR413 151-0400-00 2N5191. Si NPN
TR414 151-0320-00 BFX48/MPS6518 Si PNP
TR415 151031100 MJE340 Si NPN
TR416 151-0311-00 MJE 340 Si NPN
TR601 151-0320-01 MPSE518 Motorola Si PNP
TR602 151-0320-01 MPSE5 18 Motoroia Si PNP
TR603 151012702 8SX20/2N2363 Si NPN
TR604 151012702 BSX20/2N2369 Si NPN
{ TR701 151012703 BSX20 Si NPN
{ TR702 151012703 BSX20 Si NPN
{ TR703 151012703 BSX20 Si NPN
{ TR704 151012703 BSX2C - Si NPN
TR705 151-0310-01 E1530 LL Si NPN
TR706 151031001 E1830 LL Si NPN
V301 154-0731-00 CRT Tektronix 4651
5/7
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ASSEMBLY

ASSEMBLIES

PART NUMBER INCLUDES CIRCUIT REFERENCES

{1716) 8Bright-up
PC128

EHT
pPC148

Mother Board
pPC147

(1619) Power Board

PC149

Quintupler

'Y’ Qutput
PC151

{1717) ‘X’ Output
PC150

5/8

670-2182-02 C351 to C355. D350 1o D358, R353 10 R359, R351 to R368,
TR3S1 to TR355

670-2393-00 C301 10 C309, D301, 0302, L301, R302, R304 to R319, R321
to R324, R326. R331, R333. TH301, TR301 to TR304

670-2392-00 C601 to C609, C511, D601 to D607, R601 1o RE0Q. RE11 to
R619, RB21 to RB2Z9, SKT801 10 SKT803, TREOT to TRE04

670-2394-00 C401 10 C410, C311 to C316, D401 to D40Y, D411 1o D417,
£5401, F5302, R402. R405 to R419, R421 1o R429, R431 to
R434, TR401 to TR4A09, TRA11 o TR416

650-0021-00 Sealed unit

670-2396-00 C701 10 C709, C711 10 C715, D702 to D703, R701 w0 R7Q9,
R711 to R719, R721 to R7258, TR701 10 TR704

670-2395-02 CltwCia, D1wD7, L1, R1wAR7,R11,R12, R14, R16 10
R19, 321 10 R35, TR1 to TRS.

O )

— -\

Q
N O

-4

i

Hrt

-4t

]

|-

-ttt

= <)

INTENSITY FINE POSITION
FOCuUS =
TRACE
@ Q LOCATE 30mv 300mv @
o @ PULL
OFF POWER x10
Front Panel 0
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PART NUMBER

136-0183-00
136-0343-00
361-0254-00
276-0587-00
200-1471-00
366-1403-00
437014900
437-0148-00
334-1305-00
131-0472-01

131-0649-00
131-0650-01
016056401
378-0812-00
252-0606-00
348-0344-00
348-0167-00
348-0160-00
348-0161-00
367-0174-01

136031100
352-0153-00
342-0156-00
033-0674-00
131-1364-00
366-1239-01
366-1254-00
366-1255-00
366-1266-00
105-0348-00
161008500
161-0085-01
195010800
195.0108-00

210-0291-00
004-0866-00
134-0135-00
213-0248-00
131-1325-01

131-1268-00
131-1282-01

385-0215-00
361056700

361-0283-00
361019700
361-0206-00
214.1855-01
334-2968-00
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MECHANICAL LIST

DESCRIPTION

Base Transistor, 3 pin TOS5
Base Transistor, 3 pin TO 18
Bead Ceramic

Bead Ferrite

Bezel

Button, Push

Cabinet, Cover

Cabinet, Rear

Card, instruction
Connector, Female

Connector, Maie 8NC
Connect BNC

Caver nentection, front
Filter

Foam Rubber 1/4 X 1/4"
Foot

Foot (Grey)

Grommet 3/8" id.
Grommet 1/8" id.

Handle

Holder Bulb

Holider, Fuse
Insulator, Stand off
Key Allen 1.5 mm A/F
Key Polarizing

Knob Grey/Red
Knob Grey

Knob Red
Knob Grey
Latch, Grey

Lead Power, US.A,
Lead Power, U.K,

Lead Set, CRT Deflection (X Plate)
Lead Set, CRT Deflection {Y Plate)

Lug, Pillar

Packaging

Plug, Mains

Screw Socket 3 X 3 mm
Socket 8 Way Eage Con.
Socket 2 mm

Socket 16 way Zdge con.
Spacer {6BA X 5.0 mm)
Spacer (3/8")

Spacer, Mounting
Soacer (48A Clear X 1/27)

Spacer (4BA clear x 5/16°" x 1/8")

Spring Filter Retaining
Warning, marker ident.

LOCATION

Accessory
CRTX &Y

Accessory
Z MOD
Accessory

EH.T.
C.R.T.

Accessory
PC147

0N

£.H.T.
Accessory

5-8

PC147

10

PC147
PC147

CRT Controls

149, 148, 128
Detay Line

Between C302 & C304
Cabinet Rear.

5/9



DESCRIPTION

CIR -~°  PART VALUE TYPE TOL RATING Eff. CIR PART VALUE TYPE TOL RATING Eff.
REF NUMBER F % V  SerNo. REF NUMBER F % v Ser.No.
cs01  285-0915-00 100 n PE 20 100 C756 281071000 10n CER 250
C602 285-0915-00 100 n PE 20 100 C757 290-0623-00 4.7 u E 25
cs03 281-0710-00 10n CER 250 C758 285-0759-00 22n PS 5 125
Cs604 285-1014-00 1u PE 20 63
C605 - 285-085800 1n PS 1 350 569001
C606  285-0858-00 1n PS 1 350 563001
cs07  281-0858-00 1n PS 1 350 563001 C762 281073100 5.60p CER 0.5p 750
cs08  285-0858-00 1n PS 1 350 569001 c763 281073100 5.6p CER 0.5p 750
cs09 281071000 10n CER ) 250
C610 285-1064-00 680 p PS 5 160 569751
c611  281-0710-00 10n CER 250
c612 281-0710-00 10n CER 250
c613 281071000 10n CER 250
C814 281015500 2-22p PP 500 :
Cc615 _ 281015500 2-22p PP 500
C616 281015500 2-22p PP 500
C817 281015500 2-22p PP 500
C618 281071000 10n CER 250
C519 285-1014-00 1u PE 20 63 *C901  285-0772-00 100 n PE 10 400
C620 285-106400 6800p PS 5 160 569781 1 *C902 281015500 2-22p PP 500
C621  285-1014.00 14 PE 20 63 *C903 281015500 2-22p pp 500
C622 285-1014-00 1u PE 20 63 *C904 281-0155-00 2-22p PP 500
€623 285-1014-00 1u PE 20 63 *C905 281015800 1.4-6.4p PP 500
*C906 281-0156-00 1.46.4p PP 500
*C907 281015400 2-12p PP 500
*C908 285087200 180 p PS 350
*C909 283-060700 2n 8M 10 500
*C911 283071900 470p BM 10 500
°C912 285-0844.00 e PS 2p 350
*C913 285086900 47p PS 2p 350
*Cg14 281-0154-00 212 p PP 500
*C915 281015400 2-12p PP 500
C750 285-0854-00 100 p PS 2p 350 *C916 281-0156-00 1.46.4p PP 500
C751 285-0800-00 10n PE 20 250 *C917 281015500 2-22p PP 500
€752 285-0800-00 10n PE 20 250 *C918 281015400 2-120p PP 500
€753 285081000 820p PS 5 125 *C919 283066200 75p SM 0.5p 350
C754  285-0854-00 100 p PS 2 350
C755 285-0800-00 10n PE 20 250 *C921 285-1017-00 10n PE 20 500
* Two per unit
CIR PART VALUE DESCRIPTION TYPE TOL RATING
REF NUMBER %
D601 152-0565-00 EXPS5Q72A Si
0602 152-0565-00 EXPS072A Si
D303 152054300 5.1V Zener Si 5 330 mW
D604 152-0545-00 w0V Zener Si 5 330 mwW
D60S 152-0554-00 BAY 74 Si 50 V
D or 152-0554-00 BAY 74 Si 50 V
D607 152055400 BAY - Si 50 V
D628 152-0554-00 BAY 74 Si 50V
~609 152-0062-01 INS14/1N4148 Si 75V
D611 152-0062-01 ING14/1N4148 Si 75V
D612 152-0062-01 1NS14/1N4148 Si 75V
D613 152-0062-01 1NS14/1N4 148 Si 75V
D751 152-0062-01 1IN914/1N4148 Si sV
0752 152-0062-01 INg14/1N4 148 Si 75V
D753 152.0062-01 IN914/1N4148 Si sV
D754 152006201 1ING14/1N4148 Si 75V
5/11
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DESCRIPTION

DESCRIPTION

I
CIR PART VALUE TYPE TOL RATING | cr PART VALUE TYPE TOL RATING
REF NUMBER ohms % w ¥ REF NUMBER ohms % W
| R789 317015101 150 ¢ 5 125 m
1}
R791 317-0121-01 120 [ 5 125m
’ R792 317-0121-01 120 c s 125 m
! R793  317-0332-01 3.3k c 5 125 m
R751 3170103-01 10 k c 5 125 m R794  317-0332-01 3.3k c 5 125 m
]752 317-0393-01 39 k c 5 125 m ' R795 317-0332-01 33k o 5 125 m
R753  317-0470-01 47 c 5 125 m [ R796 317-033201 33k c 5 125 m
R754 317-0473-01 47k c 5 125 m ' R797 311-0851-00 1k cP 20 250 m
R755 315-0621-02 620 c 5 250 m I R798 311-0851-00 1k cP 20 250 m
R756  317-0472-01 4.7k c 5 125 m ! R79g 317-0181.-01 180 c 5 125 m
R757 317-0821-01 820 c 5 125 m
R758 315-0471-01 470 c 5 250 m
R759 317-0470-01 47 c 5 125m ‘
R761 3170392-01 3.9k c 5 125 m
R762 317082101 820 c 5 125 m
R763  317-0470-01 47 c 5 125 m « R901 317-0100-01 10 c 5 125 m
R764  317-0103-01 10 k c 5 125 m « R902 321-0481-42 ™ MF 0.5 125 m
R765 317010301 10 k c 5 125 m ' < mrgo3 325-0124-00 990k  MF 0.5 125 m
R766  317-0123-01 12 k c 5 125 m ! * R904 325012500 900k  MF 0.5 125 m
R767 3170562-01 56k c 5 125 m i+ R905 317-0470-01 47 c 5 125m
R768  315.0621.-02 620 c 5 250 m I« rgos 317-0101-01 100 o 5 125 m
R769  307-0394-00 3.9 c 5 125m I« roo7 317-0331-01 330 c 5 125 m
! - R9O8  317-0100-01 10 c 5 125 m
R771 315012202 12k c 5 250 m + R909 321-0193-42 1k MF 0.5 125m
R772  317-0473-01 47k c 5 125 m l
R773  317-0103-01 10k c 5 125 m + R911 321-1289-42 10.1k  MF 0.5 125 m
R774  317-0823-01 82 k c 5 125m + R912 321-138942 111k MF Q.5 125 m
- R913 317-0470-01 47 c 5 125 m
« R914 321097042 500k MF 0.5 125 m
* R915 325-0126-00 750k MF 0.5 125 m
- R916 317-0470-01 47 c 5 125m
+ R917 321048142 ™ MF 05 125 m
« R918 316-0224-01 220k C 10 250 m
R786  317-0151-01 150 c 5 125m + R919 321048148 ™ MF 1 125 m
R787  317-0151-01 150 c 5 125 m
R788  317-0151-01 150 c 5 125 m + R921 321-0628-42 333k MF 0.5 125 m
* Two per unit
CIR PART VALUE DESCRIPTION TYPE TOL RATING
REF NUMBER %
S601 260-1429-00 Slide {2-position)
$6Q2 311-1471-00 Push-Pull {(with R641)
S603 311147100 Push-Pull {with R642)
S751 260-1406-00 Push (S-button!}
§752 260-1407-00 Push (3-button)
S901 260-1412-00 Lever {3-position)
5902 260-1409-00 Rotary (12-position)
THE01 307-0403-00 478 Thermistor 20
THE02 307-0403-00 478 Thermistor 20

* Two per unit

5/13
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CIR PART - DESCRIPTION TYPE
REF NUMBER

TR601A )

a) 151-1036-00 Duat fet Si N-channet
TR6Q3A ) .

8) 151-1036-00 Duat fet Si N-channel
TR605A ) .

8) 151-0422-00 Dual MCZ23638 Motarola Si NPN
TREQ7A ) _ .

3) 151-0422-00 Ouai MD23698 Motorola Si NPN
TR609 151-0127-02 8SX20/2N2369 Si NPN
TR611 151012702 3SX20./2N23263 Si NPN
TR612 151-0127-02 BSX20/2N2363 Si NPN
TR613 151-0127-02 85X20,2N2369 Si NPN
TR614 151-0421-00 Z27X320/MPS318 Si NPN
TR613 151-0421-00 - ZTX320/MPS818 Si NPN
TR616 151-0421-00 ZTX320/MPS918 Si NPN
TR617 151-0421-00 Z7TX320/MPS918 Si NPN
TR618 151-0127-02 BSX20/2N2369 Si NPN
TR619 151-0127-02 BSX20,/2N2268 Si NPN
TR621 151-0127-02 B8SX20/2N2368 Si NPN
TR622 151-0127-02 BSX20/2N2363 Si NPN
TR751 151012702 8SX20,2N2369 Si NPN
TR752 151-0326-00 2c107 Si NPN
TR753 151012702 B8SX20/2N2369 Si NPN
TR756 151-0320-01 MPSE518 Mortorota Si PNP
TR757 151-0320-01 MPS33 18 Motorola Si BNP
TR7%8 151-0320-01 MPS3Z 18 Mortorola Si PNP
TR7S9 151-0320-01 MPSE3 13 Mortorola Si NP

ASSEMBLIES

ASSEMBLY PART NUMBER INCLUDES CIRCUIT REFERENCES

Amplifier 670-2557-00 C801 10 C817,C811 10 C618, €620, 0601 ro S609, D611 10 0613,

eC1s2 R603 to RBCS, A611 1o RE1Y, 621 1o RE24, RE27 o RF2S,
RE31 to AB35, RE43 to RE649, RE51 to RES4, R657 10 ARG5S,
RB51 to R689, R671 to R679, RE81 to R68I, R6281, RE34 0
R699, R7C1.:~-1706, S601, TRE01 10 TR602, TRG1! 0
TRE18, TRG21, TABZ2.

Attenuator CH1 011-0114.01 €901, €212, CS21, PC137, R901, RG0S to RS07, R812 0
R919, R921, S902. )

Attenuator CH2 011-0114-00 C901, C913, C921, PC137, R901, RYOS5 to R9Q7, RS13 to
R219, $902.

PC137 670-2191-00 €902 to C909, C911, €912, C914 to C919, RY02 to RSCS,
R909, R911, R912.

Trigger 670-2658-00 C750 to C759. C761 to C763. D751 1o D759, D761, D762,

PC153 R751, R752. R754 to R758, R761 to R765, R767 to R769.

R771 to R779. R781 to R789, R791 1o R798, 5751, TR7S1
to TR753, TR756 to TR7S9

5/14 3/77



MECHANICAL

PART NUMBER DESCRIPTION LOCATION
136-0235-00 Base Transistor 6 pin pPCB
136-0343-00 Base Transistor, TO18 PCB
366-1403-00 Button, Push 1
131064800 Connector, Male BNC Accessory
131-0650-01 Connector, Bulkhead Socket 2
210-0735-00 Eyeiet, L613 pPCs
210-07338-00 Eyelet, L737 PCB
342-0177-00 Insulator, Feed thru PC130
003-0674-00 Key, Allen 1.5 A/F 4 -7
366-0214-02 Knob, Lever 3
366-1404-00 Knob, Push-Pull 4
366-1266-01 Knob, Black/Red 5
366-1254-00 Knob, Grey 6
366-1387-00 Knob, Grey 7
220-0647-00 Nut 8
220-0527-00 Nut, Chrome 4 -7
004-1143-00 Packaging Accessory
129-0374-00 Post, Terminal 8
213-0248-00 Screw, Socket 3 x 3 mm ig. 4 -7
162-0058-00 Sleeving, PTFE .035"

361-0223-00 Spacer, 6 BA PCB
385-0206-00 Spacer, 6 BA/B SA x .05™ 1
105-0347-00 Stop Rear of Mod.
210-0275-00 Tag, Soider, 3/8"

DC BALQ)
POSITION
PULL
CH1@ UL amiasLe @
VOLTS/DIV
.5 .2
1 1
he CAL
2r Q50  SET CHANNEL
DC Sm¥Y SELECT
5‘ 070 GAIN
TRIG
@GND \ 10‘ 010 mV  seLeCT @cm
-~ O
AC 20MHz 20 5
~ c:m@ @CHOP
CH1 CH?2
OXO
GAIN ALT SUM
imVv
PULL VARIABLE
oc x5 VOLTS/D'V CH2 ALT
.92
1 5‘ ~ 1
@= D~ w O
27 < 050 SET
Ac smv pC BAL Q)
(5\ J20 gan  POSITION
20MHz & o mv o
~ o 10 0
20 5
CH 2 @ PULL
TO
INVERT

DUAL TRACE AMPLIFIER

FRONT PANEL

OV ER?
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DESCRIPT!ON
CIR PART VALUE TYPE TOt RATING Eff.
REF NUMBER ohms - % W Ser.No.
c1 285-0946-00 470 n PE 20 250
c2 Jgs-079600 1000 PE 2 250
c3 200062300 4-7H E x40
ca 200062300 4.7H E 40
cs 590062300 4T H € a0
c6 ogs-091500 1000 PE 20 100
c7? 5gs.091500 100" PE 20 100
c9 281071000 107 CER 250
c11 285084700 560 P PS 5 125
c12 281—0710-00 10n CER 250
G13 285092000 56 p PS 2p 350
G1a 290062700 224 E 40
G1s 285084200 15p PS 1p 390
cg1 285087100 180 p S 5 350
Cgz 29006270 224 € 40
Cga 28507790 470 n PE 20 100
ces 2810710400 10n CER 250
Ces 2854094000 129 PS 1p 350
Ces  285-084500 68 P S 2p° 350
ces 281071000 10n CER 250
c71 285077600 27p ps°  tp 380
¢72 285083600 A7n PE 20 250
¢73 281071000 10n CER 750 538976
c74 281-071 1-00 38p CER g.25p 750
C75 285094000 129 PS 1p 350
c7e  285-086800 109 PS 1p 380
¢77 281071000 10n CER 250
c7g 285086700 20 p 2] 1p 350
c79 285086900 a7p ] 2p 350
cg1 285087300 200 p PS s 350
ci50 281-071200 50 cer 025p 750
c151 2854094600 470 n PE 20 250
c152 290-0627-00 22 1 E 40
c153 285086600 10p PS 1p 380
c154 290062700 224 3 40
Ci55 285091500 100 n PE 20 100
C156 285077600 27p PS 1p 390
c157  290-0623-00 a7 E 40
Cysg 2854078600 33p PS 2p 350
Cisg 285085400 100 p PS 2p 380
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CIR
EF

Rep  NUMBER ——

c192

c194
c195
c196
c197
c198
c199

c20
c202
€203
c204
€205
206

c251
€252
c2s3
c254

255
C256
c257

cn
ca7

c273
c274
c275
c276
c277
c278
c279

ca81
c282

PART
NUMBER

281-0745-00

285086700
285-0838-00
285-0873-00
290-0648-00
285-0870-00
285-0915-00

281071100
290063400
285-1014-00
285-0838-00
285-0867-00
281-0710-00

283072100
2830723-00
2810738-00
285-0943-00
281073200
283072200
285-1023-00

285-0792-00
285-0874-00
285-0786-00
285-0791-00
285-1023-00
281-0738-00
283-072100
285-0943-00
283072200

281-0732-00
283-0723-00

DESCRIPTION

VALUE TYPE TOL
%

ohms

4.7 p

209

750

2000
150 4
120 p
100 n

39p
224
1H
759
20p
10n

900 p
10p
20p

3120
60 p
9n

4.7 n
470 p
3p
470 n
9n

200
g00 p
1R

60 p

3-12p
10p

RATING EH.
w

Ser.No.

CER 05p
Pz 1P
ps - 29
PS 5
E
PS 2
PE 20
CER 0.25 ¢
3
PE 20
PS 2p
PS 1p
CER 1p
SM 1

M 05 p

ER 0.25p
PC 1
CcT
SM 1p
pC
PE 20
PS 5
PS 29
PE 10
PC 1
cer 0.25°¢
SMm
pC 1
sM 1
CcT
sM Q59

500

350
350
350
25

350
100

750
160

63
350
350
250

350

250

400

125
125
350
128
400

750 -

350

350

250
250



CIR PART VALUE DESCRIPTION TYPE TOL RATING ‘EM.

REF NUMBER % Ser.No.
D1 - 152-0062-01 1N914/1N4148 Si 5V
D2 152-0062-01 ) 1N914/1N4148 Si 75 v
D3 152047200 56V Zener Si 5 330 mw
D4 152-0062-01 1N914/1N4148 Si 75 V
Ds 152-0062-01 1NS14/1N4148 Si 7S Vv
D6 152006201 1N914+1N4148 Si 75 VvV
D7 152054300 5.1V Zener Si 5 330 mw
08 152-0472-00 5.6V Zener Si ] 330 mw
09 152-0339-00 1N4001 Si 50V
D10 152047200 58V Zener Si 5 400 mw 5287286
D61 152-0062-01 1N914/1N4148 Si 75V
062 152-0062-01 1N914/1N4148 Si 75V
063 152-0062-01 ’ 1N914/1N4148 Si V-2%
064 152-0554-00 8AY 74 Si s0v 5369786
D65 152-0062-01 1NG14/1N4148 Si YERY
Ds6 152-0062-01 1N914/1N4148 Si 75 Vv
067 152006201 1NG14/1N4148 Si 5V
068 152-0062-01 1NG14/1N4148 Si 75V
063 152-0541-00 BAY 82 Si oV
o7 152-0483-00 25 pA leakage current
at -8V and 25°C Si
D72 152-0062-01 1N914/1N4148 Si 75V
D73 152006201 1N914/1N4148 Si 75 Vv
D74 152006201 1NG14/1N4&148 Si %V
D75 152-0062-01 1N914/1N4148 Si ' 75 v
076 152-0062-01 1NS14/1N4148 Si 75V
D193 152-0062-01 INS14/1N4148 Si 75V
D194 152-0062-01 1ING14/1N4148 Si 75V
D195 1520062-01 1NS14/1N4148 Si 75V
c196 152054100 8AY 32 Si 1oV
0197 152-0483-00 25 pA leakage Si
currant at —6 V and 25°C
0198 152-0062-01 1N914/1N4148 Si 75V
D199 152-0062-01 1NS13/1N4148 Si 75V
D201 152046600 18V Zener Si S 330 mwW
0202 152-0062-01 1NS14/1N4148 Si %V
D203 152006201 1N914/1N4148 Si 75V
8251 276053700 Ferrite Bead Muilard Fx1115 536461
F8271 276-0587-00 Ferrite Sead Mullard FX1115
L1 108072000 7.7 4 Fixed inductor
L2 108-0483-00 16 UH Fixed inductor
L61 108-0481-00 1.3 UH Fixed inductor
77
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R DESCRIPTION DESCRIPTION .
CIR PART - VALUE TYPE TOL RATING EH CIR PART VALUE TYPE TOL RATING Eff
REF NUMBER ohms : % W Ser.No. REF NUMBER ohms % w Ser.No.
R1 3170184-01 180 k [of 5 125 m 538736 R81 317-0183-01 18 k Cc 5 125 m
R2 317015301 15 k o] 5 125 m 538736 R82 317-0392-01 39k Cc 5 125 m
R3 317-0183-01 18 k [of 5 125 m R83 317047301 47 o 5 125 m A
R4 317010401 - 100 k [ 5 125 m 538736 R84 317-0472-01 4.7 % [od 5 125 m -
RS 315-0433-02 43 k [ 5 250 m R85 321037348 75 k MF 1 125 m
R6 317-043201 4.3k Cc 5 125 m R86 317-0823-01 82k o] 5 125 m
R7 3110995-00 680 cP 20 250 m R87 321029348 11k MF 1 125 m
R8 317015101 150 [of 5 125 m 538736 R88 3170562-01 5.6k [ 5 125 m
RS9 317-0562-01 5.6 k (o 5 125 m R89 321029148 105 k MF 1 125 m
R10 317-0102-01 1k o] 5 125 m R90 311-0913-00 15k ce 20 250 m
Fri1 317015101 150 [ 5 125 m R31 3110798-00 22k cp 20 250m
R12 317033101 330 o] 5 125 m 538736 Rg2 317-0124-01 120 k [ 5 125 m
R13 3170750-01 75 Cc s 125 m ~93 317-0104-01 100 k (o] 5 125 m
R14 317015301 15 k c 5 125 m R94 317022101 220 C s 125 m
R15 3170123-01 12 k o] 5 125 m R95 317020101 200 (o] 5 125 m
R16 317-0100-01 10 C 5 128 m R96 317022101 220 [od ) 126 m
R17 317039201 39k c 5 125 m R97 317056201 5.6k (o 5 125 m
R18 317-0822-01 82 k c 3 125 m RS8 317-0154-01 150 k Cc 5 125 m
R19 317075201 75k c 5 125 m RgS 317020301 20 k o] 5 125 m
. R100 317047101 470 (o] 5 125 m 5383976
R21 317-0562-01 5.6 k c 5 125 m R101 316-0475-01 47 M (o] 10 250 m
R22 311-1575-00 75k cv 10 1 R102 317-0225-01 22M (o] 5 125 m
R23 317010101 100 [o 5 125 m R103 317043301 43 k o] 5 125 m
R24 317082231 82k o] S 125 m R104 317047301 47 & Cc S 125 m
R25 317010401 100 k c S 125 m R105 3110750-00 2k cep 20 250 m
R26 311-0802-00 4.7 k cp 20 250m R106 317039301 39 k (o] 5 125 m
R27 3170123-01 12k [of 5 125 m R107 317012201 12k o] 5 125 m
R28 317010001 10 C 5 125 m R108 311085100 1k ce 20 250m
R29 317022201 22k [+ 5 125 m R109 317022201 22k o 5 125 m
R31 317075001 75 o] 5 125 m R111  317-0243-01 24 k (o] 5 125 m
R32 3170511-01 510 c 5 125 m R112 317051201 5.1k o] S 125 m
R33 317012201 12k c 5 125 m R113 317010501 1M c 5 125 m
R34 317-0153-01 15 k C 5 125 m R114 317-0433-01 43 k c s 125 m
R3s 317010001 10 c 5 125 m A115 317051301 51k o] 5 125 m
R36 311-1388-00 &7 cP 20 250 m R116 317010401 100 k C 5 125 m
R37 317-0331-01 330 o] 5 125 m 538726 R117 317075301 75 k c S 125 m
R38 3170220-01 22 C 5 125 m R118 317036201 3k (o] 5 125 m
R39 317018201 18 k o] 5 125 m
R41 317010101 100 o4 5 125 m
R4 317010001 10 o S 125 m
R43 317-0103-01 10 k c 5 125 m
R151 317-0104-Q1 100 k o} 3 125 m
R152 317068201 68 k c 5 125 m
*R153 311-135300 47 k cv 20 250 m
R154 317018401 180 k c 5 125 m
R155 317016301 16 k (o] 5 125 m
R6 317- 153-01 15 k c 5 125 m R156 321-1308-48 16 k MF 1 125 m
RE3 317-0105-01 1™ c 5 125 m R157 .21701233-01 13k o] 5 128 m
R6< 317-0682-01 68 k [of 5 125 m R158 317-0241-01 240 Cc 5 125 m
RE5 3170F63-01 56 k (o 5 125 m 537318 R158 3110798-00 22k cp 20 250 m
R66 3170203-01 20 k Cc 5 125 m
R67 317-0473-01 7 k [of 5 125 m R161 315-0513-02 51k C 5 125 m
R68 317-0101-01 100 o] 5 125 m R162 . 317-0133-01 13k o] 5 125 m
RB9 317-0392-01 39k o] 5 125 m R163 321-1308-48 16 k MF 1 128 m
R164 3170163-01 16 k c 5 125 m
R71 317062201 62k o] 5 125 m R165 317-0822-01 82k o] 5 12 m
R72 317-0153-01 15 k c 5 125 m R166 317-0362-01 3.6k o 5 126 m
R73 311-0735-00 10 k ce 20 250m R167 317-0514-01 S10 k c 5 125 m
R74 317-0682-01 6.8 k c 5 125 m R168 317-0123-01 12k (o] 5 125 m
R7S 317-0331-01 330 (o 5 125 m R163 317-0101-01 100 [of 5 125 m
R76 317-0332-01 3.3k c 5 125 m
R77 3170472-01 4.7 k Cc 5 125 n R171 317038201 39k C 5 125 m
R78 321-0291-48 105 k MF 1 125 m R17 317-0222-01 22k c 5 125 m
R80 317-0471-01 470 C S 125 m *With S153
5/19
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DESCRIPTION : DESCRIPTION
CIR PART VALUE TYPE TOL RATING E#f. CIR PART VALUE TYPE TOL RATINGES.
REF NUMBER ohms % w Ser.No. REF NUMBER chms % w Ser.No.
R173 311-138800 47 cp 20 250m : R256 321040248 150k MFE 1 125 m
R174 317082201 82k ¢ 5 125 m R257 321040248 150k MF 1 125 m
R175 317.0121-01 120 c 5 125 m R258 321040248 150 k MF 1 125 m
R176 317-039201 389k c 5 125 m R259 317010301 10k c 5 125 m
R177 317015301 15k c 5 125 m
R261 311-135600 22k cV 20 250m
R271 317030201 3k c 5 125 m
R272 3174033201 33k c 5 125 m
R191 321.135348 47k ME 1 125 m R273 317058201 55k c 5 125 m
R192 317039201 38k c 5 125 m R274 317018301 18« c 5 125 m
R193 321.135348 47k ME 1 125 m R275 32103558  48.7 MF 1 125 m
R194 317022401 220k c 5 125 m R276 324059440 15 M MF 1 1
R195 317018201 18k c 5 125 m R277 324061640 75 M MF 1 1
R196 317027301 27k ¢ 5 125 m R278 324054440 4353M  MF 1 1
R197 321027648  7.32k MF 1 125 m R279 322049840 1.5 M MF 1 250 m
R198 311-142000 3.3k WWP 10 1
R199 311138700 S5k WWV 5 750m R281 321-0469-48 750 k ME 1 125 m
R200 317022101 220 ¢ 5 125 m R282 321044848 453k MF 1 125 m
R201 321017848 698 MF 1 125 m R283 321040248 150 k MF 1 125 m
R202 311-1381.00 680 WWP 10 1 RZ84 321040248 150k MF 1 125 m
R203 317039201 39k c 5 125 m R285 311-135500 100 k cvV 20 250m
R204 311073500 10k cp 20 250m R286 317022301 22k c 5 125 m
R2058 317022301 22k c 5 125 m R287 321040248 150k MF 1 125 m
R206 317027201 2.7k ¢ 5 125 m R288 317010301 10k c 5 125 m
R207 317010201 1k c 5 125m R289 317015401 150k c 5 125 m
R208 317027101 270 c 5 125 m
R209 321-1296-48 12k ME 1 125 m
R211 317047201 47k c 5 125 m
R212 321028748 9%53 MF 1 125m 536461
R213 321029848 124k  MF 1 125 m
R214 321040248 150 k ME 1 125 m
A215 317010401 100k c 5 125 m
R216 317091201 9.1k c 5 125 m
R217 317-068101 680 c 5 125 m
R218 317039301 39k c 5 125 m
RZ19 317047301 47k c 5 125 m s1 260-1403-00 Push (3-button)
S2 260-1401-00 Push {1-outton)
R221  317-047201 4.7k c 5 125 m S3 . 260-140200 Push (4-outtan)
R222 221929448 113k MF 1 125 m
R223 317012301 12k c 5 125 m
224 317010101 100 c 5 125 m |
R225 317010101 100 c 5 125 m |
R226 317-047101 470 c 5 125 m 538976 s&1 )
R227 317015401 150 c 5 125m se2 ) 260-140500 Push (3-button)
R228 317022101 220 c 5 125 m
R229 317020301 20k c 5 125 m
R230 321030648 15k MFE 1 125 m
R231 315010202 1k ¢ S 250m
R232 317013301 13k c 5 125 m S151  260-140100 Pusn (1-butron)
R233 32103068 15k ME 1 125 m S152  260-1400-00 Push (2-button)
R234 317033201 3.3k c 5 125 m $153  311-1353-00 Rotary lwith R1532)
R235 317036201 3.5k c 5 125 m
R236 311.071900 470 ce 20 250m
R237 317-010301 10k c z 125 m
R238 317020401 200k c 5 125 m
R239 317020401 200k c 5 125 m g:g; ; 260.1499.00 Push (5.outton]
S251  260-141100 Rotary (23-position)
R251 324-061640 75M MF 1 1 S271  260-1410-00 Rorary (23-pasition]
R252 324054440 4.53M  MF 1 1
R253 322049840 15M MF 1 250 m
A254 321-046948 750k ME 1 126 m
R255 321-0448-48 453k MF 1 125 m TH1 307027000 32082 Thermistor 20% 500 mW

77
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Ett.

CIR PART DESCRIPTION TYPE Ser. No.
REF NUMBER
TR1 151012703 BSX20 Si NPN 536485
TR2 151-0320-00 MPS6E518/8F X48 Si PNP
TR3 151-0242-00 2N3304 Si NPN
TR4 151-0242-00 2N3904 Si NPN
TRS 151032000 MPSE5 18/BF X48 Si PNP
TR6 151012702 8SX20/2N2369 Si NPN
TR? 151012702 BSX20/2N2369 Si NPN
TR61 151-0320-00 MPS8518/8F X48 Si PNP
TR62 151-0320-00 MPSE5 18/8F X48 Si PNP
TRE3 151024200 2N3904 Si NPN
TR64 151-0242-00 2N3904 Si NPN
TRES 151-0320-00 MPSE35 18/BF X48 Si PNP
TRE6 151-1062-00 FET Telequipment spec. Si N-channei
TR6E7 151024200 2N3904 Si NPN
TR68 151031700 BC109C Si NPN
TRE9 151-0242-00 2N3804 Si NPN
TR151 151024200 2N3904 Si NPN
TR152 151-0247-00 2N3904 Si NPN
TR153 1510320-00 MPSE518/BFX48 Si PNP
TR154 151-0127-02 BSX20/2N2369 Si NPN
TR155 151012702 8SX20/2N2369 Si NPN
TR191 151-0320-00 MPSE518/BFX48 Si PNP
TR192 151-0320-00 MPSE5 18/BFX48 Si PNP
TR193 151-0320-00 MPSE5 18/BFX48 Si PNP
TR194 151-0320-00 MPS6518/BF X48 Si PNP
TR195 151-0320-00 MPSES 18/BF X48 Si PNP
TR186 151-1062-00 FET Telequioment spec. Si N-channel
TR197 151-0242-00 2N3904 Si NPN
V861 150-0105-00 Neon capless 34L
ASSEMBLIES
EH.

ASSEMBLY PART NUMBER INCLUDES CIRCUIT REFERENCES Ser.No.
‘A’ Sweep & Trigger 670-2186-03 C1toC4,C610C3,C11t0C15,C61t0C88,C71 10 C78, 538876
PC132 Cc81, D1, D2, D4 10 D7, D10, D61 10 069, D71 to D74,

D76, L1, L61,R1 to R6, R8 1o R11, R13 10 R13,R21,R23 w0

R29, R31 to R39, R41 10 R43, R62 to REY, R71 10 R79, R81

to R89, R92 1o R109, R111t0 R118,S1 10 S3, TR1 to TR7,

TR61 10 TRES.
‘A’ TIME/DIV switch 262-0958-00 C271 w0 C279, C281, C282, R287, R289
‘B* Sweep & Trigger §70-2187-02 C5,C151 to C159, C192 to C199, C201, C202, €204, D3, 538976
PC133 D193 10 D195, D197 10 D198, D201 10 0203, R12, R151,

R152. R154 10 R159, R161 1o R163, R171, R172,R174,

R176,R177, R191 to R197, R201 to R209, R211 to R216,

R218, R221 to R226, R231 10 R237,S151, 8152, TR151 10

TR155, TR191 1o TR197.
'8* TIME/DIV switch 262-0959-00 C251 to C257, R251 1o R258
Reset Lamp PC140 670-2354-00 V61
Timing Resistor PC136 670-2190-00 R271 to R279, R281 10 R283
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MECHANICAL

PART NUMBER DESCRIPTION LOCATION
136-0243-00 Base Transistor, TO18 PC8
136-0344-00 Base Transistor. 4 pin PC38
366-1403-00 Button, Pusn 1
343-0191.00 Clamp, Cable
131-0650-01 Connecror, Sulkhead Socket 8NC 2
131-1268-00 Cannec:or, Single Poie 2mm 3
131-0649-00 Connector, Maie 3NC Accessory
331-0316-00 Dial, Time:Div 4
331-0317-00 Oral, Turns Counting 5
210-0735-00 Eyetet, L6513 PC8
210-0739-00 Eyeler, L.737 PC8
003-0674-C0 Key, Allen 1.5 mm A/F 6-10
003-0704-00 Key, Nut Locking 5
003-0735-0Q Key, Soecial Allen 5
366-1238-00 Knob, Grey/Black 5
366-1239-02 Knob, Grey/Red 7
366-1266-00 Knob, Grey/Black 8
366-1289-00 Knaob, Grey:Red 9
366-1386-00 Knob, Assy Transparent 10
220-0527-00 Nut, Chrome 6-10
213-0249-00 Screw, Socket, 3 x 3 mm 6-10
385-0206-00 Spacer, 6§ BA/3 8A x'.5" 1
361.0478-00 Soacer, Soecial 4
105-0347-00 Stop Rear of Mad
343-0198-00 Strao. Caple Insuioid
210-0275-00 Taq, Solder, 3/8"
210-1177-00 Wasner 6
DELAY ATRIG LEVEL
— SWEEP —— @
REP SINGLE RESET
BD%’“ MIXED éleBT oﬁu TRIG MODE

Qg@@@@ (D

el VARIABLE
‘\‘ TIME DIV ’\‘ @oc

BrriG CAL CAL
LEVEL AC
DELAY TIME
AanoB TIME/DIV Ac
HF
mS REJ
POLAR!TY
AUTO m IN
POLARITY +
®°“T SOURCE
uS @INT
SOURCE s
|NT® TEF)I(|TG =x. X OR TRIG——{ )
LINE

@

EXT@—@ o @
O ouaL sweep @ @

FRONT PANEL
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SECTION 6
CIRCUIT DIAGRAMS
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Timing resistors selected

POSITION l Timing Capaéitors selected by wafer by wafer
15 | c2s4, cos1, cas5, c252 | R2s1-R257
55 | 254, c251, c285, €252 | R252-R257
25 | cosa, c2s1, c255, C252, €256 | R253- R2S7
1S | cas4, c2s1, c255, C252, €256, C253 | R254- R257
50 mS | C254, C251, C255, C252, C2586, C253 l R255 - R256
20 mS ‘ 254, C251, C255, C252, C256, C253 | R255- R257
10 mS 1 254, C251, C255, C252, C258, C253 | R
5 mS | 257, cas1, c255, 252, €258, C253 | R252- R257
2 mS C257, 251, C255, C252, C256, C253 | R253- R257
1mS €257, C251, C255, C252, C258, C253 . R254- R2S7 ,
5 mS | c257,c281, C285, €252, €256, C253 R255 - R257 i
2 mS C257, C251, C255, C252, C258, C253 | R256 - R257 ;
1 mS ' 257, C251, C255, C252, €258, C253 | R2s7
50 uS C251, C255, C252, C256, C253 | R2ss- R257
20 1S 251, C255, C252, C258, C253 R255 - R257
1048 | 255, C252, C258, C253 | R2s7
5 uS | C255, C252, C258, C253 | R2s5- R257
248 } C255, €252, €258, C253 | R258- R257
148 | C258, C253 | m2s7
5 uS | 255, C253 | R257- R258
248 ] c253 | R257- A28
1 usS i R257 - R258

‘B’ TIME/DIV. SWITCH CONNEXIONS
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LOCATION OF

D602

4—B6

4- B85

Cir - Grid Cir Grid Cir Grid Cir Grid
‘Ref Location Ref Location Ref Location Ref Location
C601 4—C6 D603 4— 85 R607
C602  4-—8S D604 4—C4 __| RE08 _4—Cs
"c603  4-—B6 D605 4—-C2 | R609
Cg04 4-CS D606 4—C2
C605 4-C4 D607 4—B2 R611 4— 85
Ce606 4-CS D608 4- 82 R612 4-CS
C507 4— A4 D609  4—C2 R613 4-C5
C608 4—85 €901 R614 4—85
C609 4-C3 C902 4—=E5 D611 4—B2 R615 4—85
€903 4- 35 D612 4—82 RE616 4-—BS
C511  4—B3 C904 4-—E5 D613 4—B2 R617 _.4—C5
‘c612 Ta-C3 C905 " 4— €5 - R618 “4—BS
C613 4-183 C906 4—E5 R613 4—C5 .
C814 4-C2 C907 4-—E5
C515 4—B82 €908 R621 4—C4
.C816 .4-C2 __| €909 4—F35 D751 4—E2 R622 4—CS
C817 4-B82 : D752 4—F2 RS23 4— AS
C618  4-D3 C911 4—F5 D753 4—E3 R624 4— B4
C619 4-CS C912 4—F5 D754 4—G2 R625
3 es e oain| -C913 D755 4-—G2 R626
C621 4—A5 ‘C914  4—F5 D756 4—G3 R627 = 4—
C622 4-D5 “C915 4—F5 D757 4-—-G3 " R6Z8 4—C4
'C623 4—85 C916 4—F5 D758 . 4—H2 R629 4—84
. T C917 4—-G5 D759 4—H3 .
o Tme e = v b C918  4-G5 R631 4-— B4~
[""C819 4—GS5S D761  4—G3 RE632 4—C4~
—C750-—4=E3 —}——————-—=-~~ - } ~D762 - 4—-G3 R633 4—-C5°
C751 4—E2 . €921 RE634 4— A4
Cc752 4—E2 - “- | R635 4-85 -
C753. 4—E2 SR R636 -———---
c754” 4-E3 T T R&37
C755 = 4-D1 R638
*C756 -4—~F2 - mmr e sl b RE39 T
WNET575 T T4— F3 v e
C758 4-E1 R601 R641
: R602 R642
R603 4—CS5 R643 4—B4
. - — R604 4- A5 R644 4— B4
C762 4—G2 D601  4—C5 R605 4-C6 R645 4-— B4
C763 . 4-G3 R606 R646 4—C4



'
LOCATION OF CCMPONENTS ON PRINTED CIRCUITS

Grid Cir Grid Cir Grid Cir Grid cir | Grid Cir  Grid Cir Gr
Location Ref Location Ref Location Ref Location Ref ' Location Ref Location Ref Le
I
4—-C6 D603 4—8S R607 R647 4—iC4 R687 4— B2 R765 4-
4- B5 D604 4—C4 R608 _4—C5 R648i 4—1'84 R688 4—C2 R766 4-
4-B6 D605 4-C2 | R609 Re4g’ ~ 4~'s4 R683 4— B2 R767 4-
4~ CS D606 4-C2 ' | R768 4-
4-—C4 D607 4— B2 R611 4—85 RE651 4—C4 RE691  4-D3 R78% 4~
4—CS D608  4— 82 R612 4—C5 R652 4—-{C4
4—- A4 i D609 4—C2 K613 4—C5 R653° 4—A4 R771  4-
4- 85 c901 R614 4— B85 RE54° B4 R694 4— R772 4-
4—-C3 C802 4—¢55 D611  4—B2 R615 4-—185 ‘I R635 4— R773  4-
C903 4-735 D612 4—82 RE16 4— B5 P RESE  4— R774 4-
4-83 €904 4—E5 D613 4—82 R617 _,4—CS5 R657, 4—C3 R697  4—
"4-C3 C905 “ " 4— €5 R R618 ~“4— B85 R658 4—C3 RES8 4—C4
4— B3 C906 4—E5 R619 4—CS . RES9 4—A3 R629 4— B4
4~-C2 C907 4—E5 Co
4-82 c908 R621 4—C4 R661 4—{83 R707 4-Ca
4-C2 | €908 4—F5 D751 4—E2 R622 4—CS RE62! 4—C3 R702 4—C4
4- 82 : D752 4—F2 RS23 4— A5 R663° 4—A3 R702 4—84
4-D3 | C911 4—F5 D753 4-E3 R624 4— B4 R&84: 4-‘-jc3 R704 4—B8S
4—CS €912 4-F3 D754 4-G2 R625 R665 4—B83 R705 4-D5 R786 4—
i sy :C913 D755 4-~G2 R626 RE66. 4-,4 c3 R706 4—B5 R787 4
4— A5 ‘C914  4~F5 D756 4—G3 R627 = 4— R667 4-C3 R788 4—
4—D5 "C915  4—F5 D757 4—G3 "R628 4—-C4 R668 4-5 83 R789 4—
‘4—85 C916 4—F3 D758 . 4—H2 R629 4— B4 R669 4--83
C T €917 4-G5 D759 4—H3 A - R791 4
©- 't c918 4-G5 RE31 4— 34 RETT 42C3 - R792 4
"C919  4—G5 D761 - 4-G3 R632 4—C4 R672; ‘fi‘ 03 Tt o R793 4—
-4 g3 —————-—=-—= - | ~D762 - 4-G3 R633 4—CS5 R673 4—‘ A3 R751 4—E2 R794 4—
4-E2 . €921 R634 4— A4 R674 4-—B83 R752 4—g2 R795 4-—
4—E2 - < | RB35 4-8B5 - R675 -4dc3 " R753 T 4-F2 .- R796 4—
4—E2 L i R636 - - RE76 .4~ B3 R754 - 4—E3 . R797 4—
43 ——— e R537 R677 4—C R755 4—-F2 R798 4—
- 4— D1 . R638 R678 3-'C3 R758 4-—F3 R7S9
4—F2 - demem— oD —eiee— b RE3G T RE79. 4~ A3 R757 4—E2 -- -
4— F3 s - aey 'R758 ""4—E1-
4—E1 R601 R641 R681 4—82 R759 4—F4
R602 R642 R682 4-C2
- RE03  4-C5 R643 4—B4 RE83 4-C2 R761 4—F3
_ e - R604 4— A5 R644 4— B4 R684 4—83 R762 4-E2
4— G2 D601  4—CS R60S 4—C8 R645 4— B4 R685 4—82 R7863 4-F3
4-G3 D602 4—B6 R606 4— 85 R646 4—C4 R686 4—C2 R764 4—E2




i
CCMPONENT‘S ON PRINTED CIRCUITS

i
Cir ':

|

Grid Cir Grid Cir Grid Cir Grid Cir Grid
Ref Loéation Ref Location Ref Location Ref Location Ref Location
]
R647  4—iC4 R687 4—B2 R765 4— F1 R901 TR611 4—C3
RE48i 4—184 R688 4—C2 R766 4— F2 R902 * 4—E5 TR612 4—B3
R649' ~ 4-'34 RE8S 4— B2 R767 4—F1 R903 4—E5 TR613 4—83
' | R768 4~ F3 R904 4—E5 TR614 4—C3
RE6S1 4—C4 R6S1 4—D3 R759 4—F3 R905 TR615 4—C3
R652 4—{04 R906 TR616 4— 83
R653 4—A4 R771 4—F3 R9Q7 TR617 4—B83
RE54° 4—B4 R694 4— R772 4—E3 R908 TR618 4—C2
L R695  4— R773 4—E3 ]S09 4—F5 TR619 4—C2
P ] RESE 4— R774 4-E3 v -
R657, 4—C3 RE97 44— R911 4—=5 | TR621 4-82
R658 4-C3 R638 4—C4 R912Z 4-F6 TR622 4-82
RE59 4—A3 R699 4— B4 R913
: R914
R661 4—{83 R701 4—C4 R915
RE62' 4—C3 R702 4—C4 R916
R663. 4—A3 R702 4—184 R917 L
R664: 4‘—jc3 R704 4—BS R918 .
R665 4—33 R705 4—D5 R786 4— G2 R919 TR751 4-—E2
R666. 4-3C3 R706 4—B85 R787 4—G1 : TR752 4—F2
R667 4—C3 R788 4- G4 Rg21 TR753 4— €3
R668 4—j 83 R789 4—G3 -
R669 483
i A - R791 4-G2 TR756 4—G2
RE7T 43C3 - R792 4—G3 TR757 4- Gt
R672; 4-’-‘: o Fc T S R793 4-G2 THE01 4—CS TR758 4—G4
R673 4= A3 R751 4—E2 R794 4—G2 TH602 4— B85 TR759 4—G3
R674 4—83 R752 4—£2 R795 4—G3
R675 ‘a-c3 ' R753 T 4—F2 R796 4—G3 -
R676 .4~ 83 R754 4—E3 . R797 4-G2
R677 4—C3 R755 4—F2 R798 ¢—F3 TREJ1 4—C5
R678 4-C3 R756 4—F3 R7¢9
RE679 4< A3 R757 4—E2 -~ - TRE603 4— B85
SR - 'R758 ~“4—E1-*
R681 4—82 " R759 4—F4 TR605 4—CS
R682  4-C2 -
RE83 4—C2 R761 4—F3 TR607 4—85
R684 4— B3 R762 4—E2
R635 4— 32 R763 4—F3 TR609 4-C3
RE686 4—C2 R764 4—E2
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2808

R28S Loading

b}

7 274 27s 278 277 278 27 28 202 283
284 285 287 289

778

279
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275 276 27y 282 238
sa7 skan

‘
R271  R274  R27S R27s R277  R278  R279  R280 R282  R283 i
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FiG.2.
FRCM 132/33
" FIG.2.
v
o’ cz78 '
» 4 FAOM 132/36
oS FIG.2. 150 ,
o6
I oy
Os doainde/ ® \__‘
. c279
H 09 D/' X 2
10 31 o L 22
Q286 2 23 - 8Cp
22K ! 24 "2'7_:_:|~ TO 133/26
285 FIG.S.
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1SOK 100K SET CAL. POT. ' c27s 3-12p ,
VARIABLE It
TIME . {—
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' 10p
SK27) o oge
. SWEEP OUT A
GENERAL NOTES.
l. ONLY COMPONENTS IN AREA INDICATED AND MARKED 10 si
P.C.I36 ARE PC. BOARD MOUNTED. . ? Fl’cfs -

2. 136/2 DENOTES RC. BOARD EYELET OR TERMINAL Ne.
3. SWITCH SHOWN IN FULLY ANTICLOCXWISE POSITION.

A TIME/DIV. SWITCH  S2A

FIG.3.

i
POSITION | Resistors Selected
by Wafer 1F
2s i -
1s I -
!
055 l -
1
0-2s | R271
|
015 ! R271, R272
1
50 ms If R271, R272, R273
20ms | R271,R272, R273,
i R274
10ms | R271,R272, R273,
| R274, R275
5ms i -
i
2ms R271
1 ms R271, R272
'
-5 ms R271, R272, R273
2 ms i R271, R272, R273,
| R274
1ms | R271,R272, R273.
| R274, R275
50us | R271, R272, R273
20us | R271, R272, R273,
| R274
10us | R271,R272, R273,
| R274, R275
Sus | R271, R272.R273
2 us R271, R272, R273,
| R274 i
lus | R271,R272,R273, |
i R274, R275
-5 us i - |
-2 us ! - !
-1 us l - |
TABLE ‘A



282 R283 ,_ i

AAA—e—AAAA—

53K | 150K

ze/lai m/l‘i—w
i
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4

R289
ISOX

r——e e

‘ .
FROM 132/32
FIG.2.

FRCM '32/33
FIG.2.

v
c27s ‘

c279

6QCp
[+ TO 133/26
— FIG.5.

cae

3-12p '

J

c282

——

10p
R268

10K

j

-

TO Sig
© Figs

| R285 Loading I Timing Resistors | Hold Off ! Timing Capacitors
POSITION | Resistors Selected | Selected by | Capacitor | Selected by
by Wafer 1F I Wafer 2R \ Seiected by I Wafer 2F
. i ’ Wafer 1R ]
Il I ;
2s - i R276, R277, R278, | C273, C274 . C277,C278
‘ R279, R281, R282, | ;
| R283 | |
1s i - t R277, R278, R279 | C273,C274 | c277,C278
; R281, R282, R283 | f
4 i ]
055 - | R278,R279, R281, | C273 | C277.C278
| R282, R283 | :
02s | R271 | R279,R281,R282, | C273,C274 | C277,C278,C279
| | R223 | |
0-1s | R271,R272 i R281, R282, R283 | C273,C274 | C276.C277, C278
| ! J c279
50ms | R271,R272,R273 | R282, R283 | C273,c274 { C276.C277,C278,
‘ | | ! c273
20ms | R271,R272,R273, | R283 | c273,Cc274 | Cc278,C277,C278,
| R274 | | ' C279
10ms | R271,R272,R273, | - | C272,C273,C274 - C276.C277,C278
I R274, 3275 ! i fc279
5ms i - | R278, R279, R281, | C271,C272,C273 | C275,C2786, C277,
j i R282, R283 i i C279
2ms | R271 | R279,R281,R282, | C271,C272,C273 | c27s, cavs, c277,
i R283 | i C279
1 ms R271, R272 | R281,R282,R283 | C271,C272,C273 | C275,C278, C277,
i : L C279
5 ms R271,R272,R273 | R282, R283 | C271,C272,C273 | C275,C278, C277
[ | P c27
2ms | R271, R272, A273, | RZ283 C271,C272,C273 © C275,C276,C277
| R274 i i C279
1 ms | R271,R272,R273, | - | C271.C272.C273 | C278,C278, C277
| R274, R275 ; : i C279
50us | R271,R272, R273 | R282, R283 ! c272,c273 | C278,C277,C279
20ps | R271,R272, R273, | R283 i C272,C273 I ¢c276.C277,C279
| R274 i : ;
10us | R271,R272,R273, | - | Cc272,C273 | €276, C277, C279
| R274,R275 i J ’
Sus | R271,R272,R273 : R282, R283 . c273 | €278, C279
2us R271, R272, R273, | R283 icar3 | C276,C273
| R274 : | :
Tus | R271,R272, R273, | - | C273 | C278,C279
! R274, R275 ! ! !
Sus | - ! - | c273 | c276, C279
2us | - | - | - I C276
-1 us - - - l -

TABLE *A’ TIME/DIV SWITCH CONNEXIONS




LOCATIC

6/76

Cir Grid Cir Grid Cir Grid Cir
Ref Location Ref Location Ref Location Ref
c1 6— D1 R7
c2 6— F2 R8
c3 6— D2 Rg
c4 86— D2 C192 6-—F4 D61 6— F2 R10
D62  6-F1 R11
cé 6— E1 C194 6—E4 D63 6—F2 R12
c7 6— E2 C195 6—F4 D64 66— F2 R13
c8 6~ D2 C196 6—E4 D65 6—G3 R14
o} 66— £2 c197 D66  6—G3 R15
o -1 C198 6-F4 D67 6— G3 R16
cH 6— D2 C188¢ 6-D4 D68 6— H3 R17
ci12 66— E3 D69 6~ H3 R18
c13 6— E3 C201 6—H4 . R19
cl4 6— E3 C202 6—D5 D71 6— H3
c15 6— F3 C203 6-D4 D72 6-G2 R21
C204 6—D4 D73  6—=H1 R22
D74  6-G1 R23
c61 6—F2 D75 6— G2 R24
c62 6— F1 c251 ] D76 65—~ G2 R25
Cs3 6— E1 c252 R26
c64 6— F3 c253 | 'B* R27
C65 66—~ G3 C254 3 T/D R28
C56 6-G3 . €255 | Switch D193 6—F4 R29
c67 6—-G3 . - Cc256 D194 6—F4
cs8 6— G3 c257 D195 6—G4 R31
D196 6-—G4 R32
D197 6-G5 R33
c7 6— G2 Cc271 D198 66— G4 R34
c72 6~ G2 c272 D199 66— G4 R35
= c273 R36
c74 6— H2 Cc274 D201 6-G4 .
C75 . 6-—G1 C275 | ‘A’ D202 6-G4 R38
c76 6— G1 c276 | T/D D203 6—G4 R39
c77 6— G2 C277 | Switch
c78 6— H1 Cc278 R41
c79 6—G1 c279 R42
L1 R43
C31 6~ F1 c281
c282
L&1 6— F3 RE2
C151 6-—G6 D1 6—E1 R63
C152 6-—-Gb6 D2 6—22 RE64
C153 6-—Gé D3 6~D5 R65
Ci54 6—G6 D4 §—£2 R1 6—E1 R66
C155 6—G5 D5 6—-03 R2 6—£2 R67
C156 6—G5 D6 6—D3 R3 66— E1 RG68
C157 6—F5 D7 . 6—F3 R4- 6— E2 R69
C158 6—F5 D8 6—D5 RS - E2
C159 6-—F8 D9 6—F3 R6 6—E1 R71



LOCATION OF COMPONENTS ON PRINTED CIRCUIT BOAR

6/76

Cir Grid Cir Grid Cir Grid Cir Grid Cir Grid Cir . Grid
Ref Location Ref Location Ref Location Ref Location Ref Location Ref Location
c1 6— D1 R7 6— E1 R72 6—F2 R151 6-—G6
c2 6— F2 RS 6— £2 R73  6—F2 R152 6—G6
c3 6~ D2 R9 6— E2 R74 6—F2 R153 S$153
c4 6— D2 c192 6-E4 D61 6—- F2 R10 6-E2 R7S 6—F3 R154 6—H5
6 6— E1 C194 6-—E4 D63  6—F2 R12 §-D5 R77  6-G3 R158 6-G5
c7 6—E2 C195 6-—F4 D64  6—F2 R13  6-D2 R78 6— G3 R157 6-—F5
cs 6~ D2 C196 6-—E4 D65  6-G3 R14 6-03 R79 6—G3 R158 6—F5
c9 6— E2 c197 D66  6—G3 R15  6-D2 R159 6-G5
. ___ .| cile8 &—F4 D67 6-G3 R16 6-—E2 R81 6— G2 ‘ L
cn 6— D2 c199 6—D4 D68 B6—H3 R17 6-E2 RR2 66— G2 R161 B—F5
ci2 6— E3 D69  6—H3 R18 6—E2 R83  6-G2 R162 6-F6
c13 6— E3 C201 6-—H4 . R19  6—E2 R84 6—G3 R163 6—G5
Cl4 6— E3 C202 6-D5 D71 86— H3 R8S 6— G2 R164 6—G5
c15 86— F3 C203 6-—D4 D72 6-G2 R21 6— D1 R8s  6—G3 R165 6—F5
C204 6-D4 D73 6—H1 R22 R87 6-G2 - R166  6-—F5§
D74  6-G1 R23 6-D2 R88  6—G2 R167 6—F5
cs1 6~ F2 D75 6-G2 R24 6-E3 R8g 6—G3 R168 6— F3.
c62 6— F1 c251 D76 6—G2 R25  6—E2 ‘ R169 6—F5
cs3 6— E1 Cc252 R26 66— 2 R91 6—E2
C64 6— F3 c253 | ‘8’ R27 6-£3 R92  6-—-H3 R171 6—F6 .
cs5 6—G3 Cc254 3 T/D R28 6-£3 R93  6—H3 R172 6—F5
cs6 6—~G3 .. | C255 | Switch D193 6-—F4 R29 6-D2 Rg4 6—H2 .| R173 6—E8
c67 6—-G3 . .} C256 ‘D194 6—F4 R95  6—H3 - R174 6—F8
Ce8 6—G3 c257 D195 6—G4 R31 --.6—D2 Re6 ~6-H2 |- R175 6-~F35
D136 6—G4 R32 6-—E3 R97 6—H2 R176 6—EE€
D197 6-—G5 R33 6-—-£3 R98  6—G2 R177 6—C56
loval 6— G2 c271 D198 66— G4 R34  6—£3 RO9  B6-H2
c72 6— G2 c272 D199 6- G4 R3S  6—E3
c273 R36 6—F2 R101 6—G1
c74 6— H2 Cc274 D201 6-G4 A R162 6-G2 R191 6—E4
C75 . 6-G1 C275 | ‘A’ D202 6-G4 R38 6-F3 R103 6— H1 R192 6—E4
c76 6— G1 c276 | T/D D203 6-G4 R39  6-F3 R104 6—G1 R193 6—E4
C77 86— G2 C277 | Switch R10S 6—G1 R194 6—E4
c78 6— H1 c278 R41 6— F2 R106 6—G1 R195 6—E4
c79 6~ G1 c279 R42 6-—F3 R107 6~ G1 R196 6—E4
L1 R43  6—F3 R108 6— F1 R197 6— G4
c31 6— F1 c281 Ri109 6—Gi R198 6—G4
C282 R1c9
R111  6-G1 R200
L81 6—F3 R62  6—F1 R112 6—G2 R201 6—H5
C151 6—G8 D1 6—E1 R63  6-E2 R113 6-—F1 R202 6—HS
C152 6-—G8 02 6—£2 R64  6—F1 R114 6-G2 R203 6—E5
c153 6-G8 D3 6-D5 R65  B6—E1 R115 66— F1 R204 6—E5
C154 6-—G8 D4 6—£2 R1 6— E1 R66  6—ET R116 6-— F1 R205 6—E4
C155 6-—G5 Ds 6-—-D3 R2 6— E2 Rg7  6—E1 R117 6—F1 R206 6-—E4
C156 6-—G5 D6 6-03 R3 6—E1 Reg  6-—D1 R118 6—F1 R207 6—F4
C157 6-—F5 D7 6—F3 R4- 86— E2 Reg  6-G3 R208 6-—F4
C158 6—F5 D8 6—D5 RS 6— £2 R209 6-—F4
C159 6-F8 D9 6—F3 R6 6—- E1 R71 6— G2




ON OF COMPONENTS ON PRINTED CIRCUIT BOARDS

Grid Cir Grid Cir . Grid Cir Grid _ Cir Grid Cir Grid
Location Ref Location Ref Location Ref Location Ref Location Ref Location
6— E1 R72 6—F2 R151 6— G6 R211 6—F4 R277 6—A2 TRS 6— E3
6—£2 R73 6—F2 R152 6—-Gs R212 6-F4 R278 66— A2 TR6 6— F3
§— 22 R74 6—F2 Ri53 S153 R213 6-—F4 R279 6-—- A1 TR7 6~ F3
6— £2 R75 6— F3 R154 6~ HS R214 6-F4
6-—- D3 R76 6— G3 R155 6-G5 R215 6-F4 R281 6— A1
6— D5 R77 6— G3 R156 6—G5 R216 6—F4 R282 6-182
6— D2 R78 6—G3 R157 6-—F3 R217 R283 6-82 TR61 6-—C1
6-—- D3 R79 6— G3 R158 6&-—F5 R218 R284 TR62 6—£1
66— 02 R159 6-G3 R219 6— G4 R285 TRE3 6-G3
6—E2 R81 6— G2 ) Ce e R286 TR64 6—G3
6— E2 R82 6— G2 R161 6-—F5 ‘| R221 6-G4 R287 TRES 6-G2
6—E2 R83 6~ G2 R162 6—F6 R222 6—-G4 TR66 6-—H2
6—E2 R84 6— G3 R163 6—-G5 R223 6—F4 R288 TR67 6—H2
R8S 6—G2 R164 6-— G5 R224 6-—HS5 -~ TR68 6—G1
6~ D1 R86 6— G3 R185 6-F5 R225 6-G4 TR6S 6—G1
R87 6— G2 R166 = 6— F5
6- D2 R88 6— G2 R167 6-—F5 R227 6—~G4 S1 ‘A’ Source
6—E3 R89 6—G3 R168 66— F5. R228 6—H4 S2 ‘A’ Polarity
6—£2 ) R169 6—F5 R229 6—H4 33 Trig Mode TR151 6-G5
6— £2 R91 6—E2 - TR182 6-G3
6— E3 R92 6— H3 R171 6~ F6 R231 6—-D5 TR183 6-—F5
6~ E3 RS3 6— H3 R172 6—F5 R232 6-G4 TR154 6— F5
6—D2 Rg4 6—H2 . R173 6—-E6 R233 6- D4 S61 Rep TR155 6—F5
R85 6—~ H3 - R174 6—F8 R234 6-—D4 S62 Reset
.-..6=D2 R%6 6—H2 |- R175 6—F3 R235 &- H4
6—E3 R97 6— H2 R176 6—EE R236 6-G4
6— E3 R98 6—G2 R177 6-—E§6 R237 6-D4 . TR191 6—E4
6— £3 R99 6— H2 S151 ‘B’ Source TR192 6-—%4
66— 23 S152 ‘B’ Polarity |TR193 66— =4
6—F2 R101 6-G1 S153 ‘8* Auto TR1%4 6-—F4
R162 6-G2 R191 6-—E4 R251 TR1S5 6-—Ga
6—F3 R103 66— H1 R192 6—E4 R252 TR196 6- G4
6— F3 R104 6—Gt R193 6—E4 R253 ‘B TR197 6—H4
R10S 6—-G1 R1%4 6-—E4 R254 ¢ 7/D S191 Delay
6— F3 R106 6-—G1 R185 6—E4 R255 | Switch S192  Sweep Select
6— F3 R107 6-G1 R196 6—E4 R2g6
56— F3 R108 6-F1 R197 6—G4 R257
R10¢ 6-—G1i R198 6—-G4 R258
R1c9 R259 S251 ‘B’ Time/Div
R111  6—G1 R200
6—F1 R112 6-G2 R2C1 6—-HS R261
56— E2 R113 66— F1 R202 6—HS5
6— F1 R114 6-G2 R203 6-—ES5 S271 A’ Time/Div
6—E1 R115 6—F1 R204 6-—E5
6—-E1 R116 6—F1 R205 6—E4 R271 86— A1
6— E1 R117 6—F1 R206 ©&6—~E4 R272 66— A1
6~ D1 R118 6—F1 R207 6—F4 R273 58— A2 TR1 6—E2
6—G3 R208 6-—F4 R274 66— A2 TR2 6— £2
R208 ©6-F4 R275 6-B2 TR3 6—E2
6—G2 R276 66— A1l TR4 6—E3
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