Telequipment type ‘B’ Plug-in Amplifier

APPENDIX

2 VERTICAL DEFLECTION AMPLIFIER TYPL B

2.1 GENERAL

This highly sansitive Differential Amplifier provides a simple and economic
way of extending the range of the general purpese oscillescope to those regions
where small signals must be examined against very high levels of interference.

The common-mede rejection of this amplifier is 10,000 ¢ 1;  its basic
sensitivity 1 mV/cm. from DC to 100 Ke/s. It will accept a range of twelve input
voltages from 1 m¥/cm, to 5 ¥/em. ina 1:2: 5 mtio, Special stabilizing and
smoothing circuits minimize both pickup noise and drift so that the maximum DC
drift is not more than 5 mV per hour after the amplifier hos warmed up.

The amplifier is thoroughly scraened against possible electrestatic and
electromagnetic interference. It is self-contained but draws its power suppiies
from the oscilloscope into which 1t is plugged.
tically as the amplifier s pushed home.

All connections are made automa-

' Tl‘_ne Pifferenfial Amplifier may also be used to advantage for single—ended
inputs, within the limits of the above specifications,

2.2 OFERATION

Input Selector Switches

The maximem DC Input to either channel, when the V/CM. switch is set to
50 r:?V_/cm. or less, Is chout 15% in the "DC" position of 52, 1f the DU level of
the input signal exceeds this, the selector switches should be set to "AC", when o
't.ﬂockung cap?c]h.:n is switched into circuit, The value of this capacitor I's 0.01 uf
{+ 20%) and it will therefore distort low frequency input signals, though high
fraquency signals will not he effected. Whenever possible ’rhé "BC" position
should be used for low frequency signals. ! "
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If the DC camponent requires the use of a blocking capacitor, a larger
capacitor may be used in series with the input in the "DC" position,

Single-Ended Inputs

For use as @ conventional Vertical Deflection amplifier, the signal is taken
tc one input and the ather is earthed by the Input Selector Switch.

Use as o Differential Amplifier

Use both inputs, taking the combined signal alone to the other. AT inputs
up to 250 V peak to peak may be appiied.

Full instructions for setting the common-made rejection are given in the
sefting-up procedure.

Warm=-Up Time

The Amplifier should be allowed half an hour after switching on fo warm up
before use.

CIRCUIT DESCRIPTION (Fig. 3.3)

The circuit consists of three cascaded stages of long-tailed pairs.  The Input
stage uses two double-triode valves (W1 and V2), type ECC8Z, os a cuscode
connacted long-tailed pair. The two halves of V1 are used as the input halves of
the cascode coupled pairs. Both cathodes of V1 are connected by a variable
potentiometer RY20.  This permits the anode currenfs of the valves to be balanced
to give equal gain ond so sets the rejection of the Differential Amplifier. In order
to ersure that the anode valtages are equal, the anode of V2B is taken to o coarse
balance control (o varichle potential divider network, set by the switch 541, whilst
the anode of V2A is taken fo a FINE balance contrel, the potentiometer RV22.
These hwo controls are used in conjunction with one ancther to balance the DT
levels of the anodes of V2.

The signals developed at the anodes of Y2 are DC-coupled to the next long-
tailed pair (V3A and V4A). The anode of V3A is taken to a preset variable resistor
{Rv49) (FRESET BALANCE}, which again permits the anode potentials of the fwo
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halves to be ecuaiized.  This confral is adjusted during initial setting-up

operations.

The signals developed af the anodes of V3A and V4A are passed vie
attenuator networks (RS0, k52 and R51, R33) to the grids of cathode follewer stoges
(V3B and V4B), Vertical Shift is provided by the varioble potentiometer (RV57)
{Y SHIFT) which varies the current thraugh the cathode followers.

The outputs of the cathode followers are fed to the grids of VA and V38,
and the Cathode Ray Tubs Vertical Deflection Plates are connected o the anodes
of V5A and V5B, which form a third long=tailed pair, The preset variable resistor
[RV68) (SET GAIN) between the cathodes of V3A and V4A is used fo adjust the
overall gain of the amplifier by varying the amount of negative feadback between
the two cathodes,

The infernal triggering waveform for the timebase is also taken from the

ancde of V5B to the Y1, Y2 positions of the Trigger Selection Switch (5101) via
R75 and C21.

ATTENUATOR NETWORKS

The response of the Differentin! Amplifier to different input signal levels is
controiied by a twelve-position Attenuator Switch 53A, B, C, D, E, F, G, H
(MILLIVOLTS/CM.)  This performs three types of operations to cover the range of
input levels appropriate to each setting of the switch {Tm¥/cm. to 5V em.).

Reading round the swirch anti-clockwise from TmY/cm. to 5%/cm., the
gain is first reduced in three steps down to 10mV/em, by varying the gain of the
second lang-failed pair, V3A and V44, This is done by shunting their existing
anode loads (R40 and R44} with R4é, R47 and R48, The next two steps, down to
50 mv/cm., are taken by reducing the gain of the first stages, V1 and V2, ina
similer manner, In this case R16 and R17 @re shunted by R23 and R26 by the
operaticn of S3E/F.

The range beiow 50 mV/cm. is adjusred by a two-stage balanced input
attenuatar operaiing in conjunctian with S3E/F to give six further levels of
aHenuation, down to 5 W/ em, In these attenuators the DC balance Ts adjusied by
means of the preset variable resisters (RV3 and RY B} (PRESET REJECTION) and the
AC Balance by preset variable capacitors (C1, Cd end C?, C12),
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2.5 PGWER SUPPLIES
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Power supplies to the Vertical Deflection Amplifier ure derived from the
main oscilloscope, all connections being made cutomatically vie a power socket as
the amplifier is pushed home .,

A negative line at ~150 V is required for the cascode coupled input stages.
This Ts derived from a transformer (T2) connected to the 110 volt supply Tn the main
oscilloscope. The sutput from the secondary is rectified by a Sen=Ter-Cell type
C3B bridge, smoothed by R70 and C19, and stabilized by the neen diede (V7). The
positive output is laken to chassis and the negative to the commen cathode resistor
{R15) of V1A and VIB.

The heater supply to the input valves (V1 and V2 is rectified and stabilized
to minimize noise pickup ond drift. This supply is provided frem a further winding
on T2 giving 16 V AC, which is rectified by four disdes {type 50AS} again arranged
in a bridge circuit. The rectified voltage is smocthed by the capacitor (C20) and
stabilized by a series tronsistor {type OC25) and o shunt Zener diode.

The heater centre tap of V1 is taken via R77 to the slider of RV78.  This
ad{usts the relative heater voltage of eoch half section and so equalizes their gains.

SETTING~UP PROCEDURE

Remove the amplifier from the oscilloscope and connect the power supplies,
Y-plate suiputs and internal trigger output by means of extention leads. Proceed
as follows:

{1} Short the grids of V3B and V4B,
trace.

Adjust the Y SHIFT fo centralize the

(2) Transfar the short to V3A and V4A grids.

With the attenuator switch set to 1 mv,/cm., adjust the PRESET BALANCE control
fRY49) to centralize the troce,

{3) Remove the short between V3A and Y4A grids.

Remove V2.

Connect an avometer hetween the anodes of V2A and VZB ond adjust the
course and fine balance controls for zera voltage difference between the anodes.



(4 Plug in V2 and allow to warm up.
Switch impui selector switchas to earth.

Adjust the slider potentiometer RV78 for zero voliuge difference between
V2A and V2B anodes.  The REJECTION control should be set to its mid-pesition
for this odjustment .

(5 Remove the avemeter,

Cannect the cal. voltage to both inputs, with both input selectar switches
set to DC.

Set the aitenuarer o 1 mV/cm,

Cancal the signal with the REJECTION control, and as the trace moves,
re-centre with the FINE BALANCE control.  {It may also be necessary to use the
COARSE BALANCE contraly.

The DC levels should now be correctly baldnced.

Setting Up the Attenuator

Plug the amplifier into the oscilioszope and proceed as follows:

{1 Apply a 2 Ko/s. sguarewave (abeut 0.5 V peak to peak) to both Input 1 ana
Input 2. Switch Input 2 fo "AC" and Input T to "EARTH" .

(2 Turn the attenuatar to 100 mv/em. and adjust C4 for a flat-topped respense.

{3} New switeh Input 2 fo "EARTH" and Input 1 to "AC".
flat=topped response .,

Adjust CF for o

{4) Switch Input 2 to "AC" ond adjust RY3 until a streight horizontal trace is
obtained {i.e. zero vertical deflection).

(5) Rapeat this procedure in tha 1 W em. position of the attenuator switch, this
time cdjusting C12, C9 and RVE,

setting Up the Rejection

{1 Set Input 1 to0 "DC" and Input 2 to "EAR:FH" and feed a 1000 /s square-
wave of ebout 5 - 10 Y amplitude into hoth,
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{2} Set the Attenuctor Switch te 5 W/cm. and display a few cycles of the
squarewave on the screen to give 1= 2 cm. vertical deflection.

{3 Mow set Tnput 2 10 "DC".  Adjust-the REJECTION and FINE BALANCE
controls to give a straight horizontal troce..

4) Set the Attenuator Switch to 1 mV/cm. and continue to adjust the
REJECTION and FINE BALAMCE controls until a satisfactory trace is obtained.
This sets the common mode rejection whilst the amplifier is in its most sensitive
condition. The final trace will look rather like o differentioted square wave,
since some overshoot will be visible from the vertical edges of the mutually-
cancelling waveforms when amplified to this extent.

SIMPLIFIED SETTING-UP PROCEDURE

Remove the screen from the amplifier and fit the amplifier in the Y2 {lower)
position.  Leave Y1 aperture blank.

Set REJECTION, FRESET BAL. (RV49), COARSE AND FINE BAL., to mid-
positions. On 30my/cm ranye, centre the trace with the Y shift conmrel.  Tuen to
100mV/em range and re~centre the trace with RV78.

Repeat the above adjustments until there is no trace movement when
switching between the two ranges.

Tum to Im¥/em and re-cantre whlh the PRESET BAL, (Rv49) contrel.

Repeat unti] there is no mavement batween the 10mV/cm and ImV/cm
positions.

Feed in the v CAL to both inpyts an D.C,

re-centre with the COARSE AND FINE BAL

Cancel the signal with the rejection]control and as the trace moves,
centrols.




AMPLIFIER TYPE ' 43B

Part C.C.T. Rating
Neo. Ref. Yalue Cescription Toterance @ 70°C
12M R 1 900K HSC 1% Tw
72M R 2 106K H5C 1% aw
17C RY 3 10K Patentiometer 'Preset Rejection’

72M R 4 106K HSC 1% Qv
120 R 5 00K HSC 1% Tw
1M R & 990K HSC 1% Jw
71M R7 9.85K HSC 1% Iw
14C AT 470 Potentiometer Preset Rejection’

71M R 9 ?,85K HSC 1% Aw
1M R10 $90K HSC 1% Iw
10M k1Y 1M H5C 1% Iw
108 RI12 M HsC 1% aw
$10410 R13 100K C 1094 Iw
510410 Ri4 100K C 10% aw
26X k15 82K MO 2% P
23X R16 56K MO 2% S
23X RI7 58K MO 2% Iw
510310 R18 10K C 10% w
127C RV20 100 Potentiometer 'Preset Rejection’

Y2e310 R21 22K C 10% T
8i1C Rv22 200% Potentiometer 'Fine Bal,'

S0M R23 4K HSC 125 T
212510 R24 1.284 ¢ 10% Tw
248510 R25 &,8M C 10% aw
88M 826 23.7K HSC 1% Fw
510110 R27 100 C 109 Tw
S10110 R28 100 C 10% iw
510210 829 10K C 10% v
510210 R3O 10K C 109 dw
510210 R3] 10K C 10% w
510210 R32 10K C 10% aw
$10210 R33 10K C 109% aw
510210 R34 10K C 10% T
510210 R35 oK C 10% G
510210 236 10K C 1% hw

Part
Ma,

510210
510210
Y2Z370
24X
S0
tozL
527210
24X
L3
B9M
FIM
PIM
18C
18M
18M
23X
23X
33M
Yé8210
&iC
Y48210
Y10310
$10110
1561
S10110
039310
039310
128C
533310
YE8210
Y48210
S22110
522410
347210
47110
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C.C.T.

Ref,

R37
R38
R3%
R40
R41
R42
R43
R44
R4S
R44
R47
R48
RV49
R50
RS
RS2
R53
R54
RS
RV57
RS8
R&O
R&1
R62
R63
R&6
R67
RV&8
R&9
R70
R71
R72
R74
R75
R77

AMPLIFIER TYPE B {cantinued)

Value

10K
10K
22K
27K
2.7K
& 8K
1 2.7K
- 27K
4.7K
42.6K
10,45k
4.73K
M
111K
111K
36K
56K
4.7K
6,8K
S0K
6.8K
10K
100
10K
100
37K
39K
5K
33K
&. 6K
48K
220
220K
4. 7K
470

. Rating
Description Tolerance L 7000
C 10% dw
C 10% aw
C 10% T
MO 2% Tw
C 109% Iw
MO 5% Pw
C 10% Fw
MG 2%, T
Wiy 5% Jw
HSC 1% dwe
HSC 1% tw
HSC 1% Iw
Patentiometer 'Preset Balonce’

HsC 194 Fw
HSC % dw
MO 29 aw

MO 2% Fw
Wiy 5% Sw
< 10% L
Patentiometer 'Y SHIFT
C 109 Ty
C 10% L
C 10% Fw
MO 5% 2w
C 109% iw
C 109 Tw
C 109% T
Potentiometer Preset 'SET GAIN!

C 0% dw

C 109 A

c 10% Lo

C 10% iw

C 109, v

c 10% Fw

C 10% aw



AMPLIFIER TYPE B {coniimued)

Part C.CLT. Rating
Ne, Ref, Value Deseription Tolerance 2 709C AMPLIFIER TYPE B (continued)
15C RW78 1K WOW Variable Resistor _
sz]]c? Egg 1K " € ]g:ff’ b Part C.C.T. Rating
2?2;10 _ Ra1 ?SgM E :0;/: ;: | MNo. Ref, Value Description Tolerance @ 70eC
Y15310 RE2 15K ¢ 10% v &0F MR C38 Bridge Rectifier Sentarcel

' 16E MRZ  4xZ570  Ferranti
14 C 1 4-300f CER TRIMMER 220 5T MR3 MEZ12/T5 International, Rec.
59K C 2 100pf S 10% 350
59K C3 100pf SM 10%% 350w :
16 C 4 6-30pf CER TRIMMER 150y 1267 TR OC25 Transistor Mullard
16J C5  430pf CER " 350v
16l C 4 £=30pf CER " 350w 6T Vi Valve Brimar 1308
1) C7 5-30pf CER " 350v T V2 Valve Mullard ECCB2
16) cB &~30pf CER " 350v 10T Y3 Valve " ECF80
isJl 9 &6=30pf CER ! 350w 10T V4 Valye " ECFR0
61K cig .00t 5k 2% 350v 13T V5 Valve " 12AT7
61K Ci L0011 SM 2% 350 37T Wé Valve " 15082
4l ci2 6=-30pf CER TRIMMER 350 37T V7 Valve - " 15082 -
16K C13 0.1 POL 20% 400
16K Cl4 0.t POL 20% 400
0% Cis g ELEC 300y 435 T2 Transformer Type HL/BIF
arl 18 32 ELEC 16+ 14 300w
39K C17 8 ELEC 300 43D 51 Switch 2 Pale 3 position
40X C13 32 ELEC 300w 43D 52 Switch 2 Pole 3 positien
40X C1g 32 ELEC 300 &8C 53 Attenvator Switch 8 sec. 12 pes,
47X C0 2000 ELEC 1000 + 1000 i8y &9C 34 Balance Switch 1 Pole 11 vay.
lek 2] Gl FOL 0% 400y
18K c22 g.! PCL 20% 400
16K C23 d.1 POL 20% 400v
53K {24 15pr CER 205 350w
63X C2s 15pF CER 20% 350w

C - Q."’U

514 C24 g ELEC 20° 450y

~50%
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