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1. PURroSE 

The 01-5 universal oscilloscope is designed for non­
precision measurements of pulse and periodic waveforms and 

for lecture and demonstration purposes. 
The instrument makes it possible to examine pulses of 

0.1 to 3000-~s duration, measure pulse duration and ampli­
tude and observe periodic waveforms and Lissajous figures. 
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Ca) Y-axis amplifier sensitivity at a frequency of 
100 kHz is at least 25 mm peak-to-peak for every 0.3 V HMS 
with a wide band~ and at least 25 mm for 0.1 V HMS with a 
narrow band. 

(b) Y-axis amplifier frequency response is flat to 
within 3 dB in the range of 10 Hz to 10 MHz with a wide 
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band, and 10" Hz to 500 kHz with a narrow band, at maximum 
gain and .attenuation ratio of 111 • . 

(c) Droop of a 2ooO-""s pulse does not exceed 15% of 
the pulse initial amplitude. 

(d) Total pips on a l-tJ,s pulse does not excee,d 1 mm 
ata display size of 20 mm~ the rise time of the trigger 
pulse leading edge being O.O? ~s. 

(e) Y-axis amplifier input impedance is not less than 
0.5 megohm with 5O-pF capacitor connected in parallel. 

(f) X-axis amplifier sensitivity at a frequency of 
100 kHz is at least 25 mm peak-to-peak for every 0.3 V HMS. 

(g) X-axis amplifier frequency response is flat to 
within 3 dB in the ' range of 20 Hz to 500 kHz, at · maximum 
synchronization gain. 

(h) X-axis amplifier input impedance is not less than 
80 kilohms. 

(i) Two kinds of sweep are provided I 
- driven sweep with nine fixed bands - 1, 2, 5, 10,. 

30, 100, 300, 1000 and 3000 tJ,s (±20% at a swe~p length of 
50 mm); 

- continuous sweep with nine continuously variable 
bands covering the total range of 20 Hz to 200 kHz. 

(j) Driven sweep is initiated by Signals of not over 
0.35 V peak~ continuous sweep is synchronized by signals 
of not over 0.12 V HMS. 

(k) Calibration marks for pulse duration measurement 
are provided bypulse-duration calibrator at intervals of 
0.05, 0.2, 1.0, 5~ 20 and 100 tJ,S,the error being with­
in ±5%. 

(1) The internal pulse amplitude calibrator providing 
direct offscale reading in HMS and peak values of voltage 
is accurate to ±10% of m~asured value over the scale sec­
tion of 0.2 to 1.2 V HMS. 

(m) FTovision is made for directly applying the volt­
age under test to the CRT Y-plates and X-plates. 
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(n) Input impedance of the Y-plates and X-plates is 
not less than 3.6 megohms~ with 3O-pF capacitor connected 
in parallel. 

(0) The input attenuator has attenuation ratios 111. 
1,10 and 11100 ~ the accuracy being not more than ±5%. 

(p) The standard service conditions for the instru­
- ant are as follOWS: 

- ambient temperature of ~20 ±5°C, 
- relative air humidity of 65 ±15% as measured at 

+20 ±5°C; 
- atmospheric pressure of ?50 ±30 mm Hg 

(100.000 ±4000 N/sq.m); 
_ supply mains voltage of 12? V ±2% and 220 V ±2% 

50 Hz~ 115 V ±2% 400 Hz. 
(q) The instrument is serviceable under the following 

conditions: 
- ambient temperature from -30 to +4OoC, 

supply mains "101 tage of 12,? V :{~%' 220 V :{~ 
50 Hz, 115 V ±5% 400 Hz. 

er) Fbwer consumption is not in excess of 180 VA. 
(s) The instrument can operate continuously during 

8 hours. 
(t) Weight is not over 14 kg. 

(u) Overall dimensions are 430 x 360 x 220 mm (with­
out cover). 

(v) The instrument me~n trouble-free operation time 
(Tmean) is to be 600 hours minimum. 

4. DESIGN 

4.1. The instrument is mounted on an aluminium-alloy 
chassis fitted into a casing and screwed to it. 

The chassis comprises a vertical panel carrying all 
the controlS and two horizont8J. panels mounting valves and 
other components. 

The upper horizontal panel carries the valves of the 
Y-axis amplifier and pulse-duration calibrator, electroly­
tic capacitors, resonant circuits of the pulse-duration 
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calibrator, internal adjustment potentiometers, terminal 
strips and other parts and. components. The CRT in magnetic 
shielding and the short-circuited Y-plates and X-plates 
connectors are also located on this panel. 

The lower horizontal panel mounts the sweep generator 
and synchronizing amplifier valves, the power transformer 
with the mains change-over switch and fuse, filter chokes, 
electrolytic capacitors and other components. 

The vertical face panel carries labelled controls 
(Fig. 2) ~d is protected by a removable cover. 

4.2. The casing has louvres for ventilation purposes. 
A swing-out cover on the rear wall gives the access to the 
short-circuited plugs KII-l, KIJ-2, KII-3, KII-4 serving to 
connect the voltage under investigation riiht to the CRT 
deflecting plates, and to switch B7 used to select the 
Y-axis amplifier wide or narrow band. 

The instrument is furnished with a telescopic viewing 
hood used to examine pulses at a poor brilliance of dis­
play. 

5. CIRCUITRY 

5.1. The instrument consists of the following compo-
nents (see the functional block diagram in Fig. 1): 

(a) input attenuator; 
(b) Y-~is amplifier with a delay line; 
(c) synchronizing and X-axis amplifier; 
(d) sweep generator (continuous anA driven sweeps); 
(e) pulse duration calibrator; 
(f) pulse amplitu~e calibrator; 
(g) cathode-ray tube; 
(h) po~er supply unit. 
~.2. The Signal under test is applied over a coaxial 

cable, and via the input attenuator it is fed to cathode 
follower Jl (see Appendix 1) loaded into delay line MA-I. 

The delayed signal is amplified by valve ~2 and 
impressed onto the grid of valve Jl3. Vol tages derived from 
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the anode and cathode of valve JI3 are 1800 out of phase. 
They are applied to the grids of valves JI4 and JI5 of a 
push- pull amplifier and then to the cathode-ray tube 
Y- pl ate s . 

The synchronizing voltage supplied from t he cathode 
of valve m during internal synchronization, from an exter ­
nal source during external synchronization, or from a 
br idge- t ype voltage stabilizer during mains synchronization 
is ampl i fied by t he synchronizing amplifier (JI10 and JIlla) 
and fed to the sweep channel. 

At a driven sweep the synchronizing signal is applied 
(depending on the polarity) either to the grid or to the 
cathode of valve ml~~ sharing a common load with valve JIG, 
to t riggex the cut-off sweep generator. 

At a continuous sweep the synchronizing signal comes 
to the s uppressor grid of valve JIG . 

The sweep generator empl oys identical valves JIG, JI7a, 
JI8 for both the continuous and driven sweeps. 

Yalves JIG and JI7a are triggered in succession as in an 
ordinary multivibrator. 

When valve JI7a is conducting , one of its cathode capa­
citors (corresponding to t he selected sweep band) rapidly 
charges. When valve JI7a is cut off, this capacitor discharg­
es t hrough valve JI8 building up t he sweep voltage •. 

The speed of the driven sweep is determined by the 
capacitance contained in the cathode circuit of valve JI7a. 

Oontinuo us adjustment of frequency at a continuous 
sweep is provi ded by potent iometer R32 which continuously 
varies the plate resistance of valve JI8 . 

By manual operation of switch B3 the sawtooth sweep 
voltage is applied to the grid of valve JI76 operating as a 
cathode follower. From the cathode of valve JI76 the sweep 
v0ltage is fed to valve JI9 constituting a phase-inverter 
stage. 

The sawtooth vol tage derived from the cathode of valve 
JI76 and anode of valve JI9 is applied in antiphase to the ORI' • 
X-pl ates, thus ensuring balanced output sweep voltage. 
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Part of the sweep voltage derived from the anode of 
valve JI7a is fed to the CRT control electrode to brighten 
up the sweep trace. 

To measure the pulse duration the circuit incorporates 
a pulse-duration calibrator employing valves JU2~ m). A 
negative pulse from the driven sweep generator cuts off 
valve J112 which gives rise to free oscillations in one of 
the tuned circuits of valve m2 cathode. The oscillations 
are sustained by positive feedback applied through valve 
JI13 to the centre tap of the tuned circuit coil. 

Yol tage from the anode of valve JIl3 is fed to the ORT 
cathode th~s periodically increasing and decreasing the 
display brilliance. The duration of the pulse under test 
is determined by the number of bright spots and blanking 
on the sweep as well as by the known resonant frequency of 
the tuned circuits. 

A bridge circuit comprising filament lamps JIl5~ JUG 
and resistors R90~ R9l is used for measuring pulse ampli­
tude. The bridge input receives supply voltage from the 
power transformer winding. 

Due to the non-linearity of characteristics of lamps 
JIl5 and JIIG the voltage across the bridge is fairly stable. 
The amplitude to be measured is determined by comparing the 
display of the voltage under test and of the known voltage 
taken off potentiometer R93 arranged in the bridge diagonal. 

Lamps JI15 and JllG are used not only for scale lighting 
but also serve as stabilizing elements in the pulse-amplitude 
calibrator circuit. Therefore ~ they must be replaced by 
similar lamps only (6.3 V, 0.22 A), with a subsequent 
adjustment of the amplitude calibrator by potentiometer R92. 

1"Ii t h switch B3 in the AMPLIFIER (YCHJIHTEJIb) position, 
the synchronizing amplifier output (anode of valve JIlla) 
is connected to the grid of cathode' follower JI76 thus 
making up a conductive path for the amplifier signal to be 
applied to the CRT X-plates. In thi s case the synchroniz­
ing amplifie r operates as an X-axis amplifier • 
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In addition, the signal can be applied directly to 
the Y-plates and X-plates, if they are disconnected from 
the Y-axis amplifier ~d the sweep generator by removing 
short-c irc uited pl ugs Ill-l ~ KIl-2, KIl-3 ~ and KI1-4. 

The supply unit comprises a power transformer, a RV 
and LV rectifiers and filters. 

Y-Axis Amplifier with Input Attenuator 

JI3, 
5.3. The Y-axis amplifier employs f;ve valv JIl - JI2 ... es" 

JI4~ JI5 (see Appendix 1). 

Due to a high input impedance and a low input capacit­
ance, the Y-axis amplifier presents but a small load to the 
circuit under measurement. 

To protect the first amplifier valve against overloads 
. . 

a res~stance-capacitance attenuator having the attenuation 
ratios of l:l~ 1:10, 1:100 is connected at the input. 

With switch Bl being in position 1:1, resistor R2 and 
parallel-connected capacitor C2 are shorted, so that the 
incoming signal passes via capacitor Cl to the grid of 
first amplifier valve JIl without practically being attenu­
ated (capacitance Cl is high). 

R5 is a grid-leak resistance of valve JIl. 
With the switch in position 1:10~ resistor R2 and 

capacitor C2 are cut in the cirCuit, and resistor R3 and 
capacitor C3 are connected in parallel with resistor R5. 
Thus, an attenuator is f.ormed~ with one arm consisting of 
resistor R2 and capacitor C2, and the other, of resistor R3 
and capacitor C3 in parallel with resistor R5. 

The ratings of the above resistors and capacitors are 
so selected that the signal applied to the grid of valve JIl 

from the attenuator lower arm is ten times lower than the 
initial voltage. 

Attenuation by 100 is performed in a : similar manner~ 
but in this case the lower arm of the attenuator is made 
up of R4, C4, R5. 

r The attenuation ratio remains constant over a wide 
fre~uency range. This is of importance when pulses are 
being examined~ as une~ual attenuation of harmonic compo-
nents may cause distortion. 

Attenuation at low fre~uencies depends on the resist­
ance ratios of the resistors making up the attenuator. 

At high fre~uencies attenuation is determined by the 
capacitance ratios .of the capacitors connected in parallel 
with the resistors~ with spurious capacitances taken into 
account. 

Capacitance C2 is adjusted in tuning. 
The attenuated signal is impressed onto the control 

grid of valve JIl which acts as a cathode follower and en­
sures high impedance and low capacitance of the input. 

Due to the low output impedance of the cathode follow­
er~ gain is controlled with a low-resistance potentiomet­
er RB whose resistance, together with R7~ _ is e~ual to the 
wave impedance of delay line HJI-l (about 400 Ohms). 

The delay line is a long artificial line consisting 
of inductances and capacitances. It is meant to delay the 
signal being tested in the Y-axis amplifier channel by 
approximately 0.2 ~s with respect to the horizontal sweep 
voltage. 

The delay line passes all fre~uencies of the range 
and comprises a large nUmber of sections~ 

Reflections from the line end are eliminated by load­
ing the line with a resistance e~ual to the line wave imped­

l ance (R7 ~ RB). 
Pbtentiometer RB feeds the signal to the grid of ampli­

fying valve JI2 and further, via capacitors C8, to valve JI3. 
Valve JI3 has load resistors in it~ anode and cathode 

circuits~ the voltages derived from the anode and cathode 
are 1800 out of ph~se. 

Due to the shunting effect at high fre~uencies the 
capacitances of the valve .electrodes and wiring capacitance 
lower the load impedance ~ reduce the gain and distort the 
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pulse under investigation. To compensate for the shunting 
effect of spurious capacitances, use is made of a compensat­
ing coil connected in series with the load resistor in the 
anode circuit of valve JI3. 

Signal s from the anode and cathode of valve JI3 are 
impressed in antiphase via coupling capacitors C9, C12 onto 
the control grids of valves JI4 and JI5 of the push-pull 
stage. R23 and R24 are cathode resistors of the valves , 
and Rl6 and R25 are their · grid-lead resistances. 

The anode circuits of valves JI4 and JI5 contain load 
resistors Rl8 and R21 with compensating inductance coils. 

Voltage is impressed onto the screen grids via common 
decoupling circuit R95, C5. 

The signal taken off the anodes of valves JI4, JI5 be­
tween series-connect.ed compensating coils is applied in 
antiphase via coupling capacitors 041 and C40 to the 
Y-plates of the cathode-ray tube. 

In the Y-axis amplifier prov i sion is made for switch­
ing over to a narrow band for the purpose of obtaining a 
higher gain. In this case the toggle switch connects load 
resistors Rl9 and R20 and compensating inductance coils L7 
and L8 in series with the load resistors of valves 0'14 and 
JI5 . This is useful in investigation of signalE of compara­
tively low frequencies having a small ampli tud~ 

To avoid overload of input valve JIl~ signals impressed 
onto its grid should not be over 1 V HMS. With the input 
attenuator switch in position "50 OHMS" (50 OM), resistor 
Rl (51 Ohms) shunts the instrument input to provide a low­
resi s tance input. The Y-axis amplifier response is flat to 
within 3 dB at the range cut-off frequencies •. 

Synchronizing and X-Axis Amplifier 

5.4. The amplifier is intended to amplify the synchro­
nizing voltage for the sweep circuit , and to amplify the 
horizontal deflection voltage , when observing Lissajous 
figures. 
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In the first case function switch B3 is put in a posi­
tion corresponding to the required type of sweep: CONTINrotE 
(HEIIP.), DRIVEN ()i{)I; • .it.), or DRIVEN (iK,ll. V ) .In the second 
case it is put in the AMPLIFIER (YCRnHTEJIb) position. In 

the first case the source of the Signal is determine~ by 
the position of switch B4 TYPE OF SYNCHRONIZATION (PO,ll 
OillIXP. ). 

The synchronizing and X-axis amplifier employs valves 
JI10 and JIlla. The amplifier frequency response is flat to 
within 3 dB at the range cut-off frequencies. 

The input VOltage passes via capacitor 028 to variable 
resistor R44 controlling the amplitude of voltage impressed 
onto the grid of valve JIlO. The valve cathode circuit in­
cludes self-bias resistor R45 and capaCitor 029 for an 
additional correction of radio frequencies. 

The anode circuit of valve JIlO contains load resis­
tor R47 and compensating inductance coil L1C. Supply for 
the anode comes via decoupling circuit R46, 059. 

_ The screen grid is supplied through decoupling circuit 
R40, 027 of valve JI9. 

The signal amplified by valve JIlO is impressed via 
coupling capacitor 031 onto the grid of valve JIlla which 
is the amplifier second stage. The first and second stages 
of the amplifier have identical circuits, the only differ­
ence being in that the correction of radio frequencies in 
valve JIlla is provided by capacitor 032 in ~he cathode only. 
j-When the amplifier (valves JIlO and JIlla) isused as a 

synchronizing amplifier to initiate driven sweep, switch B3 
connects its output to the grid or cathode of trigger 
triode JIl16 having a common load with sweep generator 
val ve JI6. 

When the amplifier is used to synchronize continuous 
sweep~ switch B3 connects its output to the suppressor grid 
of sweep generator valve JI6. 

In a position when the am~lifier amplifies the horizon­
tal deflecting voltage, switch B3 connects its output to 
cathode follower JI7 6 and through it to phase inverter JI9. 

13 



Voltages 'derived from the cathode of valve ~76 and 
anode of valve ~9 are applied in antiphase to the X-plates 
of the cathode-ray tube. 

Sweep Generator 

5.5. If a sawtooth voltage varying in proportion with 
time is applied to the X-plates of the cathode-ray tube 
while the voltage under investigation is applied to the 
Y-plates~ the resultant cUrve presented on the cathode-ray 
tube screen will show variation of the voltage under inves­
tigation with time. 

If~ then~ the . sawtooth voltage is synchronized by the 
signal under test so that a sawtooth constantly begins at 
the same point of the waveform under test ~ the resultant 
curve on the screen will be stable and convenient for ob­
servation. 

The sawtooth voltage is generated in the instrument 
by the sweep generator built around valves ~6, ~7a, ~8. 

Valves ~6 and ~7a constitute a modified multivibrator 
circuit. Coupling between them is capacitive (C13) and 
direct (from the anode of ~6 to the grid of ~7a). 

Owing to the above couplings valves ~6 and JI7a operate 
r in succession. At the time when valve JI7a is conducting and 
val ve JI6 is c ut off, the current flowing thro ugh valve JI7a 
charges one of the capacitors in its cathode. The cathode 
potential increases, i.e.~ the anode .current and the volt­
age drop across anode load resistor R29 decrease. 
~~onsequentlY, the anode potential rises with respect 
to the ground. Due to the charge of capacitor C13~ the 
potential across the control grid of valve JI6 rises through 
grid-leak resistance R26~ anode current starts flowing and 
the VOltage drop across load reSistor R27 (L9 is a compen­
sating inductance coil) .increases. The voltage at the 
anode and, consequently, at the grid of valve JI7a drops. 

The anode current of valve JI7a decreases still more 
and its anode potential increases ~ thus causing a further 
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increase of the potential across the control grid of valve 
JI6 and increase of the anode current. 

This process goes on in an avalanche-like manner until 
valve JI7a becomes cut off and valve JI6, fully conducting. 

At the time when valve JI7a is cut off~ the charged 
capacitor in its cathode discharges through valve JIB. The 
cathode potential decreases giving rise to a small current 
through valve JI7a. This current causes a drop of the volt­
age at the anode of valve JI7a and owing to the discharge of 
capacitor C13~ the grid voltage of valve JI6 drops and its 
anode current decreases. 

The lowering of the anode current through valve JI6 
causes an increase of voltage at its anode and at the grid 
of valve JI7a ~ increasing still more the anode current 
through valve JI7a. Inaddition~ the continuing discharge of 
the capacitor in valve JI7a cathode aids in raising the cur­
rent through valve JI7a. This avalanche-like process goes op 
until valve JI7a is fully conducting and valve JI6 is cut off. 
The capacitor in the cathode of valve JI7a which by this 
time has fully discharged~ now charges up again with the 
anode current through valve JI7a. 

Due to the fact that the capacitor in the cathode of 
valve JI7a is charged with a heavy current through valve JI7a 
and discharged through a high anode resistance of valve JI8, 
the retrace (charge) lasts considerably shorter than the 
trace_ (discharge) which brings the sweep voltage c une 
closer to a sawtooth form. 

Switch B3 connects the sawtooth voltage from the 
cathode of valve JI7a to cathode follower JI76~ from which it 
is impressed onto' the grid of phase inverter JI9. 

The sweep voltages taken from the cathode of valve JI76 
and anode of valve JI9 are fed in antiphase to the X-plates 
.of the CRT thus ensuring a balanced output of sweep voltage. 
The sweep frequency is changed in steps by switching over 
the band capacitors. The range of generated frequencies is 
from 20 Hz to 200 kHz. 
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Continuous adjustment of the sweep frequency within the 
given band is performed by means of potentiometer R32. Re­
sistors R3l and R33 serve to limit the screen grid voltage. 

The sweep linearity is improv~d by the employment of 
feedback resistor R30. The use of a feedback circuit con­
sisting of resistors _R42~ R43~ along with a proper selection 
of coupling elements~ brings the. remaining non-linearity to 
a minimum. The voltage to synchronize continuous sweep is 
applied to the suppressor ' grid of the sweep generator valve 
~6. In case of a driven sweep triggering is provided by 
valve IDl6. 

Synchronizing VOltage causes valve ~6 to conduct more 
rapidly~ and hence ' the sweep frequency becomes equal to~ or 
multiple of the frequency of the signal under test. The 
display on the CRT screen becomes stationary making it pos­
sible to examine periodic waveforms in detail. 

For examination of pulse waveforms, the sweep genera­
tor is switched over for driven sweep. The function switch 
is in the DRIVEN .n. or DRIVEN U position. 

In these positions grid-leak resistance R26 of valve no 
is connected, instead of the earth busbar, to the slide of­
potentiometer R73 which is used to set the required negative 
voltage to cut off valve ~6. The screen grid of valve ~8 is 
taken via resistor Rl02 to the positive side of the anode 
voltage. , 

Fbtentiometer R73 is adjusted to apply such a voltage 
to the control grid of val ve ~6 at which the fre.e oscilla­
tions stop~ Le., the sweep generator is blocked. 

The signal under, investigation or a signal synchronous 
with it acts on the grid or cathode of valve ~ll6 (depend­
ing on the trigger pulse polarity) in such a manner that a 
negative pulse is always . present at the valve anode. 

Since valve ~ll6 and valve ~6 have a common load 
(reSistor R27 and inductance L9)~ a negative voltage drop 
develops . across the anode of valve ~6~ which disturbs the 
multivibrator equilibrium and causes the multivibrator to 
operate. 
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The generator wi~l complete one cycle of oscillations 
irrespective of the duration of the trigger pulse. The pro.:' 
cess is the same as during continuous sweep. 

On completion of one cycle the generator is blocked 
again and is made ready to receive the next trigger~ulse. 
The sweep of this type is called a driven sweep. It provid­
es the required sweep scale~ while keeping the sweep 
synchronized with the signal under exainination. 

The _grid circuit of valve IDl6 contains leak resist­
ance R5l ~ and its cathode circuit has bias resistor R52. 
Switch B3 selectively connects capacitor C34 to shunt one 
of them. 

Both in continuous and driven sweeps~ the modulating 
electrode of the cathode-ray tube is fed with a positive 
brightening pulse from the anode of valve ~7a for the tillie 

of the beam trace. In this way the beam trace is brightened 
up and the retrace is di.mmed out. 

Cathode Follower and Phase Inverter 
; 

5.6. The voltages from the sweep generator output are 
applied to the cathode-ray tube X-plates via a cathode fol­
lower and a phase inverter. 

The purpose of the cathode follower (valve ~76) is to 
minimize the spurious wiring capacitance that adds itself 
to that of the sweep band c~pacitance ~ in order to ensure 
a relatively high repetition frequency of the continuous 
sweep and high speed of the dr~ven sweep. 

Sweep voltage from the load of the ·cathode .follower is 
applied to one of the cathode-ray tube X-plates ~ and divid­
ed by resistors R36 and R37~ it is passed to the phase in­
verter. 

The transfer ratio of the cathode follower is a little 
less than unity. The sawtooth voltage removed from the 
cathode of valve ~76 is in the same phase as the sawtooth 
voltage applied from the sawtooth generator output . to the 
cathode follower grid. 
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Due to ' a low 'output impedance of the cathode follower, 
the sawtooth voltage comes to the cathode-ray tube X-plates 
without considerable distortions in spite of a rather high 
spurious wiring capacitance. 

The function of the phase inverter (valve ~9) is to 
furnish a balanced output to the cathode-ray tube X-plates. 
This is accomplished by inverting the phase of the incoming 
voltage. 

The Voltage to the input of valve ~9 is fed through a 
divider consisting of load resistors R36 and R37 of 
valve ~7C5. 

Tlie transfer ratio of the phase inverter is close to 
unity~ with frequency distortion at a minimum. 

The cathode follower and the phase inverter complete 
the path to the cathode-ray tube X-plates for both the volt­
age from the sweep generator and the VOltage supplied by 
the synchronizing amplifier for horizontal deflection of 
the beam. 

With short-circuited plugs Kll-3 and Kll-4 disconnected, 
it is possible to inject voltage into the X sockets. In 
this case the voltage will be applied to both X-plates via 
capacitors 042 and 043. 

Pulse Duration Calibrator 

5.7. The pulse duration calibrator employs valves ~12 
and ~3. The cathode circuit of valve ~2 includes one of 
the six tuned circuits as selected by switch B5 - .Lll 
(20 MHz),~12, _ C22 (5 MHz)~ L13~ C36 (1 MHz), L14, C37 
(200 kHz)~ L15~ C38 (50 kHz), and L16~ C39 (10 kRz) which 
gives respective mark spacings 0.05; 0.2; 1; 5; 20 and 
100 fls. 

Valve ~2 is cut off by a negative pulse supplied from 
the sweep circuit through capacitor 035. This gives rise to 
free oscillations in the tuned circuit used. In order to 
sustain 'the oscillations for the complete cycle of the 
blankin~ pulse, the tuned circuit via valve ~13 and a coil 
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tap is fed with positive feedback which compensates for the 
attenuation. 

The tuned circuits are shunted by resistors for equa­
lizing the amplitude of the ,generated oscillations. The 
calibrator output is fed from the anode of valve m3. to the 
CRr cathode to modulate the beam brilliance. The pulse image 

is presented on the CET screen as a conglomeration of bright 
spots and dark spacings between them. 

Voltage Calibrator 

5.8. The signal voltage is measured by comparing the 
image . of the incoming signal with that of the calibration 
voltage. To obtain calibration voltage independent of the 
mains voltage fl uc't uat ions , the equipment is provided with 
a voltage stabilizer consisting of a bridge whose arms in­
clude wire-wound resistors R90~ R9l and lamps ~15, m6 

(6.3 V; 0.22 A). 
The bridge receives voltage supply from a separate 

transformer winding. Stabilized voltage is taken off the 
diagonal incorporating potentiometer R93. 

Voltage is stabilized by lamps m5 and m6 which pre­
sent non-linear resistances so changing with the bridge in­
put voltage n uctuations that the voltage across potentio­
meter R93 remains practically constant. The potentiometer 
enables fractions of stabilized voltage to be taken off. 
The calibration voltage is read off the scale of wire-wound 
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potentiometer R93 conveniently graduated both in HMS and 
pulse-voltage values (the lower and upper scales, respect­
ively). The pulse voltage is 2.82 times higher than the HMS 

voltage. 
The scale zero is adjusted by means of trimming poten-

tiometer R92. 
The voltage calibrator scale is ' illuminated by lamps 

m5 and ~16. 
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Vertical and Horizontal Adjustment Controls 

5.9. The beam is set vertically by means of network 
R61~ R62~ R63, R64~ R65 and horizontally, by means of net­
work R66, R67, R68, R69, R?O. 

The operating principle of the vertical beam adjust­
ment control is as follows. 

A voltage of about +300 V is fed to .resistors R61 and 
R64 from rectifier filter choke APl. The slide of potentio­
meter R63 is ·under the earth potential. 

With resistances R6l and R64 equal ~ and the slide of 
potentiometer R63 in the middle position, equal potentials 
are applied to both plates 7 and 8~ and the beam is located 
in the middle of the CRT screen. 

As the slide of potentiometer R63 moves down, the 
potential across plate 8 decreases~ and the potential 
across plate 7 increases by the same amount, which results 
in the beam deflection towards plate 7. 

The signal under test applied to the Y-plates via 
capacitors G40 and 041 is superimposed on the constant 
potential of the plates and deflects the beam from its set 
position depending on the signal polarity and amplitude. 

The beam horizontal adjustment control is effected in 
a similar manner. 

Focus and Brilliance Controls 

5.10. The focus control is used to focus the beam at 
various distances from the CRT first anode by varying the 
voltage applied to the anode. 

The control is provided by potentiometer R75. 
The position of the knob of brilliance control poten­

tiometer R78 determines the bias applied to the CRT control 
electrode and consequently the current intensity in the 
beam. The potentiometer receives negative supply directly 
from the rectifier. 

Resistors R77 and R79 decouple the CRT control elect­
rode and cathode from the negative voltage rectifier making 

20 

it possible to apply to these electrodes intensity-modulat­
ed signals (calibration marks~ brightening). Capacitor 047 

is a blocking capacitor. 
PotentiometerR71 is used to provide optimum. focusillg 

in replacement of the cathode-ray tUbe. 
I 

. Fbwer SupplY Unit 

5.11. The power supply unit comprises two rectifiers 
with filters fed from a common power transformer. 

The positive voltage rectifier employing a diode 
bridge circuit (13) supplies all valves and some of 

the CRT electrodes. 
At the output it has three separate filters with 

chokes APl ~ AP2, AP3 and electrolytic capacitors~ and also, 
additional decoupling networks comprising resistors R40, 

R46~ R95~ R96 and R99. 
The use of separate filtering and decoupling elements 

for .the supply of units eliminates the interaction of 

units through the supply circuit. 
Voltage at the output of the filters is about 300 V 

and it drops to about 150 V after the decoupling network...­
. The negative voltage selenium rectifier employing a 

voltage doubling circuit supplies the CRT electrodes and 

the negative grid-bias circuits. 
As this rectifier draws small current, adequately good 

fU tering is obtained by means of resistance Ral and com­

- paratively low capacitance C4.~. 
The negative voltage at the filter output is about 

1000 V. 
The negative voltage divider R72-R78 provides for 

voltages required for the supply of the CRT electrodes. 
The power transformer primary incorporates the mains 

switch and fuse TIpl. The transformer pri~ary can be connect­
ed either to l27-V and 220-V 5O-Hz mains~ or to 115-V 400-Hz 

mains by arrangement of switch B6. 
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The power' consumed by the instrument from the mains 
does not exceed 180 VA. 

Lamps JU5 and JUG ' serve as pilot lamps. 

G. GENERAL INSTRUCTIONS 

G .1. For packing the instrument, wrap it in packing 
paper and put into a cardboard box. 

Reinforce the cardboard box seams with a strip of' 
packing paper or a special adhesive tape. 

Place the box in the shipping case and fill the space 
between the box and the case sides, top and bottom, with 
shock-absorbing material (wooden shavings or other autho­
rized materials) . 

6.2. On arrival at the place of destination the in­
strument should be taken out of the shipping case and card­
board packing box and wiped clean. 

7. OPERATING INSTRUCTIONS 

7.1. Safety precautions. 
(a) Before putting the instrument in service, care­

fully study the Service Manual. 
(b) Before connecting the instrument to the mains, 

make sure that it is reliably earthed through the special 
terminal on the face panel. 

(c) Never operate the instrument when it is removed 
from its casing. High vOltages are dangerous to life. 

Layout of Controls 

7.2. The vertical face panel (Fig. 2) accommodates all 
the controls provided with explanatory inscriptions. 

Ca) MAINS CCETb), to switch on and off the . instrument. 
/ (b) BRILLIANCE (ffPKDCTb) and FOCUS (<<lKYC) ~ to set the 

required, brilliance and to focus the beam'. 
Cc) X-SHIFT CCMEIItEHHE X) and Y-SHIFT CCMEIUEHHE Y) ~ to 

control the beam vertical and horizontal displacements. 
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(d) MODE ' OF OPERATION (PO~ PA50TW)~ to select the 
required mode of operation. 

(e) MARKS (METKH)'~ to switch on the pulse duration 
calibrator. 

(r) GAIN (YCHJIEHHE) ~ for continuous control of the 
Y-axis amplifier sensitivity. 

(g) AMPLITUDE CALIBRATION (KA.JIHBroBKA AMIIJIHTy,nH), to 
measure the signal voltage. 

(h) SYNCHRONIZ~TION {CHHXIDHH3.), to control the 
synchronizing and X-axis amplifier. 

(i) TYPE OF SYNCHRONIZATION (ro,n CHHXP.) , to select 
the type of synchronization (internal, external, from mains). 

(j) SWEEP (PA3BEPTKA), to set the desired sweep fre­
quency. 

(k) FREQUENCY, FINE (qACTOTA nJIABHO)~ for fine frequ­
ency control within the given sweep band. 

(1) ATTENUATOR (,nEJIHTEJIb), for signal attenuation at 
ratios 1:1, 1:10; and 1:100 and connection of the pulse~ 
amplitude calibrator. 

(m) Y-INPUT (BXO,n Y), to connect signal to be tested. 
(n) X-INPUT (BXO,n X), to connect external sync voltage 
(0) "~n terminal used to earth the instrument. 

Preparing for Operation 

7.3. Before connecting the instrument to the mains 
make sure that the power selector switch is in a position 
corresponding to the voltage required. If it is required 
to change over to another mains voltage, take off the power 
switch cap; draw out the plug, turn it as required, and in­
sert it in place ensuring that the plug key is against the 
proper voltage index. Put the cap in place. 

~. The Manufacturer delivers the instrument as 
prepared for 220-V supply. 

In order to avoid premature breakdown of the instru­
ment, keep in mind the following: 

_-Abbreviated as OPRN in the equipment. 

(a) Continuous operation should not exceed 8 hours. 
(b) Permissible mains voltage fluctuation ' should not 

exceed ,5%. 
The instrument is switched on by plugging the power 

cord into the A.C. mains and throwing the power toggle 
switch to the ON (BM.) position. 

Allow the instrUment to warm up during 2 or 3 minutes 
and proceed as follows: 

(a) Adjust brilliance so that the spot is clearly 
visible without being exceedingly bright. 

In order to avoid the CRT screen burning; do not keep 
the beam at the same place for a long time and always use 
the minimum convenient brilliance. 

(b) Focus the beam to make it as small and round as 
possible. 

(c) Pbsition the bright spot on the CRT screen as 
required for operation. For this purpose manipulate cont­
rol.s X-SHIFT and Y-SHIFT. 

Being switched on and pre-adjusted in the above-des­
cribed manner~ the instrument is ready for operation. The 
next step is to select the operating conditions suitable 
for the measurements to be performed. 

Selecting the Mode of Operation 

7.4. When selecting the mode of operation determine 
the type of sweep~ sweep frequency or sweep duration, type 
of synchronization and the attenuation ratio of the input 
attenuator. These factors depend on the kind and value of 
the voltage under test and the specific features of the 
circuit under test. 

If some of these factors or all of them are not known, 
the most efficient mode of operation should be found by 
several checks. General considerations for the guidance in 
selecting the proper mode of operation are given below. 
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Type of Sweep 

7.5. For investigation of pulses with a duration of 
up to 3000 Ils driven sweep should be selected. Continuous 
sweep should be used Of or investigatlon of periodic wave­
forms or pulses with a duration of above 3000 tLS. 

The type of sweep is set with switch B3 placed on the 
front panel and labelled .nJDE OF OPERATION (POll 'PABOTbI). 

Sweep Frequency 

7
0

.6. The sweep frequency should be selected so as to 
display the whole pulse or waveform. X-axis presentation 
should occupy as much of the CRT screen as possible. The 
faster the sweep frequency, the larger the horizontal dis­

play. 
If the duration of the pulse to be investigated is 

known~ the sweep band selector can be set at the required 
speed duration beforehand. The sweep length for each ban,d 
is indicated on the face panel. 

When continuous sweep is employed, the sweep speed 
selector sets the frequency band only~ °Fine frequency 
adjustment is provided by the FREQUENCY~ FINE (qACTOTA 
n~HO) knob, while the display is observed on the CRT 
screen. The knob continuously varies the sweep natural fre­
quency .within the range of 20 Hz to 200 kHz when being 
turned all the way clockwise. 

If the pulse duration is absolutely unknown, first 
set the band selector to one of the mid bands, and then 
select the most suitable band by further adjustment. 

Synchronizing Voltage Source 

7.7. In most cases it is convenient to synchronize 
the sweep by the signal under test. For this purpose set 
the TYPE OF SYNCHRONIZATION selector switch at the INTER­
NAL (BHYTP.) position. 

J 
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If the signal under test is unfit for synchronizing 
by virtue of its amplitude or waveform.~ connect an extemal, 
sync voltage source (whose voltage is in synchronizm with 
the voltage under test) to ~he X-INPUT jack and set the 
selector to the EXTERNAL (BHEmH.) position. ° 

To synchronize continuous sweep at a mains frequency 
(which may be necessary, for instance~ in testing rectifier 
filter1ng)~ set the switch to the FROM MAINS (OT CETH) 
position: 

Input Attenuator 

7.8. The maximum voltage that can be applied to the 
instrument input is 200 V peak. If the value of the volt­
age to be tested is known to be below 200 V but not known 
exactly~ O adjust the attenuator switch to 1,100 position 
and turn the GAIN (YCRrrEHHE) switch so as to provide the ' 
display height of 20 _0 25 mm. 

If the display of this size cannot be obtained even 
with the gain switch turned fully clockwise~ put the atte­
nuator switch to the 1,10 position. If again the voltage 
value is not sufficient, set the attenuator switch to the 
1:1 position and operate the instrument. 

In the 1:1, 1,10, and 1,100 positions of the attenua­
tor switch the input resistance is not less than 0.5 megobm. 

The attenuator switch has one more position - 50 OHMS . 
In this 0 posi tion a 5l-Ohm resistor shunts the input to pro­
vide a low-resistance input at the 1,1 attenuation. 

Driven Sweep Synchronized by Signal under Test 

7.9. The operating procedure is as follows. 
(a) Put the MODE OF OPERATION selector switch to the 

DRIVEN .n..or DRIVEN U position. 
(b) Make sure that the TYPE OF SYNCHRONIZATION 

selector is in the INTERNAL (BHYTP.) position. 
(c) If the duration of the pulse to be tested is appro­

ximately known~ set the sweep band selector switch B2 to 
the required position. 
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(d) Set the input attenuator switch Bl to the Position 
corresponding to the value of voltage under test as was in­

dicated above. 
(e) Apply the signal under test to the ' Y-INPUT jack . 

and connect the chassis of the device under test to the 
earthing terminal. 

When using the coaxial cables delivered together with 
the instrument, mind that the prong termination of the 
shorter conductor corresponds to the cable centre conductor, 
and the prong termination at the end of the longer cable, 

to the cable shielding. 
With the signal under test applied, a display should 

appear on the CRT screen. 
(f) If no display is obtained, turn the SYNCHRONIZA­

TION knob in the cl ockwicie direction until a steady image 
appears. 

(g) If there is still no display~ change the polarity 

of switch B3. 
(h) If there is neither vertical deflection nor hori­

zontal line on the CRT screen, the voltage under test or 
the synchronizing voltage, respectively~ is too low. 

(i) As soon as the pulse appears, adjust the SYNCHRO­
NIZATION knob to contract the sync amplitude to the minimum 
sufficient level thus ensuring a steady display. 

(j) Adjust the focusing and brilliance so as to ensure 
a clear and well-defined Qisplay. 

Diminish the brilliance until the bright spot to the 
left of the pulse disappears. The telescopic viewing hood 
can be used to view the display at low brilliance. If the 
pulse duration is not to be measured, the calibration mark 
selector switch B5 should be put to the OFF (B~.) posi~ 
tion. 

(k) Select a sweep band at which the pulse display is 
the largest. If only a part of the pulse is displayed on 
the CRT screen~ switch over to another sweep band possess­
ing grec:l.ter duration and proceed with this operation until 
the whole pulse is visible on the screen. 
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Such poSitions of switch B3, however, should be avoid­
ed when two pulses appear on the CRT screen due to a high 
repetition frequency. This disrupts the .accuracy of driven 
sweep, contracts the sweep amplitude and worsens stability 
of the pulse duration calibrator. 

The same effect is produced when the ,time spacing be­
tween pulses is shorter than the sweep cycle. 

When selecting the sweep band ~ the pul se beginning 
should be shifted to the left portion of the CRT screen 
with the X-SHIFT knob~ and the horizontal base line should 
be poSitioned at the middle of the CRT screen with the 
Y-SHIFT knob. 

(1) If only the pulse shape, and not its amplitude, 
is to be determined, there is no need to set the image size 
exactly~ and the prime consideration is to avoid overload­
ing the amplifier. Therefore, keep the image _size within 
25 mm when checking pulses~ and within 50 mm, when checking 
sine voltages with the gain control set at a maximum. The 
measuring procedure is described below. 

Continuous Sweep Synchronized 
by Signal under Test 

7.10. Operations to be. performed do not differ from 
those outlined for driven sweep~ but: 

Ca) Set the ' MoDE OF OPERATION switch to CONTINUOUS. 
Cb) Select a sweep band and use the FF~QUENCY~ FINE 

knob to obtain a steady display ~ manipulate the SYNCHRONI­
ZATION knob (with the sync amplitude at a minimum) to 
cancel out undesirable slips of the display,i.e., to make 
it reliably fixed. 

A too high synchronizing voltage will distort the saw­
tooth sweep resulting in sweep non-linearity and in sharp 
contraction of its amplitude. 

IMPORTANT! In continuous sweep be sure to set the 
MARKS switch to OFF. 



Sweep Synchronized by External Source 

7.11. To obtain external sweep synchronization, connect 
the external sync signal source to the X-INPUT jack and set 
the TYB!: OF SYNCHRONIZATION switch ·to the EXTERNAL position . 
Further procedure is the same as was described for the 
sweep synchronization by the signal under test. At external 
synchronization, like at internal synchronization~ both 
continuous and driven sweeps can be used. 

In externally sync~nized driven sweep~ the position 
of the MODE OF OPERATION switch should correspond to the 
sync pulse polarity irrespective of the polarity of the 
signal under test. · 

Sweep Synchronized from Mains 

7.12. Only continuous sweep can be synchronized from 
mains. Set the synchronization switch to the FROM MAINS 
position and adjust the synchronization amplitude with the 
SYNCHRONIZATION knob. 

Mains synchronization is used primarily for investiga­
tion of rectifier ripples, mains-frequency hums and other 
waveforms whose frequency is equal to~ or multiple of the 
mains frequency. The adopted procedure is the same as that 
described for continuous sweep synchronized by a signal 
under test. 

Sweep from External Source 

7.13. If another than the internally sawtooth vol tag·e 
supplied from internal sweep generator is required for the 

- horizontal deflection of the beam~ set the .MODE OF OPERA­
~ION switch to the AMPLIFIER position, and the SYNCHRONIZA­
TION switch to the EXTERNAL position, and apply sweep volt­
age to the X-INPUT. The SYNCHRONIZATION switch can be uspd 
to adjust the voltage amplitude. Apply the signal to be 
tested to the Y-axis amplifier input. Thus, if the sweep 
frequency is known the figures displayed on the screen will 
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help you to determine the frequency of voltage under test 
(Lissajous figures). 

Determining PUlse Duration 

7.14. The same procedures are adopted as in the ' case 
of driven sweep operation. Pulse duration calibration can 
be used in both at internal and external synchronizations. 

To determine the pulse duration, set the MARKS switch 
to an operating position and see that calibration marks 
appear on the pulse display in the form of bright spots 
and dark gaps. 

Adjust the MARKS switch so as to obtain the maximum 
number of calibration marks convenient for reading. 

Adjust focus and brilliance so as to make the display 
with the superimposed marks clear. For mark definition it 
is sometimes useful to adjust the synchronization using 
the SYNCHRONIZATION knob. To simplify the reading proce­
dure, draw out the Viewing hood of the CRT. 

If the range is wrongly selected, marks may merge in­
to a solid line, or on the contrary~ be spaced too wide 
apart to afford an accurate measuring. 

By trying different positions of the MARKS switch it 
is possible to find the necessary range for measuring the 
steepness of pulse edges. 

If the pulse edges are very steep, calibration marks 
will be distinctly visible on the slope whereas on the flat 
top they will merge. 

Knowing the number of calibration .marks within a pulse 
or within its edges and the mark value, it is possible to 
determine the pulse duration and t .he edge steepness. 

It is also possible to determine in the same way the 
duration of the oscilloscope sweep or of any portion of a 
pulse (trailing edge~ etc.). Remember that the mark compris­
es a bright spot and a dark gap. 

A bright spot or a dark gap alone is half the mark 
value. If a precise reading is required, even smaller 
fractions of a mark should be taken into account. 
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The mark value is determined by the selected range. 
The MARKS selector affords O.05~ O.2~ l~ 5, 20~ and loo-I-IS 
marks. 

More accurate results of pulse . duration measurement 
can be obtained when small marks are used, and the sweep 
band is so selected that the pulse occupies the most .of the 
effective area of the CRT screen. 

Determining Pulse Amplitude 

7.15. To calibrate the pulse under test in amplitude~ 
do the following. 

Ca) Apply the pulse under test to the Y-axis amplifier 
input. 

Cb) Use the input attenuator and GAIN knob to set a 
display of desired size, but not larger than 25 DlDl. 

(c) Read the pulse size off the graticule applied to 
the CRT screen. 

Cd) Notice the position of the input attenuator knob. 
Leave the GAIN knob in the same position till the measure­
ment is over. 

(e) Set the input att~nuator to the CALIBRATION posi-
tion. 

(f) Use the AMPLITUDE CALIBRATION knob to adjust the 
calibration voltage so that its display .is equal to that of 
the pulse under test ~ or if the calibration voltage is in­
sufficient for this purpose, set any size of the calibra­
tion voltage display that is convenient for reading. 

It is desired, for more accurate measurement, that the 
calibration voltage display differs from the pulse display 
by not more than 1.5 - 2 times. 

Cg) Having fixed the display of the calibration volt­
age ~ read the obtained value against the index line of the 
AMaITUDE CALIBRATION CKA.llHEFOBKA AMrIJIHTY,IU:l) potentiometer 
scale. Reading should be taken just against the index line 
to ensure greater accuracy. Use the PULSE (HMTI.) scale for 
pulse measurements~ and the HMS C3~) scale for sine volt­
age measurements. 
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Ch) With the calibration voltage known~ it is possible 
to determine the amplitude of the pulse under test referriQg 
to the ratio between the display of the 'pulse under test 
and that of the calibration .pulse with due allowance for · 
the input attenuation. 

The amplitude of the pulse under test equals: 

v = ~ x Vc x K (volts), 

where a ' ::; the display in mm; 
b = calibration voltage display in mm; 
Vc = calibration voltage amplitude in volts, corres­

ponding to display b; 
K = input attenuation ratio used for measuring the 

signal under test. 

In case the calibration voltage display ~s set equal 
to that of the pulse under test, the amplitude of the pulse 
under test is determined by multiplying the calibration 
scale reading by the attenuation ratio. 

If the calibration voltage display at driven sweep is 
. unsteady, simultaneously set the MJ0E OF OPERATION' switch 
to the CONTINUOUS or GAIN position and the input attenua­
tor, to the calibration position. 

Sine voltage measurements are taken likewise. 
In this case mind to use continuous sweep and take 

the readings off the HMS scale. 
The sine-wave voltage display may be as high as 50 mm. 

Direct Application of Voltage to CRT 
Deflecting Electrodes 

7.16. When it is necessary to test pulses and frequen­
cies extending beyond the frequency response of the ampli­
fiers they should be applied directly to the deflecting 
electrodes of the CRT so as to prevent possible phase and 
frequency distortions. In this case external synchroniza­
tion should be used. It should be borne in mind that~ with 
the signal applied directly to the CET electrodes, there 
is no pulse delay. so that the pulse leadi~g edge may be 
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not visible. Decoupling capacitors are provided at the in­
put of the CRT plates. 

For direct connection use is made of a jack panel. To 
gain access to this panel ~ open the, cover plate arranged 
on the rear panel of the casing, remove the short-circuited 
plugs from the jacks and apply the voltage under test to 
the jacks labelled lLATES (nJIACTIDIbI). 

The maximum voltage that can be applied directly to 
the CRT plates depends on ,the operating voltage of the de­
coupling capacitors and is equal to 200 V peak. 

Decoupling capacitors are provided only for the upper 
jacks of the CRT deflecting plates. The lower jacks (Y-axis 
amplifier and sweep cir'cuit outputs) have no such capaci­
tors and therefore must never be earthed or shorted out, 
otherwise the instrument will fail. 

The same jack panel carries the tumbler for selecting 
the Y-axis amplifier bandwidth. Setting to a narrow band­
width decreases the bandwidth from 10 MHz down to 500 kHz" 

but raises considerably the amplification ratio of the 
Y-axis amplifier. 

8. PREVENTIVE MAINTENANCE 

8.1. The object of preventive maintenance is to ensure 
normal operation of the instrument. 

Once every six months~ and also after prolonged stor­
age (above twelve months) carry out the following prevent­
ive maintenance operations. 

8.2. (a) External inspection: 
- check the controls for fastening and smooth action; 
- check the painted~ varnished and plated surfaces 

for condition. 
8.3. Cb) Test the electrical parameters for compliance 

with the Certificate data. 
An internal inspection should be carried out once 

every two years in addition to the above operations: 
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- check the fastening of the components on the chasSiS, 
and contact joints for reliability, and see that the nuts 
are properly locked; 

- clean the instrument ,from dust, dirt, corrosion 
spots, 

- check the valves for condition. 
In checking the instrument, refer to the technical re­

quirements set forth in the BASIC SPECIFICATIONS section. 

9. INSTRUCTIONS FOR REPAIRS 

The most frequent cause of a faulty operation of the 
instrument is the failure of valves or the cathode-ray 
tubes. Therefore~ they are the first to be inspected in 
case of a fault. 

If the valves and the cathode-ray tube are found in 
good order, proceed to inspecting the switches for loose 
connections and further to locating the faulty component 
in the defective unit. During troUble-shooting refer to the 
elementary diagram and List of Components, and when replac­
ing adjustable components~ pay attention to the ratings in­
dicated by the Manufacturer. 

Use a valve voltmeter, type BK7-9 or a similar one, 
for fault location. 

After elimination of the faul t ~ check and. adjust the 
electrical parameters of the instrument. The following 
adjustment components should be used: 

(a) trimming capacitor C2 is used to adjust the atte­
nuation of a ' lO-~ pulse with the attenuator set in posi­
tions 1:10 and 1:100, 

Cb) potentiometer R73 is used to stop the free-running 
oscillations of the sweep generator throughout all the 
bands when adjusted for driven sweep operation, 

(c) potentiometer R92 is used to set the minimum error 
at the end of the amplitude calibrator scale. 
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(d) cores ' of coills Lll to Ll7 of the pulse duration Ca­

librator are used t o set the tank frequency when checking 
" . 

calibration marks agaiIist a crystal-controlled pulse dura-

tion calibrator. 
(e) potentiometer R71 is used to obtain the optimum 

focusing of displays after replacement of the cathode-ray 

tube. 

Troubles and Remedies 

Trouble 

With instrument 

connected to mains, 
amplitude calibra­
tor' scale is not 

illuminated 

Cause 

Blown-out fuse 
Broken supply 

cord 
No contact in 

power switch 
No contact in 

lamps JI15 and JIl6 
Lamps JIl5 and 

JIl6 burnt out 

One illuminat- Lamp JIl5 or JIl6 
ing lamp of ampli- out of contact 
tude calibrator Lamp JIl5 or JIl6 

scale burns, burnt out 
amplitude measur- Discontinuity 
ing error is large in wire-wound re-

sistor R90 or R91 
No beam on CRT Faul ty cathode-

screen ray tube JIl/I. 

Poor contact 
of CRT socket 

ORT loosely 
seats in socket 

Low or no verti- One of Y-axis 
cal amplification amplifier valves 

Remedy 

Replace fuse 
Eliminate trouble 

Replace switch 

Screw in lamp~ 
to obtain contact 

Replace lamps 

Screw in the lamp 

Replace faulty 

lamp 
Eliminate discon­

tinuity or replace 

resistor 
Replace cathode­

ray tube 
Ensure good con­

tact 
Ensure that CRT 

base thrusts against 
socket 

Replace faulty 
valve 

Trouble 

No horizontal 
amplification in 
Al1PLIFIER mode of 

operation 

Short square 
pulses up to 

1.0 I.I.S badly dis­
torted 

Long square 

pulses of 1000 ~~ 
and above are 
,badly distorted, 
top droops heavily 

Cause 

m, Jl2, JI3, JI4, 
JI5 faulty 

No con,tact in 
input attenuator 

switch 
No contact in 

pl ugs KIl-l, KII-2 
on rear panel 

Remedy 

Eliminate fault 

Eilsure contact 

TYPE OF SYNCBBO- .Put switch in 
NIZATION switch is the EXTERNAL posi-

not in position tion 
EXTERNAL· 

Replace faulty Faulty valves 

JI7, JI9, mo, JIll valve 
No contact in 

ftmction switch B3 ~ 

No contact in 

plugs KIl-3~ KII-4 
on rear panel 

, Repair switch 

Ensure contact 

Switch B7 BAND Set switch at 
(nOJIOCA) on rear "10 MHz" 

panel not in 
"10 MHz" position 

Break of capa- Restore conti-
citor in input nuity 

attenuator 
switch Bl 

Break of resis- Replace resistor 
tor in input atte-
nuator switch Bl 

Faulty input Replace faulty 
capacitor or de- capacitor 
coupling capaci.., 
tors Ol~ 06, C8, 
09, 012, 040, 041 
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Trouble 

Sweep trace too 
short 

At driven sweep, 
length of sweep 
trace depends on 
pul se , d.uration j 
at continuous 
sweep, there is no 
sweep trace 

Neither conti­
nuous nor driven 
sweep can be ob­
tained 

At driven sweep, 
pulse leading and 
trailing edges are 
blurred at sweep 
bands below 10 ~s 

Cause 

(capacitance very 
low) 

Remedy 

Faul ty valve JI9 Replace valve 
No contact in Ensure contact 

pl ugs KII-3, ,KII-4 

on rear panel 
Faulty valve JIG Replace valve 
Faulty capaci- Replace capaci-

tor C13 tor 
No contact in 

function switch B3 
Ensure contact 

Faulty valves Replace faulty 
JIG, JI7, JI8 valve 

No contact in Ensure contact 
function switch B3 

No contact in 
pl ugs KIl-3, KII-4 

on rear panel 
Low insulation 

resistance between 
cathode and heater 
of valve JI7 

Ensure contact 

Replace valve JI7 

At driven sweep, Repetition rate Reduce pulse re­
petition rate or 
select shorter sweep 
band 

steady display of pulses under 
cannot be obtained, test is too high 
more than one pulse 

is displayed on the 
CRT screen 

At continuous Faulty capaci- Replace capaci-
sweep, sweep trace tor C23, 042 or tor 
becomes shorter, 043 
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Trouble 

if lower sweep re­
petition frequency 

Cause 

Poor contact 
of pl ugs KTI-~ ~ 

Remedy 

Ensure good con­
tact 

band is selected KTI-4 on rear panel 
~nstrument ope- Diode n3 of Replace faulty 

rates~ but power rectifier bridge diode 
consumption is too faulty 
high, power trans- ' 
former excessively Short-circuited Replace power 
heated turns in power transformer 

:Fbwer consump-
tion from mains 
extremely high ~ 
instrument does 
not operate, fuses 
blow each time 
if replaced 

Pulse duration 
calibrator fails 
to operate at one 
of calibration 
bands 

No marks from 
pulse duration 
calibrator 

transformer 
Short circuit Check and elimi-

in heater circuits nate fault 
Anode circuits Check and elimi-

shorted to chas­
sis 

Fil ter chokes 

nate fault 

- Replace faulty 

shorted to chassis choke 
One of electro- Replace faulty 

lytic capacitors capacitor 

punctured 
Break of coil Restore con1;i-

of corresponding nuity or replace 

calibration mark . coil 
band _ 

No contact in 

selector B5 
Faul ty vu ve 

JD.2 or JI13 
No contact in 

selector B5 

Ensure contact 

Replace valve 

Ensure contact 

Functured capa- Replace capa-
citor C35 citor 

At one of bands Changed capa- Replace capa-
marks differ oon- citance or wire citor 



Trouble 

siderably from the 
band rating 

Marks differ 
considerably in 
brilliance at the 
beginning and at 
the end of sweep 
trace at one of 
calibration mark 
bands 

Beam intensity 
fails to be 
adjusted on the 
CRT screen 

Beam fails to 
be focused with 
the FOCUS control 
knob 

Beam fails ~o 
be shifte.d on the 
CRT screen by 
control knobs 
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Cause 

break of tuned 
circuit capacitor 

Broken shunt 
resistor of the 
respective grid 
oscillatory cir­
cuit 

Punc tured capa­
citor 047 

Break in atte­
nuator R72-R78 

Faul ty CRT J114 
No contact be­

tween CRT and 
socket 

Faul ty poten­
tiometer R78 

Break in atte­
nuator R72-R78 

No contact in 
CRT socket 

Faul ty poten­
tiometer R75 

Low insulation 
resistance be­
tween plates of 
caracitor 045 
or 046 

Remedy 

Solder up or re­
place resistor 

Replace capa-
citor 

Locate and eli-
minate trouble 

Replace CRT 
Ensure contact· 

Replace poten-
tiometer 

Locate and eli~ 
minate break 

Ensure contact 

Replace poten­
tiometer 

Replace faulty 
6apacitor 

No anode supply Check rectifier 
voltage (shorted bridge , eliminate 
anode circuit) short circuit 

Trouble Cause 

Beam shift 
potentiometer R63 
or R68 out of 
order 

Punctured capa­
citors 040-043 

Remedy 

Replace faulty 
potentiometer 

Replace faulty 
capacitor 

Break in supply 
circuit of beam 
shift potentto­
meters 

Locate and elimi­
nate break 

10. INSTRUCTIONS FOR CHECKING 

10.1. The following instruments, are required for 
checking the universal oscilloscope: 

(a) r4-1A standard signal generator; 
(b) low-frequency generator (20 Hz - 100 kHz)i 
(c) long-pulse generator (20oo- .... s duration, flat top 

droop not in excess of 5%); 
(d) r5-1A square-pulse generator with standard atte­

nuator~ or r5-8 small-size pulse generator; 
(e) sine voltage source producing calibrated voltages 

at a frequency of 50 Hz, setting error not exceeding 1%; 
(f) A.C. voltmeter and ammeter; 
(g) crystal-controlled pulse duration calibrator. 
All instruments used for checking should have certi-

ficates, with their last check date indice.ted. 
Checking should be carried out regularly t at least 

once every three months. 

Checking Procedure 

10.2. The Y- and X-axis amplifier sensitivity is check­
ed in the absence of sweep~ by applying the test signal to 
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the Y- or X-axis amplifier input. The test signal is a 
100-kHz~ sinusoidal voltage of 0.3 V HMS for the Y-axis 
amplifier wide band and the X-axis amplifier~ and 0.1 V 

RMS for the Y-axis amplifier narrow band. The test result 
is satisfactory, if the display size is not less than 
25 mm. If the display size is smaller, check the Y-axis 
amplifier valves and circuit for good repair. 

10.3. The nonuniformity of frequency response of the 
Y- or X-axis amplifier is'checked at a constant input volt­
age providing the sweep trace length of 30 mm at a frequen­
cy of 100 kHz. 

With the input attenuator in position l:l~ the frequ­
ency response is taken over the following points: 10 Hz 
20 Hz, 400 Hz, 100 kHz, 1 MHz, 5MHz, 6 MHz, 9 MHz _ for'the 
Y-axis amplifier wide band~ 10 Hz, 20 Hz, 400 Hz, 100 kHz, 
500 kHz - for the Y-axis amplifier narrow band~ and 20 Hz, 
400 Hz, 10 kHz, 100 kHz, 400 kHz, 500 kHz - for the X-axis 
amplifier. 

The non uniformity of frequency response is calculated 
as 20 logarithms of the maximum-to-minimum sweep trace 
length ratio in mm. The test result is 'satisfactory if the 
frequency response is flat to 3 dB. If it is worse~ check 
all the stages of the amplii'ier and, if found in good 
order, adjust resistances Rl7 and R22. 

10.4. The droop of a 2000-~ pulse top is measured as 
the difference between the peaks of the pulse leading and 
trailing edges. The test result is satisfactory~ if the 
difference does not exceed 15% of the pulse amplitude at 
the beginning, eXCluding the pulse droop produced by the 
pulse generator itself. If the pulse droop exceeds the in­
dicated value, adjust capacitance C7. 

10.5. The total pip is checked on pulses of l-~ 
duration. 

At maximum amplification set the pulse display size 
of 20 mm. If the pips do not exceed 1 mm~ t~e test result 
is satisfactory. If the test procedures described in 
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steps 10.3 and 10.4 have given satisfactory results, the 
pips will be within 1 mm. 

10.6. The input impedance of Y- and X-axis amplifiers 
and deflection plates is checked with the BK7-9 voltohmmet­
er~ at a point after the input capacitors and with tQ.e in­
strument switched off. The input capacitance is checked 
with any capacitance meter having a measurement error of 
not more than ±5%. If the input circuit is in good order, 
the input parameters will comply with the specified data. 

10.7. Duration of sweep fixed bands is checked against 
the internal calibration marks at extemal triggering. The 
result is satisfactory, if the sweep speed related to the 
length of 50 mm meets the specified data, with the , ±20-per 
cent allowance. 

10.8. Repetition frequency of continuous ' sweep should 
cover the total range of 20 Hz to 200 kBz. The sweep fre­
quency is measured by means of the r3-4A and r4-1A signal 
generators. 

Apply voltage at different frequencies to the Y-axis 
amplifier input. Select such a voltage frequency for each 
band, that provides a display of one period on the CRT 
screen. The measurements are made wjth the FREQUENCY, FINE 
knob in both extreme positions. Allocation of frequencies 
over a band is not specified in case of their mutual over­
lapping. All bands are checked at the minimum synchroniz­
ing voltage level. A band. may be narrowed by 4 Hz from the 
lower end and by 40 kHz, from the upper end. 

The test result is satisfactory~ if all above require­
ments are met. · If not, adjust the band of sweep genera­
tor capacitors CIO~ 015 - C21, C26. 

10.9. Driven sweep minimum trigger voltage is measur­
ed at the maximum gain of the Y-axis amplifier for the wide 
band~ with the input attenuator set at lll~ maximum gain 
synchronizing amplifier and pulse duration calibrator 
switched on. Triggering is performed by a O.5-~s pulse from 
the pulse generator. Gradually increasing the pulse ampli­
tude obtain a steady display and measure the triggering 
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voltage by the pulse generator voltmeter. If a hi.gh~r than 
specified voltage is required to initiate the driven sweep 
and synchronize continuous sweep : check the synchronizing 
amplifier (~O, ~11a,6). The test result is satisfactory~ 
if dependable triggering and synchronization are obtained 
in the above-specified conditions. 

10.10. The maximum error of the pulse duration cali­
brator is checked by counting on the CRT screen the number 
of marks spaced between the calibration marks provided by 
the crystal-controlled Calibrator. The result is satisfac­
tory, if the error does not exceed zO.5 the mark for 
10 marks which corresponds to an error of ±5 per cent. The 
error is reduced by adjustment of the position of a given 
coil core (coils Lll-L16). 

10.11. The maximum error of the pulse amplitude cali­
brator is checked by comparing on the CRT screen the lines 
produced by the amplitude calibrator and the calibration 
sine voltage source. 

Measurements should be taken at three points of the 
internal calibrator scale at 220 V. The result is satis­
factory~ if the amplitude calibrator error does not 
exceed ±10 per cent with the input attenuator set to 1:1. 
Error at 1 V can be reduced with potentiometer R92~ and at 
0.2 V, by scale displacement relative to the measuring 
potentiometer. 

10.12. The maximum error of the input attenuator is 
checked by comparison with a standard attenuator. The test 
pulse is of 10 I.I.s. The result is satisfactory ~ if the, atte­
nuation is accurate to ±5 per cent. The 10-1.I.S pulse shape 
can be improved by adjusting capacitors C2-04 (according 
to the division band). 

10.13. The power co~sumption from 220-V, 5O-Hz mains 
is checked by means of a voltmeter and an ammeter. The 
result is satisfactory~ if power consumptibn does not ex­
ceed 180 VA. ,Any increase above this figure indicates 
that the instrument supply circuits are out of order. 

Check the power transformer, diodes, filter electrolytic 
capacitors and the other circuit components. 

11. SToRAGE 

11.1. The instrument should be stored under the fol-
lowing conditions: 

- ambient temperature from +10 to +350 C; 
- relative humidity up to 80% as measured at +20 ±5°C. 
11.2. The _storage room should be free from dust~ 

vapours~ acids~ alkalis and corrosive gases. 
11.3. The instrument delivered for storage for less 

than 6 months since the date of arrival may be stored 
packed. 

11.4. The instrument intended for prolonged storage 
(over 6 months) may be stored either removed from the 
shipping packing or in it under the above-specified con­
ditions~ unless the delivery terms specify other condi­
tions. 

11.5. The instrument intended for prolonged storage 
should be hermetically packed. For this purpose place the 
cardboard box containing the instrument into a bag made 
from a plastic film. 
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.. 
UI · 

Desig-
nation 

Rl 
R2 

R3 
R4-
R5 
R6 
R7· 

Ra 

R9 
RlO 
R11 
Rl2 
Rl'3 
Rl4-
Rl5 
Rl6 
Rl7-

St. Stnd. eroCT) , 
Specif., Dwg. No. 

rOCT 6562-67 
rOCT 7113-66 
rOCT 7113-66 
rOCT 7113-66 
rOCT 7113-66 
rOCT 6562-67 
rOCT 7113-66 

rOCT 5574--65 

rOCT 7113-66 
rOCT 7113-66 
rOCT 7113-66 
rOCT 7113-66 
fOCT 7113-66 
fOCT 7113-66 
rOCT 7113-66 
rOCT 7113-66 
rOCT 7113-66 

LIST OF COMPONENTS 
(to elementary diagram) 

Name and type 

Resistor BC-0,25-I-51 O~5% 

Rating 

'- f- 51 Ohms 

Qnty 

"" 1 
Resistor MnT-O~5-2,2 MOM~5% I- 2.2 IDhms ' 

~f Resistor MnT-O,5-270 KOM±5% ... 1--' 270 kOhms 
Resistor MnT-O,5-22 KOM~5% - 22 kOhms I-

Resistor MnT-O,5-2~2 MOM~lO% - v 2.2 MOhms- 1 
Resistor BC-0~25-1-56 OM±lO% - 56 Ohms ... 1 
Resistor MnT-O ,5-2,4- KOMj:lO% " 2,4- kOhms 1 

Resistor 4-70 Ohms t I- 1 
IIcrr-I-l-A-4-70 Oy ±20}& oc-3-20 
Resistor MnT-0~5-1 MOM±lO% -- 1 MOhm 1 
Resistor MnT-O~5-150 OM±lO% .... 150 Ohms - 1 

Resistor MnT-0~5-2 KOM±5% - 2 kOhms - 1 
Resistor MnT-O~5-560 KOM±lO% _ 560 kOhms'" 1 
Resistor MnT-0.5-820 OM±lO% - 820 Ohms '" 1 
Resistor MnT-0,5-220 OM±lO% 220 Ohms 

_. 
1 

Resistor MnT-O,5-4-70 OM±lO% - 4-70 Ohms ... 1 
Resistor MnT-O , 5-24-0 KOM ±5% 24-0 kOhms 1 
Resistor JtJIJIT-O ,5-4-,3 KOM~5% ~ 4-.3 kOhmS"- 1 

Appendix 1 

Note 

Adjustable 
with 1% allow 
ance . 

Adjusted in 
tuning 

Adjusted in 
tunin g 



Desig- St. Stnd. erOCT) , Name and type Rating Qnty Note 
nation Specif., Dwg. No. 

\ RI8 rOCT 7113-66 Resistor MnT-2-3 KOM~lO% 1- 1.5 kOhms ~ 2 2 pes connect 
ed in parallel 

Rl9 rOCT 6513-66 Resistor ll3B-I0-4.3 KOM 5% ' I- 4.3 kOhms 
~ 

1 l/J R20 rOCT 6513-66 Resistor ll3B-IO-4~3 KOM 5% . 4.3 kOhms .. I- l: 

R21 rOCT 7113-66 Resistor MAT-2-3 KOM±lO% ... f- ~. 5 kOhms ~ 2 2 pes connect 
ed in parallel 

R22- rOCT 7113-66 Resistor MAT-O,5-4,3 KOM±5% "I- 4.3 kOhms . I- ~ Adjusted . in 
tuning 

R23 rOCT 7113-66 Resistor MnT-O,5-100±10% 100 Ohms 1 

R24 rOCT 6562-67 Resistor BC-O,25-1-68 OM±lO% 68 Ohms .. 1 

R25 rOCT 7113-66 Resistor MnT-0,5-240 KOM±5% , 240 kOhms ~ 1 

R26 rOCT 7113-66 Resistor MnT-O,5-510 KOM±5% .... 510 kOhms I- 1 

R27 rOCT 7113-66 Resistor MnT-2-47 KOM±lO% 23.5 kOhms I- 2 2 pes connect 
1) t ~ /_ ((JL ed in parallel 

R28'" rOCT 7113-66 Resistor MnT-l-18 KOM±10% - 18 kOhms _ ~ 1 Adjusted in 
tuning 

R29 rOCT 7113-66 Resistor MnT-O,5-1,2 KOM±10% 1.2 kOhms " 1 

R30·· rOCT 7113-66 Resistor MnT-O~5-220 OM±10% 220 Ohms 1 Adjusted in 
tuning 

R31·' rOCT 7113-66 Resistor MAT-O,5-56 KOM±10% .... 1; 56 kOhms j..- 1 Adjusted in 
tuning 

~ -=. ~....,.. - - - ---

-- . - --=- ~~~-~~- -- ~,""""" ~~' -------

Desig- St. Stnd. , erOCT), Name and type Rating Qnty Note nation Specif., Dwg. No. 

R32 rOCT 5574-65 Resistor .... ~70 kOhms-,.:: I--- 1 

IICll-I-I-A-470 KOU ±30% 00-3-20 

R33 • rOCT 7113-66 Resistor MnT-0,5-100 KOM±10% " 1---' 100 kOhms 1--' 1 Adjusted in 
- tuning -R34 rOCT 7113-66 Resistor MAT-O,5-5~1 MOM±10% - 5.1 MOhms 1 

R36 rOCT 7113-66 Resistor MnT-2-47 KOM~10% I 23.5 kOhma ~ 2 2 pcs connect 
ed in paralle 1 

R37° rOCT 7113-66 ~esistor MnT-O,5-1 'KOM±10% 1 kOhm 1-- ' 1 Adjusted in 
tuning 

R38 rOCT 7113-66 Resistor MnT-O,5-150 OM±5% v 150 Ohms I- 1 
R39 rOCT 6513-66 Resistor IT3B-I0-I0 KOM 10% , i.I 10 kOhms 1 
R40 rOCT 7113-66 Resistor MnT-2-27 KOM±10% -- 27 kOhms r- 1 
R41 rOCT 7113-66 Resistor MnT-O,5-1 MOM±10% v 1 MOhm 1- ' 1 
R42· rOCT 7113-66 Resistor MnT-0,5-330 KOu±10% -'-" 330 kOhms ~ 1 Adjusted. in 

tuning 
R43· rOCT 7113-66 Resistor MnT-O,5-2 KOM±5% 2 kOhms .... 1 Same 
R44 rOCT 5574-65 Resistor 100 kOhms ~ 1 

I 
IICll-I-I-A-IOO KOU ±20% OC-3-20 

R45 rOCT 7113-66 Resistor MnT-O,5-150 OM~O% ~ 150 Ohms I- 1 
R46 rOCT 7113-66 Resistor MnT-O,5-1 KOu±10% I-- 1 kOhm . 1- 1 

tit R47 rOCT 7113-66 Resistor MAT-1-5,6 KOM~O% ~ 5.6 kOhms .. ~ 1 -



Desig- St. Stnd. (rOCT) , Name and type Rating Qnty Note nation Specif., Dwg. No. 

R48 . rOCT 7113-66 Resistor MnT-O,5-1 MOM±10% 1 IDhm - 1 
R49 rOCT 7113-66 Resistor MJIT-2-12 KOu;tlO% ... 12 kOhms - 1 
RSO rOCT 7113-66 Resistor MnT-0,5-820 OM±10% ..::... 820 Ohms - -- 1 
R51 rOCT 7113-66 Resistor MJIT-0,5-47 KOu±10% I-' 47 kOhms 1 
R52 rOCT 7113-66 Resistor MnT-O,5-47 KOM±10% " 47 kOhms ' I-' 1 

R53 rOCT 7113-66 Resistor MJIT-0,5-560 KOM±10% r- ~kOhms i-' 1 F'1 (f 1,,-
R54 rOCT 7113-66 Resistor MnT-O,5-56 KOM±5% 56 kOhms ~ 1 

R55 rOCT 6562-67 Resistor BC-0~25-1-68 OM±10% 68 Ohms . • I'- 1 
R56· rOCT 7113-66 Resistor MnT-O , 5-820 OM±10% 820 . Ohms I>" 1 Adjusted in 

tuning or 
removed 

R57· rOCT 7113-66 Resistor MJIT-O,5-820 OM±10% 820 Ohms 1 Same 

R58 11 rOCT 7113-66 Resistor MJIT-0~5-1,5 KOu±10% 1. 5 kOhms ~ 1 Same 

R59· rOCT 7113-66 Resistor MnT-d,5-2~4 KOu±5% ( 2.4 kOhms 1 Same 

R60 rOCT 7113-66 Resistor MnT-I-820 Ou±10% 820 Ohms • I-' 1 
R61 rOCT 7113-66 Resistor MJIT-O~5-390 KOM±10% 390 kOhms 1 

R62 rOCT 7113-66 Resistor MJIT-0,5-4,7 MOM±10% 4.7 MOhms. ta 1 

R63 rOCT 5574-65 Resistor .. ~ 
IICIT-I-I-A-470KO~ ±30% OC-3-20 

470 kOhmS' 1 

R64 rOCT 7113-66 Resistor MJIT-O,5-390 KOM±lO% 390 kOhms- 1 

R65 rOCT 7113-66 Resistor MJIT-0,5-4,1 MOu±lO% . 4.7 MOhms 1 

Design- St. Stnd. (rOCT), Name and type Rating Qnty Note nation Specif., Dwg. No. 

R66 rOCT 7113-66 Resistor MJIT-0,5-4,7 MOM±,10% . 4.7 MOhms 1 
R67 rOCT 7113-66 Resistor MJIT-0,5-390 KOM±,10% 390 kOhms 1 
R68 rOCT 5574-65 Resistor .. 470 kOhms i-" 1 

IICIT-I-I-A-470KOu ±30% OC-3-20 
R69 rOCT 7113-66 Resistor I~T-O,5-390 KOu±10% .. 390 kOhms ., 1 
R70 rOCT 7113-66 Resistor MJIT-O~5-4,7 MOM±10% 4.7 MOhms .., 1 
R7l rOCT 5574-65 Re sistor IICIT-II-I-A-470 KOd 30% 470 kOhrn.S':- 1 
R72· rOCT 7113-66 Resistor MnT-0,5-8,2 KOu±10% -- 8.2 kOhms V 1 Adjusted in 

tuning 
R73 rOCT 5574-65 Resistor IICIT-II-I-A-22 KOu±2~ ~ 22 kOhms • '" 1 
R74 rOCT 7113-66 Resistor MJIT-2-390 KOM±10% 

. ' ~ 390 kOhms- 1 
R75 rOCT 5574-65 Resistor 220 kOhms- oWl 1 

IICIT-I-1-A-220KOU, ±20% OC-3-20 
R76 rOCT 7113-66 Resistor MnT-O~5-150 KOu±10% 150 kOhms ~ 1 
R77 rOCT 7113-66 Resistor MnT-O,5-1 MOu;tlO% 1 IDhm .. 1 
R78 rOCT 5574-65 Resistor 100 kOhms-:. ~ 1 

IICIT-I-I-A-I00 KOU ' ±20% OC-3-20 
R79 rOCT 7113-66 Resistor MJIT-0,5-560 KO~10% 560 kOhms ,/ 1 
R8Q* rOCT 7113-66 Resistor MJIT-0,5-68 KOM±10% ~ 68 kOhms 1 
R81* rOCT 7113-66 Resistor MJIT-O,5-330 KOu±lO% F' 330 kOhms ~ 1 Adjusted in 

tuning 



Desig- St. Stnd. (rOCT) , 
Name and type Rating nation Specif., Dwg. No. Qnty Note 

R90 T B5.173. 014- Wire-wound resistor, 47 Ohms _f: 47 Ohms - 1 To be wound 
on former of 
BC resistor 
(0.5-10 kO 

R91 Tn5.173.014 Wire-wound resistor, 47 Ohms 1-47 Ohms 1 and higher) 
R92 rOCT 5574-65 Resistor IIGn-II-I-A-22 KOM~20% . 22 kOhms I--' 1 
R93 OlKO .468. 502.TY Fbtentiometer ITIT3-12-4,7 KOM 10% 4.7 kOhm&... 1 
R94 - rOCT 7113-66 Resistor IItJIT-O, 5-2,7 KOM±10% ",. I- 2. 7 kOh/llS"'. ~ 1 To be adjust-

ed in tuning 
or removed 

R95 rOCT 6513-66 Resistor IT3B-10-4,3 KOM 10% - 4.3 kOhms r- 1 
R96 rOCT 6513-66 Resistor IT3B-10-4~7 KOM 10% 4.7 kOhms -- 1 
R97-' rOCT 7113-66 Resistor MnT-O~5-1 KOM:t10% 1.0 kOhm - 1 To be adjust-

ed in tuning 
or removed 

R98 rOCT 7113-66 Resistor MJIT-O,5-75O KOM±5% 10-- 750 kOhms I- 1 
R99 rOCT 7113-66 Resistor MJIT-2-22 KOM±10% 11 kOhms of.' 1 2 pes, con-

.t(J # f( nected in 
parallel 

RlOO rOCT 7113-66 Resistor MJIT-O,5-180 KOM±10% 
~ ... 180 kOhms. v 1 

Rl01 rOCT 7113-66 Resistor MJIT-O,5-33 KbM±10% ..... I-- 33 kOhms .. 1 

Desig- St. Stnd. (rOCT), Name and type Rating Qnty Note nation Specif., Dwg. No. 

Rl02 rOCT 7113-66 Resistor MJIT-0,5-5~6±10% I- 5.6 kOhms 1 
Cl rOCT 9687-61 Capacitor .EMT-2-400-0,1±10% ~ ~ 0.1 ~F 1 
C2 OlKO.460.0l0 TY Capacitor KITK-MH-6/25 ~ 6-25 ~F 1 
C3 - rOCT 11155-65 Capacitor KCO-2-500-E-220±5% f.. 220 pF 

] 
Adjusted with 

to 0 ()/1.}O 
1% tolerance 

04- rOCT 11155-65 Capacitor KCO-2-500-E-2400±5% } /) J a 0 

rOCT 11155-65 Capacitor KCO-1-25O-E-220±5% 2620 pF 
C5 OlKO.464.079 TY Capacitor K50-12-450-20 20 ~F 1 
C6 rOCT 9687-61 Capacitor EMT-2-400-O~1±10% -I- 0.1 ~ 1 
C7- rOCT 11155-65 Capacitor KCO-1-25O-E-240±10% ~ 240 pFi 1 Adjusted in 

;: 20Au tuning -1 Cl 

C8 rOG:r 9687-61 Capacitor EMT-2-400-O,1±10% <.. r. 0.1 ~F 1 
C9 rOCT 9687-61 ' Capacitor EMT-2-400-O~22:t10% ~ I- 0.22 ~ 1 
010 rOCT 9687-61, Capacitor EMT-2-400-0,22±5% ,-0.44 ~F ~} Connected in 

rOCT 9687-61 Capacitor EMT-2-400-0~22±5% parallel 
C12 YEO.462.014- TY Capacitor MEM-160-O,25-I1 ,-- 0.21, ~ 1 
C13 rOCT 9687-61 Capacitor EMT-2-400-0,047±10% 0.047 ~F 1 
C15- rOCT 11155-65 Capacitor KCO-2-500-E-220±5% 220 pF 1 Adjusted in 

tuning 
C16- fOCT 11155-65 Capacitor KCO-2-500-E-680±5% '> 680 pF 1 Same 



Desig St. Stnd. (rOCT) Name and type nation Specif., Dwg. No.' Rating Qnty Note 

C17- rOCT 11155-65 Oapacitor KCO-2-500-E-1000±5% ,- 1430 pF ~} Connected in 
rOCT 11155-65 Capacitor KCO-2-500-E-430±5% to 0 0 parallel, and 

590 adjusted in 
"too tuning -C18· rOCT 11155-65 Capacitor KCO-5-500-E-4300±5% ./ 4300 pF 1 Adjusted in 

10oo(J9d O tuning 
C19* rOCT 11155-65 ,Capacitor KCO-5-500-E-4700±5% ,~ 14700 pF ~} Connected in 

rOCT 9687-61 Capacitor EMT-2-400-O,01±5% taooo(ulOe; parallel, and 
adjusted in 
tuning 

C20 rOCT 9687-61 Capacitor EMT-2-400-O,033±5% 43000 pF ' ~} Same 
rOCT 9687-61 Capacitor EMT-2-400-O~bl±5% '-t,f 1 u(Jv,;; (J,( 

'foC() 

C2l - rOCT 9687.-61 Capacitor EMT-2-400-O~15±5% 1- 154700 pF 1l Connected in 
rOCT 11155-65 

Capacitor ~C~-tf;~~7Jor 150 nf. i IJ parallel, ,and 

l.t(t-il.f adjusted in 
{ tuning 

C22-- rOCT 7159-69 Capacitor KT-2-M47-39 n~±lOrD-3 r- 39 liF 1 Adjusted in 
" 3 J r; (0, tuning 

C23 rOCT 9687-61 Uapacitor EM'.l'-2-400-0 ~1±10% ... .; 0.1 ~F 1 
C26* rOCT 7159-69 Capacitor KT-2-M47-62 ~±5%-3 _ 62 pF 1 

, 
Adjusted in 

"" tuning 

Desig- St. Stnd. (rOCT) , Name and type Rating Qnty Note 
nation Specif., Dwg. No. 

C27 OJKO. 464. 079 TY Capacitor K50-l2-450-20 - 20 ~F 1 

C28 YEO.462.014TY Capacitor MEM-160-0~5-I1 ( I----' 0.5 ~F 1 

C29*: rOCT 11155-65 Capacitor KCO-5-500-E-3000±5% I-- 3000 pF 1 Adjusted in 

J f100 6 tuning 

C31 rOCT 9687-61 Capacitor EMT-2-400-O,047±lO% 0.047 ~F .,., 1 

C32* rOCT 11155-65 Capacitor KCO-2-500-E-750±5% ~~t) ( - 1 Adjusted in 

'C(]/es t:, tuning 

C33 rOCT 9687-61 Capacitor EMT-2-400-0,047±10% 0.047 ~F 1 

C34- rOCT 11'155-65 Capacitor KCO-5-500-E-5600±lO% . ~ 5600 pF 1 4+0 0/("6(/(2.2.. 
C35 rOCT 11155-65 Capacitor KCO-5-500-E-6800±10% 6800 pF 1 t...t!/-o O/J20 G 

C36- rOCT 11155-65 ,Capacitor KCO-2-500-E- 68O±5% 680 pF 1 Adjusted in 

tuning 

C37- rOCT 11155-65 Capacitor KCO-2-500-E-1200±5% ~ 1200 pF 1 -(OdO Same 1(Jo( 

C38- rOCT 11155-65 Capacitor KCO-5-500-E-3900±lO% ..I 3900 pF 1 ? 'U O Same -4 * 
C39- rOCT 11155-65 Capacitor KCO-5-500-E~5600±10% 5600 pF 1 4.J.oOSame G(fo 

040 rOCT 9687-61 Capacitor EMT-2-400-O,047±10% , 0.047 ~F 1 

041 rOCT 9687-61 Capacitor EMT-2-400-O~047±10% 
~ 0.047 ~F 1 

042 rOCT 9687-61 Capacitor EMT-2-400-O,047±10% '- 0.047 ~F 1 

043 ~OCT 9687-61 Oapacitor EMT-2-400-O,047±10% 0.047 ~F 1 

045 OJKO.462.104TY Capacitor MEM-1500-0. 05 ~lO% .... 0.05 ~F 1 U~ { ~14 
046 rOCT 11155-65 Capacitor CrM-3-1600-B-510±10% • ~ ,10 pF 1 . i-~ --t 

u 



Desig- St. Stnd. (roCT) , Name and type Rating Qnty Note nation Specif., Dwg. No. 

C47 rOCT 9687-61 Capacitor BMT-2-400-O~047±l0% ~0.047 j.1F 1 
C48 rOCT 7112-54- Capacitor MBrn-1-1500-A-O,5-II ,- 0.5 j.1F 1 

C49 rOCT 7112-54- Capacitor MBrn-2-1000-A-l-II 1 j.1F 1 

C50 rOCT 7112-54- Capacitor MBrn-2-1000-A-l-I1 1 j.1F 1 

C52 OJKO.464.079TY Capacitor K50-12-450-50 50 j.1F 1 

C53 0)j{().464.079TY Capacitor K50-12-450-20 20 j.1F 1 

C56 O)j{(). 464 .079 TY Capacitor K50-12-450-20 20 j.1F 1 

C57 OJKO.462.022TY 'Capacitor MBrn-2-400-O,25-II 0.25 j.1F 1 
C58 O)j{() .464 .042TY Capacitor K50-3-450-20 20 j.1F 1 

C59 OJKO.464.042TY Capacitor K50-3-450-20 20 j.1F 1 
C60 OJKO.464.042TY Capacitor K50-3-450-20 20 j.1F 1 
C61 rOCT 11155-65 Capacitor KCO-2-500-B-1OOO±l0% - 1000 pF 1 
C62 rOCT 9687-61 Capacitor' BMT-2-400-O,015tl0% 0.015 j.1F 1 ~ 
C63- rOCT 11155-65 Capacitor KCO-5-500-B-5100±5% 5100 pF 1 Adjusted in 

fJ {(;k;O tuning 
JIl qTY-01-400-52 Valve 6n9 ., CfIo 1 
JI2 qTY-01-401-56 Valve 6JK4 ~r 1~ 1 

JI3 QTY-01-401-56. Valve 6)!{4 \. 1 
JI4 QTY-Ol-400-52 Valve 6n9 .' 1 . 

JI5 QTY-01-400-52 Valve 6n9 \ 1 
JI6 CT3 • 300 .011 TY Valve 6JK8 , I 1 

. 
Desig- St. Stnd. (roCT) , 
nation Specif., Dwg. No. 

Name and type Rating Qnty Note 

JI7 CA3.301.000TY Valve 6H8C 1 

JI8 CT3.300.011TY Valve 6JK8 v' 1 -

JI9 QTY. ·Ol. 411. 54- Valve 6n6C 1 

JIlO QTY. 01. 401 .• ·.56 Valve 6JK4 \. 
1 

JIll CA3.301.000TY Valve 6H8C "- 1 

JIl2 QTY. 01.401.56 Valve 6)!{4 v 1 

JI13 QTY~ 01.401. 56 Valve 6JK4 ' J 1 

JIl4 CY3·350.024TY Cathode-ray tube 8JI029H 1 

JI15 rOCT' 2204-69 Lamp MH6,3-0 ,22 6.3 V, 1 

0.22 A 

JI16 rOCT 2204-69 Lamp MH6, 3-0 ~ 22 6.3 V, 1 

0.22 A 

HJI-l BIlI5.064.007 Delay line 1 Contains 26 
capacitors 
KT-2a-M47-
-20 pF±5%-3, 
adjusted with 
1 pF toleranc e 

Ll BIlI5.775.013 Inductance coil 20 j.1H 1 

L2 B~5.775.012 Inductance coil 10 j.1H 1 

L3 B~5. 775.014 Inductance coil 25 j.1H 1 



Desig- St. Stnd. (rOCT) , 
Name and type Rating Qnty Note natton Specif., Dwg. No. 

14 B<tl5 . 775.014 Inductance coil 25 ~H 1 
15 B~5. 775.015 Inductance coil . 22 ~H 1 
16 B<1>5 .775.015 Inductance coil 22 ~H 1 
17 B4)5.775.016 Inductance coil 450 ~H 1 
1 8 B~5 . 775.016 Inductance coil 450 ~H 1 
1 9 B<tl5 .775 .024 Inductance coil 3100 ~H 1 
110 Bct>5.775 .016 Inductance coil 450 ~H 1 
L11 B4)5.775.017 Inductance coil 1.1 ~H 1 Core CUP-7, 

4-5 turns, 
wire rI3JI. 0.51, 

112 B<1>5 . 775 .018 Inductance coil 7 . 1 ~H 1 Core CUP-7 
L13 Bct>5.775 .019 Inductance coil 26 ~H 1 Same 
L14 Bct>5 .775 .020 Inductance coil 420 ~H 1 Same' 
L15 Bct>5.775.021 Inductance coil 2000 ~H 1 Same 
116 B4)5.775 .022 Inductance coil 21000 ~H 1 Core CUP-7 

10 turns, wire 

117 B<r15.775· 023 
I13JI 0.51 

Inductance coil 1 
Dl Yct>O.321.035TY Rectifier 7rE2l~ct> 

~} Grouped with 
D2 Yct>O • 321. 03 5TY Rectifier 7rE24ct> spread of back 

resistance of 

not more than 5% 
D3 Yct>O.336.006TY Rectifier KU402~ L 

De sig- St . Stnu.. (rOCT) , Name and type Rating Qnty Note nation Spec if., Dwg. No. 

J1.pl TB5. 750 .000 Choke 8 H 1 

J1.p2 TB5. 750 .000 Cho ke 8 H 1 

J1.p3 TB5. 750 .000 Choke 8 H 1 
Tpl Bct>4. 704.007 Transformer 1 
rrpl HHO.481.017 Fuse I1Ml 1 A 1 Spare I1M2 i 

2 A, 1 fuse 
Bl B<r13.600.023 Wafer switch 5I14H 1 
B2 Bct>3.600.020 Wafer switch 9I1lH 1 

B3 Bct>3.600 .024 Wafer switch 4rr6H 1 
Bl~ HB4'>3 .600.009 Wafer switch 3I1lB 1 

B5 B<'ll3.600 .02l Wafe r s witch 7I12H 1 
B6 rrr6.673.00l Switch block 1 

B7 BPO.360.007TYl To ggle switch T3 1 

B8 BPO. 360. 007 TY,l Toggle switch Tl 1 

n TB6.604.005 Receptacle 1 
r2 TB6.604.005 Receptacl e 1 

Kl HB<1>I~ . 8.30 .003CfI Terminal 1 

K2 HB<T>IL 8.30 .00 3Cn Te rminal 1 

IIIl J1.6 . 633 .003 .1:'1 Ile; connector - 1 



62 

ARRANGEMENT OF MAIN PARTS AND ASSEMBLIES 

FIG. 2. UPPER CHASSIS (BOTTOM VIEW) 

e 8 
G e 
~(J 
0~0 
a G 0 

rz 0 rI 

KZQ 0KI 
o\J~ ~o 

FIG. 3. FRONT PANEL 

Appendix 2 

pn'S pn-6 

/// 

'<l IQ 

G 
h-

I I 
, 

C c 1:= 
Q. 0... Cl-

o K92 (0 
~€> 

G) 
0~ 

0 
pn-? PP-6 

~ 

e G 
(3 81 G 

PP-' 
c 

e PP-IQ § 
I I 

82 

0'1(7.1 R?I '~ 

87 

00 00 
K~K~DK;Z;' 

FIG. 4. UPPER CHASSIS. TOP VIEW 



Valve Type No. 

JI1 6119 
JI2 6iK4 

JI3 6J!f4 
JI4 6119 
JI5 6119 
JI6 6JKB 

JI7 6HSC 

JIS 6lKS 

JI9 6ll6C 
JIlO 6lK4 
JIll 6HSC 

CD 

@J®@J 
/JJ f0 o 1~1~I~r ~ 

0<D® <D 
(£) 0~0 w 
CD 0 0 

prr-J 
c:=:J 

pn-Il 
c:::::J 

r 
o 
~ 
m 
;0 

n 
I 

~ 
V> 

Vi 

:::t 
o 
-u 
< 
m 
~ 

"--- .--/ 

VALVE OPERATING VOLTAGES 

Electrodes 
' . 

1 2 3 4 .5. 6 

4.3 132 
1.8 132 

6.2 3.7 6.2 132 
2.7 132 
2.7 132 

-17 300 
-(1.9- 190 

, -8.7) 

245 295 240 240 310 240 
33-155 300 75-190 75-190 310 90-150 

6.7 0.6 300 
0.5-3.2 0.45 19-150 . 

110 160 -9.5 
1.5 1.5 155 

250 12.5 240 7.5 

A P pen d i x 3 

Note 
7 8 

132 
116 
132 
260 
255 
245 Driven duty 

38-160 Continuous 
duty 
Driven duty 
Continuous 
duty 

245 Driven duty 
SO-lS5 Continuous 

.duty 

240 
Driven duty 



, 

VB.l ve Type - Electrodes 

No. Note 
1 2 3 4 5 6 7 8 

JI11 6R8C 38-165 2.75- Continuous 
-9.45 duty 

JI12 6iK4 0.14 275 190 
JI13 6iK4 180 180 

Valve 
11 

No. Type 1 2 3 . 4 e: 6 7 8 9 10 11 12 13 14 ,/ 

Jll4 8JI029H -(920- -(770- -(850- -(420- 88 90 120 100 95 -(890-
-950) -840) -890) -660) -920) 

Bridge output is +350 V. 
RV rectifier output is -1250 V. 
RV fH ter output is -950 V. 

~. Voltages have been measured w~th all the controls turned fully counterclockwise 
except for the FREQ~CY, ~INE c?ntrol which has been put in b~th extreme posi­
tions.(calibration sw~tch ~ pos~tion 0.05, wide ampl ifier band). The beam has 
been ~n the centre of the CRT screen. Measurements have been t aken with the 
BK7- 9 vol tohmmeter. . 
Reater voltage of all valves is/V 6.3 V. 
The actual vol tages may deviate from the above data b y ±20%. 

A P pe n d i x 4-

RESISTANCE CHART 

Electrodes 
Valve Valve 

No. type 1 2 3 4- 5 6 7 8 

-
Jll 6TI9 0 28 kOhms 0 560 kOhms 380 55 kOhms 30 kOhms 52 kOhms 

JI2 6lK4 0 28 kOhms 0 1 MOhm 150 50 kOhms 46 kOhms 46 kOhms 

JI3 6iK4 0 28 kOhms 700 550 kOhms 705 48 kOhms 30 kQhms 43 kOhms 

Jl4 6TI9 32 30 kOhms 0 280 kOhms 32 kOhms 50 kOhms 30 kOhms 43 kOhms 

Jl5 6TI9 32 27.5 kOhms 0 250 kOhms 32 45 kOhms 30 kOhms 43 kOhms 

JI6 6lK8 0 29 kOhms 67kOhms 500 kOhms 0 62 kOhms 29 kOhms 65 kOhms 

JI7 6R8C 65 kOhms 40 kOhms 00 00 45 kOhms 24 kOhms = = 
JI8 6lK8 0 30 kOhms 230 2 kOhms 220 85 kOhms 29 kOhms 0'-:> 

JI9 6Il6C 28 kOhms 28 kOhms 50 kOhms 72 kOhms 1 Jl.t)hm 00 28 kOhms 0 

JllO 6iK4 0 30 kOhms 145 37 kOhms 145 71 kOhms 30 kOhms 500 kOhms 

Jlll 6H8C 4 5 kOhms 63 kOhms 45 kOhms 1 MOhm 55 kOhms 750 27.5 kOhms 27. 5 kOhms 

Jll2 6lK4 0 28 kOhms 0 550 kOhms e>C> 98 kOhms 30 kOhms 4 7 kOhms 

JI1 3 6lK4 0 28 kOhms 0 00 00 45 kOhms 28 kOhms 48 kOhms 



Val ve Valve 1 2 3 4 5 6 No. type 7 . 8 9 10 11 12 13 14 

CJl CJl CJl CJl CJl 

~ ~ ~ ~ CJl JIl4 8JI029H El 8 El El El El .d .d .d .d .d .d .d 

Note. 

Description 

Wire grade 
Dia, bare, 

mm 

Number of 
turns 

Number of 
layer§ 

Turns per 
layer 

Layer 
width~ mm 

Tap from 
turns 

Type of 
winding 

Direction of 

windin g 

.d 
~ = ~ 00 ~ ~ ~ ~ ~ ~ :E: :E: 00 00 

0 N If\ 0 If\ co 0 co co 0 0 K'\ 0 . r-I . . g co . .:t .:t r-I .:t .:t r-I 

Voltages have been measured with controls turned fully counterclockwise (cali­
bration switch in position 0.05, wide amplifier band). Measurements have been 
taken with the BK7-9 voltohmilleter. 
Resistances are measured relative to earth. 
The actual resistance may deviate from the above data by ±20%. 

Appendix 5 

TRANSIDRMER WINDING DATA 

Winding No. 

1 la Screen Il III IV V Screen VI VII 

nSB-l lIS B-1 MI-M nSB-l nSB-l nSB-l. nSB-l MI-M nSB-1 nSB-l 

0.8 0.59 0.06 0.59 1.56 0.59 0.59 0.06 0.35 0.1 

412 312 1.2 55 23 23 23 1.2 990 1770 

12 11 Open 1 1 1 1 Open 8 5 
. turn turn 

58 78 - 55 23 23 23 - 128 380 
, 

54 54 52 27 41 16 16 52 54 50 

360 - - 18 - - - - - -

Layer-by-layer 

In one direction 



( 

IV Winding No. 
Description 

1 la Screen II III IV V Screen VI VII 

Insulation 
between 
layers K-120xi K-120xl K-120xl - - - - K-120xl K-O ~80xl KOHllxl 

no ,07xl nO~07xl 

Insulation 
above 
wind.ing K-120xl K-120x). K-120xl K~x2 K-120xl K-120xl K-12OXJ K-O,BOxl K-O ~80xl K':"120x2 

no ~ 07xl no ~ 07xl nO~07xl nO~07x2 no ,07x2 m,07x2 nO~07x2 nO~07x2 nO~07x2 
I, 

Lead wire Winding wire m.mr Winding wire nMBr 0.35 sq.mm 

0.35 
sq.mm 

Number of 
leads 3 1 1 2 2 2 2 1 2 2 

J 

Lead insu-
lation PVC tube ~1-~2 -- Linox. PVC tube ~1-~2 

tube ~2 

Voltage ~ V 115~ 12 93 - 9.1 6.35 ' 6.47 6.45 - 276 499 

Lead Nos 21-22- 43-33- 31-32 41-42 12-13 16 35-36 45-46 
23-2~ ~j5 

23 L 11 0 44 "~ U J"'£' A 
Note. The first figure in the le~J No. de~ of terminal stri; , and th} 

second, t e No. of lug. 
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