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THE ELECTRONIC VACUUM TUBE VOLAMETER
B3-2A (MBI-2M)

The electronic vacuum tube voltmeter B3-2A  (MBI-2M)
is designed to measure r.m.s. values of sinusoidal alter-
nating voltage from 1 mV to 316 V, with an error of not more
than 6% for a full-scale reading of the meter, over a fre-
quency range of 20 c¢/s to 1 Mc/s, in closed heated rooms.

Furthermore, the instrument is graduated in decibels
from =55 to +52 dB, using a reference level of 0dB=0.775 V
(1 mV in a 600 ohms load).

The operation conditions of the voltmeter B3-2A corres-
pond to the requirements of the State Standard (GOST) 9763-61
II group and are as rollows:

a) ambient temperature range of +10 to +35°C-

b) relative humidity of the air to 80% with a tempera-

ture of +2090; »

¢) frequency of power supply mains 50 - 0,5 c/8;

d) power supply mains voltage 220 V - 10%,

e) absence of mechanical vibrations, intense direct

or alternating magnetic fields and instantaneous
changes of the mains voltage.

The instrument is ready for use after a 15 minutes
warm-up time.

II Technical Data

1. Measurement ranges:
10, 30, 100, 300 mV and 1; 35710}, 30, .160;-300 V aic,
2. Frequency range from 20 c/s8 to 1 Mc/s.
3. Basic measurement error of instrument, as taken from
the full-scale reading (basic full-scale error):
a) *2,5% over the frequency range from 55 ¢/s to 20 kc/s;
b) *4,0% over the frequency range from 40 ¢/s8 to 500kc/s;
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c) 36,0% over the frequency range from 20 c/s to 1 Mc/s.

4, Change of meter pointer readings, caused by a devia-
tion of ambient air temperature from the normal (2C ¥ 5°C),
within the stated operation temperature conditions for each
10°G, does not exceed the basic error.

5. Input impedance at a frequency 1000 c¢/s on the ranges
of 10 mV ... 1 V is not less than 1 Mohm; on the ranges 3 ...
300 V - not less than 1.8 Mohums.

6. Input capacity in the measuring ranges of 10 mV ...1V,
is not more than 15 pF.

7. Deviations of the meter reading caused by changes of
the supply voltage from its nominal value by 310%, do not
exceed one half of the basic error of the instrument.

8. Power consumption from the a.c. 220 V t10%, 50 e¢/s,
mains is not more than 60 VA.

9. Dimensions of Voltmeter - 310x220x200 mm.

10. Weight of Voltmeter - not more than 9 kg.

III Complement

Each voltmeter B3-2A set is provided with the following
items:
1. The VIVM B3-2A with a set of wvacuum tubes
O T o R e o o g A * 1
S Mally " dora and*'pIug” N NN VTV Ve e e 1
3. A shielded measuring cable for connecting to the
valtage T b meaareds W L N s TN e e . 1
4. Bpape Tases = HH=0:5 K o iy ahe s i N e
5. Spare pllot LIght 5.3 V-0¢@8idki= . ¢ ¢ 5 o o v ae 3
6. Acceptance Certificate, Instructions and
OPEration Manuhl : . o v . ncl% 5 . da atiiy @ e g

IV Description of Instrument Circuit

The circuit of the vacuum tube voltmeter consists of a
three-stage wide-band amplifier, using negative feedback,
voltage dividers connected in the circuit of a cathode follo-
wer, a rectifier, power supply and a source calibration volt-
age.
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Depending on the measurement range used, the measured
voltage is applied to the grid of the cathode follower di=-
rectly or through the voltage divider having an attenuation
of 50 dB. Thus, a high input resistance and low input capaci-
tance is provided, and a possibility of further attenuation of
the measured voltage in the circuit of the cathode follower
is obtained by using a low-resistance voltage divider. During
calibration, a 10 mV stabilized voltage'is applied to the ca-
thode follower grid.

Voltages properly attenuated in the voltage divider are
applied to the input of the wide-band amplifier. A deep nega-
tive feedback is employed to increase the constancy of the
amplifier amplification factor. Both, the amplifier and the
cathode follower, ‘use high-quality type 6XI[I pentode vac-
uum tubes.

» The voltage amplified by the wide-band amplifier is rec-
tified by a half-wave rectifier, using one diode of a 6X2II
duodiode vacuum tube. The type M24 microammeter having a
sensitivity of 100 /&A is connected in the load circuit of
the rectifier..The other diode is used for initial current
compensation,.

A braidge circuit, comprising a non-linear element, is
used to _obtain the calibration voltage. The filament of a 3.5
V 0.28 A lamp is used as the non--linear element in the circuit
stated above.

To diminish the dependence-.of the voltmeter sensitivity
upon change of voltage in the supply mains, the anode voltage
and a part of the heater voltages are stabilized by the gas-
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| eous voltage stabilizer type CI'4C and barretter 0.85B
5.5 - 12 respectively. To decrease the effects of the hum
voltage, the heaters of the first two amplifier stages are
supplied from a source of d.c.

V The Design of the Instrument

The B3-2A is assembled on a horizontal chassis and ver-
tical front panel, enclosed in a metal cabinet. The.chassis
can be removed from the cabinet by two handles, after
turning open the respective screws along the edge of the
front panel and at the bottom of the cabinet.

VI Operation Instructions

Before switching on the voltmeter, set the meter pointer
by turning the mechanical corrector.

After switching on the voltmeter, let it warm up for a
period of 15 minutes. Then turn the measurement range switch
to the position "300 V" and turn the "Zero adjustment" ("Yc-
TAHOBKA HYynIA") knob to adjust the meter pointer to zero.

After setting the zero, the measurement range switch is
to be turned to the position "Calibre" ("KamuGp") and by
turning the screw-head of the potentiometer inscribed "Cali-
bration" ("KamuOpoBka") set the meter pointer to the upper
scale marking "10"., After doing this, the instrument is ready
for use.

When measuring low voltages, it is recommended to ascer-
tain, that only the measured voltage is being applied to the
voltmeter input terminals-and not some other stray interfer-
ing voltage§ To check this, leave all circuit connections un-
changed, switch off the measured voltage (for example, dis-
connect the anode voltage of the generator, etc.) and ascer-
tain that no greéter than permitted stray voltage does enter
the input terminals of the voltmeter, If during voltage meas-
urements on the low measurement ranées, the connection wires
become an antennae, in which the induced voltage is higher
than permitted, the measured voltage can be connected through



the provided shielded cable, having a special shielded plug,
to the input of the voltmeter. However, when using the above-
mentioned cable, the input capacitance increases,

When measuring with the instrument in circuits carrying
d.c. component, it is necessary to take into account that
the input resistance of the instrument is about 2 Mohms, and
the blocking capacitor has a working voltage rated at 200V
d.c. If a leakage of 2 Mohms is not allowable in the cire-
cuit being measured, connect an external blockihg capacitor
of 0.5 MF or higher value for passing the lowest freguen-
cies and respectively lower value for higher frequencies to
the input circuit.

The vacuum tube voltmeter is calibrated in voltage effec
tive values; therefore, it shows the correct resding only
when measuring sinusoidal voltages. when measuring non-sinu-
soidal alternating voltages, additional measurement error
is inevitable, the value of which depends on the form factor
of measured voltage.

When measuring voltages having the same frequency as the
power supply the readings of the instrument, due to the in-
ternal hum voltage, depend to some extent on the phase shift
existing between the measured and supply voltage. In such
cases, to acquire more accurate measurement results, it is
recommended to take an average arithmetical value, received
after interchanging the polarity of the mains supply plug.

VII Repairing the Instrument

Should the instrument fail to work, firstly, check the
soundness of the mains tuse. If the fuse is sound, it is nec-
essary to measure the voltage on the pins of the vacuum
tubes. The nominal voltages are given in the voltage diagram.
‘'hese values correspond to voltages measured when supplying
the instrument from a nominal mains voltage. They are measured
with a voltmeter having an internal resistance of 5000 ohms/V.
As a rule, the results of voltage measurements will show,
which of the components are de{ective, after which they can
be replaced with new ones.




If the fault is in the calibration voltage bridge, the
voltmeter must be readjusted as stated below, after it has
been repaired:

1. Connect the voltmeter B3-2A to the mains supply
throuzh an adjustable autotransformer. Measure the voltage
between the chassis and the moving arm of the potentiome- .
ter 326’ by using any vacuum-tube voltmeter capable of meas-
uring voltage of approximately 10 aV,

2. Vary the mains voltage from - 10% to +10% of its rat-
ed value with the aid of the adjustable autotransformer., Si-
multaneously, turn the potentiometer R22 to set it into such
a position, in which the voltage measured between the chassis
and moving arm of the potentiometer R26 does not change when
the mains voltage is varied by Y0%.

3. Apply a voltage equal to 10 mV ¥1% at the supply mains
frequency to the input of the B3-2A voltmeter. Turn the méas--
urement range switch to the position "10 mV". Turn the po-
tentiometer screw head inscribed "Calibration" ("KamuGposka"),
to adjust the meter pointer to the marking "10" on the meter
upper scale, '

4, Turn the measurement range switch to the position in-
scribed "Calibre" ("Kamm6p"). By turning the knob of the po-
tentiometer R26’ adjust the meter pointer to the marking "10"
on the meter supply scale, without changing the position of
the potentiometer for calibration.

5. After the adjustments have been made with the potentio-
meters 322 and st, it is necessary to place a drop of paint
on their shafts to hold the arm in a fixed position.
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THE ELECTRONIC VACUUM TUBE MILLIVOLTMETER
B3-3 (MBI-3)

I Introduction

The electronic vacuum tube millivoltmeter type B3-3
(MBI-3) is a portable, laboratory instrument designed to
measure minute sinusoidal voltages over a wide frequency
range.

The instrument can be used for measuring circuits of ra-
dio receivers, amplifiers and other apparatus. The wideband
amplifier employed in the instrument can be successfully used
for preamplification in innumerable laboratory circuits. The
probe of the instrument has a high input impedance and small
input capacity to enable measuring at high frequencies di-
rectly at the test point.

The B3-3 is provided with a source of calibrated voltage
to enable the checking of the calibration accuracy during
measurements. The measurement ranges can be extended by using
an attachable voltage divider.

The operation conditions of the B3-3 are:

a) ambient temperature range of +10 to +35°C;

b) normal atmosphere pressure;

¢) relative humidity of the surrounding atmosphere to 80%:

d) power supply voltage 110, 127, 220 V #10% 50 c/s;

e) absence of mechanical vibrations and intense direct or

alternating magnetic or electric fields;

£) the distortion of the measured voltage should be not

more than 3%;

1. Measuring ranges:
1 oV to 1000 mV on the scales 10, 30, 100, 300, 1000 mV

and from 1 V to 100 V by using the applied 1:100 voltage
divider.,
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2.Frequency range of the measured voltages from 30 c/s
to 10 Mc/s.
3. Basic full-scale accuracy over the frequency ranges
of:
a) 50 ¢/s to 20 ke/s - 3%;
b) 30 ¢/s to 5 Mc/s - 54;
¢) 5 Me/s to 10 Me/s - £105.

4, Additional error when using the voltage divider over
the frequency ranges of:

a) 30 ¢/s to 20 ke¢/s - not more than Iﬂm;
b) 20 ke/s to 5 Me/s - not more than 13%;
¢c) 5 Me/s to 10 ile/s - not more than tib.

5. The input resistance of the probe is not less than
1 llohm, input capacitance 10 pF. T@e input resistance of the
voltage divider is 1 Mohm shunved by a capacitance not more
than 6 pF. :

6. The readings on the meter scale are better than t}@,
during power supply voltage variations of i10h.

7. The instrument is provided with terminal screws for
stable test voltage of 10 mV, used to calibrate the sensitiv-
ity of the instrument.

5. Power consumption about 80 VA,

9. Dimensions 310x215x195 am.

10. wWeight about 8 kg.

1. The Electronic Vacuum Tube iillivoltmeter type B3=3
with installed.set. of Vacoum Tubes. . « & e isne U8 T 4
Sy Lonsr Supply CabAS wiais dil HF e e J i aiie wiie e e 1
3. Spare parts kit
a) Probe Adapter for connecting to a Standard
Signal Oscillator type CC=6 . . . « « « ¢« ¢ o « 1
b) Probe Adapter for connecting to a coaxial cable
Uy BR-Y  She (NS AR G i B S e
o) Bhane” Ruse’ trpe KIA &35 3RE0 ) R GRETRSN
d):Bpere:Tuse type K2R 05 SN0 N SERARL ON
o) SpareiPLlot " lalip RV L0 88 K775 BBV S0

- A AN
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L) FIO0OTREL CEE e " DIVERGE Y sV T N0 e v e
g) Plug for connecting to the output terminal . . 1
4, Instructions and Operation Manual . . . . . . . « 1
5« Certificate of ACCEPBANGE v oi'sv o o s o o o o o o 1

IV Circuit Description and Functioning of the

Instrument

The Electronic Vacuum Tube Millivoltmeter type B3-3 con-
sists of an attached probe using a cathode follower, which
is connected through a shielded cable to the attenuator and
respective circuity of a stable wide-band amplifier. A cal-
ibrated microammeter is connected to the output of the amp=-
lifier. The instrument isgsupplied from a power supply in
which the heater current is stabilized with ballast tube and
the anode voltages by an electronic voltage stabilizer.

The measured voltage is applied to the input of the probe.
The cathode follower of the probe passes the voltage through
the shielded cable to the tapped attenuator, connected to the
input of the stable wide~band amplifier. After being ampli-
fied the voltage is applied to a voltage-doubler circuit, con-
sisting of two germanium diode half-wave rectifiers, and
microammeter having a sensitivity of 100 /(A.

The scale of the microammeter hae been calibrated to
r.m.&, values of pure sinusoidal voltages. Since the meas-
urements are made by using a diode~capacitance measuring
circuit the readings of the meter will depend on the amount
of harmonics in the voltage being measured.

R S —

1. The Probe

The circuit of the probe consists of a cathode follower
which has a voltage gain of 0.6. The cathode load is a resist-
ive voltage divider, from which the voltasge is passed to
the input of the amplifier through the shielded cable.

The probe uses a type 6KIIl vacuum tube connected as a
triode. Voltage drop across the cathode load resistor is
used as grid bias for the cathode follower tube. To carry
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out measurements with voltages containing d.c. component in
addition to a.c. voltages, a blocking capacitor C1 with work-
ing voltage of 200 V is inserted in the high-potential input
lead. The circuity of the probe is assembled in a cylindric
enclosure. The probe is provided with attachable adapters to
facilitate measuring.

The instrument is supplied with the following adapters:

1. A ring-type adapter fitted with prongs for connecting
to commonly used receptacles.

2. Adapter and special jack for inserting in the output
terminal of the Standard Signal Oscillator type I'CC-6.

3. Adapter for connecting to commonly used coaxial ca-
ble receptacles.

2. The Attenuator

The B3-3 uses a tapped attenuator having 5 positions.The
resistors are made of wire having diameter of 0,05 mm,wound
on mica slabs using non-inductive Ayrton-Perry type winding.
The attenuator is mounted in a special aluminium casing. The
input resistance of the attenuator is 300 ohms.

3. The wWide-band Stabilized Amplifier

The voltage from the attenuator is applied through the
capacitor C. to the grid of the first vacuum tube of the amp-
lifier. The amplifier is of a resistance-capacitance coupled
type using GHIIl vacuum tubes. The correction of the frequency
response is made by the inductance coil L in the anode cir-
cuit.of the VTQ. The inductance of the coil L is approxima-
tely 10 microhenries and is varied by turning the ferromagnet-
ic core. :

The potentiometer R12 is connected across the heater
leads of amplifier tubes, its centre tap is adjusted to ob-
tain a minimum_hum voltage at the amplifier output.

The amplifier consists of six stages giving an overall
gain of approximately 200. Deep negative feed-back is in-
volved to obtain the necessary\constancy‘of the amplification
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by reducing the overall gain approximately five times, i.e.
from 1000 to 200.

Each of the three stages involve negative feed-back.The
cathodes of the tubes VI, and VT7 are coupled to the cathodes
of the tubes V'l‘2 and VT5 rgspectively. Besides this, each
stage involves individual negative feed-back due to the un-
by-passed cathode resistors.

Resistors are used as anode loads. The vacuum tube VT1
used in the tube probe has decoupling filter in anode cir-
cuit consisting of the 1.5 kohm resistor R1O and 10 pf ca-
pacitor 06' The vacuum tube in the output stage is connected
as a triode to handle a larger amplitude response. The ampli-
fier output jack mounted on the front panel is connected
through a blocking capacitor 022 to the high-potential end
of the cathode resistor of the output stage. The output of
the amplifier can be used as a wide-band preamplifier for
oscillographs, other voltmeters, etc., giving a gain of 43.
With an output voltage of 0.43 V the noise level is about
=32 dB. The output impedance is about 35 ohms at frequencies
over 20 kc/s.

At audio frequencies the output impedance of the ampli-
fier equals the reactance of the blocking capacitor Czé.

The frequency response of the amplifier when using the
output "Buxoza" terminal jack is linear to 1 Mc/s, rising 10%
at 3 Mc/s with an output capacitance of 100 pF or with a ca-
pacitance of 25 pF the frequency response is linear to 3 M¢/s
and rising 10% at 5 Mc/s. :

4, The Meter Circuit

The voltage developed across the anode resistor of the
output stage is applied to two half-wave germanium rectifier
diodes type JI2-B or II-L8.

During the positive half cycle one of the capacitors is
charged while the other capacitor is charged during the neg-
ative half cycle. Both are discharged through the resistors
334, 835 and the microammeter.

The 10 pF blocking capacitors are connected to the posi-
tive pole of the anode voltage instead of the ground to avoid
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puncture of the diodes. One of the discharge resistances in
the circuit of the microammeter is variable and can be ad-
justed by turning the screw head. With this resistor the
sensitivity can be adjusted by ¥20% in cases when the sen-
sitivity is to be checked in respect to a calibrated voltsge
standard.

5. Source of Calibration Voltage

The B3-3 has a source of stabilized calibrated voltage
using 50 c/s, permitting re-checking the sensitivity of the
instrument during measurements when voltage standards are
not available. The calibration voltage is taken across the
diagonal of an unbalanced bridge, one leg of whicn is made
of a non-linear resistance of a 3.5 V pilot lamp. When the
voltage of the power line rises the resistance of the pilot
lamp filament increases and the voltage across the diagonal
of the bridge decreases. The lamp is used with about 1.3 V
across its filament. The point of operation is selected by
the variable resistor 347 to give the best stabilization,re-
sulting in the calibration voltage remaining practically
unaffected by the power line voltage variations. The poten-
tiometer Rgy is used to set the output calibration voltage
exactly to 10 mV.

The output 10 mV "Buxoz 10 mV" is connected to the
terminal screw mounted on the front panel. The left-hand
terminal screw is connected to the chassis while the right-
hand one is under the high potential.

NOTE!. The calibration voltage is adjusted when using
a pure sinusoidal voltage. Should the shape of the power
line voltage substantially differ from that of the sinusoi-
dal, the reading made with the instrument will show an addi-
tional error. The lamp used in the calibration bridge cir-
cuit must be chosen to be mechanically rigid.

6. The Power Supply

The B3-3 can be operated from 110, 127 or 220 V a.c.
power line. The power transformer can be switched over for
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operation from one of the above mentioned voltages by re-
moving the combined fuse holder and power line selector
switch and returning it in its socket so, that the required
voltage is shown in the window at the upper edge of the fuse
holder (refer to VI Operation Instructions). The anode volt-
age is supplied by a rectifier consisting of germanium d4i-
odes and stabilized by an electronic stabilizer using a
series circuit. The bias voltage is taken from the type
CTr2l = stabilizer. A type 6XIII vacuum tube is used as con-
trol amplifier, and the type 6lI4II vacuum tube is used as
the regulator of the voltage.

The voltage of the heater of vacuum tubes VT1, VT,
VTB’ VT5, VT7 is stabilized by a IB5-9 ballast tube.

7. The Voltage Divider

The voltage divider has a ratio of 1:100 permitting
measurements to be made up to 100 V.

The frequency response compensation is made by the ca-
pacitors 026’ 027 and 028' At high frequencies the calibra-
tion is carried out by adjusting the trimmer capacitor 027.

V Construction

The Millivoltmeter B3-3 has been designed as a compact
portable instrument having a vertical front panel displaying
the following control components:

1. The control knob of the attenuator constituting the
Measurement Range Selector Switch with the millivolt ranges
engraved on the front panel.

2. Sensitivity adjustment (screw-head).

3. Power Supply Switch.

4, Pilot Lamp.

5. Fuse holder combined with Power Supply Selector
Switch.

6. Amplifier output jack.

7. Microammeter.

8. Calibration Voltage Output Terminals.
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The microammeter is mounted on hinges to permit the
meter to be placed at any convenient angle of observation.

VI Operation Instructions

Before connecting the B3-3 to the Power Supply 1line
ascertain that the combined Fuse holder and Power Supply Se-
lector Switch is inserted to the correct voltage. During man-
ufacture the Power Supply Selector Switch is connected for
operation from a 220 V line, In order to change to another
voltage the Fuse holder must be pulled out from its fastener.
The fuse must be replaced by a 2 A one, if the power line
voltage is either 110 or 127 volts. After replacing the fuse,
insert the fuse and holder, turning the holder until the de-
sired voltage appears in the window.

Turn the Measurement Selector Switch to "O". Insert the
Power Supply Range Cable plug into the line receptacle. Next
1lift the Power Supply Switch to the ON ("BrawueHo") position.
By doing this the pilot lamp should light. After several sec-
onds the microammeter pbinter will deflect returning again
to the zero reading. After 10 minutes the instrument is ready
for use. A slight declination of the pointer may be caused by
the residual hum voltage, which, however, can be compensated
by turning the mechanical corrector screw-head of the micro-
ammeter.

When desired, the instrument can be checked by insert-
ing the probe to a calibration voltage standard. The Voltage
Range Selector Switch is to be placed in the 10 mV position
ascertaining that the meter pointer reads 10 mV. The sensitiw
4ty can be adjusted by turning the calibration screw-head
"KamuGpoBra".

Since the B3-3 is very sensitive, the presence of in-
terference should be checked. To do. this, connect the input
of the instrument to the source of measured voltage,then dis-
connect the measured voltage supply and ascertain that there
is no stray voltages at the input of the probe.

In order to keep the 1nteg§orin5 voltages at a minimum
use shielded connecting cables, and connect firmly the in-

17
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strument chassis to the zero potential of the measured cir-
cuit. when measuring voltages of supply line freguency a
difference of reading may result depending on the polarity
of the instrument power cord plug. In such cases an arithme-
tical mean value of two measurements is taken after changing
the power supply plug to both polarities.

VII Replacement of Vacuum Tubes

Usually the frequency response of the wide-band ampli-
fier does not change noticeably after replacing vacuum tubes.
However, when replacing some sets of tubes the results of
measurements at 5 ... 10 Mc/s may vary by 2 ... 3%. The nec-
essary frequency response compensation can be made by turn-
ing the core of the compensation coil after applying a sig-
nal from a signal oscillator giving a good sine wave, and
using a voltmeter with high input impedance (for instance,
from a type B1-1 Q-meter and a type BHC-7 wvoltmeter). Un-
evenness of frequency response can be determined by applying
the oscillator signal with constant value of 0.9 V to the
input of the B3-3 and measuring the signal voltage with a
type BKC-7. The frequency characteristic can be recorded by
registering the readings on the scale of the B3-3 microamme-
ter.

The a.c. hum appearing after the warming up of the
B3-3 can be compensated by turning the potentiometer R12 and
the mechanical zero corrector of the microammeter.

The pilot lamp in the calibration bridge is operated at
a reduced filament voltage, which provides a long life.

However, should it be necessary to replace it, the se-
mivariable resistor R47 is turned to adjust tor the highest
possible stabilization of the bridge output voltage when the
power line voltage 1s changing by *10%. The stabilized
voltage can be measured with a type BKC-7 (or equivalent)
voltmeter between the resistor R4 and chassis. By measuring
with another B3-3 the same voltage is available at the output
terminals on the front panel. After this the exact value of
the input voltage can be adjusted with the resistor R51. The
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exact value of voltage - 10 mV -~ used for calibration can
be taken from the tapping on suitable resistive voltage di-
vider, while checking the input voltage with an a.c. volt-
meter having accuracy of O.5%.

VIII Possible Faults and Their Remedy

1. When switching on the B3-3, the pilot lamp lights
but the meter pointer does not deflect.

Fault: The rectifier, vacuum tube VT7 or germanium
diodes [2-B (II'-I8) are defective.

2. When switching on the B3~3, the pilot lamp lights,
the meter pointer deflects after the usual warm-up time,but
during measurement the poimter remains at zero.

Fault: One of the amplifier or probe vacuum tubes is
defective. An open circuit in the probe cable.

3. When connecting the probe to the calibration termi-
nal socket the meter pointer deflects over the scale (on the
10 and 30 mV ranges).

Fault: The pilot lamp in the leg of the calibration
voltage bridge is burnt.
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THE VACUUM TUBE MILLIVOLTMETER
B3-13

Peggerrpvion

The vacuum tube.millivoltmeter B3-13 has been designed
to measure r.m.s. values of sinusoidal alternating voltages
from O.3 mV up to 300 V over the frequency range from 20 Hz
to 1 MHz.

The apparatus is classified under group III of the
U.S.S.R. State Standard (GOST) 9763-61.

Operation conditions of the apparatus are:

a) ambient air temperature from -10 to +4OOU;

b) atmospheric pressure 750 330 mm Hg;

¢c) relative air humidity up to 90%, at a tenperature
of +25°C;

d) mains supply voltage 220 V 104, at a fregquency of
50 0.5 Hz;

e) absence of mechanical vibrations, intense direct or
alternating magnetic fields and instantaneous
changes of the supply mains voltage.

The apparatus is ready for use in 5 minutes after

switching on.

II Technical Data

1. Voltage measurement ranges:
3=10-30-100-300 mV;
1=3=-10-30-100-300 V.

2. Frequency range of measured voltages from 20 Hz to
1 MHz.

3. Measuring error of the apparatus, expressed in per
cents of the nominal value of the meter scale useful part,
does not exceed:

a) &%, when using the range 3 mV - 1 V at frequencies
from 20-Hz to 1 MHz;
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b) :4%, when using the range 3V - 300 V at frequencies
from 20 Hz to 20 kHz;

¢) *6%, when using the range 3 V - 300 V at freguencies
from 20 kHz to 1 MHz.

4, Variations of the instrument readings caused by
changes of the ambient air temperature from +20 15°C to any
temperature over the range from =10% up to +40°C, do not
exceed £3% for each 10°C change of temperature.

5« Variations of the instrument readings caused by
changes of supply voltage from 220 V by :40%, does not ex-
ceed 12z,

6. Variations of instrument readings in per cents of
a full-scale deflection, caused by distortion of the measured
voltage to 20%, does not exceed /2 of the measured value of
distortion given in per cents.

7. Input impedance of the apparatus is not less than:

a) at a frequency of 1000 Hz

1.0 MR - for the 3 mV - 1 V range;

1.6 MS2 - for the 3 V - 300 V range;
b) at a frequency of 1 MHz

400 k2 - on all ranges.

8. Input capacitance of the apparatus is not more than:

a) 25 pF - on the 3 mV - 1 V range;

b) 15 pF - on the 3 V - 300 V range.

9. Mains power consumption of the apparatus - not more
than 50 VA,

10. Dimensions of the apparatus: 300x220x185 mm,
11. Weight of apparatus about 6 kg.

III Accessories Complement

Each apparatus is supplied with the following accesso-
ries: <
a) Shielded measurement cable . « « « o« ¢« « o « o 1
b).:Spave:Luses IM=6, 9k o, sélsy Sraless 8 Jo, yind
c) Spare pilot lamp ME=14 . « . o «ii@poas.don.adl
d) Acceptance certificate, description and operat-
ing imstruction mannal . . & 31358 § oF.EEWE Y
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IV Principle of Operation

The circuit of the apparatus consists of the following
inits:

a) the input unit;

b) amplifier;

c) rectifier;

d) power supply.

The Input Unit

The input circuit consists of a type 6C3Il vacuum tube
connected as a cathode follower having an input and output
voltage divider,

The measured voltage is applied directly or through a
voltage divider, having a 50 dB attenuation, to the grid
of the cathode follower depending on the measurement range
used, The use of the cathode follower provides a high input
impedance and small input capacitance. As an additional fﬁ-
cility, a low-resistance voltage divider can be connected tc
the output of the cathode follower, enabling thus further
attenuation of the voltage to be measured.

The Amplifier
The measured voltage amply attenuated in the input
stage is applied to the input of the wide-~band amplifier.In
the three-stage resistance-capacitance coupled amplifier
type 6£9I1 pentodes are used. The amplifier has an overall
gain of about 1000. The gain is stabilized by applying high
values of negative feedback.

The Rectifigr

The amplified voltage to be measured is rectified by
a full-wave rectifier, The rectifier uses bridge circuit
consisting of two germanium type JIOB diodes and two re-
sistors. The measuring microaqpeter type M94 having a 1OQFA
sensitivity in series with the resistors R34 and 235 is con-
nected across the diagonal of the bridge.
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One of series resistors R " is variable, by means of
which the instrument is calibrated in respect to a refe-
rence voltage.

The Power Supply

The anode and heater voltage of the apparatus is ob-
tained from the power transformer Tr. The anode voltage is
rectified by type 226 germanium diodes and stabilized with
a type CTINl voltage stabilizer.

Vinding Data of the Transformer

Designation Name of Number of | Marking and diameter
of taps windings turns of wires
1 -2 Primary 1700 NI3B-2, ¥ 0.31 mm
3 Shield
4 = 5 Anode 2200 [15B-2, ¥ 0.18 mm
6-7-8 Heater 48+6 [9B-2, # 1.0 mm

Core: I - 20x253 - 310.
Thickness of laminations 0,35 mm,

D peratiing ‘I'nvgr uact-ons

A working apparatus should be grounded to the terminal,
engraved 1%? .

A switched on apparatus must not be removed from its
casing.

In case of performing internal adjustments or repairs
with the casing removed, take care not to touch the terminal
of the transformer, diodes D3_1 Rl o D3—8 and capacitors
06, 07. When replacing the elements remember to switch the
apparatus off.

VI Rules_for Operating the Apparatus

Before switching on the apparatus to the mains supply
set the instrument pointer to zero by turning the mechanical
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adjustment screw, After allowing 5 minutes for warming up,the
apparatus is ready for use,

To decrease the stray field interference,it will be nec-
essary to securely connect the casing of the millivoltmeter
to the point of zero potential in the circuit being measured.

During measurement of voltages at a frequency of the
supply mains, possibly a difference in the meter readings
(up to 31.5%) may occur depending on the polarity of con-
nection of the power cable plug to the supply mains. To
achieve more accurate readings in such cases, it is neces-
sary to take an arithmetical average of the two measurement
readings obtained, when the polarity of the mains supply is
interchanged. :

+#hen measuring voltage across the inductances, oscil-
lation may occur in the apparatus at frequencies higher than
the working range. Therefore, during measurements across in-
ductive loads, it will be necessary to check for such oscil-
lations by disconnecting the voltage from the circuit being
measured.

The input d.c. resistance of the apparatus is about
2 M. The input blocking capacitor is rated for working
voltage of 400 V.

VII Repairing and Testing the Apparatus

Should the apparatus fail to operate, first of all
check the soundness of the mains fuse. If the fuse is sound,
as indicated by the lighted pilot lamp, further tests are car-
ried out by measuring the voltages between the pins of the
vacuum tubes and the chassis. By checking the measurement
readings, it will be possible to determine the faulty compo-
nent, which should be replaced. j

The following are the characteristic faults during
which all operating voltages may remain within the rated
values:

a) Upon application of the voltage to be measured to
the input of the apparatus, bhg meter pointer does not de-
flect, whereas, the pointer deflects when the voltage is
applied directly to the grid of the vacuum tube VT,.
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Fault: The electrolytic capacitor C4 is defective.

b) Abrupt decrease of apparatus sensitivity.

Fault: One of the germanium diodes D1 or D2 is defec-
tive.

After replacing the vacuum tubes or semiconductor diodes
Dyy Dy (II0B), it will be necessary to recalibrate the appa-
ratus by using a reference voltage at a frequency of 1000 Hz,
for example, from the calibrator model B1-2 (KB-2), or equi-
valent, The calibration is carried out by turning the poten-
tiometer R34. Hum voltage is compensated by turning the po-
tentiometer R3. The residual hum voltage, with the input
shorted, must not exceed 2% of the full-scale reading.

Periodical tests of the apparatus are to be made at
least twice a year and after repairs. In the process of
the test the basic measurement error of the apparatus is to
be determined at a frequency of 1000 Hz by using the calibra-
tor B1-2 (KB-2). Likewise, tests should be made at frequen-
cies of 20 Hz, 20 kHz, 100 kHz, 500 kHz and 1 MHz (on the
ranges 1 V and 3V) by using the calibrator B1-3 or standard
signal generator TI3-7 (I'C-I00M) with thermocouples.In the
last-mentioned case the measurements are to be made using the
following circuit.

= Millivoltmeter
for o direct current

Thermocouple 10- 15 mV
Sig. gen T
ra-z 1008 D B3-13
rc-1oonl &
Fig. 4.

The thermocouple TC type TBBE-4 is used during measure-
ments in the 1 V range and type TB5-5 when measuring in the
3 V range.
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THE ELECTRONIC VACUUM TUBE PULSE VOLTMETER
B4-2 (BII-3)

I Introduction

The vacuum tube pulse voltmeter type B4-2 (Blll-3) has
been designed for use in laboratories and workshops to meas-
ure both polarities of peak pulse voltages from 3 to 150
volts, measured in respect to a full-wave average value.
With the applied 1310 plug-in voltage divider fitted to the
probe, it is possible to measure pulse voltages from 3 to
500 volts. When using the external dividers type JHE-3 and
JHE-9 the measuring range can be extended from 500 V to
50 kV.

Normal operating conditions for the VIPVM B4-2 are:

a) ambient temperature range of +15 to 25°C,

b) normal air pressure,

¢) in surroundings with less than 80% relative humidity,

d) line supply voltage 220 V, 50 c¢/s,

e) in conditions free from mechanical vibrations and

intense magnetic or electric fields.

II Technical Data

From 3 to 150 volts on three calibrated scales of 15,
50, 150 volts.

¥rom 3 to 500 volts by using the applied 1:10 plug-in
voltage divider or to 1.5, 5, 15 and 50 kV when using the

external dividers type [HE-3 or JHE-9. (Not supplied with
the B4-2 (BIl-3) set.)
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Error of Measurements

duﬁgiggn Duty Frequency Output Measurement
Fs cycles repetition |resistance of| error
s g source
Error of measurements during normal operation conditions
0+1...300| 50...500 | 20 c¢/s 41 kohm < i3
0.2...100| 50...500 |> 20 ¢/s 3 kohms < *uy
With the applied 1:10 plug=-in divider
0.1...300] 50...500 | 20 ¢/s 41 kohm < 5%
0e2..4100| 50...500 | 220 c/s 3 kohms < 6%
Additional error of measurements
0e1...100 | 500...2500| 20 c/s %1 kohn s =2%
0200 30" 1 500, .+2500] %20¥c/B 3 kohms & =2%

for a full scale reading

Additional error of measurement with a power line volt-
age variation from 187 V to 231 V does not exceed *i%.

Additional measurement error due to the ambient temper-
ature variation from +10 to 1 +15°C or from +25 to +35°C

does not exceed

¥0.1% for 1°C.

Additional measurement error when using the 1:10 plug-
in voltage divider does not exceed ¥2% of the measured value,
with a repetition frequency above 100 cycles.

Input resistance (Impedance)

not less than 200 kohms at 4 Mc/s and
not less than 20 Mohms at 50 c/s.

Input capacitance not more than 14 pF.
Power Supply A.C. Mains 220 V - 15% - +5%, 50 c/s.

Power Consumption 30 VA.

Dimensions 308x216x194 mm.

Weight 7 kg.

= e e e e

All components of the electronic vacuum tube pulse volt-
meter type B4-2 (Blll~3) are mounted on a steel chassis with

a special frame at both ends for ease of maintenance.

The

front panel is made of aluminium and provided with handles
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for removing the chassis for servicing. The case is provided
with ample ventilation for lasting performance.

The probe is connected to the amplifier through & flex-
ible shielded cable.

The measured pulse voltage is rectified by a diode peal
rectifier (refer to Circuit diagram). The rectified voltage
is amplified by a direct current amplifier, the output of
which is measured on a calibrated microammeter counnected in
a bridge circuit, consisting of vacuum tubes 6H3[l and GH2II
and respective circuity.

The Peak Detector

The peak detector of the probe circuit consists of a
type 6]I6A diode VI, and associated circuity, which rectifies
the applied voltage at the point of measurement. The recti-
tied and measured direct current voltage is practically egusl
to the peak value of the voltage pulse.

‘Because of the high resistance and large time constant
of the diode load circuit, the measurements are practically
independent of the pulse shape over extensive mark-to-space
ratios.

The probe polarity switching current connects the diode
to respond either to positive &S p ) or negative pulses
s Bk

The large time constant of the capacitors ) 02 and
05 discharge circuit causes the microammeter pointer to
return slowly to zero after removing the measured voltage.

To hasten the zero return, the discharge circuit - is
connected by pressing the push-button switch SW-2 (Discharge),
connecting Ry«

The Direct Current Amplifier

The direct current amplifier has been assembled around

two double triodes VT2 and VTB’ using a balanced bridge cir-
cuit.
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The triodes of the tube VT, are used as a cathode load
for the measurement triodes VI,. Any voltage applied to the
input will change the magnitude of the anode plate voltage
of the VTB' Consequently, any change of anode voltage will
vary the current passing through the tube, thus resulting in
a change of grid bias of the triode VTB’ which in turn ef-
fects the anode current inversely to that of the anode volt-
age.

- VT2 - ug

R« o R«

o

Fig. 6.

The values of the resistor Rk and grid bias (refer to
Fig.1) have been chosen so that the currents flowing through
the triodes practically remain constant regardless of anode
voltage changes.

Suppose, that the current through the amplifier triode,
with no signal applied to the input, is given as Io‘ Upon
applying a signal, the currents through the triodes VT2 es-
tablish value of I1 and 12 rgspectively, while the current:
through the triode VT3, as stated above, remain constant at
a value of Io'
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Referring to the schematic diagram Fig. 1, we can con-
clude that

I;=1,+1 1,
from where I, =TI, =4 2),
I, + I, =21, (3.

Hence from the expression (3) it follows, that the sum
of the currents flowing through the VTZ’ remains constant i.e.
with an increase of current through the left-hand triode,the
current of the right-hand triode must decrease by the same
magnitude. Thus, during a change of voltage, both triodes of
the VT2 are involved. This is equivalent to extending the
linear portion of the amplitude characteristic 2 times, as
compared to that of an amplifier using a single vacuum tube.

The moving coil microammeter M-24 having a sensitivity
ot 100 /4.A is connected in diagonal of the amplifier bridge.
A system of shunts and multipliers consisting of resistors
RS to 312 is used to set the meter pointer exactly to the
extreme end of the scale.

The voltage divider of the resistors R15 to R21 and
Ryyy determines the grid bias of the amplifier vacuum tubes,
ensuring normal operation in the region of low grid currents.

Balancing of the bridge (that is the zero adjustment of
the microammeter) is accomplished by changing the grid bias
of the right-~hand triode of the vacuum tube VI,, by turning
the potentiometer R17 "Zero adjustment"., The potentiometers
Rﬂs and R19 are used for zero adjustment on all three ranges
of the voltmeter, when the potentiometer 317 is set in a mid-
dle position.

The Voltage Divider

The electrical circuit of the 1310 voltage divider con-
sists of a capacitive divider with a compensation on low
frequencies.

The upper capacitor used in the voltage divider, is a
semi-variable capacitor 012, while the bottom capacitor 013
is fixzed. .

Frequency compensation is accomplished by two precision
resistors (323 and 324),connecbed to the respective capacitors.
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V Operation Instructions

SAFETY PRECAUTION - the voltmeter must be grounded to
the special ground terminal before operation.

Before connecting the voltmeter, adjust the microamme-
ter pointer to zero by turning the corrector screw-head.

Insert the power supply cord to 220 V alternating cur-
rent mains. After placing the power supply switch to the po-
sition ON the pilot lamp should lignt. Before using the
voltmeter it should warm up for 20 minutes.

After warming up, adjust the microammeter pointer to
zero by turning the "Zero adjustment" knob. The.zero adjust-
ment is recommended to be made with the input terminals
shorted.

Turn the probe switch SW to the required polarity of
the measured pulse voltage.

Turn the Voltage Selector Switch SW3 to the required
VoLtage Range. Connect the voltage to be measured directly
to the probe or to the provided extension cable and read the
voltage on the respective scale of the microammeter.

To check the zero the "Discharge" knob should be pressed
in to hasten the pointer return.

Care should be taken when making measurements in cir-
cuits containing direct voltage components since the block-
ing capacitors in the probe are rated at 400 volts.

For measuring voltages above 500 to 50,000 volts, use
the voltage dividers type [HE-3 and JHE-9. To connect  the
probe to the voltage dividers use the applied adapter.
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PULSE MILLIVOLTMETER
B4-3

Description

Ihe pulse millivoltmeter model B4-3 is designed to meas-
ure peak values,of rectangular video pulses and aamplitude
values of sinusoidal voltages from 0.3 aV to 100 V., The ap-
paravus measures peak values of pulse voltages of both pola-
rities as read from the line of mean value.

The apparatus pertains to the group III of the State
Standard GOST 9763-61.

The operation conditions are as follows:

a) ambient air temperature from -10 to +40°C;

b) atmospheric pressure 750 ¥ 30 mm Hg;

¢) relative humidity of sorrounding air up to 90% with
a temperature of +25°C;

d) mains supply voltage 220 V %10%, frequency
50 ¥ 0.5 Hz (e/s).

e) absence of mechanical vibrations and intense steady
or alternating magnetic and electric fields and in-
stantaneous fluctuations of the supply voltage.

The apparatus is ready for use in 15 minutes after

switching it on.

II Technical Data

1. Voltage measurement ranges: 3 - 10 - 30 - 100 - 300 -
- 1000 mV, and by using an external 1:100 voltage divider the
measurement ranges are extended to 100 V.

2. The pulse duration of the measured voltage is from
1 to 200}#9 with pulse duty ratio from 2 to 2500 and pulse
repetition rate not less than 50 Hz and not higher than 10
kHz (kc/s). :

3. The frequency range of measured sinusoidal voltage
from 30 Hz to 500 kHz.
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4, Basic full-scale accuracy:

(a) = 4% when measuring peak values of rectangular pulses
having a duration from 1 to 200 us and pulse duty ratio from
100 to 5003

b) t 4z when measuring amplitudes of sinusoidal voltages
over the frequency range from 50 Hz to 20 kHz;

- 6% over the frequency range from 40 Hz to 50 Hz and from
20 kHz to 50 kHz;

e 10% over the frequency range from 30 Hz to 50 Hz and from
50 kHz to 500 kHz.

Full-scale accuracy when using the external voltage
divider:

(2) % 6% when measuring peak values of rectangular pulses
having a duration from 1 to ZOO/ps and pulse duty ratio from
100 to 500;

(b) = 6/% when measuring amplitudes of sinusoidal voltages
over the frequency range from 50 Hz to 20 kHz;

s 10% over the frequency range from 40 Hz to 50 Hz and irom
20 kHz to 50 kHz;

e 15% over the frequency range from 30 Hz to 40 Hz and from
50 kHz to 500 kHz.

5. Variations in the meter reading during measurement
of rectangular pulses having pulse duty ratio from 100 to 2,
do not exceed +7%; when measuring rectangular pulses having
duty ratio firom 500 to 2500, do not exceed ~4%. By using the
corrections in the curve given in this operations instructions
manual, it is possible to measure pulse voltages having duty
ratio up to 5000 with an additional error not exceeding 2 6%,
while with the voltage divider the additional error is *0z.

6. The variation of meter readings as caused by changes
of the ambient air temperature from +20 t5°C to any tempera-
ture over the temperature range of -10 to +40°C, does not
exceed ¥3% for each 10°C change of temperature.

7. Variation of meter reading as caused by changes of
the mains supply voltage from 220 V by 310%, does not exceed
t2%. .

8. The input resistance of the probe as measured at
frequencies of 1000 Hz and 500 kHz is not less than 1 M&,,in-
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put resistance of the external voltage divider at a frequency
of 1000 Hz is not less than 1 M - 10% and at a frequency
of 500 kHz not less than 700 k&.
9. The input capacitance of the probe is not more than

11 pF, and that of the external voltage divider not more than
6 pF.

10. Mains power consumption not more than 100 VA.

11. Dimensions of apparatus 328x250x211 mm.

12. Weight not more than 9 kg.

III Accessories of the Apparatus

The full set of the apparatus is as follows:

Eg?' Item, type, Spare parts gg:g'

v 15 The millivoltmeter B4-3 with an installed
set of vacuum tubes

2s Spare parts kit
a) Voltage divider 1:100
b) Connecting cables
¢) "Alligator" clips
d) Probe grounding clamp

e) Contact plate for soldering the
grounding cable 2

f£) Lugs for soldering the probe to the
circuit being measured &

g) Holder for fastening the probe to the
case

h) Couplers for connecting the probe
i) Plug tor connecting the probe

j) Socket for connecting the probe
k) Fuses, type [IM-0.5

1) Pilot lamp, type MH-I4

3 Acceptance certificate, description and
operations instructions

- S W 5 S SR YR ¥
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-
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IV Pranciple of Operation

The circuit of the apparatus (refer to Fig.1) consists
of the following basic sections: the extension probe using a
cathode follower, attenuator, three-stage wide-band video-
pulse amplifier, peak-voltage detector and d.c. amplifier
coupled to a microammeter, calibration voltage generator,
power supply arrangement and the detachable voltage divider.

VIDEO-PULSE|_|PEAK-VOLTAGE 0.c.
AMPLIFIER DETECTGR MPLIFIER|

} | )
!

PROBE AT TENUATOR|

CALIBRATION
VOLTAGE POWER SuppLY
GENERATOR

Fig. 8. Block Diagram of the B4-3.

The Probe

The circuit of the probe comprises a cathode follower
having a voltage gain of approximately 0.85. A type 6XSII
vacuum tube, connected as a triode, is used in the probe
circuit. The voltage drop used as the grid bias voltage is
taken across the resistor R, in the cathode circuit of the
tube. A capacitor 01, rated as a working voltage of 500 V, is
employed in the input circuit of the probe to permit meas-
urements of alternating voltages superimposed in direct cur-
rent. The entire circuit of the probe is assembled in a cy-
lindrical metal casing. It is coupled to the amplifier cir-
cuit through a shielded multiwire cable.

The Attenuator

A six-position stepped attenuator is used in the appa-
ratus. The resistors are made of wire wound on mica slabs.
The input resistance of the attenuator is 12004. The voltage
divider is connected to the cathode of the VT1 tube through
the blocking capacitor'cz.
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The Video-pulse Amplifier

The voltage from the attenuator is applied through the
blocking capacitor 03 to the grid of the first tube of the
amplifier. Resistance-capacitance coupling is used in the
amplifier. The necessary freguency response compensation at
high frequencies is provided by a variable inductor "L" in-
serted into the anode circuit of the vacuum tube VT.,.

The amplifier consists of three stages using type 6XK9ll
vacuum tubes. It has an overall voltage gain of approximate-
ly 5,800. Negative current feedback is utilized in the ampli-
fier to ensure necessary gain stability. The negative feed-
back circuit involves all three amplifier stages (resistor
R16 is used in the cathode circuit of the VT, and VT, ).The
capacitor 013 is used to correct the amplifier transient re-
sponse when measuring pulse voltages. The capacitor C1a is
used to correct the frequency response of the amplifier.

The Peak-voltage Detector and Direct-current
Amplifier

The amplified voltage is applied through C’l'l’ R2,7 to
the peak-voltage detector. The detector uses a type 6X2[-E
dual diodes (VTS)' Both halves of the diode are connected in
parallel. The diode load resistor R28 is connected in the
cathode circuit. when measuring pulse voltage of the positive
or negative polarity the voltage to be measured is applied to
either the cathode or anode of the diode through the polarity-
selector switch. The detector circuit is thus switched to a
parallel or series circuit respectively.

The push-button switch SW, connects the resistor R29,
which decreases the detector circuit discharge time constant,
to speed the meter pointer return to the zero marking after
the measured voltage has been disconnected from the input.

The rectified voltage developed across the detector
load resistor 328 passes through the filter RBO 015 to the
grid of the d.c. amplifier vacuum tube VI . The filter R3OC15
serves to exclude alternating voltage from reaching the
grid of the tube V’l‘6 during a parallel connection of the de-
tector circuit.
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The d.c. amplifier uses a type 6H2Il double triode
vacuum tube connected in a balanced circuit with the load
connected in series with the cathode. A type M-94 microam-
meter having a current sensitivity of 100/«A is connected,
between the load resistance (R31, R32, R37, R38) comprised
of two arms.

Variable resistors R34 and R are provided for adjust-
ing the apparatus sensitivity. The shaft of the potentiome-
ter R,, is available on the front panel as a screw head for
calibration of the apparatus.

The potentiometer R40 control knob inscribed "O AD-
JUST."™ is located on the front panel.

The Calibration Voltage Generator

The calibration voltage generator uses a RC - circuit
coupled to a voltage limiter and voltage divider. The gene~-
rator uses a type 6H3Il vacuum tube (VI, ;). A frequency-de-
pendent positive feedback voltage is applied to the grid of
the 1-st half of the tube VI, , through the network R, ,,
02_1, 32_2, 02_2. Negative feedback voltage is supplied
through the potentiometer R2_3 to develop an output voltage
having a sine-wave form. The frequency of the generated volt-
age is about 1000 Hz.

From the output of the generator the voltage passes to
a diode voltsge limiter, consisting of two type /808 di-
odes (02_1 and D2_2) connected back-to-back in series with
opposite current—-conducting polarities. The type [2E diodes
(D2-3 and D2_4) are used for temperature compensation.

The levelled voltage has an approximately square wave-
form. It is applied through the voltage divider 32_11,32_12
and R, 44 to the output terminal socket "8y

The amplitude of the output voltage is equal to 10 mV.

The Power Supply

The apparatus anode and heater circuit voltage are
supplied through the power transtformer Tr from an a.c. mains.
The anode voltage rectifier uses type J[7-K diodes (D3_1 -
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- D3-8)' It is stabilized by the type CI'IIl gaseous voltage
stabilizer.

The heater voltage of the tubes VT,1 and VT2 is supplied
from a diode rectifier D1 - D4 to reduce the hum level, The
heater voltage of the tubes VTﬁ, VI, and VT, is stabilized
by the type CT2C current stabilizer ballast tube.

‘he Detachable Voltage Divider

A detachable voltage divider having a voltage division
ratio of 12100 is connected to the probe input during voltage
measurements from 1 V to 100 V. It consists of series con-
nected resistors with a capacitive frequency response compen-

sation circuit.

V Construction

The apparatus is assembled on a vertical metal ranel
and horizontal chassis, all enclosed in a metal cabinet. The
chassis can be removed from the cabinet by using the two
handles fastened to the front panel.

The layout of the front panel is as follows:

a) knob for switching the measurement ranges inscribed

in millivolts to indicate each respective ranzge:

b) grounding terminal post;

c) sensitivity control (provided as a screw-head);

d) polarity-selector switch knob;

e) zero adjustment knob "O ADJUST';

f) calibration generator output voltage socket;

g) microammeter;

h) pilot lamp under the trade mark;

i) discharge push-button switch "DISCHARGE";

j) mains switch "ON";

k) mains fuse holder;

1) probe support.
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VI Procedure of Operations

Before switching the power supply on, the pointer of
the microammeter must be adjusted to zero by means of the
mechanical zero corrector.

After switching the power supply on, let the appara-
tus warm up for 15 minutes. After this, short circuit the
probe input terminals, and by turning the knob "0 ADJ." ad-
just the pointer to the zero marking.

Should it be desirable to check the sensitivity, in-
sert the probe into the calibration voltage socket. Turn
the measurement range switch to the position inscribed "10
nV", Next, turn the polarity-selector switch to the posi-
tion inscribed "JL" or " /\J ", Observe to ascertain that
the meter pointer reads 10 mV., The sensitivity can be adjust-
ed by turning the screw-head control inscribed "10 mV CALI-
BRATION",

After doing this, the apparatus is ready for use.

During measurements of voltages across inductive
loads, possible generation may occur at frequencies higher
than the rated range. Besides, interfering voltage may be
induced at the input; this is especially noticeable when
measuring low voltages. Therefore, during measurements it
will be necessary to check the absence of stray potentials.
This can be done, leaving the measuring circuit unchanged,
by switching off the source of the voltage to be measured
(for example, switching off the anode voltage of a signal
generator, etc.), after which, observe for the absence of
interfering voltage.

During measurements in circuits carrying a d.c. compo-
nent, it should be remembered that the input blocking capa-
citor is rated at 500 V.

Note s:

a) during measurement of voltages having a frequency
similar to that of the mains supply, differences in the me-
ter readings may be observed (up to 32%) depending on the
polarity of the mains cord plug connection. To obtain a
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more accurate result, in such cases it is recommended to
evaluate an arithmetical mean of the two readings got after
interchanging the connection polarity of the mains cord plug;

b) since the time constant of the detector circuit is
large, the meter pointer returns very slowly to its zero po-
sition. A quick return of the pointer is obtained by press-
ing the push~button discharge switch inscribed "DISCHARGE";

¢) when it is necessary to set the pointer to the zero
marking immediately after disconnecting the voltage, it will
be necessary to repress the discharge push-button "DLSCHARGE"
as a charge accumulates on the plates of the capacitor 012
owing to the polarization of its dielectric;

d) intense impulsive variations of the supply mains
voltage may affect the apparatus causing abrupt meter poin-
ter deflections. Such interference may result in difficul-
ties to adjust the electrical zero and cause an excessive
measurement error;

e) the amplitude of the negative half-cycles of the
calibration generator output voltage is not exactly equal to
10 mV, Therefore, the calibration of the apparatus should
not be made by using the negative pulses of the calibration
generator.,
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VOLT-OHMMETER
BK7-9

Depcreiption

The model BK?7-9 volt-ohmmeter has been designed to meas-
ure d.c. voltage up to 500 V on the following ranges of 0.3,
1,. 3, 107 30,1005 300 @nd 1000V,

Alternating voltages up to 1000 V can be measured on the
ranges 1, 3, 10, 30, 100, 300 and 1000 V over the frequency
range of 20 Hz (c¢/s) to 700 MHz (ilc/s). Resistance can be
measured from 10% up to 1000 MSe.

#hen using the type [i-l voltage divider supplied by spe-
cial order, the direct voltage measurement range can be ex-
tended up to 20 kV.

The operating conditions .of the apparatus comply with the
requirements of the 3t.Standard 9763-61 IV group and are as
follows:

a) ambient air temperature from =30 to +50°C;

b) relative air humidity up to 955 at a temperature of

+25°C;

¢) mains power supply voltage 220 V 3105 at 50 % 0.5 Hz

or 115/220 V 3% at 400 Hz =34 .... +74;

d) absence of sudden changes of the mains supply voltage;

e) absence of mechanical vibration and powerful steady or

alternating magnetic fields.

The apparatus is ready for use after allowing 15 minutes
for warming up.

II Technical Data

1. The basic (intrinsic) error expressed as a percentage
of the maximum value of the scale effective range does not
exceed:

a) ¥2.5% when measuring direct voltages;

b) fu.o% when measuring alternating voltages with the low

frequency input over a frequency range from 20 Hz up
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to 1 MHz on the 1, 3, 10, 30, 100 V measurement ranges
by using the frequency response corrections curve

Fig. 10;

26% when measuring at frequencies from 20 Hz up to 2kHz
on the 300 and 1000 V measurement ranges;
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Fig. 10,
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c¢) when measuring alternating voltages with the high fre-
quency probe
1'4% on a frequency range from 20 kHz up to 100 MHz;
6% - at frequencies from 100 MHz up to 700 MHz by
using the frequency response corrections curve Fig.11;
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d) when measuring alternating voltages, by using the high--
frequency probe and the type JlH-2° voltage divider,
¥e% at frequencies from 20 kHz up to 300 MHz;

% at frequencies from 2 kHz up to 20 kHz by using

the frequency response corrections curve Fig.12;
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e) when measuring resistance expressed as a percentage
of the length of the scale, t2.5% on the measurement
ranges,
x10082; x1kQ; x10kS; x100kR; MO ; X1OMK;
¥4,0% on the measurement range x100 M&2.

2, Variations of the instrument indication, caused by
changes of the ambient air temperature over the range from
+20 ¥5°%C to -30°C and up to +50°C, do not exceed V2 of the
basic measurement error of the apparatus for each 10°C
change of temperature.

3. The input resistance is not less than:

15 M§) when measuring direct voltages;
3 M 82 when measuring alternating voltages, at a
frequency of 1000 Hz;
50 k&) when measuring with the probe at a freguency
of 100 MHz;
100 k £ when measuring with the type J[H-2 voltage di-
vider at a frequency of 100 MHz.

4, Input capacitance of the apparatus does not exceed:
20 pF when measuring with the low-frequency input; 1.8 pF
when measuring with the high-frequency probe; 4.0 pF when
measuring with the [H-2 voltage divider.

5. Mains power consumption of the apparatus does not
exceed 26 VA.

Dimensions 313x226x135 mm.

The dimensions of the case containing the type AH-I
voltage divider and type TI-2 ™I"-connector - 353x240x115mm.

Weight of the apparatus -~ not more than 6.0 kg.

III Accessories

Each apparatus is supplied with the foilowing accesso-

ries:
g;a. Item, type, spare parts 3?:;'
1. The type [H-2, 1:10 voltage divider 1

2., Type [-I high frequency probe 1

3% The earthing ring of the high-freguency prebe 1
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gga. Item, type, spare parts ggi;'
4, Connections cables with plugs 3
b 19 Test probe for measuring in high-frequency
circuits 1
6. Multi-purpose test probes 2
e Spare fuses, type [lil-0,5A 4
8. Lugs 4
9. Spare type MH-14 pilot lamp &
o4 Acceptance certificate, description and
operations instructions manual
g Spare type 6JlI3]] diode 1

The type IH-I voltage divider, designed to extend the
direct voltage measurement range to 20 kV and the 7552 T-
coupler with a built-in diode, can be supplied with the appe-
ratus by a special order.

The detailed descriptions of the above items are  sup-
plied with these accessories.

IV Principle of Operations

The circuit of the apparatus consists of the following
basic units:

a) the high-frequency probe;

b) the low-frequency diode rectifier;

c) the d.c. amplifier with the microammeter coupled to it.

d) the ohmmeter circuit;

e) the power supply unit;

£) type -2 voltage divider used with the high-frequency

probe.

The High-freguency Probe

The extension high-frequency probe is designed for meas-
uring alternating voltages directly at the source of the
measured voltage. A type 61121 VT, high-frequency diode is
used to rectify the measured voltage. The rectifier is as-
sembled in a parallel circuit having an input blocking capac-
itor C1.
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The applied voltage charges the input blocking capaci-
tor C1 to an amplitude value of the measured voltage.

The discharge current holds the voltage at a constant
value across the rectifier load resistor R4 during the nega-
tive half cycles of the sinusoidal voltage. The miniature di-
mensions of the capacitor C, and the resistance Ry provide
a small input capacitance of the probe, thus decreasing the
error due to the frequency response irregularities. The probe
frequency response error is dependant on the frequency.
The frequency response correction curves given in figures 2
and 3 should be used when performing measurements.

The Low-frequency Diode Rectifier

The low-frequency diode rectifier is designed for meas-
uring alternating voltages over the frequency range of 20
Hz to 1 MHz. The input terminals of the rectifier are avail-
able on the front panel of the apparatus. The circuit of
the low-frequency rectifier is similar to that of the high-
frequency rectifier. The blocking capacitor 06 has a 1afge
capacitance equal to O.O15/4F. .

For measuring voltages exceeding 100 V (ranges 300 and
1000 V), the low-frequency rectifier is provided with a
voltage divider consisting of the resistors R3, Rq, R5’ RS’
R7 and the rectifier input resistance Ri.

The frequency range on these measurement ranges is
from 20 Hz to 2 kHz.

Capacitors 03, C,+ and G5 are used for correcting the
frequency response irregularities.

When measuring alternating voltages, a compensation
voltage of about 0.5 - 1.2 V is applied to the input of the
amplifier to compensate the initial current of the diodes
V'l‘1 and VT,. This voltage is taken from the voltage divider
338’ RQO’ connected to the output of the electronic stabi-
lizer used to supply the heater voltage of the diodes and
first vacuum tube of the amplifier. Potentiometer R3 is
for adjusting the value of the compensation voltage within
the limits needed to set electrical zero.
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The D.C, Amplifier and Microammeter

The d.c. amplifier uses a balanced circuit, assembied
around two double triodes VT3 and VTu. This circuit differs
from conventional circuits in that that gaseous voltage sta-
bilizer tubes VT5 and VTG are connected in the cathode cir-
cuits of the second amplifier stages., Such an arrangement pro-
vides high stability of the amplifier operation without using
special high tension stabilizers. The entire amplifier is in-
volved in a negative feedback circuit, i.e., the total output
voltage is applied to the input in series with the input volt-
age. Balancing of the bridge, that is, the setting of the
slectrical zero is accomplished by adjusting the potentiome-
ter Ra9’ the knob of which is available on the front panel of
the apparatus,

During measurements of direct voltages on the ranges 0.3,
1 3 10, 30 V, the measured voltage is applied to the first
grid of the second triode of the vacuum tube VT3.

The input voltage divider consisting of the resistors
R10 to By, provides an input resistance of 16,56 M2 for all
the dfrect voltage measurements ranges,

When measuring on the ranges 100, 300 and 1000 V, the
applied voltage is attenuated 3.3, 10 or 33 times respective-
ly, so that the maximum voltage applied to the grid of the
vacuum tube VT3 triode does not exceed 30 V, A type M1690
microammeter having a sensitivity of 100 /;A for a full-scale
deflection is used for the indication of the measured voltage.

The following resistive networks are used to set the
scale end limits accurately on the respective ranges:

The shunt R58 and RGO oconnected to an arrangement of
resistor multipliers 329 to R32 for the direct voltage meas-
urement ranges, R,, to R,g, R33 and R34 for the alternating
voltage ranges and R35, 336 for the ohmmeter measurement
ranges.

The Ohmmeter Circuit

The ohmmeter circuit of the model BK7-9 consists of a
vacuum tube voltmeter, a set of precision resistors 315 to
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R21 and a source of measurement voltage. The electronic
stabilizer supplying heater voltage to the first tube of the
amplifier and the diodes is used to supply the voltage of
the ohmmeter measuring circuit.

The principle of resistance measurements is as follows:

The unknown resistor Rx to be measured is connected in
series with the precision resistors R15 to Ryy, to the
source of measurement voltage. The value of the measured re-
sistance is inversely proportional to the voltage across the
precision resistor connected to the input of the d.c. ampli-
fier.

The electrical zero of the ohmmeter is adjusted by turn-
ing the potentiometer 335 with the input terminals of the ohm-
meter short-circuited.

The Power Supply

The power supply unit of the apparatus consists of a
transformer Tr1, a half-wave rectifier D3 used for supplying
the plate circuits of the d.c. amplifier and a transistorized
voltage stabilizer. This stabilizer supplies the heater
voltage to the first amplifier tube and diodes, Likewise,the
stabilizer provides the measurement voltage for the ohmmeter
circuit and voltage for compensating the initial current of
the diodes. :

The triode T1 transistor is used as the regulating ele-
ment of the stabilizer. The potentiometer RhS is to be wused
to adjust the operation voltage conditions of the stabilizer.
The potentiometer 342 is used to adjust the stabilizer out-
put voltage.

The High-frequency Probe Voltage Divider [H-2

The voltage divider [H-2 1is designed as a separate
unit which can be inserted on the probe. Both of the voltage
divider arms are of a capacitive type.

The upper arm of the divider consists of a variable ca-
pacitor, the capacitance can be varied by turning a screw to
change the width of the gap between its plates. One of the
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plates of the lower capacitor is connected with the body of
the divider. The voltage divider is to be grounded during
measurements,

Division ratio of the voltage divider is 1:10.

The model BK7-9 volt-ohmmeter consists of two units.
The first is comprised of the front panel rigidly fastened
to the side walls, assembled of the circuit components and
associated circuity.

The second unit is a hinged inverted L-shaped panel
supporting a transformer and a printed circuit board. All of
the tubes and miniature components used in the d.c., amplifier
and electronic stabilizer are also mounted on this board.

The inverted L-shaped panel is fastened to the side walls
with screws after the apparatus has been adjusted.

The keyboard type function switch and measurement range
selector are mounted on the front panel of the first unit.

Most of the resistor multipliers used with the microam-
meter are fastened to the printed circuit mounted on the meas-
urement range selector switch.

A block of the capacitors 010 and a plate mounted with
the type IlIll resistors are rigidly fastened to the lower
end of the side wall at the bottom of the apparatus.

The following items are located on the front panel:

a) microammeter M;

b) knob of the range selector switch SW, 5

¢) keyboard of the function switch SW2 to SWg;

d) input terminal posts 1T, - IT7;

e) ground terminal GT;

£) knobs of potentiometers used for setting the electri-

cal zero during measurements of direct and alternating
voltages;

g) slotted shaft end of the potentiometer used for set-

ting the electrical zero during resistance measure-
ments;
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h) receptacle ror counecting the high-frequency probe;
i) fuse holder;

j) mains supply on-off switch;

k) pilot lamp.

The apparatus has hinged leg supports, resting on rubber
cushions, which can be placed in the position providing the
most comfortable operation position.

OCperation Ins tranotionsg

NI Safety Measures

It is recommended that the measurements should be made
only with a grounded apparatus. When using the [H-I voltage
divider, the safety grounding must be connected to three
points of the measurement circuit:

a) to the frame of the voltage source being measured;

b) to the body or the safety ring of the voltage

divider;

¢) to the ground terminal - of the voltmeter

BK7-9; y

All rules of safety precautions must be adhered to when
making measurements of voltage exceeding 1 kV with the JH-I
voltage divider,

The measurements must be made using rubber safety mats
and gloves,

When using the type [H-2 voltage divider for a.c.meas-
urements, it is forbidden to connect the voltage divider to
the probe or to disconnect it when a voltage has been applied
to the voltage divider, Measurements of direct voltage across
a grounded source must be made with the probe being discon-
nected,

VII Operation Peculiarities

Attention!

1. When using the apparatus it should be remembered
that by pressing in all of the key switches at one time dam-
age can be caused in the apparatus.
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2. To avoid damage to the apparatus during measurements
of alternating voltage when using the low-frequency input,
when the apparatus and measured voltage source is grounded,
it will be necessary to be certain that the ground terminal
of the source of voltage is connected to the common ground
terminal (the extreme right-hand terminal) of the voltmeter
BK7-9, while measuring with the probe the casing is grounded.

3. Both direct voltage input terminals are insulated from
the chassis of the apparatus. This permits measurements to
be made of direct voltage between any points of the circuit
under test, without disturbing normal circuit operation, pro-
vided the potential at the point of measurement does not ex-
ceed 500 V in respect to the chassis.

4, When measuring resistance a direct voltage up to six
volts is applied to the measured resistance.

5. To check the mechanical zero of the indicator ins-
trument during the process of measurements, it is not neces-
sary to switch off the instrument. Just leave the key switches
in the "OFF" position and proceed with the adjustment.

The apparatus can be operated in a horizontal position.
However, the mechanical zero of the instrument should be
checked and corrected when necessary.

6. The apparatus can be supplied from a 115 V voltage
supply only if the frequency is 400 Hz.

Before switching the apparatus to the supply mains, the
ground should be connected to the terminal post :é: .

Next, check the correctness of the fuse in the position
corresponding to the mains power supply voltage. The fuse-
holder must be set in the position where the value of the
required power supply voltage is visible in the window of
the holder. No other switching is required when changing to
another supply voltage frequency.

Connect the mains supply cord to the mains socket and



switch on the apparatus by setting the toggle switch to the
position "ON". The switching is evidenced by the lighted pi-
lot lamp.

After allowing 15 minutes for warming up, the range se-
lector switch is to be set to the position "0.3 V", the key
"U+" pressed in, and the pointer of the meter adjusted with
the knob "ADJ.O" to the zero marking on the scale "X V", After
this, set the range selector switch to the position "1 V",
press the key "U~ " and set the pointer of the meter to the
zero marking on the " ~1 V" scale, by means of the knob
"ADJ.O ~1 V", Before setting the electrical zero, the terminal
posts "X0,3 - 500 V" and " A1 - 100 V" should be short-circuit—
ed, After this the apparatus is ready for operation.

The test lead probes supplied with the apparatus should
be used when measuring direct voltages. The special probe en-
closing a series resistor is intended for measuring direct
voltages superimposed in high-frequency circuits, for example,
in inductive coil circuits. To decrease the effect of the hand
on the circuit inductance, the probe should be held far away
as possible from the probe test prong. The additional measure-
ment error when using the test probes is approximately 2%.

‘Before performing direct voltage measurements by using
the type IH-I voltage divider, the ground wire from a switched
off source of voltage being measured is to be connected to the
wire connected to the safety ring of the voltage divider.

Measurements of the other voltage polarity can be made
by applying the prong of the voltage divider directly at the
point of measurement or by connecting the hook attachment of
the divider (with the source of measured voltage being switched
off before making the connections).

During measurements with the voltage divider, the ground-
ing wire must be connected to the safety ring regardless of
the grounding made to the voltmeter chassis.

The grounding wire must be reliable, since its failure
may fatally endanger the operator's safety.

The supplied test lead probe described above can also
be used during measurements of alternating voltages at low
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or audio frequencies. Measurements of voltage at high
frequencies should be made with the high-frequency probe,
which is rated for a maximum voltage of 100 V.

The nominal frequency range as rated in the technical
specifications is valid only when high-frequency voltage is
applied directly to the probe input. When changing over from
measurements of direct voltage, resistance, or a.c. voltage
with the low-frequency input to measurements with the H.F,
probe, or during changes from measurements with the H.I'. probe
to the low-frequency input, it will be necessary to allow 1
minute, so that the respective diodes can warm up.

The frequency response of the apparatus at high fre-
quencies is different for each measurement range.

The frequency response curve in Fig. 11 gives the correc-
tion "k" to be used. The correction "k" should be multiplied
by the measured value obtained at a corresponding frequency
of the voltage being measured and the respective range and
scale used.

The frequency response correction of the probe used with
the voltage divider /[H-2 is shown in Fig. 12, while Fig. 10
gives the low frequency response correction of the apparatus
used by applying the voltage to the low frequency input ter-
minal.

Measuring with T-coupler

. By a special order, the model BK7-9 can be supplied with
T-coupler having a 75 £ impedance and provided with a built-
in diode. The T-coupler is connected to the apparatus by
means of a connector. The T-coupler is inserted into the gap
in a transmission channel by means of connectors. The SWVR of
the T-coupler at frequencies up to 700 MHz does not exceed
1.3. Knowing the SWVR of a transmission line in which the
T-coupler is used for measurements, the maximum error of
measurements due to the SWVR can be evaluated by the formule:

E = (k-1)-sin %1 . 100%
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where k - the standing-wave voltage ratio (SWVR),

1 - electrical length between the point of connection
of the voltmeter and the point of connection of
load,

A - wave length on which the measurement is carried out.

Resistance Measurement

To measure resistance, press the key inscribed "rx" in-
ward, next, set the range selector switch to the required
measurement position. Continue by turning the knob inscribed
"ADJ.®" and set the instrument pointer to the marking "oo"
(infinity) on the scale " )" (resistance). Short-circuit the
input terminals inscribed "rx" and by turning the screw-head
inscribed "ADJ.O", set the instrument pointer to the Zero
marking of the scale "SL". After this has been done, connect
the resistance to be measured and read its value on the scale.
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THE ELECTRONIC TERAOHMMETLR
E6-3(MOM-4)

Demeription

The portable electronic teraohmmeter E6-3 (lCM-4) is de-
signed for measuring electrical resistances. When using addi-
tional measuring electrodes, the E6-3 enables measuring of
electrical volume resistivity and surface resistivity of in-

sulating materials.
The operating conditions of the instrument correspond te
the St.Standard (GOST) 9763~61 II group (see B3-2A).

IT Technical Data

1. Resistances can be measured with the teraohmmeter from
2 kiloohms up to 100 teraohms on the following nine measure-
ment ranges:

1) k&K 6) GRx10
2) MQx1 ?7) GRx100
3) MRx10 8) TRx1
4) MQx100 9) TRxX10
5) GRx1

2. Error of measurements in normal operating conditions
over the ranges of k2, Mf?x1, M2x10, M$2x100,

GRx1 does not exceed %1.5%,
on the range GQx10 £2.5%,
on the range G x100 t10%,
on the range TRx1 *10%,
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and on the range T x10 *20%
for a full-scale reading.

The accuracy is not guaranteed on the scale section of
2 kto 10 kf2(on the k range scale) and on the scale section
of 10 T2 to 100 TSA(on the T x10 range scale).

3. Measuring voltage 105 V.

4, The teraohmmeter operates from the a.c. mains, voltege
220 V ¥10%, frequency 50 0.5 c/s.

5. Power consumption 40 VA.

6. Dimensions 315x220x210 mm.

7. Weight 7 kg.

III Principle of Functioning

The resistor being measured is connected to a calibrated
resistor of known resistance value, to form a voltage divider,
which is linked to a source of stabilized voltage. In the
voltage divider network this voltage is divided correspond-
ingly and then applied to the input of an amplifier. The
value of measured resistance is determined by direct reading
on the scale of a pointér instrument connected to the output
of this amplifier.

IV Circuit Description

The circuit of the teraohmmeter is composed of three
basic parts:

a) the input voltage divider;

b) the direct-current amplifier;

¢) the power supply.

The Input Voltage Divider

The input voltage divider of the teraohmmeter consists
of the resistor being measured R,, and the calibrated resist-
or R _. '
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The teraohmmeter E6-3 has ten calibrated resistors R,
to R10’ which may be switched over and correspond to the
nine measurement ranges.

The input divider is connected to the input of a direct-
current amplifier involving high values of negative-feed-
back (refer to Fig.14).

+ A

Fig. 14.

A considerable error is registered, when measuring re-
sistance values of 1012 to 1014 ohms, which are comparable
with those of the insulation resistance. To eliminate this
influence, the insulation resistance is reduced to the unit
value of Rins by using circuit facilities.

This is achieved by mounting all components of the unit
A on a plate, which is equipotential to the point B of the
circuit (refer to Fig. 14).

High values of negative-feedback are applied in the en-
tire amplifier. This is necessary owing to the following rea-
sonss

a) it increases the stability of the zero reading;

b) it stabilizes the gain of the amplifier:

¢) it compensates power losses due to the insulation:

d) it minimizes the influence of the grid current on the

error of measurements.
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The items a) and b) above are common for all amplifiers
employing negative-feedback, and, therefore, need no further
explanation.

As a result of the applied negative-feedback, the volt-
age on the insulation resistance, when measuring, decreases
‘almost to zero. This is equivalent to the raising of the
insulation resistance to infinity. In reality, however, cer-
tain minor effect of the residual insulation resistance Rins
will remain.

The negative-feedback decreases the signal between the
grid and the cathode of the first stage tube. The low value
of the grid signal, likewise, provides a small drift from
the zero point of the grid current, i.e. its value is small.

In accordance with that mentioned above, the value of

the measured resistance is determined as follows:
g B
0:'Q
RX=U -Rc
c

where all designations are clearly shown in Fig.14.

The Direct-current Amplifier

The direct-current amplifier consists of two stages. The
voltage to be measured is obtained from the input divider
and is applied to the input of the first stage. The first
stage (VTq) uses a balanced circuit with resistive cathode
coupling. The balanced circult with resistive cathode coupl-
ing provides necessary stability of the amplifier's zero
reading.

When measuring high resistance values, the current in
the measuring circuit is of the order
. 102 -12

2 ° = 10712 4,
Tneas e i 3ath

From this it is evident, that the first stage must ope-
rate in a condition of low grid current values, so that the
results of the measurements will not be distorted. The low
grid current is ensured by selecting a type of vacuum  tube
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(6H3M) having stable grid characteristics, and applying pro-
per grid bias to reduce the grid current to zero.

The low grid-current conditions are selected by varying
the anode supply voltage (by turning the potentiometer R12).

If the operating conditions of the amplifier's first
stage have been selected correctly, the drift of the balance
will not be observed on switching over the measurement ran-
ges, in other words, the presence of the input signal will
not be registered.

The second stage of the amplifier, likewise, consists of
a type 6H3[l double triode using a balanced circuit ofcathode
follower with a common cathode resistor. By using the balanced
circuit better operation stability is obtained; the cathode
follower provides necessary matching of the amplifier to the
low-resistance load - the type M-24 (M94) microammeter.

The germanium diode D, is used to protect the micro-
ammeter from overloading when the input terminals are short-
circuited. In normal conditions the diode has a negative bias
which changes its polarity when overloaded. In result of this,
the diode will shunt the microammeter.

The potentiometer R29 is used for rough, and potentio-
meter R15 for fine adjustment of the balance ("YcTaHOBKa 0o")
(oo Adjustment). The potentiometer R18 is used for rough, and
potentiometer R21 for fine adjustment of the amplifier sensi-
tivity ("Ycranosxka 0,I")(0.1 Adjustment).

The Power Supply

The power supply of the teraohmmeter consists of a trans-
former, filament current regulator, and two stabilized recti-
fiers.

The filament current for the type 6H3Il vacuum tube is
stabilized by a type 0.85B5.5-I2 barretter.

The stabilized rectifiers use the type 7K germanium
diodes operating in a half-wave rectifier circuit.

One of the rectifiers with type CI4C gas-filled voltage
regulator -tube has voltage output 150 V, and is used as
amplifier's anode voltage supply.

63



The other rectifier with type CI'3C gas-filled voltage
regulator tube has voltage output 105 V, and is used as the
voltage supply of the input voltage divider.

V Construction of the Instrument

The teraohmmeter E6-3 is assembled an a horizontal chas-
5is and a vertical front panel, and is enclosed in a metal
cabinet having a carrying handle.

The 1layout of the front panel of the instrument is as
follows:

1. Terminals for connecting the measured resistor R, .

2. Terminals for connection to the compensation voltage

and chassis of the instrument.

3. Measurement range switch.

4, Microammeter.

5. "oo" adjustment potentiometer.

6. "0,1" adjustment potentiometer.

7. Fuse with a fuse holder.

8. Power supply receptacle.

9. Power supply switch.

10, Pilot lamp.

The layout on the horizontal chassis is as follows. Two
type 6H3Il vacuum tubes: one type CI'3C and one type CI'4C
gas-filled voltage regulator tubes: one type 0.85B5.5-12
barretter; power transformer; electrolytic capacitors and
other necessary components.

N o t e: The potentiometer R29 is placed so that it can

be adjusted through the hole at the bottom of
the instruments cabinet.

* VI Operation Instructions

Check the zero reading of the microammeter: if necessary,
adjust the zero position of the pointer by turning the cor-
rector screw-head.



Switch the measurement range switch to the position
"k - KAI" (k§2-CAL). After switching on and 30-minutes warm-
up period, the ‘instrument can be used for measurements.

Leaving the measurement range switch in the "k§- KAJI"
position turn the "YcraHoBka" (Adjustment) knob for placing
the meter pointer to the sign"oo+" on the scale. After this,
short-circuit the R, terminal screws and turn the "YcTaHOBKa
0,1" (0.1 Adjustment) knob for placing the meter pointer to
the mark "0,1".

The right-hand position of the "kQ-KAI" is used for
calibration, i.e. adjustment of "0,1", only on the TS2x1 and
T x10 ranges. The left-hand position of "kR-KAJI" is used
for calibrating the remaining ranges and for measuring low-
resistance resistors by using the "kf" scale.

Turn the measurement range switch to the required po-
gition, check the position of the meter pointer, and if ne-
cessary, re-adjust the setting of the pointer to the sign
"o0". After this, the instrument is ready for measurements.

When measuring, it is necessary to take into consider-
ation that the circuit of the instrument permits grounding
one of terminal screws, the "K" or the "3" but not simulta-
neously both, as the voltage of 105 V exists between them.

The terminals "J" and "3" are at a potential of 105 V
in respect of the terminal "K".

In course of operation it may be found that more ex-
tensive adjustment of the potentiometer "YcTaHOBKA co" is
necessary.

When measuring volume resistance, the measuring ring-
electrodes are connected to the instrument, as shown in
Fig.15a, :

o
Wiz

S

Fig. 15.
65



*¢-o syg JO uweadeiq JINOILD

‘oL

*3td

C1-$5-9680 o) A 19]
Z <) bl
Yo
g@
v®
(M31A W0LL08)
SNOILOINNOD NId 3SV8 38Nl %)
z8
$74 4 *2&
9Ty
YO6E och X
e sty &mw.&
gzl
V3 =
vy
yozz|) \  we ; : i
R Sad B s Y
= &m_ —4 oty
Y
Vs LYo
2 Enes " ey
m.m 1 \..m
& & ; -
" = § { 8,
% X V%43 1~
[ i) SR § gk N [Ny
g (g Ml G R‘uT_« )
UEH9! 4
F.__A_m.\_uw We SIA |
I3y I
10/ r !
1ix [ y

wa

66



The volume resistivity ¢y can be computed from the volume
resistance Rv

Sa
2=Ry T $2 cm,
where SA - surface contact area of the electrode A, cmz,

b - thickness of the measured specimen, cm.

By using the measuring ring-electrodes, the surface re-
sistance can be measured as well. In this case the elscirode:
are to be connected as shown in Fig. 15b.

The surface resistivity

- 274
&s Rs d, AP '
los —
104 1

where R - surface resistance, £,
d1 - diameter of electrode A,
d, - internal diameter of electrode B.



THE ELECTRONIC TERAOHMMETER
EK6-7

Description

I Application

The model EK6-7 electronic teraohmmeter has been design-
ed for measuring extremely high resistance over a range from
107 up to 101752. It can be also used to measure direct cur-
rent from 10~ 1% to 10~7A and direct voltage from 10 mV to
10 V with an input resistance up to 101251.

The operation conditions of the model EK6-7 apparatus
comply with the requirements of the St. Standard 9763-61 1II
group (see B3-2A).

II. Technical Specification

1. Resistance measurement error expressed as a per-
centage of the scale effective range length:
+4% up to 1072
+6% from 1072 to 107°8;
+10% from 1077 to 10'7Q.

2. Direct current measurement error expressed as a
percentage of a maximum pointer deflection of the scale effec-

tive range:
-10

-14

+4% from 1077 to 10
+6% from 10~10 t5 10

3. Voltage measurement error is 2.5% of a maximum poin-
ter deflection of the scale effective range.
4, Power consumption not more than 60 VA.



5. Overall dimensions of the apparatus 324x250x212 mm.
Overall dimensions of test chamber 390x300x235 mm.

6. Weight of the apparatus with the test chamber less
than 15 kg.

III The Order Complement

The full set of the apparatus includes the model EK6~7
with a set of vacuum tubes installed and the test chamber,
designed as a case to fit the apparatus.

IV Principle of Operations

The measurement of the resistance is made by using the
comparison method. The unknown resistance is compared to
a standard, while the latter is connected in a circuit in-
volving a 100% negative feedback (refer to Fig.17).

- . IN s =
| + -
Rx | Ro | ch . i 1
a Am itier | «
Rels Rmeas. 5 plf S
+ : Uoutput & 4
Uy~ 3 +| GP
Fig. 17.
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The measured resistance is determined from the corre-
lation
UO-R0

R, =
Uoutput

where Uo - is the test voltage. The apparatus provides test
voltages of 1, 10, 100 and 1000 volts.
Ro - is the built-in resistance standard. The appa-
ratus is provided with the following standards
o 108, 102, 1079, 10" and 102 Q.

4 - is the amplifier output voltage. The apparatus

output
employs an amplifier having an output voltage of

0.1, 0.3, 1, 3 and 10 volts.

The guard ring potential arrangement used in the appa-
ratus reduces the effects of parasitic leakage currents on
the measurement error during measurements of resistance as
high as 107 8 .

The guard potential is taken from the output of the
amplifier. Since the amplifier is involved in a deep one
hundred per cent negative feedback circuit, its amplification
factor is practically equal to unity and the output voltage
is algebraically subtracted from the voltage at the amplifier
input, providing an insulation potential difference nearly
zero. The presence of the guard potential permits measure-
ments of low current without the need of accounting for the
voltage drop across the resistance standard when the connect-
ed source of current is applied to the input terminal (the
jack input "IN") and the guard potential terminal (jack "GP").

The circuit of the apparatus consists of the following
basic parts:

a) the resistance standard switch;

b) the D.C. amplifiers

c) the source of the test voltage U :

d) the stabilized power supply.
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The Resistance Standard Switch

This switch is designed with special attention to the
parasitic leakage currents by extensive use of the potentially
guarded plate supports and highest quality insulation. Each
resistance standard consists of three type KBM resistors. The
point of connection where each of the resistors is mounted
are under the respective guard potentials taken from the
guard potential divider. The electrometric vacuum tube en-
closed in a shield is mounted in a special compartment.

The D.C. Amplifier

The D.C. amplifier has three stages of amplification
wired to operate in a balanced circuit. Since during the
measurements of extremely high resistance, the value of the
current flowing in the circuit is of the order 10-1% A, the
first stage 'employs a type Ol-6 (VT1) electrometric vacuum
tube. The second stage operates in a circuit using a common
cathode resistor. The third stage operates as a cathode fol-
lower., In order to provide a sufficiently deep feedback, the
‘second stage uses type I2KIJ pentodes (VT, and VTs) to obtain
a stage gain factor of 200. The same types of tubes connected
as triodes are used in the third stage (VT3 and VT4). The
pointer of the indicator instrument is protected from over-
loads by a silicon diode D7.

The potentiometers R27 and R29, the knobs of which are
available on the front panel, are used for the respective
coarse and fine balancing adjustments.

The Source of the Test Voltage

The source of the test voltage providing 1, 10 and
100 volts is supplied by a rectifier assembled as a voltage
doubler circuit using the diodes D18 and D19 and stabilized
by a type CI'5B voltage stabilizer tube (VT,,). The RC filter
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comprised of R4807’ R47C6, R46C5 and 34504 smoothes the
superimposed pulsating component (ripple) in the rectified
voltage.

The source supplying the 1000 V test voltage consists of
a rectifier assembled around the diodes D11 - D17 using a
voltage multiplier circuit. The voltage is stabilized by a
type CI'302C voltage stabilizer tube VT,,. The ripple is
filtered with the RC filter consisting of R44CB' RQBCZ’

The accuracy of the voltage calibration is adjusted by
the variable resistors R62 and R65'

The Stabilized Power Supply

The vacuum tubes are supplied from an electronic volt-
age stabilizer, assembled as a cascade circuit around the
type 6H2I (VTg), 6HI4N (VT7) and 6CION (VT9) vacuum tubes.
The reference voltage is secured by the type CI'202F voltage
stabilizer tube (VTG)' The source of the stabilized voltage
has a stability factor of 4000 and provides an output of
150 V with a load current of 75 mA. The ripple at the output
of the stabilizer is no more than 2 mV.

V CONSTRUCTION

The apparatus is assembled on a horizontal chassis and
vertical front panel. The power supply pack is designed as
a separate unit. The chassis, mounted with the amplifier
circuity is isolated from the front panel, cabinet and power
pack of the apparatus.

The apparatus is supplied with a test chamber to shield
the measured object from effects of stray interference dur-
ing measurements.

The test chamber is used as a packing case of the appa-
ratus during transportation.
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VI Operating Instructions

Preliminary Operations and Resistance Measurement

If measurements are to be made of resistance higher than
101052 ,or,current is to be measured, which is less than
10~10
test chamber, supplied with the apparatus. Before beginning
the measurements, the test chamber is placed directly to the
side of the apparatus mounted with the input terminals and
it is to be fastened to the cabinet with screws.

Connect the ground terminals inscribed "1§”', of the test
chamber and apparatus with the supplied connections wire,
which is then grounded. Inside the test chamber connect the
terminal "==" and the terminal jack " =& ", "GP" or terminal

jack inscribed "Rxe", in accordance to the connections dia-

A, the object to be measured is to be placed in the

grams (refer to Figs. 18 and 19).

(o} O] R O
6P N b 3 6 N :
: i |
R R U s ReU 1l
(o] q&:— ﬁ) * O A&
+ L
Fig. 18. Measuring resis- Fig. 19. Measuring resis-
tance by using a shield tance by usi an
connected to the end isolated shield.

of the resistance.
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Next, check the zero position of the instrument pointer,
if necessary adjust the mechanical zero corrector.

Continue by placing the knob inscribed "), A  RANGE
MULTIPLIER" to the position 108: the switch knob inscribed
" 2 RANGE MULTIPLIER" to the position 1: finally, the switch
knob inscribed "£2, A, V RANGE SELECTOR" is to be placed in
the position 0,18 .

Further, connect the apparatus power supply cord to the
mains., After this, switch on the apparatus and allow it to

warm up for a period of 2 hours. To measure by using the
first positions 10% and 107 of the "), A RANGE MULTIPLIER",
it is sufficient to allow the apparatus to warm up for a

period of 30 minutes.

For the measurements of volume or surface resistance the
measuring electrodes are to be connected to the apparatus as
shown in Fig.15.

Measuring Resistance of Capacitor

Having a Leakage

The resistance of a capacitor having a leakage is re-
commended to be measured only with the ", V, A RANGE SE-
LECTOR" switch knob in the position 0,1R. In this position
the apparatus sensitivity to external interference is con=-
siderably decreased. The capacitor is connected in the same
way as the resistors. The charge of the capacitor is removed
rapidly when the "{) MEASURE" push-button knob is pressed in,
and sooner if the "O CHECK" knob is also pushed in for a short
while. After the charge is moved, it is sufficient to release
the "O CHECK" knob and read the value of the resistance on
the respective scale.

During measurements of objects possessing capacitive
reactance, for instance during measurements of resistance of
some types of leaking capacitors using a dielectric of po-
lystyrene or fluoro-plastics, having an insulation resistance
of 1072 = 10"® 8, it may be difficult to obtain a  stable
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reading. This is because they are actively subjected to the
effects of external and internal interference, while the ca-
pacitor doesn't offer any significant resistance to alter-
nating current.

In such cases, it is necessary to connect the measured
object to the common input terminal through the series re-
sistor attachment equalling 101152 , supplied with the appa~
ratus. The connections are made as shown in Fig. 20.

‘&—I SW7

o= [

Rgg J. Reer
Rl " e

GP

—OoF O

Fig. 20.

Voltage Measurements

During measurements of voltage the "§2, A RANGE MULTI-
PLIER" switch knob position shows the input resistance of
the voltmeter. The "L, A, V RANGE SELECTOR" switch knob is
to be placed in the position showing the value of the assumed
voltage.

If the positive polarity lead is connected to the common
input terminal, the "$2, A, V RANGE SELECTOR" - switch knob
should be turned to the "+" sector. Sample circuits for volt-
age measurements are shown in Figs. 21 and 22.
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9) O O
AL T
Fig. 21. Measuring voltage Fig. 22. Measuring voltage
across an insulated across a grounded
source. source.

Current Measurements

To measure current, the source of the current is to be
connected between the input terminals "IN" (common), and "GP"
The "S2, A RANGE MULTIPLIER" switch knob is to be turned to the
position showing the expected current reading. The "{2, A,
V RANGE SELECTOR" switch should be at first turned to the po-
sition +10 A. If the polarity changes during the measurements,
the indication polarity can be reversed by turning the "§, 4,
V RANGE SELECTOR" switch knob, without the need of intercon-
necting the connections wires, The voltage drop, during the
current measurements does not exceed the following values when
using the respective scale ranges:

M A =-75mV; 3 A=-25mV: 1 A - 10 nVs
0.3A - 3mV: 0.1 A~ 2mV:

Since the amplifier is coupled with an approximate 100%
negative feedback circuit, current can be only measured in
a high resistance circuit. For example, when using the range
1078 A position on the "S§%, A RANGE MULTIPLIER" switch, the
resistance of the measured circuit must be of the order of
10752: on the 1072 4 range the resistance is of the order
1088, ete.
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THE OHMMETER
E6-10

Des ¢cr i"pt4io:n

I Application

—_———————————

The ohmmeter E6-10 is designed to measure resistance on
the ranges 0.1 = 0.3 =1 =3 =10 - 30 - 100 - 300 k$2 and
1=3=10 - 30 - 100 - 300 - 1000 MS2.

The apparatus pertains to the IV group as specified by
the State Standard GOST 9763-61 (see BK7-9).

II Technical Data

1. The basic measurement error, expressed as a percen-
tage of a full deflection of the effective range of the meter
scale on the ranges 0.1 = 0.3 =1 = 3 = 10 = 30 - 100 = 300
kS and 1 = 3 - 10 MR is %¥2.5%. On the ranges 30 - 100 - 300-
- 1000 M &2 it is tagz,

The basic measurement error, expressed as a percentage of
the measured value is determined from the formula

EE + J~ -1

Ry

where R/, - measurement range,
Rm - measured resistance (of the meter pointer),

d - measurement error, expressed as a percentage of a
full-scale reading (class).

2. The voltage drop on the measured resistance is a
function of the meter scale reading. During a full deflection
of the meter pointer the voltage on the measured resistance
equals the following values:

on the range 0.1 kS2 - 0,15 V:

on the range 0.3 k2 - 0.45 V3

on the ranges 1, 10, 100 k) and 1 M& - 1.5 V3
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on the ranges 3, 30, 300 k§2 , 3 and 30 MS2 - 4,5 V:
on the ranges 10, 100, 300 and 1000 MS2 - 15.0 V.

3. Variations of the meter readings, caused by changes of
the ambient air temperature over the range from 25 *10°C to
-30°C and to +50°C do not exceed one half of the basic meas-
urements error for each 10°C change of temperature.

4, The average evaluated time of irreproachable (fault-
less) operation of the apparatus equals 1000 hours).

5. The mains power supply consumption of the apparatus
does not exceed 30 VA.

6. The dimensions of the apparatus are: 313x228x150.

7. Weight of the apparatus is 6 kg.

IIT Principle of Operation

The method used in the apparatus for measuring resistance
is based on the use of an operational amplifier, the gain of
which equals the correlation of two resistances, one of which
is the standard (refer to Fig. 24).

Rx
—

DC £
_Amplifier A Uset

a8 &
. v

Fig. 24.

The measured resistance Rx is determined by the corre-

lation R

U
L suOUd o
T e
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where Uout - amplifier output voltage,

Ro - standard resistance,

Uo - measurement supply voltage.

Since RO/Uo is a constant value, the measured resistance
is directly proportional to the value of the output voltage
and is registered on a linear scale of a meter calibrated in
units of resistance.

The operational amplifier consists of a two-stage ba=-
lanced d.c. amplifier, assembled around a type 6H2[I-B vacuum
tube V®, and type 6HI6B-B vacuum tube VI, with a type
CI'SB-B voltage stabilizers VI, and VT, connected in  the
cathode circuits of the vacuum tube VTZ'

The source of measurement voltage is supplied by the
voltage stabilizer VT,, which is also used as a component of
the circuit of the d.c. amplifier.

The heater voltage of the first d.c. amplifier vacuum
tube is stabilized by an electronic stabilizer. The apparatus
is provided with built-in resistance standards R; (1 k §2 )and
R, (1 MS2) used for calibration.

The apparatus is a portable model for use by a single
operator.,

IV Construction

The d.c. amplifier and heater voltage stabilizer are
designed as a single printed circuit panel assemblage, fasten-
ed to a "L" shaped chassis. After the necessary adjustments
have been performed the chassis is rigidly fastened to the
side walls of the apparatus.

The resistor standards R3' R4 and Rg are fastened on a
metal base insulated from the chassis. This base is under a
protective potential.

The protective potential is available under the terminal
post inscribed "P" located on the front panel of the appa-
ratus.,

The tbllo'ins parts are located on the front panel of
the apparatus:
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a) microammeter;

b) range switch knob B,;

¢) key push buttons Ba, 83, B4 for performing measurements
and calibration, inscribed respectively "MEASUREMENT"
and "CALIBRATION";

d) input terminals K, and K, inscribed "rx";

e) protective potential terminal post K3 inscribed "P";

f) ground terminal K, inscribed " :ér'ﬂ

g) knobs of potentiometers R29 and R23 for setting the
electrical zero and apparatus calibration inscribed
"0 SET"™ and "CALIBRATION";

h) fuse holder and power mains selector Bg;

i) mains switch B, inscribed "ON";

j) pilot lamp PL.

The apparatus is provided with special built-in leg
supports, fitted with rubber shock absorbers, which can be
turned to a position enabling the placing of the apparatus
at an angle, thus providing the most comfortable position
during operation.

All accessories and spare parts supplied with the appa-
ratus are placed in its cover. When cover is closed the appa-
ratus is protected from dust and moisture.

Opexation InasternuCv iIonN

V Safety Precaution Rules

Operation is recommended to be made with a grounded appa-
ratus. To connect the ground, the front panel of the apparatus
is provided with a special terminal post inscribed =%r.

It is not recommended to remove the apparatus from the
cabinet when it is connected to the mains supply. Should it
be necessary to do during adjustments of the internal control
components (for example during replacement of vacuum tubes),
utmost care must be observed such as avoiding touching the
transformer taps located at the top of the apparatus, or the

81



terminals of the capacitor 03 on the left hand side wall of
the apparatus. Similarly, avoid touching the leads of the po-
tentiometers R29 "0 SET", located from the right-hand side
wall, likewise, the printed circuit panel wiring on the movalle
wall of the chassis.

The apparatus must be switched off, when short-circuiting
or removing the resistors R28 or RBO’ and while replacing com-

ponents.

VI Preparation for Operation

Check the correctness of the fuse position, so that it
corresponds to the mains supply voltage. The fuse must be
placed in such a position that the window of the fuse holder
shows the number of the corresponding mains voltage. No other
switching is required when changing to another mains supply
frequency. Supplying the apparatus from a 115 V mains power
supply is permitted only from a source having a frequency of
400 Hz.

In order to measure the resistance of individual compo-
nents, which are not a part of some assemblage, it is re-
commended to insert the contacting device supplied with  the
apparatus in the terminal inscribed "rx",to hold the measured
component. Its use enables faster operation. To measure re-
sistance of components connected to an assemblage, apparatus
etc., it is recommended to use the probe test leads supplied
with the apparatus.

Insert the mains cord plug into the mains supply outlet
receptacle and 1lift the mains toggle switch to the position
"ON", thus switching the apparatus on. Its connection is
shown by the pilot light under the trade mark.

VII Operation Procedure

The warming-up time of the apparatus is 15 minutes. The
electrical zero of the apparatus is set by adjusting the knob
inscribed "O SET", before each measurement and recalibration.
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If measurements of resistance up to 300 k&l are foreseen,
turn the range switch to the position "1 k", press the key
push button "1 k" and calibrate the apparatus by placing the
meter pointer to the scale end position marking by turning the
knob inscribed "CALIBRATION".

Should resistance measurements of values higher than
300 k&2 be foreseen, the calibration of the apparatus is made
by placing the switch to the position inscribed "™ M&" and
pressing in the key push button inscribed 1 MS2".

After the apparatus calibration has been made, return
the range switch to the position corresponding to the pre-
sumable value of the resistance to be measured, adjust the
electrical zero. Next, connect the measured resistance to
the terminal posts inscribed “rx", after which press one of
the key push button switches "MEASUREMENT" and observe the
value of the resistance on the meter scale.

The left-hand key push button "MEASUREMENT" with the
symbol "V " is provided with a position fixer. Itsuse is re-
commended if adjustments of the measured resistance are re-
quired or during prolonged observations of the value of the
measured resistance. The other key switch "MEASUREMENT" pro-
vided with the symbol "[J" has no position fixer. It is re-
commended to be used during frequent changes of the measured
resistance, to avoid deflecting the meter pointer over the
scale extreme end position when pressing the key switch "MEAS-
UREMENT" without inserting a resistance to the terminal posts
"rx"'

During measurements of high values of resistance, the
provided insulated shield is recommended to be used by connec-
ting it to the terminal post inscribed "P". -
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THE VERSATILE ELECTRONICALLY
STABILIZED POWER SUPPLY YUII-I

The versatile electronically stabilized power supply type
YUI-I has been designed to serve as a source of regulated
direct current voltages from 20 to 600 volts, for current
loads up to 600 milliamperes and as an 1independent source
of O to 400 volts for current loads up to 5 milliamperes.
Eight unstabilized alternating voltages of 2 to 25 volts are
available.

The YUII-I is an ideal power supply for applications re-
quiring high stability and accurate voltage adjustment in
electron tube and transistor circuity, as well as for nu-
merous other purposes where an easlly available power source
can find application providing the rated technical specifi-
cations fulfil the requirements.

II Performance Specifications

1. The power supply type Yill-1 operates from a 220 V
50 ¢/s line.
2. Power consumption: 1500 VA.
3. The power supply type J{ll-I provides:
a) highly stabilized direct voltage within the range
of 20 to 600 V for current loads up to 600 mA;
b) highly stabilized direct voltage within the range
of O to 400 V for current loads up to 5 mAs
¢c) alternating voltages (unstabilized) of 2.15: 2.5
4 and 5 V for current loads up to 4 A.
12.6 and 24 V for current loads up to 2.5 A.
6.3 V for current loads up to 25 A and
6.3 V for current loads up to 10 A.
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4, With a supply line voltage variations of -15 to +5%
the stabilized output voltage of 100 to 600 V with a current
load of 600 mA and of O to 400 V with a current load of 5 mA
does not vary more than 0,5%.

5. With a load current varying from O to 600 mA and O to
5 mA, keeping the supply line voltage constant, the fluctu-
ation of the stabilized output voltage ranges of 100 to 600
and O to 400 V respectively is less than t0,5%.

6. The alternating current component (ripple) of the out-
put voltage in the ranges of 100 to 600 V and O to 400 V
respectively with a maximum current load is less than 0,1%,
while in the voltage range of 20 to 150 V it is less  than
100 mV.

7. The zlternating voltages remain within +10% of  the
nominal with an unloaded output and at %5% when totally loaded.

8. The Power Supply holds its rated specifications within
an ambient temperature range of -10 to +35°C and with a re-
lative humidity of 95%.

9. Dimensions: 480x380x280 mm.

10. Weight: approximately 45 kg.

N o t e: Should the Power Supply type JUII-I be operated
in conditions other than specified in this manual, the manu-
facturer cannot guarantee satisfactory results.

III Circuit Description

The Power Supply type JYill-I consists of three elec-
tronically stabilized rectifiers.

The first stabilizer provides d.c. voltages within the
range of 20 to 600 V for current loads up to 600 mA. The
second provides the d.c. voltages within the range of O to
400 V for current loads up to 5 mA, while the third supplies
the negative potential to the cathode of the amplifier tube
of the first stabilizer.

The stabilizers providing 20-600 V and 0-400 V are with-
out any direct electrical connection between each other.
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The stabilizer of the 20-600 V range is supplied by a
full-ware rectifier consisting of a bridge circuit of four
rectifier tubes VI,;, VT,, VT3 and VT,. This is followed by
a capacitance filter of the 10,4F capacitor C1. The voltages
for the screen grids of the eight regulator tubes VT5 to VI,,
are supplied through the filter consisting of the resistor
R1 and the capacitor 02.

The stabilizer of the O0-400 V range and auxiliary stabi-
lizer consist of conventional full-wave rectifiers, using
the vacuum tubes VT1# and VT18, followed by capacitance filt-
ers consisting of the two capacitors C6 and 010 respectively.

The Power Supply uses two power transformers: the anode
voltage transformer Tr1 to supply the rectifiers and the heat-
er voltage transformer Tr,.

The Power Supply is protected against possible short
circuits by the following fuses: F1 (7.5 A) in series with
the primary winding of the power transformer; F2 (1 A) in the
output circuit of the 20-600 V rectifiers: four fuses F3, Fu»
F5 and Fg (each 5 A) in the circuits of the 2.15, 2.5, 4 'and
5 V, fuse F7 (10 A) in the circuit of one of the 6.3 V supply
output terminals and two fuses FS’ F9 (3 A) in the circuits
of the 12.6 V and 24 V low voltages, intended for external
application through the respective output terminals. The
source of 6.3 V for current 1loads up to 25 A has no fuses.

As a safety precaution, the Power Supply is provided
with a safety switch SW,, disconnecting the primary circuits
of the power transformers when the chassis is removed from
the cabinet. The output voltage is measured with the volt-
meter M,, having a full-scale reading of 600 volts. The me-
ter is switched to the necessary voltage through the D.P.D.T.
Voltmeter Raﬁge switch Swa.rhe current drawn from the 20-600V
stabilized rectifier is measured by the milliammeter H1,
having a deflection of 0-600 mA. The current drawn from the
0-400 V stabilized rectifier is not measured.

The 20-600 V stabilized rectifier output voltage is
provided with the following voltage ranges:

1. 20-150 V.
2. 150-300 V.
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3. 300-400 V.
4, 400-500 V.
5. 500-600 V.

These ranges are obtained by switching the necessary sec-
ondary winding taps of the anode power transformer to the
anodes of the rectifier tubes and the respective resistors of
the output voltage divider.

Smooth adjustment of the voltages on each voltage range
is done by turning the variable resistor Rsa,which varies the
grid bias of the amplifier tube VT,;.

The 0-400 V gtabilized rectifier output voltage is pro-
vided with the following voltage ranges:

1. 0-200 V.
2. 200-400 V.

These voltages are obtained by switching the resistors of
the output voltage divider. The smooth adjustment is done by
turning the potentiometer R68'

The stabilizers of the rectified voltages, composing the
Power Supply type Jilll-I, consist of a regulator and ampli-
fier stages. The regulator stage consists of the following:

1. In the 20-600 V stabilizer - of 8 vacuum tubes VT5
to VT12, connected in parallel.

2. In the 0-400 V stabilizer - one vacuum tube VT19.

3. In the auxiliary stabilizer - one vacuum tube VT15.

The grids of the regulator tubes are connected through
the direct current amplifiers, consisting of the vacuum tubes
VT13, V‘l‘16 and VTZO to the respective output volﬁages.

Performance of each regulator can be compared to  the
function of a variable series resistor, automatically regu-
lating the output voltage, keeping it constant.

The voltage, controlling the grids of the regulator tubes
varies proportionally to the voltage across the output termi-
nals.

With a change of the output voltage, due to the fluctu-
stions of the line supply voltage or the load current, the
gr.ds of the amplifier acquire a certain additional bias
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potential which in turn varies the grid bias applied to the
regulator tubes VT5 to VT4o, VT15 and VT19. This will change
the plate resistance of the regulated tubes so that predeter-
mined value of the output voltage will be maintained.

IV Construction

The Power Supply JYUI-I consists of the units. The power
supply forms the lower unit, and the stabilizers, which are
above, form the other. Access to the circuit wiring is possi-
ble by removing the upper section, which can be done by re-
leasing the six screws on each lower end of the chassis and
two screws on the front panel, one on the top of the lower
unit and the other at the lower left hand end of the front
panel. .
The complete apparatus is enclosed in an aluminium cab-
inet fastened with eight chromium plated screws located on
the front panel.

V Installation and Operation Instructions

Before connecting the Power Supply to the supply line,
check the line voltage to ascertain that it is correct. Place
the 20-600 volt range switch to the 20-150 V range and rotate
the smooth regulation knob to the extreme left end position,
this will correspond to the minimum output voltage. Next the
apparatus should be grounded. After this the line supply cable
can be connected to the line voltage outlet. The power supply
can be switched on by lifting the toggle switch upward as
shown by the arrow. After switching on the power supply the
pilot lamp should light. :

The low voltages on the respective terminals are imme-~
diately available, while the high voltage is ready for use
after the cathodes of the vacuum tubes have warmed up, that
is after approximately two minutes.

The selection of the stabilized output voltages is to
be made with the aid of the range switches of 20 to 600 V or
O to 400 V, and the respective smooth regulation knobs, while
simultaneously monitoring with the voltmeter.
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It is necessary to remember that the load current of the
0-400 V range should not exceed 5 mA and that of the 20-600 V
range not be more than 600 mA. To avoid damaging of the appa-
ratus the output alternating low voltages should be used as
rated, noting that the overall load should not exceed 250 W.

When replacing voltage regulator tubes, it is recommend- .
ed to test the constancy of the output voltage in respect to
the variations of the line supply voltage, choosing the tube
giving the best results, since the stability of the power
supply voltage depends greatly on the quality of the voltage
regulator tube.

During operation the power supply should be cleaned of
possible accumulated dust. If the power supply was kept in
low temperatures, it is necessary to let it dry and warm up
to normal room temperature before use.

N o t e: To minimize the voltage drop in the low alter-
nating voltage circuits special low resistance fuses are used.
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open [oupn =
printed E’printid] ~
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cirouity H’so:kiti]

clip [kiip iy
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coupler ['kApla]
T-coupler

curve [k J
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develop [di ‘velap)
diode [‘“daioud]
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divider [di‘vaida)

katkestus
trikkskeem
jarjestikliilitus
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Jjuhtivus

suhe
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D
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kit  [eit] karp, kast
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a.c. - alternating current
c/s - cycle per second
d.c. = direct current

6-10?, :iga
¥-10°, mega

TelleSe— root-mean—squere
[fust mIs:n “skwEd)]

SWVR - standing-wave voltage
ratio stxpdin -weiv
voultidj ‘re JlouJ

H.F. high frequency
L.F. low frequency
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106, mega
ruutkeskmine
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madalsagedus
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