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C Frequency Analysing When the Heterodyne Slave Filter type 2020 is coupled together with a Beat
—_— Frequency Oscillator type 1022 with serial numbers earlier than 268295 (valve
types) the following troubles might occur.

If 2020 is used as a Frequency Analyser the band pass frequency is determined
by the Frequency Tuning of 1022, and when this is tuned to a certain frequency,
2020 will give an output voltage if the double frequency is applied to the input
of 2020.

This happens because the Variable Oscillator output of 1022 valve types contains
a mixing of the variable oscillar frequency and the low frequency, and this will
tune 2020 to accept a passing of two different frequencies.

To avoid this a change should be made in 1022 so that there will not be any
mixing at all in 1022 when using 2020 as a Frequency Analyser.

The interruption of the mixing is practically done by stopping the fixed oscillator
signal from arriving to the mixer circuit like shown on the sketch below.
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Parts to be ordered:
1 pes of Plug JP 4705

1 pes of Capacitor 0.47 /250 V. CS 0021
1 pcs of Carbon Resistor 1 M — 1/3W
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Heterodyne Slave Filter

o Consisting of:
Principle of the Instrument 2020.1
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120 kHz fixed Frequency Conditioning ZS 0169 2020.4
AC to DC Modulators and Choppers ZM 0006/7  2020.5
120 kHz Filter and Split Load Amp. ZS 0168 2020.6

Summation Amplifier ZS 0170 2020.7
Rejection and Output Amplifiers ZE 0029 2020.8
DC Amplifiers in Oven ZE 0031 2020.9
Input Modulator ZM 0003 2020.10
Main Filters ZT 0030—0033 2020.11
Position of Components 2020.12
Parts List 2020.13
Circuit Diagram 2020.14

Trouble Shooting:
If some sort of trouble occurs with this instrument then first check the D.C. working voltages from the Power Supply.

O Then use the Checking Procedure with Block Diagram in order to localize a trouble to be in one certain circuit.

When a fault has been found and remedied the voltages and adjustments which are influenced by the remedy must be rechecked and the
Checking Procedure can be used again to tell if all basic functions of the instrument are fulfilled.

The tolerance stated in the instructions can only be used as a guide for adjustment and control, but any deviations must not be corrected
without being sure that the tolerances of the instrument used for making the adjustment are so small as to have no influence on the
measurements.

The instructions in this Manual are given purely as a guide to the service of equipment. Some faults, as f.inst. small deviations in tolerances
require for their correction special control equipment and extensive experience, and in these cases it is necessary to send the instrument to
the factory.

Spare Parts:

Please state type and serial number of apparatus when spare parts are ordered.

Instruments Necessary for Service and repair:

‘ " Beat Frequency Oscillator Type 1022 (or Sine Random Generator Type 1024)
Electronic Voltmeter (frequency response to 200 kHz - f.s.d. for 1 mV)
LF Oscillator (any type with a 2 V output facility)
Double Beam Oscilloscope
Multimeter (50 uA)
Frequency Counter

20209.69
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The Heterodyne Slave Filter Type 2020 is intended to be used together with a Beat
Frequency Oscillator Type 1022 or 1024. The 1022 is a Heterodyne Oscillator
having a fixed oscillator section of 120 kHz and a variable oscillator section of
100—120 kHz. A mixing of these two frequencies will give the low frequency output
signal from 20 to 20000 Hz. Now if 1022 is tuned to a low frequency signal of 1
kHz the variable oscillator will have a frequency of 119 kHz.

The operation principle of 2020 is mixing the low frequency signal (1 kHz) with a
variable high frequency signal (119 kHz) to make up a fixed frequency (120 kHz) at

\ which we can do the filtering. As being the same frequencies used for 1022 to give
the low frequency output signal the center frequency of 2020 will be exactly the
same as the oscillator frequency.

In the Input Modulator of 2020 the 1 kHz signal is mixed with a 119 kHz
variable oscillator signal. The sum of this will give a signal of 120 kHz, which is
splitted up into two signals in the Split Load Amplifier. The output of the Split
Load Amplifier is fed to an AC to DC Modulator where 120 kHz is mixed with
120 kHz from the fixed oscillator to 0 Hz which is equal to DC. Due to phase
sensitivity of a multiplicative mixer it is necessary to have two AC to DC
Modulators controlled by two fixed frequency signals (120 kHz) 900 out of
phase. The output will be a DC voltage which is analog to the level of the 1kHz
Input Signal. The two DC valtages are now filtered in two narrow band, Low Pass
Filters giving the band width of the entire system. The Cut—off frequency of each
filter corresponds to half of the selected band width.

The DC voltages are chopped back to 120 kHz by means of the two 90° out of
phase signals as used for the AC to DC Modulators. After chopping the signals are
added in the Summation Amplifier the output of which has correct phase and
amplitude.

In the Output Modulator the 120 kHz is mixed with the variable oscillator frequen-
cy 119 kHz and the difference is 1 kHz exactly as the fundamental of the input
signal.

Another facility at the instrument is the Rejection Mode where the Input Signal is
fed to the Rejection Amplifier together with the filtered fundamental frequency. of
the Input Signal. The difference between these two signals will be any frequency
except the fundamental.
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This Section is meant to be used as a guide for a quick check carried out to
examinate if the instrument is within the specifications, or to localize a suspected
fault to be in a certain circuit. A further examination of the respective circuits can
be carried out according to the adjustment procedure at the single circuits.

Furthermore the checking procedure should be used after a repair of the instruments
as a final check before the Service of the instrument can be regarded as completed.

2.1. Signal to Noise

OUTPUT: "0"

BFO MODE: "Sine”

BAND WIDTH: 31,6 Hz”
GAIN: "0dB"”

BAND WIDTH COMP.: "Off"

2.2. Gain

a. OUTPUT: "0"
BFO MODE: "Sine”
BAND WIDTH: "Linear”
GAIN: "0dB"
BAND WIDTH COMP.: "Off"

b. BAND WIDTH to: 31,6 Hz"”

2.3. Frequency Response

a.  OUTPUT: "0"
BFO MODE: "Sine’
BAND WIDTH: “Linear”
GAIN: "0dB”
BAND WIDTH COMP.: "Off"

b. BAND WIDTH to 31,6 Hz"

2020.2-9.69

- w w w
2020 ,/ LF—Oscillator Electronic Voltmeter
4

Allow a warm-up time of 15 minutes.

Connections like shown above (1 V on the Electronic Voltmeter).
Adjust a 1 kHz output signal from 1022 to give 1 V on ""Output”.
Disconnect the ”Input” to 2020.

Max voltage on “"Output”: 300 uV corresponding to -70dB re 1 V.

For furhter checks ""Carrier A and B” should be adjusted to min. deflection: approx
100 uVv.

On the ""120 kHz Output” the voltage should be less than 300 uV as well.

Connections like shown above.

Adijust a 1 kHz output signal from 1022 to give 1 V deflection on “Output”

Check the voltage on "Rejection Output” and if necessary adjust ““Phase” and
"’Gain” to min. output voltage: <3 mV.

The voltage on “’Rejection Output” should be <5.5 mV at any other frequency.

The voltages on 120 kHz Output” and ""Output’ should both be 1V +1%.

Connections like shown above.

Adjust a 1 kHz output signal from 1022 to give 1 V deflection on “Output”. Check
the frequency response of 1022 together with the electronic voltmeter.

Check the frequency response and compare to the response from a.

The difference should be max 1%.

The voltage on 120 kHz Output” should be 1 V + 1% during the frequency sweep

as well.

continued



2.4. Unwanted Signal Attenuation

OUTPUT: "0”

BFO MODE: "Sine”

BAND WIDTH: “31,6 Hz"
GAIN: “0dB"”

BAND WIDTH COMP.: "Off”

2020.2-9.69

Connections like shown except the “’Input”” connection to 2020.
Tune 1022 to 1 kHz and apply a 4 kHz signal from LF-oscillator to 2020 “'Input”.

When the 4 kHz “Input” voltage to 2020 is varied from 0—1 V the voltage on
""Output” should be less than 250 uV.

When the 4 kHz “Input” voltage is between 1 and 2 V the “Output” voltage should
be at least 70 dB below the ““Input’ voltage.
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The purpose of this circuit is to create a 240 kHz square formed puls with a 1800
phase difference for the two 120 kHz Flip-Flops which are used in the AC-DC
Modulators to “beat”” the 120 kHz Input Modulator signal down to a DC analog to
the Input Level, and again to ""Chop”’ the filtered DC back to 120 kHz as before.

The coils L 400—403 are tuned to 480 kHz (fourth harmonic of 120 kHz) so the
input to V 402 is 480 kHz sine wave which is amplified in V 403 and clipped to
square pulses in V 404 and 405.

These pulses are fed to a 240 kHz Flip-Flop which triggers on the negativ going
pulseform.

The resulting output of the Flip-Flop are two 240 kHz squareforms with a phase
difference of 1800,

Signal voltages and curveforms are for an “Input’’ signal of 1V, 1 kHz.

‘ 3.1. 480 kHz Filter Adjustment

BFO MODE: "Sine” Connect the 120 kHz"" output of 1022 to the 120 kHz" input of 2020.

Adjust L 400—403 to max. voltage on V 402 base, which can be measured with an
oscilloscope or an electronic voltmeter (freq. response to 500 kHz).

(Make sure that the "120 kHz"" output from 1022 is 120 kHz +5 Hz).
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If a Sine Random Generator Type 1024 is used in the Noise Mode, the “120 kHz
Output” will not be a sine but a band of noise, which cannot be used to drive the
Flip-Flops in 2020.
Therefore, the 123 kHz Output” of 1024 is used instead. This 123 kHz is a sine
wave and if it is mixed with a 3 kHz signal the result will be 120 kHz which is
independent of the noise band in 1024.
4.1

. 120 kHz Beat
BFO MODE: "Beat”
BAND WIDTH: 31,6 Hz"
BAND WIDTH COMP.: "Off"”
OUTPUT: 0"
GAIN: "0dB"

4.2. Band Pass Fiiter Adj.

BFO MODE: "Noise"”

BFO MODE to "Sine”

2020.4-9.69

Connect the Fixed Oscillator 123 kHz"”, the variable oscillator “100—120 kHz""
and the 120 kHz Output to 2020.

"Input” signal from 1024 to 2020: 1 kHz sine, app. 0.5 V.

Adjust 120 kHz Beat” until a slow beat shows up on 1024 meter (Meter Time
Const.: 0.3 sec.).

If necessary set 120 kHz Beat” to mid position and adjust P 500 until the beat
shows up.

Connect the fixed oscillator 123 kHz" from 1024 to "'123 kHz" on 2020.

Adjust 120 kHz Beat” to 120 kHz measured with a Frequency Counter connected
across pin 6 and 7.

Adjust L 503—L 505 to max output voltage on pin 7.

Connect 120 kHz * 2 Hz to 120 kHz Input” and adjust L 500 and L 501 to max
voltage between pin 3 and 4.
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The AC to DC Modulators and Choppers ZM 0006 and ZM 007 are indentical except
for the Phase Lock arrangement, so only ZM 0007 will be mentioned.

The Distortion Equalizer circuit is creating a DC voltage depending on the input
level. The MOS FET’s have a DC voltage output on high input levels which we
) compensate with the Distortion Equalizer.

The 120 kHz input signal to ZM 0006/7 was created by mixing the “Input” signal (1
kHz) with the variable oscillator signal (119 kHz).

When the output of the 120 kHz Flip-Flop, which is triggered by the 240 kHz
Flip-Flop, is mixed with the 120 kHz Modulator Input, the resulting output will be a
DC voltage analog to the 1 kHz input signal.

If the input signal {1 kHz) is distorted the 0—500 Hz output from the AC to DC

Modulator will contain some low frequency components as well representing the
distortion.

" The 0—-500 Hz output will be filtered and fed to the Chopper input where it is
modulated back to 120 kHz, but now the 120 kHz has a certain band width corre-
sponding to the selected filter characteristic.

Signal voltages and curve forms are for an “Input” signal of 1V, 1 kHz.

ATTENTION: Do not ever dismount ZM 0006 and ZM 0007 with POWER “On"
c because this will cause a breakdown of the DC Amplifier ZE 0031.

2020.5-9.69 continued
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5.1. Symmetry

OUTPUT: 0"
BFO MODE: ,”Sine”
BAND WIDTH: 31,6 Hz"

Oscilloscope

Signal input from 1022: 1V at 1 kHz.

Check with the oscilloscope that the voltages on the emittersides of C 203 (303) and
C 204 (304) are of the same height.

If not adjust P 200 (300)

5.2. Unwanted Signal Attenuation

w = -
LF—Oscillator Electronic Voltmeter

OUTPUT: "0
BFO MODE: "Sine”
BAND WIDTH: 31,6 Hz"

2020.5-9.69

Connect 120 kHz" and ”100—120 kHz" from 1022 to 2020 and adjust “’Carrier
A" and “Carrier B"” to min. 120 kHz Output” voltage measured with an electronic
Voltmeter.

Turn P 202 and P 302 fully counterclockwise and then clockwise until a situation
where the 120 kHz Output” voltage suddenly increases. Then adjust P 202 and P
302 one turn counterclockwise.

Set the 1022 (or 1024) Frequency Scale to 1.5 kHz and apply a 4 kHz signal of 2 V
from the LF. Oscillator to the “Input” of 2020.

Adjust P 201 and P 301 to min. ""120 kHz Output” voltage.

If the 4 kHz input signal is lowered to 0—1 V the ""120 kHz Output’’ voltage should
be less than 250 uV.

If necessary find the 4 kHz input voltage (between 0—1 V) where the 120 kHz
Output” voltage has the highest value and adjust P 202 and P 302 to min.

At a 4 kHz input signal between 1 and 2 V the 120 kHz Output”’ should be at least
70 dB below the Input level.

If necessary readjust P 201 and P 301 at high levels.

After any adjustment recheck the 120 kHz Output” voltage without 4 kHz Input

signal: this voltage should not change more than 2 dB during adjustment of the
potentiometers mentioned above.
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When INPUT FILTER is “In” the Input Low Pass Filter (0—20 kHz) is connected
between the Input Emitter Follower and the Input Modulator.

The Low Frequency Input Signal which is modulated with the Variable Oscillator-
signal is applied to the 120 kHz Filter Amplifier ZS 0168 having two outputs, one at
which has an invertible output facility when OUTPUT is switched to +909. Signal
voltages and curveforms are for an “’Input” signal at 1 V, 1 kHz.

6.1. 120 kHz Filter Adj. The 120 kHz Band Pass Filter should not be adjusted unless it is found strictly
- necessary.

If adjustment is found necessary it can be carried out according to the same
procedure as shown under item 7.4. except that L 105 should be adjusted to give 00
phase shift between pin 3 (input) and pin 6 (output).

e
™ ™
LF—Oscillator Electronic Voltmeter
C 6.2. Ripple Connections like shown above.
a. OUTPUT: 1022 tuned to 4 kHz.

BFO MODE: ""Sine”
BAND WIDTH: 31,6 Hz” Adjust the frequency from the LF Oscillator (at 1 V) to max.voltage on 120 kHz
Output”.
b.  OQUTPUT to 900" Adjust C 112 and P 101 to min. beat. Tolerance +1%.

2020.6-9.69
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-23v P903 N P601
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120kHz BAND PASS FILTER AMPL.

In this circuit the two chopped signals A and B are added together and fed through a
120 kHz Band Pass Filter.

Here it is veryimportant to have the correct voltage and phase applied to the base of
V 602 and the adjustment is carried out as follows:

Signal voltages and curveforms are for an "Input” signal of 1V, 1 kHz.

.'-I:

o

R, W
Electronic Voltmeter

.

v
LF—Oscillator

. Sensitivity

OUTPUT: "00”

INPUT FILTER: "Out”

BFO MODE: "Sine”

BAND WIDTH: "31,6 Hz”
GAIN: "0 dB"*

BAND WIDTH COMP.: “Off"

. Ripple

OUTPUT: "Q0”

INPUT FILTER: "Out”

BFO MODE: "Sine"”

BAND WIDTH: 31,6 Hz"
GAIN: “0dB"

BAND WIDTH COMP.: "Off”

2020.7-9.69

Apply an input signal from 1022 of 1V, 4 kHz to "Input” of 2020.
"Gain” and ""Phase” to mid. position.
The electronic voltmeter connected to ”120 kHz Output” should read 1 V.

If necessary adjust P 601 (coarse adjustment of “Gain”).

Connect the instruments like shown and tune the frequency until a slow beat of 1
Hz is ined on the i (if there is any beat).

The ripple should be max 1 %.
If necessary adjust C 604, C 605 and P 600 to min. ripple.

Check the ripple in all “BAND WIDTH" positions, as a defective Main Filter could
cause too much ripple.

continued



7.3. Summation

OUTPUT: "00"
INPUT FILTER: “In"

BFO MODE: "Sine” a.

BAND WIDTH: 31,6 Hz"
GAIN: "0dB"
BAND WIDTH COMP.: "Off"

7.4. Filter Adjustment

4 7:!5/

2020.7-9.69

V604

XDGRHZ

Apply an input signal of 1 V from 1022 to "Input” of 2020.
Check of channel “A”.
Connect an oscilloscope to channel “B* (pin 2) and tune the frequency from
1022 to min. signal.
Then check: input signal to channel “A” (pin 3) 120 kHz
970 mV pp.

signal on V 602, c. 120 kHz
905 mV p.p.

Repeat item a but for channel "'B"".
Adjust the frequency from 1022 for the same amplitude of the two signals

channel A and channel B. (Pin 2 and pin 3).

signal on V 602,c 120 kHz
1260 mV p.p.

The 120 kHz Band Pass Filter should not be adjusted unless it is strictly necessary.

V605

pin4
0O

If adjustment is found necessary connect 136 kHz through a capacitor of 47 nF to
the base of V 604, short connect L 604 and adjust L 603 to max voltage measured
across C 613 with an electronic voltmeter with a series resistor of 100 k.

Remove the short connection across L 604, apply 136 kHz +2 Hz across it and
adjust L 605 to max voltage between pin 6 and 4.

Connect 120 kHz +2 Hz to the base of V 604 and adjust L 604 to 1800 phase shift
between V 604 base and V 606 emitter.

The 1800 phase shift can be measured with a double beam oscilloscope with one
channel connected to V 604 base, the other to V 606 emitter. If the sensitivities are
adjusted to indicate a voltage of exactly the same height and the two channels are
added together, a 1800 phase shift would correspond a minimum deflection on the
oscilloscope.
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The input to V 700 is the filtered low frequency signal, which is applied to a 0+10
and +20 dB output through a Low Pass Filter.

The same signal is fed to V 708 and if the non-filtered LF is applied to V 705 the
difference between the two will appear on the collectors of V 706, 707.

This means that the Rejection Output will consist of all frequencies in the range
0—20 kHz except the fundamental,which is supressed.

Signal voltages and curve forms are for an “Input” signal of 1V,

1 kHz,

-d

5
®

2020

r-

LF—Oscillator

e

Electronic Voltmeter
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8.1

8.2.

8.3.

a.

8.4,

.1. Rejection Sensitivity

OUTPUT: 00"

BFO MODE: "Sine”

BAND WIDTH: 10 Hz”
GAIN: "0dB"

BAND WIDTH COMP.: "Off”

Rejection

OUTPUT: 00"

BFO MODE: "Sine"

BAND WIDTH: 10 Hz"
GAIN: "0 dB”

BAND WIDTH COMP.: "Off”

Sensitivity

OUTPUT: "00”

BAND WIDTH: “Linear”
BFO MODE: "Sine”

GAIN: “0dB”

BAND WIDTH COMP.: "Off”

BAND WIDTH to 31,6 Hz”

GAIN to “10dB”

GAIN to "20 dB”

. Frequency Response

OUTPUT: "00”

BAND WIDTH: 31,6 Hz"
BFO MODE: "'Sine”

BAND WIDTH COMP.: "Off”
GAIN to required positions

8.5. Overload
OUTPUT: "00”
BAND WIDTH: "31,6 Hz"
BFO MODE: "'Sine”
BAND WIDTH COMP.: "Off”
GAIN to required positions
2020.8-9.69

Connections like shown above; 1022 adjusted to 1 kHz.
Connect 4 kHz exactly 1V from the LF-oscillator to the “Input” of 2020.
Check the voltage on "Rejection Output”: 1V +1%.

If necessary adjust P 704.

Apply 1 kHz, 1V from 1022 to “'Input” of 2020.

Adjust “Gain” to 1 V £ 1% measured on the 120 kHz Output”.

Adjust "Phase” to min. “Rejection Output’’.

The two potentiometers influence each others, so that “Gain” and “Phase’ adjust-
ments should be continued until 1 V +1% is obtained on the "“120 kHz Output” at
the same as min. “’Rejection Output” voltage: <2,5mV.

If necessary adjust P 703.

When this adjustment has been made at f.inst. 1 kHz the "’Rejection Output’’ voltage
should be <5 mV through the whole range.

At 20 kHz the " Rejection Output” voltage can be adjusted to min. by C 715.

Adjust the "Input” voltage from 1022 at 1000 Hz to give a 1 V indication on an
electronic voltmeter connected to ""Output’ of 2020.

Check that 120 kHz Output” voltage is 1V +1%.
If necessary adjust "’Gain"’.
The “Output” voltage should be 1V +1%.

If necessary adjust P 700.

With an “Input’” voltage of 1 V —10 dB the “Output” voltage should be 1V +1%.

If necessary adjust P 701.

With an “Input” voltage of 1 V—20 dB the ""Output” voltage should be 1 V £1%.

If necessary adjust P 702.

Adjust the “Input” voltage from 1022 at 1000 Hz to give a 1 V indication on an
electronic voltmeter connected to "Output” of 2020.

Check the frequency response in all “Gain” positions.

Tolerance: 20—20.000 Hz +2%.

Check with an oscilloscope that it is possible to obtain 1 V +10 dB ~ 3.16 V on the
“Output” of 2020 without limitation of the sinewave.

continued




BRUEL & KJAR Rejection and
Neerum - Denmark Output Amplifiers ZE 0029 202 0-8

Valid from serial no. 253966 sheet 2
8.6. Band Width compersation
a.  OUTPUT: "00" Adjust the “Input” signal from 1022 at 1000 Hz to give a 1 V indication on an
BAND WIDTH: "Lin.” electronic voltmeter connected to the "Output” of 2020.
BFO MODE: "Sine”
BAND WIDTH COMP.: "Off"”
GAIN: “0dB”
b. BAND WIDTH COMP. to T The output voltage from 2020 should be 1 V —5 dB.
BAND WIDTH to 31,6 Hz""
c. BANDWIDTH to “10—31,6 and 100 Hz"" The output voltage from 2020 should decrease 5 dB for every bandwidth increase.
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BRUEL & KJAR
Neerum - Denmark DC Ampilifiers in Oven ZE 0031 202 0-9

Valid from serial no. 253966

+Ub CARRIER
<=y epe
H pin 7° 'E A
from MAIN FILTER D :\ P00
Ch | V8o H 5
annell A 803 6dB ampl. 135dBampl.
G p—O %=
pin1
® V 804
27 0
[) O
3 1 pint
4 to CHOPPER
[ [] L P8O Channel A
-Ub
A simplified diagram of one D.C. amplifier is shown above (3.5 dB DC Ampl.
channel A). The amplifier is designed as a differential amplifier with a positive and a
negative supply voltage thus having O V DC on input and output in the balance
condition without input signal.
A part of the circuit is mounted in an oven where a constant temperature is obtained
by feeding the heating element from a supply unit where a germanium transistor is
used as a temperature detector.
Bear in mind that the oven should be left for 10—15 minutes after switching on or
9.1. Oven Temperatur adjustment before'the voltage is checked.
POWER: “On" The oven temperatur is not very critical as long as it is stable, but should normally
be around 550C.
The adjustment of P 804 will vary the temperatur app. +50C, but it should not be
touched if the voltage across the heating element is approx. 10 V (for room tempe-
rature of 20—250C) and remaining constant.
+30v
*24V
V810
.
V915
van V812
Heating
Element
vei13 /H;BOI. []
- 30v
TEMPERATURE STABILIZER
2020.9-9.69 continued



9.2. Balance

a.  OUTPUT: "Qo”
BFO MODE: "Sine”
INPUT FILTER: "Out”
BAND WIDTH: 31,6 Hz"”
CARRIER A & B: "Mid.Pos.”

b. OUTPUT: "900"

2020.9-9.69

Electronic Voltmeter

ATTENTION:

Very much care should be taken with this circuit to avoid connecting of the output
terminals pin 5, 11, 18 or 22 to ground or to a supply voltage as this would cause a
break down of V 801, 804, 806 or 809.

ZM 0006 and ZM 0007 must not be removed with POWER "“On"’.

Before any adjustment of P 800—804 adjust “Carrier A" and “Carrier B” to mid.
position.

The DC voltages across R 802 and R 821 should be OV +1 mV.
If necessary adjust P 800 for O V across R 802 and P 802 for O V across R 821.
Adjust P 801 and 803 to min. "“120 kHz Output”’.

Readjust P 802 or 804 until 00" and " 900" will give the same 120 kHz Output”
within 10 dB.

""120 kHz Output” in one of the positions should be below 200 uV.




BRUEL & KJAER i
Ncerum - Denmark Input Modulator ZM 0003 202 0-10

Valid from serial no. 253966

2V
. Vit Vi3 100-120kHz
2V,
100-120kHz r\J P-p
600 mVp_p 150 mV,,_p
Ve ”
from 100-120kHz INPUT \ pin 8
P
pin12
K] L& pin9
L2 L3 V12 [] Vi
—— = %: I | I
c19 c21 R34
y -12v to OUTPUT
. MODULATOR
200- 240 kHz T T
BAND PASS FILTER
AMPLIFIER and LIMITER 100-120kHz
FLIP- FLOP r\/
300mV.RMS
pini
P1
to REJECTION
AMPLIFIER
D __ Vh
AN
/e L
+6V [
P2 ] i _ |_
-6V s, N5 ;{ms
) N
pin 2 v2 >/ 6 p
°—ﬂ— o +29V 118-120kHz
from SWITCH 0901 ) 0.94Vp_p
INPUT FILTER v pind
/\J 1V.RMS , 1kHz
to 120kHz
FILTER
pin 10 - 29V
BALANCED LF AMPLIFIER INPUT  MODULATOR

The Input Modulator consists of a 200—240 kHz Band Pass Filter with a succeeding
pulseshaper which supplies squareformed pulses for a Flip-Flop circuit the output of
which will have exactly the same frequency as the variable oscillator in the BFO
1022 (100—120 kHz).

Furthermore there is a Balanced LF Amplifier with two inverted stages (V 1 and V
2). The input to this amplifier is the low frequency signal (f.inst. 1 kHz), and if this
frequency is modulated with the signal from the Flip-Flop circuit the resulting
output through V 3 will be exactly 120 kHz.

2020.10-9.69 continued



10.1. Distortion

a. OUTPUT: "00”
BAND WIDTH: "31,6 Hz"
BFO MODE: "Sine”

BAND WIDTH COMP.: "Off"”
GAIN: “0dB"”

b.  BAND WIDTH to 100 Hz"

c. BANDWIDTH to 31,6 Hz"

2020.10-9.69

LF Oscillator Electronic Voltmeter

Connect the “120 kHz” and "“100—120 kHz" outputs of 1022 to the respective
inputs, of 2020 and apply a signal 1 V, 1 kHz from a low distortion oscillator (—76
dB) to the “Input”.

Tune 1022 to max deflection on an electronic voltmeter connected to the “Output’
of 2020 and readjust the input voltage to give exactly 1 V on “Output”.

Tune 1022 to app. 2 kHz and 3 kHz in order to find the 2nd and 3rd harmonics
from the modulator. Voltage on “Output”: Max 250 uV corresponding 72.5 dB
below 1 V.

If necessary adjust P 3 and C 15 to min. (corresponding to 2nd and 3rd harmonics)

If this method does not give a sufficient low distortion adjust P 1 and P 2 for O V
DC between ground and the output of V 1and V 2.

Then adjust P1, P3 and C 15 to min. distortion: < 1mV ~ 60 dB.

Distortion max 250uV ~272.5 dB below 1 V.

The 200—240 kHz Band Pass Filter should not be adjusted unless it is strictly
necessary.

A check of the filter curve can be carried out without having the ZM 0003 circuit in
the 2020 according to following procedure:

1 Connect the Variable Oscillator Output (100—120 kHz) from 1022 to pin 12 and
10 on ZM 0003 and an electronic voltmeter across R 34.
By varying the BFO 1022 from 20—20000 Hz the signal across R 34 should vary
from 200—240 kHz which are the 3 dB points. The level in the filter range should
be within 0.5 dB.

If necessary adjust the coils according to following procedure:

N

The Variable Oscillator Output (100—120 kHz) from 1022 connected to pin 12
and 10. 1022 tuned to 10 kHz (var. osc. freq. = 110 kHz).

Short connect C 21 and adjust L 1 to max. voltage measured from the midpoint
tap oL1 to ground.

Connect the voltmeter across C 19 and adjust L 2 to min. voltage.

w

4 Short connection across C 19 instead. 110 kHz oscillator signal connected across
R 34. Adjust L 4 to max voltage measured from the midpoint tap of L 4 to
ground.

Connect the voltmeter across C 21 and adjust L 3 to min. voltage.

o

Recheck the filter curve according to item 1.




BRUEL & KJAR
Ncerum - Denmark Main Filters ZT 0030 - 0033 202 0-11

Valid from serial no. 253966

‘ pin 6

to 3.5dB
2 DC- AMPL,
pin

from 6dB

0C-AMPL, == g L
f T

LOW PASS FILTER

ATTENTION:

Do not adjust any of the Main Filters, as it is extremely difficult to do this
< \ without having the special test equipment which is used at the factory.

If a Main Filter is found defective it should be sent to the factory for repair and
adjustment unless the trouble is found to be in a relay.

One of the troubles which could occur with a filter is that it is impossible to adjust
the ripple (item 6.2.) down to 1%.

Another trouble which would be caused by the filter alone is a Band Width out of
specification.

This could be checked according to following procedure:

@ @ @

C 9. ©r Lo 5 - J
.
- w
'LF—OsciIIator Electronic Voltmeter =
11.1.Band Widths
a. Adjust the output voltage from the LF generator to give an 18 dB deflection on the
voltmeter connected to 2020 “Output” (on 1 V range).
BAND WIDTH: "Linear”
GAIN: “0dB”
BAND WIDTH COMP.: "Off"
b. BAND WIDTH to 100 Hz" Tune to the max output by fine adjustment of 1022’s frequency adjustment where
the deflection should be 18 dB +1%.
Tune the L.F. generator to one side until the voltmeter reads 15 dB and note the
frequency.
Tune the generator to the other side until 15 dB on the voltmeter and note the
c frequency.
The difference between the two noted frequencies is the band width.
Tolerance: 5% of the selected band width.
c. BAND WIDTH to required positions Check the other 3 dB Bandwidths according to the same method.
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BRUEL & KJER
Ncerum - Denmark

Valid from serial no. 253966
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240 kHz square Wave Generator ZI 0003 — printed circuit XC 0485.

continued
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120 kHz Fixed Frequency conditioning ZS 0169 — printed circuit XC0486. ‘

2020.12-9.69




BRUEL & KJAR
Neerum - Denmark Position of Components 2 02 0-1 2
sheet 2

valid from serial no. 253966

XC 0496

O AC to DC Modulator and chopper ZM 0006 — printed circuit XC 0496.

2020.12-9.69 continued




AC to DC Modulator and chopper ZM 0007 — printed circuit XC 0496.

2020.12-9.69




BRUEL & KJAR :
Ncerum - Denmark Position of Components 2 02 0-12
sheet 3.

Valid from serial no. 2563966

Input and 120 kHz Filter ZS 0168 — printed circuit XC 0484.

2020.12-9.69 continued




Summation and 120 kHz Filter Amplifier ZS 0170 — printed circuit XC 0487.

2020.12-9.69
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valid from serial no. 253966 sheet 4.
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o Rejection Ampl. LP Filter and Output Ampl. ZE 0029 — printed circuit XC 0488.

2020.12-9.69 continued
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Input Modulator ZM 0003 — printed circuit XC 0483.
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BRUEL & KJAR
Neerum - Denmark Position of Components 202 0-12
sheet 5

Valid from serial no. 253966

c Main Filter — 3.16 Hz ZT 0030 — printed circuit XC 0479.

| 2020.12-9.69 ~ continued




Main Filter 10 Hz ZT 0031 — 31.6 Hz ZT 0032 — printed circuit XC 0480. .



BRUEL & KJER .
Ncerum - Denmark Position of Components 2 02 0-1 2
d | rial no. 253 sheet 6

valid from serial no. 253966

XC 0481

Main Filter 100 Hz ZT 0033 — printed circuit XC 0481
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valid from serial no. 253966
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DC Amplifier ZC 0031 — printed circuit XC 0494

continued




Emitter Follower ZE 0030 Output Amplifier ZM 0005
printed circuit XC 0492 printed circuit XC 0493
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Negative Voltage Supply ZG 0017 - printed circuit XC 0490

BRUEL & KJAR
Ncerum - Denmark

O o Q o

Positive Voltage Supply ZG 0016 - printed circuit XC 0489
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BRUEL & KJAR

Neerum - Denmark

CIRCUIT ~ COMPONENT
DIAGRAM  TYPE

REF.

CAPACITORS:

c1 Electrolytic (safco)
Cc 23 Polyester

C 45 Ceramic 1%
C 6 Polystyrene

€ 7 Polyester

c8 Polystyrene

Cc 9,10 Electrolytic (safco)
cn -

Cc 12 Polyester

C 13 Electrolytic

C 14 Ceramic

C 15 Trimmer

C 16,17 Polyester

C 18,19 Polystyrene

Cc 20 - 1%
C 21,22 -

C 2324 Polyester

C 25-28 Electrolytic (safco)
C 29 Ceramic

Cc 30 Polyester

C 31-34 Ceramic

C 35,36 -

Cc 37 -

C 38 Electrolytic

Cc 101 Electrolytic (safco)
C 102 Polyester

C 103,104 Electrolytic (safco)
C 105,106 Polystyrene 2%
Cc 107 Polyester

C 108,109 Polystyrene 2%
C 110 Electrolytic (safco)
c 1m Polyester

c1 Trimmer

C 113,114 Polyester

cn Electrolytic

C 116 Polyester

c 117 Electrolytic

Cc 118 - (safco)
c 119 Polycarbonat

C 120 Polystyrene

c 121,122 -

C 123 -

C 124 Electrolytic (safco)
C 200-202 Polyester

C 203,204 Polycarbonat

C 205,206 Polyester

C 207 Polystyrene 1%
C 208,209 Polyster

C 210212 -

C 213214 -

C 215 Ceramic

C 216217 -

C 218,219

C 220,221

C 222 -

C 223,224 Polyester

C 225227 -

C 228 -

C 229,230 Ceramic 5%
C 300-302 Polyester

C 303,304 Polycarbonat

C 305,306 Polyester

C 307 Polystyrene 1%
C 308,309 Polyester

C 310312 -

C 313314 -

C 315 Ceramic

C 316,317 -

C 318,319

C 320,321

C 322 -

C 323,324 Polyester

C 325327 -

C 328 =

C 329 Ceramic 5%
C 330 g 5%
C 400

C 401 -

C 402 Polyester

C 403 Polystyrene 1%
C 404 - 1%
C 405 Ceramic

C 406 Polystyrene 1%
C 407 Polyester

2020.13-9.69

16uF/ 63V
0,1uF/250 V
0,62nF/125 V
50uF/ 63V
0,1uF/250 V
50pF/ 63V
16uF/ 63V
0,1uF/250 V
47nF/250 V
100uF/ 15V
3,3pF/400 V
2:6pF/

47nF/250 V
1,6nF/400 V
180pF/ 63 V
1,6nF/400 V
0,1uF/250 V
5uF/ 63V
390pF/400 V
10nF/250 V
47pF/400 V
100pF/400 V
390pF/400 V
100pF/ 15V
16uF/ 63V
0,1uF/250 V
5uF/ 63V
1nF/500 V
0,1uF/250 V
1nF/500 V
16uF/ 63V
0,1uF/250 V
3-10pF
0,220F/250 V
8uF/ 40 V
0,22uF/250 V
100uF/ 70 V
5uF/ 63V
1uF/100 V
500pF/500 V
2nF/500 V
500pF/500 V
5uF/ 63V
0,1uF/250 V
10F/100 V
0,1uF/250 V
3,3nF/ 63V
0,1uF/250 V
0.1uF/250 V
47 nF/250 V
390pF/400 V
47pF/400 V
100pF/400 V
47pF/400 V
390pF/400 V
0,2211F/250 V
0,1uF/250 V
47nF/250 V
10pF/400 V
0,1uF/250 V
1uF/100 V
0,1uF/250 V
3.3nF/ 63V
0,1uF/250 V
0,1uF/250 V
47nF/250 V
390pF/400 V
47pF/400 V
100pF/400 V
47pF/400 V
390pF/400 V
0,220F/250 V
0,1uF/250 V
47nF/250 V
10pF/400 V
10pF/400 V
47nF/250 V
4,7nF/400 V
47nF/250 V
5nF/250 V
49,9pF/ 63V
4,7nF/400 V
5nF/250 V
0,1uF/250 V

Parts-List
Valid from serial no. 253966

STOCK
REF.

CIRCUIT  COMPONENT
DIAGRAM TYPE

REF

CAPACITORS:

C 408 Polyester

C 409 Polystyrene
C 410 -

C 41 -

Cc 412 Ceramic

C 413,414 Polyester

C 415423 -

C 424 -

C 425,526 Electrolytic
C 427 Ceramic

C 428429 -

C 430,431

C 432,433

C 434 -

C Polyester

C 501-504 -

C 505 Polystyrene
C 506 Ceramic

C 507 Polyester

C 508 Polystyrene
C 509 Polyester

C 510 =

C 511 -

C 512 Polystyrene
C 513 -

C 514 -

C 515,516 Polyester

C 517 Polystyrene
C 518 -

C 519 -

C 520,521 Electrolytic
C 522,523 Mica

C 524 Polycarbonat
C 525 Electrolytic
C 526-528 Polycarbonat
C 600,601 Polyester

C 602,603 -

C 604,605 Trimmer

C 606 Polycarbonat
C 607 Electrolytic
C 608 Polyester

C 609,610 Polystyrene
C 611,612 Polyester

C 613,614 Polystyrene
C 615,616 Polyester

C 700 Polycarbonat
C 701 Electrolytic
C 702 Polystyrene
C 703,704 -

C 705 -

C 706-708 Electrolytic
Cc 709 -

c 710 Polycarbonat
cm Electrolytic
Cc 712 -

Cc 713

C 714 -

C 715 Trimmer

C 716,717 Electrolytic
C 718 Polystyrene
C 719,720 -

Cc 721 -

C 722-724 Polycarbonat
C 725 Electrolytic
C 800 Ceramic

C 801 -

C 802 Polyester

C 803 Electrolytic
C 804 Ceramic

C 805

C 806

C 807 -

C 808 Polyester

C 809 Electrolytic
C 810 Ceramic

C 811 -

C 812 Polyester

C 900,901 Electrolytic
C 902 Polycarbonat
C 903 Electrolytic
C 904 -

C 905

C 906,907 -

C 908 Polycarbonat

2020.13

47nF/250 V

1% 5nF/250 V
1% 49,9pF/ 63V
1% 5nF/250 V
4,7nF/400 V
47nF/250 V
0,1pF/250 V
47nF/250 V
SuF; 63V
390pF/400 V
22pF/400 V
100pF/400 VV
22pF/400 V
390pF/400 V
22nF/250 V
0,1uF/250 V
1% 6,26nF/250 V
39pF/400 V
22nF/250 V

1% 6,26nF/250 V
47nF/250 V
0,1uF/250 V
47nF/250 V

1% 31,8nF/100 V
450pF /500 V

1% 31,8nF/100 V
37nF/250 V

1% 31,8nF/100 V
200pF /500 V

1% 31,8nF/100 V
(safco)  16uF/ 63V
4nF/350 V
1uF/100 V
5uF/ 63V
1uF/100 V
0,14F/250 V
0,22uF/250 V

(safco)

(safco)

o,1ﬁ F/250 V
2% 1nF/500 V
0,1uF/250 V
2% 1nF/500 V

2,5% 500pF/500 V
(safco) 5uF/ 63V
400pF/ 10V
1uF/100 V
100uF/ 70 V
5uF/ 63V
100uF/ 70 V
100uF/25-35 V
2-6pF/250 V
(safco)  5pF/ 63V
2,5% 500pF/500 V
5% 2nF/500 V
2,5% 500pF/500 V
1uF/100 V
100uF/ 70V
2,2nF/100 V
1nF/500 V
0,1uF/250 V
5

(safco)

(safco)

47nF/100 V
2,2nF/100 V
1nF/500 V
0,1uF/250 V
5uF/ 63V
1nF/500 V
4,7nF/100 V
10nF/250 V
16uF/ 63V
1uF/100 V
16uF/ 63V
100uF/ 70V
800pF/ 64 V
16uF/ 63V
14F/100 V

(safco)

(safco)

(safco)

(safco)

STOCK
REF.

continued



CIRCUIT ~ COMPONENT STOCK CIRCUIT  COMPONENT
PE

DIAGRAM TYPE REF. DIAGRAM
REF. REF.
CAPACITORS: RESISTORS:
C 909 Electrolytic (safco)  16uF/ 63V CE 0504 R 125 Carbon  1/4W 5% Mo  RB 6100
c 910 i 100uF/ 70V CE 0520 R 126 E - - 22ka  RB 3220
C 911,912 800uF/ 64V CE 0516 R 127 - . - 10k  RB 4100
c 913 (safco)  16uF/ 63V CE 0504 R 128 i . . 180ke  RB 5180
C 914915 - 5uF/ 63V CE 0502 R 129 - 1/3W  05% 220ke  RB 5220
C 916 Polyester 2uF/250V  CS 0028 R 130 - - - 2,35ko
c 917 Electrolytic (safco)  16uF/ 63V CE 0504 R 131 - - - 4,8ko
c 918 Polystyrene 1%  100pF/125V CT 1133 R 132 5 5 . 5,34k
c 919 Polyester 22nF/250V  CS 0400 R 200 i 1/4W 5%  15ke  RB 3150
C 920 Polystyrene 1% 100pF/125V  CT 1133 R 201 - - 150k RB 5150
C 921923 Polyester 0,1uF/250V  CS 0402 R 202 : - . 68kc  RB 4680
C 924927 Electrolytic 8uF/ 40V CE 0414 R 203 Metal 1% 499%ce  RF 3499
C 928,929 Polycarbonat 1uF/100V  CS 0336 R 2 - - 5,49k RF 3549
C 930 Polyester 0,22uF/250V  CS 0405 R 205,206 - - 2,15ke  RF 3215
R 207 Carbon  1/4W 5% 220 RB 1220
R 208 : - . 82ka  RB 3820
R 209 Metal - 1%  280ke  RF 2280
R 210 Carbon - §%  18ke  RB 3180
RESISTORS: R 211 Metal  1/3W 1% 2,i5ke  RF 3215
—_— R 212 Carbon 1/4W 5% 33ke  RB 4330
R 1,2 Carbon 1/4W 5% 10kq RB 4100 R 213 - B = 15k RB 4150
R 4 - - - 47ka  RB 3470 R 214 Metal  1/3W 1% 22,1ke  RF 4221
R 5 - - - 270ke  RB 5270 R 215 - s 825ke  RF 4825
R 6 Metal 1% 20ke  RF 4200 R 216 Carbon 1/4W 5% 82ko  RB 4820
R 7 2 - 316 RF 2316 R 217,218 - 13W - 500 ©
R 8 Carbon 1/4W 5% 10ka RB 4100 R 219 - 1/4W 1% 24,9ke RF 4248
R 9 Metal 1% 22lke  RF 3221 R 220 Metal 1% 249ke  RF 4249
R 10 s s 20k RF 4200 R 221 Carbon 1/4W 5% iMe  RB 6100
R 1 Carbon 1/4W 5% 1Mo RB 6100 R 222 Metal 1% 2,74k RF 3274
R 12 Metal 1% 12,1k RF 4121 R 223 - = 3.92k0 RF 3392
R 13 - - 432ke  RF 4432 R 224 g - 280ke  RF 2280
R 14 - - 316 o RF 2316 R 225 Carbon 1/4W 5%  15ke  RB 3150
R 15 Carbon 1/4W 5% 10ka RB 4100 R 226 B = = 10kQ RB 4100
R 16 Metal 1% 62ka RF 3162 R 227,228 39 o RB 1390
R 17 Carbon 1/3W 5% 300 o R 229,230 82ke  RB 3820
R 18 g 174w - 22ka RB 4220 R 231,232 47k0 RB 4470
R 19 - 13W - 300 o R 233,234 10ke RB 4100
R 20 - 1/4 W - 100k RB 5100 R 235,236 47ka RB 4470
R 21 - - - 10k RB 4100 R 237,238 - 8,2k RB 3820
R 22 47koc  RB 4470 R 239240 - . - 39ke  RB 1390
R 23,24 2,2ke RB 3220 R 241,242 - 1/3W 1% 4,7ke
R 25,26 1ka RB 3100 R 243,244 - 1/4W 5% 3,9ke RB 3390
R 27 1/3W 750 o R 245 - - - 10ke RB 4100
R 28 1/4 W 10k RB 4100 R 246 1kQ RB 3100
R 29 15k RB 4150 R 247 « . - 47k0 RB 4470
R 30 - - - 5,6ke RB 3560 R 248 Miniresistor 10Me RA 0025
R 31 . 1/3W  05%  3,56ke R 249 Carbon - - 100k RB 5100
R 32 . 2 5% 3ke R 250 Metal 1%  3,92ke RF 3392
R 33 - 1,8ka R 251 - - 3,92ke RF 3392
R 34 - - 05% 3,56k R 252 - - 15ke  RF 4150
R 35 . 174w 5%  2,2ke RB 3220 R 253 Carbon 1/4W 5% 33 RB 1330
R 36 . - . 5,6ke RB 3560 R 300 . - - 1,6k RB 3150
R 37 2,7k RB 3270 R 301 150k RB 5150
R 38 33 o RB 1330 R 302 - . - 68ke RB 4680
R 39 4,7k RB 3470 R 303 Metal 1% 4,99k RF 3499
R 40 - - - 2,7ka RB 3270 R 3 - - 5,49k RF 3549
R 41 - 73w - 3ka R 305306 - « 2,15k2 RF 3215
R 42 . ’ - 1,8ka R 307 Carbon 1/4W 5% 22 ¢ RB 1220
R 43 - 1/4W - 22ka RB 4220 R 308 N - N 8,2k® RB 3820
R 44 - 13W - 1,2ko R 309 Metal 1%  280ke  RB 3180
R 45,46 - 174W - 47ke  RB 4470 R 310 Carbon - 5%  1,8k2  RB 3180
R 47 : = : 82ka  RB 3820 R 311 Metal 1% 2,15k  RF 3215
R 48,49 12ka  RB 4120 R 312 Carbon - 5%  33ke  RB 4330
R 50,51 47ka  RB 4470 R 313 - - ; 15ke  RB 4150
R 52 - - 82ke  RB 3820 R 314 Metal 1% 22,ke  RF 4221
R 101 nwo- 800 o R 315 - -© g25ke  RF 4825
R 102,103 ) : 500 a R 316 Carbon 1/4W 5%  §2ko  RB 4820
R 104 174W - 100ke  RB 5100 R 317318 . 173w . 500 o
R 105 - y - Alko BB 4470 R 319 3 74w - iMe  RB 6100
R 106 : 3W 08%  7,5ka R 320 Metal 1% 249e  RF 4249
R 107 - : - 224 R 321 Carbon - 5% Mo  RB 6100
R 109 . 174w 5% 100ke  RB 5100 Rz Meul s Z7%a  RE g2}
R 110 - s - 47k RB 4470 R 324 i . 2'80ke  RF 2280
B : 3w 0p%  75ka R 325 Carbon 1/4W 5%  15ke  RB 3150
R 112 : : ; 2:2ko R 326327 - - - 390  RB 1390
n e : - 5% 800 o R 328,329 82ke  RB 3820
i ha : ; 05%  9,0ka R 330,331 47ke  RB 4470
R 115 - 1/4W 5% 1ke  RB 3100 R 332333 10ke  RB 4100
il ; : : 100ka, RS 5100 R 334,335 - 47ka  RB 4470
R 117 . : : A7ko  RB 4470 R 336,337 - 82ke  RB 3820
R 118 Metal 1% 2,15ko RF 3215 R 338339 - R R 39 o RB 1390
R 119 - - 1,78k RF 3178 R 340,341 . 13W 1% 4.7kQ
R 120,121 Carbon 1/4W 5% 1Mo  RB 6100 R 342343 . 1/4W 5%  39ke  RB 3390
R 122 - - - 8,2k RB 3820 R 344 _ 10ka RB 4100
R 123 - - - 100k RB 5100 R 345 1ka RB 3100
R 124 . ’ . 82ke  RB 3820

2020.13-9.69 continued
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CIRCUIT  COMPONENT
DIAGRAM TYPE
REF.

RESISTORS:

346 Carbon  1/4W
347 Miniresistor
348 Carbon 1/4W
350 Metal

351 -

363 Ca-rbcn 1/4W

402 : 173w

. 1/8W
404 Metal
405 Carbon 1/4W

407 - -
408 ~ g
1}3W
1/4W
1/3W
1/4W

1/3W
419 - 1/4wW

1}3W
1/4W

oaag
L2856
N

517,518 M;etal
519,520 -
5 Carbon  1/4W
523 - -
525 - 1/3W
527 Metal
529 Carbon -
530 Metal

531 Carbon 1/4W
533 Metal

535 Carbon -
536 - -
537,638 -

541 N:I'C resistor
600,601 Carbon 1/4W
602 - -

DDV IVDVIVDDDDDIVVVDIVIVIDDIDIDDIIDODIDDDDDI DD OVDNDI I DDV DN VDI DDIDIDDIDNDDDDIDDDNIIDNDDDD
g g g N

612 Carbon  1/3W

2020.13-9.69

5%
1%
5%

1%
5%

1%
5%

1%
5%
5%
1%
5%

Parts-List

Valid from serial no. 2563966

STOCK
REF.

2020.13

CIRCUIT ~ COMPONENT

DIAGRAM TYPE
REF.

RESISTORS:

R 614 Carbon
615 -
616 Carbon
617 -
618,619 -

6: -

@
N
»

728 Carbon

736 -
737 -

800,801 Metal
802 Carbon

803,804 Metal
8| Carbon

807 Metal

8 Carbon
810,811 Metal
812 Carbon
813 Metal
814 -

816 Cz;rbon

818 Metal
819,820 -

821 Carbon
822,823 Metal
824 Carbon

826 Metal

828 Carbon
829,830 Metal
831 Carbon
832 Metal
833 -

835 Carbon

836 -

837 Metal

838 Carbon

839 ¢

840,841 Metal
2 =

900 C;rbon
901 -

VD VDXV VIV VIDDIDDDDI DD DIDDIVDDDDDNIDDIDDDDDXDD I DDV DD DN DD IDDDDDXIDNDDND DDV DDDDVDDIIDDDD
NN~ NN~ ~

1/4W
1/4W

1/4W

1/4W
1/4W

1/4W
1/4W
1/4W

1/3W
1/4W

1/3wW

0,5%
0,5%
0,5%
5%
0,5%

5%

5%
0,5%

sheet 2.

STOCK
REF.

RB 4680

RB 4680
RB 5150
RB 3680
RB 3180

RB 5150

RB 5220
RB 4220

RB 2100
RB 6100

continued



CIRCUIT ~ COMPONENT STOCK CIRCUIT ~ COMPONENT STOCK
DIAGRAM TYPE REF. DIAGRAM TYPE REF.
REF.

RESISTORS: COILS - TRANSFORMERS:

902 Carbon  1/4W 5% 33ka RB 4330 L 900-903 30 pH LJ 0008

R
R 903 - 1/3W - 2ka T 500 Transformer LB 2000
R 904 Wire 1w - 1,3 @ RO 0005 T 900 Power TN 0029
R 905 Carbon 1/4W - 1ke RB 3100 T 901 Transformer LB 2001
R 906 < : - 55ko  RB 4560 T 902 - LB 2002
R 907 = 1/3W  05% ° 100 o
R 908 - - - 5ka
R 909 - 1/4W 5%  56ka  RB 4560
R 910 - 173w - 620 © i
R 911 - - 05%  57ke 3
R 912 : 1/4W 5%  33ke  RB 4330 —
R 913 = 1/3W 2 2ka Q78 Silicon 150V/300mA Qv 0217
R 914 Wire 1w = 1,3 0 RO 0005 Q 9,10 Zener 10,8-132V/ 19mA qv 1117
R 915 Carbon 1/4W - 1ke RB 3100 Q 101 Silicon 150V/300mA Qv 0217
R 916 . - - 56ko RB 4560 Q 200 Zener 596,5V/ 3dmA Qv 1322
R 917 - 1/3W  0,5% 100 © Q 201-203 Silicon 150V/300mA Qv 0217
R 918 - - - 5ko Q 206,207 - 150V/300mA Qv 0217
R 919 : 1/4W 5%  56ke  RB 4560 Q 300 Zener 59-65V/ 34mA Qv 1322
R 920 Wire 55W 330 o RX 0300 Q 301-303  Silicon }ggwg% mA Qv g§17
o Q 306308 - mA Qv 0217
Remen o 00 T m g QK0 gpe  sagmim oV @)
' RB 3100 : ilicon mA Qv
ifpood L L Q 500503 Germanium 115V/150mA  QV 0085
R 926 B - - 1Mo RB 6100 Q Silicon 150V/300mA Qv 0217
R 927,028 Metal - 1% 121ke  RF 2141 Q 700702 - 150v/300mA  QV - 0217
. . Q 800 : 150V/300mA  QV 0217
R: 929 : - J82ka RE 4182 Q 801 Zener 15317V/ 17mA  QV 1118
RS & iy O2ike  RE 2181 Q 802 Silicon 150v/300mA  QV 0217
arbon  1/4W 5%  12ke  RB 4120
R 932 - : : 82k RB 3820 Q803 zeder oAV JTmA oY
ko Q 900 Zener ,8-25, mA
B oo jiaka B 2120 Q 901 Silicon 150V/300mA  QV 0217
i e6 BB Ses0 Q 902 Zener 107-115V/ 80mA QV 1315
R 936 ‘Mo  RB 8100 Q 903 Silicon 150V/300mA  QV 0217
R 937 : . 18ke  RB 3180 Q 904907 - 200V/600mA  QV 0502
g : B . 1 Q 908 Zener 228254V/ 40mA QV 0218
R 939,940 Metal 1% 215ke  RF 3215 Q 909 Silicon 150v/300mA Qv 0217
R 941,942 - - 215ka  RF 3215 a e Zener 107-LsV/ Soma &V BB
g K 911 Silicon m
Romess T Taw o 0 wow o Q912015 - 125 200V/B0MA Qv 0502
4 Q 916 Zener ,8-25,; m,
.90 vaw Jha hE e Q 917920 Silicon 200v/600mA  QV 0502
B o eohe B 4680 Q 921924 - 150V/300mA  QV 0217
R 949,950 1ke  RB 3100
R 951 - - - Mo RB 6100
R 952 Miniresistor 10MQ RA 0025
R 953 Carbon  1/3W  05% 603k TRANSISTORS:
R 955 21ke V12 Integr.circuit PA7712C VE 0005
R 956 11,7k vV 3 Silicon NPN  BC107 VB 1032
R 957 - - - 147ke V45 MOS FET  M511 VB 4001
R 958 - 174W 5% ™Mo RB 6100 V 67 Silicon PNP  2N3702 VB 0038
Vv 89 - NPN  2N3704 VB 0028
v 10,11 PNP  2N3702 VB 0038
v NPN  2N3704 VB 0028
Vv 13 PNP  2N3702 VB 0038
COILS — TRANSFORMERS: Vv 14 NPN  ‘2N370% VB oggs
V 15 NPN  BC107 VB 1032
vl 330 ut L8 %gg Vv 16 PNP  2N3702 VB 0038
g “H 0653 V 101-106 NPN  BC107 VB 1032
L4 330 u LB V1 PNP  2N3702 VB 0038
L 101 1378 uH LB 0657
10 S e et V 200,201 NPN  2N3704 VB 0028
Vv 2 - PNP  2N3702 VB 0038
L }gi 1319 ﬁn Iig %gg V 203204 MOS FET  M511 VB 4001
Vv 205 FET  P1069 VB 1500
L 105 562 pH L8 gg‘é V 206 Silicon NPN  2N3704 VB 0028
L 106 1378 pH L8 Vv 207 = NPN  2N3704 VB 0028
L 107 31,1mH LB 0647 Vv 208 PNP  2N3702 VB 0038
L 108 50,4mH LB 0648 V 209 NPN  2N3704 VB 0028
L 109 31,1mH e i Vv 210 PNP  2N3702 VB 0038
L 200 2x4 mH LB 0645 v 211 NPN  BC107 VB 1032
L 300 2x4 mH LB 0645 v 212 FET  2N4302 VB 0045
L 400-403 21 h th pois V 213214 MOS FET  M511 VB 4001
L 500,501 28010 e oo Vv 215 NPN  2N3704 VB 0028
L o e un 8 ‘oeag V 300,301 Silicon NPN  2N3704 VB 0028
L 503505 goun S ey Vv 302 < PNP  2N3702 VB 0038
L 6 1378 fo IR oece V 303,304 MOS FET  M511 VB 4001
L 601 ooz s oeey V 305 FET  P1069 VB 1500
L 602 1378 p V 306 Silicon NPN  2N3704 VB 0028
Lieas ‘gég ﬁn Le Oose Vv 307 - NPN  2N3704 VB 0028
Vv 308 PNP  2N3702 VB 0038
B ‘738(5) 8 sl tj’ % Vv 309 NPN  2N3704 VB 0028
u Vv 310 PNP  2N3702 VB 0038
L 701 31,1mH LB 0647 Vv 311 NPN  BC107 VB 1032
L 702 50,4 mH LB 0648
Loz S04mi e e Vv 312 FET  2N4302 VB 0045
b 703704 S L V 313314 MOS FET  M511 VB 4001
oo 3Tmn I Vv 315 Silicon NPN  2N3704 VB 0028

2020.13-9.69 continued



BRUEL & KJAR

Ncerum - Denmark

CIRCUIT COMPONENT
DIAGRAM TYPE
REF.

TRANSISTORS:

V 400,401 Silicon NPN
V 402 - PNP
V 403 - NPN
V 404 - NPN
V 405,406 - PNP
V 407 - NPN
V 408 - PNP
V 409 - NPN
V 500503 - NPN
V 504 - PNP
V 505 - NPN
V 506 FET
V 507-509 Silicon NPN
V 600,601 - PNP
V 602-605 - NPN
V 606 - PNP
V 700 - PNP
VvV 701 - NPN
VvV 702 - PNP
VvV 703 - NPN
V 704,705 - PNP
V 706708 - NPN
Vv 709 - PNP
VvV 710 3 NPN
Vv 711 - NPN
V 800 (dobb) FET
VvV 801 integr.circuit

V 802 Silicon NPN
V 803 (dobb) FET
V 804 Integr.circuit

V 805 (dobb) FET
V 806 Integr.circuit

V 807 Silicon PNP
V 808 (dobb) FET
V 809 Integr.circuit

V 810 Silicon NPN
Vv 811,812 - NPN
V 813 Germanium NPN
V 900 Silicon NPN
V 901 Silicon NPN
V 902-904  Silicon NPN
V 905 B PNP
V 906 o PNP
V 907 - NPN
V 908910 - NPN
Vv 911 - PNP
Vv 912 - NPN
V 915 = NPN
V 916918 - NPN
vV 919 - PNP
V 920922 - NPN
Vv 927 - NPN
Vv 928 FET
POTENTIOMETERS:

P 1 Carbon 0,5W
P2 Wire N

P 3 - -

P 101 = =

P 200 = %

P 201 = =

P 202 = #

P 300 = =

P 301 &

P 302 - =

P 500 - =

P 600 = =

P 601 - =

P 700704 - N

P 800803 - =

P 804 = 2

P 900903 - 2w
P 904 - -

PRINTED CIRCUIT:

Rejection Ampl.
Emitter follower

2020.13-9.69

BC107 VB
2N3702 VB
BC107 VB
2N3704 VB
2N3702 VB
2N3704 VB
2N3702 VB
2N3704 VB
BC107 VB
2N3702 VB
BC107 VB
2N4302 VB
BC107 VB
2N3702 VB
BC107 VB
2N3702 VB
2N3702 VB
2N3704 VB
2N3702 VB
BC107 VB
2N3702 . VB
BC107 VB
2N3702 VB
2N3053 VB
BC107 VB
U232 VB
PA7709 VE
2N3053 VB
U232 VB
PA7709 VE
U232 VB
PA7709 VE
2N4037 VB
U232 VB
PA7709 VE
2N3053 VB
2N4287 VB
ASY29 VB
2N4922 VB
40363 VB
BC107 VB
2N3702 VB
2N4919 VB
40363 VB
BC107 VB
2N3702 VB
2N4922 VB
2N4922 VB
BC107 VB
2N3702 VB
BC107 VB
BC107 VB
2N4302 VB
lin. 10ke PG
- 10ke PG
- 5ka PG
- 500 o PG
= 1ke PG
= 50ke PG
= 5ke PG
= 1ke PG
= 50ke PG
- 5ka PG
- 1ke PG
- 500 « PG
= 1ka PG
= 1ke PG
= 5ke PG
# 10ke PG
E 500 o PQ
5ke PQ

ZE 0029 XC

ZE 0030 XC

Parts-List

Valid from serial no. 253966

STOCK
REF.

0488
0492

CIRCUIT
DIAGRAM
R

2020.13

COMPONENT
TYPE

PRINTED CIRCUITS:

MISCELLANEOUS:

101
900
901
902
903
904
905-908
909
910

000000000

VvV 913
VvV 914
V 923-926

DC ampl. (in Oven) ZE 0031
240 kHz squarewave ZI 0003
Input Modulator ZM 0003
Var. Phase Ampl. ZM 0004
Output Ampl. ZM 0005
AC to DC modulator ZM 0006
AC to DC modulator ZM 0007
Input filter 120 kHz ZS 0168
120 kHz Fixed Freq.
Conditioning ZS 0169
Summation ampl. Zs 0170
3,16 kHz Filter ZT 0030
10 Hz Filter ZT 0031
31,6 Hz Filter ZT 0032
100 Hz Filter ZT 0033
Voltage Supply ZG 0016
—Voltage Supply 2G 0017
Filter Bandwidth OE 0006
Gain Switch OE 0008
BFO Mode Switch OR 0104
Relay 24 V
""On—0Off" switch
"Input Filter"”
’Bandwidth” switch
"Output” switch
”BFO Mode" switch
Relay 24 V
"Gain" switch
“’Bandwidth Comp.” switch
Transistor ~ Socket
Coax -
Ground =
6 pin - (Remote Band width )
12 pin -
24 pin -
6 pin plug
Neon Lamp (red)
Fuse 1A
Neon Lamp

Cover plastic

Safety cover for “on-off” switch

KF

sheet 3.

STOCK
REF.

0489
0490
0495
0511
0482

2600

Bakelite knob large SN 3222 + DB 0674 + YQ 2083
+YQ 2083
AN 0005
AN 0006

Bakelite knob smallSN 2522 + DB 0674

Power cord EUR
Power cord USA
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Consisting of:

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Block Diagram

Panel Wiring

240 kHz Square Wave Generator ZI 0003

120 kHz Fixed Frequency Conditioning ZS 0169
AC to DC Modulator and Chopper ZM 0006

AC to DC Modulator and Chopper ZM 0007
Input and 120 kHz Filter ZS 0168

Summation — and 120 kHz Filter Amp. ZS 0170
Rej. Amp. — LP. Filter and Output Amp. ZE 0029
DC Amplifiers in Oven ‘ZE 0031

Input Modulator ZM 0003

Main Filter 3.16 Hz ZT 0030

Main Filter 10 Hz ZT 0031

Main Filter 31.6 Hz ZT 0032

Main Filter 100 Hz ZT 0033

sheet 2a
sheet 2b
sheet 3
sheet 4
sheet 5a
sheet 5b
sheet 6
sheet 7
sheet 8
sheet 9
sheet 10
sheet 11a
sheet 11b
sheet 11c
sheet 11d

2020.14

sheet 1.
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Circuit Diagram

valid from serial no. 253966

Block Diagram

2020.1a

sheet 2a

100-120kHz

Phase

Lock

BD 0075

+30v

—k |
12 200-240kHz | Limiter 100 - 120 kHz |
Filter Amplifier Flip - Flop :
5 X |
1 H
l ZM 0003 1
. 1048 DC Amplifier Input
3-510
Attenuator | pc Amplifier Modulator

—————

118 8120kHz

212mV, 120 kH:

I 120kHz
Filter
5
T‘ 180°
Low Pass
> .
4 Filter
2-8-10
9 12

Distortion 120 kHz 1 )30y
Equalizer Flip - Flop !

12 | -30v
AC to DC
Modulator
Channel A

CarrierA

+30V -30v

!_._§_._._§;._._._._.
|
|

28 0170 -I

Summation

> Amplitier

120kHz 6
Filter Amp.

;A-B—IO EQ—“
NC

B

Gain

Emitter

Follower

S

ZE 0030

+30V -30v
| 31 12
123kHz {
9 120kH
O Mixer * -\>—7$—
Filter Amp. !
I ZS 0169 I
3 kHz 120 kHz 4
i
Oscillator Filter Amp.
| " 2 3-5-6-8-10 _I
. e e + + — —
120kHz Beat
WWA
120 kHz

MAA
WW

AC to DC
Chopper
Channel B
i ZM 0007
Distortion 120kHz
Equalizer Flip - Flop

10 Hz
L.P Filter

+24V NC
oB.
Connected . o c—
E to I -4 -5-9-
v 915 1 3-4-5-9-10
C.
35d8 H 2 3,16Hz
DC Amplifier DC Amplifier L.P Filter
Channel A Channel A Channel A
i )
v
ZE 0031 8 i in 3,16 Hz
A 7 L.P Filter
. Channel B
6dB 3,5dB H
DC Amplifier DC Amplifier 20 7 6 8
Channel B Ch 1 * * °
ne annel B ! T

Channel A

ZT 0030

-24V

480 kHz

: Filter Amp.
| 3 56-8-10 1 4-12

NC

Lo

o

|
|
|
]
I
I
o

B0 Mode

+24V

Output

240 kHz Voltage
x ™
Flip- Flop Magnifier
Limiter
Amplitier
Z10003

+30v  -30V

O———O» =0

I

avrms,

Output

Modulator

o, L ___Fzvouos |
/‘\J .
-

Var. Phase

Amplifier

-30v

LP Filter
Amplitier

12._._._._._l
ZE 0029

- 111

Rejection Output

I

O

Rejection

Amplifier

+ 24V

L

L.P Filter
Amplitier

10 or 20dB
Amplifier

L

Band Width Compensotionj

+24V
o

120 kHz Output

3,16 Hz

Emitter

AAAA
W

-5dB

AAAA
YWV

Follower

F——————
|
|
|
|
!

10Hz
il L.P Filter
Channel B

31,6 Hz
L.P Filter

AAAA
WW

Channel A

31,6 Hz

L.P Filter

Channel B

100Hz
L.P Filter

ZT 0032

AAAA
W

[0Hz  316Hz

Intern Wiewed

Channel A

100Hz
LP Filter
Channel B

+30

-20d8

AAAA

W

Filter Output
O

Band Width

24-02-1969

253966

Block Diagram
for 2020

Briiel & Kjcer

Copenhagen
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2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Panel Wiring

2020.14

sheet 2b

BD 0073

I R e — —‘ r
+30v | | '
T T i
i ER21 4+~ ER21 4~
‘ ‘ BAX16 as044 906 4 '
‘ ] ¥ 503 I
Z620a Z57ka 21000 Z6kn ‘
< R900 2Ro0t 2 R907 S R909 siiv
2N 4922 |
L tewr L sooyF
, == |
c 901 Tc 905
BAX 16 220v
VQCIUJ _!0901
‘ J 330 > 5k oo O
T6yF 9% S R902 >R908 T C 904 J 150v
=
=
€ 900 Q900 2 10ka Enn]_ ER21 T ‘
f’:;pgos @905 4 ago7
l l l L. | 26001 — e R J o% 0900
N = — e . - -
ZEOQ031 . 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 23 i T s = —— = et i s S ]
L'? 7 i s S i T EpEonp o npEHO. | r | 40363 i2n T
= WA ?9
‘ R914
‘ ERZ‘]—ERZI o ‘
‘ BAX 16 Q912 Q914
Carrier A Carrier B | —a9n | 127V
5000 Y 5002 ‘ ;‘G“F ;{ZEZ" 570 Lk 22k tha 21000 Zs6kn ‘
b & aC C 906 Q908 :’RQ" €908 S R913 R915 I R917 <SRI9
{peoo P 901 ‘ 0 S > v 908 < < ‘ ey
‘ Lyewr L&oow ;
- | 32v
S — €907 Tcon |
- | BAX16 11ov
2N 4922 2N 4919 | i Sols ‘
1A
| Ll 3 & s
< 33ka 2 5kn M
91 S
v ] V906 | R912 -19v S Rote == 010
J 16F zn R21 - ER21 - o
) 3620a 10ka e E S
‘ 2R910 P 906 Tcsog Q910 ass A qors 4
—30v
| |
[ N 900
| ERZ1 - ER2I ‘
\ > 3300 | G917 4 qors
> R 920 | 0
‘ L_goouF ‘
v 24y
912
‘ Z24 L E—
= Chassis Ground
ast6 | ERZI-ERZ1 -
a9 4 as20
H
| Signal Ground
| { | =09 . Lo
-
ZM 0003 250168 ZM 0006 ZM 0007 Z5 0170 ZE 0029 ZT 0030 ZT 0031 ZT 0032 Z7 0033 ZS 0169 Z] 0003
31 [ ] o ] M [ [] [:] [
- ag i | ! i° i > o e
I l ! I . | : . 3t : .
» » ; i l ; | | ] ; |
2 |2. zI 2 | HES | 2 : H HS: i2 .
3 . %) o —B ! 3 71 i3 1
| Il | N | ] M |
Ial |3| |3 3 S I’l 3 3 Isl Ial l
TR R e R |
e e e e (R ] e |
| } I ! ! : : HEE A
5 | 5 . 5 15 HE 5 5 5 5 5 | 5 5
i :Ei%zz%l 2 | 4 |° s e ° ° |T | g
! . . . . .
I . . : : I
| | | 1] e | NN | N |
| I o c914 | | !
6 6 ¢ : 6 i 6 i 6 6 6 6 6 6 6 6
s o i —I—o ,—«I-o al-o T o o —{R l -0
H i H H H H '
7 7! !7 |7 !7 7 I 7 | 7 JT‘)’ZZ"F 7
o o+ o 2 | 1L 21
I : I (T l €930 I
!a -a! el Ia' 8 1 8 8 . 8 | & 8 -al
I o—|—< o—I—< o o 0 o .
[ i ! 1 ! |
! . . | H } I ¥ }
| HRIR A — -
9 9 & 9 | 91 9 9 1 9 J’gl HE] I 9 9
T—o o I o [ %) I o o I 5uF ! —o o
: : I | Tcms I
l I 10 L0 10 | 0 10 l 10 10 j10
I o—l— o I 0 0 +o
i } } H H $
| H | ] 1 |
- N ! [
1" 1" 1 1 £ 1 n g 1 MRl
! ? lo o | o o —-I-o |
| | | N
! 7 S’ gy s R 3] _ 2y [ HEH 7 2
L ] C L] B L] L] L
120kHz Beat
E;‘“‘ 5000
p:
Gain
< 500
< P903
Input 100-120kHz 100-120 kHz 120kHz Input Rejection 120kHz Output 123kHz Output
Input Vo 1 Phase Lock Ve Output N\ Inputd)’\
- ~® Q © —®
1 7 " - *7'77'744’W_1
L | I
! i 21kaZ 12k 1000 ‘
R928  _| 100pF R 931 R934 i
Tce20 2N 3702 |
12,1ka 18,2ka
Input Filter R927 R929 215kn 4 x BAX16 7902
77777777 &
L aer S5kn R939 Q92 |
| Teos TNOSe ST BC107 \
I 100pF
| L seika vsie |l \
| ] VVVV VWV
| | cals R 930 oy R933
| ==
: ‘ con V 920 ‘
| i 5: 82kn 6,8kn <
L SR932 R935 < ‘
T, - e e o NS PR g v, - s > A v o > - .
ZM 0004 | J
I
i
.‘ 0902 Filter Band Width
g T o 7
LVZE 0030 - _ s B Remote Control:
Intern- viewed
i
-30v
|
|
| | T
| I
| ! . ]
| +30V N |
L . . . ! 3,16Hz 0Hz  [316Hz 100Hz : ) . L1
| —| ‘ 3;10011 | ‘ i _]
+ . < R94L i l
| | ‘ { V923 vez [vezs V926 | I ]
ZiMa ‘ 33ka [ | : . . ' ' |
R958 R943 L : | 8uF 8uF 8uF 8yF ! | Gain. <i7 Band Width Compensation:
—J» <o ‘ << | . - — ’ | < | o»
; ) i | c924 c925 €926 €927 2 ! .
| | ]! | 1 sanil
i 3 1
: : ' I } ‘ ‘ | ' ‘
; ’ os | <o ! ! 70905 70906 0907 0908 | ‘ |0 | o | |
| ! - | | ' 1
! : t | ‘ ‘ I | | | . . I i ' !
! ‘ , ! ‘ ‘ ‘ » | ‘ — : ‘
S s | . i y " ] i Cor]
Sine . i B: - 1 J 1 ! ! | o =28V | . | i ‘ off H
I oise eq ‘ i ‘ ‘ , | 20 1/ VB
| ! !
0808 [ OF0008 o 1] ] i ! | } | OE 0007 0909 ] 0910
T | : | i . e o
Tk | l i { ’ 4
. + | .
‘ 1 | i ] i
2N 4302 R 949 1 L ‘
| [ |
i 1k ‘ﬁF | | e ! €7| t
. ‘ AW 1t ‘
i R 950 €929 1
Ly |
I}
U J ¢
1Mag €928 3 S'Ma 210Ma 60,3kn 371k 21kn 1,7ka 1 Tka 1
| R94E < p: < RI51 SRI52 VWW VW WA VWA WWA
i R953 R 954 R955 R 956 R957 |
! |
OE 0006
Transistor sockets
2N 4919
2N 4302 2N 3702 BC 107 2N 4922
G c
Emitter s EC B E Emitter
Bottom view Loliector
. 26=02:1963 | 253566 Briel & Ki Heterodyne Slave Filter
rug : jeer Panel Wiring
N en
opennag Type 2020







BRUEL & KJAR

Necerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 263966

240 kHz Square Wave Generator ZI 0003

2020.1a

sheet 3

+30v

480 kHz Band Pass Filter

120 kHz Input

(-30v)

Ground

Ground

(appr.-30V)
Voltage for Neon Lamps

Ground
[T 240kHz Output
Ground
L[] 240kHz Output

-30v

BD 0062
petts e

|_ T 1,5ka
10102 WA o - .
| ‘ R402 Limiter Amplifier
4700
i i 7V vAvAvl'L
‘ i 406 .
. 3180kn| o 2tk | SnF 3 82kn | _| snF S2ka 3 27ka S15ka
| Sreo00 BB P Zpuon Tcu03 SR407 ) i A SRtz SR Srus  2N3704
1C w00 " Luo2 47nF
It
Il
! ‘ C 412 480 kHz
| i BC107 S V404
‘ 406 BC107 BC107 16V pp,
’ &TnF 470F <
Il [l
o2 OT C“o it p
401 C 405
[ V400 V01 ~ v4o3 2N 3702
| ‘ 4TnF 4TnF
€402 ! C 408 '
| 4TnF S47ka S68a S4Tkal > b - | 3 b:
! _Lem g4 goa 3 kol o L _LOWF :EZan :Eason =Elkn 2 Z22ka_470F 2160n V05
|oso € 400 SR4O1 ZRW3 ZRLOSAS 0 [ €405 [ €407 BR408 SRL09 TRUOAS |, o0 can R4t [ CL13 SR4IE
! 1
47nF
&4
[ | T w0
. l; VW
| C 414 R 417 ==0,1pF
‘ 1,5ka —8v c 415
04 O — VWA
] e
. WW
os 3 R422
| %SPF W30z ga2ka Flip-Flop 240 kHz Szkng 2N:3702
; 425 SR P P R433
| 060
|
: 22pF <, 22pF
a@y P iy < 4Tkn S 4Tk Lo
[ | Voltage Magnifier V 406 ==3909F T :ERLZS Sraze Tew V 408
o C427 r
‘ | 01pF _|oaF
\ 6 Teuw 0 uF | C19 014F C421 0.1 uF, C423 390pF
i‘ 1f ] ml ] C434
J - 66V e !BA"‘S]-B“‘S poAxe g-BAx1 [B“‘G 2N 3704 L2PF 247k 20ka 20k Suka L2PF T N30
ik 0401 170402 9 0 403 T-0404 {) 0405 Q406 [C429 SRu26 3R427 SRu28 SR430 T[C433
lo70l mq»qu I I | I ~ .
i R419 R420 O1pF OIpF OMF cu24 BAX16 BAX16
| ‘ U235 it u 22 Ske == Z33ka 0407 _LWOOPF 100PF| g 408 33ka 2
v cu4t8 c420 cazz 3o, == == e b3
| "foz.co 2 SuFCi26 R 424 €430 Cc43n R4 2
losor s
‘ 3ka R423 - .
|osor 7(/ \) e
(
J owoﬁ—— \QV"y \svep,/
| on ci |
Transistor sockets
2N 3702 BC107
2N 3704 C
’
E € B E
Bottom view 20-02-1969 253966 Briiel & K'cer Z1 0003
Corenh ) 240kHz Square Wave Generator
penhag
for 2020







BRUEL & KJAR

Ncerum - Denmark

2020.14-9.69

Circuit Diagram
valid from serial no. 253966

240 kHz Square Wave Generator Z| 0003

2020.14

sheet 3

480 kHz Band Pass Filter

. ! A +8vV
VWV - .
[ ‘ R402 Limiter Amplifier
: Pl o
‘ | R 406
ﬁ;mmi Z121ka_| SnF S82kn E S2ka S 27ka S15kn
< < = > > ¥
| ‘ 2400 | i?o% SR404 T C403 SR407 ! i‘:on SR SrRa3 SRus
i | 4,7nF
‘ 1}
‘ 1l
C 412 480 kHz
‘ ] &¢ 07 _| 498pF _| 49.9pF
‘ e 20 BC107 0 2N 3702 BC107 i
47nF 47nF 18Kn
120 kHz Input l 020 “ H )
| ] €401 C 405 RN
| V400 V401 V402 V403
l 47nF 47nF
il
| 1l ! r
! J 1 cio ! €408 !
_L sk :;A'nm 368n 247k 0,1uF ::ZZI(n 330n S1ka | bl 5nF S22kn_| 47nF S160n
. = > < < = - p— e .
| o030 [ €400  SR401 SR403 SJR4O! : C407 2 R408 SR4L09 SR4I0 Lroa can R4l Tcm 3Rat6
1
: ‘ 47nF
470.
I I e
‘ ‘ c 4t R 417 | omwr
1,5ka Tcus
(-30v) O 4 O+ WWA -8V
R 418
‘ ] 3ka +8,5V
VAV‘V‘V‘
Ground | os o—'— R422 5uF J J
=) 2N3702 < 82ka cs 82kng 2N 3702
-f-C425 SRz Flip-Flop 240 kHz R4S
Ground [ 060 ]‘ ]
: | 22pF < 22pF
- { L S4Tka > 47kn Lt
\ | Voltage Magnifier i vaos L3P IR e Shuas Srum Tewn v 408
{ Tec >
‘ 0,1 4F 0,1uF ¢ cazy
‘ Xl o 04 | C 419 0.1uF cé2n 0/ 4 €423 | 2390pF
‘ ‘ Ll Ll Ll [ C434
| BAX16 | BAXI6 | BAX16 | BAX16 | BAX16 | BAX16 22pF < ==
- 66V | PF > S 3 22pF
L Y| a6 _[sz y idh 10404 e -lmos { 2N 3704 e, 347k 310k S10ka Sk L2 T 2N3704
47k 8.2kn Cc429 R426 < R4L27 S R428 S R430 €433
(appr-30¥) | oo r vl A 1 M i Tl [ [
Voltage for Neon Lamps I U I 1l LLp T iy .
‘ | RUY g RE20 0,1F OIuF OWF &0 C424] s BAXIE | 100pF 100pF| BAX16 <
z36V (AT c420 cuzz T = S 33kn 0407 L = Q408 33ka g
400 R4 g - S R4 [ca30  ca3n R431
b rd
Ground 1 os o—l—« MWW
3ka R423 . _
ML 240kHz Output | 09 04 v Ve
{ \ I
) [ U
\ / \
Ground I 0100-}— wnp/ \‘WW
[] 240kHz Output ‘onci T
-30v o1zﬁ—
Transistor sockets
2N 3702 BC107
2N 3704 C
’
EC B 3
Bottom view 20-02-1969 253966 . . Z1 0003
Briiel & Kjcer 240kHzS Wave G
Coivarh z dquare Wave Generator
penhag
B0 0062 for 2020







BRUEL & KJAR
Ncerum - Denmark Circuit Diagram 202 0-14

valid from serial no. 253966 sheet 4
] 56ka 120kHz Band Pass Filter
+30v 010 VWA~
| R 500
{ 3180ka p: | 6,26nF
b b: L
| ; < R501 “ €505
‘ 2820k
‘ A S R509
1 i itioni
20 kHz Fixed Frequency Conditioning ZS 0169 ’ ;:‘50"“
S R502
120kH ' I il
z 11
Filter Input | © 2 CJI )
€ 500
; | _Lowr | onpF
i “Tesor T csoz
’ ’ 3 180ka b: b3 |_6.26nF Z820kn
2 R503 ZR507 ZRS508 L501 [ C508 JIR510 T
030 :
Ground ! 030 I 1,2Vpp.
120kHz Filter ;
Output ™\~ | o4o
Ground | OS5 o-l—
| | 5000 120 kHz Band Pass Filter
Ground ' O6 O—*——(- R‘v;v:;‘
120kHz Output ‘ 07 0~ S0k S 33k _1 318nF
| NS 3R521 [cs17
Ground | os . RS 2 3kHz / 123kHz
K | 4InF Modulator
Nl
123kHz Input | 09 0 il Juw GXOADOSS 450pF e
i €509 A ™ Il Il 200pF
; RS17 Q500 v 4 =
| i c513 515 cs518
N 1 I 1
i | T i o a5 == i i 31,80F
C 510 437 ik
| : J | e Tt ! ' Tesw &nF C 516 '
S22k 21500 Tk Q502 56uH [ 56uH 3nka 2302 Z4Tka |
i SR5 SRS15 WA fot L502 |L503 SR52 ZR523 RS54
| R520 Q503 { |
Ground - ochI
| £ 300a
. ‘ M
| R525
. 82 3 kHz Oscillator
I ] B 2ke 6803 100kn 3
YVVV > >
i R 526 R5353 R537S
I | 39k 3 270k r 8o WF
R529 2  1wF SRS 14F =
1ka 12,7ka > 3
To 120k : : 1l c528
Sect A’:,’. on.o- ;ﬁ WA 2N 4302 it BC107 ] BC107
* | [ P500 R527 5 c52 c526
ono ; 4nF, G 4 V508
J C522 3
164F 16F
surl, Lo 13954 V506 V507 1yF V509
= AN 1t
C 520 cs2z ;('5'2‘1'5 T
] cs27
S5uF
L e 336a 2a a3 Sika 3100k, ;:lkn Sika
€523 2R530 3Rs32 Tc 525 S R536 <SR538 SRs39 SR540
1ka
AN
VW
R534 NTC
200n 4,7ka
R533 R541
Transistor sockets
2N4302 2N3702 B8C107
Drain ¢
B
Source Gate E
24-02-1969 | 253966
Bottom view Briiel & Kler ZS 0169
Eoarh 120kHz Fixed Frequency
BD 0067 T Conditioning for 2020

2020.14-9.69






BRUEL & KJAR

Ncerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 2563966

AC to DC Modulator and Chopper ZM 0006

2020.14

sheet ba

Split Load Amplifier

AC to DC Modulator

r 1
1,5kn
+30v | o1 o—’——*ww 19V
] R 200 =
3249k
150k. 4 >
’ Sokng  549ka M 511 SR220
| ‘ R201 2 R 204 WE 2800 6
! T — m Flip-Flop 120kHz
; ‘ 2N 3704 caos B b
1
215k i 5 BAX 16 i
AC to DC ‘ 0,1uF AW i LZ’:H V203 T 0202 =1aY e RANN
Mogulator Input | 02 eJ‘— V215 R205 | 220 (1,200 +6V 5000 | 2,74kn R 241
120kHz o WWA M- AMAA—©—AANA < <
\ ¢ IN3702 8.2kn R208  215ka | R207 L) R217 | R222 2t S2kn g
; ‘ V 200 : A ! Sr229 R 237
s } M5 s BAX16 2
i V202 o | . Q203
2800
| 2 68ka 2z 1 AA e
: < 34,99kn o R 22 D
SR202 sS4 c204 | R226 J )
R 203 S 9 70: v 207 34k _L47pF _L_47pF S47ka
< s 0pF F < SR2y | c216 Tc220 Sr235
‘ | Stka L owr Sezkn MUELOWEL 2392k 47nF r r
‘ | < P 200 C 202 SR216 cznTc 210] JRr223 “I}*
Ground 030+
com
N | | Lo
ACtoDC | R210 Loy 825kn 4 L 4 4 c
Modulator Output | 0% N 3702 S S S ST STk == 2N3702
- - - v R232 SR233 SR234 | C221 SR236
0-500Hz ‘ Distortion Equalizer R215 r r r
>
47nF T T .
‘ ‘ | 0.1uF 2N370L 777623 215k0 E; 33kn S15kn S221ka _LoayF E;sonn 21Ma E:wm ] BAX 16 BAX 16
2085 0200 SR211 SR212 SR213 SR [c200 SrR28 ZR219 ZR221] | N1 Vv 208 0206 @207
‘ ‘ 23,8V oax16 39a Ss2kn wopF_L. _L 100pF 82kn
4 R228 S R230 cate | Tcae R238 S
s ‘a2 r r
Ground ‘ os o-’—< V 206 @201 47ka
High . WA
‘ Level P 1069 S15ka Low L.eve.l Adj R
) WV I
’ Adj. §piR22s 5ka | P202
i ! 50kn 92
| | P201 S D
| 01
: | uF Vo5 Lozyr L o22pF
240kHz Trig. Input 1l €22 e
66 0 c 206
Phase Lock 1 | 19%n.
U™ 0wz | 0707 —AWW
‘ | R 226
Ground | 08 O+
i
| 1 L oipF M51 =L10pF Z397ka
Chopperinput | o9 o S caz 0 QG c29 2SR50
5 WW
0-50Hz | ; R 253 =
Ground | 0100-3— ==0lF S s s
| I 39ka |, 221 goMa Z100ka 8lv213
W2 2N4302  SRas SR
2 47nF
| ] BC107 L s I +6v ) )
7 1ka 3 S15kn _L10pF 3,92ka
[ ) Qe Y N3 caz 2R252 [ c230 SR251
R246 Bl M51
Chopper Output | 0,1F
120kHz [ | WL van w1\
o I AN
‘ , €226 Z210kn i;ukn
| 33k | _py BRS SR247 V214
=30V 0120+ VWA 16 Vp.p,
L 7J R 244 Chopper
Transistor sockets
M51 2N 3702 2N 4302 P 1069
2N 3704 BC 107 Drain Gate
C
B‘
EC B E Source, Gate Source, Drain 06-06-1969 | 253966 ZM 0006

BD 0064

Bottom view

Briiel & Kjcer

Copenhagen

AC to DC Modulator
and Chopper for 2020







BRUEL & KJAR

Ncerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 263966

AC to DC Modulator and Chopper ZM 0007

2020.1a

sheet 5b

Split Load Amplifier

AC to DC Modulator

B
15 ka
+30V . 010+ e 1SV J
R 300 p. 2 24,9ka
| | 1501«1:; 549 ka 2N 3704 . M511 SR320
' R301 S R304 p )
! T 2N 3704 L 280a D/\ Flip-Flop 120 kHz
01puF | WV e
- u R309 1
' €301 303 ; 3 y
2N 3704 4,7k
t : u V301 S8 I 2x 5TV 303 p Baxts ey LTka
AC to DC 4 AW | 4mH 0302 WW
ModulatorInput | O 2 O ” V315 R 305 22a (! L300 6V 5000 | 2,74ka d p. R340
120kHz [ L A Fvedl AN A 282k 8260 3 R3393 s
: > 36
} V300 2N3702 82kaR308 3.::’;“ r3o7 (1 R317 | R322 SRz R336 2
’ ‘ R 306 ! 8[Ms11 BAkIe 7 2N 3704
V302 G ! s /] 0303
H 2800 L \o
: s s T ryy i ]
: ‘ S68ka S 49%a ¢ 3'04 R 324 D u J
7~ R 302 7 R 303 < 4Tka 47pF > 47ka v 309
> - == 4
‘ ! J 1 V3o B! V307 SR330 ] c316 > R334
: =1ka _LowF 2 82ka Lowr |owr_Lowel 392kl 4InF
l ’ = p3oo €302 ZR316 T c 308 c:n'l_cmo ZR323 I
Ground | 03 O= C 316
1,8ka 33nF
. -19v
|| AE ] ] ]
ACtoDC | : R310 G 825k 3707 247k 210ka 210ka _L47pF S47ka
Modulator Output ’ os ot —— - WA 2N 370 Sra3at S R332 SR [ CI2N SR3B
0-500Hz | Distortion Equalizer 31
g H 4TnF 1 ~
p. < A
‘ ‘ | oF 2N3704 “77F 623 215kn S 33kn S 15ka S22 _Loyr Z500a JiMa E:IMn Il BQA’;SS %,xo'.,s
. T c30s Q300 SR3N ZR3I2 SRII SR34 €309 SRIIB JRIY SR32 claln Vv 308
‘ | +23,8V 3% S8k 1wopF L. _L_100pF 8,2kn
i o} y BAX 16 R327 <R 329 c318 c319 R 337
] 47k
Ground [ os o-'-—a V306 G301 ".w:;
; High " R 341
‘ ] Level P 1069 15kn Low LAeveAl Adj.
: | Adj. SR Skn | P 302 28Vpp.
’ 50k G y Bax1s
S i
X P30S ) 0308 |
| 01 uF _Lo22yF —L022pF
i I V 305 1 [ ca2 [ can
240kHz Trig. Input . 11 28Vp.p.
C 306
piplpiy ‘ o6 QL,
Phase Lock - |
[ R oy | o7 Oii
Ground . 08 c—[
| )
! ] Lo M5N L10pF 230260
3
cnsosrineu | o ol 22 can 0 c529 Zr3s0
0-50Hz | ; R353 |
Ground omo—l»—‘ ==01uF < > s
| 19kn c327 10Ma  Z100ka
! . WA F21Y 2N 4302 R34 SRS
| ’ R342 1L +6V 4
wnrcaze S5k L10pF 2 392kn
£ = 0,1yF < R352 C330 < R351
’ c325 B|M5NM
Chopper Output . i 0.1pF s /B
120kHz OJ I { (<)
o oo I CANGS)
. ! €326
V314
O Y
-30v ono VWV PP,
L Re36S Chopper
Transistor sockets
M511 2N 3702 2N 4302 P 1069
2N 3704 BC 107
C
B. G
EC B £ ource 09-06-1969 | 253966 ZM 0007

BD 0065

Bottom view

Briiel & Kjcer

Copenhagen

AC to DC Modulator
and Chopper for 2020







BRUEL & KJAR

Ncerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 2563966

Input and 120 kHz Filter ZS 0168

2020.14

sheet 6

800 0
+22v
~
i 500a %% 120kHz Filter Split Load Amp.
+aov loto i WA Y
R102
| X . 0101 BC107
| . . :: 100kn :;1,15 kn — 0.224F
p P ! P 4 J 4 SR16 SR8 I\
| S100ka S75kn 562uH) 397k Z100ks 375k ssz,m: 96kng 3-10PF_| 0,225F 1
SuF SR04 <R106 L102 | <R108 < RI109 < R4 S C112 7 [l cue
Ground 02 o-L—- | 107 ] ciia
| c103 BC ca V105
| _378uH_ | 137844 8uF
11 & 10k L BC107 35 Rl 1 BC107 - I
OIpF v cs BC107 R123
120kHz Filter Input | 030+ ” i o] V103
‘ ] c102 c107 cit
(212mV,120kH2) ‘ | V101 R e | V102 a 0224F "
‘ L AN ["ci0s cl08 | VWV -
= R15 cre
‘ c1o1 4 P! > s > > b
S47ka 22ka! 47k 22kn 4Tkn 178kag  1MaZ < S82ka
’ ZR105 R107 R0 S R112 R17 3 R119 3 R120Z > SR124
: 5000 8000
‘ R103 -LS"F R13 Isocn
‘ WW
‘ Tc 104 P101
Relay Ground ‘ 04O 1
) +24V from Output Switch [ 050 !
PP
118 &120KHE 10 khz Filter Output ‘ 06 (}—%—
Inversible Output ‘ 070 i
BAX 16
(710 mV, 120 kHz) ‘ AT BC 107 35
\ Q101
P pS
22ka g 180ka g 2,35ka
Ground I o8 3 R126 R128 R130
: V106 2N 3702 Low Pass Filter
\ | SuF
Low Pass Filter Input . 09 O—— Iﬂ
| 1 cig 3AmH_
V107 Ly
100 uF B, L107 5uF
‘ ‘ 10knZ My WP 220ka g 48kag 500pF FiE 35,36kn a3
\b R1ZT'S cn? T cus[” Ru9 2 131 = 120 T c122 ciz3 PR c124
Ground | 0100~
-30v i onc!
‘ i Z1iMa
| I SR125
Low Pass Filter Output B‘ZC
Transistor sockets
2N 3702 BC 107
g
]
E
24-02-1969 | 253966
Bottom view Z5 0168

BD 0066

Briiel & Kjcer
bty

Input - and 120 kHz Filter for 2020







BRUEL & KJAER
Neerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Summation — and 120 kHz Filter Amp. ZS 0170

2020.14a

sheet 7

BD 0068

(Channel B)
120kHz Input

(Channel A)
120kHz Input

Ground

120kHz Output
to Phase Adj

Rejection Bal.
(Gain)

Ground

Ground

-30v

Summation Amp.

BAX 16
[ 1ka<g Q 600
6800 < BC 107 . ™
o104 WW Lo R612S 120 kHz Band Pass Filter Amplifier
R 600
‘\ ‘ 3,32kn 35000
‘ R 606 2 P 600 VE0s L+ g
i ‘ Z110-40pF, 7T |10-40pF
d p. 4
3 56kn S 56kn 100 |C604 3,16kn €605
: b
32 R602 SR604 R 607 <R 608 P : J J
| ‘ 275k ISes2un 297k Z6ska 2 9,7ka 68ka
; . SrReis eLe  ZReW  ZRee 2 R 623 R 624
1pF
2N 3702 =
l ’ O1pF €. 506 1378 i, If; 1378.0H 0,1uF 0,1uF
| 02 0d Il 23,32kn —| i}
[ < Uoo 2R 610 L 600 L602 c 61 c615
. _=0.22PF 2N 3702 BC 107 BC107 2N 3702
| 01pF € 602 Vv 600
. 030+ ” +6,8V
| \ C 601
. V 604 J V 606
| 4 J :ElSOkn
04 55270 ka :; 270ka Linr e Liwr 2 e
| +R 603 S R605 01F Tc 609 Tcew _rc 614
i | 249ka —16v
| l 6800 55 R&1 C 608
050 A o
T VWV J 100pF P, P! |
i R601 5kn :: :: 12ka (; 28kn S 6,8kn
| _| 0.22pF R613 C 607 2 R61L SR616 <R626
| | “Tce03
.06 ﬁ
P!
| /::)‘”‘ﬂ _LoF
s 3 P 601 =
| o7 ol C 616
. 1,8ka
| [eX:] vAvAvA'A
R 627
o090 \
| o1oo-|—
Fono |
: otzﬁ——
Transistor sockets
2N 3702 BC107
c
)
EC B E
Bottom view 24-02-1969 253966 ZS 0170

Briiel & Kjcer

Copenhagen

Summation - and 120kHz
Filter Amp. for 2020







BRUEL & KJAR
Necerum - Denmark Circuit Diagram 202 0-14

valid from serial no. 253966 sheet 8
To Gain Control [_ _‘!
+20dB Amplification . O1 O
when grounded I
Low Pass Filter Output | 02 O+ +10dB to +20dB Amp.
Rej. Amp. — LP. Filter and Output Amp. ZE 0029 +1038 QURAtEF2008) | %20 | 30pH__ - BC107
| L 700
InisMn wem?’  322ka 2N3702
+30v |04 1ka 3 b3
J P 700 2R707 Tero7 y -
. M
3150ka 2N 3704 § —— =L1 uF V703
| 2 R702 s c 708 [c7o
1,5k )
Ground R 704 Low Pass Filter
0-20 kHz
2N 3702 16ka  1ka
| syF V701§ AW/
Rejection — and | RN P 701
Low Pass Filter Input 0807 4"
701
| | V 700 SLImH_ 50, 6mH Nimi Sﬁ‘F 100n  “00¥F 1ka,
i P’ — A\
l | L702 L703 €706 RT2 (00 7P 702
1 f:mﬂ SiMa | 1yF 3120ka Juka | 2nF 2nF _| 500pF  35ka 2220ka ik 21Ma S5k L2504 Ska
| 2 R700 :[Hwo‘ Tcro  IR703 SRS T cr02 Tc 703 "[c 7064 [ C705 ZR706  JR708 ZR710 SR713 SR7IL == SR71S
Ground | 070 |
' | 2N 3053
i wF_|
| | cr23 |
BAX1E
‘ | _ +24V L
V70 g0
| | 1kn
P 703 Rejection Amrp.
| | 2100ka 15ka_| \2-6pF +uy  Bclo7  BAXIS
ZIR718 R720 7] C 715 prowe |
| | 7,5kn 3100k 3s0ka  220a
R721 BC107 SR728 2R730 SR732
| | 2N 3702 2 10ka SuF v
SuF SR724 T
LF from | 4 L'H
Input Amplitier | 080 | : cnr 2N 3702 Low Pass Filter ==
c72 5uF Vv 708 0-20kHz .
V705 A
WW
c716 R736
Ground | 09 o—*— BC107 o=
1ka 0ka 1uF
Ground 0100 MW WWA {}
| I R716 R727 c722
. i | 2N 3702 100F
ejection Output ' onot = Sk Sk S0k 3 270ka 200k Z48ka | L 500pF S8k S 1M Ska 100 uF
€78 Zrpm SR™M9 SR726 SR728 SR SRr733 T cme €719 € 720 c721 :»nm 'mns R737 -2
] BAX 16
-30v | 0120+ jt /= -2V
L _I 700 i 100
. P
Transistor sockets
2N 3702 BC107
2N 3704 2N 3053
c
° a
ECB E
2-02-1969 | 253966
Bottom vlew Briiel & Kjcer ZE 029
s Rejection Amplifier — Low Pass Filters
80 0060 and LF Output Amplifier for 2020

2020.14-9.69
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Circuit Diagram

valid from serial no. 263966

Input Modulator ZM 0003

2020.14

sheet 10

!
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Bottom view

Briiel & Kjcer
C h 9

Input Modulator for 2020







BRUEL & KJAR

Ncerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Main Filter 3.16 Hz ZT 0030

2020.14

sheet 11a

BD 0063
S ———

1,58 Hz Low Pass Filter

1
+2V ‘ o10 i
| 3 325ka 27ka >10a
I SR R12 3SR
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] \ 2N 4302 BC 107 2N 4302 BC107
; 2,62kn
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‘ o030 ‘
B 1 son | o
WW VWV W
T ‘ EY) 1% P2
| ; S1Ma W0pF L _L2200F 2440 18k 368kn Togr il =L11°“F Zika 3 18ka 268ka
! l 3R1 c2 c9 -fns SR7 3R9 cu4 [c1o SR ZRI16 SR17
| 050 l
A Channel Output | 06 c)i
Ground \ o7 O—*—»
B Channel Output 080 II
\ | 1,58Hz Low Pass Filter
oso| l J <
‘ >27ka 10a 3325kn 27k Z10a
‘ ’ 2R21 R23 3rR27 R29 SR
. 2N 3702 2N 3702
‘ o0 |
‘ | 2N 4302 2N 4302 BC107
2,32k 5000 o
B Channel Input ‘ ST | 503k 238ka s D Ve W G vl o
0-500Hz "\ T M g B R28 P3 B
\ | I V7 V9 touFc7 vio vi2
| 1kn
‘ ‘ R31 N
! 1Ma WOuF | _[220PF 2 g4 318ka  Z68ka WP | L2206 2440 S 8ka 3 68ka
‘ | R18 cs Ten 3r2 SR 2R26 ce c1z R30 SR3 SR
-2y qu o 1
Transistor sockets
2N 4302 2N 3702 BC107
_Drain <
° a
Source \Gate EC B 3
20-02-1969 253966

Bottom view

ZT 0030
3,16 Hz Main Filter for 2020
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Main Filter

Circuit Diagram

valid from serial no. 253966

10 Hz ZT 0031

2020.14

sheet 11b

+ 24V

A Channel Input
0-500Hz "\

From Channel A Output
3,16 Hz Main Filter

+24V

A Channel Output
Ground
B Channel Output

Relay Gound from Filter Band Width Switch

From Channel B Output
3,16 Hz Main Filter

B Channel Input
0-500Hz "\~

- 24V

Transistor sockets

2N 4302 2N 3702
Drain
990
Source Gate E B

Bottom view

5,0 Hz Low Pass Filter
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Circuit Diagram

valid from serial no. 2563966

Main Filter 31.6 Hz ZT 0032

2020.14a

sheet 11c

BD 0071

15,8 Hz Low Pass Filter
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Circuit Diagram

valid from serial no. 253966

Main Filter 100 Hz ZT 0033

2020.1a

sheet 11d

BD 0072
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Heterodyne Slave Filter

< Consisting of:
Principle of the Instrument 2020.1

Checking Procedure 2020.2
240 kHz Square Wave Generator Z| 0003 2020.3
120 kHz fixed Frequency Conditioning ZS 0169  2020.4
AC to DC Modulators and Choppers ZM 0006/7  2020.5
120 kHz Filter and Split Load Amp. ZS 0168 2020.6

Summation Amplifier ZS 0170 2020.7
Rejection and Output Amplifiers ZE 0086 2020.8
DC Amplifiers in Oven ZE 0031 2020.9
Input Modulator ZM 0003 2020.10
Main Filters ZT 0030—0033 2020.11
Position of Components 2020.12
Parts List 2020 13
Circuit Diagram 2020 14

Trouble Shooting:
If some sort of trouble occurs with this instrument then first check the D.C. working voltages from the Power Supply.

C Then use the Checking Procedure with Block Diagram in order to localize a trouble to be in one certain circuit.

When a fault has been found and r: died the and adj whici: are ir fluenced by the remedy must be rechecked and the
Checking Procedure can be used again to tell if all basn: functions of the instrument are fulfilled.

The tolerance stated in the instructions can only be used as a guide for adjustment and control, but any deviations must not be corrected
without being sure that the tolerances of the instrument used for making the adjustment are so small as to have no influence on the
measurements.

The instructions in this Manual are given purely as a guide to the service of equipment. Some faults as f.inst. small deviations in tolerances
require for their correction special control equipment and extensive experience, and in these cases it is necessary to send the instrument to
the factory.

Spare Parts:

Please state type and serial number of apparatus when spare parts are ordered.

Instruments Necessary for Service and repair:

‘ Beat Frequency Oscullator Type 1022 (or Sine Random Generator Type 1024)
El t0 200 kHz - f.s.d. for 1 mV)

LF Osclllawf (any type witha2 V output facility)

Double Beam Oscilloscope

Multimeter (50 uA)

Frequency Counter

2020-2.72
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| ‘! 120kHz
1 .
1022 | K R -
T L L - VAR SRV
: b 100 - 120k Hz 0 - 50Hz o .
cemood g |Rlip-Flo |
100-120kHz [
AC-DC DC-50HZ
Modul, []Filter [~ Chopper,
LF Input LE Input 120 kHz Split ?gmma- 120 kHz Output LP
At Madul, [ "1 Filter s on Filter [ Modul. [ |Filter
T mpl. Ampl.
c ] l Output
AC-DC| |DC-50H
Modul. Filter Chopper| /\
=z -,
I .

Reject. L.P;

r | Fi —

| Ampl. Filter Reject.
{ Output

ay Ay = N
fo 120 kHz 120 kHz 0 —50Hz fo

The Heterodyne Slave Filter Type 2020 is intended to be used together with a Beat
Frequency Oscillator Type 1022 or 1024. The 1022 is a Heterodyne Oscillator
having a fixed oscillator section of 120 kHz and a variable oscillator section of
100—120 kHz. A mixing of these two frequencies will give the low frequency output
signal from 20 to 20000 Hz. Now if 1022 is tuned to a low frequency signal of 1
kHz the variable oscillator will have a frequency of 119 kHz.

The operation principle of 2020 is mixing the low frequency signal (1 kHz) with a
variable high frequency signal (119 kHz) to make up a fixed frequency (120 kHz) at
which we can do the filtering. As being the same frequencies used for 1022 to give

) the low frequency output signal the center frequency of 2020 will be exactly the
same as the oscillator frequency.

In the Input Modulator of 2020 the 1 kHz signal is mixed with a 119 kHz
variable oscillator signal. The sum of this will give a signal of 120 kHz, which is
splitted up into two signals in the Split Load Amplifier. The output of the Split
Load Amplifier is fed to an AC to DC Modulator where 120 kHz is mixed with
120 kHz from the fixed oscillator to 0 Hz which is equal to DC. Due to phase
sensitivity of a multiplicative mixer it is necessary to have two AC to DC
Modulators controlled by two fixed frequency signals (120 kHz) 900 out of
phase. The output will be a DC voltage which is analog to the level of the 1kHz
Input Signal. The two DC voltages are now filtered in two narrow band, Low Pass
Filters giving the band width of the entire system. The Cut—off frequency of each
filter corresponds to half of the selected band width.

The DC voltages are chopped back to 120 kHz by means of the two 900 out of
phase signals as used for the AC to DC Modulators. After chopping the signals are
added in the Summation Amplifier the output of which has correct phase and

amplitude.

In the Output Modulator the 120 kHz is mixed with the variable oscillator frequen-
‘ cy 119 kHz and the difference is 1 kHz exactly as the fundamental of the input

signal.

Another facility at the instrument is the Rejection Mode where the Input Signal is
fed to the Rejection Amplifier together with the filtered fundamental frequency. of
the Input Signal. The difference between these two signals will be any frequency
except the fundamental.

2020.1-9.69
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Checking Procedure

2.1.

2020.2

Valid from serial no. 253966

This Section is meant to be used as a guide for a quick check carried out to
examinate if the instrument is within the specifications, or to localize a suspected
fault to be in a certain circuit. A further examination of the respective circuits can
be carried out according to the adjustment procedure at the single circuits.

Furthermore the checking procedure should be used after a repair of the instruments
as a final check before the Service of the instrument can be regarded as completed.

Signal to Noise

2.2

OUTPUT: "0”

BFO MODE: "Sine”

BAND WIDTH: 31,6 Hz"
GAIN: “0dB”

BAND WIDTH COMP.: "Off"

.2. Gain

2.3.

OUTPUT: "0”

BFO MODE: "Sine”

BAND WIDTH: “Linear”
GAIN: “0dB”

BAND WIDTH COMP.: "Off”

BAND WIDTH to: "31,6 Hz"

Frequency Response

a.

OUTPUT: "0”

BFO MODE: "Sine”

BAND WIDTH: “Linear”
GAIN: "0dB”

BAND WIDTH COMP.: "Off"”

BAND WIDTH to 31,6 Hz"

2020.2-9.69

/’ LF—Oscillator

Electronic Voltmeter

Allow a warm-up time of 15 minutes.

Connections like shown above (1 V on the Electronic Voltmeter).
Adjust a 1 kHz output signal from 1022 to give 1 V on ""Output”.
Disconnect the “Input” to 2020.

Max voltage on ““Output”: 300 uV correspondingto -70dBre 1 V.

For furhter checks "Carrier A and B” should be adjusted to min. deflection: approx
100 uV.

On the 120 kHz Output” the voltage should be less than 300 uV as well.

Connections like shown above.

Adjust a 1 kHz output signal from 1022 to give 1 V deflection on “Qutput”

Check the voltage on "Rejection Output” and if necessary adjust ““Phase’” and
""Gain” to min. output voltage: <3 mV.

The voltage on "Rejection Output” should be <5.5 mV at any other frequency.

The voltages on 120 kHz Output” and ""Output” should both be 1V +1%.

Connections like shown above.

Adijust a 1 kHz output signal from 1022 to give 1 V deflection on “Output”’. Check
the frequency response of 1022 together with the electronic voltmeter.

Check the frequency response and compare to the response from a.

The difference should be max 1%.

The voltage on 120 kHz Output” should be 1 V * 1% during the frequency sweep

as well.

continued



2.4. Unwanted Signal Attenuation

OUTPUT: "0"”

BFO MODE: "Sine"”

BAND WIDTH: "31,6'Hz"
GAIN: "0dB"

BAND WIDTH COMP.: "Off"

2020.2-9.69

Connections like shown except the “’Input” connection to 2020.
Tune 1022 to 1 kHz and apply a 4 kHz signal from LF-oscillator to 2020 "Input”.

When the 4 kHz "Input” voltage to 2020 is varied from 0—1 V the voltage on
""Output” should be less than 250 pV.

When the 4 kHz “Input” voltage is between 1 and 2 V the ”Output’ voltage should
be at least 70 dB below the “Input” voltage.
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Ncerum - Denmark

240 kHz Square Wave 202 0
Generator ZI 0003 -3

Valid from serial no. 253966

Voltage pin7
["| Magnitier
480 kHz
+7V 16Vpp +85V
LLUO‘L V406 | V408 Y. p
j— 24L0kHz
120kHz -35V, —i V402 :
pin 2 V400 V401 pin9
pin1t
from 120kHz
FILTER
V407 V409 ] ]
AMPL.
to 120kHz
- ‘I:"O:’ FLIP-FLOP
-7V _ -85V
4BOKHz
BAND PASS FILTER LIMITER AMPL. 240 kHz
FLIP- FLOP

3.1. 480 kHz Filter Adjustment

BFO MODE: "Sine”

2020.3-9.69

The purpose of this circuit is to create a 240 kHz square formed puls with a 1800
phase difference for the two 120 kHz Flip-Flops which are used in the AC-DC
Modulators to "beat” the 120 kHz Input Modulator signal down to a DC analog to
the Input Level, and again to ""Chop”’ the filtered DC back to 120 kHz as before.

The coils L 400—403 are tuned to 480 kHz (fourth harmonic of 120 kHz) so the
input to V 402 is 480 kHz sine wave which is amplified in V 403 and clipped to
square pulses in V 404 and 405.

These pulses are fed to a 240 kHz Flip-Flop which triggers on the negativ going
pulseform.

The resulting output of the Flip-Flop are two 240 kHz squareforms with a phase
difference of 1800.

Signal voltages and curveforms are for an "Input’’ signal of 1V, 1 kHz.

Connect the "“120 kHz'* output of 1022 to the ""120 kHz"" input of 2020.

Adjust L 400—403 to max. voltage on V 402 base, which can be measured with an
oscilloscope or an electronic voltmeter (freq. response to 500 kHz).

(Make sure that the 120 kHz"" output from 1022 is 120 kHz +5 Hz).
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120 kHz Fixed Frequency 20 20
Conditioning ZS 0169 -4

Valid from serial no.253966

24V

from 123 kHz
INPUT

Y,

123kHz
0.6Vp_p

123kHz

to SWITCH 0904

BFO MODE
pin 7

d |=
1 1 | 120kHz
4 ! 2V p-p
A ;%I 1 %
ll
™

Jl 502 |LS03

o

P 902 pin 11 5

o
3kHz /123 kHz MODULATOR 120 kHz piné
BAND PASS FILTER

+20V

+ 24V

P500 %
120 kHz V506
L 3kHz
BEAT ADJ. .
€522 3,5Vp-p
-t
Tcs23
o

0 904 pin 10

—@—' 3kHz OSCILLATOR

4.1. 120 kHz Beat
BFO MODE: "Beat”
BAND WIDTH: "31,6 Hz"
BAND WIDTH COMP.: "Off”

OUTPUT: 0"
GAIN: "0dB”

4.2. Band Pass Filter Ad].

BFO MODE: “Noise”

BFO MODE to "Sine”

2020.4-9.69

If a Sine Random Generator Type 1024 is used in the Noise Mode, the 120 kHz
Output”” will not be a sine but a band of noise, which cannot be used to drive the
Flip-Flops in 2020.

Therefore, the 123 kHz Output” of 1024 is used instead. This 123 kHz is a sine

wave and if it is mixed with a 3 kHz signal the result will be 120 kHz which is
independent of the noise band in 1024.

Connect the Fixed Oscillator 123 kHz”, the variable oscillator “100—120 kHz"
and the 120 kHz Output to 2020.

"Input” signal from 1024 to 2020: 1 kHz sine, app. 0.5 V.

Adjust 120 kHz Beat” until a slow beat shows up on 1024 meter (Meter Time
Const.: 0.3 sec.).

If necessary set 120 kHz Beat”” to mid position and adjust P 500 until the beat
shows up.

Connect the fixed oscillator 123 kHz"" from 1024 to 123 kHz" on 2020.

Adjust 120 kHz Beat” to 120 kHz measured with a Frequency Counter connected
across pin 6 and 7.

Adjust L 503—L 505 to max output voltage on pin 7.

Connect 120 kHz * 2 Hz to 120 kHz Input” and adjust L 500 and L 501 to max
voltage between pin 3 and 4.
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AC to DC Modulators
and Choppers ZM 0006/7
Va!id from serila no. 253966

2020.5

C 970mvDC (\ﬁinQ .21y
from 35dB v3Z_p
DC-AMPLIFIER
G |
V307 V309
970mV p-p
120 kHz
O pin1l
| 1 t0120kHz
SUMMATION
I I AMPLIFIER
240kH l | ! v
z i
17V p-p CplnG V308 V310 CHOPPER
from 240 kHz 5
FLIP-FLOP 120kHz FLIP-FLOP
+19V
C V303
I D
L}
€303 r—& /G
from SPLIT o’ﬁ_ : ; | W
LOAD ' ! 10
AMPLIFIER s 30
a £ AC toDC
T 6 MODUL ATOR
E C304 D pin &
{ i O
-
: 1 to 6dB
- =) IFIER
Wp 19V v3os Ra T DC-AMPL
120kHz  pagy [ < —
High SPLIT 6 S V306 320mv DC
Level LOAD DISTORTION - 238V (10 % Ripple)
AMPLIFIER EQUALIZER 2
|
Low Leve [ ]sz
[N -30v
T
The AC to DC Modulators and Choppers ZM 0006 and ZM 007 are indentical except
for the Phase Lock arrangement, so only ZM 0007 will be mentioned.
The Distortion Equalizer circuit is creating a DC voltage depending on the input
level. The MOS FET’s have a DC voltage output on high input levels which we
compensate with the Distortion Equalizer.
The 120 kHz input signal to ZM 0006/7 was created by mixing the “Input” signal (1
kHz) with the variable oscillator signal (119 kHz).
When the output of the 120 kHz Flip-Flop, which is triggered by the 240 kHz
Flip-Flop, is mixed with the 120 kHz Modulator Input, the resulting output will be a
DC voltage analog to the 1 kHz input signal.
If the input signal {1 kHz) is distorted the 0—500 Hz output from the AC to DC
Modulator will contain some low frequency components as well representing the
distortion.
The 0—500 Hz output will be filtered and fed to the Chopper input where it is
modulated back to 120 kHz, but now the 120 kHz has a certain band width corre-
sponding to the selected filter characteristic.
Signal voltages and curve forms are for an “Input” signal of 1V, 1 kHz.
ATTENTION: Do not ever dismount ZM 0006 and ZM 0007 with POWER ""On"
C because this will cause a breakdown of the DC Amplifier ZE 0031.
2020.5-9.69 continued



5.

.1. Symmetry

OUTPUT: "0”

BFO MODE: ,"Sine”

BAND WIDTH:

"31,6 Hz”

v @iel ef e

O]

Oscilloscope o

Signal input from 1022: 1V at 1 kHz.

Check with the oscilloscope that the voltages on the emittersides of C 203 (303) and
C 204 (304) are of the same height.

If not adjust P 200 (300)

5.2. Unwanted Signal Attenuation

-3
- . -
LF—Oscillator Electronic Voltmeter

OUTPUT: "0”

BFO MODE:

BAND WIDTH:

2020.5-9.69

"Sine”

""31,6 Hz"

Connect 120 kHz”" and "100—120 kHz" from 1022 to 2020 and adjust “Carrier
A" and "Carrier B” to min. 120 kHz Output” voltage measured with an electronic
Voltmeter.

Turn P 202 and P 302 fully cot lockwise and then clockwise until a si
where the 120 kHz Output” voltage suddenly increases. Then adjust P 202 and P

302 one turn counterclockwise.

Set the 1022 (or 1024) Frequency Scale to 1.5 kHz and apply a 4 kHz signal of 2 V
from the LF. Oscillator to the “Input” of 2020.

Adjust P 201 and P 301 to min. 120 kHz Output” voltage.

If the 4 kHz input signal is lowered to 0—1 V the 120 kHz Output” voltage should
be less than 250 uV.

If necessary find the 4 kHz input voltage (between 0—1 V) where the 120 kHz
Output” voltage has the highest value and adjust P 202 and P 302 to min.

At a 4 kHz input signal between 1 and 2 V the 120 kHz Output” should be at least
70 dB below the Input level.

If necessary readjust P 201 and P 301 at high levels.
After any adjustment recheck the “120 kHz Output’ voltage without 4 kHz Input

signal: this voltage should not change more than 2 dB during adjustment of the
potentiometers mentioned above.



BRUEL & KJAR 120 kHz Filter and
Neerum - Denmark Split Load Amp. ZS 0168 202 0-6

Valid from serial no. 253966

A pin 5
0101 —O

ket to "SWITCH 0903
+24V ! T2y 0°, +90°
|
|
cnz2 1
[l ! T\ :
"
I
from INPUT " ¢ 1105 90°
MODULATOR AAALAAA AFAILA |
L10;z 1106 \0A .
V102 V10 o Channel B
pin 3 g V105 pin7
- to AC to DC
; V101 =
5 MODULATOR
diadll 'l' P1ma" V104
% -0
: 0.9(;Vp,p 118-120k HZ piné
y pinzj Channel A
-2V q] Ty,
-22v AW
120kHz FILTER SPLIT LOAD AMPLIFIER
When INPUT FILTER is “In"” the Input Low Pass Filter (0—20 kHz) is connected
between the Input Emitter Follower and the Input Modulator.
The Low Frequency Input Signal which is modulated with the Variable Oscillator-
signal is applied to the 120 kHz Filter Amplifier ZS 0168 having two outputs, one at
which has an invertible output facility when OUTPUT is switched to +900. Signal
voltages and curveforms are for an “Input” signal at 1V, 1 kHz.
6.1. 120 kHz Filter Adj. The 120 kHz Band Pass Filter should not be adjusted unless it is found strictly

necessary.

If adjustment is found necessary it can be carried out according to the same
procedure as shown under item 7.4. except that L 105 should be adjusted to give 00
phase shift between pin 3 (input) and pin 6 (output).

=
w w
1022 LF—Oscillator Electronic Voltmeter
N Connections like shown above.
6.2. Ripple
C a.  OUTPUT: "0” 1022 tuned to 4 kHz.
BFO MODE: "Sine”
BAND WIDTH: 31,6 Hz"” Adjust the frequency from the LF Oscillator (at 1 V) to max.voltage on 120 kHz
utput”’.

b. OUTPUT to 900" Adjust C 112 and P 101 to min. beat. Tolerance +1%.

2020.6-9.69
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Valid from serial no. 253966

+23V +2V =26V

-
604 T P600 |C605 r\j
from Channel B
V601
1V RMS
pin. 120kHz
970-0mV p-p
. pin6
: 1 [ 2 to VARIABLE
! PHASE
| | L -I-[ -[ AMPLIFIER
: E—— -23v P903 : P601
Oin3 ; gain
from Channel & SUMMATION AMPL. —medpin7
CHOPPER 120kHz BAND PASS FILTER AMPL.

In this circuit the two chopped signals A and B are added together and fed through a
120 kHz Band Pass Filter.

Here it is veryimportant to have the correct voltage and phase applied to the base of
V 602 and the adjustment is carried out as follows:

Signal voltages and curveforms are for an “Input” signal of 1V, 1 kHz.

o

0

- Ad s w
LF—Oscillator Electronic Voltmeter

7.1. Sensitivity

OUTPUT: "00”

INPUT FILTER: “Out”

BFO MODE: "Sine”

BAND WIDTH: "31,6 Hz"
GAIN: “0dB”

BAND WIDTH COMP.: "Off"”

7.2. Ripple

OUTPUT: "00"
INPUT FILTER: "Out”

\ BFO MODE: "Sine"”
BAND WIDTH: "31,6 Hz"
GAIN: “0dB”

BAND WIDTH COMP.: "Off”

2020.7-9.69

Apply an input signal from 1022 of 1V, 4 kHz to "Input” of 2020.
“Gain” and "Phase” to mid. position.
The electronic voltmeter connected to “120 kHz Output” should read 1 V.

If necessary adjust P 601 (coarse adjustment of “Gain"’).

Connect the instruments like shown and tune the frequency until a slow beat of 1
Hz is obtained on the electronic voltmeter (if there is any beat).

The ripple should be max 1 %.
If necessary adjust C 604, C 605 and P 600 to min. ripple.

Check the ripple in all "BAND WIDTH" positions, as a defective Main Filter could
cause too much ripple.

continued



7.3. Summation

OUTPUT: "Qo”

INPUT FILTER

BFO MODE: “Sine” a.

BAND WIDTH: "31,6 Hz"

GAIN: "0dB” ¢

BAND WIDTH COMP.: "Off”
b.
c.

7.4. Filter Adjustment

2020.7-9.69

V604

L7n\r§’x
136 kHz

Apply an input signal of 1 V from 1022 to “Input”’ of 2020.

Check of channel A",
Connect an oscilloscope to channel “B” (pin 2) and tune the frequency from
1022 to min. signal.

Then check: input signal to channel “A’ (pin 3) 120 kHz
970 mV pp.

signal on V 602, c. 120 kHz
905 mV p.p.

Repeat item a but for channel ““B"’.
Adjust the frequency from 1022 for the same amplitude of the two signals

channel A and channel B. (Pin 2 and pin 3).

signal on V 602,c 120 kHz
1260 mV p.p.

The 120 kHz Band Pass Filter should not be adjusted unless it is strictly necessary.

pind
0

If adjustment is found y 136 kHz through a capacitor of 47 nF to
the base of V 604, short connect L 604 and adjust L 603 to max voltage measured
across C 613 with an electronic voltmeter with a series resistor of 100 kQ.

Remove the short connection across L 604, apply 136 kHz +2 Hz across it and
adjust L 605 to max voltage between pin 6 and 4.

Connect 120 kHz +2 Hz to the base of V 604 and adjust L 604 to 1800 phase shift
between V 604 base and V 606 emitter.

The 1800 phase shift can be measured with a double beam oscilloscope with one
channel connected to V 604 base, the other to V 606 emitter. If the sensitivities are
adjusted to indicate a voltage of exactly the same height and the two channels are
added together, a 1800 phase shift would correspond a minimum deflection on the
oscilloscope.
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1kHz 4Vp-p
pin
from OUTPUT
MODULATOR

av

1KHz
300mV RMS

from LF INPUT
AMPLIFIER

Rejection and
Output Amplifiers
Valid from senial no. 338619

2020

1 kHz
3 1VRMS
P700 2=
©ods
V700 V2
to SWITCH 0909
GAIN
Low Pass Filter M)V 701
0- 20kHz m 1L +10dB(+20dB)
:z? — ==
pin 3
24V {Zﬁ i o
ir pini l
ozuaa/
0
vy *10dB (+20dB) I
AMPLIFIER
P703 ﬁ P704
A v 709
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€715
to REJECTION
Low Pass Filter OUTPUT
V7 v
05 708 0 - 20k Hz
pinft
v V707
-24V

REJECTION AMPL.

o o

o @i o)

2020.8-2.72

The input to V 700 is the filtered low frequency signal, which is applied to a 0 + 10
and+20 dB output through a Low Pass Filter.

The same signal is fed to V 708 and if the non-filtered LF is applied to V 705 the
difference between the two will appear on the collectors of V 706, 707.

This means that the Rejection Output will consist of all frequencies in the range
which is

0—20 kHz except the f

Signal voltages and curve forms are for an “Input” signal of 1V,

1 kHz,

v = ®
) ®
s 5 5 s e
. Q- G- 6 o -7.-(;5 =0
- -
2020 l_ LF—Oscillator Electronic Voltmeter

continued



8.1

8.2

83

a.

8.4.

.1 Rejection Sensitivity

OUTPUT: "00”

BFO MODE: “'Sine”

BAND WIDTH: 10 Hz"”
GAIN- “0dB"”

BAND WIDTH COMP - "Off”

Rejection

OUTPUT. "00”

BFO MODE. "Sine”

BAND WIDTH* 10 Hz"
GAIN: “0dB”

BAND WIDTH COMP.. "Off"”

Sensitivity

OUTPUT- "Qo"

BAND WIDTH: “Linear”
BFO MODE. "Sine”

GAIN: “0dB”

BAND WIDTH COMP.- "Off"”

BAND WIDTH to 31,6 Hz"”

GAIN to “10dB”

GAIN to “20 dB”

Frequency Response

8.5.

OUTPUT. "00”

BAND WIDTH- 31,6 Hz"
BFO MODE: "'Sine”

BAND WIDTH COMP.. "Off”
GAIN to required positions

Overload

OUTPUT: "00”

BAND WIDTH: 31,6 Hz"
BFO MODE: "Sine”

BAND WIDTH COMP.: "Off”
GAIN to required positions

2020.8-9.69

Connections like shown above; 1022 adjusted to 1 kHz.
Connect 4 kHz exactly 1V from the LF-oscillator to the “Input” of 2020.
Check the voltage on "Rejection Output”: 1V +1%.

If necessary adjust P 704.

Apply 1 kHz, 1V from 1022 to "Input” of 2020.

Adjust “Gain” to 1 V +1% measured on the 120 kHz Output”.

Adjust ““Phase’’ to min. “’Rejection Output”.

The two potentiometers influence each others, so that “Gain” and "'Phase’ adjust-
ments should be continued until 1 V +1% s obtained on the 120 kHz Output” at
the same as min. ’Rejection Output” voltage: <2,5mV.

If necessary adjust P 703.

When this adjustment has been made at f.inst. 1 kHz the "Rejection Output” voltage
should be <5 mV through the whole range.

At 20 kHz the "Rejection Output” voltage can be adjusted to min. by C 715.

Adjust the “Input” voltage from 1022 at 1000 Hz to give a 1 V indication on an
electronic voltmeter connected to ""Output’ of 2020.

Check that 120 kHz Output” voltage is 1 V +1%.
If necessary adjust "Gain"’.
The “Output” voltage should be 1V +1%.

If necessary adjust P 700.

With an “Input” voltage of 1 V —10 dB the "Output” voltage should be 1V +1%.

If necessary adjust P 701

With an “Input” voltage of 1 V—20 dB the "Output” voltage should be 1V +1%.

If necessary adjust P 702.

Adjust the “Input” voltage from 1022 at 1000 Hz to give a 1 V indication on an
electronic voltmeter connected to ““Output” of 2020.

Check the frequency response in all “Gain” positions.

Tolerance: 20—20.000 Hz +2%.

Check with an oscilloscope that it is possible to obtain 1 V +10dB ~ 3 16 V on the
"Output” of 2020 without limitation of the sinewave.

continued




BRUEL & KJAR

Ncerum - Denmark

8.6. Band Width compersation

a.  OUTPUT: 00"
BAND WIDTH: "Lin."”
BFO MODE: “’Sine”
BAND WIDTH COMP.: "Off"
GAIN: "0dB"”

b. BAND WIDTH COMP. to T
BAND WIDTH to "316 Hz"

c. BAND WIDTH to "10-31,6 and 100 Hz"

Rejection and 2 02 0
Output Amplifiers -8
sheet 2

Valid from serial no. 338619

Adjust the “Input” signal from 1022 at 1000 Hz to give a 1 V indication on an
electronic voltmeter connected to the “Output” of 2020.

The output voltage from 2020 should be 1 V —5 dB.

The output voltage from 2020 should decrease 5 dB for every bandwidth increase.
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Valid from serial no. 253966

+Ub CARRIER
T pinzo"'; "A"
H
from MAIN FILTER |p NG P00
Channel A vena 6dBampl. . }35dBampl.
] -
G pin1
s V 804
27
P
18 pini1
3 to CHOPPER
[ L] P80 Channel A
-ub

A simplified diagram of one D.C. amplifier is shown above (3.5 dB DC Ampl.
channel A). The amplifier is designed as a differential amplifier with a positive and a
negative supply voltage thus having O V DC on input and output in the balance
condition without input signal.

A part of the circuit is mounted in an oven where a constant temperature is obtained

by feeding the heating element from a supply unit where a germanium transistor is
used as a temperature detector.

Bear in mind that the oven should be left for 10—15 minutes after switching on or

9.1. Oven Temperatur adjustment before'the voltage is checked.
POWER: "“On” The oven temperatur is not very critical as long as it is stable, but should normally

be around 550C.

The adjustment of P 804 will vary the temperatur app. +50C, but it should not be
touched if the voltage across the heating element is approx. 10 V (for room tempe-
rature of 20—250C) and remaining constant.

+30v

Heating
Element

vei3 /H;'BM

J

- 30v

TEMPERATURE STABILIZER

2020.9-9.69 continued
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9.2. Balance

a.

b.

OUTPUT: "00”
BFO MODE: *
INPUT FILTER:
BAND WIDTH: "31,6 Hz"

CARRIER A & B: "Mid.Pos.”

OUTPUT: 900"

2020.9-9.69

. -
CRON (O

Electronic Voltmeter

ATTENTION:

Very much care should be taken with this circuit to avoid connecting of the output
terminals pin 5, 11, 18 or 22 to ground or to a supply voltage as this would cause a
break down of V 801, 804, 806 or 809.

ZM 0006 and ZM 0007 must not be removed with POWER “On".

Before any adjustment of P 800—804 adjust “Carrier A” and ""Carrier B” to mid.
position.

The DC voltages across R 802 and R 821 shouldbe OV +1 mV.
If necessary adjust P 800 for O V across R 802 and P 802 for O V across R 821.
Adijust P 801 and 803 to min. ““120 kHz Output”.

Readjust P 802 or 804 until 00" and ” 900" will give the same ""120 kHz Output”
within 10 dB.

""120 kHz Output” in one of the positions should be below 200 uV.




BRUEL & KJAER ;
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Valid from serial no. 253966

+12V
Fa¥a¥ vi vi3 100-120kHz
24V,
100-120kHz (\J p-p
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' -
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. 1
A |
pini2
L1 L4 ping
L2 L3 V12 vid
c19 c21 R34 I |_|
12y to OUTPUT
MODULATOR
200- 240 kHz T T
BAND PASS FILTER
AMPLIFIER and LIMITER 100-120kHz
FLIP- FLOP ’\/

300mV.RMS
pin1

D Vi
0 .
e L
+6V
P3 _l,_
V5 ;-"\
-6V \ S L c15
pin2 v2 \_76 )
°'_—"||'—— T D + 29V

from SWITCH 0901

to REJECTION
AMPLIFIER

118-120 kHz

0,94Vp_p
pin

INPUT FILTER ]
v3
/\/ 1V.RMS, 1kHz
pin 10 - 29V
BALANCED LF AMPLIFIER INPUT  MODULATOR

to 120kHz
FILTER

The Input Modulator consists of a 200—240 kHz Band Pass Filter with a succeeding
pulseshaper which supplies squareformed pulses for a Flip-Flop circuit the output of
which will have exactly the same frequency as the variable oscillator in the BFO

1022 (100—120 kHz).

Furthermore there is a Balanced LF Amplifier with two inverted stages (V 1 and V
2). The input to this amplifier is the low frequency signal (f.inst. 1 kHz), and if this
frequency is modulated with the signal from the Flip-Flop circuit the resulting

output through V 3 will be exactly 120 kHz.

2020.10-9.69

continued



1022

10.1. Distortion

a. OUTPUT: "Qo"
BAND WIDTH: “31,6 Hz"”
BFO MODE: "Sine"”
BAND WIDTH COMP.: "Off"
GAIN: “0dB”

b. BAND WIDTH to 100 Hz"

c. BAND WIDTH to “31,6 Hz"

2020.10-9.69

e _©_°
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: L ® =
w o w

LF Oscillator Electronic Voltmeter

Connect the “120 kHz" and “100—120 kHz" outputs of 1022 to the respective
inputs, of 2020 and apply a signal 1 V, 1 kHz from a low distortion oscillator (—76
dB) to the “Input”.

Tune 1022 to max deflection on an electronic voltmeter connected to the ““Output”
of 2020 and readjust the input voltage to give exactly 1 V on “Output”.

Tune 1022 to app. 2 kHz and 3 kHz in order to find the 2nd and 3rd harmonics
from the modulator. Voltage on “Output”: Max 250 uV corresponding 72.5 dB
below 1 V.

If necessary adjust P 3 and C 15 to min. (corresponding to 2nd and 3rd harmonics)

If this method does not give a sufficient low distortion adjust P 1 and P 2 for O V
DC between ground and the output of V 1and V 2.

Then adjust P1, P3 and C 15 to min. distortion: < 1mV ~ 60 dB.

Distortion max 250pV ~272.5 dB below 1 V.

The 200—240 kHz Band Pass Filter should not be adjusted unless it is strictly
necessary.

A check of the filter curve can be carried out without having the ZM 0003 circuit in
the 2020 according to following procedure:

1 Connect the Variable Oscillator Output (100—120 kHz) from 1022 to pin 12 and
10 on ZM 0003 and an electronic voltmeter across R 34.
By varying the BFO 1022 from 20—20000 Hz the signal across R 34 should vary
from 200—240 kHz which are the 3 dB points. The level in the filter range should
be within * 0.5 dB.

If necessary adjust the coils according to following procedure:

2 The Variable Oscillator Output (100—120 kHz) from 1022 connected to pin 12
and 10. 1022 tuned to 10 kHz (var. osc. freq. = 110 kHz).
Short connect C 21 and adjust L 1 to max. voltage measured from the midpoint
tap oL 1 to ground.

3 Connect the voltmeter across C 19 and adjust L 2 to min. voltage.

4 Short connection across C 19 instead. 110 kHz oscillator signal connected across
R 34. Adjust L 4 to max voltage measured from the midpoint tap of L 4 to
ground.

5 Connect the voltmeter across C 21 and adjust L 3 to min. voltage.

Recheck the filter curve according to item 1.
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Main Filters ZT 0030 -0033 2 02 O-1 1

Valid from serial no. 253966

L T T

pin 6

to 3,5dB
DC- AMPL,

e
-
pin 2
from 6dB
DC-AMPL, ==
A

LOW PASS FILTER

ATTENTION:

Do not adjust any of the Main Filters, as it is extremely difficult to do this
without having the special test equipment which is used at the factory.

If a Main Filter is found defective it should be sent to the factory for repair and
adjustment unless the trouble is found to be in a relay.

One of the troubles which could occur with a filter is that it is impossible to adjust

the ripple (item 6.2.) down to 1%.

Another trouble which would be caused by the filter alone is a Band Width out of

specification.

This could be checked according to following procedure:

(8

o

11.1.Band Widths

a.  OUTPUT: "Qo”
BFO MODE: "Sine”
BAND WIDTH: "Linear”
GAIN: “0dB”
BAND WIDTH COMP.: "Off"
b.  BAND WIDTH to 100 Hz"”

(-

c. BAND WIDTH to required positions

2020.11-9.69

-
LF—Oscillator

Electronic Voltmeter

Adjust the output voltage from the LF generator to give an 18 dB deflection on the
voltmeter connected to 2020 ““Output” (on 1 V range).

Tune to the max output by fine adjustment of 1022’s frequency adjustment where

the deflection should be 18 dB +1%.

Tune the L.F. generator to one side until the voltmeter reads 15 dB and note the

frequency.

Tune the generator to the other side until 15 dB on the voltmeter and note the

frequency.

The difference between the two noted frequencies is the band width.

Tolerance: 5% of the selected band width.

Check the other 3 dB Bandwidths according to the same method.
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240 kHz square Wave Generator ZI 0003 — printed circuit XC 0485.

continucu
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XC 0486

120 kHz Fixed Frequency conditioniﬁg ZS 0169 — printed circuit XC0486.

2020.12-9.69
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BRUEL & KJAR
Ncerum - Denmark Position of Components 2 02 0-1 2
sheet 2

valid from serial no. 253966

XC 0496

AC to DC Modulator and chopper ZM 0006 — printed circuit XC 0496.

2020.12-9.69 continued
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AC to DC Modulator and chopper ZM 0007 — printed circuit XC 0496.

2020.12-9.69

XC 0496
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Valid from serial no. 263966
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Input and 120 kHz Filter ZS 0168 — printed circuit XC 0484.




Summation and 120 kHz Filter Amplifier ZS 0170 — printed circuit XC 0487.

«020.12-9.69




BRUEL & KJAR

Ncerum - Denmark

2020.12

sheet 4,

Position of Components
valic from serial no. 338619

W:

="z

l \y]’

o

<]

XC 0679

p'- - |“" v71 N,
I
c 704

TR
O
R731 ]
R733 |-e,

\]

%
e
| ~—

2020.12-2.72

Rejection Ampl. LP Filter and Output Ampl. ZE 0086 — printed circuit XC 0679
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Input Modulator ZM 0003 — printed circ
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Ncerum - Denmark Position of Components 202 0-12
sheet 5

Valid from serial no. 253966

o Main Filter — 3.16 Hz ZT 0030 — printed circuit XC 0479.




XC 0480

Main Filter 10 Hz ZT 0031 — 31.6 Hz ZT 0032 — printed circuit XC 0480. ' ‘
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XC 0481

Main Filter 100 Hz ZT 0033 — printed circuit XC 0481
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Position of Components

DC Amplifier ZC 0031 — printed circuit XC 0494

2020.3
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: XC 023

Output Amplifier ZM 0005
printed circuit XC 0493

Emitter Follower ZE 0030

printed circuit XC 0492
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Phase Ampl. ZM 0004 — printed circuit XC 0491
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Negative Voltage Supply ZG 0017 - printed circuit XC 0490

__LOBN _ ﬂ_n.. A

Positive Voltage Supply ZG 0016 - printed circuit XC 0489

2020.12-9.69
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CIRCUIT
DIAGRAM
REF

CAPACITORS:

c

c23
Ca5
ce
c7?
cs
C9,10
cn
c12
ci3
cia
c15
Cc16,17
c1819
c20
c21,22
Cc2324
Cc2528

C31-34

c112
c113,114
C115
C116
c 17
c118
c119
c120
ci121,122
ci1z
c124
C 200-202
C 203,204
C 205,206
C207
C 208,209
C210-212
C213,214
c215
C 216,217
C€218,219
C€220,221
c222
C223224
C225-227
c228
C 229,230
C 300-302
C 303,304
C 305,306
C307
C 308,309

2020-2.72

COMPONENT TYPE

Electrolytic
Polyester
Ceramic
Polystyrene
Polyester
Polystyrene
Electrolytic

Polyester
Electrolytic
Ceramic
Trimmer
Polyester
Polystyrene

Polyester
Electrolytic
Ceramic
Polyester
Ceramic

Electro ytic
Electrolytic
Polyester
Electrolytic
Polystyrene
Polyester
Polystyrene
Electrolytic
Polyester
Trimmer
Polyester
Electrolytic
Polyester
Electrolytic
Polycarbonat
Polystyrene

Electrolytic
Polyester
Polycarbonat
Polyester
Polystyrene
Polyester

Ceramic

Polyester
Ceramic
Polyester
Polycarbonat
Polyester
Polystyrene
Polyester

(safco)

1%

(safco)

(safco)

(safco)

5%

16 uF/ 63V
0.1 uF/250 V
0.62nF/125 V
50 pF/ 63V
0 wuF/250V
50 pF/ 63V
16 uF/ 63V
0.1 uF/250 V
47 nF/250 V
100 uF/ 15V
3.3 pF/400 V
2-6 pF
47 nF/250 V
1.6 nF/400 V
180 pF/ 63V
1.6 nF/400 V
0.1 uF/250 V
5uF/ 70V
390 pF/400 V
10 nF/250 V
47 F/400 V
100 pF/400 V
390 pF/400 V
100 uF/ 15V
16 uF/ 63V
0.1 uF/250 V
SuF/ 70V
1nF/500 V
0.1 uF/250 V
1nF/500 V
16 uF/ 63V
0.1uF/250 V
6-25 pF
0.22 uF/250 V
8uF/ 40V
0.22 uF/250 V
100 uF/100 V
S5uF/ 70V
1uF/100V
500 pF/500 V
2nF/500 V
500 pF/500 V
S5uF/ 70V
0.1 uF/250 V
1uF/100 V
0.1 uF/250 V
3.3nF/ 63V
0.1uF/250 V
0.1 uF/250 V
47 nF/250 V
390 pF/400 V
47 pF/400 V
100 pF/400 V
47 pF/400 V
390 pF/400 V
0.22 uF/250 V
0.1uF/250 V
47 nF/250 V
10 pF/400 V
0.1 uF/250 V
1uF/100 V
0.1 uF/250 V
3.3nF/ 63V
0.1 uF/250 V

Parts List

STOCK
REF.

CE 0504
Cs 0402
CT 108
CT 1530

CT 1530
CE 0504
CE 0402
Cs 0401
CE 0310
CK 0330
Cv 0029
Cs 0401
CT 3232
CT 1310
CT 3232
Cs 0402
CE 0200
CK 2390

CK 1471
CK 2100
CK 2390
CE 0310
CE 0504
CS 0402
CE 0200
CT 3218
CS 0402
CT 3218
CE 0504
CS 0402
CV 0037

CE 0414
CS 0405
CE 0612
CE 0200
Cs 0336
CT 0213
CT 0122
CT 0213
CE 0200
Cs 0402
Cs 0336
CS 0402
CT 1544
Cs 0402
Cs 0402
CS 0401
CK 2390
CK 1471
CK 2100
CK 1471
CK 2390

CS 0402
CS 0401
CK 1100
CS 0402
Cs 0336

CT 1544
CS 0402

Valid from serial no 338619

CIRCUIT
DIAGRAM
REF.

CAPACITORS:

C310-312
C313314
C315
C 316,317
C€ 318,319
C€ 320,321
Cc322
C€323324
C325-327
Cc328
c329
C330
C 400
c401
C 402
C403
C404
C405
C 406
C 407
C 408
C 409
caio
can
ca12
C413414
C415-423
Cca24
C 425,426
caz27
C 428,429
C 430,431
C432,433
Ca34
C 500

C515,516
cs517
Cc518
cs519
C 520,521
C€ 522,523
C524
C525
C 526-528
C 600,601
C 602,603
C 604,605
Cc 607
C 607
C 608
C€ 609,610
C611,612
C613614

2020.13

COMPONENT TYPE
Polyester
Ceramic
Polyester
Ceramic 5%
% 5%
Polyester
Polystyrene 1%
1%
Ceramic
Polystyrene 1%
Polyester
Polystyrene 1%
1%
z 1%
Ceramic
Polyester
Electrolytic
Ceramic
Polyester
Polystyrene 1%
Ceramic
Polyester
Polystyrene 1%
Polyester
Polystyrene 1%
1%
Polyester
Polystyrene 1%
& 1%
Electro ytic  (safco)
Mica
Polycarbonat
Electr. lytic
Polycarbonat
Polyester
Trimmer
Polycarbonat
Elect olytic
Polyester
Polystyrene 2%
Polyester
Polystyrene 2%

0.1 uF/250 V
47 nF/250 V
390 pF/400 V
47 pF/400 V
100 pF/400 V
47 pF/400 V
390 pF/400 V
0.22 uF/250 V
0.1 uF/250 V
47 nF/250 V
10 pF/400 V
10 pF/400 V
47 nF/250 V

4.7 nF/400 V _

47 nF/250 V
5nF/250 V
49.9 pF/ 83V
4.7 nF/400 V
5nF/250 V
0.1 uF/250 V
47 nF/250 V
5nF/260 V
49.9 pF/ 63V
5nF/250 V
4.7 nF/400 V
47 nF/250 V
0. pF/250V
47 nF/250 V
SuF/ 70V
390 pF/400 V
22 pF/400 V
100 pF/400 V
22 pF/400 V
390 pF 400 V
22nF/250 V
0 1uF/250 V
6.26 nF/250 V
39 pF 400 V
22nF/250 V
6.26 nF/250 V
47 nF/250 V
0.1 uF/250 V
47 nF/250 V
3 .8nF/100V
450 pF/500 V
31.8nF/100 V
37 nF/250 V
31.8nF/100 V
200 pF/500 V
31.8nF/100 V
16 uF 63V
4nF/350 V
1uF/100 V
5uF/ 70V

1 uF/100 V
0.1 uF/250 V

0.22 uF/250 V
10-40 pF/

1 uF/100 V
100 uF/100 V
0.1 uF/250 V

1 nF/500 V
0.1 uF/250 V

1nF/500 V

sheet 1.

STOCK
REF.

CS 0402
CS 0401
CK 2390
CK 1471
CK 2100
CK 1471
CK 2390
CS 0405
Cs 0402
Cs 0401
CK 1100
CK 1100

CK 3470
CS 0401
CT 1202
CT 1530
CK 3470
CT 1202
Cs 0402
CS 0401
CT 1202

CT 1202
CK 3470
CS 0401
Cs 0402
Cs 0401
CE 0200
CK 2390
CK 1220
CK 2100
CK 1220
CK 2390
CS 0400
CS 0402
CT 203
CK 1390
CS 0400

CT 203
Cs 0401
CS 0402
CS 0401
CT 1600
CT 0112
CT 1600
CS 0401
CT 1600
Ccro 07
CT 1600
CE 0504
CM 0066
CS 0336
CE 0200
Cs 0336
CS 0402
CS 0405
CV 0026
Cs 0336
CE 0612
CS 0402
CT 3218
CS 0402
CT 3218

continued



CIRCUIT COMPONENT TYPE STOCK CIRCUIT COMPONENT TYPE STOCK

DIAGRAM REF. DIAGRAM REF.
REF. REF.
CAPAC:TORS: RESISTORS:
C615616  Polyester 0.1uF/250 V S 0402 R9 Metal 1% 221k  RF 3221
c700 Electrolytic 32uF/ 64V CE 0509 R10 : . 20k2  RF 4200
c701 A 5uF/ 70V CE 0200 R11 Carbon 14w 5% MQ  RB 6100
c702 Polystyrene 5% 500 pF/500 V cT 0213 R12 Metal 1% 121kQ  RF 4121
©703,704 - 5%  2nF/500V cT 0122 R13 432kQ  RF 4432
c705 25% 500 pF/500 V cT 0213 R14 - : 316 @ RF2316
C 706-708 Electrolytic SuF/ 70V CE 0200 R15 Carbon 174w 5% 10kQ RB 4100
c709 400 uF/ 10V CE 0305 R16 Metal 1% 62k RF 3162
c7'0 Polycarbonat 0.1 uF /250 V CS 0402 R17 Carbon 13w 5% 300 Q
c7i Electrolytic 50 uF/ 40V CE 0418 R18 e 174w B 22kQ RB 4220
c72 = 100 uF/ 15V CE 0310 R19 . mw - 200 Q
c73 - 50 uF/ 40V CE 0418 R20 2 vaw - 100kQ  RB 5100
c74 Poyester 0.1 uF/250 V CS 0402 R21 - - 10kQ RB 4100
c715 Trimmer 3-10 pF/250 V CV 0030 R22 - - - 47kQ RB 4470
c716 Electrolytic SuF/ 70V CE 0200 R2324 - : : 22kQ  RB 3220
c7n7 100 uF/ 15V CE 0310 R2526 - - 1kQ RB 3100
c718 Polystyrene 2.5% 500 pF/500 V CT 0213 R27 # 13W 3 750 Q
€719,720 1% 1.1nF/ 63V cT 1148 R28 - 174w - 10kQ2  RB 4100
c721 2.5% 500 pF/500 V cT 0213 R29 - - 15k2  RB 4150
c712 Polycarbonat 1 uF/100 V €S 0336 R30 - - : 56kQ  RB 3560
s . 0.1 F/250 V S 0402 R31 - 13W  05% 356k
C724725  Elect olytic 50 uF/ 40V CE 0418 R32 : 5 5% 3kQ
Cc726 Polyester 0.1uF/250 V CS 0402 R33 - - - 1.8k
c721 Electrolytic 50 uF/ 40V CE 0418 R34 - - 05%  356kQ
c800 Ceramic 2.2nF/100V CK 0082 R35 - 174W 5% 22kQ  RB 3220
c8o1 1nF/500 V CK 3100 R36 - 56k2  RB 3560
c802 Polyester 0.1 uF/250 \/ €S 0402 R37 % ¥ # 27k0 RE32M0
803 Electrolytic 5uF/ 70V CE 0200 R38 : - . 3 0 RB 130
c804 Ceramic 1nF/500 V CK 3100 R39 : : 47k2  R83470
c80s 47 nF /100 CK 0096 R40 . - : 27K RBR70
c 806 - 2.20F/100V CK 0082 R4l : s Skf)
c807 E 1nF/500 V CK 3100 42 - - - 1.8k0
c8o8 Polyester 0.14F/250 V S 0402 43 : 1AW 22k RRA2N)
c 809 Electrolytic SuF/ 70V CE 0200 R44 i 173w - 1.2k
c810 Ceramic 1nF/500 V CK 3100 R4646 & 4w - 47k RB4470
c8in . 4.7 nF/100V CK 0096 R4z . . . 82kd  ABII62
cs12 Polyester 10 nF/250 V Cs 0403 R4849 . - - 1210 RB 4120
€900,901 “ectroytic  (safco) 16 uF/ 63V CE 0504 AE0,51 . 47Kk ‘RB4470
*902 Polycarbonat 1 uF/100 v €S 0336 R62 - - - 82k2  RB 382
c903 Electrolytic  (safco) 16 uF/ 63V CE 0504 R101 7 3w @ 800 Q
c904 : 100 uF/100 V CE 0612 R102,103 - - 500 @
coiE 800 uF/ 64V CE 0616 R104 . 174w : 100k2  RB 5100
€ 906,907 . (safco) 16 uF/ 63V CE 0504 R105 - - - 47kQ  RB4470
€908 Po.ycarbonat 1 UF/100V s 0338 R106 2 13W  05% 7.5k
c909 Electrolytic  (safco) 16 uF/ 63 V. CE 0504 R107 . - 2.2kQ
coi0 - 100 uF/100 V CE 0612 R108 : « 9.7k
cone12 . 800 4F/ 64V CE0E13 R109 174w 5% 100k2  RB 5100
co13 . (safco) 16 uF/ 63V CE 0504 RTI0 & : “ 47k RB 440
catag1s . BuF/ 70V CE 0200 R111 - 13W  05%  7.5kQ
co16 Poiyester 2 uF/250 V Cs 0028 R112 - - 2.2kQ
c9i7 Electrolytic  (safco) 16 uF/ 63V CE 0504 R113 : 5% 800 Q °
coi8 Polystyrene 1% 100pF/125V cT 1z R114 . - 05%  9.6kQ
coig Polyester 22nF/250 V €S 0400 R115 : 4w 5% 1k2  RB3100
co20 Polystyrene 1% 100 pF/125 V cr 13 R116 : . - 100k RB 5100
€921923  Polyester 0.1 uF/250 V S 0402 Rz : - 47kQ  RBAATO
C924927  Electroytic 8uF/ 40V CE 0414 R118 Metal 1% 215k2  RF3215
C928929  Polycarbonat 1 uF/100 V €S 0336 "9 : - 178kQ  RF 3178
cox Polysiinr 02280 b R120,121  Carbon VawW 5% MQ  RB 6100
c931 0.1 4F/250 V €S 0402 122 . : a2ka  REI38M
R123 - . - 100kQ  RB 5100
R124 - - 82kQ  RB 382
RESISTORS: R125 . i : MQ  RB 6100
R126 - . - 22kQ  RB 3220
R12 Carbon 174W 5% 10kQ  RB4100 R127 - . 2 10k2  RB 4100
R4 . 47kQ  RB 3470 R128 - i - 180kQ  RB 5180
RS - . - 270kQ  RB 5270 R129 - 13W  05% 220kQ  RB5220
R6 Metal 1% 20k2  RF 4200 R130 : . 235kQ
R7 - 316 @ RF2316 R131 - . . 48kQ
RS Carbon 174w 5% 10kQ  RB 4100 R132 - E - 5.34kQ

2020-2.72 continued




BRUEL & KJAR
Narum — Denmark

CIRCUIT
DIAGRAM
REF.
RESISTORS:

R 200
R 201
R202
R203
R204
R 205,206
R 207
R208
R209
R210
R211
R212
R213
R214
R215
R216
R217,218
R219
R220
R221
R 222
R223
R224
R 225
R226
R 227,228
R 229 230
R 231,232
R 233,234
R 235,236
R2<,238
R 239,240
R241,242
R 243,244
R 245
R246
R247
R248
R 249
R250
R251
R 252
R283
R 300
R 301
R 302
R 303
R304
R 306,306
R 307
R 308
R309
R310
R311
R312
R313
R314
R315
R316
R317,318
R319
R320
R321
R322

2020-2.72

COMPONENT TYPE
Carbon 14w
Metal
Carbon 1/4W
Metal
Carbon -
Metal 13W
Carbon 174w
Metal 13w
Carbon 1/4W
13w
- 174w
Metal
Carbon 174W
Metal
Carbon 1/4W
- 13W
174w
Miniresistor
Carbon -
Metal
Carbon 174w
Metal
Carbon 1/4W
Metal
Carbon
Metal
Carbon
Metal
Carbon 1/4wW
13w
- 174w
Metal
Carbon -
Metal

5%
1%
5%

1%
5%

5%
1%

1%
5%

5%

1%
5%

5%
1%

1%
5%

1%
5%
1%

5%
1%

15kQ
150 kQ
68kQ
499 kQ
5.49kQ
2.15kQ
2 Q
8.2kQ
280 kQ
1.8kQ
2.15kQ
33k
15k
22.1kQ
82.5kQ
82k

249kQ
249k
m™MQ
2.74kQ
392kQ
280kQ
15kQ
10kQ
39 Q
8.2kQ
47 kQ
10kQ
47kQ
82k
39k
47kQ
39kQ
10kQ
1kQ
47 kQ
10MQ
100 k2
392kQ
392k
15kQ
3 Q
1.5kQ
150 kQ
68kQ
499 kQ
5.49 kQ
2.15kQ

8.2kQ
280kQ
1.8kQ
2.15kQ
33kQ
15kQ
22.1kQ
82.5kQ
82kQ
500 Q
™mMQ
249kQ
mMQ
274kQ

Parts List

STOCK
REF.

RB 3150
RB 5150
RB 4680
RF 3499
RF 3549
RF 3215
RB 1220
RB 3820
RF 2280
RB 3180
RF 3215
RB 4330
RB 4150
RF 4221
RF 4825
RB 4820

RF 4248
RF 4249
RB 6100
RF 3274
RF 3392
RF 2280
RB 3150
RB 4100
RB 1390
RB 3820
RB 4470
RB 4100
RB 4470
RB 3820
RB 1390

RB 3390
RB 4100
RB 3100
RB 4470
RA 0025
RB 5100
RF 3392
RF 3392
RF 4150
RB 1330
RB 3150
RB 5150
RB 4680
RF 3499
RF 3549
RF 3215
RB 1220
RB 3820
RB 3180
RB 3180
RF 3215
RB 4330
RB 4150
RF 4221
RF 4825
RB 4820

RB 6100
RF 4249
RB 6100
RF 3274

Valid from serial no. 338619

CIRCUIT
DIAGRAM
REF
RESISTORS:

R323

R324

R32%

R 326,327
R 328,329
R 330,331
R 332,333
R 334,335
R 336,337
R 338,339
R 340,341
R 342,343

R422,423

R427,428
R 429,430
R431

R 432,433

R501
R 502,503

R 505,506
R 507
R 508
R 509,510
R511
R512
R513
R514
R515
R516

2020.13

COMPONENT TYPE

Metal

Carbon 1/4W
13W
1/4W

Miniresistor

Carbon 174w

Metal

Carbon 1/4W
13w
18W

Metal

Carbon 174w
13w
1/4W
13w
174w
13W
1/4W
13w
1/4W
13W

- 174w

5%

5%

5%
1%
5%

1%
5%

3.92kQ
2.80kQ
1.5kQ
39 Q
8.2kQ
47kQ
10k
47kQ
8.2kQ

4.7kQ
39kQ
10kQ
1kQ
47kQ
10MQ
100 kQ
392kQ
392kQ
15kQ
3 Q
180kQ
47kQ
1.5kQ
33 Q
12.1kQ
47kQ
470 Q
82kQ
22kQ

1kQ
18kQ
2kQ
27kQ
2.2kQ
1.5kQ
160 Q
470 Q
1.5kQ
47k
82kQ
1kQ
3k
8.2kQ
47kQ
10kQ
47 kQ
8.2k
8.2k
5.6k
180 kQ
180 kQ
30 Q
10kQ
39kQ
10kQ
820 k2
10kQ

220k
22kQ
150 Q
1.2kQ

STOCK
REF.

RB 4220

RB 3100
RB 4180

RB 4270
RB 3220

RB 2470

RB 4470
RB 3820
RB 3100

RB 3820
RB 4470
RB 4100
RB 4470
RB 3820
RB 3820
RB 3560
RB 5180
RB 5180
RB 2330
RB 4100
RB 3390
RB 4100
RB 5820
RB 4100

RB 5220
RB 4220
RB 2150
RB 3120

continued



CIRCUIT COMPONENT TYPE STOCK CIRCUIT COMPONENT TYPE STOCK

DIAGRAM REF. DIAGRAM REF.
REF. REF.

RESISTORS: RESISTORS:

R517,518  Metal 1% 1kQ RF 3100 R728 Carbon 174W 5% 180 kQ2 RB 5180
R519,520 . . 1kQ RF 3100 R729 - - - 470k RB 5470
R521 Carbon 1/4W 5% 39kQ RB 4380 R730 - 13W 50kQ

R522 - . . 12kQ RB 4120 R731 - - - 200 k2

R523 . - - 330 Q RB 2330 R732 . 1/aW - 220 Q RB 2220
R524 . . . 47kQ RB 3470 R733,734 . 13W  05%  43kQ

R525 - 13W - 00 © R735 . 1/4W 5% me RB 6100
R526 . 174W . 82kQ RB 3820 R736 . - - 22k RB 3220
R527 Metal 1% 12.7kQ RF 0012 R737 . - - 10k RB 4100
R528 - - 13.3kQ RF 0011 R738 - - - 2.2kQ RB 3220
R529 Carbon - 5% 39kQ RB 3390 R739 740 - - . 10k RB 4100
R530 Metal 1% 316 Q RF 2316 R741 . - - 22kQ RB 3220
R531 Carbon 174W 5% 470 kQ RB 5470 R 800,801 Metal 1% 63.4kQ RF 4634
R532 - - - 47k RB 4470 R 802 Carbon 1/4W 5% 47kQ RB 3470
R533 Metal 1% 200 Q RF 2200 R803,804  Metal 1% 100 kQ RF 5100
R534 - - 1kQ RF 3100 R 805 Carbon 1/4W 5% 1.5kQ RB 3150
R535 Carbon . 5% 6.8kQ RB 3680 R 806 . - - 100 k2 RB 5100
R536 - - . 1kQ RB 3100 R807 Metal 1% 5.49 kQ RF 3549
R 537,538 . - - 100 k2 RB 5100 R 808 . - 14kQ RF 4140
R 539,540 - - - 1kQ RB 3100 R 809 Carbon 1/4W 5% 33kQ RB 3330
R541 NTC resistor 5kQ RN 0002 R810,811 Metal 1% 63.4kQ RF 4634
R 600,601 Carbon 1/4W 5% 680 Q RB 2680 R812 Carbon 174W 5% 47k RB 3470
R 602 . . - 56 k2 RB 4560 R813 Metal 1% 499k RF 4499
R603 - - - 270k RB 5270 R814 . - 100 kQ RF 5100
R604 - - - 56 kQ2 RB 4560 R815 - - 6.81kQ RF 3681
R605 . - - 270kQ RB 5270 R816 Carbon 1/4W 5% 1.5kQ RB 3150
R 606 Metal 1% 332kQ RF 3332 R817 - - - 100k RB 5100
R 607 - . 100 Q RF 2100 R818 Metal 1% 14kQ RF 4140
R608 - - 3.16kQ RF 3316 R 819,820 - - 634 k2 RF 4634
R609 . - 274kQ RF 3274 R821 Carbon 174W 5% 47kQ RB 3470
R610 - - 332kQ RF 3332 R 822,823 Metal 1% 100 kQ RF 5100
R611 - - 249kQ RF 3249 R824 Carbon 174W 5% 1.5kQ RB 3150
R612 Carbon 1/3W 5% 1kQ R826 - - 100 kQ RB 5100
R613 - - - 5kQ R826 Metal 1% 5.49 kQ RF 3549
R614 . - 0.5% 12kQ R827 - 14kQ RF 4140
R615 - - - 75kQ R828 Carbon 174W 5% 4.7kQ RB 3470
R616 - - - 2.8kQ R 829,830 Metal 1% 63.4kQ RF 4634
R617 - - - 9.7kQ R831 Carbon 174W 5% 47k RB 3470
R618,619 - 1/4W 5% 68kQ RB 4680 R832 Metal 1% 100 kQ RF 5100
R620 . 13W  05%  32kQ R833 - - 499kQ RF 4499
R621 . - . 7.5kQ R834 - - 6.81kQ RF 3681
R622 - - - 6k R835 Carbon 174W 5% 15kQ RB 3150
R623 - - 9.7k R836 - - - 100 k2 RB 5100
R624 - 1/4W 5% 68kQ RB 4680 R837 Metal 1% 14kQ RF 4140
R625 . - 150 k2 RB 5150 R838 Carbon 13W 5% 220 @

R626 - - - 6.8k RB 3680 R - 174w - 5.6k RB 3560
R627 - . - 1.8kQ RB 3180 R 840,841 Metal 1% 392kQ RF 3392
R 700,701 - - - MO RB 6100 R842 o 205k RF 3205
R702 - - - 150 kQ RB 5150 R843 : = 5.49kQ RF 3549
R703 - - - 120kQ RB 5120 R900 Carbon 13w 5% 620 Q

R704 - - 1.5kQ RB 3150 R901 - - 0.5% 57 kQ °
R705 s 1/3W 0.5% 48kQ R902 - 1/4W 5% 33kQ RB 4330
R 706 . . . 5kQ R903 - 13w - 2k

R707 - 1/4W 5% 820kQ RB 5820 R904 Wire 1w s 13 2 RO 1106
R708 » - . 390 kQ RB 5390 R905 Carbon 174w - 10 Q RB 1100
R709 - - - 22kQ RB 4220 R906 - - . 5.5kQ RB 4560
R710 2 ] . 1kQ RB 3100 R907 - 13w 0.5% 100 Q

R71 - - - 1.6kQ RB 3162 R908 . 2 5k

R712 . . . 100 Q RB 2100 R909 - 1/4W 5% 56 k2 RB 4560
R713 - - - ™mQ RB 6100 R910 : 13w # 620 Q

R714 - - - 10kQ RB 4100 RON - - 0.5% 57kQ

R 715,716 % . - 2.2kQ RB 3220 R912 - 1/4W 5% 33kQ RB 4330
R717 - - - 10kQ RB 4100 R913 - 13W - 2kQ

R718 - 174w - 180 kQ RB 5180 RO14 Wire "w - 13 Q RO 0005
R719 @ 3 % 470 kQ RB 5470 R915 Carbon 1/4W - 10 Q RB 1100
R720 Metal - 1% 9.09 k2 RF 3909 R916 - - - 56 kQ RB 4560
R721 - - 27kQ RF 3270 R917 - 13W  05% 100 Q

R722:726 . - 10kQ RF 4100 R918 - - - 5kQ

R727 - - 20kQ RF 4200 R919 . 1/4W 5% 56 kQ RB 4560

2020-2.72 continued °



BRUEL & KJAR
Narum — Denmark

CIRCUIT
DIAGRAM
REF.

RESISTORS:

R920 Wire
R921 Carbon
R922,923 -
R924 -
R925

R926 -
R927,928 Metal
R929 +
R930 -
R931 Carbon
R932 -
ROx3 -
R934

R935

R936

R937

R938 -

R 939,940 Metal
R941,942 -
R943 Carbon
R 944,945

R946

R947

R948

R 949,950 -
R951 -
R952 Miniresistor
R953 Carbon
R954

R955

R956

R957

R958

COILS — TRANSFORMERS:

L1

L23
L4

L101
L102
L103
L104
L105
L 106
L107
L108
L 109
L 200
L 300

COMPONENT TYPE

55W
174w

174w

13w

1/4W
13w
1/4wW

13w

/4w

5%

5%

5%

0.5%

5%

330 Q
1kQ
mMQ
1kQ

10k
mMQ
121k
18.2kQ
6.21kQ
12kQ
8.2kQ
12kQ

100 Q

6.8k
MQ

1.8kQ
2kQ
2.15kQ
215kQ
33kQ

100 Q
M

10k
68k
1kQ
MQ
10MQ
60.3kQ
37.1kQ
21kQ
11.7kQ
14.7kQ
MQ

330 uH
295 uH

1378 uH
562 uH
1378 uH
1378 uH
562 uH
1378 uH
31,1mH
50.4mH
31.1mH
2x4mH
2x4mH
21pH
280 uH
56 uH
56 uH
1378 uH
562 uH
1378 uH
1378 uH
562 pH
1378 pH
31.1mH
50.4mH
31.1mH
15.9mH

Parts List

STOCK
REF.

RX 0300
RB 3100
RB 6100
RB 3100
RB 4100
RB 6100
RF 2141
RF 4182
RF 3181
RB 4120
RB 3820
RB 4120
RB 2100
RB 3680
RB 6100
RB 3180

RF 3215
RF 3215
RB 4330

RB 6100
RB 4100

RB 4680 °

RB 3100
RB 6100
RA 0025

RB 6100

LB 0653

Valid from serial no. 338619

CIRCUIT
DIAGRAM
REF.

COILS — TRANSFORMERS:

L705

L 706

L 900-903

T 500 Transformer
T 900 Power
T901 Transformer
T 902 -
DIODES:

Q78 Silicon
Q9,10 Zener
[eR[1]} Silicon
Q200 Zener
Q201-203 Silicon
Q206,207 -
Q300 Zener
Q301-303 Silicon
Q306-308 -
Q400 Zener
Q401-408 Silicon
Q500-503 Germanium
Q600 Silicon
Q700-704 ]
Q800 -
Q801 Zener
Q802 Silicon
Q803 Zener
Q900 Zener
Q901 Silicon
Q902 Zener
Q903 Silicon
Q904-907 -
Q908 Zener
Q909 Silicon
[oX:111] Zener
a9 Silicon
Q912915 -
Q916 Zener
Q917-920 Silicon
Q921-924
TRANSISTORS:

V1,2 Integr.circuit
V3 Silicon
vas Mos
ve,7 Silicon
V89 -
vio,11

V12

vi3

VAL

V15

V16 .
V101-106 -
V107 -
V200,201 -
V202 -
V203,204 MOs
V205

V206 Silicon
V207 -
V208 -

2020.13

COMPONENT TYPE

PNP

sheet 3.

STOCK
REF.

18.5mH LB 0782
15.9mH LB 0781
30 uH LJ 0008
LB 2000

TN 0029

LB 2001

LB 2002

150 V/300 mA QV 0217
10.8-13.2V/ 19 mA QV 1117
150 V/300 mA QV 0217
5.96.5 V/ 34 mA QV 1322
150 V/300 mA QV 0217

150 V/300 mA QV 0217
5.96.5V/ 34 mA QV 1322
150 V/300 mA QV 0217

150 V/300 mA QV 0217
36.2-37.8 V/ 30 mA QV 1321
150 V/300 mA QV 0217

115 V/150 mA QV 0085

150 V/300 mA QV 0217

150 V/300 mA QV 0217

150 V/300 mA QV 0217
16.3-17 V/ 177 mA QV 1118
150 V/300 mA QV 0217
15.3-17V/ 17 mA QV 1118
22.8-25.2 V/ 40 mA QV 0218
150 V/300 mA QV 0217
10.7-11.5 V/ 80 mA QV 1315
150 V/300 mA QV 0217
400V/ 1 A QV0237
22.8-25.4 V/ 40 mA QV 0218
150 V/300 mA QV 0217
10.7-11.5 V/ 80 mA QV 1315
150 V/300 mA QV 0217
400V/ 1 A QV0237
228252 V/ 40 mA QV 0218
400V/ 1 A QV0237

150 V/300 mA QV 0217

PA7712C VE 0005
BC 107 VB 1032
M51i VB 4001
2 N 3702 VB 0038
2N 3704 VB 0028
2N 3702 VB 0038
2N 3704 VB 0028
2N 3702 VB 0038
2N 3704 VB 0028
BC 107 VB 1032
2N 3702 VB 0038
BC 107 VB 1032
2N 3702 VB 0038
2N 3704 VB 0028
2N 3702 VB 0038
mM511 VB 4001
P 1069 VB 1500
2N 3704 VB 0028
2N 3704 VB 0028
2N 3702 VB 0038

continued



CIRCUIT COMPONENT TYPE
DIAGRAM

REF.

TRANSISTORS:

V209 Silicon NPN
v2io - PNP
van - NPN
v212 FET
V213,214 MOs FET
V215 NPN
V 300,301 Silicon NPN
V302 - PNP
V 303,304 MOs FET
V305 FET
V306 Silicon NPN
V307 NPN
V308 PNP
V309 NPN
v3i0 - PNP
van - NPN
V312 FET
V313314 MOS FET
V315 Silicon NPN
V 400,401 - NPN
V402 - PNP
V403 - NPN
V404 - NPN
V 405,406 - PNP
V407 - NPN
V408 - PNP
V409 - NPN
V 500-503 - NPN
V504 PNP
V 505 - NPN
V 506 FET
V 507-509 Silicon NPN
V 600,601 PNP
V 602-605 NPN
V 606 PNP
V700 - PNP
V701 NPN
V702 - PNP
v703 - NPN
V 704,705 - PNP
V 706-708 - NPN
V709 - PNP
V710,711 - NPN
v712 - PNP
V713 - NPN
V800 (dobb) FET
V801 Integr circuit

V802 Silicon NPN
V803 (dobb) FET
V804 Integr.circuit

V805 (dobb) FET
V 806 Integr.circuit

V807 Silicon PNP
V808 (dobb) FET
V809 Integr.circuit

vsio Silicon NPN
V811,812 - NPN
vei3 Germanium  NPN
V900 Silicon NPN
V901 - NPN
V902-904 - NPN
V905 # PNP
V906 - PNP
V907 - NPN
Vv 908-910 - NPN
von @ PNP
V9.2 L NPN
Vvo15 - NPN
V916918 - NPN
2020-2.72

2N 3704
2N 3702
BC 107
2N 5391
M5

2N 3704
2N 3704
2N 3702
M511

P 1068

2N 3704
2N 3704
2N 3702
2N 3704
2N 3702
BC 107

2N 5391
M511

2N 3704
BC 107

2N 3702
BC 107

2N 3704
2N 3702
2N 3704
2N 3702
2N 3704
BC 107

2N 3702
BC 107

STOCK
REF.

VB 0029

VB 1032
VB 1023

VB 1032

VB 0038
VB 0028
VB 0038
VB 1032
VB 0038
VB 1032
VB 0038
VB 1032

VB 1032
VB 1002
VE 0003
VB 0251
VB 1002
VE 0003
VB 1002
VE 0003
VB 0067
VB 1002
VE 0003
VB 0261
VB 0055
VB 0506

VB 0255
VB 1032
VB 0038
VB 0061

VB 1032
VB 0038
VB 0063
VB 0063
VB 1032

CIRCUIT COMPONENT TYPE
DIAGRAM
REF
TRANSISTORS:
vo19 Silicon PNP
V920922 s NPN
ve27 - NPN
vozs FET
POTENTIOMETERS:
P1 Carbon 05w lin.
P2 Wire -
P3 & ¥ &
P 101
P 200 2 £
P 201 - - -
P 202 - - -
P 300 2
P 301 -
P 302 £ =
P 500 -
P 600 = -
P 601 & *
P 700-703
P 704 2
P 800-803
P 804 E s
P 900-903 . 2w .
P 904 - -
PRINTED CIRCUIT:

Rejection Ampl.

Emitter follower

DC ampl. (in Oven)

240 kHz squarewave

Input Modulator

Var Phase Ampl.

Output Ampl.

AC to DC modulator

AC to DC modulator

Input filter 120 kHz

120 kHz Fixed Freq.

Conditioning

Summation ampl.

3.16 kHz Filter

10 Hz Filter

31.6 Hz Filter

100 Hz Filter

Voltage Supply

—Voltage Supply

Filter Bandwidth

Gain Switch

BFO Mode Switch
MISCELLANEOUS:
0101 Relay 24 V
0900 “On—Off" switch
0901 “Input Filter”
0902 “’Bandwidth” switch
0903 “Output” switch
0904 “BFO Mode" switch
0905908 Relay 24 V
0909 “Gain” switch
o910 “Bandwidth Comp"’ switch
vo13 Neon Lamp (red)
Vo4 Fuse 1A
V923-926 Neon Lamp

Bakelite knob large

Bakelite knob small

STOCK
REF.

2N 3702 VB 0038

BC 107 VB 1032

BC 107 VB 1032

2 N 4302 VB 0045

10kQ PG 3109

10kQ PG 3107

5kQ PG 2504

500 Q PG 1501

1kQ PG 2103

50 kQ PG 3506

5kQ PG 2504

1kQ PG 2102

50 kQ PG 3506

5kQ PG 2504

1k PG 2103

500 Q PG 1501

1kQ PG 2103

kQ PG 2102

1kQ PG 2103

5kQ PG 2504

10 k2 PG 3107

500 Q PQ 1509

5kQ PQ 2509

ZE 0086 XC 0679

ZE 0030 XC 0492

ZE 0031 XC 0494

Z1 0003 XC 0485

ZM 0003 XC 0483

ZM 0004 XC 0491

ZM 0005 XC 0493

ZM 0006 XC 0496

ZM 0007 XC 049

Zs 0168 XC 0484

250169 XC 0486

Zs 0170 XC 0487
ZT 0030
ZT 0031
ZT 0032
ZT 0033

2G 0016 XC 0489

2G 0017 XC 0490

OE 0006 XC 0495

OE 0008 Xcos11

OR 0104 XC 0482

0OC 0024

NN 0014

OH 2000

OH 3000

NN 0022

NN 0021

0OC 0024

NN 0021

NN 0022

VS 0024

VF 0008

VS 0015

SN 3222 + DB 0674 + YQ 2083

SN 2522 + DB 0674 + YQ 2083




BRUEL & KJER

Ncerum - Denmark

Consisting of:

2020.14-2.72

Block Diagram

Panel Wiring

240 kHz Square Wave Generator ZI 0003

120 kHz Fixed Frequency Conditioning ZS 0169
AC to DC Modulator and Chopper ZM 0006

AC to DC Modulator and Chopper ZM 0007
Input and 120 kHz Filter ZS 0168

Summation — and 120 kHz Filter Amp. ZS 0170
Rej. Amp. — LP Filter and Output Amp. ZE 0086
DC Amplifiers in Oven ZE 0031

Input Modulator ZM 0003

Main Filter 3.16 Hz ZT 0030

Main Filter 10 Hz ZT 0031

Main Filter 31.6 Hz ZT 0032

Main Filter 100 Hz ZT 0033

Circuit Diagram
Valid from serial no. 338619

sheet
sheet
sheet
sheet
sheet
sheet

sheet

sheet
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. Circuit Diagram

Valid from serial no. 338619

Panel Wiring

2020.14

2b

sheet

BD 0073
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Z6a 2570 LipF 32k 10n Z100a Is6ka ‘
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L 1ewF | soour
q Tcoor p €905 l 32v
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BAX 16 220V
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o |
‘ 3 33k0 35k o POUF
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=g
‘ BC107 ven [ =
=
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< 33kn S5ka #
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Ve — _|¥3e8 | T R912 SRet8 == g1
| 6200 2 10ka TNE00L_INOOL ‘ ”%’
2R910 f’:;pgos a913 4 aats 1 .
—30v ‘
‘ o
‘ N 4004 lN LUUL__ ‘ N'900
‘ ’* Z30a |09 4 0919 4
: 2 R920 | 0
‘ T
‘ 3 o0F ‘ 24y
| c912
_ 1 +24V ‘ 2% 4 — )
J ‘ aots |INeooe |incoos | = Chassis Ground
| ! a9 4 as0
i
. ! | |
7G 0017 i L J Signal Ground
L
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1 H ] I H 1
‘ | = = ] |
I *Tcon co14 | |
6 6 6 HE 6 6 6 glp 6 6 . 6
[og [e; i —o T o o —{%o >—‘—o
H H H i I
2 7 ' 7 Ié I 7 ML‘ z I 7 7 ! 2 7 T irial 31
I
o—l— : T | €930 I
: | | 1 H 8 . 8 ie 8 2 8
8 g—l—« c8>—I-—< I 3_{'_4 g—l—4 <°> 8 OT [¢3 l 0 — | LTo
| : I i H |
| | ! i | : H
¢ 9 9 ¢ 9 9 9 9 9 1 9 igl 19 9 ]9
o} o 1|—o o o I J__’spF ! ! 0 1o+
| | = ! |
i I Co15 |
10 L0 10 | | 10 10 10 10 10 {10 10
| i : : -+
H H g s -
—— | | : H—
1?1 I g 1 1 | 1 1 I 1 B | | 1
3] | i ' l
H N _
S e ) L s e e i e & AR AR i
L L] L
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< 5000
S
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S 5000
< PS03
Input 100-120kHz 100-120 kHz 120kHz Input Rejection 120kHz Output 123kHz Output
A~ Input AN Phase Lock A~ A\ Output A~ Input AN
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H ‘ . B
‘ ‘ l 12ka 100 ‘
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0kn S Ma .
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i ,
-30v ‘
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‘ |
| i
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| \ 2100a ‘ i —|
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40363

Collector (Case)

| oeoos O —_—

Tra

2N 4302

nsistor sockets

2N 3702

Bottom view

BC 107

Emitter

Collector

2N 4919
2N 4922

Briiel & Kjcer

Copenhagen

24-02-1969 253966
13-03-1972 | 253966
17- 03-1972 338619

Heterodyne Slave Filter

Panel Wiring
Type 2020










BRUEL & KJAR

Neerum - Denmark

2020.14-2.72

Circuit Diagram

120 kHz Fixed Frequency Conditioning ZS 0169

2020.12

sheet 4

] 56kn 120kHz Band Pass Filter
430V 010 VWA
1 R'500
’ 180k 2 10ka ZBOyHJ_G,ZSr\F
‘ RS0 < R505 L500 | €505
p.
| b Z820kn
‘ ‘ 3 R509
3 180ka _L 39pF
3 R 502 [ C506
20w 22nF 22nF
2 | [l
Filter Input | © 2 O‘T—ﬁ‘h 1
€ 500 € 507
| ‘ lomr | o i
Tcsor T csoz \
] | csoe | ! J
3 180kn 30kn Z10ka |(S280uH | 6260F Z820kn
32 R503 >R507 S RS508 L501 ] C508 2RS10 i
|6 a6l ‘
Ground | 030 1,2vpp,
120kHz Filter ‘
Output "\ ‘ 040
Ground | 0§ o-l—a
' 5000 120 kHz Band Pass Filter
Ground 06 o—}—< e
2N 3702
120kHz Output ' o710 SOk s S 39 _| 318nF
LS RS2 [cs17
pm— | 080 | R513 3kHz / 123kHz
] 4InF Modulator ,
123 kHz Input ] 09 0 e GXDRGORE 450pF e
€509 AW 1 il Il 00,
: WW - l i =200pF
’ RSP ‘aiso0 csn 515 c518
|
! ‘ | O1pF E R518 2501 l / e VI?OS
€510 | 1kn H . = 1,8nF I
‘ ) H o i \ C St 4nF C516 '
S 22ka 2150n L Q502 56uH [ 56uH Jnka 23300 a7k |(FBuH_L3NENF
i SR5W 3RSI5 . L502 |L503 SR52  ZR523  ZR54 L505 | C519
‘ R 520 Q503 |
Ground . 0100 i
‘ 300
‘ WA .
‘ R525
3 kHz Oscillator J
‘ ‘ 1 ka 68k 100ka
V 3 >
. AN R535 S R5ITS
‘ ] 3,9kn 5: 3 40ka BC107 1F
R529 < 1uF >R 531 1uF =
To 120kHz i3 LS T i T C528
Beat Ad ono-+ 2 2N 4302 1t BC107 BC107
eat Adj | [ P500 R527 c524 C526
010 ‘o) ! V508 i
J L Cs22 IkHz
F 16
WL,  L)EF o V506 V507 14F V509 Wer
==t q
€520 cs21 HR\’;‘% it
, 3 cs27
5F P!
4nF E; N6n Sk - E; 1ka 3 100kn Zika Sika
€523 SR530 S R532 Tc 525 S R536 <SR538 SRs39 SR540
1ka
R 534 NTC
200a 47k
R 533 R541
Transistor sockets
2N4302 2N3702 BC107
Drain ¢
’
Source/ Gate ECB E
24-02-1969 | 253966 7S 0169
Bottom view . .
17-03-1972 | 338619 Briiel & K]CBF 120kHz Fixed FreqUEHCy
L

BD 0067

Conditioning for 2020







BRUEL & KJAR

Ncerum - Denmark

2020.14-2.72

Circuit Diagram

120 kHz Fixed Frequency Conditioning ZS 0169

2020.14

sheet 4

o 56kn 120kHz Band Pass Filter
+30V ‘ o1 o YW
] R'500
‘ 3180ka
\ < R501
3 180ka
3 R502
46 22nF 22nF
kHz | L |
Filter Input ‘ QR o [ 1] I
€ 500 €507
‘ | _fomwF | onF
“Tcsot T csoz
‘ | 3;150;”1 i 280uH _| 6,26nF
2 R503 T cs08 oy
Ground ‘ o130 % a0
120kHz Filter i
Output "\ ‘ O‘O‘
Ground ‘ os50
5000 120 kHz Band Pass Filter
Ground 06 o—\—« MW
‘ R512 2N 3702
120kHz Output 070 2 39ka _ 31.8nF
20ka g Srs2 Tesr
oround | 08 | RS 3 3kHz / 123kHz 3
LInF Modulator
123 kHz Input 09 o—l— 11
I 1L 4InF 1ka ~ 4x0A0085 450pF WInF
€509 L | I} 200pF
: 1 ==""P
‘ csn o 6500 c513 515 c518
i a 1
‘ _| OF ] RS518 Q501 _| 31.8nF (d i
—— | =T | | 31,8nF
510 c512 MEL
) R516 T500 ! Tka =2 L A Tesu | 47nF C 516 !
322k 2150n Tk Q502 S6uH [ 56uH 312ka 2330a 47k | (S/56uH_L 31.8nF
3RS SR515 VWA ot L502 |L503 SR52 ZR523 R524 L505 | C 519
‘ R520 Q503 |
Ground + O10 071‘
‘ 3000
‘ A .
‘ R525
3 kHz Oscillator
, 1k 6,8kn Y  100kn S
6 ) R535S R517S
R 526 J 3 E:
3,9k 3 S 470ka [ BC107
- Tkax  12.7ka R529 2 1wF  ZRSA 1WF
ono 2N 4302 2l BC 107 BC107
Beat Adj | ‘ c52% c526
16uF
jgf= V507 1WF V509 UD
L
i
’ c527
S5ufF
L 36a Suka 2 ke 300k Zika Tka
€523 R530) S R532 Tc 525 S R536 <SR538 SRs39 R540
1kn
AN
WW
R53  NTC
200n 47k
R 533 R 541

Transistor sockets

2N4302 2N3702
~ Drain
Source/ Gate ECB

Bottom view

BD 0067

8C107
C

24-02-1969 253966

17-03-1972 338619

Briiel & Kjcer

Copenhagen

ZS 0169
120kHz Fixed Frequency
Conditioning for 2020







BRUEL & KJAR

Neerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 2563966

AC to DC Modulator and Chopper ZM 0006

2020.1a

sheet ba

Split Load Amplifier

AC to DC Modulator

1,5kn
+30V {01 (e W F19Y
R 200 >
| 150kng  549ka S249k
| R201S  R204 M51 2 R220
| o1pF_| n/\ )
| 1 sz_( % G Flip-Flop 120kHz
B
‘ 2N 3704 Bax 6
AC to DC O'J‘IMF 8| V203 ¥ o202 ST R Y
Modulat 1 . VAAAY
odulator Input | 02 O-— It S8V 500a | 2,7ka R261
120kHz | AAAA AR
| c 200 W VAWV AMW 282ka 8,2kn <
| 2N 3702 & R217 | R222 SR229 R 237 <
BAX 16 4~
| hE e or0s 4
s/
‘ < 68ka 1 } &
S R202 B \/ J
‘ V204 v 207 S47ka L 4T0F =L 4TpF S 4Tka
P P! 3
Lowr 2o owr e ome| - gasawo in SR231 | c216 20 2R 235
‘ S P 200 €202 1:R 26 [c208 cznTc 210 <SR223 |
Ground 030+ |
c 24
\ Lok 19y _L 330
21C Tc2o7 825k 4
AC to DC ! R210 Ska P! 2 P
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Chopper Input ‘ 09 o 39 c212 o q c229 %R 250
0-50Hz R253 I :
Ground ‘ o‘oo_’_ Lor J ) o/ —
3,9kn c227 < 10Ma <100kn B
MWL 21V 2N 4302 :; R 248 SR v
R 243 47nF
‘ ‘ BC 107 i +6v
l 3
|
228 R246 B| M51 [
Chopper Qutput
PP 2ok | ‘ OwF [ v an = /-l\ G
| o104 1l 1
[pEpplyl I 5 \y
‘ ‘ €226 210kn 5; 4Tka
35kn | _py FRS SR27 v2id
-30V 012 0+ VW 16Vpp,
7J R 244 Chopper
Transistor sockets
M51 2N 3702 2N 4302 P 1069
2N 3704 BC 107 Drain Gate
c /
B.
EC B E Source Gate Source Drain 06-06-1969 253966 ZM 0006

Bottom view
BD 0064

Briiel & Kjcer

Copenhagen

AC to DC Modulator
and Chopper for 2020
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BRUEL & KJAR

Necerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

AC to DC Modulator and Chopper ZM 0007

2020.14

sheet 5b

Split Load Amplifier

AC

to DC Modulator

’7' -
1,5 kn
+30V o1 0o ! VWA F10V d
R 300 2 24,9k
| kS seoknZ 2N3T0L —_— b
R301 R 304 N 3704 1uF 2808 r Fli-F
‘ ! e 2N 370 —w ”ms lip - Flop 120 kHz
| c301 ] c3os R309 [, 5 [
2N 3704 i
V301 I 2x BAX16 47ka
AC to DC ‘ I 0.1uF f.':s.:“ | 4mH 8[vao3 ¥ o302 —lev v =
Modulator Input | O 2 O~ it V315 R305 | 220 [!1L300 +6v  500n | 274ka J J R340
120 kHz 300 WWA VW4 M4 S Ze2ka 82ka g 390
V300 ) 2N3702 82ka R308 215kn | R307 LI R317 | R32 ZR328 R336 S R3B
‘ i R 306 | 8|M511 BAX 16 27 2N 3704
| V302 | 0303
‘ ] WE | 2800 ! 5( “ G
; b s T eyt I
Z68kn 2 499k R g'm R 324 )
‘ > R 302 7 R303 X V304 ._AL Vv 307 Suwka L a7pF —L4ToF Z47ka
> R334
Sk L onF 3 82kn Lowr fowr Lonel 2392k0 47nF oR330 | cxe c320 SR
‘ = P00 €302 2R36 c308 canTc 310 <R3 Il
Ground 030 ¢ '3',4
I e 1o e
. ! WW 307 J J J
AC to DC | R310 825kn 2N 3702 ==390pF<:L7kn ==L7pF < 10kn <;‘|Okn =._L7pF <:A7kn .|
Modulator Output ’ 040 - - " —W €315 R3[| €317 TR JRIII | C321 RIS
0- 500 Hz Distortion Equalizer R315
. > | | NI
47nF T T
l ‘ L oF 2N3704 "77F 622215k S 33kn S 15ka Z220ka _Lowr 2500a T1Ma Z1Ma 1 BAQ‘O'S %?0‘76
: 7T ¢ 308 @300 2R3N ZR3IZ ZRINI JR3I4 [ €309 IRIB IJRINY SRI I Vv 308 e
l v c313 J P!
| +23,8V 390 < 8,2kn 100pF _ L_100pF 8,2kn <
: _! BAX 16 R 327 R 329 Cc 318 Cc319 R 337 <
Ground [ o5 o—I—— V 306 Q301 4,7kn
High == W
[ : Level P 1069 < 15ka Low Level Adj. - . R341
| Adj. R325 S W v‘3 " o L )
| 50knS G S ka | P30 s BAX 16
P31 S 5 ) _ 4 G308
| ’ 0,1 uF ~— 0,22uF 0,224F
' V 305 S =022y =022y
|
240KHz Trig. Input | | ]“l . c323 c3u
C 306
(mEpEREE ’ 060t
Phase Lock [
[ ’ eley
Ground 080 |
' ; Loty M51 =L.10pF 2392k
Chopper Input 09 OL 30 ez o /\ 6 €329 < RIEO
0-50Hz H A b !
L R353 [ —_—
Ground l 0‘00“— ='_g13;: 210Ma 2100k ° T
39ka > > 8 -
: L w2 INL302  Sqa; Sras vani
| ‘ R342 BC107 D 8 I +6V ]
Tk s wnf e aze Stska L10pF 2 392kn
‘ == 0,1uF <R352 €330 S R351
| cazs R 345 V312 8| M5
Chopper Output | 0,1uF \
20kHz ‘ 1 vian 5 [/‘ He
L, (ol I CANG)) T
‘ €326 210k 47ka I .
‘ I sokn |y BRI R 346 Vv 314 s
-30v 0120+ VWA
L R 343 Chopper
Transistor sockets
M511 2N 3702 2N 4302 P 1069
Gate 2N 3704 BC 107 Drain Gate
Substrate N
? .
Source £ ¢ g 3 Source Gate Source Drain 09-06-1969 | 253966 ZM 0007

BD 0065

Bottom view

Briie‘ & Kjeer

Copenhagen

AC to DC Modulator
and Chopper for 2020







BRUEL & KJAR
Necerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 263966

Input and 120 kHz Filter ZS 0168

2020.14

sheet 6

+30vV

Ground

118 & 120kHz
120kHz Filter Input

(212mV,120kHz)

Relay Ground

+24V from Output Switch
2Vpp

1 H
118 &120KHZ 104z Filter Output

Inversible Output
(710mV, 120 kHz)

Ground

Low Pass Filter Input

Ground

-30v

Low Pass Filter Output

Bottom view

Briel & Kjeer

Copenhag

+22v
e
i : 5000 2y 120kHz Filter Split Load Amp.
o1 o soon .
R102
\ 0101 BC107
p.
100kn 3215 ka
| 1 ! SR1 Skris 022pF
i b < b < S R116 > M
‘ 2100kn 562 uH| S97ka Z100ka 375k 562uH| 96kng 3-10PF_LX 0,22pF i
5J-IF== S R104 L102 | <R108 < R109 <SRN L105 RIt6 S CM2 M ce
102 1
‘ C'DJT- ! BC107 | cu3 V105
! ‘ E 1378H 1378 uH 8uF
‘ BC107 *“l l’_‘ 100 kn
OIuF L101 L103 OIF L104 L106 c115 BC107 R123
| 5 6 [ I I one | V103
| c 102 €107 cin
! ‘ V101 BRL InfF_| V102 BRLL Tia, 0,22F o
| . 1epF 1. T—cws cro6 | Tcro8 clos Vév:v"‘g }
C114
‘ C‘O‘T 2;47om 22ka. 47kn 22kn Wk 1,7sm§; > E; 82kn
| ‘ SR105 R107 R110 Z; R112 R117 R19 > S R124
| 500 800n  _
\ W I -24v 22V
‘ R103 .LS"F RA13 _L Isoo;\
‘ TC‘N Tcuo P101
[osel
’ 050
| oeo}
‘ 0710 i
BAX16
| N BC 107 +24V
‘ ! Q101
> 180ka g 2,35ka
‘ o8 4 > R128 Input
‘ [ V106 2N 3702 Low Pass Filter
SuF
. 090 I] 0 -20kHz
| | ciis JUmH_ - S04mH  3UmH
| | V107 L
100 uF 1uF p! L107 L108 L109 SuF
y > > >
= L 22‘02‘;“5; ;r?;‘“s; == 500pF 2nF 2nF 500pF g;i'f;z““
‘ ‘ C‘"T ¢ 3 3 €120 Tcm Tcuz c123 > C124
oo
‘ oNno- #
l i Z1Ma
‘ SRi125
[°"7]
Transistor sockets
2N 3702 BC 107
€
8
3
2-02-1969 | 253966
7S 0168

Input - and 120 kHz Filter for 2020







BRUEL & KJAR

Ncerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Summation — and 120 kHz Filter Amp. ZS 0170

2020.14

sheet 7

Summation Amp.

BAX 16
— Tkn Q 600
680 BC 107 . i
+30v [ O1 AW 3y RE12S 120kHz Band Pass Filter Amplifier
| R 600
| ‘ 3332 2500n
3
SR606 2 P 600 V603 L+24V =264
| ‘ J J J 7[10-40pF 7T~ |10-40pF
356ka 56kn 3100 [C604 I3,16ka €605
; SRE02 IR604  SRE07 <R 608 J J J !
‘ ‘ 2 7,5kn 9,7ka < 68kn S 7.5k } 562 H 9,7 ka 68kn
. R 615 R617 S R618 Sr621 L 604 R623 R 624
} ‘ 2N 3702
! I 0.1F 0,1uF 0,1uF
‘(Zghunn]el B) \ 020l Il :; ,32kn ” H
kHz Input ] ¢ Bo0 SR610 L 600 L602 cen c615
L 0.22F v 500 2N 3702 BC 107 BC107 2N 3702
0,1pF €602
(Channel A) ‘ 030 "u
120kHz Input [ T 1)
| C 601
I V 604 J V 605 J V606
‘ J 268ka 3150k
Ground o4 o—l¥ :Ezm ka 22270 ka e Line < R619 Lanr Lane SR 625
‘ i pRE03; <R 605 01uF “Tce09 Tecew O1pF Tcen T
1l | —16V
‘ 508 u
6800 N [ ce1
(-30) osojl— A By —
‘ R601 5ka g - S1zka Z28kn 232ka J6ka 268kn
‘ | 0.22pF R613 C 607 SR614 SRE16 SR620 JR622 3R626
i C 603
120kHz Output ‘ 1
to Phase Adj oso ‘
p.
‘ ;I)“ Ko 0,1pF
2 P 601 =
Rejection Bal 596 C 816
(Gain)
‘ 1,8ka
Ground \ 08 O+ WWA
R 627
090 ‘
Ground o1 ()—}—
‘ oo I
-30v o|zﬁ—
Transistor sockets
2N 3702 BC107
C
© 0o B
EC B E
Bottom view 24-02-1969 253966 ZS 0170

BD 0068

Briiel & Kjcer

Copenhagen

Summation - and 120kHz
Filter Amp. for 2020







BRUEL & KJAR

Necerum - Denmark

2020.14-2.72

Circuit Diagram

Rej. Amp. — LP Filter and Output Amp. ZE 0086

2020.1a

sheet

8

To Gain Control [ |
+20dB Amplitication ‘ o1
when Grounded |
Low Pass Filter Output | 0 2 o
|
0 ovtout (o208 | 03 \ +10dB to +20dB Amp. 8c107
N .
utpu |o030 Ve +24y V703
| BC 107
v 710
loso ‘ 1 z 2N 3702
+30v |04 100 F s 3 820ka 22ka ke 100 uF
| i’ P00 c707 S R707 R 709 V702 | Scr08
| i i r
222k 2 10kn =50 F LoapF  Zis0ka 1.5ka Low Pass Filte BC 107 2N 3704
Ground | 05 SR738 SR739 ™M C 727 c700  SR702 R704 0 — 30kHz
| ‘ 2N 3702
| 5 uF 1.6ka 1k
Rejection and !0 i o lﬂ AR 'A},:"A
Low Pass Filter Input 31 mH 50.4mH I11mH 5F V713 Vv 701 R711 P 701
| c70n | NS T ==osn  soess 100a 4OOpF  1ka
H : v 700 I "W;
‘ L701 c 706 R712 Gog P 702
L BAX 16| 3 120ka S 4.8kn_L_500pF 2nF 50003 5ka S1Ma Z1Ma 327k E: 390ka  Z1ka ZiMa 10ka S0uF  J-BAX16
’ 4 Q700 SRr703 SR705[ €702 Tcmz Tcma C705<2R706 SR700 S R701 <SR < R708 <;R710 SR713 R714 Tcm Q701
Ground | 07 O .
]
‘ ’ . . BC 107 y Bk e
. Rejection Amp. +26v VN -+ 0702
‘ l E;‘Okn == 50uF _L_0.uF
= s
S R740 €725 | €726 S 100ka 1k 210k 2100ka Tka
3 3
‘ ‘ 2N 3702 SR8 P 703 S R724 —— SR728 P 704
S
| i 2 é}ZLk‘n .09 kn 100uF 2200 X
| [ Bax 16 R720 - R 732 Low Pass Filter 1 ooapr S22k
| == p:
i . . -2V 2N 3702 5uF cM7 0 — 60kHz c723 SR736
a703 VT2 100 wF c716 V708
LF from | oo n
Input Amplifier 1 SATI6 LLI]
L4 2N 3702 —uy C712 BC 107 s
2 20ka
V707 I R727
i s 15.9mH  18.5mH  15.9mH 1 uF
Ground | 09 ’ L
77777 I
c722
[ ‘ 270kn 3 10ka 10kaZ3T0RELX S 270kn  Z200ka  e3kn_l Ls00pFZe.3kn Z1Ma == 50pF  Z10ka
Ground | 010 Om—dg R717 c73 R7193 R725 rR7262cns’[  SR729 SR SR733 [C721 SR736 SR735 c724  ZR737
|
i I
| |
Rejection Output | 011 O
[
-30v | 012 04—
2N 3702
Type no: 2N 3704 BC107
B
B
Bottom view: C £ c
E
Remarks: T0-92 TO-18
17-03-1972 338619 ZE 0086
Briiel

Rejection Amplifier — Low Pass Filters
and LF Output Amplifier for 2020
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BRUEL & KJAR

Necerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Input Modulator ZM 0003

2020.1a

sheet 10

=
~ LF Output voL _
to Rejection Amplifier ’ \ Balanced LF Amplifier
‘ < 47k
’ SR
‘ 210ka  270ka 221kn
AV A
< WV VWY P!
I <P1 RS J 9 23000 24V pp.
2 ::‘;m 10ka < R17 Input Modulator
: 16uF > [
LF Input ‘ 020] i o ~{_=s
e l i Lt 23t6n M1
: 1
1 | SR7 PATT12C I (<100mV) 0 qc 1ka
620pF V1 6 L ¢ WWA
030 ‘|=u s = > \_y 525
Ground
‘ 3 4 49,9pF B[V4
: c6 S 22ka 22ka _|_3,3pF
’ : SR8 2R23 | C14
Modulator \ 0ApF
Output + O 4 O+ H
120kHz 20kn 7
| AW ¢ +6V 25
R10 3
I rP3
l é 1MaR1 1,62k BC107
AW A
; ; 10ka 1 R16
P2 121ka 3 10kn ] S22k D 2-6pF
R12S i~ SR2 7] C15
R15
2 V3 /B M51
750a S5k 3 1,2ka 360 s \ f
Ground ’ o 50-1—- 3R2 E R4 R 3 PATTIZC T (<100mV) 1 e A
. 1 620pF V2 6 D \y 24Vp.p.
= 5
’ cs VS
r 3 4 49,9pF
i Cé +29V
‘ | _ov
X b 2 s o> > = S > =~
S10ka 356k mim 100yF | 01uF ka3 210k alm 64F 23000 L 16uF 2100ka_L OWF S10ka S47kn Z1ka
‘ | >R 28 ZRr30 Tcae c3 R1 £ ZR2 Tcs ZR19 Tcw %RZO Cil SR2 SR2Z SR
NN +30v |ose‘ 430V
Ph Lock K
100~ 120 Wiz QI I
! 33k Z18kn | 4nF | wmF
| 0,1F SR SR T cie T cu
100~ 120kHz o8 o+ i}
o | c17 Amplifier and Limiter Flin-FL 100 -120 kH
Balanced Output 9 O 1p-Flo| e z
ru i p | +6V +12v P P
2N 3702 2N 3702
Ground | O10 3
| | 200 - 240kHz Band Pass Filter Q/\J Vs
150mVpp
-3v |ono -
! 2N 3702 =LOWF vl Zu7ka _| a7pF WpF_L 47ka Z V13
¢z s Tea 337 RSO
330uH 295uH  1g0pF  295uH 330uH <SR4s [ C c <
3,56kn .
N\ \100-120kHz on (36K UL s B3 L
Input | O120T— W
 ——
390pF
16nF | > 23a yg LospF —7 12y LsyF [390pF2 47kn _| 47TpF 2k Z2kn _|4hpF 2éTka|C3T
= S s 3 S =
ci8 2 2R3 c25 Mas 'c26 2N 3704 2 R 46 SRus R4 [C% SRS | 2N3704
BAX 16 BAX 16
. jd
L ‘L J a7 a8 J
2,7kn SuF 12v SyF 82ka S 100pF _L_ —L_100pF :; 8,2ka
3ka &V R4O c27 ato "Tmczs V12 RW 2 35 c36 Srs2 Vi
Y e
WW
1,8ka
A -12v
Transistor sockets v‘.‘;‘;."
2N 3702
PATT12C 2N 3704 BC 107 M51
¢ Drain Gate
B k _ Substrate B
01-07-1969 253966
N~ £ { source Briel & Kjcer ZM 0003
E C B c W

BD 0063

Bottom view

Input Modulator for 2020







BRUEL & KJAR

Necerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Main Filter 3.16 Hz ZT 0030

2020.1a

sheet 11a

BD 0069
e

1,58 Hz Low Pass Filter

+24V | 010 ‘ .
2 325kn 27ka 310n
i SR R12 SR
| 2 z
\ | 2N 3702
‘ | 2N 4302 BC 107 2N 4302 BC107
2,62kn D
A Channel Input ‘ o020 | 5,03k 21ka Sk M— & V5
0- 500Hz "\ ‘ 4 ao "RVSW MP; R11 s
| 10pF]Ct V1 V3 10uF [ C3 Vi V6
|oso |
‘ . o Yy va By
WW V WV
oo | RS R14 P2
‘ . ZiMa WpF L _L220PF 2440 Z18ka 268k opF L220PF 21k 28ka 68kn
| 2RI c2 T c9 fns 3SR7 3R9 c4 c10 ZR13 S R16
‘ 050 |
A Channel Output ‘ os OL
Ground | o1 o%
B Channel Output O 8 O }
| \ 1,58Hz Low Pass Filter
090 ‘ l by <
327k 100 3325k 2,7ka 210a
| ‘ 2R R23 3IR27 R29 ZR32
: 2N 3702 2N 3702
‘ o100 ‘
4
‘ ‘ 2N 4302 2N 4302 BC 107
° 2,32kn 5000 D
8 Channel Input ‘ ono | 503k B8kn G B Vs _‘NW\_M_ & vn
0- 500Hz "\~ T i o 3 R28 P3 S
| | 0uF[C5 V7 vy 1opF [ c7 V10 V12
‘ ‘ 1ka 9500 1000
‘ ’ R31 P4
1Ma WpF | _[220PF 344 Z18ka I 68ka WuF L 120 24, 18kn 268ka
‘ ] R18 c6 cn R22 ::th. Z;st ce c12 <R30 R33
-2V Eu o]-
Transistor sockets
2N 4302 2N 3702 BC 107
Drain g
’ Q
Source \Gate £ C B E
20-02-1969 | 253966

Bottom view

Briiel & Kjcer

Copenhagen

ZT 0030
3,16 Hz Main Filter for 2020







BRUEL & KJAR

Neerum - Denmark

2020.14-9.69

Circuit Diagram

valid from serial no. 253966

Main Filter

10 Hz ZT 0031

2020.14

5,0Hz Low Pass Filter

‘ 3325k éz,vm Z0a
‘ 2R10 SR SRS
\ 2N 3702
BC107
' 2N 4302 2N 4302
: 2,62ka D V5
Ao Chuonnel ln&l I AW G
-500Hz
R11
V3 L ? V6
V1 316 uF [ C3 Vi
l Tka EEY 1000,
‘ WWA M ‘Wf}
R8 R14 P2
P! p. d J
SiMa MepF | _L2206F 24y, 38kn Z68kn 3"“2; L220PF S 44 1Bkn 268kn
‘ 3R c2 C10 RS SR7 2R9 c:.j cn SR13 R16 SR
From Channel A Output |
3,16 Hz Main Filter ‘ o3o -
+24V | 04O
L
co
loso T 01
A Channel Output ] 060
Ground ‘ o1 o-lj !
—_——
L_-_
8 Channel Output ‘ 080 d
Relay Gound from Filter Band Width Switch
From Channel B Output
3,16 Hz Main Filter
| 5,0Hz Low Pass Filter
E; 325kn 2,7kn Z10a
| S R27 S R29 Srn
| 2N 3702
| BC107
2N 4302 2N 4302
Al
R ! 5,03kn 238ka 232kn 5002 & D
- V. VVVV v v
0-500Hz "\~ [ Ris | R20 R28  7P3 B V12
. L
l 3,16uF [ C5 V7 3,16yﬂ_c 7 V10
\ 1ka 3500 100a
A »—\NW*——M—<
W
p. 4 R85 J 316uF 220pF & R31J P4
i 1Ma epF L L2200F Steka S6s8kn L TP S 18kn 6.8kn
R18 c6 c12 l;nzz <rnzz. <SR26 cs C13 <SR R33 R34
R :
Transistor sockets
2N 4302 2N 3702 BC107
Drain c
-2
J
Source/ \ Gate E B E
20-02-1969 | 253966

Bottom view

BD 0070

Briiel & Kjcer

Copenhagen

270031
10 Hz Main Filter for 2020







BRUEL & KJAER
Ncerum - Denmark Circuit Diagram 202 0-14 B

valid from serial no. 253966 sheet 11c

15,8 Hz Low Pass Filter

+24v | 010+ g — -
| 27ka 100 325kn 27kn 10n
| R4 R6 R 10 R12 RI15
Main Filter 31.6 Hz ZT 0032 ) IN3M02P—— 2N 3702
P BC107 BC107
2N 4302 2N 4302
| V2 262 V5
A Channel Input 010 5,03kn Zka  Ska & D 2.62a .
- - ~ | r—NW—e—V VWC_“
Cat L | R2 R3 P1 S RN
€L V3 V6
| 1uF [ C1 V1 erc 3
| _ -
i |
1kn 9500 1000
‘ ‘ I T—M’V‘—_‘C‘W\‘—‘
R8 R14 P2
£ <
| 1Mn J‘\—%ZOPF 1kn S 18kn :> 6.8kn 220p > 1kn 18kn S 68kn
| ‘ R1 c10 %ns <SR7 2RY cn SR Z R16 R17
w [ I
|
| ] ]
|
From Channel & Output | o e
10Hz Main Filter 1030\ . ij
+24v | oLo+
| T 8
| "
‘ T @
cs
‘ oso| 01
|
A Channel Output | 0 6 O
|
Ground ‘ o7 » %
|  ——
B Channel Output os Z] / )
|
Relay Ground from Filter Band Width Switch 09 o+—t+—t—1+——
From Channel B Output | |
10Hz Main Filter  © 00T
‘ ‘ 15,8 Hz Low Pass Filter
|
‘ 27ka 2 325kn
‘ R21 R27
‘ l 2N 3702
: ‘ BC107
‘ 2N 4302 2N 4302
5,03kn 238kn D 2,32kn 5000
8 Channel Input i B R YV M & VWA——WAA 2
0-500Hz "\ \ | R19 R20 B Vo R28  7P3 S V12
i 1uF [ C5 V7 1F | €7 V10
I
| ‘ 1ka
! WW—4
220pF < b R25 < 1uF
‘ ‘ 1Ma L2 S 18k 2 68kn »
‘ R18 cn2 fazz SR 3R26
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