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GENERAL

Introduction o

Sweep oscillator PM 5162 1s a function generator delivering sine, square
and triangular waveforms, the frequency of which may be swept over four
decades ([ : 104) in one single sweep.

Sweeping can be accomplished:

— manually

- automattcally by an internal wave or
— by an external wave

Moreover, two different frequency ranges can be chosen, viz:
0.1 Hz... 1 kHz
10 Hz...100 kHz

Other facitlities are:

— continuous control of the sweep width

— continuous control of the sweep speed

— fast upward sweep, fast downward sweep or equal up and down
sweep times

— one single up and down sweep

The followtng autputs are provided:

— three output terminals, on each of which one waveform with a fixed
amplitude 1s available

—~ one output terminal from which any one of the waveforms can be
selected with variable amplitude

— one output socket on which a voltage is available which corresponds to
the logarithm of the frequency

The output impedance of the instrument is 600 Q; the output may be
loaded with any load from open circuit to short circuit.

The circuit earth and chassis earth are separated by a 100 kQ resistor so
that a semi-floating circuit or a single-point earthing system may be used.



Technical data

Properties, expressed in numerical values with tolerances stated, are
guaranteed by the factory.

Values without tolerances serve for information purposes only and indi-
cate the characteristics of an average instrument,

A. FREQUENCY

Ranges

Error at 25° C

Temperature coethcient

Long-term drift

B. OUTPUTS

I. Three fixed outputs

2. One output with a switch for
selecting squarewave, triangle
wave Or Sinewave

3. V, & LOG f

0.1 Hz... 1 kHz
|0 Hz...100 kHz

Alog £
8 B WA

log £ .
0.7%, per degree C
2% in 7 hours after a warming-up period of 1

hour and at constant temperature and mains
voltage

— squarewave
— triangle wave Amplitude 10 V,,_, open
—~ sinewave circult

The amplitude of each wave form is variable up
to a minimum of 3.2 V, ; into 600 €2 at 20 kHz.

Output voltage proportional to the logarithm of
the frequency. Only in position AUTO of SK3



C. OUTPUT CHARACTERISTICS

1.

Triangle wave
Non-linearity
Asymmetry
Frequency response

< 19, of maximum amplitude
-2 0.5%, of a period from 0.1 Hz to 80 kHz
Flat within 0.2 dB from 0.1 Hz to 20 kHz referred

to 5 kHz
A typical response curve is shown tn Fig. |

+0.2 —1-— .. 1

dB8
T
{

-0 ? .- -

e

100Hz 1KH? 10KHzZz

FREQUENLCY —»

10Hz 100K H2

PEM 4200

Fig. 1. Tvpical response curve for triangle wave

2. Sinewave

Distortion = 1% from 0.1 Hz to 80 kHz
Temperature coefficient 0.059 per degree C.
A typical distortion curve is shown in Fig, 2.
T 1.0 % —
E 0.5% R T '__Z

0.1 1 100 H2 10K H2 100KHz

10Mz 1K Hz

FREQUENCY ——m
FEM 4198

Fig. 2. Typical distortion curve



Frequency response

1B

Flat within 0.1 dB from 0.1 Hz to 20 kHz referred
to 5 kHz.

A typical response curve 1s shown in Fig. 3.

+ 01 -

01

10H.

100H

THHZ
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Fig. 3. Typical response curve for sinewave

3. Squarewave

Rise time

Overshoot

Sag

Frequency response

4. Hum and noise

- 100 ns

10K Mz

< 2% of max. output

1% of max. output

100K H 7

PEM 4201

Flat within 0.] dB from 0.1 Hz to 20 kHz referred
to 5 kHz.
A typical response curve iIs shown in Fig. 4

L.ess than 60 dB of the max. output voltage on

all outputs.

+01 - — —
m - |
© .
-0 14— e ;
| }
| |
i oy [N
01 10Hz 100Hz 1K Hz 10Kz 100K Hz
FREQUENCY —m
PEM 4199

Fig. 4. Typical response curve for squarewave



D. OTHER FACILITIES

Frequency sweep — Manual, fine and coarse control
— External modulation

— Automatic (10...100 sec, 3 different modes)
— Single sweep (10...100 sec, 3 different modes)

E. POWER SUPPLY

Supply voltage [150r 230V | 15Y%
Frequency 50...100 Hz
Power consumption 40 W

F. AMBIENT TEMPERATURE 10...45° C

G. MECHANICAL DATA

Dimensions 3-module cabinet (see chapter X1V)
Weight 4.5 kg (10 1bs)

Accessories 0

— Manual

Optional accessories

— couphing kit PM 9500

— 5 different cover kits, PM 9502...PM 9506.

— rack-mounting kit PM 9510 for mounting a 6-module cabinet into a
197 rack.

extension board for carrying out measurements on the plug-in printed
wiring boards while the instrument is in operation.

The description and ordering information of these accessories are given in
chapter X1V of this manual .
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Description of the block diagram (sce Fig. 5) o

The triangle and squarewave generator produces waveforms with a
mark-space ratio of 1 : 1.

The frequency of this generator 1s determined by an input voltage which is
connected to an exponential current source,

In position MANUAL of switch SK35, the driving current is determined
by the position of frequency control (frequency dial) R1.

In posttion AUTO of SK 3, the input voltage is determined by the output
voltage of the sweep generator and the position of R1.

The sweep generator delivers, via potentiometer R3 (SWEEP RANGE)
and the control circuit, a triangular voltage wave to the current source
in the triangle and squarewave gencrator, so that the frequency of the
latter changes logarithmically. The position of frequency dial R1 deter-
minges the central frequency of the sweep.

SWEEP PERIOD, R3

The frequency of the sweep generator can be varied by means of potentio-
meter R3, which results in a vartable sweep period of the triangle and
squarewave generator.

SWEEP MODE, SK4

The mark-space ratio of the output voltage wave of the sweep gencrator
can be:

1 : 1, giving equal "up” and "down” sweep times
100 : 1, giving a fast "up” sweep speed

| 100, giving a last "down” sweep speed.

SWEEP RANGE, R2

The sweep range can be controlled by varying the amplitude of the driving

triangular voltage from the sweep generator by means of potentiometer
R2.

SINGLE SWEEP SK2, SK3

The single sweep mode provides one single period of the driving triangu-

lar voltage, thus producing one complete sweep of the triangle and square-
wave generator.
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EXTERNAL MOD., BU5

The driving voltage for the triangle and squarewave generator can also
originate from an external source connected to BUS.

VoxLOGf

Only in position "AUTO” ol SK35 the output voltage on socket BU4
varies proportionally to the logarithm of the output frequency.

The sine shaper, consisting of an integrated network of diodes and resis-
tors, dertves a smusoidally changing current from a linearly changing
voltage. This voltage (s the triangle generated in the triangle and square-
wave gencralor.

The three gencrated waveforms are available on sockets BUE, BU2 and
BU3. The wavetorm selected by SK7 can be taken from socket BU6. The
amplitude ol this waveform may be controlled continuously by means of
potenttometer R4, AMPLITUDL.
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DIRECTIONS FOR USE

Installation o

For coupling two or more modular units, refer to chapter XIV.

A. ADJUSTING TO THE LOCAL MAINS VOLTAGE (sece Fig. 7)

The instrument may be adjusted to a mains voltage of 100...130 V or
200...260 V by means of switch SK |2 on the rear panel.

When the instrument is used at a mains voltage of 100...130 V, fuse VLI,
having a 500-mA (slow-blow) rating, should be replaced by a 1-A (slow-
blow) fuse.

B. EARTHING (see Figs. 6 and 7)

The instrument should be carthed in conformity with the local safety
regulations,

a. via the 3-core mains cable supplied or
b. via earthing socket BU12, marked ==, on the rear panel or
c. via earthing socket BU8, marked 1, on the front panel.

Note;

For operation as a single unit connect BU7 to BU8

The units of the modular system have a semi-floating ctrcuit so that,
when several units are coupled, the circuit need only be earthed at one
point. Earth currents which may give rise to hum are thus avoided.

Sockets BU8 and BU 2 are connected to the metal frame of the cabinet.

The signal earth is connected direct to sockets BU7 and BU9, marked =,
and to the cabinet via a 100-kQ resistor.

This provides the following output possibilities:
— output from a circuit which is earthed by linking BU7 (<) and
BUS (1)

— output from a circuit which is earthed via other coupled modules or
via auxiltary equipment.
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Controls and sockets and their functions o

POWER ON (SK 1, LAI)

Frequency dial (R1)

FREQ. Hz (SK6)

SWEEP RANGE (R2)

Fig. 6. Controls

| PMB162 SWEER GENERATOR POWER OM

RANGE

On/off switch with pilot lamp.

Continuous frequency control in position
"MANUAL” of SKS5.

R determines the central frequency of the sweep
in position "AUTO" of SK5 {(coarse and fine con-
trol).

Range selector. The reading of the frequency
dial R[ should be multiplied by the setting of
SK6.

Potentiometer for adjusting the sweep width.
The extreme ends of the sweep can be read from
the frequency dial at the points (marked in red
around the dial) which coincide with the setting
of R2. (Position "AUTO" of SK5).

(1 Ha-100kky

L - . - R T

gt SWEER oy
- SINGLE MODE '
> SK3

AMPTIDE

PERIOD SECS




SWEEP PERIOD (R3)

SWEEP MODE (SK4)

SINGLE SWEEP (SK2, SK3)

AUTO-MANUAL (SK35)

HEOWIER

Cb2

Fig. 7. Rear view
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Potentiometer controlling the sweep speed 1n
combination with sweep mode switch SK4.
Switch with which three different sweep modes
can be selected:

A7 equal “up” and "down” sweep times

N ; Fast "upward” sweep

/| : fast “downward” sweep

In the upper position of SK3 the sweep will stop

at 1ts high frequency end. Only one complete

sweep will be made on pressing button SK2.,

Selector-switch with two positions:

MANUAL; for tuning the sweep frequency
manually by means of R1.

AUTO; for sweeping automatically either
with the nternal sweep facility or
with an external sweep signal
applied via BUS.

PLNGEH
Phy

SK12 vL1 BU12 CD1



18

EXTERNAL MOD. (BUS)

Output selector (SK7)
Output socket (BUG6)

AMPLITUDE (R4)

Output socket (BUI)

Output socket (BU2)

Output socket (BU3)

QOutput socket Vy o< LOG f (BU4)

Signal earth (BU7, BU9)
Chassis earth
(BUS, front panel)
(BUI2, rear panel)

SK 12, rear panel
CDI, rear panel
CD2, rear panel

Socket for connecting the external sweep voltage
(in position “AUTO” of SK5, see chapter VII-D),
Switch for selecting the output wave on BUS.
Socket for taking off the waveform selected with
SK7. The selected wave has a variable amplitude
up to a minimum of 3.2 V into 600  and is
approx. symmeirical with respect to earth.
Anmplitude control of the output voltage on BUS.

Ouput for sinewave with a fixed amplitude of
10 V), », approx. symmetrical with respect to
earth.

Output for triangle wave with a fixed amplitude
of 10 V,.;1, approx. symmetrical with respect to
carth.

Output for squarewave with a fixed amplitude
of 10 V,_», approx. symmetrical with respect to
earth.

Socket with a voltage corresponding to the
logarithm of the output frequency.

Triangle wave from internal sweep generator,
12 Vy 4.

Sockets to which the circuit-zero is connected.
Earthing sockets connected to the metal frame,
The signal earth and the chassis earth may be
connected by linking BU6 to BU7. Also refer to
chapter V.B.

Mains selector

Mains input socket

Mains output socket
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Operation @

A. SELECTING THE FREQUENCY SWEEP

1. Frequency range

Two different frequency ranges can be selected by means of switch
FREQ. HZ, SK6, viz:

0.1 Hz... 1 kHz (frequency dial reading <0.01)

10 Hz...100 kHz (frequency dial reading X I)

In position “"MANUAL” of switch SK35, the frequency can be adjusted by
means of frequency dial R,

In position "AUTO” of SKS5 the setting of frequency dial R1 determines
the central frequency of the sweep.

2. Sweep width

The sweep width may be controlled by means of potentiometer “SWEEP
RANGE", R2.

The numbers 10 to | and | to 10 marked on the text plate around the
frequency dial correspond to the difterent positions of R2,

Note: Compare this with the setting of a camera. [n this case the reading
of the depth of focus depends on the aperture setting.

SWEEP RANGE potentiometer R2 should always be set to such a value

that the sweep width does not exceed the upper or lower frequency limit

on the frequency dial. In this way a discontinuity of the sweep is avoided.

B. SELECTING THE SWEEP PERIOD AND SWEEP MODE

The period time of the sweep can be adjusted between 10 and 100 seconds
by means of potentiometer “SWEEP PERIOD”, R3.

In position A~ of switch "SWEEP MODE", SK4, the "upward” sweep
ttme and the "downward” sweep time are equal.

In position |7} of SK4 the downward sweep will take almost the whole
period time set with R3, "SWEEP PERIOD". The upward sweep time

Is one hundred times shorter (i.e.: maximum 1 second in position 100
of R3).

In position N of SK4 the upward sweep will take almost the whole

pertod time set with R3, while the downward sweep time is one hundred
times shorter.
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C. OPERATING WITH A SINGLE SWEEP

When switch SK5 is set to position "TAUTO” and switch SK3 is set to the
upper position, the sweep will continue to its highest frequency end and
stop there.

One complete sweep, in the range set by SK6, R1 and R2 and with the
speed set by R3 and SK4, will be obtained after depressing button SK2,
A sccond sweep will only be produced after SK2 has been released and
1s depressed again.

D. SWEEPING WITH AN EXTERNAL VOLTAGE APPLIED TO SOCKET BUS,

EXTERNAL MOD,

The external generator to be used for sweeping the frequency of the

PM 5162, should have a variable d.c. level.

Proceed as follows:

— Connect an external generator with an output voltage of 0 V a.c. to
socket BUS.

— Set SK5 to position “"AUTO” and set SK3 to position “SINGLE".

— Adjust the d.c. level of the output voltage of the external generator in
such a way that the output frequency of the PM 5162 reaches a value,
which corresponds to the setting of frequency dial R1 and range selec-
tor SK6.

— Increase the a.c. signal amplitude of the external generator until the
required sweep i1s obtained.

Note:

The d.c. level required depends on the output impedance of the external
generator.

Sweep range potentiometer R2 serves as an attenuator for the output
voltage of this generator. Position 10-10 of R2 gives no attenuation, posi-
tion 00 gives maximum attenuation.

The voltage required at BUS in position 10-10 of R2 s approx. 12 Vp.p
for a full sweep (frequency dial RI in mid position).
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SERVICE DATA

Circuit description @

A. GENERAL

For this instrument four circuit diagrams have been drawn. Fig. 32 gives
the overall diagram on which the functional printed wiring boards are
shown as mere blocks.

The detail circuits of the printed wiring boards are given separately in
Figs. 29, 30 and 31.

Fig. 29 shows the triangle and squarewave generator.

Fig. 30 shows the sweep generator, the sine shaper circutt and the power
supply unit,

Figure 31 shows the control circuit,

B. TRIANGLE AND SQUARE WAVE GENERATOR (Fig. 29)

This circuit has been described in “Electronic Engineering” of June 1967,
pages 388-390.

Figure 8 shows a schematic diagram.

The object of the circuit is to produce a triangular waveform at point A,
whilst the current 1, may be varied from 2 pA to 20 mA (104), in order to
vary the frequency.

A symmetrical triangular waveform can only be obtained when I, at all
times 1s kept equal to 1,.

Assume that switches | and 4 are closed as shown in Fig. 8. Main capa-
citor Cy 18 discharged with a current 1; and the voltage at A changes
linearly in negative direction. This continues until the Schmitt trigger
swiiches to its second stable position. This closes switches 2 and 3 and
opens swiiches 1 and 4.

Now main capacitor Cn, is charged with a current 1, and the voltage at

point A changes linearly in positive direction until the Schmitt trigger
switches again, and so on.

Feedback capacitor Cg serves to keep I equal to I}, while I; is varied over
a wide range.
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“Switches ”

1 2 3 4
GR10 e
hrm:
Feedback ampl. 1831 ?E. mitt
rigger £ —
~ L
— l T2 1S34 - TS35
TS512 — 1513 + LA
Butter 1520-22 Buffer
stoge 1524-26 stage
1 Z
1514 | o TS30 - TS32
| dd tE ¢ A# | +
AVAN G
1521-23 | 42 W\
3 L Cm == Main Buffer
Feedback cap. t
cap. = Ct >roge
\A 1 1531 — TS 33
P L
Exponential
current l I1
soufce
I*E M 410d

ig. 8. Block diagram of triangle and squarewave generator
Fig. 8. Block diagram of triangle and squa nerat

Ct is charged with a current I, when Cy, is discharged with a current 1.
C; is discharged with a current I; when Cn, is charged with a current |,.
When || - : I, and C; = Cn the two capacitors are charged to the same
voltage but with a phase shift of 180°.

If the voltage at point A is applied to the other side of Cy, the voltage at
point B remains constant.

However, consider I, - 1;: the voltage at point B then goes positive and
also the base potential of TSI11 via buffer TS14 and feedback amplifier
TS12-TS13, hence I, will be reduced.

Compensation takes place until 1, = 1;. When on the other hand I, 1s
varied in order to sweep the frequency, [, also changes thus maintaining a
1 : 1 mark space ratio ot the output voltage.



Frequency range selector SKé6

The main capacitors are Cl1 and C12, the feedback capacitors are C6 and
C8.

In position 1 of selector SK6 only C12 and C8 are in circuit.

In position <X 0.01 of SK6é contacts 34 and 26 as well as contacts 30 and
25 are short-circuited to bring C11 in parallel with C12 and C6 in parallel
with C8, thus increasing the value of the main capacitor and the feedback
capacitor. The frequency of the gencrator now has decreased one hundred
times.

Buffer stages

The buffer stages form very high impedances and are important because,
when the switched current 1s only 2 pA, only a very small amount is sub-
tracted.

The voltage on the main capacitor(s) 1s applied lirstly to the {eedback
capacitor(s) via bufler stage TS31-TS33. Sclect-on-test capacitors C7 and
C9 serve to compensate the {eedback capacrtance for the [osses n this
bufler stage.

The voltage on the feedback capacitors ts applied via bulter stage TS14 to
the feedback amphfier.

Secondly the triangular voltage on the main capacitor(s) 1s fed to Schmuitt
trigger TS34- TS35 via bufler stage TS30-TS32. After this buffer stage the
triangular waveform is connected to output socket BU2 via contact 23,
to output selector SK7 and to the sine shaper network (CD4, contact 23).

Feedback amplifier

The fecedback amplifier consists of the symmetrical arrangement of TS12
and TS13, giving a gain of I,

A voltage rise on the base of TS13 causes a voltage rise on the collector
of TS12, thus reducing the current (l». Fig. 8) through TSI11.

Schmitt trigger

The Schmitt trigger circuit TS34-TS35 is connected to three constant
current sources, viz: TS36, TS37 and TS38, the bases of which are
interconnected. Diode GRI19 serves for temperature compensation of
the emitter-base voltages of these three transistors.

Assume that TS34 is conducting and TS35 is cut off. Through R72//R73

and R74 passes a current 1| (from source TS36) plus a current 1, (from
source TS37).
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Through resistors R78//R79 passes a current l; (from source TS38).
When TS834 18 cut off and TS35 is conducting, only current [, flows
through R72//R73 and R74, while a current 1, + [; flows through resis-
tors R78//R79. Currents I; and I, and resistors R72, R73, R74 and R83
determine the amplitude of the squarewave arising on the collector of
TS34.

Because this amplitude directly determines the frequency of the triangle,
for R72-R73-R78—-R79-R82-R83-R85-R87 accurate metal-film resis-
tors have been chosen.

Two anti-phase squarewaves which are positive with respect to earth and
two which are negpative with respect to earth, are used for driving the
"switches” T820...TS827.

The squarewave voltage on the base of TS35 has the same amplitude as
the triangle voltage on the base of TS34.

Capacitor C15 serves to compensate the {requency response at high
frequencies. The squarewave voltage on the collector of TS35 is, via
emitter followers TS39-TS40 and contact 32, applied to output socket
BU3 and output selector SK7.

Exponential current source

The exponential current source consists of 4 network of diodes and resis-
tors. The biasing of the diodes and the values of the resistors have been
selected so thal the apphication of a linearly changing voltage produces an
exponential current through the network.

Assumce that a current 1 flows through the network. An increase of 0.5
Volt on the anodes of the diodes causes the current to increase approx.
with a factor e (2.718). The current then 1s 2.718 ~ 1.

An increase of 5 V on the anodes of the diodes thus gives a current of
el » [, When the imtial current 1 = 2 pA the current now is

cl® > 2 nA = 22 mA.

The required current variation for a frequency sweep of 1 : 104 is from
2 pA to 20 mA, This current variation thus is obtained by a voltage
change of slightly less than 5 V.

The bias voltage across resistor chain R108...R125 is kept constant by
means of zener diode GR 12,

Circuit TS28, TS29 is a low impedance source which supplies the current
through resistor chain R108.. R125 and zener diode GR 12, while keeping
the voltage at junction R125-GR38 constant.
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The sweep voltage from an external source or from the sweep generator
and/or the voltage from frequency determining potentiometer Rl 1S
applied to the symmetrical circuit consisting of TS15-TS16 and TS15"-
TSI8 via contact 13. The same voltage as 1s apphed to the base of TSIiS
will appear on the base of TS15” and thus on the anodes of the diodes of
the exponential current source,

C. SWEEP GENERATOR (Fig. 30)

The object of the sweep generator 1s to deliver a triangular waveform
which may be

— varted in amplitude (sweep width)

— varied in mark space ratio (fast “up” or "down”)

— varied in [requency (sweep period)

Moreover, the sweep generator can be made to deliver only one period on
pressing i button (single sweep).

A schematic drtagram s shown in Fig. 9.

The triangle wave is produced by an operational integrator with a bistable
multivibrator in the feed-back loop.

The integrator amplifier consists of transistors TS45, TS46, TS47, TS48
and TS49, The feedback capacitors are C20, C21 and C22.

C20..C22
i
r21s  GR70
; L 1
o- $ R130 ¢ o |TS45...TS2d 38
IR /\/\/
1 GR70  R2I5
SWEEP GRE]
PERIOD
’_' i<
R -9
— GR52 K2
TS51....7$52 — o} CONTINUOUS

SK?2
PEM 4190

Fig. 9. Block diagram of sweep generator
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Assume that a positive input voltage is applied via contact 3. This causes a
negative going voltage on the emitter of TS49. The negative ramp is

applied via contact 6, contact 5 (SK3 in position CONTINUOUS),
GR352, R142 and R144 to the base of TS5].

At a certain value of this voltage the multivibrator TSS51, TS52 will
switch over such that TS31 1s cut off and TS52 1s conducting. The collector
voltage of TS52, which 1s about zero volts, now is applied to contact 3 via
contact 31 and sweep period potentiometer R3. This causes a positive
going voltage on the emitter of TS49. This positive signal now is appiied
to teh base of TS31 via emitter follower TS50, diede GRSI and resistors
R141 and R144,

At a certain value ol this voltage the multivibrator TS5, TS52 will
switch over again and the positive voltage on the collector of TS52 now
again 1s applied to the integrator mput via contact 31, sweep period poten-
tiometer R3 and contact 3.

SWEEP PERIOD R3

By changing the current through resistor R130 ol the integrator amplifier
by means of sweep period potentiometer R3, the slope of the triangular
wavelorm and thus the frequency ol the sweep voltage 1s altered.

SWEEP MODE SK4

The squarewave voltage from bistable multivibrator TS51, TS52 15 also
applied to sweep mode switch SK4 via contact 31.

[n the top position of SK4, diode GR70 and resistor R215 are switched
in parallel with the integrator input resistor R130. The positive half-period
will now cause a greater charging current of the integrator capacitors,
resulting in an increased slope of the negative going ramp of the triangle.
In the bottom position of SK4 the chain GR70, R215 15 reversely con-
nected so that now the sccond half-period ol the squarewave voltage
causes a greater charging current of the integrator capacitors, resulting
in an increased slope ot the positive going ramp of the triangle.

SINGLE SWEEP SK3, SK2

When SK3 is set to its upper position the short-circuit between contacts

5 and 6 is broken. The negative going ramp of the integrator now will fail
to switch over the bistable and the integrator will stop.
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Pressing single shot button SK2 connects the —30 V supply voltage to
contact 5 via capacitor C50. The bistable now switches over. First a
positive going ramp and then a negative going ramp will appear on the
emitter of TS49. Then the integrator will stop again. Thus only one cycle
1s produced.

SWEEP RANGE R2

The sweep voltage is taken from the integrator output via contact 6 and is
applied to sweep range potentiometer R2 via points 16 and 15 of the con-
trol circuit board.

The sweep voltage which corresponds to the logarithm of the frequency
may be taken from BU4.

D. CONTROI. CIRCUIT (Fig. 31)

The object of this ctrcuit is to connect the sweep voltage (internal or exter-
nal) to the cxponential current source in the triangle and squarewave
generator and to ensure that the sweep will take place around the central
[requency set by potentiometer R1 and with the sweep width set by
potentiometer R2.

The control circutt consists of operational amplifter TSI...' TS4 and of
d.c.-shift circurt TSS5...TS7.

A schematic diagram 1s shown tn Fig. 10a. In position MANUAL of SK5
potentiometer R1 1s connected to the voltage between points 3 and 4 ol
the control ctrcutt board.

——{ R}

from SWEEP
10 TSI
RANGE , R? w—o0——R s
153 1S '
T

+1.25V
AUTO \ i?]
AUTO .
from frequency -1.25V 13 to exponentiol

gl R - L MANUALSKSO,. O—® cuyrrent source

- 20V
MANUAL \ PEM 4131
-28Y

Fig. 10a. Block diagrams of control circuit

TS%S DC —shift
156 ot -22.5V
157
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The voltage range of R1 is then from —20 to —25 V. The voltage from R1
now is connected to contact 13 of the triangle and square wave generator
board, thus determining directly the output frequency.

In position AUTO of SK35, R1 is connected to the voltage between points
2 and 5 of the control circuit board. The voltage range of R1 then is from
-=1.25t0 —1.25 V.

The voltage of R1 1s now only applied to the base of TS2 via point 8,
while the sweep voltage from potentiometer R2 is applied to the base of
TS1 via point 10 of the control circuit board.

First assume that frequency control potentiometer R is set to its mid-
position (1K) and sweep range potentiometer R2 to position 0-0. See
schematic diagram Fig. 10b.

. l—l:
10
ove—o— |
~225Y

n
AUTO i\ 13
MANUAL O— - 225V

PEM 4152

Fig. 10b

The voltage on both inputs of the operational amplifier TS1...TS4 1s
0 V. The voltage on the amplifier output (the emitter of TS4) is also 0 V.
Circuit TS5...TS7 gives a constant d.c. shift of —22.5 V. Thus the
voltage on point {1 of the control circuit board and on contact 13 of the
triangle and square wave generator board 1s —22.5 V, which corresponds
to the voltage on the same point in position MANUAL of SK5 and mid-
position of R1.

Now assumne that sweep range potentiometer R2 1s set to position 10-10
(see Fig. 10c¢).

The amplitude of the sweep voltage on the cursor of R2 is from —2.5 to
+2.5V.



29

A voltage of -|-2.5 V on one input of the operational amplifier and a
voltage of O V on the other input gives an output voltage of —2.5 V. The
output voltage applied to the triangle and squarewave generator after the
d.c.-shift circuit now 1s: —2.5 —22.5 = 25 V.
This corresponds to the lower limit of frequency potentiometer Rl in

posttion MANUAL of SK5, see Fig. 10c.

A voltage of —2.5 V on one input and a voltage of O V on the other input
of the operational amplifier gives an output voltage after the d.c.-shilt
network of —20 V, which corresponds to the upper imit of frequency
potentiometer R1 1n position MANUAL of SK3, see Fig. 10d.

Finally consider that R1 is set to a position half-way between the mid
position (10 K) and the upper position and R2 1s set to position 5-3.

+25V | |
RZ{]
1
+25V—0— | —o— -2.5V
8
-25Y¥ '
+1.25V ~-225V
AUTO N 1
R -1.25VY AUTO 13
MANUAL =25V
oV p» &
- 20V
PEM 4193
MANUAL \
~-25V
Fig. 10c
+25V -
R2
10
- 2.5V —0—]
-25V
+1.25V
AUTO \ n
AUTO
R1 -1.25V¥
MANUAL -
oV - * —O 20V

-20V
MANUAL\
-25V

Fig. 10d

FPEM 4194
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The voltage on the cursor of R1 now is 1.25/2 V. The amplitude of the
sweep voltage on the cursor of R2 1s from —1.25to + .25 V.

A voltage of +1.25 V on one input and a voltage of +1.25/2 V on the
other input gives an output voltage of the operational amplifier of 0 V.
After the d.c-shift circuit the output voltage is —22.5 V, which corres-

ponds to position K of frequency potentiometer Rl in position
MANUAL of SK35, sce Fig. 10e.

+1.25V R2 0 |
/\ +1.25Ve—=O—

OV
125V 8 O
+1.25k;5 -22.5V
]
’/\ AUTO Yw ;
10K AUTO 13
5 L100K_ 1k \5 195 R1 -1.25V MANUAL ~22.5¥ (1K)
O R °

- 20V (100K)

MANUAL Nz.‘su (1K)
*25\; “0] PEM 4195

Fig. 10¢

+1.20V R?
10
/\ ~1.25VB—O— i 4 2.5V

_1_?5v B 0—.—
+1.25V -2258V
+1.25 y
AUTO Z 1
AUTO 13
foE ~1.25V MANUAL ~20V (100K)
+_-_2J..fl- ® 0

- 20V (100K }

PEM 4196
MANUAL
- 25V(10)

Fig. 10f
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A voltage of —1.25 V and a voltage of -+-1.25/2 V on the inputs gives an
output voltage of the operational amplifier of --2.5 V.

After d.c.-shift the output to the exponential current source is +2.5
—22.5 - —20 V which corresponds to position 100 K of frequency po-
tentiometer R1 1n position MANUAL of SK35, see Fig. 10f.

EXTERNAL MOD.

When SK3 is set tot the upper position (SINGLE) the integrator ampli-
{ier of the sweep gencrator will saturate after its negative going ramp.
This is described in section C, paragraph SINGLE SWEEP. In position
AUTO of SK5 the output voltage Irom the sweep generator now causes
the frequency sweep to remain at its high frequency end, set by frequency
dial RI and sweep rangc potentiometer R2.

Short-circuiting input socket BUS to carth has the same effect as turning
R2 to position 0-0 (voltage on the cursor of R2 i1s 0 V). This means
that when a low impedance source of 0 V 1s connected to BUS the fre-
quency sweep will return to 1ts central lrequency set by R

Sweeping may now be effected by means of a voltage Irom this low impe-
dance source, R2 serving as an attenuator tor this voltage.

Position 0-0 gives maximum attenuation and positton 10-10 minimum
attcnuation,

E. SINE SHAPER CIRCUIT (Fig. 30)

This circuit basically consists of a network of diodes and resistors in the
form of an integrated circuit (U1).

The application of a linearly changing voltage produces a sinusoidal
current through the network.

Assume that two anti-phase triangle waveforms are applied to the bases
of long-tailed pair TS57, TS39. The waveform to TS39 is taken directly
from the triangle output of the triangle and squarewave generator
(contacts 23 of both boards).

The waveform to TS57 is phase-inverted by operational amplifier
TS853...TS856. On the common emitter of the long-tailed pair a triangle
wave appears which has twice the frequency of the input signal on contact
23,

This double frequency triangle is applied to the diode network thus produ-
cing the sinusoidal current through the network and through TS57 and

TS39. However only one of the transistors of the pair is conducting at a
time, hence on each collector a half-wave rectified sinewave is present.
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These two waves are combined by applying them to the bases of long-
tatled pair TS61, TS63.

The sinusoidal voltage is taken from the collector of TS61 and fed to
output socket BUI via emitter follower TS64 and contact 14. The sine
wave voltage 1s applied to output selector SK7 via contact 12.

By means of SK7 one of the three output waveforms can be chosen. The

selected waveform is applied to socket BU6 via amplitude control R4 and
emitter follower TSR on the control circuit board.

F. POWER SUPPLY (Fig. 30)

The a.c. voltages from supply transformer T1 are rectified by bridge
circuits GR60 and GR6I.

The output voltages of —30 V and |-30 V are stabilised by comparing
them via an amplifier (TS74, TS76 and TS75, TS77 resp.) with a reference
voltage (GR64 and GR65 resp.) and using the difiference to control the
current through the series regulator (TS81 and TS80 resp.).

Amplification of the regulating current takes place via transistors TS72
and TS73 resp.
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Gaining access to parts 0

A. REMOVING THE TOP PLATE

The top plate can be removed after loosening the fastener at the rear of
the instrument.

To refit the top plate, place the groove of the fastener in the horizontal
position and push the cover home.

B. REMOVING THE SIDE PLATES

The side plates can be taken off after removing the screw on each side ol
the instrument.

C. REMOVING THE BOTTOM PLATE

The bottoim plate can be removed after toosening the appropriate screws
at the rear of the cabunet.

D. REMOVING THE STRIP WITH TILTING SUPPORT

This strip can be removed by pushing the two nylon slides "A” in the
direction indicated 1n Fig. 1.

E. REMOVING THE PLUG-IN PRINTED WIRING BOARDS

In order to pull out the plug-in printed wiring boards, they should first
be shightly bent at the top side.

Fig. 11, Tilting assembly
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Adjusting elements and auxiliary equipment (sce Fig. 12)

Adjustment Adjusting elewent  Measuring Recommended
equipment PHILIPS
eqiiipnetit
MAINS CURRENT ammeler PM 241 |
POWER SUPPLY R20{-R204 d.c. voltmeter M 2430
INITIAL AD)J. R51-R76-R8| oscilloscope PM 3220
RI64-R167-RI[74
FREQ. ADJ. MANUAL RII-RI13 frequency counter
FREQ. ADJ, AUTO RI6-R15-R31- d.c. veltmeter PM 2430
R142-R 141 [requency counter
Vo X LOG T R135 ascilloscopce PM 3220
SQUARE WAVLE OUTPUT oscilloscope PM 3220
SINE WAVE QOUTPUT R81-Ri164-R167- distortion meter
R174
OUTPUT AMPLITUDLE RIR3 ascilfoscope PM 3220
SINGLE SWEEP oscilloscope PM 3220

35
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Checking and adjusting 0

The tolerances mentioned in the following text apply only to a completely
re-adjusted instrument. The values may differ from those given in chapter
1, TECHNICAL DATA.

For optimum performance the instrument should be adjusted at the
temperature at which it will be used.

The adjusting elements and the auxiliary equipment required tor the
adjusting procedure are indicated in chapter X.

A. GENERAL

The circuit should be earthed by connecting BU7 to BUS. All test equip-
ment should be earthed via the instrument under test.

Accurate checking and adjusting of the frequency and the distortion
according to sections E, F and J 1s only possible when the covers are
fitted on the instrument and after a warming up period of at least one
hour.

When the instrument is tar out of adjustment, first carry out the adjust-
ment with the top cover removed. Then accurate checking and readjusting
can take place with the top cover fitted.

B. MAINS CURRENT

Connect the instrument to the mains and check that the current consump-
tion does not exceed 200 mA at 230 V mains or 400 mA at 115 V mains.

C. POWER SUPPLY

- Check that the voltage between points 34 and 55 of the power supply
board 15 —30 V -{- 10 mYV.

— Adjusting element R20].

— Check that the voltage between points 51 and 46 of the power supply
board s -[-30 V - 10mV.

— Adjusting element R204.
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D. INITIAL ADJUSTMENT

— Check that an approximately symmetrical triangle is available on
socket BU?2,

— [f necessary, adjust R5I to the middle of the range tn which a proper
triangle is obtained.

- Set the controls as follows:

SK3 {SINGLE) CONTINUOUS
SK4 (MODE) centre posttion
SK5 (MAN/AUTO) MANUAL
SKé6 (FREQ. Hz) range x |
SK7 triangle output
R2 (SWEEP RANGE) vosition 0-0
R3 (PERIODS SECS) vosition 100
R4 (AMPLITUDE) nhositton 3V
— Check that the amplitude of the triangle on socket BUZ2 is approx.
9.5 V..

— Adjusting element R76.
— Check visually that a proper sinewave is available on socket BUI.
— If not, follow the instructions according to Fig. 13.

Adjust R8!, R164 and RI67 until

this output appears.
Adjust R174 until the waveform 1s

about 0 V.

metrical.

J Adjust R81 until the output is sym-

Adjust R167 until the peaks have
just lost their triangular properties.

[
|
{ . Adjust R164 until a pure sinewave 1s

obtained.

PEM 3491

Fig. 13. Distortion adjustment



38

E. FREQUENCY ADJUSTMENT-MANUAL

Please refer to section A, General

+Error

- Error

a. — Check that the dial movement is symmetrical with respect to the

fixed cursor, 1.e. equal overlaps at each end.

— If necessary, take ofl the fine adjustment knob, loosen the coarse

adjustment knob and turn the dial with respect to its spindle until
the above condition 1s met.

Set the scale to position 10 K

Check that the output frequency i1s 10 kHz -| 37

Adjusting element RI11. If not possible, start with R13 in the mid
position.

Set the scale to position 100

Check that the output frequency i1s 100 Hz - 3%

Adjusting element R13

If R11 and R13 have been adjusted, re-check both {requencies and
readjust until they are accurate within -!- 3%/

Check that the frequency error at scale settings 10 and 100 K 18
less than - 10Y/.

If necessary readjust the frequency at scale setttngs 100 and 10 K,
according to point b, within the limits of -{- 109/ in order to improve
the frequency accuracy in positions 10 and 100 K. See {requency
error curves in Fig. 14.

Check in both positions of SK6-FREQ. Hz that the frequency error
at scale settings 10, 100, | K, 10 K and 100 K is less than |- 10%(.

12

t4 Frequency n Hz

12

PEM 4187

Fig. 14. Frequency error curves
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F. FREQUENCY ADJUSTMENT-AUTO
Please refer to section A, General

a. — Set SKS-MAN/AUTO to position AUTO
- Set R2-RANGE to position 0-0
— Set the frequency dial to position 100 K
— Check that the voltage on the wiper of R1 1s 1.25 V -+ 10 mV.,
— Adjusting element R16
— Next turn the dial to 10 and check that the voltage on the wiper is
now —1.25V | 10 mV
— Adjusting element RI8

b. — Set the frequency dial to position 1K.
— Check that the output frequency does not change more than 39/

when SKJ5 1s switched from position AUTO to position MANUAL.
— Adjusting element R31.

¢. - Set SK3 to position AUTO,
- Set the dial to position 100K.
— Check that the output frequency 1s 100 kHz + 3%,
— If necessary, readjust R16.
— Set the dial to position 10.
— Check that the output frequency is 10 Hz |- 3%.
- If necessary readjust R18.
— Re-check the output frequency at dial setting 1K.
— If the frequency error ts greater than 8%/, readjust R31.

d. - Set R2-RANGE to position [0-10.

— Check that the maximum attained frequency is 100 kHz  5¢
(For a fast downward sweep set SK4 to bottom position.)¥

—~ Adjusting element R142.

~ Check that the minimum attained frequency is 10 Hz 4+ 5%.
(For a fast upward sweep set SK4 to top position.) <.

~ Adjusting element R141.

— Set R2 in position 5-5.

~ Check that the upper frequency of the sweep now is 10 kHz + 20%
and the lower frequency 100Hz 4 20%.

a-

G. OUTPUT VOLTAGE V, « LOG F

- Check that the output voltage at socket BU4 is from +6 V + 10%
to —6V T 10%.




— Set R3-PERIOD SECS to position 10.

—~ Check that the sweep time s between 8 and 12 seconds.

— Check that the upward sweep time and the downward sweep time
are approximately equal.

— Adjusting element R135.

H. SQUAREWAVE OUTPUT

— Check that the squarewave voltage on socket BU3 meets the fol-
lowing requirements:

amplitUdE 10 V]]_-p =t | vl‘-“l?
rise time < 100 ns
overshoot =2 2% of maximum output

J. SINEWAVE OUTPUT
Please refer to section A, General

a. — Set the frequency scale to position 1K,

— Set SK6-FREQ. Hz to position x [.

— Set SK5-MAN/AUTO to position MANUAL.

— Check that the distortion of the sinewave on socket BUI is less
than 0.59,.

— 1f not proceed as follows:

— Adjust R164 and R81 for minimum distortion (D1).

— Check that the sinewave voltage is balanced about 0 V. If not,
adjust R174.

— Next move R167 in small steps, optimising R164 and R8I each time
for minimum distortion.

For example: After adjustment of R164 and R8! the distortion 1s
Dl.
Move RI167 and the distortion will become D2
(D2 > DI).
Optimise R164 and R8! and the distortion will be-
come D3 (D3 < DI).
If D3 > DI, R167 should be moved in the opposite
direction.

— If a distortion of less than 0.5% cannot be obtained select another

value for select-on-test capacitor C9. See chapter XII, sections B. 4
and C.
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b. — Check that the distortion at 80 kHz is less than 1%,
— Check that the distortion at 100 kHz is less than 1.2%. If necessary,

select another value for capacitor CI5.

— Set SK6-FREQ. Hz to position x0.01.

— Set the dial to position 1K.

— Check that the distortion at 10 Hz is less than 19. If necessary,
select another value for select-on-test capacitor C7. See chapter X1,
sections B.4 and C.

K. OUTPUT AMPLITUDE

— Check that the amplitude of the sine wave on BU1 is > 9 V.

—~ Set R&-AMPLITUDE to position 3 V.

— Check that the three output voltages on socket BU6, loaded with
600 Q are = 3.2 V, p. The sinewave amplitude can be adjusted by
means of R183, if necessary.

L. SINGLE SWEEP

— Set SK3 to position SINGLE.

— Check in any position of SK4-MODE that only one sweep appears
when SK2 1s pressed.
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Fault finding @

A. GENERAL

To facilitate fault finding some d.c. voltages and waveforms present at
various places in the circuit have been indicated in the circuit diagrams.
The voltage levels given merely serve as a guide.

The circutt of the triangle and squarewave generator torms a closed loop,
which complicates tracing a fault on this board.

To facilitate fault finding on the triangle and squarewave generator board
several transistors at vital places in the circuit have been mounted on
sockets. They can be easily plugged in and taken out of the board without
soldering. Moreover a fault finding procedure for this board has been
given in section B of this chapter.

When replacing parts, switch off the instrument. After replacing parts 1t
may be necessary to readjust the instrument according to chapter X1,

Note: In case of break-downs, the assistance of the PHILIPS Secrvice
organisation can always be called upon. Whenever the instrument
Is to be forwarded to a PHILIPS Service Centre for repair, the
following should be observed:

— Provide the instrument with a label bearing full name and address of
the sender.

— Indicate as completely as possible the symptoms of the fauli.

— Carefully pack the instrument in the original packing, or, il this (s no
longer available, in a wooden crate.

— Forward the instrument to the address provided by your local PHILIPS
representative,

B. FAULT FINDING PROCEDURE OF THE TRIANGLE AND SQUARE-
WAVE GENERATOR BOARD

A fault on the triangle and squarewave generator board can result in:

. No squarewave output

2. No squarewave output and no triangle output or impossible to obtain
a correct output by means of R51.

3. Deterioriation of the upward and/or downward slope of the triangle
output

4. High distortion of the sinewave output with a good appearance of
the triangle.

In each case first check the supply voltages to be +30 Vand —30 V.
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Ad 1:
[f the triangle and sinewave outputs are present but no squarewave output,

transistor TS40 or possible TS39 is defective.

Ad 2:

If no squarewave output and no triangle output and hence no sinewave
output is available or if no proper waveforms can be obtained by adjust-
ing R51, 1t 1s recommended to follow the procedure below.

a. — Earth contacts 25 and 26.

— Unsolder the wire from point 37 of the small board.

— Remove plug-in transistors TS20, TS2], TS26, TS27 and TS31.

— Apply a d.c. voltage variable between —8 and (-8 V to point 37
of the small board.

— Connect a voltmeter to contact 23.

— Check that a voltage swing from —5 V to -+5 V Is present on
contact 23 when the voltage on point 37 is varied over the same
range.

— If present, proceed with b; il not, test TS30 and TS32.

b. — Connect the voltmeter to junction R78-R82.
— Check that the voltage at this junction changes from 8 to 18 V when
the voltage on point 37 is varied.
— If this 1s correct proceed with ¢; if not, test TS36, TS37, TS38 and
TS39 and finally TS34 and TS35.

¢c. — Plugin transistors TS20, TS21, TS26 and TS27.
- Re-check the voltage transient according to b.

— If correct, plug in TS3I1, re-check and proceed with d.
— It not correct, test TS20, TS21, TS26 and TS27 and finally TS31.

Note: The voltage swing and the voltage transient as tested in a, b and ¢
being correct, the fault now should be expected in the exponential
current source or in the feedback amplifier including field effect
transistor TS14.

d. — Test or replace transistor TS14.
— If this has no favourable result proceed as follows.
— Connect the voltmeter to junction TS11-R60.
— Check that the voltage at this point varies when R51 is turned.

— If this is correct proceed with e; if not test TS13, TS12, TS11 and
GR10,



€. — Apply a d.c. voltage variable between —20 and —25 V to contact
3.

— Check that a voltage vanation on contact 13 also appears on the
anodes of the current source diodes GR21...GR4I.

— If not, test TS15, TS16, TS17, TS18, TSI9 and finally exponential
current source GR21...GRA41.

Ad 3:

A detertoriation of the upward slope of the tmangle may be caused by a
fault in the feedback system (TS3[, TS33 and capacitors C6...C9) or by a
faulty TS30 or TS31.

A detertoriation of the downward slope may originate from a fault in the

current source Including TSI15...TSI19 or from defective field effect
transistors TS30 and TS3I.

Ad 4:

If the triangle shape is correct but there is still a high distortion of the sine-

wave not caused by the sine shaper board, this distortion is caused by an

asymmetry or amplitude variation of the triangle wave,

a. High distortion at | kHz, frequency range \ I, after having adjusted to
optimum distortion as indicated in chapter X1,

Probable cause: incorrect value of select-on-test capacitor C9.

b. High distortion at 10 Hz, frequency range . 0.01, after having adjusted
to optimum distortion as indicated in chapter XI.

Probable cause: incorrect value of select-on-test capacitor C7.

c. High distortion at 100 kHz, frequency range X 1, after having adjusted
to aptimum distortion as indicated in chapter X1, (no excessive distor-
tion at 1 kHz.)

Probable cause: incorrect value of select-on-test capacitor C15.

C. SELECTING THE CORRECT VALUE FOR SELECT-ON-TEST CAPACI-
TORS C7, €9 and (15

a. Selecting C7

— Set SK6 to position "< 1”.

— Set R1 to the mid position.

— Select such a value for C7 that the amplitude of the waveform on
point 25 of the squarewave board i1s mintmum. (For measuring, an
oscilloscope or RMS-voltmeter may be used.)
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b. Selecting C9

— Set SK6 to position “ £ 0.017.
~ Set R1 to the middle position.
— Select such a value for C9 that the amplitude of the waveform on point

25 of the squarewave board is minimum. (For measuring, an oscillo-
scope or RMS-voltmeter may be used.)

¢. Selecting C15

— Select for C135 a value of 47 nF.

— Set the frequency to 5 kHz.

— Set R4-AMPLITUDE to position 3 V.

— Observe the amplitude variation of the triangle wave (6 V;, p) at no
load when changing the frequency to 100 kHz.

~ [f the amplitude changes less than 30 mV, the value of C15 is correct.

~ If the amplitude has increased more than 30 mV, increase the value of
Cl53.

— It the amplitude has decreased more than 30 mV, reduce the value of
Cls.
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Lists of parts

A. MECHANICAL

fien: Number Fig. Code number Description
1 1 |6 4822 455 70087 Text plate
2 t 16 4822 450 20078 Scale
3 1 16 4822 413 40333 Knob

4 | [6 4822 413 50397 Knob
5 1 16 4822 450 80212 Cursor

6 [ |6 4822 535 70253 Ball drive
7 ] 16 4822 413 70037 Cap

8 I 16 4822 413 30084 Knob

9 I 16 4822 413 70038 Cap

10 2 16 4822 502 10801 Handie screw

1 2 3 4 5 6-7 16

... HRC

PMEI62 SWEEP GENERATOR

PHILIDS
| . G MHz-lOlkry

EXTERNAL
MG

19 13 19 13 19 13

Fig. 15. Front view indicating mechanical components
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Description

4822 532 50633
4822 413 30329
4822 413 70038
4822 520 10182
4822 462 70366

4822 460 60017

(6-modulc¢ length)

4822 404 50199
4822 460 60014
4822 413 30082
4822 693 80008

4822 256 40017
4822 255 40038

4822 267 70043

4822 462 40157

4822 255 40006
4822 404 50127
4822 255 40017

4822 273 40115
4822 271 30098
4822 277 20014
4822 277 20009

4822 273 60071
4822 273 40045
4822 267 30045
4822 290 40011

4822 535 20023
4322 506 40016
4822 265 30066

Item Number Fig. Code nimber
11 2 16
12 2 16
13 ) 6
14 2 7
|5 2 17
16 2 17
|7 2 16
[8 2 16
19 3 16
20 2 18
21 2 18 56 201 (CA)
22 1 18
23 2 19
24 2 19
235 4 19
26 26 9
27 5 v
28 3 Y
— l 6
- | 6
— 3 7,6
— [ 6
— 1 6
—_ I 6
— 4 6
— 4 6
— 2 6,7
— 2 6,7
— | 7
— I 7

4822 267 40106

4822 321 10071
4822 263 70024

Washer for handle screw
Knob

Cap

Bracket holder

Slide

Ornamental strip

Handle bracket
Ornamental surround
Knob

Transistor cover

Mica washer and bushes
Fuse holder

Transistor holder
Connector

Foot cap

Transistor spacer
Stand-off clip
Transistor holder

Switch SK1

Push-button switch SK2
Slide switch SK3-SK6-SK 12
Slide switch SK4

Switch SKS5
Switch SK7
Socket BUI1-BU2-BU3-BU4
Socket BUS-BU6-BU7-BUY

Terminal BUS-BUI12
Nut on BUS-BU1i2
Mains input socket CD1
Mains output socket CD2

Mains fex with plugs
Mains interconnection link
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Fig. 16. Tilting assemblyv indicating mechanical components

Fig. 17. Top view indicating mechanical components
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26 R174 27 26 28

Fig. 18. Right-hand view indicating mechanical components



B. ELECTRICAL

This parts list does not contain multi-purpase and standard
marks. The specification can be derived from the survey below,

ELEKTRISCH

ELEKTRISCH

ELECTRIQUE ELECTRICOS

parts. These components are indicated in the circuit diagram by means of identification

Diese Ersatzteillista enthilt keine Liniversal- und Standard-Teile. Diese sind im jeweiligen Prinzipschaltbild mit Kennzeichnungen versehan, Dia
Spezifikation kann aus nachstehender Ubersicht abgeleicet wearden.

In deze stuklijst zijn geen universele en standaardonderdelen opgenomen. Deze compnnanten zijn in het principeschema met ean merkteken aangegeven.
De specificatie van deze merktekens is hierander vermeld.

La présente liste ne contient pas des piéces universelles et standard. Celles-ci ont été repérées dans le schéma de principe. Leurs specifications sont
indiguées ci-dessous,

Esta lista de componentes no comprende componentes universales ni standard. Estos componentes estin provistos en el esquema de principio de una
marca. El significado de estas marcas se indica a concinuacion.

A

¥

4

‘.-3' | _-

-

*|j-

Carbon resistar E24 series
Kohleschichtwiderstand, Reihe E24
Koolweerstand E24 reeks
Résistance au carbone, séric E24
Resistencia de carbdn, seije E24

0,115 W

3%

Carboan resistar E12 series
Kohleschichtwiderstand, Reihe E12
Kaoiweerstand E12 reeles

Résistance au carbone, série E12
Resistencia de carbon, serie E12

0,25W < 1 MQ, 5%
- 1 Mgy, 10%,

Carbon resistor E24 series
Kohleschichtwiderstand, Reihe E24

Koolweerstand E24 reeks 45 W< SMQ, 19
Résistance au carbone, série E24 -5 <10 ML), 29
Resistencia de carbon, serie E24 10 ML, 59,

Carbon resistor E12 series b
Kohleschichtwiderstand, Reihe E12
Koa!weerstand E12 reeks

Résistance au carbone, sério E12
Resistencia de carbdn, serje E12 y

» 0,5 W S1,5M0, 5%
. -1,5M¢}, 102

Wire-wound resistor
Drahtwiderstand

Résistance bobinde
Resistencia bobinada

Tubular ceramic capacitor
Rohrkondensator

Keramische kondensator, buistype
Condensateur céramique tubulaire
Candensadar cerimico tubular

500 ¥

Tubular ceramic capacitor
Rohrkondensator

Keramische kondensator, buistype
Condeansaceur céramique tubulaire
Condensador ceramico tubular

70D Y

Ceramic capacitor, “pin-up”
Keramikkondensator “Pin-up* (Perltyp)
Keramische kondensator “"Pin-up” type
Condensateur céramique, type perle
Condensador ceramico, versién "colgable”

a0 v

“Microplate” ceramic capacitor
Miniatur-5cheibenkondensator
“Microplate” keramische kondensator
Ceondensateur céramique “microplate”
Condensador ceramice “microplaca”

30V

Mica capacitor
Glimmerkondensator
Micaikkondensator
Condensateur au mica
Candensador de mica

00V

| — S

—¥ 1=

Craadgewonden weerstand

|-

-

2|

10 W

Carbon resistor E12 series
Kohleschichitwiderstand, Reihe E12
Koolweerstand E12 reeks 1
Résistance au carbone, série E12
Resistencia de carbon, serie E12

W <22MQ, 5%
>12,1 MQ, 109

Carbon resistor E12 series
Kohleschichtwiderstand, Reihe E12
Koolweerstand E12 reeks 2 W
Résistance au carbone, série E12

Resistencia de carbén, serie E12

3%

Wire.-wound resistor
Drahtwiderstand
Draadgewonden weerstand
Résistance bobinéea
Resistencia bobinada

04-18W 0,59

Wire-wound resistor "
Drahtwiderstand

Draadgewoanden weerstand
Résistance bobinde

Resistencia bobinada y

s 5,5 W <200 €}, 109
=200 ), 59

57

Polyester capacitor
Polyesterkondensator
Polyesterkondensator
Condensateur au polyester
Condensadar polyester

400 ¥

Flat-feil polyester capacitor
Miniatur-Polyesterkondensator (flach)

Platte miniatuur polyesterkondensator
Condensateur au polyester, type plat
Condensador polyester, tipo de placas planas

250 ¥

Paper capacitor
Papierkondensator
Papierkandensator
Condensateur au papler
Condensador de papel

1000 ¥

Wire-wound trimmer
Drahttrimmer
Drraadgewonden trimmer
Trimmer i fil

Trimmer bobinadg

Tubular ceramic trimmer
Rohrtrimmer

Buisvormige keramische trimmer
Trimmer céramique tubulaira
Trimmer ¢erimico tubular

For multi-pul pose and standard parts, please see PHILIPS’ Service Catalogue.

Fir die Universal- und Standard-Teile siche den PHILIPS Service-Katalog,

Voor universele en standaardonderdelen raadplege men de PHILIPS Service Catalogus.
Pour les piéces universelles et standard veuillez consulter le Catalogue Servica PHILIPS.

Para piezas universales y standard consulte el Catalogo de Servicio PHILIPS.



RESISTORS

No. Code number Value Watt % Description

R1 4822 103 30085 10 kQ Potentiometer

R2 4822 101 20122 2.2 kO Potentiometer

R3 4822 101 20257 4.7 MQ) Potentiometer

R4 4822 101 30053 I kQ Potentiomcter

RII 43822 103 10058 250 ) Potentiometer Colvern
RI12 4822 110 30094 330 Q) 1/8 1 Carbon

R{3 4822 103 10058 250 0O Potentiometer Colvern
RI6 4822 103 10058 250 ¢ Potentiometer Colvern
R17 4822 110 30091 240 Q [/8 i Carbon

RIS 4822 103 10058 250 {) Potenttomceter Colvern
R28 4822 111 20044 27 kO 1/8 I Carbon

R29 4822 110 30122 36 kQ /8 | Carbon

R3O0 4822 110 30142 20 kQ /8 | Carbon

R31 4822 101 20074 2.2 kO Potentiomelcer

R32 4822 111 20019 3 kQ) 1/8 | Carbon

R51 4822 101 20239 22 kQ Paolenttometer

R66 4822 111 20019 3 kG 1/8 | Carbon

R&7 4822 110 30128 6.2 k€ 1/8 ! Carbon

R72 4822 116 50424 1 k< l Metal film

R73 4822 116 50424 I k2 | Mectal film

R74 4822 110 30073 51 Q 1/8 l Carbon

R76 4822 103 10059 50 Q) Potentiometer Colvern
R77 4822 116 50425 240 Q 1 Mctal film

R78 4822 116 50424 [ kQ | Metal film

R79 4822 116 50424 | k) | Metal Ailm

RR&I 4822 103 10061 20 () Potentiometer Colvern
R82 4822 116 50225 590 2 | Metal film

R83 4822 |16 50426 560 Q l Metal film

R85 4822 116 50377 220 0 | Metal film

R87 4822 116 50377 220 Q) | Metal film

RI130 4822 110 30176 90 kO 1/8 ] Carbon

R135 4822 101 20002 4.7 kQ Potentiomcter

R141 4822 101 20002 4.7 kQ Potentiometer

R142 4822 101 20074 2.2 kQ Potentiometer

R162 4822 110 30125 4.7 kQ 1/8 ] Carbon

R164 4822 103 10082 5 k) Potentiometer Colvern

33
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No. Code number Value Watt % Description

RI167 4822 103 10063 l kQ Potentiometer Colvern
R168 4822 110 30135 11 kQ 1/8 | Carbon

Ri74 4822 101 20241 ] kQ Potentiometer

R177 4822 110 30136 12 kQ 1/8 l Carbon

RI78 43822 110 30125 47 kQ 1/8 i Carbon

RI83 4822 101 20241 ]  kQ Potentiometer

R201 4822 103 10064 100 (9. Potentiometer Colvern
R202 4822 111 20005 390 Q) /8 1 Carbon

R204 4822 103 10064 100 Q Potentiometer Colvern
R205 4822 111 20005 390 () 1/ i Carbon
CAPACITORS

Ne. Code number Value Volt Description

Co6 4822 121 50376 1 uF 160 V Polyester

C8 4822 121 50097 10 nl- 63 V Polystyrenc

Cll 4822 121 30376 I uF 160 V Polyester

Cl12 4822 121 50097 10 nF 63V Polystyrenc

C20 4822 121 40184 33 pF 100 V Polvyester

C21 4822 121 40184 3.3 uF 00V Polycster

C22 4822 121 40184 3.3uF 100 V Polyester

C24 4822 124 20159 16 ukF 40 V Elcctroyltic

C25 4822 124 20359 16 pF 0V Flectrolytic

C35 4822 124 20396 250 uF 64 V E:lectrolytic

Cl6 4822 124 20196 250 uF 64 V Electrolytic

C39 4822 124 20359 16 pF 40 V Electrolytic

C40 4822 124 20359 16 pF 40 V Elcctrolviic

C41 4822 124 20026 400 pF 40 V Electrolytic

C42 4822 124 20026 400 pF 40 V Electrolytic

C53 4822 120 60101 560 pF Mica

C54 4822 120 6010l 560 pF Mica



Description

DIODES

No. Tvype number
GRI1 BZY 95/C18
GR2 OA 202
GRI1Q OA 202
GRI1 BZY 94/C15
GRI12 BZY 78
GRI13 BZY 88/CRV2
GR14 BZY 88/C6V2
GRI15 BZY 95/Ct5
GRlﬁ} AAZ |5
GR17

GRI8 BZY 78
GR19...] OA 202
GR26

GRZ?...} OA 202
GR42

GR50 BZY 88/COVI
GRS1 | OA 202
GR52 )

GRS53 BZY 88/COV|
GR54 OA 202
GRﬁﬂ} BY 123
GR61

GR62} BZY 88/C3iV9
GR63

GR64 ] BZY 78
GR6S |

TRANSISTORS

No. Type nunther
TS[...} BC 107

TS7

TSS BCY 52

TS11 BCY 70
TS[Z} BC 107

TS13

Zener
Silicon
Silicon
Zener

Zener
Zener
Zener
Zencer

Germanium
Zencer
Silicon

Silicon

Zener
Sihicon

Zener
Silicon
Bridge diode stack

Zener

Reference drode

33

Description

Silicon

silicon
Silicon

Silicon
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No. lype number Description
- T
TS14 BFW 10 Field-effect
TSI15 BCY 55 Silicon, pair
TS16... BC 107 Silicon
TS18
TSI9 2N930 Silicon
TS20 BCY 7] Silicon
TS21 2N930 Silicon
TS22 BCY 71 Silicen
TS23 2N930 Silicon
TS24 BCY 7i Silicon
TS25 2N930 Stlicon
TS26 BCY 71 Silicen
TS27 2N930 Sthicon
T528} BC 107 Silicon
TS29
TS30} BFW 10 Field-cffect
TS31
TS32}
TS33 BEY 52 Silicon
TS45 2N930 Silicon
TS46 } BC 107 Silicon
TS56
TS57 ASY 26 Germanium
TS58 BC 107 Silicon
TS59 ASY 29 Germanium
TS60
TS6) BC 107 Silicon
TS62
TS63
TS64 BFY 52 Silicon
TS70 } BC 107 Silicon
TS71
TS72... BCY 70 Silicon
TS77

OC 29 Silicon

TSSO}
TS81




MISCELLANEOUS
No. Code nunmber
TI 4822 146 20343
U1 4822 209 80005
YLI 4822 253 30017

4822 253 30021

4822 216 60104

4822 216 60105

4822 216 60106

4822 216 60107
4822 216 60108

57

Description

Mains transformer
Intcgrated circuit
Fuse 500 mA

Fuse 1 A

Printed wiring board of emitter follower asscmbly with
components (without plug-in transistors)

Printed wiring board of triangle generator with compo-
nents (without plug-in transistors)

Printed wirtng board of frequency control with compo-
nents (without plug-in transistors)

Printed wiring board of power supply with components
Printed wirtng board of sine shaper with compoenents




Information on the modular system and optional @
accessories

A. GENERAL

Power amplifier PM 5162 is part of the modular L.F. system, which con-
sists of various units, which can be easily linked, thus forming several
alternative L.F. systems for a wide field of applications. (Refer to
PHILIPS publication: “Instrument and Application”). The width of the
various units 1s expressed in modules, one module having the following

dimensions:

width: 70 mm
height: 178 mm,
depth: 250 mm

The units have a width of one, two or three modules. They can be linked
to 4 maximum width of six modules.
The instruments are suitable for rack-mounting.

The following units are, amongst others, suitable for use with the PM3162.

PM5160-Oscillator

Frequency range | Hz...1 MHz

Output voltage [ Vr.in.s. Into 600 Q
Attenuator continuous (logarithmic)
Width 2 modules

Suitable for use with:

Wide-band amplifier PM 5170 (width: 1 module)
Power amplhiher PM 5175 (width: 2 modules)
Monitored atnuattor PM 5180 (width: 2 modules)

PM 5168-Function generator

Frequency range 0.5 mHz...5 kHz
Output voltage 3 Vy-p into 600 €2
Attenuator continuous (logarithmic)
Waveforms - triangle wave

- squarewave

— slnewave



Facilities ~ single shot
— external triggering

Width 3 modules

Suitable for use in combination with:

Wide-band amplifier PM 5170 (width: 1 module)
Power amplifier PM 5175 (width: 2 modules)
Monitored attenuator PM 5180 (width: 2 modules)

PM 5170-Wide-band amplifier

Frequency range DC...1 MHz
Maximum output 10 Ve.m.s. Into 600 Q
Input impedance - 600 Q and

— high impedance (100 k€2)
Width | module
Suitable for usc in combination with:
Oscillator PM 5160 (width: 2 modules)
Sweep oscillator PM 5162 (width: 3 modules)
Function generator PM 5168 (width: 3 modules)
Monitored attenuator PM 5180 (width: 2 modules)

PM 5175-Power amplifier

Frequency range DC...1 MHz
Maximum output [0 W,
Input impedance — 600 €2 and

-~ high impedance (100 k{2)
Attenuator steps of 10 dB
Width 2 modules
Suitable for use in combination with:
Oscillator PM 5160 (width: 2 modules)
Sweep oscillator PM 5162 (width: 3 modules)
Function generator PM 5168 (width: 3 modules)

PM 5180-Monitored attenuator

Attenuation 0..999dBin 10-1 and 0.1 dB
steps
Outputs — 600 Q unbalanced

— 600 or 150 Q2 balanced (floating)



Maximum input voltage 10 Vim.«
Frequency ranges

a. attenuator DC...1 MHz
b. meter [0 Hz...l| MHz
c. transformer output 20 Hz...20 kHz
Width 2 modules

Suitable for use in combination with:

Oscillator PM 5160 (width: 2 modules)
Sweep oscillator PM 5162 (width: 3 modules)
Function generator PM 5168 (width: 3 modules)
Wide-band amplifier PM 35170 (wvidth: 1 module)

B. COUPLING ACCESSORIES

For coupling the various units to form onc complete instrument, coup-
ling accessortes are available [or every chosen combitnation up to a width
of six modulcs.

These accessories comprise one coupling kit and five different cover Kits.
With the aid of the parts provided in the coupling kit any two modular
unifts can be linked to each othcr.

A cover kit contains a top cover, a tilting assembly and an extension piece
for the carrying handle; with these parts the coupled units can be equip-
ped to form one complete instrument.

Ordering information

One coupling kit PM 9500 should be ordered for each coupling connec-
tion to be made. Depending on the total width of the coupled units, one
of the following cover kits should also be ordered.

Type number Cover kit for a total width of
PM 9502 2 modules
PM 9503 3 modules
PM 9504 4 modules
PM 9305 5 modules

PM 9506 6 modules
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For example:

To be coupled one 2-module unit
two l-module units
Required coupling accessories two coupling kits PM 9500

one cover kit PM 9504

The coupling kit PM 9500 includes: (Fig. 19)

a. 4 coupling screws with nuts
b. 2 fixing screws for handle

c. | inter-unit screen

d. 1 mains interconnection link
c. 2 signal interconnection links

A cover kit PM 9502...PM 9506 includes: (Fig. 20)

a. 1 n-module top cover
b. | n-module tilting asscmbly
¢. | n-module handle bar

Further optional accessories available

a. Coupling parts for one-module units

When an equipment is to be made up from 1-module untits only, coupling
parts additional to the coupling kit and cover kit are required.

This is because 1-module units are not equipped with a carrying handle.
These additional parts are:

Number Description Ordering munber
2 Handle bracket 4822 404 50199
2 Handle screw 4822 502 10801
2 Washer for handle screw 4822 532 50653
2 Screw for handle bar 4822 502 10555

b. PM 9510, rack-mounting kit (See exploded view, Fig. 22)

Adaptation set for mounting a 6-module cabinet into a 19" rack, in-
cluding:

— 2 brackets

— 2 handles

— 4 fixing screws

— 2 inter-unit screens
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PEM 3481

fFig. 19. Coupling kit

RO
I TEE T

PEM 3482

Fig. 20. Cover kit
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C. COUPLING INSTRUCTIONS (also see Fig. 23)

1.

9.

Detach the carrying handles by removing the screws on both sides of
each unit. Next remove the handle bar and replace it by the bar,
provided in the cover kit.

Note: When two or more 1-module units have to be coupled a handle
should be composed and fixed to the instrument by means of the
additional coupling parts mentioned in the preceding section
under point “a”,

The side covers should be removed from the sides which are to be
connected together and the inter-unit screen from the coupling kit
should be fitted to one of the exposed side frames.

Remove the top covers by loosening the fastener at the rear of each
unit.

Detach the bottom covers by rcmoving the appropriate screw(s) at
the rear of the units.

N.B.: Ensure that the bottom covers are refitted to the umits from
which they have been taken. (See point 9.)

Remove the tilting assembly at the bottom of each unit by pushing
the two nylon slides “A” in the direction indicated in figure 21.
Remove the two feet at the coupling sides of each untt. First loosen
the grub screws which hold the surround.

Couple the units to each other by means of the nuts and bolts provided
in the coupling kit.

Fit the tilting assembly, which is provided in the cover kit, to the bot-
tom of the instrument by means of the two nylon slides.

Refit the appropriate bottom cover of each unit. (See point 4).

Gl P ieT T A ki .='.-*-."';.,"iﬁk,-‘:’“ﬁ_a;-'5§t'.=::f';f‘gf.{:;_‘..- S s AT R T
I - soeh g e SHAML T TR Rinik Lok T el cipiE I el s Toniin
NI S e ?-'i':" I "-“"-!"*‘:-'r: 4 fad _ﬂl.‘. My E T, . ] H
. Tl e TR
i |;_ z_ﬁgf:-::" W far Il tq. |$ i

FEM 3474

Fig. 21. Tilting assembly
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10. Fit the new top cover on the instrument, by placing the groove of the
quick fastener 1in a horizontal position and pushing the cover towards
the front of the instrument.

1. Screw the extended carrying handle to the instrument.

12. Finally fit the mains link on the rear of the instrument and the signal
links on the front of the insirument.

Naote:

— Always earth the coupled circuits at one point only by interconnecting
the circuit earth (<=) and the cabinet earth (1) of only one of the
coupled units.

— Coupling two or more units may involve a temperature rise in the units.
Make sure that the ambient temperature as mentioned in the TECHNI-
CAL DATA of the manual will not be exceeded.
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Fig. 24. Printed wiring board of sine shaper

PEM 4207
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I T

PEM 4206

Fig. 25. Printed wiring board of triangle and squarewave generator



PEM 4203

Fig. 26. Printed wiring board of control circuit
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.‘ RO W wy &3 #l
P PW6l145-3 [SS. A \'J E ‘,
PEM 42065

Fig. 28. Printed wiring board of buffer stage
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PEM 4230

Fig. 5. Block diagram
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51 Fig. 30. Circuit diagram of sine shaper and power supply
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