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6 PRELIMINARY REMARKS
6.1 INTRODUCTION TO THE
SERVICING METHOD

Maintenance and repairs are the two main tasks in-
volved in the servicing of a measuring instrument. The
Instrument Manual which comprises the Operating
Manual, the Service Manual and the Appendix provides
all the necessary information in this respect.

The Operating Manual provides all the necessary basic
information about the instrument. Section § contains a
description of all the non-electrical maintenance work

such as cleaning and lubricating moving parts, should
this be necessary.

The Service Manual provides all the specialist infor-
mation required for repairs. Section 8 "Re-checking
important specifications" describes maintenance and
repairs.

The range of information provided was selected so
that an experienced technician is in a position to
carry out all the usual types of repair work. Work
which, as a rule, only occurs when the instrument is
being manufactured has not been included.

The Appendix contains all block diagrams, circuit
diagrams, parts lists and p.c.b., layout plans. It also
provides all the information for reading the circuit
diagrams and for ordering spare parts. A German/
English/French glossary gives translations for all the
important terms that appear in the Appendix.

6.2 TEST EQUIPMENT

The measuring instruments listed here, which are
essential for performing the tests that follow, are
only recommendations. Equivalent instruments from
other manufacturers may also be used.
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Instru- Require- Rec. Manu- |For app-
ment ments type fac- lications
turer |see Sec.
Milliwatt |10 Hz to EPM-1 W&G 8.2, 8.3,
Power 300 MHz 8.4.1
Meter
with
options
Selective |15 Hz to SPM-11 W&G Fufladly
Level 200 kHz 8.4.2, 8.5
Meter
0scillos- Zin > 10 M2 7.6.1
cope with 7.6.2
test probe 7.6.3
7.6.4
7.6.5
7.6.6
Digital 41/2 8600 A Fluke |7.6.2, 7.6.3
volt- digits 7.6.5, 7.6.6
meter . >10 M2 Ti6aly Tal:2
1 7.7.4, B.4.2
Universal |10 Hz to PM 6614 |[Philips|8.6
frequency |520 MHz
counter
"T"-Adap- |3 pole (CF) |S 833 W&G 8.5
tor
Terminat- | 600 Q/1 ¢ 7.6.1,
ing impe- | 2.5 W 7.6.7, 8.5
dance
Power Adjustable 7.6.7
supply between
30...50 V
60 mA,
zout <R
to 200 Hz

Figure 6-1

Measuring instruments
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Instru- Require- Rec. Manu- |For app-
ment ments type fac- lications
turer |see Sec.

Power Adjustable 7.6.2
supply between

12...18 V

10 mA
Ammeter 100 mA 7.6.7

Figure 6-1  Measuring instruments (continued)
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ductive working-surface or with the ground of the
instrument to be repaired surface. The ground of the
instrument acts as a reference potential.

- Always touch the reference potential before handling
MOS components.

- A1l tools, other devices used, the part of the in-
strument to be repaired and the person carrying out
the repair must be at the same potential as the con-
ductor which defines the reference potential (e.g.
the conductive working-surface, or failing this, the
ground of the instrument which is to be repaired).
For similar reasons always bring tools which will
come into contact with MOS components to the same
potential as the reference potential. Under no cir-
cumstances must tools have insulating handles.

- If a p.c.b., or any other part of the instrument,
is removed to be repaired or maintained, and a con-
ductive work-surface is not available, the ground of
the p.c.b. or other parts must be connected to the
reference potential.

When soldering MOS components p.c.b.s or other in-
strument parts, a permanent connection should be made
between the ground of the board, or part, and the sol-
dering iron to prevent destruction by mains hum.

MOS components can be recognised in the parts list
from the letters M0OS, CMOS or MOSFET which appear in
the component code.

7.2 SOLDERING TINSTRUCTIONS

The use of thin solder with a little flux is recom-
mended. The following points should be noted:

- The soldering times for all components must be
<5 s,

- Soldering temperatures must be < 260°C.
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TROUBLESHOOTING

NOTES ON
AND REPAIRS

7.0 SAFETY PRECAUTIONS

7.1.1 CHECKING THE ISOLATION IMPEDANCE AFTER
REPATRS AND MAINTENANCE

The isolation impedance between the measurement out-
puts (a and b wire) and the casing (c wire) is checked
with 700 V d.c. or with 500 V a.c. The impedance must
be greater than 2 MQ. There must be no spark-overs.

(2]

e 00 ¥, Wiz, OF
ps-10 500 V_ a.c. 50/60 Hz

o

-

904:3

Figure 7-1 Checking the isolation impedance

7.1.2  HOW TO PREVENT DAMAGE TO THE PS-10's CIRCUITS
Take care when working with MOS components!

Some MOS components are used in this instrument.
These components are easily destroyed by static char-
ges, hum from devices that are not earthed, and other
types of interference potentials. The following rules
should be obeyed to prevent destruction by static
charges:

- MOS components should be left in the manufacturer's
packaging until they are required. A1l MOS connec-
tions must be shorted together until they are re-
quired for use (use the black, conductive plastic
foam).

- Before removing MOS components from their packing,
or before removing p.c.b.s with MOS components from
their packing, the electrically conductive part of
the packing must be brought into contact with a con-

7-3

- Do not let flux creep or splash onto switch con-
tacts: Be especially careful with the contact paths
of the frequency selector switch.

Notes on unsoldering components with many connec-
tions:

By far the best method of unsoldering components of
this type is to use a special desoldering tool to suck
the solder from each connection. When unsoldering a
component, gently move it from side to side to check
that each connection is free. On no account use force!
Through-plated holes are sensitive to pulling during
soldering. In the case of dual-in-line components the
p.c.b. can be spared damage by first of all cutting
through the connections on the component side and un-
soldering each connection separately.

7.3 I NSTRUMENT MARKINGS

Should you have any enquiries, sheuld you want to
order spare parts or check that this Service Manual is
the right one for the instrument that you are repair-
ing, it is essential to note the following instrument
markings:

Type marking, special version marking, series
index and instrument number.

Figure 7-2 shows where each marking is to be found.
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- P§-10. BN 904/01

e.g. PS-10 BN 904 / 01

Special version marking

Type marking

e.g.
C - 0054

Series
index

Instrument
index

Figure 7-2 Instrumenf markings on the front and back

panels
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7.5 LOCATIOHN OF THE SuB-
ASSEMBLIES, ALTENMEN T
ELEMENTS AND TEST POINTS

Figure 7-3  "Sweep generator” p.c.b. [904-A]
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7.4 DISMANTLING THE INSTRU-

MENT

Undo the four screws on the bottom of the instrument,
separate the upper and lower halves of the casing:

Now all the alignment elements and test points on the
printed circuit boards are easy to get at.

Caution!

Be careful not to rip off the connecting leads for
the mains/charger connector in the lower half of the
casing.

Gaining access to the components on the middle prin-

ted circuit board [904-B]:

Remove the four screws in the lowest printed circuit

board [904-C], and take out the printed circuit board
together with the thumbwheel switch.

The two topmost printed circuit boards ([904-A] und
[904-B]) can be operated together without the lower-
most printed circuit board; see Section 7.6.1.

Separating the upper printed circuit boards:

Undo the four hexagonal nuts near the battery compart-
ment and either unsolder the connecting leads to the
battery compartment or unscrew the hexagonal bolts.

7-7

P 2

P: 5

P4

P6

Figure 7-4  "Oscillator and output amplifier" PeCab,
[904-B]
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P'1

Figure 7-5 “"Level conditioning " p.c.b. [904-C]
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Carry out troubleshooting as indicated in Section
7.6.6.

Set the PS-10 to -0.0 dB again: terminate output with
600 Q, switch to "Ri = 600 ﬁ{Ri =0Q":

The output voltage must remain constant at approx.
2.2 Vpp.

Carry out troubleshooting as indicated in Section
7.6.3: Level conditioning or output amplifier.

Set the PS-10 to 0.0 dB, 600 @, and terminate with
600 Q.

Turn the test frequency switch, setting by setting,
through the whole range:

The signal must be present at all settings (if not
see Section 7.6.5). The signal must not be distorted
{troubleshoot as indicated in Section 7.6.3).

Switch the PS-10 to "sweep”:

The frequency sweep must be continuous.

If not troubleshooting as indicated in Section 7.6.5.
7.6.2 ON/OFF SWITCH AND VOLTAGE SUPPLY

The following checks can be performed without the
lowest printed circuit board [904-Cl.

Checking the operating voltage
Switch on the P5-10.

Connect the millivolt meter to TP 8 and TP 9 (printed
circuit board [904-B]:

The voltage must be 12 ¥ + 10 mV.

Connect the millivolt meter to TP B [904-B] and TP 10
(printed circuit board [904-Al).

N.B.
Series A P5-10s do not have TPs B and 9.
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7.6 NOTES ON TROUBLESHOOTING

7.6.1 METHOD FOR FAULT LOCALISATION

The following sections describe a simple function

test which can be carried out without opening the
casing. Using this test the source of the fault can be
localised. A section describing the exact trouble-
shooting procedure is given for each case. Before
carrying out troubleshooting always check the opera-
ting voltages using the methods described in Section
7.6.2!

Function check:

Connect an oscilloscope without a test probe to the
output of the PS-10.

Set the PS-10 to 0.0 dB, 1 kHz (sweep “off"), 600 Q.
Press on/off button:

The green LED flashes every two seconds, and a sinus-
oidal signal with approx. 4.4 V__ appears at the
output. PP

Does the LED not flash? Does the sinusoidal signal
only appear when the button is being pressed?

If so the possible causes are:

A flat battery or too much current is being taken.
Defective on/off switch or power supply (see Section
746.2)0

If the LED flashes but no signal is present see Sec-
tion 7.6.3.

Turn the thumbwheel switch consecutively through the
0.1 dB, 1 dB, and 10 dB settings:

The output veltage should decrease constantly; in the
case of 0.1 dB steps this is barely recognizable, for
1 dB steps from about 4.4 Vpp to about 1.6 Vpp

(-9 dB), for 10 dB steps from about 4.4 Vpp to
about 14 mVpp (-50 dB).

7-13
The voltage must be 6 V + 100 mV.
Is the 12 V voltage too low?

Can a voltage only be measured when the on/off button
is pressed?

Can a voltage only be measured when the on/off button
is pressed?

Measure the battery voltage and the current taken:

Nominal value 18 V (> 13.5 V) at 5 mA (< 7.5 mA). If
the battery is flat or a voltage drop is caused by a
too high current being taken, the PS-10 is
automatically switched off by the battery monitoring
circuit (3 IC 4/3)!

Is it impossible to switch the PS-10 on?
Check the switch itself and transistors 3 T 2 and
3T 3

Does the PS-10 only remain on when the button is
being pressed?

First check:

If the voltage supply is sufficient, pin 4 of 3 IC 2/2
connected via 3 R 34 must be at -6 V (see battery
monitoring circuit).

Further checks:
The signal states at 3 IC 1, pin 3; 3 IC 2, pins 13
and 1 should be as indicated in Fig. 7-6. .

Checking the battery monitoring circuit

Connect the PS-10 to an external power supply that
can be adjusted between 12 and 18 V. Adjust the
voltage to about 18 V and switch on the PS-10:

The green LED flashes.
Set the slide-switch in the battey compartment to
"Akku", set the voltage to 17.4 V:

The red LED should not flash yet: output pin 1 on
3 IC 4/2 is at approx. 36 V.

Set the voltage to 16.6 V:




3 T2, base,

or
3R2/3R3

3RA4/3R5S

3 1C 2/1
pin 13

3 1C 2/2
pin 1
3 IC 2/2
pin &4
31C1
pin 3

3 IC A
pin 4

3IC1
pin 10

3Ic
pin 11

/3 R 10

w W
o=

Figure 7-6

rm—

351 351
;;frox' pressed pressed
by IIONII "UFF“
+6Y
approx.‘ﬁvl
ov
approx. -5V
+6V
ov /”"'___'““
-6V

OEV[
ov

ov -———————-——-1
-6V

-6V

—

ov -———————————1
-6V

S ——]

_SV'""""’
+6Y
ov
-6V
<12V
+BV
ov

-12v

ON/QOFF switching

- =

2 s-
expanded: w
=33 ms
expanded

L 7~

—y
2N

BN T

Checking the On-Off Switch using Fig. 7-6 - Oscilloscope ground to OV (TP10 on p.c.b. (904-A1))

Level at Connection Connection
setting point 41 1P point 44 TP 8 7
7 - 600 Q approx. -0.3 dB approx. +5.7 dB 0 dB 0 dB 0 dB
out T approx. 2.1 Vpp = approx. 4.2 Vpp T approx. 2.2 Vpp T approx. 2.2 Vpp = approx. 2.2 Vpp
7 06 approx. -0.3 dB approx. -0.3 dB -6 dB -6 dB -6 dB
out = approx. 2.1 Vpp = approx. 2.1 Vpp = approx. 1.1 Vpp = approx. 1.1 Vpp = approx. 1.1 vpp
Output
Zout =0 Q/Zo
Level = 0 ... -59.9 dB
200 Hz ... 4 kHz
o~ W 28u1
Oscillator Level conditioning cls)|a b
0.-0968 0.-3dB 0/-68 | 0.-50¢B | |
ANV e I T T
a1 ¥ H & b
u i 7/2 7/2
' 0 0
Function Triangular/ | D.C. Toop
generator sine wave ] | holding
shaper | circuit
|
|
|
: out = %o Zout = %o
Level selec- | iﬁ"O—--ISH T
: tor switch [ . — |E——J S 00
l I out = 0% | “out ~
: 81 e e 1 e 555 e o e O |
: ] o
304 - B | | &

Figure 7-7

Internal levels
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The red LED flashes: cutput pin 1 on 3 IC 4/2 is at
approx. -6 V. Set the slide-switch in the battery
compartment to "Batterie” and set the voltage to
15.0 V:

The red LED should not flash.

Set the voltage to 14.3 V:

The red LED flashes.

Set the voltage to 13,2 V:

The P5-10 switches off because of the positive
output voltage at pin 7 on 3 IC 4/3.

7.6.3 INTERNAL LEVELS

The levels can be checked as indicated in Fig. 7-7
with the aid of an oscilloscope, and if need be
together with millivelt meter (Z, > 10 MQ).
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7.6.4 OSCILLATOR

The lowermost printed circuit board [904-C] can be
removed for the following checks.

Check the signals from the function generator with an
oscilloscope to see whether they are clean or not
(dynamic check):

TP L
12 Vpp

TP5 2V

PP
A peak like this is
not significant

904:7

Figure 7-9  Signals at TP 4 and TP §

If the generator will not oscillate (static check)
1. Check the control voltages:
Setting 1 kHz {sweep "of f")

+4,50 V at connection point 24 and 4.05 V at con-
nection point 25.

Otherwise see Section 7.6.5.

2. Check generator blanking:
Transistor 1 T 11 must not be conducting.

{If 1 T 11 is on, the output of 1 IC 4, pin 6
goes to +6 V).

For troubleshooting purposes, the lower printed
circuit board [904-C] can be replaced by the
following circuit.

|

Instead of

[ — m

—C

approx, 30 k@

43

904:5

| 4
Figure 7-8 Equivalent circuit for [904-C]

In this case the levels for Zo & 500 @ are approx-
imately correct! i
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3, Check the current source 1 IC 2 and 1 T 5:

The voltage difference between pins 2 and 3 on
1 IC 2 must not be greater than a few millivolts.

4, Check current sink 1 IC 3/1 and 1 T 10:

The voltage at pin 3 on 1 IC 3 must be about 0 V.
(If transistor 1 T 9 is defective this will cause
an incorrect voltage at pin 3).

5. Check buffer amplifier 1 IC 3/2:

The voltage difference between pins 5 and 6 must
not be greater than a few millivolts.

6. Check comparator 1 IC 4:

Alternately apply voltages of +6 V and -6 V to
pin2 on 1 IC 4;

the output voltage at pin 6 must be -6 V and +6 V
respectively.

7. If all the preceding checks have been o.k., there
is probably a fault in one of the switching tran-
sistors 1 T6 to 1 T 9.

Check the sine shaper:

The triangular voltage at the base of 1 R 12 is about
0.4 V p*

The sinusoidal voltage at the collector of 1 T 12' is
about 3.5 V__ when the sine shaper is not loaded

(printed circuit board [904-C] has been removed),
this sinusoidal voltage is superimposed on a d.c.
voltage:



+6Y T

approx. +26V+

904:8

oy
Figure 7-10

7.6.5

Collector voltage of 1 T 12"

FREQUENCY SELECTOR SWITCH AND SWEEP GENERATOR

Checking the frequency selector switch:

Set switch 1 S 2 to sweep "off".

Turn rotary switch 1 S 1 through all its positions
one at a time. The following voltages must be

produced:
Frequency Voltage at Connection point 25
setting connection referred to +4.5 V at
point 25 re- [connection point 24
ferred to 0 V
200 Hz 4.410 v -0.090 Vv
300 Hz 4.365 V -0.135 v
400 Hz 4.320 v -0.180 v
600 Hz 4.230 v -0.270 v
800 Hz 4.140 v -0.360 Vv
1 kHz 4.050 Vv -0.450 Vv
1.6 kHz 3.780 v -0.720 v
2.4 kHz 3.420 v -1.080 v
3.4 kHz 2.970 vV -1.530 v
4 kHz 2.700 v -1.800 v
Lower  sweep 4.410 v -0.090 Vv
Upper limit 2.925 V -1.575 V
Figure 7-11 Fixed frequency voltage divider
7-22
7.6.6 LEVEL CONDITIONING

Check the 0.1 dB settings:

Switch BCD code, Switched in

setting weighting resistars
8421

- .0 oooan

- Wl 0001 R4

- 0010 R3

- W3 D011l R3 // R4

- .4 0100 r2

- 5 0101 R2 // R4

- .6 0110 R2 // R3

- ) 0111 R2 // R3 [/ R4

- .B 1000 R1

- .9 1001 R1 // R4

Figure 7-13 0.1 dB settings

A "1" indicates that the thumbwheel switch contact has

been connected to +6 V and consequently to a closed
contact in 2 IC 1. A "0" indicates an open switch

contact; the relevant input of 2 IC 1 is pulled down
to -6 ¥V via 2 R 40.
Carry out this check with an oscilloscope or digital

voltmeter.

Checking the 1

dB settings:

Switch BCD code, weighting
setting 8421

-0 0000

=1 0001

-3 0011

-4 0100

-5 0101

-6 0110

-7 011l1l

-8 1000

-9 1001
Figure 7-14 1 dB settings
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A rough check can be carried out with an oscilloscope
(voltage to 0 V). A more accurate check is carried out
by connecting the digital voltmeter between connection
points 24 and 25.

Checking the sweep generator:

Set switch 1 S 2 to sweep "on".

Connect the ocsilloscope to TP 2 and TP 10 (0 V). The
voltage trace should be approximately the same as the
curve shown below:

L25V T+

904:9

ov 1 1
I s 2s ' 2s Y

Figure 7-12  Sweep generator voltages

Determine the sweep limits:

Connect TP 10 to TP 11, and TP 13 to TP 14.

The voltage across connection points 24 and 25 must
be 1,575 V +30 mV (see the Table in Fig, 7-11 for the
upper sweep limit).

Connect TP 10 and TP 12, and TP 13 to TP 14. The
voltage across connection points 24 and 25 must now be
90 mv +3 mvV (lower sweep limit).
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A "1" indicates that the thumbwheel switch contact is
connected to +6 V. A "0" indicates an open contact;
the relevant input of 1 IC 2 is pulled down to -6 V
via 2 R 41.

Checking the 10 dB settings:

Switch contact

BCD code,
weighting
421

Switch
setting

0

10
20
30
40
50

- o0

I N Y S R |

—_——_—_O 0O
—_——0 O O
—_O OO
—~o0o0O0CO

Figure 7-15 10 dB settings

A "1" indicates that the thumbwheel switch contact is
connected to +6 V.

7.6.7 D.C. LOOP HOLDING CIRCUIT
Test setup:

Ammeter

6008
2.5W

PS-10

Power
supply
30...50 V
60 mA

Digital
voltmeter

904:10

Figure 7-16  Checking the loop holding circuit
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Special requirements:

The load resistor must be reasonably constant with
temperature. The power supply must have a low impe-
dance at signal frequencies of 200 Hz (< 5 Q).

Check:
Set the P5-10 to -0.0 dB, 200 Hz (sweep "off"),
Iout = 600 Q. Digital voltmeter to a.c. range.

Switch on the P5-10. Switch on the power supply and
starting at about 30 V slowly increase the voltage
until a current of about 60 mA is being taken.

Read off the voltage on the power supply; nominal
value 35 ... 50 V. N.B. The current taken will vary
slightly as the load resistor and the holding circuit
warm up. The output voltage of the PS-10 will also
vary as the load resistor varies.

Measure the output voltage of the PS-10 (approx.
0.775 V). Now switch off the power supply and measure
the output voltage again: The voltage difference must
be, at most, 2 mV.

Carry out the measurement again with the polarity of
the power supply reversed.

Does the holding circuit only function with one pol-
arity? Fault in the diode bridge 2 G1 9 to 2 61 12.

Is the current taken too low?

Check the following transistors:

Base-emitter voltage of 2 T 10 approx. -0.7 V;
Base-emitter voltage of 2 T8 and 2 T 9 (Darlington
pairs) approx. +1.4 V,

Check the d.c. voltages:
The collector-emitter voltage drop of 2 TB and 2 T 9
must be approximately the same. If this 1s not the
;ase};heck the dividers 2 R 68/2 R 71 and 2 R 67/~

R 70.

Impermissible variations in the output voltage?
Check capacitors 2 C 12 and 2 C 13.

The remaining signal voltage across the capacitors
should be 1 mV at 200 Hz.
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When a complete new alignment of the PS-10 is to be
carried out, e.g. when the subassembly [904-B] is re-
placed, the order of alignment as set out in Sections
7.7.2 to 7.7.6 must be strictly followed, The same
applies to Sections 8.2 and 8.6.

7.7.2 12 V SUPPLY VOLTAGE

Connect the digital voltmeter to TPs 8 and 9,
Adjust the potentiometer 3 P 1 to get a voltage of
12V +5mv,

7.7.3 DISTORTION FACTORS

Connect the output of the PS-10 to the selective
level meter {SPM-11).

Set the PS-10 to -0.0 dB, 0 @, 1.6 kHz.

Adjust 1 P 5 so that the distortion factor k2
(3.2 kHz) is a minimum (< =60 dB).

Adjust 1 P 4 so that the distortion factor k3
(4.8 kHz) is a minimum (< -50 dB).

7.7.4  OUTPUT OFFSET-VOLTAGE

Connect the output of the PS-10 to the digital volt-
meter set the PS-10 to -ea, 0 Q.

Adjust 2 P 6 for an output offset-voltage of

oV +1mv,

7.7.5 SEND LEVEL
See Section 8.2.

7.7.6  FREQUENCY
See Section 8.6.
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7.7 ALIGNMENT INSTRUCTIONS

7.7.1 OVERVIEW

Alignment Alignment Section
P2 frequency 8.6
1pP4 distortion factor k3 7.7.3
1P5 distortion factor k2 7.7.3
2P 1 0 dBm send level 8.2
2P 6 output offset voltage T.7.4
3P1 12 V supply voltage Tala2
Figure 7-17  List of all alignment elements

Alignments to be carried out when a subassembly is
replaced

Subassembly Alignment Section
[904-A] sweep generator 1p2 8.6
1 P4 A5
1P5 Tsl3
ZP6 T.7.4
[904-B] oscillator 3Pl 7.7.2
1 P4 7.7.3
1P5 1.7.3
2P6 Ta744
2P 8.2
1 P2 B.6
[904-C] level conditioning| 2 P 1 8.2

Figure 7-18  Alignments to be carried out when a
subassembly is replaced

8 RECHECKING IMPORTANT
SPECIFICATIONS

8.1 INTRODUCTION

The following Sections describe methods for recheck-
ing the most important specifications of the P5-10.
Wherever possible commercially available test aids
have been recommended.

If nothing to the contrary is stated, the tests sould
be carried out within the rated ranges of use for tem-
perature and a.c. line voltage.

1f a warm-up time is stated in the specifications, the
test should only be commenced after this time has
elapsed.

The purpose of rechecking the most important specifi-
cations is to determmine whether the displayed measured
value lies within the guaranteed error limits., The
rechecking procedures are only completely valid when
the intrinsic errors of the test setup used can be ne-
glected,

If the intrinsic errors cannot be neglected the fol-
Towing rules apply:

If the error of the test setup used is m, and the
guaranteed error limits for the item under test are
+e
T a transgression of the limits +{e + m) indicates
that the guaranteed error l1imits have certainly been
exceeded;
a transgression of the limits +(e - m) indicates
that the guaranteed error limits have certainly not
bee exceeded,

Values for e and m are stated in every measurement
procedure. The value m depends on the test equipment
used and if a test device which is not specified in
the measurement procedure is used, the value of m must
be redetermined.

If a systematic check of the specifications of to be
carried out, the order of the checks given in this
Manual must be followed,
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The item under test should only be aligned when the
limit +(e + m) is transgressed.

The purpose of the tests in Sections 8.2 to 8.4 is to
determine important partial errors in the send level.
If each partial error value is met, one can be sure
that the value for the overall error has not been
transqgressed.

8.2 ERROR LIMIT OF THE
LTEVEL AT 0dBm, f = 1Kiz

The check must be carried out at a temperature of
23°C + 3 K.

SEND

Required equipment:

Milliwatt Power Meter EPM-1 WEG
with accessories:

—

1 Test Probe TKS-10 WaG
1 Test Probe Adaptor TKSA-600 W&G
1 Calibration Adaptor  TKSE-600 W&G
PS-10 ,—-—C——{:}-—-‘—* EFM-1
TK5-10 and
TKSA-600
L[)utput
- | S -
TKSE-600
Figure 8-1 Test setup for 0 dBm send level

B8-4

Set the output impedance of the PS-10 to 0 @ and
repeat the measurement,

Error limit (e): for f = 300 Hz to 4 kHz
+0.1 dB

for f = 200 Hz to & kHz
+0.15 dB

Test setup error (m): can be neglected

B.4 PARTIAL ERRORS

8.4.1 PARTIAL ERROR ON THE 0.1 dB STEPS

The measuring equipment, the test setup and settings
are the same as those given in Section B.2

Adjust the calibration potentiometer on the EPM-1 so
that its meter reading is zero (reference point).

Set the following send levels on the P5-10: -0.1,
-0.2 .uu =0.9 dBm, Read off the deviation from the
nominal value on the EPM-1 (change the measurement
range when required),

Error limit (e):
Error on test setup (m):

+0.03 dB
¥0.02 dB
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Device settings:
PS-10:

Qutput impedance : 600 Q
Frequency + 1 kHz
Level : -0.0 dBm
EPM-1:

Measurement range
Calibration level switch

: 0 dBm + 0.2 dBm
:0dB, Z, =75Q

Calibrating the EPM-1 Milliwatt Power Meter:

Connect up the test setup using the Calibration Adap-
tor. Adjust the calibration potentiometer so that the
meter display reads zero.

Measurement :

Connect the PS-10 with the Test Probe. Read off the
value shown on the EPM-1. Switch the output impedance
of the PS-10 to 0 2 and read the send level again.

Error limit (e): for Zout = 600 @ + 0.06 dB
for Eout =0Q +0.09dB

Error of the test setup (m): + 0.02 dB

Aligning 2 P 1 (output impedance of the PS-10: 600 Q):

Adjust 2 P 1 so that the display on the calibrated
EPM-1 reads exactly 0 dBm,

8.3 FREQUENCY RESPONSE

The measuring equipment, the test setup and settings
are the same as those in Section 8.2,

Adjust the calibration potentiomenter on the EPM-1 so
that its display reads zero (reference point). Read

the value displayed by the EPM-1 at the following fre-

quencies: f = 200, 300, 2400, 4000 Hz.
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8.4.2  PARTIAL ERRORS ON THE 1 dB AND 10 dB STEPS

Required measuring equipment:

1 Selective Level Meter SPM-11 WE&G
1 Digital voltmeter 8600 A Fluke
8600 A
A
PS-10 —C
Y
) SPM-N
Figure 8-2 Test setup for partial errors
Equipment settings:
PS-10:
Output impedance : 0Q
Frequency : 1 kHz
Level : =0,0 diim
SPM-11:
Measurement range : 0 dB
Drive mode : low noise
Bandwidth : 40 Hz
Display : slow
8600 A:

Measurement range L. M 200N

S04:12
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Set the SPM-11 to the send frequency of the PS-10.
Adjust the calibration potentiometer on the SPM-11 so
that the digital voltmeter shows a voltage of

4 v +5mv (reference point).

Alter the send level of the PS-10 and the range of
the SPM-11 as shown in the following Table. Read off
the deviation from the nominal value on the digital
voltmeter.
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NOTE: The error can only be determined to certain
Timits with the test setup used, The P5-10 is
checked in the factory with test instruments
that have been specially designed for the pur-
pose, The method indicated is, however, guite
adequate for finding the large deviation which
would be expected in the case of a fault.

8,5 INTRINSIC HARMONIC RATIO
Required test equipment:

1 Selective Level Meter SPM-11 W&G
1 Terminating impedance 600 /1 %
1 T Adaptor, 3 pole 5 833 WEG
5002 i

Figure 8-4 Test setup for intrinsic harmonic ratio

Settings:

PS-10:

Dutput impedance +0Q

Level : -0.0 dBm

SPM-11:

Range : 0 dB

Drive mode : low distor-
tion

Bandwidth : 40 Hz

Display ; fast
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Send |Range [Nominal value |Error limit | Test
level setup
error
PS-10/|SPM-11 (e) (m)
dgm dB
-0.0 |0 0 dB = 4000 mV | Reference
+5my point
-1.0 |0 -1 dB ¥ 3565 mV|+2.5 mB ¥ +3.9 mB =
10 mv 16 mv
-2.0 -2 dB = 3177 mV|+2.5 mB ¥ +4.1 mB ¥
+9 my *15 mV
-3.0 -3 dB = 2832 my|+2.5 mB = [+4.6 mB ¥
+8 mv +15 mv
4.0 -4 dB T 2524 mV[+2.5 mB ¥ | +4.8 mB ¥
1 v *14 ay
-5.0 -5 dB ¥ 2249 my|+2.5 mB = 5.4 mB =
6 my +14 my
-6.0 -6 dB = 2005 my|+2.5 mB = | +6.0 mB ¥
+6 my 14 myv
-7.0 -7 dB ¥ 1787 mV|+2,5 mB ¥ | +6.3 mB ¥
5 my 13 mv
-8.0 -8 dB = 1592 my[+2.5 mB = | +7.1 mB ¥
+5 my +13 mV
-s.0 |I -9 dB ¥ 1419 mv[+2.5 mB ¥ |+7.0 mB T
4 my +13 my
-10.0 |-10 0 dB8 ¥ 4000 mV [+2 mB ¥ +11 mB =
9 my 52 mv
-20.0 [-20
-30.0 |-30
-40.0 |-40
-50.0 |-50
Figure 8-3 Table for checking partial errors
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Tune the SPM-11 to the send frequency fo of the

PS-10. Adjust the calibration potentiometer on the
SPM-11 so that the display is exactly 0 dB (reference
point).

Then increase the sensitivity of the SPM-11 by 40 dB.
Tune the SPM-11 to 2 x fo and 3 x f0 and read off
the intrinsic hammonic distortion on the meter,

Carry out measurement at f_ = 200, 1000, and
4000 Hz.

Error 1imit (e): <40 dB
Test setup error (m): +0.5 dB

8.6 ERROR LIMITS ON THE SEND
FREQUENCY

Required test equipment:

1 Universal counter PM 6614 Philips

Test setup:
Connect the output of the PS-10 with input A of the
counter.

Settings:

P5-10:
Output impedance :0Q
Level ; -0,0 dBm

PM 6614:
Frequency range : < 100 kHz
Resolution : 1 Hz

Set the frequency to be checked on the PS-10 and read
of f the value on the universal counter.

Error limit (e): for f = 800 Hz T +2%
for f = 200 Hz to 4 kHz : +3%
Test setup error (m): 1 4l Hz

Aligning 1 P 2 (at f = 4 kHz):
Using 1 P 2 set a freguency of 4 kHz.




The oscillator in the P5-10 is a function generator
that first of all produces a triangular signal which
is then passed through a shaper to give a gqood approx-
imation of a sine wave.

The frequency of the oscillation is solely detemined
by the control voltage which is fed to the function
generator. A constant control voltage is fed from the
frequency selector switch and a varying voltage from
the sweep generator. The latter voltage varies expo-
nentially with time. This means that the frequency
interval swept through per unit time is constant and
that the sweep corresponds to the logarithmic fre-
quency scale on, for example, the VDU (x-deflection).

9.1.2 LEVEL CONDITIONING

The level selector switch controls the electronic
switchover of three attenuators which reduce the level
in steps of 10, 1, and 0.1 dB.

In the setting "600 Q" a buffer amplifier generates
an additional gain of +6 dB. This is necessary because
when operated with Z . = IL = 600 Q, half of the

output power is dissipated in the PS-10 itself
(2 x 300 Q).

| Function Triangular/ . 5
J generator sine shaper 10x0.14d8 10x14d8 { 6x10dB .:
{ N ~ Ef.—l /9/,_. /Q/,. 000 | Output
| = p———C 200 Hz to 4 kHz
| u M l: i | -59.9 to 0.0 dBm
1
| 0/+6 d8 0 d ' [o-c 100 |
' holding |
[ | circuit |
I 008
—1 AA -1 —— C 3 —— ¢ —(
i L7ufF 2 —
Sweep generator e '
‘ (exponential) [
| 1 |
Frequency Level Battery
‘ selector selector Vglﬁigi ___.monitaring—_l{ On-of f-switch I
| switch switch g akon circuit [~
~1
L______A_ﬁﬁ______.i_ll 13
,'-E':\Zter--'naf"'I
a.C.
| adaptor/ V a.c. = 220V
Lcharger |
Figure 9-1 Simplified block diagram of the PS-10
9-3 9-4
9 FUNC ; % E # . S : D CIRCUIT 9.1.3 OUTPUT STAGE
LA The vutput stage is constructed from an inverting and
9.1 FUNCTIONAL DESCRIPTION a non-inverting amplifier. After these two components
OF THE P5-10 come two 300 Q resistors for power matching
—— {zout = zL = 600 @) and a capacitor which blocks
9.1.1 SIGNAL GENERATION of f external d.c. voltages, e,q, from the loop holding

circuit, from the output stage. The resistors and the
capacitor are by-passed by means of a switch in the
low output impedance setting ("0 Q"); in this case no
external d.c. voltage may be applied to the P5-10.

9.1.4 D.C. LOOP HOLDING CIRCUIT

This circuit presents a low impedance to d.c. volt-
ayes and a high impedance to a.c. voltages. This means
that the circuit will pass the current of a d.c.
holding loop (< 60 mA) without attenuating the a.c,
output voltage.

9.1.5 SUPPLY VOLTAGE

The PS-10 Level Generator is powered by two 9 V dry
batteries or by two NiCads., These are used to
generate a voltage of +6 V internally, i.e. 12 V with
a stabilised centre point.

The PS-10 is switched on and off by means of a single
pushbutton. This button is connected to a flip-flop
circuit. A time switch switches of f the PS-10 after
4 min when it is powered by dry batteries or NiCads;
when powered by an a.c. adaptor/charger this function
js disabled so making continuous operation possible.

A green LED flashes when then PS-10 is functioning.
If the battery voltage sinks below a certain
threshold, a red LED also flashes indicating that the
batteries will be flat in a short period of time. The
PS-10 switches itself off automatically before the
battery voltage sinks so low that the PS-10 would no
longer function correctly.
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ON OF

9.2 CIRCUIT DESCRIPTI
THE SUBASSEMBLTES

9.2.1  SIGNAL GENERATION

9.2.1.1 Oscillator

The triangular function generator works on the
following principle:

Comparator

S04:14

Figure 9-2  Operation of the triangular generator

A constant current is used to charge capacitor 1 C 6
alternately in one polarity direction and then the
other; a comparator switches over the charging direc-
tion at a voltage of +1 V or -1 V. The triangular
voltage, which can be measured at TP 5, is therefore
2 V peak to peak.
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If the input voltage increases linearly the output
voltage is as shown in the graph below (tanh
function)

|

vout

in

904:16

Figure 9-4  Input/output characteristic of the sine
shaper

When the input voltage is triangular and varies along
a suitable section of the above curve, the output of
the shaper is a good approximation to a sine curve.

Figure 9-5 Output voltage of the sine shaper
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In reality the voltage controlled current source in
realised by means of the op-amp 1 IC 2 with the tran-
sistor 1 T 5 and the resistors 1 R 40 and 1 P 2. The
control voltage passes via contact pin 25 and is re-
ferred to the voltage of +4.5 V at pin 24, and not to
a voltage of 0 V. The four transistors 1 T6, 177,
178, and 1 T 9 act as a switch for changing the
polarity of the charging device. The operational am-
plifier 1 IC 3/1 forms a control loop with 1 T 10 via
-1 T8, This control loop holds one of the terminals of
capacitor 1 C 6 at a voltage that is approximately
equal to the centre point voltage.

The second operational amplifier acts as a buffer
amplifier. Therefore 1 IC 4 is connected up as a com-
parator whose threshold is held at a value of 0.5 ¥V by
the resistors 1 R 53 and 1 R 54, As this voltage divi-
der is switched to +6 V or -6 ¥ by the output of

1 IC 4 the comparision is valid in both voltage direc-
tions.

9.2.1.2 SINE SHAPER

A differential amplifier is used as the sine shaper:

4 L

304:15

Figure 9-3  Basic circuit of the sine shaper
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The amplitude of the triangular not only detemmines
the amplitude of the sine signal, it also fixes the
magnitude of the odd harmonic distortion factors (k3,
k5 «us)e For this reason k3 is reduced to a minimum by
adjusting 11 P 4, The d.c. offset voltage of the tri-
angular signal determines the even harmonic distortion
factors (k2, K4 ...) on the other hand. The even har-
monic content can be reduced to a minimum by adjusting
the offset of 1 IC 4 with 1 P 5. Theoretically the
even harmonc content could be reduced to zero. The
small kink at the voltage peaks indicates that a
"natural"” amount of odd harmonics remains however.

The differential amplifier is realised with the tran-
sistor pair 1 T 12 and 1 T 12, Two additional emitter
resistors 1 R 61 and 1 R 64 produce current feedback,
and so optimise the approximation to a pure sinusoidal
signal. The original triangular voltage is divided
down to a peak to peak voltage of approximately 400 my
by means of 1 R 57 ad 1 R 60, the high-valued resistor
1 R 59 is an adequate current sink for the differen-
tial amplifier. The temperature dependent resistors

1 R59 and 1 R 66 compensate for the temperature re-
lated behavior of the base emitter diode in 1 T 12.

9.2.1.3 Frequency selector switch and sweep genera-
tor

The control voltages for the triangular signal func-
tion generator are referred to a voltage of +4.5 V as
was mentioned in Section 9.2.1.1. This reference volt-
age is generated by the operational amplifier

1 IC 1/1. The largest voltage difference of 1.8 V
(i.e. +2.7 V referred to the centre point voltage)
produces that highest frequency of 4 kHz. The control
voltages for the fixed frequencies are produced by
simple division via 1 R 18 to 1 R 28. These voltages
are fed through the rotary switch 1 51 and the slide
switch 1 § 2/2 to the control input of the generator.



9-9

The sweep should be carried out over the frequency
range so that equal time intervals give a logarithmic
frequency scale (on a display unit for example).

Veontrol (e 2)
«0.5Y | =25 Time
sy T U=

«
oy T 5
2

Figure 9-6 Control voltage at TP 2
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The capacitor 1 C 1 and the resistors 1 R4, 1 R 7,
1R9 and 1 R 10 are so dimensioned that the charge
and discharge times are both about 2 s.

The operational amplifier 1 IC 1/3 functions as the
comparator, which itself switches over the charge and
discharge thresholds via transistor 1 T 2. While 1 C 1
is charging, 1 T 2 does not conduct and the threshold
is fixed at about +4.25 V by 1 R 13 and 1 R 15. During
the discharge phase, 1 R 15 is short-circuited by

1 T2 and so the lower threshold is 0 V.

The control voltage at 1 TP 2 is divided down to the
generator control voltage by means of 1 R 11 and

1 R 12, as the generator accepts values between
+2.925 V and +4.410 V, or, referred to the reference
voltage of +4.5 V, values between 1.575 and 0.090 V.
This means the sweep limits lie between 3.5 kHz and
200 Hz.

9.2.2 LEVEL CONDITIONING

9.2.2.1 Level settings

The 0.1 level steps are realised by loading the out-
put impedance of the sine former (1 R 62, also see
Sec. 9.2.1.2) with the resistors 2 R 1 to 2 R 4. These
resistors can be connected together in various combi-
nations by means of the 4 way switch 2 IC 1. The
switch 2 IC 1 is controlled by one gang of the thumb-
wheel switch. The various combinations correspond to
BCD code,

The 1 dB level steps are realised by switched the
divider 2 R 9 to 2 R 18 via the multiplexer 2 IC 2,
whose inputs are selected by one gang of the thumb-
wheel switch in BCD code.

Like the 1 dB steps, the 10 dB steps are realised by
means of a divider, in this case 2 R 25 to 2 R 32. The
tapping points of this divider are switched by the
multiplexer 2 IC 5, The selection is carried out using
one gang of the thumbwheel switch; BCD code is used.
In switch position "-e" a positive voltage is applied
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THe sweep generator produces a signal like the one
shown in the preceding Figure with the following ¢ir-
cuit:

L5y
Comparator
R9

n:@

R7

- —
P2

B R10

0172 v

. control

19

El]:

Figure 9-7 Basic circuit of the sweep generator

904:

When the PS-10 is switched on or switch 1 § 2 is
switched over to the sweep mode, capacitor 1 C 1 is
discharged, transistor 1 T 1 comes on, and 1 C 1 1is
recharged via 1 R 4. The charging and discharging of a
capacitor is exponential with time, The charging cur-
rent decreases as the voltage across 1 C 1 increases.

When a threshold voltage is reached, the comparator
stops the transistor 1 T 1 from conducting and 1 C 1
is discharged by the operational amplifier via 1 R 4
and 1 R 7. This is also an exponential function of
time. The discharge current increases as the voltage
across 1 C 1. When the lower threshold voltage is
reached, 1 T 1 conducts again and the charging process
is repeated,
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to the base of transistor 1 T 11 which is located in
the triangular wave generator, while at the same time
the output stage of 1 IC 4 (triangular generator) is
connected to a negative potential, so interrupting the
oscillator.

9.2.2.2 Nzﬂut = 600 /2 e 0 Q" switchover

When the P5-10 is operated under matched conditions
with qut = EL = 600 Q, or in the switch position

zout = 0 Q the output voltage must be the same:
. When Iout = 600 @, half of

0dB=0.775 V, o .
the output power will be dissipated in the output im-
pedance of the P5-10, but this will not be the case

when zout = 0 Q. Therefore when the output impedance

is 600 § the output stage must deliver an output
voltage that is twice as high as the voltage when

Iout =0 Q.

The necessary gain switchover is carried out in the
level conditioning circuit. In the switch position
“Zo,t = 600 Q" (2 5 3) the base of the transistor

connected via 2 R 34 lies at a medium potential.
Therefore 2 T 1 is on, the switches 2 IC 9/3 and

2 IC 9/2 are closed and 2 IC 9/1 is open: the opera-
tional amplifier 2 IC 3 operates with a gain of

+6 dB.

When 2 S 3 is switched to 'zout =0 Q", the base of

2 T1 is pulled up to a positive potential by means

of resistor 2 R 33. This causes 2 T 1 to go off; the
switches 2 IC 9/2 and 2 IC 9/3 open, and switch

2 1C 9/1 closes: now 2 IC 3 is working as an amplifier
with full negative feedback and has a gain of 0 dB.

The resistor 2 R 24 and the potentiometer 2 P 1 are

connected between the amplifier and the following

10 dB attenuator. Together they cause an attenuation
of about 6 dB. The level of the whole instrument is

adjusted with 2 P 1.,



9.2.3 OUTPUT STAGE

The output stage is balanced and comprises a nonin-
verting amplifier (2 IC 10/1) and an inverting ampli-
fier (2 IC 10/2). As the gains are +1 and -1 the volt-
age between test points 6 and 7 is twoe times bigger
than the input voltage, which is produced by the level
conditioning circuit; when the output impedance is 0 Q
this is also true for the output voltage.

N.B. The balanced output does not float with respect
to the internal 0 V operating voltage!

When the switch 2 5 3 is in the position

qut = 0 @, the resistors 2 R 65 and 2 R 66 are con-
nected into the signal path and produce external d.c.
voltages, e.g. from a holding loop, from the output
amplifiers. In the switch position zcut =0 8, the

resistors 2 R 65, 2 R 66 and the capacitor 2 C 11 are
by-passed. Only the residual impedance of the switch
remains this is about 2 Q, the maximum possible value
is 3 Q. In this switch position no d.c. voltages may
be applied externally, the amplifiers are, however,
protected from destruction by external voltages by
means of the diodes 2 G1 5 to 2 GI 8.

The chokes 2 L 1 and 2 L 2 suppress the tendency of
the circuit to oscillate when capacitative loads are
connected.

The d.c. offset voltage of the output stage can be
adjusted to zero by means of the potentiometer 2 P 6.

9.2.4  LOOP HOLDING CIRCUIT

The holding circuit must fulfil two requirements: it
must present a low resistance to a d.c. holding cur-
rent of up to 60 mA and at the same time present a
very high impedance to a.c. signals so that the output
stage is not overloaded. The holding circuit behaves
approximately like an inductance of about 25 H and so
fulfils these requirements.
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9.2.5 POWER SUPPLY

9,2.5.1 Onfoff flip-flop and the time switch

The voltage from the dry battery or the NiCads and
a.c. adaptor/charger passes via the diodes 3 G1 1 and
3 Gl 3 which prevent damage to the circuit. The diode
3 G1 2 stops the battery discharging when the a.c,
adaptor/charger connector is short-circuited. Switch
35 2/1 (in the battery compartment) is open when dry
batteries are used because this type of battery should
not be charged.

The transistor 3 T 2 is switched through via 3 T 3 by
means of button 3 § 1. At the same time the ( outputs
of the flip-flops 3 IC 2/1 and 3 IC 2/2 go to +6 V¥ and
keep 3 T 2 open via 3 T 3, even if the button is re-
leased again. The () output of the second flip-flop

3 1C 2/2 therefore goes into its higher voltage state
because during the switch-on, a positive voltage is
applied to the S (set) input via the capacitor 3 C 3.
The capacitor 3 C 3 is discharged to the negative
voltage via the resistor 3 R 11 with a time constant
of about 0.5 s; therefore if button 3 5§ 1 is pressed
again after this time, the lower input voltage state
at the D input is transferred to the 0 output of

3 IC 2/2 because of the positive voltage at the Q out-
put of 3 IC 2/2 and at the CLK {clock) input f

3 1C2/2.: 3 72 1s blocked via 3 T 3 and so the P5-10
is switched off,

3 IC 1 functions as an oscillator and multiple
divider. The oscillator frequency is determined by

3 R 10 and 3 C 2 and has a value of about 33 Hz which
corresponds to a period of about 30 ms; the frequency

is divided down by a factor of 26 and so the fre-

quency here is egual to 33 Hzi?ﬁ = 0,5 Hz, at the
output Q 14 the frequency is divided down by a factor

of 214. The output of Q 6 is used to flash the LED
approximately every 2 s, 0 14 switches the PS-10 of f
via the D input of 3 IC 2/1, when it goes into the
lower voltage state, i.e. after approximately
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The circuit works in the following manner;

IR67

s- Ve

zm.l. l\f: 2R70

Figure 9-8 Simplified circuit diagram of the holding
circuit

904:20

If a d.c. voltage vin is applied across the points a

and b - the polarity is immaterial because of the
diode bridge - a current first of all flows into the
capacitor 2 € 12 via the high value resistor 2 R 67.
The greater the voltage across 2 C 12, V_, becomes,
the greater the input current accepted h§ the control-
led current source becomes. This means that the whole
circuit presents a low resistance to d.c. voltages.
However for superimposed a.c. voltages there is always
a high input impedance given by 2 R 67 = 3.3 M.

The differential amplifier comprises two darlington
transistors connected in cascade (2 T8 and 2 T 9).
The transistor with the greater power rating is used
as the controlled current source. The bias for 2 T 8
is reduced by passing via the divider 2 R 68 and

2 R 71 to the capacitor 2 ¢ 13. The current control
response s of the whole arrangement is determined by
current coupling via the resistor 2 R 69.
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13

30 ms x 214/2 =30 ms x 2! = 21% = 246 seconds

or. about 4 minutes,

9.7.5.2 Voltage and centre point stabilisation

The operational amplifier 3 IC 4/1 compares the
operating voltage, which has been divided down by
3IR25,3P1 and 3 R 24, with the voltage at re-
ference diode 3 G1 6 and controls transistor 3 T 5
correspondingly as a setting element. As 3 T 5 does
not conduct when the PS-10 is switched on first,
resistor 3 R 20 is required so that a voltage can
build up at the reference diode.

The centre point voltage is produced by means of the
divider 3 R 40 and 3 R 41, and is stabilised by
1 IC 1/4 which is part of a negative feedback loop.

9.2.5.3 Battery monitoring circuit

The unregulated supply voltage is applied across the
divider 3 R 28, 3 R 31 and 3 R 32, and is monitored by
the two comparators 3 IC 4/2 and 3 IC 4/3.

As a reference the stabilised centre point voltage is
applied to the inverting input of 3 IC 4/3. If the
supply voltage sinks below about 13.2 V its output
goes positive and switches the P5-10 off via the R
(reset) input of the flip-flop 3 IC 2/2.

A reference voltage is applied to the non-inverting
input of 3 IC 4/2. This reference voltage can be
switched over by means of the switch 3 § 2/2 in the
battery compartment because dry batteries and NiCads
have different charging, characteristics. If the
supply voltage sinks helow about 14.5 V (dry bat-
teries) or 17.0 V (NiCads), the output of 3 IC 4/2
goes negative and blocks transistor 3 T 6. This causes
the second red LED to flash every two seconds.
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