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INTRODUCTION

This handy universal counter with the designation FZ-4 is supplied with & digit
read-out. The self-contained buffer stage provides a flicker-free display of the
measured result and thus to a large extent permits low-fatigue, reliable reading. The
various measurement functions can be set by push button and give a wide field of
application.

The decimal point is shifted automatically so that the frequency is displayed over
the whole measuring range in kHz and the period always in ps. At high frequencies
frequency measurement has higher resolution and at low frequencies this is the case
with period measurements. Trigger error during period measurement is reduced by
averaging over 10.. .10 cycles.

The input (1 MQ Il 60 pF) incorporates a divider stage switchable from 1: 110 1: 10
so that it can be loaded with peak values up to 250 V. The input sensitivity is up to
5 MHz at 50 mV, up to 15 MHz at 75 mV and up to 25 MHz at 150 mV.

The trigger level is continuously adjustable according to switch position of the input
divider between £ 1V and + 10 V; with the rotary knob engaged it is close to zero-

axis crossing. Triggering itself can be switched from positive to negative trigger edge.

Apart from frequency and period measurement continuous counting can be carried out
with this instrument such as occurs during fixed quantity measurement (e. g. flow,
power, unit quantities, etc.). When measuring occurrences per minute (e. g.
revolutions per minute, etc.) the conversion factor (x 0.6) is fed in by push button.
The display reproduces according to measuring time selected a decadic part of the
occurrences per minute to be measured.

All functions listed above can be set on the front panel and also remote controlled
via contact boards on the back of the instrument. In addition other functions can be
performed by means of these rear connections, such as for example the input of a more
accurate frequency as substitute for the internal standard frequency, measurement of
frequency or pulse ratios, measurement of pulse duration or time intervals, summation

of individual results, stop watch operation and output of periodic time signals.



Connections on the back also permit data output to a recording unit, that is to say
parallel in BCD code 8-4-2-1 in negative logic. With a special adapter connection
to the digital output complies with the Wandel und Goltermann Works standard for
instruments with recording output. It is thus possible to connect the printers customary

in the ANDIMAT 3 system direct.

Cables are available which have BNC connectors at both ends. It is possible to convert

the instrument for fitment in 19" racks with suitable fitting components.
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TECHNICAL DATA : FZ -4, 6digit

Unless otherwise stated the values are valid for the rated operating AC line voltage and temperature
immediately after switching on.

MANUAL AND REMOTE CONTROLLED OPERATING MODES, ranges and error limits

FREQUENCY MEASWREMENT, measurement input

Measurement range . . e e A A e . 2Hz to 25 MHz
Measurement time, selectcble manuc“y e e L e T 10 s, 1s, 0.1s, 10ms
also programmable externally . . . . . . . . . 1ms, 100ps, 10 H‘s
Efrorzlimits = ool gil i Ll e e e s e et TdigifE = @
Readwout . . . . . . . . . . . . .+ o . « o . . inkHzwithdecimal point

PERIOD MEASUREMENT, measurement input

Frequency tange sk o a s e e e T e e NS SO H b 2501k H
Meastrement tile™ o oo e Lol oG o a e e e e . leycle
Error limits . . iR e e S e e 'l dlglfiQ NiT12)
Interval of counting pulses e s B SR e e te LS
Read-out as ca o i e e e e S iR s w1rh decimal point

MULTIPLE PERIOD MEASIREMENT, measurement input

Frequencycrange (.. —on i Sh T s e e e . . 2Hzto 15 MHz
Meosursment time . v 0 e s e ol wiel e PR 10 102, 103, 104 cycles
Error limits . . G o e S N S ] dlglf Q712 /number of cycles
Interval of counting pu[ses e S . s e
BogdedBE & o0 0" ai & & wt s mTEieEbe W e ey w1 ps wnh decimal point

MEASUREMENT OF OCCURRENCES PER MINUTE, measurement input

Measurement range & .- utk s S B s s o e N 1 Ol 107 occurrences per minute
MeasuremenbHime: o0~ i ool e s e e e e s e e et e 0565568
Ervoe lmit- o« o W v e e e e o eitEaEd] dnglt Q)
Read=outi oy mn giieni ol s+ Bhl SR S in 'IOO occurrences per min.; 10 occurrences per min.

CONTINUOUS COUNTING, measurement input, (read-out memory switched off)

Counting range Eaiie ol ce i o s i e e e R N 09 99.999
Counting frequency. « = » = = = o = 4 aiw e o e oo 01025 - 100 pulses/s
Error limits . . P e B e R e T . . =1 digit
Totalizing and affenuahon R el e e . . remote-controllable
smartandstop. « o o = v o e e s ow e e e wow mcnucl and remote-controllable
TEST The internal standard frequency is connected to the counting input. It ispossible to test

frequency measurement, measurement of occurrences per minute and period measurement.

1) Q = Error of standard frequency used

2) T = Error caused by inaccuracy of the trigger threshold (= 0.5 mV refer to the input). The resultant
measurement error depends on the slope of the voltage rise at the trigger point, i.e.inthecase
of sinusoidal measurement voltage the error reduces with rising frequency and amplitude.



1.2.%.
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1.4.

1.4.1.

1.4.2.

1.4.3.

EXCLUSIVELY REMOTE-CONTROLLABLE OPERATING MODES, ranges and error limits

FREQUENCY RATIO MEASUREMENT, measurement input and ®Ext. oscillator® input

2 Hz to 25 MHz
. 100 Hz to 5 MHz
= 1digit+T2)

Frequency ranges f (measurement input)
fn (Ext. oscillator™ |npur)
Error limits SeEE AR L

PULSE DURATION MEASWREMENT, TIME INTERVAL MEASWREMENT,
measurement input or ®Start/Stop® inputs

Measurement time when using the 1 MHz frequency (1 ps resolution) 10725 to 2s
when using the 1 kHz frequency (1 ms resolution) 2 10-3s to 2000s

Error limits measurement input . . + 1digit£ Q NtT12)
"Start/stop® input 2 =1digit=Q 1)

MEASUREMENT INPUT (Front panel)
Cable plug %
Frequency range .

BNC jack No. 31-221
. BNC No. RT 51-111
2 Hz to 25 MHz

Input sensitivity with smusmdﬂl volfoge Ueff to 5 MHz =50 mV
to 15 MHz =75mV
to 25 MHz £ 150 mV

Input sensitivity with pulse shape volfcge Uss and pulse width Z 20 ns
. o «3.5V; rrxgger level at optimum setting - 200 mV

Trigger level O (preset)
Trigger edge, switchable

. posmve or negative

Input attenuater . 'x 1' = 1 1 x 10" =1:10
Input voltage U= +U; . . s o o mox. 150V max. 250 V
Uetf from 2Hz to 500 Hz ¢ e max. 0V max. 250 V

wpto25MHz . . . . . mox. 20V max. 200 V

Input resistance - 1TMQ1I60pF . < TMQII 35 pF

with over modulation .

Trigger level continuosly adjustable

CONTACT BOARD A (back panel)
Remote control .

Multi-point connector for cbove

"EXT. OSCILLATOR*® INPUT, contact D

Frequency range .
Minimum pulse amplnfude U
Maximum pulse amplitude Uss

>upprox 3 V: 500 kQ 1l 2200 pF
approx. +1Vito-1V .

>cpprox 30 V: 1 MQII100 pF
. approx. +10 Vio- 10V

Contact board 2 x 22 pole

F 0532 Part No. 242204442252 (volvcg

. 100 Hz to 5 MHz

} any position between

-5Vand +5V

Input impedance . 2kQ
PEXT. COUNTER FREQUENCY™® INPUT, contact B; signal level see 1.6.

Frequency range . 0to 15 MHz
Edge steepness L <lps

TIME BASE OUTPUTS

Operation with internal standard frequency
with additional programming

Operation with external standard frequency .
with additional programming

1) Q = Errof of standard frequency used

. 1 MHz, 100, 10, 1 kHz

. 100, 10, 1, 0.1 Hz
10, £/102, £/103

L£/104, /f’/w{]/moé £/107

2) T = Error caused by inaccuracy of the trigger threshold ( 0.5mV referto the input). The resultant
measurement error depends on the slope of the voltage rise at the trigger point, i.e. in the
case of sinusoidal measurement voltage the error reduces withrising frequency and amplitude.

- = G A S YV, G o I G -GN



1.5.

CONTACT BOARD B (back panel)

Digital output . . ek e
Multi-point connector for above

DATA OUTPUT, signal level see 1.6

Code . «
7 digits, "over rcnge slgncl cnd dec:mal pomts .
Digit content 10 G fs

(over range) .

RECORDING INSTRUMENT CONTROL; signal level see 1.6.

Recording instrument trigger, negative (0 1- O) pulse
Recording instrument inhibit
Counter inhibit (from recording umt)

PERIODIC TIME SIGNALS

Pulse interval

SIGNAL LEVEL, negative 5V logic (TTL)

Inputs low (1-signal)
high (0-signal)
Outputs low (1-signal) -
high ( —sngncl) at 50 ,uA Ioad
Pulse duration .

INTERNAL STANDARD FREQUENCY
Frequency at +23°C and 60 min after switch-on

Long term instability - . - per year £ 2 - 10'6'
Temperature dependence in mfed temperature range related to + 23°C
Average temperature dependence in rated temperature range per °C
Voltage dependency in rated line voltage range .

READ-OUT

Result display .
Read-out storage .
Storage capacity .
Read-out time with cufomof:c reset
with remote control .
Over range read-out with over range = 1 .
with over range 2 2 .
Gate-open time .

Tor2-10-7.,

. Contact board 2 x 22 pole
F 053 Part No. 2422044 42252 (Valvo)

- BCD 8-4-2-1

parollel on 32 conductors

o ey Sl
P T N

- typical 250 ps

T-sngnal whilst gate open

by 1-signal

Tor2-106...10%s
.104min

. Oto+0.8V
+2.0Vto+5.5V
Oto+0.4V

- +2.4Vto+5.25V

->30ns

-1 MHz £1Hz

- perweek =3 - 107

£10. 107
2£5% 107
10-6

max. 1999999 with point
remote controlled switch-off

. max. 7999999

unhl nexf mecsuremenf completed

.optionally extendible

"over range" lamp is on
» "over range® lamp flickers
4 Gcfe Icmp remains on as long as gate is open



1.10.

GENERAL DATA

Line voltage (selectable by soldering) rated value, BN 597/2 .
BN 597/3 .
Rated service ranges, BN 597/2

.10V, 220V
. 120V, 240 V

L9V 10121V, 198 V 1o 242 V

BNISo7/A s e 106Vr0130V,213Vf026'(V

Line frequency, rated service range
Power consumption

Ambient temperature, rated service range for operation .
for storage
Dimensions w x h x d in mm .

Weight

PART NUMBERS

6 digits, 110, 220 V.
6 digits, 120, 240 V.

ACCESSORIES

19" installation kit for 1 FZ-4 unit
for 2 FZ-4 unit .

Adapter for remote control (with 50 pole amphenol |cck) 2
Adapter for data output (with 50 pole amphenol jack; connection comphes

with the W. u. G. Works Standard for measuring

instruments with recording output) . e
Programme card (with 2 HF inputs BNC) .
Connecting cable (HF plugs BNC on both ends) 50 Q 1 m long

or75Q, 1 mlong .

Subject to modification without notice

45 Hz to 66 Hz
. approx. 25 W

+5°C to +400C

.-40°C to +70°C

142 x 80 x 220
. approx. 2 kg

. BN 597/2
. BN 597/3

BN 597/50
BN 597/51
BN 597/52

BN 597/53
.BN 597/54
K 76
K 80

L

R N e V. e

am = e



Displays

A
/A \

Overflow Gate open  Readout tubes  Trigger slope  Input atten.
GL 202 GL 201 Ro 201...206 S 301 S 303

Trigger level
P 302

"'?fj;] Universalzahler /] COUNTER FZ-4 Pegel /LEVEL ,~
D sichuins 0 Germany  2Hz..25 MHz 0

l

Flanke Teiler
MeBzeit 7 TiIME  Perioden| Zahlen SLOPE  ATTEN.
t/kHz f=d0s  1s COUNT f Null
- @B
S 101 $302/7 | S 302/9
$302/1 Time/ cycles S 302/8 Meas. input
S 302/2...302/6 Bu 301

Fig. 2-1 Universal Counter FZ-4, front view

Fig. 2-2 Universal Counter FZ-4, rear view
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OPERATION

Installing the Unit

The Universal Counter FZ-4 should be operated at ambient temperatures between
+5°C and +40°C. Suitable ventilation should be ensured inside the meter structures,
above all in the case of rack installation so that the supply air to the instrument does
not exceed this temperature range. To ensure cooling by natural air circulation the
instrument should be operated in standard position (front panel inclined up to 30°
from the vertical), the ventilation openings in base, cover and side panels should be

kept free.

All operating and display devices as well as the measurement input are located on
the front panel. The connections for line, remote control and printer are on the back

of the unit. See Figs. 2-1 and 2-2 together with the section below.

Connecting the Unit

Line connection

In accordance with Order specification the counter is supplied either for 220/110 V
or for 240/120 V line voltage. Re-soldering from 220 V to 110 V and vice-versa for
one model and from 240 V to 120 V and vice-versa for the other model is described

in section 5.2.

Connection to line is by means of the line cable permanently connected to the unit.
In accordance with protection class | as per VDE 0411 the non-fused earth conductor
of the cable is connected to the case so that the latter is at earth potential when the

unit is connected.

Measurement Input

The measurement input on the front panel takes the form of @ BNC jack. Details of
the input and permissible input values can be found in the Technical Data. An

additional earthing jack is provided on the back of the unit.

2-3
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2.2:3.1.

2.2.3.2.

2-4

Control Inputs and Outputs, Digital Qutput

On the back of the unit are located the 2 x 22 pole, gold plated contact boards A
and B. Adapters are available for both output which provide for connection to 50 pole

Amphenol jacks. (For jack connection of contact boards see 4.3.).

Control inputs and outputs

At contact board A are located all inputs and outputs for remote control as described

in section 3.1.

Digital output with negative logic (recording instrument output)

Connection of a recording instrument is at contact board B. When using the above
mentioned adapter connection of the Amphenol jack complies with the Wandel u.
Goltermann Works Standard for measuring instruments with recording output. The data
is parallel, BCD coded with negative logic, that is to say there are 7 digits with the
6 digit counter, whereby the 7th digit (which only appears in readout on over range)
still provides the numbers 0...7.

In addition an "over range™ signal is available for example for ribbon changeover

or for recording a special symbol and signals for the individual decimal points. Thus
it is possible either to represent the decimal point itself or to record the appropriate
measuring range coded. If the decimal point leads are incorporated in the printer
cable, the latter should be a maximum of 0.5 m long, otherwise a length of up to

2.5 m is permissible.

The following printers supplied by Messrs. Kienzle !) can be connected direct to the

digital output of the FZ-4 (when using the adapter with a standard printer cable):

Tape printer D 44 E n-W (Table unit)
Tape printer D 44 G n-w (rack slide-in unit)
Spring balance printer D 44 SW n-w

Recording units with different logic and/or different code and interrogation system
require an interface for connection to the FZ-4.

Section 3.3. gives information on the signals for recording unit control.

1) Messrs. Kienzle Apparate GmbH. 722 Villingen-Schwenningen

i eI N R o

= il N | W,



2.3.

2.3.1.

Operation

Controls

The controls for manual operation of the universal counter are located on the front

panel, they are illustrated in Fig. 2-1 and described below.

"Line" key (S 101)

The unit is switched on and off by means of the "Line™ key. It is ready for use

immediately. Reset of the storage is combined with switch-on.

"Reset ™ key (S 302/9)

All storages are reset when this key is operated. A continuous measurement is

interrupted.

"Trigger slope ™ slide switch (S 301)

According to the position of the "Trigger slope™ switch the counter responds to the

positive or negative slopes of the signal at the measuring input.

"lnput attenuater™® slide switch (S 303)

According to the amplitude of the input signal the attenuater switch should be set
to "x 1"or ™ 10". In the "x 10® position the values given in the Technical Data
under input A for input sensitivity andadjustable trigger level range are increased

by 10.

"Trigger level " adjuster (P 302)

The trigger level potentiometer has at its left-hand end a position of engagement in
which triggering takes place near the zero-axis crossing (approx. 50 mV). If the

potentiometer is disengaged it can be continuously adjusted between left and right-
hand stop, that is to say on attenuater setting "x 1™ adjustment of the trigger level

from approx. - 1 Vto +1V and in the "x 10® setting from approx. -10 V to +10 V.

2-5



2:3:2.

22935

2-6

Digital read-out and display lights

The digital read out has 6 digits. The numerical value of the read-out (without

taking into account the decimal point) corresponds to the number of pulses entering

the counting decade during the measurement time. Whether and in what position the

decimal point appears depends on the operating mode and measurement time. The

measured frequency is basically displayed in "kHz"®, the period in "us".

The measurement result is read-in after completion of the counting operation, display

remains readable until conclusion of the subsequent measurement.

If more than 999 999 pulses pass into the counting decades, the highest digit of the

result will be outside the range of the digital read-out. Single over range will cause

the "over range® light (GL 202) to burn continuously, in the case of two or more

over ranges it will flicker (except in the case of continuous counting). In the

"frequency measurement® operating mode, except for 10 ms measurement time, read-
Y P g P

out of this digit can thus be indicated as 0.1 or ®over range™.

The "gate open™ light (GL 201) burns during the gate-open time, that is to say
during the measurement time of the counter.

Manual Operating mode selection

The following operating modes can be selected with the keys on the front:

Frequency measurement Occurrences per minute
Period measurement Continuous counting
Test

In view of the low measurement error and the shorter measurement time frequency
measurement is recommended at high frequencies and period measurement at low
frequencies (see also Fig. 3-26 and 3-27).

A conversion table period === frequency is given in the appendix.

For some operating modes several keys habe to be depressed; mutual releasing keys

can be engaged by depressing at exactly the same time.

= M N - V. B O Tl N o



2.3.3.1.

Frequency measurement "f/kHz"

If of the operating mode keys only 1 of the measurement time keys S 302/2...5 is
depressed, the unit measures the frequency of the signal at the measuring input during
the selected measurement time with constant repetition.

For this purpose the input circuit derives pulses from the measurement voltage which
pass to the counting decades during the measurement time and are counted there. The
measurement time (gate-open time) is derived from the internal standard frequency

of 1 MHz by decadic frequency division. The resultant gate control pulses with
decadically stepped intervals of 10 ms... 10 s are evaluated so that the Ist pulse
opens the gate and the subsequent one closes it again. At the end of each measurement
process the counter result is transferred from the counting decades to the storage and
displayed. It remains legible until the end of the subsequent measurement. The
selected measurement time determines the position of the point so that display is
always in "kHz". During counting the connection between storage and counting

decades is broken so that the actual counting process is not visible in the display.

4| & b 108 ] 104 — 103 | 102 — 10" | 10°

|
Gr_dl - j‘c.é 1 1 1 1 1 1

Fig. 2-3 Universal Counter FZ-4 in ®*Frequency measurement® operating mode



2.3.3.2. Period measurement -]_F/ ps ®

To determine the period of a signal at the measuring input depress key S 302/1. In
addition the required number of cycles should be selected with one of the keys
$302/2...6.

The number of cycles for gate control is derived in this operating mode from the signal
to be measured by connecting the measuring input to the divider chain. This provides
gate opening times over 1...104 cycles of the signal to be measured. Whilst the gate
is open the 1 MHz standard frequency pulses pass to the counting decades. Each pulse
corresponds to a time unit of 1 ps. The selected number of cycles determines the
position of the point so that display always indicates the duration of a cycle. (Change
of scale see 3.1.2.1.).

If it is desired to measure the period of frequencies >250 kHz, the single cycle
measurement should be averaged at least over 10 cycles and >5 MHz at least over
100 cycles (see also section 3.3.5.).

As in the case of frequency measurement the result is read-in at the end of each

measuring operation and remains legible until the end of the subsequent measurement.

Display,

e { e 1 103 |1 10% — 103 —{ 102 |—{ 10' |— 10°

Counting

decades

TMn:iiJEHg > D B II_L

Cycles

1 MHz

Fig. 2-4 Universal Counter FZ-4 in "Period measurement™ operating mode
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a
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2.3.3.3.

2.3.3.4.

2.3.3.5.

Measurement of occurrences per minute (rpm, etc.).

If in the "frequency measurement™ operating mode the key S 302/6 marked "x 0.6"
is depressed at the same time as the measurement time key this will produce the
measurement times multiplied by 0.6. The table below gives details of the relationship

of measurement time keys, measurement time and magnitude of read-out:

Measurement time | Measurement Read-out
keys depressed time
10s 6s x 10/min
Ts 0.6 0.6s x 100/min
0.1s 0.06 s x 1000/min
10 ms 0.006 s x 10000/min

Continuous counting

This simple counter operation is controlled by the *Start™ and "Stop® keys. Operating
the start key opens the gate. The trigger pulses of the input circuit pass to the counting
decades and as with this operating mode, storage and counting decades are constantly
connected to one another, via the storage to the read-out. That is to say the counting
process can be observed in the read-out. Only when the stop key is depressed and thus
the gate is closed are the counting decades separated from the storage and reset. The
result remains in the storage and is displayed until renewed tripping takes place by
means of the start key or operating the reset key return the storage and display to

ZEero.

Test

It is possible to check the function of the counter in the operating modes "frequency ™
and "period measurement™ as well as "occurrences per min®. It is not possible thus to
check the internal standard frequency, as during the test it is applied at the measurement
input and also controls the gate. To carry the test out the keys necessary to select

the functions and the stop key must be depressed simultaneously. The FZ-4 then
constantly carries out measurements in the operating mode set and produces the

following read-out :

2-9



2.3.4.

2.3:4.1.

2-10

Measurement time

key depressed Frequency Occurrences per min. Period
Maasoring | Nember of measurement Measuring
time cycles f/kHz x 0.6 1/f/ps
10 ms 10 01000.0 006000 00001.0
0.1s 100 1000.00 060000 0001.00
1s 1000 ® 000.000 600000 001.000
10s 10000 ® 00.0000 @ 000000 01.0000

® "over range® light burns continuously; @ "over range" light flickers

During period measurement the still measurable frequency during 1 cycle remains

at 250 kHz, so that at 1 MHz there is no utilizable read-out.

Standard Frequency

The universal counter FZ-4 operates at an internal, quartz controlled standard
frequency of 1 MHz. It can be switched off when an external standard frequency is
passed to the counter. At the same frequency value the front panel labelling remains.

valid, if this is not the case the measurement times must be multiplied by the factor
int-fn

=i As regards accuracy it is only necessary to insert the figures of external
AN

standard frequency in the Technical Data.

Ovutputs of internal standard frequency

The internal standard frequency of 1 MHz is available at contact 16 of contact board
A even when an external standard frequency is fed in.

During operation with internal standard frequency the derived frequencies of 100 kHz,
10 kHz and 1 kHz are available at contact 18, 19 and V of the same contact board.
If in addition contacts 2 and 14 of contact board A are connected together, the
divided frequencies 100, 10, 1 and 0.1 Hz are then present at outputs 7, 9, 8 and
A. (See also Fig. 3-1).
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2.3.4.2. Inputs and outputs for external standard frequency

An external standard frequency can be fed to the unit via contact D of contact board

A. For this purpose contact 20 must remain connected to contact 14 of the same board.
The divided frequencies f_ /10, f, /100 and f, /1000 are then available at contact

18, 19 and V. If in addition contacts 2 and 14 of contact board A are connected together,
the divided frequencies fn/'|04, Fn/105, fn/'lO6 and fn/107 are then available at
outputs 7, 9, 8 and A (see also Fig. 3-1).

2.3.5. Sequence of operation
Below is given a simple schedule for sequence of operation:

Depress Line key,

Engage trigger level at left-hand stop,

Set input attenuater to "x 10%,

Apply measurement signal to measuring input and
depress required measurement time key(s)

If no display takes place

or if it is not positive:

set input attenuater to "x 1".

If the "over range™ light comes on, a shorter measurement time or a smaller number
of cycles should be selected until the read-out displays even the highest digits of

the result.
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NOTES ON MEASUREMENT

The FZ-4 unit operates with TTL circuits. Accordingly one should only apply
signals to the inputs at the rear which supplies for the signal levels given in 1.6.;

in the case of input "external oscillator™ see 1.4.1.

In the following sections it will be shown how the control jack (contact board A)

should be connected for remote control of the unit. A cable no longer than approxi-

mately 1 m can either be connected direct via the appropriate multi-point connec-

tor or via adapter BN 597/52 (with 50pole Amphenol plug) to contact board A .
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Fig. 3-1 Connection to contact board A (bottom board at the back) =
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A further possibility for controlling the unit is offered by programming board BN 597,/54.
All connections indicated in the programming examples below by a figure in ca circle
can be made on the programming board by using a short circuit plug for this number

as shown in Fig. 3-2. To keep short circuit plugs not required in a safe place, they

are plugged in at 2 jack points at right-angles to the direction of programming which

are visibly connected by a circuit track (e. g. 1-2, 3-4...).

: LA -
e,

3 g“ © o :‘g i

L i
Ext. counting Ext. oscillator

frequency

Fig. 3-2 Programming board BN 597/54, plan view

In addition the inputs "external oscillator ® and "external counting frequency™ are
lead out to BNC jacks on this board. The programming board can be screwed on to
the unit back panel in plugged-in condition by means of 2 metal brackets (see Fig.
3-2/1). This also applies to the other adapters.

Fig: 3-2/1 Attachment to the back of the unit.
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No. of cycles 1 )2'—-{3 ——'
No. of cyc. 10/meas. time 10ms )“—-{_3 I
No. of cyc. 100/meas. time 0.1s )i!—-{i‘ l
No. of cyc. 1000/meas. time 1 )5:—_-{2 |
No. of cyc. 10000/meas. time 10s )6——-{§ i
Counter reset off )]O:—-{g '
Switch off meas. interval 12 I : l
Counting stop }13 | LS |
Measurement time x 0.6 )‘7'—-{ 1 i
Ext. oscillator on }zoi 17 16 i
Period measurement )21——{}1-8 .
Trigger slope + }22—:———{#9 I
Input ext. counting frequ. }B— 37 |28 | 30 L CRE R L LR e R
Without storage )%_—.‘.l i
Input ext. oscillator }D | 40 427 i
Time meas. during O-cond. )M—.M |
Reset counter inhibit-MF )NI—-{¥§ |
Counting start }P I 12138 |
Gate control T l e 1 32 3L 135 .
Counting inhibit )U:ﬂ-{}g’ !
Ext. counting frequency on }X | 2L 2‘29 l
Inhibit int. count. frequency >Z|.—_032 i

B0 i I B R sl o
; /AL

Fig. 3-3 8u 102 man i anpufs?m
Arrangement on the ov Count. Ext. Ext. co —
programming board BN 597/54 (Ground) Start/Stop oscill uency
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Remote control

With the exception of the trigger level and the input divider, it is possible to remote
control all functions of the unit selectable on the front panel. On the front only the

line key should be depressed and the slope switch set to "= ".

Selection of a function or operating mode is effected by connecting the corresponding
contacts on the contact board A to 0 V (ground), that is to say contact 14 of the
same board. For example contact 22 should be connected fo 14 in order to
switch the trigger slope to " +% and W to 14 in order fo reset. (Signal duration

see 4.3.).

Frequency measurement "f/kHz", occurrences per min.
7

According to the required measurement time make the necessary connection. The

connection 14 /17 is only necessary for the measurement of occurrences per min.

(see 2.9.8.3.).

10ms
0.1s %P il
1(1)2 ng x_o._é_T
y | 7 ®
I Y W O 7 I\%
A
SRR e S I e R ST
Fig. 3-4

Frequency measurement at shorter measurement fimes

If with the 6 digit counter at frequency measurements = 10 MHz the highest digit
should appear in the digital display instead of in the "over range® display, or if
the digits of the lowest positions are inaccurate (no stationary read-out), then the

measurement time can be shortened to 1 ms or if necessary also fo 100 ps or 10 ps.



3.1.1.2.

) v ‘vv ‘
75 O R |“~|}| [ |‘8119!20121§

7 0 ) I 5 2 R S e R R R R I e T
=

Meas. time | Read-out in The diode OA182-T[@| ns | ®

A

s kHz is already includ- ijo[I]us ®
100 ps 10 kHz ed on programming {pys

10 us 100 kHz board 597/54
Fig. 3-5

As a result of connecting the output of the divided standard frequency to the "gate
control ® input its pulses alternately flip the gate flip-flop to operative and rest
position. The gate itself is only opened however when simultaneously one of the
measurement times or cycle numbers is selected. Cycle No. 1 is particularly suitable
because as a result no additional pulses pass to the gate flip-flop. Lock-out of the
counter between two consecutive measurements is obtained with the signal "counter
inhibit" by its preventing entry of the internal standard frequency into the time base

divider via the input "external oscillator on™.

Frequency measurement with longer measurement times

Longer measurement times can be obtained by input of an external, that is to say

lower standard frequency than the internal one.

Ext. oscillator on
' @ }
e T e o e ki

Alllgll]ll!lllllliil[llz

“=— Input ext. oscillator

Fig. 3-6

In order to obtain the true measurement time the selected measurement time should

internal standard frequency 1 MHz s

be muttiplica byithe Feduenoy il Frequency of ext. oscillator in MHz *

result by the reciprocal ratio so that it is available in kHz.
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3.1.2.

3.1.2.1.

3-6

Period measurement ]T/ps'

The appropriate connection should be made according to the required period number.
1

10 4@(
102 A@
103 @
104 =G 1/f
v y + v © i/ ‘
vielsalele 1 [T [ el o] (-] aes

Fig. 3-7

Single cycle measurement with modified resolution

In the case of single cycle measurement without additional programming, the internal
standard frequency of 1 MHz is entered. Thus in the case of the 6 digit counter the
maximum read-out is 999 999 ps, the corresponding frequency approx. 1 Hz. In the
case of pulse shaped voltage it is possible to measure up to approximately 0 Hz. In
order not to "over range® at frequencies of 1 Hz and above all in order to eliminate
the last, usually uncertain digits from the read-out, it is necessary to enter at a lower
counting frequency. This can take place with a frquency derived from the 1 MHz
frequency by connecting either the 100 kHz, the 10 kHz or the 1 kHz output to the
"external counting frequency ™ input. With 2 further connections this input will be
released and the internal counting frequency switched off. Fig. 3-8 illustrates this

additional programming and gives the modified unit of measure of the read-out.

Ext. counting freq. on
100us
[ 10us D

=%

[
3 5 R 00 i B e e e R e R I R T T
Al?l BElE e !JLI I\{I [x]|1z]

Input ext. counting freq. ® ms @

A

Inhibit int. counting freqency

Fig. 3-8

Wi D GNP GEB G

= M N N W,



3.1.3. Continuous counting

The method of operation is identical to that described under 2.3.3.4. Manual operation
is replaced by the following connection of the remote control inputs.

Stop

[

T=¢ g‘g Sfarf——(——/ Start
1314 AN
A E)% Sfop——c———/ Sfop
Jeaiie i o] £z e
?
Fig. 3-9 Start
3.1.4. Frequency ratio measurement, Pulse ratio measurement

The Universal Counter FZ-4 can determine the ratios fx : for £« f, from two
frequencies passed to it as unknown frequency f, and as known frequency f, . This
method of measurement is advisable if for example in a test department there is a

large number of oscillators to be balanced to a certain frequency. Using the ™frequency
measurement® operating mode every digit of the result read-out must be checked,
which easily leads to reading errors.

Ratio measurement makes it possible to connect an ‘oscillator of the required frequency,
e. g. 261.94 kHz to the "external oscillator input and to connect the oscillator to

be balanced to the measuring input.

If in "frequency measurement'operating mode the measurement type key "0.1 5% is
depressed, or correspondingly programmed, then the actual measurement time will
embrace 10° cycles of the external standard frequency instead of the internal 1 MHz
frequency. When the osicllator to be checked is balanced, 10° cycles must also fall

in the measurement time (f, : f, = 1: 1). This will give the read-out 1000.00. This

result can be read-off simply and without errors.

3.1.4.1. Ratiof_:f
x''n

This ratio is displayed by the counter when a measurement time is selected using the
"frequency measurement” operating mode and the input is cleared for the external

oscillator.

3-7



10ms

0.1s ©
1s @c
10 ® Ext. osc. on
¥ @ / @
R S e e T R e "
IR R T BT

~¢=— Input ext. oscillator

Fig. 3-10

The table below gives information on the "read-out filling® frequency ratio for the

individual ®"measurement times™.

Measurement time fx : Fn Read-out (£ 1000;&-) T max])
selected n
10s 1:100 10.0000 50 kHz
1s 1:10 100.000 500 kHz
0.1s 1:1 1000.00 5 MHz !
10 ms 1021 10000.0 25 MHz =

3.1.4.2. Ratio fn: fx

If period measurement is selected instead of frequency measurement, the ratio f, : £
will be displayed. In this case the following connection should be carried out. The
cycle number and period measurement can either be programmed in accordance with

Fig. 3-7 or selected on the front panel.

fn/]o
@

Ext. osc. on

R R R TR SRR R DR O
NENEEE N R T R A

D

i ‘
A

! Ext. counting freq. on

1

I

S
i | A W .

t. oscillat = -
GpC el Inhibit int. counting freq.

Input ext. counting freq,

Fig. 3-11

1) This frequency limit for fx résults because a maximum of 5 MHz is permissible for
fn at the "external oscillator™ input.

JdER NN



315,

If - as mentioned at the beginning, the external reference frequency f. is present
at the "external oscillator® input, it should be noted that it will pass into the counter
as fn/10 in accordance with the programming. The correspondence of selected cycle

number to the "read-out filling® frequency ratio f,, : f, should be taken from the table

below.
iR | Y fmax
X

104 1021 10.0000 50 kHz
108 103:1 100. 000 5 kHz
102 1041 1000.00 500 Hz
10 105 :1 10000.0 50 Hz
1 10%: 1 100000 5 Hz

Basically the maximum permissible frequencies for the various inputs should be noted

as stated in the Technical data.

Pulse duration measurement

The FZ-4 unit measures the duration of the high or low condition of individual pulses
or of pulse sequences with decadically stepped resolution between 1 s and 10's.
Measurement is repeated as long as the condition to be measured is present at the input.
In the case of chattering contacts it should be noted that the counter only starts to
measure after the end of the chatter, as with each chatter pulse it closes the gate and
is reset. As the result is only stored in the measurement interval, the programming
described under 3.1.5.1. is only suitable, however, if the interval between 2 measure-
ment operations is adequate for reading (approx. >1s). During the gate opening time
the storage function is switched off and the counting process is visible in the read-out.
If the measurement interval, i. e. the time for a reading, is too short (approx.<1s),
it is advisable to use the programming described under 3.1.5.2. |t is suitable for
measurement of the high or low condition of rapid pulse sequences or for half cycle

measurement .

1) This frequency limit for fy results because ¢ maximum of 5 MHz is permissible for
fn at the "external oscillator™ input.
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Pulse duration measurement Half cycle measurement

‘_J\/f\\/

Half cycle

High condition

High (0) l/\
neg. pos.

ulse ulse
Low (1) 2 .

Low condition

Fig. 3-12

Measurement interval >1 s

If the pulse to be measured complies with the data given under 1.6., it can be

applied to the "count start” input. The "count stop® input is connected to chassis.

With this programming the FZ-4 measures the duration of the low condition of a pulse.

The high condition is measured when the "time measurement during O condition *
g g

input is connected to chassis.

Pulse is applied to

" count start" input Count stop @
B

5 e S 1 Il
3 505 o 5 - 5 O -

@i e J‘—Only when measure-
I ment should take place
"Countstart input  during high condition

T

Fig. 3-13

If the pulse to be measured does not comply with the data given under 1.6., it must
be applied to the measuring input. It will then be inverted at the "counting pulses
inverted output®, but available at the correct level and is applied to the "count

start™ input. The high condition is measured without connection M-14.

LY



Only when measurement
Basrs — should take place
i@ Count sfop@! / during high condition
v

Pulse present at
measuring input

3 Eov S R N DR N B R N R
i A
72 500 S O PR B 5 1 0 7 ) 68 s R BB
boe [ ) J‘
Inverted pulse with TTL level
Fig. 3-14
The required resolution should be programmed as follows :
. 100 ps
@i 10 us
D) 1us
<) 1ms
- Ll
‘ Y-y
1IIIIIIIIII§IIIMUT%] [181o] [ [z2
A
3 - B B el PR T e
| | |
Input ext. counting frequency L ® | ;
| Ext. counting frequency on @)
. Inhibit internal counting frequency
Fig. 3-15

The programming in accordance with Fig. 3-15 is balid for 1 us to 1 ms, thats shown
in Fig. 3-16 for 10 ms to 10s.

1 Cyrcle

K2 10ms
4 1' i 4 |
R R 1 !l 0 e

4
b e I R e e
@LT &

10s \lnput ext. counting frequency ‘ Cate control 5 1I:Ext. counting
requency on

Inhibit int. counting freq.
Fig. 3-16
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3.1.5.2. Measurement interval <1s, rapid pulse sequences, half cycle measurement

316k

These measurements are carried out using the "period measurement® operating mode.
By selecting the corresponding cycle number (manual or programmed) totalizing and
averaging is carried out by means of 1, 10, 100, 1000 or 10000 pulse widths or half
cycles.

The inherent system error of = 1 counting unit can theoretically occur during every
measurement and can accummulate; in practice this is not the case, so that the

relative error is less as a result of the averaging.

—

EEE cENEEEER R

A
T T == |
Bapele s e ol L DR e T e
| ® ot
Output counting pulse to ext. —— =2 i
counting freq. on during meas. Output
of the low condition counting pulses inverted to

ext. counting fregency on
during measurement of high
Fig. 3-17 condition

R

The signal is present at the measuring input. The cycle number selected determines

the gate opening time. During the unmeasured pulse widths for half waves the standard
frequency should not however be entered in the counter. This is achieved by connecting
X-15 or X-Y. The read-out is with decimal point and takes place when programming in
accordance with Fig. 3-17 in ps. Resolution can however, be modified as shown in

Fig. 3-15, whereby however connection X - 14, , is omitted. The result remains

Al &R W.

stored during the measuring process.

Time interval measurement

By this means it is possible to measure the time interval between 2 pulses. These can
be received either on 2 separate leads (see 3.1.6.1.), or on one common lead (see

3.1.6.2.),

G D = e
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Start /stop signals on separate leads

The programming makes it possible for both positive and negative pulses to trigger the
start/stop functions, that is to say always at the leading edge. The lead on which
the "count start ® signal is received should be connected to contact P. If it isa

positive pulse, M should additionally be connected to 14.

If the "count stop™ signal is a negative pulse, the lead is connected direct to contact
13. Otherwise the lead is passed to the measuring input and passes the inverted signal

from the "counting pulses inverted™ output to contact 13.

As the signals are processed statically, the starting pulse must have disappeared before

appearance of the stop pulse. This also applies in reversed sequence.

"Count stop" with pos. pulse (also without TTL

" Count stop" input only level, as signal present at meas. input)
for neg. pulse at TTL level——] b3 o poainec )
Vs 3
_!'"“1 I ; |
S B N SO B 7 5 B B
I I A
CISE DR RSN R E T i e R IR AR
mEass L
! Additionally, when" Count
% Count start" input for neg. start" with pos. pulse
Fig. 3-18/1 or pos. pulse at TTL level
" Count stop" input only Additionally, when "Countstart®
for neg. pulse at TTL level _l with neg. pulse
P R
5 o O G (R A 37 B 0 R B
A
I
AIIII111]||T1|PIII!I|IIJVZ
bl S0
<)

"Countstop™ with pos. or neg. pulse
: (also without TTL level, as signal
Fig. 3-18/2 present at measuring input)

For programming of resolution (1 s - 10s) see 3.1.5.1., Fig. 3-15 and Fig. 3-16.
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3.1.6.2. Start/stop signals on common lead

3.11.. 7.

e 7 B

3-14

The lead is connected to the measuring input and period measurement together with
cycle number 1 selected (manual or remote control). If with slope switch on ® +*
both the start and also the stop signal is a negative pulse, the time is measured from

leading edge to leading edge, if both are positive pulses, the trailing edges will be

used to determine the time. If the slope switch is on "~ ™ in the case of negative pulses the

the trailing edges and in the case of positive pulses the leading edges will be used.

The read-out will be in ps. A different resolution (decadically stepped from 1 ps to

1 ms) is obtainable using the programming shown in Fig. 3-15.

Pulse Counting during externally determined time

If pulses are to be counted within the duration of a control pulse, that is to say

either during the high or during the low condition, section

3.1.7.1. will be applicable.

If the counting gate is controlled by 2 consecutive pulses, see under

3.1.7.2., if the two pulses are received on

separate |eads and under

3.1.7.3., if a common lead is being used.

Section 3.1.7.4. gives information on attenuation of the pulses to be counted up

to 107 per counted pulse.

Pulse counting within a pulse duration

Counting pulses have required signal level (see 1.6.)

Yes

No

Connect counting pulses to
contact B of contact board A and

Xand Z to 14, see also Fig. 3-13

Counting pulses at
measuring input,

see also Fig. 3-13

°

s Yes
Casl)
s
25

S

Fon
f"o‘o

o9
== No
t 5 o

5T
022

Connect counting pulses to
contact B of contact board A and

Xand Z to 14, see also Fig. 3-14

(4B
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3.1.7.2.

3.1.7.3.

Pulse counting during a time interval between two consecutive

pulses on separate leads

The pulses to be counted are passed to the measuring input where it is not required
for inversion of the stop pulse, or to contact B of contact board A. Then they must
comply with the data given under 1.6.; in addition contacts X and Z should be

connected to 14.

Programming is carried out so that the leading edges of the control pulses trigger the
start/stop functions. Section 3.1.6.1. describes the relationships, Fig. 3-18 shows

the programming of the control pulses.

Pulse counting during a time interval between 2 consecutive pulses on a common lead

The lead on which the controlling pulses are received is connected to the measurement
input and period measurement as well as cycle No. 1 selected (manual or remote
control ). The pulses to be counted must be present at the ®ext.counting frequency™®

input.

HEE BT TR R = I AL LR T R R RO e
13 s 0 S R M A A B T R

i : ® ‘
_‘-—— . o | 5
Input ext. counting freq ® Beh. coutiting feq, on

Inhibit int. counting frequency

Fig. 3-19

3.1.7.4. Attenuation of the pulses to be counted

In order to attenuate the pulses to be counted they should be fed in to the unit via
the "ext. oscillator™ input. According to the required attenuation one of the 2
following programmes should be set. For programming in accordance with 3.1.7.3.

it is only possible to attenuate up to 103 in accordance with Fig. 3-20.
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i Ext. osc. on| ®
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‘ A
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7y X | j 7
| g ! = -
Inputext. [ . )
SinE R Input ext. oscillator > Eitr, solinting & es.on
Inhibit int. counting freq.
Fig. 3-20 Attenuation 10...103
1 Cycle
@ R TR Ext. oscillator on
105 @
104 ®)] Gate
r l i 1 } iconfro[ |
1]2] rlels] B E T\ Jel| T |1 [ [eof e
| A
|
NE lDl S O O O O i.III [ [ IxI 1%
1(?70@ —— Input ext. oscillator ‘ — ® ‘ |
“Input ext. counting freq. ® Emon i

Inhibit int. counting freq.

Figs 3-21 Astenvation 107 ... 167

3.1.8. Totalizing individual results

In order to totalize a number of consecutive counting operations in the counter it is
only necessary to cancel the counter reset by connection of 10 to 14 on contact
board A (@ on programming board BN 597/54). The connection should however be
removed before the last measurement to be added, as otherwise a further result will

be recorded.

Automatic operation is obtained if one communicates the beginning of the Ist measuring
period to a counter module and generates the 1-signal "counter reset of ® at its output

via a flip-flop. The signdl must be present at contact 10 of contact board A, At the

3-16

a(E G O G2 R W W



3.1 9%

beginning of the last measuring period the counter module will flip the flip-flop
back.

1st meas. Last meas.

Gate open ] period .f_]‘ J,—_-"—I period [T
i L=
| i

Measurement com.

i
|
Read-in :
1
1
]

Counter reset

Counter reset ‘{ J—————

from flip-flop

r_‘ PJ«C’__

Fig. 3-22

A connected recording instrument which should only record the final result can be

inhibited by connecting 21 to 1 on contact strip B.

Sampling rate

As soon as an operating mode, frequency or period measurement is selected on the
FZ-4, the counter will carry out continuous measurements. The sampling rate is
composed of the measuring period {gate opening time) and the measurement interval
and at the same time represents the period during which the result is being stored.
The measuring interval is - independent of the measuring time - of varying length.
In the case of frequency measurement and 10 ms measuring period it will last 10 ms,
from 0.1 s to 10 s it will in each case last 100 ms. In the case of period measurement
the measuring time is determined by the duration of the cycle to be measured and the
cycle number selected. The interval is at least 250 ps long in the case of 1 and 10
cycles, as from cycle No. 100 it corresponds to the time for 100 cycles. It is now
possible to extend or shorten the interval between the individual measuring times and
thus the sampling rate as well as the storage time of the read-out. The sampling rate
is extended if after commencement of the "measurement complete® signal (inverted
signal to contact 1 of board A) a 1-signal at contact UT) of board A inhibits the
counter. As soon as the signal is removed the standard measurement interval takes

place and subsequently the next measurement takes place.

1) Only wired-or-suitable integrated circuits may be connected to the "counter
inhibit" input.
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3.1.10.

3115

3:1.12;

3-18

If contacts 12 and 14 of contact board A are connected to one another (10 on
programming board 597/54), the measurement interval is reduced to minimum. In the
case of frequency measurement the interval is a maximum of 1 ms, in the case of
period measurement a maximum of 1 cycle, at least however 250 ps. When cycle

number 1 is selected no reduction can be obtained.

Triggering single measurement

If instead of constantly carrying out consecutive measurements the counter is only
required fo carry out one single measurement, the "counter inhibit" input (contact
U on board A) is wired for a T-signal. As soon as this signal is switched off the time
base divider chain is released. According to operating mode the gate is opened
either with the next 0-1-slope reaching the divider chain or after elapse of the
measurement interval of max. 100 ms ( "measurement interval off " see 3.1.9.).
After closing the gate the counter is inhibited internally for 250 ps and during this

inhibition time the external T-signal "counter inhibit " should be switched on again.

Switching read-out storage

In the case of all functions selected from the front panel except "count® the result

is only stored and displayed after completion of measurement. If contact C is connected
to 14 (contact board A ), the counting process is visible in the display during the gate

opening time. At the end of measurement the storage will in any case be reset so that

the final result is not available. If instead of this connection one connects contact C
of contact board A and contact B or contact board B, the counting operation is

visible in the display and the final result is stored.

Digital clock

With the programming shown in Fig. 3-23 the pulses of the internal quartz oscillator

can be fed in to the counter directly or after attenuation. Thus one has a digital clock

which displays the periods of time in ms, s or fractions of a minute. Connection of

P to 14 sets the clock in motion, disconnection stops it, without resetting either during

closing or during opening.

R O O o
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As a result of this feature and the sufficiently large counting range of 104 time units

the FZ-4 is also suitable for use as a running time meter in research set-ups.

1 Cyrcle
e e £l i
[ @ Poff ¢———1 - nhibitint, |
| isb0eeggmin s T G068 counting frea.
| ) e AR [55£9) : — : 1
SR e S B (o
1o [\T [ T [e] Jrof [|Jw3fre|Tvefir] [ [ [ [22
1 1 A
AR T B R
i | Hol T
L@ | @ 1ms Ext. counting
: NInput ext. counting freq. freq. on
10's(x0.6=11—0min)

Bild 3-23

3.1.13. Periodic time signals

As a result of programming in accordance with Fig. 3-23 the storage is switched off
when connection P-14 @ is closed, so that every change in the counter content
appears at the digital output (contact board B). Thus the counter provides periodic
time signals which can be used for signal emission or for triggering external measuring
operations. It should be noted that the pulse duty factor is 1: 1 or 1 : 4 and that the

duration of the signals increases with increasing time interval.

Time signals 1 or 2 . 10%| Exponent "x" with connection to contact board A of
at contact board B contact ...-contact ...,
OQutput... @ = corresponding connection on programming board
15 10% 2 - 10% B-16 B-V B-8 B-A
s ms s | min2 | s min2)

1) 19 0 0 0 -2 1 -1

16 S 1 1 1 -1 2 0

N M 2 2 2 0 3 1

1) 12 3 3 3 1 < 2

15 1 4 4 4 2 5 3

8 4 5 5 5 3 6 4

1) The time signal 1 - 100 us is obtained at output 16 from contact board A
2) Here it is additionally necessary to connect 17,/14 (=x0.6) on contact board A
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3.1.14. Use as calibration spectrum generator

Present at contact board A are the oscillator frequency 1 MHz together with the

frequencies derived therefrom of 100 kHz, 10 kHz and 1 kHz (contacts 16, 18, 19

and V). With a simple auxiliary electronic unit (1 x SN 7400 N) it is possible to :
generate calibration lines at an interval of 1 MHz, 100 kHz, 10 kHz and 1 kHz. .
(The auxiliary electronic unit is necessary as the signals are available at a pulse

duty factor of 1: 4 in the case of which the even and odd harmonics and those of .

lower and higher order occur at widely differing amplitudes).

Fig. 3-24 (e. g. SN 7400 N) g

2

The pulses are passed to the circuit as shown in Fig. 3-24. As a result of the transit
time of a signal through the 3 series connected gates when a O-signal is applied a
1-0-1-pulse appears at the output, its duration being typically 40 ns and its rise time
being several ns. This pulse contains harmonics extending far into the VHF range with

sufficient amplitude.

3:2. Recorder control

AR N V.

Control of connected recorders is effected by means of the inputs and outputs "meas.
complete " (contact Y')," counter inhibit " (contact Z) and "gate open" (contact B)
on contact board B. Further details can be taken from the jack connections and transfer (8

data under 4.2.

The signal "gate open™ which is present during measurement inhibits the recorder. On
disappearance of this signal the signal "measurement complete " appears for 250 ps, its
leading edge triggering the recorder.

Even before this signal has disappeared the recorder must supply a 1-signal to the

"counter inhibit " input until it can be triggered again.

ND e
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3.3.

3.3.1.

When the signal has disappeared the counter starts fresh measurement (for information
on measrement interval and switch off see 3.1.9. sampling range ).

If the recording time is shorter than the measuring time, the recorder can take over
the measurement result displayed whilst the counter carries out fresh measurement and
need not pass any signal to the counter inhibit. This overlapping operation leads to

more rapid sampling rates.

Sources of measuring error

As a result of the characteristics of the instrument and the principle of measurement
measuring errors can occur whose limits are stated in the technical data. The causes

and steps for preventing or reducing errors are summarized here..

Inherent system error: = 1 digit

This error can occur in the last digit of the read-out with all measurement modes
except "counting". lts cause can be seen in Fig. 3-25 in the example of frequency
measurement. According to commencement of measurement either 3 or 4 positive

signals occur during the same measurement time.

i s LS meees L e (0] T U e

at gate

Meas. time A

Meas, time A ——»|

Fig. 3-25

The same thing occurs during period measurement. The inherent system error of = 1
digit is dependent on the measurement time or cycle number selected. Related to the
measurement result the relative error obtained is smaller the longer the measurement

time or the period number selected is.
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This relationship is also illustated in Fig. 3-26.

Cycles:
1s 0,1s 0,01s 0,001s il
I
! 1 -]
10 . [*]
/ s |
11072 1
| 5-
10 2
1-1073 ‘
| 5
14f| |
fx 103 \ 21
1-1074 §
24
104
105 // // <
Z '/ e /s< \\ \\ N, |5
L~ // A N TS \\‘ |
110-6 2.5 2.5 2 5 2 5 2 S 255 205
10 100 Hz 1 10 100kHz 1 10MHz
fx —_—
Fig. 3-26

In Fig. 3-26 the standard frequency error already described under 3.3.2. has already

been taken into account, but not the trigger threshold error (in this connection see

13.3).

Standard frequency error

Basically the error of internal or external standard frequency enters into the result of
all measurement modes with the exception of *counting”. The momentary standard
frequency error consists of a number of individual components, that is to say of the
frequency error on supply, the long term error and the temperature dependence. The
error limits of the internal standard frequency are listed in the Technical data under
1.7. Short-term fluctuations of the internal standard frequency do not occur in the
case of constant ambient temperature. An error of 2 + 10~6 has been taken into

account in Figs. 3-26 and 3-27.
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3.3.3.  Trigger threshold error

This error 4t, which related to the measurement input is Uz = = 0.5 mV, is only to
be taken into account in the case of period measurement. It depends on the steepness
of the voltage rise at the trigger point, i. e. in the case of sinusoidal voltage and
engaged trigger level adjuster the error is reduced with increasing frequency and

measurement signal amplitude.

Cycles:
i
| 5]
10 24
11072 I
> 5
L
P I Y Y s B 102 24
1-1073 (
|4f| P = = 5
fx Y= 103 5]
Rl
1-10-4 5
> T 5
o —”
St 104 24
11075 e= A A
{/, -,— ‘:" r/, 5
~r L~ L~
s 2
6 2 5 2 5 2= 5 2 5 2 5 2 D 2 5
107
by 10 100 Hz 1 10 100kHz 1 10MHz
fx —_—
SOmV-—-——
Measurement voltage: 1Y == amiciams
Fig. 3-27 =

The following is applicabel to the slope at zero axis crossing:
s=2mf. V2' Uy

Thus we obtain for the trigger threshold error:

U
e F —»-A—fzi 60
S.n us f ; Ueff'n
kHz mV*

The total error in the case of period measurement shown in Fig. 3-27 consists of the
inherent system error of £ 1 digit, the internal standard frequency error (here 2 - 10'6)
and the double time error of 1 trigger point (double time error as the temporal trigger

point shift becomes effective at beginning and end of a measurement ).
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Example: sinusoidal measurement voltage f = 1 kHz, Uggr =50 mV
Number of cycles measured n =1

40

ST IE e L

: 4t
Measuring error: ?%i

In this case where trigger level shift has not been taken into account, the result

may deviate additionally by + 2 digits.

Measuring errors resulting from disturbing voltages

The FZ-4 universal counter uses an input circuit with hysteresis. That is to say the
condition at the output of this input circuit only changes when a rising voltage at the
input reaches a certain positive threshold or when a decreasing voltage at the input
reaches a certain negative threshold. Thus the permissible disturbing voltage level

is limited in order to prevent erroneous counting. As the FZ-4 is AC coupled the
trigger points are at the arithmetical mean of the input voltage. In the case of
symmetrical signals therefore that is also symmetrically between 2 peak values whilst
the position of the trigger points in the case of asymmetrical signals shifts in positive

or negative direction.

Disturbing voltage at higher frequency than the useful voltage

A condition for correct counting is: the voltage shift of the desired signal during 1
cycle of the spurious signal must be greater than the total amplitude of oscillation

of the spurious signal.

Expressed as a formula: In the case of a sinusoidal signal the
following will thus apply:
d Ulse 1 fUse
d < > USPUI’pp 2w Uuse > USPUI’pp
i Spurious

Thus for example a 100 kHz disturbing voltage with 50 mV effective value will lead
to additional counting pulses even ifit is super imposed on a 100-fold useful voltage
at 100 Hz. If the input attenuater is switched to "x 10 ¥ the example is applicable

to a disturbing voltage with a 500 mV effective value.

M 7. G o U oD e
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3.3.4.2.
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Fig. 3-28

Such high frequency disturbing voltages can be kept from the counter by interposing

a low pass filter.

Disturbing voltage of lower frequency than the useful voltage

As long as the peak-to-peak value of the desired signal is at least 50 mV greater
than the total amplitude of oscillation of the spurious signal, the spurious signal will
only cause temporal shift of the zero-axis crossings. The resultant error is negligible
in the case of frequency measurement and in the case of period measurement can be
kept low if a large cycle number.is selected. If the difference is < 50 mV, the two

trigger thresholds will at times not be crossed and read-out will be too low.

ALALAAAANA A A AN
"AVAVAVATAVAY

Error = et~

Fig. 3-29

An effort must be made to reduce this disturbing voltage component, for example by

means of short connecting wires, grounding, etc.
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Frequency limit with period measurement

When measuring the period of a high-frequency signal over 1 or 10 cycles the limits

of the still measurable frequencies will be as follows

for 1cycle approx. 250 kHz
and for 10 cycles approx. 5 MHz

If the frequency at the input exceeds the values stated with the number of cycles in
question, the counter will display a constant value independent of the frequency. If
the frequency is increased further, the read-out will be zero until the counter finally
totalizes. In such cases it is also advisable in the interests of improved resolution to

switch over to higher frequency numbers or to frequency measurement.

L
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4.1.

4.1.7.

FUNCTION AND CHARACTERISTICS

Description of function with reference to Block Circuit Diagram

Appended to this description is the block circuit diagram with signal sequence diagram
which is based on the following principles. The method of function is explained with

the aid of an example of frequency measurement.

Sequence of operations of frequency measurement

As long as no measuring time key is depressed, the "counter inhibit " signal prevents
infeed of time marker pulses into the 4th stage of the time base divider chain. As soon
as a measuring time key is depressed-here in the example " 100 ms ® - the reset
mono-flop flips and maintains the counter inhibit for a further 30 ms. This corresponds
to the maximum chatter time of the measuring time keys. In addition reset takes place:
the still inhibited part of the time base divider chain, the counting decades, the
storage which is open during the flipping time of the reset mono-flop, together with
the gate and the start/stop flip-flop. When the reset mono-flop flips back the counter
inhibit is removed and the 1 kHz time marker pulses pass into the now open part of the
time base divider chain. In addition the trailing edge of the reset signal after elapse
of a delay sets the last 2 decades of the time base divider chain to the number "9 ™.
Thus the measurement interval which is otherwise equal to the measurement time is
limited to a maximum of 100 ms (see also 3.1.9.). In the case of the measurement
time of 100 ms selected in the example here it is therefore just 100 ms until the Tst
pulse at the 10 Hz output of the gate flip-flop flips into operative position. As the
gate opens, the gate light comes on and the counting pulses pass to the counting
decades. After a further 100 ms the 2nd pulse appears at the 10 Hz output and

flips the gate flip-flop back to rest position. The gate closes and the gate light
extinguishes. At the same time the read-in and the measurement complete mono-flops

now flip.

With the signal "read-in" the storage now takes over the contents of the counting
decades and the result appears in the read-out. The counting decades are reset
immediately after read-in. At the same time the signal "counter inhibit " appears for

250 ps and sets the last 2 decades of the time base divider chain back to 9. The
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4.2.

4.2.1.

2 decades in front are still at zero as since the 2nd 10 Hz pulse through the counter

inhibit no further 1 kHz time marker pulse has been able to pass into the divider chain.

However as soon as the counter inhibit is removed the 1 kHz time marker pulses pass
into the time base again.

When the measurement interval has elapsed a new measurement commences at the end
of which the new measurement result is read-in. This supersedes the result of the
previous measurement in the display.

If during these repetitve measurements a different measuring time key is depressed

the new cycle begins as described above with flip-ping of the reset mono-flop.

Sequence of operation of period measurement

The essential difference from frequency measurement lies in the fact that the 1 MHz
pulses of the internal standard frequency are present at the counter whilst the signal
at the measurement input controls the gate. As in the case of this operating mode as
well the last 2 decades of the time base divider chain are set to 9, the maximum

measurement interval is limited in the case of high cycle numbers to 100 cycles.

Reduction of the measurement interval to 1 cycle or 250 ps is described in section 3.1.9

Explanation of important Guarantee Data

Characteristics of the measurement input
with sinusoidal voltage

[t

Gl S W G AN W W
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160~ @ e : ‘ 60
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Fig. 4-1 Input characteristics with sinusoidal voltage (trigger level engaged)



4.2.2.

The curve shows the typical inputsensitivity of the FZ-4 in comparison with the

guarantee values stated in the Technical Data.

Characteristics of the measurement input with

pulse-shaped voltage

10V,

e

Uss 1 —
0.8 7
06

04

0.2

|
|
|
|
1 2 & 6 81 2 4 6 81 2 4 6 8 1 2 L 6 81
1R 1:10 1:100 1:1000 1:10000

01

Pulse duty factor — &

Fig. 4-2 Input characteristics with pulse-shaped voltage

If the input amplitude of a signal present at the measurement input amounts to at
least the value corresponding to the pulse duty factor indicated by the curve in

Fig. 4-2, with trigger level adjuster set the trigger thresholds will be such that exact
counting is possible. If the pulse duty factor is not constant the necessary pulse height

will be determined by the most unfavourable factor.

Shift of the trigger level is necessary if the pulse amplitude does not reach the values
required by Fig. 4-2. That is to say the adjuster must be set to the range 0 to-1V in
the case of high-low ratios >1: 1 and in the range 0 to + 1 V in the case of high-low
ratios<1: 1. Thus for example a pulse amplitude of 200 mV will be sufficient for
correct counting independent of the pulse duty factor if in the Ist instance the trigger

level is set to approx. =50 mV and in the 2nd case to approx. +50 mV.
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Signal at meas. input Signal after high- pass filter

Fig. 4-3 Warm-up effect

As the measuring frequency is coupled in via a capacitor which with the input

resistor forms a high-pass filter, a warm-up effect results on application of DC voltage
charged signals as shown in Fig. 4-3, equivalent to displacement of the pulse base
line until no further DC voltage component is present. This process lasts approximately
1's and is unimportant in the case of continuous measurement. If on the other hand

the FZ-4 carries out single measurements where the signal must be newly applied
before each measurement, this period between opplfcafion and triggering must be

taken into account.

This delay can be avoided with the exception of period measurement if the signal
maintains the signal level in accordance with 1.6. by applying it to the "external

counting frequency " input instead of to the measurement input.
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Transfer Data

Definition

The following definitions apply to the "negative logic " used in the FZ-4:

0-signal
high

1-signal
low

Positive potential, blocks transistor or open contact
+V +V

B O
B_, /. 0-Signal 0-Signal

i

Almost zero potential (0 to approx. +0.8 V), conductive
transistor or closed contact

+V +V
B 0 ! :
S 1-Signal 1-Signal
I

By the designations "0" and ™1 " or O-signal and 1-signal are meant the signals "logic 0"

and "logic T ". (0" and O-signal should not be confused with the voltage of 0 V).

1-0-transition

0-1-transition

1/0-edge

0/1-edge

1-0-1-pulse
0-1-0-pulse

Transition from 1- to O-signal. This does not involve the edge
time but crossing a certain threshold

Transition from O- to 1-signal. Otherwiese as for 1- O-transition.

Jump from 1- to O-signal, that is to say to a more positive potential.
In this case a certain edge time must be maintained.

Jump from 0- to 1-signal, that is to say to a more negative potenial.
In this case a certain edge time must be maintained.

Positive pulse with definite duration (e.g. +0.5V /+5V /+0.5V).

Negative pulse with definite duration (e.g. +5 V/+0.5 V/+5 V).
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Pulse times

pulse

pulse

Definitions:

1

2 10%
g \

90% —

90%—
i 50% R ]/

10%
fm

1/0-rise time to:

0/1-decay time t

o’

Pulse duration t:

p

Pulse interval ty:

The pulse times defined below apply to both negative and
positive pulses.

t0

19

tp t

t—

The period between the 2 moments in which the instantaneous

value of the pulse during transition from 1 to O assumes first
of.all 10% and then 90% of the pulse amplitude.

The period between the 2 moments in which the instantaneous

value of the pulse during transition from 0 to 1 assumes first of
all 90% and then 10% of the pulse amplitude.

The period between the 2 moments in which the instantaneous
value in the case of the positive pulse on the 1/0 edge and the
0/1 edge has reached 50% of the pulse amplitude and in the
case of the negative pulse on the 0/1 edge and 1/0 edge 50%
of the pulse amplitude.

In the case of the positive pulse the period from the moment at
which the instantaneous value on the 0-1-edge of the pulse has
reached 50% of the pulse amplitude up to the moment at which
the instantaneous value on the 1/0 edge of the following pulse
has reached 50% of the pulse amplitude.

The corresponding relationship applies to the negative pulse.

All signal designations are selected so that the determinative active state is obtained

by a 1-signal in "negative logic ". Exceptions are indicated by the addition of "inv.®

(inverted) ]).

1) In circuit diagrams ™inv." can be replaced by a line over the corresponding signal
(e. g. "triggered™ corresponds to "triggered inv.").
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TRANSFER DATA CONTACT BOARD A

Signal designation

Input Max.

E 2 Input Signal Connec-  |current load

A £ Output duration tion in units 1.6 mA Signal Description

Measurement complete inv.| A/l 10 The signal disappears for 250 ps after completion of
a measurement, where no "inhibit measurement

A 250 ps complete™ is programmed.

Period number 1 A2 2.5 The signal is present as long as key S 302/6 is
depressed. In the case of remote control (key
not depressed a signal must be present at least
until appearance of the signal "counter inhibit®.
If it is present any longer, measurement will

Eand A ;5') continue.

§ =

Cycle number 10 A3 3.5 = 52 The signal is present as long as key S 302/5 is

Measurement time 10 ms B/W + load at = % s depressed. For remote control see cycle number 1.

Eand A B/W 5\ c 3

X o iE

Cycle number 102 A4 3.5 2 % i The signal is present as long as key S 302/4 is

Measurement time 0.1 s BNV +load at B o depressed. For remote control see cycle number 1.

Eand A B/V E: 2 2

235

Cycle number 108 A/5 3.5 2 : 2 The signal is present as long as key S 302/3 is

Measurement time 1 S B/U +load at 2= §- depressed. For remote control see cycle number 1.

Eand A B =E3

Cycle number 104 AL 3.5 The signal is present as long as key S 302/2 is

Measurement time 10's B/T + load at depressed. For remote control see cycle number 1.

Eand A B/T

Qutput 100 Hz; f/104 A/Z - 10 The signal does not appear periodically during freq.
or period measurement as the time base divider is
inhibited after each measurement during the counter
inhibit signal and pre-set. If key S 302/5 is
depressed, the gate is opened with the trailing
edge of the Ist signal and closed again with the
trailing edge of the 2nd signal. A periodic signal
is obtained when a 1-signal is applied to

A 2ms connection A/2 (cycle number 1).

Output 1 Hz; f/'l()6 A8 - 10 If key S 302/3 is depressed the gate is opened with
the trailing edge of the Ist signal and closed again
with the trailing edge of the 2nd. See also output

A 200 ms 100 Hz.

Output 10 Hz; £/105 AL - 10 If key S 302/4 is depressed the gate is opened with
the trailing edge of the Ist signal and closed again
with the trailing edge of the 2nd. See also output

A 20 ms 100 Hz.

Counter reset off A/10 15 - If the signal is available curing the signal
"measurement complete®, the counter will not
be reset and the pulses of the next measurement
will be cummulatively added. (See also

E 3.1.8%).

Switch off measurement AN2 1.5 - If a 1-signal is present during the counter inhibit

interval signal, the last 4 decades of the time base

E divider are set to "9". (See also 3.1.9.).




TRANSFER DATA CONTACT BOARD A

Signal designation

ol Ee

Input Max.
E £ Input Signal Connec-| current load
A £ Output duration tion in units 1.6 mA Signal Description
Count stop AN3 2.5 see A/2 The signal is present as long as key S 302/7 is &
depressed. In the case of continuous counting
Eand A the gate can be closed by a 1-signal
Counting pulses A/15 - 10 At this output are available the frequencies or
pulses present ar the measuring input with the
A levels required for triggering integrated TTL circuits.
Output 1 MHz A/16 - 10 Here the quariz oscillator frequency is available.
A 1ps Pulse duty factor 1: 1
Measurement time x 0.6 ANT 5.5 see The signal is present as long as key S 302/6 is
+ load at A2 depressed. For remote control see cycle number 1.
Eand A B/X
Output 100 kHz; /10 A8 - 10 Pulse duty factor 1: 4
A 2ps
Output 10 kHz, f/100 AN - 10 Pulse duty factor 1: 4
A 20 ps
Ext. oscillator on A/20 2.5 - If a 1-signal is present, the external oscillator
frequency will be fed into the divider chain of
the time base instead of the inernal standard
E frequency (A/D).
Period measurement A/21 5.5 10 The signal is present as long as key S 302/1 is
Eand A depressed. For remote control see cycle number 1.
Trigger slope + A/22 3.5 see The signal is present as long as the trigger slope
A2 slide switch is at ®+". In the case of remote
control (slide switch at =) the signal must be
Eand A present during the whole measurement time.
Output 0.1 Hz/£/107 A/A - 10 If key S 302/2 is depressed the gate will be opened
with the trailing edge of the Ist signal and
closed again with the trailing edge of the 2nd
A 2s signal. See also output 100 Hz.
Input external count- A/B 1.5 - Max. counting frequency 15 MHz; the pulses pass
ing frequency to the gate when the input "external counting fre-
quency on" is connected to chassis (A/X).
Without storage AL 1.5 - If a 1-signal is applied to this input, read-in of
the pulses can be followed on the read-out (see
E also 3.1.11.).
Input ext. oscillator A/D See Technical Data 1.4.1.
E
Counter reset AL - 10 A signal appears a) during reset of counter via the

4-8
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reset lead, b) in the case of selection of a measureme
time by key pressure for approx. 30 ms, c) in the
case of remote selection of a measurement time

for approx. 20 ps, d) After reading in a result for
approx. 15 ps.

(4



TRANSFER DATA CONTACT BOARD A

Signal designation Input Max.

E 2 Input  Signal Connec= | /<ot fead

A £ Output duration tion in units 1.6 mA Signal Description

Time measurement A/M 25 - If this input is connected to chasis, in the case of

during O-status suitable programming (see 3.1.5. and 3.1.6.) the
duration of a negative pulse or the pulse interval

E between 2 positive will be measured.

Reset counter in- A/N 2:5 - A lsignal prevents pre-setting of the time base

hibit - MF divider chain. One then obtains: measurement

E invertal = measurement time, but at least 0.1 s.

Count start AR 2.5 see The signal is present as long as key S 302/8 is

A2 depressed. The gate can be opened for continuous

Eand A measurement by a 1-signal .

Gate control A/T 4 6 Independent of the measurement time selected the
pulses are available with which the gate flip-flop
is flipped into operative position and rest position
(during frequency or period measurements). Flipping
of the gate flip-flop is prevented by a 1-signal at
this input (triggering only with wired-or-compatible

Eand A integrated circuits.)

Counter inhibit AN 5 Internal 1-signal appears: as long as no measurement time

B/Z + load at stage 5 selected; during reset signal, after each measurement
B/Z for 300 ps.
A l-signal at the input extends the interval between
2 measurements, i. e. the read-out or recording time.
The signal must be applied between beginning and end

Eand A of the signal "measurement complete®.

Output 1 kHz; f/1000 AN - 10 Pulse duty factor 1: 4

A 200 ps

Reset AN 2.5 7 A signal appears a) as long as key S 302/9 is
depressed, b) on selection of a measurement
time by key pressure for approx. 30 ms,

c) in the case of remote selection of a
measurement time for approx 20 ps.

A l-signal on this lead will reset counter,
storage, start-stop flip-flop and gate flip-flop
(triggering only with wired-or-compatible

Eand A integrated circuits).

Ext. counting A/X 1.5 - If a 1-signal is present at this and simultaneously

frequency on at the input "inhibit internal counting frequency®,
the pulses present at the input "ext. counting

E frequency™ pass to the gate.

Counting pulses AN - 9 At this output are available the frequencies or

inverted pulses present at the measuring input with the
levels necessary for triggering of integrated

A circuits.

Inhibit int. counting A/Z 2.5 - A l-signal at this input cuts off measuring input

frequency and internal standard frequency from the gate.
If a 1-signal is simultaneously present at A/X,
input "ext. counting frequency® is connected to

E the gate.

4-9



TRANSFER DATA CONTACT BOARD B

Signal designation

L2y |

Input Max.
E £ Input Signal Connec- | current load
A £ Output duration tion in units 1.6 mA Signal Description
BCD Outputs See jack - 10 each The signals are present approx. 0.5 us after
connec- completion of measurement and are available un-
A tion til the end of a further measurement.
Counter outputs 23103 B/2 - (9) Direct output of counter before storage. Permissible
2x10* | 83 = (9) lead length 10 cm.
+5V. B/20 - (100)
Inhibit measurement B/21 2.5 - If during the flipping time of the measurement
complete complete mono flip-flop a 1-signal is present, no
signal appears at the output "measurement complete®
E and "measurement complete inverted ".
Gate open B/B - 10 During the gate open time a l-signal is present. It
can be used for inhibiting a connected recorder
A (see also 3.2.).
"over range® lamp B/ - 10 A signal appears as soon as the Ist digit of the
result extends past the read-out range, that is
to say continuous signal as longas onlya 1, a
A cycled signal, if Z 2 is over range.
"over range" B/D - 10 A signal appears if more than 1 is "over range®.
Can for example be used for ribbon reversal or
A recording of a special symbol.
Decimal point 4 B/T 3.5+ The signal is present as long as key S 302/2 is
A6 load at depressed or a 1-signal is present at A /6.
Eand A A/ o
Decimal point 3 B/ 3.5+ =5 The signal is present as long as key S 302/3 is
0.2 % . :
load at x5 depressed or a 1-signal is present at A/5.
>~ 3
Eand A A/5 A/5 2 4: 2
2 L=
Decimal point 2 BNV 3.5k g 5% The signal is present as long as key 302/4 is
load at s 2 depressed or a 1-signal is present at A /4.
Eand A A/4 A4 5% =
09 .
Decimal point 1 B/W 3.5:% 83§ The signal is present as long as key 302/5 is
< = 4
load at 20c depressed or a 1-signal is present at A /3.
Eand A A3 AL3 =8
£c3
Inhibit decimal B/X 5.5+ The signal is present as long as key 302/6 is
point load at depressed or a 1-signal is present at A/17.
Eand A ANT ANT
Measurement complete B/Y - 2 The signal appears for 250 ps after completion of
measurement, if no "measurement complete™
inhibit is programmed. It can be used for triggering
A 250 ps a recorder (see also 3.2.).
Counter inhibit B/Z 5+ Internal During the recording time the counter can be
AN load at stage 5 inhibited by means of this input. If the recording
AN time is longer than the measuring time, inhibition
must take place, that is to say counter inhibit
before disappearance of the internal signal (see
A/U and 3.2.) (Triggering only by wired-or
Eand A compatible integrated circuits).
4-10
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5.1.

5.1 1.

MAINTENANCE AND MISCELLANEQOUS

B Withdraw power plug before opening the unit | «

Mechanical Construction

The universal counter is made up of 3 printed circuits, the time base board, the

counter and display board and the "powerpack and oscillator® board.
play p P

The inputs and outputs of the time base board are lead out to form contact board A on
the back panel, the inputs and outputs of the counter and display board to form

contact board B.

The "powerpack and oscillator™ board is accessible after removing the top cover of
the FZ-4. For this purpose it is necessary to undo the 4 top screws on the front panel,
on the back panel the top and centre screws and on the cover itself the 4 screws which

connect the cover to the transformer.

Fitment in 19" racks

To fit a counter in a 19" rack it is necessary to remove the handle after detaching
the unit cover and in its place to screw on the 2 brackets contained in the 19"
installation kit. Fig. 5-1 shows how the FZ-4 should be inserted in the opening of
the 19" front panel.




oe2s

5.3.

[
T

5-2

Line voltage changeover

As regards line voltage the FZ-4 units are supplied in 2 versions each of which is

designed for 2 line voltages in the ratio of 2: 1. In order to changeover from 1 voltage

to the other, the bridges on the "powerpack and oscillator™ board must be resoldered
(for this purpose see Circuit Diagram and equipment drawing of this board in appendix).

The fuse is the same for both voltages. The board is accesible after removing the cover.

After changing over please use the plate printed on both sides fitted on the back

to prevent the unit being connected to incorrect line voltage (See also Fig. 2-2).

Changing the fuse

The fuse (1.6 A slow-blow) is located on the "powerpack and oscillator® board and

can be changed after removing the cover.

Calibration of the internal standard frequency oscillator
The unit should not be opened for calibration and must be at operating temperature .

A calibrating frequency of sufficiently high accuracy is applied to the measuring
input and frequency measurement adjusted at 10 s measurement time. The error limits
for this operating mode are given in the Technical data as = 1 digit + Q. As the
inherent system error of 1 digit at 10 s measurement time corresponds to 1/10 Hz, the
remaining error of the internal standard frequency Q is only slightly affected in the
case of adjustment to approx. = 1 Hz (in the read-out £ 10). For calibration of the
oscillator the trimmer capacitor C 112 which is on the "powerpack and oscillator™
board directly next to the display tubes should be turned with an adjusting pin of
insulating plastic. This is carried out from above through one of the ventilation

holes in the unit cover.
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Explanation for the conversion table 1/f—f

Since measurements of periods at lower frequencies have better possibilities of resolu-
tion, the accompanying table simplifies conversion of a period into the corresponding
frequency. Two examples illustrate the use and point out the requirements for apply-

ing the tables.

Example 1: With unchanged resolution (1-ps), the tables are valid for a range of

10.0 Hz to 99.9 Hz (the sixth digit of the readout is displayed as 0).

Counting example : measurement of period; 1 period, resolution T ps.

readout 042918 — 42918 pus
read table ‘ ‘ assign order of magnitude

2.33———» 233 Hz

Example 2: In the range 1.00 Hz to 9.99 Hz, only the five highest digits can be read

in the tables, the 1's position must be interpolated. .

Counting example : measurement of period; 1 period, resolution 1 ps.

readout 429180 —— > 429180 ps
read table ‘ ‘ assign order of magnitude

2.33— 2.33 Hz

Equally efficient use can be made of the tables also for frequencies to be converted

to the corresponding periods.

A= A Nl =S W.
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100000
90909
83333
76923
71429

66667
62500
58824
55556
52632

50000
47619
45455
43478
41667

40000
38462
37037
35714
34483

33333
32258
31250
30303
29412

28571
27778
27027
26316
25641

25000
24390
23810
23256
22727

22222
21739
21277
20833
20408

20000
19608
19231
18868
18519

99010
90090
82645
76336
70922

66225
62112
58480
55249
52356

49751
47393
45249
43290
41494

39841
38314
36900
35587
34364

33223
32154
31153
30211
29326

28490
27701
26954
26247
25575

24938
24331
23753
23202
22676

22173
21692
21231
20790
20367

19960
19569
19194
18832
18484

98039
89286
81967
75758
70423

65789
61728
58140
54945
52083

49505
47170
45045
43103
41322

39683
38168
36765
35461
34247

33113
32051
31056
30120
29240

28409
27624
26882
26178
25510

24876
24272
23697
23148
22624

22124
21645
21186
20747
20325

19920
19531
19157
18797
18450

97087
88496
81301
75188
69930

65359
61350
57803
54645
51813

49261
46948
44843
42918
41152

39526
38023
36630
35336
34130

33003
31949
30960
30030
29155

28329
27548
26810
26110
25445

24814
24213
23641
23095
22573

22075
21598
21142
20704
20284

19881
19493
19120
18762
18416

96154
87719
80645
74627
69444

64935
60976
57471
54348
51546

49020
46729
44643
42735
40984

39370
37879
36496
35211
34014

32895
31847
30864
29940
29070

28249
27473
26738
26042
25381

24752
24155
23585
23041
22523

22026
21552
21097
20661
20243

19841
19455
19084
18727
18382

95238
86957
80000
74074
68966

64516
60606
57143
54054
51282

48780
46512

42553
40816

39216
37736
36364
35088
33898

32787
31746
30769
29851
28986

28169
27397
26667
25974
25316

24691
24096
23529
22989
22472

21978
21505
21053
20619
20202

19802

19417
19048
18692
18349

94340
86207
79365
73529
68493

64103
60241
56818
53763
51020

48544
46296
44248
42373
40650

39063
37594
36232
34965
33784

32680
31646
30675
29762
28902

28090
27322
26596
25907
25253

24631
24038
23474
22936
22422

21930
21459
21008
20576
20161

19763
19380
19011
18657
18315

93458
85470
78740
72993
68027

63694
59880
56497
53476
50761

48309
46083
44053
42194
40486

38911
37453
36101
34843
33670

32573
31546
30581
29674
28818

28011
27248
26525
25840
25189

24570
23981
23419
22883
22371

21882
21413
20964
20534
20121

19724
19342
18975
18622
18282

92593
84746
78125
72464
67568

63291
59524
56180
53191
50505

48077
45872
43860
42017
40323

38760
37313
35971
34722
33577

32468
31447
30488
29586
28736

27933
27174
26455
25773
25126

24510
23923
23364
22831
22321

21834
21368
20921
20492
20080

19685
19305
18939
18587
18248

91743
84034
77519
71942
67114

62893
59172
55866
52910
50251

47847
45662
43668
41841
40161

38610
37175
35842
24602
33445

32362
31348
30395
29499
28653

27855
27100
26385
25707
25063

24450
23866
23310
22779
22272

21786
21322
20877
20450
20040

19646
19268
18904
18553
18215

n 0 1 2 3 ] 4 5 6 7 8 9
5,5 | 18182 18149 18116 18083 18051 18018 17986 17953 17921 17889
5,6 | 17857 17825 17794 17762 | 17730 17699 17668 17637 17606 17575
5,7 | 17544 17513 17483 17452 | 17422 17391 17361 17331 17301 17271
5,8 | 17241 17212 17182 17153 | 17123 17094 17065 17036 17007 16978
5,9 | 16949 16920 16892 16863 | 16835 16807 16779 16750 16722 16694
6,0 | 16667 16639 16611 16584 | 16556 16529 16502 16474 16447 16420
6,1 | 16393 16367 16340 16313 | 16287 16260 16234 16207 16181 16155
6,2 | 16129 16103 16077 16051 | 16026 16000 15974 15949 15924 15898
6,3 | 15873 15848 15823 15798 | 15773 15748 15723 15699 15674 15649
6,4 | 15625 15601 15576 15552 | 15528 15504 15480 15456 15432 15408
6,5 | 15385 15361 15337 15314 | 15291 15267 15244 15221 15198 15175
6,6 | 15152 15129 15106 15083 | 15060 15038 15015 14993 14970 14948
6,7 | 14925 14903 14881 14859 | 14837 14815 14793 14771 14749 14728
6,8 | 14706 14684 14663 14641 | 14620 14599 14577 14556 14535 14514
6,9 | 14493 14472 14451 14430 |14409 14388 14368 14347 14327 14306
7,0 | 14286 14265 14245 14225 | 14205 14184 14164 14144 14124 14104
7,1 | 14085 14065 14045 14025 | 14006 13986 13966 13947 13928 13908
7,2 | 13889 13870 13850 13831 |13812 13793 13774 13755 13736 13717
7,3 | 13699 13680 13661 13643 |13624 13605 13587 13569 13550 13532
7.4 | 13514 13495 13477 13459 |13441 13423 13405 13387 13369 13351
7,5 | 13333 13316 13298 13280 |13263 13245 13228 13210 13193 13175
7,6 | 13158 13141 13123 13106 |13089 13072 13055 13038 13021 13004
7,7 | 12987 12970 12953 12937 | 12920 12903 12887 12870 12853 12837
7,8 | 12821 12804 12788 12771 !12755 12739 12723 12706 12690 12674
7,9 | 12658 12642 12626 12610 |12594 12579 12563 12547 12531 12516
8,0 | 12500 12484 12469 12453 | 12438 12422 12407 12392 12376 12361
8,1 | 12346 12330 12315 12300 ¢ 12285 12270 12255 12240 12225 12210
8,2 | 12195 12180 12165 12151 12136 12121 12107 12092 12077 12063
8,3 | 12048 12034 12019 12005 (11990 11976 11962 11947 11933 11919
8,4 | 11905 11891 11876 11862 | 11848 11834 11820 11806 11792 11779
8,5 | 11765 11751 11737 11723 11710 11696 11682 11669 11655 11641
8,6 | 11628 11614 11601 11587 |11574 11561 11547 11534 11521 11507
8,7 | 11494 11481 11468 11455 |11442 11429 11416 11403 11390 11377
8,8 | 11364 11351 11338 11325 11312 11299 11287 11274 11261 11249
8,9 | 11236 11223 11211 11198 (11186 11173 11161 11148 11136 11123
9,0 | 11111 11099 11086 11074 11062 11050 11038 11025 11013 11001
9,1 | 10989 10977 10965 10953 | 10941 10929 10917 10995 10893 10881
9,2 | 10870 10858 10846 10834 |10823 10811 10799 10787 10776 10764
9,3 | 10753 10741 10730 10718 |10707 10695 10684 10672 10661 10650
9,4 | 10638 10627 10616 10604 |10593 10582 10571 10560 10549 10537
9,5 | 10526 10515 10504 10493 |10482 10471 10460 10449 10438 10428
9,6 | 10417 10406 10395 10384 |10373 10363 10352 10341 10331 10320
9,7 | 10309 10299 10288 10277 (10267 10256 10246 10235 10225 10215
9,8 | 10204 10194 10183 10173 [10163 10152 10142 10132 10121 10111
9,9 | 10101 10091 10081 10070 |10060 10050 10040 10030 10020 10010

l




Explanations for tests

With the precise questions = in the routes of
the fault tracing plan ~ it is possible to locate
the source of a fault. The rectangular blocks
contain the type of fault, or else information
is given for removing the fault. Test 1, Test 2,
and Test 3 check the digital portion of the
Counter. They are linked together; that is,
the proper sequence of always starting with
Test 1 and continuing on until either the
cause of the fault is located or the block
®Undertake Test...® leads to the succeeding
test. However, if the fault is located within
the test plan at hand, then it is not necessary
to continue on to any more Test. But, the
same Test should be followed through once
more to verify that the fault really had

been located.

Test 4 checks the analog portion of the counter
(input A = measurement input). It is independent
of Tests 1 through 3. Also, of course, it is
valuable to run through the test once more
after the trouble is located.

As auxiliary materials, it is necessary to have:
1 Oscillograph; e.g. O5-2 from Wandel u.
Goltermann

1D.C. volt meter

Logical signals ( 0 or 1 signal in the Test 1
through 3) can be fraced easily and properly
with the Digital Probe TKL=5 from Wandel u.

Goltermann.

+5 V is not on
card B!

Lamp defective or
wire to lamp is open
circuited !

Trace signal from
B/27 to IC 203/131

Open circuited
wire from B/27 to
A/311

Trace signal from
A/31

Open circuited wird
from A/38 to B/26

Trace signal from
IC 3291 1o A/291

no

Plug+in power plug,
push *LINE * button |
[l

Digits

readable at all

positions
?

Simultaneously push
USTART * and 1 /f*1

Push *START "
button |

Fault
on card C |

Push "STOP "
bpnonl

Oscillator does not
acillate !

yes

Openjcircuited wire

Is
1 MHz present
A fromd/51 to A/28

at A/28
?

Trace STOP signal |

Trace 1 MHz signal
from A/28 to
A/381

Tracef corresponding

yes

signal path!

no

yes

Open circuited

wire from B/25 to
AS29

Trace signal at B /24 Tracé signal from

B/25, B/26, and 12 /4 to A/30
s IC 312/4 to A/3

Is
GATE lamp lit

+210 V present

at C{SS

no

Lamp
functioning ?

Change GATE
lamp

Connection C/55
B/37 is interrupted |

Open circuited:lamp)
-B/39 or B/33-C /49
or open fuse !

Open circuit: lamp
or B/40!

Undertake Test 2 !

Trace signal from
B/27 to IC 202111

Open circuit B/27
-~ A1

Interruption S 302/7
/Pl

Trace signal from

AP to A/

Open circuited
wire between B/24
to A/30

FZ-4 Test 1




No

Trace signal from
Al2to
IC 312/81

No

"0-1-0"
signal at A/U,
200 ps?

"0* signal
at A/127?

Trace signal from
A/N to
IC 317/111

Trace signal from
A/ to
IC 312/10!

Trace signal from
IC 324/11
to A/UlL

Trace 1 MHz signal
from IC 302/5
toA/V 1

Trace signal from
A/21 to IC305/5!

Simultaneously push
buttons 10 ms and
STOP, release push

button "1/f"1

oes
GATE lamp have

GATE lamp on
constantly
)

Does GATE
lamp blink ?

Time~base divider
does not correctly
divide !

"-0-1"
sequence 3 ps, 0.5 s
atA/T?

Trace signal from
IC 304/12
to A/311

Trace signal from

weak light

Undertake Test 3

"0" signal

Trace signal from

A/28 1o A/38 1

Trace signal from

IC 320/1 ? A/10 tolC 324/11
1o 1C304/141 3 B 418 e SN
1" Trace;signal from Trace signal from

Trace signa IC 325/4 A
1o A/291 1C325/4 1o A/30 |

Trace signal from
IC 314/11
to IC 320/11!

Time~base divider
does not correctly
divide!

No

No

Readout 06000 ?

No

Readout
another value
2

Yes

#1-0-1"signal
atA/31 - 10m

Yes

Counter décades do
not correctly divide!

Yes

0" signal
at A/26 2

Yes

No

Trace signal from
IC 301/5 to
1C 305/10 and /13!

Trace signal from
A/26 10 1C301/51

FZ-4 Test 2



Trace signal from
1C 320/11
to A/9!

Trace signal from
1C 323/11
to A /8!

z
o

Trace signal from
IC 230/12 to
IC 302/3!

Conductor between
B/23 - A/33
open circuited!

No

Simultaneously
push buttons "0.1 s"
and STOP!

Does

Trace signal from
IC 323/11
1o IC 304/141

No

GATE lamp
blink ?

No

Simultaneously push
buttons 1 s and
STOP!

GATE lamp

Yes

Trace signal from
IC 328/11 to
IC 304/141

No

blink every
sec, ?

100 ms
measurement
pauvse?

Does

Trace signal from
B/23 to
IC 202/3 !

Trace signal from
IC 327/11
to A/A L

blink?

200ps
"0-1-0" pulse
at A/47?

Simultaneously
push 105
and STOP!

TrLce signal from
IC 324/11
to A/U !

No

Change
"OVERFLOW"
lamp!

lamp defective

?

Wire from lamp to
B/41 is open
circuited!

Trace signal from
IC 223/11
to B/E!

Trace signal from
IC 324/11
to A/U!

Trace signal from
1C 229/1
to B41!

Does
GATE lamp blink
every 1052

Simultaneously
push 10 ms x 0.6
and STOP!

Readout
06000?

Trace signal from
IC 328/11 to
IC 304/141

Simul taneously

ace signal from

A/26 1o
IC 301/6

push 1/f, 104
periods and STOP!

Readout
1.0000 ?

Trace signal from
A2l to
IC 316/61

Push RESET !

Readout
0.0000?

Trace signal from
$302/9 to 1C 326/4
and 324/11

Undertake
Test
4

FZ-4 Test 3




Checked portion
functions properly |

Fault on card C |

Fault on card C |

Trace signal from
IC 331/10 1o
T302/81

T 302 defective !

Input A:50mV, 10 Hz < f < 5 MHz,
$101: 0N, S301, +, $503:x1, P302:
1, 5302/2...6 : on button depressed |

Y
5301 at -1 .
No
Yes Open circuited
A/39 - C/471
No

is=6V
at €/507

Signal at
T302/8 ?

Separate connection
from T 302/K -
IC 309/2, 4, 131

Open circuited bet.
T302/K - IC 309/4 o
1C309/2 or else IC

309/13 is defective!

Open circuited
A/4) - C/50 1

Correct readout

No

Signal at A,
r else TP305,
?

No

Is+12V
at A/392

Yes

Is+12V
atT301/D1,
D27?

Yes

Is-6Vat
A/

Yes
s=6V
atP301/1andat
1C331/6
Yes

Signal at
A/467?

Yes

Signal
atTP301 or else
T301/G 2
2

Yes

Signal at
T301/52%

Yes

Signal at
IC 331/52

Yes

Signal at
IC 331/10?

es

No signal at Bu 301

Trace signal from

Y
=4 1c 309/4 to
IC 306/81
Open circuited
No | o739 - 1301/
D1, D21
No Open circuited
A/41 - P 301/A
or else, IC 331/61
No |  Open circuited
Bu 301 - A/46
Trace signal from
Nol A/46 1o T 301/G 21
No | T301 d!?fec'ﬁve or
source circuitry is
open circuited.
Trace signal from
Nol '1301/52 10
IC 331/51
No

Remove open circuit!

Measure h :::resis
Itage Vi bet
135174 thd 51"

No

Separate connection

tween :
T301/51-1C331/4
T301/52-1C331/5!

Measure hysteresis
voltage VH between
T301/51and /521

No

Measure voltage
at TP 303!

Measure voltage
at A/511

Yes

Measure voltage
at TP301!

Yes

Check source
circuitry of T301
for open circuit!

Open circuit?

No

IC 331 defectivel

|

IC 331 defective!

Check dircuit
between 14331/10,
R 311 and P 303!

Seporhte

A 51 - 1302 !

1

|

|

! Yes
et #] Aot Switch $ 304 is

closed or else

and G1 3031 defectivel
Change T301!

FZ-4 Test 4



Anmerkungen zu den Stromlaufpldnen und Schaltteillisten FZ-4
Notes for use of circuit diagrams and replacement parts lists

Sollten die Werte bestimmter Bauelemente in den Stromlaufplanen und Schaltte’l-
listen differieren, so sind stets die Angaben in den Schaltteillisten als verbindlich
anzusehen.

If the values of individual parts lists in the circuit diagrams and parts lists should
differ from another, those values given in the parts lists are valid.

Bei der Bestellung von Ersatzteilen sind folgende Angaben notwendig :
BestelInummer, Gerdtenummer und Positionsnummer des Bauelements, z. B.

BN 597,/0 Nr. 442102 Gl 101

When ordering spare parts the following information should be given:
Order number, serial number of the instrument and posit’on number of the part, e.g.

I
BN 597,/0 Nr. 442102 Gl 1ol

Belastbarkeit der Widerstdande
(Power rating of resistors)

Anstelle der Belastbarkeit von Widerstinden ist in den Schaltteillisten die genormte
GrofBienbezeichnung rach DIN 44050 und folgende angegeben. Die Angabe der Be-
lastbarkeit in den Stromlaufpldnen entfiilIt.

In the parts lists instead of the power rating of resistors, the standard size designations

according to DIN 44050 are given. In the circuit diagram, symbol denoting power
rating is no more g'ven.

Elek‘rodenkennzeichnung
(Electrode designation)

K
Dioden und Thyristoren BAY 73 o Oehause
(Diodes and thyristors) I'N 4448 211 z 2 N 5912
k[ HP5082- 2633 e 2502
Transistoren (Transistors) - Auf Lotseite gesehen

Looking at soldering term'nals

BSX 45. BSX 93

B8
2 N 2905 B BCY 59D
\r EC BFY 568 EL"C gy 78 1
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|
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S | %
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1 = | =
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Teil {Ste| Bezeichnung Elekrische Werte  Sestellangaben Benennung Hersteller, Anmerkgn
R1 |1 [ Schichtwig, 2,2ke/ 5%/ K2/ 0309 0000 7100 29
R2 |1 [Scnichtwid, 39ke/ %7K 2/ 039 0000 710¢ R
R3 |1 |Schichtwid, 820 9/ 5:/ K1 2/ 0309 T
R& |1 |Schichtuic, 209 /S:/K2/6389 0000 7100 18
R5 |1 |Schichtvad, 20/ 5 /K 2/039 0005 7100 18
R6 1 |Schichtwid, 5ke/ 58/ K2/ 039 0000 7100 27
27 |1 |Schichtvid, leke/ 58/ K2/ 0309 0020 7100 26 -
R8 |1 |Schichtwid. Abgleichwert
o | 1 |Ker, - Kon, 39 oF/2&/ 63V /N 150/ I8 Wliln/2/9
c? 1 |Ker. - nonc. 15 pF/27 63V /K150 / 18 W10 /2./9
Kx3 1 |Ker, - Kond, 1C pF /20,25 pF /63 ¥/ 150/ I8 wlle/2/9
a1 |1 | iose 1N 4448 E
612 |1 | Yicde HP 5062 - 2832 v 7206 10 ‘;'
13
R o
©w
1l 1 | Transistor 35X 93 000 7121 28
12 1 Irsnsistor 85X 93 006C 7121 28
[5 RL RS
270 2% L
2
[ R R2 [az R == (2
2,2k 3%k 820 5p
6 L (3
15« T op
] 6l2 e
I < ‘ UL
% P 50R-2613 2xBSX 93 L';
61 87 %
1N 4448 2k =
Q2
Monoflop 25 ns FZ-4
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Bestellangaben

Bestellangaben

T
Hersteller, Anmerxgn

Tei  [Stac|  Be.eichnung Elektrische Werte Benennung Hersteller, Anmerkgn Teil |Stck|  Bezeichnung Elektrische Werte | Dtstellangaben Benennung Hersteller, Anmerkgn Teil  |Stek|  Bezeichnung { Elekt ische Wert Benennung
RM [ 1| Schichiwad, - LMK on o Wwemecer R 36 [ i | Schachtwid, (e ka/ sk K2 [()3.{]9 0000 100 31" I B (5 R T | &2 W0 7120 51
k02 | 1| Schichtuid, L00 ko / 5E/ K2/ 0%9 0000 200 49 " L Semehtuao, 1040/ 58/ K2 /by 1001 M0 7 ] fses |1 [0ede L e 0000 7122 6
R303 [ 1| Schachteio, 1M/ ST KL2 [ 0309 L (U U R I R L R R U ___ e I I U R + W Ay w000 74,2 76
R306 | 1| Schientuid, Looka /U7 KLOS [0NG | o000 2067 o F[m %5 | 1| Schiehtvia. 3,9 KISk [ K12 0309 . I T Gl 307 " {_
R 305 | 1| Schichtwia. Lok /1L MO/ 0mh | b0 nmy e, o 11 |
R6 L Semebtuiz | B20ke/SE/ K2/ 009 | 0w 7w 60 Pl | 1| Spandedua, %049 000 17 3 W1T /6 | 1200 1| Transistor l AR 0000 7220 %
A7 | 1| Sehieatyia, LM/ SLLRL 2/ 039 | wonwe | | |P M | )| Schichtdrehvia, | 25 k2 / Lin, [ 0,15 ¥ 1000 720 W 6f' r,t?:l;:;': 1302 1| fransistor L 5% 93 g 0000 7121 28
8308 | 1| Sehichtuio, 560 k9 / 5%/ KL 2/ 0309 0000 7100 58 P03 |1 | Schichtorehvro, | 1000/ lin. /0,5 . 000 7.04 35 A SETE . = | L]
409 | 1| Schichtad, GO | . | L -
ROW | 1| Schichtuid. Jok/st/Kz/o | womws | [ 1 |6t - bone, 7.22 ;;/?17750 i~ | 000 7220 35 - ;xcima . :z /17- C L | 1 Lsu TAO4 K 0000 7162 55
430 |1 | Scmertae, Wi/ ginzjen | ewepwn | A L R R L YR 0067 7036 64 WA S | ) | S 7H00 0000 7127 01
K312 1 | Schichtwia. IR 2/ 039 LR TS - €303 | 1| Ker. - Kond. 120 pf /7211250_ o w_w_]wb 5 W1/ ZLJ JC 303 ) | SN 7490 N 0000 102715
31 Schentad. 1,868 / 5/ KL 2/ 0309 0060 7100 28 B 1c 304 | 1| K. - xong,. 200/ 210V 000 7107 29 W0/ 31 530 | 1 SH 1492 N 0000 7162 79
(0 I L | schicnteid, Ak ] Sk 1 K2/ 039 o Oow e % L Ll i S T | JC 05 |1 ! 5K 7400 N 0000 7127 01
US|k | sementuie. vglaichwert 12/ KL v,5 /U39 W8 /1 3 L fC30s | 1| Elke duf [ A HY- L0 7109 78 | me/s/a K 1w SN0 N 0000 7163 12
i:};; 1| Sehichtag LM /skiMafowg | U 002 C07 | 1| Kor, - Kond, |10 /o 100-20% /40 V/ K 10000 0000 7219 48 LAV I N ‘ b 1400 K 0000 7127 01
U9 [k n 06 skl M) 0k _ o e €308 | 1| Ker. - Kosd. |10 of/o 100-20K /40 ¥/ K 10000 0000 7229 48 ~E0RU /0,8 JC 308 |1 | U SN ALY N 0000 7162 56
<30 |0 | senarta, 0. SR fuay | - €309 | | Ko 1-!/’5()-10115&‘07007#7__ 0000 706 Bl Wl /23 509 |1 o SAON 0000 7127 04
R332 |1 | Schichtwry, 0we/ sz ony | W0 non | e |1 Eke R Y L00C 129 78 w10 /5 /61 Jea0 |1 e SN ADIL U000 7162 13
RR2 [ | Sementvio, Wk /5K 2/ 0309 0000 710 9 . |em Kor, - Kond. 10 o /+ 100-20% /40 V/K 10000 0000 7219 % E0PU / 0,4 N VR SN0 N 0000 7127 01 ) -
K %3 |1 | schichiad, WIS SH K2 0% Cweomoy | CN2 | 1| Kor. - Kond. | 10 #/+ '100-20% /40 V/K 10000 0000 7219 48 LLCRALI ) T35 V30 B R Sk 102 K 0000 127 03
K35 |1 | Semeatuio, Wkq 5k /KL2/0%09 | 0000 o N7 e 777_?_ C3 | 1| Ker, - Kond, 2of ;w10 | owonoses | wao/2/3 JU€ 3{2’ 1 SK 90 4 0000 7127 19
R325 |1 | Schicenivic, MK/ 5K/ KL2 /039 0000 7150 &) b _tor. - Kono. | 15 pF [ 26/ 63 VN 150 / 16 W0 727 63 | ~LIRL o e 35 |1 SN 7404 b 0000 62 %5
K1 |1 | Schichtuid. BIKC/SE/KL2/0%9 | 0000 7100 32 oty || Ker. - Kone. Lol / 0ok, 639, 82000 U0 702 45 R E I TR T | SN 0000 7127 04
R 328 |1 | Schichtuid. 68 KL/ SL/KL2/0X9 | 0000 7100 35 o= » €36 | 1| flke M0y 0000 7209 62 o fwno/sier L bow |« \ ST 12NN 0000 7218 97
RR9 |1 | Schichtuie, | 68 ke s 527K 2/ 09 bwoneos 1 ffenr | 1| K - Kend. 2,206 [ 0% [ 166 Mwons s | ewuo/3/2 | beas 1 {u f Sh W03 oo N21 4
K330 [1 | Schichtuac, | v Sk K2 o9 oomeon | 0 hlems || Ko Kend, B 0000 1127 18 | w3 e otk | SN0y K 0000 7167 %6
R Schichtad, 16 ke / 5k / KL 2 [ 0309 o wemey | c Kf. - Kond. Wak J0E/M60V ] o 9 no w32 be 320 (1 | % KM 0000 7127 15
3% (1 | Schich wid, Liswe/se/nzy 0309 LN R | .t R0 | 1| f. - Kond. 41 aF /1027200 - _boomose | wlle/3)2 e o2 (1 [Jc SN Th04 K 0000 7162 55
#1333 |1 | Schichtuid, ke /9 KL2 [ 0309 0000 7083 - R S T B " “i’ S _Goomogre | wlo/5/6 flae|)|u L SKT2 N 0000 7127 03 L
RIW 1| Schichtuid. 2,162/ 5%/ KL 2 [ 1309 _weomoyn | e [ 1 Ker - Kond, (226 1o6- 06-20 40 4/K 1000, | 000722013 BLOAR) R3] L SHTMON 0000 7127 15 y ]
R 335 |1 | Schicntuie, B2k SEIKL 2/ 009 _Owme L33 0| Ker. - Kond. |10 af/e 106-20K / Agv/x loooo | 0000 7:19 W8 I A N R RN SN TH00 N 0000 7327 01
;7?;;7" 1| Schichtwd. Wka/ SE/K2/[0%9 0000 710 37 C3th | 1| Ker. - Kond.  [10.F/ 100-208 [ SO V/K10000 | 0000 7219 48 R/ 0 Jgws| 1] e R 0000 7218 97 e |
R3% |1 | Schicitid, 2k Stk 2/ 0y L O | e [ 1| K- Kona. 22 o[+ 100-20% / K0 ¥/K 10000 w1y £0PU / 0,4 sew6| 1| dc UL | wongw o
R0 |1 | Schichteidt Lok /SR 2] oxy wenesr | 6% [1 {Ker. - ton. | AO0F /o d00208 [MVIKI000 o000 79 | ERU/0s | jﬁ |1 06 [ s 2000121 1> . NN
R (1| Schehtas, | 10 k0 / 5%/ K1 2/ 0309 wenow | B o KD |K =L FOb e i mey
002 |1 [smoio. {500 /st/mesony | wennm - s om0 fowe Br 1) wwns s f o T em| | ke ok Boso-gm | |
20 L L | Siihtads, PO TR i DOu 7463 66 6L Xt 43 jbo lode 4.2 1. o WA b ) [ k- - TSI pogen L =
Sm L cementag, 10 /5 /K 2/ 0300 0000 7.9 19 ul 03 [ 1 [Drode gar 12 wu a6, L300 [ 1 | Spule 25k /) A 0000 7140 3 g8 l-¢- ./
|
[
[
/ |
Zeitbasiskarte
A-19 ' Time base card BN 597@ A



Tl |Stk|  Bezeichnung Eiektr's he Werte  Drstellangaben Benennung Herste ler, Anmerkg Tel |Stek| Beze chnung Elek rische Werte Bestellangfben Benennung Nerstelier, Anmerkgn Tetl  [§tde|  Bezeichnung Elektrsche Werte Bestellangabien Benennung Hersteller, Anmerkgn
R0 |1 | Sehiehtudd. S0 [siw/oe | | ool |1 Semehtuad, 19/ 58/ K2/ 0309 0000 7129 19 e N EE R KT K W N el B
R202 |1 | Schichtuid, Wke/ /K009 0000 7200 ka0 |1 | Schachtusds 1O/ 5/ K2/ 0309 0000 N9 1 || o A9 00K 000 7163 16

= = o e 1 & _ | o RAr ) | sement ad, 0K/ 5% K /vy 0000 1100 31 e J SN 7400 - 000 1.7 ¢l
R 204 | 1 | Schichtuid. 56 k0 / 5[ K2/ 039 0000 7100 4 fouh |1 [Schaontuig, 5,60 /52 ) K12 0309 W18 /31 A RN R . o SKTA LN aus 1% 13 I

hn 25 | 1| Schichtuid, 56 ka / 5%/ K1 2/ 0309 oo 700N | - = T T Je205 (1| g SK 7a 141 W W00 7208 12

| R 206 |1 | Schichtuid, | 56K/ SE/KLZ/ 009 | 000TI00A coan | 1t - kond, 100F 104 Q00 Y [; 0000 129 W03 J06 (1| SH b 10N 0060 7208 12 -
R207 |1 | Schichtwid, | %6 9/ % K 2/0%9 L UL [ | xar |1 | & SN 775 K 000 7127 13 B
R208 |1 | Schichtvid. T R K2] 0 0000 701 0 - C03 | 1 |Ker. - Kona, 16 oo 00-208 /40 Y (K 20000] | 0000 719 48 £0PY / 0N s || g 41 SKT90H 1 0000 16/ 71 B o

,"l“y 1 Schich(iu: 1 W,' z‘l 1/ 51 2/ 0414 70000 no’ ‘DA - | C 200 | 1 | Ker - Kond, N LU"‘-QX‘/W v/ K 10000 F 0000 7219 48 RLTAR) Je 209 |1 J U] 0000 716/ 59 .
8 | 1| Schichtwid, ak/sg/nz/ UAL4 8000 7104 10 ] By | C205 | 1 | Ker, - Koad, |10 nF/+ 100-20% /40 V/ K 10000 | | 0000 7219 48 LOPU / 0,4 cao (1 £ S7h 1M N 0000 7200 12 -
1|1 | Semchtud, 20k KK 0 0000 720 10 L e [ | ke - Kona. 10 o /+ 100-20% /40 ¥/ K 10000 l_iqogc mow | wewjos e |n | oo Sh TN K 0000 7107 11
ROL L | Schichtid, |2 ka/ 5t/ K2/O0M4 ] ow0qerl | | C207 |1 | Ker - Kond. 10 o /4 100-20 /%0 ¥/ K 0000 0000 7219 48 E0PU/ 0,6 a1 |« SN 7450 ¥ 0000 7147 15 ]

| R 23 |1 | Sehichtuid. A/ ] K2/ 0 tWomerlo . | fcas |0 | xer. Kemd. {10 W/e 100208 /40 v/ K000O| | 0000771948 | €0u/ 0, oy 1| e SN TN N w00 TIe

| #2060 | 1 | Schichtuld. woe /s wz/ioe | e | Ker. - Kend 10 oF/+ 100-20% /40 ¥/ ¥ 10000 | | 0000 7219 48 €0R 0,4 26 (1| e | S 7 ww = 0000 708 12 B .

R215 [ 1| Schichtuid, B30 [ s/ ong 0000 7129 76 ) ]ca0 |1 |Ker, - Kead, {10 eF/s 100-20% /40 ¥/ K 10000 0000 7219 48 EOPU /0,4 Pe.as 1| ox | Skwsw o wemznyo o )
R26 |1 | Sehiehtvid. 1o /skiRz/ong w7 e |1 | Ker. - Kond. 10 #/+ 100-208 /40 ¥/ K 10000 0000 7219 48 £0PU / 0,0 Joas |1 | x NN | o015 ——
R217 |1 | Schichtvid, 10 /5K 2/ 0Ny 0000 7129 79 3 LEa C212 [ | Kor, - Kond, |10 aF/e 106-208 /%0 ¥/ K 10000 | | 0000 7219 a8 wo/os | pean |l | | ey 0000 7208 12
R 218 [ 1 | Schichtvid. 19/ 56/ K ?LUL i 7!)0“1 nym Pl C203 |1 [ Ker - Kond, |10 /4 100-20% "40 V/ K 10000 0000 7219 %8 [T a8 |1 g ShINTS N 0000 7127 1)

[ hag |1 | somenass. | 1w s mixiz/om Cownyn L Lean |0 [ Ker, - xons. |10 6/ 106-208 /40 ¥/ K 20000 0000 7719 % wu/op  ff A | IS _ %
W2 | 1| schichtwad, Lo /siazjony | ow0nAsm Clleas (1 [Ker, - Kona, {1cafje 102208 /30 v/ K 10000 0000 7219 48 TR L N L Aigl bty (i anll r |
R 220 | 1 | Schichtvid, Lo /st/xz/ony | 000 MM I C26 |1 | Ker, « Kond, 10 #F/+ 100202 /40 ¥/ K 10000 W10 / 2./ 10 gl je 0 | Skmlaw _ Dooo 7208 12

Rz |1 | somead. | Lo /g/n2/ow | ey ] fean | | e - tente 10 /e 0020 0 v/ 20008 W10 /2 /10 Gl ST I ORI =/

0223 [1 | sementud, 1o/ 5tIK 2] o9 w79 o e 1 | ker, - kons.|ro s/ o2t /40 v K 20000 | | o000 7219 a8 P [ 0, [REEE TN P EHATR1 s el ]
| R22h [ 1| Schichtuid, 1o st/K2/ong | w0797 | fea {1 | xer. - Kona. 10 oF/+ 100-20% /40 ¥/ K 20000 0000 7219 46 IV G R AN TAIN Ll Ne00 Nez
R 225 | 1 | Schichtvid, 10 /58 /K2/0309 0000 729 79 €220 |1 | Ker. - Kond. 10 o /4 100-20% /50 v/ K 10000 | 4000 7219 ¥ 00U / U, ,,£H§ )7 7JC7 ﬁlﬂ ] 0000 7208 12

R 26 | 1 | Schichtud, 10/ 5%/ K2/ 009 0007 7129 19 e 221 |1 |Xer, - Kond, 10 /4 100-20% /40 ¥/ K 10000 | 0000 719 48 R0/ 08 a1 | L il 0000 7127°13 |
Raen |1 | Schichtuld re/ s/ o w00 12979 0222 |1 | Kor, - Kons. (I o/ 100-208 /40 V! X 10000 000 7219 %8 U/ 00 LR | SISO Loty ]

R 228 | 1 | Schichtuid, 10/ 5/K2/009 0000 7129 19 €729 (1 [Ker, - Kond, [10 /e 10020 /80 V/ K 10000 | | 0000 7219 48 ERU/0h | sl SWmax - - 0000 7127 01
29 |1 | Schichtuda, Lo/ st/ K2/ o 0000 7129 79 Cooh 1 [ems -nons |0 af/e 100208 /0 v/ K 10000 | | 0000 7219 48 (/04 sanfl | i SRR G
R20 | 1| Schichtwad, | 10/ 5k K2/ 0309 0000 7129 19 Cozs |1 |Ker, - ons 10 aF/u 100-200 /80 ¥/ x 10000 | | 0000 7219 49 6o / 00 Janl )| N1 o 7107 1
R2) |1 | Schichtui 1o/ 5t(K2/0n 0000 7129 19 €226 |1 |Ker. - Xona 10 nf/« J0-20% /40 ¥/ X 10000 0000 7:19 48 (0PY / 0,4 et Ju SHIAUA N Sl .

R23% |1 | Schichtvid, LR/ R/K 2] 0% 0000 112979 — RN ] 1C /4 100-20% /40 ¥/ X 10000 | 0000 7219 48 [N [ I N E— __rrh . 3 N

B2 |1 | Schichtuid, Yo sy | ey o Jea 1 e, - xona. 0 nF (s 100-208 /A0 ¥/ ke 10000 0000 7219 48 (08 / 0,4 Jro 201 | 1| iohre LRE I 0000 7220 % _viesns
02 | 1| Schichtuid, Yefstomzlow | oo g e o | e - Kena. o «f /o 100-208 /30 v/ K 10000 | | | mmegain | freaz|r | s w1k 006 1220 58 L
8235 |1 | Sementuia, Vel K)o 0000 7129 19 20 (1 |Xar. - kond, |10 af/s 200-20% /30 ¥/ x 20000 | | W 110/ 2 /10 fo.c0y |V | Hovrs | Ik s lehed LI
K23 |1 | Schachtuid. Cla/stin 2 039 0000 T 9 B RIS S LU BT R AR ] 0090 1225 % M5l 161 a0l 4 U Ko 204 | 1 | Rohre mamik 0000 7220 50 Jiemens
R 237 |1 | Schichtvi LG/ 5h/kcqong e na | = €232 | 1| tike Tuf 1200/ 3V W10 /5 / 61 Ro 205 | 1 Réhre M1k foow 1220 % 7Shuns
R 2B |1 | Schic tud, 10/ 5/ K2 030y 0000 772979 - Ro 206 |1 | Rohre RO 0000 1220 5 o Stesans
R 239 |1 | Schachtui . RV NN RG] 0000 7'29 79 S| (S L!(Jl 1w | LT 59_7-_91017‘\;! E%’;/ pl | Diode WP 5062« ANAD [ Movlett -

R 240 |1 | Schiehtvid, Vil RN 0% w000 119 19 E 1 | Fassung ) o

i
Zidhler und Anzeigekarte FZ-4
A-20 Counter and indicator card BN 597 @ B
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Teil  [Stek|  Bezeichnung Elektrische Werte Bestellangaben Benennung Hersteller, Anmerkgn Teil  [Stck|  Bezeichnung Elekbrische Werte | DESTellangaben g0 poon 00 Hersteller, Anaerkgn Teil |Stdk|  Bexeicinung Elektrische Werte  DeHTellangaben Benennung Hersteller, Anmerkgn
R101 | 1 | Schichtvad, |00 / 50/ K 2/0%9 0000 700 20 I Paptarkond, 4700 pF / 20 % / 1000V 0000 7006 21 wllo/1/1 1106 | 1 | Trsasister 2 0 290% 0000 7123 17

R102 |1 | Schicntuid, Mo / 56/ K2/ 009 0000 7100 20 i cw |1 | zzo..!/-so-mn:f 0000 7162 00 LR A B
R1203 | 1 | Schichtvid. BO /51K 2/ 0309 o0 Moo o7 €103 {1 | Elke 7 2200 4 [+ 50 = 10% | u:; 0000 7259 95 wiae/s/w e b )
RI0 | 1| Schichtvid, |50 k8 / 5%/ KL 2/ 09 0000 7100 58 cw i faw [wwpsompsy | wwmnes ISRLAUTEE ) B i F
0205 |1 | semontuis. | 1M/ se/x2/ o oonos | lews 1 N e L ami2iy || - li’
R 106 | 1 | Urahtudd, jome fwt 0000 1220 32 G 2 | [e s [1IKf. - tona, F"'fi/ w1/ lﬂﬂj I ve 10 910 0| 1| u Lt 000 1210 K2 7777
R107 |1 | Schichtvid, | Lke/SK/KZ/OX9 | oomew2s | | en 1R - Rono. shef A0y | wwmorw | e/ 1 | e ) o0 0000 1240 ) 1 -
R0 | 1 | Schictusd, 1,96 k0 / 14/ KLO5/ 0309 | 0000 6596 ____ 18 Cl8 |1 [tk 100 F /o %6 = 205 ) 6 ¥ L LR TV I IR T | wnoc 0000 7161 A}

R109 | 1 | Schichtwe, 1Ko/ sk K209 0000 7100 25 | |C e 1| Ker. - Nond. ; ;fh 100-20%/ 40 ¥/ K 10000 1000 7220 13 e/ eh B
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