AUSTRALIAN POST OFFICE RESEARCH LABORATORIES

APPARATUS HISTORY SHEET

( TS. 399 22/3/7 )

RL 7435 FREQUENCY.STANDARD, Crystal.
. R. & S., type XSD BNA44114DZ, S/N 2482/28.

RL 74354 *Frequency Controller, type XKE BNAAAS34DZ, S/N 2489/8.
: (TS.398 - 22/3/7)

RL 74358 Ferrite Antenna, type BNA4AE341, S/N F2427/25.
¢ 2 (TS.400 ~22/3/71)

- Accessories:
1 -~ Conmnecting cable



Uversetzung der deuntschen

Ausgabe nach ‘R 11947

Zusanmengestellt
nach R 14847

Printed in VWestern Germany

Instruction Book

FREQUENCY STANDARD

0.1MHz 1 MHz 5 MHz

Accuracy 1 x10-10

Type XSD

BN 444114
BN 444114D
BN 444114DZ

R 12811 Bl.1



Supply of Replacements

Replacements are supplied on request by your nearest R&S agents or the
principals ROHDE & SCHWARZ, D 8000 Miinchen 80, Miihldorfstrafie 15;
telephone (0811) 401981; telex 05-23703; telegram rohdeschwarz muenchen.

In your own interests, please let us have the following SpElelcatlonS when
ordering replacements:

(a) Reference Number and R&S Stock Number of the defective component
(according to parts list).

(b) Type or Order Number (BN) and Serial Numbex (FNr.) of the equip-
ment (e. g. according to front-panel engravings).

Please specify the exact address in order to avoid unnecessary delays in
delivery.

"Zusammenstell-Vorschrift"

The "Zusammenstell-Vorschrift' is a reference list specifying the differ-
ent paris of the instruction book. Withthe aid of this list (ZV), it is possible
to check up on the latest amendment (AZ) of the parts lists, circuit dia-
grams and drawings, and to find out whether all specified parts are in fact
included in the instruction book,

Sections that are missing in the instruction book but listed in the ""Zusam-
menstell -Vorschrift" were either not available when the instruction book
was compiled or have been omitted unintentionally. Please inform us in
this case, indicating the reference number (R-Nr.) of the list in the lower
right-hand corner and the item number (Pos. -Nr.).
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1. Uses

The Frequency Standard Type XSD serves as a signal source of maximum
accuracy and stability. It delivers the synchronous frequencies of 100 kHz,
1 MHz and 5 MHz. The set is especially designed for use in R&S standard
frequency and time systems, but can also be used individually wherever
frequencies of high accuracy are required, for example as an external drive

for R&S measuring systems and decade synthesizers and exciters.

Very fine frequency adjustment is possible. A crank-type knob permits
reproducible frequency variations in least increments of 1 x 10-11 indicated
by a mechanical counter. A synchro enables automatic frequency correc-

tions also to be made with the aid of the frequency controller XKE.

The output voltages are sinewave signals, and they are availablé with
1-V open-circuit at an output impedance of 50 &, Consequéntly, they
are readily usable for driving an amplifier, but in many cases they are al-
go sufficient for direct use. Isolation of the crystal oscillator by buffers
and the immunity of the frequency to loading is another important advantage

of the frequency standard XSD.

In fixed operation the set is fed from the AC supply. The battery pack
BN 444114-15 affords a reserve power for 20 hours of operation in case
of an AC supply failure or during transportation. This prevents changes
in frequency. The set is highly resistant to mechanical shocks. Fre-
quency variations due to fluctuations of ambient temperature, AC supply
voltage and AC supply frequency (within the specified limits) remain within

the order of 1 to 2 x 10-10,
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2. Description

The set essentially consists of five major modules (see block diagram in

Fig. 8).

2.1 Crystal Oscillator with AGC Amplifier

‘Module Y1 Zl, oven

Circuit diagram 444114-1 8§

2.2 ‘Oven with Oven-heater Control

Module Y13, heater amplifier
Circuit diagram 444114-6 S

2.3 Frequency Dividers and Qutput Amplifiers

Module Y5, frequency doubler 2.5 MHz - 5 MHz
Circuit diagram 444114-2,31 5

Module Y6, fréquency divider 5 MHz - 1 MHz
Circuit diagram 444114-2, 33 S

Module Y7, output amplifier 5 MIiz
Circuit diagram 444114-2.35 S

Module Y9, frequ’ency divider 1 MHz - 100 kHz
Circuit diagram 444114-2,34 5

Module Y10, output amplifier 100 kHz
Circuit diagrant 444114-2.29 S

2.4 Power Sﬁppiy

Module Y11, power supply
Circuit diagram 444114-4 S

Module Y2, inverter in transverter
Circuit diagram 444114-2.20 5

R 12811 Bl. 3
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Module Y3, voltage stabilizer 15V
Circuit diagram 444114-2,22 S

Module Y4, voltage stabilizer 2 x 9V
Circuit diagram 444114-2,21 S

Module Y1, battery pack BN 444114-15
Circuit diagram 444114-15 S

2.5 Frequency-adjusting Device

Consists of precision air capacitor Cl (circuit diagram 444114-1 S), back-
lash-free reduction gear 1 : 4400 (both temperature-controlled in
oven) and mechanical counter with synchro system and crank-type

knob.

The frequency-governing component is the well-known 2. 5-MHz crystal
which has been developed by the Bell Telephone Laboratories and in tech-
nical papers *) is called the best type of crystal that to date can be manu-
factured by the industry. The crystal and all the other components influ-
encing the frequency, such as transistors, coils and capacitors, are housed
in an oven to prevent their being affected by temperature variations_. This
oven is a very rugged unit shock-mounted in a frame. The built-in cylinder
type variable capacitor is adjustable from the outside via a gear also con-

tained in the oven. The resetting accuracy of this capacitor is 1 x 10-9 of
12

the overall trimming range, which corresponds to off/f=2x 10°

The 2. 5-MIHz crystal is excited by a silicon transistor in series resonance,
The oscillator CiI‘Cl.Iit design is such that aging of the frequency-governing
components v@ith the exception of the crystal causes only a frequency drift
of about 10-11 over years. This stage is followed by very loosely coupled
buffers and a regulator circuit stabilizing the amplitude of the 'crystal. The -
frequency is coupled out via a tuned amplifier, the load not being reflected

back to the oscillator.

*y A.W. Warner: ""Design and Performance of Ultraprecise 2. 5-mc Quartz
Crystal Units''. ' : -
The Bell System Technical Journal, September 1960
_ William Markowitz: '"The Atomic Time Scale'.
R.S. Sykes, W.,L. Smith and W.J. Spencer: "Performance of Precision
Quartz-Crystal Controlled Frequency Generator', y
IRE-~Transactions on Instrumentation, December 1962 No. 3 and 4
R 12811 B1. 4 '
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The EMF at the rear and front outputs for the frequency is the same. Inter-

action between these outputs is prevented by resistors,

The components and stages mentioned in the foregoing are hoﬁsed in a thick-
walled aluminium cylinder carrying, on the greater part of its surface, a
nickel-manganin temperature bridge which also serves for heating. The heafed
aluminium cylinder is held by a heat-insulating plate and isolated by thermos
flasks. The temperature control circuit consists of an amplifier tuned to about
160 Hz and giving an output power of 4 W, maximum. This amplifier obtains a
feedback signal via the temperature measuring bridge of the oven so that it
operates at 160 Hz in the case of temperatures which are below the balance
point of the bridge. The bridge is adjusted to the temperature at the turning point
of the crystal and the tank circuit. The ambient temperature reduction factor
is greater than 5000. Accordingly, the temperature difference in the oven will
not exceed 0, OIOC even with the ambient temperature varying between 0 and

+50°C.,

The oscillator frequenéy of 2.5 MHz is first doubled and then pass'ed through
another.buffer. The buffer is equipped with a 5 MHz filter crystal and is thus

selective. The pass-band is less than 60 Hz and the far-off selectivity less than

40 dB. This additional filtering considerably improves.the signal-to-noise ratio
and thus also the short-term stability of the 5 MHz output frequency, Which is
available into 50 £ with an EMF of 1 V' and without circuit loading at the output
of the buffer. In addition, this frequency is taken out before the filter crystal
and divided down to 1 MHz and 100 kHz. Each of the frequencies thus produced
is also passed through buffers and is available at 1 V. EMF into 50 . Damage
due to severe jolts or to strong electric and magnetic fields is prevented by

sturdy construction and adequate shielding.

The power supply is such that the set can be operated from all conventional AC
supply voltages and frequencies up to 400 Hz as well as from a 12-V or 24-V
battery. In AC supply operation of Type XSD the gas-tight nickel-cadmium-
battery of 12 V incorporated in the battery pack BN 444114-15 is charged, which
will provide a reserve power sufficient for 20 hours of operation if the AC

supply breaks down.

R 12811 Bl. 5
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A panel meter and a check switch permit the individual stages to be checked.

The set can be delivered as a 19" or DIN 41490 rack-mounting unit. The |
DIN model is available also in a steel cabinet. ‘The construction is very
rugged and of the building-block type. The building blocks, or modules,
are plug-in printed-circuit boards and thus enable a fast check or replace-

ment to be made so that servicing is facilitated.
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5 MHz output frequency . . .

3. Specifications

~ Output frequencies . . . . . . . 5 MHz, 1 MHz and 0.1 MHz

Output voltage . . . . . . . . . each1V onopen circuit;
output impedance 50 )

Maximumload . . . . . . . . . up to short circuit

Distortion-..‘........ < 3%

Short-term stability of the

Meif;r:ng Scatter (Af/f)
1 msec <1 x10°°
10 msec < 1.5x10°1°
100 msec <2 x1o7M
1 sec < 3.5x10712.
10 sec < 4.5x10° "2
lest setup acc. to Fig. 1

These short-term stability measurements are relative measurements. The re- -
ference frequency standard was a Type XSD Frequency Standard with crystal
filter, i.e. with the same short-time stability as the test item. The values given

in the table are the measured values divided by V2.

The values listed in the tables and henceforth called scatter are the mean square

deviations from the rating as determined from the Gaussean error distribution

ERVEDY R

n = number of measured values

curve,

X = arithmetic mean] = xi/n

[{]

X measured value, in &f/f.

i
The ¢ values obtained from 300 measurements in each casge.

The FNA spectrum shown in Fig. 2 gives the signal-to-noise ratio measured at

a bandwidth of 10 Hz.

R 12811 Bl. 6
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I'requency stability

at supply voltage fluctuations hetween

80 and 110% of rating (without battery)

or 0 to 110% (with battery charged) .

at battery voltage variations between
11 and 16 V or between 22 and 32 V .

at temperature variations between
Gand 4890 .« « « +» » « sxm iamei

at mechanical shocks of
10 gx20msec . . + « « « « « o«

aging after 30 days of uninterrupted
operation . . . . . . o . 0 . .

Frequency adjustment
Range . . + « « « v « v o o «

Indication (throughout the range) . .

Adjustment . . . . . o . 0 0 .

Permissible ambient temperature. - .

Temperature control . . . « . . .

Operating voltages

ACBUDPPLY « « o+ « o & & & 5.5 & 3

External storage battery
(not charged from set) . . . . . .

Built-in storage battery
(charged from set) . . . . . .

1 x 10-10
1 x10-10
2 x 10-10
2 x 10-10

1x10-10 per day

2 x 10-7

by mechaniéal counter in units
of 1 x 10-11

(a) by front-panel crank-type knob
or

(b) by synchro receiver for 12 V DC
(supplied with the frequency
controller XKE) '

-20°C to +45°C

continuous

115/125/220/235 V -20 to +10%

47 to 400 Hz

approx. 60 VA if battery charged,
approx. 20 VA battery discharged:

11 - 16 V DC (approx. 8 W) or
22 - 32 V DC (approx. 16 W)

battery pack BN 444114-15
12 V, 14 Ah for 20 hours reserve

power
3

10
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Connectors

5 MHz, 1 MIiz and 100 kllz . . . . . front panel: adaptable RF sockets
4/13 DIN 47284 |

ACsupply . . . .Y .. . . . . . small appliance plug FES 20000

" External storage battery . . . . . . three-pin Tuchel-type plug

FTS 30311

Batterypack . . . . . . . . . . . five-pin Tuchel-type plug
TS 30511

Synchro receiver . . ., . . . . . . five-contact Tuchel-type socket
FTD 60515

COMponetits « w.w w s & & % v « » &7 transistors

Colour « « + o s &« » v» = » = = «:w  PPEY,

Inscriptions . . . . . . . . . . . bilingual: German/English

Dimensions (WxHxD) . . . . . . 520x160 x 440 mm

(rack- mOuntmg unit according to
DIN)

484 x 176 x 440 mm
(19" rack-mounting unit)

540 x 199 x 451
(cabipet model with cover)

Welght . « + o« ¢« « v v « + « « + « @approx. 22 kg
(rack-mounting unit)

Designation for ordering

Cabinet model . . . . . . . . . . BN 444114

Rack-mounting unit b
accordingto DIN « & + « » » ¢ « «» BN 444114 D.

19" rack-mountingunit . . . . . . BN 444114 DZ

Accessories 'supplied « +- + .+ .+ . . lpower cord (2 m long)
(included in price) (for cabinet models only)
Recommended accessories , . . . . 2 RF plugs ¢/13/DIN 47284

1 plug I 20315

1 plug FTD 20515

1 plug TS 50515

4 plugs FS/UG-88 C/U

1 battery pack BN 444114-15

R 12811 BL. 7



4, Setting up

The Frequency Standard Type XSD is mainly used for fixed operation.

The incorporated 2. 5-MHz crystal requires a stable operating tempera-
ture in the range +53 to +60°C, dependent upon the temperature turning
point. This relatively low temperature in the oven can be maintained only
provided the ambient temperature does not exceed +50°C. If Type XSD is
accommodated in a cabinet rack where units operating with thermionic "
valves generate a large amount of heat, it should therefore be given the
lowest place. The necessary ventilation in such an inst‘allaéion is ensured

by the open construction of the unit.

As stated in section 3 ""Specifications' Type XSD comes as a 19" or DIN
rack-mounting unit. The two versions differ only in the width of their
front panels and in guide rails which are unscrewed in the case of the 19.”
model. Each model can therefore be modified into the other, if this is

desired at a later time. Hence, this instruction book is applicable for

both versions.

The connectors for the connection of the AC supply, battery, frequency
controller XKE and the three frequency outputs are at the rear of the set.
For this reason, Type XSD can only be inserted into cabinet racks which

. are accessible from the rear. Horizontal guide rails holding the unit in
the rack are necessary. Mounting to the front panel alone is inadmissible

because of the weight of the unit.

Installations using blowers or magnetic voltége stabilizers may cause vi-
. brations. To prevent such vibrations from modulating the crystal fre-

quency, the oven with the crystal and oscillator circuit is gshock-mounted.

12



5. Type of Supply Voltages

' The high precision and stability of the frequency standard is available only
if its operation is never interrupted. For this reason it is possible to
power the unit from two independent sources connected in parallel. The

following types of operation are possible:

5.1 Operation from AC Supply

The power cord must be connected to the connector St51 labelled AC SUP-

et g A A 0RO B R

'PLY at the rear of the frequency standard, The mating connector of the

power cord should be of the conventional rubber-moulded type obtainable

— e

from Rohde & Schwarz under the stock number FED 20000,

| The frequency standard XSD has no power switch. It is separated from
. the AC supply either by unplugging the power cord or by unscrewihg the
? fuse Sil labelled AC SUPPLY at the front panel.

The following AC supply voltages may be used:

115, 125, 220 or 235 V, +10 to -20%; 47 to 400 Hz.

The appropriate voltage selection is made by putting a little brass cylinder
i _ provided on the tapping panel Sl of the power supply (Fig. 3) into the cor-
L . . responding pair of clips. The power fuse Sil at the front panel should have._

the following ratings:

400 mA for operation from a 220 or 235 V AC supply

{ ) 800 mA for operation from a 115 or 125 V AC supply.
10820 This type of operation is only indicated by the pilot lamp R11 labelled AC
1466 SUPPLY on the front panel.

b 43

: | | |
[ 13
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5.2 Operation from AC Supply with 20 Hours Reserve by Battery Pack

The battery pack BN 444114-15 is used in this type of operation. It is
mounted to Type XSD with the aid of 8 cheese-head screws M 4 x 10, and
the electrical connection to Type XSD is made by plugging the cable K1
into the connector St53. The battery pack contains 20 gas-tight nickel-

cadmium cells; with ten pairs of cells connected in series the battery has

a capacity of 15 Ah at an average discharge voltage of 12 V. This capac-

ity is sufficient for 20 hours of operation under normal conditions (heated-
up oven, ambient temperature 259C). Moreover, the battery pack incor-
porates a network controlling the charging voltage of the DC voltage regu-
lator provided in Type XSD, i.e. a thermistor somewhat controls the
charging voltage as a function of battery temperature, In addition, switch
S1 labelled CHARGING VOLTAGE at the rear of the battery pack permits
the charging voltage to be changed over from 14.3 V to 13..8 V (for fast

'charging or for sustain charging).

The socket St1 provided at the rear of the battery pack and labelled BAT-
TERY OUTPUT may be used for the emergency operation of units other
than Type XSD (e.g. frequency-divider clock CAT), the reserve operating

period then being correspondingly shorter.

The battery is connected across the voltage stabilizer of the power supply
in Type XSD. Consequently it is charged from a constant voltage if Type
XSD is powered from the AC supply. The battery takes over the feeding
of the operating voltages as soon as the AC supply breaks down or does not

reach its rated voltage.

Charging the battery up to the rated capacity requires a charging voltage
of 14.3 V (for ten cells in series). The gas-tight DEAC cells used do not
exhibit a pronounced voltage increase at full charge, Consequently the

battery is constantly overcharged at this voltage once it is fully charged.

14
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It is known from experience that the battery is destroyed if it is overcharged
for months on end. However, the charging voliage of 13,8 V as needed -for
sustaining the charge is insufficient for obtaining a full charge. It would

charge the battery only to 30% of its rated capacity.

After a discharge down to 0 V the gas-tight nickel-cadmium cells will store
only a small amount of current in the case of a sustaining charge. Itis
then necessary to charge the battery at 14.3 V for two to three weeks until
it has reached its full capacity. At a normal discharge (AC supply break-
down for 20 hours) down to about 10 V it is sufficient to-recharge at 14.3 V-
for one week, In the case of uninterrupted operation from the AC supply

it is best to charge the battery every second month at 14.3 V for approxi-

mately two days. During the other time the charge can be sustained at a

charging voltage of 13.8 V.

The fuse Si5 at the rear of the battery pack lies directly before the negative
terminal of the battery and serves only to protect the battery against a short

circuit. Its rating is correspondingly high, viz. 6 A.

" The fuse Sil labelled BATTERY at the front panel of Type XSD is the fuse

for operation from the battery. It is placed in the plus lead for all types

of DC supply. Its ratingis 2.5 A.

The battery voltage indicating lamp above the battery fuse Sil fulfils its
intended function only if an external battery (e.g. battery unit CAN) con-
nected to St52. If a battery pack BN 444114-15 is connected, the lamp will
light as long as an operating voltage is present, that is to say, in AC supply
operation it will not directly indicate whether the built-in battery is in order
or not. This can then be checked only by measuring the charging current

with the panel meter I1 (see 7.1.2 and 8, example 2).

The charger (circuit diagram 444114-4 S) incorporated in Type XSD is also

provided with a limiting feature, thatis, at about 2.3 to 2.5 A the voltage

15
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begins to drop. The current flowing in the case of a short circuit, i.e, at
0 V, is approximately 3 A. A short circuit can be tolerated only for a few

minutes since too much heat will be developed in the power supply.

The current limiting feature renders it also possible to use a car battery,
say rated for 12 V and 60 Ah, as a buffer battery charged by Type XSD
without the risk of the charging current being inadmissibly high. How-
ever, in setting up Type XSD account should then be taken of the larger
amount of heat developed in it because of the higher charging current.
The connection must be made to connector St53, ''-' being taken to 1 and
4, and "+" to 5. At the contacts 2 and 3 the charging voltage can be con-

trolled as follows:

Contacts 2 and 3 'shorted (0 ). . . . charging voltage 13.4V
Contacts 2 and 3 open (® Q) . . . . . charging voltage 15.5 V.

In-between values of the charging voltage can be obtained by inserting suit-
able resistors from 0 £ to approximately 500 £, The mating free connec-

tor has the R&S stock number FTD 20515,

5.3 Operation from AC Supply, Reserve Power from External
Battery without Sustain Charging

The external battery should be a DC source of minimum source resistance,
< 10, and low hum voltage (< 1 Vpp during charging) with a DC output of
10 to 15 V. Well suited for this purpose are the R&S units:

Battery Unit Type CAN BN 7890
Charger Type CAI BN 7891

The external battery (CAN) must be connected to St52 ("+"" to 1 and "."
to 2) at the rear of the set, St52 is labelled EXTERNAL BATTERY. The
free connector carries the R&S stock number FTD, 20315. The battery

16



connection in the set is floating. The pilot lamp Rl 2 under BATTERY
stays alight when the battery and the battery fuse Si2 are in order. When
battery-poWered the frequency standard draws roughly 1 A from the bat-
tery during the warm-up period of the oven and about 0.6 A after warm-up

| and at a temperature of approximately 0.6 A in the room.

5.4 24-V Operation

In this type of operation, there is no need for a very low source impedance
t _ " and hum voltage. The operating voltage, which may vary betweéen 22 V and
| 32 V, is then applied to the voltage stabilizer of the power supply in Type

| “ XSD where it is reduced to 14 Vgtaple. The connection is again made to |
St52 at the rear, "'+ being taken to 1 and "-\"' to 3. Connector St52 is la-

belled EXTERNAL BATTERY. The free connector has the R&S stock

number FTD 20315. The battery connection in the set is floating; conse-
quently either "+" or "-'"" of the DC source may be taken to earth. The
BATTERY pilot lamp Rl 2 lights when the 24-V supply is present and the

battery fuse Sil is intact., The current consumption in this mode is ap-

—

i proximately 1 A during warm-up of the oven and about 0.6 A after warm-

up and at a room temperature of approximately 25°C.

5.5 AC Supply and 24-V Operation in Parallel

% , In this mode, AC supply operation, as described in 5.3, is not definitely

prevalent, but rather the battery will take over if its voltage is 25 to 32 V.,

For connection to AC supply see section 5.1

For connection to 24-V battery see section 5. 4,

R 10820 The AC SUPPLY and BATTERY voltage indicators will light if the AC

E 6 .  supply or battery voltages are present.
?J.}'J.‘ 17 ' .

{
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6. Instructions for Operation

6.1 Preparation for Use

Check the set for damage suffered in transit. Before putting it into oper-

ation loosen the locking device of the shock-mounted oven. For this pur-
pose, cabinet models must be taken out of the cabinet and the battery pack

must be removed. As usual, the chassis is mounted to the front parel by

four captive screws marked by a red ring. The battery pack BN 444114-15
is attached, at both sides, to the frame of the frequency standard, using
eight .cheese-head screws M4. These must be removed, and the connect-
ing cable K10 be unplugged from the frequency standard. The battery pack
can then be removed. The oven-locking device is located at the ends of
the oven. It serves to prevent the oven shock-mounted by four pairs. of
springs from being damaged during transit. After the cheese-heéd screws
have been loosened, the locking rings (Fig. 4) can be adjusted in the indi-
cated direction until the oven is free. Next, the locking rings should be
fastened in their new position by tightening the cheese-head screws to pre-

vent them from sliding back.

Note: Prior to each new transportation of the set it is again necessary to

lock the oven in place,

Before reattaching the battery pack and putting the set back into the cab-
inet or cabinet rack check that the little brass ¢ylinder is in the correct pair
of clips on the tapping panel of the power supply unit (see 5.1). The as-
sembly being completed check all the fuses Sil.to Si5 and the pilot lamps
Rl 1 to R1 2 to see whether they are intact and of the appropriate rating.

Sil fuse 0.4 A for 220 V and 235 V
0.8 A for 115 V and 125V
Si2 fuse 2.5 A (battery)
S5i3 fuse 1 A (heater voltage amplifier)
Si4 fuse 0.25A (inverter)

18
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SiH fuse 68 A (battery pack)
R1 1 pilot lamp RLT 21201 (12 V)
Rl 2 pilot lamp RLT 21201 (12 V)

Now the set can be put into operation by making the required connections

to the AC supply and battery (section 5).

Note: Check for correct polarity before making the connection to the bat-

tery (Fig. 4).

- Immediately after the set has been put into opération it is necessary to

make a level check with the panel meter. Particular attention must be
paid to the two operating voltages: if the values indicated for the operat-
ing voltage I (9 V‘) and operating voltage II (15 V) are more than 20% Dbe-
low the nominal value the inverter has not properly started. In this case,
which in fact occurs very seldom, it is necessary to disconnect the set
briefly from the supply source and then to recoﬁnect it. The other level

values are listed on table 2. If the oven is cold, that is, shortly after

“connection to the power source, the frequency of the set is a few 10-5

(&f/f) above the nominal frequency. The oven is at its rated temperature
after approximately four hours of operation, but the crystal itself requires
a run-in period’ of about one day. However, accurate frequency adjust--

ments can be made only after three to four days.

6.2 Frequency Adjustment (General)

Crystal-controlled frequency standards are no absolute frequency standards,
and readjustments agai'nst an absolute standard of frequency are therefore
indispensable. Roughly the frequency variations of crystal-controlled os-

cillators can be divided into three groups.’

.(a) Systematic frequency variations caused by environmental effects such

as temperature and power supply. Within normal limits, these effects

-

R 12811 Bl. 8
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give rise to extremely small frequency errors in Type XSD, viz. of

the order of a few 10-11 (Af/1).

(b) Non-systematic frequency variations caused by thermal-agitation noise
in the circuitry and non-systematic variations in the circuit compo- |
nents. The orders of magnitude of these frequency variations are

stated in section 3. Specifications - under ''Short-term stability".

(¢c) Systematic, unidirectional frequency variations, briefly termed drift

and caused by aging in the crystal.

The following orders of magnitude can be expected for the frequency

standard XSD:

After 10 days of uninterrupted operation Afff= 1 x 10-10/day
After a few months of uninterrupted operation Af/f = a few 10‘10/day
After 1 to 2 years of uninterrupted operation Af/f = a few 10-12/day

The frequency can be manually adjusted ixsing the crank-type knob labelled
FREQUENCY ADJUSTMENT. To do this, the crank-type knob must be
pulled out until it snaps in place. If the crank-type knob is pressed back
into the other locking position, it is disengaged from the frequency adjust-
ing device. The counter beside the knob indicates the adjustment in units
of 10-11 of the nominal frequency, that is, 10-6 Hz referred to 0. 1 MHz
and 10-° Hz referred to 1 MHz. The counter adds in the case of a positive'-

frequency adjustment and subtracts in the case of a negative one.

Subsequent incorporation of a synchro receiver BN 444834-50 which is. Sup--
plied together with the frequency controller XKE renders possible remote-
controlled adjustment of frequency. In this mode of operation, the crank-
type knob remains in the disengaged, i.e. depressed, position. Frequenéy
adjustment is then made only via the synchro system. The amount of ad-

justment can also be read from the counter.

20



The frequency adjusting component is the variable precision capacitor Cl-
(circuit diagram 444114-15). A backlash-free gear with the gear ratio
! . 1 : 4400 connects it to the FREQUENCY ADJUSTMENT crank-type knob

and the mechanical counter. The latter is geared in the ratio 1 : 3 to the
synchro receiver. The total range of variation of the variable capacitor
i - is covered by one-half revolution of the variable capacitor shaft or by 2200

revolutions of the crank-type knob. The las.t digit of the counter indicates

e

0.1 revolutions of the crank-type knob.
! ' Hence,

E ' total variation of the variable capacitor is equal to
. one-half revolution of the capacitor shaft or

E ' A 2,000 revolutions of the crank-type knob or
22,000 numerals of the counter or

i _ 6,600 revolutions of the synchro system,
The counter is geared to the variable capacitor such that its indication

99, 000 is equal to the end capacitance and

I:: 21,000 is equal to the capacitance at the beginning.

¥ ¢ - ‘ For the sake of linearity, the total capacitance variation is not utilized for
/ the maximum range of frequency adjustment 2 x 1G=7, The range of ad-

l- justment Af/f = 2 x 10-7 is covered by the counter indications

00, 000 bis 20, 000 equal to

© 2,000 revolutions of the crank-type knob or

6, 000 revolutions of the synchro system.

During first-time operation at our factory the sets are so adjusted that the

f nominal frequency is reached at a counter indication of approximately
10820
;:cuG

Bl, 21 months of operation. Because of the aging decreasing greatly in the course

12,000, The crystal ages by about 2 x 10-8 (Af/f) during the first few

e
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of time, the absolute frequency will eventually be reached roughly in the

centre of the potential range of frequency variation, that ig, with the count-

er being at 10, 000.

The counter indication of the relative frequency adjustment is rigidly linear

" in respect of capacitance, but not perfectly linear with regard to frequen-

cy. Consequently, there are relative errors of indication which are zero

in the centre of the range of adjustment and < 5% at the ends.

6.3 Frequency Correction by Comparison with Standard-time Signals

The frequency standard XSD is generally operated in conjunction with the
R&S standard time system CAC. Daily comparison of the seconds signals
produced by this system against astronomically checked time signals en-
ables the frequency of Type XSD to be monitored with a high absolute ac-

curacy. In this way, Type XSD becomes a primary frequency standard.

How this time comparison is made is discussed in great detail in the in-
struction book on the time signal oscilloscope CAO, BN 7812. It ié good
practice to measure the error in time with reference to severél astronom-
ically controlled time signals and to plot the results as curves, time being
the abscissa, A positive error means that thé external time signals ar-
rived later. Next, one draws a mean-error curve for a sufficient period
of observation. It permits the frequency erfor for the past period of ob-

servation to be calculated with the aid of the following formula:

Af 1 As As o5 As in sec
+ " 86400 *Ar - IO xEp ¥ 1 At in days |

where 86,400 is the number of seconds of the mean solar day,
As is the total error variation during the period of observation,

At is the period of observation.
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As a rule, a gradual bend in the mean-error curve will be noticed over a
very long period of observation. It is the result of aging inherent in every
crystal. The aging obtains from differentiation of the mean-error curve

at several points, according to the following example:

6.3.1 Determination of the Aging

It is assumed that the mean-error curve at the day 0 of the period of ob-
servation is at an error of +25 msec (Fig. 5) and that the error is 0.7 msec
after 20 days. By calculation one then obtains for the tenth day a mean

daily rate of

_(40.7-25) x 10-3 .3 |sec
rip 20 -1,285 x 10 day

According to the foregoing this corresponds'to a frequency error of

Afl0  -1.285 x 10-3

= " . ‘8
7 86, 400 1.49 x 10

On the 72nd day the tangent of the mean-error curve runs horizontal.
Hence, the rate on this day is r72 = 0. The 130th day shows a mean
value between the 120th and the 140th day

r130 =~ =Lt -y 075 x 10-3 5555] '

20 day

This corresponds to a frequency error of

Af;3° = 1,245 x 10-8

If the rate or frequency errors thus obtained at several points of the error
curve are again plotted as a curve, a good survey is gained of the crystal
aging. Fig. 6 shows the rate curve calculated from the mean-error curve

in Fig. 5. If exacting demands are made of the frequency accuracy,
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familiar graphical methods can be used to approximately determine the
law according to which the rate curve is formed, and extrapolated rate
values can thus be found. However, within a period of a few months the
rate curve can nearly always be replaced by a straight line. Frequency
corrections carried out at regular intervals with the aid of the extrapo-
lated rate curve permit the aging of the crystal to be compensated almost
completely. The extrapolated rate curve exhibits a rate difference of
3.55x 10°8 - 1.7 x_lO'B = 1.83 x 10-8 over 120 days. According to the

example here given, a negative frequency correction of

1.83 x 10-8

= -10
130 1,52 x 10

would be required between January lst and May 1st. In this case, r;x cor-
rection by 15.2 x 10-10 carried out for 10 days would also be sufficient.
The amount of aging decreases slightly so that a smaller daily frequency
correction will be needed during the months to follow. Later ‘on the ex-

trapolated rate curve must be replaced by a measured one. However, the |

‘daily negative frequency corrections must then be added with positive sign

to the rate values resulting from the new error curve, which is much more
linear than before. A record of all adjustments carried out should be

made to preclude the danger of errors and maladjustments.

6.4 Automatic Frequency Correction by Frequency Controller Type
XKE, BN 444834 :

There are now standard frequency transmitters all over the world whose
carrier frequencies have an absolute accuracy of 1 x 10‘1_0. The frequen-
cy controller XKE, BN 444834 renders possible the automatic readjust-

ment of Type XSD to the reference frequency of such a standard frequency

transmitter. Basically, the frequency controller XKE is an I-controller

with a very long time constant 7, that is, it responds only to a frequency
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drift which is unidirectional for more than one day. Short-term phase
variations of the incoming standard frequency, caused among other things
by changes'in the transmission path, have practically no effect, For this’
reason, the high short-term stability of the frequency standard XSD is
maintained in operation with a frequency controller. The daily drift .or
aging inherent in a frequency standard is converted to a constant frequen-

cy error with respect to the incoming standard frequency.

L/aay
Af agingin f
T " = %6 200 xT (sec)

With a time constant T of 1 day = 86,400 sec adjusted on the frequency
controller and with a daily aging of the crystal by +1 x 10"11/day a constant
frequency error of +1 x 10-11 against the reference frequency would occur

in the case of automatic frequency control.

The FREQUENCY ADJUSTMENT control has no mechanical stop. Fig. 7
shows the relative frequency change versus counter indication. As men~
tioned before, the frequency standard XSD has a negative frequency error :

of a few parts in 10° if the oven is cold. In automatic control using the

frequency controller XKE it is therefore well possible that during warm-

up the frequency controller rotates the frequency adjustment beyond its

regular range.

With reference to Fig. 7 the following case can be reconstructed: the cor-

rect indication of the counter at &4f/f = 0 with respect to the reference fre-

. quency would be 12,000 (point I) after warm-up of the crystal stage.

However, the frequency controller may have adjusted the crystal stage
during warm-up such that the indication on the counter is 31, 000. Since
the frequency corresponding to the counter indication of 31, 000 is lower
than the reference frequency, the frequency controller would vary the fre-
quency adjustment towards higher numbers. This means with reference

to Fig. 7 that the automatic control action would not arrive at a stable
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. value before the frequency-equivalent point III with the counter indication

of 56, 000 were reached,

To preclude such faulty control actions the counter has a limit switch fitted

to it (S1 in circuit diagram 444114 S) whose contacts switch over at the

“counter indications of 00, 000 and 20, 000. The normally-closed contact

(C, NC) of the switch S1 which is in the phase 3 wire of the synchro sys-

tem will open outside the stated range of adjustment,

In the foregoing case the frequency controller would actuate the limit

switch. To enable the frequency controller to become operative again asg

- soon as the crystal stage has warmed up the FREQUENCY ADJUSTMENT

control must be manually returned to its regular range of adjustment, that

ig, to the indication 00, 000 - 20,000 of the counter.

A slip friction clutch between the rotor shaft and drive pinion of the synchro

receiver BN 444834-50 functions as a mechanical overload protection.

More particulars on operation with external frequency control can be seen

from the instruction book on the frequency controller XKE.

6.5 Mounting Instructions for the Synchro Receiver Z 1 BN 444834-50

The synchro receiver (Z 1) BN 444834-50 is the input end of the synchro
system for the frequency controller XKE. For this reason it is supplied

with the frequency controller XKE.

The synchro receiver can be best attached by unscrewing the oven ét‘ one
end and lifting this end somewhat. Before this is done, the shock-mounting
device must be locked in place. The cover of the counter can then‘be un-
screwed and the synchro receiver fixed instead, using four cheese-head
serews M 2.2 x 6. The contacts 1, 2 and 3 of the synchro receiver are

connected to the contacts correspondingly labelled on the terminal strip
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in the set. It should be checked that the articulated shaft is properly en-

gaged when the lifted end of the oven is screwed down again.

The flange on the counter of Type XSD will also fit the SEL Synchro System

DRS 203. ' More particulars are obtainable from us on request,

T, Maintenance

Maintenance of the frequency standard XSD is essentially restricted to the
regular checking of the frequency, supply voltage oven heating and output
voltages using the CHECK switch and the panel meter. The checking of

the battery pack is described in section 5. 2.

Tl Checking

The checks made after first-time putting into operation (6.1) should be

repeated at regular intervals,

T lal CHECK Switch Position DISCHARG. CURR.

The meter scale used in this position of the CHECK switch is calibrated in
terms of amperé. Only the current drawn from the battery (Jinclud.ing the

pilot lamp current) is indicated.

7.1.2 CHECK Switch Position CHARG. CURR.

The meter scale used in this position of the CHECK switch is calibrated in
terms of ampere. The check point is the same as under 7.1.1, but the
sign is reversed. This position is of interest only for buffer operation

(5.2).. The charging current of the buffer battery is indicated.

27



T:.1.3 CHIECK Switeh Position CIIARG. VOIL TAGE

The meter scale uscd in this position of the CHICCK switch is calibrated
in volts, The stabilized DC output voltage of the power supply unit Y11

(circuit diagram 444114-4 S) is indicated.

Provided the voltage stahilizer of the power supply does not operate in the
saturation region, at a charging current (7.1.2) < 1 A, the follo’wing volt-
ages should he indicated in the individual types of operation: |

At Operation from AC supply (5. 1)

15.0 V, or at AC supply

Operation from AC supply, reserve ) {aTlihet BAREEY VollNse
< L0 (> ? H 4

yower {rom external batter without . C - :
! ‘ J minus initial diode voltage

sustain charging (5. 3)

o BV

o

24-V operation (5. 4) 1

At Operation from AC supply with reserve power by battery charged

by Type XSD in buffer connection (5. 2)

CHARGING VOLTAGT switch at "14.3 V" .. ..... L 14,3V
CHARGING VOLTAGE switch at "13.6v" . ......,. 13.8V

‘The charging voltage is equal to the battery voltage and is closely
dependent on temperature due to the temperature—dependent control

)
by thermistor R1 in the battery pack.

7.1. 4 CHECK Switch Position OPERATING VOLTAGE II

The meter scale used in this position of the CHECK switch is calibrated

in volts. The supply voltage for the crystal oscillator and AGC amplifier,

produced in the voltage stabilizer Y3, is indicated. It is imperative that

the voltage be at a stahle level between 14. 5 and 15.5 V.

R"12817 Bl.9
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7.1.5 CHECK Switch Position OPERATION VOLTAGE I

The meter scale used in this position of the CHECK switch is calibrated in volté.
The 9-V supply for the heater amplifier Y13 and the 8-V supply for the frequency
dividers and output émplifiers ¥h, Y6, Y'?, Y8, Y9and Y10, produéed in. the
voltage stabilizer Y4, are indicated. It is imperative that the voltage be at a
stable level between 8.8 and 9.5 V. At a break-down of one of the two supply
voltages, the panel meter indicates roughly one-half the value of the nominal

voltage,

Tl y 6 CHECK Switch Position THERMOSTAT (Oven)

The panel meter has no calibration for this position. The heater current of the

oven i8 indicated.

With the oven not yet warmed up or at full heating power the indicated value is
about 90% of f.s.d. on the panel meter. This.value varies linearly with the
charging voltage (7.1.3). When the oven is warmed up, the value depends upon
the required heating power or upon the ambient temperature of the set. An am;-
bient temperature of 25°¢C corresponds roughly to one-half full-scale deflection
of the panel meter, A slight variation of the heating voltage is permissible; it is

caused by beating with the 3rd harmonic of the AC supply frequency.

7.1.7 CHECK Switch Positions ""0.1 MHz", "1 MHz" and "'§ MHz"

The black section in the upper third of the scale is provided for these positions.

The open-circuit output voltage of the frequency outputs 0.1 MHz, 1 MHz and =~ .+’

b MHz is indicated.

Ifa steady decrease in the output voltage at the 5 MHz output is observed over a
certain period, this is probably due to aging of the crystal filter. The crystal
filter can be readjusted with Trimmer C9 in the plug-in unit Y7; this trimmer is

accessible from above. The optimum adjustment is made with maximum voltage
at the 5 MHz output.

The pointer defigetion must be within the black section of the scale,

R 12811 Bl. 10
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8. Trouble-shooting

Trouble-shooting is facilitated by the foregoing explanations, the built-in
checking devices (panel meter) and the orderly layout of the set, The
block diagram, circuit diagram and parts lists will also be of help. Each
component shown in the circuit diagram is either labelled in the set or rel-
atively easy to identify by reference to a diagram attached to this instruc-

tion book.

Trouble-shooting and repair of any defective set should be carried out only
by qualified technicians trained to read the circuit diagrams. The block
diagram (Fig. 8) represents the individual stages of the frequency stand-

ard XSD in the form of functional subassemblies interconnected in accord-

ance with the operating principle.

If the repair is made by the customer, great care should be exercised in
connectibn with all frequency-governing components, such as filters, and
particularly with regard to the crystal oscillator. By no means should
the crystal operate at too high an amplitude even for a short period, say
because of an interruption in the control circuit. If the trouble is sus-
pected in the crystal circuit or crystal itself, the set should be sent to :

our factory for repair.

Transistors should be replaced only by the same type. They are listed
in the parts list. Capacitors, resistors and rectifiers may be replaced
also by other makes provided they have the same electrical ratings and
tolerances as the original comi:)onents. Suitable spare parts can be de-
livered by Rohde & Schwarz if they canﬁot be bought from a local dealer.
Coils, transformers and meters should be ordered only from Rohde &

Schwarz.

Most stages of the frequency standard XSD are of printed circuit design and

easily replaced by new ones or removed for repair. The CHECK switch
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and the panel meter facilitate the location of defective stages. The follow-
ing examples show how to proceed in trouble-shooting with the built-in

checking devices.

ExamEIe 1

No deflection on the panel meter with the CHECK switch at THERMOSTAT.
All other check points at normal level. The output frequency deviates con-

siderably in the positive direction.

These symptoms indicate a defective oven heating provided the ambient
temperature is about 25°9C. Fuse Si3 should be checked. . If it is in order |
the trouble is in the heater amplifier, module Y13, circuit diagram 444114-
8 S. '

Examgle 2

The set is operated from the AC supply with buffered battery pack (see -
5.2). No deflection at all in the CHARG. CURR. position of the CHECK
switch. No deflection either when the charging voltage switch at the rear

of the battery pack is operated. All other check points at normal level,

Pilot lamp BATTERY lights.

These symptoms indicate a discontinuity in the battery lead. The fuses
Si2 labelled BATTERY at the front panel of Type XSD and the fuse Si5 at
the rear of the battery pack should be checked. If the connection to the

" battery is intact, a charging current from 0.1 A to 2,5 A should flow de-

pendent upon the state to which the battery is already charged. When the
charging voltage switch is put from 14.3 V to 13.8 V even a "negative
charging current', i.e. a discharging current, will be indicated for a

short period.

31



Example 3

Operation from the AC supply, reserve power ensured by external battery
E ' (see 5.3). Normal ambient temperature, about 23°C. Approximately

0.6 A indicated with the CHECK switch at DISCHARG. CURR. Charging

sresmmny

voltage 13 V. All other check points at normal level. The AC supply volt--
age indicator lights. .

These symptoms indicate a trouble (probably interruption) in the voltage
% | stabilizer of the power supply unit. In this case the external battery has

taken over.

™ 10820
_ 66 .
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Translations for Drawings (Figs. 1 to 8)

Anschliisse an der Riickseite
Ansicht von unten

Anzeige (Rollenzihlwerk)
Ausgangsverstérker
Bandpaf

Batteriesicherung

Beispielsweise frequenz-
dquivalente Punkte

Bild

Blockschaltbild
Dreispulenempfénger
Drucker

durch XKE
Endschalter

Filter

FNA-Spektrum nach Verviel-
fachung auf 9, 28 GHz

Bandbreite des Analysators 10 Hz
Mefschaltung siehe Blatt 3

Frequenzteiler

Frequenz-Verdoppler
Frequenzverdoppler

Frequenzverstellung

Frequenzverstellung zu
Zdhlerstand

fir FNA-Spektrum. .. eingestellt
fiir Streuung... eingestellt
Getriebe

Heizungsendverst.

Heizungsverstérker

Connections at the rear
Bottom view

Indication (counter)
Output amplifier

Band pass

Battery fuse

e. g. frequency-equivalent
points

Fig.

Block diagram
Synchro recéiver
Printer

By XKE

Limit switch
Filter

FNA spectrum after multiplication
to 9.28 GHz

Bandwidth of analyzer 10 Hz

For test arrangement see sheet 3

Frequency divider
Frequency doubler

Frequency adjustment

Frequency adjustment and
counter indication

Adjusted for FNA spectrum, ..
Adjusted for scatter...

Gear

Heater output amplifier

Heater amplifier

Heizwicklung und Temperaturfiihler Heater winding and thermostat
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Translations for drawings (cont’d)

Kupplung

Kabel
Klassenh#ufigkeitsverteilung
Klassensummenverteilung
Klassieranlage

9 V konst.

9 V konst. flir Heizungs-
vorverstirker

15_V konst., fiir Osz.

9 V konst., fir Verstirker
und Teiler

Lénge in cm

- Lochstreifenstanzer

MeBaufbau fiir Kurzzeit-
konstanzmessung an XSD

Netz

Netzteil

Quarzoszillator
Quarzoszillator mit Quarzfilter
Referenzoszillator
Regelverstérker

reguldrer Verstellbereich

Ri

Schreiber

Sicherung fiir Heizungsverstdrker
Sicherung fiir Wechselrichter
Spannungsregler

Spektrum

. Stand in ms

Stellringé zur Arretierung
des Thermostaten

Streifenleser

Clutch

Cable

Absolute frequency distribution
Cumulative frequency distribution
Classifier

9 V stable

9 V stable for heater
pre-amplifier

15 V stable for osc.

9 V stable for amplifier
and divider

Length in ¢m
Tape punch

Test setup for short-term
stability measurement on XSD

AC supply

Power supply

Crystal oscillator

Crystal oscillator with crystal filter
Reference oscillator

AGC amplifier_

Regular range of adjustment |
Zout

Recorder.

Fuse for heater amplifier
Fuse for inverter

Voltage stabilizer

Spectrum

Error in msec

Locking rings for holding
down the oven

Tape reader
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Translations for drawings (cont’d)

Thermostat
Tonfrequenzanalysator FNA
Trennverstédrker

Ua |
Ubersetzung

Varaktor

- Verstérker

von Hand
Wechselrichter
Zihler '
Zéhlerstand

Ziehkondensator

Oven
Audio-frequency spectrograph FNA
Buffer

Eout

Gear ratio
Varactor
Amplifier

By hand

Inverter

Counter

Counter indication

Pulling capacitor
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Translations for Parts Lists

Achs-L
Amphenol-Buchse
AnschlufZikabel
Ausgangsverstirker
Batterieaufsatz (Gr.)
Batteriekabel
Bemerkungen
Benennung

Blatt Nr.
Buchsenleiste
Draht-Drehwiderstand
Drahtwiderstand
Drehspul-Strommesser
Drossel

Elko

enthalten in...

.Frequenznormal Type XSD

Frequenzteiler
Frequenz-Verdoppler
fir 115...125 V Netzsp.

Ge-Diode

Gehéduse
Geridtestecker
Glimmer-Kondensator
HeiBlleiter
Heizungsverst.
HF-Kabel

hierzu bes. Stromlauf,
Stiickl. u. Schaltteilliste -

hierzu bes. Stlickliste

Length of shaft

| Socket, amphenol

Cable, connecting

QOutput amplifier

Battery pack (Assy.)

Cable, battery

Remarks

Designation

Page No.

Connector, multi-point, female
Registor, wire-wound, variable
Resistor, wire-wound

Meter, moving-coil

Choke

Capacitor, electrolytic
Included in. ..

Frequency Standard Type XSD
Frequency divider :
Frequency doubler

For 115 - 125 V AC voltage
Diode, germanium

Cabinet '

Receptacle

Capacitor, mica

Thermistor

Heater amplifier

Cable, RF

See separate circuit diagram
and parts lists :

See separate parts list
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Translations for parts lists (cont’d)

Isoliert eingebaut
Kabel

Kennzeichen
Keramik-Kondensator
Ker. Df-Kondensator
Kf-Kondensator
Kleinflanschdose
Klein-Kupplungsstecker
Kleinlampe
Kontaktleiste
Korrektions-Kondensat.
Kreisspule
Ks-Kondensator

Liste besteht aus... Blatt
Liste Nr. '

Lufttrimmer

.Mikroschalter
- Netzteil '

Netztrafo

‘Nur bei Ausf. mit Batterieaufsatz

Papier-Kondensator
_Péirchen

5-pol. Flanschdose
5-pol. Kupplungsdose
Quarz

Resonanztrafo

Rotor

Sach-Nr,
Schaltteilliste zu...

Insulated
Cable
Ref. No.

Capacitor, ceramic

Capacitor, feed-through, ceramic’

Capacitor, synth. foil
Socket, flange, miniature
Connector plug, small
Lamp (small)
Connector, multi-point
Capacitor, correction
Coil, circuit
Capacitor, lacquer-type
The list consists of... pages
List No.

Trimmer, air

Switch, micro

Power supply

Transformer, power

Only for model with battery pack
Capacitor, paper

Pair

Socket, flange, 5-pole

Socket, coupling, 5-pole
Crystal _
Transformer, resonance
Rotor

Stock No.

Parts list for.. .
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Translations for parts lists (cont’d)

Schichtwiderstand

Schiebeschalter

‘Schmelzeinsatz

Si-Diode
Spannungsregler (U’ Gr.)
Spannungswéhler

Spule

Stahl-Akkumulator

Stator

' Steckerleiste

Stlickzahl
Stufenschalter
Tantalelko
Telefonbuchge, blank
Thermostat
Transistor
Trimmwert
Upertrager
Umrlistbuchse
Verbindungskabel
Wechselrichter
Wechselrichtertrafo

Zener-Diode

Resistor, depos. carbon
Switch, slide

Fuse

Diode, silicon

Voltage stabilizer (Sub-assy.)
Tapping panel

Coil :
Accumulator, steel

Stator i
Connector, multi-point, male
Quantity |
Switch, rotary -

Capacitor, electrolytic, tantalum
Telephone jack, uninsulated
Oven '
Transistor

Factory-adjusted
Transformer

Socket, adaptable

Patch cord

Inverter

Transformer, inverter

Diode, Zener
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Translations for Diagrams

An
Ausgangsverstirker
AuBenbatterie
Austauschbar
Batterieaufsatz (Gr. )
Batterie-Ausgang

C3 und C4 nach dem Tauchléten,
C7 und C8 im Priiffeld geldtet
nach HVM 230

Farpunkt

Frequenznormal Type XSD
F“requenzteiler (U' Gr.)
Frequenzverdoppler (U’ Gr. )
Heizungsverstéirker

Hierzu Schaltteilliste ..

Hierzu Stromlauf ... Stlickliste ..

- Ladespannung

Ma@stab

Nach dem Tauchléten in die
Halterung eingedriickt

Nach dem Tauchldten montiert

Netzteil

" Nicht d-argestellte Leitungen

Offen
Quarzfilter
Platte

R9, R10, R11 and R12 nach dem
Tauchlbten geldtet nach HVM 230

Spannungsregler
Spannungswéhler
Stromlauf zu ...

Stlick

Tauchgelétet nach HVN 230
Roter Punkt

At

Output amplifier
External battery
Exchangeable
Battery pack (Assy. )
Battery output

C3 and C4 after hot dip soldering,
C7 and C8 soldered acc, to HVM
230 in test department

Colour dot

Frequency Standard Type XSD
Frequency divider (Sub-assy.)
Frequency doubler (Sub-assy.)
Heater amplifier ‘

See parts list ...

See circuit diagram ... and part}s list ...

Charging veltage
Scale

Pressed into helder after
hot dip soldering

Mounted after hot dip soldering

- Power supply

Wires not shown
Open

Crystal filter
Panel

R9, R10, R11 and R12 after hot dip
soldering soldered acc. to HVM 230

Voltage stabilizer

Tapping panel

Circuit diagram of ...

Ea, _

Hot dip soldered acec. to HVN 230
Red dot

R 12811 Bl. 11
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Translations for diagrams (cont’d)

Thermostat
Thermostat-Heizung
Und

Von

Wechselrichter

‘ws, br, wsbr, gnge

Zeichh. Nr,

Zu
(zu)

zur Nachstimmung des
Quarzfilters

Zeichnung besteht aus. ..

Bl

Oven

Oven heating

And

From ;
Inverter

White, brown, white-brown,

green-yellow

Drawing No.

The diagram consists of... pages
To '
(closed)

 For adjusting crystal filter

e e i
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Diese Zeichnung isf wasar Eigealum. Vervieifalliqung,

srbefugle Verwericng, Mitleilung aa anders isf
strafbar ead schadenersalzp/lichlig.
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e == o [ BEE

m

| T1,2 / ¥
i roter Punkt °
-?t hierzu Schalttellliste 444114 -2,22 Sa
% @ Halbzeug, Werkstoff Untolarierfe MabBe Zeichn. Nr,
| 1 ROHDE & SCHWARZ |
i w‘nijﬂia'.-f’nusu MINCHEN MaBsiab
3 ‘ " 5
¢ EKE Tag Name _f:f; %’E" g f’”"g' Tag Name g’:f“f:f
—————{ gozoicinel| §.8.63 | Mz a | 8778 [13.3.64 |Schu |Stromlauf zu
R Schu_|b |10100 [ 7.12.64 |Schu Spannungsregler 15V (U'Gr.)
L sworifl |19 10 53] /L | c 0272 |17.2.65 |Schu _ :
E narmgepr. I d [11250 [22.6.66 |Ws
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v | 3 4 5 i 6 7
) ' tauchgeidtet nach HVYN 230
A A
. } . - .
TLumm—z'.zw.al _——2ZXS 20000 (2Stlick)
e e ; C—9 .I_J e 7 et
b— :
FUS 31160 - —e ] T ﬁ;j}
e Pt L L2 ¢ | ——M3x5DIN 84-4D (2 Stiick)
o= L 0 T “A30DIN 137 (2Stiick)
{
B8 ZH 7.5X 7 -—___L_H‘# — @ é : B
(3 Stiick) z 1: é i E[% %
% } P Ei c
.§3 s S Y sl et o @ ? x & ' 444114-2.22.3
3 %‘5@ Y S OR e T x | _—+M3x5DIN84-4D (2Stiick)
s 55% e é + 5 -+ Eg @’/; = LﬁAj'DlN 137 (2Stuck)
§3% b= o L el €9 @ [T
T %ig o :;:o 7
sig CREe
3 % /444114—2.22.1' XKL 93041-1(4 Stck.)
¢ c
R6 u. R7 nach dem Tauchloten geldtet nach HVYM 230 ¥
T1 und T2 nach dem Tauchldten in die Halterung eingedriickt
4 - 444114-2213 und 444114-2.22.3 nach dem Tauchloten monﬁgri‘ s
hierzu Stromlauf 444114-2.22 S
Stiickliste 444 114-2.225t
) ; ® ; Halbzeug, Werkstoff Uniolorirte MaBs | Zeiohn, M. :
: o ") P | ‘ i i
EKD | Tag | Name [lad\dadMify! yag | Name 1:1 ol 2 *
e gomsiohoet | 31763 | Lz Vg |8776 [27.264] Lz. | : TR
N bearbatr . b [10272(182.65 | So. . <o o
- gopraft T Spannungsregler 15V (ucGr).
normgepr.
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Diase Zeichnurg ist unser Eigeafum. Vervielfditigung,

unbefugte Verwerfung, Mitlelung an  andere ist

#trafbor und schadenarsaizpfichtig.

alfdll,-Pause Nr.

S
rbefispavse Nr,

;”f Stgek: Bemenning Soch-Nr
;Jf.'l"f} ""’f. . - o Bomerkungon
1 2 3 4 5 [

_— e o]
g 1 Kf-Kondensator CKS 5000/1.??_._“__
c 2 Ks-Kondensator CKL 50443 u 0,47
C 3 Kf-Kondensator CKD 2/2000/2,5/125 Trimmwert
C 4 Kf-Kondensator CKS 5000/2/125 Trimmwert
(E“‘jm Ks-Kondenf_amt?_':r: CKL 50343 u 0,22 B
c 6 Ks-Kondensator CKL 50443 u 0,47 B >
05 . [ B sowienueion EID Ry<12900 Saen100 gF.  [ofmmyerd
c 8 Kf-Kondensator CKD 2/.../500 0...100 pF Trimmwert
Gl 1 Ge-Diode GK/0A 90
L1 | Kreisspule (U'Gr.) 444114 - 2.29.3 g hJi.erzu bes.Stiickligﬁg_
L 2 Kreisspule (U'Gr.) 444114 = 2.29.4 hi‘erzu bes.Stilckliste

And| And.-Miltlg. o —_— Lista Nr. Uisto bosteht

' i WL aus o Blatt
&S .12.648chy
Bl S L 444114 - 2.29 s T
KRB [ Oatum | Namo e I —_—__. e - 1.
Ersalz ercalzt

yoschrioben| 91.2,64 Wil far Lisle dureh Liste
bearbeifol Sechul Rifridiied Sehalltellliste zu
‘qeprift - o oo
P | - = Ab}-ggangsverstarker 100 kHz (U'Gz.)

|
L
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E{f;;-n S:E: Rbanousg Sauhr Bemerkunge -'. §
v 1T 3 B T 4 [;
R 1 Schichtwiderstand WFE 221 E 100
R 2 Schichtwiderstand WFK 221 E 100
R3 Schichtwidersta{m W_FE}_ 221 k 3
R 4 ' Schichtwiderstand il WFL_221D#40M
R 5 Schichtwiderstand WL 221 E 40
R 6 Schichtwiderstand WFE 221 k 1
R 7 Schichtwiderstand WFLE 221 k 5
R—'E;— Schichfwideratand -WFE 221 k 16
R 9 Schichtwiderstand WFE 221 k 5
R10 Schichtwiderstand WFE 221.E 100
3 R11 Schichtwiderstand WFE 221 k 8
4 '_1312_ ‘Schichtwiderstand WFE 221 E 50 e .
guh R13 Schichtwiderstand WFE 221 E 160
%; R14 Schichtwiderstand WFE 221 k 5 ety .
B E%g R15 Schichtwiderstand WFE 221 & 400
E‘.f R16 Schichtwiderstand WFE 221 E 100
213
P
i
OF Ll |Bhesuerielnte FUR 31160
T 1 Transistor CT/AF 124
ir 2 |Transistor GT/AF 124
T.5 Transistor GT/AF 124
And|Andotitig| o || Lste M. Uista bastohi
zust. Nr. aus Bluait
AR ROHDE(?N‘EE;;{;IUWARZ 444114 - 2.29 Sa Blalt Nr.
. JUEE bl V| Freate pery
rheitepmuee N, 2" Ckrioben 10 2, 64] Wil far Lste darch Lisle
boarbeitot Schu Signtfiabe | Sehaittellicto zu
::{:Z:{éﬁ = Ausgangsverstidrker 100 kHz (U'Gr.)

428; 163; 100 x 100 519
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Mitleilung an endsre isf

e

Verwarfung,
strafbar und schadenerscizpliichtig.

Diese Zeichnung it uaser Eigentum. Vervielfdliizung,

wabe/ugle
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Die Einlragung der elektrischen Werte
von Bauelementen ist unverbindlich.
Genaue Werte siehe Schaltieillisle.

hierzu Schaltteilliste 444114-2.29Sa

Halbzeug, Werksioff Untolerierte MaBe Zeichn. Nr,

I e ROHDE & SCHWARZ e 4446114-2.28 S

b MONCHEN alista
| EKE | Tag | Namo | K Boi] Tag | Hamo Er

e f gozoichnet | 16, 3, 64 |Wsh a (11250 | 22,6,66 | Ws Stromlauf zu

rbeilepause Nr. PR it
i gopr Ausgangsverstarker 100kHz (U'Gr.)

nermgapr.
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‘) ' _ : : : tauchgelotet nach HVYN 230
A
‘ &) | ' YW4 114 -2.29.4)
l i
e > Ob—s  oEre e :
T 1 e ~EIT}e :
Fusaeo || | ] e TR g
} C==2| 3 @I : : : ,/dEM 3x5DIN 84-4D (2 Stick)
S & R b L : -
| | : ey &b A 3DIN 137 (2 Stiick)
> ZH 15x 7 "—————L_:____* = l ot S B
e | mog g o B s: —444114-2.22.3
§3 S ‘ So _ ot M3x5DIN 84-4D (2 Stick)
ey bals| ° 5{{9} 3eEL A3DIN 137(2 Stiick)
‘-,-} §;§ = E e ™ ~ .,$. :‘ io
. ir =8 I o{HiZ}e Y] offe *9»
!EE —e
il §¥§ o = ~E /'mj' 2. )
5% Y : :
[ e
;;% i X KL 93041-1( 8 Stiick) 444114-2.29.1 [444 114-2.29.3
e .
o 11
c
63 und C4 nach dem Tauchléten,
C7 und C8 im Priffeld gelotet nach HVM 230 o b
{ }_? _ 444114-221.3 und 444114-2.22.3 nach dem Tauchléten montiert :
: hierzu Stromlauf 444114-2.29 S
2 Stiickliste 444114-2.29 St
) ' ® Halbzeug, Werkstoff Unlolerierte MaBe | Zeichn.Nr.
0 | : ROHDE & SCHWARZ | * ' ' 444114-2.29
fervieifdlt.-Pause Nr. MUNCHEN | MaBsiab : 7 .
EKD | Tag | Name [Asd-AaoMitls| pag | Name _ 1:1 P S
v oy . gezvichvet | 19 264 | Lz,
i s Ausgangsverstdarker 100kHz
' o et (U.Gr)
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{ A |
; 5K Stack- Banennun Sach-Nr A
y zi;l‘rx.-" zrahl s ; Bemerkungen ‘ J'If!t
1 U S . M 4 [ .
i
] - .
; C 1 Kf-Kondensator CKS 5000/125
c 2 Ks-Kondensator CKL 50243 u 0,1
{ - 1c 3 Kf-Kondensator CKD 2/200/2,5/500 Trimmwert
| C 4 Kf-Kondensator CKD 2/500/2,5/125 Trimmwert
cC5 Ks-Kondensator CKL 50243 u 0,1
E cC 6 Ks-Xondensator CKL 50243 u 0,1
U Kf-Kondensator CKD 2/.../500 0...50 pF Trimmwert
E ié . |t 8 Kf-Kondensator CKD 2/.../500 0:+++50 pF Trimmwert
£.3
£5% ) TR
3 5w
! ¥ 1
Mok
| i 11| |ee-Diode GK/OA 90
L 1 Kreisspule (U'Gx.) 444114 - 2.30.3 hierzu bes.Stiickliste
% L 2 Kreisspule (U'Gr.) 444114 - 2.30.4 hierzu bes.Stilickliste
And.| And.-Mitlig, , Liste Nr. Liste bestoht
zuat, Nr. Datum Nam dus 2 Blalt
" rvfelfdll.-Pause Nr. : .
ROHDigNgf?E,;IVWARZ L‘"’ 444114 - 2.30 Sa Blait Nr.
f i Dalum Name e —— b
i e — - — Ersalz ersolzl
Arbellspause Nr, ,,ngb:hrmbon 21.2. 64 }J:U_. Jir Liste vt
boarbaitet schu | SmeaGR ] Schalltsliliste zu
f s R, . Ausgangsverstiarker 1 MHz (U'Gr.)
normgoprifi
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¢ s Stack- : Benennung Sach-Nr LALL

} Kann- | raht T
zoishen Bamerkungen \
R 3 4 5 6

t-; R 1 Schichtwiderstand WFE 221 E 100
R 2 Schichtwiderstand VFE 221 I 100
{ R 3 Schichtwiderstand WL 221 k 3
r R 4 Schichtwiderstand WFE 221 E 40
R 5 Schichtwiderstand WFE 221 E 40
! R 6 Schichtwiderstand WFE 221 k 1
R 7 Schichtwiderstand WFE 221 k 1 Trimmwert
t R 8 Schichtwiderstand WFL 221 k 16
{ R 9 Schichtwiderstand WFE 221 k 5
R10 Schichiwiderstand WFL 221 E 100
} R11 Schiohtwiderstand WFE 221 k 8
" R12 Schichtwiderstand WFE 221 E 50
! §§ R13 Schichtwiderstand WFE 221 E 160
: $58  IR14 Schichtwiderstand WFE 221 k 5
Eg'.’g -
: S;_\, R15 Schichtwiderstand WFE 221 E 400
E §%5 |R16 Schichtwiderstand WFE 221 E 100 .
5L S .
]
§5F
b
i
i St 1 Steckerleiste FUS 31160
L ORI W s o e
T Transistor _ GT/AF 124
t : T g Transistor GT/AF 124
) T 3 Transistor GT/AF 124
'S T And.o| And.-Hittg.| o i Liste Nr. ste bostoht
?._.._._.._._._i' zust. Hr. . ’ ‘ - eus Blait
** vlelfdit.-Pauso Nr. o S h
ROHDﬁgNCEEszARZ a [10100/7.12.64Schy 444114 - 2.30 Sa e
{ BKE datom ] et B
——s : Ersalz errolzl
\rboilspause Nr, ff’fc"fﬂﬂ 21, 215&4 Wi fir Liste durah Lists
_ _Iffbnh‘cl' Schu | Stqckiictx/ Schalitellliste za ‘
| PR L Aus tirker 1 MHz (U'Cr.)
E ow s : usgangsverstirker iz r.,
.; 428; 163; 100x 100 5§ 4
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Die Eintragung der elektrischen Werte
von Bauelementen ist unverbindlich.
f Genaue Werte siehe Schallteilliste ;
i
hierzu Schaltteilliste %4 4114 - 2,30 Sa
Halbzsug, Werksioff Untolerierte MaBe Zsichn. Nr. )
RCHDE & SCHWARZ ) yTarr— 444114-2.30 S
MUNCHEN sl 1
EKE | Tag | Nome |And hed-Milllg)  Taq Name Enralz /. .
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{ ) tauchgeltet nach HYN 230 g
i {
A
‘*3 Y‘m 114-2.30.4
. : ]
i
b i Ob—  omrie \ §
- X . ¢
. c : - ; :
| s 155 S‘Li, | |~ i i OB —rr-2.213
¥ || o=/ 3 m@m g 3 | ——+—M3x5DIN 84-4D (2 Stiick)
" 3 : L 3% : 7
. , - = N o A 3 DIN 137 (2 Stiick)
H ZH 15 ik j_—ﬁiﬁj_wﬁ n—s
o 1 TES L | Sl 444114-2.22.3
S e & % L —1—M3x5DIN 84-4D (2 Stick)
i SO ok A 3 DIN 137 (2Stiick)
£ g.i@ o A 8 ¢ :
:r‘é TR ka E —
o = ~{HIZ}s ¢
55%: 3=:.- l X e g
S ] o FU }eo
§ gL T / )
i} | / 5
it KL 93041-1(10Stick) | 444114-230.1 \[444114-2.30.3]
% NE .
i f
c
{
€3 und C4 nach dem Tauchléten, : |
C7,C8 und R7 im Priffeld gelotet nach HVM 230 & 4 : @ y
L ’*% 444114-221.3 und 444114-2.22.3 nach dem Tauchléten montiert ‘
: " 5 hierzu Stromlauf 444114-2.30S '
‘ Stickliste 444114 -2.30 St |
) & | Hatbzeag, Werkstogf Untolerierte MaBe | Zeichn. Nr. 4
D B
Al ROHDE & SCHWARZ | 44 114 -3 38 *
lervielfdll.-Pause Nr. MUNCHEN L Mobateb ; 4 4 ]4 2-%
EKD Tag | Name ‘::f, “"“;’f""' Tag | Name rat 5“";';.1:
sy gorsichnot | 19 264 | L 2. ] _ VBT
bearbeitet e . i :
¢ "_ pow e Ausgangsverstdrker IMHz |
=y . v normgepr. x ’ (UGI') ;
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LALL I
LEEC | srieh. " /\
K::nw- rahi Benannung Saeh-Nr
reiehen @ Bemerkungen \v J [
. g =

T 3 4 [ 5

i e

¥

s

| I -

i C 1 Lufttrimnmer CV 61611

QB Kf-Kondensator CKD 2/. ’ ./500 70¢+.90 pF Trimmwert

{ cC3 Lufttrimmer CV 61611

{ Sl Kf-Kondensator CKD 2/.../500 70.+.90 pF Trimmwert

c 5 K{- Kondensator CKS 5ooo/12§

[ C 6 Kf-Kondensator CKsS 10000/125

c 7 Lufttrlmmer CV 61611

r——

c 8 Kf-Kondensator CKD 2/.../500 70...90 pF  Trimmwert

c 9 Ke-Kondensator CKL 50243 u 0,1

c10 Ks-Kondensator CKL 50243 u 0,1

&1  Ks-Kondensator __CKL 50243 u 0,1

Yerwerlung, Mitledang on anders ist

sircfbor uzd schadenersalzpflichlig.

Diasa Zeichnung ist unser Eigentum. Verviel{ditigung,

c12 Ks-Kondensator CKL 50243 u 0,1 -
L 1 Kreisspule (U’Gr.) ' 444%14 - 2, 31 : hlerzu bea.stuckllste

| laz Kreisspule (U'Gr.) | 444114 = 2.31.4 hierzu bes.Stickliste

L3 Kreisspule (U'Gr.) 444114 - 2.31.5 hierzu bes.Stuckllste

i 5 - Liste Nr. Liala bestaht
; @ A'na;. Jnd.Nmmg. it Nt
) zuaf. r, . " aus O Blalt

melidicPone Ne d ROHDESSCHWARZ | 1 1 |
MUINCHEN 444114 - 2.%1 Sa Biatt Nr.

i ' o e syt T i e i i 5 s i 1

1
Datum : Name [, —_ S | . S

14 I — - Ersatz : orsefzf
Alillapants P goschrfcbon ?J_‘: 2 _HGAJ',’PI } fér Liste durch Liste
bemwfer {Schul KAUNTNTH] Schalttollilsfo zu
I b R N st WL P——
gaprt.'jr
-l - : T enz d ler 2,5 MHz-5 M 1 Gr
i no: maapruffi F equ naver Opp ; = e (L bl ")
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:i:frf,‘"_ Sfﬂc:- Benennung Saoh-Nr m‘"““’
zerchon o Bemerkungan \1 ‘ I_)
e e e e e - . R S
R 1 schichtwiderstand WFw 221 E 100
R 2 Schichtwiderstand WPl 221 I 100
R 3 Schichtwiderstand WFE 221 E 500
R 4 Schichtwiderstand WFie 221 k 20
R 5 Schichtwiderstand WFL 221 k 10
R 6 Schichtwiderstand WFE 221 oo 500,171 k Trimmwert
R 7 Schichtwiderstand WFE 221 k 1
R 8 Schichtwiderstand W'l 221 k 10
R 9 Schichtwiderstand Wr 221 k 2
R10 Schichtwiderstand WFE 221 k 1 - :
R11 Schichtwiderstand WFE 221 k 1
o R12 Schichtwiderstand WFE 221 k 2,5 il R TR o
28, [R13 Schichtwiderstand WFE 221 k 5
§s3
B
55y
;gg —
I8 N N
N .
$% St 1 Steckerleiste FUS 31160
as
T 1 Transistor GT/AF 124
r R _
T 2 Transistor GT/AF 124
7 3 Transistor GT/AF 124
T 4 Transistor GT/AF 124
E; Enn;.— ﬁnd.;;:ﬁmg. . . Liste Nr. LUiste bosicht
lelfdll.-Pause N, = . ' “ S
vijat-Fouse M-\ ROHDE & SCHWARZ i
MUNCHEN 444114 - 2.%31 Sa Blatt Nr.
R Datum i Hame g e e e,
[ - ELrzafz | orsetzt
\rbolfspause Nr. _ffs_ﬁ'?:'f_bm 21 o2a64 Wﬁ. Er Liste durch Liste
' Reacgeiel Schu STRelELL ] Schalttollliste zu
T : Frequenzverdoppler 2,5 MHz-5 MHz (U'6r.) '
normyeprift

e g
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v { 3 4 5 v l 57
; ,) tauchgelétet nach HVN 230
A : ¥
3 4447:4 2315
' cvsrsn :
* /:ra*sruck)
' ' : J@:‘—._——-a o[ B e ,/ 5 o[ RS Je
‘B e I F £ n
* | FUS 31160 = SRR seasf (| & 0 e
. e [ SO B S - /.— M3x5DIN84 - 4D (2 Stiick)
8 e ) | L A3 DIN 137(2Stiick)
ZH15x7— | e % o
5 (3 Stiick) \\w}ﬂ C
K §‘,§ : == o 5 8
N B3f e . 44411672923
3‘ i LA o L M3x5DIN84~-4D(2Stiick)
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¥ H \
* * KL93041-1 (8 Stiick) 444114-2.311
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444114-2.314) 444114~ 231J .
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* C2,C4,C8 und R6 im Priiffeld geldtet nach HVM 230 I
LA 444 114-2.213 und 444 114-2.22.3 nach dem Tauchldten montiert
hierzu Stromlauf 444114 -2.31S _
Stiickliste 444114 2.31St =
E .
" Halbzeug, Werkstoff Untolerierte MaBe | Zeicha. Nr. W s
2 b ROHDE & SCHWARZ | 444114-2.31 |°
Ver  BI1.-Pause Nr. MUNCHEN é MaBstad Rt
EKD | Tag | Name &“ﬂ”" Tag | Name | 1:1 i ot o
" = gorvichoet | 18 2 64| Wh. | a 110272122265 |wk | X :
R boerbeite! p : 1 Frequenzverdoppler
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428; 1653: 100 x 100 S 41,

| | % staek. » soob e | m
S z’::ernr‘:.a; sabl e Boemerkungen \J
1 z' 3 _‘_-. T - 4 _5 [ ~ o
| ~
i S—
i
E i _
3
| c 1 Kf-Kondensator CKS 2500/125
g2 Kf-Kondensator CKD 2/250/2,5/500° Trimmwert
E c 3 Kf-Kondensator CKD 2/1000/2,5/125 Trimmwert
€5 Kf-Kondensator CKD 2/250/2,5/500 Trimmwert
- c 17 Ks-Kondensator CKL 50243 u 0,1
} 5:% ) C 8 Ks-Kondensator CKL 50243 u 0,1
o I Ks-Kondensator CKL 50243 u 0,1
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