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 و

1 Specifications 

1.1 Use as Impedance-Admittance Meter and Reflectometer 

Frequency: rangen 9 9 7۶۲۷ 30 to 420 MHz 

Characteristic impedance Zo 

‘(source impedance of Type ZDU) 

model BN 35610/50. ۰ 50 Q 

model BN 35610/60. I COQ 

model BN 35610/75. ; . . . ^75 D 

 ; E rw e ie ra direct visual indication by light spotاد

optional on 

a) Smith chart (resistive and reactive 

component) 

b) Carter chart (magnitude and phase) 

c) reflection-coefficient chart 

(magnitude and phase) 

Measurement range for 

resistance and reactances. . . . 2Zo/50 to Zo/ 50 x Zo 

Radius Q of error circle 

after amplitude and phase 

adjustment at the measure- 

ment frequency 

uoto سم سک rd A 00ሎ8616010.01 + 0, 015-ዮ) 
mm ` 

SET ۸0 300 (0.01 + 0. 015 r)رس ست ا او ی  
mm 

Near the matched condition (Z = Zo) 

the impedance error is > = 3% 
(e) 

the admittance error is SY = 3% 
O 

the reflection-coefficient error Ar= 1.0% 

(Section of diagram of Fig. 24) 

10 
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Voltage across test item under 

matched conditions 

model BN 35610/50 

model BN 35610/60 

model BN 35610/75 

Required generator voltage . . 

Connector for test item and 

generator 7٣ 

3 

21۳ 

3 

— in 

20 

Limit value 

Typical value 

0 200 

Limit value 

Typical value 

R&S connector Dezifix B, suitable for 

adaptation to other plug or socket sys- 

tems, see section 3,9 

1.2 Use as Test Set for the Determination of the Transmission 

Characteristics of 4- and Multi-terminal Networks 

Krequencey range. 9ها پ ۹٥٠ 

Indication . 

Measurement fange 

attenuation , . . . « « 

phase. 

Radius Q of error circle after am- 

plitude and phase adjustment at the 

measurement frequency 

A یو wê re E 204 x do ke e 

STE BHO DE Ste o ix 

e.g. at an attenuation of 10 dB 

max, attenuation error +0.6 dB 

max, phase error +3. 59 

(Section of diagram ot Fig. 30 

l= amplitude of the transmitted signal) 

30 to 420 MHz 

direct visual indication by light spot on 

a polar diagram (transfer constant with 
respect to magnitude and phase in:dB 

and 9) 

0 to 30 dB 

0 to 3609 

1 Ua 0. 018 x መሙ 
m 207 m 

— = 3(1.04 0, 015 x ——) 
mm mm 

0 

Attenuation 

[48] ۶ 

11 
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Connection between network 

and test set. 

Source impedance of attenuator 

pads or 4-terminal feed unit 

Load impedance of the network 

(without cable) 

Voltage across input of passive 

networks under matched con- 

ditions . 

Voltage across input of active 

networks under matched con- 

ditions ^ 

COR ہا OF 2220 n Dr Ito ee s 

two cables of equal electrical length 

with connectors mating with those of 
test set *), a T-section and two 20-dB 

attenuator pads. Under certain con- 

ditions a 4-terminal feed unit is used 

instead of the T-section and the at- 

tenuator pads. 

Zo +5% 

Zo +6% 

< 20 mV (see frequency response 
curves, section 1.1) 

20 mV 
— (see frequency re- 
transmission gain 

sponse curves, 

section 1.1) 

as in section 1.1 

1.3 Use as Test Set for the Determination of the Phase Angle between: 

two Voltages of Identical Frequencies 

Frequency range 

Measurement range 

Error limits 

  ou EMO Ter sı deri Vہو 16501601

Minimum voltage requirement 

for phase measurement 

Maximum permissible voltage 

30 to 420 MHz 

0 to +1809 

+1,50 

direct visual indication by light spot 

on a polar diagram 

approx. 2 mV 

approx. 15 mV 

*) Cable pairs adjusted for equal electrical length may be ordered from 

ROHDE & SCHWARZ; see section 3.2. 

12 
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Input impedance of coaxial test 

line and coaxial reference line 

model BN 35610/50 

model BN 35610/60 

model BN 35610/75 

Cofine@tors . 

50 Q +1% 

60 Q +1% 

75 Q +1% 

as in section 1.1 

1.4 Use as a Tuned Linear Test Receiver 

Frequency range 

Input requirement for full-scale 

deflection on reference meter. 

Threshold sensitivity 

Bandwidth 

Input impedance and connector 

1.5 Other Data 

Power supply . 

Power consumption 

መ 

Valves, etc. . 

30 to 420 MHz 

approx. 20 mV 

approx. 0.5 mV 

approx. 70 kHz 

increases to approx. 500 kHz 

by automatic tuning 

see section 1.1 

115/125/220/235 V 0 
47 to 63 Hz and 400 Hz 

approx. 180 VA 

2 valves EA 50 

1valve EC 81 

14 valves EF 80 

2 valves EF 800 

1valve EL 84 

2 valves EZ 80 

2 valves PL 81 

] reference tube 85 A 2 

2 crystal diodes 

R&S Stock No. GK 1011 C 

1 crystal diode 

R&S Stock No. GK 1111 

7 crystal diodes 

R&S Stock No. GK/OA95 

13 
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Dimensions. . 

0-00 

1 incandescent lamp 

R&S Stock No. RL 93015 
1 projector lamp 

R&S Stock No. RL 301 
1 miniature glow lamp 
R&S Stock No. RL 210 

2 scale lamps 

R&S Stock No. RL 165 5 
11.6-A fuse 

1,6 D DIN 41571 (for 220/235 V) 
10.25-A fuse 

0, 25 C DIN 41571 

560 x 340 x 480 mm 

approx. 55 kg 



En N 



10357 

35 

Es 'ፄ 

a. Accessories Supplied 

20 

20 

20 

20 

20 

20 

20 

Connecting cable, 2 m, with female 

connector and earthing-contact type 

plug for connection of Type ZDU to 

the power supply . . مه ه » 

R&S short-circuit connectors 

Dezifix . 

Transmission-line charts imped- 

ance-admittance chart for resis- 

tive and reactive components 

Transmission-line charts imped- 

ance-admittance chart for resis- 

tive and reactive components, 

three times enlarged... 

Transmission-line charts imped- 

ance-admittance chart for 

magnitude and phase . 

Transmission-line charts imped- 

ance-admittance chart for 

magnitude and phase, three 
times enlarged 

Transmission-line charts 

reflection-coefficient chart . 

Transmission-line charts 

reflection-coefficient chart, 

three times enlarged. . . و 

Transmission-line charts 

transfer-constant chart 

Chart case, for storage of 

the charts 

R&S Stock No. LK 333 

R&S Stock No. FZ 434 

BN 35611/1709 (Fig. 24, p. 

BN 35611/2692 (Fig. 25, p. 

BN 35611/1659 (Fig. 26, p. 

BN 35611/1895 (Fig. 27, p. 

BN 35611/1657 (Fig. 28, p. 

BN 35611/12394 (Fig. 29, p. 

BN 35611/1658 (Fig. 30, p. 

BN 3561 - 46 
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B1. ` 

3. Recommended Accessories for Extending the Scope of Measurements 

(to be ordered separately) 

3.1 Feed Cable 

1m long, with Dezifix B connectors at 

both ends for connecting Type ZDU to the 

eigual Ponerafor 2 ۰ٰ۹ 08 BN 9111105/100 

3.2 Pair of 2-terminal Measuring Cables 

BN 35613/11/2 

BN 35613/11/5 

BN 35610/60 Dezifix B uu - BN 35612/2 

BN 35610/50 

Series N 

06-707 

BN 5 

 27 1آ

lm 

2m 

5 m 

1m 

2m 

5m 

1m 

BN 35610/75 | Dezitix B 

The two cables of a pair are of equal electrical length; they are used in 

measuring test items which cannot be directly connected to the Type ZDU. 

Moreover, they are used for 4-terminal network measurements. 

16 
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ን 

Difference in electrical length 

between the two cables ofa 

pais, on delverso ow Eat 2 0,002 x 1 + 2 mm 

Tolerance of mechanical length 

of a pair of cables... . و -60 to +90 mm 

Permissible strain 

Bendinp rRdlug m و m n. & 30 cm 

Tensille-sirngth u ۵ < 2 kgf 

KEE EE shay x 3 1 to 4 kg depending on DN 

ROSA US see Fig. 1 

30 100 300 1000 2400 
  Seو

MHz 

Fig. 1 VSWR of a single cable 1 m, 2 m and 5 min length 

Instructions on how to maintain the high electrical quality of the cables are 

given in the "Technical Information R 7352". 

17 





dd Accessories for Measuring Transmission Characteristics 

3.3.1 4-terminal Feed Unit for Nearly Matched Networks 

For Type ZDU BN 35610/50 

For Type ZDU BN 35610/60 

For Type ZDU BN 35610/75 .. 

Generator impedance 

Reflection within the coaxial 

line section . . 

Insertion loss from generator . 

end ie output end |... "el ٥8۵ 

The 4-terminal feed unit is fitted with Dezifix connectors which can be a- 

dapted to suit other connectos systems. 

313 T-section and UHF Attenuators for Feeding Networks of any 

Input Impedances 

For measurements on networks of any input impedances, a T-section as 

specified in section 3.3. 2. 1 and two UHF Attenuators as specified in sec- 

tion 3. 3. 2. 2 are required for feeding in. 

3.3.2.1 ፲>=86ር(168 

T-sections are supplied in three models with the following Order Nos. : 

Characteristic impedance Z = 50 Q 

Z = 60 Q 

2, = 752 

BN 35615/2/550 

BN 35614/2/660 

BN 35615/2/880 

155 kf) 

« 5% 

approx. 30 dB 

FS 532/50 

FS 532 

FS 532/75 

The T-sections are fitted with precision Dezifix B connectors which can be 

adapted to suit other connector systems. 

18 
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3.3.2.2 UHF Attenuators Type DPF 

Power-handling 

capacity 

e 

BN 18060/50 | 50 Q 

0 to 4000 MHz 

These attenuators have adaptable R&S Dezifix B connectors with a power 

handling capacity of 0.5 W. 

3.4 Matching Pads Type DAF 

Impedance transformation 

3 60 Q to 782 
BN 18083 

75 Q to 60 Q 

BN 18084 

BN 18085 

These matching pads are fitted with adaptable R&S connectors Dezifix B. 

Le They are an excellent and mostly indispensable accessory if two instruments 

BL a or cables with varying impedance characteristics must be matched. They 

19 
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are also usable as attenuators. If, for example, two pads BN 18083 are con- 

nected by their 75- ends, they form an attenuator with Z = 60 Q and an at- 

tenuation of 4 +6 = 10 dB. ፲፻ the 60-፪3 ends are connected together, Z = 75 Q 

and again 4 + 6 = 10 dB attenuation are obtained. The power handling capac- 

ity is 0.5 W. 

3.5 Calibrated Adjustable Shorts . BN 39591/50, BN 39592/50, Zo = 50 © 

BN 39591/60, BN 39592/60, Zo = 60 Q 

BN 39591/75, BN 39592/75, Zo = 75 Q 

Generally speaking, adjustable shorts serve to obtain accurately-known re- 

actances. Because of their perfect homogeneity and close tolerances they 

can be regarded as reactance standards. The Adjustable Short BN 39591 

has a maximum usable length of 130 mm; the setting accuracy is +0.05 mm 

with vernier and +0.005 mm with the accompanying gauge blocks 2, 5, 10, 

20, 30 and 40 mm. Adjustable Short BN 39592 has a maximum usable 

length of 500 mm and the same setting accuracy as mentioned above. In con- 

junction with Type ZDU, the adjustable short can be used for compensation, 

for example, when a test item must be connected via a short length of cable 

or air line and the result must be referred to the test item at the end of the 

cable or air line. Of course, the electrical length of the cable or line must 

not exceed the maximum electrical length (maximum usable length) of the ad- 

` justable short. 

3.6 Transistor Adapter . . . . . BN 35616/50, Zo = 50 Q 

BN 35616/60, Zo = 60 Q 

with accessories for DC supply 

Transistors cannot simply be connected to the Type ZDU because of their 

small dimensions. Thus a transistor adapter is required. The transistor 

adapter prolongs two coaxial lines, maintaining their characteristic imped- 

ance while changing the dimensions. Thus the input impedance or admittance 

of transistors with three or more electrodes can be measured along with their 

transmission characteristics in both directions, the terminating loads being 

selectable. For details see the relevant instruction book. 

20 
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3.7 Impedance Transformer Type BSI 

The different models of the Impedance Transformer Type BSI serve to match 

measuring instruments of 50, 60 or 75 Q unbalanced input to balanced test 

items of 200, 240 or 300 Q. The following models are used in conjunction 

with Type ZDU: 

Characteristic impedance 

unbal. /bal. 

10 to 100 MHz BN 90634/200 
506 ፣ 200 8 

BN 90635/200 100 to 420 MHz 

BN 90634/240 | - 10 to 100 MHz 
606 : 2402 

BN 90635/240 100 to 420 MHz 

BN ا 300 10 to 100 MHz 
756 : 300Q 

BN 90635/300 100 to 420 MHz 

These impedance transformers have an adjustable Dezifix B connector on 

Model Frequency range 

the unbalanced side and two sockets for 1, 3 mm plug pins 12. 6 mm apart 

on the balanced side. Thus a two-pin plug, BN E 454/4 - 30, is required 

for connecting a balanced twin lead, together with an adaptor, BN E 454/4 

- 28, for a two-pin plug with 3 mm pins 12 mm apart. All these impedance 

transformers have a transformation ratio of 1:4, and by their use Type zpt 

is made available for measuring balanced test objects. Moreover, high- 

valued impedances can be measured more accurately, since the impedance 

value indicated by Type ZDU is four times smaller. Care must be taken 

that the unbalanced characteristic impedance value of the Impedance Trans- 

former Type BSI used corresponds with that of Type ZDU. Thus with a 

Type ZDU of which Zo = 60 @, an Impedance Transformer Type BSI for 

60/240 Q must always be used, even if it is desired to measure an impedance 

of, say, 300 Q. 
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3.8 Broadband Baluns Type BSU 

The Broadband Baluns Type BSU provide a low-reflection transition between 

a balanced and an unbalanced coaxial line of identical characteristic imped- 

ance. In conjunction with Type ZDU, the test input of which is unbalanced, 

they enable measurements of balamced test items, such as the input imped- 

ance of a balanced antenna to be made, without any transformation of the im- 

pedance taking place. The following table shows the characteristic imped- 

ances and frequency ranges of the different BSU models. 

unbalanced/balanced Frequency range 

10to 90 MHz 

30 to 180 MHz 

85 to 300 MHz 

500 7 50n 

10to 90 MHz 

30 to 180 MHz 

85 to 300 MHz 

600 + 0 8 

10 to 90 MHz 

30 to 180 MHz 

85 to 300 MHz 

All models possess an adaptable Dezifix B connector on the unbalanced side. 

On the balanced side, the models BN 90610/D, BN 90611/D and BN 90612/D 

have a shielded twin-pole socket for connection. All other models have two 

knurled terminals. 

22 
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3.9  Screw-in Assemblies 

The screw-in assemblies listed in the following table are available to adapt 

the Dezifix connectors of Type ZDU to other connector systems, 

in assembly consists of an outer and an inner conductor. 

A screw- 

The connector 

systems for which screw-in assemblies are available are listed in the.lefi 

column and the corresponding order numbers in the two other columns. 

Desired type of connector 

UHF socket 

UHF plug 

N socket 

N plug 

N socket 

N plug 

C socket 

C plug 

BNC socket 

BNC plug 

RF socket 

RF plug 

RF socket 

RF plug 

RF socket 

RF plug 

RF socket 

| RF plug 

(Small Single) (MIL) 50 ٨ 

(Small Single) (MIL) 50 Q 

(MIL) 
(MIL) 
(MIL) 

(MIL) 
(MIL) 
(MIL) 
(MIL) 
(MIL) 
4.1/9. 5 
4.1/9. 5 
7/16 
7/16 
3.5/9. 5 DİN 47281 

3. 5/9. 5 DIN 47281 
6/16 DIN 47282 
6/16 DIN 47282 

General Radio connector 874 

Marconi connector H 4 

50 Q 

50 Q 

75 Q 

75 Q 

50 Q 

50 Q 

50 Q 

50 Q 

50 Q 

50 Q 

50 Q 

50 Q 

60 Q 

60 Q 

60 Q 

60 Q 

50 Q 

50 Q 

Order Number of 

Screw-in Assemblies 

for ZDU input 

FHD 10910/50 

FHS 10910/50 

FHD 20910/50 

FHS 20910/50 
—— 

FHD 30910/50 

FHS 30910/50 

FHD 40910/50 

FHS 40910/50. 

FID 20910/50 

FIS 20910/50 

FID 40910/50 

FIS 40910/50 

FID 20910/60 

FIS 20910/60 

FID 40910/60 

FIS 40910/60 

FLA 20910/50 

FLB 20910/50 

for coaxial test 

line and coaxial 

reference line 

FHD 10900/50 

FHS 10900/50 

FHD 20900/50 

FHS 20900/50 

FHD 20900/75 

FHS 20900/75 

FHD 30900/50 

FHS 30900/50 

FHD 40900/50 

FHS 40900/50 

FID 20900/50 

FIS 20900/50 

FID 40900/50 

FIS 40900/50 

FID 20900/60 

FIS 20900/60 

FID 40900/60 

FIS 40900/60 

FLA 20900/50 

FLB 20900/50 
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The screw-in assemblies are easily attached: unscrew the outer conductor of 

the Dezifix connector with the special wrench FZM 10900 and the inner con- 

ductor with a (4 mm) screwdriver. The inner and outer conductors of the 

desired screw-in assembly can then be screwed in. Dezifix connectors and 

screw-in assemblies should be treated with care and stored ina safe place, 

since their electrical properties can be adversely affected by even slight 

mechanical damage. 

4, Uses 

As far as the measuring of complex impedances and transmission parameters 

is concerned, the frequency range of the Z-g Diagraph Type ZDU represents 

a boundary region distinguished by the use of test methods employing distrib- 

uted constants instead of lumped constants. Nevertheless, a uniform pro- 

cedure of great and consistent accuracy is also possible for this frequency 

range. 

Z-g Diagraph Type ZDU employs the principle of the coaxial directional cou- 

pler. This princfple is used especially for decimetre and centimetre waves 

but is equally suitable for the short-wave and ultra-short-wave ranges. By 

means of two built-in coaxial directional couplers the Z-g Diagraph measures 

the complex reflection coefficient originated by a test item connected to the 

coaxial test line. Although it is basically a reflection-coefficient meter, 

the Z-g Diagraph is not confined to measuring reflection coefficients, since 

impedance and admittance as well as a number of other quantities - which are 

dealt with further on - can be determined from a reflection-coefficient meas- 

urement. Thus the field of application is extremely varied, 811 the more 

since other quantities of interest can be derived from impedance or admit- 

tance. For example, the investigation of cables for their characteristic 

impedance and homogeneity, and the determination of material character- 

istics are based on impedance measurements. The measurement of negative 

resistance is also an impedance measurement. 
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Sometimes it is necessary to measure the impedance of an item of difficult 

access, which cannot be connected directly to the Z-g Diagraph. An exam- 

ple is a high antenna. In these cases it is always found to be annoying that 

the impedance measured at the input of a connecting cable must first be 

changed by the phase angle of this cable to determine the true antenna input 

impedance, and that this phase shift varies with frequency. Thanks to the 

special design of the Z-g Diagraph Type ZDD, it is possible to indicate the 

true impedance of the test item on the screen by connecting a second cable, 

having the same electrical length as the test cable, to a test output provided 

on the set for this purpose. The phase shift thus being eliminated, there is 

no need for any conversion or graphic evaluation, provided the character- 

istic impedance of the cable employed is sufficiently uniform; errors with 

respect to Z willfully enter into the test result. 

The measuring method employed permits the transmission parameters of 4- 

and multi-terminal networks to be measured in addition to the reflection co- 

efficient, impedance and admittance. The effective transmission factor for 

the condition Zg * Z] * Zo can be measured with the help of two RF cables 

of equal electrical length and characteristic impedance Zo, If تو and 21 are 

not equal to Zo,measurements are possible in conjunction with suitable match- 

ing elements, e.g. the Matching Pads Type DAF. 

The 4-terminal parameters of transistors can be determined by means of 

impedance or admittance measurements or from transmission parameters. 

However, on account of the small dimensions of transistors, the transistor 

adapter mentioned in section 3.6 is required for this purpose. 

Within the frequency range 30 to 420 MHz the phase angle between two volt- 

ages of equal frequency can be directly read between +1809 and -180° from 

a polar-coordinate chart. In this case, the voltages to be compared need 

not be of the same value, the only condition being that they lie within the 

specified voltage range. 
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Between about 0.2 and 20 mV, the built-in superheterodyne receiver may also 

be used as a linear test receiver. This may be of interest in spite of the fact 

that the sensitivity is reduced by the directional couplers, since the input im- 

pedance of the receiver is Zo within 1% over the entire frequency range. 

Depending on the measurement problem,"th@result can be read directly on a 

Smith chart or on a special polar-coordinate chart without any arithmetical or 

graphical evaluation. This is of particular importance in studying test items 

over a broad frequency band since these measurements are tedious when using 

standing wave detectors. The Z-g Diagraph permits broad-band impedance 

or admittance diagrams of any apparatus, such as antennas, transformers, 

absorbers, filters to be plotted within a few minutes. Exchangeable charts 

make the procedure particularly easy. 

Finally attention is called to the fact that the coaxial test and reference lines 

and the directional couplers proper do not include moving parts. This is of 

particular importance for the reproducibility of the results and for the oper- 

ating stability of the equipment. 
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9. Description 

There is a directional coupler in a coaxial test line and another in a coaxial 

reference line. The one mounted in the coaxial test line furnishes a volt- 

age proportional to the reflection coefficient px of the test item, while the 

one mounted in the coaxial reference line supplies a reference voltage pro- 

portional to unity reflection coefficient. The reflection coefficient is ob- 

tained from the comparison of the two voltages. The phase angle between 

these two voltages equals the phase angle of the reflection coefficient of the 

test item plus a constant angle which depends on the termination of the ref- 

erence line. 

The two quantities px and ox of the complex reflection coefficient px are 

represented linearly on the Smith chart (Fig. 24) used for direct visual 

indication. px is a vector whose length, for Z/Zo = 1, equals zero and, 

for any reactances, is equal to the radius of the diagram. مع is the 

angle of this vector in relation to the real axis between R/Zo = 1 and 

R/Zo ۶ and, for Z/ Zo = 0, reaches the value 21809. In order to de- 

termine this phase angle, the two directional-coupler voltages are first 

converted to a constant intermediate frequency and impressed on both 

ends of an artificial line after amplification and limitation. If the am- 

plitudes of these two IF voltages are of equal level, distinct minima are . 

created on this line, the distance of these minima from the ends of the 

line being a linear function of oy. In order to co-ordinate the linear 

characteristic of the phase angle on the chart and on the artifical line, 

the latter has been wound round the chart and the chart has been made ro- 

tatable about Z/Zo = 1 and mechanically coupled with the probe of the arti- 

ficial line. For indication of the magnitude of the reflection coefficient px, 

use has been made of a sturdy mirror galvanometer which furnishes a light 

spot travelling along a constant base between Z/Zo = 1 and the reactance 

circle. After the probe minimum has been found, the position of this light 

spot immediately yields 2/2 if the reference voltage is set to a red mark, 

i.e., its rated value. 

27 



AN | Hr 1 ۱ NT | oe MUI AM ge E I 
» ያ ۲ s 41 t 1.22 TY: 1 

CM + 45m ai: 7 0 Bam! 
: t 

  ê a 1 7واد
ዓላ t "A | 

y ( t Û 7 Ge 
4 ê & ۰ 

5 | 
55% 1 

A ነ y 

d 
i AA n 

١ Nom wales یف رت "VM hah M L SN D 

 ;  o Esاو  1 PAتا ==

) 
4 

Wier In 7 
š ማም 

IST 
Kn 

ሂኒ "we mra i ut ብ 
۰ ¿ ` 

0 N. 

A مور 
” , ۱۷ ٢ ۱ 

è hi M 

ao. Hay e aan, ام Rs 
ger 
E 

gan 28 AA? , vr TA 4፡4 IT Pt 

y ኸኻ DA 45 yá 

ne لولا H: 
j ሮና 

۳ ¥ " 1 ۱ YA 

29 pie 9 Can E e bg 

0 ሆኘ M A 

PX i CAR سا 
AUN 

7 We ۱ VELUM DAN ger? SI pa = 

  rr] ¿O +) ۱ | 4 lteو ٨

Er d 
p 390 LI 



m A 

0357 

A special automatic frequency control makes the local oscillator follow any 

variations of the signal-generator frequency so that errors due to this rea- 

son are largely eliminated. 

In order to enable measurements to be made on radiating test items, the 

coaxial test and reference lines have been provided at the side of the cab- 

inet so that shieldings that are possibly set up do not bother the operator 

when measuring. 

6. Operating Instructions 

Note: 

Before moving the set, even if only from one place to another within 

the laboratory, the indication and power switch (18) (Fig. 23) should be 

turned to OFF in order to avoid any damage to the built-in galvanometer. 

6.1  Adapting the Set to the Local AC Supply Voltage and Frequency 

y 

The Z-g Diagraph has been designed for operation from an AC power sup- 

ply and factory-adjusted to 220 V and 47 to 63 Hz. For a voltage other 

than 220 V, the set must be adapted correspondingly. To this end, itis 

necessary to loos@n the four cylinder-head bolts at the corners of the 

front panel; it is then possible to remove the set from its cabinet. With 

the power cut off, the fuse must be inserted in the clips in the power sup- 

ply (Fig. 31), identified by the required voltage rating. The fuse provided 

for an AC supply voltage of 220 V or 235 V is rated for 1.6 A (1,6 DIN 

41571) and is to be replaced by a 2. 5-A fuse (2, 5 DIN 41571) in the case of 

a 115-V or 125-V AC supply. The set is connected to the AC supply through 

the power cable supplied. 
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For an AC supply frequency of 400 Hz, the AC supply frequency selector 

(Fig. 31) located near the AC supply tapping panel must be adjusted cor- 

respondingly. For this purpose it is necessary to loosen the two screws, 

to change over the link, so that the connection between the two screwsis 

interrupted, and then to tighten the screws again. 

6,2 Preparation for Use 

Place the set on a practically horizontal base. Take the long coaxial test 

line from the lid of the set, where it is kept for transport, and screw it 

clockwise as far as it will go into the hole in the right-hand wall of the cab- 

inet. 

Throw INDICATION switch to NORMAL; the set is then switched on. 

After a short warm-up period, the pointer of the discriminator meter (4) 

moves to the right stop. This is a normal reaction which does not mean 

any danger for the instrument. The pointer remains at the stop until an 

input voltage is applied to the Z-g Diagraph and the Z-g Diagraph is tuned 

to the frequency of this voltage, i.e., until a signal reaches the discrim- 

inator. 

The signal generator used for the measurement should be capable of deliv- 

ering 2 V open circuit at a source impedance of 50 Q, 60 Q or 75 Q, resp., 

so as to fully drive the Z-g Diagraph at every frequency. The maximum 

permissible RF input voltage is 5 V. 

We recommend the use of the following Power Signal Generators included 

in our production programme: Type SMLM (30 to 300 MHz), Type SDR (300 

to 1000 MHz), Type SLRD (275 to 2750 MHz), Type SLSV (25 to 470 MHz). 

Connect the signal generator to the INPUT socket (14). Allow a warm-up 

period of about 15 minutes before measuring. 
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655 Handling the Chart Holder 

The following charts are used for indication of the measured values: 

(a) Impedance-admittance chart (for resistive and reactive components, 

Figs. 24 and 25); 
Lx E i 

(b) impedance-admittance chart (for magnitude and phase, Figs. 26 and 

215 

(c) reflection-coefficient chart (for magnitude and phase, Figs. 28 and 

29); 

(d) transfer-constant chart (attenuation constant and phase constant, 

Fig. 30). 

For inserting the chart, remove the bezel (7) and put the chart, fitted with 

two guide holes, on the plexiglass screen. Replace the bezel, thus press- 

ing the chart against the plexiglass screen. The impedance-admittance 

charts (Figs. 24 and 26) can be inserted in such a way that either 0 or © 

(with the charts of Figs. 25 and 27 either 0.5 or 2, because of the extended 

scale) is above the black line of the plexiglass screen. In the first case, 

the results represented on the chart are impedances, in the second case, 

they are admittances. Insert the charts shown in Figs. 28 and 29 so that 

180° is above the black line and that of Fig. 30 so that 0° is above the black 

line. 

6.4 Adjustments 

6.4.1 Zero Setting of the Light-spot Galvanometer 

With zero voltage applied to the light-spot galvanometer (reduce amplitude 

of the signal generator to 0 or disconnect the patch cord from the signal 

generator or switch to another range), set the crosslines of the light spot 
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of the galvanometer precisely to the centre of the chart (mechanical zero) 

‘using a screwdriver. In the impedance-admittance chart the centre of the 

chart is the point Z/Zo = 1. The two slotted screws (is) and serve for 

the VERTICAL and HORIZONTAL adjustments (Fig. 23). 

6.4.2 Amplitude and Phase Adjustment for 2-terminal Network 

Measurement 

Before starting the measurement, adjust the instrument with respect to am- 

plitude and phase. If impedances, admittances or reflection coefficients 

are to be measured, short the coaxial reference line and the coaxial test 

line using short-circuit Dezifix connectors FZ 434. If, however, the ef- 

fective transmission factor of a 4-terminal network is to be measured, 

proceed as described in section 7.6.2 or 7.6.3. 

Make the amplitude and phase adjustment each time the frequency range is 

changed to maintain the accuracy specified under 1.1. For a long series 

of measurements check the two adjustments several times, especially during 

the first hour after the set has been switched on. When making the adjust- 

ment, use the measuring frequency which will be employed afterwards for 

carrying out the measurements, ora frequency in the middle of the range 

in which it lies. 

6.4.2.1 Amplitude Adjustment 

After tuning the Z-g Diagraph to the signal-generator frequency, adjust the 

amplitude of the signal-generator frequency until the centre of the cross- 

lines of the light spot comes to a standstill at the outermost circle of the 

chart. When this output of the signal generator is reached, the reference 

meter (6 ) should deflect to 100 (red line). If this is not the case, adjust 

the knob marked REFERENCE VOLTAGE COR. (5)tor a deflection to this 

value. If the signal generator has changed its frequency while the ampli- 

tude was adjusted, retune the signal generator. ‘ 

31 



VM e ۱ nisu 2 d T ME 4 1 99 ' 

0٦ ] ۲ " ZEE کا 8 mey 7 "im d "ws "hs. TM dirf 1 DH n ማያ ግ 
  ۸ Yêر  3 LE | | ۲جا

ê ፥ኸ k ۱ NA WEN y 4 © Eé , ٨ d 1 D M 6 H 

m LER 2 1. دل n ' ^ a rm YS G U 7 

3 à j K A : 2 
KIT N A Hi bp E 72 

| ት ብዜ” ፡( ; ን WW 1۸ ۳ (በርክ f 

 ته 3 01
oars —À ሰ [po 

x 1 
0 1 i 
ke “ ۹ 

ya "PN | AM fed f " ER "e D G [ DAT Du ፻ > 
DERE M - A | Wê ብ 



10357 

  2 Phase Adjustmentهپ. .4 .6

Small phase variations caused by minor differences in the reactances of the 

two mixers or by aging and the slight temperature response of the IF ampli- 

fiers result in an error of the phase angle of the reflection coefficient. 

These variations can be compensated for with the knob PHASE COR. (7). 

For this purpose, insert a chart, preferably the one used later on for the 

measurement. With the aid of the PHASE ADJ. knob © turn the chart 

until the crosslines of the light spot, which after amplitude adjustment is 

on the greatest chart circle, appear at Zo = 0 (impedance measurement) or 

© (admittance measurement), depending on the chart used. The chart holder 

should be in such a position that the black line of the plexiglass screenis at 

that side to which the light spot deflects. After having pressed the button 

*ን (3 below the small meter, turn the PHASE COR. knob (7)so that the 

meter (4 shows maximum deflection. To check this adjustment, find the 

maximum once again by rotating the chart. The Z-g Diagraph is ready for 

measuring if, at maximum deflection.of the meter, the crosslines appear 

at the same place as before. 

*) Ifthis button is pressed, it remains down untilit is released by being 
pressed anew. 
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qe Frequency Adjustment 

After the desired measuring frequency has been adjusted on the signal gen- 

erator, throw the FREQUENCY RANGE switch (12) (Fig. 23) to the corre- 

‚gponding range. Now tune the built-in oscillator by means of the coarse- 

fine drive marked FREQUENCY Go). Do not press the button (3) Dur- 

+ 

ing tuning, the pointer of the discriminator meter (4 )moves from the right 

to the left stop and then back again. The tuning is completed when the 

pointer, coming from the right stop, is at the red mark. Unambiguous 

tuning is ensured since the incorporated automatic frequency control will 

always shift the oscillator away from the resonance point if the adjustment 

is made to the image frequency. 

To find the correct adjustment easily, turn the tuning knob counterclockwise; 

the first large pointer deflection of the discriminator meter is the correct 

one. When turning the tuning knob, further deflections of the pointer will 

occur, due to mixing of signal-generator harmonics with harmonics of the 

oscillator of the Type ZDU. However, on account of their much smaller 

amplitude, these deflections are easily distinguished from the deflection 

caused by mixing with the fundamental. 

The fine adjustment of the frequency is made using the larger one of the 

two knobs mounted on the same shaft 

102 Impedance Measurement 

Insert the chart shown in Fig. 24 or Fig. 26 as an impedance chart, i.e., 

Z/Zo = 0 should be above the black line of the plexiglass screen. The 

chart is chosen according to whether the result is to be represented by its 

0357 resistive and reactive components or by magnitude and phase. Connect the 

test item to the coaxial test line while the coaxial reference line GD 
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remains short-circuited. After adjustment for the desired measuring fre- 

quency, increase the input voltage until the pointer of the reference meter 

(ً 6) deflects to 100 (red line). Once again check on the discriminator meter 

(4)that its pointer is still in the red range; if this is no longer the case re- 

tune the signal generator to the proper frequency. Press the button( 3 Jand 

turn the PHASE ADJ. knob በ3) until the pointer of the meter (4)is at max- 

imum. Read the result on the chart or mark the point of intersection of the 

crosslines in pencil, 

If, in the entire frequency range of interest, the crosslines of the light spot 

do not leave a circle around the centre with the values Z/Zo = 0.5 or Z/ Zo 

= 2, insert a spread chart (Fig. 25 or 27) and switch to INDICATION 

SPREAD. This means x3 magnification of the chart. The reference meter 

should be at full deflection, 100, (red mark) also for measurements in the 

spread range. 

TOS Admittance Measurement 

Admittances are measured in the same way as impedances. The charts of 

Figs. 24 and 26, however, are inserted as admittance charts, i.e., so that 

Z/Zo = ۶ is above the black line. 

When using the spread range and the associated chart according to Fig. 25 

or 27, insert this chart so that Z/Zo = 2 is above the black line. 

7.4 Investigating the Impedance or Admittance of Hard-to-get-at Items 

Connect the test item to the coaxial test line (9 using a 50-62 or 60-0 or 

75-Q cable, respectively. Replace the ei connector by a second 

cable of equal Zo and identical electrical length connected to the coaxial ref- 

erence line . Insert the short-circuit Dezifix into the free end of this 

cable. Fig. 2 shows an example of such a test assembly. To check whether 
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the electrical lengths of the two cables are actually equal, short-circuit also 

the coaxial test line atits end, select the input voltage so high that the point- 

er of the reference meter deflects up to the red mark, press the button (3) 

and turn the chart until the meter (4 )shows maximum deflection. The 

crosslines of the light spot should then again by on Z/Zo = 0 or Z/Zo = °, 

depending upon whether the chart has been inserted for impedance or ad- 

mittance measurement. If the phase adjustment was carried out before 

this measurement, it immediately shows the difference in the electrical 

lengths of the cables. 

Coaxial 
test line 

A B 

Reference plane 

Coaxial reference line 

ጐ Short -circuit connector FZ 434 

Compensating cable Signal 
generator 

Fig. 2 Setup for impedance measurement on an item which is accessible 

۱ only by means of a cable (A and B.are a pair of 2-terminal meas- 

9 uring cables) 

After the check has been completed, remove the short-circuit Dezifix con- 

nector from the measuring cable and connect the test item. Make the 

measurement as set forth under 7.2 or 7.3. The measured values read 

from the chart do not refer to the junction plane of the Dezifix connector 

at the Z-g Diagraph, but to the junction plane of the Dezifix connector at 

the end of the cable connected to the test item. 

As mentioned before, it is important for the accuracy of the measurement 
3 
2 that the electrical lengths of the cables are equal and that their character- 

35 istic impedances are equal to that of the Z-g Diagraph. Suitable cables, 
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i.e. pairs of 2-terminal measuring cables (see section 3.2), may be ordered 

from ROHDE & SCHWARZ. 

Measurements with cables, of which the electrical lengths are not exactly 

equal, can be made if the phase shift is eliminated by adjusting the PHASE 

COR. knob (7). This adjustment must be made after each change of fre- 

quency. 

1,8 Determination of the Complex Reflection Coefficient 

a Measure the complex reflection coefficient px, defined by the equation 
p E 

= 7 
Px ` Z+Zo 

with the coaxial test line terminated by a test item of the input impedance 

Zx, and proceed as in the impedance or admittance measurement set forth 

under 7.2 or 7.3. However, instead of the impedance chart, insert a chart 

bearing the inscription "Complex Reflection Coefficient Chart" (Fig. 28) in 

such a way that the angle of 180? is over the black line of the plexiglass 

screen. 

If the reflection coefficient is not greater than 0.33 within the frequency 

range being investigated, the enlarged chart (Fig. 29) can be used. The 

measuring procedure remains the same. Switch must be set to SPREAD, 

 ېې

Measurement of Transmission Characteristics of 4-terminal#8  

Networks 

32.821 Definition of the Effective Transmission Factor 

The effective transmission factor is the complex quantity 

Eo i 
)357 gB = loge 2E; = ap + jbp, 

 جی : ® 3
the real component ap [Np] being the effective attenuation and the imaginary 
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IK 
component bg [radian] being the effective phase angle (cf DH. Feldtkeller: 

Einführung in die Vierpoltheorie der elektrischen Nachrichtentechnik). The 

quantities Eg and Eg are defined according to Fig. 3. 

Test item 

(4-terminal network) 

Fig. 3 Simplified diagram for the definition of the effective transmission 

factor 

In the general case all the quantities, including R1 and R2, may be complex. 

The following instructions, however, are restricted to the case that R1 = 

R2 = Zo, i.e. equal to the characteristic impedance of the Z-g Diagraph 

and of the coaxial lines used in the test setup, since only under this condi- 

tion can accurate results be obtained. Matching Pads Type DAF (section 

* 3. 4) can be used for measuring the effective transmission factor in test as- 

semblies that contain 1 and load resistances differing from the char- 

acteristic impedance of the Z-g Diagraph. 

The transfer- constant chart (Fig. 30) is best used for measuring the effec- 

tive transmission factor gp or the effective attenuation ap. 

(7 
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T. Us f Measurement of Effective Attenuation Using the 4-terminal 

Feed Unit 

Whereas the measurement of the effective transmission factor according 

to section 7.6.3 necessitates a T-section and two attenuator pads for feeding 

in the signal, the 4-terminal feed unit (section 3.3. 1), which is less expen- 

sive, is sufficient when only the real component, i.e. the effective attenu- 

ation ap is to be measured. Fig. 4 is the modified diagram of Fig. 3 de- 

picting the measurement of effective attenuation with the help of the 4-ter- 

minal feed unit and Fig. 5 schematically shows the test setup. 

Feed -in current I = const. 

ከ... ie Ke e و | 2 2 
© Test item O 

EQ E> 
2 (4-terminal network) 

mes. | Le 1 
Input impedance of Input impedance of 
coaxial reference line coaxial test line 

Fig. 4 Modified diagram of Fig. 3 depicting the measurement of effective 

attenuation with the help of the 4-terminal feed unit (section 3.3.1) 

ን If the measurement is made according to Figs. 4 and 5, the source of the 

impedance dn. represented by an impressed current in the input impedance 

of the coaxial reference line, which is transformed, without being changed, 

to the branching point via a matched cable. 

Set up the test assembly according to Fig. 5 but without the 4-terminal net- 

work, i.e. connect the test cable B directly to the coaxial test line(9) 

(Fig. 23). Leave the input of the Z-g Diagraph open. Adjust the sig- 

nal generator to the desired frequency and tune the Z-g Diagraph. Then 

adjust the signal-generator voltage so that the light spot of the Z-g Diagraph 
0357 

goes to the outer circle of the chart (0 dB). If the 4-terminal network is 
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now inserted in the test assembly the effective attenuation can be read di- 

rectly on the transfer-constant chart (Fig. 30). The correct result is ob- 

tained only if the signal-generator voltage is not readjusted after insertion 

of the 4-terminal network when the indication of the reference meter has 

changed. Since the input impedance of the 4-terminal network may differ 

from Zo the voltage conditions at the branching point may be changed. 

Coaxial test line 

Input YA 

Coaxial reference hen 

Signal 
generator 

۱ ” Fig. 5 Setup for the measurement of the effective attenuation ap with. 

እ the help of the 4-terminal feed unit (section 3, 3, 1) according 
to the simplified diagram of Fig. 4 (A and B are a pair of 2- 
terminal measuring cables according to section 3.2). 

9357 
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1, 5,8 Measurement of Effective Transmission Factor Using Two 

Attenuator Pads and a T-section 

Only if the input impedance of the 4-terminal network is not very different 

from Zg can the 4-terminal feed unit (section 3. 3. 1) be used for measuring 

the effective phase angle. Otherwise an error will occur which increases 

roughly linearly with the reflection of the 4-terminal network. If the input 

of the 4-terminal network presents a VSWR of, say, 1.4 the maximum er- 

ror is 109. 

. The setup shown in Fig. 6, which is a modification of Fig. 3, permits the 

9 exact measurement of effective attenuation and effective phase angle re- 

gardless of the input reflection of the 4-terminal network being measured. 

Eg and E2 can be read simultaneously on the Z-g Diagraph. 

| Zo Zo | 

Test item 

上 0 25 E2 
2 (4-terminal network) 

` ZDU ZDU 24 
Coaxial reterence line i | Coaxial test line 

Fig. 6 Modified diagram of Fig. 3 depicting the measurement of the 

| effective transmission factor with the help of two separate 

circuits š 

In the test setup of Fig. 7, the generator of Fig. 6, with the internal im- 

pedance Ri = 0 and the source impedance Zo connected ahead, is replaced 

by a generator of arbitrary internal impedance (preferably Ri = Zo) and 

two equal attenuator pads of š 20 dB (section 3.3.2.2). 

10357 
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Coaxial test line 

Aa کل up. VAR SES ات سا تش د dyدا  Q 

— መጨ ው س — — سپ መ 

Signal 
generator 

Fig. 7 Setup for the measurement of the effective transmission factor 

gB with the help of a T-section and two 20-dB attenuator pads 

according to Fig. 6 (A and B are a pair of 2-terminal measur- 

ing cables according to section 3.2) 

It is obvious that now the waves coming towards the inputs of the Z-g Dia- 

graph are equal in amplitude and phase. Also the condition that the 

source impedance must equal Zo is fulfilled with sufficient accuracy through 

the use of attenuator pads of € 20 dB; even a short circuit at the generator- 

would result in a source-impedance error of less than 2%. 
+ 

The voltage Eo present at the branching point of the T-section is measured 

in the coaxial reference line via a 20-dB attenuator pad and a cable of 

correct characteristic impedance and defined length. To compensate for 

the phase rotation caused by the cable and the attenuator pad and to make 

Ri = Zo, a cable of equal electrical length and a similar attenuator pad 

must be connected into the test branch. The attenuator pad is best con- 

nected directly ahead of the 4-terminal network to reduce any residual 

cable errors. Since the inputs of the coaxial lines of the Z-g Diagraph 
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present very accurate impedances, Eo/E2 is measured at the coaxial ref- 

erence line and E2 at the coaxial test line. The quantities Eo and E2 are 

defined in Fig. 6. 

The signal-generator voltage must be adjusted before the meásüffment. 

A correction of magnitude and phase on the Z-g Diagraph may also be 

necessary. 1118 therefore best to set up the test assembly of Fig. 7 with- 

out inserting the test item, i.e. to connect the attenuator pad directly to the 

coaxial test line. Then insert the transfer constant chart and adjust the 

signal-generator voltage so that the light spot is on the 0-08 circle. Cor- 

rect for magnitude and phase as described in sections 6.4.2.1 and 6.4.2.2. 

Insert the 4-terminal network into the test branch, adjust the phase of the 

Z-g Diagraph and read the result in dB and degrees of angle on the chart. 

If the zero adjustment of the Z-g Diagraph is valid over a whole frequency 

range the 4-terminal network need not be removed for calibration after ev- 

ery frequency change. It is in this case sufficient to adjust the signal- 

generator voltage so as to obtain the reading of 100 on the reference meter 

and to make the phase adjustment. The result can then be directly read 

on the chart. 

7.6.4 Measurement of Effective Transmission Factor on Amplifying “ 

Test Items 

The foregoing sections deal with the measurement on passive 4-terminal 

networks such as filters, attenuators, etc. Often the effective transmis- 

sion factor of amplifying, i.e. active 4-terminal networks such as tunnel- 

diode amplifiers and travelling-wave tubes is also interesting. If an am- 

plifying network is connected into the test assembly according to section 

7.6.2 or 7.6.3 after the Z-g Diagraph has been adjusted to 0° and 0 dB 

the light spot goes beyond the boundary of the chart. The test setup must 

therefore be modified according to section 7.6.4.1 or 7.6.4.2. 
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7.6.4.1 Measurement Using Attenuator Pad and Compensating Line 

An attenuator pad which has an attenuation greater than the gain of the 4- 

terminal network being tested is to be connected in series. The attenu- 

ation and phase rotation of the attenuator pad can be determined by a sepa- 

rate measurement and entered into the final result by calculation. 

If the electrical length of the attenuator pad is known a compensating line 

of correct characteristic impedance and equal electrical length can be con- 

nected ahead of the coaxial reference line. In this case only the attenu- 

ation but not the phase rotation of the attenuator pad enters into the result. 

Compensating lines of 10 cm and 20 cm electrical length are available from 

R&S. An electrical length of 30 cm is obtained by series connection. 

Compensating lines of other length can be made according to the sets of 

drawings (LNB 023/L/50, LNB 023/L/60 and LNB 025/፲./ 75) attached to 

this instruction book. R&S supply the necessary tubular line and the cor- 

responding inner conductor in 50-cm sections for the characteristic imped- 

andes of 50, 60 and 75 Q under the order designations LNB 05/50, LNB 

050/60 and LNB 05/75, respectively. The designation LNB 05/75, for 

example, refers to a 75-0 line (outer conductor 21 mm dia.) of 50 cm 

length, R&S also supply the necessary Dezifix elements; the corresponding 

R&S stock numbers can be found in the relevant parts lists. 

Instead of the mentioned attenuator pad the Standard Attenuator Type DPU 

BN 18043 can be used for measuring amplifying items. Its electrical 

length is approximately 48 cm, largely independent of the attenuation set- 

ting. If a standard attenuator is provided in both the test branch and the 

reference branch it is possible to measure high positive or negative values 

of effective attenuation. 
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7.6.4.2 Measurement by Interchanging the Connections to the Coaxial 

Test Line and Coaxial Reference Line 

Apart from the method described in section 7.6.4.1, a negative effective 

attenuation, i.e. gain, can be measured according to section 7.6.3 if, 

after adjustment of the Z-g Diagraph to 0° and 0 dB and insertion of the 

4-terminal network into the test branch, the connections to the coaxial 

test line and to the coaxial reference line are interchanged and the signal- 

generator voltage is so far reduced that the reading of the reference meter 

is again 100. 

The measured quantity is then 

2592 1 5 

=z o Je 
Eo r 5 

instead of 

Eo : 
= S ( 
2E; r هل 

This method is described in more detail in section 7.11. Although this 

section deals with the measurement of neg#ive impedance and admittance 

it also applies to the measurement of active 4-terminal networks. 
e 

7625 Scattering Matrix 

The scattering matrigis now frequently used above all in American litera- 

ture for describing n-port networks (2n-terminal networks) such as di- 

rectional couplers, filters, magic T’s, etc. 

The scattering matrix serves to calculate the waves reflected and trans- 

mitted by n-port networks as functions of the terminating loads and of the 

incident waves of the individual ports. A port corresponds to a reference 

plane for the measurement. One wave enters and one wave leaves every 
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port. The ratio of the two waves is determined by the connected 2-ter- 

minal networks. 

In linear arrangements a linear relation exists between the incident waves 

af s. an 

and the reflected waves 

Dac een 

for a 3-port, for example: 

ከ1 = 511 a1 ተ 812 82 + 813 a3 

ba = $21 aı + 522 a2 + 523 a3 

b3 = S31 81 + 832 a2 + 533 53 

or as a matrix 

b1 911 ST 1 

BS | 4 ٣٥ 

53 531119302 3 

(b) = (5) x (a) 

It is found by comparison that S11, 522, S33 are complex reflection coef- 

ficients referred to the chosen TU planes, say the, ¢onnection planes 

of a directional coupler, and that 512, 521, 519, 531, 823, $32 are the 

complex effective transmission factors between the individual ports of the 

n-port if all other ports not involved in the measurement are terminated 

with zero reflection coefficient, i.e. 

bi/ai = 0. 

The scattering matrix is suitable to describe passive, reciprocal and 

non-reciprocal, as well as active elements (gyrators, amplifiers). 

The Z-g Diagraph is very useful for determining the elements of the scat- 

tering matrix since it indicates them directly on suitable charts. 
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RT Measuring the Phase Angle of Two Voltages of Identical Frequencies 

When making investigations on directional antennas (straight groups, cir- 

cular groups, etc.) and compensators, itis often necessary to determine 

the phase angle between two voltages of identical frequencies. After the 

amplitude and phase have been adjusted, apply one of the two voltages to be 

compared (9)(Fig. 23), and the other to GD (input impedance Zo). Press 

the button Gana, by turning the PHASE ADJ. knob (13), bring the pointer 

of the meter (4) a maximum deflection. The result is then shown on the 

transfer constant chart (Fig. 30). In the case of an angle between 0 and 

180°, the voltage applied to the coaxial test line is retarded by the meas- 

ured angle in relation to the voltage present at the coaxial reference line. 

With angles between 180° and 360°, the conditions are reversed. The spec- 

ified measurement accuracy holds under the assumption that the voltages 

applied deflect the spot galvanometer and the reference meter by at least 

50%. If the voltages are too high, insert attenuator pads in both leads. 

The input 14 at the front panel remains open. 

7.8 Using the Spot Galvanometer Section as a Linear Test Receiver 

The input requirement of the coaxial test line is about 20 mV for full-scale 

deflection. The indication can be made either on a linear scale (reflection -- 

coefficient chart) or on a logarithmic scale (transfer constant chart), de- 

pending upon which of the two charts is used. 

7.9 Measurements on Transistors 

Similarly to the electron valve, a transistor can be treated as a 4-terminal 

network. For this reason it can be tested with the Z-g Diagraph like a 4- 

terminal network, i.e., the input and output impedances or admittances 

and the transmission characteristics can be measured as in any 4-terminal 
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network, thus permitting the determination of the 4-terminal network pa- 

rameters in the high frequency range in question. 

Due to the small size of the transistors, their connection to the Z-g Dia- 

graph causes some difficulties, since the section of line between the coax- 

ial test line and the transistor connection should have a characteristic im- 

pedance of Zo, if possible, up tohe pin. To this end, an adapter has been 

developed which meets these requirements and which, moreover, finds 

many other applications. This adapter serves for measuring the input im- 

pedances or admittances of transistors with three or more electrodes as 

set forth in sections 7.2 and 7.3 or their 4-terminal network transmission 

characteristics as outlined in section 7.6. The often necessary impedance 

and admittance measurements, during which the output electrodes of the 

.4-terminal network are short-circuited or open for RF signals, can be 

made in a simple manner. Finally, this adapter also permits testing of 

diodes, chokes, resistors and other small circuit elements. 

The Coaxial DC Feed Section with Capacitive DC Separation (BN 35616-2), 

which is supplied as an accessory unit to the Transistor Adapter (BN 35616) 

and is necessary for the measurement on transistors, can also be used 

without the adapter, if the test items must be fed with direct current. The 

electrical length of the Coaxial DC Feed Section is eliminated by a spe- 

cial compensating line. 

T, 10 Measurement with Reduced Voltage 

If too high an AC voltage is applied, say, for measuring the input impedance 

of a receiver, the measurement result will be incorrect due to overdriving. 

In the same manner, erroneous results may occur if the transistor is driven 

into the saturation region. 

To avoid this error, reduce the voltage applied to the unknown to one third. 

Proceed as follows: short the coaxial test line and the coaxial reference 

47 
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line, reduce the generator voltage and insert a "normal" impedance-admit- 

tance chart (Fig. 24) into the chart holder. Switch to INDICATION SPREAD. 

This makes the galvanometer three times as sensitive as before. Adjust 

the generator voltage so that the crosslines of the light spot are on the out- 

ermost chart circle. Due to the higher galvanometer sensitivity, this is 

the case with one third of the generator voltage required for INDICA TION 

NORMAL. The reference meter, therefore, gives one third of its full- 

scale deflection. Take this voltage as reference in the following measure- 

ments. To facilitate the adjustment and to increase the accuracy, adjust 

for an even value on the reference meter, using the REFERENCE VOLT- 

AGE COR. knob. 

El Measurement of Negative Impedance and Admittance 

Negative impedances occur in elements whose current-voltage character- 

istic is partly falling. Fig. 8 shows the characteristics of the two possible 

types of negative impedance, namely the electric arc and the element group, 

for example the tunnel diode. 

Tunnel diode, etc. Electric arc 

— E — E 

Fig. 8 Characteristics of the two possible types of negative impedance 

Tunnel diodes have gained great importance at very high frequencies. A 

reliable and quick measuring method is therefore of great value. The 

measurement is best based on the directional-coupler principle since it is 

the only way to find, in addition to the magnitude of the impedance or 
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admittance, whether its real component is positive or negative. “Since the 

Z-g Diagraph uses coaxial directional couplers it is suitable for measur- 

ing impedances and admittances having a negative real component. A di- 

rectional coupler is the only means of determining whether the amplitude 

of the incident or the reflected wave is greater, whereas a slotted line al- 

ways shows a standing wave irrespective of whether the real component of 

the terminating admittance is positive or negative. Thus it is impossible 

to determine whether the amplitude of the incident or reflected wave is 

greater, and consequently whether a positive or negative real component 

is concerned. 

An impedance of the tunnel-diode type, presenting a falling voltage- current 

characteristic, requires a suitable parallel admittance for stable operation. 

This admittance is represented by attenuator pads in both the coaxial test 

line and the coaxial reference line. The Z-g Diagraph thus permits the 

direct measurement of such test items up to the reciprocal of its character- 

istic impedance (50 Q, 60 Q, 75 Q). Higher negative admittances can be 

measured by connecting a suitable positive admittance in parallel to the 

test item and eliminating it from the measured result by calculation. The 

additional positive admittance must be so proportioned that together with 

that of the coaxial test line or the coaxial reference line it is equal to or 

greater than the negative admittance of the test item. 

If an admittance with a negative real component is connected to the Z-g Dia- 

graph in the normai way, the light spot goes beyond the outer circle of 

the chart. The measurement is nevertheless possible if the connections are 

changed, i.e. the test item is connected to the coaxial reference line and 

the coaxial test line is shorted. The reference meter gives a reading > 100 

which is to be adjusted to 100 by reducing the signal-generator voltage. 

After the ordinary phase adjustment the negative impedance or admittance 

can be read on the chart. The impedance or admittance is referred to the 

negative impedance Zo (50 Q, 60 Q or 75 Q) or to the negative admittance Yo. 
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The connection of a tunnel diode to the Z-g Diagraph via a DC feed section 

is shown in Fig. 9. The compensating line inserted between the coaxial test 

line and the short-circuit compensates for the electrical length of the DC 

feed section. If the test item is connected directly to the coaxial reference 

line without a DC feed section the short-circuit is also to be connected di- 

rectly to the coaxial test line. 

Compensating at 
line Û Short-circuit or 

REO adjustable short 

Coaxial test line 

Coaxial reference line 

Tunnel diode 

Signal 
 Generator: PART ا اا لا |

DC source 

Fig. 9 Connection of a tunnel diode to the Z-g Diagraph via a DC feed 

section for impedance and admittance measurement 

The described method for measuring impedances or admittances with neg- 

ative real components is based on the following fact: 

€ 

normally the Z-g Diagraph measures the complex reflection coefficient 

This expression is greater than unity if - is negative. A reflection coeffi- 

cient > 1 cannot be measured with the Z-g Diagraph since the light spot goes 

50 
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beyond the outmost circle of the chart. The reciprocal is therefore meas- 

ured by interchanging the connections: 

R Se 1+ + 
T 0 ge 
6”፲2 = 

T va R 4. ER 

ER 

This value is less than unity for negative R values and can therefore be 

measured. The method is equivalent to the introduction of a negative ref- 

erence impedance -Zo. 

The introduction of a negative reference impedance has the following effects 

in the representation of the result in impedance-admittance charts: 

(a) The chart is oriented counterclockwise. This means that the curve 

representing the impedance of a line section as a function of frequency 

runs counterclockwise with increasing frequency. 

(bb The imaginary component changes its polarity because of the negative 

reference impedance. A point on the outer circle of the chart lying in 

the region of positive imaginary components for a positive reference 

impedance (Fig. 10 a) appears in the region of negative imaginary 

components with a negative reference impedance (Fig. 10 b). 

Fig. 10 Effect of the negative reference impedance on the imaginary 

component of an impedance or admittance 
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(c) 

(d) 

As mentioned above, the negative reference impedance is obtained 

by interchanging the coaxial test line and the coaxial reference 

line. The chart remains in its normal position in the chart holder. 

If the reading obtained on the chart is, say, 

EP 70.3 30.7 ure 

the true impedance is 

R ገ 80,325; =f RT 2Z 

where Z > 0. 

When the impedance curve of a tunnel diode is plotted as a func- 

tion of the DC bias at a fixed frequency, some parts of the curve 

will lie in the positive and others in the negative impedance region. 

A typical curve is shown in Fig. 11. 

The positive and negative real components can be shown immedi- 

ately adjacent to each other if the chart is turned over on its axis 

while making the - measurement with interchanged coaxials, So 

that the matte side comes against the plexiglass screen. The 

curves can then be traced with.a.grease pencil or something sim- 

ilar. « 
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Fig. 11 Impedance curve of a tunnel diode as a function of DC bias. 

I and IV are portions with a positive real component (meas- 

ured in the normal way), II and III are portions with a nega- 

tive real component (measured with the coaxial test line and 

coaxial reference line interchanged). 

= 

Tels Measurement with Higher or Variable Voltage Levels 

The ጋው Diagraph requires a fixed voltage for indication. Itis so propor- 

tioned that the reference meter or the mirror galvanometer gives full de- 

flection for a reflection coefficient r = 1. This voltage corresponds to a 

level at the test item of about 20 mV at normal indication and about 7 mV 

at spread indication. Certain measurements, however, require a higher 

voltage at the test item, for example: 

(a) Investigations on valves. 
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(b) Investigations on power transistors used for large-signal operation. 

The test voltage level must in this case correspond to the levels 

encountered in large-signal operation. The results obtained with 

small-signal values are not valid for large-signal operation. 

(c) Measurements on items exposed to relatively high noise levels. 

If it is impossible to shield the test item the test voltage level 

must be so high that the noise level has no intolerable influence 

on the result. It is, of course, necessary that the test item with- 

stands the test voltage level. An example is the measurement of 

í 3 input impedance or admittance of an antenna in a transmitter sta- 

tion where neighbouring transmitting antennas are operating. 

Since it is impossible to increase the voltage level in the Z-g Diagraph 

because of the required fixed voltage, two external directional couplers 

must be connected each via a standard attenuator to the coaxial test 

line and the coaxial reference line, respectively. Suitable directional 

couplers can be supplied by R&S; please enquire in the case of need. 

Fig. 12 shows a test assembly for any kind of test item, Fig. 13 tor 

impedance measurement on transistors and Fig. 14 for the measure- 

ment of 4-terminal parameters of transistors. 

Ka 

+ 

^ ̀  

ቤዬ 3 If thé signal generator supplies sufficient power and if the directional 

couplers present a suitable coupling attenuation this test setup permits 

measurements up to very high power. For example, the impedance of an 

antenna under the effect of hoarfrost, ice, etc. can be measured In CW oper- 

ation if suitable check points for the connection of the directional couplers 

are available on the transmitter. 
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Signal 
generator 

ES 

B Standard afl 

attenuator 1 

Directional coupler 

> Standard 4 E 
attenuator d 

 ټر

Fig. 12 Test setup for measurement with higher test voltage 

Standard 

ር 
\ 

N 

Standard bo رر a Sen 

Heino OT 

Transistor 
| 

Generator 

Directional coupler : 
Transistor adapter 

Fig. 13 Test setup for impedance measurement on transistors with 

higher test voltage 
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Compensating line 

Pair of measuring cables 

DC feed section Transistor 

mete ern, 
Generator لار لازم Wer: 

Directional coupler Transistor 
adapter 

IN 
— 一 一 一 一 一 一 一 一 一 

SHF Standard resistor 
Type RMC 

A 

Fig. 14 Test setup for the measurement of transmission characteristics 

of transistors with higher test voltage 

7.18 Measurement of Balanced Items 

Since the coaxial test line of the Z-g Diagraph is unbalanced, measure- 

ments of balanced test items can be made only when a balun is connected 

between the test item and the set. For test items with the same character- 

istic impedance as the Z-g Diagraph in use (50 Q, 60 Q or 75 Q), the Broad- 

band Baluns Type BSU shown in Fig. 15 are very suitable. They are sup- 

plied in various models with different frequency ranges and with different 
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types of connection on the balanced side, as shown in the table in sec- 

tion 378; 

Fig. 15 Broadband Baluns Type BSU 

Balanced test objects frequently have high characteristic impedances (200 Q, 

240 Q or 300 (2) corresponding to those of commercial strip transmission 

lines. In order to enable such items to be measured with the Z-g Diagraph, 

a balanced Impedance Transformer Type BSI (Fig. 16) is connected be- 

tween the set and the test item. This not only balances the coaxial test 

line but also transforms the characteristic impedance. 

Fig. 16 Impedance Transformer Type BSI 
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Type BSI is available in nine models, differing in the characteristic imped- 

ance and frequency range. Six of them are listed in section 3.7, and these 

are suitable for use with Z-g Diagraph Type ZDU. The characteristic im- 

pedance of the unbalanced side of Type BSI must always be the same as that 

of the Z-g Diagraph employed. For instance, a Type BSI BN 90634/240 or 

BN 90635/240 with 60 Q on the unbalanced side and 240 Q on the balanced 

side matches a Z-g Diagraph Type ZDU having Z = 60 Q. 

7.14 Measurement of Material Characteristics 

The measurement of the material characteristics €p, tanbe, u and tanó yy is 

indispensable for the use of permeable and dielectric materials in RF engi- 

neering. Since these material characteristics are closely related to the 

molecular structure their behaviour depending on frequency and temperature 

permits conclusions to be drawn on mechanical and chemical properties. 

On the other hand, they help to find new methods of surveying and controlling 

chemical processes. The material characteristics measurements thus gain 

growing importance. 

The four material characteristics are determined from impedance measure- 

ments and the specimen dimensions. The Z-g Diagraph Type ZDU 15 suit- 

able as an impedance meter especially for measurements on materials with 

heavy attenuation, but not on very low-loss materials (small tande). 

In addition to the Z-g Diagraph as impedance meter and 5 suitable signal gen- 

erator, the material characteristics measurement requires a specimen con- 

tainer. Various models of specimen container are available. The descrip- 

tion of the measurement and calculation of the material characteristics would 

go beyond the scope of this instruction book. The theory is treated in detail 

in the Kurzinformation 3-4/1962 and in the two papers by Dr. R. Eichacker: 

(a) A Material-Characteristics Test Assembly for Determining the 

‘Electromagnetic Material Constants of Solid and Liquid Media 
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at Frequencies between 30 and 7000 Mc and Temperatures be- 

tween -60 and +24090 (R&S-Mitteilungen No. 11/December 1958) 

(b) Measurement of Material Characteristics Using Standing- Wave 

Detectors (R&S-Mitteilungen No. 15/April 1961) 

Reprints of the two papers and No. 3-4/1962 of Kurzinformation can be ob- 

tained from R&S. It may also be interesting that ready-made programmes 

for IBM computers exist for the calculation of the material characteristics 

.from the measured impedance values and the specimen dimensions. 

1.15 Cable Measurement 

7.15.1 Definition of the Quantities Characteristic Impedance, Attenuation, 

Propagation Velocity and Homogeneity 

RF cables are designated by their characteristic impedance, attenuation 

and propagation velocity. 

Also, to an increasing degree, the homogeneity plays a role as a measure 

of the constancy of these quantities and thus is a measure of the quality and 

usability of any given cable. 

The homogeneity of a cable is determined by its structural and constructive 

make-up and is closely related to the wavelength at the operating frequency. 

Thus a coaxial cable with inner-conductor supports of Trolitul spaced peri- 

odically along its longitudinal axis is not homogeneous when the spacing is 

compafable with the operating wavelength; however, the line becomes 

quasi-homogeneous when the spacing is much smaller than the operating 

wavelength. 

Almost all RF cables today are homogeneous with reference to their struc- 

ture using materials such as Mipolan, Lupolen, polyethylene and Moltopren. 

The irregularities detectable on such cables are attributed to various 
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defects in manufacture, e.g., deviations in the outer diameter of the insu- 

lation, air bubbles and pockets, variations in winding pitch in the case of 

braided outer and stranded inner conductors of flexible cables. All of these 

defects are aggravated by continuous flexing movements. For this reason, 

appropriate acceptance tests must be made. 

If the irregularities mentioned are periodic or statistically distributed along 

the cable, this causes variations in the three quahtities characterizing the 

cable. Therefore, in addition to the general definition of the characteristic 

impedance, 

 2 ۰ك )1(

it was decided (par. 2.8 of the IEC Recomm, 96-1, 1958) that an average 

characteristic impedance Zm and an effective characteristic impedance Ze 

should be differentiated. The average characteristic impedance Zm is 

defined as the arithmetical mean of the characteristic impedance for suc- 

cessive sections of cable. 

The effective characteristic impedance Ze can be thought of as the input 

impedance of an infinitely long cable, this input impedance being caused by 

structural irregularities and measured at the operating frequency. For an 

infinitely long cable one could substitute a cable of such a length that its at- 

tenuation has a value of at least 20 dB. 

This "effective characteristic impedance", i.e., the input impedance at ang 

given test frequency, can under certain circumstances deviate subétantis ٢ 

from the "average characteristic impedance", above all at frequencies 

whose wavelength along the cable is equal to twice the spacing of a periodic 

irregularity. Depending upon the regularity with which such an inhomoge- 

neity is repeated, the peaks of the Zo variations as a function of frequency 

have varying sharpness. Such peaks occurring in the frequency range of 

the intended energy transmission may render it impossible to use the cable. 
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In addition to determining the three basic constants Zm, 0 and v, checks 

are now being made to determine the homogeneity using impedance meas- 

uring equipment or directional couplers. Since irregularities are especial- 

ly noticeable in Z and a, it is sufficient to investigate only one of these two 

quantities. This is usually the characteristic impedance. 

The attenuation of a cable is the logarithm of the ratio of the input power 

(P1) to the output power (P2) of a cable for a pure incident wave. 

OBAT p Ian nr 
e - هد - 3 دو جم TEE (2) 

where lis the physical length of the cable. 

The cross-talk or coupling attenuation of a cable determines, referred to 

the primary power, the power induced by the cable being tested in another 

cable through direct or electromagnetic coupling. 

The phase constant 8, propagation velocity v and the electrical length 16 

can all be determined from the relationship 

Ak 
= 7070 

T. 9 Determining the Characteristic Impedance 

(see Mil C 17 B, 4.6.16 and IEC Publ. 96-1, 2.8 and 2.9) 

7.15.2.1 Mean Characteristic Impedance Zm 
€ 

The usual method for determining Zm from the distributed capacitance per 

unit length c’ (measured at the low frequencies fp) and the phase velocity v 

(measured at the operating frequency f) is only then reliable when the me- 

dium between the inner and outer conductor is exactly known and when the 

dielectric constant between fn and f is practically independent of the fre- 
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quency. If this is true, in the most favourable case only one measurement 

is sufficient at the operating frequency to determine the mean character- 

istic impedance Zm (section 7.15. 2. 1. 1). 

The method using the Calibrated Adjustable Short according to section 

1.15.2.1.2 is somewhat more time consuming than the above method, but 

has the advantage that Zm can be determined directly at the operating fre- 

quency without any limiting assumptions (dielectric constant does not change 

between fn and f as described in section 7.15.2.1.1). A further advantage 

can be seen in the simultaneous determination of the cable attenuation (sec- 

tion 7.15.3). 

Moreover, Zm can be determined from the mean value of a large number 

of effective impedance values Ze measured at frequencies at close intervals 

throughout the band of interest as long as this band is wide enough to pro- 

vide an impedance curve with a sufficient number of deviations from its 

mean value. 

1.15.2.1.1 Determining Zen from the Phase Velocity v and the 

Capacitance C 

Insertion of equation (3) and (1) gives 

1 $ 

i 2m 7 33 VCtotal 
(4) 5 

The capacitance Ctotal = C' 1 of the cable is measured at a low frequency 

using a bridge of high accuracy; the phase velocity v is measured e the 

desired test frequency according to section 7.15.4. 

Insertion of the relationship (16) found in section 7.15.4 in equation (4) 

gives 

1 

o 2AfCtotal 
(5) 
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This equation shows that Af is constant with a given Ctotal and Zk. The 

lowest frequency for a Ax/4 resonance is fmin = SE 

Equation (5) may therefore be written as follows: 

1 
Z, = - ኤሙ (6) 

4 fminCtotal 

Cables to be measured should not be more than 30 to 50 Ay in length. 

This is the most accurate method of determining the average character- 

istic impedance Zm- 

In addition to an error of 0.1 to 0.2% in the Ctotal, an error for v which 

is identical with the error of a frequency measurement must be considered. 

Accuracies of several tenths of a per cent may be obtained when using 

such equipment as the Frequency Synthesizer Type XUA BN 444463 as a 

standard signal generator with high stability, or a frequency meter with 

an error less than 0.1%, e.g. Type WAL BN 4321/2. 

In contrast to all other possible measuring techniques, the measuring ac- 

curacy is negligibly affected by irregularities. The reason for this is 

that periodic or statistically distributed irregularities in the cable cause 

variations in L’ and C’ which are opposite to one another. Thus the char- 

acteristic impedance is very highly affected while the phase velocity is 

practically the same. Even if an additional phase shift is produced by im- 

pedance transformation at the points where irregularities occur, this will 

be less than the impedance disturbance 
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ILO. “Gable Input Impedance when Terminated with an 

Adjustable Short 

If, with a constant test frequency, the short-circuit piston of the adjustable 

short is moved through a half wavelength, the locus of all input impedances 

is obtained as a circle in a Smith chart. The centre point with its real com- 

ponent gives the mean characteristic impedance Zm. 

The most satisfactory length of cable is only a few metres for determining 

Zm: The minimum attenuation of the cable should be approximately 1.5 

dB. In no case should the entire attenuation of the cable be more than 

approximately 6 dB for impedance averaging by the node-shift method. 

In the case of cables which are too long, the effective characteristic im- 

pedance is measured instead of the average characteristic impedance. 

TUA ےس Effective Characteristic Impedance Ze 

Measurements of Ze and Zm are justified in all those cases in which a doubt 

exists as to the frequency independence of the dielectric constant of an in- 

sulating material, or if a dispersion of the cable impedance appears possi- 

ble because of the cable construction. In particular, such measurements 

will be useful if the actual input impedance of a long, terminated cable is : 

to be determined. 

The average characteristic impedance is obtained in the same manner using 

one of the three methods (7, 15, 2. 2. 1 - 3) by taking the average oka large 

number of individual measurements obtained at freguencies lying close to 

one another. 
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7.15.2.2.1 Short- and Open-Circuit Measurements 

The input impedance Zx of a short-circuited section of cable with a char- 

acteristic impedance Z is 

ZK = Ztanh yl | (7) 

For an open-circuited cable, the following equation is valid 

coth yl (8)طور = 2  

Taking into account that the characteristic impedance is always practically 

inhomogeneous, the effective characteristic impedance is obtained from the 

measured open and short-circuit impedances. 

Ze = NV ZK ZL (9) 

The lengths of cable used for the measurement should be (2k - 1) Xk/8; 

(k=1, 2, 3, ...), i.e., in the most favourable range for measuring the 

reactance (small influence due to errors in length). 

PELO OM መጠይ Input Impedance of Very Long Cables 

In the case of long cables with an attenuation ovér 20 dB, the short-circuit 

and open-circuit input impedances become practically the same so that it is 

only necessary to make one measurement with any type of termination. The 

effective characteristic impedance Ze is then 

Ze * ZK * ZL (10) 
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7.15.2.2.3 Cables of Medium Length， Match-terminated 

In the case of cables of medium length, it is possible to get by with only one 

measurement of the input impedance if provision is made for the attenuation 

of the reflected wave by proper termination. The cumulative effects of pe- 

riodic irregularities, which cause a deviation of Ze from Zm, can only be 

sufficiently detected when the attenuation of the cable section is at least 

20 dB. 

Tom. ded The Influence of the Connector on the Z Measurement 

In the four measurement possibilities described above, it was assumed that 

the connector used to terminate the cable has the same characteristic imped- 

ance as the cable under investigation. In practice, this is not always the 

case. The connector can - although it is itself homogeneous - have another 

absolute value of characteristic impedance. It can also be badly mounted 

and thus cause a series inductive or a parallel capacitive component between 

the cable and connector. If the connector is itself inhomogeneous (e. g., 

poorly compensated supports), and in addition is badly mounted, the evalu- 

ation of the above measurements can be substantially more difficult. Ita 

result which is difficult to ascertain lies in the VHF- UHF range, it is best 

to lower the test frequency so far that the entire disturbance is much less 

than 入 in order to obtain an average evaluation. 

In the following paragraphs, typical examples are ğiven for the determina- 

tion of the effective characteristic impedance and the evaluation of the re- 

spective impedance charts. 

66 



E AU TINÊ AE der 

RON Y ES ۳ 
voti iat NS < i 1 V Í 
d 

 اد
 ራብ ee ی حس

i me ኒ 
H ۷ 

Wo NU 9 
^; M 1 

۱ / TY L 
۹ MATAS An 

۱ ! j am ፪ 

D AN W * 

š i ٩ ይ ክክ Ah: 
፪ WT. 

(AN Û í 
(WS A 

HEI 1 LA a diher eg 
y" KO) 

TE ۳ 

Ve 
۱ f ۱ " 

` N 
. 

0! ۱ 

ከ " Hir 

መስሉ... 

1 

  ያ 8۷ AN 1یم

1 

S sert n 

4 

  eelد
 هل دف اا - ٤

ac 1p 

viele o 

A 

y 4 

"(ivo 9 

١ ጸም. 

j TET 
IR d YA 

j +۶۷۰ 4 
j ii 

n i ` al 

 11 ور د
í 



Sch, 

10357 

T.15.2, 8.1 Homogeneous Cable with a Reactive Discontinuity only at 

; the Input, Discontinuity much less than À 

Z, errors of the connector, defective mounting or equalization of the sup- 

ports manifest themselves as concentrated series inductances or parallel 

capacitances under the assumption that the discontinuity is much smaller 

than the wavelength. Since the cable is assured to be homogeneous, the 

mean characteristic impedance and the effective characteristic impedance 

are the same. 

In the case of measurements according to 7. 15. 2. 2, 1 - 3, the input imped- 

ance of the cable in the Smith chart, as shown in Fig. 17a, is depicted as 

a point whose real component is the cable Zo and whose reactive component 

is the inductive discontinuity of the connector. In case b (capacitive dis- 

continuity caused by connector), the characteristic impedance Zm is desig- 

nated by the intersection with the real axis of a circle which passes through 

Z = 0 and the measured value b since this involves a shunt quantity. 

Fig. 17 Cable input impedance Z with discontinuity at one end 

(a) Inductive discontinuity, 

(b) Capacitive discontinuity 
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7.15.2.3.2 Homogeneous Cable with a Reactive Discontinuity at the 

Input and at the Output, Discontinuity much less than A 

In contrast to section 7.15.2.3.1, in this case both ends of the cable have 

discontinuities. A single measurement according to one of the methods 

1.15.2.2.1 - 3 is not sufficient to evaluate the result. Measurements 

made at close frequency intervals (e.g. fl to fg) result in a circle around 

Z (a) or Z (b) whose diameter depends upon the amount of reflection from 

the end of the cable. In the case of long-length cables, the reflected wave 

is attenuated so that the points Z (a) or Z (b) are again obtained.  Evalu- 

$ ation of Z (a) and Z (b) is made according to section 7.15.2.3.1. 

a 

-j1 

Fig. 18 Cable ifiput impedance Z with discontinuities at both ends 

(frequency as parameter) for 

(a) Inductive discontinuity at input, 

(b) Capacitive discontinuity at input of cable with a 

characteristic impedance Zm. 

The reflection from the output discontinuity is in the case 

of (b) much greater than in the case of (a). 

In order to obtain a circle, five or six points should be measured, the fre- 

65 quency interval being estimated very simply from the electrical length of 
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the cable and the operating wavelength. A circle may be obtained from a 

total frequency variation of 

 — = سم )11(

This frequency interval is then divided into approximately five or six equal 

periods. In order to check the homogeneity of a cable, several circles 

should be obtained, all circles being the same in the case of a perfectly 

homogeneous cable. 

If the total frequency interval is too large in comparison with the starting 

frequency, the circle will become a Spiral (because of the change in re- 

flection with frequency at the end of the cable), whose centre point wanders 

along the dashed semi-circle because of the frequency-dependent input re- 

flection. Fig. 19 results from the assumption of two discontinuities, a 

capacitive one at the cable input and one of “TV kind at the cable end, 

which are equalin amplitude. 

-j1 

Fig. 19 Cable input impedance with a capacitive discontinuity at the 

input and either kind of discontinuity at the output (frequency 

as parameter), when Af 18 not small compared with the test 

frequency. 
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In practice, the cables are always more or less inhomogeneous (see 7.15. 

2.3.5 and 7.15.2.3.6). It is therefore recommended that such spiral forms 

be avoided by sufficiently small frequency variations in order to avoid unnec- 

essary complication of the evaluations. 

7.15.2.3.3 Inhomogeneous Cable with a Reactive Discontinuity only at 

the Input, Discontinuity much less than À 

With reference to section 7.15.2.3.1, the impedance characteristic as shown 

in Fig. 20 is obtained in the case of inhomogeneous cables. 

E 

| + The input impedance curls in relatively small loops about a mean impedance 

value whose real component gives the mean absolute characteristic imped- 

ance. ፲፻ this group of impedance loops is transposed through the distance 

of the discorıtinuity to the axis of reals, this transposed curve is identical 

with the effective characteristic impedance according to 7. 15. 2. 2. 

Disturbance 
reactance inductive 

t 10357 

65 

A. 0 Fig. 20 Determining the effective characteristic impedance Ze 

and the mean characteristic impedance Zm from the 

H input impedance of a long cable. 
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۰ 

If the loop family lies in the capacitive section of the Smith chart, it is best 

to use an admittance chart, the resistive component then being the centre 

point of the admittance which equals the characteristic impedance Yo = = 

A cable with an input impedance corresponding to that shown in Fig. 23 can 

be designated as satisfactory to good depending upon the diameter of the loop 

family. The discontinuities of the characteristic impedance are mostly of 

statistical nature or residual reflections of the cable connector. The centre 

point of the Loop family transposed to the horizontal axis is equal to the mean 

characteristic impedance Zm to within a good approximation. 

7.15.2.3.4 Inhomogeneous Cable with Periodic, Statistical and Input- 

connector Discontinuities in a Smith chart and in a Re- 

flection-coefficient Chart. Analysis 

The diagrams below are the two most commonly used representations of the 

cable impedance or reflection. 

The more general display is naturally in the complex plane since, with the 

exception of the attenuation, all important cable characteristics are repre- 

sented: the mean characteristic impedance, the effective characteristic im- 

pedance, and thus the homogeneity (see Fig. 21). 

Input disturbance 
reactance 

Fig. 21 The input impedance of an inhomogeneous cable with periodical, 

statistical and input-connector discontinuities 
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In addition to the loop family, whose details are no longer recognizable for 

long cables, large loops appear with the centre frequencies fı, f2 and f3 

which are caused by large periodic discontinuities in the cable. The reactive 

component of the centre impedance of the loop family can be attributed to a 

connector discontinuity at the cable input while the resistive component again 

gives the mean characteristic impedance. The effective characteristic im- 

pedance can be read in magnitude and phase for each frequency when the en- 

tire loop family with its centre impedance is transposed to the horizontal 

axis. This effective characteristic impedance is an excellent measure of 

the cable homogeneity. 

€ 

100 ۶۰ 

f1 Sum of reflections from 

periodic discontinuities in 

the cable LK ۲ 

Multiple re- f2 

flections between 

the connectors 

rn 

— 1 

Fig. 22 Reflection coefficient of the mon-transposed input impedance 

of the cable whose values are shown in complex representa- 

tion in Fig. 21 d 

For the same cable, Fig. 22 plotted against frequency gives a clearer pic- 

ture, although only part of the information shown in Fig. 21 is obtainable, 

i.e., the reflection coefficient of the non-transposed input impedance. 

1 10357 The mean characteristic impedance and the effective characteristic imped- 

365 ance are not shown. 
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The advantage of this representation lies in the easy interpretation of the 

loop family which now shows clear periodicity. In view of the small fre- 

quency intervals, the maxima are definitely to be traced back to the cable 

connector or the in-between multiple reflections. Maxima of the reflec- 

tions are observed at the cable input when at least two reflections of the 

same type, i.e. equal-phase reflections are spaced from one another by 

n) 1/2۰ A simple check is made by 1 the frequency difference Af 

between two maxima, thus giving n = Xî and thus the length of the cable 

when the cable wavelength ^K VE is known. 
€ 

The sharp peak at fı can with great probability be traced back to a periodic 

discontinuity within the cable caused, for example, by periodic crimps in 

the outer conductor or in the outer diameter of the dielectric. The distance 

"a" between maxima may easily be calculated from the correlation to the 

corresponding cable length AK. 

Although each of the crimps may only cause a disturbance of a few parts in 

1000, substantial input reflections result from the summation of hundreds 

of individual irregularities in long lengths of cable. Periodical discontinu- 

ities of this type naturally manifest themselves at a = Ax and a = 3/2፡.፪ as 

higher peaks and are thus easy to recognize. 

The width of à peak or reflection maximum is a measure of the periodicity 

of the distance between the discontinuities. The more perfect the periodic- 

ity of "a", the narrower the reflection maximum; the greater the deviation 

Aa from a mean value "a", the flatter the reflection maximum. In general, 

the reflection maxima occurring at harmonics of f1 become flatter since 

the deviation Aa becomes more significant. 

Additional reflection maxima can arise from periodicities occurring in the 

manufacture or also from multiple reflections between individual disconti- 

nuities within the cable and connectors, 
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The regularity of the high-frequency connector periodicity as seen in the 

graph permits the amount of statistical Z variations to be estimated as com- 

pared to the reflections caused by the connector. These statistical irregu- 

larities manifest themselves in the fine structure of the connector irregu- 

larities depending upon whether their amplitude changes are gradual or sud- 

den. 

e c 

Thus both methods of display, the complex and the amplitude method, are 

justified. In checking finished cables, the latter of the two displays is 

gaining increasing use, above all, in conjunction with a sweep frequency 

measurement in the operating frequency range using directional couplers 

which eliminate laborious transformation of measured values of the VSWR 

into reflection values as well as the time-consuming series of measure- 

ments by means of slotted lines. 

However, for the determination of the mean and the effective characteristic 

impedance, the Non-slotted Line or semi-automatic impedance measuring 

sets (e.g. the Z-g Diagraphs Type ZDU and ZDD) will still be desir- 

able. 

T PES Measuring the Attenuation 

Cable attenuations can be measured with Type ZDU according to the proce- 

dure described in section 7.6.3. The cable Elie should be of such a 

length that their attenuation is between 5 dB and 20 dB. If the cable tested 

is too short and thus its attenuation too low, the inherent error of the Z-g 

Diagraph indicated in section 1.2 will be too large in comparison to the 

quantity to be measured. If, on the other hand, the tested cable is too long 

and thus its attenuation greater than 20 dB, a sufficiently accurate reading 

of the measured value cannot be obtained. With all measurements depend- 

ent on frequency, the zero adjustment must be made after each change 

of frequency. 
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The measurement of short lengths of cable is best made with standing-wave 

detectors, while for larger lengths the signal generator and measuring re- 

ceiver is recommended. 

7.15.4 Determining the Phase Velocity v and the Electrical Length le 

The relationship between the two quantities is given by 

pop ND (12) 

ይ ٢ le ve 

These quantities can be measured via the cable wavelength Ak. To deter- 

mine Ak, the section of cable to be investigated, not too long in length, is 

operated with its output short-circuited or open-circuited. By choosing a 

suitable test frequency, an impedance minimum or maximum is adjusted. 

Depending upon the type of termination (short circuit or open circuit), mul- 

tiples of 入 /4 or 入 /2 exist on the entire cable length. 

The following example is given: 

A short-circuit is at the cable output; an impedance maximum is adjusted. 

The first resonance frequency used is f1 and the associated wavelength along 

the cable isAk1. By raising the frequency, the next impedance maximum 

is adjusted, this being the frequency fg and the cable wavelength ۰ 

- 

The following is valid: * 

< 

(2k - 1)Ak1/4 = 1 = (2k- 1) + 2 Aral? (13) 

(k = LN 2， 3， ee 

2 1 2 1 2 1 14 )2 k - 1) CURL TA A (14) 

thus 
Af 

AKI 2 a (15) 

and 

入 K1 
ET = fiAki > 21Af (16) 
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4. 76 

is a general expression for a cable of any length and any excitation 

(5 k - 1) ۸/4 or ۰ 

Also, with fresmin being the resonant frequency of a cable section excited 

in 入 /4， 

v = 4 fresmin 1 (17) 

8. Periodical Checking of the Set 

Should be carried out every 500 operating hours. 

8.1 Checking the Anode and Filament Voltages (see circuit diagram) 

(a) 

(b) 

The anode-supply voltage across contact 9 of the multi-point connector 

C (Fig. 31) should be 220 V £59» to chassis. Deviations from this value 

can be compensated for by resistor R172. For AC supply fluctuations 

of +12% referred to rating, the anode-supply voltage fluctuation AE 

should be less than +1 V. See also section 9.4. 

The filament voltage is preferably measured across contact 3 of the 

multi-point connector C (Fig. 31). It should be 6.5 V +3% to chassis. 

Deviations can be compensated for by resistor R156. For AC supply 

fluctuations of +12% referred to rating, the filament-voltage fluctuation 

AE should be less than +30 mV. Ifthe specified values are not obtain- 

able, refer to section 9.5. 
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8.2 Relative Frequency Response of the Test Receiver versus 

Reference Receiver 

Adjust amplitude and phase at any frequency whatsoever, according to sec- 

tion 6.4.2. Both the coaxial test line and the coaxial reference line remain 

shorted. Measure the voltage in each frequency range at several frequen- 

cies, Adjust the generator voltage each time so that the pointeg of the ref- 

erence meter points at the red mark (full deflection). The deviations of 

phase and amplitude, which are observed by means of the crosslines of the 

light spot, should not exceed 3? and 0. 5 dB. 

  Checking the Quiescent DC Anode Current of Rö6د 5

If valve Rö5 (Fig. 32) is removed from its socket, the pointer of the dis- 

criminator meter should exactly point to the centre of the red section. 

Correct for deviations using the variable resistor R37 (Fig. 31). If the ad- 

justment range of R37 is not sufficient, replace valve Rö6 (Fig. 33). 

8.4 Sensitivity of the Phase Indication with Réspect to Frequency 

Adjustment within the Red Section RESONANCE 

Tune the Z-g Diagraph to the generator frequency, change this frequency 

So that the pointer of the discriminator meter OA 23) deflects to the 

left end of the red mark. Adjust the phase with the coaxial test line and the 

coaxial reference line short-circuited. Adjust the generator frequency so 

that the pointer of the discriminator meter points to the right end of the red 

mark and repeat the phase adjustment. The difference in the phase angle 

Aw should be = 19; if this is not the case, realign the IF circuits (section 

10. 3). 
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8.5 Checking the spread Chart Range 

| 

Insert the Smith chart (Fig. 24) as impedance chart into the chart holder. 

Short the coaxial test line and the coaxial reference line, adjust the gen- 

erator for any desired frequency and tune the Z-g Diagraph to this fre- 

quency. Adjust the generator voltage so that the crosslines of the light 

spot lie on the outermost chart circle. The INDICATION switch (18) (Fig. 

23) is at SPREAD. | If you then switch to NORMAL, the crosslines should 

indicate 0.5 on the real axis of the chart. If this is not the case, readjust 

the sensitivity of the galvanometer for both ranges, starting with the 

SPREAD en With the coaxial test line and the coaxial reference line 

shorted, feed in a signal of any convenient frequency and tune the Z-g 

Diagraph to this ው ا Adjust the voltage at the generator so that the 

reference meter points to 1/3 of full deflection (33. 3 divisions). The cross- 

lines of the light spbt should then be on the outermost chart circle. If this 

is not the case, correct using the variable resistor R206 (Fig. 34). If you 

now switch to NORMAL, the crosslines should be at 0.5. If this value is 

not reached ی correct by means of resistor R204 (Fig. 34). In- 

crease the voltage at the generator to give full scale deflection (100 scale 

divisidhs, red mark); the crosslines should again go to the outermost 

chart circle. | 

| 
ም 

| 

> 

8.6 Checking the Ze roing of the Galvanometer 

Valve Ró19 (Fig. 31) BE to compensate the initial-velocity current of the 

measuring diode Röl? (Fig. 32) and to ine its characteristic. The 

electrical zero is correct if, upon switching from NORMAL to SPREAD, the 

zero deflection of the light spot remains unchanged or shifts to the left by a 

maximum of 1 mm. ‘This small shift is caused by noise. For this inves- 

tigation, the signal generator should be cut off. If the shifting of the light 

spot upon switching is more than 1 mm, zero by using resistor R207 
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(Fig. 34). If no adjustment is possible with R207, it is a sign that the two 

valves Röl2 and Röl9 (EA 50) have aged at a different rate and must there- 

fore be replaced (section 10.1). 

9. Trouble Shooting 

Below are a few hintes to facilitate spotting any faults which may appear 

after a considerable period of operation. With their aid it should be pos- 

sible to find and rectify the fault in the majority of cases. 

E © 

9.1 Pilot Lamp Does not Light 

(a) Check AC supply voltage; 

(bb Check fuse Sil in power section (Fig. 31); 

(c) Check pilot lamp RI 3; 

(d) Check power circuit in the set. 

E 9 9.2 No Light Spot 

(a) Check that the set is in horizontal position; 

(b) Check mechanical zero, HORIZONTAL, VERTICAL; 

| e 

| (e) Check projector lamp R12 (Fig. 34); 

(d) Check socket of projector lamp; after replacement obtain maximum 

brightness of light spot by turning and adjusting lamp vertically. 

t 10357 
165 (e)  Falvanometer defective (Fig. 33); 
B1. 79 

| . (f) Trouble in mirror case (Fig. 33). 
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9.3 No Pointer Deflection on Both Meiers and on Galvanometer 

(a) Check AC supply voltage; 

(b) Check input voltage of signal generator (feeder); 

(c) Check anode voltage across contact No. 9 of multi-point connector 

C (Fig. 31); rating: 220 V +5% (see also section 8. 1 a). 

(d) Check filament voltage across contact No. 3 of multi-point connector 

C (Fig. 31); rating: 6. 5 V +3% (see also section 8. 1 b). 

9.4 Anode Supply Voltage Cannot be Adjusted to Rating, Stabilization 

Insufficient 

Disconnect set from power supply. Check resistance to chassis at contact 

No. 9 of multi-point connector C (Figs. 31 and 33). Rating of resistance 

R = 10 183. IfR > 10 kQ, check R621 to R625 in the power section and re- 

place, if necessary. If R > 10 kQ, check the capacitors in the anode leads. 

9.5 Filament Voltage Cannot be Adjusted to Rated Value, Stabilization 

Insufficient 

Check valves R617 and Rö18 in the power supply. Replace lamp R11 if 

these valves are satisfactory” If necessary, also check the capacitors and 

resistors which are in circuit with R617 and R618. 

9.6 No Light Spot Deflection and, at the Same Time, Phase Maximum 

not Obtainable ; 

Check valves Rö8 (Fig. 33), Ró9 (Fig. 35), R610, R611, R613 and R614 in 

the test receiver (Fig. 32), and valves R615 and R616 in the phase amplifier, 

to find out whether the operating voltages of these valves are present. The 

fault can also lie with the mixer diode Gl 10. When replacing this crystal 
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^? 
diode refer to section 10. 2, when replacing a valve refer to section ۰ 

Be careful not to interchange the valves. 

9.7 No Light Spot Deflection, Phase Maximum Well Obtainable 

(a) Check Röl2 (for replacing the valve see section 10. 1). 

(b) Check galvanometer. Apply -10 V DC via 200 kQ between chassis 

(+) and contact No. 6 of multi-point connector B (Fig. 32). This 

should give full deflection in the SPREAD range. 

9.8 No Deflection on Reference Meter, no Phase Maximum Obtainable 

Check valves Röl, Rö2, Rö3 and 784 in the reference receiver (Fig. 32), 

valve R67 (Fig. 33), and the valves R615 and R616 (Fig. 32) in the phase 

amplifier. Also check that the operating voltages of these valves are pres- 

ent. Mixer diode Gl 10 can also be faulty. When changing the crystal 

diode refer to section 10.2, when replacing a valve refer to section 10.1. 

Be careful not to interchange thé‘valves. 

9.9 No Deflection on Reference Meter, Phase Maximum Obtainable 

Check reference meter. Apply 30 V DC through 300 kQ between chassis 

” and contact No. 6 of multi-point connector A (Fig. 32). This voltage should 

prgduce about full deflection. The deflection also depends on the adjustment 

of resistors R188 (Fig. 36) and R189 (REFERENCE VOLTAGE COR. on the 

front panel). 

9,10 No Resonance Indication, Amplitude and Phase Indication Satisfactory 

(a) If the pointer always stays at mid-position, there may be a breakdown 

of valve R65 (Fig. 32) or of its operating voltage. رم 

T: 81 
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(b) 

(c) 

(d) 

(b) 

If the pointer is always at the left-hand stop, check valve R66 (Fig. 

32) and replace if necessary. Also check push button (3) (Fig. 23) 

and incandescent lamp R1 1 for troublefree operation. The anode 

fuse Si2 (Fig. 31) can also be defective. 

If the pointer is always at the right-hand stop, a short between the 

electrodes of valve R66 may be suspected. Check also the push- 

button switeh( 3 Jand incandescent lamp R1 1 for accidental contact 

to chassis. 

If during tuning the pointer deflects only to the right or only to the 

left, the trouble is in the discriminator. Check crystal diodes Gl 1 

and Gl 2, which are in the circuit of valve R66. For adjustment see 

instructions of section 10. 3, 2. 

Phase Meter Shows Only Very Flat or no Maximum, Amplitude 

and Resonance Indication Satisfactory 

The signal generator might be modulated or introduce considerable 

hum. If this is not the case, 

try to improve maximum with R47 (Fig. 31). Short coaxial test line 

and coaxial reference line, adjust for phase maximum as wellas pos- 

sible and make i ۳ِ ا as sharp as possible by means of R47. 

Readjust the maximum severaltimes. Turn the chart by 3609 and 

readjust to maximum. If this maximum is not sharp, adjust for the 

same and optimum sharpness of the two maxima.  Sharpness of the 

maximum and amplitude of the deflection depend upon one another. 

Phase Meter Shows Permanent Deflection 

Check valves Röl5 and Röl6 and their operating voltages. 

Check crystal diode Gl 5, which lies in the anode circuit of valve R615. 
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(c) If necessary, readjust the circuits of the amplifiers. Section 10.4 

contains instructions for this readjustment and for checking the 

sensitivity. 

9.13 During Amplitude Adjustment According to Section 6.4.2.1 

Reference Meter Cannot be Set to 100% 

First to readjust R188 (Fig. 36) so that 100% full deflection can be obtained 

with the REFERENCE VOLTAGE COR. knob. At the same time the volt- 

age of the signal generator must be adjusted so that the light spot stays in 

the largest circle of the diagram. 

If this is not possible because the reference voltage is always less than 100%, 

the trouble is in the reference receiver. If, however, the reference volt- 

ageis alwave greater than 100%, the trouble is in the test receiver. In both 

cases, check respectively valves R61, R62, R63, R64 and R67, or R68, 

R610, Röll, R613 and R614. If a replacement of valves becomes neces- 

sary, observe section 10.1. 

9.14 In Spite of Amplitude and Phase Adjustment at a Medium 

Frequency (about 100 MHz), the Amplitude Error or Phase 

Error Exceeds the Specified Tolerances at Other Frequencies 

- 

Check the mixer diodes G1 9 and 61 10 (mixer head). Both diodes should 

have equal input impedances and their characteristics should be approxi- 

mately identical. The check on the characteristics is not particularly 

critical and can be made by a point-by-point method using DC. In the non- 

conductive region a current of < 20 HA should flow with a voltage of 0. 5 V; 

in the conductive region the current should be > 0. 5 mA with 20.3 V. The 

forward current of the two diodes should be as equal as possible. The se- 

lection for equal input impedance is best made in the mixer head itself. 

One of the two diodes should be changed until a suitable pair has been 

found. Matched pairs of diodes may be ordered from ROHDE & SCHWARZ 
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by specifying the Serial Number (FNr.) of the set. However, a-better fre- 

quency response will be obtained if the diodes are selected by inserting them 

in the mixer head as described above, since this will take care of any slight 

unabalnce of the mixer head due to aging. 

9.15 Amplitude Difference between Short-circuit and Open-circuit 

Measurements Exceeds Tolerance 

Check resistance of the matching elements. With the "input" open-circuited, 

Zo +1% should be measured at the connectors of the coaxial reference line 

and coaxial test line. If the resistance differs from the Zo rating, replace- 

ment and elimination of the trouble can only be made at the factory. The 

amplitude differenceí can also be due to a fault in the coaxial directional 

coupler. In the case, too, the repair can only be carried out at the factory. 

9.16 Light Spot Shows More than 1% Reflection with Exact Zo 

Termination of the Coaxial Test Line, e.g., with Precision 

Termination Type RMC 

(a) Check mechanical zero with respecto to VERTICAL and HORIZONTAL, 

with the signal generator disconnected from the input of the Type ZDU. 

(b) Check terminating resistor used. Repeat measurement using another 

terminating resistor. 
\ 

(e) Trouble in directional coupler. Replacement and readjustment only 

possible at our factory. 

9.17 Phase Maximum Cannot be Adjusted to ZERO or 3609 by 
Making Use of the PHASE COR. Knob 

(a) Check the contact being made by the two short-circuit terminations 

FZ 434 with reference line and test line. 
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(b) Check that mechanical drive for C24 (cord drive, Fig. 32) is in order. 

(c) Check that the test and reference lines are screwedin as far as they 

will go. 

(d) If necessary, readjust the reference and test receivers according to 

section 10.4. 

9.18 Phase Maximum after Adjustment to 0° Does not Agree with 
Phase Maximum after 360° Rotation of Chart by Means of 

PHASE ADJ. 

Zero frequency of discriminator is incorrect. Readjust discriminator and 

amplifier in accordance with section 10.3, 

LO. Maintenance and Replacement of Valves 

The Z-g Diagraph Type ZDU does not require any routine servicing. Oc- 

casionally, it will be necessary to replace defective or extremely aged 

valves or crystal diodes. If the replacement of a valve or diode becomes 

necessary, please refer to section 10.1 or 10.2, respectively. 

After a long time of operation, it may be possible that the brightness of the 

light spot of the galvanometer considerably decreases. This is due to dust 

covering the mirrors and the plexiglass screen. After removing the six 

screws, the plexiglass screen can be removed and easily be cleaned. To 

obtain access to the mirror case (Fig. 33), take the set out ofits cabinet 

and remove the power supply. When taking off the lid, the mirrors and the 

window of the galvanometer can be cleaned from dust. Itis, however, nec- 

essary to exercise great care, Do not exert pressure on the mirrors, so 

as not to change the path of the rays. Use only a very soft and clean piece 
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of leather for cleaning, since the surfaces of all mirrors contained in the 

mirror case are silver-plated and liable to be scratched. 

10.1 Replacement of Valves 

ROI, RO?) ROS and RWA ٧ 

Allow a warm-up period of one hour after insertion of the new valve; care- 

fully adjust the IF circuits preceding and following the valve to obtain maxi- 

mum amplitude. See also section 10.4. 

Ró5 

No adjustment necessary. 

Ró6 

After inserting the new valve, adjust the quiescent DC anode current in ac- 

cordance with section 8.3. 

867, R68 

No adjustment necessary. 

R610, RES and Rö14 

See Rö1, Rö2, Rö3, Rö4. 

Adjust C176, see section 10.4.3. 

Adjust C176 and C182, see section 10.4.3. 
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Rö21, Rö22, Rö23, Rö24 and Rö25 

Adjust R172 (Fig. 31) so that the anode supply voltage Ea is 220 V. See 

also section 8.1 a. 

R69 
 ےہ شپ

After inserting the valve (Fig. 35) allow the set to warm up. It is then ad- 

visable to make a few measurements in the frequency range 180 to 200 MHz, 

since with oscillator valves having UHF characteristics which depart con- 

siderably from average it is possible for dips or parasitic oscillations to 

oceur. 

Ró12 

Open the cover on the underside of the lower IF amplifier and loosen the two 

cheese-head screws on the rear panel (Fig. 32). The socket of the valve 

Röl2 (EA 50) can then be drawn out downwards, so that after disconnecting 

the anode lead the valve can be replaced. Replace the socket with the new 

valve and the cover of the IF amplifier. The set can now be switched on. 

Allow a few minutes for warming up and adjust the electrical zero of the gal- 

vanometer using resistor R207 (Fig. 34) (see also section 8.6). 

R617 and 98 

After changing these valves, check the filament voltage according to section 

8. l.b. 

Ró19 

After replacement, adjust the electrical zero of the galvanometer according 

to section 8. 6. 
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2023 Replacing the Diodes Gl 9 and Gl 10 

These diodes are situated in the cans of the valves R67 and R68 (Fig. 33). 

Note: Diodes should be protected from shock and static charge. See also 

section 9. 14, 

10,3 Aligning the IF Circuits 

The rated intermediate frequency of the Z-g Diagraph is the frequency for 

which the artificial line has a length of exactly T. 

10.3.1 Finding the Rated IF 

Allow a warm-up period of about one hour. Check the quiescent DC anode 

current according to section 8.3. Short both coaxial lines. Using a power 

signal generator of high frequency stability, apply a voltage to the input of 

the Z-g Diagraph, the frequency of which is equal to the intermediate fre- 

quency of the Type ZDU, which is between 10 and 11 MHz. Adjust the fre- 

quency of the signal generator so that the pointer of the discriminator is 

exactly at the centre mark. Do not press the button ( 3) (Fig. 23). The 

position of the FREQUENCY knob, i.e., the oscillator tuning, is of no im- 

‘portance. Adjust the amplitude of the signal generator so that the refer- 

ence meter shows approximately full deflection. Insert a chart which shows 

a division in degrees on its outermost circle (e. g., Fig. 28, 29 or 30). 

Press the button 3.) Once pushed in, it will remain depregsed. Adjust 

for maximum deflection on meter (4 using the PHASE ADJ. knob and find 

the phase angle on the chart.. Next, turn the chart by 360° using the PHASE 

ADJ. knob and again adjust for maximum. The same phase angle as before 

will then be obtained if the IF is correct and the discriminator is tuned to 

this frequency. A phase angle deviation of 20. 59 is permissible. Ifthe 

deviation is greater, repeat the above measurement with another frequency. 

Use a higher frequency if for finding the second phase maximum the chart 
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)5 

YA 89 

must be rotated more than 3609. Use a lower frequency if the angle of ro- 

tation was smaller than 3609. For every degree Av, change the frequency 

by about 30 kHz. 

e - بجو 

110 3 2 Adjusting the Discriminator 

If you have thus obtained the rated IF, i.e., the one for which the artificial 

line has a length of T, press the button (3 )(Fig. 23) below the discriminator 

meter. This button is thus released and switches the meter (¿Jover for 

tuning indication. It can now be seen that, due to the previous frequency 

detuning, the pointer of the meter is no longer on the centre mark. Adjust 

the discriminator to the new IF. To do this, slightly turn the trimmer C46 

(Fig. 32) by only a few degrees of angle, until the pointer of the discrimi- 

nator meter (4 again points to the centre mark. Do not change the frequen- 

cy at the signal generator between the adjustment for the rated IF as per 

section 10.3.1 and retuning of the discriminator. For this reason, itis 

also imperative that the signal generator has a high frequency stability. Use 

a tuning wand of insulating material for retuning the discriminator. 

10.4 Adjusting the Individual Circuits 

መ 

10.4.1 Reference Receiver 

Apply a signal as set forth in section 10.3.1. Short the coaxial test line 

and the coaxial reference line each with a FZ 434. For the duration of the 

tuning procedure described in the following, the signal-generator frequency 

should be kept constant. Itis, therefore, advisable to check this frequency 

several times with the aid of the discriminator meter. The pointer of this 

meter should always exactly point to the centre line over the red mark. 

After a warm-up period of at least one hour, adjust successively: 

(a) C3, C10 and C19 (Fig. 32) for maximum amplitude at the reference 

meter. Adjust very carefully and repeat the procedure several times. 
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(b) C26 (Fig. 32) for amplitude maximum. As tuning indicator connect a 

50-LA moving-coil meter between test point 11 (Fig. 32) and chassis. 

(c) C34 for amplitude maximum. As tuning indicator connect a 50-uA 

moving-coil meter between test point 13 (Fig. 32) and chassis. 

۴ o 

C42 should be readjusted after a repair of the discriminator (amplitude max- 

imum). As tuning indicator connect a 50-uA moving-coil meter between 

test point 15 (Fig. 33) and chassis. 

10.4.2 Test Receiver 

The conditions under which the adjustment must be made are the same as 

for the adjustment of the reference receiver (section 10. 4. 1). On the test 

receiver, adjust successively: 

(a) C130, C137 and C146 (Fig. 32) for amplitude maximum at the light 

spot galvanometer. Adjust carefully and repeat the procedure sev- 

eral times. 

(b) C156 for amplitude maximum. As tuning indicator connect a 50-uA 

moving-coil meter between test point 12 (Fig. 32) and chassis. 

wen 

(c) C163 for amplitude maximum. As tuning indicator cönnect a 50-uA 

moving-coil meter between test point 14 and chassis (Fig. 32). 

10.4.3 Phase Meter Amplifier 

The conditions for adjustment are the same as set forth in sections 10.4.1 

and 10.4.2. Adjust C176 and C182. Depress button (3 ) (Fig. 23). Using 

the PHASE COR. KNOB, bring the phase close to the maximum (indication on 

discriminator meter) and, using C176 and C182 alternately, adjust for min- 

imum pointer deflection. Bring the phase still closer to maximum and re- 

peat the adjustment. The position of C182 is shown in Fig. 32. C176 
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10357 

cannot be seen; it is situated in the shielding can behind valve R615, and 

can be reached from above. But in order to get at it, the power pack must* 

first be removed. The latter is contained in a separate frame which is in- 

serted from above and can be lifted out after removing the five countersunk 

screws seen in Fig. 31. The set can still be kept in operation by connect- 

ing the multi-point connector of the power pack to the multi-point connector 

of the set by means of a suitable cable. 

After the phase meter amplifier is adjusted, check its sensitivity. For this 

purpose, disconnect cable K4 (Fig. 32) from the test receiver and connect 

this amplifier to a standard signal generator, e.g. the R&S Type SMAF BN 

41409, via a cable, which has a capacitance of 91 pF just as K4, and via 

5 pF. Tune the standard signal generator to the IF of the Type ZDU. For 

tuning indicator, use the discriminator meter; press button (G )below it and 

tune for minimum deflection. This tuning should be made with a signal- 

generator output voltage of 2 mV. Decrease the signal-generator voltage 

to 0 by disconnecting the patch cord and check that the pointer deflection of 

the discriminator meter increases by at least 10% in the direction marked 

by the arrow. If the sensitivity is not sufficient, check valves R615 and 

Röl6. The crystal diode Gl 5, too, may be cause of insufficient sensitivity. 

Check these circuit elements also if a minimum adjustment is impossible or 

if the sharpness of the minimum adjustment is insufficient. 

> 
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Vt. Table ef Replaceable Parts 

Ref. 

NO» 

01 

02 

03 

| 
'Capacitor, 

1 

Capacitor， 

synth. foil 

ceramic 

Trimmer, air 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

ceranic 

synth. foil 

synth. foil 

synth. foil 

synth. foil 

ceramic 

Trimmer, air 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

ceramic 

synth. foil 

synthe foil 

synth. foil 

ceramio 

ceramic 

ceramic 

ceramic 

Trimmer, air 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

ceramic 

synth. foil 

synth. foil 

synth. foil 

10,000 

4T pf 
10 pf 

2.5 to 

pf/250 v 

8.9 pf 

150 pf 

10,000 

10,000 

10,000 

10,000 

33 pf 

B pf 

2.5 to 

150 pf 

10,000 

10,000 

10,000 

2 pf 

2 pf 

150 pf 

39 pf 
8 pf 
8 pf 

2.5 to 

150 pf 

10,000 

10,000 

10,000 

pf/500 v 

pf/125 v 

pf/250 + 

»ያ/ 250 v 

8.9 pf 

pf/250 v 

pf/125 v 

pf/250 v 

8.9 pf 

pf/250 v 

pf/250 v 

pf/250 v 

(AZ ,t" Nr. 8856). 

CKS 10 000/250 

CCH 31/47 
CCH 51/10 parallel 

CY 63206 

CCH 68/150 

CES 10 000/500 

CKS 10 000/125 

CES 10 000/250 

CKS 10 000/250 

COH 31/33 
CCG 68/8 parallel 

CV 63206 

CCH 68/150 

CKS 10 000/250 

CKS 10 000/125 

CKS 10 000/250 

COG 68/5 

coa 11/5 

CCH 68/150 ¢ 

006 68/8 parallel 

CV 63206 

CCH 68/150 

CKS 10 000/250 

CKS 10 000/250 

CKS 10 000/250 

92 ̀ 



1 1 

Û 



 يوا ید

C24 Trimmer, air 

025 Capacitor, ceramic 33 pf CCH 31/33 
8 pf CCG 68/8 parallel 

  ۳ 6 Trimmer, air 2.5 to 8.9 pf CY 63206دس

027 Capacitor, ceramic 150 pf CCH 68/150 

C28 Capacitor, synth. foil 10,000 pf/250 v CKS 10 000/250 

C29 Capacitor, synth. foil 10,000 p£/250 ۷ CKS 10 000/250 

030 Capaeitor, synth. foil 10,000 pf/250 v CKS 10 000/250 

C51 Trimmer, air 5፡46 26 pl CV 65225 

C32 Trimmer, air 3 to 28 pf CV 65225 

033 Capacitor, ceramic 18 pf ccH 31/18 ۱ 

i 2 pf CCG 41/2 parallel 

C34 Trimmer, air 2.5 to 8.9 pf CV 63206 

035 Capacitor, ceranic 100 pf CCH 31/100 

C56 Capacitor, ceramic 150 pf CCH 31/150 
15 pf CCH 55/15 
150 pf CCH 68/150 parallel 

C37 | Capacitor, ceramic 4 pê coe 41/4 

C38 Capacitor, synth. foil 250 pf CKS 10 000/250 

መ ` 

039 Capacitor, synth. foil 250 pf CKS 10 000/250 

C40 Capacitor, ceramic Q.5 pf ^" CCE 11/0,5 

C41 Capacitor, feed-through, 

ceramic 2000 pf CFS 2000 

C42 Trimmer, air 2.5 to 8.9 pf CV 63206 

C43 Capacitor, ceramic 47 pf CCH 31/47 
15 pf CCH 31/15 
10 pf CCG 68/10 parallel 

C44 Capacitor, ceramic 150 pf CCH 68/150 

045 Capacitor, ceramic 22 pf CCH 31/22 
12 pf CCH 31/12 
3 pf CCG 55/3 parallel 

C46 Trimmer, air 2.5 to 8.9 pf CV 63206 

95 
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六 

nefe | Designation ” R&S Stock No. 

c47 Capacitor, ceramic 150 pf CCH 68/150 

C48 Capacitor, synth. foil 10,000 pf/250 v CKS 10 000/250 

C49 Capacitor, feed-through, 
ceramic 2000 pf CFS 2000 

C50 Capacitor, feed-through, 
ceramic 2000 pf CFS 2000 

- 1 Capacitor, MP 2 u£/160 v CMR 2/160/2 

052 Capacitor, ceramic 5 pf 008 68/5 

: 053 Capacitor, ceramic 5 pf CCG 11/5 

C54 Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C55 Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C56 Capacitor, feed-through, 
ceramic 5000 pf/500 v CFR 1/5000/500 

657 Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

058 Capacitor, feed-through, 

ceramie 5000 pf/500 v CFR 1/5000/500 

C59 Capacitor, feed-through, 
ceramic 5000 pf/500 v CFR 1/5000/500 

C60 Capacitor, feed-through, SS 
ceramic 5000 pf/500 v CFR 1/5000/500 

C61 Capacitor, feed-through, 
ceramic 5000 pf/500 v CFR 1/5000/500 

C62 Capacitor, feed-through, 
ceramic 5000 pf/500 v CFR 1/5000/500 

C65 Capacitor, feed -through, 
ceramic ۱ 5000 52/500 v CFR 0 

Ld 

C64 Capacitor, feed-through, 
> " ceramic 5000 pf/500 v CFR 1/5000/500 
R 10357 
865 C65 Capacitor, feed-through, 
Bl. 94 ceramic 5000 pf/500 v CFR 1/5000/500 

Capacitor, feed-through, 
ceramic 

e 6 
5000 pf/500 v CFR 1/5000/500 
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Ref. 

No. 

C67 

C68 

C69 

CTO 

- 

c72 

C73 

C75 

C76 

CTT 

"08 

C79 

C81 

C82 

C83 

C84 

C85 

C86 

067 

C88 

C89 

C90 

C91 

C92 

Designation "Ratings R&S 

Capacitor, 
ceramic 

Capacitor, 

ceramic 

Capacitor, 
ceramic 

Capacitor, 

ceramic 

Capacitor, 

ceramic 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

RL 

feed-through, 

feed -through, 

feed -through, 

feed -through, 

synth. foil 

synth. foil 

bypass 

bypass 

ceramic 

ceramic 

synth. foil 

feed-through 

feed-through 

Capacitor, feed-through 

Capacitor, 

Capacitor, 

  arent soeیس

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

feed-through 

feed-through 

feed -through 

feed -through 

feed -through 

bypass 

bypass 

ceramic 

ceramic 

5000 pf/500 v 

2000 pf 

5000 pf/500 v 

5000 pf/500 v 

5000 pf/500 v 

10,000 pf/500 v 

2500 pf/500 v 

35 pf 11% 
115 to 120 pf 

15 ۶ 

6 pf 

1000 pf 

10,000 pf/125 v 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

35 pf 4 4 

115 to 120 pf 

15 pf 

6 pf 

1000 pf 

CFR 

CFS 

CFR 

CFR 

CFR 

ሀኗ5 

CKS 

CCH 
| CCG 

"ecc 

Sd 

CKS 10-000/125 

CFS 

CFS 

CFS 

CFS 

CFS 

CFS 

CFS 

CFS 

CCH 
CCG 

CCG 

Stock No. 

1/5000/500 

2000 | 

1/5000/500 

1/5000/500 

1/5000/500 

10 000/500 

2500/500 

31/15 
55/6 parallel 

94/1000 

2000/M 5 

2000/M 5 

2000/M 5 

2000/M 5 

2000/M 5 

2000/M 5 

2000/M 5 

2000/M 5 

31/15 
55/6 parallel 

94/1000 
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Ref. 
No. 

C93 

GER 

096 

C97 

c98 

C99 

C100 

C101 

C102 

C105 

C104 

C105 

C106 

C107 

C108 

C109 

C110 

C111 

C112 

C113 

C115 

0116 

C117 

C118 

0119 

0120 

C121 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

 , tevہوم

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

‘Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

synth. foil 

feed-through 

feed-through 

feed-through 

feed-through 

feed-through 

feed-through 

feed-through 

feed through 

bypass 

ceramic 

bypass 

bypass 

bypass 

bypass 

ceramic 

ceramic 

variable 

bypass 

bypass 

feed-through 

feed-through 

feed through 

feed-through 

feed-through 

feed-through 

feed-through 

10,000 pf/125 v 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

2000 pf 

25 pf approx. 

150 pf 

59 pf 

450 to 520 pf 

450 to 520 pf 

approx. 25 pf 

approx. 25 pf 

0.5 pf 

0.5 pf 

approx. 

approx. 

2 ንህ wf 

2000 Bf 

2000 pf 

2000 ቼያ 

2000 pf 

2000 pf 

2000 Bf 

2000 ፔያ 

7.5 pf 

+1 % 

+1 % 

4 to 12 pf 

Designation 1 Ratings R&S 

CKS 

CFS 

CFS 

CFS 

CFS 

CFS 

CFS 

CCG 

CCG 

CFS 

CFS 

CFS 

CFS 

CFS 

CFS 

CFS 

Stock No. 

10 000/125 

2000/M 5 

2000 /M 

2000/M 

2000/M 

2000/M 

2000 /M 

5 

5 

5 

2000/M 5 

5 

5 

2000/M 5 

31/150 i3 
31/39 parallel 

m 

1 

2000/M 

2000/M 

2000/M 

2000 /M 

2000 /M 

2000/M 

Eech KEE ۷ ካኣ 2000 /M 

-96 
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Ref. 

No. 

C122 

C123 

C124 

C128 

C129 

C150 

C151 

C132 

C133 

C134 

C155 

C136 

C137 
C138 

C139 

C140 

141 

C142 

C145 

C144 

C145 

C146 

C147 

C148 

C149 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

feed-through 

feed-through 

feed-through 

፦ a 
synth. foil 

Capacitor, ceramic 

Trimmer, air 

Capacitor, ceramic 

Capacitor, synth. foil 

Capacitor, synth. foil 

Capacitor, synth. foil 

Capacitor, synth. foil 

Capacitor, ceramic 

Trimmer, air 

Capacitor, ceramic 

Capacitor, synth. foil 

Capacitor, synth. foil 

Capacitor, synth. foil 

Capacitor, feed through 

Capacitor, by pass 

Capacitor, ceramic 

Capacitor, ceramic 

Trimmer, air 

Capacitor, ceramic 

Capacitor, ceramic 

Capacitor, ceramic 

2000 pf 

2000 pf 

2000 pf 

10,000 pf/250 

47 pf 
10 pf 

2.5 to 8.9 pf 

150 pf 

10,000 pf/250 

10,000 pf/125 

10,000 pf/250 

10,000 pf/250 

39 pf 
4 pf 
8 pf 

2.5 to 8.9 pf 

150 pf 

10,000 pf/250 

10,900 pf/125 

10,000 pf/250 

5000 pf/500 v 

1600 pf/350 v 

150 pf 

10 pf 

2 ዝራ 
8 ፔያ 

2.5 to 8.9 pf 

150 pf 

56 ፔያ 

‹150 pf 

Designation Ratings 2 R&S 

CFS 

CFS 

CFS 

CKS 

Stock No. 

2000/M 5 

` 2000 

2000 

10 000/250 

ccH 31/47 
CCH 31/10 parallel 

CV 65206 

CCH 68/150 

CKS 10 000/250 

CKS 10 000/125 

CKS 10 000/250 

CKS 10 000/250 

CCH 31/39 
CCG 41/4 
00 68/8 parallel 

CV 63206 

CCH 68/150 

CKS 10 000/250 

CKS 10 000/125 

CKS 10 000/250 

CFR 1/5000/500 

CBR 1/600/350 

CCH 68/150 

min 
CCG 68/8 parallel 

cv 63206 

CCH 31/150 

CCH 31/56 

CCH 68/150 
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Ref. 

No. 

0150 

C151 

0152 

C153 

C155 

C156 

0157 
C158 

0159 

C160 

C161 

C162 

C163 

C164 

C165 

C166 

C169 

C170 

C171 

C172 

0173 
c174 
C175 

c176 

c177 
C178 

179 

Designation 

Capacitor, synth. foil 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

synth. foil 

synth. foil 

ceramic 

ceramic 

Trimmer, air 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

ceramic 

synth. foil 

synth. foil 

synth. foil 

ceramic 

ceramic 

Trimmer, air 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 
ceramic 

€ 
Capacitor, 

Capacitor, 

Capacitor, 

ceramic 

ceramic 

synth. foil 

ceramic 

“synth. foil 

synth. foil 

feed-through, 

synth. foil 

ceramic 

ceramic 

Trimmer, air 

Capacitor, 

Capacitor, 

Capacitor, feed-through, 
ceranic 

synth. foil 

synth. foil 

Ratings 

10,000 pf/250 v 

10,000 pf/250 v 

10,000 pf/250 v 

10 pf 
10 pf 

39 pf 
8 pf 

2,5 to 8.9 pf 

150 pf 

10,000 pf/250 v 

10,000 pf/250 v 

10,000 pf/250 v 

0.5 pf 

22 pf 

2.9 40 8.9 pf 

150 pf 
15 pf 
150 pf 

100 pf 

10,000 pf/250 v 

47 ۶ 

10,000 pf/250 v 

1000 pf/500 v 

2000 pf 

10,000 pf/125 v 

150 pf 

22 pf 

2.5 to 8.9 pf 

10,000 pf/250 v 

10,000 pf/250 v 

5000 pf/500 v 

R&S Stock No. 

CKS 10 000/250 

CKS 10 000/250 

CKS 10 000/250 

CCG 41/10 
CCG 68/10 

CCH 31/39 
CCG 68/8 parallel 

parallel 

CV 63206 

CCH 68/150 

CKS 10 000/250 

CKS 10 000/250 

CKS 10 000/250 

006 11/0,5 

CCH 31/22 

CV 63206 

CCH 31/150 
CCG 55/15 
CCH 68/150 parallel 

CCH 31/100 

CKS 10 000/250 

CCH 68/47 

CKS 10 000/250 

CKS 1000/500 

CFS 2000 

CKS 10 000/125 

CCH 68/150 

CCH 31/22 

CV 63206 

CKS 10 000/250 

CKS 10 000/250 

CFR 1/5000/500 
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27 Designation Ratings R&S Stock No. 

C180 | Capacitor, ceramic 150 pf CCH 68/150 

C181 | Capacitor, ceramic 12 pf CCH 31/12 

C182 | Trimmer, air 2.5 to 8.9 pf CV 63206 

C185 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C186 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C187 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C188 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C189 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C190 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C191 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C192 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C193 | Capacitor, feed-through, 

cefamic 5000 pf/500 v CFR 1/5000/500 

C194 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

8195 | Capacitor, feed-through, 

1 ceramic 5000 pf/500 v CFR 1/5000/500 

C196 Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

0197 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C198 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 

C199 | Capacitor, feed-through, 
š 

ceramic ; 5000 pf/500 v CFR 1/5000/500 

C200 | Capacitor, feed-through, 

ceramic 5000 pf/500 v CFR 1/5000/500 
. 
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Ref. 

No. 

G12 

G13 

G14 

G15 

G16 

G17 

Capacitor, 
ceramic 

Capaci tor, 

ceramic 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

Capacitor, 

feed-through, 

feed-through, 

synth. foil 

MP 

MP 

MP 

MP 

MP 

MP 

MP 

synth. foil 

paper 

MP 

MP 

synth. foil 

tubular 

Diode, crystal 

Diode, crystal 

Diode, crystal 

Diode, crystal 

Diode, crystal 

Diode, crystal 

Diode, crystal 

5000 pf/500 v 

5000 pf/500 v 

10,000 pf/500 v 

1 

1 

1 

1 

1 

2 

0.5 82/500 v 
0,25 pf/500 v 

15,000 pf/500 v 

100,000 pf/250 v 

16 ህያ/550 v 

16 p£/350 v 

5000 pf/500 v 

4.5 pf £15 

۷۶/250 y 

pf/250 v 

pf /250 

uf/250 v 

ሀያ/250 v 

pf/160 v 

4 

CFR 

CMR 
“CMR 

Stock No. 

1/5000 0 

1/5000 /500 

10 000/500 

1/250 

1/250 

1/250 

1/250 

1/250 

2/160/2 

0,5/500 
0,25/500 

parallel 

CKS 15,000/500 

CPK 100 000/250 

CMR 

CMR 

CKS 

16/350 

16/350 

5000/500 

CT 4,5 x15 

6፪/0ሏ 95 

61/04 95 

GK 1111 

GK/OA 95 

9۲/۵۸ 95 
GK/OA 95 

GK/OA 95 

100 ̀ 
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Ref. 

° D 

K7 

L1 

L2 

L5 

L4 

L5 

L6 

L7 

L8 

L9 

L10 

L11 

Designation Ratings 

Diode, crystal 

Diode, crystal 

Diode, crystal 

Diode, crystal 

Diode, crystal 
Ammeter, moving-coil 

Ammeter, moving-coil, 

light-spot 

Ammeter, moving-coil 

Cable, RF 

Cable, RF 

Cable, RF 

Cable, RF 

Cable, RF 

Cable, RF 

Patch cord 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Choke, RF 

Choke, RF 

Choke, RF 

Coil, IF 

R&S Stock No. 

GK/OA 95 

GK 1011 C 

GK 1011 C 

GK/BA 111 
GK/Z 10 
IBS 10101 

IG 2 

IBS 20201 

5561 - 

3561 - 

3561 - 

5561 - 

3561 - 

3561 - 

LK 555 

3561 - 

3561 - 

3561 - 

5561 - 

3561 - 

5561 - 

3561 - 

40 

40 

41 

22 

41 

55 

6115,35 

6.16.5 

6.16.5 

6.16.3 

6.18.1 

6.18.1 

6.19.5 

DUF 511/20 

DUF 511/20 

DUF 311/20 

3561 - 70.2.9 

101 . 





Ref. 

No. 

112 

113 

114 

515 

L16 

517 

L18 

L19 

L20 

L21 

L22 

L25 

L24 

L27 

128 

L29 

130 

L31 

132 

135 

135 

136 

137 

L38 

L39 

L40 

L45 

Coil, IF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RP 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Coil (trap) 

Coil, oscillator 

Coil, oscillator 

Coil, oscillator 

Coil, oscillator 

Coil, oscillator 

Coil, oscillator 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Coil, filter 

5561 

5561 

5561 

5561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

| 3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

3561 

70.2.9 

-4.8 

۰4۰۵ ems 

-4.8 

4.8 

AB, 

.4.8 

a x ea a ud. بسم ERÊ رسا eee በመ LJ . . . > 

Tu @ 

70.17 

 CON هل هپ LC وټه هپ هجر - መባ هم تټپ

> @ 

102 : 





Ba 

153 

155 

R11 

R13 

ac 

AD R14 

R 10357 R1 
865 5 
Bl ኬክ.او...  

R17 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Coil, filter 

Choke, RF 

Choke, RF 

Choke, RF 

Choke, RF 

Coil, ring 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Keçi جوا depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

ER 

300 9/0.25 w 

200 k0/0.25 w 

1 ፳6/0.5 w 

200 ፀ/0.25 w 

20 kQ/0.5 w 

300 Q/0.25 w 

200 kQ/0.25 w 

1 kQ/Ot5 w 

200 8/0.25 w 

20 kQ/0.5 w 

12.5 kQ/0.25 w 

100 kQ/0.25 w 

1 k0/0.5 w 

100 kQ/0.5 w 

200 kQ/0.5 w 

200 kQ/0.25 w 

ya deروس  

- 1 9 

Designation Ratings R&S Stock No. 

3561 - 6.16.3 

3561 - 6.16.3 

3561 - 6.16.5 

3561 - 6.18.1 

3561 - 6.19.5 

3561 - 8.12.5 

DUF 311/20 

DUF 311/20 

DUF 311/20 

DUF 311/80 

WF 

WF 

WF 

300/0,25 

200 k/0,25 

1 k/0,5 

200/0,25 

20 k/0,5 

300/0,25 

200 k/0,25 

1 k/0,5 

200/0,25 

20 k/0,5 

12,5 k/0,25 

100 k/0,25 

1 k/0,5. 

100 k/0,5 

200 k/0,5 

200 k/0,25 
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Ref. 

No. 

R18 

R19 

R20 

BET: 

R22 

R23 

R24 

R25 

R26 

R27 

R28 

R29 

R30 

R31 

R32 

R55 

R54 

R35 

R36 

R37 ̀ 

RAO 

R41 

R42 

R45 

R44 

R45 

R46 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

variable 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carben 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon, 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

Designation Ratings 

1 160/0۰5 w 

500 168/0۰25 w 

1 160/0۰25 w 

100 168/0۰5 w 

500 ቧ/6.25 w 

125 ۶8/0۰25 w 

585 © +1%/0.25 e 

200 160/0۰25 w 

1 ۶0/0۰5 e 

50 10/0۰25 e 

20 ኔ8/0.5 w 

1 160/0۰5 w 

100 169/0۰25 w 

100 kQ/0.25 w 

100 kQ/0.25 w 

50 kQ/0.25 w 

100 Q/0.25 w 

1.25 kQ/0.25 w 

5 168/0۰5 w 

250 9 lin. 

500 Q/0.5 w 

500 Q/0.5 w 

500 Q/0.5 w 

500 Q/0,5 w 

100 kQ/0.5 w 

500 9/0.5 w 

10 ኔል/0.5 w 

R&S Stock No. 

WE 

WF 

1 k/0,5 

500 k/0,25 

1 M/0,25 

100 k/0,5 

500/0,25 

125 k/0,25 

585/1/0,25 

200 k/0,25 

1 k/0,5 

50 k/0,25 

20 k/0,5 

1 k/0,5 

100 k/0,25 

100 k/0,25 

100 k/0,25 

50 k/0,25 

100/0,25 

1,25 ኔ/6,25 

5 k/0,5 

5122 F/250 

500/0,5 

500/0,5 

500/0,5 

500/0,5 

100 k/0,5 

500/0,5 

10 k/0,5 
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R47 Resistor, depos. carbon, 

variable 100 kQ lin. WS 5122 F/100 k 

R48 ‘Resistor, depos. carbon 500 Q/O.5 w WF 500/0,5 

R49 |Resistor, depos. carbon “| 500 Q/0.5 w WF 500/0,5 

R52  [|Resistor, depos. carbon 160 9/0.5 w WFO 160/0,5 

R53 Resistor, depos. carbon 1 kQ/O.5 w WFO 1 k/0,5 

R54 Resistor, depos. carbon 50 ኔ6/0.5 w WFO 50 k/0,5 

R55 (Resistor, depos. SC E 100 Q +1%/0.08 w | WFK 511/100/1/0,08 

R57 Resistor, ም 25.26 9 +1% 3561 ~ 7.5.8/50 

n58| (Resistor, divider 25.56 Q 41% 3561 - 7.5.8/50 

un Resistor; divider 2 x 44.06 Q 40.5% | 3561 - 7.5.4/50 

R61 | “Resistor, divider 25.36 ۵ +1% 3561 - 7.5.8/50 

፲62 | Resistor, divider 25.36 Q +1% 3561 - 7.5.8/50 

R63| qResistor, ever 25.36 Q +1% 3561 - 7-5.8/50 

R64 و divider 25.36 Q +1% 3561 - 7.5.8/50 

2 Resistor, divider : 2 x 44.06 Q £0.55 | 3561 - 1.5.4/50 

R67| Resistor, 32س 25.56 Q £1% 3561 ۔ 0 

18681 Resistor, ር ኸር 25.36 Q ቷ1% 3561 - 7.5.8/50 

857] oResistor, divider 30.43 Q £15 3561 - 7.5.8/60 

R58| SResistor, divider 30.45 Q +1% 3561 ۔ 0 

Resistor, divider 2 x 52.87 © 40.5% | 3561 - 0 

R61 نا divider 30.43 Q £17 3561 - 7.5.8/60 

262 | Resistor, divider 30.43 Q +1% 3561 - 0 

R63| [Resistor, divider 30.45 Q +1% 3561 - 0 

R64] |Resistor, divider 5561 - 7.5.8/60 30.45 Q +1% 

105 



TEARIا  
WA, 8 d HAS FA1 15.  

 ان
"c Au MEUM 

y N 
gä, bi dw © ۸1 | m 

| d ٤ھ 
0 | NU "e i 

Moo SN cta WÊN) 2 
| aM? Maia Tt et 

A Ae Ki e . IP 4 2727 | 

DUG ዓ.እ መመል, 1م : 



Ref. 

No. 
3 

 , o Resistorادد
ቆላ 

= 8 
R67 Im|Resistor, 

R68) S|Resistor, 

R57 Resistor, 

R58 Resistor, 

R59 , 
Resistor 

R60 T 
ad 

R61 | -|Resistor, 
Ne) 
እርጎ 

R62 |'^|Resistor, 

£a 
R65 „Resistor, 

o 

R64 “Resistor, 

= 
ሠ. OlResistor, 

R67 | |Resistor, 

R68) |Resistor, 

R89 Resistor, 

R90 Resistor, 

R91 Resistor, 

R92 Resistor, 

R94 Resistor, 

R95 Resistor, 

R96 (Resistor, 

R97 Resistor, 

R98 Resistor, 

R99 Resistor, 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

divider 

depos. 

depos. 

depos. 

depos. 

depos. 

depos. 

depos. 

depos. 

depos. 

depos. 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

.2 x 52.87 Q +0.5% 

50.45 © ¿1% 

30.43 Q +1% 

38.05 Q +1% 

2 x 66.09 Q +0.5% 

38.05 H £17 

38.05 +1% 

38.05 © +1% 

38.05 +1% 

2 x 66.09 Q +0.5% 

38.05 © 41% 

38.05 Q +1% 

^ 

160 5 2 

1 k0/0.5 e 

50 kQ/0.5 w 

100 Q +1%/0.08 w 

600 90/0.5 w 

600 Q/0.5 w 

20 9/0 , w 

20 kQ/0.5 w 

1 ko/0.05 w 
6 kQ/0.5 w 

300 ፀ/1 w 

3561 - 7.5.4/60 

3561 = 7.5.8/60 

3561 - 7.5.8/60 

3561 = 7.5.8/75 

3561 - 7.5.8/75 

3561 - 7.5.4/75 

3561 - 7.5.8/75 

3561 - 7.5.8/75 

3561 - 7.5.8/75 

3561 - 7.5.8/75 | 

3561 - T.5.4/15 — | 

3561 - 7.5.8/75 

3561 - 7.5.8/75 

WFO 160/0,5 

WFO 1 k/0,5 

WFO 50 k/0,5 

511/100/1/0,08 

600/0,5 

WFK 

WFO 

WFO 600/0,5 

WFO 20 k/0,5 

WFO 20 k/0,5 

WF 1 k/0,05 
WFO 6 k/0,5 
in series 

WFO 300/1 
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ጫጨ 

e 
ds. Designation Ratings R&S Stock No. 

R102 | Resistor, depos. carbon 300 Q/0.25 e WF 5 

R103 | Resistor, depos. carbon 200 kQ/0.25 w WF 200 k/0,25 

R104 | Resistor, depos. carbon 1 ፳0/0.5 w WF 1 k/0,5 

R105 | Resistor, depos. carbon 200 2/0.25 w WF 200/0,25 

R106 | Resistor, depos. carbon 20 kQ/0.5 w WF 20 k/0,5 

R107 | Resistor, depos. carbon 300 9/0.25 w WP 300/0,25 

R108 | Resistor, depos. carbon 200 kQ/0.25 w WF 200 k/0,25 

R109 | Resistor, depos. carbon 1 kQ/0.5 w WF 1 k/0,5 

3 2 R110 | Resistor, depos. carbon 200 2/0.25 w WF 200/0,25 

R111 | Resistor, depos. carbon 20 kQ/0.5 w WF 20 k/0,5 

R112 |Resistor, depos. carbon 12.5 kQ/0.25 w WF 12,5 k/0,25 

R113 | Resistor, depos. carbon 125 59/0. 258 WF 125 k/0,25 

R114 |Resistor, depos. carbon 100 kQ/0.25 e WF 100 k/0,25 

R115 | Resistor, depos. carbon 1 kQ/O.5 w WF 1 5 

R117 | Resistor, depos. carbon 20 kQ/0.25 w WF 20 k/0,25 

R118 | Resistor, depos. carbon 1.6 ፳9/0.5 w WF 1,6 M/0,5 

R119 | Resistor, depos. carbon 200 kQ/0.25 w WF 200 k/0,25 

7۳ R120 |Resistor, depos. carbon 1 ۲۵/۵۰5 w WF 1 k/0,5 

E R121 |Resistor, depos. carbon 500 k0/0.25 w WP 500 k/0,25 

R122 |Resistor, depos. carbon 1 M9/0.25 w 'ሽ 1 5 

R123 | Resistor, depos. carbon 800 kQ/0.5 w WF 800 k/0,5 

R124 |Resistor, depos. carbon 125 kQ/0.25 w WF 125 k/0,25 

R125 |Resistor, depos. carbon 585 © +1%/0.25 w WF 585/1/0,25 

R126 |Resistor, depos. carbon 1 kQ/O.5 w WF 1 k/0,5 

Se R129 |Resistor, depos. carbon 125 kQ/0.5 w WFO 125 k/0,5 

Bl. 107 R130 |Resistor, depos. carbon 100 kQ/0.5 w WFO 100 k/0,5 

2 R131 |Resistor, depos. carbon 5 50/1 w WFO 3 k/1 

a R132 | Resîstor, depos. carbon 50 kQ/1 w WPO 50 k/1 ኒ 
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Ref. 

No. 

R133 

R134 

R135 

R136 

R137 

R138 

R139 

R140 

R142 

R143 

R144 

R145 

R146 

R147 

R148 

R149 

R150 

R151 

R152 

R154 

R155 

R156 

R157 

R158 

R159 

Designation Ratings R&S Stock No. 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 
variable 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos, carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

1 kQ/1 w 

160 9/0.25 w 

200 kQ/0.25 e 

1 kQ/0.25 w 

50 kQ/0.5 w 

20 kQ/1 w 

100 kQ/0.5 w 

100 kQ/0.25 w 

500 9/0.5 = 

500 Q/0.5 w 

500 Q/0.5 w 

500 Q/0.5 w 

1 MQ/0.25 w 

160 kQ/0.25 w 

500 Q/0.5 w 

500 Q/0.5 w 

500 Q/0.5 w 

4 MQ/0.5 w 

100 Mo/0.25 w 

10 kQ +1%/0.5 w 

10 kQ +1%/0.5 w 

2 M9/0.25 w 

400 kQ/0.5 w 

e 

WFO 1 k/1 

WF 160/0,25 

WF 200 k/0,25 

WF 1 k/0,25 

WF 50 k/0,5 

WF 20 k/1 

WF 100 k/0,5 

WF 100 k/0,25 

WF 300/0,5 

WF 500/0,5 

WF 500/0,5 

WF 500/0,5 

WF 1 M/0,25 

WF 160 k/0,25 

WP 500/0,5 

WF 500/0,5 

WF 500/0,5 

WF 4 M/0,5 

WF 100 k/0,25 

WF 10 k/1/0,5 

WF 10 k/1/0,5 

ws 5122 F/25 k 
WF 1 k/0,5 
in series 

eres 
parallel 

WF 2 M/0,25 

WF 400 k/0,5 
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Ref. 

No. 

R160 

R161 

R162 

R163 

R164 

R165 

R166 

R167 

R168 

R169 

R170 

R171 

R172 

R173 
R174 

R175 
R176 

R177 
R178 

R179 
፳180 

R181 

R182 

R185 

R184 

R185 

R187 

R188 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 
variable 

Resistor, 

Reisitor, 

Resistor, 

Resistor, 

variable 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 

Resistor, 
variable 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon, 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon, 

depos. carbon 

depos. carbon 

wire-wound 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

depos. carbon 

wire-wound 

wire-wound 

depos. carbon, 

100 kQ/0.5 w 

50 kQ/0.5 w 

800 kQ/0.5 w 

10 kQ/0.25 w 

2 k0/0.5 w 

50 Q/0.25 w 

200 kQ/0.5 w 

10 EQ lin. 

80 kQ/0.5 w 

1 MQ/0.25 w 

16 kQ/2 w 

10 kQ lin. 

5 kQ/0.5 w 

2 k9/0.5 w 

30 kQ/6 w 

3 kQ/0.5 w 

30 kQ/0.5 w 

100 kQ/0.5 w 

500 kQ/0.5 w 

1 M9/0.5 w 

200 kQ/0.5 w 

50 Q/0.25 w 

10 kQ/0.5 w 

50 Q/0.25 w 

2.5 kQ/12 w 

4 kQ/A w 

10 kQ lin. 

WP 

WF 

WF 

1.6 MQ/0.5 e 1,6 M/0,5 

100 k/0,5 

50 k/0,5 

800 k/0,5 

10 k/0,25 

2 k/0,5 

50/0,25 

200 k/0,5 

9122 F/10 k 

80 k/0,5 

1 M/0.25 

16 k/2 

5122 F/10 k 

5 k/0,5 

2 &/0,5 

WDG 30 k/6 

WF 

WF 

WF 

5 k/0,5 

30 k/0,5 

100 k/0,5 

500 k/0,5 

1 M/0,5 

200 k/0,5 

50/0,25 

10 k/0,5 

50/0,25 

2,5 k/12 

4 k/4 

5122 F/10 k 
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Ref. 

No. 

R189 

R190 

R191 

R192 

R193 

R194 
R195 

R196 

R197 
R198 

R199 
R200 

R201 

R202 

R203 

R204 

R205 

R206 

R207 

R210 

R211 

R212 

R213 

Designation Ratings R&S Stock No. 

Resistor, depos. 
variable 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

carbon, 

carbon 

carbon 

carbon 

carbon 

carbon 

carbon 

Resistor, wire-wound 

Resistor, depos. 

Resistor, depos. 

carbon 

carbon 

Resistor, wire-wound 

Resistor, depos. carbon 

Resistor, wire-wound 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 
variable 
Resistor, depos. 

Resistor, depos. 

Resistor, depos. 
variabie 

Resistor, depos. 
variable ና 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

Resistor, depos. 

carbon 

carbon 

carbon, 

carbon 

carbon 

carbon 

carbon, 

carbon 

carbon 

carbon 

carbon 

10 kQ lin. 

8 kQ/O.5 w 

2.5 kQ/1 w 

2.5 kQ/1 w 

1 kQ/1 w 

1 kQ/1 w 

2.5 kQ/1 w 

15 50/4 w 

5 58/2 w 

5 kQ/2 w 

50 Q/4 w 

5 16۵/0۰5 w 

100 2/4 w 

50 ۵/0۰5 w 

1 kQ/1 e 

500 Q lin. 
1 k9/0.5 w 

1 50/1 w 

500 Q lin. 

500 kQ lin. 
10 kQ/0.5 w 

406.5 Q +1%/0.25 w 

133.3 Q +1%/0.25 w 

133.3 Q +1%/0.25 w 

406.5 Q +1%/0.25 w 

WS 7126/10 k 

WF 8 k/0,5 

WFO 2,5 k/1 

WFO 2,5 k/1 

WFO 1 k/1 

WFO 1 k/1 

WFO 2,5 k/1 

WDG 15 k/4 

WF 5 k/2 

WF 5 k/2 

wv 4/50 

WP 5 k/0,5 

wv 4/100 

WF 50 k/0,5 

WF 1 k/1 

De 
in series 

WF 1 k/1 

WS 5122 F/500 

WS 5122 F/500 k 
WF 10 k/0,5 
in series 

WF 406,5/1/0,25 

WF 133,3/1/0,25 

WP 133,3/1/0,25 

WF 406,5/1/0,25 

1197 
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Ref. 

No. 

R11 

R12 

Lamp, incandescent 

Lamp, projector 

Lamp, glow, miniature 

Lamp, scale 

Lamp, scale 

Pentode 

Pentode 

Pentode 

Pentode 

Pentode 

Pentode 

Pentode 

Pentode 

Triode 

Pentode 

Pentgde 

Diode 

Pentode 

Pantoda 

Pentode 

Pentode 

Pentode 

Pentode, output 

2 

B 

Reference tube 

Pentode 

150 v/15 w 

6 v/5 amps 

220 v 

6 v/0.5 amp 

6 v/0.5 amp 

Designation R&S Stock No. 

RL 93015 

RL 301 

RL 210 

RL 465 S for I1 

RL 165 8 for 13 

EF 80 

EF 80 

EF 80 

EF 80 

EF 80 

EF 80 

EF 800 

EP 800 

EC 81 

EP 80 

EF 80 

E 91 AA 

EP 80 

EF 80 

EF 80 

EF 80 

EF 80 

EL 84 

85 A 2 

EF 80 
2 

111 
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SS" 

R 10357 
865 
$1. 112 

A 

Ref. 

No. 

Rö22 

Rö23 

Rö24 

Rö25 

81 

S2 

53 

54 

55 

s6 

511 

si2 

Tr1 

Tr2 

Tr3 

Tr4 

Designation Ratings 

Pentode, output 

Pentode, output 

Rectifier 

Reetifier 

Switch, coil 

Wafer 

Push button 

Switch, wafer 

Fuse strip 

Connection link 

Fuse 1.6 amps 

2.5 amps 

Fuse 250 ma 

Transformer, bridge 

Transformer, output 

Transformer, power 

Transformer, power 

R&S Stock No. 

PL 81 

PL 81 

EZ 80 

EZ 80 

3561 2 7.46 

SR 62803 

SRN 324/2/32 

FD 60517 

M 1,6 D DIN 41571 
(for 220 & 235 v) 

M 2,5 D DIN 41571 

(for 115 & 125 v) 

M 0,25 C DIN 41571 

3561 - 3.16 

3561 - 3.17 

3561 - 3.15/2 

3561 - 3/8 

112 
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Pilot tamp 

Chart نک 

With button depressed discriminator meter (® shows phase 
adjustment ‚with button not depressed , it shows oscillator 
tuning. Button remains down until it is released by being 
pressed anew: | 

Discriminator meter for oscillator tuning and phase adjustment 

when button Q) is depressed. رد 

REFERENCE VOLTAGE COR. knob 
Reference meter ite eal 

knob — wl ite 

characteristic im 

I b ከ ን 
Coaxial test line | 
Coarse and fine adjustment 
Coaxial reference line | 

FREQUENCY RANGE | witch 
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Fig. 24 Impedance -admittance chart ` 
for resistive and reactive components ` 
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Fig. 25 Impedance-admittance chart ۱ 

| for resistive and reactive components, 
three times enlarged - 
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.. Rö1,2,3,4,5 u.6 e 
R610,11,13,14,15,16,17 u, 21 | 

EF80 |o pn جہ ہم e rd EIE: 

| 
| mg LE 

| ù 

|» 
C46 C45 

Gs 

L 

3 887 R68 | 
a EF800 | 

Ç ||| کپ 52 ES | ۱۲ ار DD 
| 

ù š EE 
R59 Elek 
EC81 | I 

| | 23 
| | 

| * ! | l 
- 1 

Rö12,Rö19 EK EE EE 9۱ ees و 
EA 50 | تڻ د تت ند بْن ا ااه :٠ -ጨ-፦፡ነ፦፡፦ኤ> 

R190 

 مک 6ء |
2 RR 8 

| 7 
Ro18 ) Normalspannung , 

EL 87 | Reference voltage 

y 1 | Reference voltage cor. 

| 1-1 
Ë 1 | 

| | 
۱ R520 | 

| 85 A2 | OY 
٠ Û | | 

Ach | Voltages measured with valve voltmeter 

` | || | (e.g. Type URI) with 10-MSL input impedance 

e, | | 
Py, «١ 3 | | 

۱ 87. * PL 81 | | 
| 
| 
4 
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Z-9-DIAGRAPH ‚Phasenabgleich: drücken 
Phase ad).: press 

. Resonanzeinstellung Resonance setting Type ZDU ١ BN 35610/. - 
Phasenabgleich — ̂ Phase adjustment I y 



LNB 023/L/50-2 FMU 11900/504 
shortened to| 25 mm l : | 

"FS 23/90-33 

gent ugs Vervielfältigung, Mitteilung an ondere ist 

strafbar und schadeaerect rpflichtig. 

Diese Zeichnung is! unser ٤ unbafugte Verwertung, 

° 

Contact face 

R 10357 
865 | 
Bl. 128 

Line section with Precision ` | 
Dezifix B on both sides یا 
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Bemerkungen 

El EE RAYEKE) ta 

Outer. conductor tube | LNB 023/L/50-1 | 
yi 

o | 2 ' | Inner conductor LNB 023/L/50-2 

5 - 2 | Inner conductor FMU 11900/50-1 

6 2 | Insulating disc FMU 11900/50-2 
1T ۱.2 | Case: | FMU 11900/50-4 

PEN قو مس Rian OSE WA SENN SE OEE û a ቪ ርር 

9 | 2 | Case 

` | Inner-conductor end RT 
2 d 5 | section, springloaded |"? 503/ Zeg, 

7 e, 

Diese Zeichnung ist unser Eigentum. Vervielfáttig. 

r 

: GC | i | f | 
E መሸ يوو እ ር Kia iii "cag i ጃው م ےس 

1 

D | | 

| | 

e 

1 

" + 

1m6x4 DIN 6325 

strafbar und sohadenersatzpftichtig. 

unbefugte Verwertung, Mitteilung an andere izi 

FMU 11950/50-4 

LNB 023/1,/50 St 

-~ 一 -一 一 一 一 一 一 一 一 

名 Ti 
| "Stächliste | Scholtteitlisie zu ۲ 

Line section with Precision Dezifix B 

on both sides 129 
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Diese Zeichnung isi unser Eigentum. Vervielfältigung, unbefugte Verwertung, Mitteilung an andere iat 

afrafbor und schadenersetzpflichtig. 党 

E 

Determination of y 

J“ ረ نو رو 

Po SN 
865 ` Werkstoff 
BI. 131 ۳ BAW [986 

: ROHDE z SCHWARZ AK £# LA 

3 27 EC 7-7 ee 
 = ZZ + وج کا ا تا بتا ¿

AAA Inner conductor 

E ##፳፳% 131 
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AN cQ 

R 10357 

865 

Bl. 132 

> 

Diane Zeichnung ıi inser Eigentum Vervielfálfiqung, - 
` enbefugíe Verwertung, Mitteilung an andere isi 

strafbar und schadenersat zpfiichtig. 

ሪ 

shortened to| 2.5 mm 

Contact face 

Š x Halbzeug, Werkstoff 3 4 

ROHDE & SCHWARZ ۱ 
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iat 

strafbar und schadenereaizpflichtig. 

“ 

Diese Zeichnung ist unser Eigentum. Vervieifälligung, unbefugte Verwertung, Mitteilung an andere 

ሠ 1 
>... 

R 10357 
965 
B1. 

rielfält.-Pause Nr. 

9 
‘beitspause Nr. 

133 

ው | Stück- | KE 
Kenn- | zahl weng 
Zeichen 

1 2 Wê 7 KS 

Inner conductor 

Outer conductor tube 

 اس

6 2 | Inner conductor FMU 11900/60-1 

7 |2 | Insulating dise FMU 11900/60-2 

9 |2 | Case ` - | FMU 11900/50-4 Pe mew 

12 |2 | Case ۱ FMU 11950/50-4 

۱ . | Inner-conductor end ioe 
55 | 2 _| section, spring-loaded ۶۵ 92-2 

2 ኒኒ. 

17 |4 Pin 1 ظ 6 x 4 DIN 6325 

| Tab ete = ê 
 28 757 መጻ — 一ة:++++ ሠው men T... 0ا هپ د |

| | 

| BER 0 

| ፡ Së 

Liste Ne 3 n. 1 Liste besteht 

aus Blatt 

LNB 023/1:/60 st الت 

ber. PEL Dp, GE y ۸ 

SCH, | 

1 

Sach-Nr | | Bemerkungen 

ድሎ, 
RI e E ደር. ሌዊ طب E በለይ ርአ ል መ. کوچ 

4 | 5 6 

LNB 023/L/60-1 

LNB 023/1,/50-1 | 

Stücklisle | Schallteillisle zu 

Line section with Precision Dezifix B 

on both sides 133 
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| HEU Vena 

Maßstab 
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ACTOS y IRIS 

Inner conductor 

134 * 
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Bemerkungen 

"uem 

e E Outer conductor tube | LNB 023/1,/50- 1 | 

6.12 Inner conductor FMU 11900/75-1 

Tod Insulating disc FMU 11900/75-2 | 

  |2 | Case. - FMU 11900/50-4و

® | ፪ SS 

12 |2 Case FMU 11950/50-4 | 
ÀS NE 00 e id | ፻ 

d Inner-conductor end ë E | 
; 4 14 ۱2 | section, springloaded |FMU 10951/75-3 | 
፳፻ ۱ 

Bst. iH ፁነ ا ER 
 مق

B ı7 |4 |Pin 3 1m6x4 DIN 6325 

ii ٢ 

> | 

R 10357 

: pe — Leto besteht SO And.-Mittlg یت Hem nn | 
5) PU Nr. ےہ | aus Blatt 

Vervieifält.-Pause Nr. 

ROHDE & SCHWARZ Zu LNB 535 St | 
MÜNCHEN 2: 52522: 75 
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Em L 
Stdckliste | Schaltteillisie za 

Line section with Precision Dezifix B 

KES IRE on both sides 136 
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