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B — regulator jemného dostaveni kmitoctu
C — prepinac¢ kmitoétovych rozsaht

D — doladéni indikatoru
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regulator vf napeéti
indikator nuly
sitovy vypinac
kontrolni zdrovka
odporovd stupnice

Obr. 1 — Fig. 1

A - Freguency scale

B — Frequency fine setting

C — Frequency range sz2lector
"D — Balance indicator tuning

E — RF voltage control

F — Balance indicator

G — Mains switch

H — Pilot lamp

| — Resistance scale



— ovladani odporové stupnice

— regulator odporového vyrovndni mostu (jemné)
— merici svorky mostu

— regulator odporového vyrovndni mostu (hrubé)
— regulator kapacitniho vyrovnani mostu

O — ovladani kapacitni stupnice

P — kapacitni stupnice
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POUZITI

Vysokofrekvenéni most Tesla BM 431E je pfistroj, uréeny ke
zjistovani vysokofrekvencénich vlastnosti souéasti i celych ob-
vodu. |

PFimym ¢é&tenim lze zjistovat ndhradni paralelni odpory
ekvivalentni paralelni kapacity mérenych souddsti.
Vzhledem k rozsahum mérfitelnych éinnych a reaktanénich
slozek je pristroj zvlasté vhodny pro méreni prvkl, jejichz
hodnota Q je velmi nizkd.

Pomoci pristroje BM 431E lze zjistfovat:

a) Vysokofrekvencni vlastnosti odporu |

b) Vysokofrekvenéni vlastnosti civek: indukénost, ztrdtovy
odpor, viastni kapacitu a vlastni rezonanci, kritickou vaz-
bu a vzajemnou indukénost

c) Vysokofrekvenéni vlastnosti feritu

d) Vysokofrekvenéni viastnosti kondenzatori: kapacitu, ztrd-
tovy odpor (zvlasté u kondenzdatord s vyssim tgé)

e} Vysokofrekvencni vlastnosti celych obvodia: nahradni &in-
né a reaktancni slozky

J — Resistance scale control

K — Resistance bridge balancing (fine)

L — Measuring binding posts
M — Resistance bridge balancing (coarse)
N - Capacitance bridge balancing
O — Capacitance scale control

P — Capacitance scale

APPLICATION

The TESLA BM 431E VHF bridge is a laboratory measuring
instrument designed for the ascertainment of the RF pro-
perties of electronic components and whole circuits,
Equivalent parallel resistances and capacitances of the
components under test can be read directly.

With regard to its measuring ranges of real and imaginary
components, the bridge is especially suitable for the test-
ing of components, the Q factors of which are very low.

The TESLA BM 431E VHF bridge serves for the ascertain-
ment of the following data:

a) RF properties of resistors

b) RF properties of coils: inductance, equivalent series re-
sistance, self-capacitance, natural resonance, critical
coupling and mutual inductance.

c) RF properties of ferrites

d) RF properties of capacitors: capacitance, loss resistance
(especially of capacitors with higher tand values)

e) RF properties of whole circuits: equivalent real and
imaginary components



f) Vysokofrekvencni vlastnosti tranzistord (pomoci pripravki
BP 4310, BP 4311): vstupni a vystupni admitance

g) Vysokofrekvencni vlastnosti polovodicovych kondenzdtoru
(pomoci pfipravku BP 4310, BP 4311): zdvislost kapacity
a ztratového odporu nd stejnosmernem napeéeti

h) Vysokofrekvenéni viastnosti elektronek

i) Vysokofrekvencni vlastnosti vf vedeni:
charakteristické impedance, atlum

i) Impedance antén

k) PrizpGsobeni zateze k napajeci

rychlost sireni,

POPIS

Ptistroj sestava z napdjeciho vf generatoru (kmitocet 1 aZ
250 MHz), ktery slouzi k napdjeni mostu. Vi napéti z vy-
stupu mostu se privadi do smasovace. V soubehu s napaje-
cim generatorem je pomocny generator, doddavajici smeso-
vaéi napéti, jehoz kmitocet je 0 0,1 MHz nizéi. Napéti roz-
dilového kmitoétu 0,1 MHz se nrivadi ze smésovace do ze-
silovaée a po detekci k ruckovému indikatoru.

Napajeci vf generator

Pousiva symetricky oscilator s dvojitou triodou ECC8S. Celé
kmito&tové pdsmo je rozdéleno na 8 prepinatelnych rozsa-
ha. Oscilaéni civky jednotlivych rozsahQ jsou ulozeny nd
jednodeskovem varuselu. Kaidd oscilacni civka ma vlastni

fy RF properties of transistors (with the aid of the BP 4310
and BP 4311 jigs): input and ouiput admittances

g) RF properties of semiconductor capacitors — varicaps —
(with the aid of the BP 4310 and BP 4311 jigs): depen-
dence of the capacitance and loss resistance on the

h) RF properties of electron tubes

i} RF properties of lines: propagation velocity, characte-
ristic impedance, attenuation

i) Impedance of aerials

k) Matching of loads to sources

DESCRIPTION

The TESLA BM 431E VHF bridge is composed of an RF ge-
nerator (supplying frequencies from 1 to 250 MHz) which
powers the VHF bridge. The RF voltage from the bridge
output is applied to a mixer. Ganged with the powering
RF generator is an auxiliary generator which supplies mi-
xer voltage, the frequency of which is lower by 0.1 MHz
than that of the RF generator. The voltage of the trequency
difference of 0.1 MHz derived from the mixer is applied to
an amplifier and aiter detection to an indicator.

Powering RF generator

twin triode ECC85 is
hand to be covered is

A symmetrical oscillator with a
employed. The whole frequency
subdivided into & switch-controlled ranges. The oscillator
coils of these individual ranges are mounted on a single-




vazebni civku, kterd doddava vf napéti pro most. Ladici kon-
denzdtor oscilacniho obvodu je dvojity se spojenymi roto-
rovymi deskami (split).

Pomocny generator

le mechanicky i elektricky shodny s napdjecim vf generato-
rem. Karusely obou generatorl jsou upevnény na spolec-
nem hrideli, a také ladici kondenzatory jsou mechanicky
vazand. Kmitocet pomocného generatoru je v soubehu
s kmitoctem napdjeciho generatoru. Pro presné nastaveni
rozdiloveho kmitoctu 0,1 MHz je pomocny generdtor vyba-
ven dolad'ovacim kondenzdatorem C15 (reguldator D — obr. 1).
Oba generdatory jsou usporadany navzdajem oddélené v jed-
né skrini, Skrin je tvorena hlinikovym odlitkem zarucujicim
dostatecné odstinéni generdatord vzhledem k indikatoru a
mostu.

BLOKOVE SCHEMA

disc turret. Each coil has its own coupling coil which
supplies the bridge with RF voltage. The tuning capacitor
of the oscillator circuit is a twin with split rotor.

Auxiliary generator

This generator is identical to the powering generator in
its mechanical and electrical design. The turrets of both
are mounted on the same shaft and also the tuning ca-
pacitors are mechanically ganged. Consequently, the fre-
quency of the auxiliary generator tracks that of the power-
ing generator. For exact setting of the difference of
0.1 MHz, the auxiliary generator is provided with a tuning
capacitor C15 (D — indicator tuning, Fig. 1).

The two generators are arranged separately and mounted
in a common casing made from cast aluminium which
ensures adequate screening of the generators from the
indicator and bridge.

BLOCK SCHEMATIC DIAGRAM

Obr. 2 ~ Fig. 2




1 — napdjeci vf generator
2 — pomocny vf generator
3 — most

4 — smeésovac

S — zesilovac 0,1 MHz

Most

Samotny most je zvlastni modifikace Scheringova mostu, je-
hoz principidlni zapojeni je na obr. 3.

1 — Powering RF generator
2 — Auxiliary RF generator
3 — Bridge

4 — Mixer

5 — Amplifier of 0.1 MHz
Bridge

The bridge proper is a modified Schering bridge, the basic
circuitry of which is in Fig. 3.

G — VF generdtor

Most je rozdélen na dvé &dsti, pricem? kardd &dst je napad-
jena ze zvlastniho sekunddrniho vinuti vstupniho transfor-
matoru T. Obé sekundédrni vinuti jsou symetrickd va&i zemi.
Vazba mezi primdrnim a sekunddrnim vinutim a zvlgté vzd-
jemna vazba mezi obéma sekunddrnimi vinutimi je velmi
tesna. Primdrni vinuti i sekunddrni vinuti je uzemnéno. Obé

G — HF Generator

Obr. 3 — Fig. 3

The bridge has two parts, each powered from a separate
secondary of the input transformer T. The two secondary
coils are symmetrical to earth.

The coupling between the primary and the secondaries and
especially between the two secondary coils, is very tight.
The primary as well as the secondary are earthed. The two




sekundarni vinuti maji stejny pocet zdvitl, ale jejich na-
péti vzhledem k uzemnénym koncim maji navzdajem opac-
nou polaritu. Pri vyrovndni mostu maji body A a B proti
zemi stejnd napéti opacné polarity. Na stredu délice, vy-
tvoreného ze dvou stejnych kapacit C1, C2, pripojenych
mezi body A a B, je pak stred téchto napéti, ktery odpo-
vidd nulovému potencialu viéi zemi. Vysokoohmovy vstup
smésovace je pripojen mezi stred delice a zem.

Podminky rovnovahy mostu:

. Cd *__ Cd.Ra
Ge = Rp . Ca Ce = R,

Pri méreni postupujeme takto:

Most vynulujeme bez pripojeni neznadmé admitance. Nulové
vychylky indikdtoru dosdhneme nastavenim kondenzatord
Ca a Ce na hodnoty Ca1 a Ceq, &éimz jsou splnény podminky
rovhovahy,

Pripojime nezndmou admitanci Yx. Cinnou slozku vyrovné-
me zmensenim kapacity kondenzdatoru C; na hodnotu Cas.
Reaktanéni slozku vyrovname substituci kondenzatorem Ce,
nastavenda kapacita je Ceo.

Pro neznamou paralelni éinnou slozku plati:

G. — Ca - Cd B C4a . AC, |
X Rb . CHZ R[) . Ca‘[ Rb . Ca‘[ Ca‘| — Acd

pFlEemi ACa — Ca‘] — Cag.

secondaries are identical, but their voltages are of oppo-
site polarities to the earthed terminals. When the btidge is
being balanced, the points A and B have the same voltage
to earth of opposite polarity. The centre of these voltages,
i. e. zero potential to earth, is on the centre of a divider
formed by two equal capacitors C1, C2 which are con-
nected between points A and B. The high-impedance input
of the mixer is connected between the centre of the di-
vider and earth. |

Bridge balance conditions:

Cd Cd . Ra

Ge = ¢ Rp

Measuring procedure:

The bridge is set to zero without the unknown admittance
being connected. Zero deflection of the indicator can be
adjusted by setting the capacitors Ca and Ce to the values
Ca1 and Ceq; thus the balance conditions of the bridge
are met. After the connection of the unknown admittance
Yx, the real component is balanced by reducing the ca-
pacitance of C; to Cas. Then the imaginary component is
balanced by replacing it by the capacitance Ce, which is
set to Ces.

The unknown parallel real component is given as follows:

G. — Cd _ Ca . Cd _ ACa .
g Rb . Cas Rpb . Caq Rb . Ca; Cay = AC,

where ACy = Cyq — Cas.




Stupnice | (obr. 1) kondenzdtoru C; (C44) je ocejchovdna

v . 1 . -y ..
primo v hodnotach Ry = - — a je oviladana reguldatorem J.

X
Reaktanéni slozka je uréena paralelni kapacitou:

Cx — Ce1 — Cez

Je-li vysledek kladny, jednda se o slozku kapacitni, v opaé-
nem pripadeé je slozka induktivni. Odpovidajici paralelni in-
dukénost je:

1
w? Cy

Kondenzator Ce {(C49) je linedrni kondenzdator se stupnici P
ocejchovanou primo v hodnotdch neznamé ekvivalentni ka-
pacity. K nulovdni c¢inné slozky mostu jsou uréeny dva pro-
ménné odpory R27, R29, oviddané regulatory M a K.

Lx=

K nulovani reaktancni slozky mostu slouzi dolad'ovaci kon-
denzator C48 ovladany reguldtorem N.

Cely most je usporadan v hlinikove skrini, kterd zaruéuje
dobré stinéni a mechanickou stabilitu. VSechny elektrické
prvky mostu jsou konstruovany tak, aby zbytkové parametry
byly omezeny na minimum.

Vyhody pouzitého mostového zapojeni:
a) Je uzemnéno nejen primarni a sekunddrni vinuti vstup-
niho transformdtoru, ale také jeden pdl indikatoru (sme-

The resistance scale | (Fig. 1) of the capacitor C; (C44) is

. : 1 : .
calibrated directly in terms of Ry = —— and is adjustable
X

with the control J.
The imaginary component is determined by the parallel ca-
pacitance:

X == Ce1 - Ce2
If the result is positive, then the component is capacitive;
in the opposite case, the component is inductive and the
respective parallel inductance is:

]
w? Cx
The capacitor Ce (C49) is a linear capacitor fitted with the
scale P (Fig. 1) which is calibrated directly in terms of the
unknown equivalent capacitance.
Two variable resistors R27 and R29 controllable with the
knobs M and K serve for zero setting the real component
of the bridge.
For zero setting the imaginary component of the bridge
serves the capacitor C48 which is adjustable with the con-
trol N,
The whole bridge is mounted in an aluminium case which
ensures adequate screening and mechanical stability. All
the electrical components of the bridge are specially de-
signed for the purpose so that minimum residual para-
meters are ensured.

sz

Advantages of the employed bridge circuitry:
a) Not only the primary and secondary of the powering
transformer are earthed, but also one pole of the indi-



fovace). Vstupni transformdtor s uzemnénym primarem
i sekunddrem lze pouiit pro velmi siroky rozsah kmitoc-

taQ.
b) Cinnd i reaktanéni slozka se vyrovndva cejchovanymi
kondenzatory.

c) Vétiina rozptylovych kapacit se neuplatnuje, ponévadz
zplsobuje bud paralelni zatéz sekunddaru napdjeciho
transformdtoru nebo paralelni zatéz kapacitnich vétvi
mostu, kterou ize do téchto vétvi zacejchovat,

d) Vyrovndni mostu je nezdvislé na kmitoctu.

Smesovac

Stred kapacitniho délice mostu je pfiveden pfimo na mriz-
ku elektronky ECCB84. Jedna trioda této elektronky je po-
uzita jako smésovaé. Vstup tohoto smésovace md svodovy
odpor 3,3 MQ a zaruéuje vysokou vstupni impedanci. Vf
napéti pomocného generdtoru se privadi do katody, coz
umozfuje dobré oddéleni mostu od tohoto generdtoru. Vy-
stup z anody triody ECC84 je spojen kabelem se zesilova-
¢em. Cely smésovac je umistén ve skrfini mostového obvodu,
od ktereho je dobre odstinen.

Selektivni zesilovac

Zesilova¢ kmitoétu 0,1 MHz md dva stupné osazené elek-’

tronkami EF80. Sitka propousténého pasma je asi 6 kHz.
Zesilovaé mé automatické rizeni citlivosti, aby pri nevy-

cator (mixer). Such an input transformer with earthed
primary and secondary is suitable for a very wide range
of frequencies. _

b) The real and imaginary components are balanced with
capacitors.

c) Most stray capacitances have no influence, as they act
either as a parallel load of the powering transformer
secondary or of the bridge capacitance branch which
can be calibrated together with the appropriate bridge
branches.

d) Bridge balancing is independent of the frequency.

Mixer

" The centre of the capacitive divider of the bridge is con-

nected directly to the grid of the ECC84 tube. Cne triode
of this tube is employed as a mixer, the input circuit of
which uses a grid-leak resistor of 3.3 MQ and has a large
input impedance. The RF voltage of the auxiliary generator
is applied to the cathode, thus perfect separation of the
bridge from this generator is achieved. The output of the
anode of the ECC84 tube is applied to the amplifier over
a cable. The mixer is housed in the case of the bridge
circuitry, from which it is well screened.

Selective amplifier

The amplifier of the frequency of 0.1 MHz has two stages
employing EF80 tubes. The passed bandwidth is 6 kHz, The
amplifier operates with automatic sensitivity control in or-



rovnaném mostovém obvodu, kdy je vystupni napéti mostu
velké, nedochdzelo k pretéiovéani ruékového méfidla indi-
katoru a zvlaité proto, aby viechny vychylky rucky indika-
toru byly sledovatelné. Proto je provedeno dalsi elektricke
omezeni vychylky ruékového indikdatoru. Toto omezeni 70jis-
fuje germaniovd dioda E7 spolu s odpory R48 a R49. Ma-
ximalni citlivost celého zesilovade je na pocatku stupnice,
kde je minimdini indikovatelnd hodnota asi 1 uV.

Napajeci zdro)

Zdroj tvofi samostatnou &dst, od niz je vlastni pristro; od-
pojitelny. VSechna anodovd napéti 230 V jsou stabilizovana

elektronkovym stabilizdtorem s elektronkami EL86, EF380, .

StR75/60. Zhavici napéti 6,3 V pro zhaveni elektronek gene-
ratoru (2XXECC85) a prvni elektronky zesilovace (EF80) je
stabilizovdno varidtorem. Ostatni zhavici napéti 6.3 V ne-
jsou stabilizovana. Pro dosazeni malého napeti na méricich
svorkdch, zvl@$té pfi méfeni admitanci tranzistoru, je ano-
dové napéti napdjeciho generdtoru moino zmensit poten-
ciometry R61, R62, které jsou na spolecném htideli (regula-
tor E). V levé krajni poloze je anodové napéti na genera-
toru nulové, v pravé krajni poloze je napéti maximdlni. Pri
pouziti snizeného napéti klesa citlivost meéreni.

10

der to prevent overloading of the indicating instrument
when the bridge is unbalanced and the bridge output
voltage is high. This ‘method, together with a further de-
flection limitation ensures perfect readability of the indi-
cator deflections. The limitation is caused by the germa-
nium diode E7 together with the resistors R48 and R49. Ma-
Ximum sensitivity of the whole amplifier is in the vicinity
of zero, where the lowest value still indicated is 1 uV.

Power supply

The VHF bridge is powered by a separate power supply
which can be disconnected. All the produced 230 V anode
voltages are stabilized by an electronic stabilizer fitted
with EL86, EF80 and StR75/60 tubes. The heoter voltage of
6.3 V for the generator tubes (2)XECC85) and for the first
amplifying tube (EF80) is stabilized by a barretter. The
remaining heater voltage of 6.3 V is unstabilized. In order
to obtain a low voltage on the measuring terminals, espe-
cially during transistor measurements, the anode voltage
of the powering generator can be reduced with the po-
tentiometers R61, R62 which form a tandem (control E).
In the extreme counterclockwise position the anode voltage
is zero: in the extreme clockwise position it is maximum.
When a reduced voltage is employed, -the sensitivity of
the measurement is reduced proportionally.




TECHNICKE UDAIE

Kmitoétovy rozsah: 1 az 250 MHz v osmi rozsazich

+1 %

Presnost:

Rozsah c¢inne

paralelni slozky: Rp=15 Q az 100 kQ v jednom roz-

sahu
Presnost: Ro (1 4 f \
p i |
200 f
-+ (3 | 0
= 5000 - %007 o
—+0,2 O (Q, MHz)
Rozsah reaktancnich
slozek je urcen pa-
raleini kapacitou
Cp: | —+35 pF az —165 pF

Primo nacejchovany rozsah 0 az 165 pF pro méreni indukc-
nosti lze vnéjsim pripojenim kapacity 35 pF rozsirit az na
hodnotu 0 az 200 pF.

Mérend indukcnost se vypocte ze vztahu:

1
Lp o m2 Cp
i1 U/U iolz pF

Pfi méreni reaktanénich slozek, zvlasté na kmitoctech vys-
sich nez 100 MHz, nutno respektovat opravné vypocty a grafy.

Presnost cejchovani
stupnice:

TECHNICAL DATA

Frequency
coverage: 1 to 250 MHz in eight ranges
Accuracy: -1 9/,

Real parallel

component range: Rp =15 Q to 100 kQ in one range

Accuracy: R, (14 220) -

+ (3 + 5500 + 200) /o

+0.2 Q (Q; MHz)
The imaginary
component range 15
determined by the s
parallel capacitance | ,
Cp: +35 pF to =165 pF

Directly calibrated range 0 to 165 pF for direct inductance
measurements can be increased to 0to 200 pF by an exter-
nally connected capacitor of 35 pF.

The measured inductance is computed from the formula:

1
&Jz Cp

Lp:

i'l Ufg +0.2 pF

———

Accuracy of scale
calibration:

During imaginary component measurement, especially with
frequencies above 100 MHz employed, correction computa-
tion and diagrams must be employed.

1



Vf napéti na mé-
ricich svorkach: asi 0,05 V az 1 V podle nastaveného

kmitoctu

Pfi snizeni vf napéti na méficich svorkdch pomoci reguld-
toru E je prfesnost nastaveného kmitoétu horsi nez +1 ¢,.

2 X ECC85, ECC84, 3)XEF80, EL86, EZ81,
StR75/60, 2)XXGAZ51, variator 1AN 111 25

Osazeni:

Napdjeni a prikon: 220/120 V 4109, 50 Hz: 85 VA
Jisténi: | pojistka 0,5 A pro 220 V
1A pro 120 V
anodova pojistka 0,16 A

5403402340 mm; asi 25 kg

sitovd snara, sacek s ndhradnimi po-
jistkami, variator (2 ks), navod k ob-
sluze

+10°C az 4+35°C

Rozmery a vdha:
Prislusenstvi:

Teplotni rozsah:

PRIPOJENI A PREPINAN] SITOVEHO
NAPETI

Pred pripojenim pfistroje na sit se presvédéime, zda je pfi-
stroj prepojen na spravné sifové napéti. Piepojeni se pro-
vadi kotouckem volice napéti, ktery je umistén na zadni
strane pristroje. Vysroubujeme 3roub uprostied voli¢e napé-
ti, kotoué volice vytdhneme a natocime tak, aby éislo uda-

12

RF voltage on the
measuring
terminals: Approx. 0.05 V to 1 V depending on the
selected frequency

When the RF voltage on the measuring terminals is re-
duced with control E, the accuracy of the selected fre-
quency drops below <1 Y,.

Complement: 2XECC85, ECC84, 3)XEF80, EL86, EZ8T,

StR75/60, 2>XGAZ51, barretter 1TAN 11125
Powering and power
consumption:
Protection:

220/120 V +109Y%,, 50 Hz: 85 VA
Fuse 0.5 A for 220 V

1T A for 120 V
Anode fuse 0.16 A
Dimensions
and weight:
Accessories:

540340340 mm; approx. 25 kg
Mains cord, bag of spare fuse cart-
ridges, barretter (2 pcs.), Instructions
for Use

Temperature range: +10°C to +35°C

CONNECTION TO THE MAINS
AND VOLTAGE SELECTION

Before connecting the VHF bridge to the mains it is ne-
cessary to ensure that it is switched to the available mains
voltage. -If necessary, its mains voltage setting can be
altered with the voltage selector mounted on the back
panel. First of all, the screw in the centre of the voltage

—_—— ————




vajici sprdvné sitové napéti bylo pod v
trojuhelnikovou znaékou. Sroub potom

opet zasSroubujeme. lJe-li voli¢ napéti

v poloze naznacené na obr. 4, je pfi- |
stroj pfipojen na sitové napéti 220 V.

Pri prepojeni pfistroje na jiné sitové @O
napéti je nutno zkontrolovat hodnotu sj-

tové pojistky, kterd je umisténa vedle

volice napéti. Hodnoty pojistek pro na- Obr. 4 —Fig. 4
peti 120 V a 220 V jsou uvedeny v od-

stavci ,Technické udaje”.

Pristroj je konstruovdn v bezpeénostni tfide | podle CSN
356501 — revidované vyddni. (Kovové &dsti, pristupné do-
tyku, jsou uréeny k pfipojeni na ochranny vodi¢ a izolace
casti pod sifovym napétim vyhovuje uvedené normé.)

PRIPRAVA K MERENI

Pred zapnutim pfistroje kontrolujeme mechanickou nulu mé-
fidla. Pfipadnou odchylku odstranime froubkem na mé-
ridle.

Pristroj zapneme vypinaéem G, pricemz se rozsviti kontrolni
zarovka H. Pfepinaéem C nastavime vhodny kmitoétovy roz-
sah. Kazidému rozsahu pfislui &islo, které se pfi prepinani
pfepinace C objevi v kruhovém vyfezu nad timto prepina-
cem. Reguldtorem B nastavime na stupnici A zadany kmi-
tocet. Odporovou stupnici | nastavime pomoci knofliku J do
zakladni polohy ,,=". Kapacitni stupnici P nastavime rovnés

selector has to be unscrewed, then the disc pulled out and
turned so that the marking of the available mains voltage
appears below the triangular mark, after which it has to
be pushed home again and secured with the centre screw.
With the voltage selector adjusted as shown in Fig. 4, the
bridge is set for powering by a mains voltage of 220 V.
Whenever the voltage setting is altered, it is necessary to
check the mains fuse which is next to the mains voltage
selector. The correct fuse data for 120 V and 220 V are
listed in the section , Technical data”.

The design of the instrument responds to safety class |.
according to |EC. (Metal parts accessible to the touch are
connected to the protective conductor and the insulation
of mains voltage carrying parts responds to IEC recommen-
dations).

PREPARATIONS FOR MEASUREMENT
!

Before switching on the VHF bridge it is necessary to check
the mechanical zero position of the indicating instrument
and to correct the deviation, if any, with the zero setting
screw.

The VHF bridge is switched on with switch G. The pilot
lamp H indicates correct powering. The required frequency
range is set with selector C. Each range is marked with
a number which appears in a circular window in the panel
above selector C when the latter is operated. The required
frequency is set on scale A with control B. The resistance
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do zdkladni polohy ,0" reguldtorem N. Pfistroj nechame
alespoft 15 minut zapnuty. Pro vyladéni vychylky indikatoru
je vhodné rozladit ponékud kapacitni vyrovnani nebo rozla-
dit most polozenim prstu na Zivou svorku.

Pri vyssich kmitoétech rozsahu lze ladenim regulatorem D
nastavit vice vychylek. Spravné vychylky, odpovidajici na-
stavenému kmitoétu, jsou vidy na okrajich této soustavy vy-
chylek a odpovidaji kmitoétdm pomocného vf generatoru
o 0,1 MHz nizdim a vy$$§im neZ je kmitodet napdjeciho vf
generdtoru. Ostatni vnitini vychylky odpovidaji rozdilim vys-
$ich harmonickych obou generdtori a vétSinou je nulova-
nim mostu nelze vyrovnat.

Spravné okrajové vychylky jsou vidy podstatné vétsi. Po na-
staveni indikdtoru vynulujeme most nejprve reguldtorem N
(kapacita), pak K a M (odpor), tj. nastavime nejmensi
moznou vychylku méridla F.

Piesvédéime se, zda mirnym rozladénim mostu knofliky J a
O a po opétném vynulovani témito prvky zistdva nastaveni
stupnic P a | v zdkladnich polohdch (0 a o).
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scale | is set to the basic position marked "oo" with control
J. Similarly the capacitance scale P is set to "0“ with
control N. Then the VHF bridge is left switched on for
approximately 15 minutes and the indicator is tuned to ma-
ximum deflection with control D. For adjusting this basic
deflection of the indicator it is advisable to mistune the
capacitive balancing slightly or to throw the bridge out of
balance by touching the live binding post.

At the higher frequencies of each frequency band more
than one maximum deflection can be obtained with the
indicator tuning control D. The correct deflections which
correspond to the selected frequency are always the two
extreme deflections and are given by the frequencies of
the auxiliary RF generator which are lower and higher by
0.1 MHz than the frequency of the powering RF generator.
All other deflections which lie between these two are given
by the differences between the higher harmonics of the two
generators and usually cannot be balanced with the bridge.
The two correct extreme deflections are always considerably
larger. After tuning the indicator with control D, the bridge
is set to zero {i. e. minimum deflection of the indicator F
is adjusted) first with knob N (capacitance) then with knobs
K and M (resistance).

By slightly mistuning the bridge with controls J and O and
repeated zero setting with the same controls, it is necessary
to ensure that the scales P and | remained in the basic po-
sitions (0 and o respectively).



ZAKLADNi MERENI

Po uvedeni do chodu a nastaveni indikdtoru podle pred-
choziho odstavce pfipojime nezndmy prvek na meéfici svorky
L. Most vyrovndme nastavenim stupnice P (kapacita Cp) al
(odpor Rp) tak, aby indikdtor ukazoval opét minimaini vy-
chylku. Hodnotu nezndmé paralelni &inné slozky Rp odecte-
me ze stupnice |. Neznamd reaktancni slozka je urcena pa-
raleini kapacitou Cp odecdtenou ze stupnice P.

Je-li odeéitand hodnota Cp kladnd, je nezndma reaktancni
slozka kapacitni. Ndhradni zapojeni nezndmého méfeného
prvku je pak:

Je-li odeéitand hodnota C; zdpornd, je nezndmd reaktancni
slozka induktivni a ndhradni zapojeni neznamého mérene-
ho prvku odpovida obr. 6.

BASIC MEASUREMENT

After completing the preparations, i. e. tuning the indicator
as described in the foregoing sections, the unknown element
is connected to the measuring binding posts L. The bridge
is balanced by setting the scales P (capacitance Cp) and |
(resistance Rp) so as to obtain again the basic minimum
deflection. The value of the unknown parallel real resistance
component Rp is read on scale |. The unknown imaginary
component is determined by the equivalent capacitance Cp
read on scale P. | |

If the resulting Cp value is positive, then the unknown ima-
ginary component is capacitive. The equivalent circuit of the
element under test is as follows (Fig. 5):

Cp
Obr. 5 — Fig. 5

If the resulting value of Cp is negative, then the unknown
imaginary component is of inductive character and the equi-
valent circuit of the element under test is as follows (Fig. 6):

15



1 3

Obr. 6

Rozsiteni rozsahu Cp, pro méfeni kapacit 0 — 200 pF

Po naladéni indikdtoru pripojime k méficim svorkam po-
mocnou civku, jejiz indukcnost odpovidd hodnotée asi:

1

L= 165.10- 10

(H; sec—1)

V z&jmu dobré pfistupnosti svorek je zadouci, aby geome-
trické rozméry této civky byly minimalni.

Nyni vyrovhdme most tak, aby na stupnici P byla nastavena
hodnota — 165 pF. Stupnici | na hodnotu ,>". Po pfipojeni

nezndmé kapacity a vyrovndni mostu odecteme ze stupnice
P hodnotu C1.

Nezndmou &innou slozku uréime stejnym zplUsobem jako
v odstavci ,,Zakladni méreni”.
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7
Lp - w’Cp
Fig. 6

C, range extension for 0 to 200 pF capacitance
measurement

After tuning the balance indicator, a coil is connected to
the measuring binding posts. The inductance of the coil

has to be approximately:

1
L= 7. 165.10-1 (H; sec™?)

In order to maintain good accessibility of the binding posts
it is necessary to keep the dimensions of the coils as smail

as possible.

The bridge is balanced by setting scale P to — 165 pF and
scale | to “oo”. After connecting the unknown capacitance
and balancing the bridge, the result is read on scale P
and marked down as C1.

The unknown real component is ascertained in the same
manner as described in the section “Basic measurement”.




Nezndmou kapacitu vypocéitame ze vztahu: -

Cp = 165 + C1 (pF)

pricemz kapacitu C1 dosadime do vzorce i se znaménkem
odeétenym ze stupnice P. V pfipadé, Ze po pripojeni po-
mocné induk&nosti nelze most nulovacimi prvky K a M vy-
rovnat pii poloze stupnice | na 00", nastavime na stupnici
| takovou hodnotu, aby vyrovnani bylo moiné. Po vyrovnani
odeéteme hodnotu Rp. Po pfipojeni nezndmeé kapacity
a opétovném vyrovndni mostu odecteme hodnotu kapacity
ze stupnice P a hodnotu odporu Rp; ze stupnice .

Nezndmou &innou paralelni slozku vypolteme ze vztahu:
Rp1 . Rp2

Rp1 — Rp2

Vyhodnoceni kapacitni slozky je stejné jako v nfedeslém
pripade.

Rpx —

Mérieni vf nesymetrickych vedeni

Méreni rychlosti sireni.

Vedeni délky asi A/4 na konci zkratované nebo A2 na
konci oteviené pripojime ke svorkdm vyrovnaného mostu.
Kmitocet generatoru musi byt pritom nastaven tak, aby me-
tené vedeni se projevovalo jako pouze &innd slozka (adaj
kapacitni stupnice je 0 pF). Nastaveny kmitocet, vyhovujici
tomuto poiadavku, je rezonanéni kmitocet fo pripojené
délky vedeni. Rychlost sireni ¢; je:

The unknown capacitance is computed from the relation:

Cp= 165+ C1 (pF)

The value of C1 has to be applied in the above formula
with the mathematical sign as read on scale P. Should it be
impossible to balance the bridge with knobs K and M with
the auxiliary coil connected and scale | set to “co", then
such o value is set on scale | which enables balancing.
After balancing, the value Ry is read. After connecting the
capacitor to be tested and rebalancing the bridge, the re-
sulting capacitance is read on scale P and the resistance
Rpz on scale |.

The unknown real parallel component is given as follows:

Rpi . Rpo

Rp1 — Rpz

The capacitance component can be interpreted in the same
manner as described in the previous case.

Rpx —

Measurement of asymmetrical RF lines

Propagation velocity measurement.

A line of A/4 length with short-circuited end, or of 2/2
length with open end is connected to the binding posts of
the bridge. The frequency of the generator must be set so
that the line under test acts only as a real component (i. e.
the reading on the capacitance scale must be O pF). The
frequency which meets this condition is the resonance fre-
quency f, of the connected length of line (section). The
propagation velocity ¢g is:
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co="fy.41 (m/sec; Hz; m) pro méreny Usek A/4
co="1y.2! (m/sec; Hz; m) pro méreny Usek A/2

| = je geometrickd délka méfeného Useku vedeni A/4 nebo
Af2 v metrech.

Méfeni charakteristické impedance

a) Pro zjisténi charakteristické impedance je moino pouzit

vztahu:
V L JIC 1
ZU — — — —

C C Co - C
C je kapacita otevieného vedeni na 1 m deélky. Tato kapa-
cita se uréi zmérenim kapacity kratstho tuseku vedeni (napt.
10 az 20 cm) na nékterém niz$im kmitoc¢tu {1 oz 3 MHz)
a prepocte se na delku 1 m. |

(Q: mfsec; F)

b) Jiny vhodny zplsob pouiZiva transformacniho vztahu pro
ctvrtvinné vedeni:

Zo=\1i.Z;

Pfi kmitoétu odpovidajicim elektrické délce vedeni Af/4 zmé-
fi se nejprve hodnota Z; pomocného zakoncéovaciho od-
poru. Tento odpor se pfipoji na jeden konec meéreného ve-
deni Af4. Druhy konec vedeni se pfipoji ke svorkam pfristro-
je. Namérenou impedanci kabelu se zakondovacim odpo-
rem oznacime Z,.
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¢cy="fy.41{m/sec; Hz; m) for the measured section of A/4

length
co="fy.21 (m/sec; Hz; m) for the measured section of A/2
length
| = the geometrical length of the A/4 or A/2 section in
metres. |

Measurement of characteristic impedance

a) The following relation is applicable:

— ——

Z_VT___ VLC 1
0 C C _Cg.c

C is the capacitance of an open line of 1 m length. This

(Q; m/sec; F)

capacitance is determined by measuring the capacitance of

a certain shorter section (e. g. of 10 to 20 cm length) at

a lower frequency (e. g. 1 to 3 MHz) and applying the re-

sult to the length of 1 m.

b) Another method consists in the application of the trans-
formation relation for a quarter-wave line:

Lo=\14,.2;

At a frequency corresponding to the electrical length of A/4
first the value Z; of an auxiliary terminating resistor is
measured. Then this resistor is connected to one end of the
measured A/4 line and the other end of the line is con-
nected to the binding posts of the VHF bridge. The result-
ing impedance of the cable with the terminating resistor
applied is read and noted as Z.. |



Charakteristickd impedance vedeni je:
Ly=V14.2;

Vhodnd velikost zakonéovaciho odporu je hodnota pred-
pokladané charakteristické impedance. Pro zjednoduseni
vypoétu je zddouci, aby odpor mél zanedbatelnou reak-
tanéni slozku.

Meéreni Gtilumu vedeni

Mérny utlum se vypocte ze vztahu:

__ 4
o == R, .} (Nep/m; Q; m)
nebo
Zy . 8,68
e Ro . ] (dB/m; Q; m)

Ry — rezonanéni odpor méreného useku A/4 nebo A/2, kte-
ry se odedéte ze stupnice | pfi meéfeni rezonujiciho
useku vedeni. |

Z, — charakteristickd impedance

| — geometricka délka pouzitého vedeni.

Méfeni vzdalenych nebo zabudovanych prvki

Je-li nutno mérit prvky, pripadné celé obvody, ktere nelze
pripojit primo ke svorkdm pristroje, lze k jejich pripojeni
pouZit nizkoztratového vf kabelu o délce A/2. V tomto pri-

The characteristic impedance of the line is:
Ly=VZ. Z;

It is suitable to select the value of the terminating resistan-
ce Z; to equal the expected characteristic impedance. To
simplify the computation it is desirable for the employed
resistor to have a negligible imaginary component.

Measurement of line attenuation

The specific attenuation can be ascertained from the re-
lation:

_— ZB L "
o = Ry .1 (Np/m; Q; m)
or
Z 18I68
o = —2 (dB/m: Q; m)
Rp .1

R, — Resonance resistance of the measured A/4 or A/2
section which is read on scale | when measuring @
resonance section of the line.

Zo — Characteristic impedance. .
| — Geometrical length of the employed line.

Measurement of distant or built-in elements

If it is necessary to measure an element or a whole circuit
which cannot be connected directly to the binding posts of
the VHF bridge, then a low-loss coaxial RF cable of 4/2
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padé transformuje vedeni A/2 zakoncovaci impedanci na
vstupni konec v pomeéru 1 : 1.

Pcstup pri meéreni

Nastavime pozadovany kmitocet, vyrovndme most a pripo-
jime vedeni A/2. Udaj kapacity musi byt 0 pF, adaj cinneé
slozky je Rp;. Na volny konec vedeni pfipojime neznamy
prvek. Vyrovhdme most a odeéteme uddaje Cp a Rpp. Para-
lelni &innou slozku méfeného neznamého objektu vypocte-
me ze vzorce

__ Rp1 - Rpz
Rp1 — Rp2

Rpx

Reaktanéni slozka méreného prvku je uréena paralelni ka-
pacitou Cp.

Symetricka méreni

Pro méreni symetrickych objektd je nutno pouzit vhodny sy-
metrizaéni ¢len. Nejsnaze realizovatelné je pouziti symetri-
zacni smycéky délky A/2.

Provedeni symetrizaéni smyéky a pripojeni nezndmeého sy-
metrického prvku Yx je na obr. 7.

Postup mereni.

Nastavime pozadovany kmitolet, vyrovhame most a pripo-
jime symetrizaéni smycéku. Vyrovndme most, pficemz udaj
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length can be employed. In such a case the /2 line termi-
nating impedance is transformed to the input end at a ra-
tio of 1 : 1.

Measuring procedure.

The required frequency is set and the bridge balanced. The
Af2 section is connected. The reading of the imaginary
component must be 0 pF, that of the real component is
Ryi. The unknown element is connected to the free end of
the line. The bridge is balanced and the resulting values
Cp, and Rp, read. The parallel real components of the mea-
sured object is computed from the formula:

Rp1 - Rpp
RD1 — RDZ

Rpx —

The imaginary component of the measured element is de-
termined by the parallel capacitance Cp.

Symmetrical measurements

For the measurement of symmetrical objects a suitable sym-
metrizing element must be employed. The simplest is to
employ a symmetrizing loop of A/2 length.

The design of such a loop and the connection of the
unknown symmetrical element Yy is shown in Fig. 7.

Measuring procedure.

The required frequency is set, the bridge is balanced and
the symmetrizing loop connected. Then the bridge is ba-



kapacity musi byt 0 pF. Odecteny Gdaj cinné slozky ozna-
cime Rm.

Obr. 7

Pfipojime nezndmy symetricky objekt, vyrovname most a
odeéteme Udaje Cp a Rpa.

Ponévadi symetrizaéni smyéka A/2 transformuje merené sy-
metrické admitance Yx na nesymetricky vstup smycky v po-
méru 1 : 4, je nutné naméfenou admitanci 4 krat zmensit.

Nezndmd paralelni &innd slozka mereného symetrického
objektu je uréena vztahem:

Rp1 - Rpp
Rp1 — Ru2

Rpx-—""d-.

Nezndmd paralelni reaktanéni slozka je urcena kapacitou

Cpx=_4'-

]

lanced with the imaginary component == 0 pF. The resulting
real component is read and noted as Rp;.

A
2
Fig. 7

The unknown symmetrical element is connected and the
bridge balanced anew. The components Cp and Rp, are
read and noted.

As the symmetrizing loop A/2 transforms the measured sym-
metrical admittance Yx to the asymmetrical input of the
loop with the ratio of 1 :4, the resulting admittance must
be divided by 4.

The unknown real parallel component of the measured sym-
metrical object is given by the relation:

Rp1 - Rpz

Rox = 4.
i Rp1 — Rp2

The unknown imaginary component is determined by the
capdacitance

Cp

4

Cox =
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Méreni vzdalenych symetrickych prvkidi, zviasté antén

Pro tato méfeni je moino pouiit zpusobu podle kapitol
,Méreni vzdélenych nebo zabudovanych prvkd” a ,Syme-
tricka méreni”,

Pfipojeni nezndamého vzddleného symetrického prvku, tj.

napriklad antény, je uvedeno no obr. 8.

Obr. 8

Postup méreni

Vyrovhdme most pii nezatizenych méricich svorkach L. Pri-
pojime prodluzovaci nizkoztratové vedeni délky A/2 nebo
n-krat 1/2 {n = celé &islo) a vyrovnadme most. Udaj mostu
nesmi vykazovat reaktanéni slozku. Na konec prodluzova-
ciho vedeni pfipojime symetrizaéni smycku a opétné vy-
rovndme most. {(Udaj kapacity musi byt opét Cp = 0.)
Odecdteme udaj &inné slozky Rp;. Pfipojime symetricky ne-
zndmy prvek, vyrovhdme most a odeéteme hodnoty Cp
a Rps.
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Measurement of distant symmetrical objects, especially
aerials

The method is applicable which is described in the sections
“Measurement of distant or built-in elements” and “Sym-
metrical measurements”.

The connection of a distant unknown symmetrical object,
e. g. an aerial, is shown in Fig. 8.

Fig. 8

3
2

Measuring procedure

The bridge is balanced with the measuring binding posts L
open. The extending low-loss line, the length of which is
A2 or an nth multiple of /2 (n is an integer), is connected
and the bridge balanced. The reading on the capacitance
scale (imaginary component) must be zero. To the end of
the line is connected the symmetrizing loop and the bridge
is balanced anew. (The imaginary component, i. e. the
reading of Cp must be again zero.) The real component is
read and noted as Rpi. After the connection of the un-
known object, the data Cp and Ry, are read.



Nezndmou _paralelni ¢innou slozku vypocteme ze vztahu:

Rp1 - Rpp

Rpx — 4.
o Rp1 — Rp2

Nezndma reaktanéni slozka je uréena paralelni kapacitou:

Cpx=—4—"
Pfi méreni rychlosti §ireni, charakteristické impedance a u-
tlumu symetrickych vedeni pouZijeme v zdsadé stejného
zpusobu, jak je popsdn v kapitole ,Mereni vf nesymetric-
kych vedeni”, aviak s pouzitim symetrizacni smycky podle
kapitoly , Symetrickd mereni®.

Piizplisobeni zatéie k napajedi

Vf vedeni, zakonéené na vystupnim konci zatezi, pripojime
vstupnim koncem k mérficim svorkam vyrovnaneho -mostu.
Provedeme vyrovndni mostu a odecteme hodnoty Ry, a Cp.
Ponévadz k daldimu vyhodnoceni pouzijeme Smithova kru-

hového diagramu, vypoditdme redukované susceptancni
a konduktanéni slozky ze vzorcu:
Zy
Bp.Z{]:&JCng; Gp.z[]:':——'R—'
p

pficemz Z; je charakteristickd impedance vedeni.

The unknown real component is given as follows:

Rp1 . RDZ

Rox = 4.
¥ Rp1 — Rpz

The imaginary component determined by the parallel capa-
citance is:

Cp
4

Cpx =

When the propagation velocity, characteristic impedance
and attenuation of a symmetrical line is measured, then
basically the same method is applicable as described in
the section “Measurement of asymetrical RF lines", pro-
vided the symmetrizing loop, as described in the section
“Symmetrical measurements”, is employed.

Matching of loads to sources

An RF line terminated across the output end by a load is
connected by its input end to the measuring binding posts
of the VHF bridge which has been previously balanced.
Then the bridge is balanced and the data Rp and Cp ascer-
tained. As a Smith chart must be used for further evalua-
tion, the reduced susceptance and conductance components
are computed from the formulae: |

Bp . -Zg — &JCp ZD; ZD

Gp . Zg— -—Rp

where Z, is the characteristic impedance of the line.
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Obr. 9

V siti souradnic Smithova diagramu uréime bod (A), odpo-
vidajici vypoctenym redukovanym admitanénim slozkam.
Kruznici, jejiz stred odpovida stfedu kruhového diagramu
(bod 1 na redlné ose), spojime bod A se svislou osou real-
nych slozek. Priseéik kruinice s touto osou uddvd pomer
stojatych vin o.

Korekce namérenych vysledku

Ponévadz i pri peclivé konstrukci mostového obvodu nebylo
moiné zcela odstranit vsechny zbytkové parametry prvku
mérného obvodu, je v zdjmu pfesnosti namérenych adaju
nutné respektovat nasledujici korekéni vztahy. Zbytkové pa-
rametry ovliviujici namérené vysledky jsou uvedeny na
obr. 10.

Lo =3.10-10H — zbytkova sériovd indukénost substituéniho

kondenzatoru C49.
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Fig. 9

Point A, corresponding to the computed reduced admittance
components, is found in the Smith chart. Then a circle, the
centre of which (point marked 1 on the axis of real compo-
nents) tallies with that of the Smith chart, is drawn through
point A and where this circle intersects the axis of real
components, is found g, i. e. the standing wave ratio.

Correction of the result of measurements

As even in spite of most careful design it is quite impo-
ssible to remove completely all residual parameters of the
measuring circuit components, it is necessary to apply cor-
rection if exact results are required. The residual parame-
ters which affect the results of measurements are indicated
in Fig. 10.

lc =3.10-PH — Residual series inductance of the substi-

tution capacitor C49.



Ls = 2,2.10-%H — zbytkovd sériovd indukénost pfipojova- Ls=22.10-9H — Residual series inductance of the bind-
cich svorek. ing posts.

Obr. 10

a) Zbytkova indukcnost Le: a) Residual inductance Le:

zplsobuje, Je pfi vysich kmitoétech a pfi vétdich méfenych At higher frequencies and at larger measured capacitances
kapacitdch jsou skuteéné hodnoty kapacit -+ Cpx vétsi nei  this inductance influences the measurement so that the

hodnoty -+ Cp odeétené ze stupnice P (obr. 1). real capacitance values 4 Cpx are larger than the values
-+ Cp read on scale P (Fig. 1).

Skuteénd hodnota Cpx paralelni kapacity je pfi méfeni  The real value Cpx of the parallel capacitance in the mea-

kladnych kapacit (kondenzatory): surement of positive capacitances (capacitors) is as follows:
Cp Cp .
— . — T o e ——— e v -1
CDX 1 — 2 Lc (2(';%r - Cp) (F: S€C™ ', H) (1) CDX 1 — ¢2 Lc (2Cv _ Cp) (F. secC ' H) (1)
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Skutecna hodnota —Cpx paralelni kapacity pri méfeni za-
pornych kapacit (indukénosti) se vypocte ze stejného vzor-
ce, avsak za Cp se dosadi hodnota zdporna.

-+ Cp je hodnota odectend ze stupnice P (obr. 1).
Cy == 40 pF je vnitini hodnota kapacity kondenzatoru CA49
pri nulove poloze stupnice P.

b) Indukcnost Ls:

zpusobuje, ze mé&fend admitance Yx tvofend paralelni kom-

bhinaci Cpx 0 Rpx se ievi na méficich bodech x—x {obr. 10)
p D

jako zménéna admitance Y:

1 L
Rpx T o [C‘”‘ (1-w?Ls. Cpxd - RS" ]

DX

w2 L’

(1-0?Ls Cpx)* T -
DX

Naméiené hodnoty Rp a Cp odpovidaiji tedy vyrazum:

2|_E
Rp”;Rpx[(1-—&)2L5Cpx)2 i e i ]
Rpx

L
(1"'&}2'-5-(:13}[)'— - 2
Cp=Cpx. 2
Cr.l2 Ls
' (1 — Cl.)2 Ls . (:l'_'r;()2 n
Rpx
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The real value —Cpx of the parallel capacitance in the
measurement of negative capacitances (inductances) can
be computed from the same tormula, of course the value
C, will be negative.

+ Cp is the value read on scale P (Fig. 1).
. = 40 pF is the capacitance value of capacitor C49 in
the zero position of scale P.

b) Inductance Ls:

This inductance CQUSEsS the measured object of the ad-
mittance Yx, formed by the parallel combination Cpx and
Rpx, to act across the measuring points X-X (Fig. 10) as if
i+ had an admittance of the value Y which differs from Y:

(1 — w? Ls Cox)? Rox?

The measured values Rp and Cp correspond to the expres-

sions:
| 21 2
Rp — Rpx [ (1 e r.uz Ls Cpx)2 + fﬂR SE"]
DX
L
(1 — w2 Ls.Cpx) — :
Co=C Cpx » Rox
p—— “~pPX 21 2
(1 — 02 Ls. Cpx)? 'l = LF;
Rpx



212
Cinitel ——
Rpx

mozZno ve vetsiné pfipadd zanedbat.

(Pro nejnepfiznivéjsi pripad f= 250 MHz, Rpx = 15 Q plati:

&J2 Lsz

—=4,38. 102,
Ro? 4 0-2)
.. Ls mozino zanedbat jen pfi méreni vetsich
Cinitel -
CD}( . Rp:{ Cpx G Rpx.

(PI'O Cpx_ == 10 pF, Rpx = 100 & plﬂtl'

Ls
Cox - Rp<?

=2.10-2)

Zanedbdnim vyse uvedenych vyrazi muZeme zjednodusit
korekéni vzorce nasledovne:

1
1+&)2L5Cp

Rpx == Rp (1 —l— &J2 I.s Cp)2

Cpx == Cp '

(H; F; s—1)  (2)
(Q:; H; F; s—1)  (3)

Cpx, Rpx — skuteéné hodnoty nezndmé mérené admitance

Cp, Rp — hodnoty odectené ze stupnic

Ls = 2,2 ; 10'_9 H

&)2 I.sz

Rpx’

The factor can be usually ignored.

{(In the most disadvantageous case, at f= 250 MHz and
Rpx = 15 Q the following is valid:

&J‘z Ls?

— =—4,38 . 102,
Rpx* )
Ls can be ignored only when larger
h .
The tactor Cpx . Rpx? Cpx and Rpx values are being
measured.

(At Cpx == 10 pF and Rpx = 100 Q, then

Ls
Cpx - Rpx®

= 2.10~2)

By ignoring the above two factors, the correction formulae
can be simplified as follows:

1
L‘I "I— &?2 Ls Cp

Rpx = Rp (1 + o2 Ls Cp)?

CpxiCp- (H; F: 5_1) (2)
(Q: H; F; s—1)  (3)

Cpx Rpx — Correct data of the unknown measured

admittance
Cp, Ry — Data read on the scales

Ls = 2.2 . 10"9 H
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Je-li odeétend kapacita zapornd (induktivni charakter me-
fené admittance), dosadime za hodnotu Cp nebo Cpx hod-
notu zdpornou, takie vyrazy w2lLsCp nebo w?Ls Cpx zmeéni
znamenko.

Pouziti korekénich grafu

Pro znaénou <&ast méfeni lze pouzit korekénich graft ¢. 1
a & 2. Oba grafy lze pouiit pro ta méfeni, pro kterd plati
zanedbatelnost &lend, uvedenych v kapitole , Korekce na-
méfenych vysledki" — bod b).

Prakticky to znamend, ze musi platit:

w? Ls” < 1 a Ls < 1
sz Cp Rp*

Korekéni graf & 1 zahrnuje korekce podle vzorca (1) a (2)
kapitoly ., Korekce namérenych vysiedku”.
Korekéni graf & 2 uvddi korekce podle vzorcu (3) a (1)
kapitoly ., Korekce namérenych vysledku®.

Graf ¢. 1 — korekce udaju kapacit Cp

Na vodorovné ose jsou uvedeny pouZité kmitoCty a na
svislé ose jsou kapacity Cp odeétené ze stupnice P (obr. 1).
Soustava Sikmych éar uvadi korekcni ndasobici koeticienty —
a.

Spravnd hodnota kapacity se vypocte ze vztahu:
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If the read capacitance value is negative (inductive cha-
racter of the measured admittance) the value Cp or Cpx
must be negative; consequently, the expression «?lsCp or
w?Ls Cpx changes its mathematical sign.

Application of the correction diagrams

For many measurements, for which certain factors can be
ignored, as described in item b of the section “Correction
of the results of measurements”, the correction diagrams
Nos. 1 and 2 can be used.

In actual practice this means that the following conditions
must be met:

0}2 Lsz LS
X < 1 and Co Ry

The correction diagram No. 1 contains the corrections ac-
cording to the formulae (1) and (2) mentioned in the section
“Correction of the results of measurements”, whereas dia-
gram No. 2 contains the corrections according to the for-

mulae (3) and (1).

< 1

Diagram No. 1 = Correction of the capacitances Cp

On the horizontal axis are the applied frequencies, on the
vertical axis the capacitances Cp as read on scale P (Fig. 1)
of the VHF bridge. The family of tilted curves indicates the
multiplication (correction) factors a. The correct capacitance
value is given as follows:



Cpx:Cp.ﬂ

Graf ¢. 2 ~ korekce udaju odport Rp

Na vodorovné ose jsou uvedeny pouzité kmitolty, na svisié
ose jsou kapacity Cp odeétené ze stupnice P (obr. 1).
Soustava Sikmych ¢ar uvdadi korekéni ndsobici koeficienty —

b.
Spravnd hodnota odporu se vypocte ze vztahu:

Rpxz Rp . b,

pfic¢emz Rp je hodnota odeétend ze stupnice | {obr. 1).

Upozornéni

Pri méfeni vysokych admitanci na kmitoétech 200 az 230
MHz a zvldsté pfi méfeni vstupnich admitanci tranzistorG
(s pfipravkem BP 4310) pii snizeném vf napéti muze byt
v nékterych pfipadech vyrovndani mostu obtiznée.

Obtiz spodivd v tom, ie pfi vyrovndvani mostu v téchto
podminkdch dochdzi k malému ovlivnéni kmitoctu vf ge-
nerdtoru. Tato neiddouci zména kmitoétu zpGsobi pokles
vychylky ruckového méfidla, ktery mize byt mylné povazo-
védn za pokles vychylky ndsledkem vyrovndni mostu. Ne-
sprdvné minimum vychylky ruckovéeho meéridla lze poznat
takto:

1. Pfi dostaveni kmitoétu pomocného generdtoru regulato-
rem D (obr. 1) vzroste podstatné puvodni chybovd mini-
malni vychylka ruékového méfidla a most po dalsim vy-

Cp}[:Cp-G

Diagram No. 2 — Correction of the resistances Rp

On the horizontal axis are the employed frequencies, on the
vertical axis the capacitances Cp as read on scale P (Fig.
1) of the VHF bridge. The family of tilted curves, indicates
the multiplication (correction) factors b. The correct resis-
tance value is given as follows:

Rpxz Rp ‘ b.

where Ry is the value read on scale | (Fig. 1).

Note:

When high admittances are measured at frequencies be-
tween 200 and 250 MHz especially in the measurement of
input admittances of transistors (by using the BP 4310 jig),
at reduced RF voltage in certain cases bridge balancing
can be difficult. L

This difficulty is caused by the fact that when the bridge
is being balanced under such conditions the frequency of
the generator is slightly affected resulting in a change
which reduces the deflection of the indicator. The deflection
drop can be mistaken for balancing. This incorrect de-
flection drop (minimum) can be recognized as follows:

1. When the auxiliary generator is being adjusted with con-
trol D (Fig. 1) the original error-caused minimum detlec-
tion increases considerably and the bridge indicates new
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rovnéni dosahuje minimalni vychylky ruc¢kového meridla
opét pHi jinych polohdch stupnic | a P,

2. Chybné minimum vychylky ruckového méridla je .ne-
ostré* vzhledem k pohybu stupnic | a P.

Pro rychlé a sprdvné vynulovdni mostu je vhodneé:

a) Vyrovnat nejprve tu slozku admitance, ktera je preva-

1

jujici. Je-li tedy predpoklddané G = R wCp, VY-
p

rovndme most nejprve stupnici | a naopak.

b) Je-li moiné predpoklddat pfiblizné hodnoty méreného
prvku, vyrovndme most v oblasti téchto hodnot.

¢) Po vyrovndni mostu zkontrolujeme spravnost poloh stup-
nic | @ P malou zménou polohy reguldtoru D. V pri-
nadé, e lze timto dostavenim zvétsit plvodni minimalni
vychylku, nesmi reguldtory O a J po opétnem dostaveni
zménit podstatné svou polohu. Vzhledem k pohybu stup-
nic | a P je minimum , ostré"”.

DOSTAVENI A OPRAVY

Po dlouhodobém pouziti, pfi demontazi horniho krytu pri-
stroje nebo demontazi horni svorkové desky mérného ob-
vodu miie po opétném sestaveni pristroje dojit k pfipadu,
je pii zékladni poloze stupnic | a P a pfi nejvyssich kmi-
toétech nelze vyrovnat most pomoci regulatord M a K.
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minimum deflection at other positions of scales | and P.

2 The erroneous deflection of the indicator is not distinct
(sharp) with regard to the movement of scales | and P.

For speedy and correct bridge balancing it is advantageous
to proceed as follows:

a) To balance first that admittance component which is

1
orevailing. If it is expected that G = R

e &JCp, then
P

first | scale is operated — and vice versa.
b) If it is possible to assess the approximate values of the

measured object, the bridge is balanced in their region.

c) After the bridge has been balanced, the correct setting
of scales | and P is checked by slightly altering the po-
sition of control D. If it is possible to increase the mi-
nimum deflection of the indicator in this manner, then
controls O and J must not change their positions consi-
derably when rebalancing is attempted. The minimum
deflection must be “sharp” with regard to the movement

of scales | and P.

ADJUSTMENT AND REPAIRS

After lengthy operation, when the top cover of the VHE
bridge or the board with the binding posts has been re-
moved, it can happen that the bridge cannot be balanced
at the highest frequencies with knobs M and K when scales

| and P are set to their basic positions.



K ndpravé tohoto nedostatku je nutné vysroubovat kryci
droub s modrym oznaéenim (horni svorkovd deska pfistroje)
a pomoci vhodného Sroubovaéku otolit v malém rozsahu
(asi 1/, otdcky) sroub vnitiniho dostavovaciho kondenzatoru
C45. Pfitom je nutné zkontrolovat, zda je nulovani pomoci
reguldtord M a K moiné v celém kmitoctovém rozsahu.

Po tomto dostaveni opét zasroubujeme sSroub s modrym
oznacenim.

Vyména variatoru E9

Pro stabilizaci zhaviciho napéti elekironek E1, E2, E4 je
pouzit variator TAN 11125 3V = 9V, 1,4 A.

V pfipadé, ze po dlouhodobém pouziti pfistroje se vlakno
variatoru prerusdi, lze tuto zdvadu uréit takto: pri jakem-
koliv kmito¢tu nelze ovlddacim prvkem D (obr. 1) nastavit
vychylku ruékového méridia, rucka méfidla je stale v nu-
lové poloze, elektronka E4 nezhavi — lze zjistit pruhledem
pres perforaci horniho krytu pristroje.

P¥i vyméné varidtoru se postupuje takto:
1. Odstranit horni perforovany kryt pristroje.

2. Vyménit varigtor E9 — ndhradni variator je dodavan
s pristrojem jako prislusenstvi.

To remedy this fault the covering screw marked blue (on
the binding post board) has to be removed and by using
a suitable screwdriver the control of the trimmer capacitor
C45 (which thus becomes accessible) has to be adjusted
within narrow limits (about 1, a revolution). Then it is ne-
cessary to ensure that the operation of knobs M and K re-
sults in correct balancing within the whole frequency range
of the VHF bridge.

After adjustment the covering screw marked blue must be
replaced and tightened.

Exchange of the barretter E9

For stabilizing the heater current of tubes E1, £2, E4, a bar-
retter designated 1AN 111 25 is employed (3 to 9 V, 1.4 A).
After lengthy operation of the VHF bridge, the filament of
the barretter can become interrupted. This defect can be
ascertained as follows: At any selected frequency, control D
(Fig. 1) is inoperative, the deflection of the indicator can-
not be altered and always remains in the zero position;
tube E4 does not glow, as can be ascertained by locking
through the airing perforations in the top cover of the bridge.

The procedure for exchanging the barretter is as follows:
1. The upper cover of the cabinet is removed.

2. The barretter E9 is exchanged — a spare one is an acce-
ssory of the bridge.
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3. Stridavé zhavici napéti méfené voltmetrem v bodé U3

32

(viz schéma) za varidtorem ma byt 6,3 V. Piipadnou od-
chylku od této hodnoty opravit zménou polohy odbocky
odporu R50. V pfipadé, ie varidtor nepracuje ve sprdv-
né stabilizacni oblasti, moino tuto oblast nastavit zma-
nou napeti prepojenim vhodné odbolky 16, 17, 18, 19
na sifovém transformdtoru.

Pfipevnit horni perforovany kryt pristroje.
Po dobu zdruéni I|hity pfistroje provddi vymeénu varid-
toru vyrobni podnik.

3. The AC heater voltage measured with a voltmeter at the

point marked U3 (see diagram of the VHF bridge) after
the barretter must be 6.3 V. A difference — if any — can
be removed by adjusting the slider of resistors R50.
Should the barretter not operate in the required stabiliz-
ing range, adjustment can be carried out by altering

the voltage, i. e. by selecting a correct tap (16, 17, 18
or 19) of the mains transformer.

4. The perforated upper cover must be replaced.
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Resistors:

LIST

OF ELECTRICAL COMPONENTS

|

No. Type Value Max. load W Tolerance = % Standard CSSR
R1 Film 22 kQ 0.125 10 TR 112a 22k/A
R2 Film 22 kQ 0.125 10 TR 112a 22k/A
R3 Wire-wound 2.2 kQ 2 - TR 636 2k2

R4 Wire-wound 2.2 kQ 2 — TR 636 2k2

R5 Wire-wound 2.2 kQ 2 - TR 636 2k2

R6 Wire-wound 2.2 kQ 2 - TR 636 2k2

R7 Wire-wound 2.2 kQ 2 — TR 636 2k2

R8 Wire-wound 2.2 kQ 2 —~ TR 636 2k2

RO Film 470 © 0.25 10 TR 151 470/A
R10 Film 470 Q 0.25 10 TR 151 470/A
R11 Film 22 kQ 0.125 10 TR 112a 22k/A
R12 Film 22 kQ 0.125 10 TR 112a 22k/A
R13 Wire-wound 2.2 kQ 2 10 TR 636 2k2/A
R14 Wire-wound 2.2 kQ 2 10 TR 636 2k2/A
R15 Wire-wound 2.2 kQ 2 10 TR 636 2k2/A
R16 Wire-wound 2.2 kQ 2 10 TR 636 2k2/A
R17 : Wire-wound 2.2 kQ 2 10 TR 636 2k2/A
R18 Wire-wound 2.2 k2 2 10 TR 636 2k2/A
R19 Film 470 Q 0.25 10 TR 151 470/A
R20 Film 470 Q 0.25 10 TR 151 470/A
R21 | Film 200 O 0.1 1 WK 650 31 200/D
R22 Fifm 200 Q 0.1 1 WK 650 31 200/D
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No. Type Value Max. load W Tolerance =+ % Standard CSSR
R23 Resistors 150 Q 0.5 1 TR 107 150/D
R24 Film 150 Q 0.1 1 WK 650 31 150/D
R25 Film 100 Q 0.1 1 WK 650 31 100/D
R26 Film 470 Q 0.125 10 TR 112a 470/A
R27 Potentiometer 100 Q - —_ 1AN 694 31
R28 Carbon layer 1.5 kQ 0.125 10 TR 112a 1k5/A
R29 Potentiometer 500 Q — —_ 1AN 694 30
R30 Film 220 Q . 0.125 10 TR 112a 220/A
R31 Film 3.3 MQ 0.125 10 TR 113a 3M3/A
R32 Film 3.9 kQ 0.125 10 TR 112a 3k9/A
R33 Film 68 Q 0.125 10 TR 112a 68/A
R34 Film 560 Q 0.125 10 TR 112a 560/A
R35 Film 39 kQ 0.125 10 TR 112a 39k/A
R36 Film 160 kQ 0.25 5 TR 151 M16/B
R38 Film 5.6 kQ 0.125 10 TR 112a 5k6/A
R38 Film 8.2 kQ 0.125 10 TR 112a 8k2/A
R38 Film 12 kQ 0.125 10 TR 112a 12k/A
R39 Film 120 kQ 0.125 10 TR 1120 M12/A
R40 Film 220 Q 0.125 10 TR 112a 220/A
R41 Film 33 kQ 0.25 10 TR 151 33k/A
R42 Film 1 kQ 0.25 10 TR 151 1k/A
R43 Film 330 kQ 0.125 10 TR 112a M33/A
R44 Film 120 kQ 0.125 10 TR 112a M12/A
R45 Film 220 Q 0.125 10 TR 112a 220/A
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No. Type

R46 Film

R47 Film

R4S Potentiometer
R49 Film

R50 Wire-wound
R51 Film

R51 Film

R51 Film

R51 Film

R51 Film

R51 Film

R52 Film

R53 Film

R54 Film

R55 Film

R56 Film

R57 Film

R58 Film

R59 Potentiometer
R60 Film

R61 Potentiometer
R62 Potentiometer
R63 Film

R63 Fifm

Standard CSSR

Value Max. load W Tolerance *+ Y,
33 kQ 0.25 10
1 kQ 0.25 10
6.8 kQ 0.2 —
1.8 kQ 0.125 10
68 Q 10 10
82 0.125 10
100 Q 0.125 10
120 Q 0.125 10
330 Q 0.125 10
680 Q 0.125 10
1.2 kQ 0.125 10
160 kQ 0.25 5
200 kQ 0.25 5
240 k) 0.25 5
510 0.25 5
51 kQ 0.25 5
33 kQ ( 5
200 kO 0.25 5
100 kQ 0.5 -
82 kQ 0.25 5
10 kQ 5 —
10 kQ 5 -
18 Q 0.125 10
27 Q 0.125 10

TR 151 33k/A
TR 151 1k/A

TP 040 6k8/20 9,
TR 112a 1k8/A
TR 556 68/A

TR 112a 82/A
TR 112a 100/A
TR 112a 120/A
TR 112a 330/A
TR 112a 680/A
TR 112a 1k2/A
TR 151 M16/B
TR 151 M2/B

TR 151 M24/B
TR 151 510/B
TR 151 51k/B
TR 153 33k/B
TR 151 M2/B

TP 280b 16E M1/N
TR 151 82k/B
WN 690 10 10k
WN 690 10 10k
TR 112a 18/A
TR 112a 27/A
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No. Type Value Max. load W Tolerance + Y, Standard CSSR
R63 Film 39 Q 0.125 10 TR 112a 39/A
R63 Film 56 Q 0.125 10 TR 112a 56/A
R64 Film 39 Q 0.125 10 TR 112a 39/A
R64 Film 47 € 0.125 10 TR 112a 47/A
R64 Film 56 Q 0.125 10 TR 112a 56/A
R64 Film 82 Q 0.125 10 TR 112a 82/A
R64 Film 120 Q 0.125 10 TR 112a 120/A
R65 Wire-wound 3.3 kQ 25 — TR 558 3k3
R66 Film 22 0.5 — TR 144 22

R67 Film 18 Q 0.125 10 TR 112a 18/A
R67 Film 27 Q 0.125 10 TR 112a 27/A
R67 Film 39 Q 0.125 10 TR 112a 39/A
R67 Film 56 Q 0.125 10 TR 112a 56/A
R67 Film 82 Q 0.125 10 TR 112a 82/A
R68 Film 47 Q 0.125 10 TR 112a 47/A
R68 Film 68 0.125 10 TR 112a 68/A
R68 Film 100 Q 0.125 10 TR 112a 100/A
R68 Film 180 Q 0.125 10 TR 112a 180/A
R69 Film 18 Q 0.125 10 TR 112a 18/A
R69 Film 22 € 0.125 10 TR 112a 22/A
R69 Film 27 Q 0.125 10 TR 112a 27/A
R69 Film 39 Q 0.125 10 TR 112a 39/A
R70 Film 8.2 kQ 0.125 10 TR 112a 8k2/A
R70 Film 12 kQ 0.125 10 TR 112a 12k/A
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No. Type Value Mox. load W Tolerance =+ % Standard CSSR

R70 Film 18 kQ 0.125 10 TR 112a 18k/A

R70 Film 27 kQ 0.125 10 TR 112a 27k/A

R70 Film 56 kQ 0.125 10 TR 112a 56k/A

R71 Film 39 kQ 0.125 10 TR 112a 39k/A

R71 Film 56 k{2 0.125 10 TR 112a 56k/A

R71 Film 82 kQ 0.125 10 TR 112a 82k/A

R72 Film 47 Q 0.125 10 TR 112a 47/A

R74 Film 18 Q 0.125 10 TR 112a 18/A

R74 Film 27 € 0.125 10 TR.112a 27/A

R74 Film 39 Q 0.125 10 TR 112a 39/A

R76 Wire-wound 8.2 kQ 10 10 TR 511 8k2/A
Capacitors:

No. Type Value TE;:;]QD: Tolerance + % Standard CSSR

C1 Ceramic 6.8 pf 350 - TK 221 618

C2 Ceramic 6.8 pF 350 — TK 221 6J)8

C3 Feed-through 1000 pF 250 —_ TK 536 1k

C4 Capacitor 44.25 pF - — 1AN 705 47

C5 Trimmer 4.5 pF 400 — WK 701 22

Cé Trimmer 6 pF 400 — 1AK 701 07
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No.

Type

Value

Max. DC

Tolerance + %,

Standard CSSR

voltage
C7 Trimmer 6 pF 400 — 1AK 701 07
C8 Trimmer 6 pF 400 — 1AK 701 07
C9 Trimmer 6 pk 400 - 1AK 701 07
C10 Trimmer 6 pF 400 - 1AK 701 07
C11 Trimmer 6 pF 400 - 1AK 701 07
C12 Trimmer 6 pF 400 — 1AK 701 07
C13 Ceramic 6.8 pF 350 — TK 221 6)8
C14 Ceramic 6.8 pF 350 — TK 221 6J8
C15 Capacitor — — — 1AN 705 46
C16 Capacitor 44.25 pF - — 1AN 705 46
C17 Trimmer 6 pF 400 — 1AK 701 07
C18 Trimmer 6 pF 400 — 1AK 701 07
C19 Trimmer 6 pk 400 — 1AK 701 07
C20 Trimmer 6 pF 400 — 1AK 701 07
C21 Trimmer 6 pF 400 — 1AK 701 07
C22 Trimmer 6 pF 400 — 1AK 701 07
C23 Trimmer 6 pF 400 — 1AK 701 07
C24 Feed-through 2200 pF 250 - TK 538 2k2
C25 Feed-through 2200 pF 250 — TK 538 2k2
C26 Feed-through 3300 pF 250 — TK 538 3k3
- C27 Feed-through 3300 pF 250 - TK 538 3k3
C28 Feed-through 2200 pF 250 — 1AK 713 06
C29 Feed-through 2200 pF 250 — 1AK 713 06
C30 Feed-through 2200 pF 250 — 1AK 713 06
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Max, DC

No. Type Value voltage Tolerance + Y,
C31 Feed-through 3300 pF 250 —
C32 Paper 0.1 uF 630 ~
C33 Feed-through 2200 pF 250 —
C34 Feed-through 2200 pF 250 —
C35 Feed-through 3300 pF 250 ~
C36 Feed-through 3300 pF 250 —
C37 Feed-through 2200 pF 250 —
C38 Feed-through 2200 pF 250 ~
C39 Feed-through 2200 pF 250 —
C40 Feed-through 3300 pF 250 —~
C41 Feed-through 1000 pF 250 —
Ca4 Capacitor — - —
C45 Trimmer 4.5 pF 400 —
C50 Ceramic 1 pF 350 —
C50 Ceramic 1.5 pF 350 —
C50 Ceramic 2.2 pF 350 —
C50 Ceramic 3.3 pF 350 -
C51 Ceramic 1 pF 350 -
C52 Ceramic 10 000 pF 100 —
C53 Feed-through 1500 pF 160 —
C54 Ceramic 6800 pF 100 -
C55 Feed-through 3300 pF 250 —
C56 Ceramic 6800 pF 100 -
C57 Paper 47 000 pF 160 —

Standard CSSR

1AK 713 08
TC 184 M1
TK 538 2k2
TK 538 2k2
TK 538 3k3
TK 538 3k3
1AK 713 06
1AK 713 06
1AK 713 06
1AK 713 08
TK 536 1k
1AN 705 48
1AK 701 09
TK 270 1
TK 270 115
TK 272 2)2
TK 272 3J3
TK 270 1
TK 440 10k
TK 535 1k5
TK 440 6k8
TK 536 3k3
TK 440 6k8
TC 181a 47k
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No..

Type

Value

Max. DC

Tolerance =+ %,

Standard CSSR

voltage

C58 Ceramic 100 pF 250 2 TK 319 100/C
C59 Paper 47 000 pF 160 - TC 181a 47k
C60 Ceramic 100 pF 250 10 TK 423 100/A
Cé61 Paper 0.22 uF 160 — TC 181a M22
C62 Paper 10 000 pF 400 — TC 183a 10k
C63 Ceramic 100 pF 250 2 TK 319 100/C
C64 Paper 47 000 pF 400 — TC 183a 47k
C65 Ceramic 100 pF 250 10 TK 318 100/A
C66 Paper 47 000 pF 160 - TC 181a 47k
C67 Paper 0.22 uF 160 - TC 181a M22
C68 Paper 10 000 pF 400 ~ TC 183a 10k
Cé9 Paper 47 000 pF 400 - TC 183a 47k
C70 Ceramic 100 pF 250 2 TK 721 100/C
C71 Ceramic 15 pF 500 10 TK 722 15/A
C72 Ceramic 100 pF 250 2 TK 721 100/C
C73 Paper 0.15 uF 630 - TC 184a M15
C74 Electrolytic 10 uF - 35 — TE 986 10M
C75 Paper 0.1 uF 400 — TC 183a M1
C76 Ceramic A7 pk 500 - TK 322 47
C77 Electrolytic 50 uF 450 - TC 521a 50M
C78 Electrolytic 5 uF 250 - TE 991 5M
C79 Ceramic 10 pF 250 10 TK 409 10/A
C80 - Ceramic 10 pF 250 10 TK 409 10/A
C81 Ceramic 120 pF 250 2 TK 319 120/C
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No. Type Value T:I:;::;}f Tolerance + %, Standard CSSR
C82 Ceramic 120 pF 250 2 TK 319 120/C
C83 Ceramic 120 pF 250 2 TK 721 120/C
C84 Ceramic 120 pF 250 2 TK 721 120/C
C86 Paper 5000 pF 250 — WK 724 69
C87 Paper 5000 pF 250 — WK 724 69
C90 Ceramic 2.2 pF 500 = ATK 322 2J)2
C90 Ceramic 3.3 pF 500 — 4TK 322 3J)3
C90 Ceramic 4.7 pF 500 — 4TK 322 4)7
C90 Ceramic 6.8 pF 500 - ATK 322 618
Co1 Paper 0.22 uF 400 — TC 183 M22

The capacity C15 is formed by the components of the capacitors C16 (1AN 705 46).

The capacities C42, C43, C46, C47, C48, C49, C85 are formed by the constructional design of the bridge.




Transformers and coils:

Component Marking Drawing No.
Transformer T1 TAN 662 56
Coil 1AK 623 62
Coil L1 1AK 587 50
Coil L2 1AK 587 51
Coil L3 1AK 587 52

A4

Windings No. of taps No. of turns | %ir:r?
- 1=-2 368 0.315
- 3-4 368 0.315
- 5~6 34 0.450
— 7-8 1130 0.150
— 8-9 1130 0.150
— 10-11 24 0.800
— 12-13 23 0.600
— 14-15 47 1.00
— 16--17 1 1.00
— 17-18 3 1.00
— 18-19 S 1.00
L1A 1-2 104 0.125
L1B 3—4 104 0.125
L1C 9—6 2 0.200
L2A 1-2 54 | 0.125
L2B 3-4 54 0.125
L2C 5—-6 2 0.200
[3A 1-2 23 0.125
L3B 3—4 23 0.125
[3C 9—6 2 0.200




I

L

Wire

Component Marking Drawing No. Windings No. of taps No. of turns A
Coil L4 1AK 587 53 L4A 1=2 12.5 0.250
148 3—4 12.5 0.250
L4C 5-6 2 0.200
Coil L5 1AK 587 54 L5A 12 6.5 0.500
L58 3—4 6.5 0.500
1 5C 5-6 2 0.200
Coil L6 1AK 587 b5 L6A 1=2 8 0.355
1 6B 3-4 8 0.355
L6C 5-6 2 0.200
Coil L7 1AK 587 56 L7A 12 3 0.425
L7B 3-4 3 0.425
L7C 56 2 0.200
Coil L9 1AK 587 57 L9A 1=2 104 0.125
L9B 3—4 104 0.125
LoC 5-6 1 0.200
Coil 110 1AK 587 58 L10A 1-2 54 0.125
1108 3—4 54 0.125
L10C 5-6 1 0.200
Coil L11 1AK 587 59 L11A 1-2 23 0.125
L11B 3—4 23 0.125
111C 5-6 1 0.200

AS



Component

Mecrking

Drawing No.

Windings

e

No. of taps

L

No. of turns

Wire

46

in mm

Coil L12 TAK 587 60 L12A 12 11.5 0.250

1L12B 2~3 11.5 0.250

L12C 45 1 0.200

Coil 113 1AK 587 61 L13A 1=-2 6.5 0.500

£L13B 2—3 6.5 0.500

1L13C 4-.5 1 0.200

Coil L14 1AK 587 62 L14A 12 8 0.355

| L14B 3—=4 8 0.355

£.14C 5-6 1 0.200

Coil L15 TAK 587 63 L15A 1-2 3 0.425

L15B 3-4 3 0.425

L15C 5=6 1 0.200

Coil L17 TAK 600 33 L 1-2 18 0.600

Coil L18 1AK 600 33 L 12 18 0.600

Coil L19 1AK 600 33 L 1=-2 18 0.600

Coil L20 1AK 600 34 L 1-2 30 0.400

Coil 121 1AK 600 34 L 1-2 30 0.400

Coil 22 1AK 600 32 L 1-2 2 X180 0.125
Choke coil L23 1AN 652 77 - — 60 1.0

" Coil 124 1AK 600 33 L 12 18 0.600




Wire (3

Component Marking Drawing No. Windings No. of taps No. of turns in mm
Coil L38 TAK 598 00 .1 100 .0.35
L2 100 0.35
Choke coil L39 TAA 600 62 8 0.4
Choke coil L40 1AA 600 62 8 0.4
Inductions L8 and L16 are formed by the connecting feeds in the turrets. '
Sundry electrical components:
Component Type — Value Drawing No.
Tube E1, E2 ECC85
Tube E3 ECC84
Tube E4, E5, E12 EF80
Germanium diode E6, E7 GAZ51
Barretter E9 GLUWO 1AN 111 25
Tube E10 EZ81
Tube E11 EL86
Tube E13 StR 75/60
Incandescent lamp Z 6 V/0.05 A 1AN 109 12
Meter M MP 120 — 100 uA 1AP 777 08
Fuse cartridge P1 0.5 A/250 V for 220 V CSN 354731
1 A/250 V for 120 V CSN 35 4731
Fuse cartridge P2 0.16 A/250 V CSN 35 4731

L bl i
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