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Kabel propojujici generdtor s mostem
Potenciometr — k regulaci vyst. napéti zdroje
pevného kinitoctu

Méridlo

- Sitovy vypinaé

Kontrolni zarovka

Zditky pro pfipojeni sluchdatek

Potenciometr — k regulaci vstupniho napéti

selekt. zesilovade

Kabel propojujici most se selektivnim zesilovacem

Prepinade slouzici k hrubému nastaveni hodnoty
méfené kapacity

Diferencidini kondenzdtor k jemnému nastaveni
méfené hodnoty Cx

Zditky pro piipojeni méfeného kondenzétoru
Zditky pro pfipojeni srovndvaciho kondenzdtoru
Pfepinad funkce

Pfepina¢ rozsahld Cx pfipadné Gx

Prepina¢ k nastaveni rozsahu tgé pii rdznych
mérnych kmitoétech

Plynule proménny kondenzdtor k jemnému
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Cable connecting the generator to the bridge
Potentiometer, output voitage control of the fixed
frequency source

Meter

Mains switch

Pilot lamp

Sockets for headphones

Potentiometer, output voltage control of the
selective amplifier

Cable connecting the bridge to the seléctive
amplifier

Switches for rough setting of the measured
capacitance Cx

Differential capacitor for fine setting of the
measured capacitance Cx

Sockets for the measured capacitor

Sockets for the reference capacitor

Function selector

Selector of the Cx or Gx range

Switch for tané range setting according to the
measuring frequency

Continuously controllable capacitor for fine
setting of tans or of the conductance G



POUZITI

Pfesny C most je uréen k méfeni kapacit v Sirokém roz-
sahu. Ztratovy thel tgs muzeme odedist v rozsahu 0-10-%
Prednosti tohoto méficiho zaiizeni je zabudovany zd:oj
pevného kmitoctu a selektivni zesilovag, &mz je dosazeno
velké pohotovosti méfeni. Zaklad mostu tvoti vhodné mos-
tové zapojeni, které umoZfiuje dosazeni vysoké presnosti
a vysoké rozliSovaci schopnosti mostu. Toto mostové zapo-
jeni ve spojeni se spolehlivym generatorem a citlivym indi-
katorem dovoluje provadét i nejndroénéjsi méfeni.

Na most& lze méfit uzemnénou a prichozi kapacitu. M&-
feni prichozi kapacity mizeme provddét i v zabudova-
ném stavu, protoie impedance vici zemi nam méfeni ne-
ovlivni. Vysokd rozlifovaci schopnost mostu umoziuje mé-
feni teplotniho koeficientu rliznych kondenzdtord. Na mostu
lze provadét rliznd srovndavaci méfeni pouzitim pfimé nebo
neptimé metody. Pomoci pfimé metody (most md vyvedené
svorky N pro pfipojeni srovnavaciho kondezdatoru) mdze-
me provést piesné nastaveni soub&hu dvou kondenzdtoru,
vybér shodnych kondenzdtori pro filtry apod. Neptimo, tj.
substituéni metodou, miieme provést srovndni riznych
vzduchovych normalovych kondenzatort, frekvenéniho pri-
béhu kondenzdtord apod. Pouzijeme-li vzduchovéha kon-
denzdtoru s ochrannou elektrodou, miieme provést méfeni
dielektrické konstanty materidlu,

Piednosti tohoto mostu jz jeho vysokd piesnost a velky
rozsah hodnot. Toto je dosoZeno pouizitym zapojenim s dé-
licimi pomé&rovymi tlumivkami pro desetinné i jednotkové

APPLICATION

The Tesla BM 400E precision capacitance bridge is designed
for capacitance mecsurements within a wide range. The
loss angle tand can be read directly within the range 0 to
10-1. The great advantage of this instrument are the built-in
fixed frequency source and selective amplifier which greatly
increase the versatility of the measurements. The instru-
ment is basically a bridge circuit which ensures great
accuracy and high resolving power. This bridge circuit in
connection with a reliable generator and a sensitive ba-
lance indicator enables the carrying out of even the most
exacting measurements.

The bridge measures earthed o¢ through-capacitances. The
latter can be measured even when they are already moun-
ted in an instrument, as the bridge is not affected by
impedances against earth. The high resolving power of
the bridge enables the temperature coefficient measurement
of various capacitors.

With the bridge can be carried out also various compari-
son measurements by the aplication of a direct or indirect
method. By the direct method (the bridge has sockets N
for the connection of a reference capacitor), the capaci-
tance variations of two capacitors can be aligned exactly,
equal capacitors can be selected for use in filters, etc.
By the indirect method, i. e. by substitution, comparison
of standard air capacitors, frequency response curve
alignment of capacitors, etc, can be carried out. When
an air capacitor with protective electrode is employad,



déleni. PYesnost déleni pomércvych tlumivek je pfibliiné
o rad vyssi, nei je presnost celého mostu, takie vyslednd
ptesnost je zdvisld pouze na normdlovém slidovém kon-
danzdtoru, zabudovaném uvnitr=mostu. Viiv rusivych poli
je zcela vylouéen dokonalym stinénim mostu. Pfipojeni mé-
feného objektu k mostu se provadi stinénymi pfivody,
které nezplisobuji pridavnou chybu.

BLOKOVE SCHEMA

| zdroj pevného kmitoctu

[ indikator (selektivni zesilovac)
Il viastni most
a vystup zdroje pevného kmitoétu
b vstup indikatoru
c vstup mostu
d vystup mostu

BLOCK SCHEMATIC DIAGRAM

I. Fixed frequency source
H. Balance indicator (selective amplifier)
Hl. Measuring bridge
a Qutput of the fixed frequency source
b Input of the balance indicator
¢ Input of the bridge
d Qutput of the bridge

the bridge can be used for measuring dielectric constants
of materials.

The advantages of this bridge are its high accuracy and
the wide range of measurable capacitances. These pro-
perties ara achieved by the bridge circuit which uses
dividing ratio chokes for decimal and unit division. The
accuracy of the ratio chokes is higher than the overall
bridge accuracy by approximately one order, therefore,
the resulting accuracy depends only on the precision of
the built-in standard mica capacitor. The influence of
external interfering fields is fully eliminated by perfect
screening of the bridge. The measured object must be
connected to the bridge with screened conductors in order
to avoid additional errors.
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Principidalni zapojeni pfesného C mostu

! 12.r2

Basic diagram

of the precision capacitance bridge
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Obr. 3

Fig. 3



T — vstupni transformétor pro pfipojeni zdroje
pevného kmitoétu

T2 — pomérovd tlumivko pro desetinné déleni

T3, T4, T5 — pomérové tlumivky pro jednotkové déleni

C1 — diferencidlni kondenzdtor

Cc2 ~ otoény kondenzdtor k vyrovndani tgs

R2 — regulovatelny odpor k vyrovndni vétsich
hodnot tgd

C3 -~ normadlovy kondenzdtor

T6 — v, stupni transformétor pro pripojeni

indikdtoru — selektivniho zesilovade

POPIS

Zdroj pevného kmitoétu dodavd napéti vlastnimu mostu.
Vystupni napéti mostu pfi nerovnovéiném stavu je indiko-
vano selektivnim zesilova¢em s ruékovym ukazatelem.

Viastni most

Pro méfeni kapacity je pouifito zapojeri s délicimi pomé-
rovymj tlumivkami, které jsme pouzili jok pro desetinné dé-
leni, tak také pro jednotkové deleni. Délici pomérova tlu-
mivka pro desetinne déleni je zapojena do dvou soused-
nich ramen mostu.

Volbou vhodnych odbolek délici pomérové tlumivky dostd-
vame fédd méfené hodnoty. Miieme nastavit nésledujici

1! — Input transformer for the connection of the
fixed frequency source

T2 — Ratio choke for decimal division

T3, T4, T5 — Ration chokes for unit division

C1 — Differential capacitor

C2 ~ Variable capacitor for tané compensation

R2 — Variable resistor for the compensation of large
tané values

C3 —~ Standard capacitor

T6 — Output transformer for the connection of the

indicator (selective amplifier)

DESCRIPTION

The fixed frequency generator supplies the powering volt-
age for the bridge. The output voltage of the unbalanced
bridge is indicated by the selective amplifier which is
provided with a meter.

Bridge circuit

For the measurement of capacitances, ratio chokes are
employed which serve for decimal and unit division. The
dividing ratio choke for decimal division is connected into
two adjacent branches of the bridge.

By the selection of suitable taps of the dividing ratio trans-
former, the order of the measured value is obtained. The



rozsahy: x10° x107, x102, x103, x10%, x10% x10% x107. Na
&ast délici tlumivky pro desetinné déleni, kterd slouzi za-
roven pro jednotkové déleni a je zapojena ve druhém ra-
meni mostu, navazuji dalsi dvé kaskddné zapojené tlumiv-
ky pro jednotkové déleni. Tim dostdvdme jednotkové déle-
ni na tfi mista: x1; x0,1; x0,01 pF. Pomoci diferencidlniho
kondenzdatoru C1, zapojeného do téhoi ramene, muizZeme
odeéist étvrté a paté misto vysledné hodnoty. Ve tfetim ra-
meni je umistén normalovy kondenzdtor C3. Je to slidovy,
vysoce stabilni kondenzdator se zanedbatelnym ztrdtovym
Ghlem. Kondenzdtor je teplotné kompenzovdn, takze mostové
zafizeni pracuje s udanou presnosti v celém teplotnim roz-
schu od 10°C do 35°C. Ctvrté romeno je vyvedeno na
méfici svorky. Pfi srovndvacim méfeni je odpojen vnitini
normalovy kondenzdator C3 a &dst pomérové desetinné tlu-
mivky, zapojené v druhém rameni mostu, je vyvedena na
srovndvaci svorky.

Vyrovndni tgé provddime pomoci otoéného kondenzdtoru
C2. Vétii hodnoty tgs vyrovnavame pomoci odpord, zapoje-
nych do série s vnitinim normdlovym kondenzatorem. Most
je oddélen od zdroje pevného kmitoétu a selektivntho ze-
silovage pomoci vstupniho a vystupniho trasformdtoru T1
a T6. N

Zabudovany zdroj pevného kmitoétu 800 Hz a selektivni
zesilova& 800 Hz umoZfiuji snadné, rychlé a pohotové mé-
feni. Pouiiti jediného kmitoétu plné vyhovuje praktickym

following ranges can be selected: x100; x10'; x10?; x10%;
x10%; x10%; x10¢; x107. Part of the decimal dividing choke,
which is employed also for unit division and is connected
into the second branch of the bridge, is connected to a
further two chokes in cascade connection which serve for
unit division. Thus a three-digit unit division is obtained:
x1; x0.1; x0.01 pF. With the differential capacitor C1,
which is connected into the same branch, the fourth and
fifth digits of the resulting value can be read. In the
third branch of the bridge is the standard capacitor C3.
This is a mica capccitor of extremely high stability and
negligigle loss angle. It is thermally compensated so that
the bridge operates with the rated accuracy within the
temperature range of 10°C to 35°C. The fourth branch
of the bridge is connected to the sockets M for the con-
nection of the measured capacitor. In comparison mea-
surements, the internal standard capacitor C3 is discon-
nected and part of the decimal ratio choke, which is in
the second branch of the bridge, is connected to ‘the ter-
minals for the reference capacitor.

Tané compensation is carried out with the capacitor C2.
Larger tané values are compensated for with resistors which
are connected in series with the internal standard capa-
citor. The bridge is isolated from the fixed frequency
source by an input transformer (T1) and from the selective
amplifier by an output transformer (T6).

The built-in fixed frequency source of 800 c¢/s and the
selective amplifier of 800 c/s enable simple and speedy
carrying out of measurements. The application of one



potiebdm, Mostu ize pouzit v celém kmitoétovém rozsahu,
pouzijeme-li vnéjsiho nf generdtoru a plynule laditeiného
selektivniho zesilovade.

Zdroj pevného kmitoétu

je sloien z oscildtoru a vykonového zesilovaciho stupné.
Oscildtor je zapojer jako kmitajici katodovy sledovaé a je
osazen elektronkou E7. Kmitodet je uréen premosténym
T ¢lankem, sloienym z RC é&ienl. Vykonovy zesilovaci stu-
pen je osazen elektronkou E8 a je zapojen jako katodovy
sledovad.

Selektivni zesilovaé

sestdvd ze Ctyf zesilovacich stupnl. Selekce je dosazeno
pfemosténym T clankem sloienym z RC é&lenl, zapojenym
do zéporné zpétné vazby. Prvni tii stupné pracuji jako od-
porové zesilovafe a jsou osazeny elektronkami E1, E2 a
prvnim systémem elektronky E3. Posledni stupen pracuje
jako katodovy sledoveé a je osazen druhym systémem EZ.
Zesilené napéti je usmérnéno a indikovano stejnosmérnym
méridlem.

frequency only is fully satisfactory for all practical pur-
poses. However, the bridge can be used within its whole
frequency range (200 c¢/s to 10 kc/s) provided a suitabie
AF power source and a continuously tunabe selective
amplifier are employed with it.

Fixed frequency source

The power source is formed by an oscillator and a power
amplifier stage. The oscillator is an oscillating cathode
follower and employs the tube E7. The frequency is de-
termined by a bridged T network composed of RC ele-
ments. The power amplifier output employs the tube E38
and operates as a cathode follower.

Selective amplifier

The baiance indicator is composed of four amplifier sta-
ges. Selection is the result of a bridged T network com-
posed of RC elements inserted in the inverse feedback
circuit. The first three stages operate as resistance-coupled
amplifiers and employ the tubes E1, E2 and one section
of the tube E3. The last stage operates as a cathode
follower and employs the second section of the tube E3.
The amplified voltage is indicated by a DC meter.



TECHNICKE UDAIJE @ Viastni most

Rozsah:
pro kapacitu
pro ztrét. cinitel

Pfesnost:
pro kapacity

pro ztrat. ¢initel tgé

Kmitoétovy rozsah:

Ranges:
Capacitances:
Loss factors:

C = 0,001 pF — 100 uF

tgs = 0 — 10-1

pro kmitodet 200 Hz, 800 Hz, 2 kMz,
5 kHz v rozsahu kapacit Cx > 0,1 pF

Accuracy:
10 pF - 10 uF £ 0,19, Of capacitances: -
0.1 pF — 10 pF = 19,
10 uF = 100 uF =1 %
do 0,1 pF = 5%,

U nejniisich hodnot plati omezeni dané
rozlidovaci schopnosti mostu, které je:
u kapacity prichozi + 0,001 pF
u kapacity uzemnéné = 0,1 pF

+ 59/, * 5104 v rozschu Cx =

0,1 pF—10 uF

+ 109, * 5.10- v rozsahu

Cx > 10 uF

pfesnost plati pro mérny kmitocet
800 Hz

200 Hz - 10 kHz
mérny kmitoéet 800 Hz

Frequency range:

TECHNICAL DATA

Loss factors (tang):

Bridge circuit

C == 0.001 pF to 100 u4F
tans = 0 to 10-1
at frequencies of 200 </s,
800 c/s, 2 kc/s, 5 ke/s and
capacitances up to Cx > 9.1 pF

* 0.1 9, within the range 10 pF to
10 uF,

+ 1 9y within the ronge 0.1 pF to

10 pF,

+ 1 9, within the range 10 uF to

100 F,

+ 50/, up to 0.1 pF

At the lowest capacitances, the
accuracy is limited by the resolving
power of the bridge which is:

+ 0.001 pF for through-capacitances,
* 0.1 pF for earthed capacitances

+ 5 0/; = 5,104 for Cx values ==

0.1 pF to 10 uF

+ 10 %, = 5.10¢ for Cx values

> 10 #F

These accuracies are valid at the mea-
suring frequency of 800 c/s

200 c/s to 10 ke/s

measuring frequency 800 c/s

ot



Zdroj pevného kmitoctu

Kmitoéet:
Skresleni:
Vystupni napéti:
Vystupni
impedance:

Selektivni zesilovaé

Zesileni:

Vstupni napéti:
Rozliovaci
schopnost:
Selektivni kmitocet:
Utlum:

Teplotni rozsah:
Osazeni:

Napadjeni:
Ptikon:

Jisténi:

Rozméry:
Vdha:

800 Hz + 279,
3%
0-20V

3502 = 10%

min. 100 dB
100 .V pro pinou vychylku

800 Hz

20 dB na oktdvu

10-35°<C

2} EF86, 1 X ECC82, 1<EF80,

1< EL.84, 1> EZ80, 3)XGA203

220V, 120V + 10°%; 50 Hz

60 VA

v sitovém pFivodu pojistkou 0,4 A pti 220V
0,8Apii120V

520} 505275 mm
33kg

Fixed frequency source

Frequency: 800 ¢/s = 2 9,
Distortion: 39,
Output voltage: Cto20V

Output impedance: 353 ohms = 10 Y

Selective amplifier

Amplification: Min. 1060 dB

Input voltage: 100 uV for full scale deflection
Resolving power: 1 uV

Selective frequency: 800 ¢/s

Attenuation: 20 dB per ociave

Thermal range: 10-35°C

Complement: 2 EF86, 1 XECC82, 1XEF80,
1< EL84, 1XEZB0, 3>XGA203

Fowering: 220 V, 120 V = 10 9%, 50 cfs

Power

consumption: 60 VA

Fuses: 0.4 A for 220 V,

0.8 A for 120V,

in the mains connection
Dimensions: 520505275 mm
Weight: 33 kg

1"



PRISLUSENSTVI

S pristrojem je doddvéna sitovd pfivodni 3adra, ndhradni
osazeni pojistek, dva kusy propojovacich stinénych kabeld,
dva kusy kabeld na pfipojeni vnéjsich zdrojl nebo indi-
katort a dva kusy kabell pro pfipojeni méfenych kapacit.

PRIPOJENI A PREPINANI SITOVEHO
NAPETI

Pied pfipojenim pfistroje k elekirovodné siti je nutno
zkontrolovat, je-li prepojovaé velikosti napdjeciho sitového
napéti pfepojen na odpovidajici hodnotu napéti a je-li
v drzdku pojistky viozka spravné hodnoty.

Prepojovaé velikosti napdjeciho sitového napéti umoziuje
napdjet pfistroj z elektrovodné sit& o napéti
bud 220 V nebo 120 V, 50 Hz. Z tovérny je
ptistroj prfepojen na napdjeni napétim 220 V
— kotouéek piepojovace je nastaven tak, Ze
Gdaj ,220" je pod trojuhelnikovou znackow
(obr. 4).

Bude-li pfistroj napdjen ze sitového napéti
120 V, je nutno jej pfepojit na napdjeni tim-
to napétim nasledujicim postupem. Uvolnime
zaji$tovaci pések pfidrzovany dvéma 3$roubky,
prepinaci kotouéek prepojovaée vytdhneme, pootolime a
opét zasuneme tak, cby pod trojuhelnikovou zna¢kou byl
Gdaj ,120". Zajidtovaci pdsek opét ptipevnime.
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Obr. 4 - Fig. 4

ACCESSORIES

The following are supplied with each capacitance bridge
as standard accessories: A mains cord, a set of spare
fuse cartridges, two screened cables, two cables for the
connection of external sources or indicators, and two cables
for the connection of the capacitor to be measured.

CONNECTION AND ALTERATION
OF THE MAINS VOLTAGES

Before connecting the instrument to the electricity mains,
it is necessary to check the available voltage and to see
whether the mains voltage selector is adjusted correcily
and whether a fuse cartridge of the correct rating is
inserted in the fuse holder.

The mains voltage selector enables the power-
ing of the instrument either with 220 V or
120 V, 50 cfs.

Each newly delivered instrument is adjusted
for 220 V powering, i. e. the disc of the
voltage selector is set so that the marking
“220" appears below the triangular mark (Fig. 4).
If the instrument has to operate with 120 \
powering, then it has to be adjusted for this
voltage as follows: The securing strip held
across the voltage selector by two screws is released, the
disc of the selector withdrawn, turned until the marking "120*
appears below the triangular mark, and then pushed home
again. Then the securing strip has to be fastened again.



Pii piepojovdni pfistroje na jiné sitové napéti je tfeba
vyménit i pojistku, umisténou v pouzdfe na zadni strané
pfistroje. Hodnoty pojistek pro obé& napdjeci napéti jsou
uvedeny v odstavci ,Technické Gdaje”.

Piistroj je konstruovdn v bezpeénostni tfidé 1 podie CSN
35 6501 — revidované vydani. (Kovové édsti pristupné dotyku
jsou uréeny k pfipojeni na ochranny vodi¢ a izolace &asti
pod sitovym napétim vyhovujd uvedené normé.)

OBSLUHA PRIiSTROIE

Prepinaé funkce O umoinuje méreni
a) uzemnéné kapacity
b) prichozi kapacity
c) symetrického objektu vné uzemnéného

Pomoci prepinaélt |, J, K odeditdme naméfenou hodnotu
kapacity hrubé a pomoci diferencidiniho kondenzdtoru L
odeéitdme naméfenou hodnotu kapacity jemné.

Svorky M slouii k méfeni prichozi, uzemnéné a symetrické
kapacity. Svorky N slouzi k zapojeni srovndvaci kapacity.
Potom prepinaé R musi byt v poloze ,DIF.".

Pomoci prepinaée P nastavime rozsah méfené kapacity
(v okénku nahote). Pii srovndvacim méfeni (pfepinaé R v

When the mains voltage of the instrument is altered, also
the fuse cartridge which is in the fuse holder on the
back panel of the instrument must be exchanged. The
correct ratings of the fuses for both powering voltages
are listed in ‘the section “Technical data®.

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

ATTENDANCE OF THE INSTRUMENT

The function selector switch O enables the measurement
of the following:

a) Earthed capacitances

b) Through-capacitances

c) Symmetrical objects earthed externally
The measured capacitance is read according to the settings
of the switches 1, J, K (roughly) and by means of the
differential capacitor L (accurately).
The sockets M serve for through-capacitance and sym-
metrical capacitance measurements.
The sockets N serve for the connection of a reference
capacitor. (The switch R must be set to the position mar-
ked “DIFF.".)
The selector P serves for setting the capacitance measuring
range (in the upper window).
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poloze ,DIF.) plati udaje v dolnim okénku pro rozsah G.

Plynulé vyrovnéni tgé v rozsahu 0 —2.10-2 provedeme po-
moci vzduchového kondenzdtoru S. Hrubé vyrovndni tgé
provedeme pomoci piepinace R. Vyrovndni tgd je zavislé
na kmitodtu a pro kmitoéty 200 Hz, 800 Hz, 2 kHz a
5 kHz odedteme tgs pfimo. Pro jiné kmitolty v rozsahu
200 Hz — 10 kHz musime tgé vypoéitat podle vztahu:

~ fm
tgé = tgé’ — —
f

tg’ = odeétend hodnota na mosté
fm — méfici kmito&et z rozsahu 200 Hz — 10 kHz
f = nastaveny kmitodet u pfepinace tgé

Pri srovndvacim méteni prepneme prepinaé R do polohy
,DIF". Potom plati spodni stupnice uddvajici vodivost G.
Propojovaci zastrcky jsou pfistupné zvendi, taokie propo-
jeni jiného generdtoru nebo indikatoru je velmi snadné.
Pfistroj je nutné uzemnit pomoci zemnici svorky na pa-
nelu a zabrénit uzemnéni pomoci sitové zastréky.

MERENI
Méieni priichozi kapacity
1. Generdtor a indikdtor zapneme sifovym vypinaéem D

(obr. 1).

4

In comparison measurements (the switch R in the position
“DIFF.“), the data visible in the lower window are valid
for range G (conductance}.

Continuous tand compensation is carried out in the range 0
to 2.10-2 with the air capacitor S. A switch (R) is provided
for compensation in steps (roughly). The tans is frequency
dependent and for the frequencies of 200 c/s, 800 cfs,
2 kefs and 5 kefs the respective tand values can be read
directly. For other frequencies within the range 200 c¢/s to
10 kcfs, the appropriate tand value can be calculated
from the relation:

fm-
tand = tand’ — -
f

where tans' is read on the bridge

fm is the measuring frequency (200 c/s to 10 k¢/s)

f is the frequency selected with the tand switch
The sockets for interconnection of the instrument units are
accessible from the outside, consequently the application
of an external generator or balance indicator is simple.
The measuring circuitry must be earthed by using the earth
terminal on the panel: earthing by connection to the mains
must not be employed.

MEASUREMENT

Through -i capacitance

1. The generater and the indicdtor are set in operation
with the mains switch D (Fig. 1).



. Nastavime vhodné napdjeci napéti mostu potenciome-

trem B a potfebné zesileni selektivniho zesilovade po-
tenciometrem G.

. Pfepina funkce O si nastavime tak, aby zemni zna&ka =

byla v pravém okénku u pfepinaée O.

. Pomoci méficich propojovacich stinénych vodiéu si pro-

pojime méfeny objekt s mostem; kabliky zasuneme dc

zdirzk M (Cx).

. Pfepinac rozsahl P nastavime do priblizné polohy podle

velikosti mérené kapacity.

. Pfepinac rozsahu tgs R nastavime podle pouitého kmi-

toctu (800 Hz) do nulové polohy.

. Vyrovadme most na nulovou vychylku prepinadi 1, J, K

a pomoci diferencidiniho kondenzétoru L. Tim je déna
hodnota kapacity. Pomoci kondenzdtoru S vyrovnédme a
odelteme hodnotu tgé. V pfipadé, e je tgs hor¥i, pro-
vedeme vyrovndni hrub& pomoci pfepinaée R.

. V piipadé, e mdme nedostatednou citlivost, pouzijeme

sluchdtek, zasunutych do zdifek F.

- U kapacit vétdich ne? 1 uF propojujeme kondenzitor

piimo na svorky M pomoci co nejsilngjiich vodi&d, aby-
chom nezhorsili tgé kondenzdtoru odporem propojova-
cich vodiéa.

. A suitable bridge powering voltage is set with the po-
tentiometer B and the required amplification of the
selective amplifier with the potentiometer G.

. The function selector O is set so that the earth symbol <.
appears in the right-hand window of the switch O.

- The object to be measured is connected to the bridge
with the provided scresned cables which have to be
connected to the sockets M (Cx).

. The range selector P is set approximately to the expect-
ed magnitude of the measured capacitance.

. The toné range switch R is set to the zero position
according to the selected measuring frequency (800 cfs).

- The bridge is balanced to zero deflection of the meter
with the switches I, J, K and the differential capacitor
L. Thus the measured capacitance is ascertained. Then
with the capacitor S, the tans value is adjusted and
read. If the tand value is outside the range of S, then
first it has to be adjusted roughly with the switch R.

. If the sensitivity of the measurement is low, then a
pair of headphones are used for balancing. They have
to be inserted into the sockets F.

. If capacitances above 1 yF are being measured, then

the capacitor under test must be connected directly to
the sockets M, using heavy gauge conductors in order
to prevent worsening of tand owing to the resistance
of the connection wires.



Méfeni uzemnéné kapacity

1. Generator a indikdtor zapneme sitovym vypinaéem D.

2. Nastavime vhodné napéti generdtoru pro most poten-
ciometrem B a potfebné zesiieni selektivniho zesilovale
potenciometrem G.

3. Pfepina¢ funkce O pfepneme do polohy, aby zemni
znaéka byla propojend s bodem ,b".

Pozndmka:

V piipadé, ie mdame velké zbytkové napéti, mlieme je

snizit pomoci druhého stinéni méficich kabell, které spo-

iime s vn&ji zemi. Dal$i postup méfeni je obdobny jako

v pfedchozim pfikladé (viz body 4-9).

Méfeni symetrického objektu

Jednd se o méfeni dvou kapacit zapojenych do série, u-
prostied zvenéi uzemnénych.
1. Generdtor a indikétor zapneme sifovym vypinaéem D.

2. Nastavime vhodné napéti generdtoru pro most poten-
ciometrem B a potiebné zesileni u selektivniho zesilo-
vaée potenciometrem G.

3. Pfepina¢ funkce O prepneme do polohy .symetricky

objekt”.
Dal¥i postup je obdobny jako u prvniho pfikladu.
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Eaithed capacitance

1. The generator and the indicator are set in operation
with the mains switch D.

2. A suitable bridge powering voltage of the generator
is selected with the potentiometer B and the necessary
amplification of the selective amplifier is set with the
potentiometer G.

3. The function selector O is set so that the earth symbol &=
is connected to the point “b*.

Note: If the residual voltage is high, it can be reduced by
applying a second screening of the measuring cables.
This screening must be earthed externally.

Further procedure of measurement is the same as describ-

ed in 'the preceding section (see items 4 to 9).

Symmetrical object

Two capacitors connected in series, the centre tap of

which is earthed externally, are measured.

1. The generator and the indicator are set in operation
with the mains switch D.

2. The generator is odjusted with the potentiometer B to
supply a suitable voltage for the bridge, and the re-
quired amplification of the selective amplifier is adjusted
with the potentiometer G.

3. The function selector switch O is set to the position
“Symmetrical object”.

Further procedure of measurement is the same as describ-

ed previously (see items 4 to 9).



Srovnavaci méfeni

1.

2.

fc

Generdtor a indikator zapneme sifovym vypinacem D.

Nastavime vhodné napéti generdtoru pro most potern-
ciometrem B a potfebné zesileni u selektivniho zesilo-
vale potenciometrem G.

. Pfepina& funkce O piepneme podle toho, zda jde o

srovndni dvou uzemnénych nebo dvou prichozich ka-
pacit.

. Pomoci propojovacich stindnych kablikli pfipojime jed-

nu kapacitu mezi svorky M (Cx) a druhou mezi svorky
N (Cn). V ka¥dém piipadé piipojujeme vétdi kapacitu
na svorky M (Cx).

. Pfepinad rozsahu kapacit P nastavime do priblizné po-

lohy podie velikosti vodivosti mérené kapacity.

. Pfepinag tgé R nastavime do polohy .DIF" (diference —

srovndni).

. Vyrovndni mostu provedeme pomoci diferencialniho kor-

denzétoru L nebo hrub& piepinaéem R. Pro vyrovndni
vodivosti pouzijeme kondenzdtor S a vievo od ného
umisténé stupnice s udaji vodivosti, kterd plati pro
mérny kmitoéet 800 Hz.

Pro jiny kmitodet fm plati vztah:

= 800 Hz

AG' = Gdaj stupnice pfi jiném kmitoCtu

Measurement by comparison

1.

. The function selector

The generator and the indicalor are switched on with
the mains switch D.

. A suitable generator vollage for the bridge is set with

the potentiometer B and the required amplification of
the selective amplifier is adjusted with the potentio-
meter G.

switch O is set according to
whether two earthed capacitances or two through-ca-
pacitances have to be measured.

. By means of screened connection cables, one of the

capacitors is connected to the sockets M (Cx) and the
other between the sockets N (Cn). The larger capa-
citance must always be connected to the sockets M (Cx).

. The capacitance range switch P is set approximately ac-

cording to the conductance of the measured capacitor.

. The tans switch R is set to the position marked “DIF."

(difference-comparison).

. The bridge is balanced with the differential capacitor

L or roughly with the switch R. For conductance ba-
lancing, the switch S is employed and the scale to the
left of it indicates the resuliing conductance at a
measuring frequency of 800 c¢/s.

For another frequency fm the foliowing relation is valid:

fm?2

fc?

AG = AG.

where fc is 800 c/s,

AG' is the reading at another frequency.
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8. V prfipadé nedostateéné citlivosti pouzijeme sluchdtek,
zasunutych do zdifek F.

Uréeni dielektrické konstanty

Méfeni provdadime pomoci kondenzdtoru s ochrannou elek-
trodou. Pri méfeni postupujeme ndsledujicim zpGsobem:
1. Generdtor a indikdtor zapneme sifovym vypinaéem D,

2. Nastavime vhodiné napéti generdtoru pro most poten-
ciometrem B a potrebné zesileni u selektivniho zesilo-
voée potenciometrem G.

3. Pfepinaé funkce O prepneme do pravé polohy.

4. Ochrannou elektrodu propojime se svorkou ,d“ (1)}
vpravo od pfepinace O.

5. Mérici elektrodu zapojime na svorku ,b“
propojime se svorkou ,a“.

6. Zméiime drive popsanym zplsobem kapacitu a vypocte-
me dielektrickou konstantu ¢ ze vztahu:

a elektrodu

C.3,6na

F

<

kde C — namérend kapacita (pF)
a — tloustka dielektrika (cm)
F — plocha obou kotouét elektrod (cm?)
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8. If the sensitivity of the instrument is not sufficient, then
a pair of headphones can be used for balancing. They
must be connacted to the sockets F.

Ascertainment of o dielectric constant

For this measurement, a capacitor with protective electrode

is required. The mecsurement is as follows:

1. The generator and the indicator are set in operation
with the mains switch D.

2. The generator is adjusted with the potentiometer B to
deliver a voltage suitable for the measurement. The
amplification of the selective amplifier is adjusted with
the potentiometer G.

3. The function selector O is set to the right-hand position.

4. The protective electrode is connected to the socket “d”
(1) on the right of the switch O.

5. The measuring electrode is connected to the socket "b"
ond the electrode to the socket “a“.

6. By following the previously described procedure, the
capacitcince is measured and then the dielectric constant
¢ is calculated from the relation:

C.3,6na
F

where C is the measured capacitance’ (in pF),
a is the thickness of the dielectricum (in c¢m) and
F is the area of the dielectricum (in cm?) clamped
between the disc electrodes.



Pouiiti vnéjsiho generdtoru a indikatoru

Potiebujeme-li provést méfeni v celém kmitoétovém rozsahu,
vysuneme kabely A a H propojujici vlastni generdtor a indi-
kdator s mostem, a pfipojime vnéjsi generdtor a indik&tor.
Predpokidddme, Ze vnéjsi generdtor a indikdtor mé& vlastni
zem. Propojeni vnéjSiho generdtoru a indikdtoru s mostem
musime provést tak, abychom nezplsobili pfidavnou zemni
smycku.

Piiklad spravného propojeni generdtoru a indikatoru je no
obrdazku 5.

Application of the external generator and indicator

If it is necessary to carry out measurements in the whole
frequency range, then the cables. A and H connecting the
generator proper and the indicator to the bridge must be
pulled out and the external generator and indicator must
be connected. It is necessary, that the external generator
and indicator have their separate earthing. When con-
necting the external generator and indicator to the bridge
care must be taken, that no additional earth-loop is caused.
An example of correct connection of the generator and
indicator is given in the figure 5.

2

Obr. 5

:

Fig. 5

1 — generdtor
2 — most 1AK 197 99
3 — indikator

1 — generator
2 — bridge 1AK 197 99
3 — indicctor

19



LIST OF ELECTRICAL COMPONENTS

Indicator and generator 1AK 197 79

Resistors
No. Type Value Max. load W Tolerance + % Standard CSSR
R1 Potentiometer 50 kQ 0.5 - 1AN 691 41
R2 Carbon layer 200 kQ 0.5 5 TR 102 M2/B
R3 Carbon layer 39 kQ. 0.5 10 TR 102 39k/A
R4 Carbon layer 1.6 kQ 0.5 5 TR 102 1k6/B
RS Carbon layer 1.2 MQ 0.25 5 TR 101 1M2/B
R6 Carbon layer 500 kQ, 0.25 1 TR 106 M5/D
R7 Carbon layer 250 kQ 0.25 1 TR 106 M25/D
RS Carbon layer 500 kQ 0.25 1 TR 106 M5/D
R9 Carbon layer 1.5 MQ 0.5 10 TR 102 1M5/A
R10 Carbon layer 200 kQ 0.5 5 TR 102 M2/B
R11 Carbon layer 39 kQ 0.5 10 TR 102 39k/A
R12 Carbon layer 2.4 kQ 0.5 5 TR 102 2k4/B
R13 Carbon layer 1.2 MQ 0.25 5 TR 101 1M2/B
R14 Carbon layer 10 kQ 0.5 10 TR 102 10k/A
R15 Carbon layer 470 kQ 0.5 10 TR 102 M47/A
R16 Carbon layer 8.2 kQ 0.5 5 TR 102 8k2/B
R17 Carbon layer 100 kQ 0.5 5 TR 102 M1/B
R18 Carbon layer 3.3kQ 0.5 5 TR 102 3k3/B
R19 Carbon layer 8.2 kQ 0.5 5 TR 102 8k2/B
R20 Carbon layer 24 kQ 0.5 5 TR 102 24k/B
R21 Carbon layer 470 kQ 0.5 10 TR 102 M47/A
R22 Potentiameter 47 kQ 0.2 - WN 790 25/47k
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No. Type Value Max. load W Tolerance =+ % Standard €SSR
R23 Carbon layer 39 kQ 2 5 TR 117 39k/B
R24 Carbon layer 2.4 kQ 1 5 TR 103 2k4/B
R25 Wire-wound 820 Q 10 10 TR 511 820/A
R26 Wire-wound 820 Q. 10 10 TR 511 820/A
R27 Carbon layer 220 Q 2 10 TR 104 220/A
R28 Carbon IZ\/er 13 kQ 0.5 5 TR 115 13k/B
R29 Carbon layer 50 kQ 0.25 1 TR 106 50k/D
R30 Carbon layer 25 kQ 0.25 1 TR 106 25%/D
R31 Carbon layer 500 kQ 0.25 1 TR 106 M5/D
R32 Carbon layer 5.1 kQ 0.5 10 TR 102 5k1/A
R33 Potentiometer 25 kQ 0.5 - WN 694 01 25k/N
R34 Carbon layer 220 Q 0.25 10 TR 101 220/A
R35 Carbon layer 100 Q 0.25 10 TR 101 100/A
R36 Carbon layer 7.5 kQ 2 5 TR 104 7k5/B
R37 Carbon layer 100 Q 0.25 10 TR 101 100/A
R38 Carbon layer 12 kQ 0.5 10 TR 102 12k/A
R39 Carbon layer 200 kQ 0.5 5 TR 102 M2/B
R40 Carbon layer 51 kQ 0.5 5 TR 102 51k/B
R41 Potentiometer 500 kQ 0.5 - WN 694 02/M5/N
R42 Carbon layer 100 Q 0.25 10 TR 101 100/A
R43 Carbon layer 100 Q 0.25 10 TR 101 100/A
R44 Carbon layer 100 Q 0.25 10 TR 101 100/A
R45 Wire-wound 2.2 kQ 10 5 TR 511 2k2/B
R46 Potentiometer 1.5 kQ 0.5 - WN 690 01/1k5
R47 Carbon layer 22 Q 0.5 10 TR 102 22/A
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Capacitors

No. Type Value rc:ﬁthf Tolerance & % Standard CSSR
Ci Electrolytic 20 uF 12 - TC 903 20M
C2 Paper 10,000 pF 250 - TC 172 10k
Cc3 ¢4 Electrolytic 8/8 uF 450/450 - TC 521 8/8M
C5 Mica 398 pF 250 0.5 WK 714 30/398/E
cé Mica 798 pF 250 0.5 WK 714 08/798/E
c7 C13 Electrolytic 16/16 uF 450/450 - TC 521 16/16M
C8 Mica 398 pF 250 0.5 WK 714 30/398/E
Cc9 Electrolytic 20 uF 12 - TC 90320 M
C10 Paper 10.000 pF 250 - TC 172 10k
C11 C12 Electrolytic 8/8 uF 450/450 - TC 521 8/8M
C14 Electrolytic 20 uF 12 - TC 903 20M
C15 Paper 10,000 pF 250 - TC 172 10k
C16 Paper 0.1 uF 250 - TC 182 M1
c17 C18 Electrolytic 32/32 uF 450/450 - TC 521 32/32M
c19 Mica 3940 pF 250 0.5 WK 714 31/3k94/E
C20 Trimmer 45 pF 500 - TK 810 45
C21 Mica 5100 pF 250 0.5 WK 714 31 5k1/E
C22 Mica 33QepF 250 0.5 WK 714 30 330/E
c23 Mica 2780 pF 250 0.5 WK 714 31 2k78/E
C24 Paper 47000 pF 400 - TC 183 47k
C25 Paper 0.1 uF 250 - TC 182 M1
C26 C28 Electrolytic 32/32 u4F 450/450 - TC 521 32/32M
ca7 Electrolytic 5 uF 350 - TC 969 5M
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Other electrical components

Component Type — Value Drawing No.
Tube E1, E2 EF86
Tube E3 ECC82
Tube E4, E5, E6 GA203
Tube E7 EF80
Tube E8 EL84
Tube E9 EZ80
Lamp 21, 22, Z3 60 V/50 mA 1AN 109 07
Lamp Z4 6 V/50 mA 1AN 109 12
Meter 200 uA, DHR8 1AP 780 64
Fuse cartridge 0.4 Af250 V for 220 V CSN 354731
Fuse cartridge 0.8 A/250 V for 120 V CSN 354731
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Transformers and coils

Component Marking Drawing No. Winding No. of tap No. of turns Wire @ in mm

Qutput transformer T1 1AN 673 32

Coil of T 1AK 636 31 L1A 1-2 1,800 0.100
L1B 2-3 1,800 0.100
L1C 3-4 1,800 0.100
LD 4 -5 1,800 0.100

Transformer T2 1AN 662 04

Coil of T2 1AK 623 07 L1A 1-2 461 0.500
L1B 2 -3 385 © 0.355
L2A 4 — 5 1,360 0.170
L2B 5—-6 1,360 0.170
L3 7 -8 27 0.900
L4 9 —-10 26 0.600
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Bridge 1AK 197 99

Resistors
No. Type Value Mox. load W T°‘f€/:w Stondard CSSR
R1 Carbon layer 2 kQ 0.5 0.5 TR 107 2k/E
R2 Carbon layer 400 Q 0.5 0.5 TR 107 400/E
R3 Carbon layer 5 kQ 0.5 0.5 TR 107 5k/E
R4 Carbon layer 1 kQ 0.5 0.5 TR 107 1k/E
R5 Carbon layer 4 kQ 0.5 C.5 TR 107 4k/E
R6 Carbon layer 800 Q 0.5 0.5 TR 107 800/E
R7 Carbon layer 160 Q 0.5 0.5 TR 107 160/E
R8 Carbon layer 1 k& 0.5 0.5 TR 107 1k/E
R9 Carbon layer 20 kQ 0.5 0.5 TR 107 20k/E
R10 Carbon layer 64 Q 0.5 0.5 TR 107 64/E
R11 Carbon layer 64 Q 0.5 0.5 TR 107 64/E
R12 Carbon layer 64 Q 0.5 0.5 TR 107 64/E
R13 Carbon layer 64 Q 0.5 0.5 TR 107 64/E
R14 Carbon layer 160 Q 0.5 0.5 TR 107 160/E
R15 Carbon layer 160 Q 0.5 0.5 TR 107 160/E
R16 Carbon layer 160 Q 0.5 0.5 TR 107 160/E
R17 Carbon layer 160 Q 0.5 0.5 TR 107 16C/E
R18 Carbon layer 1.6 kQ 0.5 0.5 TR 107/1k6/E
R19 Carbon layer 1.6 k& 0.5 0.5 TR 107 1k6/E
R20 Carbon layer 1.6 kQ 0.5 0.5 TR 107 1k¢/E
R21 Carbon layer 1.6 kQ 0.5 0.5 TR 107 1k6/E
R22 Carbon layer 400 Q 0.5 0.5 TR 107 400/E




No. Type Value Max. lead W Tol_(:r%/:ce Standard CSSR
R23 Carbon layer 400 Q 0.5 0.5 TR 107 400/E
R24 Carbon layer 400 Q 0.5 0.5 TR 107 400/E
R25 Carbon layer 400 Q 0.5 0.5 TR 107 400/E
Capacitors
No. Type Value M‘f’:['“g'ec' T°Ili"3/’°‘°e Standard ¢SSR
C1 Tuning 135 pF 1AN 705 34
C2 Tuning 2000 pF 1AN 705 73
C3 Capacitor 10,000 pF 100 V 1AK 720 00
C5 Trimmer 125 pF 500 V TK 816 125
Cé6 Trimmer 100 pF 500 V TK 812 100
c7 Trimmer 30 pF 500 V TK 810 30
cs Styroflex 0.24 uF 100 V 5 TC 292 M24/B
Cc9 Styroflex 1,000 pF 250V 10 TC 283 1k/A
C10 Mica 1,060 pF 250 V 0.5 WK 714 31 1k06/E
Cc1n Mica 4,000 pF 250 V 0.5 WK 714 31 4k/E
4,000 pF 250 V 0.5 WK 714 31 4k/E
C12 Mica 740 pF 500 V 1 WK 714 08 740/D
C13 Mica 1,600 pF 250 V 0.5 WK 714 31 1k6/E

Note: The capacitance of C4 is formed by two soldering tags on the switching board 4.5.
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Transtormers and coils

Component Marking Drawing No. Winding No. of tap No. of tuins Wire J in mm
Transformer T 1AN 670 12
Coil of T 1AK 633 12
Dividing choke T2 1AN 650 30
Coil of T2 1AK 614 37
Dividing choke T3 1AN 650 32
Coil of T3 1AK 614 38
Dividing choke T4 1AN 650 31
Coil of T4 1AK 614 40
Dividing choke T5 1AN 650 33
Coil of T5 1AK 614 39
OQutput transformer T6 1AN 673 33
Coil of T6 1AK 636 32
Coil assembled L1 1AK 586 74
Coil of L1 1AK 600 58 L 1-2 185 0.500
Coil assembled L2 1AK 586 75
Coil of L2 1AK 600 59 L 1-2 460 0.300
Coil assembled L3 1AK 586 76
Coil of L3 1AK 600 60 L 1-2 1,830 0.150
Coil assembled L4 1AK 586 77
Coil of L4 1AK 600 61 L 1 -2 75 0.670
Coil assembled L5 1AK 586 75
Coil of L5 1AK 600 59 L 1~2 460 0.300
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