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I. POPIS PRISTROJE
A PRISLUSENSTVI

Vyrobce: TESLA BRNO, n. p, Brno,
Purkyrtiova 99

Nazev: Oscilograf

Typ: BM 510

Vyrobni

cislo:
PouZiti: Pro méfeni opakovanych elektric-

kych pribéhi, pro impulsni techniku

Zakladni vlastnosti piistroje:

Frekvenéni rozsah

vertikalniho
zesilovace 0—1,5MHz
Citlivost: 20 mV/dil

Frekvenc¢ni rozsah
herizontalniho

zesilovade 0 —1MHz

Citlivost: 20 mV/dil
Casova zékladna: 0,1 sec/dil —5 usec/dil

Napéajeni: 220 V,/120 V, 50 — 60 Hz

Pracovni podminky:

Pracovni teplota
okoli: - 50C aZ + 409°C

Relativni vlhkost: 40 % aZ 80 %

Tlak vzduchu: 86 000 N/m?
az 106 000 N/m?
Nipdjeci napéti: 120/220V

Nipajeci kmitocet: 50 — 60 Hz
_Dmah napajeciho

poudu: stfidavy — sinusovy,
e zkresleni mensi nez 5 %/

Pikon: 150 VA

Jidténi: 220V — 1,25A/250 V;
120V — 2,5A/250 V

Vigjsi

eliktrické pole: =zanedbatelné malé

Vigjsi

mignetické pole: zanedbatelné malé

Podrinky pro doprava a skladovani:

Skadovaci teplota
v obalu: — 259C aZ -+ 55 °C
bez obalu: + 509C aZ -+ 40 °C
Skadovaci vlhkost
v obalu: do 95 % relativni vihkosti
bez obalu: do 80 % relativni vihKkosti

I. DESCRIPTION OF INSTRUMENT
AND ACCESSORIES

Manufacturer: TESLA BRNO N. C., Brno,
Purkyniova 99, Czechoslovakia

Designation: Oscilloscope

Type: BM 510 Srals

Serial No.: of/‘/é%?
Application: = Measurement of periodical

electrical effects in pulse
techniques

Basic Properties

Frequency

range

of vertifical

amplifier: 0—1.5 MHz

Sensitivity: 20 mV per scale division
Frequency

range

of horizontal

amplifier: 0—1 MHz

Sensitivity: 20 mV per scale division
Time base: 0.1 sec per scale div.—5 usec

per scale div.
Power supply: 220 V/120 V, 50—60 Hz

Operating Conditions

Ambient
temperature: +5°C to +-40°C
Relative
humidity: 40 % to 80 %
Atmospheric
pressure: 86,000 N/m* to 106,000 N/m?
Supply
voltage: 120/220 V
Supply
frequency: 50—60 Hz
Supply
current: AC, sine—wave, distortion less
than 5 %
Power
demand: 150 VA
Protection: 220 V. — 1.25 A/250 V;
120 V — 2.5 A/250 V
External
electric field: negligible
External

magnetic field negligible

Transport and Storage Conditions

Storage temperature:

in pack: —25°C to +55°C
unpacked: +5°C to 40°C

Storage humidity:
in pack: up to 95 % rel. humidity
unpacked: up to 80 % rel. humidity



POUZITI

Oscilograf BM 510 je XY oscilograf s vlastni ¢a-
sovou zdékladnou, s velkym rozsahem moZnosti
pouZiti.

Pristroj dovoluje méfeni Casu a kmito¢td ve
frekvenénim pasmu do 1,5MHz pii provozu
s Casovou zdkladnou jako Y oscilograf; bez
casové zdkladny jako XY oscilograf. Hodnoty
kalibrovanych rychlosti Casové zdkladny jsou
voleny tak, aby pifi meéfeni bylo maximalné
vyuZito vlastnosti vertikdlniho zesilovace.

7 tohoto diivodu je pristroj vybaven obrazov-
kou o priiméru 10 cm; vertikdlnim zesilovadem
s §ifi pasma 0—1,5 MHz; horizontalnim zesilo-
vatem s §ifi pdsma 0—1 MHz, oba s max. citli-
vosti 20 mV/dil; ¢asovou zdkladnou o rych-
lostech 0,1 sec/dil aZ 5 usec/dil ve 14 kalibro-
vanych rozsazich s moZnosti tfi druhli syn-
chronizace (Int., Ext.,, 50 Hz]) a dvou funkcich
[(Aut., Synchr.] a amplitudovym Kkalibratorem
o vystupnim napéti 60 a 600 mV. Pristroj je
moZno napdjet ze sité 120/220V, 50 — 60 Hz.
Pristroj je vestavén do snadno pfenosneé, lehké
skFing, vyrobené z hlinikovych slitin. Obvody
zesilovacli a c¢asové zdkladny jsou provedeny
technikou plo3nych spoji.

SEZNAM PRISLUSENSTVI

Zakladni prisluSenstvi dodavané s pristrojem

Pristrojova §iitira 1 ks 1AK 643 53
Instrukcéni knizka 1 ks

Balici list 1ks

Zarucni list 1ks

Kabel 4 ks 1AK 641 94
Svorka 2 ks 1AK 484 14
Pojistkova vloZka 2 ks 1,25A/250 V
Pojistkova vlozka 2 ks 2,6A/250 V

Charakteristické vlastnosti zakladniho
prisluSenstvi:

Kabel (obr. 2)

Cislo 1AK 641 94

Obr. 2

Koaxialni kabel g 6 o délce 1 m, s konektoram
BNC a dvéma bandanky.
SlouZi k propojeni s jinymi zafizenimi.

Svorka (obr. 3)
Cislo 1AK 484 14 Obr. 3
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APPLICATION

The BM 510 Oscilloscope is an XY oscilloscope
with selfcontained time base offering a wide
range of applications.

The instrument enables measurements of time
and frequencies within the range up to 1.5 MHz,
operating as a Y oscilloscope with time base
or as an XY oscilloscope without time base.
The calibrated time-base sweep values are se-
lected so as to ensure maximum utilization of
the properties of the vertical amplifier.

To achieve this, the instrument is provided
with a dia. 10 cm cathode-ray tube; vertical
amplifier, frequency range 0—1.5 MHz; hori-
zontal amplifier, frequency range 0—1 MHz;
both with max. sensitivity 20 mV/div.;
time base with a sweep speed range irom
0.1 sec/div. to 5 usec/div. in 14 calibrated steps
permitting three kinds of triggering (Int., Ext.,
50 Hz) and two operating modes (Aut., Trig.);
and an amplitude calibrator with output vol-
tages 60 and 600 mV. The instrument can be
connected to a 120/220 V, 50—60 Hz, mains.
The instrument is built-in into a portable light-

-weight cabinet made from an aluminium al--

loy. The circuits of the amplifiers and the time
base are carried out with the technique of
printed circuits.

LIST OF ACCESSORIES AND SPARE PARTS

Standard Accessories Supplied with
Instrument

Instrument Lead 1 each 1AK 643 53
Instruction Manual 1 each

Packing Sheet 1each

Guarantee Sheet 1 each

Cable 4 each 1AK 641 94
Terminal 2 each 1AK 484 14
Fuse Cartridge 2 each 1.25 A/250 V
Fuse Cartridge 2 each 2.5A/250V

Characteristics of Standard Accessories

m (Fig. 2)

Dwg. No. 1AK 641 94

Fig. 2

Dia. 6 mm coaxial cable, length 1 m, with BNC
connector and two banana pins. Intended for
interconnection with other equipment.

Terminal (Fig. 3)
Fig. 3 Dwg. No. 1AK 484 14



Svorka BNC k zasunuti do zasuvky na pristroji,
opatfena prechodem na bandnek o ¢ 4 mm.

Zvlastni prisluSenstvi

Toto piisluSenstvi se s pristrojem nedodava, je
nutno je objednat u vyrobce zvlast.

Charakteristické vlastnosti zvlastniho
p¥islusenstvi:

Sonda BP 4631 (obr. 4)

Cislo 1AK 053 71/Z
Obr. 4
Pasivni dé&liGovda sonda s d8licim pomé&rem

1:10, vstupnim odporem 10 MQ, vstupni kapa-
citou asi 7,5 pF. SlouZi ke zvétSeni vstupniho

‘odporu a sniZeni vstupni kapacity.

Kabel (obr. 5)

¢islo 1AK 641 63

Obr. 5

Koaxialni kabel o @ 6 a délce 1 m se dvéma ko-
nektory BNC. SlouZi k propojeni vstupu s ji-
nymi zarizenimi.

Vidlice (obr. 6)
gislo 1AF 895 43

Obr. 6

Vittlice BNC k zasunuti do zdsuvky na pFistroji
o impedanci 50 2. SlouZi k sestaveni zvlastniho
kabelu.

Svorka méFici (obr. 7)
Cislo 1AF 850 89

Obr. 7

Svorka umoZiujici méfeni na méné pristup-
nych mistech. UmoZiiuje trvalé pfipojeni k mé-
fenému objektu. Izola¢ni napéti 1000 V. Propo-
jenimezi svorkou a méficim pfistrojem pomoci
siit'y s banankem @ 4 mm.

A BNC terminal to plug into the socket on the
instrument, provided with a dia. 4 mm banana
pin adapter.

Optional Accessories

These accessories are not supplied with the
instrument and must be separately ordered
with the manufacturer.

Characteristics of Optional Accessories

BP 4631 Probe (Fig. 4)

Dwg. No. 1AK 053 71/Z
Fig. 4

Passive divider probe with a division ratio of
1 : 10, input resistance 10MQ, input capacity
about 7.5 pF. Serves to increase the input re-
sistance and to decrease the input capacity.

Cable (Fig. 5)
Dwg. No. 1AK 641 63

Fig. 5

Dia. 6 mm coaxial cable, length 1 m, with two
BNC connectors. Intended for the interconnec-
tion of input with other equipment.
Plug connector (Fig. 6)
Dwg. No. 1AF 895 43
Fig. B
A BNC plug connector to plug into the socket

on the instrument, impedance 50 Q. Serves to
build up a special cable.

Measuring Terminal (Fig. 7)
Dwg. No. 1AF 850 88

Fig. 7

Terminal facilitating measurements at uneasily
accessible points. Enables permanent connec-

- lion to the object being measured. Insulating

voltage 1000 V. Connection between terminal
and measuring instrument by means of a cable
with 4 mm banana pin.




SEZNAM NAHRADNICH DILU
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Nazev Vzhled — Funkce — Oznadeni Cislo vykresu Poznamka
Knoflik Sedy, se znacCkou, neprich. g 25 1AF 244 32 pro hifidel g€
Knoflik Sedy, nepriichozi, g 12 1AF 244 97 pro hiidel gt
Knoflik Sedy, se znackou, priich. ¢ 18 1AF 243 20 pro hiidel g€
Knoflik cerveny, se znackou, @ 12 1AF 244 35 pro hiidel g2
Knoflik Sedy, se znackou, ¢ 16 1AF 244 00 pro hiidel g
Zatka bila, @ 13 1AA 425 38
Zatka bila, @ 10 1AA 425 37
Knoflik Sedy, bez znacky, @ 16 1AF 243 99 pro hiidel gt
Deska rastr s délenim 1AA 202 01
Deska svételny filtr 1AA 201 87
Vypinacé dvojpélovy  sitovy vypinacd 1AN 569 26
Objimka objimka obrazovky 1AK 497 48
Cepicka vyvod urychlovaciho napéti
obrazovky 1AF 350 10
NoZka nozka 1AF 261 54
Zarovka zZarovky k osvétleni rastru 1AN 109 46
Zarovka kontrolni zarovka 1AN 109 17
Prepinac 5202 1AK 536 14
Prepinac S302 1AK 536 15
Tlacitko S2 1AN 559 58
Prepinac $102, S103 1AK 536 32
Prepinac S$201, S203, S301, S303 1AK 536 33
Radic S101 1AN 55317
Transformaéator sitovy transformator 1AN 663 62
Matice matice pro pfichyceni rdmecku
obrazovky 1AA 047 59
LIST OF SPARE PARTS
Designation Aspect-Function-Marking Dwg. No. Remark
Knob grey, with index, full-type
dia. 25 mm 1AF 244 32 for 6 mny ¢ 1ft
Knob grey, full-type, dia. 12 mm 1AF 244 97 for 6 mm ¢
Knob grey, with index, through-type,
dia. 18 mm 1AF 243 20 for 6 mm :
Knob red, with index, dia. 12 mm 1AF 244 35 for 3 mm !
Knob grey, with index, dia. 16 mm 1AF 244 00 for 6 mm .,
Cover cap white, dia. 13 mm 1AA 425 38
Cover cap white, dia. 10 mm 1AA 425 37
Knob grey, without marking, dia. 16 mm 1AF 243 99 for 6 mm
Plate graticule with divisions 1AA 202 01
Plate light filter 1AA 201 87
2-pole switch mains switch 1AN 569 26
Holder cathode-ray tube holder 1AK 497 48
Cap CR tube accelerating potential outlet 1AF 350 10
Pin tube holder pin 1AF 261 54
Lamp graticule illumination incandescent
lamp 1AN 109 46
Lamp pilot lamp 1AN 109 17
Switch S202 1AK 536 14
Switch S302 1AK 536 15
Slide switch S2 1AN 559 58
Switch S102, s103 1AK 536 32
Switch S201, S203, S301, S303 1AK 536 33
Multi-step switch  S101 1AK 553 17
Transformer mains transformer 1AN 663 62
Nut CR tube frame fastening nut 1AA 047 59 '

=



Il. TECHNICKE UDAJE

Obrazovka

Stinitko: @ 100 mm, rovinné

Dosvit: stfedni

Anodové

napeéti: 1500 V

Urychlovaci

napéti: 2600V

Vychylovdni: v obou smérech elektrostaticke,
symetrické

Maximalni

vyuzitelna

plocha

stinitka: 60 x 80 mm

Veriikalni zesilovat

Vstup symetricky, pfimo nebo pres konden-
zator.

Frekvencni :

rozsah: —— 0—1,5 MHz —3 dB =1 dB
~ 2 Hz—1,5 MHz —3 dB =1 dB

s Vstupni

impedance: 1MQ; 35 pF

Citlivost: 20 mV3s/dil

Reg 'ace

citli osti: 4 kalibrované rozsahy:

0,02—0,2—2—20 V/dil

Chyba: *=3 U

Plyrulé regu-

lace citlivosti: > 1 :10

Mazimalni

vstupni napéti: 200 V (vrcholovd hodnota
vetné stfidavé superpozice]

Lin¢arni veli-

kos' obrazu: 60mm

Hor zontalni zesilovad

Vsti» svmetricky, pfimo nebo pfes konden-

zato'.

Frelvenéni

rozsiii. —— 0—1 MHz —3 dB =1 dB
~2 Hz—1 MHz —3 dB =1 dB

Vstrpni

impidance: 1MQ2; 35 pF
Citli‘ost: 20 mVsg/dil
Regilace

citlirosti: 4 kalibrované rozsahy:
0,02--0,2—2—20 Vs§/dil

Chyla: =30

Plyn:lé regu-

lacecitlivosti: > 1: 10

Maxmalni

vstwni napéti: 200 V (vrcholovd hodnota
vietné stiidavé superpozice]

Lineirni veli-

kostobrazu: 80 mm )

Rozil fazovych charakteristik X & Y zesilovaci

na 20 kHz X 50,

1I. SPECIFICATIONS

Cathode-ray Tube

Screen: dia. 100 mm, plane

Persistance: medium

Anode voltage: 1500 V

Accelerating

voltage: 2600 V

Deflection: electrostatic in both directions,
symmetrical

Maximum

utilizable

screen area: - 6080 cm ;

Vertical Amplifier

Symmetrical input, direct or via capacitor.

Frequency

range: ———-0—15MHz —3dB £ 1dB
~2 Hz—1.5 MHz —3 dB = 1dB

Input

impedance: 1 MQ; 35 pF

Sensitivity: 20 mV, /div.

Sensitivity

control: 4 calibrated ranges:
0.02 — 0.2 — 2 — 20 V,/div.

Ervor: + 3 %

Continuous

sensitivity

control: = abai)

Maximum

input voltage: 200 V (peak value incl. AC
superposition}

Linear

image size: 60 mm

Horizontal Amplifier

Symmetrical input, direct or via capacitor.

Frequency

range: Z—--0—1 MHz —3dB = 1dB
~2 Hz—1 MHz —3dB * 1dB

Input

impedance: 1 MQ; 35 pF

Sensitivity: 20 mV,,/div.

Sensitivity

control: 4 calibrated ranges:
0.02 — 0.2 — 2 — 20 V/div.

Error: +-3.9%

Continuous

semSitivity

control: = 0

Maximum

input voltage: 200 V (peak value incl,
AC superposition]
Linear image
size: 80 mm
Phase difference between the characteristics
of X and Y amplifiers at 100 kHz:
< h°

L |



Casova zakladna

Rychlost casove

zdkladny: 0,1 sec/dil — 5 usec/dil
ve 14 kalibrovanych rozsazich
[1:2 =5

Presnost

rychlosti: 10 %

Linearita caso-

vé zékladny: 5 %

Vliv zmény
sitového napéti
na rychlost ¢a-
sové zakladny: = 10 %
Casovd lupa: min. 3x
Citlivost syn-
chronizace: int. 60 Hz — 400 kHz — 1 dil
40 Hz — 1,5 MHz — 2,5 dilu
ext. 60 Hz—400 kHz—100 mVeff
40 Hz—1,5 MHz—250 mVeff
vstupni impedance
> 10 kQ; 300 pF
sit: odvozeno od sitového
kmitoctu.
V poloze piepinade synchronizace ,Synchr.”
odbiha zdkladna i bez privedeného signdlu.
V poloze ,AUT.“ je zdkladna spouSténa ptiva-
dénym signalem.

Amplitudovy kalibrator

Zdroj obdélni-
kového napéti: 50 Hz
Vystupni napéti

— volitelneé: 60 mVss; 600 mVSS
Presnost

vystupniho

napéti: =3 Y

Kalibrace vystupniho napé&ti plati pfi zat&Zo-
vaci impedanci 1 M.

Vystupy

Na zdifku pfi poloze prepinade vstupu na CZ
je vyveden pilovity pribéh ze zédkladny pribliZ-
né 4 Vss/10 kQ.

Pracovni teploia:

Rozsah pra-

covni teploty: -+5°C aZ +-40°C

Osazeni
Obrazovka: DB10S6
Vertikalni
zesilovac: EC(C85, 2 x EL83, 4 x KSY62B,
2 x GA204
Horizontalni
zesilovac: ECC85, 2 x EL83, 2 x KSYB2B,

2 x GA204, 2 x KSYB2A

Time Base

Time-base

sweep rate: 0.1 sec/div. — 5 usec/div. in 14
calibrated ranges (1: 2 : 5]

Sweep-rate

accuracy: + 10 %

Time-base

linearity: 5 %

Influence of mains voltage variations on time
base sweep rate:

+ 10 0%
Time
expansion: 1T 2]
Triggering
sensitivity: int. 60 Hz—400 kHz — 1 div.

40 Hz—1.5 MHz — 2.5 div.
ext. 60 Hz—400 kHz — 100 mV
R. M. S.
40 Hz—1.5 MHz — 250 mV
R. M. S.
input impedance > 10 kQ;
300 pF
mains: derived from mains
frequency

In the time-bhase mode switch position marked’

“Trig.“ the time base sweeps also with no sig-
nal applied, while in the “AUT.“ position the
time base is triggered by the input signal.

Amplitude Calibrator

Rectangular

pulse supply: 50 Hz

Output voltage: 60 mV,, or
600 mV,

Output voltage

accuracy: + 3%

The output voltage calibration applies to a load

impedance of 1 MQ.

Ouiputs

With the input switch in the position “Time
Base“, the sawtooth voltage of the time base
of about 4 V,, appears in the connector
socket.

The output resistance is 10 kQ.

Operating Temperature

Operating

temperature

range: L5°C to +40°C

Complement

C. R. tube: B10S6

Vertical

amplifier: ECC85, 2 X EL83, 2 XKSY62B,
2> GA204

Horizontal

amplifier: ECC85, 2 XEL83, 2 XKSY62B,

2X GA204, 2>KSY62A

J



Casova

zakladna: 3 x KF506, KF508, KA501, KA238,
KA504, K7721

Zdroje: 2 x KY702F, 8 x KY705F, 6NZ70,
KZZ74, 8 x T53 11/60
(1AN 744 22)

Napajeni ze stfidavé site 220 V
nebo 120V, 50 — 60 Hz

Piikon sit 150 VA

Jisténi 120V 2,5 A/250 V
220V 1,25 A/250 V

Vaha 11 kg

Rozméry skiiné

Obr. 8

Bezpeénostni ifida

Tento elektronicky pristroj je proveden v bez-
pecnostni tFidé I podle GSN 35 6501.

Time base: 3 xXKF506, KF508, KA501,
KAZ236, KA504, KZ721

Sources: 2xXKY702F, 8xKY705F, 6NZ70,
KZ774, 8 xT53 11/60
(1AN 744 22)
Power supply: 220 V or 120 V AC, 50—60 Hz
Power
demand: 150 VA (mains)
Protection: 220 V 1.25 A/250 V
120 V 2.5 Aj250 v
Weight: 11 kg

Case Dimensions

Fig. 8

Safety Class

The instrument is intrinsically safe and res-
ponds to safety class I. according to IEC. (Me-
tal parts accessible to the touch are connected
to the protective conductor and the insulation
of mains voltage carrying parts responds to
IEC recommendations.)



IIl. NAVODK OBSLUZE PRISTROJE

VZHLED PRISTROJE A ROZMISTENI PRVKU

Pohled na p¥edni panel

IIT. ATTENDANCE INSTRUCTIONS

ASPECT OF INSTRUMENT AND DISLOCATION
OF ELEMENTS

View of Face Panel

Obr. 9

10

F302 F308

Fig. 9
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Seznam ovladacich a nastavevacich prvkii
a oznaceni funkce

R24
R33
R119
R240

R248

R254, R255
R340

R348

R354, R355
R263

R363

Sii
S2

S101
$102
103
$201
S202
$203
$301
$302.
S303-
F1
F2
F101

F201
F202
F203
F301
F302
F303
F304
P
w1
N1

12

nJas®

,Ostieni

,Citlivast — plynuld zména
citlivosti

»,Vyrovnani nuly Y

,Kal. Y — plynuld zmé&na
citlivosti Y

,Posuv Y“

,Vyrovnani nuly X“

sI€al. X KAl C7Zs — plynula
zmeéna citlivosti X

,Posuv X*

,Kalibrace citlivosti Y*“

,Kalibrace citlivosti X*“

Sitovy vypinac

,Rastr“ — pFepina¢ osvétleni
rastru

,Cas/dil“ — prepinaé rychlosti
casové zakladny

,Vyp; Aut; Synchr.“ — pfepinad
funkci Casové zakladny

,Int; Ext; 50 Hz“ — prepinat

druhii synchronizace

~ == (- —nlepinac

vstupu Y1 :

,V/dil“ — prepinac vstupniho
délice zesilovace Y

»

ek D e T
vstupu Y2
W = —prepinae

vstupu X1
,V/dil“ — pFepinaé vstupniho
délice zesilovace X
e s ) S DREDPITIAC
vstupu X2
,600 mV“ — vystup kalibracniho
napeti
,60 mV"“ — vystup kalibradniho
napeti
Ext* — vstup externi syn-
chronizace

»

=T — vstup zesilovace Y
LAV — vstup zesilovace Y
= — zemnicl zdirka
Sl — vstup zesilovade X
S — vstup zesilovace X
Mot — zemnici zditka

i A — vystupni zdirka

Pojistka sitového napéti
Voli¢ sitového napéti
Sitovd privodka

List of Control and Calibrating Elements and
Funetional Description

R24
R33
R119
R240

R248

“BRIGHTNESS®

“Focus*

“TRIG. SENSITIVITY® — continuous
adjustment of triggering sensi-

tivity
“DC BALANCE®“ — zero adjustment
v
“Y CAL.“ — ‘continuous adjustment

ol Y sensitivity

R254, R255“Y SHIFT"

R340

R348

“DC BALANCE®
X

*X CAL.", “T. B. CAL." — continuous
adjustment of X sensitivity

— zero adjustment

R354, R355 “X SHIFT"

R263
R363

S1
S2

S101
S102
5103
S201
$202
$203
$301
S302

5303

201
202
'203
F301
F302
F303
F304
Bl
Wl
Ni

“GAIN AD].“ — sensitivity calibra-

tion Y

“GAIN AD].“ — sensitivity calibra-
tion X

“MAINS® — mains switch

“GRAT.“ — graticule illumination™
switch :

“TIME/DIV.“ — time-base sweep-ra-
te switch

YOFEEY, “AUT", “TRIG.® — time-base
mode swilch

“INT.“, “EXT.“, u50 HZ“ Eeieh trigger_
ing mode switch
“~f, “zZzZ%, “0° — Y1 input switch

“V/DIV.“ — input divider switch of
Y amplifier
S te—— 8 Mgl W2iinpul switch

1 i Ty

St - et SRR SinpuEsSvitch

“V/DIV.“ — input divider switch of
X amplifier

S e (e R NP sWitch
“600 mV* — calibrating voltag?
output
“60 mV“ — calibrating voltage
output
“EXT."  — external triggering
input
Sl — Y amplifier input
SN — Y amplifier input
e - — earthing socket
L — X amplifier input
K — X amplifier inp:ut

— earthing socket

REVALY — output socket
mains voltage fuse
mains voltage selectcr
mains receplacie

S




Pohled na levou stranu p¥istroje

View of Lefi-Hand Side of Instrument

Obr. 11

Pohled na praveu siranu piistroje

Obr. 12

Ovladaci prvky vertikdlniho zesilovate

Vyrovnédni nuly
potenciometry na dostaveni rovnovahy
zesilovace, k odstranéni posuvu stopy

_ pfi ota4deni potenciometrem plynulé

zmeény citlivosti.

Posuv Y
umoZiiuje vertikdlni posouvéani stopy
po ploSe stinitka.

Fig. 11

View of Right-Hand Side of Instrument

R340

R 363

_ Fig. 12

Vertical Amplifier Conirol Elements

DC BALANCE — balance restoring potentiome-
ters to remove the trace shift occurring
when turning the continuous sensitivity
adjustment potentiometer.

Y SHIFT — potentiometer enabling vertical

shift of the trace on the screen.
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Piepina¢ vstupniho délice V/dil
frekvencéné kompenzovany déli¢, umis-
tény na vstupech zesilovaci, ktery ve
¢tyfech polohdch umoZiiuje Kkalibro-
vanou zmeénu citlivosti.

Prepinac vstupu Y1
slouZi k volbé vazby stejnosmérné pri-
mo nebo stiidavé pres oddélovaci kon-
denzdtor nebo k uzemnéni vstupu Y1.

Prepinac vstupu Y2
shodné s Y1.

Vstup zesilovace Y1

Vstup zesilovace Y2
je urcen pro pripojeni méfeného nebo
kalibra¢niho napéti.

Plynula zména citlivosti
spraZena se vstupnimi déli¢i. Je-li vy-
Zadovéana kalibrace citlivosti zesilova-
¢, je nutno mit potenciometr vZdy
v poloze na pravém dorazu, ryskou
knofliku na znacdce Kkalibrovéano.

Kalibrace citlivosti
pfipadné nesrovnalosti v citlivosti, pfi
potenciometru plynulé zmény v poloze
»Kal. Y lze dostavit timto prvkem na
boku pfistroje.

Ovladaci prvky horizentalniho zesilovate

Funkce prvki je stejnd jako u vertikalniho ze-
silovace, pouze funkce piepinace vstupniho dé-
lice v posledni poloze ,,CZ“ pfipoji internd na
zesilovac pilovity prib&h z Casové zakladny.
Casova zakladna je kalibrovdna v levé krajni
poloze plynulé zmény citlivosti X. V praveé
krajni poloze je zapojena casova lupa (3x]).

Ovladaci prvky tasové zakladny

Rychlost asové zékladny ,das/dil“
kalibrovana zména rychlosti casové
zdkladny v poméru 1:2:5, v roz-
sahu 0,1 sec/dil aZ 5 usec/dil.

Piepinad funkci CZ
synchronizovand, spoudténa nebo vy-
pnuta.

Prepina¢ druhti synchronizace
z vertikdlniho zesilovace, ze zdifky na
pfednim panelu a ze sité.

Ovladaci prvky k obrazovce

Jas regulace jasu stopy na stinitku obra-
zovky.

Ostieni regulace ostrosti stopy na stinitku.
Rastr  osvétleni rastru pied obrazovkou.
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V/DIV. — input divider switch — a frequency-
-compensated divider connected in the
amplifier inputs enabling calibrated sen-
sitivity selection.

Y1l — input selector switch providing either
DC direct coupling or AC coupling via
blocking capacitor or connection of Y1
input to earth.

Y2 — input selector switch identical with Y1.

Y1, Y2 — input sockets intended for the con-
nection of the voltage being measured or
of the calibrating voltage.

Y CAL. — continuous sensitivity adjustment
coupled with input dividers. If the sensi-
tivity of the amplifier is to be calibrated,
the potentiometer must be always turned
to the extreme right to make the knob
index point to the “Y CAL.“ sector.

GAIN AD]. — any sensitivity irregularities oc-
curring with the continuous sensi: vity

adjustment potentiometer in the “Y CAL.“

position can be removed by means of this
element on the side of the instrument.

Horizontal Amplifier Control Elements

The function of the elements is the same as in
the case of the vertical amplifier, the only dif-
ference being in that the input divider switch
in its extreme position “T. B.“ provides for the
internal connection of the time-base sawtuoth
voltage to the amplifier. The time base is cali-
brated in the extreme left position of the con-
tinuous X-sensitivity adjustment potentiometer,
The time expansion (3] is in action in the
extreme right position of this potentiom:ter.

Time Base Control Elements

TIME/DIV. — time-base sweep rate — calibra-
ted stepwise change of the sweep ra : at
a ratio of 1:2:5 within the range off
from 0.1 sec/div. to 5usec/div.

TIME BASE (S102) — time-base mode switt h —
automatic, triggered or off.

TIME BASE (S5103) — triggering mode sy itch
— time base triggered by vertical aripli-
fier, from the socket on face panzl : ' by
the mains.

CR Tube Control Elements

BRIGHTNESS — brightness control of the tra-
ce on the screen.

FOCUS — focussing of the trace on the sc.een.

GRAT. — illumination of the graticule late
over the screen.



POKYNY PRO UVEDENI PRISTROJE DO CHODU
Umisténi pFistroje

Pristroj umistéte tak, aby byl dostateény pii-
stup vzduchu do pfiistroje a nedochéazelo ke
zbyte€nému piehrati a tim ke zhorSeni vlast-
nosti pristroje.

Pripojeni na sit

Pfed pripojenim na sit se presvEdéte, zda je
pfistroj pFepojen na sprdvné sitové napéti na
voli¢i. Pfipadné chybné nastavené napéti pie-
pojte voliCem do spravné polohy. Pfepojeni se
provadi pFfepinacim kotouckem, ktery vytadhns-
te a zasurite tak, aby Cislo, udavajici nap#ti,
bylo proti trojahelnikové znacce na zadnim
Stitku. Pristroj je od vyrobce nastaven na na-
péti 220 V. PFi pfepojeni na 120 V je tfeba vy-
meénit téZ sitovou pojistku. Hodnoty pojistek
pro obé napéjeci napéti jsou uvedeny v rubrice
~TECHNICKE UDAJE".

Kenirola chodu piistroje

Zasurfite sitovou Silru do pfivodky a do sitové
zastr¢ky. Vypina¢ musi byt v poloze ,0%; vse-
chny knofliky, zvlasts ,Jas“ (R24) v poloze
max. vyto€ené doleva. Rovné% vypina& ,Rastr®
musi byt v poloze ,0“. V3echny vstupy zesilo-
vagh prepnéte do polohy ,0“. Prepinaé v hori-
zontdlnim zesilovac¢i piepné&te do polohy ,CZ“;
prepinac volby synchronizace do polohy ,Int“;
druh Cinnosti &asové zakladny do polohy
»SYNCHR.“ a potenciometr jemné regulace ze-
sileni horizontdlniho zesilovade do polohy
JKal Gz

Pfepnéte vypina¢ do polohy ,I“. Tim se roz-
sviti signalizacni Zarovka, ktera signalizuje,
Ze pristroj je v provozu.

Zapnéte vypinaem ,Rastr® osvétleni rastru.
Priblizné po jedné minuté se objevi stopa, jejiZ
polohu ,Jas® a ,Ostrost” sefidte potenciometry
»Posuv Y* (R254, R255); ,Jas“ (R24); ,OstFeni”
(R33) a ,Posuv X“ (R354, R355).

Spojevacim kéablikem propojte vystup kalibra-
toru ,60 mV*“ se vstupem vertikdlniho zesilo-
vaCe, oznafenému ,Y1“ a tento prepnéte do
polohy , ——- ®. Nastavenim potenciometru
jemné regulace zesileni vertikdlniho zesilovade
do polohy ,Kal. Y* dostanete na stinitkn obdél-
nikové priib&hy (velikost 3 dilky). PFipadnou
nesrovnalost v amplitudé lze dostavit prvkem
»Kalibrace citlivosti“, piistupnym na levém
boku niistroje. PFepinanim rychlosti dasové z4-
kladny se pak mohou volit riiznd méFitka roz-
vinuti horizontalniho dé&je. Nastaveni potencio-
metru jemné regulace zesileni horizontalniho
zesilovace do polohy ,Kal. X“ pouZivdme pri

INSTRUCTIONS FOR SETTING IN OPERATION

Location of Instrument

When locating the instrument, provide for a
sufficient access of air to its interior to pre-
vent undersirable overheating, which would
cause worsening of the instrument properties.

Connection to Mains

Before connecting the instrument to mains,
see that the mains voltage selector is preset
to the correct value. In the case of incorrect
presetting change the selector to the desired
position. To do this, withdraw the selector
disk and reinsert it so that the number indi-
cating the mains voltage lies opposite the fri-
angle-shaped index on the back plate. The
manufacturer presets the mains voltage to
220 V. When changing to 120 V it is also ne-
cessary to replace the mains fuse. The fuse
values for the two mains voltages are indica-
ted in the “SPECIFICATIONS".

Operation Check

Insert the mains lead into the instrument re-
ceptacle and then into the mains socket. The
mains switch must be in its “0“ position and
all the knobs, particularly the “BRIGHTNESS®
knob (R24), are to be turned to their extreme
left. The “GRAT.“ switch must likewise be in
its “0“ position. Now return all the amplifier
input switches to their “0“ positions. To pro-
ceed, change the input divider switch of the
horizontal amplifier to the position “T.B.“,
the triggering mode switch to the position
“INT.“, the time-base mode switch to the po-
sition “TRIG.“ and the fine gain-adjustment
potentiometer of the horizontal amplifier to
the position “T. B. CAL.".

Now trip the mains switch to the position “I“.
This causes the pilot lamp to light up to indi-
cate that the instrument is in operation.
Close the “GRAT.“ switch to illuminate the
graticule. The electron trace appears on the
screen in about one minute. Adjust its posi-
tion, brightness and sharpness with the aid
of the potentiometers “Y SHIFT® (R254, R255),
“BRIGHTNESS® (R24), “FOCUS“ (R33) and
“X SHIFT* (R354, R355]).

Use a cable to interconnect the “60 mV“ cali-
brator output with the vertical amplifier input,
marked “Y1“, and switch it to the position
,———". Set the fine gain-adjustment potentio-
meter of the vertical amplifier to the position
“Y CAL." to obtain rectangular pulses on the
screen ([magnitude 3 divisions). Amplitude
deviations, if any, can be removed with the
element marked “GAIN ADJ.“ accessible from
the left side wall of the instrument. Diverse
scales of development of the horizontal pro-
cess can then be selected by changing the
sweep rate of the time base. The fine gair-
adjustment poteutiometer of the horizontal
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tomto druhu provozu ¢as. lupu, umoZiiujici roz-
vinuti pribéhu s 3x vyS8i rychlosti. Obraz do
synchronniho stavu nastavime potenciometrem
,Citlivost® (R119).

IV. ZPUSOBY MERENI

PRIKLADY OBSLUHY V PROVOZU S CASOVOU
ZAKLADNOU

Méfeni stiidavé sloZky napéti

Mg&Fime-1i stFidavou sloZku napéti, nastavime
funké&ni prepinaé S201 do polohy ,~%, S203 do
polohy ,0“. V této poloze je st¥idavéd sloZka
pozorovaného pribghu zobrazena na stinitku.
Je-li frekvence méfené stfidavé sloZky pozoro-
vaného prtbéhu prilis nizka, provadime mefeni
v poloze pfepinace, ——= “z divodl omezeni
chyb. Prislusnou velikost stfidavé sloZky na-
péti 88 dostaneme takto:

Na rastru pomoci dilkového déleni odelteme
velikost od kladného po zaporny vrchol pri-
bdhu v dilcich. Takto ziskany rozmér ndsobime
tdajem, ktery je ddn polohou knofliku ,V/dil®
zesilovade, pricemZ potenciometr jemné regu-
lace zesileni musi byt v poloze ,Kal. Y.

Néasobime jesté délicim cinitelem sondy, po-
uZité pro ziskdani mé&Feného napéti. Vyslednd
velikost napéti tedy je: délici pomér sondy
x V/dil x vy8ka obrdzku = napéti 85. Pro na-
zornost prfedpokladejme pouZiti sondy BP 4631
s délicim pomérem 1 : 10, knoflik ,V/dil* v po-
loze 2V, vyska obrdzku na stinitku dle rastru
je 4 dilky.
10.2.4=280Vss

Mé&rime-li sinusové pribéhy, ziskané napéti
prevedeme z napéti Spicka—3picka na efek-
tivni nebo stfedni hodnotu obvyklym zpfliso-
bem.

Méfeni okamZité hodnoty napéti

Mefici metoda k méreni okamZité hodnoty na-
péti je v podstaté shodna s metodou popsancu
v méfeni stfidavé slozky napéti. Prepinacd
vstupu zesilovate S201 pfepneme do polohy
, ——— ‘. M&Ffime-li okamZitou hodnotu napéti
ve vztahu k néjakému potencidlu (obvykle
k zemnimu), musime si pfedem nastavit pri-
sluSnou trovenl referen¢niho napéti, odpovi-
dajici velikosti na stinitku. Je-li napf. prova-
déno méfeni na |+ 100 V potencialu, referencni
tirovell zemé. Jind tnroveii muZe byt pouZita
zeni této tGrovnE popiSeme pro nejbézZnéjsi
droveinl zemé. Jind Groveri milZe byt pouZita
obdobné.

amplifier can be turned to the position “X CAL."
to start the time magnifier, which triples the
sweep rate. The image can be synchronized
by means of the “TRIG. SENSITIVITY“ poten-
tiometer [R119).

iVv. METHODS OF MEASUREMENT

EXAMPLES OF TIME-BASE OPERATION

Measurement of the Alternating Component of
a Voliage

If the alternating component of a voltage is to
be measured, set the input switch S201 to the
position “~“ and the input switch S203 to the
position “0“. The alternating component of the
course being observed is now displayed on the
screen. If the frequency of the alternating
component being measured is too low, perform
the measurement with the switch in the po-
sition “=——=" to reduce the errors. The corres-
ponding peak-to-peak voltage of the alternat-
ing component is evaluated as follows:

Read off the distance between the positive and
the negative peak in terms of the graticule
divisions. Multiply the magnitude so obtained
by the value indicated by the position of the
“V/DIV® knob of the amplifier, the fine gain-
adjustment potentiometer being in the position
“NQAL

Now multiply the product obtained by the fac-
tor of the probe used to detect the voltage
being measured. The resulting voltage is thus:
probe factor xXV/DIV ximage height = p-p vol-
tage.

To illustrate the calculation, let us assume the
use of the BP 4631 probe with a division ratio
of 1 : 10, the “V/DIV® knob to be in the posi-
tion 2 V, and the screen image height in terms
of the graticule divisions to be 4 divisions:

10%2x4 = 80 V.,

if sine-wave effects are being measured, the
usual methods are used to convert the peak-
-to-peak value to the R. M.S. or mean value.

Instantanecus Voliage Measurement

In its principle, the instantaneous voltage me-
asuring method is identical with that ds=scri-
bed above. Change the amplifier input switch
S201 to the position “=—=". If the instantan-
eous voltage value is to be measured with re-
ference to a given potential {usually the earth
potential), it is essential first to preset the
appropriate reference voltage level correspond-
ing to the size of the image. If, for inst., the
measurement proceeds at -+ 100V potential,
the reference level will also correspord to
+ 100 V. The provision of this reference level
will be described for the most frequently used
earth potential. Any other level can be attai-
ned by analogy.



Ziskani referenéni firovné

Referen¢ni droveil ziskdme nésledujicim po-
stupem:

Pripojime hrot sondy na zemni svorku na pfi-
stroji [nebo na prislusny zdroj napéti, je-li
drovedl jind neZ zem) a nastavime oscilograf
na volné béZici zakladnu. Je-li jako referencni
aroven zvolen zemni potencidl, 1ze téZ pouZity
vstup pfepnout piepinacdem S201 do polohy ,0.
Vertikalné nastavte stopu na stinitko tak, aby
leZela na nékterém 2z hlavnich dilkdt rastru
(tento bod nastaveni bude zaviset na polarité
a amplitudé vstupniho signalu, event. na po-
uzitéii vstupu zesilovace). Tento dilek rastru
je pak referenéni nrovni pro vSechna dalsi
meéfeni. Po nastaveni referenc¢ni trovné uz ne-
nastavujeme vertikdlni posuv, nebot by do mé-
feni byla zanesena chyba.

Hrot sondy pfipojime na zdroj meériciho napéti.
Ovladaci prvek ,Citlivost® (R119) nastavime
tak, aby obraz byl stabilni.

Na rastru odmérime vzddlenost pozorovaného
bodu na pribéhu od bodu, kterym probiha re-
ferencni tdroveni v dilci. Tento rozmér nédso-
bime tdajem, ktery je dan polohou knofliku
LV/dil“,

Nasobime jedté délicim pomérem pouZité sondy.
Pro néazornost predpoklddejme pouZiti sondy
BP 4631 s délicim pomérem 1 :10. Knoflik V/dil
v poloze 0,2; referen¢ni Uroveii je nastavena
na druhou rysku od spodku rastru a od tohoto
bodu je vzdéalenost 3 dilky k bodu priabé&hu, ve
kterém chceme méfit okamZité napé&ti. Potom
bude: 10x0,2x3 =6 V. Je-li mé&teny napétovy
bod nad rovinou referen¢ni Grovné p¥i pouZiti
vstupu ,Y1% je polarita napsti kladna; je-li
pod drovni, je zdpornd. Pri pouZiti vstupu , Y2
je polarita napéti opac¢na.

Meéfeni ¢asu

Casova zakladna pouZitd v piistroji umoZiiuje
zjistit Casovy interval mezi dvéma prib&hy
nebo dv&ma body jednoho prab&hu az do délky
rastru. Takové méfeni se provadi nasledujicim
Zplsnbhem:

Na rastiu odelteme horizontalni vzdalenost
mezi dvéma body, jejichZ asovy interval ode-
Ctem: v dilcich.

Tuto vzddalenost nacchime koeficientem, ode-
Cten' in v poloze knoflikn ,8as/dil" pouZité ta-
sové zdkladny. Potencicmetr jemné regulace
zesileni horizontdlniho zesilovade nastavime
do polorv Kal. CZ“.

Pro n»naz.rnost predpokladejme, Ze pFepinac
»Cas/dil” je v poloze 1 msec; horizontalni vzda-
lenost, ocectend na rastru, je 5 dilk{l. Casovy
interval potom bude:

5 x 1 msec = 5 msec.

Provision of Refere'nce Level

The reference level is provided as follows:
Insert the probe point into the earth terminal
of the instrument (or connect it to the desired
voltage supply, if the level is other than earth)
and set the oscilloscope to allow the time base
sweep freely. If the earth potential is chosen
as reference level, the input used can also be
switched to “0“ by means of the switch $201.
Adjust the vertical setting to make the elec-
tron trace coincide with one of the main gra-
ticule divisions (the preset point will depend
on thet polarity and amplitude of the input
signal and on the amplifier input chosen].
This graticule division now serves as reference
level in all subsequent measurements. After
having preset the reference level, avoid any
adjustment of the vertical shift, since this
would infer error into the measurement.

Apply the point of the probe to the source of
the voltage being measured. Set the “TRIG.
SENSITIVITY® potentiometer [R119) so as to
cbtain a stable image.

Now measure the distance of the point being
observed on the curve from the reference le-
vel point in terms of graticule divisions. Mul-
tiply this distance by the value indicated by
the position of the “V/DIV.® knob. Moreover,
multiply the product so obtained by the divi-
sion ratio of the probe used.

To illustrate the calculation, let us assume the
use of the BP 4631 probe with a division ratio
of 1 :10, the “V/DIV.“ knob being in the posi-
tion 0.2. Let the reference level be adjusted
to the second graticule division from below,
the distance from this point to the point on
the curve at which we wish to measure the
instantaneous voltage being 3 divisions. It fol-
lows that: 10X0.2X3 = 6 V. If the “Y1" input
is used and the measured voltage peoint is over
the reference level, the polarity of the voltage
is positive, and it is negative, if the said point
is below the reference level. When using the
“Y2" input, the polarities are reverse.

Time Measuremenis

The time base used in the instrument enables
to evaluale the time interval betwee: two cur-
ves or between two points of the same curve,
the limit being imposed by the length of the
graticule. The measurement of this kind pro-
ceeds as follows:

Read off the horizontal distance between two
points on the graticule in terms of divisions.
Multiply this distance by the factor indicated
by the position of the “TIME/DIV.” knob of
the time base. Set the fine gain-adjustment
potentiometer of the horizontal amplifier to
the position “T.B.CAL.".

To illustrate the evaluation, let vs assume the
“TIME/DIV.“ switcli to be in the position
1 mseec, the horizoutal distance read off the
graticule being G divisions The time interva
will then be: 5 <1 msec = 5 msec.



Pii poloze ,Kal. X“ potenciometru jemné regu-
lace zesileni X je pouZita Casova lupa priblizné
3x. V tomto pfipadé pfri stejné odectenych nda-
jich jako ve vySe uvedeném pripadé je casovy
interval

125

= 1,66 msec
3 : sec

Meéveni frekvence

Meéreni frekvence provadime stejnym zpliso-
bem jako méfeni casu. Frekvenci pozorova-
ného priibéhu dostaneme matematickym tko-
nem, protoze frekvence je pievratnou hodnotou
Casu periody. Pro nazornost predpokladejme
Cas jedné periody 2 usec. Frekvence pozorova-
ného pritibéhu je pak:

sl
2.10°

= 0,5 x 108 Hz = 0,5 MHz

Meéfeni symetrickych signali

Obdobnad méfeni jak byla uvedena v piedchozi
kapitole lze provadét i se symetrickym signa-
lem. Pritom symetricky signdl pifivadime do
obou vstupii vertikdlniho zesilovace.

PRIKLADY OBSLUHY V PROVOZU XY

Méifeni kmitoétu metodoun Lissajousovych
chrazeit

Prepinac S302 pfepneme do provozu s horizon-
talnim zesilovacem a na vstup privedeme stri-
davé napéti o znamém kmitoctu, napf. z RC
generdtoru Tesla BM 344. Na vstup vertikdlniho
zesilovace privadime neznamy kmitocet.
JestliZze souhlasi kmitocet generdtoru piesné
s kmitoCtem méfenym, objevi se na stinitku
stojicl obrazec. M4-li méfené napéti sinusovy
pribéh, je obraz kruZnice, elipsa nebo primka.
PFi prabéhu jiném ([obdélnikovy, pilovy aj.]) je
obraz na stinitku zkreslen.

Je-1i jeden ze srovnavacich kmitoctd celistvym
ndsobkem druhého, dostaneme jednoduché
obrazce, jejichZ tvar se méni vlivem fazového
posuvu. Na obrdzku jsou Lissajousovy obrazce
pro pomeér kmitocftd 2 :1, 1:2, 4:1.

e

fy :fx=1:2

Byieioe— 2 o

Neni-li jeden z kmitoétli celistvym nasobkem
druhého, ale je-li pomér vyjadien pomérem
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With the fine gain-adjustinent potentiometer
of the X amplifier in the position “X CAL."“,
the time expansion of about 3> is in opera-
tion. Assuming the same readings as before,
the time interval will in this case be

1f\i~ = 1.66 msec

Frequency Measurements

The frequency measurement proceeds in the
saine way as the time measurement. The fre-
quency of the process being observed is ob-
tained by computation, since it is the inverse
value of the cycle period. To illustrate, let us
assume the cycle period to be 2 usec. The fre-
quency of the process being observed is then:

1

Measurement of Symmeiric Signals

By analogy with the previous paragrapl, a
symmetric signal can also be measured, being
applied to both inputs of the vertical amplifier.

EXAMPLES OF XY OPERATION

Frequency Measurements by the Method of
Lissajous Figures

Set the switch S302 for operation with hori-
zontal amplifier and apply an AC voltage of a
known frequency, e. g., from the Tesla BM 344
RC generator, to its input. The unknown fre-
quency is supplied to the input of the vertical
amplifier.

If the generator frequency agrees exactly with
the frequency being measured, a stationary
image appears on the screen. If the voltage
being measured is sinusoidal, the image is in
the form of a circle, an ellipse or a straight
line. For other wave forms [rectangular, saw-
tooth, etc.] the image on the screen is dis-
torted.

If one of the frequencies being compared is
an integer multiple of the other, simple figures
are obtained, the shape of which varies with
the phase shift. Lissajous figures for the fre-
quency ratios of 2 : 1, 1 : 2, 4 : 1 are shown
in Fig. 13.

Fig. 13

fy:fIx=4:1

If one of the frequencies is not an integer
multiple of the other, but if their ratio can be



je dan pomérem pocCtu vrchold ve vertikalni
roviné a v roviné horizontalni, fy je meéfeny
kmitocet, pfivadény na vertikalni zesilovac; fx
je kmitoget zndmy, pfivadény na horizontalni
zesilovac.

Meieni hloubky modulace z licheb&Znikového
priitbéhu :

Na vertikdlni zesilovad privedeme modulovany
vf signdl a na horizontalni zesilovaé¢ nf modu-
lujici signdl. Na stinitku oscilografu vznikne
lichob&Znik, pfi hloubce modulace 100 % vznik-
ne trojahelnik.

B—-A

: 0
B . 100 %

Obr. 14

Meéieni otacek

Méreni otdacek se velmi podoba méreni kmi-
toCtu. BEZné se provadl meérenl otacek elekiro-
magnetickymi obrdatkoméry, které trpi opotfe-
benim a které obvykle neni moZné na méfeny
objekt pripojit trvale. Presnost tohoto méreni
byva obvykle nizka. Mame-li vhodny snimac,
miZeme mérit otacky s vy38i presnosti (asi
=3 0p). MGZeme je méFit trvale a méfeni pro-
vadet ve veétsi vzdalenosti od rotujici &asti;
nemame-Ii vhodny snimac¢, miiZeme pouZit nou-
zové i elektromagnetické sluchatko se sejmu-
tou membranou. Tento snimac¢ upevnime proti
vystupkim na rotujici ¢asti. Podminkou je, aby
vystupky byly z magneticky vodivého materi-
alu. Pri kaZdém priichodu vystupku kolem sni-
mace vznikne ve snimaci elektricky impuls. PFi
meéfeni zapojime snimac jako jeden zdroj kmi-
toCtu, generdtor jako druhy a méfime pomoci
Lissajousovych obrazcli. Vlastni otédcky vycisli-
me podle vztahu:

o clinen

kde n == podet otdfek za minutu
i = méfeny kmitocet
k = pocet vystupkl rotujici ¢asti.

expressed as a proper fraction, the {figure
becomes more complicated. The frequency
ratio is determined by the ratio of the number
of peaks in the vertical plane to the number
of peaks in the horizontal plane, f, being the
frequency being measured, which is supplied
to the vertical amplifier, and f, the known fre-
qguency, which is supplied to the horizontal
amplifier.

Modulation Factor Measuremenis from
Trapezoidal Wave

The modulated HF signal is applied to the ver-
tical amplifier, the modulating LF frequency
being supplied to the horizontal amplifier. A
trapezoidiform image appears on the oscillo-
scope screen, degenerating to a triangle if the
modulation factor attains 100 %.

B—A

ekl ]
BT A . 100 %

Fig. 14

Measurement of Revolutions

The measurement of revolutions is very simi-
lar to the measurement of frequency. Electro-
magnetic revolution counters are currently

used for this purpose, but they are exposed to -~

severe wear and usually cannot be permanent-
ly attached to the object being measured. The
accuracy of this measurement is usually low.
if a suitable pick-up is available, revolutions
can be measured with a greater accuracy
fabout + 3 %). The measuring can be perma-
nent and can be performed at a greater dis-
tance from the rotating part. If no suitable
pick-up is at hand, it can be substituted by a
telephone receiver with the diaphragm remov-
ed. Such a pick-up is fixed against projections
on the rotating part, provided that these pro-
jections are of a magnetically conductive ma-
terial. Each passage of the projection past
the pick-up causes an electric pulse to be
generated in the pick-up winding. For the me-
asurement, the pick-up is connected as the
one frequency transmitter and a generator as
the other, the measuring method being based
on the Lissajous figures. The numebr of revo-
lutions is obtained from the relation:

f X 60
i k
where n .. . revolutions per minute,
f . . . frequency measured,

e . number of projections on the
rotating part
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MeéFeni faze dvou napéti

Potfebujeme-li mérit fazovy posuv dvou napétl
stejneho kmitocCtu, pfivedeme jedno z nich na
vertikdlni, druhé na horizontalni zesilovac. Na
obrazovce se objevi stojici elipsa. OdeCteme
tseky Y1 a Y2 a potom fazovy posuv je moZno
urcit ze vztahu:

sin i
e
Yo

Phase Shift Measurements

If the phase shift between two voltages of like
irequency is to be measured, connect one of
them to the vertical amplifier and the other to
the horizontal one. A stationary ellipse will
appear on the screen. Now read off the length
of the intercepts Y1 and Y2 and determine the
phase shift from the relation

sinp—— =—
Ys

lla 2

Obr. 15

Pii ¢ = 0 nebo 180° se elipsa zmeéni v primku,
pri g = 90° v kruZznici. Pro thly 0—90° vznikne
elipsa podobna plné vytaZené, pro thly 90° az
180° carkované (obr. 15). Pri meéreni délky
usecky Y2 je vyhodné odpojit vstup horizon-
tdlniho zesilovace.

MeéfFeni impedanéniho prizpiisobeni

Pro rychlé meéreni impedanc¢niho pfizplsobeni
je vyhodnda metoda vyuZivajici vobler, oscilo-
graf a merici vedeni (vytvorené usekem koaxi-
dlniho vedeni). Pripojime-li na detekéni diodu
oscilograf, na jehoZ horizontdlni zesilovac¢ pri-
vedeme rozmitaci napéti rozmitaného oscila-
toru, kresli paprsek na obrazovce priabéh sto-
jatvch viln na vedeni. Jako vedeni pouZijeme
presny koaxialni kabel, jehoZ délka je dana
zdvihem vobleru a poc¢tem vin, které chceme
na obrazovce pozorovat.

e 150
Af . Ve
kde n = pocet vin
Af = zdvih
¢ = dielektricka konstanta kabelu.

Volime-li n = 1, Af = 15 MHz a pohybuje-li se
hodnota dielektrické konstanty pro béiné ko-
axialni kabely kolem 2,5, vyjde nam délka
1=6,32 m.

Pomér maximalniho a minimalniho napéti uda-
vd pomeér stojatych vin. Relativni posunuti mi-
nima pribéhu napéti pii vedeni zatiZzeném meé-
renou impedanci vzhledem k minimu napéti pfi
vedeni naprazdno urcuje thel odrazu g.
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Fig. 15

The ellipse will become a straight line for
» = 0 or 180° and a circle for @ = 90°. The
solid ellipse applies to shift angles from 0 to
90° and the dashed one to angles from 90 to
180° (Fig. 15). When measuring the lenght of
the intercept Y2, it is of advantage to discon-
nect the input of the horizontal amplifier,

Measurements of Impedance Matching

A method suited for fast measurements of im-
pedance matching is one using a wobbler, an
oscilloscope and a measuring line (in the form
of a section of coaxial line). When connecting
the oscilloscope to a detection diode, the wob-
bling voltage of a sweep oscillator being ap-
plied to the horizontal amplifier of the oscil-
loscope, the electron beam depicts on the
screen the stationary waves in the line. A pre-
cision coaxial cable is to be used as the mea-
suring line, its length being determined by the
frequency deviation of the wobbler and by the
number of waves desired to be observed on
the screen.

oam X Tl
At X Ve
where n .. . number of waves
Af . . . frequency deviation
z . . . dieleciric¢ constant of the ¢able.
If the values above are chosen to be 1. = 1,

Af = 15 MHz, and if the value of the dieleciric
constant for currently used coaxial cible is
somewhere about 2.5, the resulting leng'h is
1= 6.32m.

The maximum/minimum voltage ratio repre-

sents the stationary wave ratio. The relative
shift of the minimum of the voltage wava with
the line loaded by the impedance being me-
asured in relation to the voltage minimum
with the line free of load determines the angle
of reflection o.

b
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Obr. 16 A

Preladénim vobleru mZeme plynule proméfo-
vat v celém vySetfovaném Kkmito¢tovém roz-
sahu.

Nastaveni prithéhu kmitottové charakteristiky

Na vstup obvodu privedeme z vobleru rozmi-
tané vi napéti, naladéné na stied pracovniho
kmitoctu. Vertikdlni zesilovac¢ pripojime na vy-
stup obvodu; horizontalni zesilovac pripojime
na vystup rozmitaciho napéti z vobleru. Na
obrazovce uvidime piimo tvar kfivky propust-
nosti meéreného obvodu a vliv jednotlivych
prvki.

V. PRINCIP CINNOSTI

BLOKOVE SCHEMA

\ BT vedeni naprazdno
'\ G, no-load line
‘\
etk B vedeni zakoncené
méfenou impedanci
Fig. 16 line terminated

with the measured impedance

By retuning the wobbler, measurements can
be performed in the whole frequency range
being investigated.

Setting of the Frequency Response Curve

The HT wobbler voltage tuned to the midpoint
of the operating frequency range is applied to
the input of circuit, its output being connected
to the vertical amplifier. The horizontal ampli-
fier is connected direct to the wobble frequen-
cy output of the wobbler. The CR tube now
directly displayes the frequency response cur-
ve of the circuit being investigated and the
effect of the individual elements.

V. PRINCIPLE OF OPERATION

BLOCK DIAGRAM
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o
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Obr. 17
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— externi synchronizace
— vertikalni zesilovac
— gasova zakladna
horizontalni zesilovac
— NN zdroje
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Fig. 17

— external triggering
— vertical amplifier
— time base
horizontal amplifier
— LT supplies

— HT supply
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POPIS OBVODU

Vertikalni zesilovaé (obr. 18)

£

Obr. 18

1 — vstupni d8&lié
2 — vstupni dé&lic

Zesilovat maéa symetricky vstup s moZnosti
uzemnéni kteréhokoliv vstupu, to znamend vy-
tvofeni nesymetrického vstupu. Vazba s méfe-
nym obvodem je budto stejnosmérna nebo
stfidava pfes oddélovaci kondenzator. Citlivost
zesilovace je 20 mVSS. Signdl je pfimo nebo
pres vstupni déli¢ pfiveden na symetricky ka-
todovy sledovac¢ a odtud na symetricky zesilu-
jici stupefi, ktery pii nesymetrickém provozu
funguje jako emitorovy invertor. V emitorech
tohoto stupné je moZno zménou zaporné zpétné
vazby plynule ménit zesileni. Takto zesileny
signdl je pfiveden na koncovy stupeil, ktery je
tvoien kaskodou tranzistor elektronka. V emi-
torech tranzistori koncového stupné je pomoci
zaporné zpétné vazby provedena kalibrace ze-
sileni a rovnéZ je zde kmito&tové zavisld zpétna
vazba, umoZiiujici korekci kmitoftové charakte-
ristiky zesilovace s ohledem na vy33i kmitodty.
7. koncového stupné je odebiran zesileny sig-
nal pro synchronizaci casové zdkladny.

Horizontalni zesilovaé (obr. 18)

Horizontdlni zesilova¢ pracuje v reZimu ,XVY*“
shodné s vertikalnim. Rozdil je pouze pfi pro-
vozu s Casovou zdkladnou. V tomto piipadé je
mfizka jednoho katodového sledovade uzemns-
na, do miiZky druhého katodového sledovade
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DESCRIPTION OF CIRCUITRY

Vertical Amplifier (Fig. 18)

Fig. 18

1 — input divider
2 — input divider

The input of the amplifier is symmetrical with
a possibility to earth any of the input chan-
nels to provide for an asymmetrical input. The
coupling with the circuit being measured is
either galvanic or capacitive via a blocking
capacitor. The sensitivity of the amplifier is
20 mV, . The signal is supplied to a symmetri-
cal cathode follower either directly or through
an input divider, and is passed on to a sym-
metrical amplification stage acting as an emit-
ter inverter in the case of asymmetrical ope-
ration. The amplification can be continuously
controlled by changing the negative feedback
in the emitter circuits of this stage. The ampli-
fied signal is supplied to an output stage con-
sisting in a transistor-tube cascode. A negative
feedback in the emitter circuits of the output-
-stage transistors provides for amplification
calibration. A frequency-dependent feedback
is also provided here to enable correction
of the frequency characteristic of the ampli-
fier in the high-frequency range. The ampli-
fied signal is taken off the output stage to
trigger the time base.

Horizontal Amplifier (Fig. 18)

The horizontal amplifier operates in “XY“
mode identically with the vertical one, the
only difference being in the time-base mode
of operation. In this case, the grid of one of
the cathode followers is earthed, the sawtooth



je privddéno pilovité napéti z ¢asové zdkladny.
7 Kkatody tohoto sledovace je rovnéZ odebirdno
pilovité napéti na vystupni zdifku. Odbér pilo-
viteho napéti je proveden pfribliZzné z nulové
trovné. Amplituda pilovitého napéti je asi 5V,
vystupni odpor asi 100 kQ.

Amplituda pilovitého napéti je ale vétSi, neZ
je poZadovand zdkladni citlivost ze zesilovace.
Déleni amplitudy na poZadovanou hodnotu je
provedeno na dgéli¢i, tvofeném vstupnim odpo-
rem tranzistoru E305 a odporem v béazi.

voltage of the time base being supplied to the
grid of the other cathode follower. Moreover,
the sawtooth voltage is taken off the cathode
of this follower and supplied to the output
socket, the build-up of the sawtooth edge
being started from about zero level. The am-
plitude of the sawtooth voltage is about 5 V,
the output resistance being approximately
100 kQ.

However, the amplitude of the sawtooth vol-
tage is greater than required for the basic
sensitivity of the amplifier. The reduction of
the amplitude to the required value is effected
by a divider constituted by the input resis-
tance of the transistor E305 and its base re-
sistor.

Casova zakladna Time Base
=0
8———0
Obr. 19 Fig. 19
1 — zesilovaC synchronizacniho signdlu 1 — triggering signal amplifier [E108)
(E106)

2 — Kklopny obvod (E103; E105) 2 — flip-flop (E103, E105)
3 — integrator (R101—106, C104—1086] 3 — integrator (R101—106, C104—106)
4 — zastavovacl obvod (E102; E104) 4 — stop circuit (E102, E104)
5 — do horizontdlniho zesilovace 5 — to horizontal amplifier
6 — Y zesilovac 6 — Y amplifier
7 — Ext. 7 — EXT.
8§ — sit 8 — mains

Na vstup zesilovaCe synchronizacniho signéalu
je pfes plynule nastavitelny déli¢ a vazebni
kapacitu privadén synchronizac¢ni signal, odvo-
zeny z vertikdlniho zesilova¢e nebo z vng&jSiho
zdroje synchronizace, pripadné pribéh odvo-
zeny od sitového kmitoctu. Zesilenym signalem
je preklopen Kklopny obvod 2 do polohy, p¥i
které zacne linedrné stoupat vystupnl napéti
integratoru 3. Po dosaZeni poZadované ampli-
tudy pily je klopny obvod 2 pomoci zastavova-
ciho obvodu 4 vracen do vychozi polohy. K opa-
kovani tohoto cyklu dojde aZ po prichodu syn-
chroniza¢niho signalu (poloha ;,AUT“) nebo
samocinné po dohé, urcené vnitFni kapacitou
v klopném obvodu. (Poloha ,SYNCHR.“].

V poloze ,AUT“ tedy pracuje zékladna jako
spousténd, v poloze ,SYNCHR.“ jako synchro-
nizovand, pripadné volné b&Zici.

Zdroje

Sitovy transformétor

Transforméator v plaStovém provedeni méa po-
uZita dvé jadra ,C“. Primarni vinuti je prove-
deno obvyklym zpiisobem 120/220 V. Jisténi je
provedeno tavnou trubifkovou pojistkou.

The triggering signal supplied from the verti-
cal amplifier, provided by an external source
of triggering pulses or determined by the
mains frequency is applied to the input of the
triggering signal amplifier via a continuously
adjustable divider and a coupling capacitor.
The amplified signal triggers the flip-flop 2
to the position initiating a linear build-up of
ihe output voltage of the integrator 3. The re-
guired amplitude of the sawtooth having been
attained, the flip-flop 2 is returned to its ini-
tial state by the stop circuit 4. This cycle is
repeated as soon as the next triggering signal
arrives (switch position “AUT“) or automati-
cally after a period determined by the intrin-
sic capacity of the flip-flop (position “TRIG.%).
In the position “AUT“ the time base thus ope-
rates as triggered and as synchronized or fre-
ely sweeping if the switch is set to “TRIG".

Power Sources

Mains Transformer

The transformer is of the shell-type construc-
tion using two C-cores. The primary winding
is of the usual 120/220 V arrangement. A glass
cartridge-type fuse is provided as a protection.
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Usmériiovade

Usmérnéni v napajecim zdroji je provedeno
vykonovymi usmeériiovaci. Tyto diody jsou snad-
no piistupné a vyménitelné, protoZe jsou vpé-
jeny do keramickych mistkli. Za usmeériiovati
nasleduji dvojité RC filtry s omezovacimi od-
pory proti proudovym 3pickam. :

Zdroj vysokého napéti

Jedno sekundarni vinuti transformaétoru asi
415 V slouZi jako zdroj pro néasobife vysokého
napéti. Jeden pétindsobi¢ skytd zdporny zdroj
anodového napéti —1250V a jeden ztrojovac
potom kladné napéti 4-1300 V pro urychlovaci
anodu obrazovky. Nasobice tvofi tuZkové selé-
nové usmériiovace s krabicovymi kondenzatory
0,25 uF v tésném provedeni. Zaporny zdroj je
stabilizovan varistorem.

V. UDRZBA

UDRZBA VERTIKALNIHO ZESILOVACE

Kontrola kalibrace citlivosti

Ovladaci prvky nastavime takto:

Prepina¢ S202 do polohy 20 mV/dil; S201 do
polohy ——=a S203 do polohy ,0%. Potencio-
metr zmeény citlivosti R248 dame do polohy
SR

Zapneme pFistroj a dostavime ostatnimi prvky
obrazek na stinitku tak, aby byl dostatecné
jasny a ostry. Nastavime potenciometrem R263
velikost obrazku na stinitku tak, aby odpovi-
dala velikost 60 mV vySce 3 dilkd.

Nastaveni frekvenéni kompenzace zesilovate

Na vstup Y1 (F201) pripojte napéti z genera-
toru obdélnikového napéti 10 kHz. Vstupni dé-
li¢ S202 prepneme do polohy 20 mV/dil; po-
tenciometr zmény citlivosti R248 do polohy
~KAL. Y“; pfepina¢ S203 do polohy ,0“. Nasta-
vime stopu pfibliZné do stfedu stinitka; obdél-
nik asi 3 dilky vysoky. PFiddvanim kondenzéa-
toru Cc paralelng k C241 nastavime optiméalni
priub&h obdélniku. (Cc = 220 nebo 390 nebo
680 pF.)

Nastaveni vstupni kapacity zakladniho rozsahu
vstupu Y1

Prepina¢ S202 nastavime do polohy 20 mV/dil;
S201 do polohy ,,—— =%, Na vstup Y1 (F201) pf¥i-
pojime generdtor obdélnikového napéti asi 150
mV pies kalibratni jednotku. Na stinitku se
objevi obdélnikové priéib&hy, jejichZ optimalni
tvar dostavime kondenzatorem C233. Pfi nasta-
vovéani je nutno mit piepina¢ S203 v poloze ,,0.
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Rectifiers

The rectification in the power pack is taken
care of by the power rectifiers. These diodes
are easily accessible and replaceable, being
soldered between ceramic supports. The rec-
tifiers are followed by double RC filters with
resistors to limit current surges.

H T Supply

One of the secondary windings of the trans-
former, about 415 V, serves as a power source
for HT multipliers. A quintupler acst as a
source of the negative plate potential of
—1250 V, a tripler being provided to supply
a positive voltage of 41300 V for the accele-
rating electrode of the CR tube. The multi-
pliers consist of pencil-type selenium recti-
fiers with 0.25 uF potted capacitors. The ne-
gative supply is stabilized with a varistor.

VI. MAINTENANCE

MAINTENANCE OF VERTICAL AMPLIFIER

Calibration Sensitivity Check

Set the control elements as follows:

Switch S202 to the position 20 mV/div.; switch
S201 to the position “z—=—=, and switch S203
to the position “0%; sensitivity adjustment
potentiometer R248 to the position “Y CAL.“.
Close the mains switch and use the other con-
trol elements to adjust a sufficiently bright
and sharp image on the screen. Using the po-
tentiometer R263, set the size of the image to
make the voltage of 60 mV correspond to 3
vertical divisions.

Frequency Compensation Adjustment

Apply a rectangular-wave voltage with a fre-
quency of 10 kHz obtained from a generator
to the Y1 input (F201). Set the input divider
switch S202 to the position 20 mV/div., the
sensitivity adjustment potentiometer RZ248 to
the position “Y CAL.“ and the switch S203 to
the position “0“. Set the trace approximately
to the centre of the screen, the height of the
rectangle being about 3 divisions. Trim the
wave-form of the rectangle to an optimum by
adding Cc capacitor in parallel with C241
{Cc = 220 or 390 or 680 pF).

Adjustment of Input Capacity of the Basic
Range of Y1 Input

Set the switch S202 to the position 20 mV/div.
and the switch S201 to the position “=—=". Ap-
ply a rectangular-wave voltage of about 150 mV
from a generator to the Y1 input (F201) via a
calibrator. Rectangular waves appear on the
screen and their shape can be adjusted to the
optimum by means of the capacitor C233. The
switch S203 must be in its “0“ position during
the adjustment.




Nastaveni vstupni kapacity zakladniho rozsahu
vstupu Y2

Postup je stejny jako u pfedchoziho odstavce.
Optimélni tvar obdélnikll dostavime kondenza-
torem C234.

Nastaveni frekvenéni kompenzace vstupnich
déliei

Odpojime kalibraéni jednotku a na vstup Y1
(F201) privedeme obdélnikové napéti 10 kHz.
Prepinac S201 dame do polohy ——— ; pfepinac
S203 do polohy 0. Velikost obrazu nastavime
na 3 dilky a udrZujeme ji po celou dobu na-
stavovani. Po nastaveni zopakujeme stejny po-
stup na vstupu Y2 (F202), avSak S201 dame do
polohy 0 a S203 do polohy ———.

Tabulka rozsahi a dostavovacich kondenza-
torti:

Rozsah Vstup ,¥1° Vstup ,¥2°
0,2V Cc202 C215
2N C206 Cc219
20V G210 C223

Nastaveni vstupni kapacity

Na vstup ,Y1“ (F201) pfivedeme pies kali-
bra¢ni jednotku obdélnikové napéti. Dostavime
obrazek pomocnymi prvky tak, aby byl dosta-
teén& jasny a ostry a velikost asi 3 dilky po
celou dobu nastavovani. Dostavime optim&lni
tvar obdélnikdi kondenzdtory v jednotlivich
rozsazich podle tabulky. Po dostaveni zopaku-
jeme postup na vstupu , Y2

Tabulka rozsahti a dostavovacich kondenzé-
torti:

Rozsah Vstup , Y1° Vstup ,¥2“
0,2V C204 c217
2V C208 c221
20V c212 C225

UDRZBA HORIZONTALNIHO ZESILOVACE

Kontrola kalibrace citlivosti

Ovladaci prvky nastavime takto:

Prepina¢ S302 do polohy 20 mV/dil; S301 do
polohy === a S303 do polohy 0.

Potenciometr zmény citlivosti R348 dame do po-
lohy ,KAL. X",

Zapneme pfristroj a dostavime ostatnimi prvky
obrdzek na stinitku tak, aby byl dostatec¢né
jasny a ostry.

Potenciometrem R363 ,Kalibrace citlivosti® na-
stavime velikost obrdzku na stinitku tak, aby
velikost vstupniho napéti 60 mV odpovidala
vysSce 3 dilki.

Nastaveni frekvenéni kompenzace zesilovace

Na vstup X1 (F301) pfipojime napéti z generé-
toru obdélnikového napéti 10 kHz. Vstupni
d&li¢ S302 prepneme do polohy 20 mV/dil, po-

Adjustment of Input Capacity of the Basic
Range of Y2 Input

The procedure is the same as described in the
previous paragraph, the capacitor C234 being
used to trim the rectangular wave-form.

Adjustment of Input Divider Frequency
Compensation

Disconnect the calibrator and apply a rectan-
gular-wave voltage with a frequency of 10 kHz
to the Y1 input (F201). Set the switch S201 to
the position “===“ and the switch S203 to the
position “0“. Set the image size to 3 divisions
and keep this setting throughout the adjust-
ment procedure. Repeat the procedure for the
Y2 input (F202) after having changed the
switch S201 to the position “0“ and the switch
S203 to the position “=—==*.

Table of Ranges and Trimming Capacitors:

Range “y1* input “y2“ input
0.2V c202 C215
2V C206 C219
20V Cc210 C223

Input Capacity Adjusiment

Apply a rectangular-wave voltage to the “V1®
input (F201) via a calibrator. Use the control
elements to adjust the image to be sufficiently
bright and sharp and keep the size of the
image about 3 divisions throughout the adjust-
ment procedure. Trim the shape of the rectan-
gles to an optimum by means of the capacitors
as indicated in the table below for the indivi-
dual ranges. Repeat the procedure for the
“y2“ input.

Table of Ranges and Trimming Capacitors:

Range Sy input: “y2“ input
0.2V C204 G217
2V C208 C221
20V (B C225

MAINTENANCE OF HORIZONTAL AMPLIFIER

Calibration Sensitivity Check

Set the control elements as follows:

Switch S302 to the position 20 mV/div.; switch
S301 to the position “z——="; switch S303 to the
position “0%; sensitivity adjustment potentio-
meter R348 to the position “X CAL.“.

Close the mains switch and use the other
control elements to adjust a sufficiently bright
and sharp image on the screen.

Using the potentiometer R363 “GAIN AD].
set the size of the image to make the voltage
of 60 mV correspond to 3 vertical divisions.

Frequency Compensation Adjustment

Apply a rectangular-wave voltage with a fre-
quency of 10 kHz obtained from 'a generator
to the X1 input (F301). Set the input divider
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tenciometr zmeény citlivosti R348 do polohy
»Kal. X“, pFepinac¢ S303 do polohy 0. Stopu na-
stavime pribl. do stfedu stinitka, obdélnik je
asi 3 dilky vysoky. Pfidavanim kondenzéatort
Cr paralelng& k C341 nastavime optimdlni pfe-
nos obdélniku. (Hodnota Cr je 330 nebo 680
nebo 820 pF.).

Nastaveni vstupni kapacity zakladniho rozsahu
vstupu X1

Prepina¢ S302 nastavime do polohy 20 mV/dil;
5301 do polohy ———. Na vstup X1 (F301) p¥i-
pojime generédtor obdélnikového napéti asi 150
mV pres kalibracni jednotku. Na stinitku se
objevi obdélnikové priibéhy, jejichZ optimalni
tvar dostavime kondenzatorem C333. P¥i nasta-
vovani je nutno mit pfepina¢ S303 v poloze 0.

Nastaveni vstupni kapacity zakladniho rozsahu
vstupu X2

Postup je stejny jako v pPedchozim odstavci.
Optimalni tvar obdélnik@i dostavime kondenza-
torem C334.

Nastaveni frekventni kompenzace vstupnich
déliéi

Odpojime kalibracni jednotku a na vstup X1
(F301) privedeme obdélnikové napsti 10 kHz.
Pfepina¢ S301 dame do polohy ———, S303 do
polohy 0. Velikost obrazu nastavime na 3 dilky
a udrZujeme ji po celou dobu nastavovéani. Po
nastaveni zopakujeme stejny postup na vstupu
X2 (F302), av8ak S301 dame do polohy 0; S303
duspoloby: ===

Tabulka rozsah@i a dostavovacich kondenza-
tort:

Rozsah Nskup:, X’ Vstup ,, X2
0,2V C302 G315
2V C306 C319
20V C310 C323

Nastaveni vstupni kapacity

Na vstup ,X1“ (F301) privedeme pres Kkali-
bracni jednotku obdélnikové napsti. Dostavime
obrazek pomocnymi prvky tak, aby byl dosta-
teCné jasny a ostry a velikost asi 3 dilky po
celou dobu nastavovani. Dostavime optimalni
tvar obdelnikd kondenzdtory v jednotlivych
rozsazich podle tabulky.

Po dostaveni zopakujte postup na vstupu ,X2°.
Tabulka rozsahi a dostavovacich kondenza-
torii:

Rozsah Vstup ,, X1 Vstup , X2
0,2V C304 C317
2V C308 C321
20V C312 C325

switch S302 to the position 20 mV/div., the
sensitivity adjustment potentiometer R348 to
the position “X CAL.“ and the switch S303 to
the position “0“ Set the trace approximately
to the centre of the screen, the height of the
rectangle being about 3 divisions. Trim the
wave-form of the rectangle to an optimum by
adding Cr capacitors in parallel with C341.
(The value of Cr is 330 or 680 or 820 pF.)

Adjustment of Input Capac:ty of the Basic
Range of X1 Input

Set the switch S302 to the position 20 mV/div.
and the switch S301 to the position “~—=*.
Apply a rectangular-wave voltage of about
150 mV from a generator to the X1 input
(F301) via a calibrator. Rectangular waves
now appear on the screen and their shape
can be adjusted to an optimum by means of
the capacitor C333. The switch S$S303 must be
in its “0* position during this procedure.

Adjustment of Input Capacity of the Basic
Range of X2 Input

The procedure is the same as described in the
previous paragraph, the capacitor C334 being
used to trim the rectangular wave-form.

Adjustment of Input Divider Frequency
Compensation

Disconnect the calibrator and apply a rectan-
gular-wave voltage with a frequency of 10 kHz
to the X1 input (F301). Set the switch S301 to
the position “===" and the switch S303 to the
position “0“. Set the image size to 3 divisions
and keep this setting throughout the adjust-
ment procedure. Repeat the procedure for the
X2 input (F302) after having changed the
switch S301 to the position “0“ and the switch

S303 to the position “=—=“.

Table of Ranges and Trimming Capacitors:
Range “X1“ input “X2“ input
0.2V Cc302 C315
2V C306 C319
20V C310 C323

Input Capacity Adjustment

Apply a rectangular-wave voltage to the “X1“
input (F301) via a calibrator. Use the control
elements to adjust the image to be sufficiently
bright and sharp and to keep the size of the
image about 3 divisions throughout the adjust-
ment procedure. Trim the shape of the rectan-
gle to an optimum by means of the capacitors
as indicated in the table below for the indivi-
dual ranges.

Repeat the procedure for the “X2“ input.
Table of Ranges and Trimming Capacitors:

Range: “X1“ input “X2“ input
0.2V C304 G317
2V c308 C321
20V C312 E325
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UDRZBA CASOVE ZAKLADNY

Nastaveni délky

Prepina¢ funkei CZ (S102) dame do polohy
»SYNCHR.“; pFepina¢ rychlosti (S101) do po-
lohy 1 ms/dil; piepina¢ vstupniho délic¢e hori-
zontalniho zesilovade (S302) do polohy ,CZ“;
potenciometr R348 do polohy ,KAL. CZ“.
Potenciometrem R345 v horizontalnim zesilo-
vali pak nastavime délku stopy na stinitku na
9 dilkd.

Nastaveni rychlosti

Na vstup vertikdlniho zesilovace pfivedeme na-
péti 1 kHz +0,5 % ze zdroje kalibraéniho na-
péti. Prepinac rychlosti ¢asové zdkladny S101
dame do polohy 1 ms/dil; potenciometr R348
do polohy ,KAL. CZ“: obrdzek na stinitku musi
byt zasynchronizovan. Potenciometrem R18 na-
stavime rychlost zédkladny tak, aby osm pri-
_ b8bii obdélniku (1 ms) bylo pfesn& 8 dilkt
rastru.

Pri kontrole rychlosti v ostatnich rozsazich se
fidime ddaji v tabulce.

Poloha piepinade Kalibraéni Pocet dilkii
rychlosti kmitocet rastru
5101 £.059, na 1 pritbéh
100 ms/dil 10 Hz 1;
50 ms/dil 10 Hz 2
20 ms/dil 10 Hz 5
10 ms/dil 100 Hz 1
5 ms/dil 100 Hz 2
2 ms/dil 100 Hz 5
1 ms/dil 1 kHz 1
0,5 ms/dil 1 kHz 2
0,2 ms/dil 1 kHz 5
0,1 ms/dil 10 kHz il
50 pus/dil 10 kHz 2
20  ws/dil 10 kHz 5
10  ws/dil 100 kHz 1
5 ws/dil 100 kHz 2

Nejvétsi odchylka v pribéhu osmi dilkdl nesmi
byt vetsi neZ 6 mm.

Zkontrolujeme, zda p¥i otoc¢eni potenciometru
R348 do polohy ,KAL. X“ se zvy3i rychlost ¢a-
sové zdkladny nejméné 3x.

UDRZBA ZDROJU

V pripadé& nespravné funkce osciloskopu zkon-
trolujeme v3echna napéjeci napéti, kterd zdroje
skytaji, ‘podle tabulky uvedené u schématu.
Transformator, filtraéni kondenzéatory, usmeér-
fiovace i ostatni dily jsou snadno piistupné a
tim i snadno vymeénitelné. Po eventudlni opravé
opét prfekontrolujeme vSechna napéti i velikost
zvlnéni na ss zdrojich osciloskopem.

MAINTENANCE OF TIME BASE

Length Adjustment

Set the time-base mode switch (S102) to the
position “TRIG.“, the sweep-rate switch (S101)
to the position “1 ms/div.“, the input
divider switch of the horizontal amplifier
(S302) to the position “T. B.“ and the potentio-
meter R348 to the position “T. B. CAL.“.

Using the potentiometer R345 in the horizontal
amplifier, set the image length on the screen
to 9 divisions.

Sweep Rate Setiing

Apply a voltage with a frequency of 1 kHz +
+ 0.5 % from the calibrating voltage supply
to the input of the vertical amplifier. Set the
sweep-rate switch S101 to the position 1 ms/div.
and the potentiometer R348 to the position
“T. B. CAL.“. The image on the screen must be
synchronized. Using the potentiometer R18 to
set the time-base sweep rate so that eight rec-
tangular waves [1 ms) exactly coincide with
8 graticule divisions.

When checking the sweep rate in other ranges,
refer to the table below:

Position of Calibrating Number of
sweep-rate-switch frequency graticule-divisions
5101 £ 0579, per wave
100 ms/div. 10 Hz 1
50 ms/div. 10 Hz 2
20 ms/div. 10 Hz 3
10 ms/div. 100 Hz ik
5 ms/div. 100 Hz 2
2 ms/div. 100 Hz 5
1 ms/div. 1kHz 1
0.5 ms/div. 1 KkHz 2
0.2 ms/div. 1kHz 5
0.1 ms/div. 10 kHz i]:
50 us/div. 10 kHz 2
20  ws/div. 10 kHz 5
10 ws/div. 100 kHz 1
5 us/div. 100 kHz 2

The greatest deviation over the lenght of eight
divisions must not be more than 6 mm.

Check whether the sweep rate of the time
base increases at least three-times when chan-
ging the potentiometer R348 to the position
SNEEATL

MAINTENANCE OF POWER PACK

In the case of malfunction of the oscilloscope
check all the supply voltages provided by the
power pack in accordance with the table
attached to the circuit diagram. The transfor-
mer, the filter capacitors, the rectifier and
other parts are easily accessible and there are
no difficulties in their replacement. After any
repair use an oscilloscope to recheck all the
voltages and their ripple.
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HODNOTY NAPETOVYCH BODU UVEDENYCH
NA SCHEMATE

Zdroj

Ehlte— 395N U8 = — 100V
U2 = 166 V~ U9 = + 30V
U3 — U4 = 27 V~ Ul0 = + 12V
U5 = 410 V~ Ull = — 1200V
U6 = + 60V U1z = -+ 1200V
U7 = + 350V

Zesilovat

Ull =0U31= — 100V

Ul2=U32= -+ 350V
Ul13 = U26 = U27 = U33=U46 = U47 =+ 12V

Ul4d =U15=U34=1U35= 3V
UlB=U17 =U36=U37=}+7V
U20=U21 —U40 — U4l =+ 7,4V
U24=1U25—U44—=U45 = 46,4V
U28 = U48 — + 170 V

VI. OPRAVY

Vyména soudasti v keramickych listach

PFi vyméné soucasti v keramickych lidtdch je
moZno pouZit obvyklé hrotové péjecky nebo
tzv. pistolové pajecky. Pokoveni v liSté musi
vydrZzet minimalné troji pajeni. P¥i castém pa-
jeni miiZe dojit kK odloupnuti pokovené vrstvy
a tim je dalsi pdjeni znemoZnéno. Pajeni pro-
vadime podle nésledujictho obrazku.

VALUES FOR CHECK POINTS INDICATED
IN CIRCUIT DIAGRAM

Power Pack

Ul = 325 V~ U8 = —100 V
U2 = 166 V~ U9= -1 30V
U3 = U4 = 27 V~ Ulio0=-+4 12V
U5 = 410 V~ Ull = — 1200 V
U6 = -+ 60V Ul2 = | 1200 V
U7 =+ 350V

Amplifier

Ull=U31= —100 V

Ul12=1U32=+4 350V

U13 = U26 = U27 = U33 = U46 = U47 =
=} 12V

Ul4d = U15 =U34=1U35= |3V

Ul6 = U17 =U36=0U37=-+7V

U20 = U21 — U40 = U4l = + 7.
U24 = U25 = U44 = U45 = -+ 6.
U28 = U48 = - 170 V

4V
4V

VII. REPAIRS

Replacement of Parts Supporied on Ceramic
Bars

Usual soldering bits or the so-called soldering
guns can be employed when replacing parts
supported on ceramic bars. The metal coating
in the bar must withstand at least tripple
soldering. Frequent soldering may cause
the metal layer to peel off which makes
any further soldering impossible. When sol-
dering, proceed according to the illustration
below.

a) Pajenc péjkou €SN 42 3655
a. Soldered with CS5N 42 3655 solder

b. Min. 0.5 mm

a) Pajeno pdjkou CSN 42 3655

b) Min. 0,5 mm

c) Smér naméhdéni

Zbytky po kalafuné lze ocistit lihem,

V§ména obrazovky

Demontujeme masku obrazovky, rastr, zeleny
filtr a Cerné stinéni, které je vsunuto do krytu
obrazovky zeprfedu pfistroje.

Demontujeme horni kryt pfistroje.

Uvolnime objimku z patice obrazovky a uvol-
nime veSkeré piivody k obrazovce.

Povolime Sroub v otvoru krytu obrazovky po-
bliZ patice a mirnym tlakem na patici obra-
zovky smeérem ke Stitku obrazovku vysuneme.

MontaZ obrazovky provedeme opatnym zpiso-
bem. Pfi montdZi dbame na to, aby rovina
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Fig. 20
“=y ¢) Smér namdahani

c. Stress direction

a) Soldered with CSN 42 3655 solder

b) Min. 0.5 mm

c) Stress direction

Superfluous colophony can be removed with
spirit.

RC Tube Replacement

Dismount the tube frame, graticule, green filter
and the black shade inserted into the tube
shield from the face of the instrument.
Remove the top cover of the instrument.
Withdraw the tube base from the holder and
loosen all the connections to the CR tube.
Loosen the screw in the hole in the tube shield
near the base and push the tube out in the
direction of the frame by applying a moderate
pressure to the tube base:

When reinserting the tube, proceed in reverse
sequence. Care must be taken when installing



plochy stinitka byla v drovni plochy ¢&elniho
Stitku. Po pripojeni v3ech pfivodd k obrazovce
zkontrolujeme, zda pFimka paprskii obrazovky
souhlasi s rovinou rastru.

Vyména soucasti na deskach s tiSténymi spoji

Soucédstky na deskdch s tiSténymi spoji vymé-
fiujeme tak, Ze je odStipneme KkleStémi na
strané soucdsti a na zbytky dratovych vyvodi
pripdjime novou soucdst pomoci spirdly, svi-
nuté z pocinovaného médéného driatu ¢ 0,5.

Vyména Zarovek na osvétleni rasiru

Zarovky lze vymeénit po demontédZi masky obra-
ZovKky.

Vymeéna tranzistorii

Tranzistory v objimkach je moZno vymeénit
pouhym vysunutim z objimky. PFi opétném za-
sunuti dbejte na sprdavnou polohu tranzistoru
vii¢i objimce, protoZe objimka dovoluje ne-
spravné zasunuti.

Vyména a demontaZ prepinacii a potenciometrii

Pri vyméné prepinact nebo pfi potfeb& nového
dotaZeni prepinace je nutno demontovat ¢elni
Stitek, tj. odstranit vSechny knofliky, kryci ma-
tice, zemnici zdifky a v8echny dily jako v pii-
padé vymeény obrazovky. Po této demontézi je
moZno Stitek sejmout a demontovat spinaci
prvky a potenciometry.

Vyména pojistek

Pojistky lze pfi poruSe vymeénit vySroubovanim
z drZaku pojistky, ktery je pFistupny bez jinych
demontdzi na zadni sténé pfistroje. Prerusi-li
se pojistka znovu, je nutno hledat zkrat uvnit¥
pfistroje.

Viména a demontaZ usmériiovace a transfor-
matoru

Pfi vyméné jednotky postupujeme takto:
Demontujeme horni a spodni Kkryt pristroje.
Odpdjime v3echny pfivody jednotky. Povolime
matice, jimiZ je jednotka pfiSroubovéna a vy-
tdhneme ven z pfistroje. Pfi montdZi postupu-
jeme opacnym zpilisobem.

Vyména a demontdZ VN zdroje

Pri opravach ve VN zdroji nebo vyméné VN
zdroje nejprve demontujeme kryt z organic-
kého skla. Potom odpédjime pfivody do zdroje

the tube that the plane of its screen is flush
with the plane of the face plate. Having re-
stored all the connections to the tube, check
the agreement between beam deflection axes
and the graticule.

Replacement of Parts on Printed-Circuit
Boards

When replacing parts on printed-circuit
boards, nip them off on the parts side of the
board and solder the new part on to the stubs
of the original outlet wires with the aid of a
coil wound of dia. 0.5 mm tinned copper wire.

Replacement of Graticule Illumination Lamps

The lamps can be replaced after having re-
moved the face plate of the CR tube.

Replacement of Transistors

Transistors mounted in holders can be repla-
ced by mere removing them from the holder.
Care must be taken to ensure correct position
of the transistor with respect to the holder,
since the holder permits incorrect insertion.

Dismounting and Removal of Switches and
Potentiometers

When a switch is to be replaced or requires
tightening, it is necessary to remove the face
panel, i. e., to remove all the knobs, cap nuts,
earthing sockets and all parts as in the case
of CR tube replacement. The face panel can bhe
removed after this dismantling and any of the
switching elements and potentiometers is ac-
cessible for replacement.

Replacement of Fuses

Blown fuses can be replaced after being un-
screwed from the fuse holder which is readily
accessible on the rear wall of the instrument.
If the fuse blows again, a short-circuit is to
be looked for inside the instrument.

Dismounting and Replacement of Rectifier
and Transformer

When replacing the unit, proceed as follows:
Dismount the top and bottom cover of the ins-
trument. Unsolder all the connections to the
unit. Loosen the nuts holding the unit and
withdraw it from the instrument. Proceed in
reverse sequence when reinstalling the unit.

Dismounting and Replacement of the HT
Supply

When repairing or replacing the HT supply,
first remove the organic-glass cover. Unsolder

all the connections to the unit, back out the
fastening screws and withdraw it from the
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a uvolnime 3rouby, jimiZ je jednotka pfFiSrou-
bovdna a vyjmeme ji ven z pfFistroje.

Po opravé postupujeme pfi montaZi opacnym
zplisobem.

oooooo

SloZitéj8i opravy nebo nové nastaveni vSech
parametrii pfistroje mimo dostaveni popsané
v kapitolach o adrZb& doporucujeme provadéet
pouze ve vyrobnim zdavodg. Pfistroj je nutno
zaslat na adresu:

TESLA BRNO, n. p.,, Brno 12, Purkyiiova 99
Adresa servisu meéfricich pFistrojii (pro osobni
styk]):

TESLA BRNO, n. p., servis méricich pfistroji,

BRNO 12, Mercova 8a, (tel. 558 18).
[Servisni stanice provadi opravy pristrojil
TESLA BRNO, ORION, RFT, ROHDE-SCHWARZ
a vyrobkili PLR].

Pokyny pro skladovéani

Zabalené pfistroje se mohou skladovat v roz-
mezi teploty —25°C az -}55°C pii relativni
vlhkosti do 95 %. Nezabalené pf¥istroje v pro-
stfed! s teplotou od -}5°C do -}-40°C pfii rela-
tivni vlhkosti do 80 %.

V obou pfipadech je v3ak nutno skladované
pfistroje chrénit proti povétrnostnim vliviim
ve vhodnych prostordch prostych prachu a vy-
parQl z chemikalii.

Pfi déle trvajicich pfestdvkach v pouZivani pii-
stroje vsuneme pfFistroj do obalu z polyethy-
lenu a uloZime do krabice, ve které byl pfi-
stroj dopraven.

Na srovnané pfistroje nesmi byt ukladan zZadny
dalSi materidl. Dodavateli ma byt umoZn&no
na jeho Zddost presvédcit se o vhodnosti skla-
dovacich prostori.

Udaje o zaruce

Na sprdavnou funkci svych vyrobkd poskytuje
n. p. TESLA BRNO zaruku v délce stanovené
pro tuzemské zdkazniky hospodaiskym zakoni-
kem ze dne 4. ervna 1964.

Podrobnéjsi tdaje jsou uvedeny v zaru&nim
liste.
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instrument. After the repair proceed in reverse
sequence to reinstall the unit.

More Complicated Repairs

More complicated repairs or complete read-
justment of all parameters of the instrument,
except the adjustment described in the chap-
ters on maintenance, are recommended to be
entrusted to the manufacturer’s repair shops.
The instrument is to be sent to the address:
TESLA BRNO N. C., Brno 12, Purkyiiova 99,
Czechoslovakia.
The address of the Measuring Instruments
Service Centre (for personal contact):
TESLA BRNO N, C., Measuring Instruments
Service Centre, BRNO 12, Mercova 8a, te-
lephone 558 18.

Storage Instructions

In original packing, the instruments can be
stored at temperatures from —25°C to 455 °C
and relative humidity up to 95 %. Unpacked
instruments can be stored in environments
with temperatures from -+5°C to +40°C and
relative humidity up to 80 %.

In both cases, however, it is essential to pro-
tect the instruments being stored against di-
rect effects of weather and to ensure that the
store rooms are free of dust and chemical
fumes.

If there are long intervals between the indi-
vidual uses, insert the instrument into the po-
lyethylene bag and place it into the box in
which it was transported.

No other material is allowed to be stacked on
the shelved instruments. The supplier should
be enabled to inspect and approve the store
rooms, if he requires so.

Conditions of Guaranty

The conditions are indicated in detail on the
Guarantee Sheet.
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VIIIL LISTOF ELECTRICAL COMPONENTS
Power supplies
Rigis 15 o sk
No. Type Value Maxwlaad Tolirg}lulce Standard - Drawing No.
R1 Film 13 k0 0.5 5 TR 152 13k/B
R2 Potentiometer 4.7 kQ 0.5 — TP 017 4Kk7
R3 Film 220 kQ 2 5 TR 154 M22/B
R4 Film 220 kQ 2 5 TR 154 M22/B
RS Wire-wound 100 2 - 10 WK 669 45 100/A
RG Wire-wound 180 2 — 10 WK 669 45 180/A
R7 Film B.2 k(2 2 10 TR 154 8k2/A
RSB Wire-wound 270 Q 10 10 TR 551 270/A
R9 Wire-wound 270 10 10 TR 551 270/A
R10 Wire-wound 47 Q 2 10 TR 636 47/A
R11 Film B.2 kQ 2 10 TR 154 8k2/A
R12 Wire-wound 270 2 15 10 TR 557 330/A
R13 Wire-wound 270 Q 15 10 TR 557 330/A
R14 Wire-wound 470 Q 2 10 TR 636 470/A
R15 Film 82 k(2 2 10 TR 154 8k2/A
R16 Film 220 k2 2 5 TR 154 M22/B
R17 Film 1M 1 10 TR 153 1M/
R18 Wire-wound
potentiometer 1.5 k@2 0.5 — TP 680 11E 1k5
R19 Film 220 kQ 2 5 TR 154 M22/B
R20 Film 1.6 MQ 1 5 TR 153 1M6/B
R21 Film 1.6 MQ 1 5y TR 153 1M6/B
R22 Film 1.6 MQ 1 5 TR 153 1M6/B
R23 Film 3.9kQ 1 10 TR 153 3k9/A
R24 Potentiometer 50 k@2 0.5 — TP 280b 16E 50k/N
R25 Potentiometer 25 k2 0.5 — TP 280b 16E 25k/N
R26 Film 10 kQ 0.5 10 TR 152 10k/A
R27 Film 240 kO 1 5 TR 153 M24/B
R28 Film 1MQ ik 1D TR 153 1M/A
R29 Film 51 k2 0.5 5 TR 152 51k/B
R30 Film 100 kQ 0.125 = TR 112a M1
R31 Potentiometer 250 k02 0.5 — TP 280b 16E M25/N
R32 Film 130 k@ 1 & TR 153 M13/B
R33 Potentiometer 250 k2 0.5 —_ TP 280b 16E M25/N
R34 Resistor - - 0.7 - - WK 681 40
R35 Film 82 kQ 0.5 10 TR 152 56k/A
R36 Film 82 kD 0.5 10 TR 152 82k/A
R37 Film 900 2 0.25 0.5 TR 106 900/E
R38 Film 100 @ 0.25 0.5 TR 106 100/E
R39 Film 18 2 0.125 — TR 112a 18
R40 Film 1k 0.125 10 TR 112a 1k/A
R41 Wire-wound 220 2 — TR 636 2j2
Capacitors:
No. Type Value ‘?g?f&g]g% TOI.EI‘%};CB Standard - Drawing No.
G Block 0.25 uF 1000 10 TC 487 M25/A
c2 Block 0.25 uF 1000 10 TC 487 M25/A
C3 . Block 0.25 uF 1000 10 TC 487 M25/A
c4 Block 0.25 uF 1000 10 TC 487 M25/A
C5 Block 0.25 uF 1000 10 TC 487 M25/A
CB Electrolytic 100 uF 450 — TC 446 G1
G712 Electrolytic 100/100 uF 350/350 — TC 445 G1/G1
ca Electrolytic 500 uF 35 e TE 986 G5-PVC
ca Block 0.25 uF 1000 10 TC 487 M25/A
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Max. DC Tolerance

No. Type Value Standard - Drawing No.

voltage V e
C10 Block 0.25 uF 1000 10 TC 487 M25/A
Cil Electrolytic 100 uF 450 — TC 446 G1
C13 Electrolytic 500 uF 35 - TE 986 G5-PVC
C14 Block 0.25 uF 1000 10 TC 487 M25/A
C15 Electrolytic 100 uF 450 - TC 446 G1
Ci6, 19 Electrolytic 100/100 uF 350/350 e TC 445 G1/G1
C17 High voltage 0.25 uF 1600 10 WK 720 03 M25/A
C1s High voltage 0.25 uF 1600 10 WK 720 03 M25/A
Cc20 High voltage 0.25 uF 1600 10 WK 720 03 M25/A
cz1 Paper 0.25 uF 160 — WK 710 57 M25
c22 Electrolytic 20 uF 160 — TE 990 20M-PVC
Cc23 High voltage 0.25 uF 1.6 kV 10 WK 720 03 M25/A
C24 High voltage 1500 pF 1.6 kv — TC 278 1k5
Transformer and coils:
Component Marking Drawing No. Oth%p OII\tTl?i‘IlS %) ‘iﬁn;m
Transformer T1 1AN 663 62
Coil 1AK 624 87 1—2 440 0.56
3—4 440 0.56
5—6 40 0.8
7—28 1456 0.335
9—10 712 0.335
=12 112 0.335
1213 112 0.335
14 —15 28 0.9
16 — 17 28 1
18 — 19 28 0.56
20—21 1750 0.125
Sundry el. components:
Component Type — Value Drawing No.
Zener diode E1 KZZ 74 —
Si—Diode E2, E3, E4, E5, E6, E7, E8, E9 KY 705 F =3
Si—Diode E10, E11 KY702F =
Rectifier E12, E13, E14, E15, E16, E17, E18, E19 T 53 11/60 1AN 744 22
Zener diode E20 6 NZ 70 =
CR tube E21 B 10 S6 ==
Fuse cartridge P1 1.25 A/250 V for 220V CSN 354731
Fuse cartridge P1 2.5 A/250 V for 120V CSN 35 4731
Incandescent lamp Z1 12 v/0.05 A 1AN 109 17
Incandescent lamp Z2, Z3 BV/3W 1AN 109 46
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Time base 1AN 280 36

Resistors:

No. Type Value Maxwload Tolfrgfxume Standard - Drawing No.
R101 Film 3MQ 0.25 1 TR 106 3M/D
R102 Film 300 k@ 0.25 1 TR 106 M3/D
R103 Film 1M 0.25 i TR 106 1M/D
R104 Film 100 kQ 0.25 1 TR 106 M1/D
R105 Film 10 MQ 0.5 1l TR 107 10M/D
R106 Film 1MQ 0.25 1 TR 106 1M/D
R107 Film 100 k@ 0.25 1 TR 106 M1/D
R111 Film 12 k2 0.5 10 TR 152 12k/A
R112 Film 100 k2 0.5 10 TR 152 M1/A
R113 Film 18 kQ 0.5 10 TR 152 18k/A
R114 Film 82k 0.5 10 TR 152 82k/A
R115 Film : 12kQ 0.5 10 TR 152 12k/A
R116 Film 270 Q 0.5 i L1 TR 152 270/A
R117 Film 3IMQ 0.5 155 TR 152 3M/B
R118 Film 10kQ 0.5 — TR 152 10k
R119 Potentiometer 25 k@2 0.25 - TP 280b 20/A 25k/N
R120 Film 560 Q 0.5 10 TR 152 560/A
R121 Film 56 k2 0.5 10 TR 152 5k6/A
R122 Film 1kQ 0.5 10 TR 152 1k/A
R123 Film 1MQ 0.5 10 TR 152 1IM/A
Capacitors:

No. Type Value ‘Eg?:;g}gc\:] Toli%r%:ce Standard - Drawing No.
C101 MP 0.33 uF 160 _ TC 279 M33
C102 MP -22,000 pF 400 — TC 276 22k
Cc103 MP 2200 pF 400 — TC 183 2k2
C104 MP 1uF 160 5 TC 279 1M/B
€105 P.E.T. 10,000 pF 400 5 TC 276 10k/B
C106 IR o 1000 pF 400 5 TC 276 1k/B
c107 MP 0.1 uF 160 L — TC 279 M1
111 Capacitor 0.25 uF 1600 10 WK 720 03 M25/A
c112 Ceramic 330 pF 350 —- TK 660 330
C113 Ceramic 10,000 pF 250 - TK 751 10k
C114 Ceramic 150 pF 160 -— TK 416 150
C115 MP 0.33 uF 150 — TC 279 M33
C116 Paper 0.22 uF 400 - TC 276 M22
Sundry el: components:

Component Type — Value

Si—diode E101 KA 504

Zener diode E102 KZ 721

Transistor E103, E104, E105 KF 506

Transistor E106 KF 508

Si—diode E107 KA 501

Si—diode E108 KA 236
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Amplifier 1AN 350 25

Resistors:

Max. load Tolerance

No. Type Value W = 0 Standard - Drawing No.
R201 Film 47 0.25 1 TR 106 47/D
R202 Film 900 kQ 0.25 i TR 106 M9/D
R203 Film 111 k@ 0.25 ik TR 106 M111/D
R204 Film 990 k2 0.25 1 TR 106 M99/D
R205 Film 10.1 k@2 0.25 1 TR 106 10k1/D
R208 Film 995 k2 0.25 1 TR 106 M995/D
R207 Film 1k 0.25 1 TR 106 1k/D
R210 Film 47 0 0.25 1 TR 106 47/D
R211 Film 900 kQ 0.25 1 TR 106 M9/D
R212 Film 111 kQ 0.25 1 TR 106 M111/D
R213 Film 990 kQ 0.25 1 TR 106 M99/D
R214 Film 10.1 kQ 0.25 i1 TR 106 10k1/D
R215 Film 995 k2 0.25 1 TR 106 M985/D
R216 Film 1kQ 0.25 1 TR 106 1k/D
R230 Film 1M02 0.5 = TR 152 1M
R231 Film 1MQ 0.5 — TR 152 1M
R232 Film 1MQ 0.5 s TR 152 1M
R233 Film 1MQ 0.5 — TR 152 1M
R234 Film 47 0 0.125 o2 TR 112a 47
R236 Film 47 Q 0.125 — TR 112a 47
R237 Film 120 @ 0.5 10 TR 152 120/A
R238 Film 18 kR 2 10 TR 154 18k/A
R239 Film 18 k2 2 10 TR 154 18k/A
R240 Potentiometer 10 kR 2 = 1AN 690 86
R241 Film 220 0.125 — TR 112a 22
R242 Film 47 Q 0.125 —_ TR 112a 47
R243 Film 47 Q 0.125 —_ TR 112a 47
R244 Film 220 0.125 - TR 112a 22
R246 Film 5.1 k@2 0.25 5 TR 151 5k1/B
R247 Film 13 kQ 2 5 TR 154 13k/B
R248 Potentiometer 5k 0.5 — 1AN 692 68
R249 Film 100 2 0.125 — TR 112a 100
R250 Film 20kQ2 2 5 TR 154 20k/B
R251 Film 20 kQ 2 5 TR 154 20k/B
R252 Film 1kQ 0.5 - TR 152 1k
R253 Film 4.7 kQ 0.5 —_ TR 152 4k7
23:; Potentiometer 10kQ + 10 k@ 0.5/0.5 — 1AN 692 66
R256 Film 4.7 k0 0.5 — TR 152 4k7
R257 Film 120 Q 0.5 10 TR 152 120/A
R258 Film 1kQ 0.5 — TR 152 1k
R259 Film 470 2 1 — TR 153 470
R260 Film 91 k2 2 5 TR 154 91k/B
R261 Film 47 0.125 - TR 112a 47
R262 Film 100 @ 0.125 — TR 112a 100
R263 Potentiometer 1kQ2 0.2 — TP 190 12E 1k/N
R264 Film 47 Q 0.125 T TR 112a 47
R265 Film 4.7kQ 3 — TR 183 4k7
R266 Potentiometer 1.5 kQ 0.5 — TP 680 11E 1k5
R267 Film 4.7 kQ 3 — TR 183 4k7
R268 Film 120 @ 0.5 10 TR 152 120/A
R269 Film 220 0.125 -— TR 112a 22
R270 Film 2.7k 1 10 TR 153 2k7/A
R271 Film 2.7 k2 1 10 TR 153 2k7/A
R272 Film 220 0.125 — TR 112a 22
R273 Potentiometer 1.5 k0 0.5 — TP 680 11E 1k5
R274 Film 220 0.125 _— TR 112a 22
R275 Wire-wound 10 kQ 10 — TR 511 10k
R277 Film 47 Q 0.125 — TR 112a 47
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Max. load Tolerance

No. Type Value W + 0f, Standard - Drawing No.
R278 Film 62 k(2 2 5 TR 154 62k/B
R279 Film 47 Q 0.125 — TR 1123 47
R281 Wire-wound 10 kQ 10 — TR 511 10k
R282 Film 22 Q 0.125 — TR 112a 22
R283 Film 30 kQ 2 13} TR 154 30k/B
R301 Film 47 0.25 1 TR 106 47/D
R302 Film 900 kQ 0.25 ak TR 106 M9/D
R303 Film 111 kQ 0.25 1 TR 106 M111/D
R304 Film 990 kQ 0.25 1 TR 106 M99/D
R305 Film 10.1 kQ 0.25 1 TR 106 10k1/D
R306 Film 995 kQ 0.25 1 TR 106 M995/D
R307 Film 1k 0.25 1 " TR 106 1k/D
R310 Film 47 2 0.25 1 TR 106 47/D
R311 Film 900 kQ 0.25 1 TR 106 M9/D
R312 Film 111 kQ : 0.25 1 TR 106 M111/D
R313 Film 990 kQ 0.25 1 TR 106 M39/D
R314 Film 10.1 kQ 0.25 1 TR 106 10k1/D
R315 Film 995 kQ 0.25 1 TR 106 M935/D
R316 Film 1k 0.25 1 TR 106 1k/D
R329 Film 33k0N 0.5 = TR 152 33k
R330 Film 1MQ 0.5 10 TR 152 1IM/A
R331 Film 1MQ 0.5 10 TR 152 1M/A
R332 Film 1MQ 0.5 10 TR 152 1M/A
R333 Film LM 0.5 10 TR 152 1M/A
R334 Film 47 0 0.125 —_ TR 112a 47
R336 Film 47 Q2 0.125 = TR 112a 47
R337 Film 120 Q 0.5 10 TR 152 120/A
R338 Film 18 kQ 2 10 TR 154 18k/A
R339 Film 16 kQ 2 5 TR 154 16k/B
R340 Potentiometer 10 k2 2 e 1AN 690 86
R341 Film 22 0 0.125 — TR 112a 22
R342 Film 47 0.125 — TR 112a 47
R343 Film 47 2 0.125 = TR 112a 47
R344 Film 22 0 0.125 — TR 112a 22
R345 Potentiometer 10kQ 0.5 = TP 012 10k
R346 Film 3.3k0 0.125 = TR 112a 3k3
R347 Film 13 kQ 2 5 TR 154 13k/B
R348 Potentiometer 5k0 0.5 — TP 280b 16E 5k/N
R349 Film 100 2 0.125 = TR 112a 100
R350 Film 20 k2 2 5 TR 154 20k/B
R351 Film 20 k02 2 5 TR 154 20k/B
R352 Film 1kQ 0.5 == TR 152 1k
R353 Film 1k 0.5 = TR 152 1k
R354, ; ;
e Potentiometer ~ 10/10kQ 0.5/0.5 — 1AN 692 66
R356 Film 1k0 0.5 = TR 152 1k
R357 Film 120 Q 0.5 10 TR 152 120/A
R358 Film 1kQ 05 — TR 152 1k
R359 Film 470 1 — TR 153 470
R360 Film 56 kQ 2 10 TR 154 56k/A
R361 Film 47 Q 0.125 = TR 112a 47
R362 Film 100 2 0.125 == TR 112a 100
R363 Potentiometer 1kQ 0.2 = TP 190 12E 1k/N
R364 Film 47 0.125 — TR 112a 47
R365 Film 47 kQ 3 — TR 183 4k7
R366 Wire-wound

potentiometer 15kQ L =7 GREBU LI 1
R367 Film 4.7 kQ 3 — TR 183 4k7
R368 Film 120 Q 0.5 10 TR 152 120/A
R369 Film 220 0.125 - TR 112a 22
R370 Film 2.7kQ 1 10 TR 153 2k7/A
R371 Film 2.7 kQ 1k 10 TR 153 2Kk7/A
R372 Film 220 0.125 = TR 112a 22
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No. Type Value Maxwload T"l;rﬁ:,‘ﬂme Standard - Drawing No.
R373 Wire-wound

potentiometer 1.5 k2 0.5 — TP 680 11E 1k5
R374 Film 22 Q 0.125 — TR 112a 22
R375 Wire-wound 10 kQ 10 — TR 511 10k
R377 Film 47 Q 0.125 - TR 112a 47
R378 Film 62 kQ2 2 5 TR 154 62k/B
R379 Film 47 @ 0.125 — TR 112a 47
R381 Wire-wound 10 k2 10 — TR 511 10k
R382 Film 220 0.125 — TR 112a 22
R383 Film 30 k@2 2 5 TR 154 30k/B
R384 Film 1.3kQ 0.25 5 TR 151 1k3/B
R385 Film 680 2 0.25 — TR 151 680
R386 Film 100 k2 0.25 — TR 151 M1
Capacitors:
No. Type Value \Ir\g?t}fs;g[;cv TDI__,E_EI' %:ce Standard - Drawing No.
C201 Ceramic 100 pF 250 10 TK 721 100/A
c202 Trimmer 4.5 pF 400 — WK 701 22
C203 Ceramic 8.2 pF 350 - TK 657 8j2
c204 Trimmer 4.5 pF 400 — WK 701 22
C205 Ceramic 22 pF 350 10 TK 400 22/A
C2086 Trimmer 4.5 pF 400 — WK 701 22
Cc207 Ceramic 8.2 pF 350 — TK 657 8j2
C208 Trimmer 4.5 pF 400 — WK 701 22
Cc209 Polystyrene 470 pF 100 10 TC 281 470/A
C210 Trimmer 4.5 pF 400 — WK 701 22
c211 Ceramic 8.2 pF 350 —_ TK 657 8j2
c212 Trimmer 4.5 pF 400 — WK 701 22
c213 Polystyrene 4700 pF 100 10 TC 281 4k7/A
Cc214 Ceramic 100 pF 250 10 TK 721 100/A
c215 Trimmer 4.5 pF 400 —_ WK 701 22
C216 Ceramic 8.2 pF 350 — TK 657 &j2
G217 Trimmer 4.5 pF 400 L5 WEK 701 22
c218 Ceramic 22 pF 350 10 TK 400 22/A
c219 Trimmer 4.5 pF 400 = WEK 701 22
C220 Ceramic 8.2 pF 350 — TK 657 8j2
c221 Trimmer 4.5 pF 400 — WK 701 22
c222 Polystyrene 470 pF 100 10 TC 281 470/A
c223 Trimmer 4.5 pF 400 = WK 701 22
C224 Ceramic 8.2 pF 350 — TK 657 8j2
C225 Trimmer 4.5 pF 400 — WK 701 22
C226 Polystyrene 4700 pF 100 10 TC 281 4k7/A
c227 Ceramic 330 pF 40 e TK 720 330
c228 Ceramic 330 pF 40 . TK 720 330
C230 P T 0.1 uF 400 — 1AK 717 69
C231 1215 0 0.1 uF 400 = 1AK 717 69
c232 Ceramic 6800 pF 250 =3 TK 751 6k8
€233 Trimmer 4,5 pF 400 — WK 701 22
Cc234 Trimmer 4,5 pF 400 ke WK 701 22
C235 Ceramic 6800 pF 250 2= TK 751 6k8
C236 Ceramic 10,000 pF 160 — TK 440 10k
C237 Electrolytic 1uF 250 . TE 991 1M
C238 Ceramic 1500 pF - = TK 141 1k5
C239 Ceramic 10,000 pF 160 — TK 440 10k
C240 Ceramic 6800 pF 250 - TK 357 6k8
c241 Polystyrene 820 pF 100 10 TC 281 820/A
C242 Ceramic 47,000 pF 40 — TK 750 47k
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C349

No. Type Value %?tiigg% Tolip:r%;me Standard - Drawing No.
C243 Ceramic 10,000 pF 160 — TK 440 10k
244 [T 0.1 uF 400 — TC 276 M1
245 MEP 68,000 pF 160 — TC 181 68k
246 MP 10,000 p¥ 400 — TC 183 10k
247 Ceramic 100,000 pF 40 = TK 750 100k
C248 Polystyrene 220 pF 100 10 TC 281 220/A
C249 Polystyrene 390 pF 100 10 TC 281 390/A
C250 Polystyrene 680 pF 100 10 TC 281 680/A
C261 Ceramic 10 pF 350 — TK 657 10
C262 Ceramic 10 pF 350 — TK 657 10
€263 Ceramic 10 pF 350 — TK 657 10
C264 Ceramic 10 pF 350 = TK 657 10
C265 Ceramic 10 pF 350 — TK 657 10
€266 Ceramic 10 pF 350 — TK 657 10
C301 Ceramic 100 pF 250 10 TK 721 100/A
C302 Trimmer 45 pF 400 — WK 701 22
C303 Ceramic 8.2 pF 350 — TK 657 8j2
C304 Trimmer 45 pF 400 = WK 701 22
C305 Ceramic 22 pF 350 10 TK 400 22/A
€306 Trimmer 4.5 pF 400 — WK 701 22
C307 Ceramic 8.2 pF 350 — TK 657 8j2

© 308 Trimmer 4.5 pF 400 s WK 701 22
C309 Polystyrene 470 pF 100 10 TC 281 470/A
C310 Trimmer 45 pF 400 — WK 701 22
C3TE Ceramic 8.2 pF 350 - . TK 657 8j2
c312 Trimmer 4.5 pF 400 — WK 701 22
C313 Polystyrene 4700 pF 100 10 TC 281 4k7/A
C314 Ceramic 100 pF 250 10 TK 721 100/A
C315 Trimmer 4.5 pF 400 — WK 701 22
€316 Ceramic 8.2 pF 350 — TK 657 8j2
G317 Trimmer 4.5 pF 400 — WK 701 22
C318 Ceramic 22 pF 350 10 TK 400 22/A
C319 Trimmer 4.5 pF 400 — WK 701 22
C320 Ceramic 8.2 pF 350 — TK 657 8j2
Cc321 Trimmer 45 pF 400 — WK 701 22
Cc322 Polystyrene 470 pF 100 10 TC 281 470/A
C323 Trimmer 45 p¥F 400 — WK 701 22
C324 Ceramic 8.2 pF 350 — TK 657 8j2
C325 Trimmer 45 pF 400 — WK 701 22
C326 Polystyrene 4700 pF 100 10 TC 281 4K7/A
C327 Ceramic 330 pF 40 _ TK 720 330
C328 Ceramic 330 pF 40 — TK 720 330

330 2k ol I 0.1 uF 400 — 1AK 717 69
C331 PoEaTs 0.1 uF 400 — 1AK 717 69
C332 Ceramic 6800 pF 250 — TK 751 6k8
C333 Trimmer 45 pF 400 —_ WK 701 22
€334 Trimmer 4,5 pF 400 — WK 701 22
€335 Ceramic 6800 pF 250 — TK 751 6k8
C336 Ceramic 10,000 pF 160 — TK 440 10k
C337 Electrolytic 1uF 250 — TE 991 1M
C338 Ceramic 1500 pF 250 — TK 341 1k5
€339 Ceramic 10,000 pF 160 — TK 440 10k
C340 Ceramic 6800 pF 250 — TK 357 6k8
C341 Polystyrene 1200 pF 100 10 TC 281 1k2/A
€342 Ceramic 47 000 pF 40 — TK 750 47k
€343 Ceramic 10,000 pF 160 — TK 440 10k
C344 BATT 0.1 uF 400 — TC 276 M1
C345 MP 68,000 pF 160 — TC 181 68k
C346 MP 10,000 pF 400 — TC 183 10k
C347 Ceramic 0.1 uF 40 — TK 750 100k
C348 Polystyrene 330 pF 100 10 TC 281 330/A

Polystyrene 680 pF 100 10 TC 281 6A0/A
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Max. load Tolerance

No. Type Value W + 0 Standard - Drawing No.
C350 Polystyrene 820 pF 100 10 TC 281 820/A
C361 Ceramic 10 pF 350 —_ TK 657 10
G362 Ceramic 10 pF 350 - TK 657 10
C363 Ceramic 10 pF 350 - TK 657 10
C364 Ceramic 10 pF 350 - TK 657 10
€365 Ceramic 10 pF 350 - TK 657 10
C366 Ceramic 10 pF 350 s TK 657 10
Note:
Ca = C203 or C261 Ch = C303 or C361
Cbh = (207 or C262 Ci = (307 or C362
Cec = (248 or C249 or C250 Cj = C311 or C363
Cd = C211 or C283 Ck = (316 or C364
Ce = (216 or C264 Cm = (320 or C385
Cf = (220 or C265 Cn = (324 or C366
Cg = (224 or C266 Cr = (348 or C349 or C350

'

Transformers and coils:

Component Marking Drawing No. othf;'p ofbtlgi'ns & gu;m
Choke-coil L201 1AN 653 04 1—2 120 0.200
Choke-coil L202 1AN 653 04 i—2 120 0.200
Choke-coil L203 1AN 653 04 1i—2 120 0.200
Choke-coil L301 1AN 653 04 1 — 2 120 0.200
Choke-coil L1302 1AN 653 04 1—2 120 0.200
Choke-coil L303 1AN 653 04 1—2 120 0.200

Sundry el. components:

Component Type — Value
Tube EZ201, E301 ECC8b
Germanium diode E202, E203, E302, E303 GA204
Transistor E204, E205, E206, E207, E306, E307 KSY62B
Tube E208, E209, E308, E309 EL83
Transistor E304, E305 KSY62A
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