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TEKNISKE DATA
Frekvens:
Omrade: 10Hz-1MHz i 5 omr&der: 10Hz~-100Hz,
100Hz-1KHz, l1KHz-10KHz, l1l0KHz-
100 KHz og 100 KHz-1MHz
Skala: 10~100Hz
Ngjagtighed: +/+ 2%
Stabilitet: +/+ 0,02%/°C
+/+ 0,01% ved +/+% 10% @&ndring af
netspandingen, f < 200KHz
Udgangsspanding:
Kurveform: Sinus eller firkant
Omréde: 0-3,16V ff(EMK) i 7 omréder:
0-3,16mY; 0-10mv, 0-31,6mv, 0-100mV,
0-316mv, 0-1V og 0-3,16V
Skala: 0-3,16 og 0-10
Ngjagtighed:
Trykknap-attenuator: +/+ 0,2dB
Variabel attenuator: +/+ 0,5dB
Frekvenskarakteristik: +/+ 0,05dB fra 20Hz til 200KHz
+/+ 0,1dB fra 10Hz til 1MHz
Stabilitet (sinus): +/+ 0,05%/°C
+/+ 0,01% ved +/+ 10% &ndring af
netspandingen
DC-offset: max. 100mV (reduceres proportio-
nalt med trykknap-attenuator-om-
rade)
Forvrangning (sinus): Mindre end 0,05% ved 1lKHz,
mindre end 0,1% fra 20Hz til 200KHz,
mindre end 0,15% fra 10Hz til 500
' KHz og
mindre end 0,2% fra 10Hz til 1MHz
Stigetid (firkant): Max. 50 ns
Symmetri (firkant): Bedre end 3%
Udgangsimpedans: 75a
|
] ;
.




Synk.udgang:

Kurveform: Sinus eller firkant
Udgangsspanding: lVeff (EMK)
Udgangsimpedans: 6008
Nettilslutning: 110v, 130V, 220V eller 240V AC,
50-400Hz. Forbrug 5W
Temperatur-omrade: 0-50°C
Dimensioner (kabinet): Bredde: 163 mm
Dybde: 210 mm
Hpjde: 160 mm
Vagt: 4 kg
Finish: S¢lvgrd og blad hammerlak
Tilbehgr: 1 instruktionsbog

1 kabel UHF/2+banan
1 kabel 5-pol.DIN/5-pol.DIN
2 krokodillenab
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INTRODUKTION

B&O RC-oscillator type TG7 er en fuldtransistoriseret sinus/
firkant-generator med lav forvrangning til anvendelse p& la-
boratorier, skoler, servicevarksteder, fabrikker m.m. Den dak-

ker et stort frekvensomrade, 10Hz....lMHz, og er meget stabil
overfor temperatur- og netspandingsvariationer. Udgangsspan-
dingen (0...3,16V) kan varieres kontinuerlig i syv omré&der.

Generatoren kan med fordel anvendes ved undersggelse og re-
paration af stereoforstarker-udstyr, idet der p& instrumentet
findes en speciel 5-pol. DIN-udgang, kombineret med en venstre/
hgjre-kanalomskifter.

Udgangsimpedansen er lav (75Q), hvorved man i de fleste tilfal-
de kan se bort fra den kapacitive belastning i mdlekabler og
-ledninger.

ANVENDELSE

RC-oscillator TG7 kan tilsluttes fglgende netspandinger: 110V,
130V, 220V eller 240V. Sp@ndingsomskifteren (15) bag pd instru-

mentet stilles til den korrekte netspanding (14) fgr tilslut-
ning til nettet. Instrumentet tandes ved at indtrykke een af
frekvensomrade-knapperne (1ll1), og slukkes ved tryk pa netaf-

bryderen (10).
Dt vl

|
&
@-——ﬂ 88 sctoscii aon 765

Fig.l. RC-oscillator TG7 set forfra




Instrumentets betjening fremgdr af fig. 1/2.

10.
11.

02s

Indikatorlampe: Lyser op, ndr generatoren er tandt.

Frekvensskala: Varierer frekvensen inden for hvert om-
réde. L

Mikrodrev: Endrer frekvensskalaens udveksling i for-
holdet 5:1.

Variabel attenuator: Varierer udgangsspandingen inden
for hvert omrdde af udgangsattenuatoren (12).

Kanalomskifter: Skifter signalet pd stereo-udgangsbgs-
ningen (6), mellem venstre (L), hgjre (R) eller ven-
stre + hgjre (L+R) kanal. Ved 4-kanal-stereo er der
signal p& begge venstre-kanaler samtidig og begge hgj-
re-kanaler samtidig.

Stereo-udgang, 5-pol. DIN.
Udgang for koaksial-tilslutning.
Stel~-bg¢sning.

Funktionsomskifter: Skifter mellem sinus- og firkant-
kurveform.

Netafbryder.

Frekvensomride-omskifter: Skifter mellem 5 omrdder. Af-

lezsning af omrddet multipliceret med skalaaflasning (2)
giver udgangsfrekvensen.

Udgangsattenuator: Attenuerer udgangsspandingen i 6
trin med 10 dB/trin.

(©) 16

T
OO

|
Fig. 2. RC-oscillator TG7 set bagfra.
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13. Netsikring.

1l4. Netspandingsindikering: Angiver den netspanding, in-
strumentet md tilsluttes.

15. Netspandingsomskifter: Skifter mellem 4 forskellige
netspandinger, 110V, 130V, 220V og 240V,

16. Synk.udgang: Afgiver 1V (konstant) i tomgang eller
0,5V ved en belastning p&.600Q. Kurveformen er den
samme som pad udgang (6) og (7).

Afprgvning af LF-forstarkere med sinus- signal efter DIN-
45500 (Entwurf aug. 1971).

RC-oscillator TG7, et LF-wattmeter (f.eks. B&O Wattmeter
RWM4) samt evt. et oscilloskop tilsluttes mdleobjektet som

‘vist i fig. 3. RC-oscillatorens kabinet forbindes til jord,

gvrige instrumenter samt mdleobjektet md ikke forbindes til
jord.

-
/7
C. @ RWM4
i O W/ wattmeter L/\L\j_
I O £ 0o
L] e T D) oo Qoo
CITTTTTI3 O , Y Synk
Y 4 oscilloskop
LF-indg. HT-udg.
forsterker
aat s Pl

Fig. 3. M&leopstilling

a) Linizre indgange:
Fplsomhed (DIN—45500?“; 0,5V). Fglsomheden mdles normalt ved

1 kHz sinus (10Hz x 100). Trykknap-attenuatoren sattes i

stilling 1V. Begge kanalomskifter-knapper indtrykkes (L+R).
Wattmeteret indstilles til md&ling af max. udgangseffekt i.h.t.
instruktionsbogen for RWM4 (side 8, pkt. 4). Den variable at~-
tenuator opdrejes, indtil wattmeteret viser den for mdleobjek-
tet angivne max. udgangseffekt. Fgplsomheden kan da aflases pé
attenuator-skalaen. Et LF-voltmeter kan evt. tilsluttes koak-
sialudgangen til kontrol af udgangssp@ndingens amplitude.




Frekvensgang (DIN-45500: +/+ 1,5dB fra 40Hz til 16KHz, ref.
1KHz). Ved 1lKHz opdrejes den variable attenuator, indtil watt-
meteret viser 28dBm (ca. 0,6W). Trykknap-attenuatoren sattes

i stilling 100mV. Ved at variere frekvensen i omréddet 40Hz....
16KHz m& udslaget pd RWM4 ikke variere mere end +/% 1,5dBm i
forhold til udslaget ved 1KHz (26,5....29,5dBm). Maleobjektets
tonekontroller skal sta i deres neutrale stilling.

Kanalforskel, kanalbalance og krydstaleafstand médles i.h.t.
instruktionsbogen for RWM4 side 9, pkt. 5a, 5b og 6a. Kryds-
taleafstanden fra venstre til hg¢jre kanal og omvendt skal
iflg. DIN-45500 vere mindst 40dB ved 1KHz og mindst 30dB i
frekvensomradet 250Hz....l10KHz.

Forvrangning (DIN-45500: Max. 1% i frekvensomradet 40Hz....
12,5KHz) . RC-oscillator TG7's egenforvrangning er meget lille,
mindre end 0,1%, og er derfor velegnet til kontrol af for-
vrangningen pd HiFi-udstyr. Forvrazngningen males normalt ved
max. normeret udgangseffekt.

b) Indgange for magn. pick-up (RIAA):

Fglsomhed (DIN 45500: < 5mV ved 1KHz). Malingen udfgres som
navnt under "a) Liniere indgange". Trykknap-attenuatoren bgr
dog sattes i stilling 1l0mV.

Frekvensgang (DIN 45500: +/% 2dB i frekvensomradet 40Hz....
16KHz, ref. RIAA/1KHz). Trykknap—-attenuatoren szttes i det
laveste omradde (3,16mV). Den variable attenuator opdrejes,
indtil wattmeteret ved 1KHz viser 28dBm (ca. 0,6W). Ved at
variere frekvensen i omrddet 40Hz....l6KHz md udslaget pa
wattmeteret ikke variere mere end +/+ 2dBm i forhold til
RIAA-kurven, fig. 4.

50 dBm
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Fig. 4. RIAA~-frekvenskarakteristik
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Afprgvning af LF-forstarkere med firkant-signal

a) Lini®re indgange:

Frekvensgang. Anvender man et firkantsignal i stedet for et
sinus-signal, som beskrevet i det foregdende, sker der en
deformering af kurveformen i narheden af den nedre og den
gvre gransefrekvens. Ud fra en relativ mdling af kurvens fa-
con pa et oscilloskop, kan disse grznsefrekvenser let bereg-
nes. Som malefrekvens benyttes normalt 100Hz og 10kHz (ved
nyere forstarkere dog op til 50kHz). Forstarkerens bas- og
diskantregulering skal std i neutral stilling.

‘» 90%

o

3

100Hz 1kHz 50kHz
Fig. 5. Bestemmelse af fn og f¢.
Nedre gransefrekvens fordrsager en tiltning af kurven. Tilt-

ningen er proportional med forholdet mellem nedre gransefre-
kvens og firkant-frekvensen:

v, £
e 1|
Vo 2 fn,
Vv
. 2,_t
eller tn =TT ﬁL
o]
Eks: f£. = 100Hz, tilt = 10%: f 2 0,1-100 = 6,4Hz

rl‘ n = ?‘
¢vre grensefrekvens fordrsager en afrunding af firkantkur-
vens flanker og bestemmes ud fra en relativ mdling af "sti-
getiden'":

> %10 35 T
£, =232 - g,35.¢ .1
@ tr P tr
EkS.: == = 6 og fm = lokHz: f = 0,35-10-6 = 21kHz
to T @

NB: Ovenstédende formler for nedre og ¢vre gransefrekvens er
kun galdende, safremt forstarkerens afskerings-—-asymptoter
er -6dB/oktav, svarende til eet RC-led.

Bas- og diskant-regulering. En firkant-spaznding indeholder
foruden grundfrekvensen en del harmoniske af denne. De hgje-
re harmoniske er indeholdt i kurvens flanker, hvorimod de
lavere harmoniske danner kurvens "vandrette” dele. Dette for-
hold kan benyttes til kontrol af en forstarkers bas- og dis-
kant-regulering, fig. 6/7.




min. neutral max.

Fig. 6. Bas-regulering ved fq,= 100Hz

Wia

1

min. neutral max.

Fig. 7. Diskant-regulering ved qu= 1kHz

b) Ulinizre indgange ("RIAA") :

Frekvensgang. Frekvensgangen for en forsterker med "RIAA"-karak-
teristik (fig. 4) minder en del om frekvensgangen for en linier
forsterker med max. bas- o0g min. diskant-requlering. Firkant-
speandingens kurveform vil derfor blive deformeret i lighed med
fig. 6 {(max.) og fig. 7 {min.)

Fig. 8. "RIAA"-fre-
kvensgang ved fn, =
lkHz. (Bas- og dis-
kant-requlering i
neutral stilling).
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Justering af oscilloskop-probe

Et oscilloskop er normalt forsynet med en speciel udgang til
justering af den tilhgrende probe's frekvensgang, men man er
ikke altid i stand til at udfgre denne justering korrekt, for-
di test-spandingens kurveform ofte er for darlig.
LF-oscillator TG7 kan udmarket anvendes til dette. Som mile-
frekvens benyttes f, = 1KHz. Probens trimmekondensator juste-
res séledes, at firkant-spendingens kurveform bliver korrekt
(fig. 9).

vy Uy gy

forkert rigtig forkert

Fig. 9. Justering af oscilloskop-probe

Signal-tracing

LF~oscillator TG7 kan udmarket anvendes som signal-tracer. En
kort "stigetid" pa& firkantspandingen er ensbetydende med et
stort indhold af harmoniske.

Da oscillatoren er DC-koblet, skal test-ledningen forsynes

med en seriekondensator, idet udgangs—-attenuatoren ellers let
gdelzgges. Denne kondensator bgr vere o,luF/400V ved undersg-
gelse af L¥-kredslg¢b og 1lnF/400V ved undersggelse af HF-kreds-
lpb.

Ved signal-tracing p& denne mdde er det muligt at undersgge,
om der er "hul" gennem alle kredslgb i LF~forstarkere, AM- og
FM-modtagere, tunere m.m. ved fﬂ.z 1KHz. Ved FM-ant./osc.kred-
se kan det dog vere ngdvendigt at anvende en hgjere mdlefre-~
kvens, f.eks. fq,: iMHzZ.,

11




VIRKEMADE (FIG. 10)

TG7 er en sdkaldt "Wien-bro" oscillator med ens modstands- og
kapacitetsvardier i den frekvensbestemmende brogren. Kondensa-
torerne er kontinuert variable (frekvensskala), mens modstan-
dene kan varieres i spring v.h.a. en trykknapomskifter (fre-
kvensomrade) . Svingningsbetingelsen for oscillatoren er, at
slgjfeforsterkningen, fra punktet "a" gennem forstarkeren Al og
tilbage til punktet "a", er lig med 1 og at fasedrejningen igen-
nem slgjfen samtidig er nul. For en "Wien-bro" oscillator medfg-
rer navnte betingelse, at forstarkeren Al skal have en forstaerk-
ning p& ngjagtig 3/°. Er dette tilfaldet, vil oscillatoren svin-
ge med en frekvens, f, bestemt ved udtrykket

1 _
2% RC

Oscillatorens amplitude holdes konstant v.h.a. et regulerings-
kredslgb, hvor det regulerende element er en FET-transistor
(TR7), der i dette tilfzlde virker som en variabel modstand (i
det linizre omradde under pinch-off). Den styres af en kompera-
tor, som afgiver en fejlspanding, sdfremt oscillatorens udgangs-
spending, p.g.a. en forstyrrelse (stgjimpuls, temperaturendring
m.m.), @ndrer amplitude. Eksempelvis vil et fald i amplituden
have fglgende virkning: DC-spandingen p& udgangen af ensretteren
mindskes, hvilket udstyrer komperatoren i positiv retning. Span-
dingen pa gate'n af TR7 bliver mindre negativ. Dette medfgrer,
at den &kvivalente seriemodstand, og dermed modkoblingen i os-
cillatorforsterkeren, bliver mindre. Resultatet bliver s3ledes
at forsterkningen, og dermed udgangsspandingen, bliver stgrre.

- Med en Field-effekt transistor som variabel modstand (frem-
for en glgdelampe eller termistor) kan der opereres med korte
reguleringstider, og da reguleringsslgjfen samtidig er kritisk
dempet, opnds en meget stabil sinusspanding.

Amplituden bestemmes af referencespandingen V , der frembrin-
ges v.h.a. en zenerdiode p& 5,6V. Arbejdspunk%gg for denne er
valgt saledes, at temperaturkoefficienten bliver nul. Dette med-
fgrer, at amplituden bliver praktisk taget uafhengig af tempe-
raturendringer.

Komperatoren virker ogsa som integrator, der udglatter den ens-
rettede spanding, sdledes at ripple'n pd styrespandingen til TR7
bliver forsvindende. Dette har betydning for oscillatorens har-
moniske forvrangning,.

For at opnad en god ngjagtighed p& frekvensskalaen er det en be-
tingelse, at frekvensen kun er afhangig af Wien-bro'ens RC-led.
Forsterkeren Al mé& sdledes ikke @ndre fasen og skal derfor have
en amplitudekarakteristik, som er ret en dekade hgjere end os-
cillatorens frekvensomrade. Dette medfgrer, at der md8 anvendes
en udgangsforstarker, som "buffer" overfor kapacitive belastnin-
ger.,

Oscillatorens firkantspanding frembringes ved at lede sinusspan-
dingen gennem en Schmitt-trigger med tilhgrende komplementar-
symmetrisk (push=-pull) udgangstrin.

Udgangsattenuatoren er en pracisionsattenuator sammensat af 61~
led, som hver giver en dempning pd 10dB. Udgangsimpedansen er
konstant 75 ohm.

Spendingen p& synk.udgangen er konstant 1V og f&s via en emit-
terfglger for at f4 en lav udgangsimpedans, 600 ohm. Denne ud-
gang kan bl.a. anvendes til synkronisering af et oscilloskop.

fi =
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VIRKEMADE (KREDSL@B)

De tre forsterkere Al, A2 og A3 (fig. 10) er bygget op efter
samme princip. De har alle en h¢j tomgangsforstarkning, >60d4B,
er DC-koblede og bestdr af tre trin. Det 1. trin er en diffe-
rential forstaerker (langhalet par), hvor den inverterende ind-
gang far tilfgrt det modkoblede signal. Det 2. trin forstaer-
ker signalet yderligere og @ndrer samtidig DC-niveauet, sédle-
des at dette i hviletilstanden er nul pd forstarkerudgangen.
Det 3. trin er en impedansomsatter, der giver forsterkeren en
lav udgangsimpedans.

I oscillator-forsterkeren (TRl....TR6) er der anvendt field-
effekt transistorer i differentialtrinet for at opnéa en hgj
indgangsimpedans. Dette er ngdvendigt, da "R" i Wien-broen er
30MQ i det laveste frekvensomrdde., Udgangstrinet i denne for-
sterker er en emitterfglger (TR6).

Komparator-forsterkeren (TR8....TR11l) arbejder noget anderle-
des end Al og A3, idet der p& den ikke-inverterende indgang
ligger en positiv DC-spanding, V . Dette medfgrer, at for-

sterkeren er afbrudt (cut-off), hgr den tilfgrte spending er
mindre end referencespandingen. I denne tilstand er udgangs-
spandingen begranset til 40,6V v.h.a. dioden D6. Fg¢rst nar
spandingen pd den inverterende indgang overstiger Vref arbej-
der forstarkeren lineart og som integrator. Den integrerende
virkning fremkommer ved at kondensatoren C21 i modkoblingsslgj-
fen pdvirker indgangen som en kondensator, der er forstarknin-
gen gange stgrre (den sdkaldte Miller-effekt). I de to laveste
frekvensomrdder parallelforbindes C21 med et ekstra led a.h.t.
tidskonstanten for reguleringen.

Buffer-forstarkeren (TR12....TR19) er forsynet med et komple-
mentar-symmetrisk udgangstrin, og modkoblet til en resulteren-
de forstarkning pd 1,6 gange.

I schmitt-triggeren (TR20....TR22) er den normale falles emit-
termodstand, som frembringer den regenerative virkning, erstat-
tet af en diodekoblet transistor, TR21l. Dennes meget lille dy-
namiske modstand reducerer hysteresen. Transistoren forspandes
via modstanden R85, sgrger samtidig for, at triggeniveauet pa
indgangen er nul. Disse forhold medvirker til, at firkantspan-
dingen p& udgangen bliver symmetrisk.

14




JUSTERING

RC-oscillator TG7 er konstrueret til lang tids drift uden ef-
terjustering og vedligeholdelse. Kun i tilfzlde af komponent-
fejl vil det under normale omst@&ndigheder vare ngdvendigt at
kontrollere og justere instrumentet. I sd fald bgr fplgende
procedure fglges:

For at kunne foretage justeringen er fglgende instrumenter

ngdvendige:

1) Digetal-voltmeter, AC/DC, ngjagtighed bedre end 1%.

2) Frekvenstaller, 10Hz....l1MHz.

3) Forvrangningsmeter, der kan mdle forvrangning mindre end
0,3% 1 frekvensomrddet 10Hz....200KHz.

[;@@ ©

x1oK AOP7

i
Pé6
x1K O 9
Ox1K
xloo O

Oxloo0
x10 O

O*le
oo’ 2] 5

Fig. 11. Justering

Netdel

Et digetal-voltmeter tilsluttes mé&lepunkt Zl , fig. 11, og
med potentiometeret P6 justeres til +12V. _

Det samme voltmeter tilsluttes mélepunkt /I\ , og med poten-
tiometeret P7 justeres til :12V. (Det kan blive ngdvendigt
at korrigere denne justering ved den senere navnte justering
af firkant-offset).

Frekvens (lukket kabinet, kun bundpladen afmonteret)

Koaksial-udgangen CD tilsluttes en fre-
O kvensteller. Frekvensomr&de-omskifteren
2 Q) settes i _stilling "x100", og fre-
(’\ @ kvensskalaen stilles pad "10". Tryk-
g;b 10; knap-attenuatoren @2 og den variable
attenuator stilles til max. udgangs-
1 O spanding (3,1l6V).

1T 1 O Safremt talleren ikke viser 1KHz, juste-
T T T T O res frekvensskalaen mekanisk i forhold
T 7 til drejekondensatorens aksel, indtil

15




dette er tilfaldet.
0 100 Spendingen i mdlepunkt ZCS kontrolleres
med et voltmeter, ca. +1,5V.

<::> <::> Frekvensskalaen (:) stilles pd "100". Med
10 de to trimmere "x100", fig. 11, justeres
= O

spandingen i mdlepunkt til ¢1,5V sam-
tidig med, at frekvensen justeres til
cram—r 11 O 10KHz. Frekvensskalaen (:) stilles pa "10".
T T s O Frekvensen kontrolleres, og safremt denne
= afviger mere end +/+1% fra 1KHz, gentages
ovennavnte justeringsprocedure.
Frekvensomrade~omskifteren QD settes i1 stilling "x10". Fre-
kvensskalaen (:) stilles pd "100". Med de to trimmere "x10",
fig. 11, justeres spendingen i mdlepunkt 153 til +1,5V samti-
dig med, at frekvensen justeres til 1KHz.
P4 tilsvarende mdde justeres de resterende trimmere: "x1"-trim-
merne justeres i "xl1"-omrddet, "x1lK"-trimmerne i "x1lK"-omriddet
0.S.V.

Sinus-amplitude

Koaksial-udgangen () tilsluttes et dige-
0_— tal-voltmeter. Trykknap-attenuatoren

settes 1_stilling "1V". Den variable atte-
//éig;\ <:> nuator C) stilles pa "1l0". Frekvensen ind-

73 stilles til 1KHz (10Hz x 100).
Med potentiometeret P2, fig. 12, justeres
== O udgangsspandingen til 1V "

O eff

O

& Ml I
S L i
‘ -
O Ps Ph4
I O
t g[ R68
47 oL} +

Fig. 12. Justering
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Trykknap-attenuatoren i} settes i stil-
ling "3,16V". Den variable attenuator
stilles pd "O". Frekvensen indstilles tI1
1KHz. Med potentiometeret P4 justeres
spendingen over modstanden R68 til 50mV DC.
Spzndingen males med et universalmeter, der
tilsluttes direkte over modstanden.

Koaksial-udgangen GD tilsluttes et for-
vrangningsmeter, der kan mdle forvrang-
ning mindre end 0,03%. Trykknap-attenuato-
ren {2 settes i stilling "1lV". Den vari-
able attenuator stilles pad "10". Fre-
kvensen indstilles p& 1KHz.

Med potentiometeret Pl justeres til min.
forvrengning. Med kabinettets svgb p&mon-
teret kontrolleres, om forvrangningen sta-
dig er mindre end 0,03%.

Koaksial-udgangen C) tilsluttes et DC-volt-
meter. Trykknap-attenuatoren settes

i stilling "3,16V". Den variable attenua-
tor C) stilles pa "0". Frekvensen indstil-
les til 1KHz. v/, -knappen indtrykkes. Med
potentiometeret P7 justeres DC-offset-span-
dingen til 0V +/:50mvV.

Koaksial-udgangen () tilsluttes et AC-4di-
getal-voltmeter. Trykknap-attenuatoren
settes i stilling "1V". Den variable
attenuator stilles pa "10". Frekven-
sen indstilles til 1KHz. V/j, -knappen ind-
trykkes.
Med potentiometeret P5 justeres udgangs-
spendingen til 1,11V. Et digetal-voltmeter
mdler normalt middelvardi og er kalibreret
i sinus~effektivvaerdi, hvorfor der m& ta-
ges hensyn til formfaktoren, 1,11. S&fremt
digetal-voltmeteret miler effektivverdi,
justeres udgangsspandingen til 1V.
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TECHNICAL DATA

Freguency :

Range:

Scale:

Accuracy:

Stability:

Output voltage:

Waveform:

Range:

Scale:

Accuracy:
Pushbutton attenuator:
Variable attenuator:

Frequency response:

Stability (sine):

DC-Offset:

Distortion (sine):

Rise time(sguare wave):
Symmetry (square wave):

Output impedance:

18

10Hz-1MHz in 5 ranges: 10Hz-100Hz,
100Hz-1KHz, 1KHz-10KHz, l1l0KHz-
100KHz and 100KHz-1MHz.
10-100Hz
+/=- 2%

o
+/- 0,02%/°C

+/- 0,01% at +/- 10% change in
line voltage, £ < 200KHz

Sine or square wave.

0-3,16V RMS (EMF) in 7 ranges:
0-3,16mv, 0~-10mv, 0-31,6mV, 0-100mV,
0-316mv, 0-1V and 0-3,16V.

0-3,16 and 0-10.

+/- 0,2dB
+/- 0,5dB

+/~- 0,05dB, 20Hz to 200KHz.
+/- 0,1dB, 10Hz to 1MHz

+/- 0,05%/°C
+/- 0,01l% at +/- 10% change in
line voltage

Max. 100mV (reduced in proportion
to pushbutton attenuator setting).

Less than 0,05% at 1KHz,

Less than 0,1%, 20Hz to 200 KHz

Less than 0,15%, 10Hz to 500 KHz and
less than 0,2%, 10Hz to 1MHz

Max. 50 ns

Within 3%

750




Auxiliary output:

Waveform:
Output voltage:
Output impedance:

Power requirements:

Ambient temperature range:

Dimensions (cabinet):

Weight:
Finish:

Accessories:

Sine or square wave

lVRMS (EMF)

6000

110v, 130V, 220V or 240V AC,
50-400Hz. Consumption 5W.

0-50°C

Width: 163mm
Depth: 210mm
Height: 160mm

9 1lbs. (4 kg)

Silvergrey and blue hammertone
instruction manual

cable UHF/2banana

cable 5-pol.DIN/5-pol.DIN
alligator clips

N
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INTRODUCTION

The B&0 RC-Oscillator Type TG7 is a solid state sine-square
wave generator with low distortion, suitable for laboratories,
schools, service shops, factories, etc. It has a wide fregyency
range, 10Hz..... .1MHz, and great stability with respect to va-
riations in temperature and line voltage. The output voltage
(0...3.16V) is continuously variable over seven ranges.

This generator may advantageously be used for checking and re-
pairing stereo amplifier equipment as the instrument includes

a special 5-pole DIN output in combination with a left-right
channel selector.

The output impedance is low (75Q), which makes it possible in
most cases to disregard the capacitive load on measuring cables
and leads.

APPLICATION

The RC-Oscillator TG7 may be connected to the following line
voltages: 110V, 130V, 220V or 240V. The voltage selector (15)
on the rear of the instrument is set at the correct line vol-
tage (14) before connection to the line. The instrument is
turned on by depressing one of the frequency range buttons (11)
and is turned off by pushing the power switch (10).

& o
OSCLLATOR TG7

|
o = 2T Ve
I A or—7)
: O
N S . - o——8)

=] ]
=/ g

S

Fig. 1. RC-oscillator TG7, front view

20




1
i
3
1
v

Operating of the instrument appears from figs. 1-2

10.
11.

1z.

Indicator lamp: Lights when generator is turned on.

Frequency dial: Varies the frequency within each
range.

Microdrive: Changes gearing of frequency dial in the
ratio of 5:1.

Variable attenuator: Varies the output voltage within
each range of ourput attenuator (12).

Channel selector: Switches signal on stereo output
socked (6) between left (L), right (R) or left + right
(L+R) channels. Four-channel stereo has signal on both
left channels simultaneously and both right channels
simultaneously.

Stereo output: 5-pole DIN.
Output for coaxial connection.
Ground terminal.

Function selector: Switches between sine and square-
wave form.

Power switch.

Frequency range selector: Switches between 5 ranges.
The reading of the range multiplied by dial reading
(2) is the output frequency.

Output attenuator: Attenuates the output voltage in
6 steps of 10 dB each.

o ®

O—®
®

O— 17

Fig. 2. RC-oscillator TG7, rear view
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13. Line fuse.

14. Line voltage indicator: Indicates the line voltage to which
instrument may be connected.

15. Line voltage selector: Switches between 4 different line
voltages, 110V, 130V, 220V and 240V.

16. Sync. output: Open-circuit voltage is 1V (constant). The
wave form is identical to outputs (6) and (7).

Testing of audio amplifier with sine-wave signal, based on DIN-
45500 (Entwurf Aug. 1971)

The RC-Oscillator TG7, and audio wattmeter (e.g. B&O Wattmeter
RWM4) and, if desired, an oscilloscope are connected to the ob-
ject to be measured, as shown in Fig. 3. The cabinet of the
RC-Oscillator is grounded; other instruments and the object
under measurement must not be grounded.

A N B T s
l @ RWM4 /\/\/
\f;> ‘w// wattmeter oy | ]
I O -
| | o O 00 OO0 = © O—
s oy vy o i s O Y Sync|
Y 4 oscilloscope
LF-input LS output
amplifier
ch o O

Fig. 3. Measuring set-up

a) Linear inputs:

Sensitivity (DIN-45500: < 0.5V). The sensitivity is usually
measured at 1 kHz sine (10Hz x 100). The pushbutton attenuator
is set in position 1V. Both channel-selector buttons are de-
pressed (L+R). The wattmeter is set to measure the maximum
output power, according to the instruction manual for RWM4
(page 8, item 4). The variable attenuator is turned clockwise
until the wattmeter shows the specified maximum output power
of the object to be measured. It is now possible to read the
sensitivity from the attenuator dial. An audio voltmeter may
be connected to the co—axial output in order to check the am-
plitude of the output voltage.
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Fregquency response (DIN-45500: +/- 1.5dB from 40Hz to 1l6KHz,
ref., 1KHz). At 1KHz the variable attenuator is turned clock=
wise until the wattmeter shows 28 dBm (about 0.6W). The push-
button attenuator is set to 100mV. By varving the frequency

within the range of 40Hz....... 16KHz, the meter scale reading
must not vary more than +/- 1.5 dBm in relation to the meter
scale reading at 1KHz (26.5....29.5dBm). The tone controls

of the object measured should be in their neutral positions.

Channel difference, channel balance and cross—talk are
measured in accordance with the instruction manual for RWM4,
page 9, items b5a, 5b and 6a. The cross-talk from left to
right channel and vice versa should, according to DIN-45500,
be at least 40dB at 1KHz and at least 30dB within the fre-

guency range of 250HzZ..... 10KHz.
Distortion (DIN-45500: max. 1% within frequency range of
40HZ .o oo o 12.5KHz). The distortion of the RC-Oscillator TG&7

is very low, less than 0.1%, and is therefore suitable for
checking the distortion of HiFi equipment. Distortion is
usually measured at max. rated output power.

b) Inputs for magn. pick-up (RIAA):

Sensitivity (DIN-45500: < 5mV at 1KHz). The measuring is
carried out as described in "a) Linear inputs". The push-
button attenuator should, however, be set on 10mV.

Frequency response (DIN-45500: +/- 2dB within frequency range
of 40Hz....l1l6KHz, ref. RIAA/1KHz). The pushbutton attenuator
is set in lowest range (3.l6mV). The variable attenuator is
turned clockwise until at 1KHz the wattmeter shows 28 dBm
(about 0.6W). By varving the frequency within the range of
40Hz....16KHz, the meter scale reading must not vary more
than +/- 2dBm in relation to the RIAA-curve, Fig. 4.

50 dDm
i.A_
|
ho+—t—
1
a

30{'~ -

20 1: . H !
fodd. : f iy
B T o AR 1 i L e

b | | : ok ¥

NI e B

lojL fll t l } l = 1 \\LJ
30 50 loo 200 500 1k 2k 5k lok 2o0kliz

Fig. 4. RIAA frequency response




Testing of audio amplifiers with square-wave signal.

a) Linear inputs:

Frequency response. If a square-wave signal is used instead of a
sine-wave signal, as described in the foregoing, the curve is de-
formed near the lower and upper limet frequencies. From a relative
measuring on an oscilloscope of the shape of the curve, these limet
frequencies are easily determined. The measuring frequencies used
are normally 100Hz and 10kHz. The bass and treble controls of the
amplifier should be in their neutral positions.

N o

0
A e

100HzZ 1kHz 50kHz

Fig. 5. Determination of fl and fu
The lower limet frequency will cause a tilting of the curve. This
tilting is proportional to the ratio between the lower limet fre-
guency and the square-wave frequency:

S D
yipw 28 Ed,
Or flzg'\"\;t‘ £,
|
O
Example: qu= 100Hz, tilt = 10%: fl = % - 0.1 = 100 = 6.4Hz

The upper limet frequency causes an under shoot of the sguare-
wave curve and is determined from a relative measuring of the
"rise time":

0.35 T
£ = = 0.35 «- £ . ¢
u tr an tr
Example: % = 6 and qu= 10kHz: fu = 0.35 - 10 - 6 = 21kHz

r

Note: The above equation of the lower and upper limet frequen-

cies apply only if the limet frequency asymptotes of the ampli-
fier are -6dB/octave.

Bass and treble control. In addition to the fundamental frequen-

cy, a square-wave potential contains some harmonics thereof, The [
higher harmonics are found in the flanks of the curve, whereas

the lower harmonics form the "horizontal" portions of the curve.

This fact may be utilized for controlling the bass and treble

control of the amplifier, Figs. 6-7.
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E
E

Ao U

min. neutral max.,

Fig. 6. Bass adjustment at qu= 100Hz

of i
X G

min. neutral max.

Fig. 7. Treble adjustment at qu= 1kHz

b) Non-linear inputs ("RIAA"):

Frequency response. The frequency response of an amplifier
having "RIAA" characteristics (Fig. 4) somewhat resembles
the frequency response of a linear amplifier at max. bass
and min. treble. The curve of the square-wave potential
will therefore be deformed like Fig. 6 (max.) and Fig. 7
(min.)

Fig. 8. "RIAA" frequency
response at fq, = lkHz.
(Bass and treble controls
in neutral positions)
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Adjustment of oscilloscope probe

An oscilloscope usually has a special output for adjustment of
the frequency response of the associated probe, but it is not
always possible to make a correct adjustment because the curve
form of the test voltage is frequently too poor.

The LF-Oscillator TG7 is well-suited for this purpose. The mea=
suring frequency used is fn, = 1KHz. The trimmer capacitor of
the probe is adjusted so as to obtain a correct curve form of
the square—-wave potential (Fig. 9).

oy I

wrong correct wrong

Fig. 9. Adjustment of oscilloscope probe

Signal tracing

The LF-Oscillator TG7 is excellent as signal tracer. A short
"rise time" of the sguare-wave potential is tantamount to a
substantial content of harmonics.

As the oscillator is DC coupled the test cable must be provi-
ded with a series capacitor as otherwise the output attenuator
is easily damaged. This capacitor should be 0.1pF/400V when
testing AF circuits and 1nF/400V for checking HF circuits.
Signal tracing in this manner makes it possible to check if
there is a "hole" through all circuits of AF amplifiers, AM
and FM recievers, tuners, etc., at fq,= 1KHz. In case of FM
antenna and oscillating circuits it may, however, be necessary

to employ a higher measuring frequency, €.9- qu= 1MHz.
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CIRCUIT DESCRIPTION (FIG. 10)

The TG7 is a so-called "Wien bridge" oscillator having identi-
cal resistance and capacity values of the bridge branch deter-
mining the frequency. The capacitors are continuously variable
(frequency dial), while the resistors are variable in stages
by means of a pushbutton selector (frequency range). The os-
cillatory condition of the oscillator is that from point "a"
through the amplifier Al and back to point "a", the loop am-
plification is equal to 1, and that the phase shift through
the loop is zero at the same time. To a "Wien bridge" oscilla-
tor this condition involves that the amplifier Al must have an
amplification of exactly 3[@9. In the affirmative the oscilla-
tor will oscillate at a frequency, f, determined by the equa-
tion 1

f = 2%ire
The oscillator amplitude is maintained constant by means of a
control circuit where the controlling unit is an FET transis-
tor (TR7) which in this case acts as variable resistor (with-
in the linear range below pinch-off). It is controlled by a
comparator which generates an error voltage if, owing to some
disturbance (noise pulse, variation in temperature, etc.), the
output voltage of the oscillator changes amplitude. A drop in
amplitude could, for instance, have the following effect: The
DC voltage of the output of the rectifier is reduced, which in-
duces the comparator positively. The voltage of the TR7 gate
is rendered less negative. This means that the equivalent se-
ries resistance and with that the negative feedback in the os-
cillator amplifier is reduced. As a consequence, the amplifi-
cation and with that the output voltage is increased. - By
means of a field-effect transistor as variable resistor (rather
than a filament lamp or thermistor) it is possible to operate
with short periods for adjustment, and as at the same time the
control loop is critically damped, a very stable sine-wave vol-
tage is obtained.
The amplitude is determined by the reference voltage Vre which
is obtained by means of a zener diode of 5.6V. The operagional
point of the latter has been selected so as to render the tem-
perature coefficient zero. This has the effect that the ampli-
tude will be as good as independent of changes in temperature.
The comparator also acts integrator smoothing the rectified
voltage such that the ripple of the control voltage for TR7 is
rendered negligible. This is important to the harmonic distor-
tion of the oscillator.
To obtain satisfactory accuracy with the frequency dial it is
required that the frequency by only dependent on the Wien-bridge
components. Consequently, the amplifier Al must not change the
phase and should therefore have an amplitude characteristic
which is straight (one decade higher than the frequency range
of the oscillator). This makes it necessary to use an output am-
plifier as "buffer" against capacitive loads.

The square-wave voltage of the oscillator is produced by guid-
ing the sine-wave voltage through a Schmitt trigger with asso-
ciated complementary-symmetrical (push-pull) output stage.

The output attenuator is a precision attenuator composed of 6
circuits each having a damping effect of 10dB. The output im-
pedance is 75 ohms constant.

The voltage of the sync. output is 1V constant and is obtained
via an emitter follower so as to have a low output impedance,
600 ohms. This output may, for example, be used for synchroniz-
ing an oscilloscope.
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CIRCUIT DESCRIPTION (DIAGRAM)

The three amplifiers Al, A2 and A3 (Fig. 10) are based on

the same principle. All have high open loop voltage gain

>60 dB; they are DC coupled and have three stages. The first
stage is a differential amplifier (long-tailed pair), where
the negative feedback signal is applied to the inverted in-
put. The second stage further amplifies the signal and changes
the DC level so as to be zero on the amplifier output. The
third stage is an impedance transformer inparting to the am-
plifier a low output impedance.

The oscillator amplifier (TR1l....,. TR6) uses field-effect tran-
sistors in the differential stage to obtain high input impe-
dance. This is necessary as "R" of the Wien bridge is 30MQ in
the lowest frequency range. The output stage of this amplifier
is an emitter follower (TR6).

The comparator amplifier (TR8....TR1l) has an operation some-
what different to Al and A3 as the non-inverted input is sub-
ject to a positive DC voltage, V . This means that the am-
plifier is cut off when the induggg voltage is lower than the
reference voltage. In this state the output voltage is restric-
ted to +0.6V by means of the diode D6. Not until the voltage
of the inverted input exceeds V does the amplifier operate
linearly and as integrator. Ther§ntegrating effect is produced
by the capacitor C21 of the negative feedback loop affecting
the input as a capacitor multiplied by the amplification (the
so-called Miller effect). In the case of the two lowest frequ-
ency ranges, C21 is connected in parallel with an extra capa-
citor because of the regulation time constant.

The buffer amplifier (TR12...,TR19) is provided with a comple-
mentary-symmetrical output stage and has negative feedback
with resultant gain of 1.6 times.

In the Schmitt trigger (TR20....TR22) the normal common emit-
ter resistor, which produces the regenerative effect, has been
replaced by a diode-connected transistor, TR21. Its very low
dynamic resistance reduces the hysteresis. The transistor is
biased via the resistor R85 and takes care at the same time
that the input trigger level is zero. This to ensure a symme-
trical square-wave voltage of the output.
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ADJUSTMENT

The RC-Oscillator TG7 is designed for long-term operation with-
out requiring adjustment and service. Only in the event of com-
ponent defects will it under normal conditions be necessary to
check and adjust the instrument. In that case the following pro-~
cedure should be followed:

To be able to make the adjustment, the following instruments are

necessary:

1) Digital voltmeter, AC/DC, accuracy better than 1%

2) Fregquency counter, 10Hz....1MHz

3) Distortion meter capable of measuring distortion less than
0.03% over frequency range of 10Hz...200KHz.

Il o ©

x1o0K &OP7

O O zCX
P6
x1K O 2
Ox1K
»loo O
Ox1oo0
x1lo O

@ e 820 % @ Im

Fig. 11. Adjustment

Power supply

A digital voltmeter is connected to measuring point[ﬁ;, Fig. 11,
and adjustment is made to +12V by means of the potepntiometer P6.
The same voltmeter is connected to measuring point[ﬁ;, and the
potentiometer P7 is used to make adjustment to -12V. (It may be
necessary to correct this adjustment at the square-offset adjust-
ment mentioned later).

Frequency (Cabinet closed, only the bottom plate removed).

= e b

| The co-axial output:‘i is connected to a fre-
D,/’z\\\ } uency counter. The frequency range selector
/’ \ | is set on "x100", and the frequency dial

| &;§h -<§§\ ' is set on "10". The pushbutton attenuator

K =/ ) ‘:%0! and the variable attenuator(:)are set on

\\\w// 1 O max. output voltage (3.16V).

, ) O] If counter does not show 1KHz, the frequency
-t dial is mechanically adjusted in relation to
T L=, © the spindle of the variable capacitor until
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this is the case.

‘D e The voltage at measuring point[ﬁ;is checked
| by a voltmeter, about -1.5V.

| <::> <::> The frequency dial().is set on "100". The

i 10 two trimmers "x100", Fig. 11, are used,to

, O adjust the voltage at measuring point[ﬁ§to

' -1.5V, while the frequency is adjusted to
}Diw'-;JMLwLJCD 10KHz. The frequency dial(j)is set on "10".
{f* ERgRS The frequency is checked, and if it devia-

A — =t = tes more than +/-1% from 1lKHz, the above ad-

justment procedure is repeated.

The frequency range selector QD is set on "x10". The frequen-
cy dial(:)is set on "100". The two trimmers "x]10", Fig. 11, are
used to adjust the voltage at measuring point to -1.5V, while
the frequency is adjusted to 1KHz.

The remaining trimmers are adjusted similarly: The "x1" trim-
mers are adjusted within the "x1" range, the "x1K" trimmers with-
in the "x1K" range, etc.

Sine wave amplitude

0 e The co-axial output(:)is connected to a di-
0N gital voltmeter. The pushbutton attenuator
/// (2 is set on "1V". The variable attenuator
\ijD <::lo (4) is set on "10". The frequency is adjusted
to 1KHz (10Hz x 100).
e O The potentiometer P2, Fig. 12, is used to

———1 O adjust the output voltage to lveff'

[ i s " — s R Q]

-

A
=
L_ﬁ

Ps Ph

R68
oL} +

Fig. 12. Adjustment
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The pushbutton attenuator (} is set on
"3.16V". The variable attenuator C) is
set on "0". The frequency is adjusted to
1KHz. The potentiometer P4 is used to ad-
just the voltage across the resistor R68
to 50mV DC. The voltage is measured by a
multimeter connected direct across the
resistor.

The co-axial output C) is connected to a
distortion meter capable of measuring
distortion less than 0.03%. The pushbut-
ton attenuator (2 is set on "1V". The
variable attenuator C) is set on "10".
The frequency is adjusted to 1KHz.

The potentiometer Pl is used to adjust to
min. distortion. With the cabinet mounted
it is checked if the distortion is still
less than 0.03%.

The co—-axial output () is connected to a
DC voltmeter. The pushbutton attenuator

is set on "3.16V". The variable atte-
nuator C) is set on "0". The frequency is
adjusted to 1KHx. The nv/q, —~button is de-
pressed.
The potentiometer P7 is used to adjust the
offset-voltage to 0V +/-50mV.

The co-axial output () is connected to an
AC digital voltmeter. The pushbutton atten-
uator (2 is set on "1lV". The variable at-
tenuator () is set on "10". The frequency
is adjusted to 1KHz. The A/, ~button is de-
pressed.

The potentiometer P5 is used to adjust the
output voltage to 1.11V. A digital voltme-
ter normally measures the mean value and is
calibrated for sine-wave effective value,
and therefore the shape factor of 1.11 has
to be taken into consideration. In case the
digital voltmeter measures the effective
value, the output voltage is adjusted to 1lV.



i

STYKLISTE (PARTS LIST)

R1

R2

R3

R4

R5

R6

R7

R8

RY9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41

5001029
5010041
5010076
5010058
5010070
5010070

5001029
5001029

5010059

5010041
5010153
5010075
5010061
5010059
5010076
5010411
5010247
5010045
5001013
5010064
5010092
5010041
5010247
5010059

Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand

Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor

Resistor

30,1MQ
30,1MQ
3,01MQ
3,01MQ
301K
301KQ
30,1KQ
30,1KQ
3,01KQ
3,01KQ
1KQ
5,6KQ
3,3KQ
470Q
3900
390Q
2KQ
1KQ
1RQ
8250
10KQ
9769
5,6KQ
1,2KQ
33KQ
56KQ
10KQ
3,3KQ
470
1,5KQ
47KQ
100@
2,2KQ
2200
5,6KQ
1,5KQ
10KQ

1%
1%
1%
1%
0,5%
0,5%
0,5%
0,5%
0,5%
0,5%
10%

10%
5%
5%
5%
5%
5%

0,5w
0,5w
0,5wW
0,5W
0,25w
0,25w
0,125wW
0,125w
0,125wW
0,125W
0,5w
0,125wW
0,125W
0,125w
0,125wW
0,125W
0,25w
0,5w
0,5w
0,25w
0,125w
0,25W
0,125wW

s 0,125W

0,125w
0,125W
0,125W
0,125w
0,125W
0,125W
0,125W

0,5W
0,125w
0,125wW
0,125W
0,125wW
0,125w

33




R42
R43
R44
R45
R46
R47
R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
R60
R61
R62
R63
R64
R65
R66
R67
R68
R69
R70
R71
R72
R73
R74
R75
R76
R80
R81
R82
R83
R84
R85

5010040
5010298
5001164
5001164
5010065
5010059
5001019
5010059
5010247
5010058
5010411
5010411
5010247
5010247
5010058
5001013
5010058
5010247
5010247
5010059
5010247
5010058
5001013
5001013

5010067
5010040

5001164
5001164
5001164
5001164
5001029
5010068
5010041
5010153
5010144
5010064

34

Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand

Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor

Resistor

(o]

5%
5%
10%
10%
5%
5%
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0,125w
0,125W
0,5W
0,5W
0,125wW
0,125W
0,5w
0,125wW
0,125wW
0,125wW
0,125wW
0,125wW
0,125W
0,125wW
0,125W
0,5W
0,125wW
0,125W
0,125W
0,125W
0,125W
0,125W
0,5w
0,5W
0,125W
0,125W
0,125W
0,125W
0,25W
0,5W
0,5wW
0,5W
0,5W
0,5W
0,125W
0,125W
0,125W
0,125W
0,125W
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R86
R87
R88
R89
R90
RO1
R92
R93
R94
R95
R96
R97
RO8
R99
R100
R101
R102
R110
R111
R112
R113
R114
R120
R121
R122
R123
R124
R125
R126
R127
R128
R129
R140
R141
R142
R143
R144
R145
R146

M EEEE R R R R R R AT EEEE.

5010053
5001013
5010153
5010064
5010153
5010041
5001013
5001013
5010041
5010151
5010468
50104638
5001164
5001164
5001164
5001164
5010052
5001013
5010144
5010144
5010000
5001029
5010040
5010153
5010040
5010044
5010044
5010040
5010153
5010040
5010044
5010044

Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand

Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor

Resistor

15KQ
100Q
1,2KQ
2,2KQ
1,2KR
5,6KQ
1008
1000
5,6KQ
56Q
15Q
150
3,30
3,38
3,39
3,38

6 ,8KQ
1000
680Q
680Q
2708
1KQ
1K
1,2K®
1KQ
3300
330Q
1KQ
1,2KQ
1K@
330%
330Q
1299
1029
2879
215,7Q
215,7Q
215,78
215,7Q

O O O O O o o

5%
10%
5%
5%
5%
5%
10%
10%
5%
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0,125w

0,5w

0,125w
0,125wW
0,125w
0,125w

0,5w
0,5W

0,125w
0,125w
0,125w
0,125w

0,5W
0,5W
0,5W
0,5wW

0,125wW

0,5w

0,125W
0,125w
0,125W

0,5W

0,125W
0,125wW
0,125w
0,125W
0,125W
0,125W
0,125W
0,125W
0,125W
0,125W

0,25W
0,25wW
0,25W
0,25W
0,25W
0,25w
0,25w




R147
R148
R149
R150
R151
R152
R153

Pl
P2
P3
P4
P5
P6
P7

Cl
c2
C3
C4
C5
C6
C7
C8
co
Cl10
Cl1l
Cclz2
Cl3
Cl4
C15
Clé
Ccl7
C18
C19
Cc20
cz21
c22
c23

5010152

5370068
5370074
5310050
5370006
5370002
5370002
5370002

4340002
4340002
4340002
4340002
4340002
4340002
4340002
4340002
4340002

4310010
4000008
4030010
4200010
4200035
4010060
4010060
4010060
4030010
4030010
4200010
4200035
4201022
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Modstand
Modstand
Modstand
Modstand
Modstand
Modstand
Modstand

Potentiometer
Potentiometer
Potentiometer
Potentiometer
Potentiometer
Potentiometer

Potentiometer

Trimmekondensator
Trimmekondensator
Trimmekondensator
Trimmekondensator
Trimmekondensator
Trimmekondensator
Trimmekondensator
Trimmekondensator
Trimmekondensator
Kondensator,keram.
Drejekondensator
Kondensator,keram.
Kondensator,keram.
Elektrolytkond.
Elektrolytkond.
Kondensator ,keram.
Kondensator,keram.
Kondensator,keram.
Kondensator ,keram.
Kondensator ,keram.
Elektrolytkond.
Elektrolytkond.
Elektrolytkond.

Resistor 215,78
Resistor 1459
Resistor 145Q
Resistor 145Q
Resistor 1450
Resistor 98,80
Resistor 750
Potentiometer 25KQ
Potentiometer 10KQ
Potentiometer 2x1KQ
Potentiometer 2KQ
Potentiometer 500Q
Potentiometer 500Q
Potentiometer 5000
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, trimmer
Capacitor, ceramic
Capacitor, variable
Capacitor, ceramic
Capacitor, ceramic
Capacitor, electrolytic
Capacitor, electrolytic
Capacitor, ceramic
Capacitor, ceramic
Capacitor, ceramic
Capacitor, ceramic
Capacitor, ceramic
Capacitor, electrolytic
Capacitor, electrolytic
Capacitor, electrolytic

lin.
lin.
lin.
lin.
lin.
lin.

lin.

0,5%
0,5%
0,5%
0,5%
0,5%
0,5%

5%

20%
20%
0,5dB
20%
20%
20%
20%

20pF
20pF
20pF
20pF
20pF
20pF
20pF
20pF
20pF
2,2pF
2x518pF
18pF
0,1uF
10uF
100uF
22nF
22nF
22nF
0,1uF
* 0,1uF
10uF
100uF
32uF

0,25W
0,25W
0,25W
0,25W
0,25wW
0,25w
0,33W

0,1iw
0,1w

0,1w
0,1w
0,1w
0,1lw

i
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Cc24
E2'5
C26
c30
C31
Cc32
C33
C34
C40
C41
Cc42
C43
C50
C51
C60
Col
C62
C63
Coe4
Cé6b
C66
Ce67
C68
Co9
C70
C71
C80

B B B B E B B B EBE B E B B B B BB B B B B B B B
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4200067
4201024
4340002
4011022
4011022
4130029
4130029
4003130
4003130
4200084
4130029
4130029
4200076
4200067
4200042
4201007
4011022

4200042
4011014
4011014
4200042
4201007
4011022

4200042
4010029

8300058
8300058
8300142
8300142
8300128
8300058
8300154
8300058
8300058
8300128
8300128
8310028

Elektrolytkond.
Elektrolytkond.

Trimmekondensator

Kondensator,keram.

Kondensator,keram.

Kondensator

Kondensator

Kondensator,keram.

Kondensator,keram.

Elektrolytkond.
Kondensator

Kondensator

Elektrolytkond.
Elektrolytkond.
Elektrolytkond.
Elektrolytkond.

Kondensator,keram.

Elektrolytkond.
Elektrolytkond.

Kondensator,keram.

Kondensator,keram.

Elektrolytkond.
Elektrolytkond.

Kondensator,keram.

Elektrolytkond.
Elektrolytkond.

Kondensator,keram.

Diode
Diode
Dicde
Diode
Zenerdiode
Diode
Zenerdiode
Diode
Diode
Zenerdiode
Zenerdiode

Ensretter

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor

Capacitor

Capacitor,
Capacitor,
Capacitor,
Capacitor

Capacitor

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,

Capacitor,

Diode
Diode
Diode
Diode
Diode,
Diode
Diode,
Diode
Diode
Diode,
Diode,

Rectifier

electrolytic
electrolytic
trimmer
ceramic

ceramic

ceramic
ceramic

electrolytic

electrolytic
electrolytic
electrolytic
electrolytic
ceramic

electrolytic
electrolytic
ceramic

ceramic

electrolytic
electrolytic
ceramic

electrolytic
electrolytic

ceramic

zener

zener

zener

zener

200uF
50uF
20pF
4,7nF
4,7nF
0,47uF
0,47uF
47pF
47pF
400uF
0,47uF
0,47uF
500uF
200uF
125uF
4uF
4,7nF
1000uF
125uF
4,7nF
4,7nF
125uF
44uF
4,7nF
1000uF
125uF
180pF

1N4148
1N4148
AAl143
AAl43
ZF5,6
1N4148
ZF6,8
1N4148
1N4148
ZF5,6
ZF5,6
B30C300
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10V
40V

40V
40V
250V
250V
63V
63V
4v
250V
250V
2,5V
10v
lev
40V
40V
25V
16V
400V
400V
lev
40V
40v
25V
l6Vv
100V
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TR1 8320119 Transistor, FET Transistor, FET TIS88 ﬂl
TR2 8320119 Transistor, FET Transistor, FET TIS88
TR3 8320075 Transistor, NPN Transistor, NPN MPS6515 II
TR4 8320075 Transistor, NPN Transistor, NPN MPS6515
TR5 Transistor, PNP Transistor, PNP MPS6519 ll
TR6 8320075 Transistor, NPN Transistor, NPN MPS6515
TR7 Transistor, FET Transistor, FET BF244cC .
TR8 8320075 Transistor, NPN Transistor, NPN MPS6515
TRY9 8320075 Transistor, NPN Transistor, NPN MPS6515 Il
TR10 8320076 Transistor, PNP Transistor, PNP MPS6517
TR11 8320075 Transistor, NPN Transistor, NPN MPS6515 I‘
TR12 8320075 Transistor, NPN Transistor, NPN MPS6515
TR13 8320075 Transistor, NPN Transistor, NPN MPS6515
TR14 8320075 Transistor, NPN Transistor, NPN MPS6515
TR15 Transistor, PNP Transistor, PNP MPS6519
TR16 8320075 Transistor, NPN Transistor, NPN MPS6515 i
TR17 8320075 Transistor, NPN Transistor, NPN MPS6515 ‘
TR18 8320075 Transistor, NPN Transistor, NPN MPS6515
TR19 Transistor, PNP Transistor, PNP MPS6519 :
TR20 8320075 Transistor, NPN Transistor, NPN MPS6515
TR21 8320075 Transistor, NPN Transistor, NPN MPS6515 |
TR22 8320075 Transistor, NPN Transistor, NPN MPS6515 -
TR23 8320075 Transistor, NPN Transistor, NPN MPS6515
TR24 8320075 Transistor, NPN Transistor, NPN MPS6515 .
TR25 Transistor, PNP Transistor, PNP MPS6519 '
TR26 8320124 Transistor, NPN Transistor, NPN BC119 -
TR27 8320095 Transistor, NPN Transistor, NPN BC149R
TR28 8320118 Transistor, PNP Transistor, PNP BC143
TR29 8320069 Transistor, PNP Transistor, PNP BC159B
TR30 8320075 Transistor, NPN Transistor, NPN MPS6515

J

2755008 Mikrodrev, komplet Micro drive, complete

6271086 Netledning,komplet Power-cord, complete
T1 8013105 Nettransformer

7450014 Netafbryder

Power transformer 2x12,6V/0,2A

Power Switch

Fl Sikring, treg Fuse, slow 80mA
7212007 Stikd&se, L/R Socket, L/R
8230023 Lampe Lamp 12v-30ma

7201016 Lampefatning Lamp Socket
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7401001

7400066
7400067

7400068
6270164
0961014

Omskifter,
netspanding

Omskifter,funktion

Omskifter,
attenuator

Omskifter, L/R
Kabel UHF/2xbanan

Kabel 5-pol. DIN/
5-pol.DIN

Switch,
mains

Switch, function

Switch,
attenuator

Switch, IL/R
Cable UHF/2xbanana

Cable 5-pol. DIN/
5 pol. DIN
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Komponentplacering, oscillator

Component location, oscillator







