
T21 SERIES 

SERVICE DATA 

ISSUE 

CIRCUIT DESCRIPl'ION 

VISION IF .Al!PLIFIER 

The vision IF amplifier consists of three e tages of am plification, 
using three overcbupled bandpass transformers and a single tuned transformer 
ae the inter-stage coupling circuits . The coupling and bandwidth of these 
circuite is arranged ·so as to give an overall phase linear response about the 
vision carrier. 

The detector transformer L. 5 i s overcou pled and dam ped so that i ta 
response is nearly flat over the passband as shown in figure 6. This ensures 
that the impedance presented to the diode detector is substantially constant 
(and low in value) over the video band. 

Thie ie preceded by a similarly coupl ed and damped transformer L.4 
to give the composite curve shown in figure 7. The damping was made heavy eo 
as to make the coil easier to duplicate in pr oduction. The tilt shown in 
figure 7 is due to a small amount of mixed coupling in L,4 . 

The first IF transfoI1Der is tuned to the centre frequency and e-1 vaa 
the responee sho1fn in figure 8 when added to the other circuits. 

The tuner coupling is by means of a bottom capacitively coupled 
circuit formed by the mixer anode coil , the input coil L.2 a nd the cou pling 
capacitor C.2. The connecting cable also forms an important part of tbie 
circuit, effectively adding more capacitance across C.2. The two coils are 
overcoupled and aligned to give the overall res ponse curve shown in fi gure 9 . 
The mixer anode ie eeriee damped by R.l and the input coil by R. 5 so that they 
have approximately equal Q. 

The sound IF is attenuated by L.2A to provide the necessary d ifferences 
in sound and vision carrier l evels and further t r aps a re provided in L.1 and L. JA 
which attenuate the adjacent sound and vision carriere res pectivel y. 

The first IF am plifier V.J ie a remot e cut off ty pe a nd is AGC con-
trolled . L, 2C forms a filter to prevent any line pulse appea ring on the grid 
of this valve . 

The network C,13, R,14 is included to prevent the l as t IF amplifier 
a nd the detector diode from being overloaded when the set i s firet switched on 
and the AGC ie inoperative. 

VIDEO DETECTOR 

A germanium diode D. 2 ie used to demodulate the vis ion IF and to mix the 
eound and vision carriers to provide the 5 . 5 me/ a sound IF signal. The diode load 
R. 19 and charge capacitor C.18 are made lo• in value to ensure wideband demodulation 
and to provide sufficient 5 . 5 me/a output. 

V!DDJ AMPLI FIER 

The video amplifier consi s ts of one stage of amplification using V6P. 
The composite rldeo waveform from the video detec tor is fed to the video amplifie r 
grid via 1 5C, 15D and L6 which act a.a series peaking coils, as well ae IF chokes . 
~nd compensate the HF end of the video spectrum. The video amplifiel' has a low 
anode load to ensure wideband response and ie further compensated by 17 and 11TB. 
The low frequency compensation is provided by the cathode circuit bypass Cl9 whic h 
gi ves an overall flat reeponse to 5 me/a. 

The 5 , 5 me/a sound signal is stopped from reaching tbe picti..re tube by 
the sound trap 117A, 

Contrast control is made possible by R66, R20 and RIB which give a 
variabl e positive voltage on tbe grid of the video amplifier c,.nd thus r educe or 
increase the gain via the AGC valve, which is DC cou pl ed to the video amplifier 
and responds to the change in anode voltage . Rl8 prevents any DC current from 
flowing in the diode D2 and Cl6 bypaesee thi s for the video wa veform. Such a 
emall value is possible because of the high imnedance of the video amplifier grid 
circuit and causes no loss in low frequency response so long as the video amplifier 
does not d raw grid current . Thie is ensured by the cathode biassing resistor R23. 

ALIGNJ.lENI' PROCEDURE 

Equipment Necessary: 

l. AY. s igna l generator covering the r ange 25 - 230 me/a with an 
output _of 100 mV and a termination r es istance of 75 ohms. 

2. Wobbulator with a sweep width of 10 mc/ s and a centre frequency 
of 31 me/a . 

). An oscilloscope c onnected aa shown in f igure 2, d .th provision 
for external sweep. 

4. A variable nega tive bi as voltage of O - 9 volts. 

1. (a) Disconnect tbe red oscillator P.T lead to the tuner a nd switch 
the tuner to Channel 10 . ThiR is imtiortant, as the low 
band channels upset the overall IF res po ns e. 

( b) Turn the ACC , contrast a nd noise aur,pre s aor fully an ti-c lockwise . 

(c) Connect the CRO as shown in f igure 2 to t he j unction of L6 a nd 
R21. The f il tar neh·ork shown eliminates any i nstabil ity 
caused by connecti on of the CRO. 

(d) Connect the bias voltage to the junctio n of R79 and R80 
positive l ead to the chassis. 

2. Set the vobbuletor \dth markers at Jl. 5, J4 and J6 mc/s to the centre 
frequency of 34 mc/s a nd full output l0, 5 volts peak) 8.nd c onnect it 
to the grid of V5P . 
Align the detector coil L5A and L5B to give the bandpass shown in 
figure 6 . Check the alignment by moving each core slightly 
until the curve r espond.a symmetrically. 

J. Connect the wobbul a tor to the grid of V4P and reduce t he output of the 
wobbulator to obtain 2 volts outpu t from the detector. Align L4A 
and 14B t o give the bar.dpass ehown in f igure 7 • Check the align
ment as before until the curve varies syml:let rically. 

4 . Connect the wobbul.ator to the grid of VJ vi a an C. 001 uF cerami c 
capacitor (so as not to short t he bias) . Adjust tbe bias voltage to 
- 6 volts a nd set the wobbula t or to give 2 V output at the detector . 
Tune 13 (bottom core) to give the bandpass of figure 8 • 

5. Connect the vobbuletor to the tuner test point end set the output ea 
before . Adjust the mixer anode coil and L2B (bottom slui;z} to obtain 
the response of f i e;ure 9 . The curve will l"I"• be obtained if the 
traps a re not on f r equency. 

6. (a ) Remove the wobbul ator and connect the signal rene!'ator to the 
tuner t e st point. 

( \:.) With tho frequenc:,· at 37 , 5 mc/s and }O;° M '. align Ll to P,'lve 
mi r. imum output. 

(c) With the frequency al )0 . 5 me/a a nd Jo{.. All align L2B (top core) 
for mi niTLum outpu t.' 

NarE - ·rhe bi&.s may have to be reduced to obtain sufficient out put at 
these frequencies . 

7 . Repea t s teps 2- 6 as a cross check t o obtain the overall IF curve 
of figure 9 . 

8 . Remove the bias and check t hat r egenerative spikes do not appear on 
the bandpass a nd tha t t he shar,e does not change appreciably. 

VISION IF PERFORHA?. CE FIGURES 

Measurements t aken on a TF.1066 signal generator. givint; 100 mV r,ns 
at Od.B when tenninated 75 ohms : 

R21 , 
Sensitivities taken on 34 mc/s for 2 V DC output at j unction of L6 and 

Rej ection fi£1,U'eS taken in respect to 34 mc/e: 
Sen sitivity at 1st IF grid and zero bias: 
Sensitivit.;y at tuner test point: 

40 - 46 dB 
23 d.ll 

This figure is inc luded a s a guide only, as there is a large loss from 
the teat point to the mixer gr i d and t he figure is not a true indication o f IF 
sensit ivity. 

Rejection FiP.Ul' eBi 

37 , 5 me/a (Ad,;acent sourxl.) 
30 . 5 me/ s (co- sound) 

OVERALL SENSITIVHY CHECK 

36 d.ll 
24 - ?P.; dB 

1. Apply shorting links across R79 and Cl to ensure tha t the IF and 
tuner biae voltages will be zero . 

2. Connect a high im pedance voltmeter (20 , 000 volt) between the 
junction of 16 and R21 and chassis, positive lead to cbassia . 

The sensitivity figure s given below are fo r 2 VOlts DC read on the 
voltmeter . These figures will only apply when the generator i s correctly ma tched 
to the tuner and a suitable matching natwo1·k if\ abown in figu!'e 1 . 

The dB :'itrures only apply when the above matching device is used and when 
O:I.B on the generator ettenustor equals 100 mV. The voltage figures given are the 
actual voltages across the tuner input : 

Channel 

SOUND I F AMPLIFIER 

66 . 5 me/a 

184. 5 mc/s 

198 . 5 me/a 

~ 

76 d.ll 8 µV 

74 dB 10 µV 

74 d.ll 10 µV 

The sound I:' ampli f ier and detector consist of one stage of amplification 
using V7 P as a neutralis ed pentode limi tar fol lowed by the 6DT6 locked quadra ture 
grid oscillator as the F\! d i s crimir.ator. 

The 5.5 me/a sound signal ie taken off after tbe video e.mµlifier usin5 
the s e r ies/ parallel tuned circuit formed by C20, C21 and 18. This was the moat 
efficient take off system tried, as the ga in of the video amplifiar is added to that 
of the sound, and the sound take off capacitor C20 is not very critical and was 
chosen as a compromise between gain and bandwidth. Too low a value reduces t he 
gain unneceesarily, whilet too large a value damps the sound take off coi l and 
allows the higher video frequencies to pass into the limiter grid, The size of the 
tuning capacitor C21 and the grid s t oppe r R26 wa s choeen to elimiMte hannonic 
radiation from the limiter grid which appeared on Channel 2 as a beat pattern . 

The am:rlifier V7P i s neut ralised ty C25 and C23 ani acte botb as a grid 
and pl ate limiter at levels about 50 mV at the video am plifier grid. Thi f'I 1\'as done 
to pre vent overloading of th~ 6DT6 syr.tector which acts as a much more efficient 
limiter than the pentode a t lower levels. The limiter is coupled to the ayntector 
by means of the double tuned tranafonner L,9, 

OPERATI ON OF THE SYNrEX;TOR 

In this fonr. of detector, a voltage is induced across the tuned circuit in 
the suppressor gr i d by means of electron coupling f rom t he control grid. At resonance 
the tuned circuit i s resistive a nd the vol t age across it is 90° out of phase with the 
control grid voltage. Thie is caused by the electron coupling, which acts as a small 
negative ca pacitor connected between grid arxl. suppressor , causin~ an almos t entirely 
capacitive current to flow in the tuned circuit at GJ. These two voltages both act 
on the anode current and f!i.ve rise to t he rel ations shown in fi gure 5 • 

As t he frequer.cy of the input changes , the tuned circui t in G3 ifl no longer 
resi s tive and the phase of the voltage on CJ changes either aide of 90° and thus 
increases or decreases the anode current as shown in figure 5 • Thus the anode 
curren t becomes a function of input frequency a nd the circuit a cts as an FY. die
cr i mina t or. 

HIGH LEVEL OPERATIOll 

At hi gh in~t levels, the circuit behaves as described above and the Fl,! 
input to the syntector is injected via L9A a nd L9B, The si gnal at the gri d is i n 
the order of 4 volts P-P and the gri d acts as an AM detector with the un-bypassed 
cathode resi'stor actinr, as a diod e load, across w~. ich is developed an audio voltage . 
This causes deeeneration at audio frequencies and further reduces any All. component i:n 
the output . 

LOW LEVEL OPERATION 

At low input levels the circuit oscillates i n a ty pe of tuned pl a te- tuned 
grid manner , with the suppressor acting as the oscillator plate. Thi H does not 
affect the ope r ation of the detect or, howeve r. as the voltaees on Cl and G3 rema i n 
much the same as before, a nd t he frequency of the oscillator locks to the frequency 
of the input. The osc i llator wi ll follow the FM sign.e.l as it varies so lonr as t he 
amplitude of the input is above a certain critical level known as the mi nimum locking 
level, end this level is proportiona l to deviation . Eelow this level the oscillator no 
longer locks to the input end becomes free runni ng at a frequency mainly de t ermined by L9B. 

So long as the oscillatory voltap-e on Gl is large compered with the input 
ai p;nal, the anode ::urrent is indeper:den tof the sip:nal amplitude and the AY. re j ection 
is high . Poor AV. rejection at low levels ie mainl y caused by overcoupling in 19 1 

which dacips L9B and reduces t he osci11ator voltag1i on Gl. This a lso causes large 
frequency drifts end result a in reduced sensi ti vi ty . 

GENERAL Nor ES 

I n the anode circuit, R35 ac t s as filter for any 5 . 5 mc/s which mi e ht 
radiate from the audio amplifier cr nnecting l eads, a nd R33 i s the audio losd . The 
screen voltage does not materially affect the operati. on of t he ayntector a nd tb e screen 
bleed resistor R32 is included to stabilise the screen voltage suffi ciently to obviate 
the need fo r an electrolytic bypass . 

SOUIID At!FLH'IER PROCEDURE 

Egui 11ment Required : 

(a) Al!/FY. Signal Generator 
Frequency 5 . 5 me/a with a. maximum e rror of 2 Kc/s 
Out put variable up to 100 mV 
Deviation .:!: 50 Kc/a at 1 Kc/ e 
Al.! y:,j, at l Kc/s 

(b) Audio Csci11oscope 

Alignment Procedure: 

l . Turn the AGC, contrast, noise suppressor and brightness controls 
fully a nti-clockwiee. 

2. Cor.n.,.ct the eiBTISl ftSnerator to t he j unc.tion of 16, R20 Arrl R21. 

J . Connect the osci 11 o~cor;e to the j unction of C. 29 and C 31 . 

4 . Set the signal p-enerator to Fll, :!: 50 Kc/sand 100 mV output. Tune 
LlO for rmo:imun, output am! linAar ity . 

NorE - (a) 110 must "oe ad.iut,ited at high level s so that the 6I11'6 is not 
oscillating and the only circuit affectint the d etection is 110. 
It may be necessary to adj ust L9A and L9B roughly at thi s stage if 
a pure sinewa ve ou t.put cannot be obtained by adjustine LlO . 
(b) There are two tuni ng points fo r 110, the cor r ect one being 
further i nto the coil. The i ncorrec t tuni ng point gives slightly 
distorted output and poor AH re jection which will resu lt i n ~ ckground 
buzz on the sound . 

5 . When 110 has been correctly adjuated, reduce the output of th e 
generator until the sinewa ve becomes distor ted . Adj us t L9B (top 
core} and L9B (bottom core) until the sinewsve is restored t o its 
original shape , 
Again r educ e the in-rut anC. repeat these adjustrnenta until no 
further improvement can be made. 

6 . Adjust L8 to clear dis tort i on, decreasine generator output as 
before, until maximum sensitivity is obtai ned . 

7 . :ie- ad.just L9A a nd L9B if necessary. 

At the minimum input level, the sinewave should d i stort symmetrically on 
both peaks . If the distortion occurs asYT!llletrically, then either 110 or 
L9A is out of ad,i ustment. 110 must not be adjusted at low inputs . 

?ERFOP.Y.Al'iCE FIG.i!-lES 

1. ·,Viih the generator set to :!: 50 Kc/ s devia tion, the generator output 
should not be more than 600 uV to obtain undistorted audio output . 

2 . With the generator set to .:!: 50 Kc/s deviation and maximum output, tbe 
peak to peak audio voltage a t the junction of C29 and CJl should be 
50 vol ta. 

J . With the generat or switched to Ml :!:3°" the audio voltage should 
not rise above 1 volt peak to peak. 

4, With the generator connected to the gri d of V7P and set at :!:50 Kc/ a 
deviation, the generator output should not be more than 15 mV t o 
obtain undistorted audio output. 

SOl.Th'D TRAP ALIG~lr!ENI' 

Eqt.i OCJent Required : 

1 . A switched generator to provide 5 , 5 mc/s and 1 me/a at equal levels 
and l volt output. 

2 . Demodulator probe and indicator as shcwn in fi gure 4 

Procedure : 

J . (a} Turn contrast, AGC 1 bri fbtness and noise suppressor controls 
fully ant i - clockwise. 

(h) Connect demodulator to pin 7 on picture t ube and earth , 

(c) Conriect the generator to the junction of L6 and R21. 

2, Switch to 5 . 5 mc/s a nd full output an:1 iuna L17A !"or minimum out put. 
Note the output obtained. 

) . rleduce the output of the generator by 26 dE and. note that the 
indica ted output is lower than wh en the generato r is switched to 
1. 0 me/a . 

AUTOMA1'IC GAI N COl<l'ROL 

A composite video signal ·A·ith noise interference rmoved by the noise 
suppressor a ction , is fed via R83 to the grill of the Automati c Gain Control (AGC) valve 
Vl CfI' . Positive 600 v. flyback pulses from the horizontal scan transformer are fed 
to VlOhnode. Due to the finite anod.e- to- grid capacity (approximately 3 pF) un-
desirable positive pulses would a pp<Jar on the gr id and are therefore neutralised by 
negative pulses a pplied via C48 (3 pF) to the grid of the same valve. 

A negative voltage. dependent upon the coincidence of the anode and grid 
signals and upon the amplitude of the video waveform is developed at the anod~ of 
vior. This vol tage is used to control tho ;:"a in of the RF and IF ar.1plifiers, keeping 
the video ampli fie r output c onot1:1.nt , irrespective of the signal strength fluctuations 
at the aerial terminals of the receiver. 

A two st<if"S integratinp.- filter network is provided for the negat ive 
voltage prior to its application to t he RF cascode valve and :he gri d of the first 
IF valve. This filter removes the low frequency modulation which may be present 
at the anode of VlOr when the horizontal oscillator is non-synchronous. If no pro
vision is made to remove this modulation , its amplified form (via IF and video 
amplifiers) may seriously overload the synchronis ing separator, giving ri s e to a 
sync . " lock out " condition. 

1'he AGC controi.led first IF stage i s a frame grid variable µ valve, 
oper at ing under "sliding sc reen" conditions. The screen voltage varies fror.:i 50 
to 200 volts, depending u pon signal strength , thereby extending the e ffective grid 
b!tSS and providing an improved signal handling capacity. The cathod.e compensation 
maintainP. c onstant input impedance . 

In the case of t he tuner. a delay voltage is provided by a 12 M- ohm 
resiat:.'.>r (R7) connected to lfI'3 and the s uppressor grid of VJ with an M3 diode con-
nected in parallel. Since the AGC valve VlO'I' can develop very la r ge negative 
voltage, cnly about a quarter of it (R79, R80) i e used for the IF amplifi er , t hereby 
permitting a higher then usua l delay voltage on the tuner , It is of the order 
of 50 volts end once overcome, the tuner gain decreases very rapi dly vith the 
Ir gai!'l remaining approximntely constant . ThiFJ enables the receiver to handle 
signal from 10 µV to 200 mV without any cross modulation effects . 

SYNCHRONISING PULSE SEPARATOR 1 NOI SE SUPPRESSOR ANU SYNCHRONISING PHASE SPLI'I"I'ER 

The video signal f r om V6P is fed t o the gri d of the synchronising pulse 
separator V6T . via ~76, C43 a nd C42 . The video eigrml is also fed to the grid of 
the noise suppressor V7T which i s normally held just below cu toff by adjustment of 
the noise suppressor control R74 , Y/ben noise pulses a ppea r on the video waveform, 
vrr wi 11 conduct and develop across :t.76 a voltage in opposit i on to t ha t f ed tlirect 
from the video amplifier V6P . The negative synchronisinr: pulses from V6T anode 
are fed via C40 into the grid of the synchroni s ine phase splitter v5T. Positive 
and negative line pulses fo r the horizontal AFC circuit are derived from the anod e 
and cathode respectively of the phase spliBer via C57 and C62. 

The negati ve pulse for the vert ical oscillator i s derived from the cathode 
of the phase splitter, via an integratine ne t.work and an interlace diode D.J. 

NOISE SUPPRESSOR CCNTROL SEI'TING 

'Nith a strong signal and no d isturbing interference present, t he noise sup
pressor is best turned off, i.e., hard anti - clockwise , viewing the receiver from the 
be.ck . 

If there is im puls ive interference present, upsetti ng t he vertical and 
horizontal holds, then the noise suppressor should be br:.,u ,.ht into operation by 
ad jus t,irtg R74 clockwise , slowly , unti.l the picture i s di splsced to the left a nd 
thrown out of synchronism . The control should then be backed off slightly 
(epproxirnstel y ¼ of a turn) end the picture "1111 lock 1n firmly. This procedure 
should be carr i ed out with the contrast control R66 approximately in the middle of 
its r ange . 

In fringe area, this adjustment should be carried out with the strongest 
signal a vailable 1 so that the AGC i s still exercising the control over the r eceiver. 
If this ad,justment is made under extremely weak signal conditions , sync . inversion 
may take place when the signal strength rises to the level at which the AGC assumes 
full contro1 . 

VEP.'I' ICAL SCAN TI1'.EEASE 

The ver t ical scan circuit consists of vgr - the oscillator, V4T - the dis
charge valve and V9P - the output stage, working int o Tl which i e the vertical 
output transformer . 

The oscillator valve i s tri ggered off by the leading edge of t he ne~the 
fra~e synchronising pulse derived from the cathod,3 of the synchronising phase 
splitter, A sawtooth waveform ie built up a t the anode of the discharge v3.lve 
V4T in conjunction with R49 and C36 shaping network. Thie sawtooth is ap'Pl .i.ed 
to the grid of the output stage V9P via C3) . Vertical linearity ia cont~lled by 
varying the cathode bias in the output stage V9P by adjusting R47. Vertical scan size 
i s co~t!'o~led. by varying the drive waveform amplitude to the grid of the output stage , 
by adJushng R55 , Vertical hold is a lso a DC control, arranged i n the grid of the 
discharge valve by means of R50, The screen tap on Tl is chosen for the output 
::,tags to operate in t he most favourable vertical linearity range . The damping 
eff ect of the screen feedback reduces the pulse voltage developed at the anode of 
V9P by adjusting the flyback time to the correct value with regard to the t rans
mitted waveform. 

A special feature of the vertica l scan circuit is an inclusion of a tamperature 
de pendent resistor, R40, intended to maintain a constant picture height over a wide 
temperature range. As the vertical deflection coils warm up, their resistance in-
creases thereby causing a loss of scan. At the same tirne,R40, being in close contac· 
with the Tl windings, decreases in resistance thereby increasing the drive to the 
output pentode and hence the height. R40 is shunted by R39 for a better natch 
of the compensatine characteristic. 

FLYBACK SUPPRESSION 

The scanning beam i s suppressed du?-i ng the vertical and hori zonta l flyback 
periods by applying to the pic t ure tube grid negative pulses derived from the 
vert.ical output a nd horizontal output tra nsfonners, via suitabl e RC networks. 

HORIZONTAL SCAN TThIBBASE 

Horizontal sync. pulses in ant i - phase a re d erived from the synchronising 
phase s plitter V5T and applied to the d i scriminator diodes D6 . The reference 
wa veform is obtained by shaping t.h e voltage waveform , tapped from the horizontal 
output transformer wit h an RC network consisting ofP.110, C59, C58 and R88 . The 
reference i s then applied to the junction of D6 selenium diodes . Because of the 
slight asymmetry in the reference wavefonn 1 the control voltage is taken from t he 
point somewha t displaced f rom t he cent re of the D6 loa.d 1 consisting of R89 and R90 . 
'fhe am pli t ude and Eense ,of the control voltage deperrl on the ralative phase o f 
sync. pul seu a nd reference wave f orm. The control voltage is filtered and applied 
to the grid of VllT which is a react s nce vb.lve. This valve controls the f ree 
running frequency of the horizontal oscillator VllP whi ch i s a sinewave oscillator 
and the centre frequency is ad j us t ed by varying the core position of 114 . 

When synchronising occurs, the discriminator and t he r eactance valve keep 
the oscillator at t he correct frequency . 

A suitable waveform developed in t he anode circuit of VllP i s used to drive 
the horizontal scan output s tage Vl2. This stage employs T4 - a high efficiency 
output transfonner wi th low loss ferrite cores. Direct current flows in oppo11ite 
directions through the two wi ndings of T4 connected by c76 . The DC fluxes created 
by each windi ng cancel out , thus desatura ting the core and allowi ng a higher per
formance of the smaller cross-section of core ut ilised . 

A hign pulse voltage which 1s present at V12 anode during the flyback period is 
stepped u p by an auto windi ng on '1'4 r.n1 is r-ectified by Vl4 to provid e EHT for the 
picture tube. Vl4 beater voltage ia derived from an additional winding on T4 . The 
EHT voltage is smoothed by the capacity Letween the internal and external coatings on 
the picture tube , the external coa t i ng being connected to ground. 

The efficiency diode Vl3 "damps out•· shock oscillation in the horizontal scan 
ou t put transfonner and tbe bia s voltage developed iG used ae additional HT for the 
vertical dii;;cherge valve V9T, t he horizontal scan output va.lv EI Vl2 and the picture 
tube v15. 

Width adjustment i s a chieved by var:dng t he point at which the tuning capacitors 
C80 and C81 a re tapped ecross the horizontal ecan transformer winding. 

Rlo8 is a tusible resistor introduced into t he circuit to protect the horizontal 
output stage components in the event of oscillator failure with a subsequent lose of 
drive. 

RECOMMElIDED PROCEDURE FOR SErTING UP THE HORIZONrAL OSCILLATOR 

The equipment required for this setting is an avometer or a VTVV with a DC vol
tage scale, pair of shorting leads and a plastic screw driver. 

l. With the receiver switched on , and allowed to warm up for at least 20 
minutes, t he avometer positive ternnnal ie connected to the cathode 
(pin 7 and 8) of the horizontal oscil lator and tbe negative terminal ie 
returned to ground. 0-25 volte DC range is the most suitabl e fo r tbie 
procedure. 

2. The junction of R63 and R64 is aborted to ground. The reference voltage i ■ 
removed by shorting the junction of R88, C58 and C59 to the chassis . 

) . The oscillator should now be free ru.11ning and t he core in the 114 ie 
adjusted until the frequency ia correct and the picture is almos t stable. 

4 . Removing either of the aborts described under (2) ehould make very little 
difference to the picture stabi lity horizontally. An ¼th of a turn of 114 
shou l d bri ng the oscillator back to the same frequency in either caee. 

5. Both ~horts are now removed and the picture should lock in firmly with the 
cathode voltage reading approximately 10 . 5 v on t he avometer . 

To check the pull-in range, the core of 114 1a rotated clocklfiee until the 
picture falls out of eynchroniam. Thie condition can be accelerated by &Witching 
channels. The core i s then returned s lowly until the p1a. t ure locks in , 'l'ba voltage 
readi ng is noted (approximately 8 v) and the pull-in frequency is esti.m&t&d by counting 
the number of frames (3 or 4) visible on t he screen just before tbs lock-in occurs. 

The core is then rot~ted anti- clockwise ard the procedure i s repeated. The 
voltage on the cathode should be in the vicinity of 13 V when the lock-in occurs and 
the number of frames eboul d again be 3 or 4, constituting a fairly synmetrical pull in 
ran ge of approxiTNltely 200 c/s on either side of the corr ect setting of the LlA.. 

...EQQ1!2. 

Elect r on beam focussing ie achieved by varying th e voltage on pin 4 of the 
picture tube, Ad justments are made by varying the connection of the focueeing lead 
to either HT2 (pin 5, picture tube) boosted rai l voltage, or the chaeaia . Connections 
can be made at the picture t u be base and are opti mised in the factory . Readjustment 
may be needed wh en the tube is replac8<1. 

Centring of the picture on the screen is effected by means of t he two magnets 
Y.3 and 114, which are rotatable about the neck of the tube independently of each other, 
the poai tion of the picture depending upon the combined magnetic fields of both 
magnets. 

POWER SUPPLIES 

Three !1ains Voltage s electi~n positions are t he f eature of the pr imary 
wincing. In the secondary, the III' ie obtained by means of t wo silicon <liode 
rectifiers , D4 end D5 , in a voltage doubler circuit and i21 smoothed by 111 and c54 . 
The valve beaters are in two s ect ions with the valves in each section connected in 
parallel. The ac t ive and tte earthy lead of each boater Chain are twisted together 
with the earthy lead in each section independent.ly returned to the transformer, 
thereby preventing any undesirable hum currents flowing in the chassis . 

Fuse Fl in the power input circuit, protects the r eceiver in the event of over
load. F2 ie fitted in the RT supply lead . FJ, the beater cbain fuee, protects 
beater wiring in the event of a short circuit in the heater distribution. If F3 
becomes open circuit, during normal receiver oper a ti on, heaters may st ill operate, 
but an out of ba)ance heater voltage will occur between the two heater chains. 
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TEST CONDITIONS 11 . ALL CONTROLS SET TO GIVE NORMAL PICTURE. 
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SHOULD BE SET TO GIVE 40 VOLTS P-P AT THE OUTPUT ·oF THE VIDEO AMPLIFIER. 
33 . SIGN,'. L STRENGTH ADJUSTED 5D THAT A.G.C. VOLTAGE ON THE TUNER IS ZERD. 

NOTE :- THIS WAVEFORM 15 
TAKEN WITH 6EH7 REMOVED. 

VTVM 18 0 VTVM 450 0 
WAVEFORM MEASUREMENTS MADE ON HIGH IMPEDA NCE C.R.O. (TEKTRONIX. 10 M.n. /14 pF.) 
VT.V.M P-P VOLTAGE MEASUREMENTS MADE ON VOLTOHMIST 1A56074. 
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THE TWO VOLTAGES ON G 1 AND G 3 RESULT IN THE 
ANODE CURRENT SHOWN BELOW. 
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AS THE INPUT FREQUENCY VAR IES, THE PHASE OF THE 
VOLTAGE ON G3 CHANGES AND THE ANOD£ CURRENT VARIES 
IN ACCORDANCE WITH THE NEW EFFECTIVE G 1 VOLTAGE. 
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NOTE:- THE NUMBERS PRINTED ON THE ACTUAL PRINTED WIRING BOARD ARE FOR PRODUCTION PURPOSES ONLY, 

AND QQ !.OT REFER TO THE NUMBERS SHOWN ON THIS DRAWING OR ON THE CIRCUIT DIAGRAM. 



ISSUE 2 ~·@ CIRCUIT C 0 DE L I S T T 2 1 SERIES CAPACITOR S 
Code Value ~ Tol. 

No . 1n D.C.W .V. Fart No. 
RE S I ST ORS RESIST ORS CA PA CITOR S mfd's 

Code Value 
No. in !;!Tol. Watts Part No. 

Ohms . 

Code Value 
No. in !,fo Tol. Watts Part No. 

Chms. 

Code Value C69 12p 10 500 EIE~6P 
No. in !f.Tol. D.C.W.V. Part No. C70 .0039 10 400 EBA-540 

mfd 1 s C71 • 022 10 400 EBA-545 
Rl 22 10 

! 
EBJ-072M 

R2 12K 20 EBJ-028M 
R3 5.6K 10 EBJ-075M 
R4 330 20 EBJ-Q4.6M 
R5 (inL2) 4.7K 10 EBJ-lQSM 
R6 33 10 t EBJ-192M 
R7 12M 10 EBJ-19CM 
R8 33K 10 ½ EBJ-049M 
R9 2.2K 20 ½ EBJ-l~M 
Rl0(in13) 3.9K 10 l EBJ-097M 
Rll 180 10 ½ EBJ-lOOM 
Rl2 3.9K 10 1 EH:I-253M 
Rl3 (inI4) 6.8K 10 1 EBJ-lOJM 
Rl4(inI4) 8.2K 10 ·EBJ-D5! ... M 
Rl5 180 10 ½ EBJ-lOOM 
R16 J.9K 10 1 EH:I-25JM 
Rl7 (inL5) lOK 10 

! EBJ-0J4M 
Rl8 (inL5) 56K 10 EBJ-003M 
Rl9(inL5) 2.7K 10 EBJ-048M 
R20 J • .3M 10 EBJ-18JM 
R21 JJO 10 .l. EBJ-~6M 2 
R22(inL7) lOK 20 .l. EBJ-~JM f R23 100 5 2 EBJ-~7M 
R24 4.7K 10 4 EBK-002 
R25 330 20 ½ EBJ-046M 
R26 120 20 l EBJ-008M 2 
R27 100K IO ½ EBJ-042M 
R28 22K 10 l EBJ-OI7M 
R29 6~K 10 ½ EBJ-OOJM 
RJO 2.2K 20 ½ EBJ-l~M 
R31 lOK 10 1 EH:I-257M 
RJ2 39K 10 t EB.J-013M 
R3J 270K 20 EBJ-132M 
R34 330 10 t EBJ-066M 
R35 3.JK 20 2 EBJ-127M 
R36(inL10) 47K 20 ½ EBJ-027M 
R37 680K 20 ½ EBJ-071M 
R38 1M -Volume EBL-119 
R39 1.2M 10 t EBJ-026M 
R40(inT1) 800K 25 at 25 C. EBK-078 
R41 2.2M 20 t EBJ-004M 
R42 
R43 47K 10 .l.. EBJ-Q30M 

f R44 56 10 
½ 

EBJ-124M 
R45 820 10 EBJ-188M 
R46 470 10 1 EBJ-021M 2 
R47 2K -Vertical linearityEBL-118 
R48 
R49 120K 10 ½ EBJ-029M 
R50 IM -Vertical hold EBL-1~ 
R51 6.8M 10 ½ EBJ-175M 
R52 1.8M 10 1 EH:I-285M 
R53 120 20 ½ EBJ-008M 
R54 4.7M 10 1 EBJ-0181-1 2 
R55 5H - Height EBL-138 
R56 120K 10 ..1. EBJ-029M 2 
R57 6.8K 5 .l. EBJ-177M 
R58 330 20 ½ EBJ-04611 
R59 12K 10 l EBJ-047M ? 
R60 
R61 330 20 ½ EBJ-046M 
R62 lOK 5 t EBJ-006M 
R63 220K 20 2 EBJ-OJ6M 
R64 1.2M 20 1 EBJ-lJOM 2 
'R.65 270 10 4 EBK-003 
F: 66 250K -Contrast EBL-107 
R67 56K 10 i EBJ-08JM 
R68 56K 10 2 EBJ-083M 

R69 220K 20 ½ EBJ-OJ6M 
R70 2.2M 20 t EBJ-004.M 
R71 1.2M 10 EBJ-026M 
R72 27K 10 1 EH:I-2~M 
R73 25K -A.G.C. EBL-105 
R74 25K -Noise sufpressorEBL-105 
R75 JJK 10 2 E BJ-Cl.'+. 9M 
R76 15K 10 ½ EBJ-016M 
ITT7 12K 10 ½ EBJ-047M 
R78 22K 10 ½ EBJ-017M 
R79 120K 10 .l.. EBJ-029M 2 

R80 330K 10 i EBJ-~8M 
R81 3 .JM J.() 2 EBJ-18JM 
R.<32 120K 20 1 F.ffi-26CM 
R83 33K 10 f EBJ-049M 
R84 47K 10 EBJ-OJOM 
R85 180 5 

½ 
EBJ-184M 

R86 220 20 EBJ-lOlM 
R87 2x68 10 7 EBK-070 
R88 220K 20 l EBJ-Q36M 2 
R89 1.2M 5 .l. EBJ-181M 2 
R90 l.OM 5 1 EBJ-189M 
R91 22K 10 i EBJ-017M 
R92 82K 10 t EBJ-019M 
R93 47K 10 .l. EBJ-OJOM 
R94 100 20 1 EBJ-04;M 
R95 12K 10 ½ EBJ-047M 
R96 1.2K 10 .l.. EBJ-0?/..M 2 

Ro/1 2.2K 20 1 EBJ-1C9M 2 
R98 220K 20 1 EBJ-036M 
R99 2.2K 10 ½ EBJ-037M 
RlOO 22K 20 t EBJ-044M 
RlOl 12K 10 

½ 
EBJ-047M 

Rl02 1.2M 10 EBJ-026M 
RlOJ 1K 20 1 EBJ-0.02M 2 
R1Q4, 47K 20 t EBJ-027M 
Rl05 82K 20 1 EBJ-031M 2 
RlC6 100K - Brightness EBL-119 
RlCT7 1.5K 10 5 EBK-071 
RlOO 15 10 ½ EBJ-200H 
R109 1.2M 10 1 Elll-261M 
RllO 120K 10 1 EH-l-265M 
Rlll 470K 10 1 EH-l-215M 
Rll2 (inT4) 1.5 10 ½ EBK-058 
Rll3 (inT4) 22K 20 1 EH-l-247D 
Rll4 4.7M 20 1 EH-l-272M 
Rll5 220K 20 ½ EBJ-OJ6M 
R1J6 1.2M 20 .l.. EBJ-130M 
Rll7 (inL17B)4. 7K 20 i EBJ-OOIM 2 
RlB 470 20 ½ EB..T-OC6M 
Rll9 l M Tone EBL-085 

V.<\RJhTIONS OF CONTD. CL C o;tLBI HAT I CNS 

CIRClilT r-J ODEL 
VOL. BRIG;-fTFESS TC!-IB SVI CC1NC . 

SERIES . EJ8 . Rl06 RllS' ON PUI'. POTS 

T21-1A 501.P EBL-110 EBL-110 -- EBL-110 R38 ,RlC6 

T21-1B etc . 501.P SBL-119 EBL-119 -- EBL-119 R38,P.l06 

T21-2B etc. 501F ~ EBL-120 EBL-045 EBL-085 EflL-120 -
501.F/l 

T21-4C etc. 60ll. ) EBL-1.23 EBL-124 EBL- 123 EBL-12.3 R38 , ElJ.9 

60l t ~ 
T21-5C etc. 5GU/ 1 EBL-075 EBL-045 EBL-075 EBL-075 H3 8, Rl19 

Cl .1 10 125 EBA-526 C72 .01 10 400 EBA-523 
C2 27p 10 500 EEE-074 C73 68p 10 500 EBA- ~9P 
CJ 4.7p .5p 500 E!E-034 C74 .oor 10 400 EBA-529 
C4 (inLl) lOp 10 500 EEE-051P C75 .0047 10 400 EBA-532 
C5(inL2) lOOp 10 600 EBA-507 C76 .047 20 lCOO EBA-461 
C6 .J. 10 125 EBA-526 C77 .01 10 400 EBA-523 
C7 .0015 .,50-20 500 EIE-~8P C78 . /4.7 10 125 EBA-531 
C8 .0015 +50-20 500 E!E-~8P C79 .12 10 400 EBA-549 
C9 .0015 t-50-20 500 EIE-~8P C80 47p 10 5000 EBF-217 
ClO C81 
Cll .0015 +50-20 500 EIE-~8P C82(in117A) 39p 10 500 EIE-046P 
Cl2 .0015 +50-20 500 EIE-~8P C8J .22 20 600 EBA-501 
ClJ (in:U..) 120p 20 500 EIE-C62P C84 ./4.7 10 125 EBA-531 
Cl4 .0015 t-50-20 500 EIE-~8P C85 . 002 10 400 EBA-527 
Cl5 .0015 +50-20 500 EIE-C68P C86 .01 10 400 EBA-523 
Cl6 (inL5) . 0015 t-50-20 500 EIE-C68P C87 25 +50-10 4 EBA-106 
Cl7 (inL5) 6.8p .5p 500 E1E-059P C88 470p 10 600 E:!3A-510 
C18(inL5) 6.8p . 5p 500 EIE-059P 
Cl9 .0018 10 400 EBA-548 I N D U C T A N C E S 
C20 J.Jp .25p 500 ElE-~O 
C2l(inL8) 39p 10 500 EIE-C¼,6P Code Description Part No. 
C22(inL8) lOOp 10 500 EIE-CT72P No . 
C23 .0027 10 400 EBA-550 Ll Coil-Adjacent Sound Trap EAC-300 
C24 .01 10 400 EBA-523 L2A&B Coil- I.F. Input EAC-3~ 
C25 ( in 19) 15p 10 500 EIE-041P L2C Choke - I . F • EAC-212 
C26 .01 10 400 EBA-523 LJ me C0il- 1st. I.F. EAC-329 
C27 330p 10 500 EIE-073P 14.A&B Coil- 2nd . I. F. EAC-316 
C28(in110) 15P 10 500 EIE-041P L5A&B Coil- Vide o Detector EAC-320 
C29 . 01 10 400 EBA-523 L5C Coil- Channel No. 9 EAC-255 
C30 .047 10 125 EBA-533 15D Choke- I . F. EAC--212 
C31 470p 10 600 EBA-510 16 Choke- I.F. EAC-212-1 
C32 q4 t-50-10 25 EBA-005 17 Coil- Sound Peaking EAC-311 
CJ J -~8 10 400 EBA-528 18 Coil- Sound Take off EAC-307 
CJ4 .1 10 400 EBA-525 L9A&B Coil- Sound I .F. EAC-321 
CJ5 .01 10 400 EBA-523 110 Coil- Sound Q ..... :d. Osc, EAC-313 
CJ6 .001 10 400 EBA-529 111 Choke- Smoothinr, EAC-014 
CJ? .0047 10 400 EBA-532 112 Choke- Heater EAC-314 
CJ8 .1 10 125 EBA-526 113 Choke- Heater EAC-314 
CJ9 .0033 10 400 EBA-546 114 Coil- Horizontal Osc. EAC-JOJ 
C40 .01 10 400 EBA-523 115 Control - l,.fidth EAC-333 
C41 60 ... 50-10 200 Ellii. -104 116 Choke- I.F. EAF-199 
C42 120p 20 600 EBA-503 117A Coil- Sound Trap EAC-JQS 
C43 .01 10 400 EBA-523 L17B Coil- Anode Series EAC-312 
C44 l. .• 7p .5p 500 EIE-OJ4P L18A&B Coils- Horiz ontal Yoke) EAF-229 
C45 .22 10 125 EBA-537 L19A&B Coils- Vertical Yoke) 
C46 .001 10 400 EBA-529 L20 Choke- Heater EAC-314 
C47 ./47 10 125 EBA- 531 MISCELLANE ous C48 3p .25p 500 . E!E-C6J 
C49 .047 10 125 EBA-533 Code Description C50 100 ... 50-10 200 EBA-076 Part No. 

C51 100 ..,50-10 200 EBA-076-1 
No. 

C52 .0015 t-50-20 500 EIE-C68P 
Sl Switch-ganged to RJ8 EBL-119 
Fl Fuse 2 amp. Em -oro 

C53 .0015 •-50-20 500 EEE-~8P -
C54 200 ..,50-10 300 EBA-v,78 

F2 Fuse - 1 amp. EW-OII 

C55 .0015 ..,50-20 EIE-~8P 
FJ Fuse - 34 S.W.G. tinned copperwire 

500 Ml Magnet-Horizontal Correction ECG-700 
C56 .0015 t-50-20 500 E!E-068P M2 Magnet-Horizontal Correction ECG-708 C57 220p 5 600 EBA-508 MJ Magnet - Shift ECG-714 C58 .0015 10 400 EBA-5JO 
C59 .01 10 400 F.BA-523 M4 Magnet - Shift ECG-714 
C60 ./47 10 125 EBlc-531 

M5 Magnet -Vertical Corre ction ECG-710 

C61 .0022 10 4 00 2 f:A-527 
M6 Magnet -Vertical Correction ECG-710 

C62 220p 5 600 EBA--508 TR AN S FORMERS 
C63 .0082 10 400 El-'A--541 
C64 470p 10 600 EBA-510 Code No. Description Part No. 
C65 6 .~ ... 50-10 25 EBA-004 
C66 • 01 10 125 EBA-539 

Tl Vertical Output EAB-126 
C67 • OQ4.7 10 400 EBA-532 

T2 Sound Output EAB-lQS 
C68 47 0p 10 600 EBA-510 TJ Mains EAB-123 

T4 Horizontal Output EAF-267 
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