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The T~yratron Control System as Used 

in :~.t.uJtbJ J1 • 2 

1. Introduction 

This studio has installed for lighting purposes a Strand Electric 

Thyratron system which has been specially developed for use in tele

vision studios. It consists of 304 studio lighting circuits plugged 

by jacks into sockets for 144 channels. Eight out of every twelve 

channels has a thyratron dimmer!I the remainder being controlled by 

contactors!I each channel has 3 independent control circuits. There are 

in addition four 5 kW motorized resistance dimmer channels. The com

plexity of the system ia justified by the flexible facilities available 

giving much better control .of lighting and lighting cues and permitting 

alterations to be made during transmission. It will also enable the 

total studio lo ad to be reduced by reducing the lighting power used on 

any set when it is not actually being used for production purposes. 

2. The Basic Circuit 

The system is driven by three phases, supply 415 volts, which comes from 

a special switch station in another part of the building. This is 

transformed by a voltage regulated transformer to 120 volts R.M.S. per 

phase, which is regulated± 1%. Each of these phases is then taken to 

the anode of a group of Thyratrons which have connnon grid and cathode 

circuits. These Thyratrons, Type XR16400, are directly heated, each 

group of three having a common heater transformer which is centre tapped 

to form the tapped lo ad. This is then decoupled by a filter circuit 

(which was introduced to reduce singing noi s es from lamps), before 

going to the jack panel. The grids are energised individually vdth 

approximat~ly 70 volts peak to peak of A.C. super-imposed on D.C. 

control voltage. This D.C. voltage is varied by the individual circuit 

faders and also by the master faders and the cross-over fader. The 

A.C. component of this grid energising voltage is so phased as to lag 

90%, with resp ect to th e individual anode supply. 
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In operation the variation of the D.C. control voltage r aises or 

lowers the peak of the grid waveform with res pect to neutral and so 

cayses th e valves to fire at an earlier or later tim e . This change in 

conduction time alters th e main current through th e valve and cons equ ent 

ly the current through the load, It should be noted that the onse t of 

the curr ent is extr emely r apid and this sharp edge to the waveform can 

and does giv e ri se to troubl e on any nearby equipment, particularly 

microphone circuits. 

3. Operational Instructions 

a) Curr ent Available 

The tot al connected load possible if a ll channels are fully lo aded. 

gr eatly exceeds th e cap ac ity of th e mains and mains tr ans for mer. 

Under normal circu mst an ces it is unlik ely that th e capacity of the 

latter will be exceede d. The lo ad in us e should b e ch ecked from 

ti me to tim e on th e ammet ers mounted on wall ad j acen t to the control 

desk. The permiss:i.ble maxi mum per phase is 450 amps ., which i s 

equiv al ent to 110 kW of lighting when usin g thyr at r ons and 160 kW 

when switc hed only circuits ar e in use. This discrep an cy is due to 

thyr atron loss es . 

b) Summary of Patchi.ng J acks 

The patchin g field circuit j acks ar e arrang ed in four sec tion s as 

follows:-

Section 1 

Section M 

Section N 

Sect ion F 

Bar s 11 to 122, control chann els 1 to 36. 

Bars Ivil to M22 9 contr ol channels 37 to 72. 

Bars Nl to Nl7, plus Nl9 and N21, contro l channels 

73 to 108 . 

Outlets 1 to 48, floor and gantry, control chan ne ls 

109 to 144 . 

Each studio bar is r epres ented by four circuit j acks at th e patching 

t abl e, i.e. Bar 11A, 11B, 11C and 11D, thus th e tot al circuit j acks of 

t he fi rst sec ti on i s 88 and of th e se cond sec ti on 88, of th e third 
/ section 
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section 76 and of th e fourth section 48. Normally circuits are plugged 

into chan nels of th eir own section but jumpers consisting of j ack plugs 

at on e end and pan el sock ets at th e other, allo w circuits to be tr ans

f err ed fro m th eir se ction, or contr ol channels th at ar e fr ee to be made 

avail abl e uut s ide their section. It should b e r emember ed t hat when 

tr ansferred to a circuit outside its section, a chang e of phase may be 

introduced wher e switch ed only chann el s ar e conc ern ed. 

c) Section Mast er Controls 

Ther e ar e t wo master switc he s mount ed to t he bottom l eft of ea ch s ection 

of th e patchi ng fi eld. 

The bl ack switc h "S ect. Dea d" has nor mal ,action and when put down 

switch es off t he s ection. Thi s it does by bringing out any chann el 

cont act or s on th e pa tchin g pane l plus th e di mmer b ank main cont act or 

r esponsibl e for t ha t se ction. The l att er extingui shes th e s ecti on 

pilot l amps. Once thi s switch i s r eturned to nor mal a ll cont actor s of 

th at s ection ar e r es t or ed to th e st at e call ed for by t he switc hin g at 

th e control desk or a t th e t es t pan el. 

The amber switc h "Load Tes t" i s sprung off and has to b e he ld down to 

oper at e . Thi s switc h controls th e cont actor f eedin g t he ammet er t es t 

soc ke t s . The proc edur e , when mor e t ha n on e circuit j ack is to be 

plug ged into a chann el , is t o in se rt th e j acks int o th e t es t so cke t s . 

When th e amb er switc h i s dep~esse d t hese will b e switch ed full on and 

th e studio l amps will light. The ammet er will r ead th e lo ad and 

pr ovi de d 17 amps i s not exce eded f or dimmers and 25 amps fo r switc he d 

only chann el s , th e j acks can be tr ans f err ed t o th eir int ended chan nel 

sockets. 

d) Fusing 

The lo ad t es t circuit s ar e fus ed (25 amp) at th e j ack fi eld, and spa r e 

fus e brid ges ar e carri ed on the centr e panel so th at r ap i d r epl acement 

is poss i bl e . The switc hed only channe l s and th e four 5 kW di mmers 

r1-.1-e e;:i.ch pr ovid ed with a sin gl e pol e HRC ( 25 amp) f use alon g t he top 

/of th e 
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3 d) Cont I d 

of the patching field. The electronic dimmers are provided with 3 HRC 

fuses per channel (i.e. one per valve anode) on the centre sections of 

the dimmer bank~. 

e) Test Panel 

f) 

g) 

only 
The switched/channel contactors can be operated locally from the centre 

of the jack field without the need for using the lighting control desk. 

Thi s test panel should be kept locked and its master switch (und er t he lid) 

kept off while , illumination control is taking place at th e lighting desk. 

When l antern rig ging or oth er el ectrical work is in progress th e test 

panel is brou ght into se rvice. 

Lighting Control Desk 

This consists of t wo wing sections joined by a centre plottin g t able and 

master control section. The whole is intended to be us ad by the operator 

perched on a stool or standing very much as a draught sman functions when 

using a l arge dr awing board. 

The desk wings house th e control chann els 1-36 on the top l eft, 37-72 

bottom l eft, 73-112 on the top right, and 113-14 4 bottom right. An 

exception is the four 5 kW dimmers which will be found on th e centre 

master section. The four main groupings correspond t o sections, L, M, N 

and Fon th e j a ck field and in th e s tudio. Unless deliber ately patched 

otherwise particular studio areas wi ll be found in th e same r egion of the 

control desk . 

Switched only Channe ls 

Each chann el cons ist s of thr ee t wo-way and off type switches, one whit e, 

one r ed, one blue. Each of th ese colours r epresents a separate pr ese t. 

The centr e position of the switch gives - chann el off. The top position 

channel subject to t op mast er blackout, and bottom position - chann el 

subject to botto m master bl ackout . Which of the three presets is operative 

is determined by the preset se l ec t or switches on the centre panel and i s 

indic at ed by a colour ed pilot l amp above each contr ol wing . 
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Switch and Dimmer Channels (2 kV{ Max.) 

Each channel has three two-way and off switches and thr ee dimmer levers 

coloured white, red and blue respectively. The three repeats correspond 

to the thr ee presets. The t wo-way and off switches give in the "up" 

position - channel subject to th e top master blackout. In the centre 

position - chann el "off", and in the bottom position - channel subject 

to the bottom master blackout. The bottom position a lso makes the 

channel subject to th e master faders ( see R belo w). \¥hich of the presets 

is operative is det ermin ed by the centre panel selector switch and is 

indicated by the wing pilot lamp. The dimmer is of the electronic type 

o.nd is held on only so lon g as a particul ar pres et dimmer lever is in 

circuit. l'ilovement of a dimmer le, ·e1' whose pres et is "on" takes immediate 

effect in resp ect of any studio lamp patched th er et o. 

Switch and Dimmer Channels (5 k\.i Max.) 

Thore ar e four 5 kW channels and these are situ ated on th e centre panel, 

as th ey ar e not subject to any pr esetting. Each channel has an "on-off" 

tabl et switch and a dimmer lever operating a resi stance lev er dimmer . 

through motorised s ervo mechanis m. In this cas e for dimmer l ever 

movement to tak e eff ect, th e dr·iving motor must be runnin g e..t a suitable 

speed. 

j) Master Controls - Switching 

k) 

The centre section of th e Control Desk houses th e master switch es 

associ at ed with lightin g control on the left and B.B.C. auxiliary 

controls, such as waveform monitor and talk back, on the right. These 

latter do not form part of th e lighting control proper and will not be 

described her ein. The main master lightin g controls are summarised in 

the sections b elow. 

Dead Bl ackouts 

D.B.O. k ey switch cuts all circuits irrespective of th e position of 

their individual switches with th 1.; exc eption of th e l ast four switched 

only circuits (i. e . circuit nos. 133, 134, 139, 140) which hav e been 

left ind epend ent of blackout to be used for working li ghts. 
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Master Bl a ckouts 

Top - thr e e t abl et switches, white, r ed, blue, each of which, when 

depress ed cuts any individual chann els, both dimmer or switch type, of 

that preset colour whost switc hes are in the up position. 

BoJ;bcm.- three t ablet switches, white; r ed, blue, each of which , when 

depressed cuts any in dividu al channels, both dimmer or switch typ e , of 

that preset colour whos e switc hes are in the down position. Not e g A 

preset blackout will only take immediate effect if its particul ar 

colour preset is in use and therefore shown on th e wing pilot l amps. 

Any of the above bl ackouts canoe made subject to local switchin g "on 

set 11 vi a th e s tudio ring circuit 1:Jy puttin g th e particul ar mast er 

blackout switc h in the up position. Needless to say the appropri ate 

colour pr eset must b e in us e for this to tak e ef f ect. 

Pre s et Sel ector Sv1itch es 

Ther e ar e t wo rot ary switches, one either side of th e centr e chang eover 

dial. The left-h and switch det ermines the colour pres et to b e brought 

in on the l eft-hand sid e of th e master chang eover and the rig ht- hand 

se l ector does t he same thing in resp ect of th e rig ht- hand sid e . Thus 

th e whit e pres et could be connected to th e left sid e and th e r ed pr es et 

to th e right. Movement of the horizontal master chang eover switc h would 

then bring one or th e oth er into s ervic e . If th e same colour happens to 

be conn ect ed to both s id es of th e chang eover switc h , a warnin g l amp 

is brought on immedi at ely over the s el ector switch incorr ectly pl a ced, 

Changeover of Switch ed Only Channels 

The changeover of switched circuits is governed by th e mast er cross 

fader for the dimmers. This is set tr avellin g to th e left or th e right 

by means of a horizont al changeover switch (s e e also Q belo w). 

As the cross f ader takes at least two seconds to tr avel - po ssibl y more -

and th e switchin g chan ge over must b e inst ant ane ous, t he nor mal proc edure 

will be th at at th e centr e point of f ader tr avel, th e switchin g pre se t 

on one sid e will b e exch ang ed for th at on th e oth er side. For exampl e , 

/in 
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3 (n) cont'd 

o) 

p) 

g_) 

tr avelling fro m whit e on th e l eft to r ed on t he ri ght, at th e centre 

point, r ed will b e adde d and whit e will b e subtr act ed. Should , however , 

a l ap ch ange b e desir ed, th e switch i mmedi at ely bel Oir th e mast er chan ge

over switch shoul d be push ed in , and thi s will ensur e th at as soon as th e 

mas t er f ader b egins to le ave th e left s id e , th e ri ght s id e will b e 

switc hed in and only when nea rly home on th e right s id e , will th e le ft 

side b e subtr act ed. Anoth er form of switching chang e which will a l so 

switch any di mmer chann el s i s describ ed in S b elo w. 

Mast s r Controls - Dimming 

Mast er control s ar eg cross f ader ~witc h , cro s s f ader dia l, mas t er f ade r 

l eft, mas t er f ade r right, spee d r egul ator and moto r switch, l eft pr ese t 

s el ector switch and right pr es et s el ector switch. 

Speed Regul ator and Motor Switch 

Both th e cro ss f ader and th e mast er f ad er ( also th e 5 kW di mmer s ) ar e 

built into a r emot e bank with mast er motor driv e in th e di mmer roo m. All 

movement of t hese d evic es i s subj ect to th e motor driv e b ein g switc hed on 

and to an appropri at e choic e of spee d. 

The speeds avail abl e ar e 2 s ees, 3, 4, 5, 6, 10, 15 , 20 and 30 s ees ., t he 

f ast est b ein g speed 8 ~ith th e sp eed r egul ator in th e top position. 

For most normal purpos es, sp eeds 4 and 5 and 6 ar e r ecommend ed . Sl ower 

ones should only be chos en for del ib er ate eff ect. The very f ast spee ds 

(7 and 8) may caus e th e f ade rs and dimmers to hunt somewhat. The motor 

speed should a l ways b e put back slo wer or switched off immedi at ely a 

f as t chang e ha s had tim e to tak e effect. 

Never le ave th e r egulator on the red lines engr aved bet ween th e sp eed 

st ation s . The corr ect method of stopping th e drivin g motor i s to us e the 

"motor on" switch a s this also disconnects th e dimmer se rvo mechanism. 

Cros s Fader Switch 

This switch fe eds a pa ir of clutches, to drive the cross f ader pot entio

meter fro m left to right or vice vers a . When th e switch i s in th e centre 
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3 (q) cont'd 

r) 

s) 

positio n , t he f ader stops i mmedi at ely. The pos itio n of th e f ader i s 

indic at ed by t he dia l i mmedi at ely abov e t he switc h and this should 

normally b e l eft fully to th e l eft or fully to t he ri ght. Confus i on 

will r esult i f t he individu al chann el dimmers ar e oper at ed with t he fa der 

held at any int ermedi at e position. The cro ss f ader switch need not b e 

l eft on to one s ide or th e other as t he changeover di a l will a l ways 

show on whic h sid e th e f ader was l ast driv en. The spee d of changeover 

can b e se t on t he speed r egul ator. Ver y s lo w spee ds can be obt ain ed 

eith er by inchin g th e motor us in g th e motor on swi tc h or by sto ppin g t he 

cro s s f ader by centrin g its switch. 

Mast er Faders 

The mast er f ader l eft and mast er f ader ri ght ar e situ at ed on t he r emot e 

f ader b ank and ar e oper at ed t hrou gh se rvo mechan ism which cau ses t hem to 

hunt with t he contr ol l ever for position. Nor mally speak i ng , t he s e 

f ade rs ar e l ef t in th e 11full on11 position and only u sed. t o t ake out 

spe cific group s of lighting. ':1;1he groups ar e se l ect ed by puttin g th e 

di mmer channel switc hes in t he bottom pos itio n . 

Pr es et Sel ector Swit ches 

These rot ary s el ector switc he s det er min e which colour pr ese t sha ll be on 

whic h s id e of th e cros s f ader. The t wo sid es ar e int erlo cked and should 

th e s el ector b e pl aced t o t he s ame colour pr ese t a s i s alr eady in u se on 

t he ot he r sid e , t hen a warnin g r ed l amp will li ght over th e se l ect or. 

Using t he f as t es t spee d on t he mot or r egu l ator t he qui ckes t change over 

will be t wo s econds. Should a qu i ck er changeover b e r equir ed, t he 

se l ector switc h not at pr ese nt i n use should b e se t to t he fourth neutr al 

pos it i on and l eft th er e . The ot her se l ector swit ch may t hen be moved 

fro m one pr ese t to anoth er and dir ect switchin g both of th e switc hed only 

and of th e di mmin g cir cuit s will t ake pl ace . The switc hi ng of t he l att er 

will t ake int o accou nt t he variou s posi tion s to which t he in di vi dua l 

di mmer control l ever s may be se t. 
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To Switch on for Patching 

The main isolator feeding the patching field and the main isolator 

feeding the auxiliary fader bank should both be closed, the object of 

the latter is to provide tI'-e necessary lo w volt a ge DC for control of 

patching contactors. Electronic bank main switches need not be on and 

the Section Dead switches should be off. 

Patching Routine 

Clear all jacks by replacil'IB them on the table top. Flexes should be 

carefully guided through the bushes and the jacks stood up vertically. 

Only slight weight is provided to return the cords in order to avoid cord 

wear and until the newness is wo:..n off the braiding, gre at care should 

be exercised. Return of cable can be assisted by holding the j a ck 

immediately over the bush and allowing the cable to drop vertic ally. 

When patching, a l ways make sure the appropriate "Sect. Dead" switch 

is in the down position. Whenever more than one circuit is to b e 

patched to a control channel the circuits should first be ins erted in 

the t est sockets and the "Load Test" tablet lantern switch held down 

while th e ammeter re ading is noted. For electronic circuits, the r ed 

line should never be exce eded and for switched only, the green line. 

Using patchin g s chedul e , circuits should be plug ged up and generally 

speaking it is only necessary to use the ammeter test sockets when 

more than one circuit is to be patched into one channel. When arranging 

patching schedules, crossing of leads should be avoided as far as 

possible, as this makes the panel confusing to re ad. Circuits may be 

patched out of their division by crossing the pan el margins or by using 

the jumpers but usually it will be better to patch circuits into 

channels nearly opposite them thus ensuring that a particular area of 

the studio is always represented by a particular ar ea of th e control 

panel. 

Patching Schedules 

It is preferable to plan the main patchin g l ayout on paper in advance. 
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3 (v) Cont 'd 

w) 

x) 

Subse qu ently small modific ations would be made eith er to make t he 

lightin g ea sier to control or to fulfil some n ew li ghtin g ne ed. (S ee 

BBC Patchin g Schedule PID/ Vf.J.3/266). Wheth er patc hin g is pl anne d in 

advance or carried out dir ectly, t wo schedules sh ould b e prep ar ed 

alon gsid e and s crupulously kept up to dat e . One sch edul e list s th e 

control chan ne ls in numerical ord er. Thus quick ref er enc e can be made 

either by circuit or by channel. 

To Switch on Dimmer Control 

The t wo main isol ator s f eedi ng eqch di mmer bank should b e cl ose d and 

th es e will provide th e heater and el ectro nic contr ol volt ages . The 

auxiliary di mmer bank and patc hi ng f ield must al ways b e switc hed as 

well to ensur e th at th e l eft and right mast er cont actor s on ea ch di mmer 

bank which oper at e on 15 volt can b e switc hed in fr om t he contr ol desk. 

Make sur e t he te st pan el mast er switc h i s of f and th at th e lid i s 

clos ed 9 and lock ed. The l eft bank supplie s grid contr ol volt age to 

bot h banks , it i s essen ti a l t her efor e th at if only one bank i s r equir ed 

t he l eft bank be u se,l. Ther e i s a t wo min ut e ti me del ay on th e l eft 

and rig ht bank cont actor s t o pr event l oad b ei ng conne ct ed to cold 

t hyr atr ons. 

To Switch on Contr ol Desk 

Pl ace all chann el t abl et switc he s i n t he "c entr e of f 11 pos ition and all 

di mmer l evers in th e "up" pos itio n . Pl ace th e change over switch to th e 

rig ht and push t he mast er f ader l evers t o t he t op . Put all th e mast er 

bl ackout s and th e DBO in t he down pos itio n , i. e . "on". Driv e mot or 

at sp eed 6 t o ensur e th e change has t aken pl ace . Set th e whit e pr es et 

on t he l eft s id e of th e change over and th e r ed pr es et on th e righ t and 

sinc e t h6 mas t er f ader is on th e ri ght , oper ation on th e r ed pr es et , i. e . 

th e on e with th e channe l number s, will produc e i mmedi at e r esult s . 
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y) To Switch on Lights Individually 

z) 

Channels may be switched on by merely pushin g the appropri ate red 

switches down and should any dimming be required, the circuit dimmer 

lever can be used. 

To Raise or Dim Lights Individually 

The circuit switch should be down and the dimmer lever pushed down or 

up to the extent required. There will be a very slight l ag in response 

which may cause one to overshoot the required intensity. Other circuits 

may be added as required and the combined result plotted by re ading scale 

to th e right of each dimmer lever. The motor speed has no ef fe ct on any 

individual dimmers except the four 5 kW. 

a.1) To Rais e or Dim Group of Lights 

A general f ade-out or f ade-in of a group, requir es use of the master 

fader for the side of th e changeover fader at that time in use. Provided 

all the channel switches for th e particular preset colour are down, the 

. master fader will tak e out everyt hing except the switched only circuits. 

To l eave some channels behind, those individu al svit ches should be put 

in the up position. Switches should be transferred from th e down to the 

up position, as rapidly as possibl e in order to avoid flicker of light. 

a.2) Dimming of Groups in Rapid Succession 

As there is onl y one master f ader t o each side, resort will have to be 

made t o one of th e presets. Thus one group of lightin g coul d be f aded 

out, using th e master f ader and i mmedi at ely after, chang eover can be made 

by means of th e cross f ader, to a.Dother preset which will have th e s econd 

s et of channels to be tak en out 9 alread y set at zero. 

It is possible to us e t he pre se ts inste ad of the master f aders for 

fadin g out groups, by mer ely setting l evers (of th e circuits to b e 

removed), to th e zero position on the pr es et concerned. However , it is 

a pity to tie up pr es ets for this purpos e unles s th e master fader has 

already b een used. 
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3 a .2 Cont 1 d 

When a fair tim e is avail abl e bet ween t be f adi ng or bringing in of 

successiv e groups and no si mil ar r epea t cues ar e r equire d , it i s of cours e 

possibl e to u se th e f ader and i mmedi at ely aft er switc h t he channe ls off. 

Return th e f ader and th en pick up a furth er s et of ch anne l s . Alt ern ativ ely 

th e f ad er when down could have a new s et of channe l s swit ched t o it. 

Thu~ one group is t ake n out and anoth er brought in. As th e channe l 2 

way and off switc he s can b e s et di ff er ently for ea ch pr es et it i s 

possible to u se a change fro m one pr es et t o anoth er not onl y t o vary 

individu al channe l int ensities but also to var y th e gr oups loc ke d on t o 

th e master f ader or to t he top and bottom mast er bl a ck outs. 

a .3) Cros s Fade fr om one Group t o anot he r 

This is al ways carri ed out usin g th e pr ese t s . One s et of int ensiti es 

b eing arr an ged on on e pres et, and one on anoth er. 

a .4) Switchin g fro m one Area t o Another 

This can b e carr ie d out by putting one pr es et s el ect or switc h t o neu tr al 

and swi tching on th e other (i. e . t he one to which t h e di a l points). 

Suc h switchin g chang es will not only put the l i ght s on and of f but on 

di mmer channe ls, gi ve any int ensiti es which may be-~s et up. Thr ee pr ese ts 

coul d corres pond to thr ee are as. 

If a gre at er number of ar ea s is r equir ed, up to six may be cat er ed for 

by car eful s el ection of th e circuit swit che s, thus th e white pr es et top 

and botto m bl ack outs can b e us ed s epar at ely or in combin ation and t he s ame 

action perfo rmed in r espect of th e oth er pr es et s . St ag e t ype switc hing 

cues will however r estrict t hi s us age bec aus e th e circuit switc he s may b e 

r equired t o se l ect f or a group movement. 

Thes e abov e sug gestions would only be applic abl e so lon g as l ap change 

b et ween studio ar ea s was not requir ed. If however , whil e Scene I is in 

progr es s , we Wi 3h t o tak e a pr evie w of Scene II ar ea , it will b e 

n ec 0ssary to se t the bo ard in such a way th at th e Sc en e II ar ea can b e 

added whil e t he Scene I i s in pro gr ess. This can b e don e by using 

botto m mast er and th e top mast er, t hus if Scene I wer e s et on t he botto m 
/ mast er 
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3 ( a.4) Cont t d 

and Scene 2 on the top we could have both together by simply ensuring 

that both masters were closed at the required time, provided of course 

no circuits were common to both scenes. If we then want to go on to the 

3rd Scene with a similar lap change, the procedure would have to be as 

follows:-

Set lighting for Scene I on white preset bottom master. 

Set lighting for Scene II on white preset top master and also on 
red preset top master. 

Set lighting for Scene III on red preset bottom master and also on 
blue preset bottom master. 

Set lighting for Scene I on blue preset top master. 

We can now change from one area tc. ·=mother using a lap change as follows:

Scene I switch in "fuite Preset and bottom master. 

Previe w Scene II add top master. 

Scene II switch in Red Preset and top master. 

Previe w Scene III add bottom master. 

Scene III switch in Blue Preset and bottom master. 

Preview Scene I add top master. 

Scene I switch in White Pres et and bottom master, etc., etc. 

It can be seen that this switch set-up would allow lap changes forward 

or back in any order betvrnen the three groups of lighting corresponding 

to three studio scene areas. In the event of time being available, 

rapid manual selection of circuit switches might increase the number of 

those areas. 

The difficulty of obtaining a lap change on presets only applies to the 

96 electronic dimmers. If the switched only channels are the only ones 

in use, then the 11lap ··change 11 under the cross fader is pushed in. When 

this is done there will be a lap over (superimposition of circuits) for 

the duration of the cross fader travel. By setting the motor speed, 

this could be as short as 2 sees or as long as 30 sees. Indeed, the 

cross fader could be stopped half way and the laps indefinitely 

prolonged. 
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a.5) Switching Locally on Set (Set practicals) 

Any pres et master bl ack out can be operated from an ordinary SP tumbler 

switch on studio set. The local switch should be plugged in via the 

studio ring and is in effect in parallel with th e rel evant preset 

master blackout on the centre panel. Provided that ~articular colour 

preset is 11on11 the li ghting group will respond to the local switch. As 

the 11on set 11 control voltage is 15-17 D.C., care should be taken that 

the external switch contacts are cle an and connections are good. 

a.6) Dimmer Setting 

Whenever possible, individual dimmer intensities should be set up in 

advance and be brought in by a group master sw~tch, or by a master fad er 

or by a preset, because the s ettir,g up of a large nuwbe·r of dimmer 

intensities in a hurry, is lik ely to lead to inaccuracies. When properly 

set, the board should rely on its presets and group masters aided by 

occasional movement of individual dimmer l eve rs when absolutely necessary. 

a.7) Manual Operation 

Emphasis has been placed on group controls but it must be remembered 

th at as th e dimmer l evers are arranged for fingertip operation, provided 

that patching places circuits likely to be required together, side by 

side, th en a considerable amount of work can be carried out manually. 

Where a circuit does not change intensity on any preset, the three 

preset dimmer levers should be exactly aligned side by side. 

a.8) T.V. Lighting Control Technique 

Generally speaking, the main advantages that centralis ed control can 

bring are:-

(i) Saving of time in bringing lighting in and out of use. 

(ii) Ease in which any lighting not required at the time can be switched 

off. This saves current but, above all, cuts down heat in the studio. 

It can also minimise 11spill 11 caused by light from sets not in use. 

(iii) The balancing of lighting intensity by means of dimmers, i.e. a 

large lantern can speak with a soft voice when necessary. 

Cont'd •. • • 
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3 (a.8) Cont'd 

(iv) The p erform ance of lighting eff ect chan ge s of th e st age typ e , 

both on di mmers and by s witching. 

The above r emarks apply to Tungsten lighting only. 

a.9) The electronic typ e of dimmer te nds to be wast eful of el ectric curr ent 

unle ss some care i s taken. The main sourc e of waste i s th e fila ment 

he at ers which hav e to b e "on" the whol e tim e the bank is in s ervic e, 

wheth er th e studio lights ar e full on or bl acke d out - th eir likely 

stat es most of th e ti me. It is not possibl e to cut th e hea t ers whenever 

channels ar e out of us e for t wo r ea sons, th e f ~_rst b ein g th e obvious 

switching elabor ation plus th e corr.:'..)] ic ation of th e 2 mins. pr ehea t ti me. 

The s econd is th at good valv e life s eems to dep end on mini mum fil ament 

switching. 

4. 

it folJo ws fro m this that di mmer banks should only be switch ed on when 

th eir use is lik ely and once on, should be l ef t on until aft er tr ans

mission. Ther efor e , all th e rigging and rough s etting i s carri ed out 

using t he switched only chann elsw::>rked from t he test panel. Only when 

lighting prop er b egins should th e el ectronic banks b e switched on. 

On smaller productions, it will be desir able to switc h on only th e 

master di mmer bank and thus halve th e heat er demand . This bank nor mally 

feeds patching chann els on th e l eft wing on th e control desk, i.e. 

s ections L and M of th e patchin g fi eld. Thes e di mmers could b e spre ad 

over th e full st udio are a by means of th e jumpers and in any cas e th e 

full set of switc hed only channels will b e availabl e over th e entir e 

field. 

Valv e Circuit: Detailed Description 

Referenc e should b e made to Drawing ·PID.334O.7.lH and to photographs 

of th e waveforms app earing in this s ection which ar e l abell ed 1 to 12. 

The thr ee valv es in ea ch circuit act a s switches which ar e controll ed 

in time by th e applied grid potential. As is typic al in thyr atron 

operation , th e switch es clos e r apidly but cut off slo wly as th e anod e 

/volt age 
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4 Cont 1d 

vo lt age i s r educe d . Each grid i s 3.rr ange d so th at it fir es at t he 

corresp onJ.in g period for Gel.eh of th e three va lv es and a s t h e cont r ol 

vo lt age is r a i se d t ovrnrds zero, so th e firin g point oc cur s e2.r.Lier in the 

cycle. This c an bes t b e illustr c.:.t ed by ref er ence t o Dra win g PID.334 0 . 7 .l H 

wher e Grap h 1 illu s tr at es on e pl:iase of t he thr ee phases supplied with 

op er ations of t he t wo ph ases . Also on this section i s a l in e E to F 

which a ll ows fo:r th e anode cathode volt age change whi ch i s caused by t he 

cathod es fol l owin g the t hree ph ases . The li mit li ~6S of the gri d excursion 

f or firing a r e a l so in dic cit ed, 1.vhilst the vari ati on s G and H show how this 

i s modified by t he ch a.nge in anod e c at hode volt age . Ben ea t h t hi s i s a 

di ag r am of t he grid en,:,r gi s in g wavefor m of whi cti t h6 one l abelled 90 

d eg r ees l ag i s t he on e whic h i s us ,c1 in t h i s equip ment. The ef f ec t on 

t h i s wav efor m ( which i s gri d to n eutral), of th e cath ode ex cur s io n i s 

shown by th e dashed lin e . I n op eration, thi s sin e wav e is r a ised erad

ually b;r t h8 change in D.C. po t en ti a l frorn t hE: cont r ol cir cui t s until the 

peo.k of it int erc ep ts t h e grid f irin g curv es a t ea ch po int when th e v a lve 

will fir e . Thi s i s shown for about 160 deg r ee s. Further r a i s in g of th e 

volt age ,;;ill brin g t he fi r i n g point earlier and ea r l i er in th e cycl e until 

at t lle ma~imurn out put t he firin g po in t i s at a ppr oximd ely 50 degr :.,es ~ 

wh1:::11 th e r cp id onse t of current in creases until t h e cur v e E t o Fis met 

at ea.eh po int. It f ollo ws this gTaph and th en f oll ows r oun d t he sine 

wave fr om F t owar ds Bin which t he anod e volt age i s too l ow to continu e 

t he ar c . At some tim e aft e r t h is t he next va lve can t hen fire . Under n'1 

condit i ons may t wo v 2.lv Gs b e e.l l owed t o fir e at t he s o.me ti me as this 
~ "' 

will put an ex tr emely l ovr i rnpedo.nce ac r oss t wo of t h t:J fu ses of th e supp l y 

an d th e fus es i,vil l be b l oun . Gr aph 2 of this dr av1in g will illu st r 2t e this 

firin g point~ cu rv e A b e i ng t h e app li ed anode wave f orm , curv e B bein g gTid 

to neut r a l vmve for m (i n clu din g the D.C. c ompon ent). Curve C illustr at es 

t he c ath ode to n eutr· a l wav eform ( and t he curr en t wav efor m t hr ough th e 

cath ode ) fo r app r ox i mc1t ely maximum out put . It will be seen t ha t on t he 

point of firin g t he wav ef or m is very v ery steep . Very shortly, it fo ll ows 

anot h er s tr a i ght lin e: ( s 1:..-e E t o J.11 on Gr2.ph 1) o.nd th en fo ll ows t he nor mal 

si n G wave . Curv e D is the summc..tio n of curve C in r-mtiph aso wi th curve B 
/ gi vin g 
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giving grid cathode waveform. Each actually appears on each valve. 

Whilst the valve is firing, the grid voltage is zero but when the valve 

arc is extinguished, the curve follo ws the two loops as shown. (See 

photograph No. 3). 

The 1 M.H. chokes in the anode are included to reduce the surge current 

should any fault develop in the valve or should two valves fire at the 

same time. Whilst this does not normally occur, it does at present 

occasionally occur soon after switching on from cold particularly if t~e 

valves have not been used for several days. In the common cathode load 

of each circuit is a choke of .6 M.H. and capacitor of 24 M.F. 

These components were included to reduce the sharp wave fronts from the 

circuit which were causing the fila ment of the Tungsten lamps to emit a 

high pitched singing noise. The values were arrived at empirically as 

singing had to be judged subjectively but could not be completely eli min

ated without losing control of the valves. Increasing the inductances 

causes the peak EMF to momentarily raise the cathode voltage sufficiently 

to extinguish the arc. 

The grid to cathode capacitor of .001 M.F. is to reduce any surges which 

might appear at the grid and cause erratic firing. In each grid, there 

is a 150 K resistor to limit the grid current. The DC component flows 

back through the control circuit and has a marked effect upon all~her 

circuits which are in oper ation. This mainly occurs in the potentiometer 

labelled "Set Black Level". The 250 uF condenser helps to reduce this. 

Most of the int eractions of these circuits are beli eved to be due to 

different causes which will be explain ed later. Before the valve fires, 

but when the grid is positive with respect to cathode, conventional 

current will flo w into the grid. With so me valves this will cause 

relaxation oscillations to occur with associated grid components and will 

be visible on an oscilloscope (See Photograph No. 11) 

When th e grid voltage.is sufficiently positiye for the valve to strike, 

the anode, grid and cathode are tied tog ether by the arc with a total anode 

jtrJ, .. , ... , 
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4 Cont'd 

to cathode difference of approximately 11 volts. Consequently, the 

current from these electrodes also follo ws th at of the anode. The cathode 

current and wavefor ms seen have been previously explained. The gr id 

curr ent will also tend to follo w the anode current , with some distortion 

introduced by a 150 K re s istor and 4 M.F. capacitor. ( See Photograph 

~ o. 4) 

Various waveforms have been photographed apa rt from thos e mentioned 

above . They should all be self-explan atory and are therefore attached 

for maintenance purposes. 

Conclusions 

This installation was int ended as an experiment in the us e of tbyr at rons for 

Television Studio dimming and, as such, has served its purpose . As a system 

it is proving its worth in gTeatly adding to th e fl exibi lity of lighting 

facilities. The means of dimming itself has not proved entirely satisfactory 

suffering as it does from the following disadvant ages rel ative ·to other 

available dir.,1ming syste ms. 

1. Inefficiency The heater wattage amountin g to 250 watts per circuit 

added to the on-lo ad voltage drop, and the poor power f actor of the 

8ystem add up to an efficiency little more than 6ofo before di mming takes 

place. 

2. 

3, 

Hum Interference Interference on vision has beenreduced to negligible 

proportions by care in installation and recent cur ative measures, 

Simil ar measures for audio circuits have not proved adequate, and it has 

been found that if microphone and lighting leads lie parallel on the 

studio floor, a serious hum lev el is generat ed. Apart from this serious 

hum fields are created in the studio whenever earth neutral faults 

occur in th e building, and gre at care must be taken to eliminate these 

as soon as they occur. 

Lamp Filament Vibration The nature of th e thyratron waveform is such 

that, having a very steep time of rise of current, the filaments of 

/certain 
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Conclusions (3) Cont 1 d 

4. 

5. 

6. 

7. 

cer t ain ] amps tend to vibrate. By the inst allat ion of smooth in g circuits, 

this eff ect can b e reduced but not eliminat ed. 

Variations in Dimmer Law The matchin g of tbyratron dimmer circuits 

is possible at lo w anode voltages only wit hin specific f airly wide limits. 

This r esu lts in a variation in dimner l aw which means th at equal grid 

volt age settings for equal lo ads on different chantels does not result 

in equal lig ht out. Furthermore, ther e is a var i ation in dimmer law with 

the lif e of th e thyratrons. 

Inter action The strik ing of a l arg e number of thyr atrons at any in st ant 

in tim e causes a very short ter m r egLla tion of the supply volt age waveform . 

Thus if a number of channels are dimrne.d, th e light output from thos e 

which it is desired to hold constant vari es . There i s a further effect 

in this particular in st all ation which migLt possibly be elim in ated 

at appreciable expense in future install ations, and that is the regulation 

of th e control volts in common i mpedances which causes a furth er 

int er action. 

Fuse Blowing ~his inst a ll ation is subject to anode fus e blowin g whi ch 

th e valv e raanufa cturers are still investi gatin g and ar e not ye t ab l e to 

explain. 

Replacement Cost The thyr atrons a re a costly repl aceable ite m with a 

finite lif @i, the extent of which has not yet b een determin ed. 

By comparison with th e e],_bgtro magnet ic clutch driv en r es istance and auto -

transformer dimmers which have b een install ed in Riverside I as a further 

expe riment, thyratrons do not show ~p well. Their advan t age of a lo w space 

requir ement is offs et by the dis advantag es listed above. None of th ese seven 

criticis ms can be l eve ll ed at t he Rive rs ide I inst all ation. The only troubl es 

th at have occurred on this l atter equipment in th e sho rt period it has been 

in service, hav e been the occasional failure of individu al r el ays to operate. 

These faults have b een r ap idly clear ed withou t serious consequences. 
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Descri pt io n of Wavefor ms 

No. 1 

Top Wav ef.:,rm 
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This is th e volt age appli ed fr om anod e to n eutr al showin g a gr eat dip at 

th e ti me of firin g of ea ch thyr atron on th at phase . T~i s pip is actu ally 

due to the i mped ance of th e volt age re gul ating tr ansfor mer and of the 

415 volt thr ee-ph as e supp ly befor e this tr ansfo rmer. Due t o th e sudd en 

ons et of curr ent when each thyr atron conduct s th er e is thi s in st ant aneo us 

volt age drop at t he in st ant of condu ction. 

Botto m Wavefor m 

This is th e waveform fro m cat hode to n eutr al. Not e th at, due to th e thr ee 

cathod es being t ied to geth er, a wavefor m is sho wn for ea ch of th e thr ee 

phas es . Not e th at, due to th e conduction of th e thyr atron, th er e is a 

stee p wavefront to t hi s curr ent. 

No. 2 

Top Wavefonn 

This wavefor m shows th e volt age across th e 4 mfd. smoothin g cond ens er and 

sho ws th e wav efor m of th e current which is flo wing in th e common contr ol 

circuit s . Notic e th at each wav eform has a small pip on it which occurs 

at th e instant of firin g of ea ch of th e thr ee thyr atro ns. 

Lower Tr ace 

This is th e 50 cycle A.C. en ergisin g appli ed to each of th e grids fro m 

the phas e changing tr ansfor mer. Notice th at again a small pip is visible 

at th e in st ant of firin g of ea ch grid. 

No. 3 

Top Trac e 

This is th e wavefor m fro m grid to cathod e on a particul ar valve. Notic e 

th at ~her e is a fl at portion whic h occur s when th e valve is conducting 

and these t wo el ectrodes ar e ti ed togeth er by an arc. Just before this 

period commenc es, ther e is a short positive pip which indic at es th at the 

grid must be positiv e wit h r espb ct to cat hode by a f ew volts befor e firing 

st arts. After t he conductiv e period, t he grid goes neg ative on a 50 cycle 

/sin ewave 
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No. 3 Top Trace (Cont 1 d) 

sinewave whilst the cathode being ti ed to the oth ers of th at circuit, goes 

pos itive during their conductive periods. This r esults in this p eculi ar 

waveform, the derivat i on of which is given earlier in the text. 

Lower Trace 

This is th e anode to cathode wavefor m of one valv e , t he horizont al portion 

again indic ating where the valve has fir ed. 

st art of this period. 

Notice the sudden drop at the 
\ 

No. 4 

Top Trace 

This indic ates th e magnitude and dir ection of t ~e grid current flo wing 

through the grid resistor as it is t~ e volt age appe aring acros s this 

resistor. Wh en th e valv e fires, there is a large change in curr ent but when 

the other t wo valves fir e , only a small pip app ears, being coupled fro m 

the cat bodes by th e grid cathod e cap acity. Notice th e si mil arity of the 

grid curr ent and cathode current which are both derived during conduction 

from th e volt age applied to the anode, remembering that all thr ee 

electrodes are tied tog ether by means of the arc. The negative portion 

of grid current is due to th e inductances in the anode supply. 

Lower Tr ace 

This trac e is th e volt age across the secondary of the grid energising 

transformers. Notic e th at as th e volt age across the 4 mfd. cond enser 

is not includ ed, the pips du e to the conduction of th e valves are gr eatly 

r educed. 

No. 5 

Top Trace 

This is the waveform anode to n eutr al when th e valve is only passing 

half the normal current. Notice th at the pip mentioned on Trace No. 1 

is now later in the cycle as this delay is the means of adjusting current. 

Also, note that th e amplitude is l ess. 

Bottom Trace 

This is th e waveform under simil ar conditions fro m cathode to neutr al. 
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No. 5 Bottom Trace ( Cont 1d) 

Notice that after each valve has finished conducting, there is a por·tion 

during whiuh no conduction occurs by any of the valves. 

No.6 -
Top Trace 

This is cathode to neutral at full load. 

Bottom Trace 

This is the voltage actually applied across the lamp, i.e. it is on the 

lamp side of the smoothing circuit. Notice that there is very little 

difference between these two phases. 

No. 7 

These two traces are repeats of No. 6 Jut with the lamp voltage reduced to 

approximately one half. 

No.8 

This trace is ta,ken across the filter circuit with a 2 kW lamp being fully 

energised. 

As trace 8 but with 1 kW lamp. 

No.10 

As trace 8 but with 500 watt lamp. Notice that the oscillation is not 

very damped and consequently, the first ring sometimes causes one of the 

cathodes to go above its corresponding anode and so extinguishing the 

arc. This causes the waveform to flicker at this point, although it is 

not visible on a lamp. 

No.11 

This waveform is from grid to neutral when the valves are not firing, i.e. 

when the section deads are off or when an anode contactor is open. Note 

that at the positive peak there is a relaxation oscillation caused by the 

grid cathode path and the associated grid components. This is quite 

usual in thyratron circuit which fire:, in the positive grid region and 

causes no trouble. 
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No.12 

This is a repeat of the top trace of No. 1 but when the valves ar P. only 

partially conducting. Notice that the pip due to the impedance of the 

supply is now both smaller and later in the cycle. 

APPENDIX B 

Quick Fault Finding 

INDIVIDUAL CIRCUITS 

No Light 

Reduced Light, i.e. 
1 or 2 valves out 

Reduced Light but repe ~ted 
blowing of anode fuses 

LEFT OR RIGB""T w~NG OF EITHER 
VALVE BANK 

One or t wo valves out to 
every dimmer 

Wing completely dead 
including heaters 

Wing dead but heaters on 

UHOLE DIMMER BANK AT FAULT 

No light, i.e. no valves 1 
or the identic al valve to 
each circuit out valve not 
conducting 

Dimming abnormally err atic 

Check circuits by using load ch eck. 
Ammeter on patch panel. Check anode fus es 
but do not replace more than once. 

Re_i?lace anod e fus e or master fuses on 
centre of dimmer bank. 

Check for overload. 

Check contactor finge r s, i.e. does the 
contactor close completely. 

Check valve heater fuses. 

Verify that Patching Sect. Dead is on. 
If "on" then put off and on deliberately 
to check by ear th at the bank contactor 
works. If ccntactor is not working check 
valve time delay fuses (pair). If fuses 
are withdrawn or replaced some delay up to 
2 mins. will result, before contactors can 
be closed. If fuses O.K. then the back 
centre covers must be removed. If time delay 
valve is not glowing then replace. Valve 
not at fault, then check rel ay , (b eneath 
contactor) is closed and making contact. 
Relay O.K. then examine 300 amp. contactor. 

Check b ank isolator and fuses 

Check phase shift fus es on bank centre 
panel but put the appropri ate Patching 
"Sect. Deads" down first. 

l 
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B0rH DIMMER BANKS AT FAULT 

All Circuits up at low light 
output whether switched on or not 

If low light output on all 
circuits with dimmers up 

FAULTS OVER BOTH DIMMER BANKS AND 
PATCHING FIELD 

No action of any kin~ except 
valve heaters 

Erratic action generally 
( low volts) 

No Action on Master and 
Cross-over Faders 

Coarse action on Master and 
Cross-over Faders oor 
sensitivit 

CONTROL DESK FAULTS 

Failure of an one or two 
six dimmer blackouts. to 
bottom White Red Blue 
Dead Blackout 

of the 
& 

or 

Uncertain Working of Presets 
and/or their pilots 

Check D.C. output fuses centre panel 
on Left Bank. 

Check 2 phase input fuses to D.C. 
rectifier on centre panel left bank. 

Check accessory Isolation and fuses. 
Check 15 volt rectifier output fuse on 
auxiliary bank. 

Check 1, volt rectifier 3 phase input 
fuses.* 

Check 50 volt rectifier output fuses* 
<Wd Motor Fuses.* (Is Mo-tror Switch on) 

Check 50 volt 3 phase input fuses.* 

Worlc switch several times, if still 
faulty remove back of left desk~· 
Inspect the group of seven 20 amp 
relays, avoid damaging the wire contact 
relays at the same time. 

Inspect the relays under the metal 
cover in the left desk but do not remove 
cover unless installation is completely 
switched off first. Generally speaking, 
they should only be checked for armature 
movement and contact cleaning achieved 
by working them. 
To do this, the main switch 500 amp. 
3 phase must be open. 

* Concealed behind small door in safety cover. 

GH/BMr 
24.1.57 
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