
cÀs TRIoDE, TEL 532

The Gae î r iode  cons isÈs essent ia l l y  o f  a  f i la r ien t  and a  c i rcu la r  p la te ,  be tween

and para l le l  to  wh ich  is  separa te ly  mounÈed a  gr id .

These are contâined within a clear glass bulb in whictr  there is an hel- iun

ataosphere at lot t  pressure. The f f lament is pure tungsten wire, mounted on

Èwo Leads connected to 4 urm. sockets i .n a plast ics cap on the neck. ConnecÈion

to the plate is by a 4 rssr p ' lùg mounted on a plast ics top cap, whi lst  connect ion

to the gr id is by a sini lar plug Bo$nted on one of the plast ics side-eaps.

This forrn of construction corresponds with the conventional Triode syabol and

provides a sirnple planar ârrangenent.  the construet ion is in fact ident ical

to thaÈ of the Vacuun Pl.anar Tr ioden TEL 52L, and di f fers only by the presence

of  he l ium in  the  bu lb .

Operat ing Specif icat ion: Maximum f iLarnent vol tage 7.5V 4A

Maximrn plate cu;rrent 6OmA

CoLd cathode str ik ing vol tage 28O-32OV

Noles:

1) 3""srrrsê of thernal cond.uction b1z the

at the sane operating vol.tage is lower in

vers ion .

helium, the tenperature bf the filanent

the Gas Triode tban in the vacuum , ", ,!

2) The Gas Triode can conduct much higher curreÊÈs than the vacula tube, so

that power suppLies should be adequate and suitably fused againet overload.

3) Operat ion for l .ong periods with a theavyt gas dischârge ean lead to

sputter ing of the electrode nater ial  on to the bulb, and darken i t .

RECOMMENDED EXPERIMENTS .

Productioa of catbode rays and the tdiscevery' of the electron, which form the

subject of  Series À experiments, can be introduced by try ing to l iberate electr ical

eharges fro,m a heated uire by tevaporation'. The experiment when made in air

is anbiguous because both posit ive and negat ive charges are detectable; by

working in a vacuum only, Èhe negative eharge is liberated and experiments

eventual ly lead to establ ishment of the electron and i t ,s propert ies.

Attention can rrow be turned to the positive charge and the possibil.ity that it ie

associated with the mass of the atom. The means Èo release the poeitive charge

revealed in the experiment in air are available in a triode when fil led with gas,

the extra el ,ectrode perni tc ing invest i lat ion of the processe6 involved. These

can be studied by measuring the mutual character ist ics of the Gas Triode (see

Pl.anar:  Tr iode Experirnent 20).  Àl ternat ively,  s ince introduet ion of the gas is
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the only parametÊr changecl,  the effeccs observed

of coi l is ion proce$Êes bet**een Èl ie gâs atoms and

be explained in tenns

Bt ream o f  e lec t rons .

.d.  V{ c lvorr

. c .  Exper iment  I  B

of curr:ent is smal l

very rapi.dly to

the t- i lanent for a given

e L e c t r o d e s  w i t h  a  p . d .

a  d e t a i l e d

vo l t age

in current  at

the curve in  the

the  P la te  anr l  F IG- '2  10  20  30v

note the appearance at âbout 25V of a l ine spectrum;

the  r rh i te  l igh t .

can

the

UXPEî.II4E}iT I (SERIES 3) THf, ls/Va CHARACTERISÎIC WHEN CONNECTED ÀS A DIODE

Connee t  t he  Gas  T r i ode  i n to  t he  c i r cu i t  o f

F igure L a.nd observe the fo l lowing:

1"  i  l 'hen the f  i  iament  is  co ld,  ' , rû  currerr t  f  lows

,be r tween  the  p laÈe  and . f  i l amer : t  f  o r  a  po ten t i a l

1es s i i:ar: about, 3il0'?, but at some cri t. i  cal
F I G .  1

v o l r a g e .  t h e  ' s , - r i k i n i ; '  v o i t a 6 e .  l r e a r  t h i s  
- -

va lue ,  a  sma l l  cu r ren t  o f  abouÈ  IOuA f1ows ,

i  .  i i  A luminous d ischarge throughout  the bulb

i s  v i s i b l e  i n  a  d a r k e a e d  r o o m l  i n r e n s i t y  i n c r e a s e s  w i t h  p

f . i i i  l , I i t h  t he  f i l amen t  hea ted  no  cu r ren t  i s  de tec tab le  ( c

( S e r i e s  A )  w i . t b  n o  p . d .  a c r o s s  t h e  e l e c È r o d e s .

l . i v  W i t h  a  p . d .  a c r o s s  t h e  f i l â m e n È  a n d  p l a t e  t h e  f l o w

and  g radua l l y  i nc reases  un t i l  abou t  2OV when  i t  i nc reases

exceed  tha t  o f  t he  vacuu rs  d iode  a t  t he  same p .d .

1.v The current  depends d i rect . ly  on Èhe temperature of

p . d .  b e t w e e n  t h e  e l e c t r o d e s .

i . v i  A  l um inous  d i scha rge  i s  c l ea r l y  v i s i b l e  be tween  the

of  about  5OV.

EXPERIMENT 2 (SERIES B) LOII CURRENT STUDY OF TI{E DIODE.

t l i th  the  c i rcu i t  in  F igure  1  make

study of the IA/VÀ curve over the

rânge O-40V'

2 .L  Observe  the  sudden increase

about 2OV.

2 .L i "  Observe  the  ts t ruc tu rer  in

reg ion  20-25v .

2 . i i i  Inspec t  the  reg ion  be tween

i i lanent with a spect-roscoPe and

superimposed on the cont inuum of

l y . P E R I M E N T 3 ( S E R I E S B ) H I G H c u R R E N T . E x À F , I I N A T I o N A N D T H E s E À R c t t F o R S A T U R À T I o N . -

I , I i th the circui t  in Figure I  invest igace the l ral \ Ia curve over the range O - 5OOV'

Repeat the experiment with a lOK ohm 10 watt  resistor as anode 1oad, and observe'

I

Vacuum
diode
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3. i  l , l i thout the anode Load the current decreases after reaching a maximum

at  abouÈ 15OV because o f  the  r regu la t ionr  o f  the  power  supp ly  used.  F ig .3  (a ) .

3. i i  lJ i th the anode l . -rad the current cont inues to increase indef ini tely and

sholrg no tendency t .o reach saturat ion as in the vacuum diode, i .e. the current

is  no t  l im i ted  by  space-cha?ge.  F ig .3  (b )

Figure 3 (a) Figure 3 (b)

EXPERTI,TENT 4. (SERTES B) TITE THERMTONIC EFFECÎ IN GAS (REVERSAI OF POIARIIT).

In Experiment Bl. i . f low of current is observed when Va exceeds about 3OOV.

Because of this,  at tempts ro repeat with the Gas Triode the theruionic effect

experiment in air  fai l , ,  because the charge on a gold leaf electroscope

exceeds this vol tage.

Thus, unlike the vacuum diode, a curreût fLows when the plate is made negative

and continues to flcw even when the fil"araent is all"owed to become côld. ltre

gas diode canûot be used as a rect i f ier.

EXPERIUENT 5 (SERTES B) THB COLD CATIIODE DISCHARGE.

With the circui t  in Figure 1 with the f i lament cold, observe

5. i .  The current increases with Vn after the rstr ik ingr vol tage has been

attained.

5. i i .  When the plate is negaÈive, the str ik ing vol tage is not much inf luenced

by wheÈher the f ilarnent is cold or hot.

5.ii i ftre spectrun of the luuinous diecharge is sinil.ar to that observed in

Exper iment  2 . i i i .

The striking voLtage is dependent on the nature of the gas and its pressure.

l,ltren the gas has become conductive, it is said to have tionisedt (cf el"eetrical

conduction of ions in aqueous solutions of safts) both positive and negative

charges having been liberated

Obeenrations indicate thet a lurainous discharge always accoupanies ionisation

of the gas.
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EXPERIMENT 7 (SERIES B) ULTRA VIOI,ET EXCITATION OF A GÀSEOÛS DTSCHÀRGE -*

l{ i th the circrt i t  in Figure I  and with the f i lament cold, adjusr the p.d. across

the electrcdes to a fekt vol ts below the str ik ing vol tage. Observe the onset

of ionisat ion when the bulb is i r radiated by an U.V. source (5watt  bacùeria1

lamps are not adequate) or with X-rays. From this experiment i t  appears that
' the  process  is  a  revers ib le  one,  i .è .  e lec t romagnet ic  rad ia t ion  o f  cer ta in

wave leagths  w i l l  câuse ion isa t ion .

(Note that this experiment needs care in sett ing up and inÈerpretat ion,

e.g. the diode can be nade to str ike by touching the bulb with an earthed

conductor).

EXPERIUENT 6 (SERIES B) CIIARGË FLÛW STUDIES IN A GAS FILLED TRIODE.

6 . i .  The lon isa t ion  Poten t ia l .  i

The previous experiments indicate the l iberat ion of posi t ive charges from the

hel iurn. By connect ing the Gas Triode into the cireui t  shown in Figure 4,

the f lor, t  of  any posiÈive charrgie IO wi l l  be indicated by the meter which ie

connected  to  the  p la te ,  s ince  the  La t te r  i s  a t  negat ive  po ten t ia l  and w i l l

a t t rec t  a  p ropor t ion  o f  any  pos i t i ve  eba iges  L ibera ted .

F IG.4 F I G . 5

Observe

6. i .1  T t re  f lo r r  o f  pos i t i . ve  cur ren t  cornences  a t  a  rc r i t i ca l 'po ten t ia l  -  the
'  ionisat, ion pot,enÈial  |  .

6 . i , ,2  The cur ren t  inc reases  w i th  po ten t ia l  once ion ise t ion  has  occur red .

6 . i .3  The luminos i ty  o f  the  d ischarge inc reases  w i th  po ten t ia l  (see

o b s e r v a t i o n  l . v i ) .

6 . i .4  T t re  spec t rum o f  the  d ischarge compr ises  o f  l inbs  the  in tens i ty  bu t  no t

the wavelentth of which increases with vol tage.

A C_ol1ision Theorv.

The Gas Triode is of indent ieal  scructure to the Planar Tr iode; the f i lament ldhen

hot can be shown to emit  electrons (Ey.periment 1).  A lurninous discharge is observed

in the region of the electrodes once Èhe gas has been ionised. I t  is reasonable

Èo conclude that this can be due to col l is ions begween gas atoms and electrons

result ing both in the loss of elect.rons from aÈoms and in the emission of discrete

wave lengths .  The in fe rence f rom these observa t ions  is  tha t  the  co l l i s ion  processes
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are quant ised.

lf ttris is true, the strean of electrons can be expected to lose soûte of

their  k ir iet ic energy in def ini te amounts. To test this,  an experi loent;

or iginal ly due to Hertzr câû be made.

6. i i  Ttre Non-Elast ic Col l is ion of Electrons vi th 6as Àtoms.

ConnecÈ in to  the  c i rcu i t  in  F igure  6 .

0-30v F I G . 7 .

*_l_
Electrons from the f i larnent are accelerated into the region between gr id

and cathode as before and wi l l  have a kinet ic energy of Va eleetron vol ts.

I f  a  non-e las t ie  co l l . i s i  occurs ,  and a  de f in i te  amount  o f  energy  is

t rans fer red  to  the  a tom,  the  e lecr ron  w i l l  become less  energet ic .  l " l i th

the  p la te  connected  to  the  gr id  v ia  a  meÈer  so  tha t  i t  i s  a t  the  sase

poten t ia l . ,  a l l  e lec t rons  i r respec t ive  o f  energy  losses  v r i l1  be  co l lec ted

and measured l  ( f ig .7 ,  VO= O) .  .By  rnak ing  the  p la te  a  few vo l ts  i regat ive

wi th  respecr  ro  the  gr id  (by  inser t ing  a  ba t te ry  up  to  4 .5V)  e lecr rons

with only enough energy to overcome rhis potent ial  drop wi l l  be measured

a n d  a l l  o t h e r s  w i l l  b e  r e p e l . l e d ;  ( F i g . 7 ,  V p =  - 3 V ) .

From this curve observe

6. i i .1  T t ra t  non-e lasÈ ic  co l l ie ions  do  occur  i s  con f i rmed.

6 . i i .2  Such co l l i s ions  apparent ly  occur  be fore  ion isa t ion  a t  25eV,  comnene ing :

from about 2OeV.

6 . i i .3  The curve  revea ls  no  rs t ruc tu rer  cor respond ing  to  the  d isc re te

wavelengthsl  this is because the experiment is not suff ic ient ly ref ined,

i .e ,  in  add i t ion  Ëo the  acce le ra t iûg ,  vo l t .age,  there  is  the  6V drop  across  the

f i latent whieh re-sults in an energy spread from Vg to V*+Vç that is greeter

than range between onset.  of  exci tat ion, 2OV and ionisat ion, 25V.

I lowever,  euff ic ient evidence is provided by this experiment to esLabl ish that

non-elast ic eol l is ions occur at energies lower than those in which eLectrons

ere removed from the gas atoms to cause ionisat ion. The l ight eni t ted before

ionisat ion occurs is of such wavelengths and intensity as not to be detectable

with a simpl.e spectroscope with this tube.

1o obtain evidence of a ser ies of energy levels corrèsponding to the discrete

waveLengths iu the enission spectrum, i t  is necessary to employ a source of

electrons having a relat ively narrow band of energies (e.8. the Cri t ical

Potent ials Tube TEt 533)

Èhe Gas: Triode

+ -
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EXPERI,MENI 18. i

:

(SERIES B) CHARACTERISTIC CURVES OF THE GAS FTLLED lRrODE.€

The character ist ic curves of the vacuum tr iode give a graphical  representat ion

of  i t s  .e leccr iea l  p roper t ies .  Exper iment  20  (Ser ies  A)  g ives  the  re la t ionsh ip

between le lVa a t  cons tan t  Vg and Is lVg ar  consranr  Va (F igure  7) .

Inves t iga t ion  o f  the  la lva  charac ter is t i c  o f  the  Gas F i l led  Tr iode revea ls  a

comple te ly  d i f fe ren t  k ind  c f  behav iour  when Vg is  negat ive .

ConnecÈ the Gas Triode in the

circui t  shorrn in Figure 8 and

Eleâsure Is for di f ferent value of

Va wich Vg at +10V, O and -10V

and p lo t  resu l ta  (see F igure  9  (a ) .

F I G . 8

Observe that

1 8 . 1  w i c h  V ,

rap id ly  a f te r

(compare witb

pos i t i ver  I "  inc reases

V4 exceeds about 20V

F i g s .  2  &  3 )

$ erar

vg
- i 0

0
+ 1 0

r I G . 9  ( a )

L8.2 with V^ zeto, no current f lows
5

unt i l  Va  is  about  22V when a  sharp

increase occurs and then fol lows the

form of the previorrs curve.

t u a v

va

s

F i c . 9  ( b )

18.3 wi. t t r  V* negat. ive, no current

f lows un t i l  a  ' i t r i k ing t  vo l tage

Vg is reached when I"  inereases

very  rap id ly " to  exceed prev ious  va lues .  In  th is  cond i t ion  the  Gas l r iode  is

behav ing  as  a  swi teh ;  gas- f i l l ed  va lves  dee igned spec i f i ca l l y  to  func t ion  in  th is

I tay âre eal led "thyrat.rons" ( there are sol id-state counterparts cal led thyr istore)

18.4 alL the character ist ics " ."  â"p"odent on the terrperature of the f i l "ament.

ra
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