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The In c rea se  in  a v a i l a b i l i t y  of ra d io is o to p e s  has 

led  to  t h e i r  wide use as t r a c e r s  in  ch eatstry  and o th e r  

s c i e n t i f i c  f i e l d s .  C onsequently  methods f o r  d e te c t in g  and 

m easuring r a d io a c t iv ity  have become In c re a s in g ly  im p o rta n t.

A lthough many tech n iq u es a re  a v a i la b le ,  t r a c e r s  a re  

very  gen era lly  measured; by means of an e le c t ro n ic  c i r c u i t  

a c tu a te d  by a r a d 1 s t io n - s e n s i t iv e  d e te c to r  re sp o n siv e  to  

In d iv idual p a r t i c l e s  or pho to n s• The scab  w idely  used combi- 

n a t io n  i s  the  p ea lin g  c ir c u it  and G eiger tube*

While the  com m ercially  a v a i la b le  se a le r s  have been 

Improved s in c e  t h i s  work  was s t a r t e d ,  th ey  a re  s t i l l  n o t 

e n t i r e ly  s a t i s f a c to r y  w ith  re s p e c t  to  s t a b i l i t y  and ease  of 

m aintenance* This I s  p a r t i c u la r ly  a p p lic a b le  to  th e  decade 

s c a le r s ,  which su b d iv id e  th e  count r a t e  { to  a v a lu e  w ith in  

th e  range o f m echanical r e g i s t e r s )  by f a c to r s  of te n ,  and a re  

more convenien t to  use  than  b in a ry  se a le r s  which su b d iv id e  by 

f a c to r s  of two.

An in h e re n t d efeeb of Geiger tu b es  i s  t h e i r  i n e f f i ­

c ien cy  in  responding  to  r a d ia t io n  of low en e rg y . This 

a r i s e s  from th e  fe e t  th a t  the  th in n e s t  window s tro n g  enough 

to  w ith s ta n d  the pressure d i f f e r e n t i a l  (about 650 mm) s to p s  

a la rg e  f r a c t io n  of low energy  in c id e n t  r a d ia t io n  such as 

th a t  from  rad io carb o n  and rad iosu lfur*  While o th e r  d e te c to rs  

can be u sed , th e re  a re  advan tages In  th e  use o f G eiger tubes* 

The d i f f i c u l t y  has been surmounted in  some cases  by 

in tro d u c t io n  of the r a d io a c t iv e  su b stan ce  as a gas in to  th e



G eiger tub©* This techn ique has been used w ith  t r i t i u m  (as 

Bg and HgO) and rad io ca rb o n  (as COg}* These are- bo th  b e ta  

e m it te r s ,  and I t  i s  d e s ira b le  to  ap p ly  t h i s  method to  rad lo~  

s u l f u r ,  an o th e r weak b e ta  em itte r*  th e  major d i f f i c u l t y  in  

d ev e lo p in g  methods fo r  gas phase coun ting  w ith  G eiger tubes 

Is  due to  the  f a c t  that few su b stan ces  can be In troduced  

In to  the tubes w ithou t a t  l e a s t  p a r t i a l l y  d e s tro y in g  t h e i r  

u s e fu l  c h a r a c te r i s t ic s *



kO p r im a r y  o b j e c t s  of the  I n v e s t i g a t i o n  wore t 

1* To d e s i r j t  and c o n s t r u c t  an improved s c a l e r ;

9 To d e v e lo p  a t e c h n iq u e  f o r  oaf phase  c o u n t !

of r a d io s u l fu r  wT



EE3TJLTS OBTAINED

A ly im - t  i l l  lams th y ra tro n  s e a le ~ o f -e ig h t was con­

s t ru c te d  f o r  ua® la  the p re lim in a ry  s ta g e s  ofth* fenestlgrtlen# 

A wide range a m p lif ie r  was b u i l t  f o r  m e  w ith  a 

synchroscope 1m th e  study  o f p u lse s  produced by experim ental 

G eiger tube®*

A new type  o f r a d ia t io n  co u n te r , baaed on 1-seal®  

r in g s ,  was developed* Three instrum ents of th i s  type were 

b u i l t ,  one a s c a le - o f - tw e n ty  f iv e  {two r in g s  of f iv e  s ta g e s  

e a c h ) , and two decade s c a le s -of-on©  hundred each com prising  

two r in g s  of tea*  These instruments a re  o u ts ta n d in g  l a  

s t a b i l i t y  and r e l i a b i l i t y #

In  develop ing  a techn ique fo r  gar phase coun ting  of 

r a d io s u l fu r  I t  was found that methyl and e th y l  s u l f id e s  a re  

as good quenching ag en ts  in  G eiger tubes as a lc o h o ls  and 

e th e rs*  con seq u en tly  i t  would be p o ss ib le  to  in tro d u ce  

r a d io s u l fu r  in to  the  G eiger tub© as a lk y l s u lf id e  w ithou t 

ad versely  a f f e c t in g  the  o p e ra tio n  of th e  tube , s in c e  th e  

r a d io a u l f u r - c a r r ie r  would a lso  se rv e  a s  the quenching agent#  

le s s  complex compounds, in c lu d in g  CSg, SOg, and HgS showed 

l i t t l e  prom ise, a lth o u g h  HgS might be used w ith  c a re fu l  

c o n tro l  of the  operating co n d itio n s*

A s ta n d a rd  G eiger tube p a t te rn  was developed f o r  use  

In  gas -phase counting* The d esign  f i n a l l y  adopted  inc lu d ed  

an e le e t r o ly t ic a l ly  p o lish ed  s t a in le s s  s t e e l  ca th o d e .

H eproducible r e s u l t s  cou ld  be o b ta in ed  w ith  tubes of t h i s  

type on re p e a te d  f i l l i n g  and evacuation#



I t  was a lso  esta b lish ed  that e r r a t i c  b eh av io r of 

§ e lg e r  tu b es can be caused by a tr a c e  of o i l  or g rease  whose 

sou rce  may he an o i l  d i f fu s io n  pump or a greased  stopcock* 

T his accoun ts fo r  la c k  of r e p r o d u c ib i l i ty  in  r e s u l t s  ob ta ined  

in  th e  e a r ly  s ta g e s  o f t h i s  In v e s tig a tio n *
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STOMAKIf AID COKCL0SIOIIS

An i n i t i a l  o b je c t iv e  o f th i s  work was to  c o n s tru c t  

r a d ia t io n  co u n tin g  in stru m en ta  fo r  use in  th e  rad loehea iatry  

la b o ra to ry  and Sa subsequent s ta g e s  cf the Irv e a1 1 g s t io n * The 

most Im portan t instrument re q u ire d  la the s c a l in g  c i r c u i t  o r 

s e a le r*
The s e a le r  i s  an  .assembly p ro v id in g  the  fo llo w in g s 

tbs h ig h  vo lta g e  needed to. p o la r i s e 't h e  Geiger tubes an 

a m p lifier  to  in c re a se  the a lso  o f sm all o u tp u t v o lta g e s  o f  

th e  tu b e ;  a c i r c u i t  to  su b d iv id e  the  coun t, by a known factor, 

to  a slow r a te s  some s o r t  o f e le c tro m e ch a n ica l r e g i s t e r  to  

t o t a l i s e  th e  d is in te g r a t io n s  d e te c te d j  and power f o r  a l l  th e  

components, most o f which a re  e le c tro n ic *

R esu lts of experim ents w ith  th e  commonly used B eeles-

Jo rdan  c i r c u i t ,  In which vacuum tubes a re  u sed , were n o t to o  

prom ising* Apparently c a re fu l  matching of components i s  

n ec e ssa ry  w ith t h i s  c ir c u it*

The n a tu re  of th e  fynn-W illia ias th y ra tro n  c i r c u i t  i s  

such that l i t t l e  d i f f i c u l t y  was to  be expected  in  i t s  con* 

s tr a c t io n , and s in c e  a s e a le r  was needed f o r  th e  o th e r  work 

con tem p la ted , a s c a le -© fre ig h t o f t h i s  type was b u ilt*  T h is , 

w ith  i t s  a s s o c ia te d  in p u t and output c i r c u i t  and power supply, 
proved e n t i r e ly  s a t i s f a c to r y  in  th e  e x p lo ra to ry  work under 

way a t th e  time* I t  was a ls o  used f o r  a c o n s id e rab le  p e rio d  

In. th e  ra d io  chem istry  la b o ra to ry  co u rse , and In an I n v e s t i ­

g a tio n  w ith  rad iophosphorus undertaken  by a g rad u a te  s tu d e n t 
in  ecology*

A s e a l in g  fa c to r  o f e ig h t  i s  no t la rg e  enough, how­
e v e r , f o r  most p u rposes, and moreover, thyratron c i r c u i t s
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a re  in h e re n tly  slow because of the d e io n isa tio n  tim e of th e

rare gas p re se n t a t  low p re ssu re  in  th e  tubes*  Consequently 

I t  became n ec essa ry  to  b u i ld  s c a le r s  of some other type*

A decade s e a le r  of some s o r t  appeared  to  be most 

d esirab le*  While a b in a ry  soal**»of-sixteen  E cclea-Jordan
c i r c u i t  can be .made to  re c y c le  a t  every te n th  p u ls e , th e  

r e s u l t s  a re  n o t to o  s a t i s f a c to r y ,  and as has been  mentioned, 

experiments w ith  the Eecles-Jordan type c i r c u i t  gave r e s u l t s  
which were n o t encouraging*

A se a rc h  o f the l i t e r a t u r e  d is c lo s e d  th a t th e  I-sca l®

r in g  used la  th e  *Eniac* computer baa I d e a l  c h a r a c te r i s t i c s  

f o r  a p p l ic a t io n  In s e a l in g  c i r c u i t s *  F or such u se . I t  must 

be equipped w ith  a p p ro p r ia te  in p u t and o u tp u t c i r c u i t s  and 

a  h igh  v o lta g e  supply  fo r  p o la r is in g  th e  G eiger tube*

A co u n te r  of t h i s  type  was d esign ed , and a s e a la -o f -  

tw e n ty -f iv e  u t i l i s i n g  two r ln g s - o f - f iv e  was b u i l t .  S ince 

th e  perform ance of t h i s  coun ter was e n t i r e ly  s a t i s f a c to r y ,  
two decade se a le s -o f-o n e  hundred were constructed*

These th re e  s c a le r s  were used In  a l l  th e  r e s t  o f th e  
work* They were found to  be com plete ly  s ta b le  and r e l i a b l e ,  

even when opera ted  c o n s ta n tly  fo r  days a t  a tim e, and e q u a lly  

w e ll adap ted  fo r  u se  w ith  Yeeder-Root and C yclo tron  S p e c ia l­

t i e s  r e g is te r s *  While some s e a le r s  r e q u ire  s e le c t io n  and 

m atching o f tubes and o th e r  com ponents, components of commer­

c i a l  to le ra n c e s  a re  e n t i r e ly  s a t i s f a c to r y  In  th e se  c i r c u i t s *  

In  f a c t ,  any tub© in  e i t h e r  r in g  in  any of th e se  in s tru m en ts  

can be exchanged w ith  any o th e r ,  and th e  p la t#  v o lta g e  ean 

vary  over a wide ra n g e , w ith no e f f e c t  on perform ance*

A s e s ls -o f -o n e  hundred Is  u s u a lly  a l l  th a t  i s  needed
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in  radiochem ical work* However, i f  & h ig h e r s c a l in g  f a c to r  

i s  r e q u ire d , two co u n te rs  0/ the type m entioned can e a s i ly  

be connected in  s e r ie s  by a sim ple c i r c u i t .  Thus, fo r  

example, th e  two one h u n d re d -sc a le rs  were o p era ted  in  s e r ie s  

to  give a s e a l in g  f a c to r  of 10,000*

A synchroscope was used in  the stu d y  of O eiger tube  

p u ls e s .  A su ccess io n  o f s im ila r  pulse® produced a t  a s a t i e ­

t i e s !  r a te  can be d isp la y ed  as a s in g le  p a t te rn  on th e  sc reen  

o f  th is  instrum ent*  The p u lse s , however, a re  n o t la rg e  

enough to  a c tu a te  the  synchroscope c i r c u i t ,  and i t  was th e r e ­

fo re  n ecessa ry  to  c o n s tru c t  a wide range a m p lif ie r  to  

in c re a se  the sis® o f the p u lse s  w ithou t d i s t o r t i o n .

In  e a r ly  experim ents w ith  G eiger tubes w ith  s ta n d a rd  

f i l l i n g s ,  i t  was found th a t  re p ea ted  ev acu a tio n s  and f i l l i n g s  

caused a p ro g re ss iv e  and ra p id  d e te r io r a t io n  in  performance, 

i . e . ,  the slope- in c re a se d  and the p la te a u  le n g th  d e c re a se d . 

R esu lts  w ith  ex p erim en ta l f i l l i n g s  would obv iously  be w ith o u t 

s ig n if ic a n c e  u n le ss  th i s  change could be p rev en ted .

S ev e ra l v a r ia b le s  were in v e s t ig a te d  w ith o u t r e s u l t in g  

in  a s o lu t io n  of the problem . Tubes were f i l l e d  w ith v ario u s  

m ix tu res a t  v a rio u s  p re s s u re s .  Cathodes of s e v e ra l  m a te r ia ls  

were t r i e d ,  and some of th e se  were g iven s e v e ra l  k inds of 

su rfa c e  tre a tm e n t.

A fte r  th e s e ■and o th e r  v a r ia t io n s  were t r i e d ,  I t  was 

su sp ec ted  th a t  the  source  of the d i f f i c u l t y  was con tam ination  

of the  tube by o i l  or grease* A new vacuum system  was b u i l t  

to  e lim in a te  the contam ination* The o i l  d i f fu s io n  pump was
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rep la ced  w ith  a m ercury pump# and the stopcocks were 

re p la c e d  w ith  paek leas b ra ss  v a lv e s « w ith  t h i s  system , 

G eiger tubes were r e p e a te d ly  evacuated  aad f i l l e d  w ith  the 

standard argon-alcohol m ixture w ith  re p ro d u c ib le  r e s u l t s .

T© demonstrate c o n c lu s iv e ly  th a t  grease was th e  

cause o f the t r o u b le ,  G eiger tubes of a s p e c ia l  d esign  were 

u se d . Each o f th e se  was equipped w ith  a s id e  arm c o n ta in in g  

a sample of pump o i l  or. sto p co ck  g re a s e , w ith  a b re a k -o f f  

t i p  between the sample add the  Geiger tu b e . The tub© was 

f i l l e d  w ith  th e  s ta n d a rd ' m ix tu re  and i t s  p la te a u  was d e t e r ­

m ined. tfext th e  b re a k -o f f  t ip  was b roken , by Means o f a 

s lu g  enc losed  in  the aid© a m , to  perm it e n try  o f vapor 

from th e  sample in to  the  G eiger tu b e . Subsequent t e s t i n g  of 

the  tu b es showed th e  d e te r io r a t io n  of c h a r a c t e r i s t i c s  p re ­

v io u s ly  observed w ith  tubes f i l l e d  on the o r ig in a l  vacuum 

system .

S ince It  was now p o ssib le  to  make G eiger tubes w ith  

c o n s is te n t ly  good c h a r a c t e r i s t i c s ,  experim ents w ith  v a rio u s  

s u l f u r  compounds were undertaken* The o b je c tiv e  was to  f in d  

a compound which could be' in tro d u ced  as a gas or vapor in to  

th e  tube w ith o u t s e r io u s ly  a f f e c t in g  i t s  o p e ra t io n , and of a 

m a te r ia l  which could  conceiv ab ly  be q u a n t i ta t iv e ly  prepared 

from alm ost any s u l f u r  compound.

The l a t t e r  c r i t e r i o n  le d  to  a c o n s id e ra tio n  o f 

sim ple in o rg an ic  compounds, namely HgS and 30g. These, 

however, ad v e rse ly  a f f e c t  the c h a r a c te r i s t i c s  of the  tu b e , 

in  the  sens® of increasing : th e  slope  and d e c re a s in g  th e
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le n g th  of i t s  pleateau* The e f f e c t  i s  less- w ith  HgS than  

w ith SOgi i f  the  quantity  were l im ite d  and the  v o lta g e  on 

the  tube  ware c a r e fu l ly  c o n tro l le d , E2 ^ ^ S h t  u s e fu l in  

gas-phes© counting* Carton d is u l f id e  a ls o  gave poor r e s u l t s  

and th io n y l c h lo r id e  was to o  c o rro s iv e  to  the n a ta l  p a r ts  of 

the system*

tlexi th e  a lk y l s i  I f  id e s  were considered*  These a re  

the su lfu r  analogues of the e th e r s  which are ct>mmnlj used 

quenching a g e n ts . On ttee b a s is  of the ana logy , and the  f a c t  

th a t  th e  a lk y l  s u l f id e s  have u l t r a v i o l e t  a b s o rp tio n  in  the 

range re q u ire d  of t h e  quenching a g e n t, th e se  compounds 

seemed lo g ic a l  choices*

fubes f i l l e d  w ith argon  and e i th e r  m ethyl or e th y l 

s u l f id e  had o p e ra tin g  c h a r a c te r i s t i c s  s u b s t a n t ia l ly  I d e n t ic a l  

w ith  th o se  of s ta n d a rd  tubes In  which a lc o h o l or e th e r  i s  

used as th e  quenching a g e n t .  I t  was not d i f f i c u l t  to  make 

tu b es u t i l i s i n g  the s u l f id e s  as quenching a g e n ts  w ith  th e  

fo llo w in g  c h a r a c te r i s t ic s ?  s t a r t i n g  p o te n t i a l ,  1000 v o l t s j  

le n g th  o f  p la te a u  800 v o l t s j  s lop#  of p la te a u , 3$ p er 

hundred v o lts*  This c o n t r a s ts  sh a rp ly  w ith  th e  s i t u a t i o n  

e x is t in g  w ith  gas-phase coun ting  o f rad io carb o n  In  which 

s p e c ia l  p reca u tio n s  must b© taken  to c o u n te ra c t the 

d e te r io r a t io n  of tube c h a r a c te r is t ic s  caused by th e  c a r r i e r ,  

CQg *

In  th e  course of t h is  work, I t  was found t h a t  

ca thodes made of s t a in l e s s  s t e e l  tu b in g  a re  v ery  s a t i s f a c ­

to ry  * C h a ra c te r is t ic s  of G eiger tubes w ith such ca thodes
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a re  m arkedly a f fe c te d  by th e  n a tu re  o f  th e  Inner su rfa c e  

of th e  ca th o d e* While q u ite  s a t i s f a c to r y  r e s u l t s  can be 

o b ta in ed  w ith  cathodes f in is h e d  by tu rn in g  in  th e  l a th e ,  

p la te a u s  a re  lo n g e r and f l a t t e r  when th e  ca thodes thus 

t r e a te d  a re  e l e c t r o l y t i c a l l y  p o lis h e d .

In  co n c lu sio n , I t  may be s ta te d  th at th e  problem  of 

gas*-phase c o u n tin g  o f rad io -su lfu r has been so lv ed  to  th e  

fo llo w in g  extents- th e  te ch n iq u e s  o f making and f i l l i n g  

G eiger tubes fo r  t h i s  purpose have been d© velopedj i t  has 

been shown th a t  s u l f u r  may be in tro d u ced  Into th e  G eiger 

tube  as m ethyl or e th y l  s u l f id e .  The next s te p s  in  th e  

s o lu t io n  would Invo lve p re p a ra t io n  of th e  a lk y l  s u l f id e  

tagged  w ith  r a d io s u l f u r ,  t e s t i n g  of G eiger tubes c o n ta in in g  

th e  tagged su lf id e ^  -and; f i n a l l y  th e  .development of - a s ta n ­

dard  p rocedu re , a s  u n iv e r s a l  a s  p o s s ib le , f o r  q u a n t i ta t iv e ly  

o b ta in in g  th e  s u l f u r  in  s u l f u r  compounds as a lk y l  s u l f i d e .  

Such a procedure should be much more s a t i s f a c to r y  th a n  those  

used w ith  rad io carb o n  and t r i t i u m , s in c e  a quenching c I r ­

ani t  and c lo se  h ig h  v o ltag e  c o n tro l a re  n o t re q u ire d  w ith  

G eiger tubes c o n ta in in g  a lk y l  s u l f id e s .
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Bany d ev ices  have been m m  tea d e tec t  ra d ia tio n *

When r a d io a c t iv i ty  was d iscovered , only the v is u a l  o b se r­

vation s o f th e  e f f e c t s  of ra d ia tio n  on a s e n s it iv e  -a a te r la l  

were used* This was due to  th e  more H a l t e d  knowledge 

ex'latlag  in  many f i e ld s  a t  th a t  time* th e s e  o r ig in a l  

methods a re  te d io u s  and time consuming* th e y  a re  s t i l l  

u se d , however, b u t only In  th o se  s o c i a l  eases where th e  

a ttr ib u te s  outw eigh th e  disadvantages*

S im ultaneously  w ith  the p ro g ress  in  e le c t r o n ic  a r t ,  

d e te c to r s  y ie ld in g  sm all v o lta g e  t r a n s ie n ts  were developed 

and g ra d u a lly  th e  conven ien t and more h ig h ly  s e n s i t iv e  

e le c t ro n ic  d e te c to r s  d isp la c e d  th e  o ld e r  m ethods. The 

newer methods perm itted each d is in te g r a t io n  to  he reco rd ed , 

and a l s o  removed mmny of th e  human f a c to r s  from th e  o b se r­

v a tio n s*  In  chem ical t r a c e r  work, th e  most eosaaonly d e s ire d  

d a ta  a re  assay s  of th e  ra d io a c tiv e  m a te r ia l which i s  p resen t*  

i i e e t r o n l e  d e te c to r s  a re  th e  most u s e fu l  methods employed 

fo r  th e se  a s s a y s .

A b r i e f  nuM txy of each  d e te c t in g  d ev ice  w il l  be 

g iv en , a lth o u g h  a l l  th e  methods of d e te c t in g  r a d io a c t iv i ty  

p o ssess  soma s im i l a r i t y ,  and, th e re fo r# ,-  cannot be com­

p le te ly  s e p a ra te d . The S e iger r e g io n , a t  p re s e n t ,  i s  th a t  

system  most w idely  used in  d e te c t in g  d ev ices  because i t  

p re se n ts  th e  l e a s t  problems* I t ,  th e re fo re ,  was moat 

w id e ly  used In  the  r e s e a rc h  and w i l l  be most w idely  

d iscussed*



13

USUAL METHODS 

Photographic d e tec tio n

P hotographic methods were used by Beequerei in  h is  

d isc o v e ry  of r a d io a c t iv i ty  in  uranium in  1S9&* This was 

based  on th e  f a c t  th a t  a i l  r a d io a c t iv e  emmlmetlens w i l l  

a f f e c t  an u&expoeed photograph ic  f i lm  to  s q m #  e x te n t and , 

upon developm ent, w i l l  show up as a b lack en in g  of th e  f ilm  

o r ,  in  sons e a s e s , w i l l  a how th e  p a th  of th e  p a r t i c l e  o r 

r a y  through, the emulsion* A lthough th i s  p ro cess  is  s e n s i ­

t iv e  to  sm all q u a n t i t ie s  of rad ioactive  m a te r ia ls  ( 1 ) ,  th e re  

a re  d isad v an tag es*  The tim e th a t  i s  re q u ire d  to  make an 

exposure of the  f i lm  to  th e  r a d io a c t iv i ty  may he quit©  long 

(2 ) f and in  a d d i t io n ,  tim e i s  re q u ire d  to- develop  and 

Ins pa at th e  film * Another disadvantage i s  t h a t  many 

m ateria ls combine chem ically  w ith  th e  s i l v e r  h a l id e  of th e  

f i lm  em ulsion , t h i s  n e c e s s ita te s  an in te rp o se d  p r o te c t iv e  

f i lm  between th e  em ulsion and th e  s u b je c t  be in g  an a ly sed  (3 )f  
th u s ,  mm.® o f  th e  s e n s i t i v i t y  of the p ro cess  Is lo s t*

T his method seems to  be th e  b e s t  method when used in  
two ways* on©, in  experiments in  w hich the m ateria l la  

s t r a t i f i e d  and th e  lo c a tio n s  of the  radlo& etlv©  m a te r ia l  i s  

thus r e a d i ly  shownj and two, a s  an accum ulative exposure 
re c o rd e r  f o r  the p ro te c t io n  of p erso n n e l exposed to  pene~ 

tr& tin g  r a d ia t io n s  (4)* In  the l a t t e r  u se , sm all f i lm  
c o n ta in e rs  a re  worn by the people su b je c te d  to  exposure and 

p e r io d ic a l ly  developed under p re c is e  co n d itio n s#

The le n g th  o f  the photographic p rocess and the  
slow ness o f  the  re c o rd in g  l im i t  t h i s  method very  g re a tly *  

A lso , v a r ia t io n s  in  d e n s ity  o f the exposed em ulsion , cause
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aaotldarafeXa tradbXa {I}# ffcarafora* th is  syata*  I t  m% m  
wldaXy m M  m  to rn  of tf«t olaafcraaie dataatorw#

gteatroaaoya* fcawa feaan usad to  d a ta a t ra d ia tio n  
aXftoat as loaf: a t  fa d lo a a tiv ity  bat baag aasm  C§)* Aft 
aXtotroaoops I t  a dawlaa th a t  aaatalJt* am aaaiXy dafXaatad 
aoftdaster* a a t  to  tha t t&s ©on&aatar w il l  b t  r t p i l a t i  by 
aayothar i>trt of tha aa»a oags&iittor oadar tha Inflaaooa of 
a a  aX aatrla  abarft*  X oalsatloa of %h» mir o r ofcb*r fsa  
a u m u a d if t i  tfca aoadttctar w il l  mmm la sb ifa  of fcha eharaa 
to  oaaitr* P»* to  tba daaraaaa lo  rapftXalaa of tha two 
p a r t i ta s  of tba aofstoator as the ch a rts  i t  rsdwaad by tha 
Ion isation*  tha r a ta  o f aXaatrod* eXoawra I t  am iftdloafciaft 
of tha ^cutafttity o f ra d io a c tiv ity  praaanfc* At th a  i n i t i a l  
oharg# la  wary aaalX* tha aaa&xatar a&ab aa w all lM u la tad  
fmm  o tb ar aaadaatar«« Tha o ff  o a t o f surfaaa Xoabaga on 
th is  iasw la ta r aaa b« wary troah lasoas m% titgfs h m ld ltis a *

EXaatrotMitan a l t o  d«$»«id «  oX oatroatstla  rspdXsiaa

fo r  tfeair operation# That# Instrananfcs d a ta a t t a a l l  tm rrasla  
by tb a t r  a f fa a t  m  m mmWlrn aXssferado In  am aX m tro a ta tle  
f i t  Id.* ffcair ro ta t io n  in  m  a la e tro a ta t l*  f  la id  i t  tln lX ay 
to  th a t of tha ft+kmwmX o r wowing s o l i  inXwanQMitar -la a& 
alaafcrM a& istia flaXd* Sony e lao tro g a tsra  mm mm optimal 
law** in  a mmrnr aladXar to  tha aftiwmttOHatar* Sima# 
aXaataPoatatla f i t  ids a r t  ra% uirtdf ad d itio n a l aowraaa of 
woltagt a r t  uaad l a  th a l r  oporatioa* fba ea rran ta  th a t thay 
n taaura a r t  oaoaXXy obtalnad from. am lan l t a t l  oa" ahaabar to n - 

Miming the rad iow etIts  a * t t r i a l  and too a laatrodaa ahargad
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to  a m oderate p o te n tia l*  The c u rre n t flow  in  the chamber 

due to  th e  Io n iz a tio n  a ls o  charges th e  e lec tro m e te r*

These d e te c t in g  dev ices  have been put to g e th e r  In  

many ways ( 5 ) .  The conducting  f i b e r  q u a rtz  e le c tro sc o p e s  

a re  p robau ly  tha  most w idely  used* The sm a ll, pocket 

v a r ia t io n s  of t h i s  e le c tro sc o p e  a re  w idely  used fo r  

p e rso n n e l p ro te c tio n *

These d e te c to r s  a re  s e n s i t iv e ;  however th ey  have 

d isadvan tages*  Small q u a n t i t ie s  of r a d ia t io n  are  d e te c te d  

only  by long read in g s*  S ince they  a re  s e n s i t iv e  to  the 

q u a n t i ty  o f  io n iz a t io n  caused by th e  r a d ia t io n ,  th ey  show 

p re  f e r e n t l a l  s e n s i t i v i t y  to  some types of ra d ia tio n *  

Headings a re  te d io u s  to  make, and th is  w ith  the slow ness 

and hum idity  problems make o th e r  methods e a s ie r  to  u s e . 

E lec tro sco p es  a re  most w idely  used under co n d itio n s  th a t  

r e q u ire  measurements w ith  l im ite d  la b o ra to ry  f a c i l i t i e s .

Cloud Chambers

The cloud chamber d isco v ered  toy C. T. B# W ilson In  

1911 has a l s o  been used to  reco rd  th e  presence of r a d io -  

a c t iv e  raste r la  Is . I t  has undergone many m o d if ic a tio n s  

through the y ea rs  ( 8 ) .  The o p e ra tio n  of t h i s  d ev ice  is  

based upon th e  f a c t  th a t  th e  ions formed In the  p a th  of a 

r a d io a c t iv e  ra y  or p a r t i c l e  a re  e x c e l le n t  n u c le i  fo r  th e  

d e p o s it io n  of l iq u id  d ro p le ts  from a su p e rs a tu ra te d  v apo r. 

The r a d io a c t iv e  m a te r ia l  thus c re a te s  a fog  tra c k  in  th e  

su p e rs a tu ra te d  area* T his can toe photographed. The t r a c k
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prov ides an in d ic a t io n  of th e  p a th  01 th e  p a r t i c l e  o r r a j*

The m aintenance of gas In  a su p e rsa tu ra te d  c o n d itio n  

fo r  continuous In d ic a tio n s  has proved to  he a problem* 

Continuous read in g s a re  o b ta in ed  by the m aintenance o f wide 

temperature d i f f e r e n t i a l s  between two p a r ts  of th e  chamber*

A vapor evapora ted  in  the wanner end w i l l ,  upon c o o lin g , 

become su p e rs a tu ra te d  a t  some p o in t in  th e  ehamber} th e reb y  

m aintaining a s e n s i t iv e  a rea  co n tin u o u sly  between th e  two 

temperature extrem es (9)* O therwise a d ia b a t ic  expansion  is  

used to cause th e  n ecessa ry  su p e rsa tu ra tio n *

The use of th is  method, as a q u a n t i ta t iv e  d e te c to r  

would b# r a th e r  d i f f i c u l t *  I t  is  b e s t  used In  th e  d e te c t io n  

of s in g le  rays.#. I t  h a s 'b e e n  used w idely  w ith  v a rio u s  

a c c e le r a t in g  d ev ices  f o r  n u c le a r  transformations- (10)* 

A d d itio n a l d a ta  can be o b ta in ed  i f  the chamber i s  surrounded 

by an e le e tr c o a g a e tie  f ie ld  to  t h a t  th e  d e f le c t io n  o f th e  

p a r t i c l e s  can be seen  ( 1 1 ) .

The cloud  chambers method is  l im ite d  in  i t s  use 

because i t  i s  tim e consuming, and does n o t r e a d i ly  y ie ld  

q u a n t i ta t iv e  d a ta .  I t  has no t bean used to  any e x te n t in  

th e  e v a lu a t io n  of r a d io a c t iv e  t r a c e r s *  The main p re se n t 

use is  in  cosmic ray  b a lo o n s .

S p in th a risc o p es

The a c t iv a t io n  of a flu o r esc en t sc re e n  by r a d ia t io n  

was d isco v ered  by Crookes in  1903 (1 2 ) . i f  th e  type of ra d i 

a t io n  Is  kept c o n s ta n t,  th e  l ig h t  g iven o ff by the  phosphor
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la  an  in d ic a t io n  of fell# a c t i v i t y  of the sample* The 

in d iv id u a l so in tilla fe lc m s  can he  counted in  th e  ease  o f the  

move e n e rg e tic ,  e a s i ly  absorbed r a d ia t io n  by observ ing  a 

f lu o re s c e n t  screen  th rough  a m icroscope or lens*  t h i s  

d e v ise  was used by R u th erfo rd  in  the  d e te c t io n  of th e  f i r s t  

a r t i f i c i a l  tran sm u ta tio n  o f  atoms by a lpha  p a r t i c l e  

bombardment (13}*

An o b se rv e r Must count each  s c i n t i l l a t i o n s  hence, 

a re a d in g  Is  r a th e r  time consuming. The number of counts 

th a t  can be a c c u ra te ly  d e te c te d  per u n i t  of tim e l im it s  th e  

maximum amount of a c t i v i t y  th a t  can be de tec ted *  S p in th a r i­

scopes a re  a t  a s e r io u s  d isad v an tag e  when compared w ith  the  

o th e r  in s tru m en ts  now a v a ila b le *  They a re  probably  b e s t  

used fo r  q u a lita t iv e , and _ sem l-q u an tita tiv e  d e te rm in a tio n s  

under d i f f i c u l t  c o n d itio n s , such- as th o se  found in  f i e ld  

a ssay  work. For th is , fu n c tio n  they" a re  id ea l'b a to n s*  no 

b a t t e r i e s  or o th e r  equipment a re  req u ired *  They a l s o  may 

be used to  d e te c t  l a r g e .q u a n t i t ie s  of con tam ination  on 

la b o ra to ry  equipment*
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ELECTRICAL CCOTTERS 

S c i n t i l l a t i o n  co u n ters

The a»thods m entioned so f a r  have been o f the  v is u a l  
type 5 th o se  to  fo llo w  a re  o f th e  e le c tr o n ic  type* The d e te c ­
ted  r a d ia t io n  g ives sh o r t v o ltag e  tra n s ien ts  th a t  a re  

recorded by e l e c t r i c a l  I n s t r e s e n t s .  The r e la t io n s h ip  between 
th e  v is u a l  and th e  e le c t ro n ic  methods can be shown by th e  
r e la t io n s h ip  of th e  s c i n t i l l a t i o n  co u n te rs  to  the s p in th a r i ­

scope# For a long tim e, the human ©ye was the only d e te c to r  
s e n s i t iv e  enough to  d e te c t  th e  weak l i g h t  from a bombarded 

phosphor. The ©ye la  much more s e n s i t iv e  than  a gas o r h igh  
vacuum phototube (14 )• I t  m ight be p o ss ib le  to  d e te c t  la rg e  

amounts o f r a d ia t io n  b y  th e  us# of a p is  p h o to tu b e , b u t i t  

would be v ery  in s e n s i t iv e  to  sm all amounts o f r a d ia t io n .  The 
d isc o v e ry  o f th e  m u l t ip l i e r  photo tube (IS ) which ©an am plify  
(by facto r®  of at l e a s t  10s ) th e  photo e le c t ro n s  caused by 

th e  In c id e n t l i g h t  opened up the  s c i n t i l l a t i o n  co u n te rs  to  

e l e c t r i c a l  re c o rd in g .
The v a r ia t io n s  th a t  can be made in  th e  n a tu re  o f the  

phosphor used and th e  forms th a t  i t  can tak e  a re  many. A 
th in  f ilm  of s i l v e r - a c t iv a te d  s in e  s u l f id e  ha® proven to  be 
s a t i s f a c to r y  (1 6 ) . The d u ra tio n  of s c i n t i l l a t i o n  by t h i s  

m a te r ia l  i s  r a th e r  long  (1 7 ), and, i f  f a s t e r  re co rd in g  la  
d e s i r e d ,  o rg an ic  m a te r ia ls  such as an th racen e  may be used*
H aterlala such  as an th racen e  allow  counts to  be reco rd ed  in  

l e s s  th a n  on© te n th  of a microsecond (1 8 ) , p robab ly  th e  

f a s t e s t  rat©  that Is  p o ss ib le  w ith  any w idely  used d e te c to r .
In  t h i s  method problems have a r i s e n  th a t  make th e  

system  troub lesom e. In  some cases  the n o lae  v o lta g e s  th a t  
a r e  s t a r t e d  by s t r a y  e le c t ro n s  In  th e  phototube can be as
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la rg e  as th e  s ig n a l caused by the d e te c t io n  o f r a d io a c t iv i ty *  
T his has been m inim ised by  r e f r ig e r a t io n  of th e  photo tube 

(19 )• When an th racen e  or o th e r  low e m itte rs  of l i g h t  a re  
u sed , pur® m a te r ia ls  In e x c e l le n t  c r y s ta l  forms must be used 
to  perm it the maximum l ig h t  to  be in c id e n t on the phototube* 

Probably  on® of th e  most s e r io u s  tro u b le s  is  th e  h y s te re s is  

shown by th e  photo tube a t  h ig h  count r a t e s ,  r e s u l t in g  in  
low er s e n s i t i v i t y  of the phototube (20)*

The method i s  r e l a t i v e l y  new, and much work has been 
done to  t r y  to  improve the  technique* As b e t t e r  phosphors be­
come a v a i la b le ,  and as newer and b e t t e r  photo tubes are developed 
the  method may d is p la c e  some of the  te ch n iq u es  now used*

C rystal counters

F luorescence i s  o n ly  on® of the  re a c t io n s  o f m a tte r  

to  bombardment by ra d ia tio n *  fa n  H©erden re p o r te d  in  1945 
th a t  th e  c o n d u c tiv i ty  of some- c r y s t a l s ,  when p laced  between 
e le c tro d e s  m ain ta ined  a t  a h ig h  p o te n t ia l  d i f f e r e n t i a l  and 
su b seq u en tly  s t ru c k  w ith  r a d ia t io n ,  was increased*

In  c r y s ta l  c o u n te rs , the e le c tro n s  th a t  a re  l i b e r ­

a te d  by th e  r a d ia t io n  a re  a t t r a c te d  toward th e  p o s i t iv e  

e le c t ro d e , an d , i f  no t trapped  in  the c r y s ta l  b e fo re  c o l le c ­
t io n  a t  th e  e le c t ro d e , w i l l  y ie ld  sm all v o lta g e  t r a n s ie n ts  
(21)* The p o s i t iv e  ions l e f t  a re  somewhat of a problem  
s in c e  they  a re  fix ed  In  the c r y s ta l  l a t t i c e ,  and th u s can 

e x i s t  in  an unchanged s t a t e  l o r  some le n g th  of time*

Some m a te r ia ls  th a t  have proven to  be s a t i s f a c to r y  

fo r  c r y s ta l  co u n tin g  a re  diam onds, s u l f u r ,  cadmium s u l f id e ,  

and s i l v e r  h a l id e s .  Du© to  th e  h igh  p o te n t ia ls  app lied ,how ­

e v e r , s i l v e r  h a l id e s  and so®© o f the o th e r  m a te r ia ls  a re
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decomposed by e l e c t r o ly t i c  a c t io n  i f  not re fr ig era ted  to  

liqu id , a i r  temperatures*

At p re s e n t, th e  coun ting  system  u sin g  c r y s ta l s  Is  

l i t t l e  u sed , The low tem p era tu res  re q u ire d  i s  on# d is a d ­

v an tag e . The p o la r i s a t io n  of th e  c r y s ta l  i s  a d isad v an tag e  

in  two ways. I t  causes m a y  cry sta l®  to  have a l im ite d  l i f e  

In co u n tin g , and i t  a l s o  l im i ts  the maximum recorded count 

r a t e  to  a sm all f r a c t io n  as  compared to  the p era ista b le  

reco rded  count rates of o th e r  methods {22). I f  more work 

w i l l  produce a c r y s ta l  th a t  has few er of th e  d isad v an tag es  

found a t  p re s e n t, th# method m y  g a in  in  fa v o r . T his has 

no t a s  y e t been accom plished (2 3 ) .

I o n is a t io n  chamber®

The n ex t th re e  d e te c to rs  to  fee d e sc r ib e d  a re  

s im ila r  in  one re sp ec t . The m ajority in  us® tak e  th e  fora  

of a f in e  w ire i n s t a l l e d  c o a x ia l ly  to  a c y l in d r ic a l  o u te r  

e le c tr o d e . The c e n te r  w ire  i s  u s u a lly  p o s i t iv e  and I s  

c a l le d  th e  anode| the e x te r n a l  conducting  c y lin d e r  i s  

n e g a tiv e  and i s  c a lle d  th e  cathode* The o p e ra tio n  o f th e  

d ev ices  depends'to  a -g rea t- 'ex ten t upon th e  term inal v o lta g e  

a p p lie d  to  the two e lec tro d e® . However, th e  mode of 

o p e ra tio n  I s  d i f f e r e n t  in  each case*

An Io n is a t io n  chamber has m oderate te rm in a l p o te n tia l .  

The passage of r a d ia t io n  th rough  th e  gas In  th e  chamber 

causes ion  p a i r s  to  be fo rm d . These c o n s is t  of an e le c t ro n  

and a p o s i t iv e  ion* The v o lta g e  im pressed upon th e  chamber
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I s  such as to  perm it c o l le c t io n  of the  e le c t ro n s  formed by

th e  anode* T his, however, does no t a c c e le r a te  them enough

to  cause f u r th e r  e le c tro n s  to  be l ib e r a te d  by c o l l i s i o n

w ith  o th e r  gas molecule® (24 )• The e le c t ro n s ,  due to  t h e i r

low mass-, a re  q u ick ly  c o l le c te d  a t  the anode* The p o s i t iv e

ions move slow ly  and th u s  do no t c o n tr ib u te  a p p re c ia b ly  to

the c u rre n t flow . In  t h i s  p rocedure , the  c u r re n t flow s a re

n o t v ery  la rg e  under id e a l  c ircum stances (25)* Alpha

p a r t i c l e s ,  because of the.tr h ig h  s p e c i f ic  io n iz a t io n ,  a re

e a s ie s t  to  d e te c t  by th i s  method*

The in d iv id u a l counts th a t  a re  reco rded  by th i s

d e te c to r  can be r e g is te r e d  i f  th ey  a re  am p lif ied  su ffic ie n tly *

To g e t a v o ltag e  h ig h  enough to  be a m p lif ie d , the e le c tro n s

must flow  through a la rg e  r e s i s to r *  The tim e re q u ire d  to

charge  and d isch a rg e  the ca p ac itan ce  encountered  w ith  any

chamber and a u x i l ia ry  c i r c u i t r y  through  th i s  r e s i s t o r  i s  so

long th a t  th e  maximum count r a te  w ith  t h i s  In stru m en t i s

s e r io u s ly  l im ite d j  one thousand counts p e r second i s  the

f a s t e s t  th a t  can be a c c u ra te ly  r e g is te r e d  (2 6 ) . The v o lta g e

t r a n s ie n t  from an e n e rg e tic  r a d io a c tiv e  p a r t i c l e  i s  very
m%

•m a il, being  le s s  than 10 v o lt*  T h e re fo re , the a m p lif i­

c a t io n  of th e  i n i t i a l  v o ltag e  to a s iz e  th a t  w i l l  allow  

r e l i a b le  tr ig g er in g  of s ta b le  c i r c u i t s  i s  a complex problem . 

These a m p lifica tio n  c i r c u i t s  a re  n o t only  slow , bu t a ls o  

u n s ta b le  due to  n o ise  in te r fe re n c e *  T h ere fo re , In d iv id u a l 

cou n tin g  tech n iq u es w ith io n is a t io n  chambers a re  d i f f i c u l t  

to  accom plish*
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Chambers a re  w idely  used in  m onitor in stru m en ts  

t h a t  do n o t require th e  s e c im e y  p o ss ib le  w ith  th e  in d iv i ­

dual count method* An I n te g ra t in g  dev ice  is  used to  

t o t a l i s e  th e  c u rre n t flow caused by s e v e ra l io n iz in g  ev en ts  

( 87 )* In  t h i s  c a s e , ex trem ely  s e n s i t iv e  e le c tro m e te r  vacuum 

tubes a re  used to  am plify  th e  c u r re n ts  flow ing  in  th e  cham­

b e r ,  and semi q u a n t i ta t iv e  d a ta  can be o b ta in ed  by r e l a t i v e l y  

sim ple equipment* I o n is a t io n  chambers a re  of us© because 

they  n o t only d e te c t  the p resence o f r a d ia t io n ,  b u t a ls o  

p erm it the approximate e v a lu a tio n  of it s  e f f e c t  on 

p e rso n n e l (2 8 ) .

£ ? .^ lM o S S l-J± g 5 £ 2 ,?»

I f  th e  v o lta g e  between th e  e le c tro d e s  o f th e  co u n te r 

I s  in c re a se d , the e le c t ro n s  in  t h e i r  t r a v e l  toward th e  

p o s i t iv e  pole w i l l  ac q u ire  h ig h e r  and h ig h e r  v e lo c it ie s *

Soon ©■point w i l l  be reached  where the k in e t ic  energy of the 

p a r t ib l e  i t  high enough to  y ie ld  two or: more electrons- of 

low er energy on c o l l i s i o n  w ith  a  gas molecule* , The cascading  

of th i s  phenomenon w i l l  r e s u lt  In  a much la rg e r  flow  of 

e le c tro n s  a t  th e  anode than  was s t a r t e d  by the  o r ig in a l  

io n iz a t io n , The c u rre n t has th u s  been a m p lif ie d ; the r e s u l t  

b e in g  th e  s mm as  th a t  encountered  in  the  gas p h o to tu b e .

The only d iffer en ce  between th e  two i s  t fee source  of th e  

o r ig in a l  io n isa tio n *  t h is  ia  c a l le d  th e  p ro p o rtio n a l 

reg io n  (2 9 ).

This method has been w idely  in v e s tig a te d  r e c e n t ly .
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I t  i s  capable of r e l a t i v e l y  f a s t  coun ting  r a te s  (3 0 ) j a 

count be ing  recorded  in  le s s  than  on® m icrosecond* I t  a ls o  

perm its the  s e p a ra tio n  of r a d ia t io n  having d i f f e r e n t  io n is ­

ing  powers by a c i r c u i t  t h a t  d is c a rd s  a l l  p u lse s  below a 

minimum sis©* I t  s a t i s f a c t o r i l y  o p e ra te s  w ith  th e  gas in  

the  d e te c to r  a t  atm ospheric  p re s su re ; th e re fo r® , th e  sa mpl© 

to  be assayed  can be placed  d i r e c t l y  in to  th e  chamber of the  

d e te c to r  (31)*

In  a n a ly s in g  some sam ples, the  range of the  s iz e  of 

the p u lse s  th a t  a re  g en era ted  may be q u ite ' la rg e*  In  many 

oases th e  range i s  so la rg e  th a t  a m p lif ic a tio n  o f the  t r a n ­

s ie n ts  becomes a problem , causing  la rg e  p u lse s  to  o v erd riv e  

the  l a t e r  s ta g e s  o f the a m p l i f ie r .  I t  has been e s tim a ted  

by o th e r  w orkers th a t  a r a t i o  o f 10®‘to  10® In  th e  sis® of 

t r a n s ie n ts  d e te c te d  would be needed fo r  a c c u ra te  co u n tin g . 

T his range has not. been o b ta in e d , b u t In  a r e p o r t  by Baker 

(3 2 ), much more r e l i a b l e  r e s u l t s  a re  ob ta ined  w ith  am pli­

f i e r s  th a t  w i l l  compress v o lta g e s  th a t  vary  by a f a c to r  of 

!0 4 to  a range th a t  can be u t i l i z e d  by the subsequen t 

c i r c u i t r y .  The use of gas a t  a tm ospheric p re s su re s  a ls o  

causes the  re q u ire d  te rm in a l v o lta g e  to  be r e l a t i v e l y  h ig h , 

a f a c to r  th a t  p re se n ts  problems from th e  leakage s ta n d p o in t 

and n e c e s s i ta te s  extrem e p rec a u tio n s  to  p rev en t e r ro r s  due 

to  th i s  cause (3 3 ) .

As th e  problems of the a m p lif ic a tio n  and o th e r  

e l e c t r i c a l  t ro u b le s  a re  surm ounted, p ro p o rtio n a l co u n te rs  

w i l l  p robab ly  become more w idely  u se d . I t  i s - t h e  f a s t e s t
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of the  co u n te rs  based on gas I o n is a t io n  w ith  subsequent 

e l e c t r i c a l  reco rd in g *  I t  s t i l l  is  n o t so e a s i ly  handled as 

the G eiger re g io n , and therefor®  has no t been so w idely  

u se d . The flow  type co u n ters  seem to  be th e  u n iv e r s a l  type 

of p ro p o rtio n a l co u n te rs  now in  us#} because of th e  f lu s h in g  

a c t io n  o f th e  gas th e y  r e t a in  t h e i r  c h a r a c te r i s t i c s  w ell 

over a p erio d  o f extended use*

Polgey tube d e te c to rs

The amount of a m p lifica tio n  due-to  gas io n is a t io n

in c re a se s  as th e  te rm in a l v o ltag e  of the d e te c to r  i s  r a i s e d .  

Over a range In  te rm in a l v o lta g e  th e  r a t i o  betw een th e  

number of e le c t ro n s  caused by two ©vents of d i f f e r e n t  io n is ­

ing  power remains co n s tan t*  As the te rm in a l p o te n t ia l  

In c re a se s  f a r t h e r ,  - the q u a n ti ty  of e le c tro n s  c o l le c te d  by 

th e  c e n te r  w ire tends to  approach the same v a lu e—th o se  of 

lim ited  io n is in g  power b e in g  a m p lif ie d  more by th e  e le c t ro n  

m u l t ip l ic a t io n  p rocess then  those of h ig h e r io n is in g  power* 

F in a l ly ,  a v o lta g e  i s  reached th a t  y ie ld s  th e  same v o lta g e  

t r a n s i e n t  no m a tte r  what the cause of the o r ig in a l  ion iza tion  

T h is I s  the O eiger th re sh o ld  vo ltage* '

The o p e ra tio n  o f the  tub® a t  t h i s  v o lta g e  i s  some­

what more com plicated th an  in  the two p rev io u s ca ses  C34 -  

5 9 ) . The io n is a t io n  of the  tub# Is  no t l im ite d  to  the area  

o f the o r ig in a l  Io n isa t io n , b u t the whole tub# can b# Ion ized  

i f  no b a r r i e r  I s  p laced  on th e  c e n tr a l  w ire (4 0 ) , I f  a 

sim ple gas i s  used in  the  tu b e , such as s i r  o r a rg o n , one©
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s t a t e  of io n is a t io n  as long as a h igh  p o te n t ia l  i s  applied*  

4s in  th e  ease of th e  p ro p o rtio n a l co u n te r , which, a ls o  has 

th e  h ig h ly  co n cen tra ted  f i e l d  c lo se  to  th e  w ire , most of th e  

e le c tr o n  m u ltip ly in g  o ccu rs  in  a region n ear the  anode* 

Fhotons of such h ig h  energy a re  re le a s e d  th a t  th e  lo c a l is e d  

io n is a t io n  soon sp read s com pletely  a long  the  w ire  by addi*  

t ie n a l e le c t ro n s  r e le a s e d  by the photons* The e lec tro n s  

can be r e a d i ly  c o l le c te d j  they  a re  c lo se  to  the w ire and 

hare  only  s l i g h t  I n e r t i a  due to  t h e i r  sm all m ass, T his 

p o s i t iv e  ion  sh e a th  which Is  l e f t  c lo se  to  th e  w ire th en  

moves slow ly  toward the cathode* The sh e a th  e f f e c t iv e ly  

s h ie ld s  the- anode and reduces the e l e c t r o s t a t i c  f i e l d  around 

i t  to  a p o in t below that n ecessa ry  to  r e g i s t e r  co u n ts . As 

th e  sh e a th  i s  a t t r a c te d  toward th e  ca th o d e , the  f i e l d  ag a in  

reco v e rs  and becomes la rg e  enough to  r e g i s t e r  counts again* 

The v o lta g e  t r a n s ie n t  produced Is  sm a lle r  than  th a t  of a 

normal count u n le ss  th e  o r ig in a l  f i e l d  has. a g a in  been 

e s ta b l is h e d  by th e  com plete n e u t r a l i s a t io n  of th e  p o s i t iv e  

ion  sh e a th  a t  the  cathode* The n e u t r a l i s a t io n  of th e  

p o s i t iv e  Ions I s  fcbe process that makes th e  d isc h a rg e  a e lf*  

m aintain ing. The p o s i t iv e  ions have enough energy to  cause 

e le c tro n s  to  be l ib e r a te d  a t  th e  cathode* These e le c tro n s  

th en  become th e  source o f an o th e r d isch arg e*  Argon, th e  

r a r e  gas u su a lly  used , in  th e  tu b e , can e x i s t  in  n e testa b le  

forms th a t  have h igh  enough energy  to  io n is e  the gas on 

re v e rs io n  to  a  normal s t a t e ,  and , th u s , a ls o  h e lp  in  th e
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m aintenance of the  d isc h a rg e  (4 1 ) .

For a long  tim e, the G eiger tu b e , because of i t s

c o m p le x itie s , was a d i f f i c u l t  p iece  of ap p a ra tu s  to  use

(4 2 ) . The f i r s t  s u c c e s s fu l quenching employed a h ig h

r e s is ta n c e  In  s e r ie s  w ith  the tube and the  h igh  v o lta g e

supp ly  (43)* The flow  of e le c t ro n s  th rough th i s  r e s i s t o r

low ers the  te rm in a l p o te n t ia l  o f  the tube , and i f  th e
10r e s i s t o r  i s  h igh  enough ( 10 ohms or h igher}*  th e  tube  w i l l

no t co n tin u e  to  d isch arg e*  The flow o f e le c t ro n s  th rough  

th i s  r e s i s t o r  w i l l  low er the te rm in a l p o te n t ia l  to  a p o in t 

th a t  no lo n g e r perm its th e  d isc h a rg e  m aintaining f a c to r s  to  

operate*  The re c h a rg in g  of th e  d e te c to r  tube l im i t s  the 

count r a t e  in  a manner s im ila r  to . th e  io n is a t io n  chamber.

This accom plishes quenching} however* th e  tech n iq u e  fo r  

s to p p in g  the  d isch a rg e  has been accom plished by methods 

th a t  a r e  much f a s te r*  and a llow  a more ra p id  count r a te  to  

be reco rd ed .

The second method used t o  s to p  the  d isc h a rg e  a l s o

reduces th e  te rm in a l v o l ta g e . The o r ig in a l  quench c i r c u i t

was d e sc rib e d  by le h e r  and H arper (4 4 ) . V oltage c re a te d  by

th e  G eiger tube was used to  c o n tro l the te rm in a l p o te n t ia l  by 

th e  e f f e c t  o f  the  v o ltag e  on a vacuum tu b e • In  t h i s  case*

the te rm in a l p o te n t ia l  i s  kep t reduced only  long  enough to

s to p  con tinuous d isc h a rg e  of the  tu b e . As no ex trem ely  

la rg e  r e s i s t o r s  a re  Involved* th i s  method i s  co n s id e rab ly  

f a s t e r  th an  th e  r e s is ta n c e  quenched tube*

The dead time of a Geiger tube is  dependent upon
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i t s  distensions and the  v o lta g e  applied* the p ro p er a d ju s t ­

ment or the quench e ir e u lt ,  th e re fo r e ,  w i l l  vary from  tube 

to  tube (41)* This method o f'q u en ch in g  the  d isc h a rg e  i s  

used only  in  those  cases th a t  make the  fo llo w in g  method of 

quenching d i f f i c u l t  or Im possible*

f r o s t  in  1987 d isco v ered  th a t  no e x te rn a l  d isc h a rg e  

quenching was needed i f  o rgan ic  vapors were mixed w ith  th e  

r a r e  gas in  the tube* t h i s  d isco v ery  le d  to  the  s e l f -  

quenched type of G eiger tube which c o n ta in s  a vapor th a t  

w i l l  cause te rm in a tio n  of the d ischarge*  The energy th a t  

would c re a te  th e  new e le c t ro n s  to  m a in ta in  th e  d isch a rg e  as 

w e ll as the energy co n ta in ed  in  th e  m e ta s tab le  ions (42) i s  

d is s ip a te d  by decom position  o f the o rg an ic  vapor*

The c h a r a c te r i s t i c s  o f an o rg an ic  gas-quenched tube 

over a range of te rm in a l p o te n t ia l  Is  shown on F ig u re  1* So 

counts a re  reco rd ed  u n t i l  the  minimum p o te n t ia l  i s  reached* 

The counts a t  t h i s  v o lta g e  a re  m ostly  in  the  p ro p o rtio n a l 

re g io n , and can be observed to  be of d i f f e r e n t  am plitudes 

on an o sc illo sc o p e*  Soon the p la te a u  i s  reach ed , and th e  

change in  number of counts reco rded  w i l l  v ary  only  s l i g h t l y  

w ith  In c reased  te rm in a l p o te n t ia l .  At the  end o f th i s  

ran g e , which i s  200 v o l ts  o r  more in  the  b e s t  tu b e s , th e  

count r a t e  ag a in  in c re a s e s ;  and I f  th e  v o lta g e  Is  in c re a se d  

to o  f a r  over the  end o f the p la te a u , the tu b e  undergoes 

con tinuous d is c h a rg e , and w il l  be d es tro y ed  in  a few seconds* 

The n a tu re  o f the v o ltag e  p u lse  produced by a 

G eiger tub® and the  method of d e te rm in a tio n  o f dead tim e and
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reco v ery  tim e by a s in g le  sweep tr ig g e re d  by th e  incoming 

t r a n s ie n t  as  d esc rib ed  by S tev er (4 5 ) , Is  shown In  th e  low er 

h a l f  o f F igu re  1# A fte r  d isch a rg e  has been s t a r t e d  by on® 

d is in te g r a t io n ,  no f u r th e r  d is in te g r a t io n s  can be d e te c te d  

u n t i l  a minimum tim® has passed# t h i s  tim e i s  c a l le d  th e  

dead time# As th e  p o s i t iv e  lone move c lo s e r  to  th e  ca th o d e , 

a p o in t w i l l  be reached  where they  no lo n g e r  n e u t r a l i s e  the 

f i e ld  s u f f ic ie n t ly  to  p rev en t the  further counts from 

becoming recorded* I f  th e  io n  sh e a th  has been com plete ly  

n e u tr a lise d , the  n ex t io n is in g  even t w i l l  cause a puls® 

equal he  the f i r s t ; .the t im e 'r e q u ire d  f o r  th i s  to  o ccu r, 

a f t e r  a given pu lse  la  th e  reco v e ry  time* fhe Instruments 

n ecessa ry  to  o b ta in  such an a n a ly s is .o f  the  v o lta g e  t r a n s i t  

ante w i l l  be d isc u sse d  in  a subsequent se c tio n *

The dead time and th e  recovery  tim e depend m ainly 

upon the p h y s ic a l s i r e  of th e  tub® used—>the s h o r te r  the  

tu b e , the s h o r te r  the d is ta n c e  over which th e  io n s must 

tr a v e l*  Tubes f i l l e d  as d e sc rib ed  l a t e r  in  the  th e s i s ,w i th  

a 20 mm diam eter, have a dead time of abou t 100 microseconds 

and a reco v ery  time of abou t 200 m icrosec mids*

This se lf-q u en eh ed  tube i s  the most popu lar d e tec tin g  

dev ice  in  use a t  th e  p re se n t tim e* Minimum a m p lif ic a t io n  i s  

re q u ire d  because the v o lta g e  th a t  r e s u l t s  from  th e  d e te c t in g  

dev ice  i s  la rge*  S ta b i l i s a t io n  of the  h igh  v o lta g e  supply  

i s  sim ple because wide range o f te rm in a l p o te n t ia ls  causes 

l i t t l e  change in  count ra te *

th e  aalf~quanch*d tu b e , however, has s e v e ra l
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d isadvan tages*  Tb® m a jo r ity  of the tubas used a re  of th e  

o rg an ic  quench type* The-energy d is s ip a te d  by the quench 

r e s u l t s  in  th e  decom position of the m a te r ia l  and causes th e  

s lo p e  o f th e  p la te a u  to in c re a se  w ith  u se . A count of about 

10® la  o b ta in ed  w ith  most tubes b e fo re  the s lo p e  of 25£ p er 

100 v o l ts  In c re a se  in  te rm in a l p o te n t ia l  i s  reached  {46), 

th e  accep ted  end of u se fu ln e ss  of a Geiger tube* The change 

in  s lo p e  Is  g rad u a l in  most c a se s . A lso co n cu rren t w ith  th e  

in c re a se  in  s lo p e  Is  a sh o rte n in g  of th e  p la te a u , and some­

tim es an in c re a se  in  s e n s i t i v i t y  to  l i g h t .

The u su a l tube i s  f i l l e d  to  only abou t 100 mm 

in te r n a l  p ressu re*  A g a s - t ig h t  b a r r i e r  must th e re fo re  be 

in te rp o se d  betw een th e  sample and tu b e . This l im i ts  tb s  

o p e ra tio n  of the tube to  coun ting  r a d ia t io n  th a t  can pene­

t r a t e  th in  b a r r ie r s *  Windows ©f g la ss  and mica can be made 

th in  and gas t ig h t  enough to  y ie ld  tubes th a t  a re  s ta b le  f o r  

long  p e r io d s • ly lo n  and o th e r  p l a s t i c  f ilm s  have been u sed , 

and can be made in  d e n s i t ie s  le s s  than  the 1-2 mg. p er sq* 

cm th a t  seem to  be the l im i t  of g la s s  or mica windowed tu b e s . 

The p e rm e a b ili ty  of the  o rg an ic  f i lm s ,  on th e  o th e r  hand, 

do n o t perm it the  tubes to  be used over a long  p erio d  w ithou t 

r e f i l l i n g .
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1XFEHI&MYAL STCTIOH 

XKSTHuMEbTATIOf 

Synchroaeope A ag lIf i a r

T h e o re t ic a l , The most w idely used Torms o f d e te c ­

to r s  y ie ld  sm all v o lta g e  t r a n s ie n t s  when th e y  a re  s tru c k  by 

r a d ia t io n ,  The e ls e  and d u ra tio n  of' the vo lta g e  depends 

upon the d e te c to r  u sed . A ll v o lta g e s  a re  re a so n ab ly  s h o r t ,  

and a m p lif ie r s  a re  used to  In c rease  t h e i r  am plitude I f  

necessary*  A ll d e te c to rs  r e q u ire  some s o r t  of in stru m en t to  

an a ly se  the  r a te  a t  which the v o lta g e  t r a n s ie n t s  a re  

d e te c te d . As has been s ta te d  in  the d is c u s s io n  of io n is a t io n  

cham bers, sosie d ev ices  do n o t re co rd  in d iv id u a l co u n ts , b u t 

I n te g ra te  tfee count r a t e .  At b e s t ,  th e se  a r e  on ly  s e a l -  

q u a n t i ta t iv e  and a rc  used only where th e  h ig h e s t accu racy  i s  

n o t d e s ire d  {47}, and s im p lic i ty  I s  r e q u ire d , as in  a su rvey  

m e te r . The in d iv id u a l reco rd in g  of each  io n iz in g  even t can 

y ie ld  much h ig h e r  accu racy  of  r a d ia t io n  coun ting  and i s  

■almost u n iv e r s a l ly  used fo r  q u a n t i ta t iv e  r a d ia t io n  d e te c t io n .

E le c tro n ic  o p e ra tio n s  on th e  t r a n s i e n t s  a re  made in  

a l l  ra d ia tio n  d e te c t in g  a p p a ra tu s . These v o lta g e  t r a n s i e n t s ,  

which may a l s o  be c a l le d  p u ls e s , a re  s im ila r  to  those  th a t  

a re  encoun tered  in -o th e r  e le c tr o n ic  work* and th e  te rm ino logy  

used is  cosmois to  bo th  f i e l d s .  I f  the In s tan tan eo u s  v o lta g e  

developed by any source Is  p lo t te d  as o rd in a te s  and tla©  i s  

p lo t te d  as a b s c is s a s ,  a graph c a l le d  wave f o r a  Is  produced. 

The tim e re q u ire d  fo r  the t r a n s i e n t  to  be com pleted i s
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u s u a lly  c a l le d  p u lsa  width or puls® leng th*  The maximum 

v o lta g e  o f th e  t r a n s i e n t  determ ines th e  pu ls#  h e ig h t 

(am plitude)•

The pu lse  from a r a d ia t io n  d e te c to r  may have many 

e le c t ro n ic  o p e ra tIo n s  performed on i t  'before I t  i s  r e g i s ­

te red *  Changes in  d e te c to r  p u lse  le n g th  in  sany cases  

improves th e  r e l i a b i l i t y  of a s c a le r*  The p u lse  may be to o  

sm all to  b# used as a t r i g g e r  f o r  th e  fo llo w in g  c i r c u i t r y *  

V oltages of t h i s  s o r t  r e q u ire  a m p lif ic a tio n #  I f  s e p a ra tio n  

o f the r a d ia t io n  d e te c te d  Is  to  -be based' on - th e  p ro p o rtio n ­

a l i t y  o f the d e te c to r  o u tp u t, i t  i s  n ecessa ry  to  have a 

p ro p o r tio n a l in c re a se , in  pu ls#  heigh t*  n e g le c tin g  th i s  

se p a ra tio n *  th e  c i r c u i t  has to  re co rd  only one# fo r  each 

tim e th a t  th e  d e te c to r  is  h i t  by a ra d ia tio n *  The in f o r ­

m ation  can  be tra n s m itte d  by any v o lta g e  th a t  w i l l  produce 

a reco rded  count o f  one* Thus, the  le n g th  of a pu lse  can 

be w idely  changed w ith  no change in  the accu racy  of th e  

reco rd ed  count* For exam ples, th e  puls® may be sh o rten ed  to  

perm it sh o r t  r e s o lu t io n  tin® s c a le r s  to  fu n c tio n  p ro p e rly !  

th e  pu ls#  may be lengthened to  perm it slow a ctin g  e lec tro *  

m echanical r e g i s t e r s  to  com plete th e i r  c y c le .

O bservation  of th e  changes in  th e se  t r a n s ie n ts  as 

they  a re  u t i l i s e d  in  the e le c t ro n ic  c i r c u i t r y  i s  th e  b e s t  

method of a d ju s t in g  c i r c u i t s  fo r  p roper o p era tio n *  The 

o b se rv a tio n  of d u ra tio n  and am plitude I s  u s u a lly  made by 

means of the cathode ra y  tub®. In  t h i s  Instrument an 

e le c t ro n  beam I s  d e f le c te d  ac ro ss  a f lu o re s c e n t sc re en  by
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means of two p a ir s  of d e f le c t in g  e le c t ro d e s .  The e le c tro d e s  

a re  mounted so th a t  the  locus of d e f le c t io n  produced by on© 

p a ir  i s  a t  r ig h t  an g les  to  the locus of d e f le c t io n  produced 

by the o th e r  p a i r .  The d e f le c t io n  of the beam la  p ropor­

t io n a l  to  the v o ltag e  cau sin g  the d e f le c t io n .  C onsequently , 

i f  a v o lta g e  th a t  In c rea se s  1 in e a r 11y w ith  tim e i s  im pressed 

upon one p a ir  of e le c t ro d e s —the  p a ir  chosen cu s to m arily  

caused d e f le c t io n  in  a h o r iz o n ta l  p lan e—a l in e a r  tim e base 

w i l l  be e s ta b l i s h e d .  The v o lta g e  to  be s tu d ie d  is  ap p lied  

s im u ltan eo u sly  to  the  o th e r  p a i r .  In  t h i s  manner, th e  

le n g th  and In s tan tan eo u s  v o lta g e s  e x is t in g  a t  any tim e can 

be d e te rm in ed . The superim posed tra c in g s of' & s e r ie s  of 

s im ila r  v o lta g e s  tak en  from an instrum en t developed in  th e  

course  of th e  work a re  shown In  F igure  8 .

The cathode ray  tub© may re q u ire  v o lta g e s  many tim es 

those  a v a ila b le  from th e  c i r c u i t  being s tu d ied *  The v o ltag e  

re q u ire d  to  produce a d e f le c t io n  of on© in ch  on the face of 

a 5BP1-A, a r e p r e s e n ta t iv e  cathode ray  tub©, is  abou t s ix ty -  

f iv e  v o l ts  (4 8 ) . In  most eases  the v o lta g e  s tu d ie d  i s  but 

a sm all f r a c t io n  of th i s  p o te n t ia l ,  so a m p lif ic a t io n  must be 

ap p lied  to  the v o lta g e  i f  a v i s ib le  d e f le c t io n  Is  to  be 

observed . Some cathode ray  tub© in s t a l l a t i o n s  have a m p lif ie rs  

b u i l t  in to  the in stru m en t to perm it low v o lta g e s  to b© 

hand led . This is  the case  fo r  most of th e  o s c i l lo s c o p e s .

Both the  synchroscope and the o sc illo sc o p e  have a 

c i r c u i t  th a t  g en e ra tes  a 1 in e a r i ly  in c re a s in g  v o lta g e  to  

y ie ld  the  h o r iz o n ta l  ti-ne a x i s .  Because bo th  in stru m en ts
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a re  designed  to  d e te c t  r e l a t i v e ly  rap id  changes in  voltage  

t r a n s i e n t s ,  the phosphorescence of the  sc re e n  Is  held  to  & 

minimum so th a t  the  p a t te rn  w i l l  not be so l a s t in g  th a t  the 

changes a re  masked, w ith  r a p id ly  changing t r a n s i e n t s ,  

o b se rv a tio n s  of the  v o lta g e  t r a n s ie n ts  a re  d i f f i c u l t  because 

the s c re e n  must be re p e a te d ly  r e tr a c e d  to  give an observab le  

p a tte rn *  The o sc illo sc o p e  causes t r a c e s  to  be superim posed 

by a llo w in g  the  tim e sweep to  be i n i t i a t e d  by some p o r tio n  

of the t r a n s i e n t  being  s tu d ied *  This p ro cess of co in c id e n t 

r e t r a c e  is  c a l le d  sy n ch ro n isa tio n *  As the sweep g en e ra to r  

i s  c y c l ic  in  n a tu re ,  sy n c h ro n iz a tio n  can occur only i f  the  

t r a n s ie n t  being  s tu d ie d  is  a ls o  c y c lic  in  n a tu re .  The 

s t a t i s t i c a l  n a tu re  o f r a d io a c t iv i ty  th u s makes an o s c i l l o s ­

cope r e l a t i v e l y  u s e le s s  as an In d ic a tin g  d ev ice  f o r  the study 

of r a d io a c t iv i t y .  The synchroscope, however, does no t depend 

upon c y c l ic a l  t r a n s i e n t s , ' b u t p erm its  th e  sweep to  be gener­

a te d  on ly  a f t e r  a t r a n s i e n t  has been  re c e iv e d , and , th u s , 

a llow s superImpoa 111 on. of random v o ltag es*  The model P4 

a . I .T .  synchroscopes used d id  no t have any a m p lifica tio n , 

y e t must have a minimum of 100 v o l ts  to  g iv e  p ro p er o p e ra t io n  

I t  became obvious soon a f t e r  experim en ta l work s t a r ­

ted  th a t  i t  would be n ecessa ry  to u t i l i z e  a synchroscope.

An a m p lif ie r  was c o n s tru c te d  to  perm it th e  o b se rv a tio n  of 

sm all t r a n s i e n t s .  I t  was decided  th a t  th is  a m p lif ie r  must 

r e t a in  as much p ro p o r t io n a l i ty  as p o s s ib le ,  and, as used 

h e re , has only the  fu n c tio n  of am p lify in g  p ro p o r tio n a lly  a l l  

the  v o l t s  es p laced  on I t s  in p u t te rm in a ls*  The demands 

p laced  on th i s  a m p lif ie r  were quit®  e x te n s iv e . I t  can be
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shown from F o u rie r  a n a ly s is  of non-sinus© Ida1 waveforms 

(4 9 ) , as w ell a s  by a c tu a l  ©xperimenfcal te c h n iq u e s , th a t  t© 

p rese rv e  the f a s t  r i s i n g  p o r tio n s  of any sh o r t v o ltage  

tr a n s ie n t , good- h ig h  frequency response is  re q u ire d  of an 

a m p lif ie r  which in creases such a voltage* The © leeirons 

which a re  c o lle c te d  by th e  anode o f a G eiger tu b e , f o r  

exam ple, can be .co llec ted  in  le s s  th a n  a microsecond! and 

th u s , f a s t  r i s i n g  tra n sien ts  a re  to  be found in  r a d ia t io n  

d etection *  The u su a l type  ©f a m p lifier  used in  th i s  work i s  

a v a r ia tio n  of the r e s is ta n c e  coupled am plifier*  The 

a m p lif ic a t io n  p o s s ib le  a t  h ig h  frequencies w ith  a r e s is ta n c e  

coupled a m p lif ie r  is  lim ited  by the c h a r a c te r is t ic s  of the 

tube and the  c h a r a c te r is t ic s  of th e  c i r c u i t  in  which i t  i s  

used* The most c r i t i c a l  parameter i s  th e  c a p a c ita n c e  th a t  

i s  a s s o c ia te d  w ith  the tu b e  and th e  s t r a y  capacitance between 

the  w iring*  This p rov ides an a d d i t io n a l  d e g e n e ra tiv e  path 

f o r  th e  c u r re n ts  that flow  In  the  coup ling  c i r c u i t  when a 

s ig n a l  is  am plified  (SO). The sh u n tin g  e f f e c t  becomes most 

pronounced a t  h ig h e r  fre q u e n c ie s  where th e  ca p a c ita tiv e  

re a c ta n c e  feecosies low* The phase r e la t io n s h ip s  a t  th e se  

h ig h  fre q u e n c ie s  become poor a t  th e  same time* This adds to  

the  d i s t o r t i o n  of a waveform, s in c e  the F o u rie r  a n a ly s is  

shows th a t  not- on ly  must the  wide frequency  range be a a p ll*  

f l e d ,  b u t a lso  a l i n e a r  r e la t io n s h ip  between the frequency  

and phase s h i f t  must be re ta in e d  (§ 1 ) ,

A second requirement o f a t e s t  a m p lif ie r  I s  that i t  

must show a low sh u n tin g  e f f e c t  when p laced  a c ro s s  any
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c ir c u it  b«in& studied* T m  tm xim m  re s is ta n ce  of any

a m p lif ie r  w i l l  be shown between the g r id  and cathode* This 

re s is ta n ce  cannot be too  h igh  as th is  Is the  path  o f th e  

e le c tro n s  th a t  n e u t r a l i s e  the p o s it iv e  Ions formed due to  

e le c t ro n  bombardment of th e  r e s id u a l  gas in  the  tub# and 

a re  a t t r a c t e d  to  the n eg a tiv e  g r id .  Too h igh  a r e s is ta n c e  

w i l l  a llow  t h i s  cu rre n t to  be so- la rg e  th a t  the n egative  

g r id  v o lta g e  la  n eu tra lised*  I f  the  g r id  is  d r iv e n  p o s it iv e , 

i t  w i l l  draw c u rre n t from th e  e le c t ro n  s tream  (as w i l l  any 

anode) and the  g rid  to  cathode r e s is ta n c e  w i l l  drop  to  a 

low v a lu e .

The g r id  cathode r e s is ta n c e  la  a ls o  shunted by the  

Input ca p ac ita n c e  of th e  vacuum tu b e . The shunt c a p ac itan c e  

of a t r ie d #  a c t in g  a s  •***' a m p lif ie r  I s  ' th e  h ig h e s t o f th e  

tu b es a v a i la b le  fo r  th i s  purpose* This I s  due to  th e  M ille r  

e f f e c t  (5 2 ), which la  an a p p a rfn t  m u l t ip l ic a t io n  of th e  input 

c a p ac itan c e  due to  the  r e la t io n s h ip  of th e  grid, and p la t#  

v o lta g e s .  The pentode v o lta g e  a m p lif ie r  does no t s u f f e r  

from ap p aren t change in  In p u t c a p a c ity  because the  plat®  Is  

sc reen ed  from th® g r id  and has l i t t l e  e f f e c t  upon i t s  

operation*

On# of the lo w est Inpu t ca p ac itan c e s  i s  shown by a 

cathode fo llo w e r , t h i s  i s  a dev ice  that has a s l i g h t l y  

lower v o lta g e  ou tpu t th an  th e  vo ltage  in p u t ,  i t  can , how­

e v e r, Increase the  power In  th e  voltage p u lse , and th i s  

s l i g h t l y  sm aller v o lta g e  can then  be developed ac ro ss  a 

much sm aller r e s i s ta n c e .  The response of a cathode fo llo w er
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extends from  D. C. to  fre q u en c ie s  much h ig h e r  th an  th o se  

a m p lif ied  by good h igh  frequency  a m p lif ie r s  (S3)*

The problem of a d ju s tin g  the  o v e ra l l  a m p lifica tio n  

of an a m p lif ie r  becomes a problem when h igh  fre q u en c ie s  a re  

h an d led . There a re  two k inds of dev ices that a re  used  to  

su b d iv id e  the v o ltag e  to  a v o ltag e  more e a s i ly  seen  on th e  

cathode- ra y  s c re e n . They a re  bo th  v o lta g e  d iv id in g  resista n ­

c e s— one i s  f ix e d ;  and th e  o th e r  Is  v a r ia b le .  The f ix e d  

v o lta g e  d iv id e r  Is  th e  more e a s i ly  handled* The r e s is ta n c e  

th a t  Is  used as a v o ltag e  d iv id e r  u s u a l ly  has the shunt 

capacitance in h e re n t to  e i t h e r  the n e x t tube o r the I n d ic a t ­

ing  d ev ice  ac ro ss  only a p o r tio n  of the two- or more resis to rs*  

This eapab itam ee* th e r e f o r e ,  sh u n ts  o n ly  a ■portion o f  the ; 

d iv id e r ,  and a t  h ig h  f re q u e n c ie s , th e  v o lta g e  d iv is io n  Is  no 

lo n g e r  constant* The change In  v o lta g e  d iv is io n  i s  a 

fu n c tio n  of th e  shun t capacitance of the  d ev ice  u t i l i s i n g  

the d iv id ed  v o lta g e , the frequency  b e in g  su b d iv id ed , and the  

to ta l  r e s is ta n c e  In the d iv id e r  netw ork . A f ix e d  v o lta g e  

d iv id e r  has a c a p a c ito r  sh u n tin g  the p o r tio n  of the netw ork 

th a t  Is  n o t shunted by th e  n ex t p o r t io n  of th e  c i r c u i t ,  

th e  e l s e  of t h i s  c a p a c ito r  la  mad® v a r ia b le ,  and I s  u s u a lly  

adjusted  In  s i s e  u n t i l  the c a p a c it iv e  v o ltag e  d iv is io n  is  

equal to the r e s i s t i v e  v o lta g e  d iv is io n  (5 4 ). A r e s i s to r *  

eapeeItor network of th i s  s o r t  i s  c a l le d  a frequency  

compensated v o lta g e  d iv id e r  network*

The problem of the co n tin u o u sly  v a r ia b le  v o lta g e  

d iv id e r  Is  n o t so e a s i l y  solved, as Is th a t  of the f ix ed  

ty p e . The s i  a® of th e  c a p a c ito r  re q u ire d  w il l  vary  w ith
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each s e t t in g  of tbe c o n tro l*  One of th e  most s a t i s f a c to r y  

methods used in  th is  case is  the use of as sm all a t o t a l  

r e s is ta n c e  in  th e  v o lta g e  d iv id e r  as i s  p o s s ib le .

Conatraetlon of synchroscope a m p l i f ie r * The con­

s id e r a t io n s  j u s t  d iscu ssed  were a l l  k ep t in  mind when the 

a m p lif ie r  was c o n s tru c te d  fo r  ms® w ith  th e  synchroscope*

The c i r c u i t  developed i s  shown in  f ig u re  f* The v o ltag e  

b e in g  s tu d ie d  i s  f i r s t  impressed upon a cathode fo llo w e r , 

the  6X8- Of* As the v o lta g e  th a t  the  6X6-(ST w il l  handle i s  

somewhat l im ite d , th e  i n s t a l l a t i o n  of two Input® was 

necessary*  One a llo w s the whole in p u t v o lta g e  to  be 

u t i l i s e d ,  and the  o th e r  which i s  frequency  compensated 

allow s d iv is io n  by the  f ix e d  f a c to r  of three* The 6X6- (ST 

has a low ou tpu t impedance, and , th erefo re , can be loaded by 

a sm all v o lta g e  d iv id e r*  Thus, v o lta g e  d iv is io n  Is  p o ss ib le  

w ith  a minimum of frequency  d i s t o r t i o n .

The p o r tio n  of the v o ltag e  to  be Amplified i s  fed  

to  a $AC7 pentod© v o lta g e  am p lif ie r#  This i s  a h ig h  f r e ­

quency compensated a m p li f ie r .  Two Inductances a re  p laced  

in  the cou p lin g  netw ork between th i s  tub® and the next*

These Inductance® have the e f f e c t  of p re se rv in g  th e  response 

a t  th e  end of the h igh  frequency  ra n g e , and p re se rv in g  the 

r e la t io n s h ip  between frequency  and phase c lo s e r  to  th a t  

which is  id e a l  (5 5 ) . These induc tances and th e  r e s i s t o r  used 

as a p la te  load  a re  a l l  in c lu d ed  la  a i a l l o r y  V ideocoupler* 

The n ex t tu b e , a 6AG7, i s  a ls o  a r e s is ta n c e  coupled am pli­

f i e r  | in  th i s  case , a tub® capable of a h ig h e r ou tpu t v o ltag e
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th an  th a t  p o s s ib le  from a 6AC7. Her# a g a in , b o th  shunt anil 

aerie®  compensation a re  used to  Increase the m argins! h ig h  

frequency gain* The param eters used a re  th o se  th a t  a re  

recommended by' the  Radio C orpora tion  of America in  the  d a ta  

o ffe re d  fo r  th e  6AG7 (66)*

The power fo r  the p la te s ,  and th e  h e a te r s  are pro­

v ided  toy a power transform er and a conventional f o i l  wave 

r e c t i f i e r  w ith  a choke in p u t f i l t e r .

To check th e  o p e ra tio n  of the  am p lifier  a t  h igh

f re q u e n c ie s , an o p e ra tio n a l check was made* The source of

the s ig n a l  was a G eneral la d io  605B S tandard  S ig n a l Genera­

to r  s e t  a t  one v o l t  ou tput*  The measuring in stru m en t was a 

3BT1 cathode ray  tube* The low g a in  channel was used w ith  

th e  v a r ia b le  g a in  c o n tro l  s e t  to  perm it one q u a r te r  o f th e  

maximum gain o f  400 to  fee employed. Table I on th e  

fo llo w in g  page shows the  frequency in  m egacycles in  

r e l a t i o n  to  the percentage o f output*

The low est frequency  th a t  the  instrument has to

handle i s  r e l a t i v e l y  h ig h , and is  e a s i ly  handled w ith o u t

any s p e c ia l  c i r c u i t  com pensation.

The ap p a ra tu s  was s u c c e s s fu l ly  used In  many in v e s t i ­

g a t io n s .  The th re e  d e c ib e l lo s s  a t  about 3 m egacycles was 

more th an  s u f f i c i e n t  to  reproduce the v o lta g e  t r a n s i e n ts  

developed by Geiger tubes w ithout n o ticea b le  d ev ia tio n  from 

th e ; p u b lish ed  waveforms .fo r - th is  s o r t  o f  detector*  I t  i s  

p robab le that I t  may be somewhat l im ite d  in  I t s  a p p lica tio n  

in  th e  case  of th e  f a s t e r  ty p es of counters because
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I  • O pera tiona l check: of  

a t high  fre q u e n c ie s

the synchroscope a m p lif ie r

Frequency R e la tiv e  Output

Megacycles P ercen t

0 .01 100

0 .1 100

0*5 05

1 .0 85

1*5 @5

2*0 80

2*5 70

3 .0 70

3 .5 30

4 .0 0

a m p lif ie s  felon used in  th i s  s o r t  ©f equipment I s  isuch more 

demanding#

High v o ltage  su p p lie s

T h e o re t ic a l# P r a c t ic a l ly  a l l  e le c t r o n ic  d e te c t in g  

d ev ices  u t i l i s e  a h igh  v o lta g e  in  t h e i r  operation# The v o l t -  

age that is  needed may v a ry  from  400 to  5 ,GOO v o lts#  Any 

in d iv id u a l d e te c to r  u s u a lly  w il l  r e q u ire  only  a sm all Trac­

t io n  of th i s  range in  i t s  o p e ra t io n . The range provided fo r  

most coun ting  d ev ices  used w ith  G eiger tubes Is  from 500 to  

about 1 ,500 v o lts *  This perm its  alm ost a l l  co n v en tio n a l 

Geiger tubes t o  be used# Once a v o lta g e  has been chosen fo r
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tha d e tec to r , th e  vo ltage  should reg a in  c o n s ta n t.  The 

reaso n  fo r  th is  la  that saany d etecto rs w i l l  y ie ld  h ig h e r  

counta tram  a co n s tan t sou rce  of r a d ia t io n  i f  the te rm in a l 

v o lta g e  i s  in c re a se d . C onstant v o lta g e  i s  m ain ta in ed  toy a 

s t a b i l i s i n g  c i r c u i t  of some s o r t  because unregulated v o l t ­

age sou rces g e n e ra lly  a re  no t ol co n s tan t p o te n t i a l .  Most 

regu lators a re  su p p lied  toy an unregulated v o lta g e  of a 

h ig h e r  p o te n t ia l  t  han w il l  toe re q u ire d  from th e  s ta b  Hissed 

sou rce  a t  any time* th e  ou tpu t v o ltag e  i s  then  c o n tro l le d  

toy the lo s s  in  somm p a r t  of th e  c i r c u i t - * th e  lo s s  in  v o lta g e  

toeing equa l to  the u n reg u la ted  supply  minus the re g u la te d  

te rm in a l p o te n t i a l ,  ' t h i s  lo s s  i s  v a r ia b le  so th a t  th e  

supp ly  can toe a d ju s te d  to  meet the-'demands, of th e  d e te c to r  

used* One© tjbe out pub v o lta g e  has been a d ju s te d ,  th e .  lo s s  

Is  a u to m a tic a lly  changed in  a manner which tends to  keep the 

te rm in a l p o te n t ia l  constan t*

Perhaps the most s a t i s f a c to r y  source of unregulated  

v o lta g e , when 60 cycle  l in e  c u rre n t i s  a v a i la b le ,  la  a h a l f  

o r f u l l  wav® h ig h  vacuum r e c t i f i e r ,  t h i s  is  su p p lie d  w ith  

a l t e r n a t in g  v o lta g e  from  a transformer* The f i l t e r i n g  

requirements fo r  the  p u ls a t in g  v o ltag e  thus generated a re  

sim p le, because the  r e g u la t in g  c i r c u i t ,  in  g e n e ra l, i s  

f a s t  enough to  smooth v a r ia t io n s  oecuring a t the  r a te  of 

tbs. l in e  su p p ly . This y ie ld s  a source fo r  r e g u la t io n  th a t  

has r e l a t i v e l y  low in t e r n a l  r e s i s t a n c e .  While the  lo a d , 

p laced  on a power supply toy a d e te c to r ,  can toe n e g le c te d , 

th e  v o lta g e  In d ic a tin g  m eters a re  more rugged i f  th ey  can
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draw a f a i r l y  h igh  currant* The ''operation of IM s type of 

d ev ice  Is  sim ple and dependable! m d  th e  measurement 

problem  encountered  Is  n o t severe*  Some of the h ig h  r e s is *  

tanee c irc u it®  used in  other h ig h  v o lta g e  su p p lie s  require 

extremely s e n s i t iv e  v o ltm e te rs .

S ta b i l i s a t io n  can be accomplished by se v e ra l methods. 

C e rta in  gaseous tubes have alm ost eou stan t vo ltage ac ro ss  

t h e i r  term inals over a a id e  range of c u rre n t flow  through  

the  tu b e , Two ty p es  a re  a v a i la b le .  One type  has a r e l a ­

t i v e l y  low co n s tan t term inal v o lta g e  a t  a r e l a t i v e l y  high 

c u r re n t  d ra in  (5 7 ) .  4 la rg e  number of th e se  would be

re q u ire d  to g ive a h igh  enough p o te n t i a l ,  th ey  a r e ,  however, 

used as a sou rce  of re fe re n c e  v o lta g e  f o r  com parison 

p u rp o ses•

th e  o th e r  type  has & terminal p o te n t ia l  t h a t  i s  much 

h ig h e r , t h i s  tu b e  is  designed  to  o p e ra te  Q aigar tu b es  and 

thus does no t have th e  c u r re n t  c a p a c ity  of the  low er v o lta g e  

devices*  The term inal p o te n t ia l  i s  no t too  c o n s ta n t, and 

the tube must be designed  to  o p e ra te  in  th e  re g io n  of the  

b e s t  d e te c to r  opera tio n *  Only one te rm in a l s t a b i l i s e d  

v o ltag e  is  thus p o s s ib le .

411 dev ices  t h a t  a re  designed  to  handle tubes of 

d i f f e r e n t  character1s t lea  use e le c t ro n ic  s ta b il is a t io n *  

Methods of e le c t ro n ic  s t a b i l is a t io n  have been subd iv ided  

in to  th re e  c la s s e s  by Hunt and Hickman (58) s transconduc­

tan ce  b r id g e s , a m p lif ic a t io n  f a c to r  b r id g e s , and d e g e n e ra tiv e  

a m p l i f ie r s .  The s t a b i l i s e r  i s  n o t l im ite d  to  the use  of one 

c i r c u i t  a lo n e , b u t may use s e v e ra l  to  ach iev e  th e  d e s ire d
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r e s u l t s .

th e  transconductance  b rid g e  type c i r c u i t  m ain ta ins 

a co n s tan t ou tp u t p o te n t ia l  by changing the  c u rre n t down 

by a vacuum tube from  a source  of r e la t iv e ly  h igh  in te r n a l  

re s is ta n c e *  The p la te  c u r re n t change i s  such as  to  minimize 

output v o lta g e  changes* The s t a b i l i z a t i o n  o b ta in ed  Is ft 

fu n c tio n  o f th e  t r a n s  conductance—the change in  p la te  cur'* 

r e n t  of the  tube f o r  a change in  g r id  v o ltage  a t  co n s tan t 

p la te  vo ltage*

At one ou tpu t v o lta g e , the  r e g u la t io n  w i l l  be p e r­

f e c t  * At a l l  o th e rs  i t  w i l l  vary  to  an e x te n t d ic ta te d  by 

the  param eters' of th e  . c i r c u i t  •

The a m p lif ic a t io n  f a c to r  b rid g e  and th e  d eg e n e ra tiv e  

a m p lif ie r  b o th  have th e  v o lta g e  d rop  ae roas a vacuum tu b e , 

which I s  in  s e r ie s  w ith  th e  load  and th e  so u rce  o f non­

regulated  vo ltage*  They d i f f e r  in  th e  manner w ith  which 

they  couple v o lta g e  changes to th is  s e r ie s  tube  which 

m inim izes th e  change*

The a m p lif ic a t io n  f a c to r  b rid g e  u ses p a r t  o f th e  

change in p u t p o te n t ia l  to  v ary  th e  g r id  v o lta g e  o f the  

vacuum tu b e j th e  in c re a se  or d ec re a se  thus r e g u la te s  th e  

p la te  p o te n t ia l  so th a t  i t  i s  changed a lm ost o p p o site  to  the 

v a r ia t io n  in  source p o te n tia l*  This c i r c u i t  has one v o ltag e  

where constant o u tp u t v o lta g e  can be obtained; a l l  o th e r  

v o lta g e s  a re  somewhat le s s  s ta b il iz e d *

The d eg e n e ra tiv e  a m p lif ie r  p laces  th e  o u tp u t po ten­

t i a l ,  o r some f r a c t io n  of i t ,  between the  g r id  and cathode
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of th e  re g u la t in g  tu b e . An in c re a se  in  ou tpu t v o lta g e  

causes th e  tu b e  to  in c re a se  it® ap p aren t r e s is ta n c e  and thus 

m inim ised v o lta g e  changes.

The s in g le  types can be used in  co n ju n c tio n  .w ith 

each o th e r  to- g e t b e t t e r  o r more f l e x ib le  v o ltag e  regu ­

l a t i o n .  A ll r e q u ire  one o r more s ta b le  v o lta g e s , e i t h e r  

f o r  re fe re n c e  o r f o r  o th e r  c i r c u i t  fu n c tio n s .

E xperim ental h igh  v o lta g e  supp ly  Type I . The 

schem atic diagram  of the f i r s t  h igh  v o ltag e  supply  i s  

shown in F ig u re  5 . The u n reg u la ted  h ig h  v o lta g e  i s  fu rn ished  

by two 2 x 2  h ig h  vacuum r e c t i f i e r s .  The p la te  and f ilam en t 

v o lta g e s  a re  fu rn ish e d  by two A llie d  Radio 62-399 t r a n s f o r ­

mers that supply  1 ,500 v o l ts  R. M. 3 . fo r  th e  p la te  supply  

and 2 .5  v o l ts  f o r  the  h e a te r .  As th e  d ra in  on th e  supply  is 

very sm a ll, the v o ltag e  o u tp u t w i l l  be c lo se  to  the  peak 

value  of th e  in s tan ta n e o u s  v o ltag e  of th e  tra n s fo rm e r , or 

1 .4  tim es the  8 . M. 8 . value* The two tran sfo rm ers  a re  

phased so th a t  th ey  conduct a l t e r n a te ly ,  thus reducing th e  

c y c lic  v a r ia t io n s  in  the o u tp u t vo ltage*

The s t a b i l i s i n g  c i r c u i t  used i s  th a t  o f th e  t r a n s -  

conducts nee b rid g e  ty p e . I t  requires only  one vacuum tube 

in  i t s  o p e ra tio n , th e  6SH7. The c u rre n t drawn by th e  whole 

c i r c u i t  Is  drawn th rough  the  50,000 oh® r e s i s to r s  that a re  

in  s e r ie s  w ith  th e  cathode® of the tu b e s ; w ith  such re s is to rs  

of th e  v e r t i c a l  r e s is ta n c e  bank A as a re  s e le c te d  by th e  

range sw itch  5^j and w ith  th e  200,000 ohm r e s i s t o r  The

load  in c lu d es  the  load  of the  100 .microampere voltmeter
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and i t s  20 megohm m u lt ip l ie r*  the n e g lig ib le  load  of th e  

d etee to r  (§§)* th e  load  of the v o lta g e  d iv id in g  network C| 

and the  p la te  load  of th e  vacuum tu b e , 6SH7* The c u rre n t 

drawn by a l l  th e se  causes a drop  aeroas the r e s i s t o r s  

no ted  and low ers th e  o u tp u t v o lta g e  to  t h a t  chosen , To 

vary  th e  o u tp u t, th e  v o ltag e  drop  i s  in c re a se d  or decreased  

by changing th e  p la te  c u r re n t o f the  6SH7, The p la te  c u r­

r e n t  ©f a vacuum tube  can be ©hanged by ©hanging th e  v o lta g e  

a t  th e  g r id  w ith  r e s p e c t  to  th e  ©athod®. The p o in t of 

contact of the v a r ia b le  ta p  on the  3 megohm p o te n tio m e te r 

In  column C ©an. be ©hanged* T his a llow s that p o r tio n  o f th e  

o u tp u t v o lta g e  a p p lied  to  the g r id  o f  the  SSH7 to  be ©hanged* 

The ca thode of th e  tube Is  k ep t a t  a co n s tan t p o te n t ia l  by 

means of th e  VR 193 and th e  VR 150, b o th  low- v o lta g e  

s t a b i l i s i n g  gas tu b e s . Most of th e  c u r re n t passin g  th rough  

the  tubes i s  drawn from  th e  o u tp u t o f  th e  SY3GY r e c t i f i e r  

and i t s  f i l t e r  system* T his p laces  no power demand on th e  

h ig h  v o lta g e  supply*

V oltage s t a b i l i s a t i o n  occur# in  th e  fo llo w in g  

manner* An In c rease  in  v o lta g e  causes an in c re a se  of 

the grid  v o lta g e  in  a p o s i t iv e  d ire c tio n *  T h is, i n  burn, 

In c re a se s  the p la te  c u r re n t of th e  0SH7j th e re fo re ,  m in i­

m ising  any la rg e  changes* C onversely , a low ering  of ou tpu t 

v o lta g e  I s  r e s i s te d  by a d ec rease  In  p la te  c u r re n t o f the  

6SH7 *

A c i r c u i t ,  made up of two 10 megohm r e s i s to r s  and 

sw itch  Sg# t e s t s  the amount of regulation* I f  the r e g u la to r
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i s  working a t  a s ta b le  p o in t, c lo s in g  th e  sw itch  w i l l  no t 

change the voltage as read  on the v o ltm e te r . R e s is to r  

hank A allow s th e  v o lta g e  d rop  to  be shared  by s e v e ra l  

r e s i s t o r s  when low ou tpu t v o lta g e s  a re  r e q u ire d . The r e s i s ­

t o r  column B allow s the' p la te  v o ltag e  of th e  '63H7 to  be 

c lo s e r  to  the recommended value th an  th a t  which would be 

apparent I f  no p la te  r e s is ta n c e  were u se d . The sc re en  po ten­

t i a l  fo r  the  63H7' i s  a ls o  s t a b i l i s e d ,  s in c e  t h i s  element 

a ls o  c o n tro ls  the c u r re n t drawn by th e  tu b e , and should  no t 

vary  i f  good s t a b i l i s a t i o n  i s  to  be achieved*

The f u l l  rang© of from  400 to  1,800 v o l ts  cannot 

be covered by one r o ta t io n  of the 3 megohm r e s i s t o r .  In  

o rd e r to  cover th e  f u l l  ran g e , la rg e  v o lta g e  changes a re  

made by s e t t i n g  8^ to  the p ro p er p o s i t io n .  This s im u lta n ­

eously  changes a l l  th e  r e s i s to r s  in  columns A, B, and C to  

the p roper v a lues f o r  the range chosen . Coarse ad ju stm en ts  

ar© made w ith  th e  5M p o te n tio m e te r j f in e  ad justm en ts a re  

mad© w ith  th e  100K r h e o s ta t .

Th© th e o r e t i c a l  c o n s id e ra tio n s  of t h i s  s t a b i l i s i n g  

system  have been d e riv ed  by o th e rs  (6 0 ) . Th© com plete 

d e r iv a t io n  i s  g iven  h e re , because th© l im ita t io n s  of th© 

system  can be more e a s i ly  seen* Of the  p o s s ib le  r e la t io n s  

th a t  can be d e r iv e d , perhaps th e  m ost im portan t one is  the  

r a t e  o f change in  o u tp u t v o ltag e  w ith  changes in  u n a ta b i l is e d  

v o lta g e . Changes in  load  a re  n e g l ig ib le  in  com parison to  th© 

o th e r  c u rre n ts  flow ing  in  th# c i r c u i t .
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D ei'in itlo n s  and te rn s  uae-d:

t o t a l  s e r i e s  v o l  tap® d ro p p in g  r e s  la  tune© 

r e s i s t a n c e  b&tm&mi g r i 6 and p o s i t i v e  t e m l n a l  

r e s i s t a n c e  be tween r: r ld  ol 0t>K7 and -ninua l o a d

■:.j s- u n r e g u l a t e d  v o lta g e

h0 a r e r u le te d  v o lta g e

d1 « r e s i s t a n c e  0.1 v o I t d * l e r  e i  r e u l i  anci l o a d

ir pliifee current ©i the 6SK7

« the v o lta ro  of the or id with. re sp e c t to  the cathode

t ra na e onduc tenoe . by definition*
V? ~ *^ / E fc

I t  Is  assu&ed th a t  the p la ts  r e s i s t o r s  find id s  p la te  

c u r r e n t  drawn by the  6317 a r e  such th a t  the  toce  l a  t e p t  In  

a r e g i o n  w -^ re  th e  p l a t e  c u r r e n t  Is  e a o e n i l s l i y  i n d e p e n d e n t  

oi th e  p l a t e  v o l t a g e *

i  and h ire  d-olf 1 a laws
Fo

Q  = E0 +

and I f  13. be I n c r e a s e d  by AE,i  * i  _ _

^  r . ~c . aF o  , 
a  t c  = +  l * - t  "Ra+Rt " R x  -*

"t* 1 —hr' .Ir J _ A CO K b
A s 'R u + ttw

2'f Ah. I s  n o t  I n r y e ,  pis w i l l  r e g a i n  r e l a t i v e l y  cons t e n t  

f ' Gm A Co
t e f i :  '  \ a ^ b ^

&na

ftnci

A t ttg»1?bSg!. * £ l § 2 ^  + e f i  

^£o a + ̂ b)
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As can be se e n , th e  la r g e r  the v alue  of R^f the more 

s ta b le  th e  output v o lta g e  w i l l  be* t h i s  i s  H a l t e d  to  th© 

sa z in m  s e n s i t i v i t y  p o ssib le  when pegged In stru m en ts  a re  

used as v o ltm ete rs*  An In c re a se  In the v alue  of a ls o  

In c re a se s  th e  s ta b i l i ty * .  I f  t h i s  r e s i s t o r  i s  made too l a r g e ,  

th© c u r re n t  d ra in  of th e  c ir c u it  beyond th is  r e s i s t o r  would 

r e q u ire  too  h igh  a v o lta g e  fro m .th e  u n reg u la ted  source* The 

f i n a l  d e s ig n  must be a compromise between a l l  of th© above 

v a r ia b le s *  S ince th e  v o lta g e  o u tp u t Is at a maximum when 

th e  c u r re n t of the r e g u la to r  tub# is  a t  a minimum, the  

r e g u la t io n  a t  t h i s  p o in t w i l l  be p o o re s t^ - th e  o f the  tube 

d ec re a se s  a t  low plat®  c u r re n ts  (61)•

The o p e ra tio n  o f th e  su pp ly , a s id e  from  th e  l im ite d  

v o lta g e  range a v a i la b le  from one s e t t i n g  of the  range 

s w itc h , was e x c e l l e n t ,  b ine v a r ia t io n s  in  th© neighborhood 

of p lus or minus f iv e  v o l ts  y ie ld ed  v a r ia t io n s  of le s s  th an  

p lu s or minus two v o l ts  in  an o u tp u t v o ltag e  o f  1 ,0 00 .v o lts*

This high voltage.'-supply has g iven  e x c e l le n t  r e s u l t s  

and has rem ained r e l a t i v e l y  tro u b le  fre e*  I t  was used d u rin g  

th© com plete course of an o th e r  in v e s t ig a t io n  u s in g  radio** 

phosphorous with no f a i lu r e s  of any s o r t .

Experim ental h ig h  v o lta g e  supp ly  type I I * The 

subsequent v o lta g e  su p p lie s  designed  and used were o f 

s l i g h t l y  d i f f e r e n t  c o n s tru c tio n . T his was n e cessa ry  in  

o rd e r to  e lim in a te  th#  u se  of range sw itches to  cover th e  

range between 500 and 1 ,000 v o lts*  A ll th© v o lta g e  su p p lie s  

o f the  l a t e r  d es ig n  w i l l  cover t h i s  v o lta g e  range w ith  one
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s e t t in g *  < the. r e g u la t io n  of t h i s  method depends. upon & 

d i r e s t  c u r re n t a m p lif ie r  co u p led fd lre e b ly  to  a  d eg e n e ra tiv e  

a m p lif ie r  (56)* T his v o lta g e -su p p ly , type IX, has been 

r e l a t i v e l y  w idely  used in  v o l t a g e 's t a b i l i s a t i o n  c i r c u i t s  

f o r  use w ith  Geiger tu b es  (62 -  6 4 } • Although p a r t  of a 

com plete c i r c u i t ,  which w i l l  be d e sc rib ed  more f u l l y  l a t e r ,  

th e  high v o lta g e  supp ly  w i l l  be d esc rib ed  now in  o rd e r  to  

a llow  th e  two m ethods, types I and .XX, to  fee compared.

The use of a vacuum tube as a v o lta g e  dropping  

d ev ice  has many ad v an tag es . I t s  range of r e s i s ta n c e  i s  

a lm ost i n f i n i t e ,  th e reb y  e l im in a tin g  many of th e  f a u l t s  o f 

a f ix e d  lo s s  system . The second system  d ev ised  has a range 

450 to  1 ,500 v o l t s |  th is  change in  v o ltag e  i s  accom plished 

fey th e  r o ta t io n  of one p o te n tio m e te r throughout It*, ra n g e .

To p rov ide fo r  h ig h e r  v o lta g es  f o r  d e te c to r s  th a t  r e q u ire  

v o lta g e s  in  excess o f th i s  v a lu e , th#  t h i r d  and subsequen t 

system s had two ran g es i the  one j u s t  mentioned, and a range 

ex ten d in g  from 1,000 to  2,400 v o l t s .  The two ran g es in  t h i s  

l a t t e r  ca se  were In te n t io n a l  because t h i s  makes s e t t in g  n o t 

so c r i t i c a l  in  th e  range of BOO to  1,000 v o lts* —th e  u su a l 

v o lta g e  re q u ire d  fey co n v en tio n a l d e lg a r  tu b e s .  4 re p re se n ­

t a t i v e  c i r c u i t  i s  shown in  F igure  8 .

As m n  fee seen  in  Figure 8 , the h ig h  v o lta g e  I s  

su p p lied  fey a h a lf  wave r e c t i f i e r .  The transformer used 

f o r  th e  low range i s  the  same as th a t  used in  the  p rev io u s 

c i r c u i t ,  a s  shown In  F igu re  3 . th e n  th e  h ig h  range is  u sed , 

th# v o lta g e  i s  In c reased  by th e  In tro d u c tio n  of an a d d itio n a l
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tran sfo rm er to  p rov ide the  n ecessary  in c re a se  in. u n reg u la ted  

v o lta g e . The 6B06-G (¥4) i s  th e  tube used as  th e  v a r ia b le  

r e s i s t o r .  The 6 BG8  {¥0) i s  the com parison tub©.

Th® v o lta g e  re fe re n c e  s tan d a rd  i s  fu rn ish e d  by th e  

us© of two §651 v o lta g e  re fe re n c e  tu b e s—-gaseous type tubes 

designed  fo r  th i s  s e rv ic e .  The te rm in a l p o te n t ia l  of th i s  

type s ta y s  more n e a r ly  co n s tan t than does the  te rm in a l 

p o te n t ia l  of th e  p rev io u s ly  used Td types*  Two a re  used to  

give a h ig h e r v o lta g e  with which th e  f r a c t io n  of th® high  

v o lta g e  may be compared.

Th® m eter used in  th i s  h ig h  v o ltag e  supply  ©an to® 

le s s  s e n s i t iv e ,  because the  c u rre n t c a p a b i l i t i e s  of th i s  

system  a re  much g re a te r  th an  th o se  of th e  f i r s t .  A one 

mlliamper© m eter i s  u se d . In  addition* in  o rd e r  to  expand 

th© s c a le  of the  u e te r  In  th e  u sab le  ran g e , a 0 .53  m i l l l -  

ampere p re lo ad  was p laced  on th© movement • E arning of th e  

m eter was accom plished by th e  use o f an e x te rn a l  h igh  

accu racy  metar  and m u l t ip l ie r s  w hile  th e  v o lta g e  was s e t  to  

a rang© th a t  was common to  b o th .

Th© changes In  u n reg u la ted  p o te n t ia l  a re  m inim ised 

by th© re a c t io n s  of th© c i r c u i t .  A f r a c t io n  of the  v o lta g e  

©hang© is  compared to  the re fe re n c e  v o lta g e  by th e  compara­

to r  tu b e , Vg. Th© In c rea se  In plat®  c u r re n t causes an 

In c rease  in  drop ac ro ss  the r e s i s t o r  H in  th e  plat©  c i r c u i t  

of th® tub®. Th© drop  in  v o lta g e  ac ro ss  t h i s  r e s i s t o r  i s ,  

however, th# b ia s  v o lta g e  on the r e s is ta n c e  tu b e , V'^. An 

in c re a se  In th e  b ia s  or n eg a tiv e  v o lta g e  a t  i t s  g r id  w ith
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r e s p e c t to  i t s  ca thode, increase®  i t s  e f f e c t iv e  re s is ta n c e #  

t h i s ,  in  tu rn ,  ten d s to r e s i s t  the v o lta g e  change a t  th e  

o u tpu t te rm in a ls !  and, th u s , the  change a t  the te rm in a ls  

i® minimised# The re v e rs e  r e a c t io n  m inim ises any low ering  

in  vo ltage#

When the range i s  changed, the  v o lta g e  to  th e  reg u ­

l a t o r  i s  in c re a se d , the  s iz e  of th© v o lta g e  d iv id e r  i s  

changed, and th e  r e s is ta n c e  of the  v o lta g e  o u tp u t c o n tro l 

shun t i s  changed# Th® l a s t  item  is  a d ju s te d  so th a t  the 

p o ten tio m e te r w i l l  have a maximum of i t s  u se fu l r e s is ta n c e  

fo r  c o n tro l l in g  th e  ou tput v o lta g e , and, th e re fo r e ,  w i l l  

n o t cram th e  rang# in to  a sm all amount of i t s  ro ta tio n *

The 6S86-G tubes th a t  are  used in  the supp ly  a re  

la rg e  tu b es fo r  the power requ ired*  T his was n ecessa ry  

because sm a lle r  tubes a rc  between t h e i r  e le c tro d e s  when 

opera ted  under h ig h  p la t#  p o te n tia ls *  This phenomenon was 

n o t reco rd ed  in  the o ld e r  l i t e r a t u r e  (65)• This a r t i c l e ,  

however, was concerned w ith  the  tubes th a t  were manufactured 

a t  th a t  time* The d e s tru c t io n  of an old type 57 pentode 

in d ic a te d  th a t  th# sp ac in g  of the elem ents of th e  tu b e , 

e s p e c ia l ly  the lead s  to  the  tube b ase , were much more 

w idely  sep a ra te d  than  th o se  of a more re c e n t 6SH.7, The 

6 B 06-0, however, has been designed  to  hand le  v o lta g e  t r a n s ­

ie n ts  o f over 5 Ic illo v o lta  and i s ,  th e re fo r e ,  s u i ta b le  fo r  

h an d lin g  the  v o lta g e s  th a t  a re  used  in  the  h igh  v o lta g e  

system# I t  may be p o ss ib le  th a t  one of the sm a lle r  tubes 

w i l l  be s a t i s f a c to r y  in  th# p lace  of th e  SB06-0 tubes used#
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The 6 BG6 -G has proven s a t i s f a c to r y  up to  two and one h a lf

k i l l o v o l t a ,  arid baa proven to  bo o.ore s a t i s f a c to r y  in

su p p lie s  of one and a h a l f  k l l l o v o l i s  th an  am  H e r  ty p e s«

Th© m thodes ot b o th  and a re  a t  r e l a t i v e l y

high p o s it iv e  p o ten tia ls  when compered with 1'h® cosmos

n eg a tiv e  term inal of fcotfe r e c t i f i e d  v o lta  e so u rc e s • This

C M 0 » n eg a tiv e  te rm in a l Is  the p lace  where one te rm in a l o f

the 6*3 v o lt  h e a te r  windings la cu s to m arily  connected*

S ep ara te  assail f ila m e n t tra n s fo rm e rs , th e re fo re ,  e re  used

to  provide the  p o te n t ia ls  n ec essa ry  to  h e a t each tube*

The cathode .is connected to  one s id e  of th® h e a te r  w inding

In  o rd e r  to  e lim in a te  any v o lta g e  d i f f e r e n t i a l  between

h e a te r  sad  ca th o d e . The In s u la t io n  of th e se  tran sfo rm ers

m a t  be cspablti of w ith s tan d in g  r e l a t i v e l y  high vo ltage

d li"f© rentials* Th# 3 tancor type 1*6134 has proven to fcc

s a t i s f a c to r y  a t  p o te n t ia ls  up to  2*5 k i l lo v o l ta *

i s  In th e  c a s t  ~:>s the  f i r s t  type of v o lta g e  re g u la to r

th© th e o r e t i c s i  v o lta g e  r e g u la t io n  of type I I  was a ls o

derived*  This d e r iv a t io n  la Included  to show th e  assum ptions

re q u ire d , and th e  c i r c u i t  c o n s id e ra tio n s  th a t  must be met to

give good v o ltag e  re g u la tio n *

D e f in itio n s  end terms used*

s. lo ad  r e s i s t ar.ee n eg lec ted  h ere  because th e  v o ltm e te r

load  Is p a r t  of th e  v o ltag e  d iv id e r

n c r e s is ta n c e  between p o s i t iv e  torminaX and ta p  on !Ur ** iu
* r e s is ta n c e  between n eg a tiv e  te rm in a l and ta p  on

g® = tra n s  © ondue tar*e e #
£ 5
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I* a plat©  c u rre n t, of th e tub©

% -= v o lta g e  a t  th e  p la te w ith  r e s p e c t to  th e  cathode

Eg = v o lta g e  attfo© g rid  of a  tub© w ith re sp e c t to  the cathode

F s a m p lif ic a tio n  f a c to r of a tu b e ,

Ei » u n reg u la ted  v o ltag e

*o re g u la te d  v o lta g e

lumbered s u b s c r ip ts  r e f e r  to the in d iv id u a l components on 

F ig u re  7*
As b e fo re , th e  moat Im portan t c h a r a c te r i s t i c  i s  th e  

change in  o u tp u t v o lta g e  th a t  occurs when the u n reg u la ted  

v o lta g e  changes*
By Ohm’s and K ircho ff *s laws 

In  the  c i r c u i t ,

%  -  1 0  t  % 4

and, on changing by n E ^ ,

* %  = a % 4

S ince  a I 0  w i l l  n o t change g r e a t ly ,  the e f f e c t  of * 1 ^  on f i  

can be n e g le c te d .

Then:

a P44 1 g4 + A S ©

4 Es 4  = a V 8
assuming no change in  gm§ fo r  change in  th e  in p u t v o lta g e ,

A*b§ -  ^ S ^ o ^ b /^ a  * ^b 
s u b s t i tu t in g ,

^ Eo z He 4 R
A
*• J&o Z  A a  ▼ A -k
5 ^ 1  h b ( p 4 g m * R g  +b l )  ■» R a

As can be seen , the la rg e r  and the  la rg e r  R@ a r e ,  

th© b e t t e r  w i l l  be the v o lta g e  s t a b i l i t y .  Th© sis© of 

however, determ ines th e  s iz e  of th e  re fe re n c e  v o lta g e , which 

has p r a c t i c a l  l im i t s .  Rg has a maximum s iz e  as i t  is  th©
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path  of the g r id  current and th i s  r e s i s t o r  cannot be made 

to© la rg e  w ithou t lo s in g  the b ia s  vo ltag e*  One megohm i s  

the  maximum fo r  most vacuum tubes th a t  m n  be p laced  

between th e  g r id  sad cathode*

Th© re g u la t io n  a ffo rd e d  depends upon b o th  the tra n s-  

conductance o f ¥$, and the a m p lif ic a t io n  f a c to r  of ¥4 . Both 

tubes a re  connected as tried** t o ;s im p lify  t h e i r  v o lta g e  

requirement** The jjl of a triad©  -stays c o n s ta n t over a wide 

range of p la te  c u r re n ts  and w i l l  no t v a ry  to o  much in  t h i s  

ease ( 6 6 ) ,  The Is  a fu n c tio n  of p la te  c u r r e n t ,  and w i l l  

d ec re ase  as th© p la te  c u rre n t o f the tub© decreases*  The 

value o f th e  tub© c h a r a c te r i s t i c s  cannot he determ ined from 

th e  d a ta  u s u a lly  p u b lish ed  fo r  th© tu b e s , b ecau se  the rang©

In  which they  work i s  beyond that g e n e ra lly  used in  t h e i r  

operation*

The o v e ra l l  v o lta g e  r e g u la t io n  was determined  ex- 

p e rils en ta lly *  The v o lta g e  su p p lied  to  th e  p rim arie s  of th e  

transformer* was varied*  Th© value of th e  v o lta g e  was d e te r ­

mined fey an 4* C* voltm eter* The l in e  vo ltage  shou ld  vary  

the  u n reg u la ted  supply  d i r e c t l y  In  p ro p o rtio n  to  i t s  changes* 

Th© o u tp u t from th e  s t a b i l i s e d  supp ly  was determ ined  fey a 

p re c is io n  m loreaoneter and a p re c is io n  m u ltip lier*  The 

te rm in a l v o ltag e  was chosen a t  1 ,030 v o lts*  At th is  te rm in a l 

v o lta g e , the  change in  o u tp u t v o lta g e  was 0*05|» p e r v o l t  

©hang© in  l in e  v o lta g e  f o r  a rang© between 105 and 125 v o lts*

This c i r c u i t  gave e x c e l le n t  r e s u l ts *  The s u b s t i tu ­

t io n  o f 6B06-0 tubes f o r  th© sm all tubes in  th© o r ig in a l
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model stopped  In ternal tube a rc in g . Tbs v o ltag e  su p p lie s  

were used e x te n s iv e ly  d u rin g  th e  work d e sc r ib e d  in  th e  l a t e r  

p o r tio n  of th e  th e s is  sad no tro u b le s  o f any s o r t  developed*

d e te c t in g  d ev ice  la  generated by the  e le c t ro n  flow  th rough  

a r e s i s t o r  in  s e r ie s  w ith  the d e tec to r*  This v o lta g e  must 

be capab le  of cau sin g  th e  subsequent c i r c u i t r y  to  re co rd  

one count# The v o lta g e  g en era ted  by a G eiger tube stay vary  

between 0 * 1  v o l ts  and w ell over 1 0  v o l t s ,  depending upon th e  

Geiger tube vo ltag e*  the s isa ller  v o lta g e s  must be am plified*  

However, the sm aller v o lta g e s  th a t  a re  gen era ted  by o th e r  

d e te c to r s  may re q u ire  even more am plification* A m p lific a tio n  

Is  re q u ire d  because the r e g is te r , c ircu it- cannot be made 

s e n s i t iv e  to  extrem ely sm all v o lts  get* if"  the r e g i s t e r  Is  

very s e n s i t iv e ,  sm all spurious v o lta g e s  th a t  a re  p re se n t In  

the  A# 0 * l in e s  would cause sp u rio u s coun ts to  be  reco rded  

{67}* I f  th e  c i r c u i t  is  s e n s i t iv e ,  sm all changes in  c i r c u i t  

components may cause s e l f  triggering*  and aga in , fa u lty  

counts w i l l  be re c o rd e d .

S c a le rs  In v a r ia b ly  am plify  th e  d e te c to r  v o lta g e  to  

one large enough to t r ig g e r  a sta b le  re c o rd e r  assembly*

The am p lifiers used should have good response a t  h igh  

frequencies* the low frequency  response in  most cases  I s  

n e g le c te d , or may even b® supressed* th is  supresslon  of 

low frequency resp o n se  m inim ises th® e f f e c t  of low frequency

A m p lifie r a id W illiams .c ir c u it

e.r* th e . v o ltage  tra n sien t fu rn ish e d  by the
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disturbance from  the 60 cyc le  l in e  current.

Shaping o f th© vo ltage t r a n s ie n t  m y  a ls o  occur In  

th© am plifying c i r c u i t s .  I f  a v o ltag e  has to o  long  a  

d u ra tio n  for the  b e s t  o p e ra tio n  of th e  nex t c i r c u i t ,  th e  

v o lta g e  Is  t r a n s f e r r e d  between a m p lif ie r  s ta g e s  b y  a sh o r t  

tim e c o n s ta n t coup ling  c i r c u i t ,  t h i s  I s  a r e e ls to r -e e p e o lto r  

e©mfeinatl©n th a t  y ie ld s  a sm all p roduct when the v alue  of th® 

in d iv id u a l components a re  m u lt ip lie d  to g e th e r  (6 8 ) .  I f  such 

a c i r c u i t  has a long d u ra tio n  square  wave a p p lie d  to  I t s  

te rm in a ls  In comparison to  the  time c o n s ta n t, th© sh a rp  r i s ­

ing  w avefron t I s  passed l i t t l e  a t te n u a te d .  The c a p a c ito r  

charges r a p id ly —th e  charge time being  the  r e c ip ro c a l  o f the  

d isch a rg e  curve shown In  F igure  4* th e r e f o r e ,  th e  c u r re n t 

flow , and th e  v o lta g e  a c ro ss  th e  r e s i s t o r  d ec re ase s  r a p id ly  

in  an exponents! Manner* Wmn th e  square  wave decay s, th© 

v o lta g e  ra p id ly  in c re a se s  In  a p o la r i ty  of th e  o p p o site  

d i r e c t i o n |  and once ag a in  d rops to  zero  as th e  charge In  th e  

condenser i s  d i s s ip a te d .  T his a c t io n  can  a l s o  be ex p la in ed  

on the b a s is  that the h ig h  frequency  components In  th© 

le a d in g  and t r a i l i n g  edges of the waveform a re  e a s i l y  t r a n s ­

m itte d  by th e  coup ling  c i r c u i t*  This c i r c u i t  i s  c a l le d  a 

d i f f e r e n t ia t in g ,  c i r c u i t  and is  used w idely  to  create  sh a rp  

t r a n s i e n t s .  The r i s e  time of the sh a rp  puls® cannot be 

s h o r te r  th a n  the square  wave f e d  in to  th e  c i r c u i t .

This very  convenient c i r c u i t  ta k e s  the  form of th e  

c i r c u i t  used to  couple th e  v o lta g e  from  th e  p la te  ©f one 

tube to  the g r id  o f the- next* The c a p a c ito r  i s  a ls o  used to
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block  th# D* C* a t  th#  ou tp u t p la te  from th#  n ex t grid*

This g r id  norm ally  o p e ra te s  a t  a d i f f e r e n t  p o te n tia l#  Th© 

r e s i s t o r ,  the  ©lement a c ro s s  which th is  sharp  t r a n s i e n t  is  

form ed, i s  the norm al g r id  r e s i s t o r  o f th#  fo llo w in g  tube*

I f  th© v o lta g e  i s  to  be t r a n s f e r r e d  w ith  as l i t t l e  change 

as p o s s ib le ,  the tim e co n s tan t should  be mad# la rg e  i n  

com parison to  the lo n g e s t p u lse  to  be am plified*

A second method of changing th#  simp© of a pule© is  

th#  m u ltiv ib ra to r*  The c i r c u i t  i s  ©n old one, hairing been  

used  s in c e  I t s  In v en tio n  in  1919 by Abrahast and Black# I t  

has two d i f f e r e n t  forme, p e r io d ic , and n o n -p erio d ic#  The 

p e r io d ic  forms a re  s u s c e p t ib le  to  s l i g h t  changes in  n a tu r a l  

frequency* t h i s  i s  due to  a- sy n ch ro n is in g  tr ig g e r*  However, 

th e se  p e r io d ic  forms a re  no t cap ab le  of sy n c h ro n isa tio n  over 

th e  wide r a t e s  Obtained when co u n tin g  r a d io a c t iv e  sources; 

th e re fo re ,  they  have l i t t l e  use*

The nan~perlodie v a r ie ty  e re  d iffe r e n t  and a r e  useful* 

The "©me s h o t” o r  c a p tiv e  m u lt iv ib r a to r ,  a c i r c u i t  w idely  

used In  subsequen t c i r c u i t s ,  Is d e sc rib ed  here* I t  i s  of 

th e  n o n -p e rio d ic  type* Such a m ultiv ibrator i s  s. c i r c u i t  

c e n ts la in g  a t  l e a s t  two vacuum tu b e s  having  o n ly  one s ta b le  

s t a t e  (69)♦ I t ,  however, may be d r iv e n  In to  an u n s ta b le  

s t a t e  by a. vo ltage t r a n s i e n t .  One© i t  has com pleted a 

cy c le  whose le n g th  Is  determ ined by th# param eters o f th# 

c i r c u i t ,  i t  ag a in  assume® th# s ta b le  a ta t#  u n t i l  i t  i s  

t r ig g e re d  by an o th e r  t r a n s i e n t .  Th® ou tput v o ltag e  

depend® l i t t l e  upon the  e ls e  of the  t r ig g e r in g  pulse*
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One form of th i s  c i r c u i t  Is shown in  F igaro  4* The 

i n i t i a l  s i t u a t io n  d e sc r ib e d  w i l l  be v a l id  f o r  only  the 

s ta b le  s t a t e .  Tube does no t conduct. I t  has a n eg a tiv e  

g r id  v o lta g e  c re a te d  by th e  flow  of c u rre n t p a ss in g  through  

K7  which s to p s  th e  flow  o f the p la te  c u r r e n t .  The sis®

of Ry l a  chosen so th a t  th® p la te  c u r re n t o f ¥g w i l l  c re a te  

a large enough v o ltag e  drop a c ro ss  to  keep the e f f e c t iv e  

g r id  v o lta g e  of below th a t  which w i l l  a llo w  c u rre n t to  

f lo w . The e f f e c t  o f g r id  v o lta g e  on p la te  c u r re n t can be 

seen  on the g r id  v o lta g e -p la te  c u rre n t curve in  the upper 

l e f t  hand., s id e  of F igu re  4*

Tub© ?£ t on th© o th e r  hand, does no t have any nega­

t iv e  g r id  b ia s .  I  w i l l  be s l i g h t l y  p o s i t iv e  due to  th e
g 2

e f f e c t  of Rjj# which is  connected  to  th e  p la te  v o lta g e  su p p ly . 

The g r id  p o te n t ia l  cannot be more th a n  s l i g h t l y  p o s i t iv e  

because a t  a p o s i t iv e  p o te n t ia l  w ith  r e s p e c t  to  th e  ca th o d e , 

th e  g r id  can draw c u rre n t from the e le c t ro n  s tream  in  the 

tu b e . The g r id  c i r c u i t  th en  becomes a low r e s is ta n c e  

d e v ic e . The c u r re n t d ra in  th rough  R-j causes a v o lta g e  drop 

alm ost equa l to  minus th e  cathode p o te n t i a l .  As 

draws no current, "Efĉ  w i l l  be equal to  % b . E^g w i l l  n o t 

be equal to  because Yg I s  draw ing c u r re n t th ro u g h  Eg.

The charge on Cg w i l l  be determ ined ' by th e  v o ltag e  

minus Bg .  w i l l  be charged to  a v o lta g e  •

Th® in tro d u c tio n  of a v o lta g e  t r a n s ie n t  in to  the  

g r id  of Y  ̂ changes th® s i t u a t i o n  e x i s t in g  a t  b o th  tu b e s , 

p ro v id in g  the v o lta g e  Is  la rg e  enough t© r a i s e  the  Eg^
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above Eco^* soon as %  to  draw p la te  cu rren t*

d e c re a s e s « This causes to  d isc h a rg e  through and 

Eg. The c u r re n t flow  th rough  Eg d r iv e s  th e  g r id  In  a 

n e g a tiv e  d ire c tio n *  and th i s  lower® th e  c u rre n t drawn by 

?g and r a i s e s  cg th en  charges as i t  i s  connected  to  a

source of h ig h e r  p o te n t ia l  than  i t  was d u rin g  th© q u ie scen t 

s t a t e .  As i K In c re a se s , I. decreases*  ¥ , Is  soon condue-
h  * 2  1

t in g  s t ro n g ly ,  and Vg Is  n o n -conducting . Th© speed w ith  which

t h i s  t r a n s i t i o n  occurs i s  dependent upon th© frequency

response o f the  tube-—th© b e t t e r  th© h igh  frequency  re sp o n se ,

the f a s t e r  th© tran s itio n * ,. The d isch a rg e  o f w i l l  co n tin u e

as long  as 1 „ i s  le s s  than  t__  . 'The tim e o f th e  dlseharae  gg co2

Is  a fu n c tio n  of bo th  the  condenser sis® , C^, and th® r e s i s ­

tance th rough  w hich I t  d isch arg es*  The r e la t io n s h ip  of 

v o lta g e  and' d isc h a rg e  tim e i s  shown In  the upper r ig h t  hand 

co rn e r 01: th e  diagram* Condena®r-reaI ator combinations

&r© f le x ib l e  enough to  a llow  th i s  s o r t  o f  c i r c u i t  to  cou­

plet©  a cy c le  In  le s s  than  one m icrosecond o r over many 

seconds *

Once E’ reach es th© c u to f f  p o te n t ia l ,  the change a 
%

which occur when th© tr ig g e r in g  t r a n s i e n t  h i t s  th® g r id  of 

a r e  r e v e r s e d . q u ick ly  becomes non -conducting , and Vg 

goes back to  the s ta b le  conducting s ta te *  The v o ltag e  

changes th a t  occur in  on® cy c le  ®r® sho.tra below th® schem atic  

diagram  fo r  the c i r c u i t*  The rat®  of t r ig g e r in g  is  l im ite d  

to  a rat©  th a t  w i l l  n o t allow  th© u n s ta b le  s t a t e  to  be 

p re se n t f o r  s o re  th an  0*7 o f th® e lap sed  time (7 0 ) . T his
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r e la tio n sh ip  Is  c a l le d  d u ty  c y c le . Trie v o lta g e  th a t  is  

d e liv e re d  to the next circuit depends upon th© c i r c u i t  and 

no t on the t r a n s ie n t  th a t  caused th e  cycle to  he in i t i a t e d *  

The le n g th  of the ©titput p u lse  depends upon the c i r c u i t ,  

and n o t on the  p u lse  cau sin g  i t*  The t r ig g e r  t r a n s ie n t  

should  he s h o r te r  than  th e  ou tpu t p u lse , because I f  too  

lo n g , i t  mmj cans® two or more cycles*  As connected , th© 

c i r c u i t  cannot he tr ig g e re d  by n eg a tiv e  t r a n s ie n ts *  The 

v o lta g e s  th a t  can he gen era ted  a re  shown In  F igure  8 ,  C 

b e in g  an example o f the s h o r t  n a tu re  of th® o u tp u t v o lta g e  

a v a ila b le *  F i s  th® am p lif ied  ou tpu t of a m u lt iv ib ra to r  *

Th© le n g th  of th® puls© can be c a lc u la te d  (71)* 

fh© length , can a ls o  be e s tism te d  from the c h a r a c te r i s t i c s  

o f  th© tubes u sed , and the discharge of the  H-C c i r c u i t*

T his l a t t e r  techn ique was used in  moat o f the m u lt iv ib ra ­

to r s  employed In  th© fo llo w in g  c i r c u i t s . Sm all component 

changes were mad© as re q u ire d  to g ive the  d e s ire d  r e s u l ts *  

Th® f i r s t  .am plifier'.made operated w ith  th© h igh  

v o lta g e  supp ly , type I ,  and th© sea le~ o f--e ig h t s c a l in g  

c i r c u i t*  Th© schem atic diagram i s  shown in  the  top  p o r tio n  

of F igu re  S* The d e t e c t o r ’s ig n a l  v o lta g e  i s  g en era ted  

a c ro ss  th© 1M G# M* tube s e r ie s  r e s i s t o r  and coupled to  th© 

1M v o lta g e  d iv id e r  by the 0*03 mfd capacitor* The am p lif ied  

s ig n a l  from th e  p la te  of th® 63 J7 then  can  be p laced  In to  

e i t h e r  th e  r ig h t  or l e f t  hand g r id  of th® 6SI7 d u a l tr ie d © * 

The g r id  chosen is  d ic ta te d  by th e  p o la r i ty  req u irem en ts  of 

th® fo llo w in g  s c a l in g  c i r c u i t*  Th© v o lta g e  to  t r ig g e r  th®
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s c a l in g  c i r c u i t  i s  taken  from th e  r ig h t  hand p la te  of th e  

0517* A sw itch  in  th i s  connection , a llow s th e  t r ig g e r s  to  

be in te r ru p te d  w ith o u t d is tu rb in g  the o p e ra tio n  o f the  r e s t  

o f the c i r c u i t*

In  the case  of p o s i t iv e  ou tpu t t r ig g e r s ,  a SSL? 

d u a l tried®  m u lt iv ib r a to r  and a 6 F6 *G power o u tp u t tub® 

a llow  a neon l i g h t  and a sp eak er to  be used as au d ib le  and 

v isual, count in d ic a to rs *  The M u l t i v i b r a t o r  len g th en s  th e  

s h o r t  p u lse  th a t  Is su p p lied  to  the s c a l in g  c i r c u i t  to  one 

th a t  i s  more e a s i ly  seen  and heard*

The A* 0 . v o lta g e s  req u ire d  a re  ob ta in ed  from a 

sm all ra d io  power transformer e n e rg ised  by th© 60 cy c le  

115 v o l t  lin e *  The D* C» v o lta g e s  a re  ob ta in ed  from the  

§YS*m3T f u l l  wave r e c t i f i e r  and a choke in p u t sm oothing 

system* The v o lta g es  su p p lie d  to  th e  voltage, a m p l i f ie r s ,  

the 6SJ7, 6317' and 63L7 M ultiv ibrator, ***« s t a b i l i s e d  by 

th e  ¥H150.

The ap p a ra tu s  was assem bled as a s e l f  s u f f i c i e n t  

u n it*  I t  proved to  be s a t i s f a c to r y  fo r  the purpose fo r  

which i t  was designed) that la  to  d r iv e  th e  s e a l in g  c i r c u i t  

shown below in  F ig u re  5 , and to  g ive au d ib le  and v is u a l  

in d ic a t io n s  of count ra te *  I t s  r e l i a b i l i t y  was In d ic a te d  

by i t s  com plete s a t i s f a c to r y  perform ance cm a s e p a ra te  

r e s e a rc h  problem* The convenience ©f com pleted s e a le r s ,  

developed l a t e r  in  th# re s e a rc h , l im ite d  I t s  use to  I n i t i a l  

problems*
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Binary S e a le r s . The voltage t r a n s ie n t  pr odu©#d by 

any d e te c to r  m y  be am p lif ied  and shaped to  a p o in t where i t  

w i l l  r e l i a b l y  a c tu a te  an eleetrom eehan leal r e g is te r *  A ll 

d e te c to r s  can d e te c t  ra d io a c tiv e  d is in te g r a t io n s  f a s t e r  

than the  f a s t e s t  r e g i s t e r  can reco rd  them; and, i f  no 

b u f fe r  c i r c u i t  is  p laced  between th e  r e g i s t e r  and the  d e te c ­

t o r ,  only very slow r a t e s  w il l  be reco rd ed  w ith  any accu racy . 

For example, th e  C yclo tron  S p e c ia l t ie s  R e g is te r  Ho* 401-A 

can respond  to  only abou t 60 even ly  spaced counts p er second, 

and even le s s  can be recorded  by le s s  expensive  types*

The uneven sp ac in g  of th e  s t a t i s t i c a l  r a d io a c t iv e  counts 

w i l l  low er the rate even f a r th e r  o f such a device* To 

permit f a s t  counts to  be a c c u ra te ly  reco rd ed , e l e c t r o n ic  

methods have been d ev ised  to  d iv id e  th e  count by a known 

f a c to r ,  s a d , th u s , impose only  a f r a c t io n  of the  d e te c to r ’s 

r a t e  on th e  eleetroaecb aziiea l r e g i s t e r .

C onsiderab le  demand* are- p laced  upon th© e le c t ro n ic  

c i r c u i t  which makes t h i s  d iv i s io n .  I t  must/be capab le  of 

fu n ctio n in g -ev er  a v ery  wide range of .ra te s *  The minimum 

r a te  m y  be q u it#  low—counts as  low as on# o r  two per 

m inute b e in g  encountered# Extremely a c t iv e  sam ples, on 

th e  o th e r  hand, may give r a te s  of many thousand counts p e r 

minute* The c i r c u i t  must g ive a c c u ra te  d iv is io n  th roughout 

th i s  range# Th® c i r c u i t  m a t  be s t a b l e |  th a t  I s  i t  must 

n o t add sp u rio u s  co u n ts  by independent o p e ra tio n s  of i t s  

own. I t  should n o t re q u ire  too  wide a v a r ie ty  of component 

s is e s #  L a s t, and r e la te d  to  th© item  ju s t  mentioned, the
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c i r c u i t  m m t  be ab le  to  o p e ra te  r e l i a b ly  a f t e r  th# tubes 

and ot h e r p a rt#  have aged aim chan .gad somewhat In  t h e i r  

eharac t e r ia t l e a  *

Th# s e a l in g  c i r c u i t s  used in  c o u n te rs , in  g e n e ra l, 

can traee  t h e i r  o r ig in  to  the t r ig g e r  c i r c u i t  of S ecies  and 

Jo rd an . O ther types o f d iv is io n  c i r c u i t s  a re  known, and 

a re  w idely  used f o r  d iv is io n  of c y c l ic  v o lta g e s  (7 S ). 

A dap ta tions o f  th i s  type of c i r c u i t  have been  su g g ested  f o r  

th e  d iv is io n  o f r a d io a c t iv e  counts (73)# These a d a p ta tio n s  

have no t ach ieved  any p o p u la r ity  f o r  th i s  purpose, however, 

-p r o b a b ly  due to  the- i n a b i l i t y  of such d ev ices  to ' respond 

a c c u ra te ly  to  the wide r a t e s  p o ss ib le  when coun ting  

r a d io a c t iv e  samples*

The Beelea* Jo rd an  c i r c u i t  and most of i t s  m o d ifica ­

t io n s  provide d iv is io n  by two, and a r e  c a l le d  b in a ry  

c i r c u i t s .  I t  store than one c i r c u i t  i s  used , d iv is io n  w i l l  be 

accomplished by powers of two* The c i r c u i t  requ ires two or 

more vacuum tubas l a  I t s  c o n s tru c tio n #  The use o f more than  

two tu b es only in c re a se s  th#  r e l i a b i l i t y  of th® assembly# In  

th e  b in a ry  c i r c u i t ,  two tubes a re  connected in  a manner th a t  

r e q u ire s  on# to  assume a c o n d itio n  t h a t  d i f f e r s  w idely  from 

t h e ‘s t a t e  o f th e  o th e r  one# k  s in g le  v o lta g e  t r ig g e r  w i l l  

re v e rse  the r e la t io n s h ip  of the two tubes*  A second t r ig g e r  

ag a in  rev e rse #  th#  r e la t io n sh ip  to  th a t  e x i s t in g  b e fo re  the  

f i r s t  tr ig g e r*  I f  the n ex t c ir c u it  i s  made s e n s i t iv e  to  only  

on® of th e  two t r a n s i t i o n s ,  d iv is io n  by two has been accom­

p lis h e d . C ascading c i r c u i t s  perm it d iv is io n  by a f a c to r  of



68

The o r ig in a l  Scalas*Jordan c i r c u i t  was n o t s t a b le ,  

and lynn-W llliam s (74) found th a t  gaseous tubes were much 

more r e l i a b l e  than  h ig h  vacuum tu b e s . The s e p a ra tio n  between 

the  two s t a t e s  i s  much e a s ie r  in  th i s  e a se , because th e  g as  

tube i s  e i t h e r  io n is e d , and , th e re fo r e ,  conducting s t ro n g ly , 

or m en -io n ised , and in  th e  l a t t e r  e a se , n o n -co n d u c tiv e ,

The gas io n is a t io n  and d e io n is a t io n  i s  no t an in s tan ta n eo u s  

p ro cess and , th u s , l im i t  a th© maximum count r a te  p o ss ib le#

The W ynn-illliam s c i r c u i t  has o th e r  disadvantages,, a s  w e l l ,  

b u t ,  in  g e n e ra l, i s  more sta b le  and e a s i ly  c o n s tru c te d  than 

many of the M, h vacuum b in a ry  c i r c u i t s  {75} •

Many c i r c u i t s  based on h ig h  vacuum tubes have been 

proposed {76 -  82}• f h e l r  r e l i a b i l i t y  in  most c a se s  was 

q u e s tio n a b le  (8 3 ) . Perhaps the most pop u la r b in a ry  c i r c u i t  

now used  i s  an a d a p ta tio n  and s im p lif ic a t io n  of a c i r c u i t  o f 

S tevenson and G ettin g  {84) by Klglnbothaa (84)* The s ig n a l  

ca u s in g  th e  r e v e r s a l  o f the  s ta g e  1 ® fed  on ly  to  th e  tube 

re q u ir in g  th e  t r i g g e r % the o th e r  tube Is  kep t i s o la te d  u n t i l  

r e v e r s a l  is  alm ost complete# th e  Higinbotham c i r c u i t  r e ­

q u ire s  only  one dua l tried©  and on© d u a l d iode in s te a d  of the  

fo u r  pentodes re q u ire d  by th© o r ig in a l  c i r c u i t .

The maximum r a t e  a t  which such a c i r c u i t  w i l l  respond  

can be made q u ite  f a s t  (8 0 ) . As in  the ease of th e  m u lt i­

v ib r a to r ,  th© r o le  o f t r a n s i t i o n  from on© s t a t e  to  an o th e r  

depends upon the hi#* freq u en cy  response of th© tubes used 

In  the c i r c u i t .  Pentode am plifiers' a re  used  in  th© very  

f a s t  c i r c u i t s ,  and the com pensation methods d e sc r ib e d  In
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the s e c t io n  on the  synchroscope a m p lif ie r  may be u sed .

C e rta in  disadvantages a re  in h e re n t to b in a ry  c i r ­

c u i t s .  Some c i r c u i t s  a re  c r i t i c a l  in  t h a t  they  re q u ire  

precis©  m atching of th e  components (64)* The p ro b a b i l i ty  of 

c i r c u i t  f a i l u r e  of the Blgenhotham type Is  so  h igh  th a t  a t  

l e a s t  one m anufactu rer made the whole c i r c u i t  removable f o r  

©as® of rep lacem en ts . The most troublesom e f e a tu re  i s  the  

c r e a t io n  of d iv is io n  f a c to r s  th a t a re  n o t e a s i ly  in te g ra te d  

in to  a decim al numbering system . I f  counts a re  recorded 

th a t  a re  no t ex ac t m u ltip les of the s e a lin g  f a c t o r ,  the  

a d d i t io n a l  counts In  th e  s c a lin g  c i r c u i t  a re  in co n v en ien t 

to  t o t a l i s e  and to  add to  the  d iv id ed  counts reco rded  by 

the  e lec tro m e ch a n ica l r e g is te r #

Prelim inary experim ents w ith  h ig h  vacuum s e a lin g  

p a i r s  in d ic a te d  th a t  they  were r a th e r  c r i t i c a l  in  t h e i r  

o p e ra t io n . Ixperlm en ts w ith  the $ynn«Wllliams s c a l in g  

c i r c u i t ,  on the other hand, gave immediate su c c e s s . They 

w ere, th e r e f o r e ,  used in  the  f i r s t  s c a la r  d e s p i te  t h e i r  

l im ita tio n s#  The d e s ig n  developed i s  shown on the  lower 

h a l f ’ of F igure  5 .  The in p u t t r ig g e r s  from th e  a m p lif ie r  

a re  f i r s t  p laced  on the l e f t  hand tried®  of the 63 L? which 

i s  a phase s p l i t t e r .  This tried©  i s  a n o th e r p lace  where the 

p u lse  can be changed to  e i th e r  p o s i t iv e  or n e g a tiv e . The 

v o lta g e  fed  to  the r ig h t  h a n d .s id e  of the  tu b e  I s  s l i g h t l y  

shaped by the 0*01 mfd and 20 it coup ling  c i r c u i t .  The 

s ig n a l  is  somewhat a t te n u a te d  by th is  p ro cess , and is  

am plified  by th e  r i g h t  hand s id e  of the tube* To p re se n t a
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c o n s ta n t v o ltag e  to  the i l r a t  s c a l in g  c i r c u i t ,  th e  sharpened 

v o ltag e  t r a n s i e n t  i s  then  used to  t r ig g e r  a m u l t iv ib r a to r ,  

th e  6SIJ7. The m u lt iv ib ra to r  produces a p o s i t iv e  t r a n s ie n t  

o f about 50 m icroseconds and un itorm  h e ig h t to  t r ig g e r  th e  

f i r s t  p a i r  of W ynn-Ill I  lams tubes which a re  two 084*8 to  the  

r ig h t  o f  the  6317*

One of the  two 884 tubes com prising  th e  f i r s t  Wynn- 

W illiam s c i r c u i t  w i l l  conduct* The conducting  tube  c re a te s  

a cathode b ia s  by v i r tu e  of i t s  p la te  c u r re n t flow  through 

th e  5.3K r e s i s to r  th a t  i s  common to  b o th  cathodes* The b ia s  

i s  h igh  enough to  p reven t io n is a t io n  and conduction  of the
s

o th e r  tube  of the p a ir*  Under th is  s t a t i c  c o n d itio n , th e  

p la te  p o te n t ia l  of the  conducting  tub® w i l l  be very  low, 

r e s u l t in g  in  a d if fe re n c e  between cathode and p la te  p o te n tia l 

of only 10-15 v o lts *  The other p la te  w i l l  be a t  th e  e f f e c ­

t iv e  p la te  v o lta g e  supp ly  s in c e  th e  tub® i s  no t draw ing any 

c u rre n t th rough  i t s  p la te  r e s i s t o r .  T h ere fo re , the 0 .1  

mfd c a p a c ito r  which is  connected between th e se  two p la te s  of 

d i f f e r e n t  p o te n t ia l  w i l l  a c q u ire  a ch a rg e .

k t r ig g e r  from th e  d e te c to r  i s  now fed  in to  b o th  

g r id s .  The g r id  of the conducting tub® has l i t t l e  e f f e c t  

upon th e  p la te  c u rre n t o f th i s  tu b e . The p o s i t iv e  v o lta g e , 

however, can cause the  non-conducting  tube to  conduct* This 

s t a r t s  p la te  c u r re n t flow  th rough  the  p la te  r e s i s t o r  which 

low ers th e  p la te  v o lta g e , s in c e  t h i s  changes th e  p o te n t ia l  

g ra d ie n t to which the  0 . 1  mid c a p a c ito r  i s  connected , th e  

c a p a c ito r  d isc h a rg es  through th e  plat®  r e s i s t o r  of the
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i n i t i a l l y  conducting  tube* This d isch a rg e  low ers the p la te  

v o lta g e  o f t h i s  tube to  such a p o in t th a t  I t  no lo n g e r 

conducts* The d isch arg e  c u r re n t  d ec re a se s  e x p o n e n tia lly , 

and soon th e  p la te  p o te n t ia l  la  a g a in  h ig h  enough to  cause 

conduction  in  th e  I n i t i a l l y  conducting  tu b e . However, 

the  plat©  current of the newly conducting  tube c re a te s  a 

b ia s  th a t  p reven ts, io n i s a t i o n  u n t i l  a second t r ig g e r  ag a in  

re v e rse s  th e  s i t u a t i o n .

The, p la te - -o l ; the  r ig h t  hand tube o f the f i r s t  p a i r  

becom e p o s i t iv e  and n e g a tiv e ’when i t ' i s  t r ig g e re d  by two 

d e te c to r  t r a n s i e n t s .  The second p a i r  which i s  coupled to  

one plat©  o f th e  ’f i r s t  p a ir  w il l  toe tr ig g e re d  toy a n egative  

and p o s i t iv e  pulse* The second p a i r  Is  not t r ig g e re d  toy the 

n e g a tiv e  t r a n s i e n t  and- Is  in  th i s  manner only tr ig g e re d  once 

f o r  two in p u t v o lta g e  pulses*

The th i r d  p a i r  i s  t r ig g e re d  toy th e  change in  on® 

plat®  of the second p a i r ,  and y ie ld s  a p o s i t iv e  and n eg a tiv e  

v o lta g e  change a t  i t s  p l a t e .  T his occurs one® f o r  each  

e ig h t  p u lse s  g en e ra ted  a t  the  d e te c to r .

The v o ltag e  th a t  i s  used to a c tu a te  the  C yclo tron  

S p e c ia l t ie s  Co* E e g is te r  I s  g en e ra ted  toy th e  6SI7 m u lt iv ib ra ­

to r  and am p lif ied  by th e  6 I 6 -G power a m p li f ie r .  The 

in s e n s i t iv e n e s s  of the m ultiv ibrator to  n eg a tiv e  p u lse s  

com pletes th e  s e le c t iv e  us© of the  v o lta g e s  o ccu rrin g  in  

on© cycle  o f  th e  l a s t  s c a l in g  stage*  A m u lt iv ib ra to r  I s  

used to  p rov ide a pu lse  of the  optimum le n g th —about 1 0 , 0 0 0  

m icroseconds—fo r  the r e g i s t e r .
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The count th a t  is  in  th e  s c a lin g  c i r c u i t  a t  the  time 

th a t  the  count i s  stopped i s  determ ined  from the  neon l ig h t s  

th a t  a re  p laced  In  the  p la te s  of one tube of e a c h .s c a l in g  

pair*  th ey  a re  a rran g ed  ao th a t  th ey  w i l l  l i g h t  when a 

p a i r  ha® com pleted h a l f  of i t s  c y c le , and thus has 1 , 2 o r 

4  counts in  a d d i t io n  to  th a t  in d ic a te d  on th e  r e g is te r *

As th e  p a ir s  always s t a r t  from  a g iven s t a t e ,  th e  s h i f t  in  

s ta te  in  each, p a i r  w i l l  cause one p la te  to  go q u ite  p o s i t iv e  

when h a l f  of the  c y c le  i s  com plete. T his v o ltage  change i s  

la rg e  enough to  cause th e  aeon l ig h t  to  f i r e ,  in d ic a t in g  

th e  occurrence of th e  h a lf  c y c le . The s ta n d a rd  se ro  s t a t e  

i s  e s ta b l is h e d  by co n n ec tio n  of the g r id  re s is to r®  of those 

tubes th a t  a re  to .co n d u c t a t  aero  count to  a p o s i t iv e  source* 

A ll l i g h t s  w i l l  be extingu ished  a t  t h i s  p o in t .  The sum of 

th e  s u b s c r ip ts  on th e  neon l i g h t s  in  F ig u re  5 i s  added to  

the  r e g i s t e r  count when m count i s  s to p p ed .

The power su p p lied  to  the c i r c u i t  i s  fu rn ish ed  by 

transform ers and a h igh  vacuum r e c t i f i e r *  The p la te  supply  

to  the SS4 tubes i s  delayed  to  allow  th e  cathodes to  re a c h  

o p e ra tin g  temperature b e fo re  p la te  p o te n t ia l  i s  su p p lie d .

The power demand f o r  th e  884 s c a l in g  p a ir s  i s  high; the  

h e a te r  power is  l a r g e 5 and the  p la te  c u rre n t i s  h ig h  because 

th e  tubes drop to  such a low e f f e c t iv e  r e s is ta n c e  w hile 

co n d u c tin g .

The c i r c u i t  has proven to be f a i r l y  r e l i a b l e  under 

co n d itio n s  of r e l a t i v e l y  low count r a t e .  As had been men­

tio n e d , i t  was s a t i s f a c t o r i l y  used in  a s e p a ra te  re s e a rc h  

problem .
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Counters with unseal© ring®

T h e o re t ic a l* The b in a ry  c i r c u i t  'has the d isad v an ­

tage  of p ro v id in g  s c a l in g  / a c to r s  t h a t  a re  n o t e a s i ly  

in te g ra te d  a 1th the decim al system  used on most e le c t r o ­

m echanical r e g i s t e r s *  Sealin g '-factors of powers of te n  

s im p lify  th e  a r i th m e tic  of coun t reco rd in g  c o n s id e ra b ly , 

and th u s , much e f f o r t  has been d ir e c te d  tow ards th e  develop­

ment of s c a le s -o f - te n *  XJUfsQhuts* i n  an a r t i c l e  on 

vacuum tube s c a l in g  c i r c u i t s ,  p o in ted  ou t th a t  th e  b in a ry  

c i r c u i t  was capable of o p e ra tio n  a t  s c a l in g  f a c to r s  o th e r  

than  powers of two. (83)* A s c a le - o f - te n  can be a l te r e d  in  

many ways to  y ie ld  a s e a le -o f - te n u  ( 8 6 )* T his scheme was 

adap ted  by ? o tter  to  a s e a le -o f - s ix te e n  u sin g  fo u r  b in a ry  

c i r c u i t s  as th e  base fo r  commercial decade co u n ters  (87) 

and th is  system  has been su b seq u en tly  used by others (86)*

At a count of e ig h t  p lu s  two, a l l  fo u r  c i r c u i t s  a re  I n te r ­

n a l ly  r e s e t  to  s e r a ,  so th a t  the s e a l in g  f a c to r  i s  reduced 

to  ten* S ca lin g  f a c to r s  other th a n  te n  can be o b ta in ed  in  

th i s  manner (89) but ten  i s  the most u se fu l*  I f  only  one 

d u a l tr lo d e  i s  used per b in a ry  s ta g e , the c irc u i t ,  i s  v ery  

economical of parts and power*

The a l te r e d  s c a le -o f - s ix te e n  has se v e ra l d isadvan ­

tages*  The neon l ig h t s  which in d ic a te  th e  r e s id u a l  count 

in  a s c a le  cause problems* I f  d i r e c t  In d ic a tio n  of th e  

b in a ry  s ta g e s  Is  u sed , a d d itio n s  a re  necessary*  I f  d i r e c t  

s in g le  l i g h t  in d ic a t io n  i s  u sed , a r e s i s t o r  m a trix  i s  

re q u ire d  which causes d i r e c t  in d ic a t io n  of the o p e ra tio n
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of the s e a l in g  tubes to  be lo s t*  sc a ler  o p e ra tio n  can be 

checked by observing; l i g h t s  a t  slow count ra te s *  This can 

he done b e s t ,  however, only  when d i r e c t  connection  I s  

p o s s ib le .  Another d isad v an tag e  is  th a t  th e  maximum count 

r a t e  may be d e c re a se d . In  one such s c a le ,  on which f u l l  

In fo rm atio n  i s  a v a i la b le ,  th e  count r a te  was reduced from 

115,000 counts p er second to  50,000 counts per second by 

the  feed  hack c i r c u i t s  needed to  ad ap t a se a le ~ o f•s ix te e n  

to  a s c a le - o f - te n  (9 0 )* These c i r c u i t s  a re  made fey many 

m anufactu rers  as com pletely  re p la c e a b le  u n i t s  % t h i s  shou ld  

n o t fee n ecessa ry  In  a com plete ly  s a t i s f a c to r y  u n i t .

ftlng c i r c u i t s  o r com binations of r in g  c i r c u i t s  and 

b in a ry  c i r c u i t s  have been  used for  decim al d iv is io n  of 

f a s t  t r a n s ie n ts *  The r in g  c i r c u i t  can be co nsidered  an 

expansion  of the b in a ry  c i r c u i t .  Two tubes r e a c t  In  th e  

r in g  in  a manner s im i la r  to  th a t  o f th e  tw o tu b es  in  a 

b in a ry  c i r c u i t*  By th i s  s o r t  of a r e a c t io n  to  a t r a n s i e n t ,  

a s t a t e ,  possessed  by only one tube in  th e  r in g  a t  a tim e, 

becomes ro ta te d  around the r in g .  T ra n s ie n ts  equa l to  th e  

e f f e c t iv e  number of s t a t e s  l a  th e  r in g  a re  re q u ire d  to  cause 

com plete r o ta t io n  of the  r in g  to  any a r b i t r a r i l y  chosen 

i n i t i a l  s t a t e .  The e l e c t r i c a l  change th a t  occurs a t  t h i s  

tub© is  la rg e  when th e  tube e n te r s  the un u su a l s t a t e .  S ince 

th e  tub© e n te r s  th is  s t a t e  on ly  one© per r in g  r o t a t i o n ,  th e  

subsequent c i r c u i t  w i l l  fee t r ig g e re d  only once per revo lu tion .

T his method was f i r s t  used by  ffyn&Hffllllaas w ith  

gas f i l l e d  tu b e s , but d id  n o t prove s a t i s f a c to r y  (9 1 ) .
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Most r in g  type h igh  vacuum tu b s  s e e l in g  c i r c u i t s  have been 

H a lte d  to a maximum of f i v e ,  because of the a d d i t io n a l  

demand encountered  when each subsequent tub# is  added to  

the  r in g  (92)* C onsequently , to  o b ta in  a s e a le - o f - t e n ,  

b in a ry  c i r c u i t s  a re  u su a lly  In co rp o ra ted  in  various ways* 

Lewis d e sc r ib e d  a method th a t  used a seale-»of»two b efo re  

a r in g  of f iv e  (91)# O ther methods have been d e sc rib ed  

u sin g  th e  seal© -of-tw o  w ith  ring c i r c u i t s  to  g e t .a decade 

seal©  ' (93 -  9 9 ).

A c i r c u i t  th a t  combines th i s . ty p e  r in g  and b in a ry  

s c a le r  has been d e sc rib ed  by S h arp iess  (92)* Each d i g i t  in  

the decade i s  a ss ig n ed  a b in a ry  c i r c u i t .  The o r ie n ta t io n  

of the  b in a ry  s c a le  i s  the d is t in g u ish in g  change in  th e  r in g .

This type ring: has s e v e ra l  advantages* i t  is  ex­

p an s ib le  and can be made in  any s is #  up to  a t  l e a s t  twenty*

I t  is  not much more demanding o f p a r ts  and tubes th an  o th e rs  

th a t  have been d esc rib ed  (93) and I t  can o p e ra te  under a 

wide range of c o n d i t io n s . I t  a l s o  has th e  reeessaendatlon  

of s u c c e s s fu l use in  the Emlac com puter, which la  a dev ice  

th a t  demands h igh  accu racy  in  d iv is io n *  in  a d d i t io n ,  the  

p a i r  per u n it  of the s c a le  a ls o  perm its d i r e c t  o b se rv a tio n  

o f each p o r tio n  of the seal©  by the In d ic a t in g  neon l ig h ts *  

S ince th i s  c i r c u i t  was found to  be easy  to  c o n s tru c t ,  and 

very  s a t i s f a c to r y  In  o p e ra tio n , I t  w i l l  be more f u l ly  

described  in  th e  experim ental s e c t io n .

C o n s tru c tio n * Although th e  fynn-W llllam s s c a le r  was 

s a t i s f a c to r y  fo r counts w ith in  i t s  ran g e , th e  speed th a t  a
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high vacuum tube c ir c u i t  possesses ask* these mar# desirable  

In a sealer*  As laboratory •xperlw m ts with, binary c i r c u i t s  

bad no t bean too  s a t i s f a c to r y ,  work was a t a r  tad  on a eoar 

p le te ly  co n ta in ed  scale-»a f r e ig h t  which aase&bled the  f i r s t  

power supply , tb# a m p lif ie r ,  and the w y n n ^ lllitm s c ir c u it  

on one c h its I s*

The p u b lic a t io n  o f Snlae c i r c u i t s  a t  t h i s  tisse , 

w ith  i t s  o la i:ta  of extrem e r e l i a b i l i t y  when mad# w| tfa p a r ts  

of n o m a l to le ra n c e , sees&ed to In d ic a te  th a t  th is  c i r c u i t  

m ight be b e t t e r  than  those  th e t  have been p re v io u s ly  te s ted *

A t e s t  ring oi f iv e  m s  &*ds and found to b# q u ite  s ta b le  

and to f a c t i o n  ac cu ra te ly *

The t e s t  r in g  la d ie s te d  th a t b e s t  r e s u l t s  were 

o b ta in ed  eh an the. r in g  was d riv en  w ith  a  pu lse  of one 

aslorosecomi d u ra tio n *  The d riv in g ’ c i r c u i t  p u b lish ed  fo r  

use w ith  ’.be com puter c i r c u i t  seemed to  be sousewhet com pli­

ca ted  and too  do u n d in e  fo r  use In  an assem bly of as  limited 

s e rv ic e s  a s  a re  av a l la  hi# in  a se a le r*  T h ere fo re , s im p li­

f i c a t io n s  were in  th i s  c i r c u i t*  The new d r iv in g

c i r c u i t  u ses a m u lt iv ib r a to r  th a t  g en e ra te s  a c o n s ta n t 

v o lta g e  pu lse  of ab o rt d u ra tio n *  As tf-is  t r ig g e r in g  v o ltag e  

Is  p laced  In to  a ring: * t  * p o in t of r e l a t l v e l y  low Impedance 

(A ♦ c * r e s i s t a n c e ) ,  s power a m p lif ie r  la  used to  am plify  the 

power co n ta in ed  in  tb# v o lta g e  o u tp u t of the m u ltiv ib ra to r*  

The p la te  so pply v o lts  •, r  fu rn ish ed  fa th e  s e a le r  and th e  

driving. c i r c u i t  could be v a r ie d  from between 76 and SID v o lts  

w ith o u t changing the sealing ; factor  or i t s  r e l i a b i l i t y *



The rang© Is  p robab ly  l a r g e r ,  hu t th i s  re p re s e n ts  th e  

T0 lts.iv© that was conven iently  a v a ila b le  a t  the tim e . The 

normal commercial to le ra n c e  (p lu s  o r minus 1 0 |>) of p a r ts  

d id  n o t seem to  change the o p e ra tio n  of the  c i r c u i t*

Although the  d a ta  d e sc r ib e d  was o b ta in ed  w ith  a 

co n s ta n t source  as generated b y  a p u lse  g e n e ra to r ,  t h i s  

f in e  s t a b i l i t y  was maintained when the s c a le r  was t r ig g e re d  

by G eiger tu b e  t r a n s ie n ts  which were enlarged by an 

a m p lif ie r  designed  fo r  use w ith  th e  s c a le r*

As a r e s u l t  of th e  s a t i s f a c to r y  o p e ra tio n  of th e  

t e s t  r in g  of f iv e ,  two r in g s  of f iv e  were in c o rp o ra te d  In to  

th e  assem bly o r ig in a l ly  designed  to  I n te g r a te  the  th re e  

in d iv id u a l p a r ts  of the  o r ig in a l  11 sca ler** At that tim e,.the 

convenience of a sc a le^ o f-ten  was recognized; th e  s p e c ia l  

l im i ta t io n s  of the p a r t i a l l y  com pleted assem bly would no t 

a llow  th i s  f a c to r  of te n  to  be used* As t h is  c i r c u i t  Is  

e s s e n t i a l l y  the asms as th e  more w idely  used se& l*s*of~ten# 

i t  w i l l  no t be d isc u sse d  in  d e t a i l .  I t  d i f f e r s  from the 

s o re  w idely  used s c a l e t e n  In  two waysj In  s iz e  o f th e  

s c a le  ca thode r e s i s to r s  which a re  a fu n c tio n  o f th e  s c a l in g  

f a c t o r |  and in  the f a c t  th a t  i t  has on ly  a s in g le  range 

h ig h  v o lta g e  su p p ly . A seale~of~one hundred u s in g  two r in g s  

of te n  based on the Sniac r in g  c i r c u i t  proved much e a s ie r  

to  use*

Because th e  o p e ra tio n  of th e  decade s c a le  i s  b e s t  

ex p la in ed  w ith  i t s  o th e r  p a r t s ,  the whole s c a le r  w i l l  be 

d e s c r ib e d . The com plete c i r c u i t  used i s  shown in  F ig u re  6 .
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I t  consist®  of two a m p lifle r s , two r in g s  of ton ,  and a 

h igh  v o l ta g e  su p p ly . The work on the  t e s t  r in g  hah in d ic a ­

te d  th a t  a aharp  pu lse  was necessa ry  t o  o b ta in  p o s it iv e  

o p e ra t io n .  Comparison of th e  pu lse  requirem ents w ith  the  

long d u ra t io n  of a Geiger tube  p u lse ,  a s  shown in  F igure 8  

in d ic a te s  t h a t  I t  i s  necessa ry  to  shape th e  Geiger tube 

p u lse  in to  a form more s u i t a b le  fo r  the o p e ra t io n  of th e  

s c a l in g  c i r c u i t® ,  The only rap id  v o lta g e  change shown Is  

t h a t  of th e  i n i t i a l  v o lta g e  change, which occurs d u r in g  th e  

ra p id  c o l l e c t io n  of th e  l ig h t  and mobile e le c t ro n s  formed in  

the d is c h a rg e .  The c a p ac itan c e  th a t  i s  shown by long connec­

t in g  cab le s  w i l l  load the  Geiger tube in  such a manner th a t  

the sh a rp  r i s e  w i l l  no t be a c c u r a te ly  reproduced and w i l l  

tak e  much lo n g e r  to  r e a c h  i t s  maximum v o l ta g e .  Thu®, to  

perm it the pu lse  to  be .more - a c c u ra te ly  t r a n s m it te d  to  the 

a m p l i f i e r s ,  and y e t ,  perm it th e  u se  of rea so n ab ly  long cables, 

a cathode follower i s  p laced  a t  the d e te c t in g  d e v ic e .  The 

cathode r e s i s t a n c e ,  which Is  mounted on the main e h a s i s ,  i s  

a l s o  used as the g a in  c o n t ro l  t h a t  a llow s the  m o llif ic a t io n  

accorded the pulse to  be varied#  As th e  cathode r e s i s t o r  

can be r e l a t i v e l y  sm a ll ,  l e s s  d i s t o r t i o n ,  due to  frequency 

d is c r im in a t io n ,  Is  a l s o  en coun te red .

The s ig n a l ,  depending upon s i z e ,  can he placed in to  

the a m p lifier  in  one of two p la c e s .  I f  the s ig n a l  i s  small, 

i t  can be am p lif ied  by th re e  a m p l i f ie r  tube® in  a d d i t io n  

to  those  t h a t  a re  In the c i r c u i t  a t  a l l  times* The three 

tubes a re  Vg, and V^. Tubes Vg and ¥ 3  a re  conven tiona l
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r e s i s ta n c e  coupled am p lifier  tubes w ith l i n e a r i t y  of  

response aided  by the choice of sm all r e s i s t o r s  t or the  

plat© c i r c u i t s  of bo th  tubes* The ohird a m p l i f ie r  used , V^, 

i s  a cathode coupled grounded grid a m p l i f ie r  (9 9 ) .  Here, 

th e  s ig n a l  i s  p laced  I n t o ' t h e  cathode c i r c u i t  in s te a d  of the  

g r id ,  and a t  the p la te  where the  am p lif ied  s ig n a l  i s  recov­

e re d ,  no change in  p o l a r i t y  o c c u rs .  The low r e s i s t a n c e  of 

the  cathode c i r c u i t  w i l l  load down V^, the l a s t  pentode 

a m p l i f i e r ,  i f  the  s ig n a l  f o r  the grounded g r id  am p lifier  

i s  taken d i r e c t l y  from t h i s  p l a t e .  The s ig n a l  i s ,  th e r e f o r e ,  

buffered by a cathod© fo llo w e r  In the  l e f t ' hand s id e  of V 

and b o th  fu n c t io n s  a re  handled by a s in g le  envelop e . f h e  

ou tpu t from t h i s  a m p l i f ie r  i s  of th e  same p o l a r i t y  as t h a t  

fu rn is h e d  by the  cathode fo l lo w e r  ¥^, and can b# s u b s t i tu te d  

f o r  i t  when a d d i t io n a l  a m p l i f ic a t io n  i s  required*

A ll s ig n a l s ,  e i t h e r  la rg e  or sm a ll ,  a re  am p lif ied  by 

¥g, a conven tiona l pentode a m p l i f i e r .  Sine© the  s ig n a l  i s  

n e g a t iv e ,  the tube  can be e f f e c t i v e l y  opera ted  a t  se ro  b ia s  

to  preven t undershoot ( t r a i l i n g  pu lses  of o p p o site  p o la r i t y  

caused by the r e a c t io n  of the  c i r c u i t  to t r a n s i e n t  waveforms}. 

I f  th e  s ig n a l  i s  l a r g e ,  some chopping o f f  of the  to p  of the  

waveform occurs , b u t t h i s  does no t seem to  m a te r i a l ly  change 

th e  o p e ra t io n  of the  subsequent c i r c u i t s *

The s ig n a l  i s  coupled to  the  nex t c i r c u i t  by means of 

the on ly  s h o r t  time c o n s ta n t  c i r c u i t  used in  th e  a m p l i f ie r  

t r a i n ,  arid C^* The change th a t  occur® can be seen  by 

comparing the Geiger tub© pu lse  d u ra t io n  of s e c t io n  A in
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F igure  8  w ith  the pu lse  B on the same .figure th a t  i s  shaped 

from I t .  This c i r c u i t  lowers th e  am plitude of the  pulse  

t h a t  i s  obtained, and i t  must aga in  be am p lif ied  by and 

V^* Two tubes are  used s in ce  i t  i s  d e s i re d  to  have a 

p o s i t iv e  pu lse  f o r  fu rth er t r i g g e r i n g .

The output from i s  then  used to  t r i g g e r  a one 

sho t m u l t iv ib r a to r  Vg . This tube forms the v o ltag e  th a t  

d r iv e s  th e  sc a lin g  r i n g .  %  must be d r iv e n  by & p o s i t iv e  

p u lse ,  t h i s  be in g  th e  reason  why so much ca re  i s  given to  

the  p o l a r i t y  of th e  s ig n a l  when a m p lif ie d  by th e  tubes of 

p rev ious  s e c t io n s .  This m u l t iv ib r a to r ,  when t r i g g e r e d ,  

w i l l  produce a p u lse  s l i g h t l y  over one microsecond in  length, 

and of r e l a t i v e l y  c o n s tan t  am p litu d e . The m ultiv ibrator  

thus se rv e s  as  a b u f f e r  between the v ary in g  v o l ta g e  fu rn is h e d  

by th e  a m p l i f ie r  and the  r i n g ,  which Is  b e s t  t r ig g e r e d  by a 

c o n s ta n t  v o l t a , e .  The m u l t iv ib r a to r  has a l s o  a n o th e r  func­

t io n  when used w ith  a p ro p o r t io n a l  v o lta g e  y ie ld in g  d e t e c to r ;  

i t  w i l l  not allow  any t r i g g e r  v o ltag e  to  b© fu rn ish e d  to feh© 

r in g  u n le ss  the v o lta g e  d r iv in g  the cathode fo l lo w e r  Is  

l a r g e r  than  t h a t  r e q u ire d  to  cause the  l e f t  hand t r io d e  to  

conduct. Larger s ig n a ls  do no t cause the ou tpu t to  in c re a se  

a p p re c ia b ly ,  thus g iv in g  the  r in g  a chance to  o p e ra te  under 

almost co n s tan t  d r iv in g  c o n d i t io n s .

The v o ltag e  ob ta ined  from the plat© of th e  r i g h t  hand 

s id e  of Vg, however, does n o t have two n ec essa ry  c h a r a c t e r i s ­

t i c s .  A t r i g g e r  must b© of n eg a tiv e  p o l a r i t y ;  and the  driving 

p u lse  which must be p laced  in to  a r e l a t i v e l y  low r e s i s t a n c e



should contain  r e la t iv e ly  la rg e  power* A m plification  of th e

s ig n a l  from V8  by V^, a power pentode, so lv es  bo th  problems. 

The ou tpu t fro® i s  used to  t r i g g e r  the r ing*  t h i s  a l s o  

has proven t o  be the most s a t i s f a c t o r y  p lace  to  i n t e r r u p t  

th e  s ig n a l s  which s t a r t  or s to p  the recording o f - .d is in te ­

g r a t io n s ;  th e r e f o r e ,  t h i s  s ig n a l  i s  t r a n s f e r r e d  through the 

count switch* A t i ia e r ,  i f  a v a i l a b le ,  can a u to m a t ic a l ly  

s t a r t  and s to p  the count r a t e  by en erg isin g  the re  la y  

p a r a lie lin g  t h i s  sw itc h .

The r in g s  used a re  a decade v e rs io n  o f those  

d e sc r ib e d  by S h srp less . The f i r s t  ring c o n s is t s  o f  tubes 

Yiq and V^9 * Ifhen not t r ig g e r e d ,  t e n .o f  th e  twenty t r lo d e s  

com prising  the r in g  w i l l  conduct, .one tr lo d e  in  each envelope 

As the  c i r c u i t  i s  shown connected , nine of th e  l e f t  hand and 

one of the r ig h t  hand- t r lo d e s  w i l l  conduct* This l a t t e r  

tube is  c a l le d  th e  "odd** tube fo r  the sake 'of convenience.

The l e f t  band p la te s  t h a t  a r e  conducting w i l l  cause 

th e  p la te  v o lta g e  e x i s t in g  a t  th e se  p la te s  to  be too  low to  

M i n t s  in  the  d isch arg e  of a 0 .04  w att  neon b u lb .  The 

i n t e r p o l a t i o n  l i g h t s  a r e ,  th e re fo r# ,  connected to  th e se  

p l a t e s .  The odd tube co n ta in s  the non-conducting  l e f t  hand 

tr lo d e , and the re fo r® , i t  w i l l  be a t a p o t e n t i a l  h igh  enough 

to  cause th e  neon bulb  to  l i g h t .  Thus, the  o p e ra t io n  of 

th e  r in g  which depends upon the odd s t a t e  lo c a t io n  i s  

fo llo w ed . When o p e ra t io n  i s  stopped , these  l i g h t s  a l s o  

in d ic a te  any r e s id u a l  count not y e t  recorded  by an e l e c t r o ­

m echanical r e g i s t e r *



Conduction by only one trlode in  each envelope i s  

due to  the  d i f f e re n c e s  In  g r id  v o ltag e  of th e  two t r lodes 

as  a consequence of the  connection  of each p la te  to  the  

o p p o s ite  g r id  by the r e s i s t o r  network. Conduction by one 

s id e  in c re a se s  the  n e g a tiv e  v o lta g e  a t  the  g r id  of th e  o th e r  

s id e  enough to  cause th is  s id e  to  cease  conduction .

An a t tem p t by two r i g h t  hand s id e s  to  conduct i s  

suppressed  in  th e  cathode c i r c u i t s #  A ll th e  r i g h t  hand 

cathodes and a l l  th e  l e f t  hand ca thodes a re  connected in  two 

separate c i r c u i t s #  The r e s i s t a n c e  th rough  which the p la te  

c u r r e n t  of the l e f t  hand s id e s  must flow i s  only  one n in th  

th a t  o f  the  r i g h t  hand s id e s .  An a ttem pt f o r  two r i g h t  hand 

s id e s  to  conduct w i l l  thus in c re a se  the n e g a tiv e  v o ltag e  on 

the  r ig h t  hand s id e s  enough to  supp ress  t h i s  c o n d i t io n .

The in j e c t i o n  of a s in g le  puls© in to  th e  l e f t  hand 

cathode c i r c u i t  from the p u lse  d r iv in g  c i r c u i t  causes the 

odd tube to  r o t a t e  on© tube  in  the ring#  As an example, 

i f  V^q were the  odd tub®, one pu lse  would cause to  be 

the  odd tu b e . This change may be ex p la in e d  by c o n s id e r in g  

the fo llo w in g  re a c t io n s#  The n eg a tiv e  pu lse  w i l l  d r iv e  a l l  

l e f t  hand g r id s  In  a p o s i t iv e  d i r e c t i o n  by cancelling cathode 

b i a s .  This w i l l  have l i t t l e  e f f e c t  upon any o f  th e  tu b e s ,  

except the odd tub©, because a l l  bu t the  odd tub© have t h i s  

s id e  conducting  and, th e re fo re ,  must have t h e i r  g r id s  a t  

alm ost zero p o te n t ia l  w ith  r e s p e c t  to t h e i r  cathodes# Any 

a t tem p t to  d r iv e  these  g r id s  f a r t h e r  p o s i t iv e  w i l l  d r iv e  

them p o s i t iv e  w ith  re sp e c t  to t h e i r  cathodes* Since th e
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d r iv in g  v o lta g e  comes from a source of h ig h  in t e r n a l  r e s i s ­

ta n c e ,  most of t h i s  p o s i t iv e  v o lta g e  w i l l  be l o s t  in  the  

so u rce , due t o  g r id  conduction . The l e f t  hand g r id  o f the 

odd tube , however, w i l l  no t be so l im i te d  because t h i s  g r id  

i s  a t  a much lower v o lta g e  and can be used to  d r iv e  the  

l e f t  hand feriode conduc ting . T h is ,  in  t u r n ,  d r iv e s  the r i g h t  

hand s id e  of t h i s  odd tub© to  a s t a t e  o f  non-conduction  by 

a t r a n s fe re n c e  of the la rg e  n eg a tiv e  change a t  the  l e f t  

hand p l a t e ,  a lm ost unchanged, to the  r i g h t  hand g r id  by 

the  26 saier©micro f a r a d  c a p a c i to r  connecting  th e se  two 

e lem en ts . The la rg e  p o s i t iv e  in c re a s e  a t  the p la te  of the 

r i g h t  hand s id e  of the  tube th a t  Is  le a v in g  th e  odd s t a t e ,  

i s  t r a n s m it te d  to  the r i g h t  hand g r id  of the next tube  in  

the r in g ,  causing  i t  to  become the new odd tube* A s h o r t  

r in g  d r iv in g  p u lse  is  r e q u ire d  s in c e  i t  I s  n ec essa ry  to  

remove the- n eg a tiv e  s ig n a l  from th e  cathode of the new odd 

tube befo re  the p o s i t iv e  v o lta g e  Is  removed from th e  r i g h t  

hand g r id .

As i t  i s  more convenient f o r  com putation purposes 

f o r  the odd tubes to  be in  a f ix e d  p o s i t io n  In the  r in g s ,  

a l l  the g r id  r e s i s t o r s  of the t r l o d e  s e c t io n s  th a t  a re  

re q u ire d  to  conduct a t  se ro  count a re  connected momentarily 

to  source of p o s i t iv e  v o l ta g e .  This e s t a b l i s h e s  the ae ro  

s e t t i n g  of the  r ings*  Once t h i s  has been e s ta b l i s h e d ,  a l l  

th e se  g r id  r e s i s t o r s  a r e  r e tu rn e d  to  t h e i r  normal ground 

connections*  A c a p a c i to r  i s  p laced  a t  the end of th e  r e s i s ­

t o r  used to  l im i t  the c u r r e n t  flow during, t h i s  o p e ra t io n  of
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r e s e t t i n g .  This allow s much h ig h e r  i n i t i a l  c u r r e n t  flow 

than  t h a t  of the  s tead y  s t a t e  In  order to  a s su re  p o s i t iv e  

r e s e t t i n g .  Another p o r t io n  of t h i s  sw itch  removes the  plat© 

v o lta g e  from V3g# s in c e  r e s e t t i n g  w ith more than  n ine  

r e s id u a l  counts in  the  se a le a  w il l  cause th e  r e g i s t e r  to  

In c rease  one In  coun t.

The in fo rm ation ; t h a t  th e 1 r in g  has "completed a cycle 

i s  ob ta ined  fro® the r i g h t  hand plat© of th e  sereth  tu b e .

The v o l ta g e  v a r i a t i o n s  t h a t  w il l  t a k e  p lace  a t  th e  p la te  

a re  shown i n  s e c t io n  IS of F igure  8 . This p o r t io n  of  F igure  

8  reco rd s  th e  v a r i a t io n s  th a t  occur f o r  more th an  ten  

d r iv in g s  of the r i n g .  The la rg e  p o s i t iv e  change t h a t  occurs 

when the tube goes in to  the odd s t a t e  i s  used to  t r i g g e r  

the  subsequent c i r c u i t s .  This i s  the l a r g e s t  p o s i t iv e  

v o ltag e  t h a t  occurs d u r in g  one complete cy c le  of th e  r i n g .

The dev ice  th a t  ex tra c ts  t h i s  inform ation must no t 

load  the r in g .  The loading  of a sim ple o sc i l lo sc o p e  w i l l  

cause a good c i r c u i t  t o  s to p  opera ting*  Unbalance i s  

H a l t e d  by th e  use of s e r i e s  i s o l a t i n g  r e s i s t o r s  i n  t h i s  

le a d ,  and a lso  by the use of a cathode fo l lo w er—►the l e f t  

hand s id e  o f ^O *

The d u ra t io n  of the  square wav© th a t  Is  genera ted  

a t  th e  p la t e  of ¥^q may be quit© long , e s p e c i a l ly  a t  slow 

count r a t e s .  To be a p p l ic a b le  as a t r i g g e r  fo r  a second 

decade, i t  must be sharpened . This takes  p la ce  in  the  

coupling  c i r c u i t  between the  l e f t  and r i g h t  band cathodes 

of v20. The r i g h t  'hand s id e  is  th e  grounded g r id  a m p l i f i e r .
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This s h o r t  tim e co n s tan t  c i r c u i t  per .a l ts  only  & s h o r t ,  

sharp  p u lse  to he t r a n s m it te d  to  the  nex t r in g  d r iv in g  

c i r c u i t*

The b ia s  on the m u l t iv ib r a to r ,  In  th e  second

decade d r iv in g  c i r c u i t ,  must be la rg e  enough to  r e j e c t  a l l  

but th e  la rg e  p o s i t iv e  p u lse  th a t  occurs when the f i r s t  

r in g  has completed it® cycle* Although the  n eg a tiv e  pu lse  

th a t  fo llow s Is  l a r g e ,  I t  cannot cause the m ultiv ib rator to  

c y c le ,  and I t  fo llo w s a f t e r  V ^\  l̂aJ8 completed I t s  cycle*

Aside from t h i s  r e l a t i v e l y  c r i t i c a l  ad ju s tm en t,  

the second decade d r iv in g  c i r c u i t  and the  second r in g  a r e  

d u p l ic a te s  of the  f i r s t *

The In fo rm ation  from the  second decade is ex tra c te d  

from the  z e ro th  tube In  the  t e n 1a r in g  by a cathode fo llo w er  

in  the same manner t h a t  Information from the f i r s t  r in g  is  

e x tra c te d *  The ou tput from the  cathode fo l lo w e r ,  th e  l e f t  

hand s id e  of se rv e s  as  a t r i g g e r  f o r  V3 4 ' a m u l t iv ib r a ­

t o r  g e n e ra t in g  a v o l ta g e  t r a n s ie n t*  When t h i s  i s  am p lif ied  

by a power a m p l i f i e r ,  th e  e le c t ro -m e c h a n ic a l  r e g i s t e r

advances once*

The o p e ra t in g  c h a r a c t e r i s t i c s  of the r e g i s t e r s  used 

made c e r t a i n  changes in  the ou tpu t o f  the cathode fo llo w er  

necessary* The r e g i s t e r s  used have a c e r t a i n  cycle  t h a t  must 

be ach ieved  to perm it the  maximum p o ss ib le  count r a t e  of 

the  r e g i s t e r  to be u t i l i z e d .  E lec trom echan ical r e g i s t e r s  

u s u a l ly  have an arm ature th a t  i s  drawn to an e lec tro m a g n e t5 

t h i s  motion advances the reco rd in g  mechanism* The c u r re n t
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f o r  th e  e n e rg i s a t io n  i s  su p p lie d ,  in  th i s  e a se ,  by V^g. Once 

th e  arm ature has been a t t r a c t e d ,  i t  m is t be allowed to  r e tu r n  

to  th e  r e s t  p o s i t io n  by d e-en erg la ln g  the magnet* The time 

t h a t  the c o i l  .mist no t be energised  in  t h i s  r e s e t t i n g  phase 

i s  about equa l to  t h a t  r e q u ire d  d u r in g  the en erg isin g  phase* 

Any sh o r te n in g  of th i s  cyc le  w il l  r e s u l t  i n  inaccuracy*

Of c o u rse ,  th e  de~energised time may be any le n g th  o f  time 

lo n g e r  than the minimum, f h l s  cyc le  seems to  ho ld  f o r  bo th  

C yc lo tron  s p e c ia l t ie s  Co* type 401A and Veeder-Root form 

8*124806 r e g i s t e r s *

I f  the m u ltiv ib rator c re a te s  th e  p roper  v o l ta g e s ,  

t h i s  v o lta g e  w i l l  e x i s t  h a l f  of th e  tim e between r e g i s t e r  

impulses a t  the maximum count r a te *  In  the  ou tpu t from th e  

cathode fo l lo w e r ,  th e  p o s i t iv e  t r i g g e r  i s  fo llow ed by a 

n e g a tiv e  t r i g g e r  by only one t e n th  the  time between r e g is te r  

impulses* At slow r a t e s ,  the M u l t iv ib r a to r  w i l l  have com­

p le te d  i t s  cyc le  be fo re  t h i s  n e g a tiv e  pulse w i l l  occur and 

th u s ,  th e  minus pu lse  cannot in te r f e r e *  At f a s t  count r a t e s ,  

th e  n e g a tiv e  pulse  w i l l  occur b e fo re  the m u l t iv ib r a to r  w i l l  

have f in i s h e d  i t s  optimum c y c le ,  and w hile  the n eg a tiv e  

puls® cannot cans® th e  m u l t iv ib r a to r  to  s t a r t  a c y c le ,  i t  can 

cause i t  to f i n i s h  a cycle  no t a s  y e t  com plete . I f  the  

cy c le  of the  m ultiv ib rator Is  m a ter ia lly  sh o r te n e d ,  the

r e g i s t e r  w i l l  not have had enough time to  complete i t s
/

e n e rg isa t io n *  At a r a t e  th a t  would be th e  maximum fo r  the  

r e g i s t e r ,  th e  e n e rg i s in g  p u lse  would be. sho rtened  to  -one 

te n th  in s te a d  of one h a l f  of the e lap sed  time between
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r e g i s t e r  im pu lses . Under th e se  c o n s id e ra t io n s  th e  r e g i s t e r  

w i l l  no t ope ra te  a c c u r a te ly ,  Thus, i f  the m ultiv ib rator  

i s  to  be t r ig g e re d  by the  decade p o s i t iv e  p u lse ,  th e  n e g a tiv e  

puls® must be removed*

A g a t in g  c i r c u i t  was dev ised  to  remove th e  n e g a t iv e  

pulse# The algpial outpu t of the cathode fo l lo w e r  I s  no t 

used d ir e c t ly  as th e  t r i g g e r ,  but is  passed by th e  common 

cathode t o  the r ig h t hand t r l o d e  of The p o s i t iv e  t r i g ­

ger  from t h i s  plat© I s  used as the t r i g g e r  f o r  the  m u ltiv i­

b ra to r . The m u l t iv ib r a to r ,  returns a n eg a tiv e  s ig n a l

to  the .grid of the  r i g h t  hand a id e  o f  V33» re n d e r in g  t h i s  

tube i n s e n s i t i v e  to  any f u r t h e r  s ig n a ls  u n t i l  th e  tub® 

has completed i t s  c y c le .  As t h i s  negative v o lta g e  l a s t s  

fo r  on ly  h a l f  th e  d u ra t io n  of the  tim e between r e g i s t e r  

im pulses a t  the maximum count rat® , no recordable counts 

a re  lo s t#  The g a t in g  c i r c u i t  was no t inc luded  In th e  

o r ig in a l  model* L a te r ,  when in c o rp o ra te d  In to  the  c i r c u i t ,

I t  in c re a se d  th e  maxiwua count rat® by a f a c t o r  of a t  l e a s t  

t h r e e .

As the maximum count r a t e  t h a t  w il l  be handled by 

the  two r e g i s t e r s  v a r ie s  by a f a c t o r  of s ix  and the r a te d  

power demand v a r ie s  by a f a c t o r  o f  s i x t y .  A c i r c u i t ,  w ith  

no changes in  the  s iz e  of the components t h a t  w i l l  perm it 

b o th  the  count r a t e s  and th e  power demand to be used a t  t h e i r  

maximum r a t e ,  I t  n o t e a s i l y  des igned . A c i r c u i t ,  u t i l i z i n g  

one r e g i s t e r ,  was designed  as  a r e s u l t  of the  wide d i f f e r e n ­

ces# The c i r c u i t  that i s  shown In  F igure  6  Is  t h a t  used
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w ith  a C yclotron S p e c i a l t i e s  r e g i s t e r  401A. This r e g i s t e r  

has a maximum r a t#  of about 60 evenly spaced counts per 

second, V ^ ,  th e r e fo r # ,  genera tes  a pu lse  s l i g h t l y  le s s  

than  1/120 second# As only about 0*1 w att la  r e q u ired  to  

o p era te  the r e g i s t e r ,  does no t have t o  be of la rg e  s ize*  

A 0¥6«*0T Is  used to l im i t  the  v a r i e ty  of tubes  t h a t  a r e  

used in  the s c a l e r .

I f  a YeederHHioot coun te r  i s  used , th e  pulse  must 

be leng thened  to  about 0 .05  second, and a l a r g e r  tube used, 

because the Yeeder-Root co u n te r  r e q u i r e s  s ix  to  e ig h t  w a t t s ,  

th e  c i r c u i t  evolved by Mr. W illiam fropta f o r  us® w ith  t h i s  

r e g i s t e r  i s  shown In  F igure  7* I t  u ses  a 6 Y6 ~G to  fu rn i s h  

th is  power.

The power supp ly  f o r  th e  complete s e a l e r  I s  shown 

in  f ig u r e  7 . This fu rn is h e s  h e a te r ,  p l a t e ,  and p o la r i s in g  

high v o l ta g e s .  The low plat© v o lta g es  a re  su p p lie d  by a 

f u l l  wave r e c t i f i e r  and choke in p u t  f i l t e r .  The p la t e  

v o lta g e s  f o r  th e  a m p l i f ie r  tubes a re  s t a b i l i s e d  by a 0D3/VK 

150 to  a s s i s t  in  m aintaining co n s tan t a m p lific a tio n . The 

f i r s t  m u l t iv ib r a to r ,  ¥g, a l s o  draws i t s  p l a t e  v o l ta g e  from 

t h i s  sou rce  t o  keep I t s  tr ig g e r in g ',  th re sh o ld  c o n s ta n t .

A ll th e  r e s t  of the p la te  v o lta g e s  a re  dropped through 

s e r i e s  r e g i s t e r s  to 150 v o l t s .  "The s c a l in g  r in g s  w i l l  

o p e ra te  a t  a v o lta g e  range th a t  extends from 75 to  a t  l e a s t  

210 v o l t s .  Voltages above 150 v o l ts  u n n e c e s s a r i ly  in c re a se  

th e  p la te  cu r re n t  drawxif w hile p la te  v o l ta g e s  such  l e s s  than  

150 w i l l  cause the  neon l i g h t s  to  o pera te  f a u l t i l y .
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The h igh  v o l ta g e  supply  i s  of the type th a t  has 

been d esc r ib ed  under the s e c t io n  on v o lta g e  s u p p l ie s ,  and 

w i l l  not be f u r th e r  d esc r ib e d  a t  t h i s  t im e .

The operation of the s c a l e r s ,  © sp ec ia lly  the Geiger 

tu b e s ,  has been q u i te  s a t i s f a c t o r y .  The gain c o n t ro l  had 

no e f f e c t  on the number of counts  re g is ter ed  a f t e r  i t  was 

advanced beyond th a t  p o in t  req u ire d  to  c a u se  the r in g s  to  be 

d r iv e n .  This perm its  a range of a t  l e a s t  s ix  to  one in  most 

c a s e s .  When the p o la r i s in g  v o lta g es  of th e  d e te c to r  were 

r a i s e d ,  r e s u l t i n g  in  an in c re a se  in  th e  v o ltag e , no la rg e  

changes in  count rat® were observed .

The h igh  g a in  a m p l i f i e r ,  u t i l i s i n g  th e  th re e  e x t ra  

s ta g e s  of a m p l i f ic a t io n ,  have not been thoroughly  t e s t e d  

w ith  a  r a d io a c t iv e  d e t e c t o r .  Their s e n s i t i v i t y  Is  th a t  

which has been o f fe re d  by o th e r  in s trum en ts  of the sain© type, 

a v o lta g e  of l e s s  than 0.005 v o l t  causing  the s c a le s  to  be 

a c c u r a te ly  e n e rg is e d .  At any s e t t i n g  of the g a in  c o n tro l  

in  t h i s  h igh  gain  a m p l i f i e r ,  i t  w i l l  s a t i s f a c t o r i l y  handle 

a v o l ta g e  th a t  Is  a t  l e a s t  1 0 0  times as la rg e  as  t h a t  t h a t  

w i l l  j u s t  cause i t  to  o p e ra te .  Voltages too  la rg e  w i l l  

cause the s c a l in g  o p e ra t io n  to  be very  e r r a t i c ,  due to  th e  

overload  th a t  i s  placed on the  am plify ing  system .

I f  th e se  in s trum en ts  a re  used fo r  these  d e t e c t o r s ,  

i t  would be wise to  s u b s t i t u t e  or p lace  l a  the c i r c u i t  one of 

the n o n - l in e a r  a m p l i f ie r s  developed by o th e r  in v e s t ig a to r s  

th a t  compress the v o ltag e  range to  a s i z e  more e a s i ly  han d led .

The maximum count rat© of s c a le r s  employing bo th
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¥e#d#r-Root -and C yclo tron  S p e c i a l t i e s  Co* re g is te r®  was 

determ ined u s ing  evenly  spaced p u lses  of about one micro­

second i n  du ra tion*  th e  p u lses  were shaped from s in e  waves 

th a t  were gene ra ted  by an aud io  frequency  s ig n a l  generator* 

t h i s  frequency  was con tin u o u sly  m onitored by e i t h e r  Id s sa jo u  

f ig u re s  or  c i r c u l a r  sweeps t h a t  employed th e  60 cyc le  l in e  

frequency  as  a r e fe re n c e  standard*

Using t h i s  method- of c a l i b r a t i o n ,  the maxima count 

r a t e  of a sca le-o f-on e . hundred u s in g  & C yelotron  S p e c i a l t i e s  

r e g i s t e r  i s  in  excess of 3 x 10® counts per minute* w ith  

a ¥e*der~Root coun te r ,  th e  -maximum' r a t e  i s  In  excess  of 

54*000 count® per minute* N either of th e se  rate® u t i l i s e ®  

the  maxittutt count r a t e  that can be ob ta ined  w ith  e i t h e r  a 

Geiger tub® of 100 microseconds re s o lv in g  tim e, o r  the 

s c a l in g  ring® of abou t 5 microseconds*

th e  s t a t i s t i c a l  r a t e  of a r a d io a c t iv e  count w i l l  

lower the maximum count r a t e  apprec iab ly*  Since the s c a le -  

o f -one hundred u s in g  a C yclo tron  S p e c i a l t i e s  r e g i s t e r  i s  

much f a s t e r  than the  s c a l e -o f-on e hundred u s in g  & Veeder- 

Hoot c o u n te r ,  the f i r s t  w i l l  not lo s e  counts a t  th e  p o in t  

where th e  slow er one w i l l .  T h ere fo re ,  th e  ou tput of a 

Geiger tu b e , u s in g  r a d io a c t iv e  sources  to  cause d isc h a rg e ,  

was used to s im u lta n eo u s ly  t e s t  bo th  s c a le s -o f -o n e  hundred*

A cathode fo l lo w e r  was used to  d i s t r i b u t e  th e  same p u lses  

to  bo th  sca le s*

Using the  f a s t  c i r c u i t  a® a s ta n d a rd ,  the  s c a l e - o f -  

one hundred d r iv in g  a Yeeder-Hoot coun te r  s t a r t e d  to  lo se
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count3 a t  about 45,000 counts par mlxmta-HLoaing a p p ro x i­

m ately  1$ by 47,000 counts per minute. A s im i la r  t e s t  could 

not be made on the l a s t  c o u n te rs ,  because no g r e a te r  

s c a l in g  f a c t o r  than 100 and only the  C yclo tron  S p e c i a l t i e s  

r e g i s t e r  was a v a i la b le *

The maximum s t a t i s t i c a l  count r a t e  a t  a s e a l e - o f -  

on® hundred u s in g  a  C yclo tron  S p e c i a l t i e s  r e g i s t e r  was 

determ ined  in  a s l i g h t l y  d i f f e r e n t  manner* The a l t e r a t i o n s  

in  a 100 sc a le  u s in g  such a r e g i s t e r  fo llow s Another tu b e ,  

f u rn is h in g  power from a s e p a ra te  power supp ly  was d r iv e n

by the l e f t  hand s id e  of ¥ in  a manner s im i la r  to  the r i g h to 5

hand s id e  of VgO* The c i r c u i t  was the  same except fo r  a 

§ 0 0  asafd coupling c a p a c i to r  between ca th o d es .  The ou tpu t 

from th e  r i g h t  hand t r i a d s  is  b u f fe re d  by a cathode fo l lo w e r  

t o  produce low impedance l e v e l  transm iss ion*  This means 

that the second decade in  t h i s  c i r c u i t  no t only d r iv e s  the 

r e g i s t e r ,  b u t  a l s o  d r iv e s  the e q u iv a le n t  of a c ro sso v e r  

network between decade r i n g s .  The o u tpu t o f  the  cathode 

follow er, shaped fo r  f u r t h e r  decade u se ,  i s  then p laced  

in to  the f i r s t  decade of a n o th e r  s c a le  u s ing  a VeederHRoot 

c o u n te r .  Proper ad justm ent of th e  b ia s  on the second s c a le -  

o f-one hundred a llow s the Yeeder-Root co u n te r  to  have an 

e f f e c t i v e  scaling , f a c t o r  o f  1 0 , 0 0 0 , The r a te  a t  which the 

C yclo tron  S p e c i a l t i e s  r e g i s t e r  missed counts was, th e r e f o r e ,  

easy to d e t e c t .  Using a 100 mic r o second dead tim e Geiger 

. tube , the lo s s  'of. counts s t a r t e d  a t  140,000 coun ts  per 

m inute , in c re a s in g  to  1$ a t  about 240,000 counts p er  m inu te , 

and to  2$ a t  about 3 0 0 ,0 0 0  ,counta per  m inute .
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GAS PHASE GOU1TIN0 

D iscuss ion

The decade s c a l e r s ,  j u s t  d e s c r ib e d ,  worked very w ell 

w ith commercial Geiger tu b e s .  The 100 m& i n t e r n a l  p re ssu re  

found in  most tubes r e q u i r e s  w a lls  w ith  enough m echanical 

s t r e n g th  to  w ith s tand  a tm ospheric  p re s s u re ,  w ith  gamma ra y s ,  

t h i s  does not m a te r ia l ly  d ec re ase  the  coun t. However, most 

a r t i f i c i a l  r a d io a c t iv e  m a te r ia l s  a re  b e ta  e m i t t e r s ,  and 

thus y ie ld  much le s s  p e n e t r a t in g  r a d ia t io n #  I f  th e  m a te r ia l  

to  be counted i s  o u ts id e  the tu b e , th in  windows or w alls  a re  

n ecessa ry  t o  permit the r a d i a t i o n  to  en te r#  Thin concave 

bubbles in  g la ss  have long been employed to  perm it e le c t ro n s  

f r e e r  access  through c o n ta in e r  w alls (100)# This method i s  

s a t i s f a c t o r y  only with some m a ter ia ls ! th e  low energy b e ta  

form f o r  example, w i l l  not pass th rough  the  th in n e s t  

p r a c t i c a l  wall# Window counters , are I n e f f ic ie n t}  a t  bea t 

only  5$ of s »  or C** r a d ia t io n  Is counted by a commercial 

t h in  end window tube (1 0 1 )#

The weak r a d io a c t iv e  e m i t te r s  would be much more 

e a s i l y  counted I f  they  d id  n o t have tube w alls  to  p en e tra te #  

S ev era l e a r ly  papers in c o rp o ra te d  H® as  w ate r  vapor in to  

Geiger tubes (102 -  103). Mo o p e r a t io n a l  d a ta  cm such tubes 

i s  given* Howell and Reid found that gaseous could be 

used w ith  b u ta n e | however, the lim it  of c o n c e n tra t io n  

was low (104). Other workers have used m ix tures of H®, e th y l  

a lc o h o l ,  and argon; a l though , In t h i s  c a s e ,  a quenching 

c i r c u i t  was n ec essa ry  (105 ).
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Due to  th e  i n t e r e s t  in  work 'has a l s o  been  done

on gas phase coun ting  w ith  th i s  M ateria l*  Brown and M il le r  

used c arbon d io x id e  as the C c a r r i e r  (IDS)* Cartoon d&sdde 

a lo n e  could not toe used because i t  forms n eg a tiv e  Ions toy 

two e l e c t ro n  c a p tu re  a t  the ca thode, and th u s ,  maintains' 

d is c h a rg e .  Adding cartoon d i s u l f id e  to  the  mixture perm itted  

t h i s  d i f f i c u l t y  to  toe overcome, a lthough  a I®her-Pick®ring 

c i r c u i t  was needed to  ach ieve s u c c e s s fu l  o p e r a t io n ,  This 

techn ique  has been f u r t h e r  developed toy Mann and Parkinson 

who p o in t  out se v e ra l  refinem ents they  found n ecessa ry  (107).

The in t ro d u c t io n  of s o l id  r a d io a c t iv e  m ateria ls in to  

the  s e n s i t i v e  volume of a coun ter  working in  the  p ro p er tlo-nel 

re g io n  i s  p o ss ib le  (1 0 8 ). Continuous flow of a gas—u s u a l ly  

methane— through the chamber a t  atm ospheric  pressure i s  

used (3 0 ) .  Here, however, th e  s e l f - a b s o r p t io n  of the r a d io ­

a c t i v i t y  n o t em itted  c lo se  to  the su rface  of the  p a r t i c l e s  

o f  the r a d io a c t iv e  c o n ta in in g  m ateria l causes lo s s  of counts* 

0 as phase p ro p o r t io n a l  coun ting , th e r e f o r e ,  has been, proposed 

f o r  such m a te r ia l s  (109 ).

Ho gas phase Geiger tube techn ique has been proposed
«

f o r  C o n s id e ra tio n  of the  known gas phase method#

shows th a t  none Is  com pletely  s a t i s f a c t o r y .  Most s c a le r s  

a r e  designed  to  o p era te  only w ith  se lf-quenched  Geiger tubes 

and do no t have quenching c i r c u i t s *  A system th a t  would 

o p e ra te  as a se lf-q u en ch ed  gas phase Geiger tube would thus 

have w ider a p p l i c a t io n .  The p ro p o r t io n a l  tech n iq u es  have 

s e v e r a l  d isa d v a n ta g e s .  In  a d d i t io n  to  the  problems th a t
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were d isc u ssed  under the  s e c t io n  on p ro p o r t io n a l  c o u n te r s ,  

they  a l s o  re q u ire  vo ltages u s u a l ly  In excess of" those  pro­

vided  by o rd in a ry  h l$ i  v o lta g e  su p p lies*  These d i f f i c u l t i e s  

were considered when the  s u l f u r  gas phase problem was 

co n s id e red , and the r e s e a r c h  was conee a tr a te d  on methods 

th a t  minimised the®© d isa d v a n ta g e s .

E xp lo ra to ry  work

The f i r s t  techn ique  th a t  had to  be ev a lu a ted  con­

cerned the p re p a ra t io n  o f Geiger tubes by known tech n iq u es  

which con ta ined  normal f i l l i n g s  t h a t  would g ive c o n s is te n t  

r e s u l t s *  This, proved to  be a. time consuming p iece  of work. 

Tubes th a t would count were r e a d i ly  prepared* However, 

t h e i r  i n i t i a l  c h a r a c te r is t ic s  d i f f e r e d  w ide ly , and the  

operation  of the  tube on repeated f i l l i n g  was f a r  from 

c o n s is te n t*  The l a t t e r  d i f f i c u l t y ,  i f  not c o r r e c te d ,  was 

a problem th a t  would l i m i t  the  u se fu ln e ss  o f the gas phase 

work, s in c e  few counts a re  of enough va lue  to  compensate 

f o r  th e  use of a new Gel gar. tube f o r  each count made.

The lo c a t io n  of the  source of t ro u b le  was made more 

d i f f i c u l t  by the many v a r ia b le s  in  th e  o p e ra t io n s  used to  

make a Geiger tube* Broadly , th e  v a r ia b le s  may be c la s s i f ie d  

as th e  vacuum system th a t  Is  used to  evacua te  th e  tu b e  

b e fo re  f i l l i n g ,  th e  gas mixture t h a t  i s  p laced  in to  the  tu b e ,  

and th e  m a te r ia l  and shape of the tube assembly.

F i l l i n g  system s* The vacuum system used to  f i l l  the 

tubes underwent many changes. The f i r s t  system  used o rd in a ry
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g la ss  s topcocks and a Hyvao r o t a r y  o i l  pump to  provide th e  

exhaust# Although s e v e ra l  tubes were ob ta ined  w ith  th i s  

system that would count lo r  a b r i e f  p e r io d ,  the system had 

so  many leaks and was so  l im i te d  In  u ltim a te  vacuum that i t  

was soon abandoned#

■The second system was much more e la b o ra te  th an  th e  

f i r s t *  The h igh  vacuum was produced by a th re e  s ta g e  

D. F# I .  <3F*»25W o i l  d i f f u s io n  pump, which was then  backed 

by a Cenco Megavac o i l  pump* The Hyvac pump was used only  

to  remove th e  o rgan ic  vapors from the system  to  p reven t 

con tam ina tion  of th e  h igh  vacuum producing system* The 

a p p a ra tu s  was a l l  g la s s ,  w ith  pyrex stopcocks of th e  mercury 

s e a l  ty p e • The vacuum ob ta ined  w ith  t h i s  system  was h i g h -  

approximate ly  10~® vm o f  Hg.

The f i r s t  tubes  prepared, on th i s  system opera ted  

and , due to  good s e a l in g  te ch n iq u es ,  would m a in ta in  t h e i r  

c h a r a c t e r i s t i c s  f o r  a long  period  of t im e , i f  they  were 

s e a le d  off#  Almost a l l  were f a u l t y  in  t h a t  t h e i r  count 

r a t e  d id  not remain co n s tan t  over any range of term inal 

p o te n t ia l#  They were obv iously  of poor q u a l i ty  s in c e  one 

of the  re a s o n s  why the  Geiger reg io n  i s  used so  e x te n s iv e ly  

i s  due to  the  lack  of s e n s i t i v i t y  to  te rm in a l  v o l ta g e  v a r i­

ation* when the  tube i s  p ro p e r ly  made* To i l l u s t r a t e  the  

c h a ra c te r  o f the r e s u l t s  th a t  were o b ta ined  a t  t h i s  tim e, 

th e  l e a s t  in c re a s e  in  count th a t  could be determ ined f o r  a 

tube f o r  a change In  100 v o l t s  i s  g iven in  the fo llo w in g  

table# The va lues  were chosen a t  random from the la rg e
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amount of d a ta  reco rded . The s lope  th a t  i s  claimed fo r  

commercial Geiger tubes i s  u s u a l ly  le s s  than  5% f o r  organic  

quench type#

Table I I .  V ariab le  behav ior of e a r ly  Geiger tu b e s .

number % s lo p e Run number % s lo p e

5 no p la te a u 55 7

7 1 0 67 2 0

17 1 0 73 1 1

35 16 75 6 6

45 9
~    T ~ 7 7 " .  '  ■ ■ ■ ■  T l  "  -

As the  slope r e s u l t i n g  from d a ta  ob ta ined  from 

Geiger tubes  prepared  on the second system was not s a t i s ­

f a c to r y ,  the method and m a te r ia l s  used in  th e  'manufacture 

were changed to see i f  the cause of th e  tro u b le  could be 

lo c a te d .  The vacuum system was l e f t  to  th e  l a s t  s in c e  

t h i s  second system gave a very  good vacuum.

Geiger tube components. The tubes th a t  were f i l l e d  

underwent many changes. One of the tube components th a t  

underwent the  most change was the ca th o d e . I f  th e  work 

fu n c t io n  of the cathode i s  too low, the p o s i t iv e  Ions may 

be ab le  to  genera te  a d d i t io n a l  e le c t ro n s  when n e u t r a l i z e d  

a t  the cathode during, the time when the tube i s  aga in  

becoming f u l l y  s e n s i t i v e  to  a d d i t io n a l  io n iz a t io n .  S i lv e r ,  

g r a p h i te ,  s t a i n l e s s  s t e e l ,  copper and b rass  were each 

employed as ca th o d es . The th in  n a tu re  of th e  d e p o s i t  and

1 7 0 6 4 6
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the  i n a b i l i t y  to  p ro p er ly  outgaa chem ically  d e p o s i ted  s i l v e r  

made t h i s  cathode su r fa c e  l e s s  d e s i r a b le  than th e  o th e r s .  

C o l lo id a l  g r a p h i te  w ith  the  glue b in d e r  removed has l i t t l e  

adherence to  the tub© on which I t  has been, sp ray ed ; th e r e ­

f o r e ,  th is  cathode s u r fa c e  was l i t t l e  used . The o th e r  

cathode m a te r ia l s  were g iven many t r e a tm e n ts ; they  were 

e tched  w ith  rea g e n ts  t h a t  would a t t a c k  the  s u r f a c e ;  they  

were i n t e r n a l l y  bored  on a la th e  to g ive as  smooth a bore 

as  p o s s ib le  w ith  t h i s  technique*

M icroscopic I n v e s t ig a t io n  ol s e v e ra l  le n g th s  of the 

tu n g s te n  w ire t h a t  was used for  anodes In d ic a te d  t h a t  the  

w ire  was r e l a t i v e l y  smooth* Since th is  m a te r ia l  i s  a lm ost 

u n iv e r s a l ly  used f o r  anodes in  Geiger tu b e s ,  no f u r t h e r  

c o n s id e ra t io n  was g iven th i s  raw m a te r ia l*  The techn ique  of 

anode glowing w a s • ua«4 on alm ost a l l  tu b e s .  I n  t h i s  p roce­

d u re ,  th e  tube i s  f i r s t  evacuated  and th en  an e l e c t r i c a l  

c u r re n t  i s  a l low ed  to  flow th ro u g h -th e  w ire  u n t i l  i t  i s  

In c a n d e sce n t , This not on ly  ou tgasses  the w ire ,  bu t a l s o  

i s  supposed to  burn o f f  any sh a rp  p ro tuberances  on the 

surface (110}•

The m a te r ia l  of the envelope was g la ss  in  alm ost a l l  

cases* The d i f f i c u l t y  of outgaaaing tubes t h a t  had organic  

in s u l a to r s  as w ell as  the slow decom position of the organic 

i n s u l a to r s  a t  low p re s su re  on ag ing , makes g la ss  a much 

b e t t e r  in s u l a t i n g  envelope. The therm al i n s t a b i l i t y  of la rg e  

m e ta l - to - g la s s  s e a l s  makes m eta llic  tube bod ies  mueh h a rd e r  

to  use than those  r e q u i r in g  sm all g la a s-to -m a ta l w ire se a ls*
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Tube trea tm en t and f i l l i n g s  * The tube I t s e l f ,  when 

assem bled, was given many types of p r e - t r e a tm e n t . A ll were 

tho roughly  washed one© the g la s s  blowing o p e ra t io n s  were 

com pleted. Then they war© t r e a te d  w ith  one or more su b s tan ­

ces such as co n c en tra ted  m inera l a c id s ,  ammonia* o r o rganic  

s o lv e n ts  b e fo re  being tho rough ly  r i n s e d .  Som  were f u r th e r  

r in s e d  w ith  r e d i s t i l l e d  o rganic  s o lv e n ts  such as  benzene* 

e th y l  a lc o h o l ,  d loxan , end so f o r th .■

The f i l l i n g s  th a t  were used were v a r ie d  to  a g re a t  

e x t e n t .  The quenching agen ts  used Include methyl a lc o h o l ,  

e th y l  a lc o h o l ,  d i e th y l  e th e r ,  x y len e , and n-amyl a c e ta te *

A d ry ,  com m ercially  p rep a red , raw m a te r ia l  was chosen fo r  

p u r i f i c a t i o n  and th e n  r e d i s t i l l e d  under co n d i t io n s  th a t  

produced dry  samples f o r  use as quenching m a te r i a l s .  The 

e th e r  was d i s t i l l e d  from sodium; the e th y l  a lc o h o l  was d i s ­

t i l l e d  w ith  anhydrous benzene and only  the l a s t  f r a c t io n  

u sed ; the  xylene and n-amyl a c e t a t e  bo th  form low b o i l in g  

a z e o tro p e s—any w ater p re se n t  would be d isc a rd ed  w ith  th e  

fo re ru n ;  methanol was d i s t i l l e d  from C. F. Methanol using  

only th e  middle f r a c t i o n  of the  d i s t i l l a t i o n .  A ll samples 

were d i s t i l l e d  th rough  a f r a c t i o n a t i n g  column th a t  had 

approx im ate ly  1 0  t h e o r e t i c a l  p l a t e s —th e  t h e o r e t i c a l  p la te s  

b e ing  determ ined by t o t a l  r e f lu x  w ith  benzene and to lu e n e .

The commercial tank  argon used In the tubes was 

fu rn is h e d  by two d i f f e r e n t  s u p p l i e r s .  To p u r i fy  th i s  

m a te r ia l  by removing any r e a c t iv e  con tam inan ts , the  gas In  

some runs was led  over magnesium a t  600° C. Other i n e r t
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gases b e s id e s  argon were used, namely, helium and neon# th e  

r a t i o  of r a r e  gas t o  Organic vapor, as w ell as the t o t a l  

p re s su re  of the  gas m ixture, was w idely varied*

Although the  r e s id u a l  a i r  in  th e  system  was removed 

by h e a t in g  bo th  the tube and th e  system  w ith  th e  flame of 

a hand to r c h ,  i t  was thought t h a t  r e s id u a l  gas s t i l l  in  

the tub© might be a cause of t r o u b le ;  t h e r e f o r e ,  an  oven 

was b u i l t  to  house the  S elger tube »©■ that i t  could 'be ex­

haus ted  a t  a tem pera tu re  of 400° C f o r  f i f t e e n  hours or more*

faeuum system changes* Although a l l  of the Items 

th a t  have been l i s t e d  above were used  In am a t te m p t to  

in c re a se  the r e l i a b i l i t y  of coun ting , no a p p re c ia b le  change 

In  r e s u l t s  was n o te d .  This l e f t  only  th e  vacuum system  

to  be changed* th e  need fo r  a change in  the  system was 

confirmed by an experim ent run  on an unusual tube  prepared  

on the system—a tube th a t  had only a n e g l ig ib le  slope*

The tube was a g a in  evacuated  and f i l l e d  to  100 ana with- on ly  

argon f o r  seven c y c le s .  At the end of the seven f i l l s ,  the  

tube was ag a in  f i l l e d  w ith  ergon and e th y l  a lc o h o l  and the 

s lope  determined* The f i l l i n g  o p e ra t io n s  had in c rease d  th e  

s lope  to  13;i*

I t  was p o s tu la te d  th a t  th e  tubes  might be contam­

in a te d  by e i t h e r  v o l a t i l e  m a te r ia l  from the  stopcock  

lu b r ic a n t  or decom position products  from th e  o i l  d i f f u s io n  

pump. A lk a lin e  t i t r a t i o n  showed th a t  the h igh  b o i l i n g  

e s t e r  In the  d l l  fu s io n  pump had acq u ired  q u i te  a h igh  a c id i t y ;  

th u s ,  t h i s  m a te r ia l  had decomposed.
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& new system wss therefo r®  c o n s tru c te d  th a t  elim*  

lu s te d  both o f  these  p o s s ib le  co n tam in an ts♦ A two s ta g e  

mercury d i f f u s io n  pump was s u b s t i tu t e d  fo r  the o i l  d if fu s io n  

pump. Dry ice  t rap s  were k ep t 'between the vacuum rack  and

bo th  exhaust systems a t  a l l  times* The stopcocks were

re p la c e d  by mercury c u to ff* , a d a p ta t io n s  of a d e s ig n  of 

S tock (111)* The f l o a t  va lves  in  th e  two le g s  were rep la ced  

by atm ospheric  l e g s ,  as i t  was hard  to  g et va lves  th a t  d id

no t leak# F r i t t e d  g la s s  d is c s  were used to  a llow  p a r t i a l

e q u a l iz a t io n  of the  p re s su re  between the two Xegsj o therw ise 

h igh  p re s su re s  caused v io l e n t  d isp lacem ent of the mercury* 

The f i r s t  two tubes prepared  on t h i s  system were 

e x c e l l e n t ,  end had low s lo p e s .  At the  end of f i l l i n g  and 

ex h au s tin g  th e se  tubes seven t im e s ,  the s lo p e s  were 1 *? 

and 1*2 on th e  tubes* The in te rm e d ia te  runs did no t d i f f e r  

a p p re c ia b ly  from th e  f i r s t  and l a s t .

The f r a g i l e  n a tu re  of t h i s  system made continuous 

use of mercury v a lv in g  system, im p o ss ib le .  The diaphram* 

developed mercury le ak s  a f t e r  a period  of use* The la rg e  

volumes of mercury needed, and the ease  w ith  which i t  could 

a c q u ire  h igh  v e l o c i t i e s  led  to  much g la s s  b reakage . Thus, 

w hile  i t  was p o s s ib le  to  g e t  good tubes on t h i s  system , i t  

was necessa ry  to  rep la ce  th e  mercury c u to f f s  because of 

na ln ten an ce  reaso n * •

The mercury c u to f f s  were s u c c e s s fu l ly  rep la ced  by 

b ra s s  va lves  o f  the type  th a t  a r e  used on high p re s su re  gas 

c y l in d e rs*  Simple replacem ent of th e  stopcocks by th ese
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would have meant t h a t  many m etal to  g la ss  s e a ls  would have 

to  be used | so mu oh of the  g la s s  tubing was replaced by 

copper and b rass  tubing* the  copper tu b in g  used to  connect 

th e  va lv es  to  th e  system was s i l v e r  so ld e re d  d i r e c t l y  to  the  

p o r ts  of th e  v a lv e .  S i lv e r  s o ld e r  was used to  s e a l  a l l  

o th e r  m e ta l - to -m e ta l  j o i n t s .  Metal-»to*glass s e a ls  were used 

on ly  when n e c e ssa ry .

The system was found to  fu n c t io n  q u i te  s a t i s f a c t o r i l y  

in  th e  p re p a ra t io n  o f  Geiger tu b e s .  The average s lop#  per

1 0 0  v o l t s  ob ta ined  from the tubes f i l l e d  on* th i s  system  was

l e s s  than  3j> and r a r e ly  nor# than  5£« A diagram o f  the

system  i s  shown in  F igure  9 a long  w ith  a p ic tu r e  of th e

completed system*

Geiger tub# m anufac tu re . The experim ental technique

th a t  was evolved f o r  making Geiger tu b e s ,  which a r e  rea so n ­

ab ly  s im ple , requ ires s e v e ra l  s t e p s .  A drawing of the tube 

" th a t  was chosen fo r  the  p is  phase work i s  shown in  F igure 

10. S ince the r a d i o a c t i v i t y  i s  p laced  in to  th e  tu b e ,  no 

th in  w alls  are necessary*  As many typps of experim ental 

m ixtures ' were to  be p laced  I n to  the tu b e ,  th e  tube had to  

be easy  to  make because some might be ru in ed  by co r ro s io n  

o r  o th e r  contamination^ and th e re fo r e  d is c a rd e d .

Of the  component p a r t s  i n  th e  Geiger tu b e ,  th e  cathode 

re c e iv e d  th e  most a t t e n t i o n .  Etched cathodes used in  the 

beg in n in g  of the  work gave mot® r e l i a b l e  r e s u l t s  th a n  the  

non-etehed e le c tr o d e s . H ighly p o lish ed  cathode su r fa c e s  

gave more r e l i a b l e  r e s u l t s  than d id  the  e tch ed  ca thodes .
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This l a t t e r  fa c t  i s  probably due to  the la c k  of sharp  

p a r t i c l e s  on the  su r fa c e  of the  e le c t ro d e .  S ta in l e s s  s t e e l  

i s  quit© e a s i l y  e lec tro p o llsh ed  and It. became the s ta n d a rd  

m a te r ia l  f o r  cathodes*

A cathode, was prepared  in  th e  fo llo w in g  manner* A 

s e c t io n  of s t a i n l e s s  s t e e l  p ipe s l i g h t l y  longer  than  th e  

f in i s h e d  cathode was c u t  from the  stock* A fte r  chucking I t  

In  a l a t h e ,  a 60 g r i t  aluminum oxide a b ra s iv e  wheel was 

used to  g r in d  the weld marks from the bore* The bore  was 

th e n  p o lish ed  w ith  a rubber bonded p o l is h in g  wheel* A fte r  

trimming o f f  the excess le n g th ,  the  tube was mounted on a 

b ra s s  expansion  mandrel, and the  o u ts id e  machined and 

p o lish ed  to a smooth s u r f a c e .  Oil and m etal ch ips were 

removed by washing In  ho t d e te rg e n t  s o lu t io n .  The b lank  

was then ready  fo r  e l e c t r o p o l i s h in g .

The e l e c t r o l y t e  employed f o r  the p o l i s h in g  was a 

m ixture of 10$ n -b uty l a lc o h o l ,  60$ phosphoric  a c id ,  16$ 

s u l f u r i c  a c id ,  and 15$ w ate r  by volume (1 1 2 ). The cathode 

was p o lish ed  by 70° G a t  1 s / i a ^  anode c u r re n t  d e n s i ty  f o r  

on© h a l f  hour* The ap p a ra tu s  used is  shown in  th e  bottom 

h a l f  of F igure  10. The pump was used to  c i r c u l a t e  the 

e l e c t r o l y t e ,  o therw ise  a h igh  c o n c e n tra t io n  of hydrogen 

bubbles from th e  cathode b u il t  up in  th e  s o lu t io n  and 

caused poor c o n d u c t iv i ty .  The s o lu t io n  co lo red  r a p id ly  

d u r in g  i t s  use  due to  the p resence  of chromium and n ic k e l  

s a l t s .  However, th e se  s a l t s  d id  not seem to h in d e r  the  

p o l is h in g  o p e ra t io n .  This treatment leaves  the s t a in le s s
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s t e e l  in  a very p ass iv e  s t a t e  which a id s  I ts  co rro s io n  

r e s i s t a n t  a b i l i t y ,  and in  a d d i t io n ,  probably  -makes i t  a 

b e t t e r  e le c t ro d e  m a teria l.

The cathode was then w e ll  washed and d r ie d .  Bext, 

s i x  assail s t a i n l e s s  s t e e l  lugs  were spot welded on to  the  

o u ts id e  of th e  ends o f  the tub®, three on each end. This 

kep t th e  cathode se p a ra te d  from the. g la s s  w all o f  th e  

envelope, and perm itted much more thorough washing of th e  

completed Geiger tub®. The ca thode was th e n  p laced  on th e  

b ra s s  mandrel and th e  lugs machined to  make a c lo se  f i t  to  

the  bore  of the g la s s  tub ing  th a t  was to be used in  the  

envelope . A beaded tu n g s te n - to -P y re x  s e a l  was then  spo t 

welded to the  o u ts id e  of th e  ca thode , which completed the 

ca thode . I t  was introduced i n to  th e  tube a t  th e  proper 

p o in t  In  i t s  c o n s t ru c t io n .

The only anode m a te r ia l  t h a t  was used was tu n g s te n  

w ire .  I t  has h ig h  c o r ro s io n  r e s i s t a n c e ,  and r e s i s t s  th e  

p i t t i n g  a c t io n  o f  e l e c t r i c a l  d is c h a rg e s .  I t  was spo t welded 

to  th e  tungaten*10*81*t a l  s e a l s  and th e  niehrome sp r in g  th a t  

Is  shown in  F igure  10.

When th e  tube body was h a l f  made, th e  cathode was 

I n s e r te d  and the o th e r  half o f the  tube body blown. The 

anode was then  In s e r te d  w ith  the  h e lp  of a s t i f f  w ire  and 

se a le d  In to  th e  sm all tubes th at surround i t  a t each end of 

the  Geiger tu b e ,  fhe tub© was then, ready  f o r  c le a n in g .  This 

involved many r in s e s  be fo re  being  d r ie d  under vacuumi two 

with benaeaa, one w ith dloxsn , a t  l e a s t  two w ith  a lco h o l ,a n d
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f i n a l l y  f iv e  w ith d i s t i l l e d  w a te r .  I f  the tub® was not to  

be used ijsuaed l a t e l y ,  i t  was l i l l e d  w ith  d i s t i l l e d  w ater 

u n t i l  needed*

F in a l  vacuum, a y s te a .  The vacuum eye tea  required  

very  l i t t l e  work a f t e r  assem bly. Much le s s  t ro u b le  was 

experienced w ith  oxide ©eatings in s id e  the  system  due to  

the  h e a t  necessa ry  f o r  so ldering*  i f  n a tu r a l  gas was allowed 

to  slow ly  flow through  th a t p a r t  t h a t  was being  s i l v e r  

so ldered*  The pipes were so ld e red  to  a d lam anteled  v a lv e , 

the  s e a t  ground w ith  €00 mesh carborundum powder* and 

lapped w ith  rouge a f t e r  g rinding* Even w ith  th e se  p recau ­

t i o n s ,  va lv es  so a s t lo s s  leaked* The f in i s h e d  valve® were 

so ld e re d  on© by one to  the system , th e  system evacua ted , 

and allowed to  s tand  f o r  a t  l e a s t  IS hours* I f  any appre­

c ia b le  change could be- seen  in  a mercury manometer'Connected 

to  t h e  system, the  valve was rep laced*  l a t e r ,  i t  was found 

th a t  ac e to n e , d r ipped  over a suspec ted  le a k ,  caused an 

in c re a se  in  the  p re s su re  t h a t  was recorded  by the  l e f t  hand 

P i ra n i  guag© in  F igure 9* Most of the  m e ta l - to - g la s s  s e a ls  

that were used in  th e  system were Housekeeper c o p p e r- io -  

Nonex s e a l s .  They were recovered  from used klystron  vacuum 

tu b e s .  In most eases  the  Tyrex tu b in g  was se a le d  d i r e c t l y  

to  th e  Konex of the se a l*  The s i l v e r  s o ld e r in g  of these  to  

copper tu b in g  gave some d i f f i c u l t y ,  because the copper tub ing  

l e f t  on the recovered  s e a l  was r a t h e r  sh o r t*  This s h o r t  

copper tu b in g  of the  recovered  tubes  conducSed the hea t of
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so ldering - to  th e  m  t a l -  to g g le  a s  s e a l .  I n i t i a l l y ,  an attem p t 

was made to  try to  keep ;aeta 1 - to«gl& ss s e a ls  co ld  by immers­

ing them in  w ater w hile the  so ld e r in g  was being  done. The 

ra p id  rem oval of the  hea t by th i s  co o lan t made th e  p rep a ra ­

t io n  of s i l v e r  so ld e re d  jo in t s  very d if f ic u l t *  L a te r , the 

whole jo in t  was h ea ted , and a f t e r  a o ld e r!n  , the  Housekeeper 

s e a l  was v ery  slow ly cooled to  r e l ie v e  s t r a i n s  in  the s e a l  

caused by the  hea ting#

The G eiger tube to  be f i l l e d  was se a le d  to  th e  Pyrex 

m anifo ld  in  the r ig h t  hand s id e  of f ig u re  9 . I f  th e  Geiger 

tube was to be se a le d  o f f  a f t e r  f i l l i n g ,  the g la ss  tu b in g  

co n n ec tin g  the Geiger tube to  the system  was narrowed down 

to  permit easy se a lin g #

A fte r  a l l  the tubes had been se a le d  on to  the ?yrex 

m an ifo ld , th e  a i r  was removed by the Byvae pump* Then the  

d i f fu s io n  pump was connected by opening the  p roper v a lv e , 

and the  tube and vacuum system  pumped u n t i l  the p re ssu re  

d id  not r i s e  above 1 m icron w hile  th e  system  was hot# The 

h e a t was su p p lied  by a hand torch*  The anode was "glowed" 

a t  a h igh  vacuum by a llo w in g  an A# C* v o lta g e  (about 1 V) 

to  flow through th e  wire* The pressure was allow ed to  a g a in  

drop  below 1 m icron I f  any r a i s e  was no ted  due to  V iew in g ” • 

Then, proper pressure of premixed a rg o n -e th y l a lco h o l was 

d if fu s e d  In to  the tube from the low er m anifo ld  In  Figure 9 

The s lo p e  was determ ined w hile the  tub© was on the  rack* 

S a t i s f a c to r y  tu b es  were se a led  o ff  from the  system  i f  th i s  

was to  be th e  d e p o s it io n  o f the f in is h e d  tube*
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Contaminant t r i a l s . C o n s is ten t tu b es were prepared  

by the tech n iq u e  u s in g  the b ra ss  v&lvec! system . As th i s  

re p re se n te d  a change in  s e v e ra l v a r ia b le s ,  an a ttem p t was 

made to  f u r th e r  i s o la te  th e  con tam inating  m a te r ia l  from these 

th a t  were though t to  be causing  the t r o u b le .

The work in  p re p a rin g  a good vacuum system  u s in g  

b ra s s  v a lv es  was so tim e consuming th a t  d i r e c t  In tro d u c tio n  

of a p o s s ib le  contaminant in to  the system  was not considered. 

The te s t in g  was done by b reak in g  connections In  assem b lies  

th a t  had been se a le d  com plete ly  from th e  vacuum system .

Two types of a p p a ra tu s  th a t  perm it exposure to  

contam inants were u sed . The f i r s t  was a G eiger tube th a t  

had two chambers s e a le d  to  i t ,  each se p a ra te d  i n i t i a l l y  from 

the tub# by break  o f f  s e a l s .  With two s e a l s ,  a good tube 

can be re -e v a c u a te d  , and then , by b reak in g  the p ro p er s e a l ,  

can be exposed to the  m a te r ia l  under t e s t  as a contam inant 

w hile a h igh  vacuum e x i s t s .  The tube i s  th e n  b rough t to  

the  p ro p er p re ssu re  of r a r e  g as-o rg an ic  vapor by b reak in g  

the  second break  o f f  s e a l .

The second, and more sim ple a p p a ra tu s , used  only 

one s id e  arm. A good G eiger tub© was used for the  e x p e r i­

m ent. To th i s  tu b e , a s in g le  s id e  arm was attached, and , 

a f t e r  f i l l i n g  the tube  w ith  a s tan d a rd  1 0 0  mm o f 1 0 $ a lc o h o l 

and 90% a rgon , the s e a l  was broken and th e  c h a r a c te r i s t ic s  

of the tube determ ined  fro® time to tim e . The absence of a 

high  vacuum d id  no t s e e s  to hamper the  e f f e c t  of some of th e  

c o n s t i tu e n ts  on good tu b e s . This i s  p robably  due to th e  long
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d u ra tio n  of exposu re*  The s i n g l e  aid® arias w ere  le s s  

com plicated  and, as a r e s u l t ,  le s s  su b je c te d  to  leak s and 

o th e r  u n d e s ira b le  com plications*  S in g le  s id e  arm tu b es  

were used fo r  alm ost a l l  experim en ts .

The procedure evolved f o r  making t e s t  on th e  pos­

s ib l e  contam inants i s  as  fo llo w s: f i r s t  a good tube of the

s o r t  i l l u s t r a t e d  in  F igure 10 was made, i t s  p la te a u  b e in g  

checked a f t e r  com pletion* the  contam inant was se a le d  in to  

a sm all bu lb  a t  th e  bottom  of a Pyrex tu b e  approximately  

th e  same le n g th  as the tube* th e  sm all bu lb  in  the bottom  

connects to  the la rg e r  volume a t  the  to p  of th i s  1 2  mm tube 

by means of a b reak  o f f  s e a l  s im i la r  to  th a t  used on r a r e  

gas f l a s k s .  Above th i s  was p laced  a hammer mad® of fyrex  

rod s e v e ra l  m illim eters sm a lle r  In  diameter than the 1 2  mm 

tube bore* The com parative ly  long s id e  arm Is necessary to  

perm it the hammer to  a c q u ire  enough k in e t ic  energy to  break  

the s e a l .  The sm all bulb f o r  the contam inant was thoroughly- 

washed, r in s e d ,  and d r ie d  In the  same manner as  the  G eiger 

tu b e s . A drop or sm all .q u an tity  of the  m a te r ia l  to  be 

te s te d  was p laced  in  th e  bulb; the b ulb1s si&earm se a le d  

on to  a dry  ic e  t r a p  that i s o la te d  th e  bulb from th e  vacuum 

system ; and th e  b u lb  thoroughly  e v a c u a te d *  .A fte r  le s s  than  

1  m icron of p re ssu re  had been m ain ta ined  f o r  more than  30 

m inu tes, 100 mm of argon were added to the b u lb , and the  bulb  

s e a le d  o f f  from the vacuum system . A m ix tu re  of a lc o h o l and 

arg o n , which would have been le s s  d is tu rb in g  to the  m ixture 

o f the Geiger tube when th e  b reak  off s e a l  was broken , was
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no t used  because condensation  of the a lco h o l in  th e  t r a p  

would have con tribu ted , an o th e r v a r ia b le *

A fte r  the top of th e  aid© arm and th e  hammer were 

thoroughly washed w ith  so lv e n ts  and w ate r, the  hammer was 

p laced  in  the s id e  arm and th e  to p  of the s id e  arm se a le d  

to  th e  f i l l i n g  tube of a c leaned  G eiger tu b e . The assem bly , 

se a le d  d i r e c t l y  to  th e  vacuum system , was pumped down, 

ag a in  “glowed11, and f i l l e d  w ith  1 0  mm of e th y l  a lco h o l vapor 

and 90 mm of a rg o n . The tube  was se a le d  o f f  from th e  system  

a f t e r  a quick cheek, and allow ed to  stan d  f o r  s e v e ra l  d ay s . 

The s t a r t i n g  p o te n t ia l  of the tube was determ ined  s e v e ra l  

tim es and a t  l e a s t  one slope d e te rm in a tio n  was Made, i f  

th e  slope was s a t i s f a c to r y ,  and a p p re c ia b le  in c re a se  in  

s t a r t i n g  p o te n t ia l  due to  le ak s  had not developed , the  

hammer was allow ed to  b reak  the  b reak  o f f  sea l*  A fte r  the  

b re a k , the slop® of th e  tube was determ ined  from time to  

time* Assemblies were made w ith  th e  fo llo w in g  m a te r ia l s t 

used O c to il ,  S llle o n e  High faeuust G rease, C e llo g rea se , and 

new O ctoll* Two blanks were run  a t  the  mum time* The 

in c re a se  in  s lo p e  th a t  occured la  shown in  F igu re  11. As can 

be seen , on ly  used O c to ll arid G ellogresss gave s lo p es  th a t  

in c re a se d  a p p re c ia b ly  w ith  time* lo  s t a r t i n g  p o te n t ia ls  

o f any b la n k  assem blies changed a p p re c ia b ly  during th e  run j 

th u s , th e  change n o tic e d  was probably  due to  the  con tam inat­

ing  e f f e c t  of the  m a te r ia l  and n o t due to a i r  lea k s.

To t e s t  th e  e f f e c t  of1 exposure of th e  contam inants 

on the a lc o h o l p a r t i a l  p re ssu re  In  the  G eiger tu b e , a
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s e p a ra te  experim ent was conducted* A g la s s  c y l in d e r , equal 

In  no li mm- to  e ie i& er tu b e , was s@sli.cl to a c ioaed end 

manosseter* A s id e  a rn , haisiser, ana break o f f  t i p  was 

se e le d  to  trie cy lin d er*  Th§ bulb below the bread o ff  t i p  

co n ta in ed  1 0  am of argon In  a d d itio n  to  used d lo c ty l  

p h th s la te ,  tb s  con tam inan t, th a t  was employed in  the con- 

tam lziation t r i a l s *  M o c ty l pht d e la te  was chosen because I t  

shou ld  to© the t e a t  so lven t f o r  e th y l  a lco h o l of the contam­

in a n t a te a  te d • The c y l in d e r  was th en  ev acu a ted , f i l l e d  w ith  

1 0  mm of e th y l  a lco h o l and se a le d  o ff  from the vacuus rack* 

Ho change In  a lc o h o l p re s su re  was n o tic e d  w i ?  a two day 

period.* The c y l in d e r , th e re fo r e ,  was t i g h t ly  sea led *  e x t ,  
th e  break o f f  s e a l  was broken sad th e  p re ssu re  reco rded  
p e r io d ic a l ly  over a space of more than one month* Any 
d ec re ase  in  p re ssu re  due to  ab so rp tio n  was la s s  th a n  th a t  

v i s i b l e  an a m r c u r y  manometer (0*5 mm)« t h i s  d a ta ,  th e re -  
f o re ,  in d ic a te a  th a t any change* in  the Geiger tube wars 
n o t c a u ted  toy lo s s  oi a leo h o l pro as are*

The presence of C ellogrease and toe used O etoil in  

tim  urn a t 1 si'ac t  or y ©id sysfcaa was thus probat ly  the cause of 

the poor r e s u l t s  th a t  were observed over # long p eriod  of 

time* Silicon®  g rease  d id  n o t seem to  contaminate th e  tube 

to which I t  was connected* However, th is  lu b r ica n t, due to  

i t s  lnhomogenlott* nature, was n o t  s a t is  fa ctory  as a stopcock  

lubricant*

The tubes that ware connected to the new u c t o l l ,  

and the s i l i c o n e  greaae wcrt heated ai t©r the period  of 

slop e d ctsru in ation s  was completed* The s.t.dearsis were

mailto:s@sli.cl
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h ea ted  in  the  fu rn ace  th a t  was designed  f o r  the G eiger tubes* 

The tem p era tu res  at which the tubes were heated  s t a r t e d  at 

250° C and f in is h e d  in  bo th  cases  a t  460® 0* The tubes 

were haated f o r  one hour at the te rm in a l te m p era tu re  and 

f o r  an  a d d i t io n a l  hour a t  each  60® in terval between the  

extrem es * .4 slope  was determ ined  a f t e r  each  h e a tin g  period*

The new Oetoll d id  n o t change the  c h a r a c te r i s t i c s  of th e

tube even when heated* At th e  end of th e  h ig h e s t temperature 

h e a tin g  p e r io d , th e  e s t e r  had apparently decomposed, s in c e  

a s o l id  su b stan ce  had sublim ed fro® the s id e  arm in to  the 

c o o le r  p o r tio n s  of the G eiger tube*

the  s i l ic o n e  stopcock  g rease  d id  not change the  

s lo p e  ap p re c ia b ly  u n t i l  400? G h e a tin g  period* At th i s  tem­

p e ra tu re  the slop#  in c re a se d  from 50 to  9% and a ftar  h ea tin g  

fo r  one hour a t  460° C, the slog® was r a is e d  t© 35$* A hard

d e p o s it  was seen  to  b© p resen t In  th e  bottom  of the  bulb

th a t  had orig in a lly  held  the  c re a se , and a d e p o s it  of an 

o i l  was n o tic e d  in  th e  ‘0®ig#r -tub#. The g rease  had ap p a r­

e n t ly  been se p a ra te d  into. I t s  v o la t i l e  and n o n -v o la t i le  

f r a c t i o n s •

The f a i l u r e  of the  new Oetoll to  contam inate a tu b e , 

even -a fte r such d r a s t i c  h e a tin g , i s  probac-ly due to  th e  

la ck  of a i r  in  th e  system  to  o x id iz e  th e  e s te r*
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<s w ith  s u l f u r  'compounds
w<Mniii wwrn iiwiMw**w»wiiin w

As 300n as thw te c h ­

nique f o r  making c o n s is te n t  l e t t e r  tubes had been developed , 

a t t e n t io n  was given to  the gas phase co u n tin g  of s u lfu r*

This p a r t  of the  work was commenced only a f t e r  the  G eiger 

tub® procedure had been  p e r fe c te d , because th e  variations  

o b ta in ed  b e fo re  would have masked any changes due to  th e  

s u l f u r  compound#

The material used to  c a rry  the s u l f u r  had to  have 

d e f in i t e  s p e c if ic a t io n s #  I t  must n o t fee c o rro s iv e  to th e  

s t a in le s s  s t e e l  eathode or the copper and b ra s s  of th e  

m e ta l p o r tio n s  of th e  vacuum system . The s u l f u r  compound 

must be a gas o r a l iq u id  p o sse ss in g  a h igh  vapor p ressu re*

A h igh  vapor p re ssu re  la  re q u ire d  fo r  two re a so n s?  a h igh  

vapor p re ssu re  would a s su re  enough s u l f u r  In  th e  tube  to  

y ie ld  an ap p rec iab le  countf and a ls o  I t  was found d u rin g  the  

experim ent on v a r ia t io n s  in  quenching a g e n ts , th a t  m a te r ia ls  

which were r e l a t i v e l y  n o n - v o la t i le ,  such as n-amyl a c e ta te ,  

were d i f f i c u l t  to  remove from the vacuum system . The 

m a te r ia l  must n o t contam inate a Geiger tube when used 

re p e a te d ly  la  th e  same s h e ll*  And i t  should  n o t change 

the  o p e ra tio n  of th e  tube upon ag in g , because tim e must toe 

allow ed to  o b ta in  a count*

Two types of f i l l i n g s  were co n s id ered  w ith  a l l  

s u l f u r  f i l l i n g s .  At f i r s t ,  th e  material was mixed w ith  

the  i n e r t  g as , a rg o n , and evaluated w ithou t any a d d i t io n a l  

quench. I f  th i s  was n o t s a t i s f a c to r y ,  th e  second f i l l i n g
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employed am organic quench to  see  w hether or no t th e  

r e s u l t s  could be improved.

fhe  use of a quenching c i r c u i t  would pro b ab ly  

ex tend  th e  rang# of materials th a t  could be used in  the 

Geiger region* This c i r c u i t  is  not a v a i la b le  on most com­

m erc ia l c o u n te rs , however, and sk e tch y  experim ents in the  

la b o ra to ry  in d ic a te d  th a t  quenching c i r c u i t s  were n o t e a s i ly  

used* The us© of a quenching c i r c u i t ,  th e re fo re ,  was r e l e ­

gated  to  th e  p o s i t io n  of l a s t  resort—a method to  be used i f  

a l l  th e  compounds t r i e d  would n o t count in  th e  Geiger reg io n  

w ith o u t quenching.

It was u n l ik e ly  th a t  sulfur to be counted would be 

In  th e  p roper chem ical form , so only  sim ple compounds were 

co n sid ered  so th a t  the  gas co n ta in in g  f o r a  of th e ■ s u l f u r  

could be e a s i ly  prepared* In o rg an ic  compounds were con­

s id e re d  f i r s t  because they  a re  the  most e a s i ly  o b ta in e d , 

e s p e c ia l ly  i f  q u a n t i ta t iv e  y ie ld s  a re  r e q u ir e d .  S u lfu r  

d io x id e , carbon d i s u l f i# # ,  hydrogen s u l f id e ,  and thionyl 

c h lo r id e  which were a l l  e a s i ly  a v a i la b le  fo r  e v a lu a tio n , 

passed  most of th e  requ irem en ts of th e  s u l f u r  ..carrier*

A tech n iq u e  fo r  the. introduction of th e  s u l f u r  com­

pound in to  the delg&r tubes fo llo w s : The G eiger tub© used

was s im ila r  to  th a t  shown in  F igure  10. I t  was se a le d  

d i r e c t l y  to  the  upper manifold as  Is  shown on F ig u re  9 , and 

l e f t  th e re  u n le ss  f u r th e r  operations on the tube n e c e s s i­

ta te d  I t  teeing se a le d  o f f  a f t e r  f i l l i n g *  The tu b e  was f i r s t  

f i l l e d  w ith  90 mm o f argon and 10 mm o f  e th y l  a lco h o l by
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th e  06i ger tube proce te ®  already describ ed *  A plateau 

was determ ined  to  sake su re  that the  tub# vaa of good 

q u a l i ty .

The tub© was then  re-evaeu'a-bed and outgassed by 

flam in g . A fte r  th is ., the s u l f u r  gas vaa them p laced  in  th e  

manifold by opening the valve  above Mi# l iq u id  r e s e r v o i r  

u n t i l  th e  p roper p re s su re  was in d ic a te d  on th e  m ercury 

manometer. The p roper amount of argon o r argon  a lc o h o l 

m ix tu re  was th en  l e t  in  from  the  low er m an ifo ld , and a t  

l e a s t  one h a lf  hour allow ed fo r  d i f fu s io n  to  ta k e  place*

The characteristics of the tub# were determ ined  w hile  the 

tub# was s t i l l  sc a led  onto the vacuum system* As no ra d io ­

a c t iv e  m a te r ia ls  were used in  th e  sc re e n in g  p ro c e s s , e le c ­

tro n s  were l ib e r a te d  in  the tub#  by bombarding th e  enclosed  

gas w ith  an e x te rn a l  radium source*

S u lfu r  d io x id e  was the  f i r s t  gas eva luated*  As 

c o n f l ic t in g  s ta tem en ts  were to  be found in  th e  l i t e r a t u r e  

(41, 115} as to  the  e f f e c t  o f th i s  gas on a O elger tuba* 

i t  was found n ec essa ry  to  e v a lu a te  th i s  su b stan ce  in  th e  

la b o ra to ry *

The s u l f u r  d io x id e  used was prepared by adding 50# 

s u l f u r i c  a c id  to  0 . P. po tassium  m etabism lfit® * The 

m ix tu re  was g e n tly  warned to com plete the r e a c t io n .  The 

s u l f u r  d io x id e  evolved was d r ie d  by p a ss in g  i t  over anhydrous 

calcium  s u lp h a te , and then condensing i t  in  th e  gas tan k  

w hile  co o lin g  i t  w ith  d ry  i c e .  A fte r  abou t 100 ml of l iq u id  

s u l f u r  d io x id e  had been c o l le c te d ,  the o u t l e t  of th e  ta n k  was
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s e a le d ,  a ad the f l a s k  allow ed to .warm up  to room temperature 

slow ly* The : sulfur d io x id e  that was l a  excess was allowed 

to babble th rough  the m ercury se a le d  v ea t, and the f i n a l  

gas pressure was thus' l im ite d  to about 16 am of mercury#

The largo excess of s u lf u r  d io x id e  when v ap o rised  swept 

th e  a i r  from the ays tea*  A sample of th i s  gas was 

com plete ly  absorbed In  a 1 0 g{ aqueous s o lu t io n  of sodium 

hydroxide*

So p la te a u  r e s u l te d  when 10 mm o f  SOg gas was mixed 

with 90 mm of argon* le s s  than f iv e  vo lts caused the tube 

to ge from a sta te  o f n o n -co u n tlag  to continuous discharge#

As smaller quantities of 30^ would resu lt in  th e  tube having 

q u a l i t i e s  c lo se  to  that of argon {which w il l  net s e l f -  

quench) no f u r th e r  work was done on b in a ry  m ix tu res of 

s u l f u r  d ioxide*

The r e s u l t s  that .were o b ta in ed  when s u l f u r  d io x id e  

was mixed w i t h  argon  and e th y l  a lco h o l a re  shown in  th e  

ta b le  m  the fo llo w in g  page* As can be seen  from  the  d a ta  

in  th e  tab le, the  in tro d u c tio n  of even small c o n c e n tra tio n s  

of s u l f u r  d io x id e  to  a tu b e , th a t  o th e rw ise  should  f iv e  good 

r e s u l t s ,  causes v e ry  poor r e s u l t s  to be obtained* The 

s u l f u r  gas r a is e s  th e  s t a r t i n g  potential; however, t h i s  

ra ise is  n o t enough to  make i t s  supp ly  a problem* th e  s lo p es  

were so poor, however, that the ms® o f S0g was temporarily 

discarded.

Hydrogen s u l f id e  was the  n ex t In o rg a n ic  s u l f u r  gas 

to  be t r ie d *  T h is , the end product of a v igorous re d u c tio n
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Table 1X1* The In flu e n ce  of s u l f u r  d io x id e  on Geiger tu b e s .

F i l l in g s Tube c h a r a c te r i s t i c s

i S0g mm a lc o h o l mm argon
b e s t  s lo p e  

s t a r t i n g  v o lta g e  1 0 0  V

«*»««► 1 0 m 910 3*7

1 0 1 0 m 1650 no p la te a u

5 1 0 90 1400 67

2 1 0 90 1550 160

1 1 0 90 1150 170

«*«*# 1 0 * 90* 930* 1 . 0 *

* ? la te a u  of tube a f t e r  SO^ ex p erim en ts .

o f a s u l f u r  compound, I s  r e l a t i v e l y  easy  to  o b ta in  from a 

s u l f id e .  To p rev en t I t s  contamination w ith  the a i r  In the 

g e n e ra tin g  system , th e  system  was e v a c u a te d  to  le s s  than 

Ism  p re s su re  b e fo re  the  50$ s u l f u r ic  a c id  was added to  p@3 

to  s t a r t  the gas genera tion*  The gas was c o l le c te d  In  the  

l i t e r  s to ra g e  f la s k  under s l i g h t  p re ssu re  a f t e r  I t  was d r ie d  

by calcium  su lp h a te*  A sample of the Hg$ u sed , d is so lv e d  

completely In « a li_  bly a c id ic  s o lu t io n  of lead  a c e ta te ,

A m ix tu re  of 10 mm of !fg 8  w i th ,90 am of argon d id  no t have 

any appreciable range of te rm in a l p o te n t ia l ,  so I t s  u se  was 

a ls o  d isc a rd ed  as was the b in a ry  s u lfu r  d io x id e—arg o n  

system*

The m ix ture  o f hydrogen s u lf id e  w ith  e th y l a lco h o l 

and argon gave the  r e s u l t s  th a t  a re  ta b u la te d  in  the  ta b le  

on the fo llo w in g  page. The r e s u l t s  show th a t  ag a in  sm all
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Table X?. The in flu en ce  of hydrogen s u lf id e  on Geiger tubes*

F i l l in g s  Tube c h a r a c te r is t ic s

l Hg S mm. a lco h o l mm argon s t a r t i n g  v o ltag e
b e s t  sl<

1 0 0  v

— 1 0 90 900. 1 *§
1 0 1 0 90 1350 TO

5 1 0 90 1300 23
2 1 0 90 1260 18
1 1 0 90 1250 1 1

1 0 # 90* 950# 4*3#
eF litea u  o f tube a f t e r  HgS experim ents*

q u a n t i t i e s  of th e  su lfu r  gas r a i s e  th e  s t a r t i n g  p o te n t ia l  

and th e  s lo p e  o f th e  Geiger tube# P rop ortion ately , the

change was no t so  much as th a t  shown by th e  s u l f u r  d io x id e ,

bu t i t  was enough to  w arran t the  a ttem p t to  f in d  a b e t t e r  

m aterial to  c a rry  th e  su lfu r#

As M ille r  has found* CB^ a id ed  in  th e  quenching of 

a  carbon d io x id e  c o n ta in in g  tube* t h i s  m ateria l was nex t 

considered*  llo attempt i s  made h ere  to  c la im  0So 1® an 

in o rg an ic  compound# I t  I s  Included h ere  because of it® 

sim ple stru c tu r e , and fo r  the  sake of convenience* The 

ch em istry  of carbon d is u lf id e fa p re p a ra t io n  i s  no t so sim ple 

as the  two m aterials a lre a d y  d is c u s se d , and i t  was th u s 

t r i e d  a f t e r  the  o th e r  two had proven unusab le  and d iscard ed #

As i t  co n ta in s  carbon as w e ll a s  s u l f u r ,  and i f  I t  would work, 

th i s  compound m ight a ls o  be used f o r  Cu  counting*



123

Thu cartoon d is u l f id e  i s t f i  mm a C* F. la  bam  teaser 

sample* I t  was further p u r ified  by d is t i l la t io n *  Sfely the  

een ter  cut of the n o ta r ia l was aav ed -fe r  us®* The sample 

ted  a f o i l in g  range of about 0*1* € and was c le a r  and 

e o lo r le s e »

The carbon d is u lf id e  was introduced in to  a good 

tub® with. argon* I t  .proved not to  be s quenching ag en t, 

and, when mixed w ith e th y l a le o h e l and argon guv# the 

fa llo w in g  r e s u l t s  a t  shown in  the ta b le *

fable ¥* the Influence of eerbaa d isu lfid e  on $elger tubes*

f i l l i n g s  Tube e t e r a e t e r is t ie s

beat e lo p e /
i 0 % mm a lc o h o l ergon s t a r t i n g  v o lta g e 1 0 0  ¥
*RM* 1 0 90 930 1 .9

2 0 10 ¥ 0 1 1 0 0 m  p la te a u

10 10 ISO 1450 »

3 10 05 1350 m

2 10 i f 1 2 0 0 a

1 10 89 1 0 1 0 m

Thus, the earbcm d isu lfid e  i t s e l f  was not a  quenching 

agent and I t  Interferes with th e  quenching a c t io n  of m proven 

quenching agent* The aueees.s of b ille r  w ith  the cartoon 

dlsulflde^earben dioxide slxturej* In a i l  p r o b a b i l i ty ,  mm  due 

to the quenching circu it*

Experiments w ith  thlonyl c h lo rid e  in d ie  a ted th a t  th i s  

m ateria l would not be s a t is fa c to r y , due to  extras* corrosion
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of the itereury a ad th e  capper l a  the system* Other s u l f u r  

compounds contain ing halogen were s e t  a s id e  u n t i l  o th e r  

le s s  co rro s iv e  m a te r ia ls  could be tr ie d *

Organic s u l f u r  c o b i  pounds* 4s the In v e s t ig a t io n s  

d e sc r ib e d  toad e lim in a te d  most o f the sim ple Inorganic 

m a te r ia ls# c o n s id e ra tio n  was n ex t g iven to  th e  organic s u l ­

f u r  c o n ta in in g  m aterials*  The more sim ply prepared of these 

m ateria ls*  th e  .s u lf id e s  and the  m ereap tans, had chem ical 

s im ila r ity  to- e th e r s  and a lc o h o ls—substances that had 

proven to be s a t is fa c to r y  quenchers* These were thus con­

s id e re d  f i r s t *  The low m olecu lar w eight mersapians do not 

seem’ to  be-as a s s o c ia te d  as a re  th e  a lcoh o ls} th ey  b o l l  a t  

a low er tem p era tu re  and have a h ig h e r  vapor p re ssu re  a t  

e q u iv a le n t temperature* The higher m olecular w eight o f th e  

•l:\su lfldee  make the® b o l l  h ig h e r th a n  th e  co rresp o n d in g  . 

mereaptans—a r e v e r s a l  o f  th e  low m olecu lar w eight oxygen 

c o u n te rp a r t  behavior*  Methyl i s u l f ld e  has a b o i l in g  p o in t 

c lo se  to  th a t  of d ie th y l- e th e r*  th i s  r e l a t i v e l y  h igh  v apo r 

p re s s u re , th u s , would make i t  easy  to  purge from the vacuum- 

system* -The odor'.of the ; . .s u lf id e s ,  w h ile  bad , .a r e  n o t so 

bad as th e  M ors o f the mereaptans, and th e r e fo r e ,  were 

le s s  o f fe n s iv e  to  handle# For th e se  reaso n s ex perim en ta l 

work was s ta r te d  on / .s u lf id e s  f i r s t *

The methyl s u lf id e  used was an in a c t iv e  sample 

purchased  from, th e  Eastman Kodak Co* and was packaged in  

a s e a le d  g la s s  b o t t le *  The m ateria l was allow ed to  s tan d  

over OaSO^ to  d ry , b u t no fu r th e r  p u r i f i c a t io n  was given to
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i t *  I t  was then placed ' In  a bull), and se a le d  onto the  

vacuum system w hile  co ld . S ev era l samples of th e  .gas were 

evapora ted  and d isca rd ed  to  remove th e  a i r  in  the system# I s  

the m a te r ia l  was evaporated to  provide the vapor in  the  

0 ©ig e r  tu b e , some p u r i f i c a t io n  was o b ta in ed  by the  f i l l i n g  

p rocess#

The procedure was the same as that used on th e  

in o rg an ic  s u lf u r  gassea* A tube was f i r s t  f i l l e d  w ith  argon 

and a lco h o l to  check i t s  performance* I f  t h i s  f i l l i n g  gave  

s a t i s f a c to r y  r e s u l t s ,  i t  was used  f o r  f u r th e r  experim ents 

w ith  th e  u n tr ie d  m ix tu res a f t e r  the tube had been pumped 

ag a in  to  a h igh  vacuum*

The f i r s t  sample of d im ethyl s u l f id e  used gave ex­

c e l le n t  r e s u l t s  when mixed w ith  a rg on and I r r a d ia te d  w ith  

gamma ra y s  from an o u ts id e  radium source# Subsequent 

tubes proved to  be e q u a lly  s a t is f a c to ry *  C onsequently , 

sy s tem a tic  evaluation  of t h i s  compound was made*.

Chi# of th e  most im portan t f a c to r s  th a t  had to  be 

co n s id e red  was the e f f e c t  of the d i s u l f id e  on con tinued  

use in  the same tube* The r e s u l t s  th a t  were o b ta in ed  in  

f iv e  runs a re  graphed in  S e c tio n  A o f F ig u re  12# The slop#  

did no t change a t  a l l  and the  tub# was as good a t  th e  end 

of th e  s e v e ra l  runs as i t .w a s  a t  the beginning#

The maximum to leran ce of  th# tubes to  ©.ethyl s u lf id e  

vapors was determined, and the r e s u l t s  a re  shown in  S ec tio n  

B of F igu re  12* The slope- of th® tub# d id  n o t exceed h% u n t i l  

over 20 mm o f d im ethy l s u l f id e  had been p laced  in  the tube*
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The in #  o f  la rg e r  pressure* i s  n o t s a t i s f a c to r y  as they 

increas©  th e  p o te n t ia l  req u ired *  An in c re a se  in  term inal 

p o te n t ia l  of about 600 v o l ts  h ig h e r i s  re q u ire d  to  earns® a 

tub# to  count a t  50 mm p re ssu re  thaii th a t which i s  re q u ire d  

mt 1 0  mm*

A tub# was f i l l e d  w ith  10 mm of d im ethyl s u l f id e ,  

and 90 mm of argon and them i r r a d ia t e d  w ith  gamma r a d ia t io n  

mt 1 O0  v o l t s  above i t s  s t a r t i n g  p o te n tia l f o r  a  lo n g  period  

of time* The slop® of the co u n tin g  rate te rm in a l p o te n t ia l  

cu rve was determined from tim e to  tim e , and is  graphed in  

S e c tio n  c of F igu re  12* The s lo p e  was le a s  than. for
a

about 10 counts* The dead tim e and reco v e ry  tim e of th e  

d im ethy l s u lf id e  f i l l e d  coun ters  was determ ined  by observ­

in g  synchroscope d isp la y s  such as a re  shown in  Figure 1.

The dead-1Is* was the same as th a t  shown by e th y l  a lc o h o l 

and d ie th y l  e th e r ,  95 m icroseconds* The average recovery  

tim e was eq u a l to th a t  of the e th y l  a lc o h o l, 190 m icroseconds, 

bu t la r g e r  th an  th a t  shown by the  d ie th y l  e th e r ,  175 m icro­

seconds *

The s t a r t i n g  p o te n t ia l  averaged about 1,000 v o lt s  

when d is u l f id e  was used a t  10 mm p ressu re*  This i s  about 

the same m  th a t  shown by the m m  tube f i l l e d  w ith  e th y l 

a lc o h o l a t  th e  same pressure, and under th e  same co n d itio n s*

Methyl su lfid®  tubes seem to  be equa l to  or b e t t e r  

than  e th y l  a lc o h o l f i l l e d  tu b e s , when o p era ted  as  s e l f  

quenching G eiger tu b e s .  Thus, m ethyl s u l f id e  see®* to  be 

an e x c e l le n t  s u l f u r  c a r r ie r *  The p la te a u  i s  g e n e ra lly  longer
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than that found w ith  eth y l a lcohol* hnougb vapor earn be 

p laced  in to  th e  tub# to  get large coun ting  r a te s  I f  d ilu tio n  

o f the  r a d io a c tiv e  sample by io a e liv e  s u l f u r  i s  no t toe- 

l a r g e .  & d i lu t io n  fa c to r  o f 10® g iv es v e ry  acceptab le  

co u n tin g  r a t e s ,  th e  tubes do n o t s u f f e r  from change In  

c h a r a c te r i s t i c s  on rep ea ted  f i l l i n g ;  th e r e fo r e ,  i t  would be 

p o ss ib le  to  use the  tube ag a in  f o r  a  d i f f e r e n t  sample. The 

s u l f id e  vapor I s  n o t c o r ro s iv e  to  any e x te n t to  th e  b r a s s ,  

co p p er, lo v e r ,  o r mercury used in  th e  m e ta l l ic  .parts of the  

vacuum system-, th e  counts t h a t  a tube ©an reco rd  b e fo re  

a p p re c ia b le  change w i l l  oeeur Is  much in  excess o f th o se  

re q u ire d  to  o b ta in  v ery  h ig h  accuracy* Although in  such 

tu b e s , f i l l e d  w ith S^s , continuous bombardment of the gassea 

i s  always going on la s  id,# the tu b e , the  very  lim ite d  number 

o f  io n  p a ir s  fo rm d  when no term inal p o te n t ia l  i s  ap p lied  

should  reduce the decom position to  a n e g l ig ib le  e x te n t*  Thus, 

th e  o n ly  decom position  that would change th e  tu b e ’s slop® 

and o th e r  p ro p e r t ie s  would be that scouring when the  count 

i s  made.

D ie th y l s u l f id e  was g iven  an e v a lu a tio n  s im ila r  to  

that g iven  to  d im ethy l s u l f id e ,  to  a s c e r ta in  I f  th e  p roper­

t i e s  th a t  were found fo r  th e  low er m olecu lar w eight s u l f id e  

would a ls o  hold fo r  the new compound. This m a te r ia l  p o ssess­

es a low er vapor p re ssu re  th an  the  d im eth y l ' s u l f i d e ; however, 

a t  room temperatures th i s  is  s t i l l  h ig h  enough to  g ive 

r e l a t i v e l y  h ig h  p re s s u re s ,  p re s su re s  much in  ex cess  o f those  

norm ally  used In  O elger tubes*
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The d ie th y l  s u lf id e  used was a ls o  a r e l a t i v e l y  h igh  

p u r i ty ,  in a c t iv e  sample purchased--from  the Eastman Kodak Co* 

I t  was d r ie d  over C&$0 ,§ b e fo re  being  se a le d  to  th e  system  

in  a g la s s  co n ta iner*  The p rocedures fo llow ed th o se  

employed when d im ethyl s u l f id e  h i  evaluated-.

The slope change with repeated radiation, a t 100 

v o lts  above s ta r t in g  p o ten tia l is  shorn on Curve I) of fig u re  

1 2 . The slope  change occur la g  with d iffe re n t pressures of 

d ie thy l su lfide  i s  shown in  curve D# and the slope change 

on repeated f i l l in g  is  shown in  curve f  *

urban f i l l e d  w ith  10 mm d ie th y l  s u l f id e  and 90 mm 

a rg o n , the tubes shewn in  F igu re  1 © had a ' s t a r t i n g  p o te n t ia l  

o f about 1  kVf a  dead tim e o f about 1 0 0  m icroseconds, and a 

reco v ery  tim e of abou t 1?§ m icroseconds* A ll of th e se  

r e s u l t s  a r e  v ery  c lo se  to  those shown by a m ixture of 

d im ethy l s u l f id e  in  the  same p ro p o rtio n  w ith  argon*

The only p ro p e rty  shown by the  graphs fo r  d ie th y l  

s u l f id e  th a t  does not eq u a l or b e t t e r  th e  same p ro p e r t ie s  

f o r  dim ethyl s u l f id e  i s  a tendency fo r  the  d ie th y l  s u l f id e  

to  contam inate the Ctolger tube* The cause f o r  th i s  was n o t 

d e te rm in ed . I t  p robab ly  l i e s  in  an im p u rity  In  the s u l f u r  

compound, Experim ents w ith  th is  m a te r ia l  were n o t made as 

tho rough ly  as th o se  ru n  fo r  d im ethy l s u l f id e  s in c e  I t  was 

thought th a t  th e  contaminants s ig h t  cause the vacuum system  

to  become contam inated  m  w ell*  The p u r ity  o f any sample 

w i l l  depend upon the  method o f  p re p a ra t io n  of the  sample 

used  f o r  co u n tin g , and a method w i l l  p robab ly  have to  be
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developed th a t  w i l l  y ie ld  a r e l a t i v e l y  pur® sample* I f  th i s  

d i f f i c u l t y  could bo surm ounted, d ie th y l  s u lf id e  would be as  

good or b e t t e r  a s u l fu r  e a r r in g  quench a s  d im ethy l s u lf id e *  

•The work on th e  p rep a ra tio n , and e v a lu a t io n  of the  

su lfu r- c o n ta in in g  compounds was no t c a r r ie d  on any f a r th e r  

due to  la c k  of tim e • A s a t i s f a c to r y  method o f p rep a rin g  

th e  s u l f id e  mush be developed , and when t h i s  i s  accom plished , 

I t  m is t be ev a lu a ted  w ith  ra d io a c tiv e  s u l f u r .  Too much 

tro u b le  w ith  the  l a t t e r  i s  mo% a n t ic ip a te d !  y ie ld s  

ch lor in e  on lo s in g  an e le c t ro n ,  and c h lo r in e  w i l l  a l s o  

quench the  d isc h a rg e  of a G eiger tube  (1 1 4 ). The q u a n t i ty  

of c h lo rin e ; formed -would be  very  sm a ll under any circum ­

stance® , u n le s s ,  s u l f u r  vapor p re ssu re s  g r e a t ly  in  excess 

of optimum are . used*

The ease  of p re p a ra t io n  of the  in o rg a n ic  compounds 

would seem to  make them p re fe ra b le  to  th e  o rg an ic  s u l f u r  

c a r r i e r s ,  b u t t h e i r  in c o m p a tib i l i ty  w ith  known quenching 

m ix tu res  makes them alm ost im possib le  to  use* Dimethyl 

su liId ® , on th e  o th e r  hand, po ssesses  a l l  th e  n ec essa ry  

requirement* for  a good quench, i f  i t  i s  p o s s ib le  to  

deve lop  a method of' p re p a ra t io n  I t  should  be an id e a l  

m aterial*
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Table VI. R e su lts  of con tam ination  t r i a l s .

C ellogrease 391

t e e d  c e t o l l  390

S i l l  name 
g rea se

lew d e t a i l  389

Blanks

Tube Time l e s t S ta r t* Tube Time Beat S ta r t
1 0 . ♦ Slope tng me* ♦ Slope lug

/100V voltage I11H

391 5# 8*7 900 398 8 # 3 .1 870
4e 2 . 1 to o 4# 4 .1 980
0 8*3 923 0 4*6 960
8 14 .2 930 8 14*0 970

28 o 930 2 $ 14 .2 980
47 0 930 47 0 960

390 84 2*9 t s i 897 2* 4 .3 850
4# 2 * 2 923 0 # 8 * 6 '870
0 3*5 980 0 6 . 0 820
X 7 .0 940 60 16 .0 840
8 ,7* t • 980 7$ 0 850

17 3 .9 940
23 8 . 8 980
47 19*0 230

336 2 # m o
1 # 3 .0 910
2 3 .3 240

13 4*9 930
87 6 .4 930
46 7*0 980

339 2 # **•«* 900
1# 1*3 900
2 2 . 0 to o

13 2*8 050
87 4*2 920
43 7*9 900

883 2 # «*»«* 900 334 8* mmm 880
1# 2*3 930 1 # 1*5 870
2 2 . 8 $20 8 1*0 230

17 8 * 8 910 17 4*0 880
89 8 . 2 980 29 2*8 too
48 2 . 8 to o 48 3*0 to o

4 E lapsed tim e In d ay s .
# fim e b e fo re  in tro d u c tio n  o f  eontamloaat* 
o Would not count over 100 v o lt  range^-slop®  I n f i n i t e .
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Table VXI. Reaulta w ith D iaethyl (M) end B ieth y l (E) 
S u lfid e  tu b es,

mm am r i l l i n g  T otal S tartin g#  Beat S lo p e /
S u l f ld * kr$ om no* C ounts

(a )  ( b ) (a) (» }
1 0 0  ¥  
m ( s f

1 0 90 1* •*«# ***** mm+ ewa. 0 * 0 4 .9
1 0 m m 4M » 4NH«fc> m m e a « 4*0 *****

1 0 9 0 5 # **** m m 1*9 m m

1 0 iO 4* «*«* «•***■ .* * * 1*9 m m

1 0 t o &* **r*p m m **<• 2 * 0 23.0

10 90 4SMMK m m «N*W 1 0 0 0 imo 2 . 0 4 .2
20 80 m m m m « N I . 1200 imo 3*3 4*5
m ¥0 m»«* m m 1U 0 imo 6 8 * 0 1 1 . 0

10 t o I
1
1
1

10® 
3 * 1 0 '  
8* 10' 

i o e

10®
3*104
8 x1 0

mum

m m

m m

■mm

0*5 
3*8 

14 *4
29.0

5*2
5 .7
5 .9

« Same tube s h e ila ,  r e f i l l e d  
# la  v o lts
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