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th e  idea out o f which th l«  th e s is  §rm w i  to  M tsu r*  a proton boos 

cu rre n t, horotoforo regarded a t f a i r ly  largo  in  magnitude, with an appro*!- 

• a t#  energy o f 60 k ilo v o lt# . Tho problem was than ono of engineering a

( ■ h A -

...»

cu rro rt measuring device fo r  a pulsed boon o f proton* approxism t  e ly  ono t a 

per# in  magnitude. Other requirements wore th a t  tho  device make a rap id  and 

f a i r ly  accurate  dot o ra l nation of the beam cu rren t.

In order to  study th is  problem two ion sources were av a ila b le . The f i r s t  

was a machine which gave 10 to  15 k ilo v o lt protons in  a f a i r ly  w ell defined 

beam, and curren t c o lle c tio n  could be done a t ground p o te n tia l .  The second 

amchine acce lera ted  protons to  60 k ilo v o lts , and th e  current c o lle c tio n  had

to  be done a t  th e  aforementioned p o te n tia l .

The scope o f  th i s  th e s is  le  p rim arily  to  p resen t th e  design and charac- 

t e r l s t i c s  of the  desired  curren t measuring device, and secondarily  to  present 

any inform ation about the  physic* o f cu rren t co llec to r*  found in  th e  process 

o f proving the design.
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Chapter 1

Before proceeding with the theory of b«M curran t measurement i t  May 

w all to  present son* of tho  methods uaod by o thor workers In so o tin f  th io  

• m o  general problns.

toong tho oarly  worker* tho most common method of measuring beam cur

ren t or charge wo* tho  us* of tho Faraday Cop. On* o f tho  e a r l ie s t  uses of 

such a cop was in  tho determ ination of th e  bea* cominr from a canal-ray source. 

In i t*  most yenerml tense a Faraday Cop consist*  o f a volume enclosed by a 

good conduct in f  m ateria l with a M a ll entrance opening for tho  beam. With 

th i s  geometry tho p ro b ab ility  of secondary eharres escaping th e  innereup i s

very sm all.

Dujardin and Hoyaux mention in  a survey a r t i c l e ^  th a t  suppressor 

g fld s were used in  front of th e  c o l le c t in r  su rface even previous to  th e  Fara

day Cup in  order to  suppress secondary charges, but they do not c i te  any re f 

erences.

When the e f fe c tiv e  diam eter o f beams became g re a te r  with g ree te r cur

ren t i t  becMe neceaaary to  use a long cy lin d e r open a t one end in  order to
( 2 )be sure of c o lle c tin g  a l l  o f th e  cu rren t. Tuve, Dahl and Hafstad used 

Faraday cy linders a few centim eters in  diam eter and te n  centim eters long for 

th e  aforementioned purpose. The so lid  angle through which secondary charges 

could escape th* cy lin d er was, n ev e rth e le ss , s t i l l  apprec iab le .

H a l l e r ^  and C r a ig g s ^  solved th e  problem independently by the use 

o f a Faraday cy linder and a grid  a t  such p o te n tia l a* to  repel incoming

1 Ju fird in  and Hoyaux, "Comparative Survey o f  Ion Guns", nucleonics, 
no. 7, 67-71 July  (19**9)

2 Tuve, Dahl and H afstad, Phya. Rev. U ,  2i*l (1935)
3 H ailer, Wiss, V eroffenth, Sismens-Werksn, U, 321 (1937) k C raigs, Proe. Phys. Soc. 24*5 <1%2)
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sleetrons and keep electrons fro* leaving the cylinder. The grid was pl»c«d 

immediately over the entrance to  the cylinder.

Another method mentioned in the lite ra tu re  describes s * synd ic  trap 

for secondary electrons. Thonsnen^ ^  employed a magnetic fisld  para lle l to  

ft co llecting  copper surface to  turn the low energy secondary electrons back 

to the co llecto r.

Current in the foregoing discussion was fina lly  read by use of • meter 

in series with the co llecto r cup as shown in fig* 1*

With the adrent of larger beans, higher energy and pulse techniques 

of the past few years other methods of beast measure*ent hare been found. I f  

the bean can be tent through an ionisation chamber the ralue of the bean cur

rent may be determined by knowledge of the number of ionisations per centi

meter of path length for a know p artic le  energy and pressure in the chamber* 

Monitoring the ajwnint of radiation from the target presents us with another 

method of determination of the bean current. The foregoing two methods were 

not looked into in d e ta i l ,  because coneideratione of accuracy and reonetry 

made th e ir  use impossible.
( 6 )Research workers at the Oak Ridge National Laboratory did get sons 

figures for neutron yeilda earned by the in teraction  of a deuteron bean with 

duuterons on copper} however, the figurej obtained uhen th is  same system was 

used to measure a 60 kilovolt deuteron bmen et the University of California 

Radiation Laboratory vs re not In good agreement with those taken at Oak Ridge.

* Thonnsen, Nature 61 (1%6)
® Y-V95 Report, Electromagnetic Research Div., Carbon and Carbide

Cheadcale Co.



«



i s  1 « it«  itw pl*. A be** o f

-n»

3H*pt **r II

THs theory o f  s l s c t r i e a l  M & i r a c t t  

chart«(1 parti c lo t  s tr ik e s  a c o l l t c t o r  and find s an aprropria le  complst# path
3

throurb a currsnt m sasurint d e r ic s .  ..Mrtsrsd ourrsnt than; represents th s  not 

la n d in t on tnd I s s r ln r  th s c o l ls c to r .  for example, p o s i t ir s  tnd n #te- 

t i r s  ch arts "aay ia p in ts  on a star face and l ib s r a t s  p o s i t i r s  and n sra tir#  s s c -  

ondary chart##. P o s it ir s  current to  a m stsr in f d tr ic#  may be co n stitu ted  by 

p o s i t ir s  charts landing and nstut tvs ch arts Isa r in * , w hile n s ta t ir #  current 

i s  ju st th s  o p p o site . Ths r s la t io r s h lp  i s  expressed below in  formula form.

h  * *♦* -  ^ 4  -  ♦ l . j  U - i )

whsrs 1  ̂ * t o t a l  p o s i t ir s  currsnt rsad on th s  *»*tsr

I t(k • currsnt dus to  p o s i t i r s  ch arts 1 a id in s

* currsnt dus to n s t t t i r s  ch arts lan d ln t

I +|  • currsnt dus to  n o s i t i r s  ch arts 1sarinr

* current dus to  n s ta t ir s  chart# Isarlnp

In t s t t in y  an accurm*# determ ination o f  I 4<| by rsad in t th s  t o t a l  cur- 

r s n t , 1^, on# must s ith s r  bs a h ls  to  rsducs th s  o th sr  th r ss  components in  

squat ion  (2 -1 )  to  a sa*nitud« which th sy  ar# n s t l i f i b l s  or ha afcls to  d s ts r -  

» in s  th s  m om ituds o f  saeh o f  them. Vhsn 1  ̂ i s  protons i t  i s  l o r i c t l  to  

tssume th a t I^ | i s  vary sm all compered to  I +m s in e s  th s  p o s i t i r s  charts#  

a r r lr in f  s f f s c t i r s l y  t i r s  up th s ir  charts t o  th s  conduct in t  su rface  and bs-  

cone n eu tra l atoms.  ̂7 ' O nr  aquation for th s  t o t a l  ■ stored currsnt now

Dujtrdin and Hoy.'i?, "Cammratir* murrey o f Ion Guns", N ucleonics 4 , 
no. 7 , 67-71 July ( 19'»9 )

7
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S ’ 1. . - 1-.* (2-2)

lean to afford an ideal gecnatry for 

tho d at aminet ion of tha unknown quant It i at in aquation (2-2). If negative 

appliad ta tha grid it would ba expected that all negative

laaa tha appliad voltage fomad <« tha mg> would 

ba ratainad. Also negative charge diractad into tha cup would ba tumad a- 

I. If tha appUad pot ant la 1 la now tada aufficiently large 99 parcant oi 

of tha negative chargaa will ba tumad around, and it najr bo said that 

A • I , tha negative charpa currant arriving which la fomad on tha grid 

and in tha rolxmm hatwaar tha grid and

whara X. • total currant raad whan tha grid la at a ~-0
negative potential with raapact to

*han tha grid la at a positive potential with reaps t to ground
• < D

U  • X*. - X ♦ I .Twi 1 -ca -I

(2-3)

(2-4)

k whara I. • total cur.*ent whan tha grid la at a positive
“ ♦o

potantial with raapact to ground 

I • negative charge currant collected froai voluwe 

in front of tha grid.
i

a

grounding tha grid and applying positive and negative potential* to tha col

lector with regard to ground one la abla to obtain axpresalona aa below.

...*..? fr..

s., * s .  - s *  - C*-5)
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nh«r« L  * to ta l current whan collector la at poattiw
‘ ♦ c

potantial with respect to ground 

I • negative charge in volume in front of grid 

drifting onto the collector

L, •  I ♦ I . (2-6)
T_c *• -I

L, * to ta l current when eolloctor la at negative 
”-c

potential with roopoct to ground.

actual eaaa tha to tal current aa a function of tho eolloctor voltage

with reepect to the grid would look aa in fig. 2b.

I t can be aeon by looking at equatione (2-3) through (2-6) that there 

are four independent equatione, but five unknown*. However, the endeavor can 

be to eliminate I .  by waking the grid 96 to 99 percent tranaparent to the 

beam. Even i f  the secondary to primary ratio a t the grid la three then the 

generated secondariee amount to only 3 to 6 percent of the Of thi*

amount leae than half will arrive at the collector cup due to solid angle 

considerations.

A means is now available (at least in theory) for the determination 

of 1 ^ , I_ j, X-oa and 1 ^  providing the 1 ^  versus collector voltage curves 

flatten in the region of large positive and negative potential, and that no 

other potentials exist in the region of the cup to distort the fields between 

the grid and cup.

One obvlc^v source of potential is  the beam of positive chargee, each 

charge contributing a Potential dV.

where d? * potential (volts)
dq • element of charge (coulombs)

(2-7) *
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€ •  ra tio n a l p e m i t t i e i ty  of »p*c« (farade/H) 

d * d ia tanc#  fro* point under consideration  to  e l anont 

o f charge (w aters)

th e re fo re ,

f  • f 1' ' PM
Cd

<a-a)

Now conaidor tho o f a boom o f only o o s i t i r e  chargee of d en sity ^#  coulomb* 

p#r cubic  M t« r  *• in  f ly .  5a. For mm of c a lcu la tio n  wo w ill conaidor tho  

m d i t a  i*age charge to  extend in f in i t e ly  in  e i th e r  d irection*

Tho problon o f coe lu ting  tho  p o te n tia l on tho  a*ia due to  tho d en e ity  

p  xs ouch c lap  11 fled  i f  th e  o r ig in  o f coordinatoa la  eonaidered to  be /  d is 

ta n t fro« th e  conducting boundary. The p o te n tia l con tribu tions from charge* 

g re a te r  than  i d is ta n t to  th e  r ig h t or l e f t  add to  be aero due to  sywwetry 

and opposite sign of th e  charge, fes aation of th e  p o te n tia l con trib u tio n  frcai 

th e  charge deneity  in  the  cy lin d er t i  In leng th  w ill  then glee the 

a function of I  •

nt)

assumingp  ia  a constant

J {• i
{777

o o

C - f W 1

ii 'fity’l ( 2- 9 )





A w r w  of T as a function o f /  fop •  2 r# I s  shown in  Fig. Jb. Fbr 10 

k ilo v o lt protons a t  s  cu rran t o f 100 sd lliw sp o rss , r 0 * 2.3 c e n ti* e te rs , th s  

p o te n tia l a t * 10 i s  20 k ilo v o lts  or a t  ^  * 2 i s  10 k ilo v o lts . This 

n igh t soon e n t ire ly  out o f  lino  with physical experience; however, by in t r o 

ducing a cu rran t o f negative ly  charged p a r t ic le s  froa the  back of th e  cep, 

a portion  o f th e  charge density  due to  th e  beaa o f p o s itiv e ly  charred p a r t ic le s  

w ill ha n e u tra lise d . In f e e t ,  th e  slower th e  negative p a r t ic le s  a r t  tra v e lin g  

th e  g rea te r i s  th e i r  charge d en sity .

/*  * < k  (2 -1 0 )
v

t

where * charge density  dus to  negativs p a r t ic le s  

( coulombs per cubic meter)

I t  * current per u n it t r e e  (aap/fc2) 

v •  v e lo c ity  o f p a r t ic le e  (M /sec.)

I t  can be q u a l i ta t iv e ly  s e e n ^  th a t  th e  negatively  charged p a r t ic le s  

have th s  g re a te s t charge density  in  the region where they are going slow eet. 

This region w ill aoet l ik e ly  be near th e  conducting back p la te ,  because th e  

p o te n tia l of th e  been ac ce le ra te s  the* assay fro* th e  back p la t#  o f th a  col

lecto r*  The net re s u lt  of th s  cu rren t and v a lo c ity  o f the negative p a r tic le e  

would be to  n out r a i ls #  a po rtion  of th e  p o s itiv e  charge d en s ity , and th is  

nsut r a i l  s a t ion would be strongest near th e  back plate* There i s  e high prob

a b i l i ty  th a t th e  bean i s  p a r t ia l ly  n eu tra lise d  a l l  of th e  way to  th e  source 

since a 20 k ilo v o lt p o te n tia l on th e  axes would cause a 10 k ilo v o lt proton 

oean to  d iverge very g re a tly , and th i s  nhenonenon was not observed in  practice*  

I t  is  a lso  known th a t  th s  energy required  to  a c c e le ra te  n chargee

Applied E lec tro n ics , MIT s ta f f ,  pp. 114-121, John Wiley and Sons, Inc. (1% 3)



i l t o  a bMB la  equal to  th e i r  k in e tic  energy p lus th e i r  p o te n tia l energy of 

p o sitio n  a t  any in s ta n t .

■ • mjv • > I .̂mw2 * ±  /  Cj Tt (a-U)

share Q • charge on a p a r t ic le  ( coulombs)

f  •  vo ltage through ehich n charges are  acce lera ted  

■ * ease of one p a r t ic le

▼ • v e lo c ity  o f one p a r t ic le

Vt  •  p o te n tia l a t  th e  po in t where i th  charge i s  

located  due to  a l l  o ther charges 

I  * energy to  acce le ra te  n p a r t ic le s  in to  a beam 

n •  nwsber of p a r t ic le s .

The f i r s t  ten s  of equation (2-11) rep resen ts  th e  k in e tic  energy of the  p a r t ic le s
( 9 )

and the f in a l  te n s  the p o te n tia l energy o f p o s itio n . < Beset d e fle c tio n  ex

periments in  a magnetic f ie ld  have been performed in  which the d e fle c tio n  was 

found to  agree c lo se ly  (1 10 percen t) w ith th a t  p red ic ted  on th e  basis  th a t 

la  n eg lig ib le  with respect to  th e  a c ce le ra tin g  vo ltaga  V*

By making f/r0 small th s  a f fe c t of any f ie ld  due to  th e  bean charge 

may he minimised. Inspection  o f th e  Lf versus c o lle c to r  vo ltage curves w ill 

determ ine what magnitude o f e f fe c t any f ie ld  from the beam may have on the  

secondary charge.

k magnetic f ie ld  perpendicular to  the  ax is  of th e  beam is  another de

v ice by which th e  secondary charges may he r e s t r ic te d  to  a desired  region} 

however, when th i s  la  d o n e ^ ^  i t  is  d i f f i c u l t  to  be ce rta in  th a t  the  beam

^ 0. P. Hamwell, P rin c ip le s  o f E le c tr ic i ty  and Magnet!am aecond ed itio n  
pp. k$-k9 (1% 9) (KcOraw-Hi 11 Book Co.)
Thoneman, Mature 158. 61 (19t»6)
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% i f  th# 

f ie ld  i 

to  tho

c o lle c to r  voltage w ill  not n ecessa rily  ex h ib it a p lo t 

of energy o f tho  p a r tic le *  Is  known, thou 

applied  to  r e s t r i c t  th e  p w tic ls s  to  a th in  plane perpendicular

of th e  bees curren t by eeane of the  energy tran sm itted  by 

th e  evaluation  o f the following in te g ra l .

U - ! e ( t )  i ( t )  d t . (2- 12)

therefc

" , . >/ i ( t )  dt U

/
( 2- 13)

e<t) d t

where 0 • th e  energy delivered  to  the  eo llec to y  by the

beam in  time t  (Jou les)
*

t  •  tim e ( s e c .)

e ( t )  • th e  acce le ra tio n  voltage as a function of 

time (v o lts )

i ( t )  •  th e  beam curren t as a function of time (amps)

I  •  th e  average beam curren t over time t m s )avs

e lec tro n s  from the c o lle c to r  could su b trac t only approxim ately 0.2 

p e r c e n t  from the  to ta l  energy of a proton beam assuming a l l  e lec tro n s re 

ceived a maximum momentum from e la s t ic  c o ll is io n . Due to  th e  s t a t i s t i c a l  

nature of the secondary am ission, th e  ac tu a l r a t io  of secondary energy to

th e  beam energy w ill  be something lees than the above fig u re . Therefore, th e  

energy determ ination t s  the desired  degree of accuracy i s  not a ffec ted  by the

secondary charges.
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Chapter I I I  ^

at«*T af Saanrakn P irtU lia  in a Collifitor
Design o f C ollec to r

For tho  purpose o f studying secondary p a r tic la a  duo to  a 10 k ilo v o lt 

proton boon a c o lle c to r  as shorn in  Fig. 4 was designed. The important dieon- 

stems are  th e  Inner d im e te r  o f the  e illim a tln g  d iaphraa, 1-3/® inches, th e  

c o lle c to r  to  grid spacing, 7/32 inches, and th e  grid  to  c o ll  la s t in g  diaphraa 

spacing 1/4 Inch. The g rid  was fashioned from a 9® percent tran sp a ren t tung- 

s te r  grid  ribbon, one inch e ld s . Tungsten w ires erne a i l  in  d im e te r  are 

spaced 0 .1  inch apart in  d ire c tio n s  a t  r ig h t angles to  each o th e r. Photo-

griphs o f  th e  device a re  shown in F igs. 5a and 5b# For the experim entation
^  . . ^ ^  ...

described here th e re  i t  no grid  in  th e  e o ll ia e tin g  d iaphraa, aa is  shown in  

th a  foregoing photographs.

*y "taking th a  c o lle c to r  r e la t iv e ly  shallow , ( f / r  •  0.16) i t  was hoped

th a t th e  e f fe c t of the  bean p o s itiv e  charge on secondary a lac tro n s would ba

n eg lig ib le . I t  is  possib le  th a t tha  secondary e lec tro n  charge aore than

cancala th e  f ie ld  due to  th e  p o s itiv e  charge o f the baaa; (see  equation (2-10))

however, since the magnitude o f tho foregoing effec t m s not known, the  e f fo r t

in  tho  i n i t i a l  dasign sms to  copo with th e  e f fe c t  o f p o s itiv o  beea charge.

The surfaces of th e  c o lle c to r  were cloaned by an acid  bath and lig h t

sand b la s tin g . Physical arrangement of tho  soureo and c o lle c to r  are shown in
( 11)Fig. 6. The d e ta i l s  o f tho  ion soureo w ill  not ho gone in to  hero. Sufflco

to  say th a t  tho beea o f 10 k ilo v o lt protons diverged fro* the 1-1/2 inch d i

s a s te r  e x it g rid  assembly by an angle o f approximately 16 degrees, and operated 

pulsed on fo r 2 m illiseconds once every second. Current was determined by

^  Ion source developed by John F oster. U niversity  of C a lifo rn ia  
Radiation Laboratory, Berkeley, C a lifo rn ia .

i
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reeding on a cathode ray oscillograph ths voltage puls* across a 100 ohm 

rssister inssrtsd in ssriss with ths slsstsrrt to be metered, i . e . ,  collector, 

grid, or diaphram.

fccperimental Results

The solution to equations (2-3) through (2-6) are shown below.

r  - l ,♦a (2-14)

I . • 1- -  I-I t - c  *a (2-15)
■m

x-  * *»-. -  *«* (2-16)

(2-17)

Sire. th . .W .  e lu tio n . .r .  P -.1 I1 . onlr «•>« -  0, „
was mads to Justify this assumption. Data taken with and without magnetic/ 

field acroes the collector is presented in fig. Yf. figs. 7a and 7b present 

experimental curses, as outlined in chapter 11 when the cup has been operated 

one half hour sod two and one-half hours respectively, figs. 7c, d and e show 

the eeae curvet at different collector poeltione. Suaaary of reeulte le shown 

in figs. 7f and Table 1, where the ratio of the negative charge current leaving 

the collector to poeitlve arriving, the negative charge current collected from 

volume in front of the grid to the poeitlve arriving, and the negative charge 

in the volume in front of grid drifting toward the collector to the positive 

arriving are shown ae a function of collector distance.

Conclusions

The negative charge leaving the grid and striking the collector was 

proved to be negligible when the curves in fig. 7e coincided for positive 

collector voltages. The pretence of 400 gauss magnetic field in a plane 

perpendicular te the beem Axis effectively prevents any electrons formed at
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ths grid (the lanmor radius for t 20 volt alectron i» O.OUft inch#*) from 
roachinf the collector, therefore, if there is no change in the current 

collector voltage curve (at positive voltages) when Magnetic field is 
it follows that secondary charge froe the grid is not appreciable.

The decrease in the ratio of negative secondary charges leaving to

by other workersincident positive chargee with one rating ties has been
(12)to be characteristic of vacuus systems that are not clean. However, an

effect that was not understood was the increase in the above ratio with in

creasing collector distance. It is believed that this effect is Intimately

tied up with the fact that the collector current cculd not be made to s ^ w  a 

plateau characteristic (Fig. 7d) »d\en the collector was 20 Inches from tlhK^ 

source. Also not understood but believed connected with the ab^ve affect is 

the increase of the ratio of negative charge collected in front of the grid 

to incident positive charge with increasing collector distances.

Since the secondary ratio is essentially constant at 4*5 and • inches' 

collector distance, it is fslt that ths true ratio was determined at the f< 

going distances, and ie 1.75 - 0.15.

The author found no data in the literature for a «c pari son with the 

above figure} however, a secondary ratio of M 4  for a kilovolt proton 

beam impinging

by Hill, Bruechner, Clark and Fisk.

copper surface that was not specially el 
(12)

Hill, A. G., 
U 3  (1939)

, W. Clark, J. S and Flak, J. ft.,

w
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Requiremsnts

The requirerents were that th* collector be able to make measurements 

rapidly and fairly accurataly of a pul*ad proton boon currant of approodaataly
*

ono ampere peak. It mas also doolrod to bo ablo to control tho aparturo of 

th# col loo tor fro* without tho vacuum tank in order to study the boon density, 

and to bo able to move tho colloetor along th* axis of tho boon without breaking

Doolgn

It mu decided that tho requirem ent of rapid measurement was boot
satisfied by measuring tho char** landing on a OhioIdod collector in tho

pro#ono* of nematic field perpendicular to tho boon axl*. Thi* wa* eupple-

■ontod tag a calorimetric determination of tho bean energy which wa* uoad for

tho purpooo of calibrating tho charge noaeuronont.

fig. i shows overall doaign of tho colloetor cup. Tho Inner cup wa*

throe incho* deep and baelrod by a four by four inch piece of copper m i  eh

aceonodatod a heating elonont. Copper tubing conducted heat away fren the

collector to a copper block which wee water cooled by raewa tight coaxial

tubing. Tho boon hitting tho beek of the collector caused a tonporaturo rise
*

which wee road by a copper* constant in thermocouple and galvanometer connected 

aero** the conducting section, dhen the bean wa* turned off a.c. power was 

applied to tho boater until tho tonporaturo rite across the conducting sect ion 

wa* th* seise a* observed with the boon striking the collector. Tho conducting 

section wa* two inches long, on* inch in diameter with a wall thickness of
t

O.OfeiS inches, end save approximately 100° C temperature rise for eighty watte 

average power. Current was determined directly by inserting a ten ohm resistor
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In series with ths collector cup end reeding the resultant voltage puls# wit* , 

an oscilloscope. Details of the e lec tr ic a l system are shown In Fig. 9. I t  

thomld be noted that a l l  metering had to  be done at -60 k ilovo lts , necessi

ta ting  iso la ting  transformers and p latfom s on standoff Insulators for the 

placing of meters and scopes. All high voltage equipment was placed in a 

screened area, and meters, e tc . ,  had to  be read f h s  approxiagtelj 18 inches 

distance.

fv te n tia l was applied to  the co llector with respect to  the shield for 

the purpose of aiding the magnetic fie ld  in  holding secondary chargee in the 

cup. Since the anticipated charge density of the beam entering the cup was 

so high (greater than one amp in a four inch diameter) compared with the value 

need in tne tan kilovolt measurement of chapter I I ,  i t  was decided to  use 

su ffic ien t memetic fie ld  to r e s tr ic t  secondard charge to a th in  disc volume 

perpendicular to  the beam. The magnetic fie ld  across the collector was supplied 

by four two by two by six inch alnico permanent magnets mounted around the cup 

by an iron yoke (see Fig. 10). The fie ld  strength a t the center of the cup 

was 290 gauss, and a t the shatters was 2k2 amass.

A space of one and three-quarters inches was maintained between the 

shutters and the ant ranee to  the cup in order th a t secondary charges formed 

at the grid should not s trik e  the co llecto r. The radius for 100 volt electrons
t

in  a 250 gauss magnetic field  is  only 0.053 inches, and the penetration in 

crossed magnetic and a lee tr ie  fields caused by 500 volts an the collector is  

approximately 0.005 inches} however, the e lec tric  fie ld  in the region of the 

grid need have only a email component para lle l to the magnetic field for seme 

of the negative chargee formed a t the grid to  arrive a t the co llecto r. The 

foregoing dimensions were necessary to minimise such a p o ss ib ility , ipacings

are shown in Fig. 8.
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Ths abutter* era four by four by one-sixteenth inch stain lees ataal 

p la tes, sliding in braaa channala, and actuated by aaana of piano wires in 

flexib le cable*. One-eight inch dlaaiatar s ta in less  s tea l rods connect to  th s  

piano wire and transfer the notion fron outside the vacuus tank through *0* 

ring seals. The connection of the flex ib le cables to  the guide tubing for the 

on a-sight inch reds is  shown in  Fig. UL, and the rods emerging fron the "0* 

ring seals in Fig. 12. Figure 13 i l lu s tra te s  the front of th* cup with shutters 

opened.

Fosdthrough kovar tea ls  pass the wiring and water tubes through bulk

heads in  th* two inch outer di*eater s ta in less  s tee l guide tubing (see Fig. 12). 

The w cuta seal for wiring and water tubes of the two inch tubing is  also 

accomplished by use of kovar s ta l l .  S taling the two inch tubs to the sub 

assembly of puehrods, wiring and watsrtublng was dons by using a rubbe* "0" 

ring and threaded compression ring (see Fig. 13).

The collector with magnets attached weighed approximately f if ty  pounds, 

and therefor* had to  be supported by wheels and ra i ls ,  in overhead r a i l  system 

of two "U" channels facing aach other provided surface for tdieels attached to 

the top of the magnet yoke. A second point of support (though the weight 

supported was small) was the chevron seal through which the two inch tubing 

moved la  and out.

General Discussion of Sctuipnent

For the purpose of calibration  th# thermal determination was used.

Energy spread of the partic les had bean found by magnetic deflection to be 

•mall enough to ba negligible compared to  the accuracy of the current deter

mination. Th# beam contained some molecular ions, end these war# not d is

criminated in th* measurement since both protons and molecular ions received

v



37-

AC POWER INPUT TO PROBE HEATER «* 
GALVANOMETER DEFLECTION
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A graph mu mad© of th© galvanometer d©fl©ction v©r*u© th© ©•«• pw *r 

Inpu t to  th© to t t in g  el«s»nt (» ••  Pig. 14). Thi© f a c i l i ta te d  thermal d e te r

mination* o f t to  b s u  cu rran t, tine© on© needed only to  wait for t to  boon t© 

bring th© «alrano*«t©r to  equilibrium  and rood th e  power input frou th*  a fo re- 

wentionod graph. Th© puls* r© p«tition  rat© wa© determined by Mealing th© pom r 

fr©qu©ncy (60 cycl©© par *©cond) down with an e lec tro n ic  b inary  ©oalor. Pml©© 

length  was dot ©mi nod toy c a lib ra tin g  th© ©cop© *wo©p with a 1000 cycl© tuning 

fork ©table to  plua or ainu© 0.05 percen t. C a lib ra tio n  o f th© tuning fork 

i t s e l f  was accomplished toy comparison with th© power frequency, and don© to  

plus or ainu* 0 .1  percen t.

Tektronix model 512 o-eilloecop©© were used, and th© voltag© c a lib ra 

tio n  wa© ch©ck«d to  p lus or winus 1 .0  porc©nt by *©»n© of a laboratory  v o lt

meter. Th© acce le ra tin g  to 1 tag© wa© determined toy leading  t t o  noltag© on a 

panol motor to  which tho supply ctorgod, and t to n  su b trac tin g  th© voltage 

drop, raad on a scop©, du© to  tho  inc iden t beam cu rren t. Thi© procedure wa© 

necessary sine© th© d .c . reading o f tho ©cop© ©»©m©d to  d r i f t  duo to  co-oma 

on tho compensated d iv id e r. T otal maxim* a rro r  la  c a lib ra tio n  was !  1.9 per

cen t. A. c .cu ren t and woltag© app lied  to  th e  to a tin g  ©lament wer© read on 

p rec is io n  a .c .  labora to ry  typo swrtor© c a lib ra te d  to  a maximum ©rror o f * 1.0 

percen t.

Thermal equilibrium  wa© obtained in  approxim ately on© h a lf  hour *v«n 

th© beam re p e titio n  rat© wa© on© pul©© p©r second.
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An btteti of Irror in Heeourarent
Colorljuirlc Dotomination of Currant.

The analysis mi mod# on th* bos is of A motImmo poosiblo orror (cali- 
b roll on ate.) and a probable error in rood in# inetnoMitte. Tho reason for 
this hybrid basis of srrer Is tbs fact that Mini apa calibrated for A — *1- 
■nss poosiblo APror and hanca aro non-taussian in naturo. Currant was dator- 
sinad as in aquation (2-13), reprinted below.

X i(t)dt • (2-13)

ahara 0 * energy daUrarad to tha coll actor by tha
bean in tins t (joulaa) 

t • tiaa of pulaa (oaa.)

a(t)* sc coloration aoltapo ao a function of tins 

(volto)

i(t)abaan currant ao a function of tissa (saps)

I • tha average boon currant over tha tlna tATS
(anpe)

0 * * X T O-X)
uhara t • a.e. voltage applied to tho heater alanant 

X • a.e. currant in boating elaaant (anpa)

T • period of the pula# rapitition rata (oac.)

therefore,

areX « X T 
•(t)dt (3-2)



possibleBelow In Table II are listed the m r t m m  

defined In equation (9-2).
TABLE II

Quantity Max* Fee. b
B I 1.0
I ! 1.0
T ! o.i
•U) i ♦ r 'O

t ! 0.05

I«w ! 4.05
Table III below lists the probable errorsI in reading the
with the quantities in eqw■tlan (J-2V

M U  m
Quantity Frobbble en 

reading 0 0
B 1 0*5
I : o*5
T —
•U) ! l.o
t ! 2.0

u ! 2.35

00

Electrical Dot e m i  nation of Current.

For the electrical deteminetion it m a  only necessary te read a 

voltage pulse on a scope end divide this ueltago by tbe resistenc* across

which the voltage mbs read*
Maxima possible error in calibration of scope and associated

error in reading scope
circuits
Probable * ♦

 i
 ♦
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After tin  cup «m  bombarded stead ily  lqr the beam for 1 period o f spproxi- 

mately on# hour the current readings earns t«  e q u il ib r ia . A *#rl#i of co llec tor  

current T#r#u# co llector voltage cu m #  for various beam m i n e  i n  tfMMi i*  

f ig ,  15. I t  should ho noted that the ea rn s do not h»w tho c h in o to r lo t ie  

fla tten in g  far vsluea o f voltage frost#r thou -  200 n i t s ,  This io  duo to  th# 

magnetic f ie ld  preventing th# eoU #eter and beam pot oat i l l  t r m  respectively  

repelling  and attracting a U  secondary electrons.

A careful comparison o f tho calorime tr ic  boom determination and th# 

charge boom determination mao made by photographing the respective pulse shapes 

on the oadU iaoepe* la  this  manner £  e (t)d t and JL j" i ( t ) 4 t  (equation 

(2 -13 )) »w e determined. The photographs are shown U  Figs. 16 M  17.

Table IT ehoms the ealueo obtained bgr the nee of tho photographic technique.

table it

Thermal Determination

..............................................................0.9*6 m illiseconds

£  « ( t ) d t ..........................................  0.936 x 47.5 oeeond k ilo v o lts

SI . . . . * » . . » • • ■ • • • •  58.5 matt#

T . . . . . . . .  . .....................  2.133 seconds

1 __  . . . . . .  . . . . . . .  2 .8 1  m 0 . IB amperesave
Charge Determination

I • • * » • • * • • • * * •  3. 0 m> 0.21 amperesave

Prom the above values o f the average current i t  may be la id  that the two 

methods agree within the error of the measurement.

dben calorim etric determination was aide without the aid  of pheto- 

gimphs the average accelerating voltage and beam current wore estimated
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Conclusions and l»na— niistion s

From ths forgoing results i t  eon bo said that the value of the bee* 

determined electriealljr (♦ 500 volte on the collector) is  the seas as ths 

value of ths bow determined thermally. When ths thermal determination is 

■ads by averaging pulses visually (fig* Id) ths error is less than 10 percent. 

The charge determination has an error of - 7 percent of ths thermal determina

tion value; therefore, the to ta l error of electrical determination is less 

than 17 percent for rapid determinations and lees than 13 percent for careful 

determination with the aid of photographs.

Ths bssm versus cup arse gecsMtry doss not heve ths advantage of cylin

drical symmetry, though i t  doss have odd-even symmetry. The flattening ten

dency of the curve in Fig. 19 dose show that most of the beam is entering a 

four by four inch square opening. The interpretation of th is geometry is 

therefore mostly valuable for finding the to ta l been entering a given square 

area in preference to the bean density obtained from cylindrical geometry.

I t  is recommended that a system such as in Chapter II  (electrostatic 

biasing of colloetor grids) is not used when duty cycles are large enough to 

cause the bssm to heat the gride to incandescence, since the grids will then 

emit electrons. Systems as in Chapter 111 with magnetic fields to trap ths 

electrons at ths emitting grid would seem far *^>orior, because ths electrons 

are then trapped in a plans perpendicular to ths bssm axis and of thickness 

determined by ths Larmor radius, k magnetic trap collector mey be mode with 

reasonable assurance before installation that will measure true bssm current,

but an electrostatic collector has a factor of uncertainty regarding its
* *

ability  to measure true bssm current.
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jppendljt

!• C alculation  o f ra d ii*  o f canraturo  of e lec tro n  la  magnetic f ie ld .

P  * *|- ̂  2 f  •  radiuo o f curvature of o le e traa  (M)

> * magnetic H old  ( webers/K 2 )

■t  * maoo o f  o lee traa  (Eg)

Q# * charge on o lee traa  ( coulomb#) 

f  " voltage through which o le e traa

entering  a a p ie tic  f ie ld

fo r 1 •  <*00 gaeeo -  0.04 (webero/K2 )

▼ •  20 vo lte

/ *  5 ^  * «>■*■ * 0.375 -  ■ 0.0U* In.

for •  •  250 gauss •  0.025 (webers^l2)

f  •  100 v o lte

P  * o7q25 |  i  7 4 ^  1 0 ^  * U% * 10" 3 M " "* * °*°53 in .

2. C alculation  o f diotaneo p en e tra tio n  toy o le e tra a  in to  erooood e le c t r ic  mid 

■ ap to tic  f ie ld .

21f  •  y , u . ,  jr •  eaxiaua p en e tra tio n  (N)

* •  1 •  voltage between p a r a l le l  plane

electrodee

d * d istance  between p a ra l le l  plane 

e lectrodes (K)

l
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fo r S * 500 volt*

d •  2 .5  inehoo •  2 .5  x 0.0254 * 0.0632 a t i t n

B •  250 gauaa -  0.025 (wobora/*2)

_  .  -  2 (500)
W ( 2 .5 )2 x l ( H »  1.76 x 10*1 6.32 * NT*

* 0.1435 x 1CT3 ■ •  0.1435 *■ * 0.00562 in .

3. Calculation* fo r doaign o f th o m o -a lac . r i  c pro bo.

a . Dot a n d  nation  o f hoot lo o t from ra d ia tio n  whan probo ia  100° C aboro

a • u  <txk -  t  f )
k * rv d i.t ln «  i m  of p rob . ( c .2 ) 4  X 4  I  (2 .5 4 )2 »  J  •  207 ■ *  

€ •  a n a ia ir l ty  o f coppar, aaatmod * 1 .0 .

E •  S t o f  fan Bolt naan Conatant •  5.7 x ICTU  ( oat t  a/on2 °C*)

T0 •  293° I  

Tx 393° E

Q •  0 9 3 4 -  293^) 5.7 x lC*12 x 207 •  19.0 w ntta.

•  to t a l  a^aroga power to  probo froai boaai •  SO w atta .

th e re fo re , 23«t pore ant of t o t a l  powor ia  rad ia tod  from probo, fo r €  * 1.0 

b. Dot a m i nation  o f length o f conduction aoe tion .

i . « l *
Q

t  •  length o f aoetion  on
. 24 * area  o f  eroaa aoetion  cn

K, • conductiv ity  of copper •  J .%
*  a *  °C

AT -  Tx  -  T0 (« C )
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for 1 inch 0.0. tufcLnf If 0.0635 Mil thick****
A • « x 1 * 0.196 in.2 - 1.27 « 2
m - 593 - 293 * 100® 0
Q • 00 wit*
I a hit 1 ^  • 6.1 m  • 2.4 in-90
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