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I  PHYSICS RJCSXAUCf!

X * Cloud Charter Program

f  i l m  M. Po m U

S cattering of jmxt%rom  t-j ?c gov Kmitronn. The finery of nautrua c e l l  Ulema
• t i l l  ie* r t« « i» e fr  m * M : Ho' p K m  f i f  y W  s le e t t e  at neutron energies
of 10 Mb*. and give# a probability  that e la s t ic a l ly  scattered deutarena w i l l  ba 
•eat i» a forward d irection  which ia qptte Large The theory alao shows that 
a neutron ear h it  the neutron ia  a deuterium nucleus d ire c tly  ia  such a way that 
the remaiaiae proton ia  la f t  with tha mamasturn that I t  post#seed inside tba 
so la t ia  before tha c o l l is io n , ,4a a resu lt tha remaining proton w ill  haw# aa 
energy aot flash above S Maw and a v e lo c ity  rather m l  form  in angular d istr ib u tio n  
la  tha laboratory syeten . Thar® w ill ba #o«w proton* going backward* i s  th ia  
low energy group, m other type of c o l l is io n  resu lt#  i s  tha proton being knocked 
out of tha deuterium nucleus by acre or la ss  d irect c o l l is io n . Ia thaaa casaa 
tha protons should show aa angular d iatribut ion somewhat similar to  that found 
ia  a-p sca tter in g  but without tha vary sharp paak at zaro degrees and with no 
peak at a l l  around 90 degrees because o f tha competing a la s t  i t  c o l l is io n * .  
m&y other th aoratica l pred ictions can ba chaeked by as adequate experiment aad 
tha f u l l  th aora tica l import of thia work which is  bain* , irsued at th ia  laboratory  
by le o f f  ray Chaw oad othara w ill ba diacuaaad elsewhere. Os# of tha aoat in te r e s t-  
lag r e su lts  ia  tha indication  uf tha a-n cross section  given by tha re la tiv e  
ensflsrs o f  backward protons.

Apparatus. Tha large 22 inch diameter d ilaoc Cloud Chamber1 was f I l ia d  
with dautariua gas with heavy water for tha vapor, and plaoad la  tha 90 Mar 
neutron beam prod w ed by 190 Slav deuterans str ik in g  a half-isefe beryllium  temp t . 
Tha spectrum of tha neutrons was tha sans as that measured by u* e a r lie r * . lb# 
neutron beam was co lliaa tad  by tha hols i s  tha -onerete sh ield in g  so that i t  was 
2-3 /4  lac has wida and 3/4  inch high, A fia® a i l  thick copper window admitted tha 
baaa la ta  the chamber, wad tha bean pas sad out o f the rear o f the chamber through 
a a Mailer window. Tba caster of the cloud chamber mi 620 inches from tba 
cyclotron target and i t  wee necessary to  run the beam at efeowt a th ird  to  a 
h a lf  of f u l l  in ten s ity  for  sa tis fa c to ry  p icture#,

The experiment as o r ig in a lly  planned was to  us# a 1/8 inch thiek g la ss  
plate through which the protons and leuteron would go and Id en tify  themselves as 
i s  the experiment with a carbon target5 , and extensive ca lcu la tio n s of so lid  
angle# a m  wade taking in to  account tba g la ss  p la ts . Several 1 mprirraciat> in  
technique made i t  r oecesuary to  use the g la ss  p la te , part of which had to  ba 
in  tha neutron baaa.

Tha pantagreph typa chamber as  l e w s  only 3 -1 /2  inches from tha bat tarn 
of the top g la ss  to  the top of the movable disk forming tbs bottom of tha chamber. 
O riginally  th is  was cowered with black velvet which scattered  ligh t in to  tha 
cameras so badly that only 1-1/8 inches could ba illum inated at tha canter of 
the chamber. The experiment mentioned above3 was performed under thaw# lim ita 
t io n s . a marked improvement ia  background was achieved by coat lag the back of s
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l/« inch thick gUsi disk with tlttk Apiason wav am* stinting It to the bottom 
of the chamber with bees » «  This disk win 90,5 imahae la diameter and covered 
the bottom ©f the chamber ©anpletsly m m p t for the flexible rubber edges. 
Claarlag field wires « m  placed two laches apart ©a the flees ami their aiee- 
tried contact assured by spots of aquadag painted at two im k  intervals a loaf 
the wires, These are shown la pig* 1 along with • broad track showing stream*?* 
of droplets leaving the track first oa ©as side and the® o© ths opposite side 
farther along the tree*. These streamers were interpreted as fa Hare of the 
elearl&§ field is the deed chamber t# *© to ter© before the arrival of the 
particle making the track, Apparently charge® were left ia spats oa fie glass 
causing this lPPiji1.it' h U H t f .  Bmomum of this difficulty the glass piste 
was abandoned and black goiatta originally w e d  by c. T, 1, Wilson was poured 
©ter the bottom of the chamber Two ce of ordinary Eaox eclat la was disseised 
in 30 cc of heavy water as4 enough ordinary black dye wee added t© make the 
aolutioa twite black. The chamber was kept war® while it was bsiag filled with 
deuterium pis so that the gelatin would not set while rreeuatlag the ©hasher.
It was necessary to have the room above ?0 degrees Fahrenheit far this. The 
heavy water gelatin bottom has such good opt M l  properties that the lights earn 
be set *c that fill intensities reached half as inch free the feoffee and top 
of the chamber, Osif©re illuminetion extsods over 2.5 inches in a vertical 
direct i©».

The Light Source. Greet care was taken to make the illamaatioa waif ©mu 
lacu light consisted of a General fleetrlc FT4S2 flash tube wrapped in alumlmia 
foil which covered the beck half ©f the tube. The foil m s  held ©a by winding 
a 5-mil wolfram wire in a spiral with half-iaeli spacing around the tube; this 
wire and the alwti— i foil acted a# the tickler electrode. Five 4-1/2 inch 
disaster double coats* ianaea of 6 inch focal length were ground down a quarter 
on a® inch at adjacent edges a© that they could be placed with area 4 inches 
apart. These wars located about 4-1/2 Inches fro® the flash tube, and cardboard 
baffle# covered with black velvet passed between the lasses bask to the flash 
tube so that each 1ana saw only 4 inches of flash tube, fhe baas of lldfrt *as 
quits uniform over 2.5 inches in e vertical direction at the center of the cloud 
chamber, Tbit was tested by exposing Omalld printing paper to about £5 flashes 
of the light, m i s  high contrast paper indicated that the light mm uniform 
probably to better than 2© percent mmr this vertical height. The illumination 
at the center of the chamber was about- twice a* great as at the edge if it was 
©assured along a horisoatal U s e  para H a l  to the iigit source, In order to 
correct this, narrow strips of blank scotch tape were placed across the light a 
at intervale until a photoelectric wssureent of the intensity of the light 
snowed that t h e m  were so variations greater than 10 percent, Sith this uniform 
illumination it wae possible to obtain excellent pictures using an f aumaer of ft 
and Jfeetaaa Linagraph Orthocromatie film

Identification of Particles, As a result of these pareaenrtIons and im- 
vmmmmtm in iUnmiastioa it was possible to d i atinguiah pfwtom* and dautsrom 
from each other by estimating tbs lamination by inspect ton ami Mmiirllg the 
radius of curvature. This method of identifying particle* has in the past led. to 
erroneous conclusions and the discuss lorn following fill be car.©armed with showing 
the differences between this, experiment nad ©therm which, are felt by m  to —  
justify our confidence infm remits. Ft ret, the iliumUaatlaa is very uniform, 
second, all tracks start in the chamber along a lias defined by the neutron beam,
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t r  not mount tag  tra c k  a «fe©wian •  l ip  angle g re a te r  t in s  30 degrees th e  le a r th  
« t  tfc# t f f t e i  in  a s* U  part -f th e  zhmtomr i t  T hird  th#
tlis ia g  a# the  chamber wat yiMMNMPSi fey i^o tcfypfe iius m  ©salllmgFWfli showing a 
P tf  *h»» hfce fenmbar to t tom a tru rk  a a: c m ea t t eh a t  th e  end of tU t expansion,

pip f w n  a p ro p o rtio n a l counter in  the ©autre® b u t ,  aj** a th ird  pip a t  
t&# in s ta n t of th e  f la sh in g  of tin* l ig h t s .  These th ree  tim es showed a j i t t e r  
&t Imm  than  0 008 assen t#  w ith th e  eacpmBSio© feaiisg completed *01 second before 
the a m  r e .  of “fee base a r t  ,04 ascent fe afo re  th e  l ig h t s ,  Fourth , end nost 
ImyrtSBlt* i t  t i n» f a i t  tlse t fo r  th e  sane red l e t  of e n r r s tu y  th e  io n is a tio n  o f ® 
ie u te ro a  i« four t in s #  F le e te r  than th a t  f o r  a proto® mA so. o th e r p a r t ic le #  
appear a ta rtim g  s in g ly  i* the  g e t of th e  aloud ehmsfeer.

The g ree t e a t  l i f t  le n ity  in d is tin g u ish in g  proton# and devterons fey y e n s  
of le n ie n t f t*  ■'-crura a t  re ry  low m e r r ie s  but i t  Is  p y  c ic e ly  ia  t h i s  range th a t  
♦he r a t e  of cheese of cu rra tu re  hero—  s u f f t c ie a t ly  pronounced to  make a® 
in c o rre c t id e n t i f ic a t io n  tepaeeifela f i g ,  2 shows a 2 , f  Her proton and f i g ,  3,
* 3 M**" dsuter©®. The s tep p in g  p eesr o f th e  gas it approxim ately one q u a r te r  
th a t  o f a i r  tad the m u ltip le  sca t ta r in g  s u f f ic ie n t  ly  sm all a© th a t pro tons and 
d su te rjo *  a t low *e**gl#s are  uasirtakafely  d if fe re n t  in appearance. f i g .  4 thowa 

. * p fo taa  c o l l id in g  w if i a dewier©© «nd re c o il in g  feackwardt The rad iu s  o f  
ouren ture of th e  deutero© tra c k  la  g re a te r  than th a t  of  th s  proton but th e  
ofrrioualy h se v ie r  ioaixatio©  of the ieu te ro n  le e re a  so doubt aa to  which p a r t i ,  
him i t  i a .

The forward scattered  ieuterora with energies ah ewe 70 liar are incapable
o f feeing mis in te rp re te d  awes i f  th e  io n is a tio n  i s  unknown. This ia  due to  the 
f a c t  th a t ' a proton w ith the  same rad iu s  of c u r r a tu y  would haws 133 Her energy 
and th e re  are  to o  few neutrons in  the  neutron imm  w ith th i s  high energy t© cause 
any ap p rec iab le  e r r o r ,  This f a s t  was used as a check os our e s t ia n te e  o f io n ise -  
t i o a ,  Out of 135 tra c k s  aeaaured, only one track  was found where two i dies ITS IS 
were usable to  agree. Before th e  experim ent i s  f in is h e d , we hope to  fee ab le  
to  c l a s s i f y  those tra c k s  upon which t h e y  is  d iaegrw aaaet and then  to  fee ab le  to  
s e t  Unite -cur e r ro r  due to  a is ia te rp re ta i lc m  wore a c c u ra te ly  than  a t  p » M a t .  
®assws.r} i f  no f a r th e r  improvement were made the d a y  would fee y e y  s a t is f a c to ry  
frcm t h i s  po in t of new .

F re lln iS S fy  B aeu lte , The neutron energy spectrum  has one peak a t  90 Msv 
and ah we ano ther group a t  low en esg i-e  T h e y  ia  * hoi# a t 40 Mew which i s  a 
d* °d d iv id in g  l in e  fo r  th e  d a ta . The energy of a neutron which produces an 
e l a s t i c a l l y  s c a tte re d  deuteron ia  equal to  9/8 coa^O x (energy of th e  d eu teroc) 
w hey  0 i s  i t #  angle e f s c a t te r in g  -jf the  deutwran in th e  lab o ra to ry  system , The 
y sm ary  fu r  ta a  ie u te ro sa  gire© ia  Table I  i s  presented  a© th a t  e l a s t i c a l ly  
a m  t tc re d  deut arums from neutron# chore 45 Uav can be i#  pa ra te d  f r  «  th e  t o t a l .
The d enter one c f  l a r ©  twice 10 Mar are tabulated separately , howeeer, at SO 
d eg rees , a 10 her ieu te ro n  can h a y  ha«n produced fey a 45 M»r m t n s  and fram 
that angle on up, some of the douterone below 10 iwrr are lncluned with t^oae 
produced fey n e u trtn e  of energy g re a te r  than 45 Mar.

Table 11 ia  fo r  p ro to n s ; and in  th is  ta b le  th e  pnotoas hare been asperated  
U to  two sroupa. Hay the ju s t if ic a t io n  for th is  a a p a y tio n  i s  act nearly as 
good mi i s  th e  case  of tu e  deutexons feesamss s  p y te rn , i f  h i t  ^  a ’a m t i r y ,  
possess#* aome:nt.ui» in  the nucleus fea fo y  feeing a ty c k  and ala© Inssa  some e y rg y
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m  se e in g  the m e  lame. I a n  of thee* p r t f e r t l e e  make the re la tio n s h ip  betwewa 
th e  Jifeduw. angle ami energy m t  th e  neu tron  energy lm*m d e f in i te ,  Kowever, i f  
jw ^eise atw sheets. am th e  mm h ea ls  «e the dm atereae, then  meet of th e*  w il l  
■tie* bee* naml w l  by n n a tM e  ntf energy g re a te r  iliac 41 i» v , Some proton# w il l  
t n i l  U*4o th i#  gmng which have came f re e  I m w  energy neutrons where the 
e f  th e  p re ta*  i s  th e  imciswe w in  have Increased tha angle of departu re of th e  
2#9*m, f t  th e  r m r w  ana hepfma a ls o ,  tin lag  th e  f a c to r  $/® way be s l ig h t ly  
b e t t e r  thus m tm  « l t * f  i i t i m i  i t  c l lows « .smell t f  a t  fo r  t i e  energy lo ss  of 
im  p ra te*  is  leav ing  th e  mMmm. The pwetemf sfeUfc ei j aia r  going ia  « backwards 
d tre e * ic e  are **ry l ik e ly  to  heve Inmhi produced by mem pane of eaergy g re a te r  tban 
45 Si** - ^ e w w  a t low en erg ise  where the c ro ss  se c tio n s  beeome la rg e r  th e  dent# roc 
i t  le s s  likely to  • rook up and th e re  i§  ac re  lias* lu r in g  the c o l l i* io s  fo r  the  
fiwt®*. to  h* irnggari fc award, f o r  those raesema th e  tMtMWRft pro tons wort count*4 
witli t hm m  #0m to  #5 Kiev of* h ig h e r energy ce n tre s* , Ala© coat o f th e  forward 
•law , roton*. «od a t le a s t  a number equal to  ta« number going backward* cow* f ro *  
thews neu tro n s, and them* should be included tn  a r a n ts  two to  these neu trons, 
f a t l*  I I  Ota** th e  proton data separa ted  a t  d escrib ed  above,

Bout r o t  Mim+Ttm Croat S ta t io n , Ihm neutron d au te ree  t o t a l  c ro ss  s ta t io n  
is  I l f  m illib a rs* *  fo r  th e  90 la *  neut rcas and iha aeutroo  proto© cro ss  sa e tio n  
i t  *3 w i n n e r s # ,  Thi*. leaves * mnxinam p o ssib le  neutron neutron c ro ss  s e c tio n  
of 34 m i l l  b am s, and wt weald expect something snm eiderebly sm a lle r. fab le  m  
S ires  a swMtfery of a l l  the  events ©orreeted fo r  th e  U n ite d  so lid  ang le and 
separated  annom tug to  tha d e s c r ip tio n  above, f a b le  I f  u t tn  th e  inform ation  
fro *  fa b le  I I I  to  g o t ra la tiw a  cross section*  fo r  th e  4I ff« ra n t p ro ce sse s . The 
to ta l  neutron daw t a r o t  c ro ss  se c tio n  corresponds to  > p*2pg , A ctually  th i s  group 
f t  i * fp csfttblm • ra n t*  which shouia b t imcludad in  t in #  §rmm t a t t i o n .  Also

t « t  p tre a n t o f  tha  t o t a l  neutron-daw taron e ro ts  s a a t ie n  conaa fro *  a r a n ts  
where tb# dautaro® i s  scatvarad  between 85 and 90 degree* and th ese  a re a ta  are 
met Inn laded in  f a b le  I f  because th e  range of the corresponding deu tero o eis  to© 
f t . l l * A ll th e se  th iag n  tend to  mmm % be aun^ar of even ts correspond lag  to  th e  
to ta l  neutron dauteron eroaa se c tio n  too  s n a i l . The neutron neutron e rase  s t a 
t io n . baearcuie of t h i s  e r ro r  w il l  be too  la rg e , and th e  f ig u re  g lees  fo r  th is  
sorresp-^odifig to  2Pg and aqua* to  11,4 a d lliH R M  is  as upper lim it fo r  th e  
neutron neu tran  c ro ss  s e c tio n ,

i r r o r e .  T his is p o r t  i#  eery  p re lim laary  and a complete d iscu ss io n  ©f 
e rro r#  i s  im possible a t  m is  tim e, th e  tem plate* used- fo r measuring c u rre tu raa  
co a s ie t a f  curves drawn a l td  r a d i i  f i r e  percent a p a r t . In most case# th e  e r ro r#  
a re  le s s  than * f i r e  percent in momentum. Angle# can be measured to  * two degrees. 
The b iggest e r r o r  in  th ese  data  a r i s e s  from the f a c t  th a t  I t  has not been checked 
by a sevoma awaaursamnt. in  a group s*f 152 track*  "which were recheeked, s ix  
?.bowed m  e r ro r  g re a te r  tha® ten  percent in rad iu s , fou r showed an e r ro r  of not 
more tha® f iv e  deg ree s  la  an g le , seven showed e r ro r  in  id e n t i f ic a t io n  ( i . e . f a 
p r« ts»  mts m istekaaiy  la b e lle d  a# a d eu tero n ), and t ig h t  high energy protons 
aa re  om itted a l to g e th e r .  «%ea an erre^r i t  found, i t  i s  reafcaeka* by a th ird  
party* la. a l l  anmes bet oat- th e re  w*a agreemeat between the people measuring 
th e  tra c k s , la  ©me case only i t  was im possible t e  d a te m ia e  whether th e  p a r t ic le  
m s  a proto® e t a ie a te ro a  fh  s recheck was /nade on th e  «*arllcst da ta  and 
th e ta  i s  food re*j*«©. to  be lieve  th a t both data  and mmsurmmm o f th e  d a ta  hava 
i mpareead eone iderah  1 y .
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The Angular l?latrir-a‘ . r. :;f it#  £1actress i roduced thee t he arcehro-
tro n  -»••.,»: S i r^ e ? ® ' t / f U o f e  ' t l l 'c l  f%~&£.ifn ly "# ? ' c © file ray

*aae*ifee tli# course of the 
«••*•#* bhawnr th a t  ia  prodw ed  when w ither an e lea tro n  or p M M m y  t-i inc iden t 
«  n a t te r  la  t H  M p l t t r  f«M » ©# t i n  t he ory io n isa tio n  lo w  we® aag lae tad  aad 
the waynytotic croon a e r t tw *  fo r rad ia tio n  sad pair production war* included; these 
e ra  good approx len t lean ea long a* the  show#!* i t  in i t ia t e d  by •  te ry  h i# . energy 
p a r tie i#  >r photon fo r  a b ib liog raphy  a»d i a w n  of the appw itl—tio a a  
fey rartm t* au thors #oe the twees* p#f#t fey 3ayder®.

The ahoner  tbaory  p red ic t*  a sunfeer of ;uant i t  tea  th a t say fe# aanaw rai 
#xh#riaast® l*y. They inclad* tha auafcer®, tnarg ie#  and angular d is tr ib u tio n #  
of the a le a tro n a  and ctotoea a® a function  of ihiekaa#® of m a te r ia l . A few c a l-  
waJlatioaa fear# *1## bees ©ad# o® th e  f ta e tu a tlo o a  la  the aussier of p a rtic le® ,

Counter expartneat#  to  dateaa in*  tha count lag r a ta  a t  a function  of th iak*  
mm* of a a ta r ia l  ara a f t a l l l t r  tjrp t of co*aie ray experim ent, th a  t r a n s i t io n  
«•*** th a t i® ohteined riaa#  rap id ly  to  a aaurlanat and tha® decrease® aora slowly 
as tha tfejeknas® of a a ta r ia l  yacrea®*® Tha®# aa rraa  as* ia q u a l i t a t l r a  agresneat 
•itfe  tha theory feat au ffa r from tha th a t  th a t  to  naira a ew parihoe tha th e o re t ic a l  
amrraa nuat fee ar«raged o rar the energy ape-etrua of tha in i t i a t in g  electros®  or 
«•*•* ray# ?hi# ia  f a i t#  d i f f i c u l t  sine#  tha p t \m r y  energy sp ec tru a  la  r l r tw a l ly  
yak-sows* Other l i n t  t a t  loan of th a  *»«nt a r  eapar iaest*; r e s u l t  f r a  tha  f a c t  th a t  
thay  at# sub ject to  rariou# g e e n e tr le e l fa f tw ttta n a , d i f f i c u l t  to  es tim a te , a® 
w all a« tha 1 i f f  le n ity  of sep are t hng o«t tha hard oonpcaint,

4 aora 4tra c t ccapnrleaa of tfeaory w ith  axparinaat nay fea obtained fron  
e lo i^  chamber d a ta , fro© a study of f i f t y  #hswers K atas6 han bee© afela to  
sonpara w ith  th a  tfeaory th a  nunfeer of p a r t ic le s  a t tha aarinon  of th a  shower as 
a fan e tie*  of th a  t o t a l  sawder of j* r tie le ®  under e ig h t 0 ,?  c* lead p la te# ,
Jtasaor aad :mm& fear# alao ia ta m ia a d  the sfeapa of tha showar eunra but i s  
m M tttm  thay haaa r*aa«urwd tha asargy  spaetrua of tha  a la e tro a s  a t  th a  aaitl- 
* *  *• w* i i  f lu c tu a tio n s , Thair raau lt*  a r t  c a r ta ta iy  ro n a is ta n t with
th a  theory but tfea Mtswriswwets era  uaaat i t  fac to ry  i s  two ways; (a) th a  m trg j  
©f tha  ine idae t # lac tro»  1® m r*r  a g y a r ln a n tll ly  ia tam ia® d usd (fe) tha  aunfear 
of s h e a r s  ofeaarwwd i® L im tad

»fe«c tha sywhrotroa®  feapas to  ©parata. tha  sy®tanat ic waaauraiMat s f  thaaa 
q u n o tm a s  p rad ietad  by taarsa#  tfeaory feaoaaa poaaifela, taaaay  and o ioekar5 
hava iat»rm ia#d the snap# of th a  mhcmmr *urwa f c»r laad scypar aluaiBun. and 
carfeos Thay feawa saaaurad tha fu r r a e t  fro a  *a la s ia a t lo a  ib a ^ a r  s® # fu se tio a  
of th iohnass of m ateria l aad fea»* o h ta isad  tha tr a a a i t lo i i  caraaa w ith w tra n a  
accuracy ha fenra -»at oat to  m a tu re  tha aaargy tpactnas of tha  a la c tro c a  a t tha 
m xim m  of tha shewar la  laad-; t . # . ,  a t  th a  nanUaMi as datarm irad by yassay aad 
Blocker which oeeura -aider ay p ro tin w ta lj 1 / t  i a , of lead

A cloud oh w iser, Ja a s r ita d  a a praaioua paper'”0 i s  a n n fn a t l i  f ie ld  of 
lUOO fatMW wan located  to th a  r ray be a* of the Barkaiay ^yneferotroo and 86-l/E  
fe e t  fron it,* ta rg e t Two eolHaiator® owed, fh a  f i r s t  wee a 1 / i  in . a
3 /8  In* h o riao a ta l a lo t ioaatad  $  f e a t  fro n  th a  ta rg e t and th a  second was a  1 /lg  
ia . * i  la  s lo t 30 fea t fro #  tha ta rg e t -tad a t the sane r e r t i c a l  height aa tha 
e a a ta r  of the : lian ia ftted  reg ie s  of th e  bland -hajsber. Tha x -ray  beaa t  rave read
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th# 3 /4  iftafc quartz w a ll of the synchrotron donut, 88*1 /2  f e e t  o f  a i r  and tha 1 /4  
l»«ii g lee #  w a n  o f the ©low? ehaabar bafore  in p ln g ia g  on « h a lf  inch lead p la te  
in s id e  th e  ©banhar. (Sea f i g .  5)

m # energy and angu lar d is t r ib u t io n s  of t i c  e le c tro n s  th a t  emerge f ra *  .ha 
h a lf  la th  th ic k  laad p la t#  hare bests n aaan m i h r r e p r o ja c t io a ^ ,  Besides tha  
rad laa  o f  cu rra tu re  , two eag les a and # f were m anured a la  th a  d tp  angle 
or th a  eag le  th a t  th a  a ta r i  o f  th a  tru e*  sake* with th a  h o r iz o n ta l p ia  tha 
aa*la th a t  tha  a t a r i  o f th a  t r a c t  ask as w ith th a  plana defined  hy th a  beaa d ira c -  
t lo a  v e r tic a l*  Tha energy o f tha  e le c tro n  la  than g lean  by t  * SO© H/Ceoe a
and tha  a ca t t a r  angle t  « toe- * nan a coe JS,

Tha photograph a aeasured were se lec ted  oa tha baa la  of 'h a i r  q u a lity  and 
popu la tion , f o r  a snap la  a photograph th a t  c o s ta l had f i f t a a n  tra c k s  was aaay t© 
measure whereas one | g | |  twenty f i r e  wee m easurable only la  caaas where tha  
photography a s s  exceptional., Each photograph ta p e  angst., of co u rse , a s in g le  pulse  
fr o a  tha synch ro t roa and indeed a s ls g la  pulae of e x tm a s ly  law in t e n s i t y .  Tha 
track s lyrra th  a i l  caaaa been a a la ste d  and aaaaurad by two indapandant observers  
and froh  th a ir  r e p r o d u c ib ility  we bellewe th a t tha  e r r o rs  l a  th a  anglaa ara about 
-  £° and th  tha r a d ii  o f  enxwatnte * S pare ant *

Tha aagnltuda o f  th a  a a g n a tie  f l a i d  U 800) gauss perm itted  th a  accu rate  
aaaaaraaant o f e le c tr o n s  in  tha eaargy range fr o *  S t o  1*0 Mss. H a itipla  sc a t te r *  
la g  by tha gas (a m ixture o f  argon and hallust) o f tha ehaafeer a ls o  p roh ib ited  tha  
measurement of th# low er energy e le c tr o n s  411 tr a c k s  la  t h i s  energy .range were 
******** I f  th a ir  d ip  a n g les  were l e s s  than 45° , a g e o M tr ie a l  c o r r e c t  ion  baaed 
on the a s s o r t  loo  o f  asU srth a i symmetry, was aada fo r  the o n lt ta d  tra ck # .

Since th# sca tter  angles of tha e lectron s resu lt fro* th a ir  Coulomb 
seat taring in the lead, they as* a strong functloa at tha energies of tha abac* 
trons Thus, for example. the geom etrical correction mentioned above i s  neeaaaary 
©nis halo# 4© Mss and is  raally  important only hale* so la*  Asothar resu lt of 
th is  energy depend an ee i s  that i t  has e f fe c t  Ira ly art ended the upper limit of tha 
energies that could be neasurad for tha high energy electrons cone out fro* tha 
laad plat# eaeen tta lly  ta the forward d irectio n  and trareree the dinnatar of tha 
cloud ahanher giving about 3© cm ©f track on which to  nake an otharwiaa vary 
d if f ic u lt  surra lure measurement«

Flg„ 4 shone a histograa of tha naaaurad energy d is tr lb tu lo e  ThU graph 
i s  baaed oa the measurement o f fgg tracks and tha standard dar le t  ions ara baaed 
only eg tha number of tracks measured The snoots curve awe ca lcu lated  by 
V alter Arc® for a 1 /1  spectra* ©f mye and using s  ralaa o f tha radiation  
l^ gtfe of 0 vT8f on Pb determined fron tha data of Kenney and Blocker9 . Tha 
agreenaiii la  certa in ly  sa tisfactory  fay r s su lts  as preliminary aa these Tha 
nantad i n s g r s —sat la  tha f i r s t  point i s  andsrstaadsble fa  cannot measure 
tracks hsrlag sca tter  angles merger than about 65® and since about h a lf tha 
s le e t  rone i s  th is  group would ha expected to  hare sca tter  angles larger than
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THE TWO HEAVIEST TRACKS SHOW RIBBONS OF DROPLETS 
STREAMING AWAY FROM THE HEAVY CENTRAL CORE OF 
THE TRACK, THIS IS DUE TO CHARGES ON THE GLASS 
BOTTOM REMAINING AFTER THE WIRES ON THE GLASS b o t 
tom  HAVE BEEN GROUNDED. THE WIRES ON THE GLASS BOTTOM 
APPEAR DOUBLE BECAUSE ONE OF THE LIGHTS FLASHED 
ACCIDENTALLY BEFORE THE EXPANSION TOOK PLAGE AS 
A RESULT OF THIS, THE TRACKS WERE ILLUMINATED 
BY ONLY ONE LIGHT

FIG. I
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A 2 9 M f  v PROTON ENDING IN THE GAS OF THE CHAMBER

FIG 2
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A 3 MEV OEUTERON ENDING IN T h £ GAS OF 
T H E  CHAM BER

f  l« 3
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A 45  MEV PROTON COLLIDES WITH A DEUTERON AT THE 
POINT INOfCATED BY THE ARROW AND RECOILS TO THE 
L E F T  T U RN IN G  THROUGH 2 7 0  DEGREES BEFORE L E A V 
ING THE IL L U M IN A T E D  REGION OF THE CHAMBER

FIG, 4
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3 Devaiopaeat _of Klactro a i-  Sguipanat fo r  glgfr gasrgy Pair Spectroaster

Swlght Dixon, and Lslaad M * r

I /,tro 4 u e iio s .. The sp e c if ic a tio n s  fo r  a high energy pair apartroweter to  be used
for a e u tra . neeca in v es tig a tio n  and o ther «  per Iannis req u ire  f a s t  coincidence 
*64 countib« c i r c u i t s ,  Approx la s ta I f  th ree  aonth* ago, ex p e ria sn ta l wort was 
**mm i s  applying the la te s t  developments la fa s t  ee tln g  c i r c u i t s ;  aaanly, th e  
photo m i t i p i i e r  c ry s ta l  coun ter and th e  d is tr ib u te d  a m p lif ie r . At tb s *aae t i a e ,  
as an a id  to  o lw t v u i  tbs perforftaaee of these  c i r c u i t s ,  coast ru c tio n  was s ta r te d  
o® a high voltage osc illoscope aad a pulse genera to r. T en ta tive  plan# ca lled  fo r  
re so lu tio n  t in e s  aot g re e te r  than iO •« seconds, aad fo r  a coincidence counting ra te  

1®* eousts per second la  the follow ing we repo rt progress o& the o sc illo sco p e , 
pulse g en era to r, coincidence c i r c u i t ,  aad a p re -a a p i lf le r

0—1 y 1; i i —I L  The o sc illo sco p e  ess constructed about a DuMont £1017 high vcitage  
cathode ray tube A s tap le  sweep and la te n s lf ls r  c i r c u i t  employing a type 2060 
gss t e t r o d e , has given sweep speeds up to  2 x 10*® seconds per centimeter o f tube 
face, w ith a re p e tit io n  ra te  up to 3000 cyc les per second,. "The DuMont £101? aad 
the sweep c i r c u i t s  are discussed in  ?olum  22, page 208. of the M.I.T. Radiation 
laboratory Series

Pulse Separator I t  sac re ce n tly  found th a t high voltage la  the  order of one to  
f iv e  k i lo v o l ts  w ill decreese the -onductioa tin* of the t&yretroa tubes, types 
* • 6  *»d 3021 fhec f ire d  by a t r ig g e r  pu lse  under these  conditions, the current 
I n i t i a l l y  tacroases to  about h a l f  value la  1C“® seconds; thee the current increases 
to f u l l  value la  about 3 x 10-X© seconds To obtela t h i s  f a s t  conduct ion t i e s  Is 
e s s e n tia l  to  have a minimus of inductance la  the current path internal and external 
to  tb s  tube. Os lag a type 2021 aad SO aha transmission l ia s ,  approxiastely 8 
peek asperse la  ev a llab l*  fo r  short p u lse s .

coincidence c ircu it#  require fa st act lag., a on linear  
e le a e a ts  At present w# are te s t in g  two premising types. On* is  the su it ig r id  
a ia ie tu re  rad io  tube, o rd ia e r iiy  used fo r  e ix io g  high frequencies, the o th e r, is  
the c ry s ta l d iode. The type «®A? has proven s a t is f a c to ry . The coincidence per- 
frreiaace can be well p red ic ted  frosi the s ta t ic  d .a . curves. The e le c tr o s ta t ic  
coupling feetwees the two g rid s  and the plate i s  swell As y e t, we have ac t 
anuu#i, Ih fo ren t loa on the c ry s ta l  diode perfonsaae« ,

**& P a ra lle l  cnaasited  3© i t  phot o-aui t i p l i e r  tubes a re  used t© 
co lle c t lig h t f re e  the large Lac l ie  l ig h t pipe leading free  the traas-st Ubeae 
crysta l. A staple three tube pre-anpi.ifier has bean designed to  couple the 
p h otom u ltip lier  tubes to a 125 aha traaaniaau* lin e  A negative autuai ia* 
ductaace taparad plate lin e  c ircu it e s se n tia lly  as described by lln ston  et e l . 1 
is  used. The am plifier has a gain of about two aad a riae t ia e  of 3 x 10-9 see.
'>* dX U Ptlf nmm  By follow  lag the ia a tg a  procedure o u tlin ed  la  the above a r t i c l e  

by paying due a t te s t io a  to  lead length# and ground re tu rn s , i t  seers  f a i r ly  
e*ay to  s a le  d is tr ib u te d  am p lifie rs  which operate w e ll,
** — — rjg- ------- -- ---- —   ------ -------— — ---------------------------------— —

- U mmm » e t a l .  "D istribu ted  M p U t i a a t l o a ,* Free l .R .I ,  ?©1 3d, p 966-98*
Aug. 1946,
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Is f * r% i9 l*  3po»tro—to r 

H*dl*y U d  7 , Clftdi*

» #  part*  of th i*  9Quipm*n% H i t h  ia ro lfo  gated H r i p r  H I T  count*to 
*»•*« eoaploted and put to  u»* i® do t*m  1*lag  tb* #n*rgy epeetruo  of tit* 

ooutroe b**ft produced by bo*fear4»*at of •  b o ry lllw i ta rg e t by 550 M** proto®* 
tft tft* 184»ifteb cy c lo tro n . Tli* actitroa #a*rgi*# ar*  la te r a l  nod by u*a*«riag tit* 
♦corgi* •  of * la * tlo f tily  s c a tte re d  proton* f r m  p a ra f f in  p laced i s  tfte neutron

R esu lts  *o f* r  ob tained  bar# b**e q u it*  s a t is f a c to ry  * itb  r**p*et t© p*r- 
f o r m e *  of tb* *gulpa*at. I**uff lean t t t s e  It** b*on put t® t c  d o tcm la*  aor* 
tb*ft tb* #»aoral shop* of tft* *peetru«, »bi*fe appears t© eoo*ict of •  bread paek 
**»%*r*d * t about 2*0 m ,  tit* h a l f  » id tb  being around 100 Mr*.

*• conttau* a**sur*a*Bts of tb i*  apootrua u n t i l  s t a t i s t i c a l  e rro r*
*r* s a a l l  ouiottgft to  ab«o *»y d e ta ile d  * tru * tu r*  tb * t **y bo p re se n t. Spectra of 
neutron* produced by bruO>«rdn»ftt* of o th e r ta rg e ts ,  and « t angles o tb*r tftfts 0© to  
tb* inc iden t pWtAft d ire c tio n  o f 11 bo exanioed, to  n o il ft* *pootro o f secondary 
p a r t ic le s  knocbed out of fusion* by tft* *x t* iu* l proto® been.



A p ro fra a  of studying th a  f  la*  d s a s i t i s s  of aaatroB* o f s t a r  product a* 
s a s rg ia a  outbid# tha sM »M *ag o f tha IM - ia a t  ey e lo tro o  ha* baas oa&artakoa 
by tb a  uaa of phofograpbie aaaU lo a  la  which th a  tra c k s  of o u e lsa r  s ta r  p a r t tola* 
aay b# ©baanrsd. Tba r a s u i t s  of t h i s  program should show e o r r s la t lo a  w ith tha 
saraaya aada w ith a b lsaa th  f t s s io a  cooaiur which d a ta o ts  only sau trooa w ith aaar* ta#  
i s  a ro asa  of 90 Mss

Saparata sa t*  o f f i l s  oust ba post ad i s  tha  v a rio u s  lo c a tio n s  fo r  
d lffo rm at typs of o p o rs tio a , a « . 390 has p ro toas ©a la  t a r s a l  ta rg o t w ith 
fo raa rd  o r 350 Mas pro tons d a fla c tad  1st© th a  c m  aad so forth*  
so ts  of f i l a  eorraapoadlag to  fo u r d i f f s r a a t  typos of ops ra tio n  s r s  ia  th a  
of axpoaura e u r ra a t ly . A p ra lu tia a ry  sa rray  w ith  phetogragfeic f i l a  haa iad laa tad  
f la x  d a a a lt la s  o f s t a r  producta« oautrom* a s  larg*  as f / « A a #  la  th a  asU arth of 
th a  b ighaat ia ta a s i ty  This fiiru ra  aaka* asa of tha assu o p tio e  th a t  tha  eroas 
a a e tio a  fo r  productioa of sa  Ohoarrahl a  s t a r  ia  a s i I v o r  o r  brw aiaa nucleus ia  1/10 
of th a  to t a l  sroaa aact lac  f o r  ia a la a t ie  e a l l i a lo a .  T his f ig u r#  o f d/en^aaa la  
appro*, u m ta ly  ta ia a  th a  ro la o  prarioualy a a t la a ta i  f r a *  b iaan th  f to o la* a  
a w ra y s , b a t, o r  so a rs# .. th a  comparison i s  to  bo m ho ia  th a  l ig h t  of th a  
s h in s  of tha  eroas soot ion fo r  s t a r  production

|



f .  High n m tm a

9, 8* CrnadaU, 8 . 8, HlMsferaad, 8 , 1. inysr and 8. T. f ©*%

Our lag tfea p art t h n *  worths th# sa in  l ia s *  of e f f o r t  la  tfes ulffc t a » iw

1. To ev a lu a te  th# f l» M  fro*  protons bosfesrdlag hydrogen.
? Jo search fo r  m  ofeasrvafeia i l f s t i a s  of tbs photon f i t t i n g  a g sa t.
3. To s**rch fo r  tb s  answer w  to  "festhsr th* photons aro a n itto d  s in g i f  

o r la  p a lr* .

M o s t w it8 tb ssa  H a s t  of o f fo r t  io a i  in s tru a a a te l  la g ro rsn sa ta  bars bssn 
• f fa r ts d .^ .  m o  s f f ic ls B c y  of th# p a ir  a o u a ts r  ha* la s ts *  sad fey s a la rg ta g  tfes 
aa g as tle  gap. Also tfea d e ts m ia s t io n  of lfew co rre c tio n  fo r  lo ss  of p a i r  e le c tro n s  
3ue to  s c a t te r in g  l a  tfea oaaT srter feta boa a sxpsrisbsata lijr nsasursd aad found to  
agree M il  w ith tb« ca lcu la te d  co rre c tio n s  watch bars boos la  use baaed upon tb s  
mnml f  o n e  la s  f o r  saarll aagl* M ultip le  soot to  rise*

to  study tfeo y ie ld  fro n  hydrogen fey using  a C- 
l# eaploylng a l te rn a te  ta rg e ts  of oarfeoa aad polyetfeyIsas w ith  a 

« f  p ro tons. Tfeis « M f  has in d ica ted  th a t  tb s  y ie ld  par hydrogen 
I  porooat of tfeo y io ld  par carbon auelsuii under boafeerdaeet 
This a a a t feo c o s tre s tsd  sltfe  tfea r e la t iv e ly  U r p  y ie ld  ©f 
| proton proton c o l l is io n s  as U m i w I  fey ilefeaae aad fe ll- 

M l SB8 fey P e te rson  «ad pjnafclry Ho eneeesefu l way o f ev a lu a tin g  th i s  j r U l l  fey 
aas of l i f u i i  hydro**©. Has y st boon e ones lead due to  background d e fe a ta . Tbs

I fo r  ia d le a t ioes of a 11 fa t  la s  of tfea phot ©a s a l t  t a r  involve# tfea te n ta t iv e  
sloe th a t  tfea a a l t t l a g  agsat a ry  fes a n e u tra l  seec® aad aay th u s , la  v is a  of 

a v a ila b le , fea ao rta#  wltfe considerab le  n n ir tn m  I f  then i t a  l i f s t l a a  
(iafeia, tfea a©arcs of tfea pfeotoaa would not fea a ia p ly  tfea g e u a e tr ie a l 

fey tfe* pros ©a feeaa feat would eataad  over a reg ion  of specs la  tfea 
eloaa v ie ia l ty  of tfeia e ren i and tfea y ie ld  f ro a  aay p a r t ic u la r  s la a a a t o f spec* 
a t  a g ivaa d is ta n c e  f ro a  tfes feeMnrfted sraa  would fes ia ts r a ia a d  fey tfea h a lf  U fa  
«f tfea a a l t t l a g  a g a t .  Tfes a ttaap*  to  observe tfeia kind of aa e f fe c t was aada fey 
screening  o ff tfea viaw of tfea ia rg s t  subtended fey tfes p a ir  coun ter i s  a f e  a way 
aa to  block o f f  a d ju s ta b le  po rtions of tfes p o ss ib le  s a l t t l a g  rag lon . By tfels 
Usuis i t  te s  been p i t M s  t a  mw t i n t  i f  an in te rn ed  la te  s a l t  f la g  agent s a i s t a ( 
whose ness i s  a s a r  th a t of a * weeoo, i t a  assn  I l f s  
8 * 10-13  ,

One of tfes ooacluaive types of da ta  baarlag  oa tfes o r ig in  of tfesss pb©~ 
tons i s  tfes answer to  tfes question  ©f wfcetaer tfesir M iss io n  i s  s in g ly  or la  p a ir s ,  
fa r io a a  s r ra a g s a s a ts  of veinalitanes counters b ars  ossa t r i a d  using tfea d s f la c ta d  
proton bsaa la  aa  a t ts n p t  to  find  aa aasw sr, Du* to  tfea la rg s  background of o ther 
ra d ia tio n  detected, by tb s  eo u a tsrs  w ith in  tfes a a a ll  t i n s  in t s r r a la  of tfes bssa 
pulse# i t  has not bssa  poaaibi# t© give m  aaswsr f ro a  tfesaa ex p e r i d o t s .  A cloud 
ofeaabor wltfe a sg ao tlc  f io ld  has bssa under co n s tru c tio n  and w i l l  w ith in  tfes n s r t  
q u a r te r ly  period fes ngployed la  m  attaaft to  secure tfels d stu a  by * Method wfeiafe 
sppsars to  feavs sa is id srm b ly  so rs  afesaes o f suoosss than tfes s v s l l s b ls  eountsr 
sstbods thus f a r  adoptad.



Co*U t .  Loitfe 1#, mad Bofeort Rt«fc*rd#<m

Aft io jun ia i i r  t e  * w « r «  f t *  a a c a ia a  iia trife* tio ©  of tBo o i« » ttc  a w m r -  
lac  of 59© Hat |irotoc> I f  vortoao  au c la l la  la  BWBBBB*

mo powfeoa m m  BflMS la *ho dofloafed* feooa froa tBC LM4 iaefc oyolottwa 
ofetaiaod fey ftoottorutc of to# eir-u lat*af yrotoao 1st© tao aowtfe of tfe* —ji> t io 
ftBaaaal TW frotoaa arrivo i&  * polio ofcoao iutof laa  ia  10 §joo# oaf «*t«ao 
ropotiliao rot* t» M for *oo©ai

Tfeo ftootto r od p ro toaa «nro lotoofeod w ith a  t r ip ! *  MiaolCowoo n e lo t l l  lo t  t oo 
eou»t*r tsloaeopo uatag tr««-#% iifeoa* t i H f l a l j  oaf IPC1 ^ o to a o lt if e U o r  tuftao. 
io toooa tfe* »~«©»d oad th ird  e rp o to l i» p io tad  o tfc*efcaaao of Co aw ffio to a t t© 
aoour© th a t  oaly piotoao w it a «  eaowor g ro o to r  th a t  SIS Bar *oa poao tra to  to  fea 
cowatod ia  4Mm t l l r t  o tp W S

A #tca*i fro a  aoati of tfeo gdM rtoow ltipliir tMftow la  o a p ilf lo d  rad trlcg o * *  
o o^aaao palaa of M o t  I f  « .*  **oo«* Tho pula** D m  tfe# tferoo dw ooow o or* 
f#d tat© ft ootaoidoaoo a la lw r u n it wfelefe o t lU a a a  j l W i t H  ftlpiOol  Aiodoo. D a  
eolaeidaaoo fo a o lt ta *  t u a  tsa* Now M M icrof a* 9 .1  ^ooo. Tho output of tfeo 
oo&awidaMOO w ait ia  fad to  a utooBoad ao o lo r.

M M T M M i i  IM O  OOOO ttMPfiOA ©O* f o r  flOM 0 1 0 0 0 0 * 0 , C, A1 C *. AC, ffe«
th o  cooootry i f  th o  ftpotfeorthf i i i p l  «ad d i to o t  1m§ tM lw « c * f aad tho w w s l  of 
s u i t  i t  la  ftoa t t a a ta c  ia  tfe# to w * # #  feaoo too* *ueh th a t  t i c  W M l f  y oao lo tioo  
ha* f e w  * 1* Wm tMgnlMf W f l i  > W  S® and 80° haa hoot cororod

Tha roau ltft to  data fe**o feaoa eo aa la* aa t w ith  tfeo p ro d ie tiao a  of t i e  ttmm 
p a w *  mm3mm tfeanory of Pocafeaofe 3*»0or r «ad Toplar. I f f w l t d B  aiaiaa *ad 
o a t loft haoa hoot o M B M  for tha  hoar lo r  o laaoato  a t  the  fo llow !** aacloe
0  i f # l  oo w  la  fofeio i .

Tofcla 1

I

1  - 1
Min Boa. Min Iw o

c
Ac

u  i f
f  5°

H  «® 
12 0° w * .

Ffe f * # * * •
________________
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for t i l l  ooportaoot Im

C ryotol

ootUolf foOotit.

if f t i l t w  onto m p lo o o i too m *  emmtmr* fo r  to #  fOe  
4 l« tr t to « o *  o o p U fio r *  a m  rnplooo* to #  o r tlfto f?  oooo. 

i | i » n t « »  i U m  to«  a t  #«to  « t io o o t «e i t e t  m  fo o t mi too
******. mmtmlf >****** tOo foo© i*to§ t  too fa r  too  o e io o ito o o o o  Ooo Oooo

to « foo  t ia o o  W r®

w m I tOo
6 tb* awooom p H H  so to* prooiott* ^oo rto rly

uoMoivf io too .too»m at mm mmm otto •
por *%*r*& too t to t  i t  to  s lo o r  too t « m  too  j 

mtmirn o o io  proeiao oootmroooot •  «a4 oloo to  
m* soot p e to t, o m o OM

•fflS tO otf ro m ito  
„ 541. aoooly opfcorl-

ooottoo Of oOoot 4 ,5  m-*t s 
OfOSpOOOt i t  will oo poootOio

•t If® (OO) Otto • itOBiO

'10o root!to oototoo* otto too ptmrtmm *pp*r*mm k m  
>■011 Ml too to too fOpotooi Ro o m .
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new. i f fO P w lr  V

of *>• Cyalptrap Paty Cyoto

•  dpafrerla la  # »* 3»«r* <uid C. fi«p»AA

A *t%fe t3s# erjra ta l «4M«t«r *ad ilM V C iiliC  a«f> lifi* r#  ta*  d r a a t m
otoaa •'!•■§ 9y •  t&oei**a f o i l  ta e  baaa Sect %eaa pule*

la«%«4 fo r  flfeaa* 88 aftarca»««a4* *tad exfeiMtod * ftp *  ^ n e l e t t e *  of
otmagt w&m* *p«c*<i S * i i  UN* «m m i « Apart eavrpapaaAtag to  ta«  «yei»- 

treat n H t  fvaf*aa*f.>

I f  t a i l  a f t  «f tfco t&orftta fo i l  %am 
4a f la a ta r  tfeo %&*ml •m.mttm tm*m im*

me %f  t*« o lootrle
1.9 X 1 0 n—TTTirlti

fk%9 aayartaart p m  apt rapaatai wa&ar vmrums Pawtfttiaaa fa r  t i l  are 
•t® ta t  t ip  prooaat #>fmlpaa&t 11 e a ite t  1* to  give ta le  type of iafowaat laa

9a a tr*4

!
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U anorl U f#  F» I H M *

S f  1«M

S tfc iM iM  or H e «w*JW *•« P»trlo« ef tl»  fewtA fey elf**
k«gfeHtS&NMf of f% with the eO-ieels eyeletrea Iwpwi c©*tl*a#4. Z» *11 J f S r t i l i l f  
*&©rt life i * » r *  of M  yoleeiu*  i —M f  H H f l l  toy * l f i»  ****•!®* * ■ •  ***■

«f eiyMetei  1% teetepe* •** flame# *



m m  * t*

11 * 5s la t  i l l a t  lag C oohtsr Iw vslopaaat . 

t .  footsra

K#yi«* o f  th* h ig s  v o lta g e  M U M  to  t t e  p h o to sa iit ip U sr  ha* k m  | m h | ;  
p w p ih h  ls  td  l&# ®«w*tla§ t ta »  to  thorn* in te r v a ls  d a r la t  * M m

h tm -m rn T m  p a r t ic le #  * m  prodwasd by a t a s ie r a t o r . .  T his p s r s lt*  op*rm%im  o f  tb s
* ? * * * ? ' s agas s t s d v o lta g e s , thereby  w e m a l a g  ^ m i  ****** 

wfeish H a l t  ?kU *s  oat put, «td e l r a w e s t  lag p o s it iv e  ioa  r sg sa s r s tto o  
•fciofe M M  high voltage lr»rt4fl»s having « slow

P*ia* v ^ t i p i i A i i i  15 v o l t s  are v a s t ly  ob ta in s*  d ir e e t ly  f m  th s s u » U  
s ls s tr o d o e  sero sa  1*S of*  H a s ,  a* la*  t r e s a - e t i lb s a *  e r y s ta ls  c o a s t in g  1 ,5  gar

m£ Z rlMmt ***** * » » — ««■ « w t s lr * w  * " 1 /  s ig n a l  Pttlss h a lf  w idth  o f ,006 a tero ssso a d s a t roos t s a t i t t a i a ,

^  t * g  i tr a p U m a  a c ^ ^ t t n t y fr L i ^ ! ^ % o i ^ bI ^ . r ^ ^ o ^ u .
i U f  J*****® sarin*** operable high s o l  ta g s  sad key in g  pu lse len gth  I s  found 
* T j  **** i‘*7°&4 100 a ie r o ss so a d s . a t?21 tuba d o ss  s o t  hold a p p rec ia b ly  a m  fcjg i

^ ! L d ' ** **» d escrib ed  t e s t a ,  tb s  la s t  too  a i s s t f o d s
^ T L I E S ! !  T J n  L*’V ***** th* w l i s r  s ta g s#  » sra  op srsted

* l t t  • 7 r t i1 , ,"1 ,r  *** *" 50 * i e » * * « « » *  {u su a lly  d iv id ed  a c ro ss  th s  ® gaps
&>• < a tu  c a p a c ito r s  J, w ith  a 106 pulaas par second rapstio©  r a t s .
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tm P o s i t iv e  |»ef s t i v e  ff~ m h ^  t>y

34S PeotaM i a s  C o r te s  a t  90° t o  tiis

c= lieteos as4 a. A* Wllco*
A aatfcot ten  teo s  developed fo r  m m m ring  i t e  abso lu te  pxtefoetioa erooo 

ame% ioo» fo r  fo o l t i r o  aM sogotivo or - '» $ osa mbon various k i te s  of cue l# i ero 
hooberdte w ith feijfc mnmrm changed port le  loo fins the Berkeley IM -ie e t  e y e io tro a . 
** # f  irirt a f f l ie a t ie i i  o f tfeo settled •  * tte y  of t i e  pool t i r o  ate negative ir-e»eeB 
p rtew ettes  I f  si«fe H * f« r  p ro fe ss  os eartsea te e  te es  €&o m s . Tfeie #tudy a te  t t e  
settete aote «ro reported  i s  OOEL S*«.



mm w

14, C*ptur* o f  & *f* ti**  p M— on* j a  Hydro***

« . X ,  n,  Paaof*ilty

Tha fei*h pr***mr* t m m I e a s t* ta la #  hydro*#® * t l iq u id  a l t  i« * p * x * tu ra  
and 3000 p .* » i .  p r « « a t »  IMf baa® u*#4 *e«*a#* fuU y  ia  a  aaafear o f  #xpa#*ir#» la  
®t»dy th *  afesorptio®  o f a a so a s  f r o a  th*  c y c lo tro a  t a f p i t  ia  hydro**©. 3a*wa 
ray*  prodtt©*d fey t i l s  a a p tu r#  pr©«**» fear# baa© s tu d ie d  fey naaa*  o f a p a i r  * p * e tro -  
a a t a r  o f  low p m * *  Th# r a a u l ta  o b ta in ed  th a*  f a r  la d io a t*  i .  »m m i
ray*  a ra  prodioead i a  hydro#*® and ia  h y iro # * a  o*Oy, 2 . Th* **m u  ray*  « * * a s tif i«  
from th *  hydro**© a t*  s o t  a o a o c h ro a a t ic . 3 . Th* ga®** ray  s p a e tru a  1* eow patifel#
©life * « v * ra l a l t a r a a t *  i a t# r p r « t* t i a t i * . 0o* o f th*  b*# t i a t# r p r # t* t lo a *  i*  th a t
th *  I P I I M  1* * co» p o # it#  d ia tr ife titio ®  o f asoooehroaatie  gmmm  ray*  a t  130 m t  
m &  a m m *  ray  d ia t r i f e u t io a  paafead a t  63 Mrr r w m l t ia *  f r o a  th a  ia o a y  o f  * a a n t r a l  
m»o&. T hi*  o f eott,r*a praauppo*** t h a t  th a  aaa* o f  th a  n a a t r a l  aaaoa fea 1*** th ao  
th a  ia*»a o f  th *  char** aaao a , Th* d ia tr lfe u tio ©  i*  a la o  © aapw tlh l*  w ith  a two 
m a m  ray  proa*** I f  fo r  *o*»* r***o® th *  on* a aaa* r a y  pro«**a i*  fo rb id d a c  
i*  p lan®ad to  s tu d y  t h i*  pro©*** w ith  fci#i r a a o l r i a *  powar.

i t
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' IS. Pr©toa-gro»oa S o a t ta r im  m m t 33 Mw 

F. T lU a m  aad » . I .  H. Paaofaky

Ho# plat## hara b#ao axpoaad fo r  pro t*a p ro toa a a a t ta r ls *  a t  »  M»r i# 
ardor to  iapror#  s t a t i s t l e a  ©» H i  p art t i n  p la t##  ar#  of eoaaldarab ly
hiigbar q u a lity  tbao tba fo m a r  m m  « H  i t  ia  #xpa«t#4 th a t  bat t a r  s t a t i a t i e a  
a l i i  fea © bialaad.

as ax p arian st ia  a lao  ia  pro*raaa to  study tha ab ao lu ta  eroaa a a e tio a  
a t 45° lab o ra to ry  m gX*  fo r p ro too-p ro toa a s a t ta r la *  aa a fu n c tio n  ©f energy 
up to  3* Max. t l i la  work ia  b e iae  dona by 90® aoU eideaoa eo u a ta ra .
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If Synchrotron Stadia*

A G> Holwfeoll

Tfe* jfcptieo experta*ate with tfe* *ys#ltr©tr©n h**e beets «l«Mt e#r#ra, 
differ#*.* U w  and w i l l  fe* ewswrix#?! *•£*»«

I*»#rttgationa of v r m entions fear# N ik t ia H  and ar# reported la ISiRSMMMI 
» •  particular point* U f i f t  lasted  4m*« b##a tfe* « l*rfy  d i* tr  Abuttoft of proto** 
*$**t*4 by Umi / - ra y #  t l *  s a n a t io n  of cm *# w & t l m  and tfe* angu lar 
t lc -  fit# #*f*fl&mMl* *i§ili«s*d two gas proper*1onal counter# U  co iaciienc#  tfe# 
second U«#*4 #o <!» to  #***t only jvoHNM stepping in tfew ***■!•#* a t *  « t »  down 
tfe* y  ai*d m ekgtm m d  Proton# fra* ea#r*i#t 8 t*  BO
m * t»r« t»#* ecuat*& fts# Mttfcar* at energies b#yo*d tfet* •#**  #© m a il  tfeat i t  
414 not »«#* a i r l i  trail# at pr###at to try to tonal to** For targot a lm o st*  of 
C Bn. «M§ Ft. tfe* nn*fe#r of proton# p#r unit #»*rgy l*  proportional to  I* wfeor* » 
1* *.*'-«• to  i,,fe~ I t  io not r a t a l  a whether tfe# 4o* lo t  loon o f  * fro* 1 ,4  aro # ig -  
a lf  1 'nat u  Pt tfe# rio id  at low #s*r«loo d # * r* « ra , and tfe# point of d#partur# 
tnm *&# 1/0 «*r•* 10 p»ot *fe#r* tfe# TiwaloMI fe*rri#r • f fo r t  set* m . Tfee %*ray 
op orffl*  io  apprr-iiaataly proportitanl to  l-'I o* t h i s  suggest* a otooo aoettoa  
f a l l in g  >ff Ml I /I*

Tfe# ft* !# *  o f e***r*i MffMPMt nlMMmt* nr* etno in tent witfe ^sauaiag a
ere*® awrt 1«.& prwpcrtioafel to  A^ "'

Tfe# y ie ld  #• •  fuart I»e of angle ba# t#*a #ttidi#d at #5°, # T -l/I* g 90®, and 
IM C ffear* i# a prmmamad  forward iM tlW  wfei efe tea  ba understood I f  on# nammrn
that - no > ray #«#*nt t a l ly  in terest#  witfe a stag !*  proton. Tfe# fa r t  tfeat tfe# paak
is  not at O?1 but forward i o * i  fra* tfe# m l e t m s t i c  tranoform tlon  fro* tfe# pro- 
tot* * fra*# of r#f#r#ac#« ns# ssswsption t&#t tfe# "-ray le t  ex act# witfe only # 
tin#,-.# proto* would indicate tfc*t t&n aael#as weald b# le f t  with about 20 Mow of 
energy a fter  tfe* #J**t#0* «f tfe# proton; and could e a s ily  tfe#* b o ll o ff  aaetfe*;r 
o*« trots ftid**©# tfeat tfe# ere*# section  for tfe# i f  f * |  10 large ba# b##c ob
tained fey Strauifc.

Oort fee# e a t m u d  on tfe* afeoerpt m s of ^ - ray* f f e * t * M  tariou# radlo- 
a c t i t lU a s  said a . io  on tfe# e r a *  aact lo ss  fo r  m fe  reaction* for tfe# t-r«*otr#felaa« 
x-ray fe***. B*Mt io in progress o# tfe# ( y .p )  p ra*a*  in  4s to  gir# cu*? Till# 
r*dio#et i» ity  to weak c c*par#d to tfeat of and 2*84 but m <.***^*1 s# pa rat ion
of Ca allows it  t© fe# naaw'ATWd and tfe# absorption cure# usix* i t  a# a dstoetor

glw# tfe# #**f«y «f y  > ray* p n a m r i l f  r*opo*olfel» for t i i s  react | f e  Boafeard- 
., separation of Ce tia* indlentnd *#a#ar#bi« f la id o  of CtrA by dbg 

» , my > 4 reaotioo, Tfe# rw laU ?# |i# id «  for so*# reaction# art. assneing
r.a^C *1 U  1.0; C*8®| y  s i  14; Ca*-(  ̂ ,a) I t ,  4b64( ^,n) .12; l a P * i r  2tti l.t* ,

2*84{ Y tV&) 3, W a g  tfe# f*#u.to  of aioeicnr and Kanosy an tfe# energy flu x , 
asonmng a J.'I »p#ctmn. and 20 M#* a* the ray energy producing the Cu^Sf y .n )  
m artf on tfe# ires#  eeetioa  to 10*t'* c*4 gp«, wfelefe i s  in a#r««*#nt witfe
tfeo #k ** of I—inn and Perlman

Tfe# epparatu* fox tfeo feo**«rd*ont of liqu id  bydr -son with 7 -rayo to 
b«iog used exp#russatally , Utia ®*t "jp enable* a eylindor of liquid  hydro*** to  
b# tr#*oro*i by * Pollinated ^ -tay  t##*. Only tfe# end# of tfe# coataibiag eylindor  
ar# atruck by to* x rayo, la  tfe# f ir o t  rao tfe# «#ooa# pr*Bn##4 in tfe# hydro^Hi
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were feeofdmd la photographic emulsions. *hi Is the scanning o f the p lats#  for  
im q m  j* itted  at 90° is  not at *11 complete, the tracks so f*r recorded ia -  
I l M l i  •  spectra* extend lag to  about 100 Nsv with •  f la t  maximum between 90 and 
90 »*▼ The liquid hydrogen target baa aloe been used la  a pair of runs, to 
aeaaur* with s c in t i l la t io n  counters tba meson# produced at 45®, 90°, and 130°.
Dm m  la ta  are at 111 ia  the process of ca lcu la tion  and oorra^tloa. The energy 
d istr ib u tio n  at §0® does not agree too m i l  with that fro* tha em ulsions bat 
thara ara aot enough track* aa / i t  fro* tha emulsions t© ba aura of tha raaulta . 
Tha raaulta a ith  liq u id  hydrogen should prom to  ba of great value fo r  tha 
theory of games - ray protoa lataraet ioa , since th la  systs*  la stap le  eeeugfe to  ba 
treated q u i ta r ig o r o u s ly .

Tha wort of tha f l l *  Program Iroup baa been la  large part summarised in  
as art i d s  la  Science by m u l l s * ,  P eterses, aad fh ite . Tha work studying tha 
energy d is tr ib u tio e  of aaaoaa la cost inning, a© that battar a ta t la t le a  fro*  
p la ta t exposed ia tha *aaa of topper* with a a a a ll carbon target w i l l  aoor ha 
a v a ila b le . Thaaa d istr ib u tio n s t i l l  ba taken at 49°, 90®, aad 135° t© tha dlraa* 
t lo e  o f tha incident baa*. Tha spectrum at 90° ahoaa a maximum at about 90 haa 
with vary faw tracks abom 100 ftrr. Tha ra tio  of m akers of p o s it iv e  to  negative 
.aaaoaa fro* targets to carbon and load ia ala© balng studied.

A naw expe rlaaat to loo t for are Itad aautroaa or proton* decaying la te  
tha unexcited p a r tic le s  aad aaaoaa ia a im  balag started .

Tha counting experiment* ara balag coatiaaed aad aaaaatia lly  ecoalat 
la  measuring p artlclaa  ant ar tag a crysta l awl idant Ifytag tha* aa aaaoaa by their  
daeay Colacidaacaa delayed by 1/2 - 2 -1 /2 , 2 -1 /2  -  4 -1 /2 , 4 -1 /2  -  6 -1 /2 , aad 
6 -1 /2  -  8*1/2 microseconds ara recorded. Thla a a a a a tia lly  g ives a daeay carta and 
tha h a lf U fa  a© datarwlaad ia  -v 2 ,2  p aaa • •  expected for  an aaaoaa. auroral 
d ifferen t typaa of experiment* ham baa* tone. f i r s t ,  tha aaargy d istr ib u tio n  of  
phot cms tuna fro* carbon aad paraffin at 90° baa baas aaa*ured. Tha cross section  
for asm * product ioa fro* carbon f a l l s  o f f  s tsa d ily  fro* 30 Mar te  100 *rr, tha 
highest energy measured. Tha hydrogen erase ©action which la  obtained by sub
traction  ia only about 1/3 at 30 Mar, r lsa s  to  a aaxlania at about 60 Mar, aad than 
p ara lle l*  tha C cross seat ion. Tha re la tiv e  oroaa m at ion at 90° for ?0 Mov aaa ©ns 
for M ftr t l  d ifferen t elegants baa baa* aaaaured. They ara, easumlag H la  1, 14 -  
,43. 3a -  ,31 , € -  .33 , Al -  *23 aad Cu -  .18 .

Tha angular d istr ib u tion  at 43®, 6 7 -1 /2 ° , 90°, 118-1/*° end 135® for
carbon aad paraffin  baa also  baa® aaaaured. Them ex par leant a bava fcaan dona t© 
give information on the absolute cross sectio n  for 7 - rays of WO Max energy.
Tha hydrogen arose section  baa a broad amxlmnm at about 90° of ? t  10*30 cm* par 
stam dlaa par a tm , w hile tha carbon cross eeetlo a  r is e s  to  14 x 1 0 " 30 at 90® and 
f a l l s  o f f  slowly toward largsr anglos. Tha data on hydrogen can ba © artta lly  
coached by the runs on liquid hydrogen.

A preliminary experiment t e  tea t whether the nuclear sca tter in g  of me tone 
ia  large was carried ou t. It indicated that tha cross sect it-. Is lea s than one-
half the nuclear area.

The work cm tra n sitio n  curves ia Pb, Chi, A l, and C. has bean completed 
This work w il l  be reported in a ucfcL report.
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S e * tl# r lM  P ro b in te  A paper fee* %*** « *  la te r p r a te t lo s  ©a P-»

g g | g S i . “Ar=JS2’ ra W S iS V C  '••—
t i r #  of tha  fore*# lead* tt* t«  d ta tro a t  t»*9 i i w p w M * ! * *  l a la u l a t t a a  of 
tit* s-4  • e « t t# r ia c  uhnete th a t tha m  s c a t te r in g  ew*M h* de tec ted  fey looking 
fo r  the slow proton e jec t* *  paekwsrd Cloud excer lean t*  stoo* * * 1 7  t m
m ch  s lo e  proton* a te  iM i  to  Mm  •***£*£•* th a t th e  a-B eroaa *#otion « t high 
energy l*  eoaaidersfely * » U . r  the* * -*  **-oa* e e e tla e . The m*M» • «  ^  
s-4  eroa* s e c t!  ©a ale© g if**  the -*«a* ia d 1ca t le a . iiaaeareiwBt* he** ©**» mm* or 
it*# d i f f r a c t  1 os s c a t te r in g  o f high energy IPPM** bf  n u c le a te . T&* p o s itio n  
of th e  d i f f r a c t  la s  mrntm cad *ia i**  agfUte m%& *t*h «** s»o4els,, «•< t t  1# »*- 
y#et*M th a t  d e ta i led ee ldess#  a i l l  a l ia *  c lo e e r  check oa fe a t  u rea  MM» Ml 
m l a e r  r a d i te  sad transparency  Hi aro  i t U l  haring  d i 'f i c u l t y  la  ia ia rp n a ta t-  
laa  tha  a e a t ta r ia g  of sueleoa* fey nucle i - flR&i s i tu a tio n  w i l l  probably so t •>* 
aolr*4 u a t i l  a d d itio n a l in fe ru a t M l la  obtained  oft th e  d i f f r a c t io n  o r  abso rp tio n
croe* s e c tio n s .

been a<Mpl*t*d on th a  pho to -productlooMasos*. A paper tea  baaa aon-pi-ted oa th e  photo-product:oa oi neaone, d iscu ss in g  
W h i t e s t  ions aa M fR la r  d lf t t r lM tie f t ,  p o a itif* .n e g a tiv e  ra ti©  a te  t o t a l  c ro ss

srr,rsr«-iss trrrr ~  s s .
hydrogen, Tha M t  l ik e ly  jK plaaattoa a t th e  a M k  mums t© fee th a t  1 * *?*
e S ttJ T w h lo h  w il l  g ira  i*© p »  *>* u  te d i t io a  th a t th e re  * V « 2 2 2  
of a is jila  gasssa «aie„i© a. t o r t  i#  a lao  proceeding ©a s tro n g  a te  ia te f te d ia t*
coupling MMO th eo ry .
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te mporary Concrete S h ield ing , «h#w th*  d e fle c ted  beam in to  th e  cave « a  in « m w 4  
due IS  the  c h a n ts " 'in ' the le f le c to r  sy sten , i t  we* found th a t  th e  ra d ia tio n  in 
tli# co n tro l roe*  had a lso  ubc reamed. k temporary m i l  composed of concre te  blocks 
was th e re fo re  erec ted  to  prov id* a d d itio n a l sh ie ld in g  ' o r  tfel* a re a  . This w all 
was a lso  e rec ted  so th a t a  cu b ic le  was formed bet wear i t  and th* mein w all fo r  
the  sto rage of rad io a c tiv e  a e t e r i a l a . Meanwhile, plan* were g o tta r  under way fo r 
the  peiwanent. w ail <w6 f o r  th e  $ai— a i t  ca r* . F o rtu n a te ly . th# eng ineering  
and le e ig e  work had bean ion# p rev iously  on th ess  concre te  block*,.

___ _____ th*  e le c t r i c  d e f le c to r  was re b u il t  la s t
copper e lec tro d es  war* rep laced  w ith carbon e le c tro d e s  to  reduce tha 

long l i f e  -a d io a c tiv i ty  b u i l t  up ia  the* . I t  was f a i t  a t  th*  t i a a  th a t  tro u b le  
s ig h t be nnsowatered w ith  the carbon beam ** of out gas® lag and spark ing . Tha ear* 
be® e le c tro d e s  worked q u ite  w e ll, however, so** out gassing  and spark ing  did occur 
whan i t  was tu rned  m  a rea  though th e  d e f le c to r  was turned o f f  fo r  only a few a la*  
ate*  during steady running To s o r r e l  th i s  d i f f i c u l ty  s  new s e t  of carbon e le c 
trode* ware p la ted  with about one or two thousandths of m  inch of copper and In 
s ta l le d  la  th# cy c lo tro n . These e le c tro d e s  were successfu l and ex h ib ited  so 
■parklag end no rm tgnaslhf a f t e r  the  i n i t i a l  period . The r a d io a c tiv i ty  b u i l t  up 
la  th e*  appears to  be q u ite  lew.

»nd*»-stamped WmmmXii D eflector h are , The use o f e l l i p t i c a l  sec tio n s  in th e  mag
n e tic  le f le c to r  increased the to ta l  bee* la  the  cave but over •  la rg e r  cross 
c a c ti oaa i are*., Tha bee* d en sity  remained e s s e n t ia l ly  th* asm*. One way to in* 
€?#«## th e  be®* d en s ity  la  by a l te r in g  th e  magnetic se c tio n s  to  provide foeuaalag  
of the -see*. Consequently th e  f i r s t  and la s t  sec tio n s  were modified by c u ttin g  
th e  edge feces o ff a t  a f o r ty - f i r e  degree an c le . I t , is  p rov ides a f ie ld  g rad ien t 
across th e  ho le through which th e  bee* peases and thus g ives focussing  in th e  
hc**irental d irec tio n *  This s tru c tu re  defocusaes the  bea* in. th e  v e r t ic a l  d ire c tio n  
so th a t  some a d d itio n a l .weans meat be provided to  take -care of th i s  d i f f i c u l ty .
An increase  of bean was obtained however.

k fftr fo r  th e  d e fle c ted  bea* was in s ta l le d  lu rin g
e e l l i a a to r  cons le t#  of t m i  jaws of four inch th ick  

b rass , and the assembly is  located  ju s t ahead of the focussing  magnet The jew* 
are  in  two p a irs  ; one fo r  H a lt tog the baa* s is e  in the h o r is o u te l  d ire c tio n  and 
am  f o r  the v e r t ic a l  d ir e s t  ioa laefe p a ir  o f JNmnk i s  moved a* a u n it  i s  i t s  
re sp ec tiv e  d ire c t io n  so th a t e given s i  sad opening i s  moved about in  the  bea*.
'These no tions a re  m otorised and are run fro *  the co n tro l room during o p era tio n . . 
This has aad* experimental setups f o r  th* d eflected  bean much easier  and fa ste r .

f to lo r , Th* ro ta ry  condenser ro to r  was rebalanced during th e  la s t  shutdown be
cause son* work had been ioue to i t  a fter  Its  in i t ia l  balancing. Peripheral 
contact brush**, described  In a previous re p o r t , ware in s ta l l e d  a t th#  main bear
ings for bypassing th* r . f . currents around the*. The l i f e  of the tearing* has
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t by xnmmm cfe***#a, p r in c ip a l ly  by tb #  %m**m** e<mtm% ****** , '■#*

:£ ̂ rr  SSHHrHrm B u h . P r . n o u . l 7 t h .  t>*«r‘ • * •  b .4  to  » .  M »*aaa« « « r r  »*> «  * * • '"

( w n . i l ,  o a l lw n  o ;.t« r  * 4«lt»«rr lywfo r  t«r*»t» baa '♦»• "'*“ ;^ _ '_
to  t b .  * . K W  ^ i U i m  a

p o . . i b l .  fo r  t o .  jtu d y  o f n o r *  M t t - H f b  « * W t l a .  » * , £ ? * ? . * 5 ! !  “ f ? !
« a  t h .  “rab b it*  1 .  b lo m  out o f  t h .  p ro* . t a»  a t .  « *?»«»« - -  t l
♦ h»r> ♦ ynii<||b1*%#* fey iswafi.fi o f  •  |rt#bl®#Wi #IN#(MP#1#& * ■owr** iJft# ft P ' ' , .
t h .  c M a l .t r y  b u tld ta a . Th. * * * «  « . « * «  f r o .  t b .  ~ r r l . r u .  * « g * » * 1 *****
» t  up fo r  f u t  M M U t i r  «ad cmating.Tb. o . r r i . r  1 » M . «  •  *n* f ‘ ‘9* * * V  
» T « «  Of - - . t . h . .  W. « » .t  I t  « U M  opM, MS ^  ^  " l  . M M
la  t h .  p n .u ir .U c t u b . .  -T b . ! » « ■ * » •  ta b . la  » » » • < «  t«  t b .  ”  J * *
j i f f y  prob. .0 M at t b .  « h o U  op .ra t ! «  1 . 5o ^ l « . l »  « > * » • _  ^  ^
o p .r « to r  - r . l y  f ia a a a a  .  b attoa  . t  t h .  m of t b .  * « « * « ■ * »  ■ * * «  u ™ *  * «  
t h .  M l  tad . t  t h .  « •  t t -  . 1. r t .  t h .  sh .l®  o f . . . S t *  fo r  t h .  l . l l . . rT , Tb. 
t lM  U M  fo r  t h .  w i n  to  r n n  t h .  . w t . l  <m *.l»*ry t . n .  U  .b o a t  » « • -  
t m m  >nrrmrti fro #  th* i t # #  tb* b##b 1* to*###  & tt*

OMrrrcm 3##i O il M M O lfL* TH# ******* *******
HZk oil U u S r is  it i# OH tb# p«fe# tufeM. Tb*
tb#  a ir  #14* * M  to#  prob# tab# 1# «##4 f r # ^ # # ^ y .  ?*# *••* * * L  1 * * ^ 1  Z t * %
r m r m tm  tb#  rut>b#r oft t d  out a id# ft#d by MW *S»«*P* *° * *
toward aaeb oth#r aad tb *#  # f f* # t iT # ly  m m l  ifi tb# o i l*

ijm a ^ tc a . sup* troafel#  f t «  b**» •* § •# § « •« •*  t*  t&* *•** m%%* tk f  
o # # i i l a t o r .  Ifca " '^ a c i l i  a t  o r  d id  d o t # i»#ya  a t a r i  # #  i t  **# ^ i i » 4  #**•****-•*

L  I M > .  Ob. » « ' . »  —  a  u . * l . r  o . 0 1 U .t o r
i u  r r . q o .o c y *hi«a a*ip* t »  a a u  o t . i U . t o r  « t .r t  . ,  “ ? 1  . . .

, t « t i b . .  m .  p r o c u a  « .  a i m  by •  « « *  ^
d iae#  fr o #  tb# *!#** t r a & # # ia a ^  lif t#  t#  *re«ffld.
a p o r o ii* a t# iy  tba aod# p o ia ta  f o r  th t  « U s  me*** »b i#b  a U * # 4  tb# to  i#
l i f t  ifi both Tbia a i* p U f i# d  tb# a # it® 4 # «  ^  « •  “
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^ M I M V  fi#*4 t i  <** it  m s  t m m  %tsm mm* i r m  MS tc  t*  MNM t*  M *
• n u n  .us m » «n**** i **«,©# *»«fc tu t* ,  «*# m m  t im m k m jm  t**** r * w m m
m ,km  m m  *s#f#Ui#i

$*»*«„* ?* • sw*** *•**»*•• *♦ * •« * *  m f f t n m n t
i m  f<?f *pm »N M  w »  M iM ti  *f • t-* r* i* * H # ir  •#  m m m fi

§4i Hl̂ WNI- 21® iff *#«##«* £**• Jf«* M lN M  tiS  * f
ft cv ~*m*r tBfMf* *• 4* *M«*

H it#  mm s# M llM M ii i  i«  f t#  l i m M i  4 * t  t i n  m m  t lM M i  i:mm'kim  MM#*
* r*#Mrti#* €  .«##•« #**» ** ..svfrr-w % r*aa*t«fl#« U**» »« t*sr r f ,  €<—f t t M M

t§  fin
mm-m* m m m m k  mm m « i

4*# fffMwjr f#w iff wifit
Mill li»l̂ if<4 f*M
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M f f U uX iIso te a q q b ts rsd . 1*© d i f f l s a U ia s  @*s«efb« daris*? tb s  assfluMft Unit 
iurs to  ow atioa. Th* f i r s t ,  and «©#t s e r ie s * » **» * t%
axpt*s~fr*a I f U f  (O.jr.K .C.) eoppme tu b in * . Apparently of t o r  bo isc
boo ts#  bat *B«acfe t s  sard  aoidor ( t o i f - f i a ) ,  t h i s  tab !a*  booosoa w ry  f c r i t t lo  
and » m  poroua. This pro&las occurred i s  tb s  fo b r te a t  loc of tb s  i s *  o ts*  en»#r* 
aftd U«fe« f in s  to  ©racks and *p ts hoiao* Is  tb s w ater l i a s s )  eaaoed « two wook 
M i f f  1® ooeesbly , S a t i r e  oee tisao  of % «htst bad to  bo resowed and sow tab  is*  
pet i s .

t *
Tfco — mm* M tim ltj  « « « m 4  U  t l a  u m  o f *c* ria*o Is  lo ca tio n #  wbore, 

dot t#  i i i i jM f tj  and f i t t i n g ,  t-bo to lo roaooo oweM so t bo s e i s ta i s a d .  looks s t  
ifieeo gaasot j o i s t  * ooro a so tb sr  mwtmt o f d o lay  i s  a s s a fb ly . I s  f a n e r a l ,  *©* 
n i d  » # ft o*U  whore tbo rw talred  closo  to le ra ao s*  ess bo adhered to  but they  
i s  s o t  Soso tu f f  is  lo s t  f l e x i b i l i t y  to  bo used g a s o ie l ly .  I s  a l l  jo is t*  w ith in  
tbo loo  &ad stoo  »tnM5tr«ro», *0* r ia g e  wore t r i e d  1 s t  war* replaced v l tb  standard  
l/» is-, jfaaaot a* to  r i a l  o f  L-a* s ip p lo  gaibstw , dopastine  on tho mim m*m4 ,

I .  t, rnmmttm** D s n s f  I f f  isb s ild a a g  of tb s  60 i s ,  eye l e t  r e s  i s  IM S , *p*e**l 
* t to e l io s  S i  if* * *  t s  tb s  e e s s tr e s t io *  of coat so t*  botwoo* tb s  rad io  frsq se se y  
s s s i f f t  e s r r y i s i  w a f e r s ,  th e  cu rren t d i r e e t iy  ocro*® ooso c o n ta c ts , s s sb  •* 
tboss botweee tb s  do# ***** and tbo dooo, probobly m s* os bigb so MO sapors* 
pas l l s a i r  inch o f c e i l s e t . f ls s o  tbo dati.p t*  wood, tews prewed f t l t o  «*©«#»*- 
f a l ,  » t s s s s l f t i s s  of tb s  prise1pi* uood sees* i s  a rd o r. tb s  feU aeria* p s tso lp io o  
wore ia#© n»««tod i s  o i l  reg t*  f i t f  i j  e e s ta e t* whose fei^fe on r r s n t  d e n s i t ie s  
•or* otjwstsf:

i .  i / S t  i s . o ld s  sapper fa t I t e r  p is  tod) kn ife  odgo p re ss in g  in to  a f i s t  
s s f f g f  io tiw or piertsdj staff***.

t. i e tb  tilffS 'f -WSf o .ro wsm beery U /d  i s .  -  S/S i s .  th ic k ) aad d i r e s t  ly  
w ater e e e lsd , i . o . ,  bald soldo rod to  * eoppor tubs ca rry in g  w otor o r 
o d sta in tn e  wotor ebaenel* w ith in  tboseelw e*.
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A tfs#etiil » M  of t r ic in g  tgi# eeeteet* awl *<■; **»! is  the
$«$* *f tn§ |i*ttc.%ic® tis# wm mii&  l in t*  *ad fh* i n  st-#« lire#*,
fferts protein fteip **»■« to nit# e«#tent beteeeeii t m  m m  eftnt * few?* i'-«f
m m  l e m i H i  tw m  mm mw$ sail? Jp»*4 of ffipwmisp **e *1*© « f m t m  #t®»# 
t here mm ?«€? of tltne W'Mttfti -*64 they are is a htpg*f red metis* *w 
Tti* *«# n lvei fey o*« >W and W m  n m t  fe*r » 4*i n**U*l
#€»* #g§ f-arttag: * w#4«# Htf«i tmgi #**r ten* thu# eriagm tMi together. 
f*i# %|Mi eg* gî ifpmi mth roller# o® »«*42« ®c ths.t it sn24 tot
|n  It «** f «  fey *e Bait at *h* eeeeesihle #«4 i n  ft# IK fh*»
as* hod s# rlewpi** li interest *n is it #nii fee es*-wd«ft to ®nj rmmmmmh ie
length

.A pgegn*re of edmdt fe€*0 lte«t ■ per Him* tm i i*f *h* i./2'f id* ®d#i
m §  i M  ** * feaSit f i i a »  t« mi* ad ;.$» e n id fi design- It da* f fn d  tu r n , m  
in i*  p n e n re  tie ♦#m  ieftdidadjr mfda tto® flad ntfa*#

fm*x*rs . the m m  a» the dto n ee  nde replaeeeftle, ettgm t jmUisg Um i n s ,  
Sy~1sM»T>f *0* nag  vdmmmttmm  for tin  a n lu *  ****** ffcey -mm mXm nd* so 
t&»t tit# pa? d e tn n  fee Ur* eow-14 ft# 4M |M  f * n  *er© to 2*4/1 iseh#s by tain
ts# « dial ag tits? ead of t&# ##» it«g t « i  Tliis a IJgfgMgpl l l w #  •
awtwi fit, 3 staff tto« IMM iNl t# -Atmis as fp aaS Ac«w s©tt  ̂ cf
th# tw m hm  fkmt* m  f e a r  g t l t e *  m e th o d  to  tjw  It leek « M  « * m «  t i e
f#»i«  tk#»* « i  is fwttJr tfesrt t&# frm f pgir #C at os
nag!# * bat, mmc t!» bio-ok u .«o»#d fe*ek asd fertb by the * ifjca#®. tto  tip
gf1 tbe m «m  PNnlgKK M il witisis l/S l of as iseb.

K#» Sleetris« 4  asits  lst^jr«tor, of tm  eeteyel aetJMie ef tnegrat i m  w  id®
' ti»  ri#fhewS ■>#''■ifta.rgtat » e«4*a.*#r *«a che##a tfw  it* aMfii.«ity- limy 

reiinrentier i l l  ■«! «s tnegrettkg elrem t, sot s il  of mg b# ts tis f l* i
• i ts  mm t f f m «f ».ftŝ pr#%or ?&-« m m m m tj »km M  m  is ts# nt l  peyesst for
sfeetsi enMM *si#r# &« m m r m j  mt ® i# a«ffiei#st, ?fe# *t*feillty
slicmid fe# mmh «MI ia f» 3tA#ct eb#rki6« will sot !strode# a iar*# ervar,

3f#eifi®«t 1 « p  of «g» Isi«*rstGr. It n #  BiiMWiy *• ist#gr*t# eurrssts 
f m  >, I aiereMV»«« to 190 m ztm m m m m  «ith n  error ef U«f t&«a 1 ^ ra # s t-

:lfer»# im ^ e s  a r t  u n i  w its  aatpl t f  1 e s t  fen  mt tb# t n  I n  rsn##* e n d  t s s t  
tt#  n tpv t is t n t  ain«»t rfyage 10-IOC n n n p t i N i  Tk* « i p t  ’roltege
i* n i« i« in&  t*  «itbis 1#*® ting , t l  of a w it at' ^romei to tb#t asy

ssross tk# t-ariet aeoliSig w«t»r #,*11 .*©f iBtrMsicr as ^rror.,
m  eifsei* will aepUfya tut n t  xatggme team of *0i mtromsmrmM Tim 
tmmm is n?ortm  n  ws «ln*T*e*2 r e f i n n  «*tfc as tstergelat isg n » r  to reed 
th# wain# of tig  e iitisn  «pn th*  si-aiea#«r is tstiHies. t m t t  tfl tge r##i#t#r. 
m  ipnm w i* CS® fe* niitem ted fey memsiB m€ • p m l  airaftssst , m  ©f 
iwawirtM t n  iM ism M  to r r- usd cf t n  i * n  »# * l n

C^ru-t Tl» eireuit eoaslit# sf priasipls * l » i .  th* firs t
%mtm »ke coei#as#r gfrtefc i» eft.*r^»4 fey *k# g en  ^0?re«* ffe# n # n d  is flm ntMnt 
a# *,.■».» »ŵ. s5j« tg# ^^4»r,»»r *k»« »:.'«mi tnltiMii m e g n  su j r . g -  "JJaaBK «■- ggsy e'tE?;35r 'IIW i1), tJS'aBi *### *?r '•P'wwww#' ■ “  .#*■* *•• 11 »  w *.« »* .w»> ■* -m'-

tirsii smlus. i t  m it t  tee tMfcMflgft gpA * *112 fe# g in e i oa tu* register. Tfe«
third bold# the taput of the Uttegnter at grouki pet eat 1*2 fey elm glgg



th e  v*?ta«* m  th* opposite p i* t*  wt th# eos4*»s*r to  e « p a u i« «  f a r  ttse bu ild ing  
«P o f th e  v o lt# * *  a© i t .  A * p ii .f t» * tf t»  i s  * eee * p ii* h * 4  fey cherm ia#  *  ***««i .*«►■ 
4*as*r «t fin* *#uj* tUM ft* th* ia f ttt «©»#•»*•#, thws, the charging  e* fw » t of 
tHo added eoaderser U  I s  4f**«t rati©  to  © a p a titf , W * #*6«r*l t i r e u t t  la f t t t t  
ten he #een fr«* the feiodlt diagram * t « 8  i s  FI# ■ 4,

The input s a i l  d e tec to r  ia  a s e le c tr o n ic  b elan ce  d e te c to r  which ia  adjusted  
to  mm  by p la c in g  a assail r e s is ta n c e  t o  gpea*d oa th e  lap** taofe th a t i f  my
volt*#* appears oa the ta rg e t ,  a e az rtf lt would pass thrcagk t i l s  re s is tan c e  which 
«oul4 snow 0 6  tb s out p a t. Tbs char# la#  e©nd*n**r €-1 i s  *Mt*fe«d to  fid**  vol«*§
{3 Mfd. 0 ,3  ufd •** 0.05 ufd) which give th e  tilt m  in te g ra l la# r*6#*» The 
eoadeaeer C-* i# m*i.at*lned « t S «?€*, ffc* C*1 and C*f *r* the  »s**
oa th e  d ire c t  r**#*» The voltage th a t  Pal 14* wp ©s f -1 *j»|i*iWP* a* a nogative 
▼Oita#* a t  point "AV fills  v o lts# *  a t po in t -A" is  app lied  to  tit* **thod* of « 
gf$£«d6lNg*tl*d t - y ro tro n . #h€>*• g rid  volta^*  i s  a d ju s ta b le  thS* th y ro tro n  w ill 
f i r s  atiaatflM  volts##  a t  po in t 1* *#0*1 to  the  vo lte#*  mm  lt* 4  * t the g r id ; 
th u s , a means o f ea iife ra ila#  tb s  isatm os-Bt is  ob ta ined . k pwl** fro*  th e  thyro* 
tro a  Is  «*j»llf i*d and applied  a the e le c tro  r e g is te r  sad to  a re lay  *tw»* co*t**t* 
a re  acres#  condenser C-l aad -C~i which 1  i&chmrg&a- th«* a t th e  t in e  o f  the c m int,
Th* t ia* which th* rainy  i* closed i s  a a * ll tampered to  tao  barging ' tin #  of the 
tend*®***. I f  ot*4l.Ba.ry coa4*a**r* ar*  a**4 fo r  C-i aad €~*# th*  volt*#* to  sfhitNl 
they eh*®#* is  a fw e tio B  of th#  M p a g  ta t*  bsoa.ua* of th *  *«•£*£* e f fe c t  of 
th* d ie le c t r i c  The v m im m r  m a t  b* of so** e a a s t r u e t i*  th a t  4o*s so t fear# 
th i s  aoaita## « f f* c t .  To :t,an## th a  c i r c u i t  to  a s tr a ig h t  * * # i i f i# r t r e s i s to r s  
a#* mitehmi. *.a fiae«  of eoa&aasars C*1 *64 C:.-■•*, tharahy . oakia#  th *  c i r c u i t  a 
standard ® lae tro a s te r  c i r c u i t  whore- th*  «uagllTleatlc*i is  a-iua 1 to  the r a t io  >t 
th a  r a s is ta s c s  of th# two r e s is to r s .

j&rtarsiv* t a s t s  war# m da on th# in te g r a to r  whioh s » in t« ia * 4  an accuracy 
o f w ith in  2 p**w wt 0Y#r s two weak poriod w ith  it  a* r o lta # e  charges o f  106- 
I tS  Y o lts . -tfhs* th* ia*tru«*fit i s  monitored every f*»  hours im rin# # p * a ia l mmmt 
e rr o rs  o f l a s s  thaa 0 .3  pare eat war# i at rod ucad Th* e ir r u it  i s  such th a t ***# 
ad ap tation s o f the u n it a s a s a a p i i f ia r  or in ta # r a to r  fo r  a sp a a ia l purc»i» can 
ba a*4a w ith  ©aly sis-or eh*«#*s in ta r s a i ly  and, i s  «o*t e**a*f t h i s  ca« h* aeeo*- 
Dllshad by a x ta r s a l  a q u ip m it .

fl*» O s c illa to r  list a r ia #  add P ro tec t loa C irc u its , la  « d d m o a  to  the r##~ 
u la r  4 i m t  "caB M t «* t*ra ac ro ss ' th e  supply , m » 3 t# r# a d ti.,^  w aters *r* use*****? 
fo r  operation* The supply i s  operated, above ground a t the  b ia s  v o l t e s  of the m is  
e a s l l la t s r*  Th*:f*fore, th e  remote r eadin# ***** *d*t tea is# ls .te4  fro *  tit* voltage# 
of the  supply and, operated a t near ground p o te n t ia l .  The in d ire c t  sw tere needs 
t© employ e l e c t r o d e  a a p l i f ie r s  in p refareaee  to  re s is ta n e e  networks

P la te  Voltage m eter. The p la t*  volte** is  read through a b leeder IS eries 
ZO Mgoaa r e s is to r )  f ro *  th* p o s itiv e  vo ltage  of in# supply through a a s te r  to  
ground* Th# vo ltage fro*  the negative ©f the  supply is  a la*  tak es  to  ground 
through » 20 *s#cih* r e s i s to r  and th e  -• a rran t is  app lied  to  as  a m p lif ie r  such th a t  
th e  am p lif ie r  *1U  bleed, o ff fro *  th e  vo ltm eter th * t cu rren t irtalca i s  e ^ u ira le n t 
to  th e  volte#* a* th e  negative o f  th e  su p p ly . ' Thus, the raad ia#  o f the * * te r  i s  
the earn* as i f  i t  were d ire c t ly  ac ross the supply
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? l* te  Current Mater. Th* plate current ia  the momt d if f ic u lt  to ©mature 
fey l»o I at io a , nine* in service the n s a t i r e  of the supply tea reach 30,00© volt*  
t f  th« p ositive  voltage l* grouaded due t© an are* A d .e . current treasformsr 
was a»ed I® which ©a# furs through the trmaformaar was wade by the a#gat ivr lead 
of the powwr supply* secondary « f tha transformer had 6,$6* tare# which
apply a d .e , flux  t© xm  transformer. then 1.5 H i l l  a f t  re waa flowing th ro n g  
the leeoadary, tha flux  waa equal aad oppoaita to  tha flax  sat up fey a 10 « p « M  
current flowing in tha primary- Tha resultant d .e . flux  ia  tha transformer »»* 
resaured and amplified, causing tha currant ia tha secondary to  ha of such a 
value that tha rasultaat d .e . flux la  tha transformer would be aero. This d .e .  
current transformer with i t s  associated equipment ia accurate t© within 1 p t m a l  
frail 9 %a 10 ampere*.

Plata l«fct Mater. Ia ordar t© read tha plat a power o© tha © ecilla tor , 
as e lectron ic  watt water waa b u ilt which would ©parata from tha voltmeter end 
eurreatmmter currents. Tha type ©f c ircu it  used was a proportional time baaa 
switch which gives tha product of voltage aad current with a high degree of accuracy 
over tha range to  which the i&strumsnt w i l l  loch ia . Fig* 5 give# a block diagram 
af tha c ircu it .

A standard current of 1.5 mii.iawpare# is  applied to  an e lec t roe sw itch, 
tha output af tha .switch feeing proportional to  the rati© of tha time la  which tha 
c ircu it 4# on. Tha output of tha time reitch  waa compared i s  a null c ir c u it  with 
tha currant from the voltm eter c ircu it (1 m ill tampers maximum). The output of 
the m i l  c ircu it operates tha t is# baaa such that tha standard currant la  reduced 
t~ equal tha voltage aster  currant, Tim same tia a  baaa la applied to a second 
t ia a  switch la which tim p lat# currant (1 .5  milllamp*re maximum) ia applied . Sine* 
tha t ia a  baaa ia equal to tha ratio  of tha m ilage  water currant over the standard 
current, tha output of tha second tiaa  switch w il l  equal the product of the cu Trent- 
aster -current t ia e s  m l tags water current ©war the standard currant.. Thus, the 
output la equal to tha wattage, end the accuracy ia  that a t tha standard currant,
Tha t ia a  base w ill  operete for m ila g es of 4 -  3© k ilo v o lts , thus waking It 
newesanry that tha p la it  voltage be above 4 k ilo v o lt#  in order to  gat a wattmeter 
reading. Tha raina of tha current can range from mra  without Introducing an error. 
This deal®* was tasted  and shown t© hat# *a error of la ss  than 1 percent.

Osar aad Under Voltage Trip C ircuit, f© pretact tha power supply frog  
aborts, an under-sol tag# c ircu it  m s d sawed desirable to  tore o ff the wain power 
i f  the voltage of the power supply ware under 4 k ilo v o lt* . A time delay of 1 
second waa incorporated to  allow the voltage to build up on the power supply whan 
in i t ia l ly  turned on. The over-voltage tr ip  c ircu it daws not turn tha .wain power 
o f f ,  nut operates a m chanieal drive to  turn tha power tap w itc h  down u n til tha 
voltage on tha power supply ia  below th is  upper lim it . The input ©f the c ircu it  
ia such that i t  can operate in ser ie s  with the voltm eter, thus, -yerating by 
wane of 1 milliampere current rather than a vo ltage. Bath the value of the uader- 
veltage and tha orer~voutage are adjustable from tha panel.

Tha Ian Source Arc auppiy. Tha type ©f ion source in general use at th is  
la&orstory ia  one incorporating a filament placed at a negative voltage (300-50C v) 
with a high current (about S amp.)', dome experimental P. 2.G source* are being 
triad  which are 3 kv end currents of order of h a lf an ampere. I t  ia  necessary 
t© regulate the are for any reasonable length of operation, consequently, a sin g le  
regulator to  answer a l l  our needs waa constructed. In maintaining an arc, the



vo ltage requ ired  ie  dependent upon g u  p r w w w i  and th e  type of g t i  used.
S ia m  the gaa pressure i s  not s ta b le ,  the arc vo ltage  * 1 U  not remain c o n s ta n t, 
This « k M  i t  necessary  to  m in t  a in a constan t cu rren t through th e  a rc  fey allow ing 
th a  voltage to  cask any d as irad  levw l. N either tfea speed cor the degree of 
re g u la tio n  need fee vary g roat to  m aintain an a rc . I t  i s  th a ra fo ra  p o ss ib le  to  
use a s ta p le  re g u la to r .

tfea reg u la to r  c o n s is ts  of f iv e  s a ls  u n i ts .  Tfea f i r s t  is  tfea sw itch ing  
panel which allows us to  s e le c t  e i th e r  a p o s itiv e  o r  nega tive  p o te n tia l  a t tha  
arc in  ad d itio n  to  s e le c tin g  e i th e r  of two su p p lie s  (600 v o lte  a t  5 caps, o r 
3,000 v o lts  a t  1 a s p .) .  This sw itch ing  paaal taken e a rs  of a l l  o f tha w itc h in g  
needs w ith in  tha u n it and provides f l e x i b i l i t y  fo r  ion source experim ents. The 
second u n it i s  th e  s e r ie s  re g u la to r  c o n s is t lag  of 8 S isae  304 TL tu b e s . Six of 
th ese  tubes a re  in  p a r a l l e l .  The o th e r  two a re  a ls o  in  p a r a l le l  and are sw itched 
by th e  w itc h in g  panel to  a c t a s  a cathode fo llow er to  opera te  th e  g r id s  of the 
s ix  p a r a l le l  tubes when th e  high cu rren t supply i s  u sed . When the low cu rren t 
supply i s  used, e l l  e ig h t of 304’ a a re  w itc h e d  in  p a r a l l e l .  The th i r d  u n it le  
th e  co n tro l c i r c u i t  to  a a in ta in  th e  arc  cu rran t c o n s ta n t. Tfea output of the 
co n tro l u n it  operates th e  g rid e  of th e  304*a d i r e c t ly .  The output vo ltage  of 
the co n tro l u n it v a rie s  from -400 v o l ts  to  ♦ 100 v o l t s .  This rang# of vo ltaga  
i s  accomplished by se p a ra tin g  th a  power supply and p lac in g  th a  load r e s i s to r  fee- 
twesn the two sec tio n s  as shown In P ig . 6.

Ths input of the co n tro l u n it  i s  ta k e s  from th e  r e s i s to r  in  s e r ie s  w ith 
th e  are  p lus a standard  re fe ren ce  vo ltage uhieh i s  ob tained  from a s n a i l  v a ria c  
on th a  co n tro l leak ; th u s , tha  output cu rran t of th a  re g u la to r  must be of such 
a value th a t  th e  voltaga drop aeroae tha  s e r ia e  r e s i s to r  i s  equal to  the  standard  
v o lta g e . The 4th and 5th u n ite  a re  two power su p p lie s , one fo r  600 v o lts  s t  3 
amps, and th e  o th e r 3,000 v o lts  s t  1 map. An a d d itio n a l fe a tu re  was in 
corporated  to  pr evsa t  th s  a re  vo ltaga  from going above a predeaIgnated v a lu e . I t  
i s  p o ssib le  thereby to  tu rn  th a  a re  vo ltaga  on in  th e  absence of an arc and have 
th e  arc  vo ltage r i s e  slowly towards an upper l i a i t  a s  s e t  by a panel c o n tro l.
A lso, i f  th e  are should go o u t, t h i s  uppsr v o ltsg a  l i a i t  w il l  not s l i c e  th e  v o l t 
aga to  go to  a dangerously high v alue .

C irc u it .  Tha c i r c u i t  i s  th a t  of a conven tional vo ltaga re g u la to r  power 
supply . Instead  of re g u la tin g  the  v o ltag e  of th e  a r e ,  th e  vo ltage i s  reg u la ted  
serose  a s e r ie s  r e s i s to r  whose vo ltage  i s  p roportioned to  the cu rren t through 
th e  a re ;  th u s , i t  becom e a c u rran t re g u la to r .  Using th s  s im p lif ied  schematic 
shorn in  f i g .  ? , ms can sea how th e  c i r c u i t  woxtes.

The power c o n tro l v a ria c  ad ju st#  the vo ltage  output of th e  power supply ,
Ths 304*• a#t as s  v a r ia b le  r e s i s to r  t e  lower th e  v o ltag e  of the arc  t e  such s 
value ae to  o b ta in  th e  d e s ire d  c u rre n t. The cu rren t flow ing through the  s ig n a l 
r e s is ta n c e , R -l, s e ts  up a vo ltage  p ro p o rtlo n a l to  th e  c u r re n t. A second vo ltage  
i s  obtained by a r e c t i f i e r  a ttach ed  to  th e  c u rre n t co n tro l v a ria c  on the desk.
The d iffe re n ce  between th e  re fe ren ce  vo ltage and th e  s ig n a l v o ltag e  i s  am plified  
by th a  co n tro l a m p lif ie r . Ths output of tha  c o n tro l a m p lif ie r  co n tro ls  th e  g rid  
v o lta g es  of th s  3 0 4 's . A th i r d  v o ltsg a  i s  placed in  s e r ie s  w ith  th e  s ig n a l and 
re fe ren ce  v o ltag e . Tfels v o ltag e  ie  sero ae long es th e  arc  v o ltage  ie  below 
some upper l im it .  Thus, th i s  vo ltage has no of f e e t  on the c i r c u i t  as  long as 
th a  arc  vo ltaga i s  below th a  l im itin g  v a lu e , then th e  vo ltage  r ie e e  above the
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llasting value, * voltage appe*“« across this third resistor which drops the 
grid welter of the 304’0 m that the ere voltage ic maintained at thia limit- 
lag vales. The refereaee voltage used for the upper Halt has a time constant 
starting at zero, wham the are r t f  later is turned on auefe that the voltage 
will rise slowly to thie Uniting value. The only difference whan the circuit 
is 'hanged fro* the low voltage-high currant t© the high voltage-low current 
supplies ie the changing of the 304’e to e cathode follower input which allows 
the 304*e to conduct 5 amperes of curreat with only 300 volte dropped screes 
thee. The rating a# the 304*e le sufficient to take ail of the output of the 
power supply although, when operating, the output of the power tupply la reduced 
hy the venae t© a '•aloe that is Just saffieicat to aaiatain tha arc.

This regulator regulates tha currant to a sufficient degree t© maintain 
the arc for wide variatlone of gas pressure and conditions in the tank The 
tine constant of tha regulating action in approximately 0.1 second which sees* 
to he fact enough to prevent the arc free extinguishing.

Filament Heater Supply, The filament tenting supply was chanted from an 
r.f. supply to a 3 phase d.e. supply. The ripple encountered on this supply 
is not large enough to cause any trouble even on a relatively flexible filament 
bolter. The supply consists of two 100 asspere dry disc rectifiers with volt ate 
tap adjustment to give voltages of 6~1* volts. The input power is controlled by 
e motor driven variac. Automatic control of the variae was tried but abandoned 
because of mechanical difficulties with the drive meetealam.

Siaee the filament is operated at the are voltage, the metering of the 
filament current at the deek presented c problem. Sc tag a special constructed 
saturable rweetor and metanng the a.c. excitation currant of the eeturabla 
reactor, n relatively linear aater reeding was obtained. It is necessary to
recalibrate the meter face if the basic design of the saturable reactor is 
changed but, when similar reactor# are used, calibration can be accomplished by 
slight changes of the excitation voltage
Low rmt Venturi Flow switch and Flow tete tadicatpr. Description, Tha device 
oosaiiis oi a fea&uri ! £ t 1 ela«lri#Sl SiifM̂ uad a Bourdon

Operating Principle. The switch makes use of the pressure drop ate pressure 
recovery across a tenturi tube from ths throat to the end of the diffuser, later 
flowing through the Venturi depresses the throat pressure several psig below that
in the outlet header to which it is ©©enacted, A pressure switch connected t© 
the throat of the Venturi ©loses the control circuit on decreasing pressure, 
permitting ths cyclotron to operate. A single pressure switch connected to the 
outlet heater Is set to ©gen ths control circuit if this pressure should decrease 
by an amount greater than one psig.

Tha pressure difference between the Venturi throat pressure ate the 
header pressure is proportional to the square of the flew through the Venturi. 
This difference as a function of flow is plotted in Pig. 8 from which the flow 
rate through each cooling line may be determined. In case the return bender 
pressure is expected to remain constant, the gauge nay be calibrated in terms 
of flow rate directly
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A aodi float ion of the above systen is neeeaaary in installation# ahar* 
th« cooling water diidhiitigM  at atmospheric p n m «n > 6 «••■> aaltefe i* ®«© 
to the Venturi throat, instead of • pressure switch, and the Fenturi throat 
pressure ia run below atnoapfeerie, The ream* switch ia aat to ©pen the control 
circuit on decreasing vacuum. It la sot necessary to •©altar tha recovery 
la this eaaa, alaea it la atmospheric.

Codta. m o  economy of tha ayataa la gained fro« tha use of tha followings

a. laa coat preesaw switehaa instead of the more expansive differentialss rri,=*2j2rs™rJsr — .»
approximate coat of tha several componaat porta la aa follow:

iplata
rlteh (including •leromritea)

X.
2. Pres
8, ----- _ _____
4, Connecting pipe and fittings, 1/4 ia.
5. Assembly

|8.80
5.00 
1.50
1.00 
1.00*106

A di of tha a If ia given la FI*, f.

Radiation Shielding. Tha radiation around tha cyclotron during operation a M  tha 
beif!fc*rraa4 sHfcsg iraag runa has reached a rather dangerous level* Thla la due 
to hl*h internal circulating haaas aa wall aa axtaraal b M M  end tha increase 
in energy of tha beam. The following atapa hare been teken to reduce thla:

1. Tha coat entry into the cyclotron haa bean plugged with concrete 
brink*.

2. Four additional water tanka ware added on tha couth aide of tha 
•hieIdlag barrier to provide additional protection for personnel 
in nearby QRL.

3. On# ton of iron aggregate *»• shielding 
lag bloeka around tha transmission line# to 
lag out at thla point.

in shield* 
tha radiation leek-

4. Seventy-five gallons of aaRoniua nitrate haw bean pat
in stainless steal cans wherever they do not interfere with operation 
while changing target! and filaneata.

5. To protect the opa**t*ra, about one ton of 1< 
tha tank.

Che following atapa haw also

6. To provide a ahiald for reducing tha neutron energies and to absorb 
of tha ganna radiation, designs are being considered for 6 is.
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copper sh ie ld s  to  cover 60-60 percent o f  th e  t v i U i f t k  p erim eter 
o f the tan k . Thom  copper sh ie ld s  w il l  a tte n u a te  tho f e e t  neutron 
beams, thus waking tho w ater b a r r ie r  e f fe c t iv e ly  th ic k e r  and they 
w i l l  reduce tho  background rad ia tio n  w hile tho machine i s  o f t .

f .  To redue• background iuo to  sc a tte re d  ra d ia tio n  fro *  above, o am* 
foo t la y e r  of ’’HO* concrete  eon ho pieced under tho  p resen t top 
la y e r  of wotor took*, th in  w iU  give «n e f fe c t iv e  th lek aees  equiv
a le n t to  6-6 foot of wotor.

8 . To prow Ido fo r th ic k e r  w otor doors, o p lu g -ia  typo hoo been designed. 
Thooo would ran on ro ll*  end would ho flow fo o t th ick  oo ®o*P*red to  
tho 30 inch door* at** 1a u se . Thoy w il l  have tho a d d itio n a l ad
vantage of hom e moved wore c o s ily  and eon ho opened fro *  tho In sid e  
oo o o ll  oo o u ts id e . Thoy would oloo toko up lo se  f lo o r  epoco in  th o  
ey e lo tro e  room.

In  o rder to  reduce tho ra d ia tio n  tho  op ere tta*  erewe re c e iv e , sev era l 
etopo w il l  ho. Aeeeoee ry :

1. T argets  should bo wde o o s io r  to  handle. Id e a lly , thoy should be 
hard led  e n t i r e ly  by re a c ts  c o n t ro l . Speed usd ease  of handling w i l l  
be improved fo r  tho pro sea t  w hile  designs f o r  a  now syeto* sro  bo lag  
worked out .

2 . The cap ac ity  tl—rwirmrTrr i s  now remote c o n tro lle d  cad th e  filam ent 
p o e itio a  w il l  bo ro ac te  c o n tro lle d  s h o r t ly . Bmmto c o n tro l of tho 
ion source and probe ere  to  bo considered la  the  near fu tu re ,

3 . 4s d iscussed above, a d d itio n a l sh ie ld in g  has beoa added to  reduce tho 
background ra d ia tio n  around tho weehine. T his should be increased
la  c e r ta in  a rea s .

Proposed Developwcnta on 60-inch C yclo tron . Pumps. Tho presen t o p e ra tin g  p re s
sure W  8 » c y c G i r o  Is S H I e  naigo”3 T b .3 to  0 .4  x 10-6 a*. A chock o f
tho e f f e c t  ic e  pumping speed of the d if fu s io n  puapa new ia  use shews th e  t o t a l  
speed n% th e  tank  i s  68© li te r s /s e c o n d . The neaoured speed a t  the  swaps Is  300 
l i t  era /second  fo r  tlw  pomp a t the  back end at the te e  s te a e  and 30© l i t e r s / s e c 
ond f o r  th e  8 In . Vestinghouae pump am the  tank through th e  b a f f le s ,  f i t h  a 
to ta l  tank  Tolta* of 3,000 l i t e r s ,  i t  is  apparent a<m th a t ,  in o rder to  ob ta in  
the lower op era tin g  p ressu res necessary fo r  h igher doe v o lta g e s , the  puaplag 
speed fo r  th e  te ak  a  i l l  hove to  bo in c reased . With th e  lim ite d  space av a ila b le  
around th e  ta n k , I t  was fauml th a t two R adiation  Laboratory 14 la . d if fu s io n  
puaps could be put on a cosmos manifold on the d e f le c to r  (w est) s id e  a£ th e  tan k . 
In o rd e r to  reach the  d e f le c to r ,  hoeever, the p resen t 8 in . pump w iU  have to  
be reaoved* The two 14 la ,  puape w il l  hove newly designed w ater-cooled  and r e 
f r ig e ra te d  b a ffle#  In s ta l le d  ♦ They w il l  be backed up by a common booste r 
(DPI KB800) pump. A 105 CF* Kinney pump (DTD 8810) w i l l  be used as a backing 
pusg>. A s im ila r  system to  th a t now in use w il l  be used fo r  roughing. A 6 l a .  
lim e w il l  connect the p resen t puap manifold to the tank through a 4 in , Cornog 
type v a lv e . For roughing, two 46 can Kinney pumps (F5D 3811) and th e  106 CSFR 

want lowed shove w il l  be need. An ca t nested roughing time of 10-15 m inutes
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la  wqpoetod. Oaring o p era tio n , tho  la rg o  X lsa a f poop « 1 U  ba umn) to  book op
tho to o  14 1&. puwpa and tba proooat a a la  puwp ®t tb o  book ond o f  tho  daw s ta a a . 
Tba otbor two Klaaays w i l l  bo pot on tb® torgot and lo o  acurco p*iop~aut l la a a  
a a  la  no* l o w .

Mao Doa Staaua. Qua to  tba bad v a ta r  l la a a  cm tha daa ataw co v o rs, a 
now aat o f  eorara baa boon daalgaad and w i l l  ba fa b r lea ta d  a b o r t ly . Tho now 
u a lta  w i l l  ba fa b r lea ta d  of tb a  aoaa tbloknaaa o f  eoppor but w i l l  uao ox id load  
eoppor fo r  tbo  wot or  l la a a  la  p laoo o f  tho O .F .l.C . o a to r lo l  uaad bof o ro . h laeo  
tba  r . f .  d a f lo e to r  boa proven t o  ba q u ite  a u eea a a fo l, a aew claaqplag oat bod fo r  
tbo daaa w i l l  ba la  oorpo rated d ecree#  la g  tba a ls a  a t tba ea troaoe  to  tb a  daa 
• to o  too** aad provid ing aor* c lea ra n ce  fo r  in te r n a l r in g  a b lo a . A lso , *0* 
r in g  gaaket jo in t*  a r t  to  bo e lim in a ted  and tbo auwfeer o f  jo in t*  t o  bo rodaood.

O poretlona auownry 11 /49  -  1 /5 0 ,

Dwutorlua bmsbardmsnt#
Alpha bocsbordftoat a 
Proton bcwianUaaats 
grparl a a a ta l opt r a tio n

T ota l O peration 1 444 ,0  bra

3 7 8 .4  bra 
* 4 2 .3  bra 

1 .3  bra 
1 2 2 .0  bra

60O.0 bra

1 44 .0  bra

F o llow in g  la  a of 30

a t e .  |

E le c t r ic a l  wo

Chock up { iso p o e t io a  o f  wooroblo porta) 
Ptjwpdowa (tank and tuboa)
Bake la  f © • d i la t o r  tuba tad tank)
Look b o a tla g

o f

•O bra

?0 . 6 %
6 3 .4  *

? ? .4  bra
5 3 .0  bra 
5 t ,4  bra 
4 1 ,9  bra
5 2 .1  bra 
1 0 .S bra

1 3 4 .1  bra
3 8 .0  bra
7 4 .0  bra 
I f . 5 bra

T o ta l 6OO.0 bra
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During tho s t a r t u p  p*ri®d fo llow ing owr *in~«oitife ow artoul, * la r i*  
ao cw t of l in o  m s  s p o t  Is  oe tg aaslag  a** smtml m *t'•* •* . This w nsooa 
cor.meaad IS4..1 3M9MMK of ti»* SO© boor* of OWtagW. A spoofing o f  th l*  woo*** 
a sold b# *«tii*r*<! * n h  •  nor* oioquoto ponplag sy sten  than I* mm wn»il*tsi#, 
e f fo r t*  to  oworaon* mm o tto o tid o  mm l o  b* 90*1land bo lno .

Aft** t i l  is  i t  1*1 so t of M t |t* t« i« t t  «M * ant*  to  a lig n  th#  d«OS, i*~ 
flow sor and ion sawr**. w ith pgofoot tc  oyora*lag fr**s***iicyf only o ia o r  chars®## 
haw# baa® aoaasaary . S afO fon ttn i aw* l ia b le  fro *  isngaat i o  f io ld  p lo t*  and data 
•o ilo o to d  gm m tly  f o i i l t t s tw d  th#  to***» ooonofc, Ortdaaio* o f th* fa c t o x is t*  is  
th a t  only 30,3 boss* *** mpmt i s  "aaarehing* * f t* r  th#  b«k*~.ia hod Bono. 
asaanp lmfeod, *iong th is  l in o , i t  should ha aotod th a t  th* g rao to o t ioeroa*** 
i s  l*9« in te n s i ty  t u t  ohtaiand mm th* r e s u l t  of ia tro A u e im  mam i r m  late, the 
p y rtn id n l sb in # . M thotigh th*  r a ia t  It* p o s itio n  of th® ah im  w ith  m ops c t to  
th# gno o n tris  s e n io r  of th *  Polo fan# i*  not mm m m t t t m  m  I t  tatto m to m  th* 
M v  o f  polo f«e*» th* sonant o f a* n tr* i iron  i s  r# iy  m p o r t tn t .  a sp so tic  
f io ld  p lo t#  sfecw*d th* r***c* fo r  th l*  by laA len tlng  a d ip  is  f ie ld  Ofciengtls 
Is  th *  c e n tra l regio© (w ithout a llie s ) .

t t lM o a t  l i f *  under o p era tin g  eood ltiono  (are wolinge 300 r o l t e  acd are 
ih C tia t S.5 anpereaj ha* mmmA  $<aa# concern with resp ec t to  outage. our 
p resen t 4 m im  H a lt*  th *  f ilitn a n f  s is *  to  80 M l M o n ste r  Muogoton. .ilffc 
tfeia 4 i* a* t# r oeoaft ia to  a ta r# # - tu rn  s p i r a l ,  f iian o e t I l f *  varied  f ro *  5-15 
hour*, depending upon th# lo ca tio n  of th* a re  a* i  H o s t ra te d  la  f i g ,  10,

S horter U rsa  w*r# recorded by op# ra t  lag u a i* r co n d itio n  (A) wh#ra la s#
ansa mm mmm.il/tblM m m  under co n d itio n  %&), Ala®, la rg e r  beans w ets asseeiw ted  
w ith  *and i t i s o  CB) which arc a i t r i b u tad  to  in c rease  in  are  te n s ity  by 1 •c re a s 
ing th*  era## se c tio n  a re s  exposei to  p o s i t i r e  ioa boOiMyAtaiOt., than  lo c a lis in g
th#  s e a tin g . This wan ©he«fc*4 by two of a row taacular f i ia a o a t  { t* ra* i a
■hairpin* f i l a n * s t} a ito a to d  la  a h o r l w a f i  plan# undar th# a re  hewe o n f i c a  
M  f l l■ a o t t  »*«r p in p i i i ix l ,  hout la ta ju l t l* a  iBcr«aa#d, w ith  a l l  ot'har to h d i t i^ s .  
HalMalawd eoawtasat. a *  tewwaawap frw* 10 im 15-15 pa w ith  alpfe* pw rtie l** ,
So* f i g .  U .

To f a r th e r  »ub# t»ati* t«  t h i s ,  a to o eodairy f ilw aaa t waa plaeoa show# th* 
r*<aU4r f l la * * a t  which was alleaaad to  bo hwatud by loo booOwrdMMOl cmiy fro 
• r t * f a a l  a i i i i i j i ' pmmm4 th ro p # , l i . | .  I t  was p o o itlr— d s© as t o  occupy th#
.point of mkAimm wmmr o f  provioua f l la o a o ta .  A fa c to r  of two ioatoooa of l i f *  
roou itod , m xim m  bmmmm oocurrod upon in a ta l ia t io c  of t h i s  f i ln a * a t and 4#- 
ooyod progr*9«ir*ly  w ith  w*ar (opposita  to  ao roa i ecm d ltio aa ). 0*#ral l v o n a t lo a  
was no t a# aai*K*4, D if f ic u lty  U  s tr ik in g  th# a re  to  th* sac end* ry f i la a o a t  
•a s  »ip*rloo*od o f to r  afeosit f-10  hsura of o p s ra tia g , Th# lo co tio *  of. th* TttTtioi! 
ary f l la o o o t is  anown is  F ig , 13.

Forforoanft* flpuro* ahow as. owarag* boo* of 11.5 po of al.iha p a r tia l* *  
th rone^  th# I l f *  span, of th* dual f l lM o a t  c o a fig u ra tic n , . _ .

JOoonr h is to ry , a #  foi.lowing h is to ry  of th*  SO-in. alpha h*a* saargy  was 
Sltal.tt*d S & o '''i a t a  iaJt#r. by x iao r S*U y » h il*  oakiag c i ta t io n  run* m  th i s  
sashlJMi Ail. d a ta  war* aco«**ila!wd n i th  th *  m m  ap p a ra tu s ; tm m ly , a wh**Jl up®



i m  sat

which wan men*** IS weighed aluaiiHia f o i l s  of varying th ich n saaes , rsag in#  
frofli 144 * s/ cj*2 to  157 ssg /esr. See f i g .  15, Tb# bw * -a r ra n t  p en e tra tin g  the 
f e l l a  m  neesured and compered w ith the f o i l  cu rren t la  th a  follow ing

1- * 100 * i  of t o t a l  beam tran sm itted
anm i i ' f iW fc ,

Tha pareant- t i n i i t t t H  was then p lo tte d  ag a in st th a  f o i l  th ic k n ess  and 
tha 50 percent th ick n ess ehoaec as th a  bee* energy la te r a l  n a tion  p o in t, la ia g  
th i s  th icks#*# , tha  beam ensrgy *»* raad from a p lo t of ©osrgy Tarawa th ick n ess  
aeds fro a  d a ta  eoaplled  by Beth# sad L iv ingston .

Data SO# A bsorption th ick n ess I&ergy Magnet Currant

Jan ST, 1945 140.© am/etf; 39.7 Haw 295 nape
Ju ly  30, 1944 130.0 « * /c < 37.3 Hwv 279 saps
Dae 7, 1944 144.8 ag/ea* 36.© Mev 290 saps
May I t ,  1947 144.0 ag/e*^ 34.2 Mev 266 maps
Hay 3*, 1948 1 4 9 .5  « g /e # 37.2 Mev a w  sups
Hay 51, 1946 147-© ag/ea& 34,9 Mev 289 naps
Fab 18, 1949 131.fi *g/cn£ 37.3 Mev **- 285 amp#
fab 25, 1949 300.0 Mg/cm*(Dsutera:» ) 18.6 Hsv 289 amp#

Tha f in a l  eoXuan above co a ts in e  ha asgnet cu rren t a sso c ia ted  w ith  tha  
energy determ ination  l a t a  and was obtained  f re e  the  lo g  Records. ?h« la s t  
determ ination  was *ade by John Juagerman on the ieutero©  baaa using  s d if fe re n t
sa tbod .

hots*  on lo s  Joures design  f o r  High-Order lo s s . In th a  program to  o b ta in  a 
asaiti&s Warn of "haafy I'oasTarucfe as carbon ions) from tha  6 0 -ln , eye l e t  re©, 
a t t a n t i c s  has re ca n tiy  baaa cen tered  on aaw schemes of produclag com pletely 
s tr ip p e d  ions re th a r  than on improving th a  performance of e t i s t i a g  ion so u rces.
I t  is  considered necessary  to  inc rease  th a  p resen t y ia ld ,  which Is  of tha o rdar 
of i0**i5  amperes, by a t  la a s t a a l 11 io n -fo ld .

f a c to r s  which seem im portant fo r  preduct Ion of s  is rg a  number of coap la te ly
stripped heavy ions are discussed below. These factor* Indicate tha features  
one should try to incorporate in tha ion source and accordingly, H a lt  th e  number
of scheme* to  be t r ia d  f i r s t  t© a fe e .

1* Io n isa tio n  by e le c tro n  c o l l is io n  Is  Acre e f f ic ie n t  than o th e r net-hods. 
Bombardment by p o s it Its ions re q u ire s  ions of th a  saaa v e lo c ity  as th a t  of 
bombarding e le c tro n s , banc , t h e i r  energy i s  unreasonably h igh.

S trip p in g  of n given e le c tro n  f ro a  an atom by o th e r e le c tro n s  begins i t  
tha io n is a tio n  p o te n t ia l  fo r  th a t  o rder ion, r is e #  sharp ly  t© a broad mmxlmm 
at f iv e  to  tan t la a s  tha I .P .  and a t high energies f a l l s  o ff  as 1 /7 . Thus, 
fo r  th e  s ix th  s le c tro a  of carbon, f o r  which tha I .P .  i s  489.882 w a its , i t  would



*>* fM irafci# t#  nmMi sodbatNHUte a |p * lwmm  «# as&© #*&*** *4 $Mit ?
* m « la e « y  saf f ir s t  « * *  l« » i» t i« e  M ftd  ba «+•—*6 be vmiflfcl?

i ,  ©twit ppssM* f * t  i— It  ** iM M I #  $* « * f f t  tiff saa»**i 
• 1—troes U  * alag 3*  a© U t«i«*t M  *ia* t© aer* tb— m *  « * U %*\m v im  
m um mmm it*  a sm s! turn of » * —«■# thmgfc, tb» i i - b a r g s  M  M M f  
tan *e —M'S# fa r  m  »: yi*M  s# f  t—l-or##!' la s* . 3*. r »s|* j.r-!.#.»
;>r1#r im ian t la s nttmimmmt of * §t*tim*ry etsata g*&—m  wml4 %• %4mtA 
mmw&$ t&a e n l f  wbf far as la s  df a g l*■# a idsg  tf# — $a t s  by IMMI tb  * 
Ui#k«r < ^ * r , sfffett fU M ilf  tb s tsqp teM jr str ip p 'd  is *  ss se fcn e ts* . A-etaally, 
tb is  s t s t  loasry stoats la  wfr r ss liss to la , I f  It — r t f tin* IIWNNas# ip ytaM «# 
sth  arts?  is s *  btgbt to* o f ffes sr ia r  of I#1®. Sfeswwwr* i f  * **##»**  i**
frmmmmi mm ba —da la m M U |  io w  ‘—t i l  *bsy se t© * fcMlMF we«r* tb* 
f i s a l  gaia any stUJL toa 1 nwnanln»ia tA ♦* s a t  ^  * stall*
p « N «  1* V  ia w r  —4 U2ur» «ha— tbs* wss* * -r*f* « ‘*4 —*«*!& *•
t i t *  jsroeaas t*  gAs* 3* IN *  is  ftfslMtoMto t© i j  i«b*»)

mm stationary stoat# a t a sba$# memm • tom mtimm
order# Of Iona. IM % 1m ttoa maabsr Of M bs/dr* i H A  tort* M i * #1—trc« s  
—MM**#*

f V o * K % x/lm*k} V 1>J
1 4̂* I t/k  l * r*»t
« l o J '^ ita p  i —  " -

limitation rat* &t ^th -H«r idttt f t  tfe-a let©
»** t i n t  m * 5 © € :^ i» t i-c »  s» i«  st s i l t *  M> MNMr 

9c b«s* to  J t b  ©a* b*«s -off J. 2/, 4© p r t a s i ^ i l y  « fu a e tio e  of tfe*
i*&0 ity  af tft* #a*rgy ii.8tribtttio® of tl« € tr© ss. fl^jL  i*  tli« io*s r*t« e f
xth urt*r iae* . i t  la  a impo^ icw«, imhidim  r* a ca fe i» fice  ©Itfc » g a tiT »  io®a 
(wfei*H * |U  probably b* *or* import imt tb«© m m wM m M -im  s i t  & M M
sar* dT ia (w d «r ? i a »  o f f l l l i t i o w ,  M a l t y  ;m4 l«c.t. »;-ace sfearga,
atc *} * aitimgtio® fro* M  tm  omurm fey f l d M  «M»% t*  d M i  « I f  ® M  
f isa a  ardar, * te . m s$r s te t io w r y  b M it io a s ,  a* aa^y le ss  ©fttor m or4*r a* 
l*»*» i t :

Wappo*o tiiar* «r* a© io*a*a: * ©» TImmk tb* r*|jitic.b Im̂ nmmmi %*» W*» i s  Wm
timt mmmm * i s a s s ts  ic a radioes l iv e  j t o  i s  4 awOl
—m tf f f r l*  to  a ioog bslf-*U f« «sdv eon—gs s s t l y ,  a larj®* anw*«r i s  tbs 
s ta te , liar*, kMMftwr* '■© a«y * ltb l»  U M t» «tMR$ft tb* ra U tir*  nurbera in ts*  
stab— by « M « S  tbs mmrm 4t® trib© iioe of tfca iM iP S i  iloctrom. 7b« a ffaet  
of l — a , gimm tnro^ h  j / 1 . a o d lfia s  t— 14—1 e ta ls  pi»oea*s t#  #  i i H * *  
— a tla s  —»* 4**6 ¥ itb  tbs. #%«»% I—H iSf awl fflf isa#  at ??r4©r» ffca
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pfseoo# is  * b e t te r  am* them wttrnm a© o tle o g t i s  m*4» t o  told. thm I m * .  I f
i»e< »p l« tely  s tr ip p ed  iaos a re  e t t r s e te d .  i t « l  m k f  fcoor !«** a n n m  of 
port J o l ly  soofOoted s a t e r l a l ,  I n i  «# i i i F t a w  tu e  «M*ftftlt$F of 
la m  and th# wmOt  of s e l l i s i e o o  w ith  H a M w l gases m  the o y s io t r a *  f ir in g : 
lea* th a t  a re  ?e#«»atei feat a re  so t of the d es ired  e laoeiii Hydrops* a-ad 
h e llo s  e ra  i s  p a r t i# a la r  s t a y *  ypiMMNtt a# re s id u a l g ases , « * t b s l is o  toofely 
la s i ie d  aoiOSt be resolved f ra *  s lx -to o ix ed  ca rte*  fey th e  cy# lotto®-*

3* S ta r t  a i th  ca rte*  atone or la*  order Jons retfeer then  w ith  m 1®0®1«0. 
d isc s  d is s o c ia tio n  of a o ls so ls s  i s  g enera l is  a m l t l - s t a g s  pro "e ss , w ith Foody 
racoabi & atioat we s i  gilt wall s l i e i a a t e  sev e ra l s ta y s  i s  th e  ch a in  ? **©<***« fey 
a t a r i  is *  w ith  se th as  at®a»p sfap o ra tad  o f f  « carte on f t  lament  a t  f ro *  a a a s l l  
ess® * a van though the g as  fe®s®Ni® «4ju«t* a s t  thm* b#.a%zmm s lu g g ish . For iasta#®-#, 
Wm i t  s s o s le t  ioa p rs s s s s s s  fo r  C% sad S© ops-:^'

COg *------- * COg* GO -------- — CO*

COg jwwwwiiiaii c© ♦ 0* * CO *— c x* ♦ 0-|

C@g -----*, co* # o1+ CO — —-* € ♦ 0|*

COjj ------* cx* ♦ ox ♦ ox
•life  hydrates*®* g ases, the d i f f i c u l ty  g e t tin g  C or C* as one o f the  

d is s o c ia tio n  product* sees® t s  fee eve® g r e a te r .5

f u r th e r ,  oxygen ha# a te e ie a a y  towards e le c tro s  § tt« te * e s t to  fo ra  
nega tive  ions. Races® la s t  ion of p o s itiv e  ioa# w ith nega tive  lo ss  to  g ive  
n e u tra l p a r t ic le s  i s  a ssieh e a s ie r  process than  rssonb leaf i t s  ® ttti f re e  a la s *  
tf®**, s ince  i s  th e  fo-rasr case th e re  e x is t  two b o d ies  a f t e r  the  m a tin g , to  
p e ru it 0  'is s raa t i s s  of energy end wos entu * .

a s id e  fro®- th e  usseated  a to s s  providing m  o p p o rtu n ity  f a r  fo ru n tio a  of 
a s g a t i r s  i s o s ,  they s e t  as * d i lu e n t , coat r!bu t lay  unwanted #pa«# charge «»d 
using «y l o a l t i a f  e le c t  ro as ,

4* ao— ila ltM i of i f f # # t i r e  l i # o t r « » ,  R sgsnaratioo  of Low sss ra y  
ffi |IM S «  Ju s t as fo r  lo o s, wa wanted dfe^/dt * 0 fo r  each Jc» ia  o rder to  
bu ild  up a s ta tio n a ry  chain* correspondingly  fo r  th e  o th e r  p a r tn e r  i s  the ioa* 
i l i a #  p r o c e s s t h e  i« a ia is *  e le c to a s , we west do^yg/dt * 0 and %gy-# j» 0 , feoth 
of which e ra  necessary  co nd itions fo r  " e le c t r i c a l  braaMdcwa* o f « f» s • s* f f . 
denotes th e  ssuafeer of e f f e c t  i r e  e le c tro n s , these  or io fU iih f  energy. The 
b u ild -u p  of e le c t  roe d en sity  n#^Sr l s « | f  / i t  > 0 is  so rap id  th a t  ac tu a l iy  the 
oaly roaditsofc I# d % f f , /d t  •  0 U .e*» m y  e f fe c t iv e  e le c tro n s  lo s t  a re  rep laced  
fey o th e rs  I.

F irs t*  esfts&ier s lo e s  th e  
f o r  high d aa s ity  of

mMhI  v
or
d en sity  ^  
th e  reg ioa  of lo ss  

of B asd He

fo r  la rg e  a o ih i r  of o f f s e t  i r e  e le c tro n s ,
. I t  . l i t.Josayite.lg t e  hare a high

the e le c tro s #  &mk* a s in g le  passage through 
e le c t ro e s ,  la  f e e t ,  P ia a io l4 got sp p ro x ira te ly  1 aa

je t#  of etc#* and e ls e  irons* S c o tt5 got-
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4 * 1* pf *€s**m- m m *  m m r'it.^% * m j  m  m t t*  .m** ter ***
t  » i « » l  pstn i f  # * ?*•** t*rmAi«u\mr to

«g ftypr#n»*l# - f  *k# ftftUfti*?. tfc4« tit* 'tie*  I f  i t
l«c»s*-y -if tte# gift pips* t§» U*mmp attal £!*&**#* i m t m m  ■"
i t  wal* A r t t t r ,  Tit# H * < f  of f <e*n»g at? k# sftrfft*>#4 fey *%ft
p#M«mrt >:f poftttlft# 4«jw, but lb* ee fse it ip i ***** * s i a w  i t  f o w f  i s  M r*- 
f tu , *4JK#. *,*k€s*gk m ay ftftlftt is  a t*»y are alaoat en tire ly
t'F«nf#4 *l#et tr<s» t f  — t i f f  •»  io»  11*1# ml** i *fc*t ^te#f t€ .«,.y jeists-
I t f  H »  4iltl«uX%r *tttfe a lt?rra t j*t« r*- « m m  sUrtiP 6 fM gto er»*ff*iat -;» 
apt purt veuim rlf w ith  tfe# M il?  «■**•* *itfc P»»* a*®4«4 %c prata##
fiMHu. ««* * »  # » t i y  r w t i# 4  «Cf tey t iw *  m fftrtt##***  i f  t* ***#*■«■** ** 
tt«# * let* gm# f aftaj i f  «%• f !  *#t ro$» W ilt# itSf Mftft « .o c i i ' t t o s  wfctlt

fM: »# ##» tte# iw«t to tea <pis*d tey m iw m m  m *  olaetraua.
a. y # * ? of to*  rnm m m  m m g  *•*** s r t a e i f l#  to*** 6»«ft *£*I9M** t i p  F s t t i l f f t  
lot C*u«*f » i  «t*pt#£ t« mk« m& i m  m rnrtt by P m m m  *■* feubs.#4 __:?#« also 
OCSKL M u « l  StfcW* & similar tffft was by ^ f. Fi&fcatfttftU.'" Hail1*-
aiift t iMPspe# af tfc* s-«s* tyf* it** u*#4 ofcly 1 NM ffifef t &  '• «#
1 a* « f at «ot a mama wMfffci prtte i f  atee*** f  *«$#«* P*r fti*#**©* ateout
ISO « » e itt te tt« it} . amt » l « n m  *««♦**i*a -.** to 5 ft*#*/*#* **^*I iaaa ity
for * 'test :*ti>o4* te* gt̂ a# •» akc'«t l/f

9y «44iti«& rafl's** wm hmm &.m aW *ii« i teup telti' SUP #8*WP* 4»4
Worm-̂ it > #■» »te*r* - »*ff*etit* * aU< I,P i*

*7fmz vm 0mm o ff  #  w  to wrc*i4« W  3f
#atf®,k it la tka ssŝ #r of u»*££s iM N li -i«# l-**m sa4# ite la*

or r̂ aa.n .n««4y, m« vte* 2SSSF af

itlMt aom  m m *  o f m m m M ttv& im z t m  astray sf ai#otroaf b#r**«i 
fa t  irm-ioiag off lam amrtsy aitetroat fey a MptM 

?U«ia« ttepp' Iff am* hi^ »#rgf #JbWtr*#i tte# Biffel Pte«IA *̂oe* W  » 
uatlaas mam# of iipi**l worm vm lm m * *fajm tm y  tM4 «•
trapped m any pvt«sti,»l aaaiaium -m4 fer* a pismma ‘ssstw
ooaM stet p#a#trst# If tk« r#ft<t, :j.«fe3lt.:i« *#r® a«t ss#.jl«-t. ifetis  «*t#t PWPf 
» |a T  ” I it im aMki§ti t&* »i»r^y of tfea # i# e tr c ^  It- rmtmw4. '̂ %mm ' 
f%« « t*g4#Hat  #sa»pl* la  tk# #!<» fijie&era* temtawNmi .dtetintekM tt  f i » 4  pptaM&lftlt* 
If- « teXMi a lt*r«iitiaf. prtmiittml i s  ap fii#4  f tp  14 t fp t  #i*»
s&arge <?# "rS*ffP#* ft? K *»*» #i«etr©* i* mm-mi tiaet. *®4 fm ttk ., -mtite smm
mm* 1 mum m ^ r g y  iS «MppH(f of its bat i,t #
M i  tc««r4 f iw Wm Tbmr tra ia  «Mft ^ p e t i t t  1 ?»»■ is #  fiat
bwwn #1 im.u»t*41 eo#r«y i« tfee p it*  t* i i W t o *
«tXy tmmmmi -w»r t-p*t for « »U0m %*■***& mmtrn* 0  ta t*  * n »  *»*, s#

-iak&t- la a ti tm ic a  of 11*^t r i e s !  Sa#ia##.r#„ %  f"  3*=:
f r n ? )  pi par N f t t n l  ia I t* t ,  i>4f I, .-Mturw 136,
ftt U'M*:.; irntnariifte » osi#* ttfeW* i |0 ,  Me » « u  a*# m ismm
l | # UM81 m* lftftt t»a ax* *,«*-«•*, .u it f  S ip ilar  ftoft
moat saalyaia  of tte* S -ty i*  HiPiftrg* l# ut a m rt#» of * n  icla#
fey mtfiftftn * flftrtwayft, Ptey« lift* J#. .IM S h  ftft* fa te w ^ u t  m i t l i t

! ! .  „ . i » m »  w  jowa m u *  t & ,  m  . ................................... ■ £ . £ .  . ' -  ^ : .  ;  _
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INI aloot ra ta lmss 5»*ne 4p«£|o&§ tyjp  |t4p (p v$e, ' gr {»m
imbmt mm g g p freg  abe##t ala© B m flf tad MlNi®i aad § l l e r l a l ^ ,  M t i  eesalerote-a 
a l l  alaotrcxo at the sopa flap  reflux** ih m  fey a « |M | |a t  f*ath. 1* can 
iWWNttf' fee applied I ooppo? Hi tip- ppsospt ioto&oa sMgMiio f ie ld  «f t ip
sfn l& tw m

S im  in cedar to  gat M l  MfSap @f alootratto m I » p s « r « l #  tit ttpftr 
aaorgy. wo ara *ls**»t led 1# asBoltior p p p  l e f t  of raac-anao# mmmlmrmtim p m -  
•Pi** ** s# t ip  ej^ iotrea i t o o l f , i t  wm}4 fe# tit ittfo iio  i f  M «  ®©o§6
t» m  mp o la r  oooolovotioo* l « t ,  §* t ip  tyoiM foa f t#  Id ©f lSititiB ia»#«r * 
nagpatrao tfpa » m rm  s p o i l  be Of «rt r»«»i.y r.m ll liopaaiooe «&i l t # t  anode 
potent u t l ,

. For t i e  f  1 rut dasiga* I t  fcM PMPP# 4##li*abi« to  ♦*$t a llasPOf rapoimam 
ftioOoio for the eleatyaoe. 4 fixed tio tao ito l w ail o f f«w s##li# ’*tpipi lo o  t ip  
feature that t ip  fjogsp oty  of tape-* tlM fo o  to  the mmm f«r m y  fart i t  1# of ftaoti 
j| / ii, independent o f  it*  energy t e w  -the oleoOitiiti 000 biowstii lu te  pfe*##* 
they w il l  a l l  erase the a par of the parabala at f§P e«M» p fcitiiii. It m m iy  
been®#* m m m m ry  to  apply a a m ll itiiarnatiisg r» f ,  f#%ae%l*l acfoos a gaf at 
t ip  a par. ffea jo to o t lo l aa-ll aa oittMNp a l ia  1# ia s f ip p i i f  i  df fo*tplai so iloao** 
ly  t la t  it «©#»» op aa$ down tlrcwgii tba small f*. f ,  p efam ia l «* a unit* M i  
tb# alootrona wfeaa in side oftfeoo of the ansa tieoe set- p p  t ip  Manging p otootlo i-  
The lia o o r  proeass exoetly  acftt»pt® l* te  tho ^faiotroa a e tio e . pM rpp
ba« baao uaai, M i, p i am taa s e o r « ,  but »• a af tl|gb ixr®st po*«ati*ia
b f  A, H. 3 k e lle t t i l . H* s a i l s  i t  a p a lle tro s i•tib ra tar*  J • Th--* a#sn»r. 4 « ta ils
of as iofi mmtmm basal ©a ,ra « « « e#  aaialarPNtai pf a laeittap i i s  a ^.raftolie 
wall w il l  be $ iv m  la ta r ,

A f i r s t  utltarnati t # to  tls® aebsas &Mm® Ip c a l la l  la  S-4igebarf»
w;ttb ra flyrt ipp. I t  l i f t  PHKfefloPttPP Pf P i ia»  PMVtw
1* lUvii'mo4 C"r’j ,"cofen-Fstars''" as fh# basis of % fcraakioaa c f  4iscnar«p
t b if  femad. f t i i  i s  ac 1 -4iaPh*rta PPM as ia  t ip  t u m m g im  m 4  Cola &ai ilia 
m i l  lea ppptppp* la th# 1 at tar t i e  repiae w—nt factor s f  # ffa o tira  a i eat rocs 
iwbicb msm d r if t  Ip* « ff  toward botb a ia c tr o ia s l e ra** frop tboaa troi«ea4 in  tft# 
§as at fifes i m i z i m  isp aet, Oc the otbar b a s l, in the .ilMSp &&4 Cotec--i'*at#rs 
feraas.ao<a ti.a r*place«ent fa s t  or tos»a frop aa«oi^ary ® im tr m s  sp g tta i by 
♦dirty* (sat <wt*aaaad, or ala# i#H b#.rat»ly aoa ip il pl*e#4 iaai<4#
tjfes 4iseiiar*« ea*»b«r. S la s tr is a l  braattewc ©f t ip  pi# pppifrpP at profane## 
ap low as 1§*® sm 0%  w lila  tlia ordiaary i~4isa&ajr9s in  g iraa  braaMowc
«t pmmwmim ©f abaet 10*^ a« Eg sp i i l i  jNMart c«#4«4 about 3 x 1®**
aa Hi in ordar to  fa t  m i is s to r g #  f ir in g  fe i^  y t« M  o f rr* xoiaMpp to  Bf* 
f tp  Is* prtsswra possib le in t ie  AllWa m i  -m m m  p arsits  t ie  ion-
iM ltP i  region to  fee ao ofMP part, c f  t i s  i©a^-aes#l#r«tia« appapitwr, Tiare i s  
a laaar e r it te a i  % u/'d lwhara i  la  M o d ia tm s#  batwaan alaotrodes; to  atrUfca 
tba d lsslarp s aisaa tn» a loa tm m  m s t baa# anongl anargy 00 stnki,.a* ilia e ia e t -  
jrsdaa to  gira  smm  t ia o  one- saeoadaiy  «p t ip  wam ge* .in addition , thar# ip  a

upper er itis-a l 1U»wd afeor# wfetsb t ip  oiaatpsep cro#« tea  4iip«aca fea» 
tPP P  a lo p tw ^ p  i s  laaa tia o  h a lf a eycia*.. f ip p  art inguiahaa the dlaclarps 
s isc a  ttea soaosdoriaa saist to  p p |tta 4  la t ip  pro-par piaaa to  «©## w ay  fro® tba 
aiaatroda imder t la  r,f« Alfraa and p«i*NNrtof» got oImMI 1*1 «a of pixoP B* 
and Sg* fra* th is  aaitjpaa.
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p^taifely * h ie m m zm  eo*4<§ he need m  i t  i s ,  Gee o b jec tio a  1* the  
-out of tfesf e ^ a e iw e  pro pert#  of the e le c tro d e s , They seated  the 

M U M  m m  mm  fftf  i« le sl© a . A s l ig h t  a o d ifs re t io c  might be to
a r te  t i n  f f  milk e le c tre d e s  a d if fu s in g  seahrsne th a t  perm its the d es ired  &## 
fo r  the im  MWMi to  p a ss . t  #w$f*l y of both secondary f l e e t  roe# and of
#*<*» i f  ftm uifeed

Bui i t  would mm not# faeo reb le  to  use the p r in c ip le  of t h i s  type of 
UmhMrm to  ao fttfr the R ulhergiea-C ole « l  Hell type , The e a ia e ia e  of secondary 
e lec tro # *  by the  e le c tro d e s  r a & l  fees©## ■»####•##** i f  th e  aefeipolar lee# of 
e lec tro n #  o s ie r  the  .-rdirory r  f  f ie ld  could be p re ten ted , end see# rmxi* pro
f i l e d  f  >r ro f  l e f t  ja g  the e le c tro s#  m •  pbeee ee mm m mm* mil the# d r i f t  
away ftm  the § !t#e  e lec tro d e  a* are d r i f t  in f  toward I t ,  fffeie d r i f t  under an 
t+. f ie ld  mm'% often' th e re  is  m mmtmi b ins p o ten tia l., i#  mugm-rpemeft on th e  
rap id  e a e iH a tis n  ta e l  and fo r th  of the e lec tro n s  under the r , f . f i e ld ,  and is  
-Sue to  th e  phasing of the e le c tro n  with respect to  the s i t e  m a t lag  f i e ld  a t th e  
in s ta n t the e le c t  ran i s  h ere , Both magnitude end d ire c tio n  of th e  -d rift a re  de
termined bp th is  phase I Proper phasing might p o ssib ly  be eeeeapifsbed  by s ie p l#  
r e f le c t  ;ng e lec tro d e s  or by m m  sort- of re flex  Kiyst roe ac t ten , bat a r e f le c 
tin g  w ell of parabo lic  shape would eeea to  he b e t te r ,

§ C h a tte l of lo-s I f t r a c t to r ,  Another fa c to r  of importance is  to  aa iu - 
t* i s  en s trrd  of the and egftWMtlea processes by the e le c t r ic  f ie ld # ,
t h i s  mls&mt im plies t»" t Ps m a t .on of a plaaan must be proweeted (Take th e  
d e f in it io n  of a fleam# as a reg ion  >f i## *h»r# m the arornge the d en sity  of 
p©^i*i»e and a##etiro  charges i# eq u a l,)  A major d laadronta## of a p lawns i# 
th a t  e le c t r ic  f ie ld #  cannot pen e tra te  beyond the uma? su rface  of the sheath  
g u i t i p  ylsaaa to  ex tra c t or co n tro l any o f th e  lone or e le c tro n s  
there.-. Th# f-.f — ip th p e  a t a p o te n tia l  emximm tM  th e re  the u se le ss  law 
energy * l*« tro»#  a re  trapped , th ey * la  tu rn , h#*td an te  the  p o s itiv e  ions. Us** 
#?«r, % e f f i c i e n t l y  h igh app lied  f ie ld # , the sheath reg ion  may be thickened 
u n t i l  the  plasma is  d tap i^d  i mmr$ o r m  longer e x is ts  and the ion# m y  be on- 
ir e -  led o f ex trac ted , The g re a te s t  d isad rae tag s  of a plasma, and a t the ease 
tu rn  am  at i t s  good fe a tu re s  i# th a t  p taaaa o s c i l la t io n s  occur. The o s c i l l a 
t io n s  of e lec tro n  p iaaaa  are of frequency ¥ % * St8$» /s  where a i s  the cuaber 
of trapped e le c t  roa/caB a usual m in #  fo r  a is  10iQ or 15*** f i r i n g  * f r e 
quency af 300-1000 lB /ae#  r e a l l y ,  fh# plasma o s c i l la t io n s  i f  p o sit it # lo ss 
ar# a f  such lower froqueiis* the nsrtnw i be tag o f f  requency

ru , .  j n i / *  " " "
U* ., .......... y ,  • -i- * electron frogntairy for

l%p/mp) tea# of q /a  * 1/1^*,

lh#a# p .asaa sec U  1st ions do ac t lepead on the presence of a magnetic 
f ie ld  bu t. la  a  aatfftetic f i e ld ,  the in tense lo c a l f ie ld #  they produce m use 
a ig ru n o n  f  <he # I«ctroa#  or ions ac ross tb® aiugisetic f i e l d .  Thusf the 
coM iaatia®  a ffe c t of the magnetic f ie ld  m  which we depended to  hold onto ions 
and e le c tro # # . I# c e e p le te ly  lo s t ,  A ©eod fe a tu re  of these  plana# o e c i i l s t io n s  
i s  th a t they  modify the  of e lec tro n s  passing through tha plaaaa, decreasing
th® energy '-®§ m,,m oM ®ddl.s# a correepoadlef mmm% to  the m m t*T of o th e rs , so 
th a t  you may got e&ergisa capable of io n ir in g  eerboc eo a p le te ly  with aach le s s  
then the  requ ired  io n is in g  p o te n tia l across th# lis e h a rg e .
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A p t r i N l t o  p o te n tia l  w e ll . l ik e  th a t  dieeu**ed above fo r  sU c tro a n , nay 
be uee4 ir th e  S IM M  of a plasma to  M i  p o a ifiv e  ion# end p * m lt  n t s f e U r t -  
jaen* of a g M te ftM y  ch e is  proeeaa f i f e *  I# r . f .  1* applied  of the proper 
frequency fo r  I i a t t r  m m m m *  of i o u  w ith  * /q  -  *» * M  tf e »  may *• ex trac ted  
M ill* th e  incom pletely s tr ip p ed  ion# are l e f t  behind. I f  i t  p row # im practicab le 
to  sa t up l in a a r  reeoear.ev fo r  both  e le c tro n s  and p o e ltiv e  i « i ,  i t  may be of 
soya advantage to  resonate  the  p o s it iv e  ion# and to  provide n ew ly  re f lu x , w itb- 
oat a aa r®  reg en era tio n , fo r  th e  e le c tro n # , fe tc h  would be tompmi  when th e i r  
energy f a l l  below io n is in g  value.

daps n  mental loo Soarca ftea isaa , 1. L inear I w m o t  of E lec tro as aM Iona.
G j5 5 r  raaattaaaa say fee.a p p l la l  both t o  e le c tro n  a aad to  p o s it iv e  ioaa of the
d esired  charge to  mmm r a t i o .  Tha par»bo.lte 4 .*  p o te n tia l  w alla are  e s ta b lish e d  
by means of rin g s  f ap e rtu re  le a se s )  eomaected to g a th a r  fey high re s is ta n c e s  to  
g lee th e  parabo lic  i i a t r ib u t io n .  They are c a p a e itiv a ly  coupled to#»fe#r c lo se ly  
mrngfc th a t each sid* of th e  p o te n tia l  w all a c ta  aa a ua.lt w ith respect to  r . f .
The r  f .  of sm all astp litude i s  app lied  eeroas th e  gap a t  th e  ape* of th e  parabola 
and ac t a to  give a assail s e c e le r s t io n  to  th e  . i le e t im a  each t i a a  thay croaa the 
apex la  phase. The gas p ressu re  a a a t be law enough th a t the e le c tro n s  g a la  the 
d e e lre i  ion iz in g  energy f ro a  success it ® c ro ssin g s befo re  they  undergo a e e U le ie a  
w ith a gas e tn a .

fe e t appeere to  e le c tro n s  as a p o te n tia l w ell i a  a rid#a  to  p o s i t i te  ioaa* 
Thetef-are, to  hold p o s i t iv e  ion# we need a reversed  p o te n tia l  w e ll, sad to  
resona te  com pletely ion ised  toss- m  o rder to  e x tra c t the*  we need r * f . of 
ap p ro p ria te  frequency. The r . f .  app lied  aero#* th e  apex swat be o f swefe lower 
frequency than th a t  fo r  e le c tro n s  N otice th a t the r . f .  fo r  e lec tro n *  ia  of 
so high a .frequency th a t  p o s it iv e  ions w e  only th e  average value, while the 
frequency to  resonate  p o s it iv e  ions nppMdr* a* q u a s i - s ta t i c  to  e le c tro n # . A 
w ell fo r  holding p o s itiv e  ions may be placed between two e lec tro n  w ell* aa 
sketched i s  Fig# 14.

t .  Source la la g  S -type r . f .  Dieeherg* w ith  Phased R e fle c tio n . I s  a 
l in e a r  e l e c t r i c - f i e ld  r . f *  d isch arg e , e lec tro n *  have o s c i l la to r y  k in e tic  energy 
and n ab i-p o la r  d r i f t  k in e t ic  energy, The o s c i l la to r y  k in e tic  energy ia  th e  nmm 
fo r  a l l  e le c t  t a r s ,  i t  v a r ie s  f ro a  xer© to  1/2  a  x%«>c i s  a q u a r te r  cy c le , where 
x0 ( t  • / a i % W l ) ia  the  am plitude of v a c i l la t io n .  de ia  th e  am plitude o f the 
r e c i l la to r y  e l e c t r ic  f ie ld  s tre n g th . The next q u a r te r  cycle  the  k in e tic  energy 
fa.U a back to  ter© . The v e lo c ity  b u ild s  up Rad f a l l s  o f f  i s  th e  opposite d i r 
ec tio n  during the  fo llow ing h a lf  cy c le . Energy canact be supplied  accum ulatively . 
'The d es ired  mmw& fo r  io n iz in g  must be put in to  the  e le c tro n  each eyele

The d r i f t  k in e tic  anergy v a r ie s  fo r  d if f e re n t  e le c tro n s , depending c® the 
la a ta s t  o f th e i r  b i r th ,  i . e . .  when they  are f i r s t  su b jec ted  to  th e  r . f .  'The 
smxiiws d r i f t  v e lo c ity , which occurs fo r  those box® Ju s t fe e s  th e  e l e c t r i c  f ie ld  
la  passing  through m m t la  equal to  the maxima* o f  the  o s c i l la to ry  v e lo c ity ,
Those bem  when the  e l e c t r i c  f i e ld  ia  a naximu* have so  d r i f t  v e lo c ity .

I t  can been seen th a t is  th e  r . f .  d isch arg e , where th e re  i s  no accum ulation 
of energy the co nd itions fo r  g e t t in g  e lec tro n *  of high io n iz in g  energy are much 
acre  severe than la  th e  l in e a r  resonance p rocess, where the  energy ia  supplied  
stepw ise. «e want oeo i l l a t i o n s  of sm all am plitude in  o rd er to  get a long path 
length  1* th e  gee before- the e le c tro n s  leave at one end or the o th e r . Snell
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mmlttvA* o f m a tU tffrtM  im plies high f r^ w » < 7  « * <  «m —v as t ly ,  only • 
t u »  f a r  IM  e le c tro n  to  a c e u m ia ts  energy ® «**«* am plitude of tha r . f .
e l e e t r t e  f i e ld  s tren g th - Hence *„ w t  to* f » i« 4  to  a* high * **1*» «• po«#itol# 
f o r  nr«q>tf i f  we wiafc Wm t ls* -  iM  iw iiiaiiii' aweriMpi k ia a tie  energy fay the  
a le r trc n a  *© to* l(m vo lt # < tw ice th e  ion iz ing  potent la l  a#*4*4 to  remove tfa* 
iM t  e le c tro *  fro *  # •«*»•), « t i l *  keeping the  a*pmt«*#* of o s c i l la t io n  down t©
1 m . w# r e t i r e  * f***a*«MSf o f MS e e /e e t and a® mplitod# of 1560 volt*/© * 
fo r  tfc* r . f .  Mere energy or sh o rte r  © ee ilia t toe# f e e t  bee©*© p ro h ib itiv e .

I f  th e  e lec tro n *  ore lo e t when they d r i f t  to  e i th * r  *©4 of the l ia e h a rg e , 
no have * considerab le  power drain  and *1*© *• a ra  foro*4 to  aa& ntala * b l# i  
p «  p ree« tr*  | t #  tb* ardor o f 10-* a* f*} l a  ord*r to  get a* t U p i t i  ***** of 
ion iz ing  ce U ia io n *  to  rep lace  the e lec tro n *  lo o t .  I f  we ©an gat a r e f le e t  loo of 
the  e lec tro n *  a t each end of th e  r . f .  lisch e rg e  la  * m h a MW* 4-hat the r . f .  
f i e ld  w i l l  the*  p ick  up th e  e le c tre a e  «nd a c c e le ra te  th e*  toward th e  o th e r  e le e -  
tyode, ae eaa * i« e e in  h igh  e lec tro n  ie n a ity  w ith  low gee p ressu re  aad low power 
d m sa , mKn&afttm oaa be ©totalised by a i . e .  p o te n tia l w a ll. Hie opt!*** re f le e *  
tum o a h ilt lo h a  d i f f e r  fo r  e le c tro a e  of d if fe re n t  d r i f t  r e lo e l t le # ,  tout the beat 
e o la tio n  s#e**s t© toe re f le c t io n  by a parabo lic  w ell ad justed  to  g lee M l i l M l  
h a lf  a cycle of th e  r . f*  a f t e r  en te rin g ,

m# r .t , d ischarge any be * 4 e  sy tw etric  about a adddle e le c tro d e , w ith 
both end e lec tro d e#  a t around p o te n t ia l ,  a# shown 1m f ig .  IS . A a * e ll negative  
d . e . bi as  *  the  © eater e lec tro d e  would provide a w ell fo r  holding the  p o s it iv e  
io a i ' which ©ouX4 be ex trac ted  out the t id e  of the ioe source.

Jp,. g. Lunar and ©, Luhr ffeye. l e t .  46, 87 (1934).
gfe# i«  aad flteaahatt, glafcMrleeh e flaaeat iainagaa 2, 43 (198t)«

0 Skiyth.. Sew* Mod- Shy#:- JL 33® {IISIS*
Aaaelea de Physique |  If*  ( ltf* )*

Ogeett fhye. Re® 55 «Mk a » ) *
*f M- seaatag «si IT 8. Moubie. Physika 4, 1190 (199f).
’ h. T f la k e l# te ln f Sew. g e l .  Ia*tr. U , 94-97 11940).
% . Hei? £» i t  safari f t  f . Phyaik 13© 512 il® 43).
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x m i  «cf

i t  tb t  ptrfenMMOs o f  tbs In *  IB M , dw ri»g * * * • r»{«rt
p a r M , s a t is fa c to r y  a s  to  f«MM~r«y U B r n tity  * 4  s t a b i l i t y  o f  a y sr a tta a . Tbs 
« r tr * # t M p o t  bos boot s itiR ta iasd  t t  a p p r M a o ts ly  iSOD ii/h r  at tb s
t * g i t r  of tb s  tMMMK oa# a s t s *  T r m  tb s  % a r « * t , a sa tu rsd  w ith  at to o l ta t  lo t  
?!*a*fr«r M i a *  i / i  la#b o f F t . Tho t o f f I M M  p rogw «  *«• pro—sdsd M * »  
• • U  «ttte th a t in t a s s i t y  o M la b lo ,  x p » U U |  tu r la *  s s p o r i m t o  ls * © m « *  
» ilirrtr>  4 i l t t t « i l  ia to a o it?  i t  s t i l l  to o l M l fo r  M m l  »et t a t t y  t s p s r i -  
s s a t a ,  emt so u efia g  rw tss o f y t s id s  o f  pat indues* su e lsa r  m e t  1mm art  
f » i t a  o o t i t f M o o ? .

A* »a# * * « M  i t  tb s  la s t  —p o r t , m  ■liXtWMlt — ite S  lata M ®  i s s t a l l s d  
i t  tb s ia j s c to r  fU M M t mt§f*r»  I*  W 0  S»*t, iwnaf A w f l lo  trow bl* bas bmm 
—court orsd f n *  U j s o to r  f i la a s a t  d is to r t !  a*. a f — t l l l f  toward tha tad o f  
f i l l — t  l i f t .  Munptd M p a o  o f « i t t « a  f l l a » « t i  M *o« aftieb boi 
i s f u u t a l y  e t o m d  tu t  a ir tu a l  fo eu t o f tb t  tajM rtor — I t f f s t l f  l f M »  -ad  
—a —d « <*og * *  i t  fUMM l a t s s s t t y ,  Bfetto sto a g —  i t  Am#*  soowwod «« lMR» 
i®* *i%t so a sU o r a b lo  fr***t»«y  taS eaassd  m b  ofoM tag i i f f i e u l t y  too—  
o f  so t Mag to  tax  ta la *  laAtUltfl w p e i t i l y  BVlttMl t o t s  iba  i t  loot or
p so tftM i a t j u t t M t * .  I t  a n  t M  ia ta r a c t io o  o f  tb s  •© eye i t  s . t .
f t l M i l t  ourrsct a io e tr o M M s t lc  f l t i d  a itb  tb t 3© e y t le  f i s i d  o f  tb t  syaebrc-  
t r a  might bo —at s i  toft ta g  to  tfeo w a r p la f• ffee lastallatlMi o f th a  M tM ag  
t s r i s a  out* o f f  t i lt  f i l M t a t  g i m l  » (b »  a le  ro ta  rood* b*f©*0 th s  la a d U i  
if®  i t  root f i r t  s t  tba s ta r t  o f soaduet io e  o f sa g —* <mrr*st f o r  t b t  f i r t t  h s l f  
eye la ,  Tbi© ?ro—durs i t  M i l *  Is  tfco f« M  o f tba palasd  o f o M M  oo *
6 por —c -M  r tp a t i t io a  ro t#  sad to#  raw ultsd as* o a iy  i s  a boot 50 H W M 1 los*n r  
l i f t  fo r  t a j t e t o r  fliOM oato to t  ait©  saae» to  MbbUbO a t s s ly  ii© tr ib u te*  e r o s io e  
o f tb s f  l i m i t  *sd M i i t t a i t M  o f —M a s t  sto p s A «Mr rteord  for  ia jo c to r  l i f t  
t a t  to t  w ith  a n s * U  u n it  which was used I t  tb t  « nM  (M o  tbo 2»d ©f f w w f f  
to  tb t  3 t* t  of Im m tr y  » itb  spfVMEUMtoiy 300 b o m  o f o -p tr tt ie t  as tb t  f l i a a m .
4  «««» i t j t e t o r  o f  i m t m  lscori> © ratitg  a d l tpos t t r  tyy* M l  « U w 4 »  i t  boiag  
M l  sad i t  tx p a t tod t o  y i t i i  b lgb or M s  I s t t s a i t i t t

l a t t a i i a t i o s  o f  tbt s a g n t t u  f i t i d  p to t is g  s o o lto r  i t  ©atrpl#tt asd i t  
acsi i s  s o t .  t& it apparatut ooao io to  o f Id Ptiaaalloy so r t  p t o i a g  a t r i f o  asw itad  
i s  r s r t i t a l  p i r t  os 45c' t y s t ia g  a t t b t  o s o t t r  o f  M l  o o t M  o f  g i f  f l a t .  Tho 
ta jr l ia t t  t i g a s l  fr c *  tb*M  pt«4 ia«  a tr ip o  i t  « M  to  t r i g f t r  * f a t t  ^*tttpisg  
o t c i l  l o s t  opt aed r ig a a l t  fr o o  t b t  o tb tr t  a it# r » a t« iy  cossar  td  to  tb t  Y i t f  X tc t ie s  
p la t* # , c ^ t tr t ia g  tbs tUM tb to o  a l c s a l t  a r r i t t  so so sr so  t a t  U g  i s  tb t f la x  
i s  t b t  s ta to r  o f  t b t  ao«fs«&*atias o e t a s t t .  By OOOwrMtif c a iS tr s t ia #  p M i s «  s t r ip  
b ia s  « i tb  tu n s, i t  i t  p oooib lo  to  rscord  e o a d it io a t  tu t  a usab le  s s g a t t  toiapss- ' 
t s t t o s .  Opoa o o o s t io s t ,  r s c s a t  ly , tb t  ayctb ro iroo  M l  to© • s  .d s s iy  d iosp yssrsd  
bfOK lo t s  by s s o b a s .o a l broafeagt o f  tb s  r a d ia l m *R *t c c s f o o t a t ia t  eoadmotors 
th ie b  fo ra  a part o f  tb s  s i r e u i t  o f  tb s  f i e *  loop in g  oo ta a to  utsd i s  a sitM ib a l 
f i s M  o o r r to t io a . A ltboa^ i apparatus i t  a r a ila b ia  for a o a ito r ia p  o c ta s t  curraot*



mmmm+im**

XKKL

!
•i

tk# e*eet mitt tm the t  using el iM  flaw la  the fau lty  © t e a t  can be 
i t *  aneeeinted peaking s tr ip  w atillcgfan* Oloae *tuiy e f  thane * ig an ls  haa 
tint* far Horn a* horizontal n i t  la tk* f i e ld  b# o#e*r M l  uwaqunl eonpenaa- 
tin g  currant« nr* run through the impw a t  th e  tap  and k o t t m  of the octan ts. 
Such an e f fe c t  wee searched for by of tfct r e la t iv e  t in* of arrival
of *}«tl H on tke  two id en tica l peakiftg atrip* at the  o c tan t*  center. w ith  mm 
peaking atrip  wear the upper pel# aad â* d ir e c t ly  hmlm, near the immr. Oft 
two occaeioaa a l l  spar* radial r a i M I c f l  ware t-pen by breakage is  two upper 
octant*, lac  ran a l a* the CwrfWRt |.» the  eorreapwwdiag lawn** r ia n t a u n til th# 
p a c in g  a t r ip  l in in g  in  those cc tcg t*  *** r»» t.**4  produced th e  aana m ta n e lty  
gnawa-ray bea*. in  the p a r t ,  M f t l t  *et$i*g* wf the  «ua» octan t cu rran t 
f  Iran  equal in te n s ify  Pawn*, te a  of thwac cond ition*  wna observed and th a  
a f fe c t  m  tk a  pack Ik* a t r ip  t i n t  a* noted An th e  octant a r r a n t  waa v a ried  
fro n  om pan* la ta o * ity  ant t u g  t c  tk* o th e r . tka  peaking s t r i p  s ig n a l wan 
t«  laps** to  a ’a f a r  p o s itio n  uad r - r u r t  to  i t*  i r ig ia n l  s e t t in g .  Thin Sa 
tSNftgfci to  be •aw oclatng w ith  *h# inductanea of th e  a n te - tm a n fo ra a r*  uand to  
vary tka c n r m t  in tka  a a l f  i r t r a *  em paaeat lag  c i r c u i t  a and d l l  be ii 
tad fnrtkcv.

Tka naanar in which tk* naan u  -.nod 1 *^in® countar 'a sp e rln M t*  baa 
reu n ited  U  an e le c tro n ic  chanei* feeing fa b r ia e ta d  which c l ip s  a vo ltage  
la  c o i l  wound arownd onn a#' tk* klntw of tk* rngnet yak* and d i f f e r e n t ta t  ing 
tk a  s lip p ed  wavefors to  preduia a  sharp an ting*  p ip  a t pan* magnetic f i e l d .

e ouste r M g M iM g t*  i t  i t  #*»# r a l ly  tk a  p ra c tic e  to  employ a 
•ray pulse abent 2QOO-B40C naaac *ang. Thta 1* ob tained  by d ec reasin g  

cap ac ity  in tka a n e iU a to r  r e c t i f i e r  e i m i f t  and a lla n in g  tk® radl© frequency 
►left* te g  ro ita# »  ingnmaaad tkc ace* lawn* ig g 'M P  1* tk* r . f . c a v ity  t©

iaeay * lowly baion tka  maiaaua vo ltage requirement fo r  aeca la r a t io s  in  tk a  
MMlpIMWP o r b i t .  Tka e le c tro n  baan s p i l l*  slowly onto th e  ta rg e t  and 
a p a n  pula# 2400 panes long, w ith  i t*  ankikft* in te n s i ty  occurring  1990 
befog* h_ .  | m  o f tk a  akova f t p  g*wwwmt-«r knn ban* very u se fu l in a c c n f tlg  tk a  
c s p a r ln a a ta l ia t  ualng tk a  k m  of i t  a aoargia*  *t tk a  baginstng of tk a  pula* and 
a t  i t s  panic in ta a a i ty .  This i« d^naa Merely by aaasu riag  tk# tin #  f ra n  tw r  a t  
given fey tk* m rb a r  p a s r a t o r  to  tk a  daairad  t u n  po in t*  on a * igna l f ra *  a 
phototube plaeao in  tk a  gnasa baa* «nd iisp*ajr#o c* an o aa ilio aco p a . UMO pane* 
before H-*-, a t  90 a l a a t r l a a l  degrees of tk a  nagaat cycle  (30 cy c lea /aeo ) ra p re -  
a aa ta  an energy a t  peak ta ta n a ity  of tka  pulae c-f test, >kiy app ron inn ta ly  
3 paraant below S3®. A 2400 pane wide puls# a ta r i*  a t  dOf Hav To b rin g  tka
tm ifiM pulaa out s y a n a tr le a l ly  d.spoawd about 1W » , nan equips#»t kne bean deal 
snd i*  sew feeing ten ted*  This *.ppftjpat«i w 12 m ia a n  a  p w  pulaa 1  
■in d a ra t in a  d t k  u n ite s *  I g M O tt f  d in tn o a t  ton d u rm i tk a  -pulse and 
ly  lin e d  w ith  re a p e d  to  peak nagnatlc  f i« M . Tka p e lm  M M t  w il l  be n d ju a t-  
ab la  from tka 3 n ilU aaoond*  batwaea 90 T 33 « j* e t r i e a l  ieg raes  and tk a  sharp  
10 pane pulaa a v a ila b le  under standard  r . f  ceding* coca i t  io n s . I t  i s  pi 
to  modulate tk a  a c c e le ra tin g  voita#* in  accordant* with a sonpic* waveform 
©a a la  lean  ro itag e  fo r  eynchr^acMs o rt i t  a a c la rw t  l o t ,  r a ta  of tkanga o f an t i e  
f i e l d ,  and e le c tro *  aanfgy In** due to  w d  la tu m  daring  area ie  r e t  io n .

A th in  window io n isa tio n  chan ter (rep resen t tag only a t o t a l  of .006 1*. 
o f aluninun) has baas placed in  th e  bean for rurpceea of in te g ra tin g  to ta l gaann 
r a d ia t io n . Thl* apparatus Jtaxgec a -apaclteaee to  a given v o ltage  and cyclaa  
n r e g is te r  at the end of each charging. The device ha* been ca lib ra ted , agn l a t 
equipment which wma used to ob ta in  lata on the  tra n sitio n  urvae in lead , u w  S *
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*4  as**f&t§»* It# jwrfoaMae* tu b©«a «Mfp 4*p *»H tIi, tifilitliii, ««4 
©# « m t  vwJLu© in i® i© #rw tis« «M «Bt> o f  r e l a t i o n .

A tewm4 mmwiml is  tb© M«tb of Smmrj i»* •#  bis© ffciliur©
■rf of tb© Im d  fftM&bg raptor© ttMi to offset WHPWIt sharing Wtswe tha 
two first aalf cywl© ignitrowa. A sh©ri t@ th« cor© f m  «■* of tfc# wisiliig* 
##\'l©9©4 frirt *fi#r r©i»ir g*r* trowfel© b#e««u# cf tvxv t© tar© short tag of an 
tat* rant toot n*«ur«» m is rwsttit**! is a porturb©tic© of th# aagaot flax 
tNfflMf tb© *♦%«*»* P©rt©4 «ft4 e©0b«4 ewry ©nwtit ofwfwiiojs for • 4*y or two, 
bPMff m m  trowbi# til# mm ioe«t©4 a&d mtmm rwwiatiag with *04It toawl
lator turn IMMibSSOb was set f#*slfci©, thyrit© Ala©© «©r© ©44*4 is f«r©ll*l 
Witli ©©tit SO If of tb© wlmiisg,. This b©* »r par© fitly e«r©4 tb© trottbl* t«©p©r- 
« r tlf  «©* aww r—t o r s  ar* b©i©g ofetaiiw4.
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____ _ t t e  ;u *rtar  y**r ®owr*4 fey t h i s  f* f« r *  tba a s a fa l  © oaratiag t ia a
•«f tli#  t t i i l i t t  M w l t i t l w  was * 0 ,§  pareaet* I» slow  df tb s  f e e t  th a t  %%* smshxm  
wmm m t of op eration  fo r  t h e  ©nitre month of ?;©aa«to#r m &  u n t i l  t h a  m w m t h  of 
Dacamtoar, t h i s  v***M **m  *«•» «PP#ar ^ r in f  l a s t  ,  .
asstfe there was eoxiitft»r#bl s  la st  ti«» Mb to  fa t3 m m  of afutpssa* 1* tbs *®a  ̂
I r a a f f  b t^ i w aits**  S i i*  M » jm lm r  m m  tro u b le  MNNMl t t t »  «*d M i  PNfe* 
abortad on##. 4 l ig h t  b a it  «* plod ad and * •»  * M S  throu«fro«t tb t  t a r t  ? attain*
tbr## la y s  of lo s t  running t i a s .  Bab* i*  t in *  was r*ry lo t*  *Bd coaswiasd 
pa*cant of tb s  t o t a l  ava lk fe l®  t l * » ,

Tb» following stap* bar® bass and will tea tskea  to  ailawtata tbasa 
d if f i c u l t ! # # :  1* A dual pulsar chmuial is  bais* const ruetad to  ba mstallad
w jtb in  tha asst n M .  iith th i s  systss it « iU  b# pass ibis to bar* •  failura 
ia M  -„*** chassis ebaasa l ®f*d swfttob t© another aoritabXa oaa from the oat aid® 
of tba maetoiaa without stopping ©fsrstio®. ft. A sbiaXd has baan plaead erar 
tb s  probe in s u la to r  to  stop Ion boaMrdJsaot of tb® insulator ud subs eluan t fb U - 
ar®. 5* bake in tim* will b# aborts***, prsmssbly, by sandblast lag and paint*
■ a|? tba mextt fa® 4a -Iraaff shall las ids so th at ru st no iongar forms and oms to 
t® traasfsrrsd. Also a mm  550 CW k tm m f  pump is bsia* installs* is tba gap 
herns*. whiah it is hoped will prorida a mob higtosr owarail 7*mptm »P*«* than 
tba  prasast sy s ta a . ditto tba coatad tank -nM battar pus? It will ba possible 
to  m t  tto* base la  t ta a  down to  « m% im m  o f  t  hours.

*
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M y if rM , J t# # l p la ta n  f o r  tfc# ®a&©*i cot* onarfcad aurririag  i s  tfc® Bay Area a t 
i®» aa i of jftjPHMM* usd a p p ro a ia a ta lr  300© t«N l had bnna mat aa i d r 111*4 tey th# 
#a4 of J aawary, d a - a b ly  t» to  s lab s  i s  sxpaatad to  s t a r t  i s  T & m m tj.

m * im  ©f *h« saa^ ia  vastai* tank s a r t io a  ha* bans completed w a draft lug  
i t  m  ?r^rw i> on th# aagnat c o i ls  and 111# la jaator i la a a r  aaeal#rat#r, Tht 
500 r»  pc**r rn^n-lf fo r  th e  u ^ s e to r  loo gya i t  i s  th# shop, o th« r p o rts  o f tft* 
mat §oa a r t  «oh«t«at la id  ?  e e a p ls ta .

ffta fcn lliiag  faMMMHl4H w H ls ted  fo o tin g s  **r* s u b s ta n tia liy  eoap lst#  
i f  tha sad o f  Daeaafear* S tru c tu ra l s is a l*  ia la y a i  by th# » t## i s t r ik e ,  i s  m *  
parted to «mt# #» th* s it* by tfe# aidil* of Fabruarf'.

Is fo isw tlo o  M p lH
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