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FOREWORD 

This publication   was   prepared under   contract 

by the TOUTED    STATES    «JOINT   PUBLICATIONS    RE- 

SEARCH SERVICE, a federal    government    organi- 

zation    established   to    service the translation 

and research   needs    of    the    various government 

departments. 
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IAP-1" ovine  is  The  -translation 01   an  araioae   oy rt„   ;uew_ 
fniczaaskh and  J.  Zakrsewski entitled  »Pierwszy   '!>d>iy 
ICykiotron' w Polsce?s   (English version above)  In l>iu:cieomKa 
! ('Nucleonics *h, Surolement  Ih   lot V« He  1/2,   I960«, Warsaw, 
L' ,    "i   of"? * ' 

I The   firct  "large  oyclotren!?   in  Poland ^as   put  into   j 
|o per at 3 on in  the Cracov; Center,  Instituts  of Nuclear j 
Research*  FM   (Polish  loadeny of Sciences).    This  cyclotron { 
with electromagnet  pole  pieces  120 cm in diameter,  uhich       ; 
jaecelerates deuterons  to about  la  her energy,  nerves  JO; 
jresearcb  in nuclear  physios,,     la  this  article  are  giver 
Sseriea  of  detailed  c hat a. concern.:) ns:  the  design  ana-operation 
!cf the   cyclotron« 

Ona   af  the  haslc methods  of nuclear   pays Xih     U-^ic; 

\rtr.A v  of nuclear reactIo occur ins:  during  the   aoaibarorrient 
a   a nucleus 'with a ^ teaa  of high energy  particles 
accelerators  tor cnar-jt p-f-r    na: a    the, tlcxas   are  among   L.m- inoto., 
iinporaant   'cools of  experimental research«, 
l ■ 
i As  is  known,   in  accordance 'with  the   understanding 
laoncernlna  International cooperation  for  the   peaceful uses 
hi  atonic^onergy,   the USSR has nipde  available  to  several 
laeonle^s dericeracies,   eis eng  thera  Poland ?   complete  eyclotror 
{installations. 

I The  cvelotron  3s  a cyclic resonance  accelerator, 
(constructed   for  the  first   rime  by E.'O.   Lawrence  In   1932« 
h "P •.•"■• T'-'ff. r- eons  rorme Id  ins1.de  a vacuum  chanraar  in  a  constant, raaaneti< 
if"f='H  are  accelerated many   times  by  a  changing  electric 
[field   of  constant   frequency equal to  the  orbital,  freqofuiey 
'bf  the   nartlcles  expressed  by  the  formula 

I 
<» ___ q ^ B 

2?r      m 2« 

Lfbt^ f Is the .frecuencj'jöS the yulsatance of the electric | 
(field corresponding to the angular velocity of the ruraxcie^ 

■ -L™. 

1 



q the electric charge of the parole 1.3, n the particle rnassj 
| and 3 the iodaction. <vr: ih- t*l&eiric  fiold«       •      j 

d^uterojiR, approximately 13 Kev lor protons, etc.  Tuo 
j a f ix im ar: kinetic onorgy of part ic Irs accelerated in a 
| cyclotron is tils fined bv the fcr;?.nla 

2     2m 
I Thus vith. s .magnetic; induction B,  net  ^:c<^eölrg In 
practice  2.0'Webor per E

2
  in viov/  of the  satunr/icn  of the 

steel,   the energy  cf  a particle of a piven tases  one   ehnrge 
ic   proportional  to the  & quart:  of the  effective  radian  r 
of  tho   pole  pieces  of  the  e^ctronog«'" t« 

Construction 

?n  of  the  Lenin 'Foundry,  Building  and 
general  contractor was  the  Ir.duGtr.ial Assoola- 

• TTi                 J*  Tl . ..   •    "1    -^    '     -      ... .-    -t 



■WlW;fMM«*W*M»**i*> JL*~,. 
I Assembly Administration,   and the entirety of the  construe» 
fti.civoj.fs directed,   aha  is still clirectoij  by the  Invest» 
hr-.onts  Ic-ministration of Nuclear Studies. 

|?,   BASIC DA1A ClAiUCTnlilZlHG THF-  LARCJK CRACOW  C?CL^TROE 
I       Y-120 

[Diameter of electromagnet  pole  pieces 

it;: - 

cm 
Clii 

l^C 
Height of-gap between pole pieces   .. •■ 
:Overall mass of Iron core of electromagnet 
w Inning power of electromagnet at a magnetic 

'field of 15 köe intensity- 
Stability , of magnetic Hold 
Power of high frequency generator 
Frequency .0? resonance circuit 
Stability of frequency 
Aroplitaoe of voltage between dees 
Internal, height of accelerating chamber- 

ed:: Ive end-radius 
norlector voltage 
Deuteron'energy 
Energy of it.-particle 3 
IOR current on internal target 

Figure 1 sho-vis the general appearance of the 
lelectromagnet. with mounted acceleration chamber and re- 
sonance linos... 

4*       i 
0.03 n        5 
120 kw         ! 
0.-15 Mcs 
n  01 ^ l.' « V.' J. 0 
- cjfs Vi? 

ir; J.B,rtf, 
C.J..1.' 

/ ■- * y 

60 KV 
'•,.) Mev 
20 ^V* ■?* 

i rail 

Vi TT* o r~( r-< r Ji XT' T ''Y!*r 

L.tfcwr.ifils;ii C1CL0TRC11 SETUP 

one distinguish the following basic techno» 
ogical units of the cyclotron setups main.electromagnet, 

high frequency generator, accelerator chamber vith re- 
's onance linos'^ focusing system for extracted beam, vacuum 
system,  cooling and ventilating system, power system, ana 
control anc! safety system« 

Ml^Curogi.agnet.. The core of the electromagnet ? in 
[the tonfof  too™IeTters E Inverted relative to each other 

dimensions of 
of 10 oarts» The yoke is 

a mess 01 120 
^ x 2*86 x 1*5 «1, 

tons ana overall 
is composed fa-«1s '"J x 

ka?ie  of C!~3  steel le.wl.natj ens -and  Is  40 mm tHIck.     TOO 
jcore  is   laminated   and   100 Em thick»     The  gap "between  the 
(electromagnet  poles  is  1 \>x mm the eccentricity of  polas 
13s  0*9 mm,, and  the   Inclination with respect   to the  ground 
Is 0.15 Rffi./m* 



The  pole pieces  are   the  covers of the accelerating ■ 
chamber ma.de of CT-3 steely  72,? mm thick,»    Between the 
poles and  the  chamber covers are two slots  for the target 

I ''shims.*'  and  8 remotely controlled Magnetic blockt about 
110 mm thick,-   On the  inside of the chamber,  on the other      ; 

|.hand,  are  placed the ring ''shims." 

\ The 'Winding cf the electromagnet  consists  of two      j 
[coils of a maso of 15 tons divided  into ih sections of 
p-C coils each»    It is made  from copper tutdng 20 mm in ! 
fdiameter through vhich passes the cooling distilled water    i 
i (at a.rate of approximately 25 liter per minute).    The 
winding is  .fed from a. üireet~current generator of 230 volt : 

Figure 2 shows the magnetizing characteristic 
jB * f(I)j and FiU. 3 the racial fall-off of tne; magnetic 
! field AB/B . (B(r) - B(o))/E(o) for the Magnetic induc- 
tion B(o) « l.lf2 Weber/ffi2, where B(o) is the induction in 
the central plane between the pole pieces on their ec:lsf 

land B(r) the'induction on the radius r. Assuming 
lAB/B JS 2»I5$* an end radius of r * 525 STM can he taken. 
JFor these values,,  the maximum asimuthal variation amounts 
j to 0..1l$. 

1      MslX^^q]^l£.1L-ßg3S2S±S&« -Thc hiSk frequency 
|generator"produces a changing electric field regulated 
between 8 and 16 Mcs and an amplitude of 150 kv between 
the accelerating electrodes, the dees, Its high frequency 
'circuit (Fig, ^; consists of a master generator, an 
I amplifier-follower, a. phase shifter, and a five-stage 
jpover amplifier« In the last three stages, a grounded ~grx, 
jsvstem was used vhich does not require neutralization» 
The last stage, with a rated power of 320 kw, using two 
JTY-23 A triodes in push-pull, is capacity coupled wi'-jh the 
feeder line j i.e., the lines feeding, resonant current to 
the dees» These lines are made of insulated, concentric 
copper tubes, 206 and 75  cm in diameter. 25.3 a1- in length, 
and 2 x 60 ohm. wave resistance, 

The high frequency generator may work: 1) with 
excitation independent of the master generator with a 
frequency stabilization of 0.01$* 2) by self-excitation 
,™. 

it 
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pf  feedback fromtho  does  to_ t)i6n grto 
he^flrst-stage 'tube ' '('by  means  of  an  adjustable;phase ■f 

[shifter): 1) by mixed exevsation, especially effective for 
iimpulse action" during the training of the accelerator 
ichamber. - f 

f lo protect  the  set ins in case of a-b?eak-dov!n . j 
Jhrt^eop  tho'de^s  in  the  chamber,,  the high  frequency voltage; 
jts switched  off b" roans  of  quick blocking of  toe  tubes  of ; 
|.i.hf,  f.?Ps^  an(=   second stages of the  amplifier»    This is 
jrtfv.r^pl^Fhfttf  by nears  of'"a so-called äianipulatcr,  vmlch 
sc-rvss simultaneously as  a pulse modulator with a regu» 

llated  repetition  frequency of 5r3°° cycles  at   a auty 
I«\/ ^.1 f  X'PT 1 fj t i on   for 
{of  ir-jivicual pnlnes 

riation  for  2  to  500.,   and   also  for  tho  reception 
[pn?ihs  0*1 msec -  1 min« 

I Tfo  last  three  ptapos  of the  amplifier of tho higl 
If-prnone.*  pov^r regulator   aro  coolfd  with dtbtilico vrnter 
rrpbont'fbo'llter oer minute).    When tho temperature  of the 
Iron Ving~ "water rises  to 6(P0  there  appears  a warning sigrai 
hn^   above 6HlJ0 tho  voltaee  is  cat  off  automatically. 

:-■*■& la cooler at in a   eiaaooor  is "composed  of non-magnoiie  pit 
Ivit'H  tv-,0 er?p-)t1oo  of  tho  covers which are  simultaneously 
ith-'polo  tviecGS.     The  individual   joints hava  rubber  vac "arc 
jpaskfts.   ' Cn  the  inside,   the  chamber,   17C mm on nexgrvx, 
Ms  orvo^ei v/itb so electroplated layer oi' copper 0*0; ran 
ilhich«   and  at  the   joints  it  Pas   contact  springs  in order 
{to  iruprooe conductivity at high  frocuoncy«     in tno r.ide 
Wat1-  r<? the  ohambor are Pleriolas  peep-holes,  oponargpap 
jf.'-:£%v^' introduction  of the ion  source,  the- tuners'   Jeaci, 
le]-^--^o^P   ?or neasuriuf?  the  voltage  on  tho dses,   arc 
l^rolos,    Durins  assembly the  chamber  is  placed  betwern ohe 
{prp^r'rf tHe  pipct^omegnot  on  four rollers  and   then 

Sln,.Vfl^      p, -,/  .- - ••   ~ -. , ^ ^ ^  chanter car be removed by masns  of  approprxaie vieages. 
jin  diEmaiitiina»   or 
ilrf.~rov-w  t"'pthPT a-ith the decs  and resonance  linos* 
jwbieh%re\;Ourtod  for  this  purpose  on a dilly which can 
fbo moved  on rail?« 

\ i?vr  rio-r   PS'-t p     PO  arp bwo electrodes with  a copper 
HD + inf of"3.5 rw thick" on  a portable  aluminum fraro.     tne 
jinside height'of the dees  is  86 mm,   and  the  gap between 
tr,»„ ftvpM?fi6  SO Düse     Inside tho dees are renovaoie  ^16» 
+ i-;r'Sn-cSTlRd  fillera, which,  by causing the  proper 
U-i^r^i^'  +'jel<i.   contribute  to a more  intensifioc  pu.xinr 
bf ions  from the  source»     In  tno  leii aee   uo^ug  uw 

«^ 
p 



fthe 
"~T side  of  the line)  1.3  -.. deflecting'"plate, rionocod  o.n 

insalaiorn,  the so-called  deflector of a hyperbolic Urace    j 
| {in.  the  direction  of  the  et airs her  amir 3 
I 
| Thfi  dees;,   cooled  by  distil lee w at.fr  and  having 
(appropriate  graphite  shield?,   arc mounted  on tars running 
lalo:nf the resonance  lines,,  and  Inside  one ■ of  then-)  par sea 
line vine  feeding the deflector, 
i 

The: resonance 1:1 nee   (Pig,   6)  arc;  quarter- \vave 
(Vacuum l:L)es  connected vlth  the accelerating chamber t.y 
»weans  of a chohe,  and  are pumpnä together ty ranuos of  tvjo 
id:ffusion pumps. 

PLocps  oe OUFSS   inauci-ance  n - U,H A«V.    L>norir.m£ praxes 
llccated  inside the resonance  lines   a~e  used to change  the 
frequency of the j>e if-oscillations  o^ the  circuit  e..nd can 

ihch rencved -without breaking the  ''vacuum11   inside the  accel- 
ereting  chamber* 

The  frequency of ihf:   resonance circuit varies  fror, 
''■:: 2 t'cs,   the   unleaded  circuit has   a S  - 2000, 

average  doe- -ground "' '''"'"' "s~  average  dee—ground  capacitance  —^50 rjiicrcrLicrcf arad , 
coupling  capacitance   ('between  does)  --  15 rnicronierof erad« 
Tvo'ronote-eontrol  tuners  serve  to  tune  the  circuit 
uithin  1  - 2$,     theresonance  lines,   like  the dee?  and 
deflector j   are   3oole3  by r^eans  of distilled  vat or* 

kl'ig. 8)"hy means of 
ce 1E  connected vita the eleetroiyzer 
copper tubing through a remotely- 



[control":ed needle valve.   *The ion source  is  also cooled 
P'£ d  stillt water.     On the  side of .he  ion source are 
Ulza iSrodhofü  into the charter sc-called "probes"  ox 
ion beams. 

H« transtervoä" from the accoicrating chamoer  cc  »A* 
Spi^hboiing"target  chamber in a. vacuum "ion duct-',    *nib 

! lie? is' about 11 m long,   15 cm in diarnoter.   and ha? Lon 
5f i.s/■•.    1- a. 1 p, <.-. f r» n1 s"1    1 öi <11S N-1..S, 

It  is'mounted on the eentrax ^ 
011«fqw...-Dian" of  the  acceleration chamber  (at  a height oi 
h20 CD>' from the floor)  ana  pamped by mepuis o.   U, ^^ 
diffusion rump».    To focus the.ion  oeam use is ^-^  ^ 
jfour-pole hyperbolic magnetic lenses   (fig.   9) wxun a  iioJ- 
fgraoient  of" 350 Oe/cm. 

1 The overall mass of aach lens is *f00 kg.     The yohe 
Und  four t»Xas  are nade of CT-3 steel.    Winding^euhsisto 
nf'four coils each of "Which has tvio secontion 01 fc;; 
vLdirgs ,mde of eopner cubing 5 m:B in^iameter enu coole, 
kith distilled «at«   (3.3  litermlnute,.      h,  .at;d  .u.. -ü 

nnt 

in Hü winding of each lens amounts to 60 A with a. 
stability of 0 »'jt- h « 

|t In order  to decrease 
|$uace' of  the  target  chamber. 
Reflecting  the beam by  a 13 ' 

the .neutron background  inline 
an plectron'iagnet   (tig* 
angle  is  placed  on the 

0} 
rion ■>        cuts..'-0     ■>■<->     e^-i^-—      ,., 

The overall mass of this oioe.r< rhirt" behind the  lenses«     "«■ «v^*«.--. — »  -- 
;:;,t"7^ t,   the  intensity of the wegnotic  field 
pOo'ü^InVslit  3.G rai high, rated nagnstie currenu 
yithr a stability of ;0,!$. 

cylindrical target chamber /TIM 11;, wit 

21 A 

an 
,ntATn„i "fliawptpr of  150 ein and height of ^0 cm,  is 
0V»£Zo  to tte end of the »ion duct« .through a vacuum 
\*~\v». >t has Plexiglas peep-holes and is fl^Pf^ °" *; 
P~M* with «n^ciai remote-control turning handles, init 
(chamber is  pumped with an  additional difxu»xoU pJt»p. 

* Vfpuw  sv*tfmu    The  vacuum system of the   cyclotrc 
!i".-f'aiattc^--^?tiviöeö  into:     a) high vacuum part 
SÄ-       ir-5~nr '^) Comprising the  accelerating chamber 

■}?:%:: .^4^4gJlneslndihe  ion duct with the target 
G^re.^;S:;äd%ith five diffusion pu^ps  and b    fore- 
Vacuum parts,  comprising the  pipelines from the ^^on 

jpmacs  w   aic i^*   ;°tM   «t^r^-vacuum»   pipeline, ^"•'"■'i:■" -. -,r.r, ^,-a rft^^iAo  "ore-fore-vacuum"  pipeline* iriciuoe also  une &o-tdxi^a    F„ „^1 rf 4.h« nhwters and 
Iserving for  the  preliminary pumping ol   She cnar.u.^ 
LB,-, 



[TcTTdurt 

1 -;/ I.A.  l> 

aa'- ':'er:■•"■:b.cUJL   rlpelfae,   21,"   e   ir   laaa oh -aao 

00 S 
coapon.£Q   ov   a~aaa.;O0i'   £ir':A 
ü   co"xcci;-ä  by aeaao  el  special 

e   "(.r'-e-!•:•'"£'-vai'unn-/'   pipeline   1.,^ 
jeoeuOBaö   similarly   and':],a  T'yb3 '.'.  'long  and  aao   a   1/1 1"'t 
| capacity»     The/  are  o,irp:ed  by aeens  of   fcvaa  iadai'bhcat   foae 
Iso'a referee)   eao~&taac   r;aaa-y ve-ter  cooled   (IhCa   f/h^ 

, , .., "  1  ,, v, ■" <-, ,;• ;.;■      -*,•)•? ' 
*... '...'  j,  J.„  ...f. ,1     ... i,.   w '..' ;   v^ ... 

i purps   Ulig*   12)   -rlta  p.  yield  c:p >:C;  lit/ooo  w^ 
J'üVO     ;l/:äoc;;:,or      looters  of 7 kd  payer.     After  ■■ 
the   .foeo-eadeaee}  eysteia and   prarler  it  r!cv*vi to  3 '■"■   •'0"~aa:b:gh 

*a  pc:r!rilegible  leabaae o: 
Ibeoo ealablished* 

C.0C2  atr-h   oar   liier voiueo  ta 

i b    <:<a 
! 

Uiij c ..:    ul';.i hwrter-oeolad  eil dj 
■ ehaabe:"'  ei   aü  ebdeetire  yi-alh 

0 s' a   :. t! >ece bora tin*? 
lit/« it'src   aj   .b.<   -' i.rrne  ; 

| pxv'-isr o:   nost?- 
i 2   li£ /bo a )   arc   Oi:P   for 
oh  ^00 lit/aoe   (power  or heater 
d5o 1.1.11 a t: e   :f* 1 oa   b  1 it b a a ) , 

| Tbc: high  v-caria  uni"c;,v 
k'j;.th   iionid  nitro^er*.   total  u 

2  Kvj,   irt:aaei.ty  '".■■f  öl at.1Irate   dlov 
far ■••et   eharber vfth   n  yield 

K'J*   inrorcei 

M^?r.    f'';id';p.;    "I.T'ft'V"    POOflOÖ 

of  which   oararats   ao 
[M   lit/Irr,    hacb  unit  hao   a  Vi.lv^  clranap  hy band  aaa   s.rc\ 

o. hi stance*     The hl^.b  ^acutra unii".'.-;,   oa   tb-ir  owi,   pave  a 
aa;i c u u/n c :, i:rf 

r        CJ ■ -i'-~       V-  .i   \j .. Pre-2.ag v; a nib 
j.aaurcgan  cat   y x   ia o,aif, ?b.e  7acuuv.a abtainec!   :,r'::a-  ta: 

o   2yc%err.  a.t'ioa.iiv.f'O   T, 11 n   a.IJOL- i-   ix-- iif.   a   !. hwa-offo 

not  a'^eecdlag  1C 
Kb.n   tba - A p, r- ci'.Je 

r-o  jr.Trj'lp/};.   fo"1'-  tar-  er;lira-  &vacuaiaa  vclor'!.e 
r- -? )•      -i 'i a -   -.--•/a,* ■? v~, ■-.   "-■ •-i -h b.      r-       >■;- 'ir. ",i>"r"    ip 

Ifeodjag aa'iaca'aa byürogrri ti v ri:: ,■ 

vacaurr. %'as  on  taa  ore er  c^'  Id 
TJ18F    Of    2    -   j v;n3b. ) 

' .Ä -' 
The  Vf'cn.u.r. J.a  uieasraraa   la   uiren  p^iaco?   in 

a.5cajarai:ian  cbaabor,   ion  auca.   s^:   tlir  target   eh;re,e 
I'fba  a an aaa tea 1 loch, aas  tbrea  tub-as f     ioaj^ataonj  rop.riabc 
W\-<:fYi?.   ?ind   tbeTv.i.oooup3&.     In  add it ion.  tba  vacaiur  can 
br-'  nie as art a   o irec c .i.y 
;of  thp  r^taTi/  pirucs. 

the  ci 11 as;< on   !':uo« p£ •-I'r-r'i     ,■ "• '■• 1 "! «i'1 +■ f) T 

«                 CcjCritiif- siTLJ^-^ilJitifia.     Tba aaba  parts _ od  the _      i 
 "~"~      "~d^~'hllllln^,-':-;jcn  chaab(ii%  wfoiding  of  the   \ piara'tr&taa auca as td"f- aaaej.cr; 

jalrctrc^aaneta (rr^ain and iour-vale lensr-i;), high ireqaeney j 
Uaievatarf, and t>:« dtfibualoa par.ps ara cooled by noana of j 
idistjllea vaat^r vift:  a  corh3n:a  flov  on  the  order  of . j 
koo lit/Vnlru    This vavter  circles  in  &  cloaed cireali I 



r" 
uü.i C)u.y.i.t X, 3,1'lk   01 

4 caoacr :v a.na 
Iheat  exchanger with 
f distilled -water 

toxLixy urf&ce  o'f  lei 112 m^- 
ppciinnal' 

The        i 
oisti.ired -water  is  re~drawii 'by raeansj  of one  of  the   two-        j; 
stag?  pumps -with  a deliver Q . 70 ir^/hr and drawing height { 

| oi  bu ;n ol -water,,  driven  by an induction motor of 
1 Dowers 

KW 

To Incure • uninterrupted coolinf?• i.n  case one  of the { 
r i jpumps Drraks down, fne nigo frequency generator can be 

cooled by gravity with disctiled water"" fron an emergency 
tank placed under the :rocf, Distilled water is obtained 

I from two distillers 50 kv in power and 60 lit/hr yield 
jinstalled on the premises». It is oooled -with a heat 
(exchanger with industrial -wafer ClGO. m-Vhr) circulating 
| in. eriother closed circuit by ~f pumps (lit kw pov?er each) 
and a spray rend (about 520 t; capacity)• 

intake  and  exhaust  ventilation is  provided  i a 
specific spots by means of appropriate fans,   and■In  the 
main  areas a 6-fold change of air  per horn? is possible* 

I £21SJlJ?XiM21.e    -&e  cyclotron building is provided' 
[•with a th.ree~pba.se network of 6 kv and 3&0 v»     An under- 
ground distribution system feeds from the 6 'kv net-work,t 
the 380 kv  induction raotor driving  tha unit  for the high 
frequency generator and  a. transformer  (180 kvA) giving a 

of * 3 x 220/127V.  In addition, a 110 v storage 
battery of 360 Ah capacity an* 
500 .Ah capacity are on hand« 

two dH-  V atteries oi 

All the above currents and voltages (with the 
exception of the high volt ago) are'distributed to the 
various loads through an 1.8-panel switchboard (Fig., lb)* 

From the three-phase 3 x 380/220 v network are 
!fed the induction motors, distillers, and lighting; whore s- « 

the '1 A «ir; ft 11 1 as the heaters of the large diffusion pumps, HI« mnu. 
[rectifiers and filaments of the high frequency generator 
{tubes, an -well as the emergency lighting -which is auto- 
fmatieally thrown over 'in ;rn xo the  iiv v cic 
[battery 'when  the  alternating  current 
{the 3 y-  220/127 v network»    From the  100 v 
[network are  fed the  blocking and  signalling system«, 

e storage 
'ails  —  are  fed  from 

and  2H dc 
The 

pover drawn during the  operation of the  cyclotron 
on  the  order 01 nrw 



„JL—«_~~»—~. —— ——< —————|- 

i Contvolm&n6Jss£?ty.    The  individual units and  the    j 
„,.,., „, «T™7T^7rc arr-- ^eF'3J0*i£lIv started  loc&lly.   win        < 

control panel  (Pig.  151.    A system of biocKing ana öignal- 
Unr vas established  for the high fiequency generator, j 

^'electromagnet vacuum,  and  the entrance doers, 

*h* generator has a blocking system, which, besides 
protectinpf'its operation,  insures the prouer sequence of 
connections'('fix st cooling,  then fi e^ant3,   loxloweu V 
-,  „rrflral   increase in the anode voltage),    in  *j.ew 01   v-ae 
Ihiih^Si  voltage   O.C kv>,  a double blocking was intro- 
'öuesö*    mechanical and electric. , 

! Blocking of the vacuum setans makes the com.ee„lor 
lof  the rotary and diffusion putips dopend on  uhelr o.ii 
cooling:  the opening of tl^ir valves, h^vjjr«   o. the 
starting of tho pumps. -When cooling Is  ins  ffi«J«:f ™ 

Low«- iß lacking,  valves close automatically.    M,M v«euu. 
deti-»orates to icr* wmHg a signal is  produced»  the high 
Lolr-pc i*. discüweeieä  from the dees»  and. in the  case or 
further deterioration of the vacuum — tne valves arc 
automatically  closed* 

In signalling one can distinguish;    a)  signals  for 
the  location S.f contacts,  valves,   and coorsoy mean, ot 
'*  or ewn lights,  h) warning signals,  an-eai lug wntn 
vacuum fees above 1CT* irrJIg by lighting ^n%£!SV * 
!en),c) -emergency signals, .which act -when tnere  _^ 
wif'iWnt cooVnp or  power  of vecaura pomps by a l-'ptlne intuiiicj.öii(J ^uuj-.,.iip, uj ,f ,j,.j.jrt_    + ,.,, -fn^nro  contacts-» 
and  sound  signal  {siren;.    In aorutlon,  ^ ^sf J; $°\£       ' 
a loudspeaker system ana  interoiiice telephone, hew 
installed« 

If.     CYCLOTRON  BUILDING 

Figur» 16 sho™ the bulMlng in vhlo».™°(™[ne, 

SrrirV.   i5;b.Äcontain.,   o «v a =imu c. 

[offices., etc« • 
I 
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I?«     ItiOTlClIOi  AGU'MSr JilhliriCN 

I' During its operation,  the  cyclotron  constitutes a 
strong source of Y cnd^eutron relations.    >o ^*;;f-* , 
s Vm' of derations cf 13 Mev energy anu  into^nt/ o f 
-   "T   n it.b h,~  «r  ^r^r^-1   hr-i-vl 3 i u* target  causes  R I 

! *fr ^ /•* ? i or?    ."sP -" \ O &   il /    --■«         •*• ':; -L* 'i-^ J~A-lC   ^ s 

Ion the  order of 1043n/see* 

1 For the protection  of  personnel from direct j 
L^o-Mnr"   notb  the main hall  containing toe  cpcxoliao, 
i;r^i   ^  the  location  ox   the exponent a;., tarp/t     n?^ 
Ihavoboncrete  walls  ana  celling 2.6 tr,  tnicfc,   ano  *^;*"-~ 
If'r^   n-oteetec! ylth sliding and rotating dourt,  o~   - ;:- 
i.ontainers   (1.6 m thick)   filled vith  saturate?  auaeou,, 

are  ins to l^o'U-itir^  of "borax*     In  theso  areas .„,.,.,.. 
UJ

° J  "'Iratus   (xonization  chambers),  v;hi2h  permit* 
ray reflation  level.    ->OL,L- 

+*  inErection  an! 
• doslraetiy  a ops 
;a constant   control  o.t roe 
EPtric service  Is equipped  further witri  im,o-->;;ß -; 
H^trol   proaratus  for  the assuring OJ   neutre    - - —>'~ihpi 

«t-. j,.l    do JA   5  1*5    5    rx''       f _     , „ . „..,.,4. _.'i 1 -r-? .~,n       pet   i,*f-0 ]    ,^ü I various  narts  of  the  cyclotron  xrjtta.Lx.ai.ion,   >-.--  ■<*• ^   - 
Iflocrs^  chairs i  clothing  etc« 

In  addition,   each worker  Is equipped  with  individ- 
ual dooi^tJie  apparatus  In the   form  of  poc^t  sxoe 

:'e ana city  chain hers  and  test-f rir;S* 

U    FKFH3Y CHANGF'  OF  ACCSIJEBAiTEk  FARTICLKS 

The  prorer  rocusing o f the ion hers is  a basic 

jradiäü),  the sleet? 
ion b^ar)  is m trr 

intalned in the vicinity of tne mean 
Central plane between the dees and the **&*£■"{f~*' 
t;       this1 purpose, is epsentiaJ^a P^PJ^^-^^^r.fl 
iho  niarpfiO'^-^  Ji-itl  d'.iiJU'.ii.j-.H) 

she 

|X' CS.0 j, U»5 

jteristics of  the  fall of \  ■ nr n^ v^oi«,  nf the  characteristics ui   ^u»  -"- C.-ti rn.o   ^a,-!.^-  -■-   p"''',,,,„.._,.,.,   «ch^ic*§   ar,d  current;; 
be magnetic field   for the varxouo    ipJ-^J.r^

J„^ret1c 
ifoeding the electromagnet,  correspwno,,nb   u      ^•-,- 

II 



r, 0    <■ h . ooa 1 arinnt:tor   "a-   th^'  crater   rf  about   1 «A 'We.fcer/iv.'"'   Usü5i 

bausa),   tha  effaotiv^  had  rad:loa  r,,. *  r2~ :nr, 'Was  so.u 
sFo.r   ;;his  radius. \aa  oboain,   for   .o^o "ra000*000  candj t '.on 
IB * 6,56 x .lO*"'- A/2.f j   a fornuls  for   rho on'-roy of  t'»-- 
S üCcaleratad  par 11clea 

E« S'fir.-io-M» 

where  35  is   iba   laapaotia  induction  In taabioyro,   A :;h;> r.ass 
|Aarcher,   & the   atoric  n^-hera,   f   uha  f.,'Oi!aenay  in bcs,   and 
jTi  the  energy  in Mao« 

' Figaro  18 shovi;  triooo doirndoooies  for doota.J'oos 
(1/Z K 2/1)  in  the Ktraigad;  2 Irr?  ar,d   foi 
in  the bicker  lino-«. 

i^trn^   (A/h ^1/1.' 

i-'OS£ hi? energy changes  o:   accelerated,  partial 
.for a sylvan or-d  radius  ara  I;>r.i 
'inurculor! B..r,,v  -  1,5 Vieler /IJ'-  «^1 

cod  "by the a;artreal a^ynftic 
;:-V  the  süOoC  o~"  fraoaa.oc 

change  of  one  r^ooaance  syrcorr.  y  -   j.r: aca,   , iTiJ^.ajy^öi-h 
'ch.pn,   the  scope  of energies  far  pretons   is  L^ •- .1?»; tor, 
and   i;or üeutaiona  9 -  1? Kav»     In  prn'OJta,  however,   the 
oncrrv  attained  by  the   pert teles  cepaodr   aloe  oa  the 

rS.tX-'t   botwaar:  the decs   (UOa  r~,,-   tW  »5     bv;   sad'to? 
de Hector voltage   (tbf -r^:v-   js^bh rraetaeai.iy 

sspe^kina,   the  anolituda  of   ehe  vo^tpp-  batn^no   tru.:  oaee j 
■should  be  I.1;)--2* tf.ticj;   'iarger  tb-isr-  the nbninal   ;alop  ox » 

ah,    »a.L:. 
On» 

,, c 200(K/Z)(CE/ß0 4 C^F;/fi}^ ^har;; ~x 

eaaryo' ah rest of the particle (of rtst r.i.ss 
rir.c 

m,< 
i"r his rriniouo voltayo ncaded  to bring  the  ion  ^eam   | 

] to  *he  end  radius  to  dapeod^nt  on  the   fall of  the rr^gn 
ifiHd,  'Which  at   a  fired" frequency of   the;  csoil "arfor, 

.-. t -i «   ; 

Icaaaes dovla'-ton  Iro/Ti  syncaroms m»  ainco the fall cf •.;he 
h;iM?netic  fiele:;   changes  aoraLinaarly v:ith  change-   ia the 
baanetio  pui-rspt   (incr^aFing  for  lei go nagnaoie  induction); 
too rnaxira^i aaergieE   factually oVarinod  by 
iowj  are  smaller  than   caliod   for  by  the  ahova 
the  given  lial'ijag  conditions» 

itp-^ 
.iao  for 

I I■{•■ gnctic ffieaturaaaata  ann   the  shiiaaan?:  of  the "lain 
{eloctrcaagnetic  field   for  thp   accoleiatioo  of  coataroas  to 
|i;OU!tnsl onergios ware  coacuctad  dariag   too   firtt   qnartc-r 
i'r.t  ]0l8»    After  assorl/linp  and  control of  the  aatlrrty  of ;" - ....        ■   T,,.nr.^.7  0f  <-i.e  &--,;:,,r.;r>atao vas |the   cyclotron,   preximanary r^  ^ __ 
Idone  in  tho  fourth  nuartar  of 195of . _ 
Ismail duty cycle  anountiog to 0,01   (i.e., with a  leaaha oi 

,n pulse vier.-! 

12 
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IpufsG of 1 msec and repetition freouoncy of 10 Cpsr5 using 
Uof ow-'^n ior, source on a. prots inside the accelerating] 
|chamber, anhlooi beam was obtained from molecular hyarcgen j 
frith 8 maxima: intensity -reaching up to 1 rrJU Next, after | 
} applying a "deflector with a negative voltage on the order j 
I ,-.-? ho w    Tb*-   v^-ior,-, ««.<?  sfiidAf*  nntpldo  the  acceleration I 

I not  exceed fit mm.     An  attempt  was  also male  to  accelerate 
jckrrterons by' directing a beam with  an energy of  15 hey_ 
* and  average" current  on the order of  1,/^-A in air ^outsioe 
| the  target  chamber through a thin aluminum foil  (Fig,,  19)* 

/•cce'j^ratlrg deuteronsi In pulse work with a duty 
cvc'ic  of  0*5  (pulse "1C nrse-c,   frequency 50Cps)  an J on be £ 
oh 13 hov energy and  average  curront  reaching to 60 /i.a 
^as  obtained on* the outside  target» 

&m  j 

I 
i 

Foreseen are also such experiments^ on the proper 
fo'wtlon of the magnetic field In the cyclotron, which 
-woufa permit to accelerate in it — at a constant frequence 
of the oscillator — protons to an energy above <0 Kev. 

:8 RFSFARCH WORK WITH THE USE OF THE CYCLOTRON 

The evelotron was used to start research uork In 
physics already uhile It was being put In oper-- 11 .; U U J, «T* C 

&.'u ion e 
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ibeing continued at present* 
i 
f      The program of research work using the cyclotron, 
|foreseen ami systematically prepared, concerns first cf al>* 
i problems connected 'with stripping phenomena, especially 
rpol&risstion effects connected with this phenomenon- Work , 
[has commenced ana is continuing on confirmation and event- 
liwl  hotter definition of polarization of neutrons arising 
from stripping of dsuterons on t,  nuclei. For this 
purpose apparatus is being used vhich was constructed in. 
'Institute II I3J end which is composed of an inert gas 

: pressure proportional counter (about 10 atp.es) and cor- 
responding' electrical apparatus ending with a ten-channel 
amplitude analyzer- working coincident ally vith the sein-  j 
tillation counters on neutrons (Horniak type) for regis-  j 
'tor ins: the ssymetrio scattering tc the left and to the    ' 
right, defining the degree .of polarisation of the neutrons ! 

Preliminary results have already been obtained.,confirming 
the polarisation of neutrons in the reaction C-^C'd, nJF1^ | 
for a reaction angle of 1?° in  the laboratory system.-    J 
1'cr further research work on these problems, there is     j 
Vöej.ng prepared in the Institute the construction of a 
|>iagnetie analyser of the energy of protons obtained rrorc \ 
{the stripping reaction and emerging under different angles 
jv-'ith'respect "to the direction of the deuteron bear1. 

Research vork -with the cyclotron is already being j 
conducted now and is being planned for the cosing years; ; 
several advanced scientists of the Institute are new j 
serving as scientific workers'in foremost foreign labors- S 
tories specialising-in these problems. Among others,; two 
of our scientific workers have studied for over a year 
and a half the polarisation effects in stripping with the , 
cyclotron at the Nuclear Physics Research Labcratory of 
the university of Liverpool, As is known, this center hat ' 
been and continues to be the most important world center o"| 
research en the stripping phenomenon. \ 

Manuscript submitted to the editor in May 19f9. 
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Figure 6,    Resonance 
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Figure 9«   ■Four-pole magnetic lenses 

Figure 10   Deflecting electromagnet 
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Figure 17« Plan of the ground floor of the cyclotron 
building» 
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Photograph cf boarn of ions aeeolerateö in the I 
new Gracow cyclotron emanating from one of the i 
small windows of the target chambers the " I 
longer bsasi represents li^htinp of air under I 
the influence of bombardment with deutaronp ' 
accelerated to about 13 Hex?, the shorter ~- : 
lighting of air under "the influence of "bom- :' 
hardnent with protons of 6*5 Mev energy 
emanating fron molecular ions of light Ho 
hydrogen accelerated in the cyclotron together ! 
with the deuterons* 
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