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Scattering of jmxt%rom t-j ?2c gov Kmitronn. The finery of nautrua cellUlema
otill ie*rt««ivefrm*M :Ho' p K m fify W sleette at neutron energies
of 10 Mb*. and give# a probability that elastically scattered deutarena will ba
ecat i» a forward direction which ia gptte Large The theory alao shows that

a neutron ear hit the neutron ia a deuterium nucleus directly ia such a way that
the remaiaiae proton ia laft with tha mamasturn that It post#seed inside tba
solatia before tha collision, 4a a result tha remaining proton will haw# aa
energy aot flash above S Maw and a velocity rather mlform in angular distribution
la tha laboratory syeten. Thar® will ba #o«w proton* going backward* is thia

low energy group, mother type of collision result# is tha proton being knocked
out of tha deuterium nucleus by acre or lass direct collision. la thaaa casaa
tha protons should show aa angular diatribution somewhat Similar to that found

la a-p scattering but without tha vary sharp paak at zaro degrees and with no
peak at all around 90 degrees because of tha competing alastit collision*.

m&y other thaoratical predictions can ba chaeked by as adequate experiment aad
tha full thaoratical import of thia work which is bain* , irsued at thia laboratory
by leoffray Chaw oad othara will ba diacuaaad elsewhere. Os# of tha aoat interest-
lag results ia tha indication uf tha a-n cross section given by tha relative
ensflsrs of backward protons.

Apparatus. Tha large 22 inch diameter dilaoc Cloud Chamberl was flliad
with dautariua gas with heavy water for tha vapor, and placad la tha 90 Mar
neutron beam prodw ed by 190 Slav deuterans striking a half-isefe beryllium temp t.
Tha spectrum of tha neutrons was tha sans as that measured by u* earlier*. |b#
neutron beam was colliaatad by tha hols is tha -onerete shielding so that it was
2-3/4 lachas wida and 3/4 inch high, A fia® ail thick copper window admitted tha
baaa lata the chamber, wad tha bean passad out of the rear of the chamber through
a aMailer window. Thba caster of the cloud chamber mi 620 inches firantba
cyclotron target and it wee necessary to run the beam at efeowt a third to a
half of full intensity for satisfactory picture#,

The experiment as originally planned was to us# a 1/8 inch thiek glass
plate through which the protons and leuteron would go and Identify themselves as
Is the experiment with a carbon target5, and extensive calculations of solid
angle# am wade taking into account tba glass plats. Several Imprirraciat> in
technique made it r oecesuary to use the glass plate, part of which had to ba
in tha neutron baaa.

Tha pantagreph typa chamber aslew s only 3-1/2 inches from tha battam
of the top glass to the top of the movable disk forming tbs bottom of tha chamber.
Originally this was cowered with black velvet which scattered light into tha
cameras so badly that only 1-1/8 inches could ba illuminated at tha canter of
the chamber. The experiment mentioned above3 was performed under thaw# limita-
tions. a marked improvement ia background was achieved by coatlag the back of s



mm wt

1/« 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 mmpt for the flexible rubber edges.
Claarlag fTield wires « m placed two laches apart ©a the flees ami their aiee-
tried contact assured by spots of aquadag painted at two imKk intervals aloaf
the wires, These are shown la pig* 1 along with < broad track ShONing stream*?*
of droplets leaving the track first oa ©as side and the® 00 ths opposite side
farther along the tree*. These streamers were interpreted as faHare 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 IPPijil.it"  hUHt T . Bmomum of this difficulty the glass piste
was abandoned and black goiatta originally wed by c. T, 1, Wilson was poured
Oter 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 optM I properties that the lights eam
be set *c that fill iIntensities reached half as inch free the feoffee and top

of the chamber, OsifOre illuminetion extsods over 2.5 inches in a vertical
direct iO».

The Light Source. Greet care was taken to make the illamaatioa waifOmu
lacu light consisted of a General fleetrlc FT4S2 flash tube wrapped in alumlmia
foil which covered the beck half ©f the tube. The foil ms held ©a by winding
a 5-mil wolfram wire in a spiral with half-iaeli spacing around the tube; this
wire and the alwti— 1 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 lana saw only 4 inches of flash tube, fhe baas of Ildfrt *as
quits uniform over 2.5 inches iIn 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, mis high contrast paper indicated that the light mm uniform
probably to better than 20 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 Use paraHal to the 1igit source, In order to
correct this, narrow strips of blank scotch tape were placed across the lighta
at intervale until a photoelectric wssureent of the intensity of the light
snowed that them were so variations greater than 10 percent, Sith this uniform
illumination it wae possible to obtain excellent pictures using an T aumaer of ft
and J@ta‘:‘aLinagraph Orthocromatie fTilm

lIdentification of Particles, As a result of these pareaenrtlons and iIm-
vmmmmtm in iUnmiastioa it was possible to diatinguiah pfwtom* and dautsrom
from each other by estimating tbs lamination by inspectton ami Mmiirllg the
radius of curvature. This method of identifying particle* has In the past led. to
erroneous conclusions and the discuss lom following Fill be car.®armed with showing
the differences between this, experiment nad Otherm which, are felt by m to -
justity our confidence infm remits. Ftret, the iliumUaatlaa is very uniform,
second, all tracks start in the chamber along a lias defined by the neutron beam,
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tr not mounttag tracka «fe©wian « lip angle greater tins 30 degrees the learth
«t tfc# tfftei in a s*U part -f the zhmtomr it Third th#
tlisiag a# the chamber wat yiMMNMPSI fey i*otcfypfeiius m ©salllmgFWfli showing a
Ptf *h»» hfce fenmbar tottom atrurk a a:cmeatteh at the end of tUt expansion,

pip fwn a proportional counter in the ©autre® but, a** a third pip at
t&# instant of the flashing of tin* lights. These three times showed a jitter
&t Imm than 0 008 assent# with the eacpmBSio© feaiisg completed *01 second before
the am re. of “fee base art ,04 ascent feafore the lights, Fourth, end nost
ImyrtSBIt* it tirm fait tlset for the sane redlet of enrrstuy the ionisation of ®
leuteroa i« four tins# Fleeter than that for a proto® mA so.other particle#
appear atartimg singly i* the get of the aloud ehmsfeer.

The greeteat liftlenity in distinguishing proton# and devterons fey yens
of lenientft* w'-crura at rery low merries but it Is pycicely ia this range that
¢he rate of cheese of currature hero— sufftcieatly pronounced to make a®
incorrect identification tepaeeifela fig, 2 shows a 2,f Her proton and fig, 3,
* 3 M* dsuter©®. The stepping peesr of the gas It approximately one quarter
that of air tad the multiple scattaring sufficiently small a© that protons and
dsuterjo* at low *e**gl#s are uasirtakafely different in appearance. fig. 4 thowa
. * pfotaa colliding wifi a dewier©© «nd recoiling feackwardt The radius of

ourenture of the deutero© track la greater than that of ths proton but the
r(])_frrig)ua_ly hsevier ioaixatio© of the ieuteron leerea so doubt aa to which parti,
im it ia.

The forward scattered ieuterora with energies ahewe 70 liar are incapable
of feeing misinterpreted awes if the ionisation is unknown. This ia due to the
fact that' a proton with the same radius of curratuy would haws 133 Her energy
and there are too few neutrons in the neutron imm with this high energy t© cause
any appreciable error, This fast was used as a check os our estiantee of ionise-
tioa, Out of 135 tracks aeaaured, only one track was found where two idiesITSIS
were usable to agree. Before the experiment is finished, we hope to fee able
to classify those tracks upon which they is diaegrwaaaet and then to fee able to
setUnite -cur error due to aisiaterpretailcm wore accurately than at p»M at.
®assws.r} if no farther improvement were made the day would fee yey satisfactory
frcm this point of new.

FrellniSSfy Baeulte, The neutron energy spectrum has one peak at 90 Msv
and ah we another group at low enesgi-e  They ia * hoi# at 40 Mew which is a
d*°d dividing line for the data. The energy of a neutron which produces an
elastically scattered deuteron ia equal to 9/8 coa®O x (energy of the deuteroc)
whey 0 is it# angle ef scattering -jf the deutwran in the laboratory system, The
ysmary fur taa ieuterosa gire© ia Table | is presented a© that elastically
amttcred deutarums from neutron# chore 45 Uav can be i#parated fr « the total.
The denterone cf lar© twice 10 Mar are tabulated separately, howeeer, at SO
degrees, a 10 her ieuteron can hay ha«n produced fey a 45 M»r m tns and fram
that angle on up, some of the douterone below 10 iwrr are Incluned with t”~oae
produced fey neutrtne of energy greater than 45 Mar.

Table 11 ia for protons; and in this table the pnotoas hare been asperated
Uto two Sroupa. Hay the justification for this aapaytion is act nearly as
good mi is the case of tue deutexons feesamss s pytern, if hit A a’amtiry,
possess#* aome:nt.ui» in the nucleus feafoy feeing atyck and ala© Inssa some eyrgy
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m seeing the melame. lan of thee* prtfertlee make the relationship betwewa
the Jifeduw. angle ami energy mt the neutron energy Infm definite, Kowever, if
jw/eise atw sheets. anthe mm heals «e the dmatereae, then meet of the* will
mtie* bee* namlw | by nnatM e ntf energy greater iliac 41 i»v, Some proton# will
tnil U*o thi# gmng which have came free Imw energy neutrons where the

ef the preta* is the imciswe win have Increased tha angle of departure of the
2#9*m, ft the rm rw ana hepfma also, tinlag the factor $/® way be slightly
better thus mtm «It*f 1itim i it cllows « .smell t f at for tie energy loss of
Im prate* is leaving the mMmm. The pwetemf sfeUfc eijaiar going ia « backwards
dtree*ice are **ry likely to heve Inmhi produced by mempane of eaergy greater tban
45 Si** -“"eww at low energise where the cross sections beeome larger the dent#roc
it less likely to erook up and there i§ acre lias* luring the colli*ios for the
fiwt®*. to h* irnggari fcaward, for those raesema the tMtMWRft protons wort count*4
witli thmm #0m to #5 Kiev of* higher energy centres*, Ala© coat of the forward

elaw ,roton*. «od at least a number equal to ta« number going backward* cow* fro*
thews neutrons, and them* should be included tn arants two to these neutrons,
fatl* Il Ota** the proton data separated at described above,

Boutrot MinHTtm Croat Station, Ihm neutron dauteree total cross station
is IIf millibars** for the 90 la* neutrcas and iha aeutroo proto© cross saetion
it *3 winners#, Thi*. leaves * mnxinam possible neutron neutron cross section
of 34 millbams, and wt weald expect something snmeiderebly smaller. fable m
Sires a swMtfery of all the events ©orreeted for the United solid angle and
separated annomtug to tha description above, fable If uttn the information
fro* fable IlIl to got ralatiwa cross section* for the 4lff«rant processes. The
total neutron dawtarot cross section corresponds to >p*2pg, Actually this group
ft i*fpcsfttblm erant* which shouia bt imcludad in tin# 8rmm tattion. Also

t«t ptreant of tha total neutron-dawtaron erots saatien conaa fro* arants
where tb# dautaro® is scatvarad between 85 and 90 degree* and these areata are
met Innladed in fable If because the range of the corresponding deuterooeis to©
ft.lI1* AIll these thiagn tend to mmm %e aun”ar of events correspondlag to the
total neutron dauteron eroaa section too snail. The neutron neutron erase sta-
tion. baearcuie of this error will be too large, and the figure glees for this
sorresp-~odifig to 2Pg and aqua* to 11,4 adlliHRM is as upper limit for the
neutron neutran cross section,

irrore. This isport i# eery prelimlaary and a complete discussion ©f
error# is impossible at mis time, the template* used- for measuring curreturaa
coasiet af curves drawn altd radii fire percent apart. In most case# the error#
are less than * fire percent in momentum. Angle# can be measured to * two degrees.
The biggest error in these data arises from the fact that It has not been checked
by a sevoma awaaursamnt. in a group s*f 152 track* "which were recheeked, six
?bowed m error greater tha® ten percent in radius, four showed an error of not
more tha® five degrees la angle, seven showed error in identification (i.e.f a
pr«ts» mts mistekaaiy labelled a# a deuteron), and tight high energy protons
aare omitted altogether. «%ea an erre”r it found, it is reafcaeka* by a third
party* la. all anmes bet oat- there w*a agreemeat between the people measuring
the tracks, la ©me case only it was impossible te datemiae whether the particle
ms a proto® et a ieateroa fh s recheck was /nade on the «*arllcst data and
theta is food re*j*«©. to believe that both data and mmsurmmm of the data hava
Inpaeead eoneiderahly .
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The Angular 1?latrir-a“. r. ;f it# £lactress iroduced thee the arcehro-

tron -»ex Sir*e?® "' t/fUofe 'til'cl f%~&E.ifnly"#?' cOfile ray
*aae*ifee tli# course of the

«ee*eft* phawnr that ia prodwed when wither an eleatron or pM M my t-i incident

« natter la tH M plttr f«M» ©# tin theory ionisation low we® aaglaetad aad

the waynytotic croon aerttw* for radiation sad pair production war* included; these

era good approxlentlean ea long a* the show#!™ it initiated by « tery hi#. energy

partiei# > photon for a bibliography a»d iaw n of the appwitl—tioaa

fey rartmt* authors #oe the twees* p#f#t fey 3ayder®.

The ahoner tbaory predict* a sunfeer of ;uantittea that say fe# aanawrai
#xh#riaast®l*y. They inclad* tha auafcer®, tnargie# and angular distribution#
of the aleatrona and ctotoea a® a function of ihiekaa#® of material. A few cal-
wallatioaa fear# *1## bees ©ad# o® the ftaetuatlooa la the aussier of particle®,

Counter expartneat# to dateaain* tha countlag rata at a function of thiak*
mm* of aatarial ara a ftallltr tjrpt of co*aie ray experiment, tha transition
«e*** that I® ohteined riaa# rapidly to a aaurlanat and tha® decrease® aora slowly
as tha tfejeknas® of aatarial yacrea®*®  Tha®# aarraa as* ia qualitatlra agresneat
eitfe tha theory feat auffar from tha that that to naira a ewparihoe tha theoretical
amrraa nuat fee ar«raged orar the energy ape-etrua of tha initiating electros® or
«e*e* ray#  ?hi# ia fait# difficult sine# tha pt\mry energy spectrua la rirtwally
yak-sows* Other linttatloan of tha *»«ntar eapariaest*; result fra tha fact that
thay at# subject to rariou# geenetrleel faftwtttana, difficult to estimate, a®
wall a« tha lifflenity of separethng o«t tha hard oonpcaint,

4 aora 4tract ccapnrleaa of tfeaory with axparinaat nay fea obtained fron
eloi™ chamber data, fro© a study of fifty #hswers Katas6é han bee© afela to
sonpara with tha tfeaory tha nunfeer of particles at tha aarinon of tha shower as
a fanetie* of tha total sawder of j*rtiele® under eight 0,? c* lead plate#,
Jtasaor aad :mm& fear# alao iatamiaad the sfeapa of tha showar eunra but is
m M tttm thay haaa r*aa«urwd tha asargy spaetrua of tha alaetroas at tha aaitl-
* ko ke WA fluctuations, Thair raault* art cartataiy ronaistant with
tha theory but tfea Mtswriswwets era uaaatitfactory is two ways; (a) tha mtrgj
©f tha ineidaet #lactro» 1® mr*r agyarlnantllly iatamia®d usd (fe) tha aunfear
of shears ofeaarwwd i® Limtad

»fe«c tha sywhrotroa® feapas to ©parata. tha sy®tanatic waaauraiMat sf thaaa
qunotmas pradietad by taarsa# tfeaory feaocaaa poaaifela, taaaay and oioekar5
hava iat»rmia#d the snap# of tha mhcmmr *urwa fox laad scypar aluaiBun. and
carfeos  Thay feawa saaaurad tha furraet froa *a lasiaatloa iba”ar s® # fusetioa
of thiohnass of material aad fea»* ohtaisad tha traaaitloii caraaa with wtrana
accuracy ha fenra -»at oat to mature tha aaargy tpactnas of tha alactroca at tha
mximm of tha shewar la laad-; t.#., at tha nanUaMi as datarmirad by yassay aad
Blocker which oeeura -aider ayprotinwtalj 1/t ia, of lead

A cloud ohwiser, Jaasritad a a praaioua paper”™ is a nnfnatli field of
IUOO fatMW wan located to tha r ray bea* of the Barkaiay “yneferotroo and 86-I/E
feet fron it,* target Two eolHaiator® owed, fha first wee a 1/i in. a
3/8 In* horiaoatal alot ioaatad $ feat fron tha target and tha second was a 1/Ig
ia. * i la slot 30 feat fro# tha target -tad at the sane rertical height aa tha
eaatar of the :lianiaftted regies of the bland -hajsber. Tha x-ray beaa traveread
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th#t 3/4 iftafc quartz wall of the synchrotron donut, 88*1/2 feet of air and tha 1/4
I»«ii glee# wan of the ©low? ehaabar bafore inplngiag on « half inch lead plate
inside the ©banhar. (Sea fig. 5)

m# energy and angular distributions of tic electrons that emerge fra* .ha
half lath thick laad plat# hare bests naaanmi hr reprojactioa”™, Besides tha
radlaa of currature , two eagles a and #f were manured a la tha dtp angle
or tha eagle that tha atari of tha true* sake* with tha horizontal p ia tha
aa*la that tha atari of tha tract askas with tha plana defined hy tha beaa dirac-
tloa vertical* Tha energy of tha electron la than glean by t * S0© H/Ceoe a
and tha acattar angle t « toe- * nan a coe JS

Tha photographa aeasured were selected oa tha baala of 'hair quality and
population, for asnapla a photograph that costalhad fiftaan tracks was aaay t©
measure whereas one | g || twenty fire wee measurable only la caaas where tha
photography ass exceptional., Each photograph tapeangst., of course, a single pulse
froa tha synchrotroa and indeed a slsgla pulae of extmasly law intensity. Tha
tracks lyrra th ail caaaa been aalasted and aaaaurad by two indapandant observers
and froh thair reproducibility we bellewe that tha errors la tha anglaa ara about
- £° and th tha radii of enxwatnte * S pareant*

Tha aagnltuda of tha aagnatie flaid U800) gauss permitted tha accurate
aaaaaraaant of electrons in tha eaargy range fro* S to 1*0 Mss. Haitipla scatter™
lag by tha gas (a mixture of argon and hallust) of tha ehaafeer also prohibited tha
measurement of th# lower energy electrons 411 tracks la this energy .range were
Foeees | thair dip angles were less than 45°, a geoMtrieal correction baaed
on the assortloo of asUsrthai symmetry, was aada for the onlttad track#.

Since th# scatter angles of tha electrons result fro* thair Coulomb
seattaring in the lead, they as* a strong functloa at tha energies of tha abac*
trons  Thus, for example. the geometrical correction mentioned above is neeaaaary
©nis halo# 4© Mss and is raally important only hale* so la*  Asothar result of
this energy dependanee is that it has effectlraly artended the upper limit of tha
energies that could be neasurad for tha high energy electrons cone out fro* tha
laad plat# eaeenttally ta the forward direction and trareree the dinnatar of tha
cloud ahanher giving about 3© cm ©f track on which to nake an otharwiaa vary
difficult surralure measurement«

Flg,, 4 shone a histograa of tha naaaurad energy distrlbtuloe  ThU graph
Is baaed oa the measurement of fgg tracks and tha standard darletions ara baaed
only eg tha number of tracks measured The snoots curve awe calculated by
Valter Arc® for a 1/1 spectra* ©f mye and using s ralaa of tha radiation
I~gtfe of OvT8f on Pb determined fron tha data of Kenney and Blocker9. Tha
agreenaiii la certainly satisfactory fay rssults as preliminary aa these Tha
nantad i nsgrs—sat la tha first point is andsrstaadsble fa cannot measure
tracks hsrlag scatter angles merger than about 65® and since about half tha
sleetrone is this group would ha expected to hare scatter 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 bot-

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. |

0Z 850



A 29 Mfv PROTON ENDING IN THE GAS OF THE CHAMBER

FIG 2

Oz S52



A 3 MEV OEUTERON ENDING IN ThE GAS OF
THE CHAMBER

fl« 3

OzZ 851
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A 45 MEV PROTON COLLIDES WITH A DEUTERON AT THE
POINT INOfCATED BY THE ARROW AND RECOILS TO THE

LEFT TURNING THROUGH 270 DEGREES BEFORE LEAV-
ING THE ILLUMINATED REGION OF THE CHAMBER

FIG, 4

OZ 853
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3 Devaiopaeat of Klactroai- Sguipanat for glgfr gasrgy Pair Spectroaster

Swlght Dixon, and Lslaad M *r

I/,trod4ueiios. The specifications for a high energy pair apartroweter to be used
for aeutra. neeca investigation and other « perlannis require fast coincidence
*64 countib« circuits, Approxlastalf three aonth* ago, experiasntal wort was
**mm is applying the latest developments la fast eetlng circuits; aaanly, the
photomitipiier crystal counter and the distributed amplifier. At tbs *aae tiae,
as an aid to olw tvui tbs perforftaaece of these circuits, coastruction was started
o® a high voltage oscilloscope aad a pulse generator. Tentative plan# called for
resolution tines aot greeter than 1O e« seconds, aad for a coincidence counting rate
1®* eousts per second la the following we report progress o& the oscilloscope,
pulse generator, coincidence circuit, aad a pre-aapilfler

O0—1yLii—IL The oscilloscope ess constructed about a DuMont £1017 high vcitage
cathode ray tube A staple sweep and latenslflsr circuit employing a type 2060

gss tetrode, has given sweep speeds up to 2 x 10*® seconds per centimeter of tube
face, with a repetition rate up to 3000 cycles per second,. 'The DuMont £101? aad
the sweep circuits are discussed in ?olum 22, page 208. of the M.I.T. Radiation

laboratory Series

Pulse Separator It sac recently found that high voltage la the order of one to
five kilovolts will decreese the -onductioa tin* of the t&yretroa tubes, types
*e6 *»d 3021 fhec fired by a trigger pulse under these conditions, the current
Initially tacroases to about half value la 1C*® seconds; thee the current increases
to full value la about 3 x 10-X© seconds To obtela this fast conduction ties Is
essential to have a minimus of inductance la the current path internal and external
to tbs tube. Oslag a type 2021 aad SO aha transmission lias, approxiastely 8
peek asperse la evallabl* for short pulses.

coincidence circuit# require fast actlag., aon linear
eleaeats At present w# are testing two premising types. On* is the suitigrid
ailaieture radio tube, ordiaeriiy used for eixiog high frequencies, the other, is
the crystal diode. The type «®A? has proven satisfactory. The coincidence per-
frreiaace can be well predicted frosi the static d.a. curves. The electrostatic
coupling feetwees the two grids and the plate is swell As yet, we have act
anuu#i, Ihforentloa on the crystal diode perfonsaae«,

**& Parallel cnaasited 30it photo-auitiplier tubes are used t©
collect light free the large Laclie light pipe leading free the traas-st Ubeae
crystal. A staple three tube pre-anpi.ifier has bean designed to couple the
photomultiplier tubes to a 125 aha traaaniaau* line A negative autuai ia*
ductaace taparad plate line circuit essentially as described by llnston et el.1
is used. The amplifier has a gain of about two aad a riae tiae of 3 x 10-9 see.
> dXUPtIf nmm By followlag the iaatga procedure outlined la the above article

by paying due attestioa to lead length# and ground returns, it seers fairly
e*ay to sale distributed amplifiers which operate well,

*k - rjg_ e e e e S J—

- Ummm» et al. "Distributed MpUtiaatloa,* Free I|.R.l, ?©1 3d, p 966-98*
Aug. 1946,
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Is f*r%i9l* 3po»tro—tor
H*dl*y Ud 7, CIftdi*

»# part* of thi* 9Quipm*n% H ith iarolfo gated Hripr H I T count*to
*»*« eoaploted and put to u»* I® dot*m 1*lag tb* #n*rgy epeetruo of tit*
ooutroe b**ft produced by bo*feard»*at of « borylllwi target by 550 M** proto®*
tft tft* 184»ifteb cyclotron. TIi* actitroa #a*rgi*# ar* lateral nod by u*a*«riag tit*
ecorgi*e of *la*tloftily scattered proton* frm paraffin placed is tfte neutron

Results *o f*r obtained bar# b**e quit* satisfactory *itbh r**p*et t© p*r-
forme* of tb* *gulpa*at. I**uffleant ttse It** b*on put t® tc dotcmla* aor*

tb*ft tb* #»aoral dgo~of ti*™ *peetru«, »bi*fe appears t© eoo*ict of ¢ bread paek
**»%*r*d *t about 2*0 m , tit* half »idtb being around 100 Mr*.

*e conttau* a**sur*a*Bts of tbi* apootrua until statistical error*
*r* saall ouiottgft to ab«o *»y detailed *tru*tur* tb*t **y bo present. Spectra of
neutron* produced by bruO>«rdn»ftt* of other targets, and «t angles otb*r tftfts 0O© to
tb* incident pWtAft direction ofll bo exanioed, to noil ft* *pootro of secondary
particles knocbed out of fusion* by tft* *xt*iu*l proto® been.



A profraa of studying tha fla* dsasitiss of aaatroB* of star producta*
sasrgiaa outbid# tha sM»M*ag of tha IM -iaat eyelotroo ha* baas oa&artakoa
by tba uaa of phofograpbie aaaUloa la which tha tracks of ouelsar star parttola*
aay b# ©baanrsd. Tha rasuits of this program should show eorrslatloa with tha
saraaya aada with a blsaath ftssioa cooaiur which dataots only sautrooa with aaar*ta#
is aroasa of 90 Mss

Saparata sat* of fils oust ba postad is tha various locations for
difformat typs of oporstioa, a «. 390 has protoas ©a latarsal targot with
foraard or 350 Mas protons daflactad 1st© tha c¢cm aad so forth*
sots of fila eorraapoadlag to four diffsraat typos of opsration srs ia tha
of axpoaura eurraatly. A pralutiaary sarray with phetogragfeic fila haa iadlaatad
flax daaaltlas of star producta« oautrom* as larg* as f/«Aa# la tha asUarth of
tha bighaat iataasity  This fiirura aaka* asa of tha assuoptioe that tha eroas
aaetioa for productioa of sa Choarrahla star ia a silvor or brwaiaa nucleus ia 1/10
of tha total sroaa aactlac for iaalaatie eallialoa. This figur# of d/en”aaa la
appro*,umtaly taiaa tha rolao prarioualy aatlaatai fra* biaanth ftoola* a
awrays, bat, or soars#. tha comparison is to bo mho ia tha light of tha
shins of tha eroas sootion for star production



f. High nmtma
9, 8 CrnadaU, 8. 8, HIMsferaad, 8, 1. inysr and 8. T. f©%

Ourlag tfea part thn* worths th# sain lias* of effort la tfes ulffc ta»iw

1. To evaluate th# fl»M fro* protons bosfesrdlag hydrogen.
? Jo search for m ofeasrvafeia ilfstias of tbs photon fitting agsat.
3. To s**rch for tbs answer w to "festhsr th* photons aro anittod singif

or la palr*.

Most wit8 tbssa Hast of offort ioai instruaaatel lagrorsnsata bars bssn
offartsd.”. mo sfficlsBcy of th# pair aouatsr ha* lasts*sad fey salargtag tfes
aagastle gap. Also tfea detsmiastion of Ifew correction for loss of pair electrons
3ue to scattering la tfea oaaTsrter feta boaa sxpsrisbsatalijr nsasursd aad found to
agree M il with tb« calculated corrections watch bars boos la use baaed upon tbs
mnml fonelas for saarll aagl* Multiple soottorise*

to study tfeo yield fron hydrogen fey using a G
I# eaploylng alternate targets of oarfeoa aad polyetfeylsas with a
«f protons. Tfeis « M f has indicated that tbs yield par hydrogen
| porooat of tfeo yiold par carbon auelsuii under boafeerdaeet
This aaat feo costrestsd sltfe tfea relatively U rp yield ©f
| proton proton collisions as Umiw | fey ilefeaae aad fell-
M1 SB8 fey Peterson «ad pjnafclry  Ho eneeeseful way of evaluating this jrUll fey
aas of lifuii hydro**©. Has yst boon eoneslead due to background defeata. Tbs
| for iadleatioes of a 1lfatlas of tfea phot©a salttar involve# tfea tentative
sloe that tfea aalttlag agsat ary fes a neutral seec® aad aay thus, la visa of
available, fea aorta# wltfe considerable nnirtnm If then ita lifstlaa
(iafeia, tfea a©arcs of tfea pfeotoaa would not fea aiaply tfea geuaetrieal
fey tfe* pros©a feeaa feat would eataad over a region of specs la tfea
eloaa vieialty of tfeia ereni and tfea yield froa aay particular slaaaat of spec*
at a givaa distance froa tfes feeMnrfted sraa would fes iatsraiaad fey tfea half U fa
«f tfea aalttlag agat. Tfes attaap* to observe tfeia kind of aa effect was aada fey
screening off tfea viaw of tfea iargst subtended fey tfes pair counter is afe a way
aa to block off adjustable portions of tfes possible salttlag raglon. By tfels
Usuis it tes been pitM s ta mw tint if an internedlate saltflag agent saista(
whose ness is asar that of a * weeoo, ita assn Ilfs
8 * 10-13 ,

One of tfes ooacluaive types of data baarlag oa tfes origin of tfesss pb©~
tons is tfes answer to tfes question ©f wfcetaer tfesir Mission is singly or la pairs,
farioaa srraagsasats of veinalitanes counters bars ossa triad using tfea dsflactad
proton bsaa la aa attsnpt to find aa aaswsr, Du* to tfea largs background of other
radiation detected, by tbs eouatsrs within tfes aaall tins intsrrala of tfes bssa
pulse# it has not bssa poaaibi# t© give m aaswsr froa tfesaa experidots. A cloud
ofeaabor wltfe asgaotlc fiold has bssa under construction and will within tfes nsrt
quarterly period fes ngployed la m attaaft to secure tfels dstua by * Method wfeiafe
sppsars to feavs saisidsrmbly sors afesaes of suoosss than tfes svsllsbls eountsr
sstbods thus far adoptad.
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At iojuniaiir te *w«r« ft* aacaiaa tiatrife*tio© of tBo oi«»ttc aw m r-
lac of 59© Hat |irotoc> |If vortoao auclal la la BWBBBB*

mo powfeoa mm BAMS la *ho dofloafed* feooa froa tBC LM iaefc oyolottwa
ofetaiaod fey ftoottorutc of to# eir-ulat*af yrotoao 1st© tao aowtfe of tfe* —ji>tio
ftBaaaal TW frotoaa arrivo i& * polio ofcoao iutoflaa ia 10 §oo# oaf «*t«ao
ropotiliao rot* t» M for *oo®ai

Tfeo ftoottorod protoaa «wo lotoofeod with a trip!* MiaolCowoo nelotlllottoo
eou»t*r tsloaeopo uatag tr««-#%iifeoa* tiH flalj oaf IPC1 "otoaoltifeUor tuftao.
iotoooa tfe* »~«©»d oad third erpotol i» piotad o tfc*efcaaao of Co awffiotoat t©
aoour© that oaly piotoao wita « eaowor grootor that SIS Bar *oa poaotrato to fea
cowatod ia 4Mn tllrt otpWS

A #tca*i froa aoati of tfeo gdMrtoowltipliir tMftow la oapilflod rad trlcgo**
0 o™aaao palaa of Motl f «.* **oo«* Tho pula** D m tfe# tferoo dwooowo or*
f#d tat© ft ootaoidoaoo alalwr unit wfelefe otlUaaa jIW itH ftlpiOol Aiodoo. Da
eolaeidaaoo foaoltta* tua tsa* Now MMicrof a* 9.1 “o0o0o0. Tho output of tfeo
00&awidaMOO wait ia fad to a utooBoad aoolor.

MMTMMii IMO 0000 ttMPfiOA ©O* for flOM 010000*0, C, Al C*. AC, ffe«
tho cooootry if tho ftpotfeorthf iiip |l «ad ditootIm§8 tMIw«c*f aad tho ww sl of
suititla ftoattaatac ia tfe# tow *## feaoo too* *ueh that tic W M If yoaolotioo
ha* few * 1* WM tMgnIMf W fli > W S® and 80° haa hoot cororod

Tha roaultft to data fe**o feaoca eoaala*aat with tfeo prodietiaoa of tie tmm
paw* mm3mm tfeanory of Pocafeaofe 3*»0orr «ad Toplar. 1ffw ItdB aiaiaa *ad
oatloft haoa hoot oM BM for tha hoarlor olaaoato at the follow!** aacloe
O if#1 oo w la fofeio i.
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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.>

If tailaft «f tfco t&orftta foil %am me % t*« olootrle
4aflaatar tfeo 2&nh emmmttm tm*m inv* 1.9 X1 0 nJTTirlt

fko® aayartaart pm apt rapaatai wa&ar vrurs Pawtfttiaaa far til are

of®  tat ti4p prooaat #>fmlpaa&t 11 eaitet1* to give tale type of iafowaatlaa
Qaatr*



WML 8«*

. 84.

U anorl Uf# F» ITHM *
Sfl«M

StfciMiM or He «wW*JW *e« Px»trlox ef tl» fewtA fey elf**
kegfeHIS&ENIME of 96 with the eO-ieels eyeletrea Iwpwi cO*tl*a#4. 2» *11 JfSrtililf
*&ort life 1*»r* of M yoleeiu* i—M f H H fll toy *Ifin» ****eI® *me ***m

«f eiyMetei 1906 teetepe* ** flame#™*



mm *t*

11* 5slatillat lag Coohtsr Iwvslopaaat .
t. footsra

K#yi«* of th* higs voltage M UM to tte photosaiitipUsr ha* km |m h|;
pwpihh Is td I&# ®«w*tla8 tta» to thorn* intervals darlat *Mm
htm-mrnTm particle# *m prodwasd by atasierator.. This psrsit* op*rm%im of tbs
* 9 * *x % 9 ' gggasstsd voltages, thereby wemalag » m i ******
wfeish Halt &U*s oatput, «td elrawestlag positive ioa rsgsasrsttoo
ofciofe M M high voltage Ir»> rt4fl»s having « slow

P*ia* v~ tipiiAiii 15 volts are vastly obtains* direetly fm ths su»U
slsstrodoe serosa 1*S of* Has, a*la* tresa-etilbsa* erystals coasting 1,5 gar

*hkhkk % _
r*w *" 1/ signal Pttlss half width of ',Tgo%r!a erIUOSSSOG.dS at’ roos«f(s.a(sc ttaslla
A t* g itrapuma a CAMtINtYfrLIMNIA"% oMbl .r**0o™u.
length Is found

iUf J*¥****® sarin*** operable high soltags sad keying pulse
falalole i‘*7°&4 100 aierosssoads. a t?21 tuba doss sot hold appreciably am fcjgi

N % ** **%» described testa, tbs last too aisstfods
"TLIE S 1 TJn L ,V FrREX* th* w lisr stags# »sra opsrsted
*Itt o 7 rtil,,"1,r *** *" 50 *je»**«un* {usually divided across ths ® gaps
& <atu capacitorsJ, with a 106 pulaas par second rapstio© rats.

*Tj
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tm Positive |»efstive ff~ mnh~ ty
34S PeotaMi as Cortes at 90° to tiis

G lieteos a4 d. A~ Wllco*

A aatfcot ten teos developed for mmmring ite absolute pxtefoetioa erooo
are%ioo» for fooltiro aM sogotivo or- '»$osa mbon various kites of cuel#i ero
hooberdte with feijfc mnmrm changed portleloo fins the Berkeley IM -ieet eyeiotroa.
** # firirt afflieatieii of tfeo settled « *ttey of tie pooltiro ate negative ir-e»eeB
prtewettes |If sikfe H*f«r profess os eartsea tee tees €&oms. Tfeie #tudy ate tte

settete aote «ro reported is OOEL S*«.
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14, C*ptur* of &*f*ti** p M- on* ja Hydro***
«. X, N, Paaof*ilty

Tha fei*h pr***mr* tm m | east*tala# hydro*#® *t liquid alt i«*p*x*tura
and 3000 p.*»i. pr««at» IMf baa® u*#4 *e«*a#*fuUy ia a aaafear of #xpa#*ir#» la

®t»dy th* afesorptio® of aasoas froa th* cyclotroa tafpit ia hydro**©. 3a*wa
ray* prodtt©*d fey tils aaptur# prO«**» fear# baa© studied fey naaa* of a pair *p*etro-
aatar of low pm** Th# raaulta obtained tha* far ladioat* i. o>mmi

ray* ara prodioead ia hydro#*® and ia hyiro#*a 0*0Oy, 2. Th* **mu ray* «**astifi«
from th* hydro**© at* sot aoaochroaatic. 3. Th* ga®** ray spaetrua 1* eowpatifel#
©life *«v*ral altaraat* iat#rpr«t*tiati*. 0o* of th* b*#t iat#rpr#t*tloa* i* that
th* TP IIM 1* * co»po#it# diatrifetitio® of asoooehroaatie gmmm ray* at 130 mt

m& a mm* ray diatrifeutioa paafead at 63 Mrr rwmltia* froa tha iaoay of * aantral
m»0&. Thi* of eott,r*a praauppo*** that tha aaa* of tha naatral aaaoa fea 1*** thao
tha ia*»a of th* char** aaaoa, Th* diatrifeutio© i* alao ©aapwtlhl* with a two

mam ray proa*** If for *o*»* r***o® th* on* aaaa® ray pro«**a i* forbiddac it

iI* plan®ad to study thi* pro©*** with fci#i raaolria* powar.
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F. TIUam aad ». |I. H. Paaofaky

Ho# plat## hara b#ao axpoaad for prot*a protoa aaattarls* at » WMy i#
ardor to iapror# statistlea © H i part tin plat## ar# of eoaaldarably
hiigbar quality tbao tba fomar mm «H it ia #xpa«t#4 that battar statiatiea

alii fea ©bialaad.

as axparianst ia alao ia pro*raaa to study tha abaoluta eroaa aaetioa
at 45° laboratory mgX* for protoo-protoa asattarla* aa a function ©f energy
up to 3* Max. tlila work ia beiae dona by 90® aoUeideaoa eouatara.

n *< > HsM



h mm from »
Further ntim pr

UI ill Hydrous tar*«t **mm th* Hoook Fxkkkkkk
aiael*o*i ** eem*ene* to

%

«w*SSii|0l



CRi iff
TO-

If Synchrotron Stadia*
A G Holwfeoll

Te* jfcptieo experta*ate with tfe* *ys#ltrOtrOn h**e beets «l«Mt e#r#ra,
differ#*.* U w and will fe* ewswrix#?! *ef£*»«

I*»#rttgationa of v r mentions fear# NiktiaH and ar# reported la ISRSMVM
» o particular point* U fift lasted 4m*« b##a tfe* «I*rfy di*tr Abuttoft of proto**
*$**t*4 by Umi /-ray# tI* sanation of cm*# w&tlm and tfe* angular

tlc- fit# #Pfl&mMI* *iSilics*d two gas proper*lonal counter# U coiaciienc# tfe#
second U«#*4 #o0 <» to #***t only jvoHNM stepping in tlew ***mle* at* «t» down
tfe* y ai*d mekgtmmd Proton# fra* ea#r*i#t 8 t* BO

m* ter« t»#* ecuat*& - fts# Mttfcar* at energies b#yo*d tfet* «#** #O mail tfeat it
414 not »«#* airli trail# at pr###at to try to tonal to** For targot almost* of
C Bn. «WB Ft. tfe* nn*fe#r of proton# p#r unit #»*rgy |I* proportional to I* wfeor* »
1* **.-« to i,fe~ It io not ratala whether tfe# 4o0*lotloon of * fro* 1,4 aro #ig-
alf 1'nat u Pt tfe# rioid at low #s*r«loo d#*r*«ra, and tfe# point of d#partur#
thm *&# 1/0 «*re* 10 p»ot *fe#r* tfe# TiwaloMl fe*rri#r «ffort set* m. Tfee %'ray
oporffl* io apprr-iiaataly proportitanl to I-'l o* this suggest* a otooo aoettoa
falling >ff Ml 1/1*

Tet#t ft*1#* of e***r*i MffMPMt nIMMmt* nr* etnointent witfe ~sauaiag a
ere*® awrtl«& prwpcrtioafel to AN™

Te#t yield #e o fuart I»e of angle ba# t#*a #ttidi#d at #5°, #T-l1/1*g 90®, and
IMC ffear* i# a prmmamad forward iMtIW wleiefe tea ba understood If on# nammrn
that -no > ray #«#*nttally interest# witfe a stag!* proton. Tie# fart tfeat tfe# paak
IS not at O2 but forward io*i fra* tfe# mletm stic tranoformtlon fro* tfe# pro-
tot* * fra*# of r#f#r#ac#« ns# ssswsption t&#t tfe# '-ray letexact# witfe only #
tin#,-# proto* would indicate tfc*t t&n aael#as weald b# left with about 20 Mow of
energy after tfe* #J**t#0* «f tfe# proton; and could easily tfe#* boll off 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## eatm ud on tfe* afecerptms of ~-ray* ffe*t*M tariou# radlo-
actitlUas said a.io on tfe# era* aactloss for mfe reaction* for tfe# t-r«*otr#felaa«
x-ray fe***  B*Mt io in progress o# tfe# (y.p) pra*a* in 4s to gir# cu*? Till#
r*dio#et i»ity to weak cc*par#d to tfeat of and 2*84 but m < ***"*1 s#paration
of Ca allows it t© fe# neaWwATWH and tfe# absorption cure# usix* it a# a dstoetor

glw# tfe# #**f«y «fy >ay* pnamrilf r*opo*olfel» for tiis react|fe Boafeard-
.separation of Ce tia* indlentnd *#a#ar#bi« flaido of CtrA by dbg
» ,my> 4 reaotioo, Tie# rwlaU? |i#id« for so*# reaction# art. assneing
rarC*1 U 1.0; C*8®ly si 14; Ca*-( ™~,a) It, 4pb64( ~n) .12; laP*ir 2tti |.t*,
2*84{ ytv&) 3, W ag tfe# f*#u.to of aioeicnr and Kanosy an tfe# energy flux,
asonmng a J."l »p#ctmn. and 20 M#* a* the ray energy producing the Cu”Sfy.n)
martfon tfe# ires# eeetioa to 10*t™* c*4 gp«, wlelefe is in a#r««*#nt witfe

tfeo #k** of I—inn and Perlman

Tett epparatu* fox tfeo feo**«rd*ont of liquid 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 N-tay t##*. Only tfe# end# of tfe# coataibiag eylindor
ar# atruck by to* x rayo, la tfe# firot rao tfe# «#ooa# pr*Bn##4 in tfe# hydro™Hi
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were feeofdmd la photographic emulsions. *hils the scanning of the plats# for
imgm J*itted at 90° is not at *11 complete, the tracks so f*r recorded ia-
IIM Ii « spectra* extendlag to about 100 Nsv with « flat maximum between 90 and
90 »*v  The liquid hydrogen target baa aloe been used la a pair of runs, to
aeaaur* with scintillation counters tba meson# produced at 45®, 90°, and 130°.
Dmm lata are atlll ia the process of calculation and oorra”tloa. The energy
distribution at 8® does not agree too m il with that fro* tha emulsions bat
thara ara aot enough track* aa /it fro* tha emulsions t© ba aura of tha raaulta.
Tha raaulta aith liqguid hydrogen should prom to ba of great value for tha
theory of games-ray protoa lataraetioa, since thla systs* la staple eeeugfe to ba

treated quita rigorously.

Tha wort of tha fll* Program lIroup baa been la large part summarised in
as artids la Science by mulls*, Peterses, aad fhite. Tha work studying tha
energy distributioe of aaaocaa la costinning, a© that battar atatlatlea fro*
platat exposed ia tha *aaa of topper* with a aaall carbon target will aoor ha
available. Thaaa distributions till ba taken at 49°, 90®, aad 135° t© tha dlraa*
tloe of tha incident baa*. Tha spectrum at 90° ahoaa a maximum at about 90 haa
with vary faw tracks abom 100 ftrr. Tha ratio of makers of positive to negative
.aaaoaa fro* targets to carbon and load ia ala© balng studied.

A naw experlaaat to loot for areltad aautroaa or proton* decaying late
tha unexcited particles aad aaacaa ia aim balag started.

Tha counting experiment* ara balag coatiaaed aad aaaaatially ecoalat
la measuring partlclaa antartag a crystal awl idantlIfytag 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 aaaaatially gives a daeay carta and
tha half Ufa & datarwlaad ia -v2,2 p aaa <+ expected for an aaaoaa. auroral
different typaa of experiment* ham baa* tone. first, tha aaargy distribution of
photcmstuna fro* carbon aad paraffin at 90° baa baas aaa*ured. Tha cross section
for asm* productioa fro* carbon falls off stsadily 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, rlsas to a aaxlania at about 60 Mar, aad than
parallel* tha C cross seation. Tha relative oroaa mation at 90° for 7?0 Mov aaa©ns
for M ftrtl different elegants baa baa* aaaaured. They ara, easumlag Hla 1, 14 -
43. 3a - ,31, € - .33, Al - *23 aad Cu - .18.

Tha angular distribution at 43®, 67-1/2°, 90°, 118-1/*° end 135® for
carbon aad paraffin baa also baa® aaaaured. Them exparleanta bava fcaan dona t©
give information on the absolute cross section for 7-rays of WO Max energy.
Tha hydrogen arose section baa a broad amxlmnm at about 90° of ? t 10*30 cm* par
stamdlaa par atm, while tha carbon cross eeetloa rises to 14 x 10.30 at 90® and
falls off slowly toward largsr anglos. Tha data on hydrogen can ba ©arttally

coached by the runs on liquid hydrogen.

A preliminary experiment te teat whether the nuclear scattering of metone
ia large was carried out. It indicated that tha cross sectit-. Is leas than one-

half the nuclear area.

The work ¢m transition curves ia Pb, Ch, Al, and C. has bean completed
This work will be reported in a ucfcL report.
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tit* s-4 ee«tt#riac uhnete that tha m scattering ew*M h* detected fey looking

for the slow proton eject** paekwsrd Cloud excerleant* stoo* *x17 tm
mch sloe proton* ate iMi to Mm e***£*£e* that the a-B eroaa *#otion «t high
energy I* eoaaidersfely *» U .r the* *.* *Frog* eeetlae. The m*M»e« A

s-4 eroa* sect!Ca ale© gif** the -*«a* iadlcatlea. iiaaeareiwBt* he** ©**» mm™* or

it*# diffractlos scattering of high energy IPPM** bf nucleate. T&* position

of the diffractlas nmrmtm cad *iai** agfUte N®&*t*h «** s»odels,, «o< tt 1# »*-
y#et*M that detai led eeldess# aill alia* cloeer check oa featurea MM» M

m laer radite sad transparency Hi aro itU | haring di'ficulty la iaiarpnatat-
laa tha aeattariag of sueleoa* fey nuclei- fIR& situation will probably sot &
aolr*4 uatil additional inferuatM | la obtained oft the diffraction or absorption
croe* sections.

Masos*. A paper tea baea asMpi*téd oa tha photo-producttoa oi neaone, discussing
W hitestions aa MfRIlar dIfttrIM tieft, poaitif*.negative rati© ate total cross
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hydrogen, Tha M t likely jKplaaattoa at the aM k mums t© fee that 1 * *?*

eSttJTwhloh will gira *© p »  *>* u teditioa that there * V « 2 2 2
of aisjila gasssa «aie,i©a. tort i# alao proceeding ©a strong ate iateftediat*

coupling MMO theory.
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temporary Concrete Shielding, «h#w th* deflected beam into the cave «a in«mw4
due IS the chants"'in' the leflector systen, it we* found that the radiation in
tli# control roe* had also ubcreamed. Kk temporary m il composed of concrete blocks
was therefore erected to provid* additional shielding 'or tfel* area. This wall
was also erected so that a cubicle was formed betwear it and th* mein wall for
the storage of radioactive aeteriala. Meanwhile, plan* were gottar under way for
the peiwanent. wail <w6 for the $ai—a it car*. Fortunately. th# engineering

and leeige work had bean ion# previously on thess concrete block*,.

. th* electric deflector was rebuilt last
copper electrodes war* replaced with carbon electrodes to reduce tha

long life -adioactivity built up ia the*. It was fait at th* tiaa that trouble
sight be nnsowatered with the carbon beam** of outgas®lag and sparking. Tha ear*
be® electrodes worked quite well, however, so** outgassing and sparking did occur
whan it was turned m area though the deflector was turned off for only a few ala*
ate* during steady running To sorrel this difficulty s new set of carbon elec-
trode* ware plated with about one or two thousandths of m inch of copper and In-
stalled la th# cyclotron. These electrodes were successful and exhibited so
mparklag end no rmtgnaslhf after the initial period. The radioactivity built up
la the* appears to be quite lew.

»nd*»-stamped WmmmXii Deflector hare, The use of elliptical sections in the mag-
netic leflector increased the total bee* la the cave but over « larger cross
cactioaai are*., Tha bee* density remained essentially th* asm*. One way to in*
€% «## the be®* density la by altering the magnetic sections to provide foeuaalag
of the -see*. Consequently the first and last sections were modified by cutting
the edge feces off at a forty-fire degree ancle. |It,is provides a field gradient
across the hole through which the bee* peases and thus gives focussing in the
hc**irental direction* This structure defocusaes the bea* in. the vertical direction
so that some additional .weans meat be provided to take -care of this difficulty.

An increase of bean was obtained however.

k fftr for the deflected bea* was installed luring

eelliaator conslet# of tm i jaws of four inch thick
brass, and the assembly is located just ahead of the focussing magnet The jew*
are in two pairs; one for Halttog the baa* sise in the horisoutel direction and
am for the vertical direstioa laefe pair of JNmk is moved a* a unit is its
respective direction so that e given sisad opening is moved about in the bea*.
‘These notions are motorised and are run fro* the control room during operation.
This has aad* experimental setups for th* deflected bean much easier and faster.

ftolor, Th* rotary condenser rotor was rebalanced during the last shutdown be-
cause son* work had been ioue to it after Its initial balancing. Peripheral
contact brush**, described In a previous report, ware installed at th# main bear-
ings for bypassing th* r.f. currents around the*. The life of the tearing* has
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Proooat Charaetorioil® yforatlss ?oiuo*t

Alps* particle boos Ib po

Os*U Ister: plat# woltsfs 14.3 kw Povtr 8?7 Jw
plat* e-mrrost 6.0 mm
grid bias 1000 w
«rid ssm sk t.t asp

Poo 002t«fo;0%at doo 101 Jrr
*sot doo 10# ko

I s oflwiroo* *© wo-itafi 290 v
are eurrost 3.4 asp

Dsflostsr: appliod woltafo as to
drain currant .3 po

fad prooosros 0.3 1 KT4 Ho.

MffUuXilso teagqbtsrsd. 1*© difflsaUias @*s«efb« daris*? tbs assfluMft Unit
iurs to owatioa. TH* first, and «O#t series*» **» *t%
axpt*s~fr*a IfUf (O.jr.K.C.) eoppne tubin*. Apparently oftor boisc
boots# bat *B«acfe ts sard aoidor (toif-fia), this tab'a* booosoa wry fcrittlo
and » m poroua. This pro&las occurred is ths fobrteatloc of tbs is* ots* en»#r*
aftd U«fe« fins to ©racks and *pts hoiao* Is tbs water liass) eaaoed « two wook
M iff 1® ooeesbly, Satire oeetisao of %«htst bad to bo resowed and sow tabis*
pet is.

t *

Tco —mm™ Mtimlt] «««m4 U tla um of *c* ria*o Is location# wbore,
dot t# iiiijM ftj and fitting, t-bo toloroaooo oweM sot bo seistaisad. looks st
ifieeo gaasot joist* ooro asotbsr mwmt of dolay is assafbly. |Is faneral, *©*
nid »#ft o*U whore tbo rwtalred closo toleraaos* ess bo adhered to but they
is sot Soso tuffislost flexibility to bo used gasoielly. Is all joist* within
tbo loo &ad stoo »tnM5tkro», *0* riage wore tried 1st war* replaced vItb standard
I/>»> is-, jfaaaot a*torial of L-a* sipplo gaibstw, dopastine on tho mim m*nmy4,

I. t, rnmmttm™* Dsnsf Iff isbsildaag of tbs 60 is, eyeletres is IMS, *p*e**|
*ttoelios S i1 if*** ts ths eesstrestio* of coatsot* botwoo* tbs radio frsgsesey
sssifft esrryisi wafers, the current direetiy ocro*® 00so contacts, sssb e*
tboss botweee tbs do# ***** and tbo dooo, probobly ms* os bigh so MO sapors*
pas llsair inch of ceilset. flsso tbo dati.pt* wood, tews prewed ftlto «*O«#»*-
fal, » tsssslftiss of tbs priselpi* uood sees* is ardor. tbs feUaeria* pstsolpioo
wore ia#©n»««tod is oil regt* f it f ij eestaet* whose feife onrrsnt densities

~or* otjwstsf:

I. 1/St is. olds sapper fatlter pistod) knife odgo pressing into a fist
ssffgf iotiwor piertsdj staff***,

t. ietb tilffS'f WSfo.ro wsm beery U/d is. - S/S is. thick) aad direstly
water eeelsd, i.0., bald soldorod to * eoppor tubs carrying wotor or

odstaintne wotor ebaenel* within tboseelwe*.
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A tfs#etiil » M of tricing tgi# eeeteet™ awl *m **»1 is the
&S *f tn8 |i*ttcYac® tis# wmmii& lint* *ad fh* in st# lire#*,

flats protein fteip *sm to nit# e«#tent beteeeeii tm mm eftnt * fan?* i"-«f

mm lem iH i twm mm mw$ sail? Jp»*4 of ffipwmisp **e *1*© « fmtm #H®»#

t here mm x€? of tltne WMtfti 64 they are is a htpg*f redmetis™ *w

To* *# nlvei fey o*« >W ad wm nm t fe*fr »4*i n**U*|
HES*  HG farttag: * wi«# Htf«i tmgil #77r ten* thu# eriagm tiM together.
i 2%0|Mi eg* gitifpmi mth roller# @aP>x&2« @& thst it sn24 tot

| N It «&* f « Ty *e Bat at M7 eeeeesihle #«4 I1n ft# IK fHh*>»
as*had s# rlenpi™™ i interest *n is It #nii fee es™>n\ckdt to ®nj rmmmmmh ie

length

A pgegn*re of edmdt €0 et mper Him* tmi i*f *h* i./2'f id* ®d#i
m8§ iM ** * feaSit fiia» t« mi* ad ;$ enidfi design- It da* ffnd turn, m
ini* pnenre tie ¢#m ieftdidadjr mfda tto® flad ntfa*#

fm*x*rs . the m m a» the dto nee nde replaeeeftle, ettgmt jmUisg Um ins,
SHSMBTSE *0* nag vdmmmttmm for tin anlu™* ******  ffcey -mm mXm nd* so
t&»t tith pa? detnn feeUr* eonl4d ft# 4M|M f*n *er© to 2*4/1 iseh#s by tain-
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gfltbe m«m PNnIgkKK M il witisis I/S| of as iseb.

K> Sleetris«4 asits IstMjr«tor, of tm eeteyel aetlMie ef tnegratim w id®
"ti» #HhewS mfmiftargtat » e«4*a.*#r *«a chet##a tfw it* aMfii.«ity- limy

reiinrentier ill md «s tnegrettkg elremt, sot sil of mg b# tstisfl*i
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sfeetsi enMM *si#r# S&mmrmj mt ® i# a«ffiei#st, et *t*feillty
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I* niki«in& t* «itbis 1#® ting ,tl of a wit at' “romei to tb#t asy
ssross tk# t-ariet aeoliSig w«t»r #*11 Xcf iBtrMsicr as “rror.,

m eifsei* will aepUfya tut nt xatggme team of *0i mtromsmrmM  Tim
tmmm is n?ortm n ws «In*T*e*2 refinn «*tfc as tstergelatisg n»r to reed
th# wain# of tig eiitisn «pn th* si-aiea#«r is tstiHies. tm tt tfl tge r##i#t#r.
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C”ru-t Tl» eireuit eoaslit# sf priasipls * I » i. th* first
%mtm »ke coei#as#r dfrtefc i» eft.*r»4 fey *k# gen "O?re«* ffe# n#nd is flm ntMnt
at . .. M cox s T IGH ANADT OO e TR )i tnltiMii megn, s
tirsii smlus. it mitt tee tMfcMflgft gpA * *112 fe# ginei oa tu* register. T

third bold# the taput of the Uttegnter at grouki peteat1*2 fey elm glgg



the v*?ta«* m th* opposite pi*t* wt th# eosd*»s*r to e«paui«« far ttse building
«P of the volt#** a© it. A*pii.ft»*tft» is *eee*pii*h*4 fey chermia# * ***««i *pm
4*as*r «t fin* *uj* tUM ft* th* iafttt «Ox»#e»*e# thws, the charging e*fw»t of
tHo added eoaderser U Is 4f**«t rati© to ©apatitf, W=* #*6«r*| tireutt laftttt
ten he #een fr«* the feiodlt diagram *t«8 is Fl# m4,

The input sail detector ia as electronic belance detector which ia adjusted
to MM by placing a assail resistance to gpea*d oa the lap** taofe that if MYy
volt*#* appears oa the target, a eazrtflt would pass thrcagk tils resistance which
«oul4 snow os ths outpat. Tbs char#la# e©Ond*n**r €-1 is *Mt*fe«d to fid** vol«*§
{3 Mfd. 0,3 ufd «** 0.05 ufd) which give the tiltm integral la# r*6#*»  The
eoadeaeer C-* i# m*iat*lned «t S «?€*, ffc* C*1 and C*f *r* the »s**
oa the direct r**#*» The voltage that Pall4* wp ©s f-1 *pfi*iWWP* a* a nogative
v Oita#t* at point "AV fills volts#* at point -A" is applied to tit* **thod* of «
gf$£«d6INg*tl*d t-yrotron. #€>* grid volta®* is adjustable  thS* thyrotron will
firs atiaatfIM volts## at point 1* *#0*1 to the volte#* mmlt*4 *t the grid,
thus, a means of eaiiferaila# tbs isatmos-Bt is obtained. k pwl** fro* the thyro*
troa Is «*j»llfi*d and applied a the electro register sad to a relay *tw»* co*t**t*
are acres# condenser C-lI aad -C~i which 1i&chmrg&a- th«* at the tine of the cmint,
Th* t ia* which th* rainy i* closed is aa*ll tampered to tao barging' tin# of the
tend*®***, |f ot*4l.Bary coad*a**r* ar* a**4 for C-i aad €~*# th* volt*#* to sfhitNI
they eh*®#* is a fwetioB of th# M pag tat* bsoaua* of th* *«e£*£* effect of
th* dielectric The vmimmr mat b* of so** eaastrueti* that 4o0*s sot fear#
this aoaita## «ff*ct. To :tan## tha circuit to a straight **#iifi#rt resistors
a#* mitehmi. *a fiae« of eoa&aasars C*1 *64 C#* tharahy. oakia# th* circuit a
standard ®laetroaster circuit whore- th* «uagllTleatlc*i is a-iual to the ratio >t
tha rasistascs of th# two resistors.

j&rtarsiv* tasts war# mda on th# integrator whioh s»int«ia*4 an accuracy
of within 2 p**wwt OY#r s two weak poriod with ita* rolta#e charges of 106-
ItS Yolts. -tfhs* th* ia*tru«*fit is monitored every f*» hours imrin# #p*aial MMM
errors of lass thaa 0.3 pareeat war# iatroducad Th* eirruit is such that ***#
adaptations of the unit as as aapiifiar or inta#rator for a spaaial purc»i» can
ba a*4a with ©aly sis-or eh*«#*s intarsaily and, is «o*t e**a*f this ca« h* aeeo*-
Dllshad by axtarsal aquipmit.

fI*» Oscillator listaria# add Protectloa Circuits, la «ddmoa to the r##~
ular 4im t "caBMt «*t*ra across' the supply, m»st#r#adti., waters *r* use*****?
for operation* The supply is operated, above ground at the bias voltes of the mis
easlllatsr* Th=*:f*fore, the remote readin# ***** *d*t tea is#ls.te4 fro* tit* voltage#
of the supply and, operated at near ground potential. The indirect swtere needs
t© employ electrode aaplifiers in prefareaee to resistanee networks

Plate Voltage meter. The plat* volte** is read through a bleeder ISeries
Z0 Mgoaa resistor) fro* th* positive voltage of in# supply through a aster to
ground* Th# voltage fro* the negative ©f the supply is ala* takes to ground
through » 20 *s#cih* resistor and the -»arrant is applied to as amplifier such that
the amplifier *1U bleed, off fro* the voltmeter th*t current irtalca is e”uiralent
to the volte#* a* the negative of the supply." Thus, the raadia# of the **ter is
the ean* as if it were directly across the supply
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?1*te Current Mater. Th* plate current ia the nont difficult to ©mature
fey I»olatioa, nine* in service the nsatire of the supply tea reach 30,000 volt*
tf th« positive voltage |I* 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#gativr 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 Hillaftre waa flowing throng
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 its associated equipment ia accurate t© within 1 ptm al

frail 9 %@ 10 ampere*.

Plata l«fct Mater. la ordar t© read tha plata power o© tha ©ecillator,
as electronic watt water waa built which would ©parata from tha voltmeter end
eurreatmmter currents. Tha type ©f circuit 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 will loch ia. Fig* 5 give# a block diagram
af tha circuit.

A standard current of 1.5 mii.lawpare# is applied to an electroe switch,
tha output af tha .switch feeing proportional to the rati© of tha time la which tha
circuit 4# on. Tha output of tha time reitch waa compared is a null circuit with
tha currant from the voltmeter circuit (1 mill tampers maximum). The output of
the m il circuit operates tha tis# baaa such that tha standard currant la reduced
t~ equal tha voltage aster currant, Tim same tiaa baaa la applied to a second
tiaa switch la which tim plat# currant (1.5 milllamp*re maximum) ia applied. Sine*
tha tiaa baaa ia equal to tha ratio of tha milage water currant over the standard
current, tha output of tha second tiaa switch will equal the product of the cuTrent-
aster -current tiaes mltags water current ©war the standard currant.. Thus, the
output la equal to tha wattage, end the accuracy ia that at tha standard currant,
Tha tiaa base will operete for milages of 4 - 30 kilovolts, thus waking It
newesanry that tha plait voltage be above 4 kilovolt# 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 lass than 1 percent.

Osar aad Under Voltage Trip Circuit, f© pretact tha power supply frog
aborts, an under-soltag# circuit ms dsawed desirable to tore off the wain power
if the voltage of the power supply ware under 4 kilovolt*. Atime delay of 1
second waa incorporated to allow the voltage to build up on the power supply whan
initially turned on. The over-voltage trip circuit daws not turn tha .wain power
off, nut operates a mchanieal drive to turn tha power tap witch down until tha
voltage on tha power supply ia below this upper limit. The input ©f the circuit
la such that it can operate in series with the voltmeter, thus, -yerating by
wane of 1 milliampere current rather than a voltage. Bath the value of the uader-
veltage and tha orer~voutage are adjustable from tha panel.

Tha lan Source Arc auppiy. Tha type ©f ion source in general use at this
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 half an ampere. It ia necessary
t© regulate the are for any reasonable length of operation, consequently, a single
regulator to answer all our needs waa constructed. In maintaining an arc, the



voltage required ie dependent upon gu prwwwi and the type of gti used.

Siam the gaa pressure is not stable, the arc voltage *1U not remain constant,
This «kM it necessary to mintain a constant current through the arc fey allowing
tha voltage to cask any dasirad levwl. Neither tfea speed cor the degree of
regulation need fee vary groat to maintain an arc. It is tharafora possible to
use a staple regulator.

tfea regulator consists of five sals units. Tfea first is tfea switching
panel which allows us to select either a positive or negative potential at tha
arc in addition to selecting either of two supplies (600 volte at 5 caps, or
3,000 volts at 1 asp.). This switching paaal taken ears of all of tha witching
needs within tha unit and provides flexibility for ion source experiments. The
second unit is the series regulator consistlag of 8 Sisae 304 TL tubes. Six of
these tubes are in parallel. The other two are also in parallel and are switched
by the witching panel to act as a cathode follower to operate the grids of the
six parallel tubes when the high current supply is used. When the low current
supply is used, ell eight of 304’a are witched in parallel. The third unit le
the control circuit to aaintain the arc currant constant. Tfea output of the
control unit operates the gride of the 304*a directly. The output voltage of
the control unit varies from -400 volts to ¢ 100 volts. This rang# of voltaga
Is accomplished by separating tha power supply and placing tha load resistor fee-
twesn the two sections as shown In Pig. 6.

Ths input of the control unit is takes from the resistor in series with
the are plus a standard reference voltage uhieh is obtained from a snail variac
on tha control leak; thus, tha output currant of tha regulator must be of such
a value that the voltaga drop aeroae tha seriae resistor is equal to the standard
voltage. The 4th and 5th unite are two power supplies, one for 600 volts st 3
amps, and the other 3,000 volts st 1 map. An additional feature was in-
corporated to prevsat ths are voltaga from going above a predealgnated value. It
is possible thereby to turn tha are voltaga on in the absence of an arc and have
the arc voltage rise slowly towards an upper liait as set by a panel control.
Also, if the are should go out, this uppsr voltsga liait will not slice the volt-
aga to go to a dangerously high value.

Circuit. Tha circuit is that of a conventional voltaga regulator power
supply. Instead of regulating the voltage of the are, the voltage is regulated
serose a series resistor whose voltage is proportioned to the current through
the are; thus, it become a currant regulator. Using ths simplified schematic
shorn in fig. ?, ms can sea how the circuit woxtes.

The power control variac adjust# the voltage output of the power supply,
Ths 304*« a#t as s variable resistor te lower the voltage of the arc te such s
value ae to obtain the desired current. The current flowing through the signal
resistance, R-Il, sets up a voltage proportlonal to the current. A second voltage
Is obtained by a rectifier attached to the current control variac on the desk.
The difference between the reference voltage and the signal voltage is amplified
by tha control amplifier. Ths output of tha control amplifier controls the grid
voltages of ths 304's. A third voltsga is placed in series with the signal and
reference voltage. Tfels voltage ie sero ae long es the arc voltage ie below
some upper limit. Thus, this voltage has no offeet on the circuit as long as
tha arc voltaga is below tha limiting value, then the voltage rieee above the



OEilL tt*
41

llasting value, * voltage appe*‘“« across this third resistor which drops the
grid welter of the 304°0 [Nl 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 rtf later is turned on auvefe 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 tO a "~aloe that is Just saffieicat to aaiatain tha arc.

This regulator regulates tha currant to a sufficient degree tO 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 voltate
tap adjustment to give voltages of 6~1* volts. The 1input 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 fTilament is operated at the are voltage, the metering of the
filament current at the deek presented c problem. Sctag 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 'Tnt Venturi Flow switch and Flow tete tadicatpr Description, Tha device

cosaiiis Ol a fealUri 1 £ t 1 eladrizSl StifWlad 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, Ilater
flowing through the Venturi depresses the throat pressure several psig below that
in the outlet header to which it is ©OOenacted, A pressure switch connected tO©
the throat of the Venturi Oloses 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 1is 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 iIn terms
of flow rate directly
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A aodi float ion of the above systen iIs neeeaaary in installation# ahar*
th« cooling water diidhitgM at atmospheric pnm«n > 6 «eem> aaltefe 1* ®«0O
to the Venturi throat, instead of e pressure switch, and the Fenturi throat
pressure i1a run below atnoapfeerie, The ream* switch 1a aat to ©pen the control
circuit on decreasing vacuum. It la sot necessary to <Oaltar tha recovery
la this eaaa, alaea i1t la atmospheric.

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

a. laa coat preesay switehag_igstead ofﬁ\})lem expansive differential
SS Irri = 2J2rsrJsr— »

approximate coat of tha several componaat porta la aa follow:

X. iplata |8.80

2. Pres riteh (including eleromritea) 5.00

8, ———— 1.50

4, Connecting pipe and fittings, 1/4 ia. 1.00

5. Assembly ’kjhﬁ%g
A di of tha a If 1a given la FI*, T.

Radiation Shielding. Tha radiation around tha cyclotron during operation aM tha
berf!fcraad sHfcsg i1raag runa has reached a rather dangerous level* Thla la due

to hl*h iInternal circulating haaas aa wall aa axtaraal bMM 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
ehieldlag barrier to provide additional protection for personnel
in nearby QRL.

3. On# ton of iron aggregate *»e shielding _In shield”
lag bloeka around tha transmission line# to tha radiation leek-
lag out at thla point.

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 I
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 shields to cover 60-60 percent of the tviU iftk perimeter

of the tank. Thom copper shields will attenuate tho feet neutron
beams, thus waking tho water barrier effectively thicker and they
will reduce tho background radiation while tho machine is oft.

f. To reduee background iuo to scattered radiation fro* above, o am*
foot layer of “HO* concrete eon ho pieced under tho present top
layer of wotor took*, thin wiU give «n effective thlekaees equiv-
alent to 6-6 foot of wotor.

8. To prowldo for thicker wotor doors, o plug-ia typo hoo been designed.
Thooo would ran on roll* end would ho flow foot thick oo ®o*P*red to
tho 30 inch door* at** l1la use. Thoy will have tho additional ad-
vantage of home moved wore cosily and eon ho opened fro* tho Inside
00 ooll oo outside. Thoy would oloo toko up lose floor epoco in tho
eyelotroe room.

In order to reduce tho radiation tho operetta* erewe receive, several
etopo will ho. Aeeeoeery:

1. Targets should bo wde oosior to handle. Ideally, thoy should be
hardled entirely by reacts control. Speed usd ease of handling will
be improved for tho proseat while designs for a now syeto* sro bolag
worked out.

2. The capacity tl—rwirmrTrr is now remote controlled cad the filament
poeitioa will bo roacte controlled shortly. Bmmto control of tho
ion source and probe ere to bo considered la the near future,

3. 4s discussed above, additional shielding has beoa added to reduce tho
background radiation around tho weehine. This should be increased

la certain areas.

Proposed Developwcnta on 60-inch Cyclotron. Pumps. Tho present operating pres-
sure W 8 » cycGiro IS SHle naigo™3Th.3 to 0.4 x 10-6 a*. A chock of
tho effectice pumping speed of the diffusion puapa new ia use shews the total
speed n% the tank is 68© liters/second. The neaoured speed at the swaps Is 300
litera/second for tlw pomp at the back end at the tee steae and 30© liters/sec-
ond for the 8 In. Vestinghouae pump am the tank through the baffles, fith a
total tank Tolta* of 3,000 liters, it is apparent a<<nthat, in order to obtain
the lower operating pressures necessary for higher doe voltages, the puaplag
speed for the teak aill hove to bo increased. With the limited space available
around the tank, It was fauml that two Radiation Laboratory 14 la. diffusion
puaps could be put on a cosmos manifold on the deflector (west) side af the tank.
In order to reach the deflector, hoeever, the present 8 in. pump wiU have to
be reaoved* The two 14 la, puape will hove newly designed water-cooled and re-
frigerated baffle# Installed ¢ They will be backed up by a common booster
(DPI KB800) pump. A 105 CF* Kinney pump (DTD 8810) will be used as a backing
pusg> A similar system to that now in use will be used for roughing. A6 la.
lime will connect the present puap manifold to the tank through a 4 in, Cornog
type valve. For roughing, two 46 can Kinney pumps (F5D 3811) and the 106 CIR
want lowed shove will be need. An catnested roughing time of 10-15 minutes



OCRL 627?

la wgpoetod. Oaring operation, tho largo Xlsaaf poop «1U ba umn) to book op
tho too 14 1& puwpa and tba proooat aala puwp ®t tbo book ond of tho daw staaa.
Tha otbor two Klaaays will bo pot on tb® torgot and loo acurco p*iop~aut llaaa
aa la no* low.

Mao Doa Staaua. Qua to tba bad vatar llaaa cm tha daa ataw covors, a
now aat of eorara baa boon daalgaad and will ba fabrleatad abortly. Tho now
ualta will ba fabrleatad of tba aoaa tbloknaaa of eoppor but will uao oxidload
eoppor for tbo wotor llaaa la placo of tho O.F.I.C. oatorlol uaad boforo. hlaeo
tba r.f. dafloetor boa proven to ba quite aueeaaafol, a aew claagplag oatbod for
tbo daaa will ba laoorporated decree#lag tba alsa at tba eatroaoe to tba daa
*too too** aad providing aor* clearance for internal ring abloa. Also, *0*
ring gaaket joint* art to bo eliminated and tbo auwfeer of joint* to bo rodaood.

Oporetlona auownry 11/49 - 1/50,

Dwutorlua bmsbardmsnt# 378.4 bra
Alpha bocsbordftoat a *42.3 bra
Proton bcwianUaaats 1.3 bra
grparlaaatal optration 122.0 bra

Total Operation 1444,0 bra

600.0 bra

144.0 bra

*O bra

£
ro
*

%

Following la a of 30

ate. | ??.4 bra

53.0 bra

Electrical wo 5t,4 bra
41,9 bra

Chock up {isopoetioa of wooroblo porta) 52.1 bra
Ptjwpdowa (tank and tuboa) 10.S bra
Bake la fO-edilator tuba tad tank) 134.1 bra

Look boatlag 38.0 bra
of 74.0 bra

1.5 bra

Total 600.0 bra



During tho startup p*ri®@d following owr *in~«oitife owartoul, * lari*
aocwt of lino ms spot Is oetgaaslag a** smtml m*t'e*e* This wnsooa
cor.meaad 1S4..1 MK of ti»* SOO© boor* of OWtagW. A spoofing of thl* woo***
asold b# *«tii*r*<! *nh e nor* oioquoto ponplag systen than I* mm wn»il*tsi#,
effort* to oworaon* MIM ottootido mm lo b* 90*1land bolno.

Aft** til isitl1*1l sot of Mt|t*t«i«tt «M* ant* to align th# d«OS, i*~
flowsor and ion sawr**. with pgofoot tc oyora*lag fr**s***iicyf only oiaor chars®##
haw# baa® aoaasaary. SafOfonttni aw*liable fro* isngaatio fiold plot* and data
eoilootod gmmtly foiilttstwd th# to™%» ooonofc, Ortdaaio* of th* fact oxist* is
that only 30,3 boss* *** mpmt is "aaarehing* *ft*r th# b«k*~.ia hod Bono.
asaanpImfeod, *iong this lino, it should ha aotod that th* graotoot ioeroa***
iIs 1*9« intensity tu t ohtaiand nm th* result of iatroAueim mam irm late, the
pyrtnidnl sbin#. Mthotigh th* raiatlt* position of th® ahim with mopsct to
th# gnoontris senior of th* Polo fan# i* not nm m m tttm m It tatto mtom th*
M v of polo f«e*» th* sonant of a*ntr*i iron is r#iy mporttnt. aspsotic
fiold plot# sfecw*d th* r***c* for thl* by laAlentlng a dip is field Ofciengtls
Is th* central regio© (without allies).

ttIM oat lif* under operating eoodltiono (are wolinge 300 rolte acd are
ihCtiat S.5 anpereaj ha* mmmA $<aa# concern with respect to outage. our

present 4mim Halt* th* filitnanf sis* to 80 M1 Monster Muogoton. .ilffc
tfeia 4i*a*t#r oeoaft iato a tar##-turn spiral, fiianoet IlIf* varied fro* 5-15
hour*, depending upon th# location ofth* are a* iHostrated la fig, 10,

Shorter Ursa w*r# recorded by op#ratlag uai*r condition (A) wh#ra las#
ansa mm mmm.il/toIM mm under condition %&), Ala®, larger beans wets asseeiwted
with *anditiso CB) which arc aitributad to increase in are tensity by lecreas-
ing th* era## section ares exposei to positire ioa boOiMyAtaiOt., than localising
th# seating. This wan ©he«fc*4 by two of a rowtaacular fiiaaoat {t*ra*i a
mhairpin* filan*st} aitoatod la a horlw afi plan# undar th# are hewe onfica
M fllmaott »*«r pinpiiiix|, hout latajultl*a iBcr«aa#d, with all ot'har tohditi”s.
HalMalawd eoawtasat. a* tewwaawap frw* 10 im 15-15 pa with alpfe* pwrtiel**,

So* fig. U.

To farther »ub#t»ati*t« this, a tooeodairy filwaaat waa plaeoa show# th*
r*<aU4r flla**at which was alleaaad to bo hwatud by loo booOwrdMMOI cmiy fro
ert*faal aiiiiiji' pmmm4 throp#, li.|. It was pooitlr—d s© as to occupy th#
point of mkAimm wnmr of provioua fllacoaota. A factor of two ioatoooa of lif*
roouitod, mximm bammmm oocurrod upon inataliatioc of this filna*at and 4#-
ooyod progr*9«ir*ly with w*ar (opposita to aoroai ecmdltioaa). O*#rall vonatloa
was not a# aai*K*4, Difficulty U striking th# are to th* sacend*ry filaaoat
*as »ip*rloo*od oftor afeosit f-10 hsura of opsratiag, Th# locotio* of. th* TttTtioi!
ary fllaooot is anown is Fig, 13.

Forforoanft* flpuro* ahow as. owarag* boo* of 11.5 po of al.itha partial**
throne” th# IIf* span, of th* dual flIM oat coafiguraticn, :

JOoonr history, a# foi.lowing history of th* SO-in. alpha h*a* saargy was
Sltal.tt*d S&o"iata ialJt#r. by xiaor S*Uy »hil* oakiag citation run* m this
sashlJMi  Ail. data war* aco«**ilalwd nith th* mm apparatus; tmmly, a wh**Jl up®
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which wan nmerv** IS weighed aluaiiHia foils of varying thichnsaaes, rsagin#
frofli 144 * 4 ¢*2 to 157 ssg/esr. See fig. 15, Tb# bw* -arrant penetrating the
fella m neesured and compered with the foil current la tha following

1- * 100 * 1 of total beam transmitted

anm i i'fiw fc,

Tha pareant- tiniitttH was then plotted against tha foil thickness and
tha 50 percent thickness ehoaec as tha bee* energy lateralnation point, laiag
this thicks#*#, tha beam ensrgy *»* raad from a plot of ©osrgy Tarawa thickness
aeds froa data eoaplled by Beth# sad Livingston.

Data SO# Absorption thickness |&ergy Magnet Currant
Jan ST, 1945 140.© am/etf; 39.7 Haw 295 nape
July 30, 1944 130.0 «*/c< 37.3 Hw 279 saps
Dae 7, 1944 144.8 ag/ea* 36.©0 Mev 290 saps
May It, 1947 144.0 ag/e*" 34.2 Mev 266 maps
Hay 3*, 1948 149.5 «gle# 37.2 Mev aw sups
Hay 51, 1946 147-© ag/ea& 34,9 Mev 289 naps
Fab 18, 1949 131.fi *g/cnE 37.3 Mev * 285 amp#
fab 25, 1949 300.0 Mg/cm*(Dsutera:») 18.6 Hsv 289 amp#

Tha final eoXuan above coatsine ha asgnet current associated with tha
energy determination lata and was obtained free the log Records. ?h« last
determination was *ade by John Juagerman on the ieutero© baaa using s different
satbod.

hots* on los Joures design for High-Order loss. In tha program to obtain a
asaiti&s Wam of "haafy l'oasTarucfe as carbon ions) from tha 60-In, eyeletre®©,
attantics has recantiy baaa centered on aaw schemes of produclag completely
stripped ions rethar than on improving tha performance of etistiag ion sources.
It is considered necessary to increase tha present yiald, which Is of tha ordar
of 10**i5 amperes, by at laast a alllion-fold.

factors which seem important for preductlon of s isrga number of coaplately
stripped heavy ions are discussed below. These factor* Indicate tha features
one should try to incorporate in tha ion source and accordingly, Halt the number
of scheme* to be triad first t© a fee.

1* lonisation by electron collision Is Acre efficient than other net-hods.
Bombardment by positlts ions requires ions of tha saaa velocity as that of
bombarding electrons, banc , their energy is unreasonably high.

Stripping of n given electron froa an atom by other electrons begins it
tha ionisation potential for that order ion, rise# sharply t© a broad nmdnm
at five to tan tlaas tha I.P. and at high energies falls off as 1/7. Thus,
for the sixth slectroa of carbon, for which tha I.P. is 489.882 waits, it would
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mmw&$ t&a enlf wbf far as las df a gl*s# aidsg tif — $a ts by IMMI tbh *
Uittker </*r, sfffett fTUM il tbs tsqpteMjr stripp'd is* ss sefcnets*. A-etaally,
tbis ststloasry stoats la wfr rsslisstola, If It —rtf tin* IWNNas# ip ytaM «#

sth arts? iss* btgbt to* of ffes sriar of I#®  Sfeswwwr* If > **HHn*x jr*
frmmmmi nm ba —da la mM U | iow “—til *bsy se t© * fcMIMF we«r* tb*
fisal gaia any stUJL toa 1 nwnanin»ia tA ¢* sat N * stall*
p«N « 1* V iawr —4 U2um» «ha— tbhs* wss* * -r*frx«*4 —F«*1&*e

tit* jsroeaas t* gAs* 3* IN* is ftfsIMtoMto t© ij i«b*»)

mm stationary stoat# at a sba$# memm e tom mtimm
order# Of lona. IM % In ttoa maabsr Of Mbs/dr* iH A tort* Mi * #l—trc«s
—MIVI*

fV o « K o xmeky ¥ 1>]
™M* 1tk 1 *»t limitation rat* & Mh -H«r idttt ft tlea let©
« loJ'Nitap i— " »** tint m* 50©€:Mi»ti-c» sS»i« st silt* M> MNMr
9¢c b«s* to Jth ©a* b*«s -offJ. 2/, 40O prtasi®ily « fuaetioe of tfe*

I*&o ity af tft* #a*rgy ii.8tribtttio® of tl«€tr©ss. fIMNJL i* tlic i0*s r*t« ef
xth urt*r iae*. it la a impo”™ icw«, imhidim r*acafei»fice ©ltfc »gatiT» io®a
(wfei*H * |U probably b* *or* importimt th«© mmwMmM-im sit& MM
sar* dT ia (wd«r ?ia» offlllitiow, M alty ;m4l«c.t. »;-ace sfearga,
atc *}* aitimgtio® fro* M tm omurm fey fldM «M»% t* d M | «If ® M
fisaa ardar, *te. ms$r stetiowry bMitioas, a* aa™y less Ofttor m ord*r a*
I*»*» 1t:

Weppo™o tilar* «r* a© io*a*a: * ©  Tlmk tb* r*|jitic.b I mmmi 96 W' is Wm
timt mmmm *isassts ic a radioeslive jto IS 4 awOl

—m tfffri* to a ioog bsIf-*Uf« «sdv eon—gssstly, a larj®* anw*«r is tbs

state, liar*, kMMftwr* 'm0 a«y *Itbl» UMt» «MR$ft tb* raUtir* nurbera in ts*
stab— by « M « S tbs mmrm 4t®trib©iioe of tfca iM iPSi iloctrom. 7b« affaet
of |— a, gimm tnro”h j/1. aodlfias t— 14—1 etals pi»oea*s t# # iiH **

— atlas —»* 4**6 ¥itb tbs. #%0«»% |I—HIiSf awl ffif isa# at 7rdCr» ffca
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pfseoo# is * better am* them wttrnm a© otleogt is m*4» to told. thm Im*. |If
i»e<»pl«tely stripped iaos are ettrseted. it« | mkf fcoor l«** a nnm of
portJolly soofOoted saterlal, Ini «# iiiFtaw tue «M*tftlt$F of

lam and th# wmOt of sellisieoo with HaM w1l gases m the oysiotra* firing:
lea* that are ?e#«»atei feat are sot of the desired elaoeiii Hydrops* a-ad
hellos era is parti#alar stay* yiMVINit a# residual gases, «*t bsliso toofely
lasiied aoiOSt be resolved fra* sIx-tooixed carte* fey the cy#lotto®-*

3* Start aith carte* atone or la* order Jons retfeer then with m 1®0®1«O0.
discs dissociation of aolssolss is general is a mItl-stags pro"ess, with Foody
racoabi &atioat we sigilt wall slieiaate several stays is the chain ?*G* fey
atariis* with sethas at®a»p sfaporatad off « carteon ftlament at fro* a aasll
ess®* avan though the gas fe®s®NI® «4ju«t*ast thm* b#a¥wzmm sluggish. For iasta#®-#,
Wm itssosletioa prsssssss for C% sad S© ops-:

COy *-—-— * COg* (€ o Jmm— — QO*
COy jwwniiaii c© ¢ 0* * o = CX* o O]
c@y -----*, CO* # ol+ — —*€ ¢ 0]
Qi ——-- *CX* ¢ OX ¢ 0X

elife hydrates*®* gases, the difficulty getting C or C* as one of the
dissociation product* sees® ts fee eve® greater.5

further, oxygen ha# a teeieaay towards electros 8tt«te*est to fora
negative ions. Races®lastion of positive ioa# with negative loss to give
neutral particles is a ssieh easier process than rssonbleafits ®ttti free alas*
tf®**, since is the fo-rasr case there exist two bodies after the mating, to
peruit o 'issraatiss of energy end wosentu*.

aside fro®- the usseated atoss providing m opportunity far foruntioa of
asgatirs isos, they set as * diluent, coatr!butlay unwanted #pa«# charge «»d
using «y loaltiaf electroas,

4* ao—ilaltMi of iff##tire li#otr«», Rsgsnaratioo of Low sssray
ffi |IMS« Just as for loos, wa wanted dfe*/dt * O for each J» ia order to
build up a stationary chain* correspondingly for the other partner is the ioa*
ilia# processthe i«aiais* electoas, we west do*yg/dt * 0 and %gqy-# j» 0, feoth
of which era necessary conditions for "electrical braaMdcwa* of « f»se s*ff,
denotes the ssuafeer of effectire electrons, these or iofUiihf energy. The
build-up of electroe density n#"Sr Is«|f /it >0 is so rapid that actualiy the
oaly roaditsofc I1# d% ff,/dt « 0 U.e*» my effective electrons lost are replaced

fey others .

First* esfts&ier sloes the for large aoihir of offsetire electrons,
or for high daasity of . It .litJosayite.lg te hare a high
density # mMH v the electros# &mk* a single passage through
the regioa of loss electroes, la feet, Piaaiol4 got spproxirately 1 aa

of B asd He jet# of etc#* and elseirons* Scott5 got-
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4 * 1%* pf *€s**m- mm* mmrit"%* m j m mtt* . @ bainiad
t »i1«»| pstn if #* ?*e** *rmAil«u\mr to
«g ftypr#n»*|# - *k# ftftUfti*?.  tfcd« tit™ 'tie* If it
kos*y 4Hf e gift pips™ 1 U*nmp attal £17&29%* imtmm ="
it wal* Artttr, Tit# H*<f of f <e*n»g at? k# sftrift*>#4 fey *odt
p#EM«mrt >f poftttift# 4«jw, but Ib* eefseitipi ***** * sijaw it fow f is Mr*-
ftu, *aJK# **k€s*gk may ftftiftt is a t*»y are alaoat entirely
t'Fanf#d *l#ettr<s» tf —tiff e» io» 11*1# miI™>i *fc*t Nte#f t€ «.y jeists-
Itf  H» 4diltlcuX%r *tttfe alt?rrat j*t« r~ « mm sUrtiP 6 fMgto er»*ff*iat -;»
apt purtveuimrlf with e M 117? «ap>* *tfc Pr>»* X ®kd %t pratattt
IMHU ««* *» #»tiy rwti#d «Cf tey tiw* m fftrtt##*** if t* **grmam* > **
ttett * let* gmit f aftaj if «@ f! *#tro$» Wilt# itSf Mftft «.ocii'ttos wfctlt

M >#H #H e vt to &|a<gas™d eymiwmm m* olaetraua
ay# *? of to* rnmmm mmg **** srtaeifl# to** 6»«ft *£EXI9M**  tip Fsttilfft
lot CWwet » 1 < PHE t« Mk« m& im mrnrtt by Pmmm “w* feus# _“Z% also

@@L M u«l StficWw* &similar tffft wss by ™ f. ASAttUJ”" Hail*
aiift t iIMR®# af tcr s<s* tyf™ it™ u¥ oldy 1 NM ffifef t& ‘' <t
1 a* «f at «ot a mama wWMfffci prtte if aee®™* f *«$#«* P*r fti*#**O©* ateout
ISO «»eitttett«it}. amt » l« nm  *««o**i*a -** to 5 ft*#*/>*g* **~*| laaaity

for *'test =04 & gtrat «» ac«d I/f
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M i tc««rd fiwWVm Tbmr traia <Mt~ p e titt 12%»mis# fiat
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IN alootratalmss 5»*ne 4p«£|o&S8 tyjp [t4p(pv$e, 'gr {»m
imbmt nmm ggpfreg abe##t ala© Bmflf tad MINi® aad § Ilerlal”, Mti eesalerote-a
all alaotrcxo at the sopa flap reflux** ihm fey a «|M ||at f*ath. 1* can
WANiF fee applied 1ooppo? Hi tip- ppsospt ioto&oa sMgMiio field «f tip
sfnl&twm

Sim in cedar to gat M | MfSap @f alootratto m 1 » ps«r«|# tit ttpftr
aaorgy. wo ara *Is**»t led 1# asBoltior ppp left of raac-anao# mmmimrmtim pm-
Pi** ** s# tip ej”iotrea itoolf, it wm}4 fe# titittfoiio if M « ®C086
t» m mpolar oooolovotioo* l«t, 8§* tip tyoiMfoa ft#Id ©f ISititiB ia»#«r *
nagpatrao tfpa »mrm spoil be Of «rtr»«»i.y r.mll liopaaiooe «&i It#t anode
potent u tl,

.For tie flrut dasiga* It fcM PMPP# 4##li*abi« to #*$t a llasPOf rapoimam
ftioOoio for the eleatyaoe. 4 fixed tiotaoitol wail of f«ws##li# *tpipi loo tip
feature that tip fjogspoty of tge*tIMfoo to the mmm f«r my fartit 1# of ftaoti
1/ii, independent of it* energy tew -the oleoOitiiti OO0 biowstii lute pfe*##*
they will all erase the apar of the parabala at f§P e«dW» pfcitiiii. It mmiy
been®#* mmmmry to apply a amll itiiarnatiisg r» f, f#%ae%l*l acfoos a gaf at
tip apar. ffea jotootlol aa-ll aa oittMNp alia 1# iasfippiif idf fo*tplai so iloao**
ly tlat it «O#»» op aa$ down tlrcwgii tba small f* f, pefamial «* a unit* Mi

tb# alootrona wfeaa inside oftfeoo of the ansa tieoe set- pp tip Manging potootloi-

The liaoor proeass exoetly acftt»pt®Il* te tho ~faiotroa aetioe. pM rpp
ba« baao uaai, Mi, pi an taa seor«, but »e a af tljgb ixr®st po*«ati*ia
bf A, H 3kellettil. H- sails it a palletros ietibratar* Je Th* a#fsn»r. 4«tails

of as iofi mmtmm basal ©a ,ra«c««e# aaialarPNtai pf alaeittapi is a ~.raftolie
wall will be $ivm latar,

A first utltarnatit# to tls® aebsas &Vm® Ip callal la S-4igebarf»
w;tth raflyrtipp. It lift PHKfefloPttPP Pf Pi ia» PMVtw
1* IUvii'mo4 C'"rj ,"cofen-Fstars'" as fh# basis of %fcraakioaa cf 4iscnar«p
tbif femad. ftii is ac 1-4iaPh*rta PPM as ia tip tummgim m4 Cola &ai ilia
m il lea ppptppp* la th# lattar tie repiae wnt factor sf #ffaotira aieatrocs
iwbicb msm drift Ip* «ff toward botb aiactroiasl era** frop tboaa troi«ea4d in tft#
8as at fifes imizim ispaet, Oc the otbar basl, in the .iIMSp &84 Cotec--i"*at#rs
feraas.ao<a ti.a r*place«ent fastor tos»a frop aa«oiary ® imtrms spgttai by

sodirty* (sat <wt*aaaad, or ala# i#Hb#.rat»ly aoaipil pl*e#4 iaai<4#
tjfes 4iseiiar*« ea*»b«r. Slastrisal braattewc O©Of tip pi# pppifrpP at profane##
ap low as 18*® sm 0% wlila tlia ordiaary i~4isa&ajr9s in giraa braaMowc
«t pmmwmim ©f abaet 10*" a« Eg sp Pl jNMart c«#4«4 about 3 x 1®**
aa Hi in ordar to fat miisstorg# firing fei™ yt«M of m* xoiaMpp to Bf*

ftp Is* prtsswra possible in tie AllWa mii -mmm parsits tie ion-

IM ItPi region to fee ao ofMP part, cf tis i©a”-aes#l#r«tia« appapitwr, Tiare is
a laaar eritteai %u/'d Iwhara i la Mo diatms# batwaan alaotrodes; to atrUfca
tba dlsslarps aisaa tn» aloatmm m st baa# anongl anargy OO stnki,.a* ilia eiaet-
jrsdaa to gira smm tiao one- saeoadaiy «p tip wamge* .in addition, thar# ip a

upper eritis-al 1U»wd afeor# wfetsb tip oiaatpsep cro#« tea 4iip«aca fea»
tPPP aloptw”p is laaa tiao half a eycia*.. fipp artinguiahaa the dlaclarps
sisca ttea soaosdoriaa saist to pp|ttad la tip pro-par piaaa to «O# way fro® tba
aiaatroda imder tla r,f« Alfraa and p«i*NNrtof» got olnMIl 1*1 «a of pixoP B*
and Sg* fra* this aaitjpaa.
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p~taifely *hie mmzm eo*4<§ he need m it is, Gee objectioa 1* the
-out of tfesf e*aeiwe propert# of the electrodes, They seated the

M UM mm mm fftf i«lesl©a. Aslight aodifsretioc might be to
arte tin ff milk electredes a diffusing seahrsne that permits the desired &##
for the im MWMi to pass. t #wsf*ly of both secondary fleetroe# and of

#*<*» if ftmuifeed

Bui it would mm not# faeoreble to use the principle of this type of
UrhMm to aofttfr the Rulhergiea-Cole « | Hell type, The eaiaeiae of secondary
electro#* by the electrodes ra& | feesOi#t mx»#t##te#t#t** if the aefeipolar lee# of
electron# osier the .-rdirory r f field could be pretented, end see# rmxi* pro-
filed f>r rofleftjag the electros# m e« pbeee ee mm m nmm™ mil the# drift
away ftm the §!t#e electrode a* are driftinf toward It, fffeie drift under an
t+. field nm%eften' there is m mmtmi bins potential., i# mgmpaweft on the
rapid eaeiHatisn tael and forth of the electrons under the r,f. field, and is
-Sue to the phasing of the electron with respect to the site matlag field at the
instant the electran is here, Both magnitude end direction of the -drift are de-
termined bp this phase | Proper phasing might possibly be eeeeapifsbed by siepl#
reflect ;ng electrodes or by mm sort- of reflex Kiystroe actten, bat a reflec-
ting well of parabolic shape would eeea to he better,

8 Chattel of lo-s Iftracttor, Another factor of importance is to aaiu-
t*is enstrrd of the and egftWMtlea processes by the electric field#,
this mis&mt implies t»"t Psmat .on of a plaaan must be proweeted (Take the
definition of a fleam# as a region >f i## *h»r# m the arornge the density of
pO~*i*ive and a##etiro charges i# equal,) A major dlaadronta## of a plawns i#
that electric field# cannot penetrate beyond the uma? surface of the sheath
g ui t i p ylsaaa to extract or control any of the lone or electrons
there.-. Th# f-.f — ipthpe at a potential emanmtM there the useless law
energy *l*«tro»# are trapped, they* la turn, h#*d ante the positive ions. Us**
#?«r, % efficiently high applied field#, the sheath region may be thickened
until the plasma is dtapi*d immr$ or m longer exists and the ion# my be on-
ire- led of extracted, The greatest disadraetags of a plasma, and at the ease
turn am at its good features i# that ptaaaa oscillations occur. The oscilla-
tions of electron piaaaa are of frequency ¥%* St8%» /s where a is the cuaber
of trapped electroa/caB  a usual min# for a is 10iQ or 15*** firing * fre-
quency af 300-1000 IB/ae# really, fh# plasma oscillations if positit# loss
ar# af such lower froqueiis* the nsrtnwi betag of frequency

u,. jn i/* e .
L y, ¢ -- * electron frogntairy for
1%p/mp) tea# of q/a * 1/1"*,

Ih#a# p.asaa secU lstions do act lepead on the presence of a magnetic
field but. la a aatfftetic field, the intense local field# they produce muse
aigrunon f <he #l«ctroa# or ions across tb® aiugisetic field. Thusf the
coMiaatia® affect of the magnetic field m which we depended to hold onto ions
and electro##. I# ceepletely lost, A ©eod feature of these plana# oeciilstions
Is that they modify the of electrons passing through tha plaaaa, decreasing
th® energy “& m,m oM ®ddl.s# a correepoadlef mmm% to the mmt*T of others, so
that you may got e&ergisa capable of ioniring eerboc eoapletely with aach less
then the required ionising potential across th# liseharge.
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A ptriNIto potential well. like that dieeu**ed above for sUctroan, nay
be uee4 ir the SIMM of a plasma to M i poaifive ion# end p*mlt ntsfeUrt-
jaen* of a gMteftMy cheis proeeaa fife* I# r.f. 1* applied of the proper
frequency for liattr mmmm>* of iou with */q - *» * M tfe» may *+ extracted
Mill* the incompletely stripped ion# are left behind. If it prow# impracticable
to sat up linaar reeoear.ev for both electrons and poeltive i« i, it may be of
soya advantage to resonate the positive ion# and to provide newly reflux, witb-
oat aaar® regeneration, for the electron#, fetch would be tompmi when their

energy fall below ionising value.

dapsn mental loo Soarca fteaisaa, 1. Linear Ilw m ot of Electroas aM lona.

G j55r raaattaaaa say fee.appllal both to electrona aad to positive ioaa of the
desired charge to mmm ratio. Tha par»bo.lte 4.* potential walla are established
by means of rings faperture leases) eomaected togathar fey high resistances to
glee the parabolic iiatribution. They are capaeitivaly coupled to#»fe#r closely
mrngfc that each sid* of the potential wall acta aa a ua.lt with respect to r.f.
The r f. of small astplitude is applied eeroas the gap at the ape* of the parabola
and acta to give a assail secelerstion to the .ileetima each tiaa thay croaa the
apex la phase. The gas pressure aaat be law enough that the electrons gala the
deelrei ionizing energy froa successit® crossings before they undergo a eeUleiea

with a gas etna.

feet appeere to electrons as a potential well ia a rid#a to positite iocaa*

Thetef-are, to hold positive ion# we need a reversed potential well, sad to
resonate completely ionised toss- m order to extract the* we need r*f. of
appropriate frequency. The r.f. applied aero#* the apex swat be of swefe lower
frequency than that for electrons Notice that the r.f. for electron* ia of

so high a .frequency that positive ions we only the average value, while the
frequency to resonate positive ions nppMdr* a* quasi-static to electron#. A
well for holding positive ions may be placed between two electron well* aa

sketched is Fig# 14.

t. Source lalag S-type r.f. Dieeherg* with Phased Reflection. 1Is a
linear electric-field r.f* discharge, electron* have oscillatory kinetic energy
and nabi-polar drift kinetic energy, The oscillatory kinetic energy ia the nmm
for all electca.., it varies froa xer© to 1/2 a x%«>c is a quarter cycle, where
X0(t /ai% W | ) ia the amplitude of vacillation. de ia the amplitude of the
recillatory electric field strength. The next quarter cycle the kinetic energy
fa.Ua back to ter©. The velocity builds up Rad falls off is the opposite dir-
ection during the following half cycle. Energy canact be supplied accumulatively.
‘The desired mmw& for ionizing must be put into the electron each eyele

The drift kinetic anergy varies for different electrons, depending o® the
laatast of their birth, i.e.. when they are first subjected to the r.f. 'The
smxiiws drift velocity, which occurs for those box® Just fees the electric field
la passing through mmt la equal to the maxima* of the oscillatory velocity,
Those bem when the electric field ia a naximu* have so drift velocity.

It can been seen that is the r.f. discharge, where there is no accumulation
of energy the conditions for getting electron* of high ionizing energy are much
acre severe than la the linear resonance process, where the energy ia supplied
stepwise. «e want oeoillations of small amplitude in order to get a long path
length 1* the gee before- the electrons leave at one end or the other. Snell
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mmittvA* of matUtffrtM implies high frAw»<7 «*< «m—v astly, only -

tu» far IM electron to aceumiats energy ® «**«* amplitude of tha r.f.
eleetrte field strength- Hence *, w t to* f»i«4 to a* high * **1*» «e po«#itol#
for nreg>tf if we wiafc Wt 1s*- iM iwiiiaiiil' aweriMpi kiaatie energy fay the
alertrcna *© to* I(m volt# <wice the ionizing potentlal a#*4*4 to remove tfa*
iIMt electro* fro* #e«*»e), «til* keeping the a*pmt«*#* of oscillation down t©

1 m. wfretire * P*a*«MSf of MS ee/eet and a® mplitod# of 1560 volt*/©*

for tfc* r.f. Mere energy or shorter ©eeiliattoe# feet bee©*© prohibitive.

If the electron* ore loet when they drift to eith*r *©4 of the liaeharge,
no have * considerable power drain and *1*© *e ara foro*4 to aa&ntala * bl#i
p« pree«tr* |t# tb* ardor of 10-* a* f*} la ord*r to get a* tU piti ***** of
ionizing ceUiaion* to replace the electron* loot. |If we ©an gat a refleetloo of
the electron* at each end of the r.f. lischerge la *mh a MW* 4-hat the r.f.
field will the* pick up the electreae «nd accelerate the* toward the other elee-
tyode, ae eaa *i«eein high electron ienaity with low gee pressure aad low power
dmsa, nmKnN&afttm oaa be ©totalised by a i.e. potential wall. Hie opt!*** reflee*
tum oahiltloha differ for electroae of different drift reloeltle#, tout the beat
eolation s#e**s tO toe reflection by a parabolic well adjusted to glee M IilM I
half a cycle of the r.f* after entering,

m# r .t, discharge any be *4e sytwetric about a adddle electrode, with
both end electrode# at around potential, a# shown Im fig. IS. A a*ell negative
d.e. bias * the ©eater electrode would provide a well for holding the positive
ioai' which ©ouX4 be extracted out the tide of the ioe source.

Jp,. g. Lunar and ©, Luhr ffeye. let. 46, 87 (1934).
gfe#i« aad flteaahatt, glafcMrleehe flaaeatiainagaa 2, 43 (198t)«
0 Skiyth.. Sew* Mod- Shy#:- JL 33® {IISIS*
Aaaelea de Physique | If* (Itf*)*
Ogeett fhye. 55 «Mk a»)*
*f M seaatag «si IT 8. Moubie. Physika 4, 1190 (199f).
“h. T flakel#telnf Sew. gel. la*tr. U, 94-97 11940).
% . Hei? £»itsafarift f. Phyaik 130 512 il®43).
fSayiy and Sard.. Canadian Journal m lafiarafr, Sec. A 36 {1940}
}®0 Mlarde: «saeieo dor Phjsik 85 512 UO9fli).
4. M+ 3kel *ett, Journal of Applied Phyalc#, 19, 1~ (1948). )
Aifven and 8 J» ©oha-Peter*, Arkiv for itlk, Aa*i o<h fyaik
HA, Bk, 18 {If page#) (1944)
sod LangRttif. fteyi Hew 33 195 (1929)
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it tbt ptrfenMMOs of tbs In* IBM, dwri»g ***e r»{«rt
parM , satisfactory as to f«kMM~r«y UBrntity *4 stability of aysrattaa. Tbs
«rtr*#t M pot bos boot sitiRtaiasd tt apprMaotsly iSOD ii/hr at tbs

t*gitr of tbs tMMMK oa# asts* Trm tbs %ar«*t, asatursd with at tooltatlot
?1*a*fr«r M ia* i/1 la#b of Ft. ThotofflIM M progw« *«e pro—sdsd M *»
e U «ttte that intassity oM lablo, xp»U U | turla* ssporimto Is*©Om«*
»ilirrtr> 4ilttt«il iatoaoit? it still toolMI for M m | »ettatty tspsri-
ssata, emt souefiag rwtss of ytsids of ppat indues* suelsar m et Imm art
f»ita ootitfM o0?.

A* »a# **«M it tbs last —port, m mIiXtWMIt —iteS lata M® isstallsd
it tbs iajsctor fUM Mt mt&f*r» I* WO S»*t, iwnafAwfllo trowbl* bas bmm
—courtorsd fn* Ujsotor filaasat distort!a*. af —tllIf toward tha tad of

fill— t lift. Munptd Mpao of «itt«a flla»«ti M*o« aftieb boi
isfuutaly etomd tut airtual foeut of tbt tajMrtor — I1tffstif IfM » -ad
—a—d « <*og ** it fUMM latssstty, Bfetto stoag— it Am#* soowwod «« IMR»
i®* *i%t soasUorablo fr***t»«y taS eaassd m b ofoMtag iiffieulty too—

of sot Mag to taxtala* laAtUItfl w peitily BVIttMI tots iba it lootor
psotftMi atjuttM t*. It an tM iataractioo of tbs «© eyeit s.t.

ftIM ilt ourrsct aioetroM M stlc fltid aitb tbt 3© eytle fisid of tbt syaebrc-
tra might bo —atsitofttag to tfeo warplafe ffee lastallatiMi of tha M tM ag
tsrisa out* off tilt filM tat gim | » (b» alerotarood* b*f©*0 ths laadUi
if®itroot firt st tba start of soaduetioe of sag—* <mrr*st for tbt firtt hslif
eyela, Thbi©® ?ro—durs it M il* Is tfco f«M of tba palasd ofoM M o0 *

6 por —c-M rtpatitioa rot# sad to# rawultsd as* oaiy is aboot 50 HW M1 los*nr
lift for tajtetor fliOMoato tot ait© saae» to MbbUbO atssly ii©tribute* erosioe
of tbs flim it *sd M iittaitM of —M ast stops A «dWF rteord for iajoctor lift
tat tot with a ns*U unit which was used It tbt « nM (Mo tbo 2»d ©f fw w ff
to tbt 3t*t of Immtry »itb spfVMEUMtoiy 300 bom of o-ptrttiet as tbt fliaam .
4 «o itjtetor of imtm Iscori>©ratitg a dltposttr tyy* M | «Uwd4d» it boiag

M | sad it txpattod to yitii blgbor M s Isttsaititt

lattaiiatios of tbt sagnttu fitid ptotisg sooltor it ©atrpl#tt asd it
acsi is sot. t&it apparatut ooaoioto of Id Ptiaaalloy sort ptoiag atrifo aswitad
is rsrtital pirt os 45c tystiag at tbt osottr of M | ootM of gif flat. Tho
tajrliatt tigasl frc* tbh*M pt«dia« atripo it «M to trigftr * fatt ~*tttpisg
otcillostopt aed rigaalt froo tbt otbtrt ait#r»at«iy cossar td to tbt Y itf Xtcties
plat*#, c”/ttrtiag tbs tUM tbtoo alcsalt arritt sososrso tat Ug is tbt flax
is tbt stator of tbt ao«fs«&*atias oetastt. By OOOwrMtif caiStrstia# pM is« strip
bias «itb tuns, it it poooiblo to rscord eoaditioat tut a usable ssgatt toiapss- '
tsttos. Opoa ooostiost, rscsatly, tbt ayctbroiroo M | to© es .dssiy diospyssrsd
bfOK lots by ssobas.oal broafeagt of tbs radial m*R*t ccsfootatiat eoadmotors
thieb fora a part of tbs sireuit of tbs fie* looping ootaato utsd is asitMibal
fisM oorrtotioa. Altboa”™i apparatus it arailabia for aoaitoriap octast curraot*
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tk# e*eet mitt tm the t using el iM flaw la the faulty ©teat can be

it* aneeeinted peaking strip watillcgfan*  Oloae *tuiy ef thane *iganls haa
tint* far Horn a* horizontal nit la tk* field b# o#e*r M | uwaqunl eonpenaa-
ting currant« nr* run through the inpw at the tap and kottm of the octants.
Such an effect wee searched for by of tfct relative tin* of arrival
of *}«tl H on tke two identical peakiftg atrip* at the octant* center. with mm
peaking atrip wear the upper pel# aad 7~a* directly hmlm, near the immr. Ot
two occaeioaa all spar* radial raiM Icfl ware t-pen by breakage is two upper
octant*, lacranala* the CwfWRt |» the eorreapwwdiag lam™* rianta until th#
pacing atrip lining in those cctcgt* *** r»»t.**4 produced the aana mtanelty
gnawa-ray bea*. in the part, M ftlt *et$i*g* wf the «ua» octant currant

flran equal intensify Pawn*, tea of thwac condition* wna observed and tha
affect m tka packlk* atrip tinta* noted An the octant arrant waa varied
fron om pan* latao*ity anttug tc tk* other. tka peaking strip signal wan

t« laps** to a ’afar position uad r-rurt to it* irigianl setting. Thin Sa
tSNftgfci to be eawoclatng with *h# inductanea of the ante-tmanforaar* uand to
vary tka cnrmt in tka aalf irtra* empaaeatlag circuita and d Il be ii

tad fnrtkcv.

Tka naanar in which tk* naan u -.nod 1*Mn® countar '‘asperlnMt* baa
reunited U an electronic chanei* feeing fabriaetad which clips a voltage
la coil wound arownd onn a# tk* kintw of tk* rngnet yak* and differenttating
tka slipped wavefors to preduia a sharp anting* pip at pan* magnetic field.
eouster MgMiM gt* it it #*»#rally tka practice to employ a
eray pulse abent 2Q00-B40C naaac *ang. Thta 1* obtained by decreasing
capacity in tka aneiUator rectifier eimift and allaning tk® radl©frequency
» left*teg roita#» ingnmaaad tkc ace* lawn*igg'M P 1* tk* r.f. cavity t©
laeay *lowly baion tka maiaaua voltage requirement for aecalaratios in tka
MMIpIMWP orbit. Tka electron baan spill* slowly onto the target and
a pan pula# 2400 panes long, with it* ankikft* intensity occurring 1990
befog* nh_. | m of tka akova ftp g*wwwmt-«r knn ban* very useful in accnftlg tka
csparlnaataliat ualng tka km of ita aoargia* *t tka baginstng of tka pula* and
at its panic intaaaity. This i« d*aa Merely by aaasuriag tk# tin# fran tw r at
given fey tk* mrbar pasrator to tka daairad tun point* on a *ignal fra* a
phototube plaeao in tka gnasa baa* «nd iisp*ajr#o c* an oaailioacopa. UMO pane*
before H-*-, at 90 alaatrlaal degrees of tka nagaat cycle (30 cyclea/aeo) rapre-
aaata an energy at peak tatanaity of tka pulae c-f test, >kiy approninntaly
3 paraant below S3®. A 2400 pane wide puls# atari* at dOf Hav To bring tka
tmifiM pulaa out syanatrleally d.spoawd about W », nan equips#»t kne bean deal
snd i* sew feeing tented* This *.ppftjpat«i w 12 miaan a p w pulaa 1
mn daratina dtk unites* IgM Ottf dintnoatton durmi tka -pulse and
ly lined with reaped to peak nagnatlc fi«ckM. Tka pelm M M t will be ndjuat-
abla from tka 3 nilUaaoond* batwaea 90 T 33 «j*etrieal iegraes and tka sharp
10 pane pulaa available under standard r.f ceding* cocaitions. It is pi
to modulate tka accelerating voita#* in accordant* with a sonpic* waveform
©a alalean roitage for eynchr*acMs ortit aaclarwtlot, rata of tkanga of an tie
field, and electro* aanfgy In** due to wdlatum daring areaieretion.

A thin window ionisation chanter (representtag only a total of .006 1%*.
of aluninun) has baas placed in the bean for rurpceea of integrating total gaann
radiation. Thl* apparatus Jtaxgec a -apaclteaee to a given voltage and cyclaa
n register at the end of each charging. The device ha* been calibrated, agnl at
equipment which wma used to obtain lata on the transition urvae in lead, uw S *
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*4 @I58~ It# jwifcael\ae~ tu Bsza«Mip 4*p*»Htli, tifilitliii, <4
©Of «mt WILLO® in I®IO#rwtis« «M«Bt> of relation.

A tewm4 mmwiml is tb© M«tb of Smmrj i»* «# his© ffciliur©®
wf of th© Imd fftM&bg raptor© ttMi to offset WHPWIt sharing Wtswe tha
two first aalf ow®© ignitrowa. A sh©ri t@ th« cor© fm ««* of tic# wisiliig™*
##\'l©904 frirt *fi#r rO©i»ir g*r* trowfel© b#e««ut# cf tvxv t© tar© shorttag of an
tat* ranttoot n*«ur«»> mis rwsttit™! is a porturb©tic© of th# aagaot flax
INFIMF th© *e%0«*»* POtA «ft4 eCObx4 ewry ©nwtit ofwfwiiojs for « 4*y or two,
bPMff mm trowbi# til# mm ioe«t©4 akd mtmm rwwiatiag with *041t toawl
lator turn IMMIbSSOb was set f#*slfci©, thyrit© AaCO «Cr© &4*4 is f«roll*|
Wit Ggiit SOIf of th© wimiisg,. This bSO~ »rparCfitly e«red th© trottbl* t«CSpr-
«rtlf «& amv r—tors ar* bCiCg ofetaiiw4.
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*. ft, t8. Paaofsk?

_____ tte ;u*rtar y**r ®owr*4 fey this f*f«r* tba asafal ©oaratiag tiaa
o«f tli# ttiilitt M w Ititlw was *0,8 pareaet* I» slow df tbs feet that %4 smshxm
wmm Mt of operation for the ©Onitre month of ?;©aa«to#r m& until tha mwmth of
Dacamtoar, this V***M**m *«e» «PP#ar ~orinf last , .
asstfe there was eoxitft»r#bls last take> Mb to fat3m m of afutpssa* 1* tbs N
Iraaff btNi waits** Sii* M» jmImr mm trouble MNNMI ttt» «*d Mi PNfe*
abortad on##. 4 light bait «*plodad and *e» *M S throu«fro«t tbt tart ?attain*
tor## lays of lost running tias. Bab* i* tin* was r*ry lot* *Bd coaswiasd
pa*cant of tbs total avalkfel® tl*»,

Tb»> follovmng stap™ bass and will t=a tskea to ailawtata tbasa
difficult!'##: 1I* Adual pulsar chmuial is bais* construetad to ba mstallad
wjtbin tha asst n M . 1ith this systss it «iU # passibis to bar* « failura
1a M -,*** chassis ebaasal &d swittdb t© another aoitab>@ ocaa from the oatad®
of tba neetaaa without stopping Cfsrstioc®. ft Adsba>d has baan placad erar
tbs prdoe insulator to stop lon boaMdlsact of #H® insulator ud subseluant fbU -
a® 5 bake In tint™ will % aborts™*, prsmssbly, by sandblast lag axd paint™
m? tba mextt fa® 4a -lraaff shall lasids so that rust no ilongar forms and oms to
® traasfsrrsd. Also a mm 5980 ONktmmf pnp is bsia* installs™ is tba ggp
hems*. whiah it is hooed will prorida a nob higtosr owarail 7*mptm »P%e* than
tba prasast systaa. ditto tba coatad tank 4+™Mbattar pus? It will ba possible
to mt tto* base la ttaa down to « m%imm of t hours.



5, rail INffolog—K*
I\ U, 3rob*«k

MyifrM, Jt##l platan for tfc# ®&C*i cot* onarfcad aurririag is tic® Bay Area at
i®» aai of jftfPHMM* usd approaiaatalr 300© t«NI had bnna mat aai drl1l11*4 tey th#
#a4 of Jaawary, da-ably t»to slabs is sxpaatad to start is T&mmtj.

m*im Of *h« saa”ia vastai* tank sartioa ha* bans completed wa draftlug
it m ?r~rwi> on th# aagnat coils and 111# lajaator ilaaar aaeal#rat#r, Tht
500 r» pc**r rn*n-If for the u”setor loo gya it is th# shop, oth«r ports of tft*
mat 8oa art «oh«t«atlaid? eeaplsta.

ffta fcnlliltag faMMMHI4H wH s ted footings **r* substantialiy eoaplst#

if tha sad of Daeaafear* Structural sisal* ialayai by th# »t##i strike, is m*
parted to «mt# #»> th* sit* by tle# aidil*™ of Fabruarf'.

Isfoiswtloo M plH






