JUL 2 ¢ 1968

COO » AT(11+1)-32317

JSTER

PROGRESS REPORT AND PROPOSAL ~

ABC RESEARCH CONTRACY AT(11-1) ~ 323417

S¢t. Procoplus College
Physical Solences Loboeetory

Liste, tHiinols 40532

June 21, 19638

“LEGAL NOTICE -

This report was prepared as an account of Government sponsored work, Neither the United ,
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or repreacntation, expressed or implied, with respect to the accu-
racY, ctinpleleness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any Habilities with respect to the use of, or for damages resulting from the

use of any information, apparatus, method, or process disclosed in this report.
As used in the sbove, ‘‘person acting on behalf of the Commieslon’ includes any em- }
ployec or of the Ci or of such , to the extent that

such or of the Ci or of such
disseminates, or provides access to, any information pureuant to his employment or contract
with the Cs or his ploy with such .

IHegible Do Not Microcard

AUG 19 195 -E

TERBUTON OF tHIS DOCUMNE & UKLz




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



REPORT OF RESEARCH ON THE IONIZATION OF GASES AND THE

AVERAGE ENERGY TO MAKE AN 1ON PAIR
Witllam . Jesse

Published Papers and Papars Tn the Procen of Publicatien

1. hotops Effect In the jonlzation of Polyatomic Goses by Alpho Parttoles
Willlom P, Jasse, J. of Chem, Phyo 46,‘98!, 0%’)*

A pealiminary discussion of this paper wes glven In cur 1987 report. A reprind of
this paper s included In the prasent repert, A discustion of further work In this fleld
now belng pursusd ts included later in this report,

2, praciston Meausrements of W for Polonium Alpha Porticles In Varlow Gases

A prefiminory discumsion of this work wos glven I our 1967 report. A repeint
of the publishad paper Is included In this repost. This paper hos ottracted attention both
here ond chroad, and many requents for reprints have besn recelved,

3. Alpha-Pasticle fonization In Argon-Methane Mixtures ond the Energy Dapendence
e
Williom P. Jesse

This work In ity preliminary stoges was discussad In our Y967 report. m exparimantal
work hos now been completed and  paper describlng thé work has been subrmithed for pub-~
Heatlon to the Physicol Review. The chatract from this paper follows below, W this
work 13 correct, It would seem tho the fong stonding discrepancy between slow and fast
coﬂmtmtﬂhtmhofﬂudmammmmdhMMwumhwmm
mods of collection of forw. -




ABSTRACY

!mlmhwbomwfamdmhﬁ!mow'ummmyhﬂn
megsurement of olsha-particle energles by the lontzation ethod.  The work of Jess

and his coflaborators, corrled cut fn pure argon with o totel collsction of Tors, Indicates

@ linear relation between lonization ond olpha-particle energy for energles between

1 and 9 MeV. A different relotion between lonizotion and alpha energy Is observed In

o lorgs number of experiments with oridded pulse chambers, Hers, with coflection of

only the electronlc component of the fonization in argon-methane (or argon-carban dioxide)
mixtures, an appreclable relative decrems of lonizotion 1s observed with decreming alpho
energy. Discustoms in the literature have often attributed this difference bstween the
two methods 1o the mode of collection of Tons, whether total or slectrontc collection, The -
prasant experiments hove Investigated the posslbility thet the discrepancy in the two types
of experiment Is due to the different media wed « whether pure orgon or argon=methane
mixtures. To this end, a serles of macsurements was carrled out for four alpha porticle
energles, rangling from 1.58 to 5.3 MeV. For aach of thess particles the lonixation,
relative to that In pure argon, was measured by a total collection method for ¢ wide range
of orgon-mathane mhxtures. The results indicate ¢ dependence with alpha energy In argon-
methane mixtures comslderably In excess of any possible depandance which may exist In
gure argon. The varlaticn with ensrgy, moreover, In o mixture of argon with 6% methane
Is tn good accord with past results obtained In gridded pulse chambers for this mixturs.
The prasent experiments would suggest therefore thet the obssrved difference between the
two mathads Is the result, not of the methed of lon collection, but of the different gaseous
medle used.




RESEARCH IN PRCGRESS AND PLANS FOR FUTURE WORK

]

liotope Effect e o Funchion ef Alpha-Particle Energy’ |

In the paper dealing with the fsotope effect In the lanlzation by aigha particles
(Item 1 chove) It was suggested that an experiment be pufmudfomdythmq\m_m
of the lsotope cﬁcﬂmofmtl@nd_hq@@i&dpﬁ Mclq. Such expariments
have baen carrled aut and very preliminary results ars lndicc}d for methane In Table 1
below.

tn the apporstus the lonization from Individual alpho particles was measured by
our usual method for o colilmated polonium alpha source. By means of @ rotating dﬁk,
which could be conirolled from aunside the chamber, mieo sheets of varying thicknes
could be interpased betwesn the polonium source ond the collimator. By this device
the tonixation from alpha particles of fouwr different ensrgles could be measured ond the
ratto datermined between the lonization from the desterated and undauterated gom samples

for each olpho energy.

in the tcble below preliminary retults are shown for the lonization ratle CDVCH‘
for each of the alpha particle enengles indicated. These ensrgles have besn determined

to o vary good approximetion by comparison of the lonlzatien Mc-dlnmhv@cb
oipha particle of reduced energy with that for the unretarded polonlum alpha particle.



TABLE !

Botope ratio for methone as o function of alpha particle energy

Ratlo 5,3 MeV .3.87 MoV 3,04 MeV 1.58 MaV

co‘/CH‘ 1.013 1.001 1.026 1.042

'. Thimulh In the table show o dsfinite trand for the lonlzation lsctope mtoCD“'/'c”‘
to Increass with decrecsing alpho enevgy. Thus for an ensrgy of 3.3 MaV, corresponding
to l'ho unretarded polonium algha porticle, we have o mﬁo of 1.013 while for én alpha
particle of ensrgy 1.58 MeV the ratio hos Increased to 1.042, From post experience the.
estimated standard errors In the fwo cases are 0. 2% for the polontum alpho porticle and 0.4
to 0. smmmﬂn!wmmdmmtou. The chenge In the ratio cbssrved s thus
m!dﬂuﬂywnwﬂunmycomblwlmdmtmd«m Morsover the raadings ware
Mhhequlnmm«ndnhhlhvadﬁmoudtmrmlm!ulwtopomtooccm
here wtmdecmtngalphmmy Anyammp'. W,mmtbmlcdmmqﬂon
of such a change from preliminory nadlm in this one gos would ssem premature. Experiments
of this sort cre now belng continued with other hydrocerbon gases.

Because of the Importonce of the presect recslts 1t would seem warttvwhile to check
eventuolly the meauurements of the Isotope ratlo for alpho particles of low ensrgy now obe
iined by passage thry mica shests, with slmilar isctope retlos made with o natural alpha
emitter of low ensrgy. Such o method would avold the troublesome range straggling effects
which the absorption in mico produces. The fenization jumps en the recorder would therefore



be somewhat more uniform with o natural olpha scurce,

Probably the most practicable !owmmy&iphmmldbo ‘7$mvmlnn
energy of 2.18 MeV. A compound of this almast pure sotope hos besn oitalned ond

this cculd be sprayed en plates of vary large area In ¢ specially designed lontzation chamber.
Expariments with such o sourcs theuld serve as o veluable check upon the fresent mathods.

!

The fsotope Effect for Recoll Particles

uhm@nmmfomﬂmnw&dbiéfdwmmmnhw
cﬁmm.ﬂwlmtﬂnﬁmwnmwymdfw. We would hers have o measure
of the effect of mmeive colllsions more closely resembling those which toke place In
ordinary chemical resctions.  Such collisioms do ot occur for olpho particles untll they
are aleost at the end of thelr range, and hence might prove quite difficult to measure.

{7, on the ather hand, cne used the recoll particles from an algha disintegration, the
mans of such mntc!ui:my!maudthohn!mwmlow. They would therefore
seam ideally suftad to demomtrate the effects of masive colllsiors.

An original methad for messuring the fontzation In ergon and hellum and the cor-
mmmwmmpmbym"%rmnmmmmm.
(Jasso ond Sedauskls, Phy. Rev. 102,389 (1935)

it would seem that an application of this method to measure the lsotope ratlo might ‘
be of velue. In addition one might obtain from such experiments valuoble deto m to



mmﬁm mtms‘nm ma:ma som
however, such an sxperiene fmw&iya ploadiaonm &tw&%i&nm
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CALCULATED CALIBRATION CF [ONIZATION CHAMBERS

LR &

Lawt yeor's report discussad » very carefully parformad et of axperimants for colllweting
fsnizetion chembens of avmcle and afr, The purposs of thets expariments wis to check

the colculeted cuiput of these shambers. The report afso steted that the rewsits of these
experiments would be wittten up for poblicaticn In the open iltercture.  BADIATION
ﬁMﬁWN&mﬂamMﬁiﬁMM}hW%%
repcet. amhm&mﬂumthﬁmhm”mmtmm
mmmmwmmmmaa&mm

the chamber and the colibrating redivn source such that the outpur of the chamber Iy

anly twice backgreund. The strangth of the cenified radlum source, the specific genme
twy constard, and the W walue of the ges are the grevtest sosrces of ervor In the sxparimant,

A THREZ TERMINAL CHAMBER OF SMALL $128

Theevgh o cosparative effort with AFFRI we heve comtructed three terminnd Joninotion
chamburs having lonieing velumes of 0,01 ol ond 0,05 ml. Yhess con be described o8
small tpe af ons end of o small micredor ceaxlal coble, Thalr construction wos mode
pomibie by wing ultrasonic welding technlques (1o be discussed tater) which we deweloped
dning this fscot year, Tha drawing on pags ¥ gives the detells, Incloding dimemalons

of the sl ler chomtrs, anid shows thar the only g covity in the sntire cubls end chomber
assambly I the lonizing volums of the chanber ttwlf. Twenty of the 0.01 mi chambhers
wars finishod tote lavt fall el & report oo thaw was given o thi Chicego AAPM neeting.
Rather extensive tusts ware mads with thase chumbers at AFPEL end ot ANL, Thaes tists
revouied that aven though the only gm volume wes the fonizing volumse Thaell, there wes
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on extra contribution due 1o irradiation of the microdot cable. This cable contribution
wos In the some direction regardien of the polority of the voltage on the chamber and
hence one could meke o correction for 1. Under the worst conditions this contribution
was ten percent of the output, and it wos decided t0 reduce this effect by Increming
the lonixing volume of the chamber. Although there are some applications which
would call for o smoller chamber it seens that the larger one will be more generally
useful. &MﬂM’m#ﬁhftyWhhﬁde AFFR| and ANL, and ot the
prasent Hime physlclsts ot three other laboratorles ore using them and ore very en~
mmemswm. They should prove most useful for megsyremant of
high Intemsity gomma rays, neutrons, and electron beans from pulsed machines, AFFRI
finde that the efficlency of fon collection \umm'-wmxyw vary well
with the calculations wing Professor J. Boog's method. They find that ot intemities

of 107 R par sacond the collection effictency Is nearly 90%, cnd that one cbtalne 99%
fon collection for neutron pulses from TRIGA when operated et 10° rads per pules.

One of the larger chambers with short leads and some of the parts used In It construction
are included in this report. These ports will be helplul fater in this report for explaln-
ing some of the sonic welding techniques.

CONDENSER CHAMBERS

w.m!nmwnmmlwﬂm’owkmﬂnmwwm ‘
discussad above and also to work on the development of o condenser chamber, The con~
denser chamber Is tmportant because there are many applications where continuous or
1m:wmm@‘mmmmw.mhawwm. Our
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fast report described condenser chambers of the Slevert cylindrical type, of which we bullt
approximately thirty~five by molding the parts together in cavities such thot the arsembly
wos accomplished by Injection molding of the parts, Samples of theze condenwer chambers
ware sent with lost yeor's report.

This year we redesigned the condenser chambers, The most radical departurs was fo use
a biindended condanser which Is charged and read by removing the outer conducting cap
of the lonfzing volume. Such condenser chombers were billt using conducting T, €. plostic
muscle material, ond polystyrens insulators, The outer conducting slectrode was Infection
molded with a tapered cavity on its axis. A 10 mil thick polystyrene insulator wos then
Injected Into this cavity by using the same mold used for molding the outer electrode but
having o 10 mi] smaller diameter core pin. A tapered conducting central electrods wos
then prexsed Into the Insulator. Samples of these condensar chambers are also Included

a8 o exhiblt with this report.

The performance of thue chanbers Is very disappointing. it sesms that the chief difffculty
Is that the Insulators are highly polorized due to mechanical stresses. it must be re=
membered that when golystyrens 1s injected into conducting mwscle plastic (bastcally
W)ihd&ﬂkmo&mlMdﬂnd}dﬂmMnﬂMhW
ture coefficlents are differant for the two materials, in this coming year we plan to retain
polystyrane os the intuslator and meke o compasition of corbon with polystyrane for the
conducting electrodes of the condenser, We plan to assemble the ports of the condenser

by ultrasonlc welding. The fact that we would oblain an actual weld ot oll the Interfaces
and that the materials have simtlar physicol properties should efiminate mast of the diffculties
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dus fo polarization,

NEW CONDUCTING PLASTIC MATERIALS

During this yeor we had two urgent requests for spectal conducting plastic materials for
other loboratorles supparted bytho AEC. Asmall bcﬁch mixer for plastios mde-
wwwhittdﬁtsimwmdmtuwm!nponoﬂhm
yours ogo. Yhism!mwhu&ymh&ml*h&b‘mmﬁhmmmﬁ
m&aofmmﬂob,mduh!chmthabmm. Mﬂwmﬂmttum
loon to Dr, John Cameron ot the mlnnuyofwrm:n. We decided to bulld o
slightly improved model of the batch mixer mtw extremaly hard moterials, The new
m‘lmpmtkmcsam!anl@blen&M!howmmmdfda\dmmtn
uss for several weeks already. | '

Me, Willlam Glass of Hanford has been making very precise messurements of radiation
with a calorimeter using cur tissue equivalent material for the absorber. He has dis~
covered o small discreponcy butwesn the total rediation enargy abecrbed and the ressit-
hglnd energy produced by 11, He belleves that the smal! amount of stored ensrgy
{opproximately 29%) is o result of the carbon mixed In with the other plastics and additives,
At Ao raquest we are supplying him with aine different compasitions using varfous plastics
with varylng percentages of carbon.

The other new mlxture is In response 1o o request by Dr. Mudundl R. Ralw of Berkeley
"~ for producing @ material whish will be tinue squivalent muscle for plons. At the oceaslen
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of our last mesting with Dr. Roju at Houston he outlined some of the conditions which
we wero o satisfy, ‘We wers 1o we relatively small atomic number elements which are |
similar to the elements that occur In muscle, but the most Impartant condition wes that
there should be aven number elements such that the rumber of “equivalent olpha® parti«
~ cles would be the same cs for nuncle.. The "e@;twic;w afpha® porticles ware to be
cownted 10 that one ctom of corbon would be equivalent to thres alphas, one oxygen to
four alphas, one silicon to umciphm .m. We have devised a mixture consisting of
24,025 coarbon, 54.58% aylon, 16,.839% silica and 4,52% colstum fluoride. Symbolically
the atomic composition of this mncle *molecule® can be expressed o

Ceoores  Ys.mms  Orossrs Nousms  So.miz
Coy, 0579

This compasition does not have the same amount of hydrogen and nitrogen os amscle and
comequently It would not be Hssue squivalent for neutrons. Likewiss the phota-electric
absorption fs higher then for CRU muscle ond hence i could not be used for very fow
enwrgy x-rays. Howaver, it is Interesting that for the some moleculor waight It would
have the same summation of the atomic numbers; 1t would {lkewise have the some summation
of the atomic number squares aid also would sarisfy the condition that low atomic aumber
slemants are to be used and finally that the summation of the “equivelent ol phes* would
be identical. This material would therafore have the some Compton scoltesing and absorp~
tion by poir production os ICRU mucle. The materlal hos surprisingly good physicad
properties and a semple of the matertal has been sent to Dr. Roju. If Dr. Ruju belleves
thet this material will In fact simulate muscle for plons we shall have fo construct some
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smofl fonfzation chambers for him. A thin disc of 1* diemeter Is also Included in the
oxhibit being seny with this report.

ULTRASONMIC WELDING OF PLASTIC MATERIALS

The most significant development in plasties tachnology this yeor has been in the fleld

of sonlc welding. Sm!mmmWamrMidwcmmmcwar
ment from the Sranson Company, Although ot that time we dld not do extenslve experi~
manting with the equipmen?, we feit M. potentially it promisad to be extrersly vseful
in our work, This ysor when we discussed the problem of the small chamber with Sranson
enginoears, they advited us very strongly not fo buy Muqﬂwmmmm

" sure thot 1t would not do our {ob. Nevertheles we mm lorgest of thelr machines
having o varlable output, which of the time hod a sonfc output power of 250 watls, We
fael thot the soccem we had I constructing the swall thres tarsinal chomber reprasects

o very real breakihrough In piastics technology. Parts having the some dimenslons o the
finished smail chumber could of course not be sonfcally welded together.

The sontc walding techniques and the sequence of operations wed In comtiuction of
the 0.08 m! chambers con be mest ecstly shown by refarting to the exhibit. in order 1o
have sufficient support for the sonlc weld we take o 1/2% od X 1* long cylinder of
Intslating polysthylems (par? of which becomes the high voltage lmsulator) ond wald o
rod of conducting 1.8, muscle to 1/2° depth along Tts exds. A hole Is then drilied into
the 7.E. muscle rod 1o o depth of 3/8°, and of e diameter such thot the wall thicknes
of the remaining T.£. mumole is 0,.01*, This conducting plastic is the guard ring tn

the flalihed chamber, A solld golysthylene rod uted 1o Insulate the collector s
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The solid walds thay ore obtolned are demonstrated by the samples of the subossambly,
the cut-away thry its axis, and the tumings from o face cut, all of which are contalned
in the axhiblt. Tha collecter Is o cMIng taper pin pressed Info the inner insulator
ond the dlslectric of the microdot coaxial cable Is pushed into o Hghtly fitting hols,
drifled from the end. A large portion of the high voltage insulator is then machined
away and the T, E. muscle cap, which is the high voltago elactrade, Is sonically welded
to it. The rest of the walds which include connecting the central conductor of the
microdot cable to tha collactor, the bralded shield to the guard ring, and the high
voltage lead to the cuhide elactrode, are mada wing soms of our eariler welding

techniquos,

We belleve that the results obtalned thus for m only the '!augln;fm of many other use~
ful applicotions of sonlc welding and we plon 0 obtaln o mochine of higher power
rating which Is now available. Mr. Stanley Jacke, who Is the divector and head of
enginsering for the Branson Company, Is quite impressed and has arranged to spend o
day with us discussing the varfous possibilities of sonlc welding. He also offers to give
us full credit for any Branson equipment we wish to trads in for thelr lorger or more

modam equipment,




