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I. INTRODUCTION

"-Th1s report will review. and summar1ze the s1qn1f1cant accomp11shments of the

prOJect Spec1a1 Top1cs in Nuc1ear Instrumentat1on, which was’ supported in
part by the U.S. Department of Energy under SpeC}al Research Support Agree-
ment EY-76-5-02-0323. The program was initiated on September 1, 1954 with

support prov1ded by the U.S.. Atom1c Eneray Comm1ss1on under Contract AT(I1-

1)= 323 and w1th Francis R. Shonka as the so]e pr1nc1pa1 1nvest1gator

. fhe'program was eXpanded on Apri] 1, 1956 to include the project, Ionization

" in Gases, for which w111ﬁam P. JéSse serued as the prﬁncipa1 investigator.

Tonization in Gases was term1nated on August 31, 1972 upon the retirement of

"N1111am Jesse from fu]] time research.” Jesse's annual report dated.June 30,

1969 conta1ned a comprehens1ve review of the total accomplishments under thﬁs
particu1ar‘oroject'up to that-time. A final report for lIonization in Gases,

Report CCO- 323 29, was f11ed on August 25, 1972 and adequately covered the

‘subsequent progress. Consequent]y Ionization in. Gases w111 not be considered

further 1n this’ report

Shortly after the death of Francis Shonka on October 11, 1970 John J. Spokas

- assumed the role of prjncipa1 investigator for Specia] Topics in Nuclear

._Instrumentation. John~Spokas served in this capacity at a Tevel of about

90% until the termination. of the agreement on July 31, 1578. MNo other inves- .
tigators received'support under the contract. The principal investigators

were aided in diverse ways by other scientists thru numerous collaborations.

To be sure, these.co11aporations a]so‘benefited the other scientists and

their programs. -

The annual report under U.S. Atomic Energy Commission Contract AT(ll—i)-§23
. N .
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dated June-30, 1969 inc]udéd % comprehensive review of the total accomplish-
ments which had.been achie&ed under the project., Special Topics in Nuc1ear

'Instrumeﬁtqtioh5 from its 1ﬁception until thét time. Thekeforé this repprt'
will ‘be confined to thdse{importéﬁf advances which have been ﬁade-from Ju]y‘

1969 Untjl;the‘te¥m1nation of the project.dn July 31, 1978.

Activities ofithe cdnc]uding pek10d'of the contract ére noted separately in
the foT]owing séctioh, A majbr'cqmponent of the project has been fhe devel-
opment of ‘special éonducting-p]astics to méettthe special needs'of radiati@n
dosimetry. The_wokk'in fhiS'area during the period covered by'thié'report
.'is'summarizéd inlSection‘IiI.'-The most cfitica] application of:the'speCial
plastics Which have been developed under this contract is in the construc-
-'tion of ionization chahbers. Ionization chamberé provide the most practi;
cable meané pf accurately measuring absorbedjdose and exposure. .The many
important advahéeé which have been made under‘fhis contract in‘thé design
and fabricétion_of iénization chambers w%]] be'revfewed 1h,Séction Iv. The
fiha]Aéection will cover the work in related areas such as electrometers and
1ow-noise sﬁgna1‘cab1és for use with ionizétidh chambers. A list of patents
and pubTiﬁafions for the periqd,co?ered-by tHis réport will be found at the

end of the‘repor£. 
II. PROGRESS REPORT:~1-September'1977 to 31 July 1978 - .

The'princfpa1»éct191ties during the.conéludihg period of the contra¢t include:
the preparation and study of a new conducting tiséue-equiva1ent (muscle)
pTastit miktﬁré; the design, .construction, and evaluation of a p]anar cham-
ber;; a comprehensive review of the density of all the successful conducting
mixtures which have béen develoved here in the Physjca]AScienceé Laboratory;

and the writing of a technical report, "Preparation and Proherties of. Con-
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'fj ducting Solid Mixtures", Report COO—323-40. Each‘of these activities will

be summarized below. .

‘_At a photon energy of 30 KeV, A150 fails to match soft human tissue by 15 %

or so (see Conference- Paper C00-323-33). A new fofmu1ation was designed by
Lowell Anderson. of Memorial Hospital in consultation with us which matches

sdft tissue breciée}y with réspect fo photons'of'énekgy equal to.30:KeV.

:“The newzformulation has been designatedvAi80'and contains the following com- : /

_ponents by mass:

- TPX (pOTymethy],péntene),.: ........... 67.6%
Mg0..... e et eeetaee s e iaeenas 17.7%
Carbon BIACK: .«.evereeieeenisvnnnnnn. 13.5%
Can't ............................... 1.2%

By using the polymer, TPX,'whosé-specific-gravity is ".830 it was possible to

adjust the Concentrations-inorder to achieve a resultant density very near to
that of soft,thSue. Thelca]Cu1ated density Qf 1.067,g/cm3 fs tb be compared

td the measured value of 1.0565+.0005 g/cm3.

ance A180 -contains only a single po]ymer_componént-there is no problem of

. miscib11jty of different polymers in the preparation of thewmixture.~rMixing

mainly 1is fb achieve a ﬁigh degree of homogeneity in the dispefsion of the

1ﬁgrt componenté as wé]] as‘a'high‘and-éﬁabie electrical conductivity. Mix-
Waé'acéomp1ished in the Shonké reciprocating extrusion mixer operating at a -
speed of 130 fpm and at-a teﬁpehature of 525 °F. At 525,°F this mixture has

a consistenéy,comparab1e to ‘that shown at theAmixing temperaturé by other ;ﬁ

formu]étions which have been successfully prepared with this equipment.




.A1though this represents theAfirst experience with TPX no phob]ems were en-.
'counterediin mixing A180. The work1ng temperature of -A180 is the h1ghest
thus far encountered. Since TPX was not available in powdered form it was
‘.’neceésaryvto first grind TPX to a sufficient1yvsma11 mean particle size in

-order to obtafn reasonable initial homogeneity.

Sevenﬁéeparatevattempts‘were required in ohder tb successfully cast a b]bck
of A180 of 14 inches diameter and 2 inches thickness. The first problems
‘encouhtered were‘inadequate heating poweh-and non-uniform meld'temperatures.
These problems were rectified by the addition of two cartridge heeters to

the mold base:_ The .poor therma]?conductivity and higher flow temperatdres ‘
of'A180 also require_that'the mold be held at the requisite temperature for
signifieantly 1onger thah A150. Furthermore, tb.avoid fractures and dis;l
tort1ons in the b]ock the cooling rate must ‘be dec1ded1y less than that which

would resu]t by mere1y term1nat1ng heating power

~lA‘mo1dTng schedule Whtch was‘found.to yield:we11—formed btocks is the fo}]ow-
-ing; The mold is first brought to 500 0F When this temperature'has been

: ach1eved throughout the mold, the pressure in the mold is increased to 2 kp51;
-After ho1d1ng these ‘conditions for at 1east 3 hours the mold 1s permitted to
cool to 350 fF while the pressure is maintained at 2. kpsi. Three hours after
the‘commencement of cooiiné,‘heatfng is tehmiheted ahd the pressure reduced
1to.esseqtiat1y zero. ft haS‘SUhsequent1y been determineq that the room tem—
perature hesistivity ranges from IOQ to 1000 Q-em for A180 formed accordingt

" to this schedule.

The phantom and'p1anar.chambér needed for the planned neutron-dosimetry

studies .were compieted. The chamber is constructed almost entirely of A150.




&

Tt ts.fdtly guarded havingva co]tecting gas volume in the form of a.ctrcularA
disk 2.cm in diameter and 1 mm ‘in thickness.' The front'wtndbw<has a thiCk-
ness of 0. 5 mm‘ The chamber is fitted with two tubes for gas inlet and ex-
“haust. A low-noise tr1ax1a1 cab1e is connected directly to tﬁe chamber. - Thus

the chamber has no stem.

" Except for the cable and gas tubes the outside dimensions oftthe ehamber are
| 4.8 cm in diameter and 1.0 cm in thickness.A A 14-1neh A150 phantom disk has . -
“been machined,to ho1d'the chamber with the window flush with tne top surfaceA
‘of_the diskr "The ehamber ean be positioned at ditferent depths in the phan—'
'tom by merely re-arranging the phantom p1ates; Two identical chambers have '

- been made one of which is to serve as a spare.

A third planar chamber following mdch the same design has -also been tabri—

 cated; This chamber is_arranged‘to take disks of 1.5 inches diameter as the

JOUter e1ectrodea The disks can be‘readilyAmounted on the chamber: The‘cham-v
ber was intendedAfor emaluativeAmeasurementsAdn dtfferent materials with re-
spect to thetr suitabi11ty for usé as chamber electrodes. The co]Wector,"
guard, and outer e]ectrode support ring were made of the Shonka air-equiv-

'a]ent.p1a5t1c, C552. €552 vias chosen since 1t shows re]at1ve1y large elec-

‘tr1ca1 conduct1on and 1is very rugged mechanically. The demountab1e chamber

- has. been tested and successfu11y used to demonstrate the su1tab111ty of A180..

for chamberze1ectrodes.

Theidensjty has been determined for each of'the‘successfu1 mixtures wnich
have been designed underlthis contract as well as for five Ny]dn=po1yprdpy—
lene- carbon test m1xtures The results -are summarized in the technica] re—.
port (C00-323-40) wh1ch was written dur1ng th1s period and will not be du-

p11cated here Prev1ous]v reported measurements were re ana]yzed and. a new
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value was obtained for the effective density of the carbon black, a_ common
ingrédjeht in all pf the mixtures.  The new vdlue for.carb6n5b]ack'1511.944

g/cm3'tompa?ed to the previoUs value of-2.008 g/cm3.

: Even with the new lower value for carbdh, thevcalcu1atéd densities of the -
-'mjxtufes'ake'genera]1y higher.than the measured ones: Perhéps the effective
density‘of~carb0n b]ack.is.1ess than the 1atést value which has been deter-
“mined for it. ‘It méy,a]sotbé that carbon black, as well as the other inert
powders USed in the'varibus mixturés,éhows diffehent’dens#tiés WhenAdispersed

in different hOsts;

For' the last several months of the.cohtfacf the ehtireveffort focussed ex-

: c]Qsivé]y on the preparatibn of a comprehensive report documenting all the

readilyUAVa11ab1e 1nformatjon on the imboftant mixturés which had been a-

» chieVed up to the present. Uﬁfortunate]y there was no opportunity to obfain»"
_any éccuréte'quantitative,1nformation cbncernihg the-elecfrica1 conductivity

. of ény'of'the‘mixtures.

The feporf deScribeé the parficﬁlar approach which»characterﬁzes‘thé Shonka
p]astic; miXtures.  0f major importance in_obtaining the exce]]ent prdpertiés
bfAthe'fina1'productAis the‘spécia1 mach{ne'in which the mixtures(areAb1ended;
'The'machine, a fecjprdcating extrusion—mixef, is described in detail 4n the
'report.' Since the machine operates cdntinuous]y‘rather than. for é.batch at

a time, a hjgﬁ(deg}eé'of hbmogeneify and consisten;y can be achiéYed'in ad-
difién to fntéhsive}mixingmA

_Definiﬁg cohpositions are. given iﬁ the:reﬁort for all the successful formu—'
1étions. The particulér Conditﬁoﬁs undef which different forhulatibnS‘hévg

~ been prépared are noted. -What is known concerhing_mo]ding and welding char-



'.';acteriétics is also.given. The photon attenuation and photoelectric cross-

sections which have been ca]cu]afed,are included in the report as well as_the

resUTts of the density measurements,which were mentioned above.
‘ITL. CONDUCTING PLASTICS

The major thrﬁét of the,wofk under this contract has constant1y been the de-
'veTopment Qf specia1 condUctTng pjastics which are needed_for accurate do-
h'simetry'by 1bnometric means. By concentrating on end by making advances in
the actual b]end1ng process, Francis Shonka achieved stable plastic m1xtures
of unusua]]y h1gh un1f0rm1ty and electrical conduct1v1ty A new concept_1n
p1ast1cs blending equ1pment emerged from: these considerations. ‘This concept‘
was given express1on in a novel rec1procat1ng extrus1on mixer. On]y‘one Such
~device has been constructed. Since-its completion this machine has been used
eXC1US1veiy in the-PhySica] Sciences Laboratofylin the preparation of various

‘conducting plastic mixtures.

' A”significent concern dfter the death of:Ffancis Shana was whether the capa-
bj}ity of.predueing qua]ity cbnducting plastics es Francis Shonka did might
‘have beenf}oét. The‘avei1ab1e information'appeared-to be meager. However by.
paying c]ose.attention te the operation of the special $honka plastics mixer,‘
an understandwng of the maeh1ne and its operat1on has been ach1eved . Cen-

' sequent]y, not only has. 1t been poss1b1e to dup11cate the standard Shonka.
.formu]at1ons A150 (muscle), B100 (bone), and,C552 (air) but a number of new'

mixtures have been.successfule prepared with the same machine.

The'study of the'operation of the mixer led to the incorporation of several
- ‘improvements.in it. ;Theselinc1ude; reduction of the Tength of the main drive
chain and converting to é,stoUter ehain; reconstruction of the ba]] bearing

'Sp]ineAShaft ahd'fitting; introduction of a key to lock the drive sprocket




‘to the sdatt of the mixing'screw; édditton.of dowe1'pins fer locating the
'_bakre1’bositive1y with respect to both 1ongitdd1na1 displacements and ro-
,'tations;‘a comp]ete‘redesign of the feed screw drive mechanism; and installa-
“tion ofsa mdre'efficient hdpber to hold the homogenized ingredients; A
number of procedura] 1tems were found to be of s1gn1f1cance in the m1x1ng
process, . Some of . these are: pre-mixing teehn1ques; feeding strateg1es; use
of blowers to cool the mixﬁng‘chamber; andAeontf01'of'the general air flow

in the vicinity of the mixer.

‘The main dr1ve chain must w1thstand the shocks accompany1ng the repeated re-
versing of the direction of rotation. Frequent stoppage&wereoecas1oned by;
'the breaking of the drive chain. First slack would develop as the chain
stretchedvduring use: With increasing slack in the ehain, reversihg of di- -
rection produces‘eter increasing 1mpu1sive'tensi1e stressesl1eading ulti-
mately to the breaking of one or more chain.1inks. This problem hasibeen
a1mdst entire]y-e]iminated by; ke-arranging the drive motdr.so as to. reduce
the 1ength of cha1n, convert1ng over to a stouter cha1n (from a l/2- 1nch

5 p1tch No. 41 to No 40 ro]1er chain); and regu]ar]y checking the chain and

removing any slack which may deve]op in it.

The mixihglscrew tszcondected to a.ba11 beering»5p1ine shaft by'means of a
chein‘coup1er. The spline shaft permits the screw to move axially somewhat
over four 1nches as thevscrew rotates a1ternate1y clockwise and counter
clockwise. The or1g1na1 shaft of the spline was in two parts he]d together
.Aby means of twenty small set SCrews. Th1s proved to be a poor arrangement-
wh1ch rap1d]y worsened The continual reversing would 1bosed‘the screws .in
: 'asshort‘time. Funthermore,tthe tapped holes were stretched and distorted as

the screWS‘Were forced sideways back and forth. Subseduent]y the screws
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would be loosened in less time. Recognizing this degeneration andfthe num-
~ ber of set screws and the much time required.to tighten them, a new one-
.piece spline shaft and matching fitfing'were built and installed on the

mixer.

Origiﬁéijy.é spfdckét was:securéd to the shaft of the mixing screw by meané
of‘three SetAscfews.'AThe»repéated starting and stdpping requfred by the
mixer: cycle was.more than this method of‘énchOring could withstand. . Accord-"
”ingly,Aa 1/4‘1nch'key Was introduced to 1ock the sp}ocket to .the mixing screw

shaft.

The é*trusion for;e §enerated in‘the mixer is féther substantial. THe hix- '
fng cHamber'1tse1f.must'supp]j thg reactipn to this force and therefdre:wi11

ekperience repeated'forward thruSts. It is not surprisingnthat_the bafre]

' would.inch.forward-in its split co11artype mounting brackets'as a consequéﬁce
'of_éuch?thrusts. If the barrel wére'nof reset perﬁodicaf]y; fhe_mjxjng‘screw
w6u1d eventpaj1y make contact with fhe rear end plug and wear it away. The -
addition df'a'dowej pin jn each of the two'support'brackets stobped bbth,

'}axia1.and:rotationaT shifting of the.mixihg chamber.

Théré weﬁe”é number of p?ob]émﬁ with the origina1'feed drive setup.‘ The
'feéd‘hadAbéen operated intermittently. 'fhe feed would commencé with the onf
set of extrusioﬁ and éontinue afterwards'for several seconds. The length of -
4fime the feed oherafed,waS'governed'by a timer. A disk clutch driven by a-
pair Qf‘so]enoids a]]owedAconfro1‘of the feed. The so]enoidS’frequenf1y
burned out; Power for the feed screw was brought in thru a reducing:right
angle bevel gear. Wear and broken teeth on tﬁe.gears and -slipping of the

' : : problems : ‘

gears on shafts were further/encountered with the feed. A more powerful

feed motor was intrcduced and was coupled directly to the feed screw.by'
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means of . a roller chain. Considerable adjustment of the speed of ‘the feed
screw isAreadi1y'aocomp1ished now'by snbstitution of sprockets of different -

sizes. -

The‘indnedients ot a given formulation are weighed in discrete amounts of

500 guor so.and piaced into gallon sized jars or cans. ‘ By rolling the cor-
-tainers~foriaoproximate1y 40 min the ingredients are homogenized whi]e still
in the powdered state. Some 1ngred1ents, though fine powders, are lumpy and A
rema1n $0 to some extent thru the rolling operatlon The inclusion of a rod
Cin the conta1ner dur1ng ro]11nq has been found to be most effective in break-
't1ng a]] but the hardest Tumps. The addition of sp1ra1 flutes to such rollers
would seem to be a further improvement. The flutes would be left-handed on

one ha]f of the roller and right- handed on the other half. The fluted ro]]ers :

- would cause an axial movement of the powders dur1ng rolling e1ther towards

the center or away from the center depend1ng upon their placement in the

oontatner.' A4h1gher degree of mixing would thus be achieved.

-For some mixtures the -feed screw is unable to torce the ingredients into the
miXing chambet. TWo factors operate-here; One,pertains to:the lack of frie¥
'tion of theApowder. The second has to'do withvthe'votume of gas which is
driven out of the oowder. The main averiue ot eSCape:ofdgas is back along
 the feed:écrew'and 1ntovthe loading hopper. The escaping gaszmay force some
powder with'it’thus countering the'action of the feed screw. When such a
's1tuat1on is encountered 1t has been found that the addition of granu]ar ,
m1xed mater1a1 to the 1ngred1ents 1mproves and regu]ar]zes the flow of ma-

ter1a1‘1nto the m1x1ng chamber.

© For some mixtures it has been found to be necessary to use some - degree of

- forced cooling on the mixing chamber in order to maintain the correct oper-



11.

ating temperature. In such cases the mechanical work1ng of the mater1a1 in
the chamber generates more than enouqh heat to comoensate for 1osses to the

surround1ngs and for the heat carried away by ‘the extrudate. Some Fformula-

' t1ons do not exh1b1t SO much 1nterna] fr1Ct10n and in these .cases heat must

' constant]y be supp11ed to the chamber to ma1nta1n the desired operating tem-

perature.

It has been found'most he]pfu].to madntain,a posttiVe airflow in the general
Vicinity of-the mixer. This controls and . confines the obnoxious fumes and
:vapors asscoiated with certain mixturesAas'Welt as the finely divided powders
which must be‘hand1ed; It is 1mpossib1e to prevent,some-of the pouder from -
becomming air-borne. -were tt not for cOntro111ng of the airflow, 'such powder
wou]d d1ffuseand settle over a surpr1s1ng1y broad area. Because the m1x1ng
ioperat1on is. such a dirty one for a. number of years it has. been 1ocated in
‘a_1mprov1sed enclosure set up outdoors we]]_removed from labs, offices; and

~shops.

Present]y the m1x1ng chamber and ball bear1ng spline Journa1 aré mounted on
-a d1scarded 1app1ng o]ate Tne same Journa1 holds the thrust bear1ng which
produces the extrus1on force The cast1no wh]ch prov1des a f]at surface
-18” x 24" on an edge is approx1mate1y 5/8" thick with ribs around the pe-'
r1phery as well as two intersecting ribs in the center and parallel to the
'.edges. Though the p]ate wou]d seem to provide a sound base for the mixer,
the extrus1on forces are so large as to cause the plate to buck]e more tnan
©1/8" dur1ng extrus1on The buck]1ng produces a tranverse force between the
‘ barre] and screw resu1t1ng in apprec1ab]e drag on the screw and excessive
._wear of both barre] and screw. - This prob]emvwou1d be e11m1nated by secur—

~ 1ng the barre14d1rect1y‘to the Journa1 byrmeans of four tie:rods.,‘No:trans—
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verse forces would résult from this arrangement'ahd wear wou]d belgheatly
' redueed, An oppohtunity,to'effect:this important mbdification has not yet -

'presehtéd~itse1f;

vANihe'new prmu1ations_haVe been prepared.  The fihst two are simply disper-
: siahs ofvcarbbn black :1h'po1yphepy1ene | One mixture, E105, has 30 %.carbon
hb]ack and the second, E106 has 20 % carbon b]ack ih alt, five separate

batches of these m1xtures were made at mixing temperatures ranging from.350

*to 400 °F.°

Five of‘the'new formu1ations‘hepresenta sehies of test mixtures to determine
the compatabﬁ1ity of polypropylene and nylon 11. 'The main -interest in poly-
\_prppylene‘and nyJoh-ll were as possible substitutes for pojyethy]ene and
nyTQn 66 in the standard muscle formulation A150. The atomic compositfoh
of}AiSd hou]d be presthed by suitably adjusting the proportions of .poly-.
pfopy1ene, ny]oh, and carbon'blach. :Such a new muscle viould offer a more

precise eomposition,:greater heat resistance, and greater mechanical strength.

'Each of these f1ve test m1xtures contain 13.6 % carbon.b1ack The ba]ance

. of the m1xture is a different proport1on of po]ypro1y1ene and nylon ranging’
_fhom 0 to 100 %. These test mixture have been designated E100, E101, EIOZ,
5103, and‘ElOQ-with the'pe1ypropy1ene/nylon fractions of 75, 50, 25, 0, and_'
AlOO % réspectively. Two batches wefe phepared of'each'of the mixtures. One
batch was blended at 350 °F and the second at 400 °F. Ten pounds were pre-
pared.of.each of the first three-mixtures and five pounds of the 1ast two.
The mixer did not”heSpond well for those mixtures containing the heaviest‘

nylon cdhcentrations . For one thing feed1ng was soorad1c and f1berous

. strands deve]oped in the m1x1ng chamoer impairing extrus1on
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Forty §eparate moldings have.been made of these mixtures to.provide speci-
mens for éva1uation.» Thé'specfmehs were compreséion molded in a 1 1/2" di-
'iaheterfmo1d at‘diffefent'temperatures ranging from 360 to 450_°F. Extensive
density{méésufements_shOW regular béhévior for this sysfem wi%h the density
varying Tinear]y from 0.976 to 1.116 g/cm3 with ny]on;pdlypropy1ene ratio.l

Andlysis Qf.the dénsjfy for these mixtures has 1ead'to,the value-ofA1.944

g 'g/cm3 for the effective density of carbon black. The practibility of mix-

tures of this type will depend-on‘the.outcome'of further critical evaluations.

Two eﬁtike1y new tiséue substituteé have been reduced to practice and found
- to be sthab]e for thé,é1ectrodes'of ionization chambers.” The first'is deé
.signated B110 and was designed by David White of St. Baftho1omew's Héépita1;
'Londoh~ﬁn consultation with us. B110 Qas‘forﬁu]ated as a substitue for ‘the
corticai bone‘éomposifion given by woodafd (Hea]th'Phys; 8, 513(1962)). The

composition of B110-is:

NYTON 66t 32.07%
CaFyeninnnn.. R SR 51.22%
.Carbon Black....: S PSS 13.84%
. Polyethylene......... e, 2:87%

It will be observéd that B110 contains the same.cbﬁpoﬁents as:AISO and BiQO
but in quité different concentrations. B110 has the greatest cbncentration
of inert ingredients of any successful mixture prepared préyidusly in the

Shonka mixer. The density of solid B110 has been found to be'1.77‘g/cm31

~ The evaluation of mixtures was approached- from several different standpoints.
' COmpoSitibns.of variods formu]ations have been established and calculations
- of photon interaction cross sections have.been completed for a number of

mixtures.. Proper mb]ding procedures have been determinéd'and the density in

i
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sg]id form has»been,comprehensive1y studied.. Several different welding
.téchniques have been inveétigated and found app1icab1e to particular con-

_ducting plastics.

A Wjdespread COnfuéioh exié£éd concerning the cbmposition of A150. This

was investigated and the'kesu1ts were réportéd in a paper read at the 1975
"Méeting of the:Radiation Research'Society 1n‘Miami Beach (Conferente Paﬁer
COO—323-3§). ‘The composition of two other muscle formulations were repdfted
- in the same paber. The total photon attenuation and photoelectric cross
éecfions Were calculated for photon energies4betweén 10 KeV‘and 8 MeV. The
cross'settions_used in the ca]éu]dtions were those compiled in the ENDF/B
data file (G.L.Simmons & J.H. Hubbell, NBSIR 73-241 (1973)). This compila-
.»tiqn-is the most cbmp1efé and up-to-date.of which vie ‘are aware. These cal-

cuTations were also included in-the Miami Beach paper.

The cbmposition of.aiX tHe succeésfu1:m1xtgrés_prepared underAthis contract
wereireviéwed in_fhe'technica1 repoft;'fPreparation of Cbhducting Solid-Mix-
tu%es" (Repbrt 0007323—40).' The phdton crOSS‘Settidns‘were calculated for

many of the miiturés:and compérisons were made with the particular substances

‘being’simu1ated. These results may be found in the technical réport.

It'seems reasonable that there would be no,interactjon between the ineft pow-
‘ der and'po1ymer hosts of the mixtures cohsidered here. If possible inter- |
actions between'different pb]ymefs'present in_the same mixture are ﬁeglécted
the'densfty of the mixture would thgn'bé simply the'specific volume averaged

- with respect to mass over the compohentﬁ‘of the mixture.-‘Actuallﬁeasured

. densities‘agree well with such ca]cq]ated values (Report C00-323;405. The

' greatest}disparities occurvforlA116Aand B110 wheréhfhe measuréd values aré

4.3 and 3.8 % low respebtiVe}y.
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Proper mo]d1ng cond1t1ons have been determ1ned for cast1no “large b]ocks of

‘14-inches’ d1ameter The mold must be he]d at the appropr1ate form1ng»tem—

‘1perature suff1c1ent1y long to insure- ach1ev1ng adequate temperatures through—

out the vo]ume of the b]ock Then part1cu1ar]y for the th1ckest ‘blocks,

.the cooling must be pro]onqed to yield un1form cooling throuqhout and an un-
distorted stress-free b]ock. In the case of-CSSZ,the,mater1a1 must be held
‘unuer pressure in order to force gas out (or possibly in!) which otherwise
would resu1t'ih voids ih the interior. A 14¥inchAaiameter block 2 inches
thiek-of €552 sh0ws a-pattern of small sphericaJ.ho1es eoncehtrated near the,
_bmedian piane it the.pressure and temperature are not maintained iong enough,
For such a block, one hour at 400 °F and 2 kps1 is Suff1c1ent to e11r1nate

these vo1ds

In'the case of'AlSO the therma1 conductivity is evidently re1at1veiy lTow and
a 2-iheh bjock must be held at'the'forming temperature 300 °F forla much
1ohger time " Here the prob]em 1s not one of voids: but one of granu]ar1ty

due to fa111ng to reach- adequate temperatures in the 1nter1or A more ef-
lfectwve means~t0nform such b]ocks is to extrude the material directly 1nto.'-
the mo1d Possible granu]ar1ty is e]1m1nated and the only concern 1s to
11m1t the coo11ng rate to avoid fissures, d1stort1ons and stresses. Adequate
form1ng temperatures are guaranteed throuqhout the p1ece since the mold 1s

f111ed w1th p]ast1c a]ready p]ast1c1zed

‘In.fprming a block of Al150 14-1hches 1n-djameter and nearly 4 1nches'th1ch

“the mold is filled at 300 °F. Three separate ebntro]1ersAare used to reg-
1' ulate the temperature,of.the mold. One sets the temperature of the base plate,
another that_of the‘stdes, and the third that of the core pin or piston.

‘THese controllers are reset to 225 °F after the mold has been filled. Four
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hours or moré later the heaters are‘turned off and the mold 1is permitted to

‘equt1ibrate.with the.surroundings overnight.

' Though severa1 attempts were made; 1t proved impossib]e to extrude'C552'1n-
'to,the 14-inch’mold. (552 does not f1ow well at any temperature and at el-
evated‘temneratunesAone encounters deeomposition of the p1ast1c[component.

' It appears that under hydrostatic pressure the decdmpositdon may'be'acce1--
erated Each time extrud1ng €552 into the mold was tr1ed the connect1ng

11ne between the extruder and mold ruptured

In addition to compress1on mo1d1ng, 1n3ect1on and transfer mo1d1ng methods
have been successfu]]y used w1th many of the conduct1nd plastic mixtures.

One usua11y finds that mo]ded.parts are smalier by 1-2 % than the mpldl1n
which they were formed. The shrﬁnkage is not completely isotopic but fol-
Tows to‘some_extent the geometry of the part; Thekprecise degree ot shrink-
1ng depends not only on the material but alse on pahticu]ans of the mold-

ing cycle.

An.afteh-shrinkage haslbeen diseovered in'narts 1njection molded from A150.
This'shrinkage.amounts to very nearly 1 %t“;Annea11ng the molded parts at
150‘°F for'48 houns will cause the_shrfnkage to occur.after which no fur-
ther d1mens1ona1 changes are noted It is speru1ated.that‘this effect is
related to the vo]at11e plasticizer which is emp]oyed in the manufacture of

the ny1on component of A150.
Several distinct welding metheds have been found for.joining conducting plas-
'tie_parts. The methods inciude heat sealing, friction we1ding% capacitor

discharge we1d1hg, ultrasonic bonding. Each method is capable of yielding

mechanica11y rugged joints which can be vacuum-tight. A wire placed-at the
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. 1nterface between two parts to be u]trason1ca11y we]ded has proved .to be an
exce]]ent means for attach1nq e]ectr1ca1 leads to conduct1ng p]ast1c parts

‘These special techn1ques have been rev1ewed and_j]Justrated w1th specific

‘ .examp1es in the technica1 report, "Preparation of Conducting So]id Mixtures”,

(Report C00-323-40).

Iv. TONLZATION CHAMBERS

.'The most critical need for conduct1ng plastic subst1tutes is in the construc-
t1on‘of 1on1zat1on chambers It 1s qu1te natural therefore that a s1gn1f1—
‘cant effort has been: devoted to the use of the special p]ast1cs wh1ch have
been. deve1oped under this contract in fabr1cat1on of chambers for d1verse
4app11cat1ons. The recent work in this area w111.be rev1ewed in th1s section.
Severa1 new chamber des1gns have been ach1eved Cne, havirg~a thinb]e geom- -
-~ etry and co]]ect1ng vo]ume of 0.5cc, 1s 1ntended for routine depth dose eval-
uat1ons‘of therapy rad1at1on fields. This des1gn is useful in character1z-
tng photon neutron, and e]ectron beams ATWO'other chambers represent scaled-
- up versions of an ear11er design due to Shonka and Wyckoff (Radiation Dostmj
etry Vol. 2 edited by Attix-and_Roesch'p. 54 (1966)). AAnew pTanar.design
for fundamental measurements was described'above in Section II. The uSefu]—
ness as-: we]] as the re11ab111ty of several estab11shed chambers have . been ex-
'Itended by better fabrication techn1ques, certain des1gn changes, and added |
~features. -Most of the chambers which have been developed under thts contract

,are available from Exradin, Inc.. (Box Q, Warrenvi11e, IL 60555). .

The new thimble tybe chamber has been made in three versions, TE, Mg, and
Air.. An early drawing of the TE version is shown in Fig. 1. These chambers

are;gas-tight and are‘fﬁtted with two gas ports in the base for gas inlet
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and exhaust. ~The diameter of the collector wds kept relatively large in.

A order_to reduce electric fieid_varﬁationshtn the collecting volume and there-

: by to achieve improved saturation characteristics An'extended’guard pro-
vides a buffer req1on where the electric f1e1d is substant1a11y higher but
“from which ions are drawn to the guard thus not contr1but1ng to the meas-
‘ured-current' Th1s serves to better define the ”co11ect1ng vo]ume”; pre-
‘ serves good saturat1on behav1or, and avoids soakage effects wh1ch would be

founded:1n the d1e1ectr1c po]ar1zat1on of the she]] insulator.. .

lMore recent]y the co11ector guard gap has been reduced to A005 1nches and a
'tr1ax1a1 cabne attached d1rect1y to the chamber by means of a short p1ece of
17 gauge sta1n1ess steel tub1ng The former cab1e was on]y a two conductor
one and so an additiona?l wrre ‘was needed to provide connection to the shell.
The o1der cable was found to be 1nadequate1y sh1e1ded and to have radiation -

1nduced currents substant1a11y greater than found in the newer cab]e

The design is basically axia11y'symmetr1c.‘ The directional.response meas-
ured in a well collimated .Cobalt-60 beam shows variations within = 1% for

all directions outside a cone centered over the stem and having a half angle

of 60 °. Although the measurements were made on a'TE_chamber, the Magnesi- o

um and Air ones would be expected to show sim11ar behavior.

_ In.the case of the'TE and Air versions, the HV or shell insulator is: fric-
‘tion welded to the guard. iﬁ the TE'chamber the materiajs are polyethylene
‘and A150'and°in~the‘Air, po1yviny1idene f]uoride (Kynar) and C552; In the-

hMagneswum chambers po]yv1ny11dene f]uor1de is mo]ded unto the Magnes1um

iguard In order to minimize the neutron response of the magnesiun chamber
a thin‘Tef1on:washer covers the exposed surface of the shel] 1nsu1at1on.

Most récént]y}’a Tef]on~co]1ect0r 1nsu1ator has been employed in a1] three
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versions of a 0.5 cc chambers.

The.chtef use o% the Magnesium chamber is as aneutroninsensitive chamber to
be used a]ong w1th the TE chamber in mixed f1e1ds in order to separate the:
1nd1v1dua1 photon and neutron doses A series of measurements were made ‘us-
ing four Magnes1um chambers 1dent1ca1 in a]] respects except that Teflon was
used 1n two for the she]] and. co]]ector 1nsu1ator and po1yethy1ene was used-
h:1n the other two. The obJect of this study-was to-ascertain the poss1b]e :

’hcontribution to the neutron response of polyethylene in these parts.

- The four chambers were connected in.a s1mp1e series arrangement in the gas—

f]ow circuit. Arqon was se]ected as the filling gas in order to minimize

‘_ the neutron response. of the chambers. The gamma response was determ1ned for

each chamber in a Coba]t-60.fie1d. 1The response of each chamber at a f1xed‘
‘posﬁttOn in the-neutron field of the~Janus reactor at Argonne Mational Lab-
oratory was.then:determined. The.readings from each of the four chambers

were normalized to those of a monitor which was kept in a fixed position.

The determ1nat1on of the neutron response was repeated with the order of the : .
Achambers in the gas circuit reversed. F1na11y, the Coba]t 60 responses were
re-determined nlth the’ order of the chambers still reversed in the - gas flow

circuit.

The results of these erperiments were moSt mnteresting"because of a signifi—
cant unerpected resu}t. The’chambers with po]yethy]ene indeed showed greater
neutron response reTative toithose with'fef1on as expected. The difference

- may be. as‘much as 50 % The unexpected result was the significant d1ffer—
‘ences, on the order of 40 %, in.the neutron response between chambers having
" the same type.1nsu1ator. Clearly, something besTdes the type of 1nsu1ator

“profoundly influences the néutron sensitivity of the chambers.
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'The'four cﬁamberé emp16yed in thebexpgriments were fﬁbriéatedAfrbh»she1ls,
~collectors, énd'guards which:were‘not méde af the same time, Consequent]y,
séme*had a higher degree of surféce degradatjon thah ofhers. ~That the sur-
- face condition of magnesfﬁm affects the néutrdn sensitivity wéslconfirmed'~
~in a sépafate experiment 1nvo1vfng a paré]1e14p1ate chambér; A fre§h1y.
machined magnesiﬁm surfaée'was found to give-a marked]& lower reéponse re-
lative to one which had been‘machined.séveral‘yeérs'ear1ier. It would seem
that'thé sﬁrface condition can‘a1ter fhe neutfon sensitiv{ty of Magnesium- :
Argon chambers by‘at ]éast 50‘% and perhaps more than 100 %. Further ex-

periments are needed to quantify this effect,

The ordefing_ﬁn the gés cffcuit djd-nbf reVea1 any clearly jnferpretabie
results. ‘In the Coba]t-60 field the chamber fh_the,first positiqn'showed a
greétef-response by about 0.7 - 0.8% fHan when in the last poéition.. Thisv
©is jnAtheidirection bf an effect due to a pressure gradient‘a1ong the éif—'
cuit bht the magnitude,'though rather Sﬁa1i, is much greater than'thaf cal-
cu]atéd‘from the actual pressuré variations. In the Jénus fie]d the chamber
‘:in the first position showed a lgéggr;réSponse by 072 - 0.3'%-tﬁan when in -
. the last ppsition.‘ It would seem that the minor variations associated with
.posjtfon_in theigaé‘circuit are -of the séﬁe order és4thé fepeatabi1ity.of

-the measurements..;

‘.Besides:the‘effect due to pressure gradient'there coqu be,an_effect due to
an’fncreasing contamination of the gas along the circuit. The higher contam-
ination expected downstream should cause an increase in the response for both

nettrons and'photons.

The 16-liter and 8-Tnch spherical ionization chambers (Rdse, J;E;, and Shonka,

F.R., Rad.Res. 36 384(1968)) had shown a relatively long stabilization time
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when used in measurement ofAbackground radiation']evé]s.j This effect has
been identified as a voltage soakaée effect which is founded 1n'die1ectrfc'
A.polarizatiqn of the shej]—guard insulator. Theliheu1ator Was.refdesigned
i-in order.to'e]jminate such effeets_cemb1ete1y. The re-design heCessiteted_

. newufabricatibh methods and several sueh methods have been worked out.

' The: total elimination of soakage currents in these chambers allows the bo- _
flarizing potential to be reversed between successive readings.: Thus any .
offset currents which may exist in the input circuit of the e]ectrometer,

including cables and connectors, can be circumvented.

An-impfoved method of frictidn welding the spherical outer e]ectfoqe of

© these 1ew—ievei chambers has been devised.e Fbrmer]y‘an e1um1num alignment
form was set ih one'Hemisphere. The form projected 1/8 inches or so out of
one hemisphere to;engage the other hemispherelduring_we1ding;' The form was
in pieees which_cou1d‘beidisassehb1ed and removed through the neck of the
'sphefe.aftef welding. The new methodudispehées with the aluminum forﬁ.A One
hemi;phefe mounfed’on a stationary spindle is epun while the other is-held-
fixedein'terms of translation as well as rotation. .The method has been suc-
cesefu11y_used on 8-<inch chambefs molded .of A150 and C552. ‘ItAis aﬁtieipated

that the method will also work -on the 16-1iter (12 3/4 inches 0.D.) chambers.

It is suggested,that a further improvement in the quality of the equatof weld
in these chambers could be realized by'md1ding a small step in ‘the shells at

the equator. The step would serve to guarantee alignment of the two halves

" and giye'the eomp1eted shperes much areater strength at the equator.

An éin-equiva]éht.transfer chamber was developed by Francis Shonka under this

contract in colTaboration with H.O. Wyckoff. This particular chamber is now
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known as the-Shonka-Wyckoff chamber. A description of the chamber is given

in Radiation Dosimetry, Vol.II (edited by Attix- & Roesch, Academic Press,

1966_pp 54455)f ~Difficulty had been encountered with the cable attachment

andAfhe mean§ of establishing electrical contact to the shell bf the chamber.
A'new_meang of attaching fhe cable and of contacting the shell nave beeh de-
ve]dpéd:and feducéd tb practice. Iﬁ both cases wire is imbedded in conduct-
ing'pjastic,by u]trasonica]]y:welding two separate parts together. The

method provides electrical contact of ‘unsurpassed integrity and reliability

and also a_sturdyvmechanical anchoring of the shell wires and of the cable.

'.EVident1y'a11 of the Shonka—wkaOff chambers made previously did not conform
_ to the description given ‘in the feferenée noted above particu]ar]y with re-

- spect to details of the guard electrode.. A number of these chambers: show

higher capacitance and soakage effects than would be expected according to
the published chamber drawing. The latest version restores comp]eté guard- ‘
ing to the chamber thus eliminating voltage soakage transients and yielding

a‘éhamber capacftanée of approximately 0.45 pF.

The collecting volume, éxcept for the co11ectof electrode, of the original

‘Shonka=Wyckoff chamber was spherical and:of'nomina1~diameter'of 0.75 inches.

Two versions were settled on and produced. ‘One has.an outer electrode of

010 inches wall thickness and is useful at energies asu1ow as 20 KeV. The

»Other'hés‘é‘wa11_thitkness of .10 inches which provides adequate electronic

equilibrium for Cobalt-60. Two new chambers were designed according to.the

Shonka-wyckoff.design. One has a nominal collecting volume of 30 cm3 while

the other, 100 em,

In these chahbers the Shonka-Wyckoff design was fol-
Towed précisé]y_with_every Tinear dimension sca1ed up by a factor of 2 fof

the 30 cm3 design and 3" for the 100 cm3 design except for the wall thickness.




24

The wall thickness was kept at .020 for both of the new designs. Because

of . the greater size of the chamber it was feasfb]e to employ hollow collectors.

‘AFigqrélZ offers a.scé1ed’sectioné1 drawing of the 100 cm’ chamber,'lThe im-
N bfoved.means of wire and c§b1e'attachment which had_been-institutéd in the
Shonka7Wyckoff-chamber has;beeﬁvincorporated-in the two new chaﬁbers. There
‘are two diametricaliy oppdéed breathing holes in the neck4whiéb insure rapid
equi]fbrétion between the collecting vb]ume and tﬁezambient-atmosphere. The
larger size of these chambers made itApossib1e'to achieve a superibr guard
cohfigukatioh'wherein the-co]]éctor has the same .outside diameter as the
guard and represents .a smooth extehsion'of fhe guard. This afrangement a]-.

~ Tows an eXtreme]y precise(definitﬁon of the co]]eéting volume.

The new chambers provide incfeasedbdefectab11ity over the original Shonka-
_ Wyckofflchambers at the*expense of épatia} resg]ution. The integrity ahd
reliability have not;been éacrifiéed in the slightest. 'The 100 cm3 chamber
is expected to be particularly uséfﬁ] in verifying whether leakage from X= -
ray prﬁducfﬁg équipment is within the-]imitéuépécified in the Radiation Con-

" trol for Health and Safety Act of 1968.

A miniature TE chambef having a thimble geomefry had'bgen developed earlier
‘for the accurate determination of depth-dose profiles. The chamber cavity -
has a cylindrical Sectioﬁ which is capped by a matching hemfspheriéa] end;l
The,cqi]ecting vo]dme-is approximately 0.05 cms. Some performance charac-
teristiés and drawings of this chamber are given in the technical reports
' TN71-2‘(MayA197l) and TN71-7 (Deceﬁber 1971) bdb]ished by the Armed Forces
»Rddiobid]ogy'ResearchjInstitute, Bethésda, Mary]and. Siénificant'jmprove— ,
. mentsuhaveﬂbeeﬁ made in tHis cHamber in the‘cHamber guarding, the choice of

cable which i intregal with the chamber, and in the methodiof establishing
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cdntact to the outer!e]ectrode' Furthermore'the thamber has been madevqas—
't1ght and has been equ1pped with a’ pa1r of small tubes to allow a TE gas .

A m1xture to be c1rcu1ated thru the chamber- dur1ng dose measurements.

In order to achieve the improvements and the gas-flow feature the method of

fabrication'had to be drastically a]tered{ Hdwever, the dimensions and

shape of the collecting volumé as well as the wall thickness of the outer

'_e1ectfode were pfeserVed. The éhei1 Tead wire is imbedded in an ultrasonic |
- weld. fThjs;approach-has been used in other chamber designs with great suc-

~cess’as noted above. -
V. OTHER -PROJECTS

. The 'signifcant accomp]iéhmentsﬁon several additibha] projeets wi]]_be review- -

ed in this section. The projects are; the further understanding of and im-
provements in the vibrating fiber e1ectrometer, participation in INDI (Ihter-.

nat1ona1 Neutron Dos1metry Intercomoar1son), and an 1nvest1gat1on of the ex-

straneous currents which or1g1nate in severa] d1fferent cables wh1ch are em-

A ployed to carry ionization currents.

. The vibratingfiber electrometer (Rev. Sci. Instr! §§; 1046 (1964)) has ex-
dce]]ent sensifivity at extreme]y Tow levels and freedom from mahy of the
' common. d1sturb1nq effects such as dr1ft1ng contact potentials, 1mpa1rment

“due to over voltage, and offset currents. The maJor 11m1tat1ons of the e-

1ecth0meter'haveAbeen that 1t only allowed discrete measurements and that it

required an operator.

The electrometer per se is essentially ahd simply a null instrument. A com-

‘pehéating signal must be;prdvided separately to compare with that given by

the experiment in progréss.‘ Wihen the operator finds a value of compensatibn



girjng”a null, that value corresponds to the value given by the experiment

4at‘the barticu]ar moment the null was obtained. A recording potentiometer 1
"has been successfu]]y used to automat1ca11y prov1de the compensating s1gna1

wh1ch then ma1nta1ns the e]ectrometer at ba]ance cont1nuous]y

.The essent1a1 coup11ng between the potent1ometer and electrometer is prov1ded
by a special photodetector wh1ch produces a voTtage prec1se1y syncron1zed
with the‘mot1on of the quartz fiber of the electrometer. An image of the 114
‘41um1nated'fiber is projected onto the photodector. vThe detector consists of
. two'adjacent.1ndependent'sections_with the image of the fiber in the rest
" position equa11y dtvided between the two sectious.; ~The two aections‘are
‘b1ased oppos1te1y SO that a pos1t1ve signal represents a def]ect1on of the

f]ber in one d1rect1on and a negat1ve s1gna1 in the other d1rect1on.

A description of such an electrometer system and of .certain measurements car-
ried out with it was included in a‘paper'presented at the Second International
'Symposium on the Natural Radiatﬁon4Enrironment, Houston, 1972 (Conference

Paper C00r323—27).

..The:self-balancing vibrating fiber e]ectrometer was found to have sensitivity,
noise; and drﬁft comparab1e with vibrating reed'types Furthermore, the
rad1at1on 1nduced currents were found to be about e1ght times 1ess for the
:-'ijrat1ng f1ber type. The reduced radiation response doubtlessly stems from
the éma]]er Qas volume surrounding'the input conductor.A It should be pos-
sible to re-design the 1nputlc0nductor and associated~shie1ding in the reed
instruments s6 as to greatly reduce the gas volume in communication with it

' and.thus to reduce the radiation response of the instrument.

‘Vibrating quartz fiber electrometers have operated at 60 Hz with fibers whiéh




fare:heavily damped‘and whose natura]‘undamped'resonance frequencies‘are*in
the"neighborhood,ot 250 Hz. Any asymmetry in‘the'geometrylandhin the AC -
drivinQ;vo]tage impressed on the'ftxed etectrodes-wi11 drive the fiber at
- twice the frequency of the drive voltage, 120 qu Unfortunately, the.fibers_
' are_typica11y more'responsive at 120 Hz than at 60 Hz. Thus AC balancing is

a more critical concern than it would need be.

It has been proposed'to operate the vibrating fiber e1ectrometer at the res-
onant‘frequenCy‘of the fiber and to-reduce the~atmosphere surrounding the
fiber so as to diminish‘damping and thus;to sharpen the frequency response
of the fiber..’Operatinq 1n‘this manner‘wou1d require 1ower drivind}vo]tages
and AC ba]ance wou]d be reduced to a re]at1ve1y minor: concern. UAS 'Patents,
Nos. 3 851, 248 and 3 924 184 have been issued covering these and re]ated in-

-novations.

,,Assistance was inen'tobthe team of Frank S. N1111amson and Gordon Holmblad

:rof Argonne Nat1ona1 Laboratory dur1ng their part1c1pat1on in INDI. Three
'para]1e1 -plate chambers, one po1ystyrene one carbon, and one Magnesium,

4 were: reconstructed and 1aboratory tested for use in the 1ntercompar1son

Several of.the 0.5 cm®

TE and Magnesium th1mb1e chaibeis discussed in Section
IV were prepared for and used in INDI by the ANL team and by the team from
the Armed Forces Rad1ob1o1ooy Research Inst1tute (Bethesda) The ANL team
was accompan1ed to Brookhaven and was assisted throughout the 1nterconpar1-

'son exper1ments

A key element in the 1onometric aonrnach to dosimetry is the cable which car-
ries the 1on1zat1on currents produced in the chamber to the measurement cir-
cu1tr/ “In many situations the measurement c1rcu1try is perforce rather far

| removed from the 1on1zat1on chamber and the s1gna1 cab]e must be re1at1ve1y
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‘Tong. It has frequent]y occurred in such cases that perturb1ng cab]e cur- .
rents have interfered to such an extent as to ser1ous]y 1imit the range and
accuracy of measurements Indeed the .05 cm3 TE th1mb1e chamber deve]oped

3 version- which suffered from the: presence of 1nterfer1ng cable

from a .01 cm
currents The size .of the chamber was - 1ncreased in order to 11m1t the errors

‘ caused by the 1nterfer1ng cable currents.

‘The cable that was in use at the time was a low-noise miniature type manul
factured by Microdot,.Inc; (Cab]é No. 275-3801). A cursory examination.of
the‘e1ectrostatic shie1ding‘pr0vided by this cable revealed"serious deti_
ciencies; 'Ofpcourse, such problems become mOre'critjcal as one endeavors
to,observelsmaller'and smaller signa]s.. As a consequence.of this discovery
and of the reports of disturbing'radiation induced currents in the same ca-

b1e, aicomprehensiVe.study of cables was initiated.

Guarded‘ionization chambers have threeiseparate and distinct electrodes.
‘Consequently a coaxial signal cable between such a chamber and the measur-
1ngttnstrument must be suppTemented'by an additionaluwire or cab]e. A tri-
~axial ‘cable wou]d prov1de comp]ete]y the necessary connections for guarded -
'chambers.' Accord1n01y, the cable study was concerned preferent1a11y though

:ndt exclusively w1th 1ow—no1se tr1ax1a1 types.

An. initial report which covered these studies was given at the RSNA/AAPM
» meetino he]d in Chicaqo during November, 1676 (Confererice Paper C00-323-39)3
| Recent]y, a manuscr1pt summar1z1ng the exper1ments has been subm1tted for

pub]1cat1on in Ned1ca1 Phys1cs The manuscript a]so 1nc1udes more recent .

experiments which focussed on radiation induced cable currents. Consider-
ab]e variation in the magn1tude of rad1at1on 1nduced currents were found

among the cab1es 1nvest1gated




It waS‘surprisihg to discover‘the inadequacy of'the_shﬁe1d1ng in certain

| cables. A strange tranSient‘curFent was found on the central conductor of
-each Cab1e whieh Showed'imberfect sh1e1ding The tfansient accompanies a
. change of potent1a1 between the inner and outer sh1e1ds of the triaxial
cab]es In the case of the one coaxial cab]e show1ng imperfect sh1e]d1ng,
"the trans1ent accompanies a change of potential immediately surrounding the
1cab1e The effect is- s1m11ar to the soakaqe effect characteristic. of in-
'comp1ete1y guarded 1on1zat1on chambers except that the cab]e effect 1s op-

posite in sign to chamber soakage effects.’
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