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Tbe instrumentation at the L14 'l'lank Shielding FacUity (L'l'ID') 1. de.cr1bed. 

Drawinp or phot~pha ~ the sa--ray, theI'llB.l-neutron, and f'a.t-neutron 

detectors 8.1'e inc luded, and the.. detectorl are d11CUlled. The lllethoct. of 

detector applicat10n at the LTSF are allo deacr1bed, a. well al the calibrat10n 

techn1ques. The electronic. allocated with each detector 1. pre.ented nth 

appropr1ate ref'erences. The rense of' .ena1t1v1ty ~ each detector 1. allo 

given, along nth est1.mte8 of' the reliabil1ty of' data trom the detect10n 

system. 
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The author Visbes to expres. his appreciation to the members ot the LTSF 

statt tor their a8l1etance in the .election and accumulation ot _teral in

c luded in th1l paper. In particular, he 11 indebted to W. Zobel, the Ul'SF 

Section Leader, who .ugested that th1e paper be written and made many rec

o_Ddatione &8 to content. P. T. Perdue, CIIHL Instrument Department, gave 

valuable a8lietance on the •• ctiolll perteining to the electronic circuitry, 

•• pecially that dealing with the .emi&uto_tic electrometer, and R. Abel e, 

aleo ot the OIUIL Instrument Department, vas exceedingly helpful in IKldng 

instrument drawings and conatruction detaill available. 
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I 
IN'l'R<DUCTION 

Sl.nce the construction of the Lid Tank Sbielding Facility (LTSJ') in 

1949, the development of radiation detection techniques has played a prominent 

role in the experimental program of the facility. Tbe facility itse~-' 

consists of a large water-filled steel tank which has a disk-shaped source 

plate mounted in one wall, ae shown in Fig. 1. Tbe tank a .. embly 18 mounted 

like a "lid" over a hole in the ClRNL Graphite Reactor shield so that the thermal 

nsutrons streaming through the hole (called the "Core Hole") CAuse fl8B1ollll in 

the source plate. In a typical experiment a shield sample 1£1 placed in the 

tank, usually close to the source, and measurements of the radiation at various 

points beyond the sample are made. Since these measurements IIIUlIt be taken 1.n 

water, one of the first tasks at the LT8F was the development of waterproof 

housings for the detectors. Also, the attenuation inherent in thick configura

tions prompted the development of new, more sensitive detectors. 

With the exception of the counters themselves, all of the instrumentation 

at the LTSF is contained within a central five-baDk control panel as shown in 

Fig. 2. Although most of the LTSF detectors and a~sociated electronics are 

common types wbich are widely used in other experimental facilities, tha methode 

of application at the LTSF remain unique in many respects, and this facet of the 

facility operation should be of interest to users of the LTSF data. With thl8 

in mind, this report describing the LTSF instrumentation bas been prepared as 

one of a series of three reports on the facility.l" It includes descriptions 

of the detectors (in detail where it was thought necessary), the circuits of 

the pertinent electronics with a discu .. ion of the operating characteristics 

of each, and block di84P'&J118 of tha complete 8YStems. Tbe calibration procedure II 
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tor the detector. aDd 1nItrw.nt. aDd the range. ot lenl1t1v1ty are alao 

d1lculled, a. well a. the eat tate. at the error. involved in the LTSF 

meuurement.. Althoulh an attempt ha. been lSde to di.cull all the LTSF 

instrumentation in thi. report, tho.e Inetl'\lllllntl which have been adequately 

descrIbed el.ewhere are on17 briefly de.cribed here, and the reader is reter~ed 

to pertinent reterences. 

It will ~e noticed in the di.cus.ion which tollovs that reterences are 

lD!Ide to tva LTSF source plate., the "old" plate and the "nev" plate. 'DIe 

old source plate, nov designated u the SP-l, consisted at rovs at natural 

uranium slugs stacked one upon the other and held between layers ot masonite. 

'nte new source plate, called the 8P-2, is a thin uranium disk. 'DIe cal1brat10n 

at the SP-2 is the subject of another report' in this Beries at reports on the 

LTSF . 



I. RADIATIClf DlrmCTIaf DItl'IIIH1ft'S 

OUma-Ray Dolimeterl 

Two t~s of 11l11trumente are used at the LTSP for the detenlist10n of 

g&IIIIIA-ray t1 .. ue dose rates. 'lbe f1rst 18 a standard sCint1ll.at10n detector 

employing a pbotomul.t1plier tube (alJIo called a pbototube) and a cyl1ndr1cal.ly 

shaped anthracene crystal. 'lbe LTSP' has two such detectors. CkIe, del1gnated 

ae PM(A), us .. a 1-1/ 2-1n.-41a by 7 ;a-1n.-thick crystal and an RCA-type 5819 

pbototube, VIl1le the other, dee1gnated ae PM(B), usee a 1-1/4-in.-41a by 7/ 8-1n.

th1ck crystal and an RCA- type 6655 pbototube. 

'lbe PM(A) crystal 18 conta1ned 1n a thin alumillUlll can slightly larger than 

the crystal, and the epece between the crystal and the can is filled witb talc 

(~o.4si02·H20) for light reflection. An open end of the can is IIIOUIlted on 

one end of the pbototube by _&Ill! of a lucite ring which fite over both the can 

and the pbototube. A thin luc1te light piper 18 placed Just inside the ring in 

direct contact with the pbototube. Dov-Corning ailicone lubricant 18 Uled to 

ma1ntain good optical contact between the crystal, the light piper, and the 

pbototube. 

'lbe PM(B) crystal 18 wrapped with l-mil-thick aluminum foil and hel4 in a 

lucite container. 'lbe open end of the container f1te over the end of the llhoto

tube in the same manner as that used for PM(A). ,'lbe PM(B) dosimeter 18 ehovn 

in the lover half of Fig. , with ita housing removed. 'lbe pbototube, protected 

from external magnetiC fields by a IilmIetal ahiel4, and the cryetal are covered 

with black tape and attached to an electrometer, wh1ch 18 discUlaed later. 

5 
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Both PM(A) and PM(B) are encued in aJ um1mlll containers Vith lf8-in.-th.1ck 

valla (fig. ,). 'lbe purpoae ot th1a cover 18 to e.llov operation ot the detectors 

while tbey are su~rged in the llquida ot the Lid Tank (usually vater). 'D1e 

entire case is kept at an 8- to 9-lb pressure above atmoiJphere by an exterm.l. 

a1r supply. 

'lbe second t ' pe ot 1natrument used tor gIIIIIDIl-ray tiaeue dose-rate detel'lliJla-

tiona ill a 50-cc SJlberical gIIIIIDIl-ray 10D1zation chamber (fig. 4), which has 

graph! te valla and a entral graphite electrode. 'lbill c:IlaDj;)er is tilled With 

carbon d10xide gas to a pressure ot 18 in. Bg above atmoslJberic pressure. 'lbe 

50-cc volUllll! ot gas vas chosen &II the molt suitable tor LTSF appllcationa because 

1ts range ot sena1tiv1ty 18 Vide enolJ4!ll to cooler the higbest gIIIIIDIl-ray tiel4a en

countered 1n the LTSF and it al.ao overlaps the region covered by the PM(A) and 

PM(B) detectors. A more detailed de.cription ot this ionizat10n chamber, wh1ch 

vas designed and conatructed by Roland K. Abele ot the CIUIL InatrumeD'; Department, 

can be toUDd in Rr' •• Addit1onal. iDtormation on the measurement ot gIIIIIDIl-ray 

dosage and the Wle or the graJtl1te-vall.ed 10D1zation chamber. lII&y be toUDd, along 

Vith a b1bllogralJby, in a paper by Robley D. Evana. 5 A deta1led d18cWlaion ot a 

somewhat d1rterent 50-cc chamber is also presented 1n a report by Ballweg and 

6 
~em. 

Thermal-Neutron Detectors 

'lbermal-neutron tluxes at the LTSF are measured With convent10nal detectors, 

1.e., gold toila (bare and cadmium-covered), t1.110n chambers, and boron tri

tluoride (lIP,) proport10nal counterl. The rangel ot lel1l1t1v1ty or thele 

1natrumentl are IUch that either the lover or the upper ext~ on the range ot 

anyone 1D1trument'l lenaitiv1ty Will overlap Vith the range of at l.ealt ODe or 

the other detectorl. AI 11 Ihovn in Sect10n III ot thil report, th .. e ov.rlapp1nc 
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region.a are vi tal to tba C&l1brstioa ot tba 1Dat~a. 

The go14 toi:a UH4 are all 1 ca aq\llU'!t and 2 1I1:a thick. Wben the: are 

suspellf1ed in 11quiu tbay are II)UDtec1 OA • lucite toil bol4ar (11a. 5). Wben 

they are used to detel"ll1Dlt the nux 41.tribution vtthin .011d shie14 mcJr;upa, 

they are taped on the ah1e14 c+&W cent. at the de.ired po.itiana in the .hie14. 

Section III explaiDa in 801"8 detail how aold toil ~t. are used to 

calibrate the other the~ .. lIIIUtroD detectors. 

In the region ot high the~-lIIIUtron nux, paral.lel-p:ate tia81011 chamberII 

are used. In these detectors the aenaitive e~. are ccmatructe4 by sputter

ing a thin coating ot uranium, enriched to 9,.llj in r/", OAto nickel 41.ka 

which are p:aced in gu.tilled ch .... r. or approxaate~ the _ .ue.ter. The 

gaa miXture conei.te ot m araon and ,. CO2 he14 to ..... preasure or l~ in. Be. 

Incident neutl'OJII eauae ti .. ioniDl ill the "",. &bd the tl8a1OA trapeDt. eaUM 

ionization ot the· gu. DIe,. CO
2 

18 preHDt in the ... .ad1ua _re~ to quench 

the rather long pulaea eauae4 by tba tl8a1OA trac-ut •. 1 

The sen.ait1v1ty ot e t1 .. 1011 detector, ot cour.e, 18 dependent on the &IIOUJrt 

ot ,,'5 depo81ted per .quare ;l8DttMter and the 41ameter ot the 41". The L1'B1' 

has three tinion chamber., one haVing e NWine] 1/2-in.-41e 41" and two haTiD8 

}-in.-d1a d1su (Pigs. 6 and 1). DIe l:/2-1n. chamber is the leut .ens1tive aDd 

1s used tor meaa~trt." in the regions or hisl:lest nux. The ranp ot .ena1t1v1ty 

ot the }-in. chamber. overlaps the lowest range ot the 1/2-in. chamber aDd the 

highest range ot the BI', detectora (a .. Sect10n Ill, p. 51). 

The tission cha mbel"8 are eneloHd in al".' me cue. .1II1lar to thoIIe UH4 

tor the .... -re)' ac1Jlt1llet1on cOllDtera aDd H1'T1nfI the _ purpoH. "DIe 



Fig. 5. Foil HoLier. 



Fig. 6. 1!2-in. Fis8ion Chamber. 
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Fig. 7. ~-in . Fission Chamber (A). 



l' 
contaiD1cs the tission disk and exhausts into the outer aluminum case so that 

the same gas sl.\PPly preuurizes both the counting volume and the outer protective 

aluminum case. A:tter an 1D1tial flushing ot the s:yetelll the preuure 1a adjusted 

to the static preuure ot 14 in. Kg. A discu .. ion ot various t:r.pes ot ti .. ion 

ebambera and construction teebD1ques 111 g1 ven in Ret. 8. 

'or measurements ot thermal-neutron tluxes ot medium or law intensity, the 

BP', counters are utilized. 'lbese l16&in are It·""·rd inatrUlllllntl and are des

cribed in numeroue publieatioll8. 9 Tbe L'l'SP' Usel two 11&el, one 12-1/2 in. loCS 

and another 8 1n. loCS (Fig. 8). In the past a combination ot two 12-l/ 2-in.-

long chambers 1n parallel in the same aluminum container vas used to obtain 

greater sensitivity than was possible with a single ebamber. '!bil increased 

sensitivit:-- was needed at that t1.JDe because ot the loY paver ot the lource 

plate (1.7 watts). However, the newly installed source plate bas considerably 

greater poIo-er (5.22 watts) ~ and single chambers (reterred to as single-barrell 

counters) bav~ been tound satistactory. 

Tbe B', counters, as are all ot the detectors described here with the ex

ception ot the PM(A) and PM(B) detectors, are constructed by the InatrUlllllnt 

Department ot the Instrumentation and Controls Division, ORNL. 'lbe BF 3 gas 111 

10 
enriched to 96~ in B • 'lbe 8-in. BF, counters are charged to a pre8sure ot 

8 em Kg absolute 10 
with an argon-B F, mixture. 'lbe sicsle-barrel l2-l/ 2-in. 

counter conta1llll a s1lll1lar m1xture held at a pressure ot 15 Clll Kg absolute, 

while both chambers in the double-barrel counter contain a pre8sure ot 30 em 

Kg absolute. 'lbe alum1nUlll containers (Fig. 8) are tilled with air at a pressure 

ot 8 to 9 lb (gage) to avoid leakage ot the surroundiCS liquids into the ebambel's. 



Fig. 8. 8-in. BF3 counter. 

UnCl.aaSl1'1ed 
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!!!!-Neutron Detectors 

For t he measurements of fast-neutron dose rates, proportional counters, 

10-12 
cOlllDOnly known as dOllimeters, are used. Burst dosimetera cons18t of 

hydrogenous (polyethylene ) valled chambers fU.l.ed With ethylene gas to a pra .. ure 

of 1 atm abllol ute. 'lbe inDer s~ace ot the chulbers 18 coated With a thin tUm 

* of Aquadag, wtl1ch 111 usus.lly appl1ed with an air brush &lid aervea aa the aecOll4 

electrode . 'lbe collect1D8, or h1iP1-vo1taae, electrode 18 ateinle .. ateel wire 

mounted on the chamber axil &lid ext8lld.11l1 the entire lellith ot the cyl1nder. 

The atomic compoll1t1on ot the valls 18 icSent1C&l to that ot the fill1ng ps &lid 

thus the Braes-Gray pr1nC1Ple
l

' 18 fulfilled. 'lb.e fait neutrons sutter elastic 

collisions with nuclei of the hydrogeaeoUl -.ter1al, and the recoil hydrogen 

nuclei give up their energy by ionization. 'lb.1s pulse formed by the collection ot 

the electrons at the center electrode 11 fed to the preampl1fier. A dilCUlsion 

ot an early version ot the Burst dosimeter can be found in Ref. 14 . 

The LTSF usell, or has used, three variations ot the Burst dosimeter. 'lbese 

dosimeters, wtlich differ in several respects, are deaignated a8 l"l'I-62 (ng. 9), 

l"l'I-80 (Fig. 10), and l"l'I-82 (l"1g. ll). 'lbe l"l'I-62 &lid JPN-eo have approx1mate.ly 

the same senaitivity, vb1le the l"l'I-82 18 much le .. aens1tive, and, consequsntly, 

18 used in regions of high flux. Both the ",-80 &lid the PH-82, the latter 

commonly called the phantom dOlimeter, have only one chamber, while the n-62 

hal three chambers ut1l1zilli a cOlllllOn center electrode. The center electrode 

tor the PH-62 111 1 mil in diameter, wtl1le that for the n-80 11 2 mila in 

* "Aquadag " 111 the trade name ot AchSlon Collo1da Corporation tor ~ colloidal. 
graphite in vater. 
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diameter and that tor the tw-82 1. 2 mil. in diameter. 

The ,w-80 ba. the W1ique teature ot a built-in pluton1wa alpha .aurce, 

which can be u.ed tor calibration pul1)I»e. dnc. the lenaitive volume ot tha 

chamber il known. Tbll .DUrce il built into the .14a vall ot the chullar aDd 

can be covered by a remotely controlled bra ... huttar 10 that it will not 

intertere with neutron dOle me .. urement.. The advant.se ot havtna a detector 

with a lelt-conta1ned lource 1. that the operat1on at the inetrument can be 

checked while it 11 ltill in the Lid Tank. The detector can be moved to tbe 

rear at the tank (avay from .ource plate) and the PBS curve recheCked by u.ins 

the Ie lt -conteined lource. Tbil can be a condderab le time saver. Bovever, 

difticulty hal been experienced with tb11 cbaJli)er due to contemination by the 

lource. When thll OCCurl the chamber must be dilaeaembled and decontaminated. 

The FN-Bo alBo utilizel tield tubeB to determine or limit the active volume 

ot the cbaJli)er. 15 For thil realon the ratio ot the tield voltase and the 

voltage appUed to the central electrode 11 quite critical. A chanp 1n th1l 

ratio changes the active volume ot the chllllber. The cbaJli)er 1D u.e at tbll 

I time is operated with a tield vottese at +725 v and a central electrode 

voltage of +2420 v. At the Ie VOltesel, the active volume of the chamber i. 

I 

approx1mtely 60 cc. AppendiX A cont.1nl a delcr1ption of the method used to 

determine thele volteses and the active volume. 

Slnce thele doc1meterl, like the gamma-ray and thermal-neutron tnatrument., 

are ulually operated while they are lubmerged in water, borated vater, or 011, 

they must be encloled in lome type ot liquid-proof cale. Thll outer container 

111 for the protection not onlyot the detection cbaJli)erl bull; ,aao or tha anO'101ed 

preamplifierl. The three cbaJli)arl ot the Fw-62 are encloled in • bra .. ahan 

f 



20 

and thl8, in turn, 18 encloled in a lucite cyl1n4er. The lucite cyUDder 11 

attached to an aluminum cu contain1nc the preamplit1er. The apace in tbe 

aluminum can and that between the bra .. and lucite cyl1nderll 111 tilled II1th 

air at a presllure o:t about 10 1, pce. The chamber II ot the Flf-80 and the 1'1'-82 

are enclosed in brallll cyl1n:1ers which are eealed to the alWllinum houll1np tor 

the preamplitiers. The.e boudnp are allo attached to an external air IIUpply 

and maintained at a pres.ure at 8 to 10 lb gage. 

ll. EL!X:TRONICS 

Preamplitiers ~ Amplitierll 

The block diagrams ot the complete detection systems tor the gamma-ray, 

thermal-neutron, and taat-neutron meallurements are shown in Figs . 12, l~, 

and 14, respectively. AU ot the instruments, II1th the exception ot tho.e 

used tor gamma-ray measurements, utilize preamplifiers enelo.ed in the outer' 

aluminum protective coverll along II1th the detectors themaelvell. 

The system uaed tor gamma-ray dOlle meaaurementa (Fig. 12) il the 11IIIple.t 

in that no preampl1tier or amplit1er 111 Ulled. Since the L'l'S1 11 pr1Darily 

inter c!lted in measuring ~ rat .. , the output current at the phototubel and 

the 50-cc ion.1zation chamber 11 at priDary concern . In all three ot the 

gamma-ray inll,trumenta, PM(A), PM(B), and the 50~~c 10n1ntion chamber, the 

output current from the detector 11 ted to an electrometer. One tube ot ' the 

e l ectrometer and a "!lute sll1 tch" (Fig. 15) are placed within the aluminum 

detector housing in the same position occupied by the preamplitier in the 

other instruments. The flute IIwitch 11 merely an array ot relaYII which 

a llOlis the operator to remotely vary the electrometer grid resistance by 
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factors of 10. The sl;itch assembly, carrying the electrometer tube and grid 

resistors, is contained within the detector case t~ minimize the length of the 

grid lead. This is discussed further in the se<,tion below . The remaining 

portions of the electrometer circuit a~e .oloca~ in the LTSF control room. The 

sensitivity of PM{A} and PM{B) may be varied in four steps by switching through 

resistor values of 105 to 108 ohms. A range of 101 t o 1010 ohms is available 

for the 50-cc ionizatd.on chamber. The voltage drop across these resistors is 

"bucked" against a battery in the electrometer circuit and the' voltage 18 read 

on a Minneapolis-Honeywell self-balancing potentiometer. The circuits for the 

flute switch and the electrometer are shown in Fig. 16. 

Tbe preamplifier design shown in Fig. 11 is used for the 1/ 2-in. fission 

chamber, the 8-in. and 12-1/2-10. BF~ chambers, and the FN-62 an ' li'N-80 Hurst 

dosimeters. The output pulse from each of these detectors i s fed to the pre-

tInIp ltf1er, where 1 t ill amplified and shaped. The shaped pulse 1s fed from the 

preamplifier to a DD2 linear amplifier. 16 In the system used with the thermal

neutron detectors, the signal then goes through the PHS sect.ion11 of the DD2 

amplifier to a fast decade scaler. For the fa'st-neutron system th!'t amplifier 

signal is fed to an integrating CirCuit18 where the pulse is weighted according 

to its amplitude. The output of the integrating circuit is the measure of 

the fast-neutron ~8e. The integrating circuit is described in the section 

below. 

The preamplifier design in Fig. 18 is used with the ~-in. fission chambers 

and the phantom dosimeter {FN-82}. In this case, since these instruments do 

not require the gain of the three-tube preamplifiers in Fig. 11, a single-tube 

preamplifier with a gain of aboot unity is used. The method of handling the 
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signal beyond the preamplifier is identical to that for the other neutr.on 

detectors. 

"Read.Out" Instruments 

Sem1sutomatic Electrometer. There are several techniques available tor 

the measurement of currents of the magnitude produced by phototubes or ionization 

chambers. When these detecto,s are used in the gamma·ray fields present 

·12 Lid Tank, the output currents are in the range of approximately 10 to 

amperes. The most satisfactory method for measuring such currents 111 either 

with an electrometer or with a direct reading device su~h as II micromicro· 

ammeter. For the purposes of the LTSF, a micromicroammeter was found to be 

unsuitable because of the higb fluctuations of the meter readings when weak 

fields of gamma rays were being measured. In order to overcome th1a d1fficulty, 

a new instrument, a semiautomatic electrometer (Fig. 16) desi,gned by Ii. Zobel 

and P. T. Perdue of the LTSF, was incorporated in the gamma·ray measuring 

systems (Fig. 12). 

The semiautomatic electrometer measurea the current from the gamma·ray 

dosimeters and displays the sigqal on the strip chart of a Minneapolia·Honeyvell 

self-balancing potentiometer (Brown recorder). The system includes device. 

for changing the sensitivity of the instrument (a flute switch), ''bucking out" 

the signal £rom the dosimeter (a modified Rubicon potentiometer), and obtaining 

a continuous recr cd1ng of the dosimeter's output signal (a Brown recorder). 

The flute switch is indicated on the circuit diagram of the semi

aut omatic electrometer (Fig. 16) and is shown pictorially in Fig. 15. The 

original design used a single Ledex rotary switch* for remote selection of 

the proper grid. This switch was unsatisfactory, because the speed of 

*loBnufactured by G. H. Leland Inc., Dayton, CIlio. 



s"'itching and the "'iping action of the s",itch caused variable errors as large 

as ~O mv. The ne'" s"'itch design utilizes 2D-mil, 24-c'U'at gold ",ire for the 

contacts and, instead of a sliding action in make-break, a lirect point contact 

is used. The gold ",ire is used because it develops practically no contact 

potential to interfere "'ith the operation of the instrument. 

As stated previously, the flute s",itch and the electrometer tube (V2 in 

Fig . 16) are located in the aluminum instrument housing. It vas necessary to 

install the electrometer tube in this housing to keep the grid lead short. 

The precision grid resistors tor this tube are mounted on t he flute s"'itch 

cover, thus making a very compact assembly. 

All of the (shielded) cables from the instrument housing are brought out 

to a junction panel through a l-in.-dia tygon tube. This tu'be .. 1e prellur1sed to 

avoid the possiblli ty of the liquid in the Lid Tank leaking into the electronics. 

It .... s a180 found advisable to seal the cables, at the instrument end, with 
.. 

Biggs R-313 resin. This "'as done to reduce gas losses. The gas filling for 

the detector, ",hen needed, is introduced through a separate tube, a180 con-

tained in the tygon tube. 

The Rubicon portable precision potentiometer used in the electrometer 

circuit is a standard instrument ",hich has been modified slightly to adapt 

it for use "'ith the Brown recorder. As shown in Fig. 16, the circular slide

",ire resistor (for fine control) in the potentiometer is disconnected trom the 

circuit and the circular slide-"'ire resistor from the Brown recorder is sub-

stituted in its place. The 15-position step-s",itch used for coarse control 

is retained. The slide-"'ire res istor from the Brown recorder init1ally consisted 

*Manufactured by Carl H. Biggs Co., 2255 Barry Ave. , Los Angeles 64, California. 
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or two 40-ohm rea1stors in parallel, to make it exactly 20 olulla. Since a 

lO-ohm total rea1stance 11 needed to develop 100 DIY across the slide-Wire With 

a lO-mamp bridge current, an additional 2O-ohm sbunt is added acroas the slide-

wire terminals. A l-ohm loop in this sbunt 11 Wled to make the r1nal c.libra-

tion adJustment. Since the original Rubicon circuit used an ll-ohm slide-Wire 

resistance on the continuous adjWltment, it was necessary to add a l-ohm 

precision resistor in serlel Witb the Brown recorder elide-Wire to prevent having 

to change the Rubicon calibration. The original output ot the Rubicon (110 DIY) 

\ was thus reduced to 100 DIY, aince a 1l0-DIY chart was not available tor the 

Brown rec. .... rder. 

When the semiautomatic electrometer 18 used With the gauma-ray ionization 

chamber, as depicted in Fig. 16, the ionization current develops a voltage across 

the grid resistor or V
2 

such that the grid ot V
2 

becomes posltive, and V
2 

conducts. 

The change in the plate voltage creates an unbalance between tubes Vl and V2 

and this in turn is ted through th~ Brown amplifier and balance motor. The 

Brown potentiometer, in II tab1li zing i tlleU, determines the proper voltage to be 

applied to the grid resistor or V 2 to re-balAnce the circuit. The plate voltages 

ror Vl and V2 are :furnished by the 22-l/2-v battery (B-2), and the 1-1!2-v battery 

(B-1) supplies tbe filaments. 

When the semiautomatic electrometer 11 uaed With a photomultiplier 

(PM(A) or PM(B)j, the above discueaion 111 valid but the polarity ot the 

input to the Brown amplirier and the polarity ot the potentiometer must be 

reversed. This is accomplished by incorporating a double pole-double throv 

swi tch all indicated in Fig. 16. 



Fast Decade Seal.er. Figure l' shovs that the output from the thermal.-

neutron detectors 1s recorded on a decade seal.er. 1b1s scaler was chosen for 

its h1gh count rate capacity. A check of its resolVing time (Fig. 19) With a 

• Berkeley double pulse generator indicates a resolving time of about 1.4 paec. 

Th1s 1s suffiCiently fast for tbe applications at the LTSF, since tbe amplifier 

preceding it has a resolving time of only about 2.6 paec. 

~ Integrator. Because at the LTSF fast-neutron dose rates DlU8t be 

measured in the presence of other types of ionizing radiation, it is advan-

tageOUII to determine tbe fast-neutron dose by examining tbe pulses produced 

10 in a proportional counter such aa the Hurst dosimeter. Since tbe pulse 

amplitude, and likeWise the dose rate, 1s proportional only to the number of 

ion pairs formed by the incident radiation, regardless of tbe orientation of 

10 11 the ionizing track, , the dose rate can be determined by weighting the 

counter pulses according to their amplitude. '!his is done With tbe pulse 

1B 
integrator which consists of a pulse sorter and two binary scalers. A block 

diagram of tbe complete system is sbown in Fig. 14. 

'!he pulse sorter is a series of integral diSCriminators vbich feed into 

the scaling stages of a binary scaling system. (A detailed analysis of the 

pulse Borter would be beyond the scopa of the paper. 

cussion tbe reader 1s referl'ed to tbe papers by F. M. 

19 12 
J. E. Faulkner, and E. B. Wagner and G. S. Hurst. ) 

For a complete dis-

lB 
Glass and G. S. Hurst, 

Eacb discriminator 

tube is biased 80 that it Will conduct only for pulses exceeding the level 

* Manufactured by Berkeley Div1Bion of Beckman Industries, Inc., Richmond, 
California. 
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.elected tor that particular channel. The biaa levela uBed at the Lid Tank 

are 6, 10, 1", 18, :50, ~, and 62 v. The leveat level, 6 v, was selected in 

order to diacrlminate apinlt backcround, circuit nOiae, and gamma-ray leneitiv1ty 

in the dOllmeter. By ul1ns a bia. a portlon ot the tast-neutron doae rate i. 

alao loat, but O. 8. Hur.t hal .hovnlO that this loss will usually be .mall. 

The pulle lntlgrator u ... two moditied Higinb( .am scale-ot-6Ii binary 

scalers18 on the output. of the pulae aorter (Fig. 14). Each ot thele moditied 

scalera in turn teed. an ordinary binary acaler followed by a mechanical regi.ter. 

The additional acalers and mechanical registers increase the storage capacity 

of the system. Only the tirst tour stages ot the moditied scalers have been 

changed, leaving the last two stages tor storage. The practice ot having the 

outputs ot the pulse sorter feed into two scalers allevs smaller intervals 

between consecutive discriminator voltages and greater storage capacity. As 

presently used, the four modif _ed stages of one Bealer are driven by the out

put of the 6-, 10-, 18-, and ,4-v discriminators, and thoBe of the other 

scaler by the out~ut ot the 6-, 14-, :50- and 62-v discriminator. Note that 

the output of the 6-v discriminator drives the first modified stage ot both 

"legs" of the scaling c ircui ta. Cou.'lting the output of the 6-v discriminator 

twlce reduces the error in the integrated dose. 

The princ1ple 1nvolved 1n a pulse 1ntegrator of th1s type 1s simply that 

the pulses from the dOSimeter are weighted according to their amplitude, and 

each pulse t r iggers a number of counts in the scalers III proportion to the 

pulse amplitude. The addition of the total number of counts in the four scalers 

gives the integral of the total dose. 
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The upper l1III1t on the tut-neutron tlux in which th1l1 1natl'Ulllent can be 

operated ._ to be dete1'lll1ned by both the Hurat doeilDeter and the binary 

scaler.. In the arrangement used at the IJrSJ', this l1III1t, tor both cCllllPODBnt., 

appear. to be reached 1n a t1eld 01' about 2.1 x lO' er8l/ g.br ot t18lion 'lI8ctrum 

neutron •• In .tronser t1e14l, dUt1cultilll due to pile-up begin to appear. 

Auxiliary IDltr~nt. 

All mea.uremant. at the UMl' are no1'lll&l1&ed to a lIource plate power ot 

5.22 vatt •• ' Since the poIIer ot the llource plate 111 d1rectly related to the 

thermal-neutron tlux 1nc1dent I.I}Xln it, a lIIIIana ot cont1nually lIIOll1torins th1. 

incident flux 11 emplo,ed. It 11 not suft1c1ent to merely no1'lll&l1ze to a CODItant 

reactor power a. the tlux patternll with1n the reactor, and coDiequent~ y within 

the Core Hole, Will vary with the poli t1OD1 ot the control radI. The Core Hole 

flux 18 monitored by a boron-lined ionization chamber located on the centerline 

ot, and within, the Core Hol.e. The lI8rtormance 01' th18 chamber 11 checked 

period1cal.ly by a compari.on with the activation 01' a gold toil, poll1t1ODed on 

the reactor lide 01' the boral IIhutter behind the IIOurce pl.ate. The ratiO ot 

the monitor reading to the gold to11 activation variell by no more than 1.5~ 

trom on' month to the next and ha. remained lntbill 5~ tOr . • l'Ver 1-l/ 2 Y'lar.. 'lbe 

output 01' the ionization c:b.aIIIber 1. ted through a resilltor-capac1tor network to 

a M1nneapoli.-Ho:neyvell .el.1'-bal.anc1ng potent1caeter (Brown recorder). At the 

tilDe the new IIOurce plate (SP-2) vall 1natal.led, the Brown recorder va. adJusted 

to read unity when the Core Hole tlux vas at that level which produ;;ed 5.22 

watt. 01' power trom the aource plate. While data are being obtained with the 

detectorll or gold 1'01111, a continuous recordins ot the Core Hole flux 1a 



di splayed on the Brown recorder chart. With this system, all data are normalized 

t o the "coIllltant " source plate power of 5.22 wath. 

1be mercury pulser i ndicated in the block diagrams in Figs. 13 and 14 ill 

a Det e ct olab precision pulser, Model DZ-16. It is used for calibr ation and 

t esting purposee as discuased in Section I II. ibe pulser output is fed into 

the preamplifier at the test illPut and shaped to simulate the detector output 

pulse . 

ibe logari thmic count rate meter (LCRM) is used to monitor the dose rate 

and i s a useful i ndicator of noise bursts. It is also utilized in the setup of 

the dete ct ors. It is driven by the output of the PHS uni t of t he linear 

amplifier . 

A l i st of the ORNL drawings pertaining t o the i nstruments Bnd circuits 

dis cus s ed in this r eport ie given in Table 1. 

III . OPERATION 

Dete ctor Calib~ation Techniques 

D~t~rmination of Center of Det e ction. Whenever an attempt is made to 

accurately measure the radiation in an attenuating medium, preCise determinatioIIII 

of the centers of de tection of the measuring instruments must be made. Thill be

comes increaBingly important i n media in which the radiation level drops off 

rapidly, i.e., in highly attenuating media. In these media an error of .:: 1 em 

can int!"oduce fairly large errors i n the dose or f lux meas\..Tements. As an 

illustration, an error of 1 cm in t he center of detection of the LTSF fast

neutron dosimete rs can result in an error of about l5~ in the dose measure-

ment . 



Table 1. Drawings ot LTSF !natrumente 

Instrument 

Pulse Integrator 

Binary Scalers (Scale-of-64) 

Pulse Sorter 
002 Linear Amplifier 

Differential and · Integral PBS Circuit 

Logarithmic Count Rate Meter 
Precision Pulser 

Land N Potentiometer 

Fast Decade Scaler 

Semiautomatic Electrometer 

1/2-in. Fission Chamber 

3-in. Fission Chamber 

a-in. BF3 Counter 

12-1/2-in. BF3 (Single-Barrel) 

12-1/2-1n. BF3 (Double-Barrel) 

FN-62 (Hurst - 3 Chambers) 

FN-SO (with Selt-Contained a Source) 

FN-82 (Phantom) 

PM(A) - Anthracene Crystal 

PM(B) - Anthracene Crystal 

50-cc Ionization Chamber 

~-V01~~ Power SuppLies 
Gemma-Ray System 

ThermAl-Neutron System 

Fast-Neutron System 

Preamplifiers 

Thermal-Neutron Detectors 

Fast-Neutron Dosimeters 

CRNL Drawing Number 

Q-762 (Mf'gd. by Nuclear !nat. and Chem. 
Corp .) (Two) 
AtOmic !nat. Co. Model 101-M (Two) 

Q-941 

Q-1593-1-B 

Q-1593-9 

Q-B51 
Detectolab Model OZ-16 

Q-973 
Q-1743 .. 
See Figs. 15 and 16, thi. report 

Q-B46-4,5 

Q-1059 

Q-369 (Detail Owgs .); .Q-954 (Hou.ina) 

Q-804 (Detail Owge.); Q-954 (Houeina) 

Q-804 (Detail Owge.); Q-954 (Hou.inc) 

Q-1381 

Q-1696 

Q-1329 
See Fig. 3, this report 

See Fig. 3, this report 

Q-1809 

Hamner, Model N 401 (!O-2000V) 

Q- 548A( 0- 3OOOV) 

Q-941 (0-2500V) 

See Eige. 17 and lB, th1e report 

See F1ge. 17 and lB, th1. report 



The ahitt in the center ot detection occure because, in moat cape., the 

attenuation ot the aurrounding medium is different from that ot the detector 

i taelt • Thus, the center ot detection will be ahitted towarda or avay trom 

the aource ot radiation. '!bi8 8ubJect baa bee .. treated in a report by B. I. 

HungerfOrd20 tor BF:5 countera, graphite-valled i onization chambera, and the 

Hurst dosimeter. Hungerford calculated the po8ition ot the ~eDter ot detection 

for each ot theBe instruments, basing h1a calculations on the geometry ot the 

counter, the ratio of the collimated to uncoll1mated radiation, end the attenua-

tion c~aracteriatica ot the surrounding medium. 

'!be LTSF has made a Um1ted examination of the possibility ot determining 

the center of detection experimentally. The instruments tested were the 50-cc 

ionization chamber and the PM(A) gamma- ray dosimeter. Instrument readilll!8 were 

60 obtained i n air at various distances from a Co source to permit compari8on with 

an "inverse-square" relationship. Several sets of data were taken at each 

instrument position. The data from these measurements were evaluated by Dr. 

D. A. Gardiner, Statistics Section, Mathematics Panel, who used the method ot 

least squares to obtain an estimate of the distance of the center ot detection 

from the geometrical center of the instrument. '!be model he uaed vaa the 

expression 

where 

SiJ z J-th measurement of the atrength determined by the instrument at 

the i-th distance from the source, 



Z • i-th distance of the geometric center of the detector from the 
i 

source, 

C • a constant, 

a • distance of the center of detection f'rom the geometric center uf 

the detector. 

The prel1m1nary results of this work gave an estimate of a • -0.185 em for the 

50-cc ionization chamber. Two estimates were obtained for the PM(A) correapoDd-

ing to two different methods used to read the instrument current. By using a 

Beckman micromicro&lllJl8ter, a value of a • -0.376 em was obtained, aDd by using 

an electrometer to measure the phototube current, a value of a • -0.675 em was 

obtained. The 95~ confidence intervals associated with these estimates are : 

- 0 .362 to 0 em for the 50-cc ion chamber; -0 .725 to 0 em for the Beckman recorder; 

and -1.28 to 0 em for the electrometer. It must be emphasized that these 

figures are preliminary and that the simpls lOOdel used would not be valid for a 

determination of the center of detection when the detector i s opereted in a 

medium such as vater or oil as is the custom at t he LTSF. 

Since the error intervals on the above measurements do not exclude the 

geometric center of the instruments, and also since experimental data are not 

available for the other instruments in media other than air, the center of 

detection of all instruments is taken at the geometric center for purposes ot 

data evaluation. 

Calibration E!. ~-Ray Dosimeters. In order to calibrate the gazmna-ray 

dosimeters the semiautomatic elsctrometer 1I1Ust first be calibrated. This is 

quite simple and is required infrequently (approximately every two to three 
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month8 unlell8 the equipment i8 lIIOVeIl). The circuit 1_ in1tially balanced by 

attachill8 another potentiometer to the output terminals of the Rubicon 

potentiometer. In thiB vay the output II ot the potentiometers buck each other. 

Wi th both potentiometer8 "on, " the mechanical zero on the Brown recorder ill 

adjusted until at "zero " on the Brown the atandard potentiometer Just reads 

"zero " usill8 a galvonometer tor 'balance, or . null, determination. When thiB 

condition 18 met, the Brown scal.e calibration can be made. The Brown ia 

manually roteted to read 95 to 100 'I1N and the standard potentiometer 18 8et at 

the same readill8. The 2-ohm shunt in the Brown potentiometer is then adjusted 

until the galvonometer is at zero. Each time the 2O-ohm shunt ill adJW!ted, the 

Rubicon must be restandardized. When this adjustment hall been made, ditterent 

points on the Brown and the atandard potentiometers are compared for accuracy. 

This comparison should indicate a variation ot no more than -+<>.1 'I1N. The final 

step in the calibration con8iata of checking multiples of 100 'I1N With the 

l5-position coar8e control dWitch to confirm that the Rubicon potentiometer has 

the same current flow in each sWitch position. If this has changed, the l-ohm 

preCision bridge resistor in the Rubicon must be changed and the entire calibra

t ,ion repeated. This should not be necessary if the l-ohm reaistor has been 

carefully selected. Care must alao be taken in aelecting the two 580, 

electrometer tubes, Vl and V2 in Fig. 16. These tubea must be matched pairs and 

IIhould be aged. If they vary greatly in emisaio,n, it Will be difficult to 

balance the "zero " potentiometer in its range. 

The gamma-ray dosimeters, PM(A), PM(B), and 50-cc ionization chamber, are 

all calibrated against a standard radium source . This source vall calibrated by 
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tile National Bureau or st~ on Jatluar)' 15, 195', aDd toUlld to have a 

Itrength ot 42.4 .:!: 0., mrjhr at a di.tance ot 1 metar. 'lb. illlltrumeDt to b. 

calibrated 111 attacbed to an alWll1n\llll stand and the .ource 11 placed in •• ource 

bolder attached to a ,ruled alWll1nIlll1 rod (Fig. 20). 'lbe cal1brat.1on 18 pertOrmed 

wi th that electrometer grid rell1.tanc. which will allov a realonable range ot 

source-to-detecto,r distance tor tile calibration. Por a PM tube, the source-to-

detector distance 111 varied tram about 50 to 130 em. Por t he 50-cc ion chamber 

this distance is about 20 to 40 em. The illlltrument current 18 meallured on tile 

electrometer at several points through th1ll range and a tactor 18 calculated 

at each point tor conversion ot tile mealured current to th. kDovn t1.lue 4o.e 

rate in ergll/ g.hr. 'lbe average ot thele tactorl 11 then uaed to convert the 

measurements taken in the Lid Tank trom current to do ... 

The 1IlIItrument being ealibrated and the rad1\1111 .ouree are both poll1tiolled 

4 to 5 tt above the floor, depeD41ng on the 1IlIItrumBnt, to m1n1m1ze the eUect 

ot scattered radiation on the calibration. 'lbe baeltground radiation 1. el1m1l1&ted 

by zeroing the electrometer, witll the source removed, b.tore starting the 

calibration. The ill11truments are connected to the power cablell and a lov voltage 

111 applied tor approximately 1 hr betore cal1brating to allov any ill11tability 

due to warmup to settle out. 'lbiB procedure 111 important with tbe gIIIIIII&-ray 

detectors beeause ot time required tor the electl'Ollletar tube. to attain equilibri\1111. 

Anthracene crystals are known to be lIomewhat neutron "IlII1t1v.. However, u 

long as the neutron dose rate at the pc' - t ot mealurement 11 lov cCll,pllred to 

the gBoIlIIIa-ray dose rata, tbe contr1buti~ due to the neutrollll will be '"1'7 • ..u 

compared to the t rue gIIIIIII&-ray dole rate. A detailed .tudy ot th. neutron 

sellllitivity ot anthracene crystala was m&de at Convair, Port Worth, Texu by 

21 K. R. Spearmen. 

• 
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Calibrat10n of Thermal-Neutron Deteetore. The thermal-neutron data taken 

at the DrSF are cons1dered to be somewhat more rel1able than the gamroa-ray and 

fast-neutron data, s1nce fluxes measured with the thermal~neutron detectors are 

norma11zed to those measured with gold f01ls. The f011s used for th1s purpose 

are 1 cm square and 2 m1ls th1ck. Both bare and cadm1um-co'/ered fo11s are 

used, the covers be1ng 20 m1ls th1ck, and exposures are made both wh1le the 

source plate shutter (show in Fig. 1) h open and while it 18 closed. The 

shutter-closed activation 1s subtracted from the shutter-open acttvat10n to 

elim1nate the background. The act1vat10n of the 1ndiv1dual fo11s 111 determ1ned 

by the ORNL Isotopes Div1s10n, and from these activat10ns the thermal-neutron 

22 flux is calcl.>.l.ated by a method suggested by W. R. Burrus. 

Prior to an experiment, gold fo11s, which are held by a luc1te holder, 

are exposed 1n the water of the Lid Tank at distances of 4, 10, 20, 30, 40 and 

* 50 em from the source plate. These d1stances are suff1c1ent to overlap with 

the flux regions covered by the f1ss10n chambers and the 8-1n. BF3 counter. 

The measurements made with these instruments are then normal1zed to the gold 

f01l fluxes to obta1n a convers10n factor. Since the 12-l/2-1n. BF3 does not 

overlap with foil measurements, th1s detector 1s normal1zed to the other 

detectors. 

The procedure followed 1n setting up the thermal-neutron 1nstruments for 

operation is somewhat more complicated than the procedure for the gamma-ray 

* If an experiment is to be performed in a liquid medium other than water, for 
example, oil or borated water, the liquid is contained in the LTSF "configure
tion ''tank, and the fo11 exposures are made wi thin this tank. The configura
tion tank is a steel tank which can be posit10ned with1n the Lid Tank. The 
tank wall adjacent to the source plate contains an alum1num window that 
attenuates the source plate radiation only sl1ghtly. 



do81meters. Maximum warmup time for the preamplifier is allowed. 'lbe fl8l1on 

chambers are thoroughly fluahed with the argon. C0
2 

mixture, and the pressure 

i8 then adjuated to the proper equilibrium value (14 in. Hg). 'nIe procedure 

folloved in the calibration will vary, depending on the time since the instrument 

was previously used. If it bas been uaed recently a shorter setup procedure 

can be follOwed, but if it has been idle for some time the procedure uaed 111 

longer. 

For the proper setup of any of the thermal·neutron detectors, three 

instrument settings, besides the instrument voltage, must be determined. These 

are the gain setting on the DD·2 amplifier, the PHS or bias setting, and the 

amplitude of the pulse generator output. The detector is placed in the Lid Tank, 

or in the case of the BF3 counters, either in the Lid Tank or in a paraffin '~ig " 

containing a Ha-Be source. 'lbe available Ha-Be source does not produce a count 

rate high enough to be used with the fission chambers. If placed in the Lid 

Tank, the counter is positioned so as to give a moderately high count rate. 

The voltage is adjusted to the proper value as established from a voltage curve 

(Fig. 21), and a gain curve with the DD-2 amplifier is then established with the 

PHS bias set at a value somewhat above the beckground level (Fig. 22). A 

suitable gain setting is chosen from the flat portion of this curve, and a PHS 

curve (Fig . 23) is obtained. A PHS setting is selected at some point on the 

flat portion of the curve, somewhat above the sharp break caused by the gamma

ray sensitivity of the instrument . For the detLctors at the LTSF, a PHS setting 

corresponding to a 25-v bias has been found satisfactory. 
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It muat be pointed out that the Uile of the pulse generator only monitors 

changes in the electronics and by its nature can give DO information about 

the condition of the detector. However, most thermal-neutron traverses 

require the use of at least two thermal-neutron detectors, and the probability 

of both failing s1multaneoualy is quite low. Since the data from the dif-

ferent i nstruments must agree in the region of overlap, detector failure 

usually manifests itself by lack of such agreement. 

'lhe detector is then moved to the rear of the tank (away from the source 

plate) where the background count is very low. Tbe pulse generator output is 

connected to the preamplifier of the instrument, and the output pulse adjusted 

to the amplitude which Just triggers the scaler. 'lhis pulse generator setting 

is recorded f or future use because, after the above procedure has been completed, 

subsequent preparation of the detector for use is simplifi ed to merely setting 

the pulse generator and the PHS at these values and then readjusting the gain 

until the scaler Just triggers. If the gain shifts a large amount from one 

setup to the next, it is advisable to run a new PHS curve, or perhaps even to 

repeat the entire procedure. Ordinarily, a check of the count rate at the 

predetermined PHS, gain, and pulse generator settings suffices . 

Calibration of Fast-Neutron Dosimeters. For the initial calibration of 

the FN-62 and FN-82 dosimeters, the output of the linear amplifier i s switched 

from the pulse integrator to the fast decade scaler. By using a Po- Be source 

(appr oximately )0 curies of polonium) and a suitable amplifier gain, a 

counts / min vs voltage curve is obtained and an operating voltage selected. A 

PHS curve is then taken with this voltage and the same amplifier gain. 'lhe 
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amp11f1er ~1n 18 then adjusted until the sharp break 1n the PHS curve due to 

gamma-ray sensitivity falls below the bias level of the lowest discriminator 

of the pulse sorter (6 v). This procedure establishes an aPllMldmate ~1n. 

The detector is then placed in the Lid Tank and positioned in the h1ghest 

fast-neutron field to be measured. Additional PHS curves (l"1g. 24) are obtained 

in this field, and the ~in 1s adjusted until the sharp break in the curve a~in 

falls just below the 6-v level. It may be necessary to measure this curve several 

times before the proper gain is established. The detector is then removed from 

the tank and the output of the pulse generator connected to the preamplifier. 

With the ~in setting just established and the PHS set at 25 v for the FN-62, 

or 6 v for the FN-82, the pulse generator output is adjusted until the decade 

scaler just triggers. The 6-v level is used for the rn-82 because the pre

amplifier in this instrument has less ga10 than that in the FN-62 and because it is 

desirable to keep the pulse generator output in the same range. The values of 

25 and 6 v are used rather arbitrarily because they are known to be above the 

background level. The gain and pulse generator settings ere recorded to facilitate 

future calibrations. The pulse generator is then disconnected, the output of the 

amplifier switched to the pulse integrator and, using the Po-Be source, a series of 

about five dose-rate measurements are made at different distances in air. These' 

are averaged and the factor to convert the counts per minute to the dose rate 

(ergs/g'hr) is calculated. This factor is used to convert the measurements 

taken in .the Lid Tank to dose rates. 

For successive uses of the detectors, the above procedure can be consi der

ably shortened. It will only be necessary to set the predetermined voltage and 
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pulser aettings and, at a PHS of 25 or 6 v, a8 appropriate, adjust the sain 

until the decade scaler just triggers. A large sbift in the gain from one 

calibJ.'ation to the next i8 an indication cf a malfunction in the electronics. 

A large change in the calibration factor indicates a malfunction in tbe detector. 

It is also advisable to recheck the calibration of the instrument after its 

removal from the tank. The calibration factors obtained before and after the 

instrument traverse ahould agree within 5~. 

The initial calibration of the FN-80 is somevbat more complicated than that 

of the other fast-neutron dos1met'ers. After the FN-8o is mounted on the instru

ment calibration stand, the first step is to check the background counts with 

the built-in alpba source sbielded from tbe sensitive volume by the movable sbutter. 

The background sbould be zero, or nearly so. 

trouble is contamination by the alpha source. 

If not, the most likely source of 

As in the calibrations of the 

other instruments, the DD-2 amplifier output is fed to the decade scaler. Then, 

with the counter exposed to the self-contained alpha source, the gain of tbe DD-2 

is adjusted so tbat, at a PHS setting of 70 v, essentially no counts are recorded 

by the scaler. This PHS ,'alue of 70 v was determined by an examination of the 

puJse spectrum as displayed on an oscilloscope. The max1.mum pulee beight appears 

to cut off sharply at about tbis value. Witb this gain setting a PHS curve i s 

obtained using the alpha source. A typical curve is sbown in Fig. 25. 

The next step is to pick a point about midwayan tbe steep section of 

the PHS curve (Fig. 25). For the instrument in use at tbe LTSF this point 

corresponds to a PHS of 67 v and a count rate of about 480 cpm. A pulse 

generator setting that will Just trigger tbe decade scaler for this gain and 

PHS setting is then determined. Thi s completes the setup of tbe instrument. 
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For operation in a neutron field the next step is to double the gain. 'lhill 

accounts for the difference in pulse heights due to alpha particles and neutron

induced recoil protons. An alpha particle produces a pulse of approximately 

tvice the maximum ampl1 tude of a proton-produced pulse. 

The coIIV6rsJ.on factor from counts per minute to dose rate i8 obteined as 

described above. It is aleo good practice to run a PHS curve with the instru

ment placed in the highest field to be measured in the Lid Tank to insure that 

gamma-ray pileup does not occur. 

As in the case of the other instrument., if the detector has been used 

recently it is not necessary to repeat this entire procedure every time the 

instrument is used. A simple method is to use the previously established PHS 

and gain settings and, using the alpha source, to verify that the count rate 

is close to 480 cpn. With the pulse generator adjusted to the previously 

established setting, the decade' scaler should then Just trigger. The use of 

both the pulse generator and the self-contained alpha source gives tvo independent 

checks on the proper functioning of the system. 'lhe pulse generator is a check 

on the electronics and the use of the aJ.pha source checks the operation of the 

complete system. If these checks indicate proper functioning, only the conver

sion factor from the Po-Be source' must be obtained. 'lhese conversion factors 

should be fairly constant from day to day. 

Ranges ~ eysteme 

The maximum nnd minimum radiation fields measured with the detectors des

cribed in this report are shown in Table 2. 'lhe upper limit on the ranges of 



'nable 2. Ranges of Sensitivity of Various Detectors at Indicated Preaaurn 

Detector 

PM(A) - Anthracene ~ystal 
on a RCA 5B19 

PM(B) - Anthracene Crystal 
on a RCA 6655 

50-cc Ionization Chamber 

Gold Foils (2 mil; 1 cm2 ) 

1/ 2 in. Fission Chamber 

, in. Fission Chambers (A 
and B) 

B in . BF, Counter (A)*** 

B in. BF, Counter (B) • 

12-1/2 1n. BF, Counter 
(Single Barrel) 

12-1/2 in. BF~ Counter 
(Double BarrH) 

FN-62 (Three Chamber) 

FN-Bo (with Self-Contained 
a source) 

FN-82 (Phantom) 

Gas Pressure 

14 in. Hg (Argon-c02 )* 

6 cm 2 cm Hg Argon; 
Hg B1Op, 

2 cm Hg Argon; 6 cm 
lID B1Op-, 

2-1/2 cm Hg Argon;* 
12-1/2 cm Hg B1Op, 

Each tube: 
30 cm Hg (B1Op,)** 

1 atm (Ethylene)-

1 atm (Ethylene) .... 

1 atm (Ethylene)** 

*Denotes seae press1lre. 
**Denotes absolute pressure. 

***Not used. 

Approximate Range of Sensitivity 

2 x 104 to 1 x 101 ergs/g·hr 

6xl02 t02x 

>5 x 104 to 1 x 

00 to 5 x 

2 x loB to 5 x 

100 ergs/g.hr 

101 ergs/g.hr 

10' neutrons/cm2 .sec 
4 2 10 neutrons/cm ·sec 

, x 10' to 5 x 100 neutrons/cm2 .sec 

7 x 104 to 7 x 101 neutrons/cm2 •• ec 

4 x 103 to 1 x 10-1 neutrons/emF . sec 

lxl02 to 1 x -1 / 2 10 neutrons cm ·sec 

5 x 101 to 1 x -2 / 10 ergs g'br 

2 x 102 to 'x -2 / 10 ergs g.br 

7 x 10' to 5 x 10-1 ergs/g.br 
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the fast-neutron dosimeters 1s determined primarily by the gamma-ray dose. ~i. 

llm1t 1s al.eo saoewbat determined, by the resolution of the counting equi:pment, 

but it 1e usually the effect of gamma-ray pileup that is predom1nant. ~ 

upper llm1t for the thermal-neutron detectors 1e determined by the resolving 

time of the fast decade sealer. 'nle upper l1m1t for the photcaultipl1er systems 

is determined by the well-known ga1n shift in high t1e~; the UJ)pIIr l1m1t 01' 

the 50-cc ionization chamber 18 not reached by the gamma-ray 1'ielda encountered 

in the Lid Tank. 

~e lower l1m1t of these instruments 1B determ1Ded pn-rily by the lIIIIOunt 

of time one is willing to spend on taking deta for ODe point. 'Dle practice 

followed at the LTSF 1B to l1m1t the _xim!!m tim for one shutter-open l"NIIUng 

to about 15 min. ~e time for the correeponding Ihutter-closed reading would 

be about 5 min. ~e shorter time for the shutter-closed readings is permis8i

ble because the ratt o of shutter-open to shutter-closed readings is about 20:1. 

This means that a fairly large error in the shutter-closed reading will have 

onJ.y a small effect as the final data are obta1ned by subtracting the shutter

closed from the shutter-open readings. 

~ Rel1abil1ty' Estimates : Poseible Sources of Errors 

'DIe errors in the LTSF data are sOllllnlbat depenllent on the type of data 

being taken and the type of shield cOn1'igurationthat 1s being Urlestigated. Aa 

stated previously the thermal-neutron data are the molt reliable becaU8e of the 

more accurate method of calibration and a better underltanding of the rellpCllllle 

of thermal-neutron detectors 1n mixed 1'ielda of radiation. ~e accuracy of 



the calibration of the gaIIIlI&~ray and faat .. neutron detectors il dependent on the 

linearity of the energy response, the calibration of the standard sources, and 

pe.rticu1arly, the validity of performing the inst~nt calibration in air whi1e 

the instruments are to be used in a different medium. '!h1ll atter question 

shou1d be resolved when the center of detection shift in the medium 18 

determined. 

The statistical errors can be held to a low figure by merely ~!lg long 

counts. '!he practice at the L'l'SF is to keep this error to about !2'f. when the 

count rate is high enough to obtain this accuracy in a reasonab1a 1e!lgth of 

time. Behind high1y attenuating shield configurations the field stre!lgths 

may be too low to allow this accuracy. 

One of the main factors favoring the reliability of the L'l'SP' thermal-

neutron data is the reproducibility of these data. In the region also covered 

by gold foil data, the reproducibility of the data taken with thermal-neutron 

detectors is about !5~. In the wealter fields more distant from the source 

p1ate, this figure 111 about !l~. '!he reproducibility of the gIIIIID&-ray data 

is approximately !l~ throughout the r&!lgI of the detectors. '!he over-all 

figure for the fast-neutron detectors 111 approximately !l~ to !15~. '!hase 

percentage errors include the errors 1Jlherent in measurements of the pod tion 

of a shield configuration in the Lid Tank. '!he errors in the so-called 

"standard curves" in water, borated water, and oil would be somewhat 1e88 since 

DO shields were present during these measurements. 



Appendix A 

Calculation of the Field Tube Potential of the 
FN-80 Fast-Neutron Dosimeter 

With the proper ratio of voltages applied to the center Vire and the field 

tube of the FN-80, the sensitive, or effective, volume of the chamber is 

defined by the region indicated in Fig. A-l. This volume can be calculated from 

the geanetry in Fig. A-l and turns 0l.\t to be roughly 60 cu em. 

.~ r-- (. 625 in. ---l 
~ t ~ 
~ Field Tube 2 t .~ 

'" 1 ~ 1 
{2-mil-dia .riZErreeliVe I '" J Center Wire I Volume 

I 
Fig. A-l. 

1be voltage required at the center Vire of the detector is a function of 

the gas prellsure. For the 1 atm. of ethylene used at the LTSlI', a center Vire 

voltage of 2420 v has been selected. '!he procedure utilized to determine the 

ratio of center Vire voltage to the field tube voltage haa been deecribed by 

Loeb2} and outlined belovo Since the field tube potential must be the same ae 

would exist at the same point, due to the center Vire voltage, if the field tube 

vere not present, we obtain from Loeb : 

(1) 
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where 

Vo • voltage on center wire, 

V(R) • voltage at any point R with outside of chamber grounded, 

a • radius of center wire. 1 mil, 

b = radiull of ground electrode. 1.687 1n./2, 

r a radius of field tube. 0.228 in./2. 

Therefore: 

V(r) = V(O.114) • Vo 
10 1.68

A 0.22 • 0.297 V 10 1.687 0 
0.002 

or 

V(r)",O., V 
- 0 

lienee, the field tube voltage is approxilztel,y 0., times the center wire 
voltage and, for the detector used at the IJrSF, a field tube volt&ge of 

(2420) (0.,) ~ 725 V is used. 
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