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I HTR OOUCT ION 
--__I 

mo t o  thr groat t a d l o t o x i c i t y  
of plutonium, accutr to  and rap id  
arrarsment of the q u a n t i t y  and loca- 
tion of plutonium lnatarfol prorrarlt 

i n  n vound must be hado In order  t o  

determino u C O U ~ O Q  of action, Hoot  

commonly 8 t h i n  NaI(T1) c r y s t a l  

w u n t u d  on I low-noise photomul t i -  

p l l u r  t u  used t o  l o c a t e  tha  mate r t a l  
ln A wound, 

ltnvuver, II rirnple r c l n t i l f a t f o n  
d o t e c  t o r ,  a1 though qui  t o  rcnr 1 t i va  , 
doar  not Rive adequate in!-rrnatfon 
I N  t o  the locdt ion of  lnbsddctd ID . ,? -  

@ r i a l ,  I t a  uar r s a l i z a r  rrorcmrrbla 
X - Y  r e e o l u t l o a  but n3 d e p t h  lnforma- 
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Invostlgstorr 
K. L, Swfnth 

cion, Improper loca t fan  o f  imbedded 
material prior t b  axciaion can t p -  

ru l t  i n  further rprrad o f  tho con- 
taminant w i t h i n  tho  wound vel1 ar 
unnecersrry t reum,  

The rocent incroare of intetast 
i n  r o l i d  s t a t e  de t ec to r ,  end lmpro- 

vpld prrformance e t  low e n a r ~ i o r  
uuggast thrir uoa i n  wound counting. 
The l i th lum-dr i f tod  e l  l fcon or ger- 

manium d e t r c t o r r  can rcrotvo tho L 
X rryr of plutonium from v h i c h  tho 
depth of r n  larbadded rourca cAn be 

e i t i i e t e d  b y  the d : f f e r r n t i e l  sb- 

r o r p t l o n  of tho X rayo ,  Tho Rsnerrl  
fvr turor  o f  drlfted d r t r c t o r r  qra 

d f r c u r r r d  in r r l a t i o n  t o  uound coun- 
t i n g  and t h y  a t e  cowporrd t o  rodium 

t 
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i od ide  and e u r f ~ c e - c o n t o u r e d  de t rc -  
(1) tocrr 

OISCUSSIOH 

239Pu i r  g e n e r a l l y  detected by 
t h e  emismion of i t r  daughtar ' r  t h r a r  
L X rayr e t  13.6, 17,2,  and 20.2 kaV. 

A t  t h a r e  enargfer  t h e  absorp t ion  
coaff i c i e n t  cf t i s s u e  v a r i e s  r a p i d l y  
and the r e l a t i v e  i n t a n r l t i s r  of t h e  
X rays gfva an i n d i c a t i o n  of t h e  
ament of in te rpored  tissue, Pre- 
r e n t l y  ured NaX(T1) d a t r c t o r r  will 
no t  rceeolve t h e s e  X royr; howaver, 
urfng r o l f d - r t a t r  d e t e c t o r 8  with 

raoolu t fon  ruch 08 t h a t  shown in 
Piguro 1. The ryrteaa r e a o l u t i o n  
i o  0.7 lcaV arrd 0 . 8  Lev f u l l  width 
a t  half  mbxirnupr (WlM) for  t h e  
2 4 2 ~  (daughter of 2 4 1 ~ u )  ga 

a t  2 6 . 4  kaV and 5 9 , 6  Lev, rarpect- 
J 1ly. 

coolsd QrCl&BlQlifferU groducu8 f in8 
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There g a m a  ruyi ,  prrf icnt  i n  811 
p l u t o n i w  68mplfM, produce, intenet- 
t i e r  vdryirg w i t h  t h e  sample i r ra-  

rrr t ion,  ( 2 )  ;$; t Ilougtr tioc r e r o ~ v d  
d i a t i o n  hir torv  : I l l ( !  t f n t r *  t r i t l C @  rep- 

Iron t h e  23'lp, X-rays, 241kp 8160 

r d t r  L % rays,  Thir C b U S e l  t h e  x- 
try i n t e n s i t y  t o  W r y  with 180tOpiC 

composition, 
Figure 2 Y h W O  the ~ a l c u l a t r d  

i n t e n s i t y  o f  t h e  X rryr rbove r 1 cm 
unffotm l i n e  rou rce  imbedded i n  t l r -  
OW a t  on engle  of 4 5 ' .  One can m e  

t h o  v r r i a t i o n  i n  i n t e n r i t y  of  t h e  
thrre X r a p  w i t !  depth,  Thir var- 
f r t f o n  cbn ba urrd to errtimate the 
averree depth of 3 rource r f t r t  a 
mathod f f rr t  drrcribed by H,tc Pal- 
sat, e t  81, (') Tho depth  of t h r  

l a t e d )  a8 1 uma l a r e  than m squiva- 
h n t  po in t  source  placed r t  t h a  avo 
orage gaomtricsl  depth,  This r#- 
rultr i n  an undsr-retimat;on t h e  

l i n e  8 O U r C U  be merrurrd (c#lcU- 

0 0 1 2 0 1 5  



8t vrrfour d e p t h  und ~ @ l e r  e llourcrr 
of thir geobetry ifera urrd be* 
cawe they wrro e u y  to  mako and 
rrmad to bo 0 tal)$on.blo rhulrtfoa 
of fino rl ivrte  o f  wt&The 80urce8 

tvrn though 'thr brclrgtound 
ftm 10 keV t o  ~ 70 keV WII  only 

017 CV, t3r 10lv 80mat t i~~ l  ~ f f i ;  

The brok#routrd rater r t  the X-ray 
energier were 1,2 countr/rinr a t  

1.0 cpm r t  20.2 luv .  
13,2 keV, 1.4 CP a t  17.2 trrV and 

exponent i d 1  curvar, v i  th increwla# ~ 

grovtrfcrl 18118the HOYwet, no 
r f p f f i c m t  chrnle i n  tho rlopo of 

0' -*t* 3 rhwr rroultr obtrinrd the trtior vao n o t d  and urtn) the 
- uith 0.5 eo, l h e  rource frkclfnrd rvorr8r wporuatfr l  1 ~ 8 t h  rather 

thrn tho geoutrlcal lrnlth brou$hf 

tor purpiaea o f  rtmplfcfty, the 
average grouttical lenath fr &e- 

rV@trge grol~rtricrl depth, Althoufi quate to detemfnr d6gtb for rourco 

tha Curver fntc COifiCfd8!N8, 

Imgthr UP t o  about 1 ~ . r  Hot. that 
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0.87 cm rreperate tho 13/20  curveu 
for a point and 3 c 6  l i n e  rource. 
vhiie the separation ~e tuaen  a 1 cm 
line source and po int  iource i u  laor 
than 0 . 2 5  cp1 but greater than the 
b.1 cm Indicated by prevlour calcu- 
lat ionr,  The e f f e c t  is l e sr  for the 
other rat ior , 

Figure 4 8hwrr resulto 8imiIar 
to Figure 3 f o r  a 1 cm l i n e  ~ o u r c u o  
S t a t i s t i c a l  d O V i k t i O n 8  do not appear 
on the prsvfous figuzao; however, 
one does nard to h o v  rornethfng 
about the ~ t ~ t i i t i ~ d  arrori i n  
order to  rvoluotr tho ~cethod, P i p  
tire 5 uhwr the standard dtviat ion 

1.0 

4 
c * a 

DovCatbw for 
Ratio8 a8 a 

of thr rat io  plottod II a percent of 

the main ratfo f o r  a 0.5 cui line 
B O U ~ C I  of 0,145 uCf counted la r 
horfrontrl porition fo r  20 (ZflYitW, 

The r r t l o  o f  tho 17/20 kcV X rayr 
rpprrr to br r t r t f r t l c a l l y  better 
except r t  low enrrrgiec vhrre the ra- 
t i o  of the 13/17 keV X rays bwomr 
more frrvorabh, Thir arcdr to bo 
interpretad f n  l lght  o f  tho doper 
o f  the rat io  C U N I ~ .  Figure 6 r h r  
the qtandlsrd deviation la  lplp a8 

interprdtcd frou the rlope of the 
ratio*. We nw uee that the ratio 
of thr 13 /20  kaV X rryr i r  uniformly 
mor. favorable a8 long a8 there are 

e m u a h  countr i n  t h  X-ray prrk8. 

i n i r  f igure  indicate0 that  the art- 

er ia l  lmbrddad at  an averago derth 
of le88 than '5 ID" cb!. be 1ocar.d 
v i t h  an accuracy of  t O , 5  PD in 95% 
or tile camm. r a m  rr&tiue ac- 
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of about 1 cm, bu t  beyond t h i r  
t h e  accuracy d e t e r i o r a t e s  r a p i d l y ,  
One ault r e c a l l  that a d e v i a t i o n  
grertar t h a n  t h a  r t a t i r t i ca l  error 
f r  caumed by t h e  e f f e c t  o f  using t h e  
geomatrfrrl a v o r a p  depth for l i n e  
ro~rcem. 

Surface  c o n t r i m t i o n  or  rLIPIlar 
Chdng88 In t tw d i r t r i b u t l o n  of rc t i -  
v i r y  w i t h  depth  CIUIUI lrnportsnt 
e r r o r 8  i n  tha eitfmtiun of e f f ec -  
t i v r  depth,  U i t h  an Q q U f V r l c I i t  

mount of r u r f a c e  con tamimt lon  prr- 

8 8 n t ,  a 1 CIS Lou# ro\irie a t  45' wlrh 

a n o w 1  averego gooeotrlcal depth  
o f  0.37 a, w i l l  have .Mured 
depth  of  O,l5 em. 

Figure 7 rhwr t h e  r r t i r f t f v l t y  
v r r i u t i o n  v f t h  dep th  f c t  t h e  241h 

8- rry (60 Lev) and for  t h r  sua 

of t h e  th ruo  .Y rays, A i  noted on 
t h e  f f g u r a ,  v a r i a t l o r u  fa both  depth  

err occur.  Using t h r  data 

ohwn on t h l r  f i g u t e  we can celcu- 

Late "Hinimum Detectable  ILmOcnt" 

(KM)(') of 0 . 2 5  n c i  f o r  ;rurfac:J 

contamination and 8.5 nC1 f o r  r c t l -  
v i t y  e t  2.0 cm depth,  Of courae r.c 

t h r r e  l e v e l s  i t  would not  be purri- 

b l s  t o  ube t h e  ra t io  of t h e  cppr o f  

the  X rayr becawa o f  s t o t i r t i a l  
conr ide rb t  ions . 
S M R Y  AN&& COF4fLUSIONS 

For wound countlng, one aedr 
a d e t e c t i o n  u n f t  khich w i l l  r a p i d l y  
ahow t h e  l o c a t i o n  and m o u n t  of  pu- 

re t ia l  i n  8 mnner vhlch  can be us- 
ily j n t e r p r e t a d ,  It opurt b r  able t o  

V I  

dtrg 68311 6-7 

0 0 1 2 0 1 8  
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di f f ersnt i r te  awltipla sources 8t 

various depths a d  the amount and 

dirtributlon of surfme contrmira- 
tlon. None of the  present detectora 
provides the desired degree of in- 
formation; hoVevt*-, the rdvrnces 
aadc u i th  s o l i d  tltate detcctorr per- 
m i t  the additiou of awre information 
to that presently available.  

the NaI(T1) s c i n t i l l a t i o n  drtsc- 
tor u l l l  probably resiatn the wound 
counting u n i t  of choica for a w e  

tiate bttcaunoc! of its 8 d e q u ~ t s  infor- 
mation and i t a  low c o s t .  For a typ- 
i ca l  XJoI(T1) u n i t ,  an YDA of 0.1 

Is possible v h a r c ~ u  ve have nC i 
r a m  thnt on P?DA of 0 . 2 5  nCi resul ts  
from using the l ithiua-drifted a i l -  
icon detector.  A surface-contoured 
Clods held a t  opproximtaly 2.4 em 

from the wound can detect  an HDA of 
about G O  nCf, This 2.5 cm repre-  

rents about the Y~CCDQ distance a8 

r e q u l r c d  by cha lithium-drifted rL1- 
i con  detector t o  the s o u r c ~ ; h o v a v ~ r ,  

t h e  surface-contoured diode can br  

p laced  tauch clolocr t o  the wound, 

ttrur compensating for i t a  luu fn- 

(4) 

t c i tls i c  cfr  i c i c n c y .  
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:@PRESStW OF PART14 ENEffiY NWSITIb# EVENTS IN A SOLID STATE DEfECTOR 

I NT ROOUCTI ON 

The masking of w u k ,  lou energy 
2-a rayerr by t h e  background coittin- 

w ; m  r e s u l t i n g  f r o s  highrr energy 

glsmms r a p ,  seriously limits t h o  UIDO- 

fulnesi of s o l i d  r t e t a  dtmtsrctotr i n  
g m  ray  spcctrorcopy. Reduction 
of t h e  continuum froa h i i h  energy 
gaaw r a y r  aid8 i n  tho i d e n t i f f c a -  
t ian md q u m t i f i c o t i c n  o t  iaotopas 
with waok,low energy g m  raMirriona. 
k a t  of t h i r  continuurn r e s u l t @  from 

Coaptcln in tcrsce ions  In ehr datec-  

tore the:a;lclve.o QCJ In n e s r t y  EA- 
tarlsalr. Recent work cuggosts t h a t  

t h e s e  i n t o r a c t i o n s  occur i n  the d a d  
l a y e r s  of s o l i d  s t a t a  datactorrr, ( 1 , 2 )  

The  i n t a r s c t i o n  of gama rays 
and t h e i r  aecondrrry a l r c t r o n a  i n  t h e  
d u d  l a y a r e  (poor ly  cowpanaotod re- 
gions)  of the diode r e a u l t r  i n  pul- 
ses w i t h  a a l w  rfse-time compo- 

n c n t .  Trapgin8 and c a r r i e r  recorn- ( 3 )  

the ca- 

InvsrL,gatorr 
X .  L. .SUi)ath 

l i n a i i o n ,  enhanced I n  t h e  dead l a y e r  
due to 8 week c o l l c c t l n g  f i a l d , c r u r a  
a lor8 of collactad charga and 8 

olaw rirr-t ima pulre.  Brcrurr of 
t h i 8  l o r $  of collocted ch.rge,pullrer 
of reduced amplitude r a u l t  vhich 
are not p r o p o r t i o n a l  t o  t h a  aaarw 
dcporited by tho  primty rvmt, thuo 
degrading thu anergy rp8ctrum. Strn- 

d r r d  pulse-shape dirctioPin8tion tdt- 
niquee con r e j e c t  pula- w i t h  auch 
e l w  rise-time components. 

Thia, prpsjr darcribam t h e  w a r -  
a l l  r e o u l t e  obtained u r l n g  both 
pulse-rhapa d i e c r i m i ~ t i o n  and anti- 
coincidence corrnting wi th  8 rJ l id -  
o t r t a  d e t e c t o r .  Tho following paper, 
**Developwnt of Pula-Shape Dlrcrim- 
i n r t i o n  C i r c u i t r y  f o r  Supprarrion of 
Par t ia l  Enargy Depooftion EVIIICD", 

by N, C. Hoit ink and L. D. t h i l i p p ,  
d o s c t i t 4 i  c i r c u i t r y  davalopcd for 
thoro axparinants .  

00 t 2 0 2 0  
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01 SCUSSI ow 
pot (IC t or 8 

The rtnall r o l i d  r t a t e  d e t e c t o r  
usad i n  thaoo r t u d i a r  h i #  an i m a  of 

2 110 uxn and i d r p l e t i o a  depth o f  2.4 
mlll imetara .  A t  tho 1.33 HaV 6oCo 

l i n e ,  t h i r  d e t e c t e r  achieveo a rea01 
l u t i o n  of 5.0 kaV WM3 with  8 park 
to  Compton ratio of 211. The de t r c -  
t o r  o p s r a t s r  wi th  an appl ied  r h o  
t r i c  f i e l d  of 950 V/cm; ha8 a d f -  
fusod region of about 0.3 rmp and an 

undapleted region o f  about 1 us. It 
rmunte i n  B ea tks l l i t e  dewar on a 

17.8 cm (7  In.) coppar co ld  ffngax. 
A 5.72 clco (2k i n , )  ou te ide  d i tma te r  
vacuum c o n t a i m n t  rhrooid oL 0.483 
wm (0.019 in.) aluPotnum cover8 the 
d a t r c t o r  which i r  2 cm frm t h e  end, 

The ant ico inc idence  d e t e c t o r  
c m p r i u e e  a 20.3 CP (8 i n . )  dimetar 
by 30.5 cm ( 1 2  in.) long codiusa io- 
d i d @  annulus w i t h  a 6 . 3 5  ern (24 i n . )  

ino ida  diotsetar t u n n e l  w i t h  oluainum 
wollr 0 , 4 8 3  zpm (0.019 i n , )  t h i ck .  
The ctr.nul'ts c p l i t o  langthtriee a long  
i t a  axis t o  form o p t i c a l l y  i s o l a t e d  
halves aach v i c d e d  by t h r e e  RCA 8053 

fw photoaru l t ip l le r  tube8 w i t h  magnetic 
D 

- 
s h i ~ l d a ,  SamWhmt rimilrr t o  t h a t  

111- described by K. L. Aubla,  e t  a l .  , 
t h e  annulus wnsi scilitctod bacauea of 
i t a  v e r s a t i l i t y  f o r  general purpoue 

count fng. (') Although i t  can be usread 

a8 a pair  epcctrmsrer, f o r  h i a h  

levo1 counting wi th  an rr<tornd 
8oUmx,  o r  f o r  genera l  co inc idraco  
counting, t h i s  paper d i r c u r r o r  only 
Ita ure 80 an a n t i c o i a c i d r n c r  detoc- 
tor  wi th  an i n t o r i o r  rourco. The 
r e r o l u t i o n  of t h l r  d e t e c t o r  for  a 

c e n t r a l l y  locrtrd iou rco  of corium 
10 11% RJHN. F f s u r r  1 l l l u r t r a t o r  
t h e  mt i co inc idonco  rnnulur and the 
r a t r l l i t o  dwrr rhowin8 t h o i t  tola- 
t i v e  p o r i t i o n r .  Tho d w r r  and t h a  
an t i co inc idenc r  d r t r c t o r  mount hori- 
r o n t a l l y  inv ide  a 10.2 cm (4 in . )  
t h i c k  lead ohla ld  wAth i n r i d r  dimon- 
riano of 91.4 car (3 f t )  long, 30.5 

ca (1 f t )  high m d  40.6 ca (16 in.) 
wida. Both tho  d w a r  a d  t h r  anti- 
coincidenca dotoc tor  are twck 
w u n t r d  so t h a t  they m y  br  oaa i ly  
w v o d  i n  end out  of tho r h i ~ l d ,  

!2l&wuY 
An mentionad praviour ly ,  d i r -  

curaion of t h r  pulrr rhapo discr im-  
i n a t i o n  c i r c u i t r y  i8 preoantgd by 

I t 1 1  L I D  V I 5 1  I u a l t  
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N. C, Hoi t ink  and L, D, P h i l i p p  i n  
t h e  n u t  paper  of t h i o  r e p o r t ,  

I n  t h e  gene ra l  b lock  diagram of 
t h e  experimental  8yrtslap F igure  2,  

t h e  l i n e a r  a m p l i f i e r  g e n e r a l l y  opr r -  
ate8 w i t h  equa l  i n t e g r a t i o n  and d f f -  
i t a t e n t i a t i o n  t i m r  c o n o t m t r  of e i g h t  
t en th8  of r mlcrodacond. S ince  t h e  
l o g i c  Output of the pul8.-8h8p@ dfr -  

crimlar;t ion c i rcui t  i r  d e h y c d  about 
3 ofcroracondr  wi th  r s r p s c t  t o  t h e  

f n p u t , t h r  an t i co inc idence  l o g i c  R I R -  
n a l  wit also be delayed. 

RESULTS 

Coun t ing  b a e  dona using  an in-  
t e r n a l  tsource ga41matry. Bacaure of 
tha  r a n s i t i v i t y  of tha anti-Compton 
d e t e c t o r  and t h e  10p1011 volumao detec- 

t o r  a v a i l a b l e ,  i:hia r equ i r ed  low 
leve l  nourcea rmd long count in8  
tlmrr, The prweantcnd d a t a  r e p r e r e n t  

two d i f f e r e n t  fdOUfCe8, 137Cr and 

NU$ 0680782-2 
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59pe, t y p t c a r  of t h e  energy range of 

interest t o  mort i n v r r t i @ a t o r r ,  The 
u a r  of  59Fe i . 1  preference  t o  6 o C ~  

(both have r i m i l a r  gunna r a y  ener- 
girr) p a w i t t e d  rurier i n t e r p r a t r -  

r a y r  from "Pe are no t  i n  co inc i -  
dence w i t h  one another .  

Figure 3 rhwr r e r u l t r  ob ta ined  

u r i q  t ho  "Pe rourcc  with p l o t r  f o r  
t h e  percent  r educ t ion  i n  t h e  Coapton 
d i r t r i k a t i o n  w i t h  p ~ l r t .  r h rpe  d i r -  
c r i r n i m t i m  810ne, wi th  a n t i c o i n c i -  
dance, and a180 wi th  t h e  p u h e  r h r p r  
d i r c r i rn ins t ion  p h r  an t i co inc idenc r ,  
A l l  d a t a  o r e  c o l l e c t e d  f o r  r q u l  
count r a t e r  in t h e  h i a h  8nerBy pho- 
topeak, The average r educ t ion  in t h r  
Compton d l o t r i b u t i o n  froa 100 l u V  t o  
550 krV with  p u l r e  ohape d i ~ c t b h a -  
cion on ly  i r  13.5%, Ovrr t h r  o u w  

enatay r q i o n , t h e  reduct ion  w i t h  on- 
ly the anti-Coaipton b l r n k r t  i r  73%, 
whi le  uring bo th  tho  p u l r e  chapr  
c l l rc r imina t ion  and r n t  i-Coarpt on 

blanket  the reduct ion  i r  81%. I n  
t h 8  energy reg ion  from 550 keV t o  
600 koV,  roduc t ion r  of bX, 81% and 

8 5 %  ware obtained u r ing  p u l r e  el.ape 

d i sc r imina t ion  only ,  r n t i c o t n c i d e n c e  
o n l y ,  and pulre rhape d i r c r i m i n a t i o n  
p l u r  t h e  an t i co inc idence  b l a n k e t ,  

r r r p e c t i v o l y .  T o o t 8  wi th  tho  c i r c u i t  
of Alexander and COUldfn8 werr i n  

a s r r n t i r l  agrorrnrnt over t h f r  ener8y 
r rnge A d i p  i n  t he  r educ t ion  a t  

t ion of t h e  8Q.Ctr8 8 h C O  t h e  
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low rnorgiaar r e r u l t r  from t h e  back- 
r c r t t e r  peak whi le  a rimilar d i p  a t  
h i a h  ene rg ie s  occura i n  t h e  region 
of t h e  Cocapton adge where t h e  a n t i -  
coincidanca s h i e l d  lore8 i t s  effec- 

t i vane re .  In  general, t h e  reductions 

from t h e  ont ico inc idence  eh ie ld  and 
t h e  pulee ahnpe discr iminnt ion  arc 

not  q u i t e  a d d i t i v e .  F igu re  3 ln-  

d i c a t c a  t h a t  for "Fa primary pho- 

totlr, pulse shape d l r c r i m i n 8 t l o n  
l o s e r  lmportrnce above approximately 
700 keV, 

S imi l a r  rrcLrlts uora obteined 
137 for 8 C8 rource. AVetag8 raduc- 

t lonr  of 8X,  82X and 87% wtwe ob- 
t a ined  i n  t h e  anergy reg ion  frm 100 

krV t o  650 krV u r i n g  p u l r r  atup8 
d i r c r i m i n a t i o n ,  t h r  a n t i c o i n c i d r n c r  
mode, and t h e  combination modo, re- 
rpec t ive ly .  Pulrr rhapr  d i rc r i - i tu -  
t i o n  doe8 not appear e f f e c t i v e  abovr 

350 kaV i n  t h i s  care.  I n  t h e  anergy 
range of g r e a t a o t  c f f r c t i v e n e r r  (100- 

350 keV) t h e  avorrgr  reduct lon  u r i n g  
pulse-shapa d h C r i m i M t i 0 n  i o  11%. 

One would also  exprct  t h e  pulro 
rhape d l rc r fmina t ion  technique t o  be 
dopendant upon tho  amplifier rh rp lng  
time conetantr .  With longer timo 
conr ton t r  t h r  b o l l i r t i c  d e f i c i t  dr- 

creasaa for  p u l r r  v i t h  a r l w  rime 
t i m r  component r a r u l t i n g  i n  t h r  
PPovatnent of tha r p e c t r u a  of rlav 
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rise tiara p u l r r r  toward higher  ener- 
$ i @ P  . ('I Figure 4 dstponrtrs tar  re- 
r u l t r  obtained i n  t h e  pulra-rbpe 

d i n e r h i n a t i o n  mode uring two d i f -  
f e r e n t  a m p l i f i e r  ti- cnnrtantB and 
a 6 @ ~ o  rOutCea ~ h r  lover curve re- 
ruler f r m  equal  i n t e g r a t i o n  and 
d i f f e r e n t i a t i o n  t b  c o n r t a n t r  t j f  

0.8 U Q ~ C  wh i l e  1.6 urec time con- 
r t a n t r  r a r e  u8sd t o  o b t a i n  t h e  upper  
curve, Tho average reduct ion  uring 
t h e  0.8 ue6c time cons tan t  is 11.5%, 
w h i l e  t h a t  f o r  t h e  1.6 u ~ a c  t ' ue  
cons tan t  ir 14.5%. S i m i l a r l y ,  time 

c o n s t a n t i  of 0 . 4  U E W  and 3.2 USQC 

r a r s u l t s d  in reduct ions  of 10.5% atad 

1 6 . 4 2 ,  r e spec t ive ly .  
T e e t r  dere  a180 conducted t o  

d e t e r n i n e  t h e  e f f e c t  of varying t h e  
e l e c t r i c  f i e l d  a c r o ~ a  t h e  i n t r l n r i c  
rtrgion. S i g n i f i c a n t  v a r i a t i o n r  in 

1 t h e  percent  reduct ion by pufoo-eh~pe 
! 
1 d i r c r i m i n s t i o n  were not oboarved 
1 uhan  t h e  f i e l d  was var i ad  in rtaprr 

i 

I 
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from 500 V / c m  t o  12SO V / c m .  
PigUrt 5 rhovr an energy apec- 

trum of 137Cr without c o r r e c t i o n  and 
one w i t h  both pulbu ahape diecr imi-  

n r t i o n  and an t ico inc idence  moder of 
opera t ion .  

The value of t h e r e  methods in 
reducins  t h r  continuum is obvious 
from t h i r  f i g u r e ,  A spectrum f o r  
r n t  i co inc idrnce  i r  n o t  included 
mince i t  tend, t o  merge w i t h  t h e  
combination mode a t  t h e t o  count 
rii t e e  . 
CONCLUSIONS 

I n  gene ra l ,  an t ico inc idence  
count ing provided an averrge reduc- 
t i o n  of 80% i n  tho c o n t i n u a  from 
hiuh energy gamma rays. I n  tho 

e n e r i y  r r g i o n  from 100 k o V  t o  70% of 

t h e  photopeak energy, a t y p i c a l  re- 
duc t ion  i n  t h a  continuum of 10% wae 

obtained us ing  p u l r c r h a p a  dircr im- 
i n a t i o n .  Above 70% of t h e  photopeak 
energy, p u l s e  rhape d i r c r i m i m t i o n  
uaa no t  a f f e c t i v e ,  The two methods 
of continuum reduct ion  are no t  addi- 
t i v e  on a one t o  one barism Appar- 

e n t l y  m o m  of t h e  rlov rise time 
even t r  r e a u l t  from gamma rays which  

a l s o  i n t b r a c t  in t h e  an t ico inc idence  
d r t e c t c  :. S l i g h t l y  over one-half t h e  

reduc t ion by pulrr-shape d i s c r  Im- 
i n e t i o n  addr t o  t h e  reduct ion  by 

ont ico inc idencr .  O f  cour re ,  pulro- 
rhepa d i s c r i m i n a t i o n  i r  more imprer- 
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r i v e  when conpared wi th  a spcsctrw We o b t a i n d  h r r  r d u c t l o n  than 
a l ready  reduced by ant icofncfdmce.  t h a t  of up t o  25% t o  30% roportod by 
I n  t h e  case  of 137 Ca , t ha an t  lcoin- o t h e r  i n v e r t l g a t o r r  although valuer 

cidonccl spaetruw l o  reduced by an of ovar 20% warm o b t a i n 4  in the  
w e r a g a  of 30% w i t h  pula&-shapa d i o -  lowest e n a r ~ y  po r t lon r  of t h e  rprc- 
cr iminat ion.  Over this U ~ M Q  energy trm, ("') Our r o r u l t r  and tho  work 
region (100 kaV t o  650 keV) an ~ V Q ~ P -  o f  o t h a r r  indicato that  p u l ~ o  rhapo 
488 reduct ion of only 8% lr obtained d l r c r i m i n a t l o n  l r  o f f e c t i v r  d u r l n l  
when compared t o  t ho  not-in-eoincS- l n v r r t i g a t l o n a  covoring 8 vido rrngo 

dencs continuum. of anergfear  

! 

0 0  I 2 0 2 5  



WWL-3051 
Part 3 

- REFERENCES 4. Re L. Aublr, De 8. Barry,  G. Be* 
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to-CoTpton M t i o .  Thio  p a p r  douet4bQo d a m l -  
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i (.'cmptun u :q )p rcnn  im 
I 
I 

I NTROOVCT I ON glonr) of rolid rtrta datrctorr, re- 
sults i n  pulrrr with I rlov r i r c  

f h o  interaction of ~amrp.-royr, t lmr coarponrn t . ( I )  Trappin8 and 
or their secondary ulactronr in t h u  carrier recomblnrtion, anhancad i n  
dead lnyerr (poorly cornpansatad re- the dead layer dum t o  a weak collac- 

O Q  t 2 0 2 b  
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t i n #  f i e l d ,  causa 8 l o t r  of c o l l s s -  

ted charpa and a rlw r f t w - t f ~ ~  
pulse.  bec8us8 of t h f r  l o r #  Of 

c o l l e c t e d  charga,  pu lv r r  of reduced 
amplitude (not propor t iona l  to  t h o  
energy d r p o r i t e d  by t he  pr faury  
uvect)  r e ~ u l t ,  thua degrading t h e  
energy rpectrum. Standard pula* 
shape d loc r fmlna t ion  t s chn iqur r  can 
r e j e c t  pu l se s  wi th  such rlov rlra- 
t tlpo ccwtponmntr , 

Ihe c l r c u l t r  de rc r fb rd  i n  t h i r  
paper resulted from davelopaents  re- 
l a t e d  to  a nrod i n  a r o l i d  r ta to  de- 
t e c t o r  count ing s y r t a r ~  f o r  reducfna 
t he  continuum of t h e  anergy rpactrun, 
from gmaa-rryr i n  the energy rortgr 
from 200 kaV t o  1.1) MeV.  Tho paper 
"Supprturion of P a r t i a l  Energy De- 
p o r f t i o n  Evon t r  in a S o l i d  S t a t e  Ds- 
t ac to r "  by K, L. Sufnth,  contofntbd 

s l a w h a r e  in t h l r  r e p o r t ,  d e r c r i b e r  
the o v e r a l l  r e r u l t r  of t h e  invee t l -  
ga t ion ,  inc luding  t h e  l m p r o v a ~ a n t r  
a t t r i b u t a b l e  t o  t h e  puloar ahapa d ie -  
c r b i t u t i o n  c i r c u l t o  d e s c r i b e d  hare- 

in. 

Of t h e  vntloue methods of pulor- 

rhaps dfacrfmfnation rarearchad and 

found rulcclbla for use f n  8 l h t n d t -  

i n g  t h o  slow time c o n r t d n t  puirrl, 

tuo methods proved worthy of i n v e r -  

t t g r t f o n .  The method d e o c r l b d  by 

A l e x a n d e r  and Couldlng ( 2 )  u t i l i z i n g  

00 I T O 2 7  
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t ho  r h f f t  i n  b8rOlih8 CrOIrWer d i d  

not rdaqur t e ly  covet' tho merlY 
gion of i n t o r e i t *  DircrWfutor 
%.tk** and d i f f i c u l t y  In  proper rY@-  

tm 8djU8tm8nt Yere t he  l fmi f ing  
f r c t o r r .  To mot tho  requfr-ntr 
of t h a  c u r r e n t  acperimentr ,  d* 
v r l o p d  a circuit  afmr tho method 

N O N ~  pulrer from f u l l  eaCrr$Y 

even t r  in tho in t r inr ic  relion (x- 

h i b i t  t y p i c a l  tfrr t irrr  on the or- 
d r r  of 10 ~UOC.  mir wane tbrt gwd 

p u l r e r  w i l l  e x h i b i t  rice ti9. 1- 
i tad  by t h e  p r u a p l i f i e r ,  t y p i a l l y  
on t h e  o rde r  of SO nrrc, rad L d ~ r y  
tirru a180 c h r r a c t o r i r t i c  of t h r  pre- 
m p l i f i e r ,  u r u l l y  SO t o  100 UIWI 

P u l r r r  wi th  a rlw riro-tLPcr colpo- 
nent  r e r u l t  from intrractioru in t ho  
dead layrrr o f  t h 8  diod8 de tec to r ,  
There p u l r e r  vi11 not reach  thrir 
maximum he igh t  ( a l l  of t h e  charge 
w i l l  no t  have barn co l l ec t ed )  u n t i l  
a f t e r  a f e w  mlcr~recondr .  Pi$uro 1 
l l l u r t r a t a s  both typ r r  of pu l re ,  
H w ,  if one compare8 t h e  lead ing  
por t ion  of each p u l r r  w i t h  the purrs 
a t  r0m later t f w ,  f t  con be doter- 
d n u d  I f  tit. pu l r e  h.8 r l w  tie.- 
t h e  CompOnrnt. Thir  method rhould 

of U. Tomm e t  al.  (3)  

be independant of pulrr h e i a h t ,  Ai- 
t a r  c l i p p i n 8  t r a c t i o n  of  r micro- 
racond from t h e  loadin8 edge of the 

~ u l 8 a ,  i n v e r t i n g  i t  a d  a d & i q  it 
back  onto the p u h o  ~ o l l ~ i n 8  
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s u i t a b l e  d 8 b y  (typiCAI1y 3 U l ( t C ) ,  II 

n o m 1  pulse  w i l l  crorr the  b u e l i n e  
but one which exhibito a rlcv rire- 
t h e  component vi11 uot ,  as  i l l u r -  
t r r t s d  i n  Figure 1, 

The block d i r g r . n  of Figure 2 
and the  complete circuft di8gr .n  of  
Pi~(ur8  3 represent  c f r cu f t ry  dsvel- 
oped a t  PNL u t i l l t i n g  t h e  dercribad 
metbdb  The pulse  from the preamp- 
l i f i e r  Ius a t h e  tLpla of 60 n8ec 
with a decay t h e  of 44 u8acI Afte r  
i n i t i a l  m p l l f i c a t i o n ,  one po r t ion  
of tho  c i r c u i t  c l i p s  t h e  pulsr t o  a 
4 usee w i d t h ,  while in the other 
part of t h e  circuit  t h e  f r o n t  edge 

ir cl ippad t o  0.2 ULIC and delayed 
3 u ~ a c .  The r e s u l t i n g  pulaar than 
odd t o  t h e  orfgiaal pulre in I 8 m  

ming annplifiero after vhich the gain 
on t he  0.2~,erm= pulse can be adjwted 
so t h e  pulse j u a t  cr08aer the brae- 
line and t r i g g a r s  a dtrcrimtnator. 

The integrrtd circuit canrparmtor 
wed 18 the dircrlmimtor h.8 8 df8- 
crirairution level about I) aV 8bove 
t h e  barelirm ud when trtig8erOd, 
d r i v u  a w a o r t r b l e  circuit  remdt- 
l a g  i n  a logic milput, 

Calibration v i t h  p u b 8  gerur- 
a t o r  permitr  proper win dfwtwat 
of t h e  0,2 usac clunml for  recap- 
tame of a l l  test p u l r u  rbovo a 
selectrrd energy lev*:, Bolw t h i o  
energy, pulro bibt flucturtioar a t  
t h e  0,Z urec pulro uured by p r c v  
l i f f er  noire r r r u l t  fa imptopot op- 
eration of t ho  c f r c u f t .  Gerurally, 
circui t  adjwmontr permit ted proper 
operation for p u l r e r  over 100 b V ,  

and t h e  circuit providar  8 dymaic 
rango o f  50 to 1. IQ p r a c t t c a ,  
r h i f t  of lea0 t b a  5 mV i n  thr de- 
sired dirctlrrinatfoa level  rcuultr 
over b dynamic range o f  10 to 1, 
Thfr r h i f t ,  unlmportrnt  over t h e  

N ~ Q  08807884 
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range o f  interest ,  occurr because of 
the gap2 added to che 0.2 y r e c  pulse  

to elimfrute wfre fluctuationr. 
Comparison of detector pulse. on an 
orcfllorcope rhows appllrcnt rejec- 
tion of 100% of pulrcu v f t h  a slov 
rire-time wmpoarnt. 

RESULTS 

Aa mentiotmd, t h e  rerultr ob- 

tained urlag the described c ircuftr  
are dutailed fn the papar by K. L. 
Suinth. Tha cwplote invest igation 
included thQ UQ(D of bath pulor shpr  
discrirnlndtbn and antfcolncfdance 
trrchnipusr. 

Usin8 59P4 source, the aver- 

age reductioa ia  the Conrpton d i s t r i -  
bution U0fng j u s t  the pulse rhape 
dircrlminatlon provad to be 13.5% In 
the range froa 100 )rcV t o  550 JL4V 

and 6X i n  the rang@ from 550 ksV to  
800 kaV.  Spactro obtained u r h g  a 

Cr source reveal reduction# i n  137  

the  Coaptan dlrtrlbution averaging 

11% over the range of 100 t o  350 lcsV 

Th8 pulse shape discriaination toch- 
nfqus docs rtot appear t o  be e f f e c -  

BWL-1051 
Pert 3 

t fve  above 700 keV (uriag thu 59Fr 
source) or .hove 330 k e V  (us ing  thr 

1 3 7 ~ b  rource). 
Ure o f  the single weep feature 

of M o s c ~ ~ ~ o r c o p .  (reverr1 oboervr- 
tions) afforded a cmprriron of the 
obrerved pulro &ape urd the abi l i ty  
o f  the circuit to  dircrininate bar- 
tween normal pulrer and thoor wttb 8 

rlav ria.-timu corpponeut. For the 
tmmpfa obiewed, the correhtfm 
proved to  be 100%. 

REFERENCES 
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t?uatuatr'm of the theomticat QIZC. t e a h i -  
cat ,%mibitit3 of using a pmpssd oIy?88- 
oorrstotion o y s t m  t o  dBtadw uiuo 
touutim and in tensi ty  of radiorouotas 
indiuuted that  tha s p d f i u  muthod wed 
~ l o u t d  not be ablu t o  tooate distributed 

A proposed c r o s s - c o t t a ~ n t l o n  
sys tem for de te rmina t ion  of radionu- 
c l i d e  location and I n t e n s i t y  waa 

evaluated f o r  its t h e o r e t i c a l  and 

t echnfca l  f e a s i b i l i t y .  I t  WISLI entf -  
c lpn t sd  that t h e  proposed l o c a t i o n  
rystcw would 5ut u s e f u l  f o r  rrdfonu- 
c l tdrs  rmhibitiolg i i eg l ig ib l e  self-  
oborption and could lead t o  t h e  de- 

v a l o p w n t  of au tomat i ca l ly  produced 
p l o t r  o f  organ-t isoue uptake pat- 
terns ,  iao-intensity plo tr  or  time- 

rpocc patternr. 

OtSClJSSIQH 
In t h e  i n i t i a l  s t u d y ,  a 10 uCi 

p o f n t  sourre of 1 3 7  Crs WOI pclartiorilezd 

fn  a W B C ~ ~ '  ptrantc;;n which rir4ulotad 
ttw effct:ts of .(OIUQ on p m a - r a y o ,  
The phanccat I : .kun scprnned circum- 

f a r e n t i a l l j  '.'iC e. irce plene  by a 

d e t e c t o r  wlicar co l l%, ra to r  provided a 

a e r i a l  w i d t h  o f  the rxamined i a s t o r  

0 0 t 2 0 3 l  

Inve r t  i ya t o r  : 
T.  H ,  Wrton 

Tho 
a d  

throughout the scan (see FigUte 1)s 

s ~ c c s r , i v a l y  p l a c l n ~  t h e  r r d f r t i o ~  
soutce vithln p o r i t i o n  matrix i n  
t h e  phantom rilllulrtad various 1 0 ~ 8 ~  

t i o n r  o f  t r ans loca ted  radtonucl idse.  
I n  t h e  f i r r t  a tudy, twrlve circumfer- 

e n t i a l  OCULI vera -de, each vi th  
t h e  point  Iource in 8 different 
k n m  p o s i t i o n  within t h e  phrntoa .I 
ahom in Figura 2. 

Data from t h e m  rcans  prcxluctd 
twelve curVu8, t y p l f l c d  by tho  .XUPI 

p l o r  of Figure 3. These cuwer par- 
m i t t e d  eva lua t ion  of croe8-corrrla- 
tion t e c h n i q u e s  which might be u s e d  

t o  l o c a t e  M unknown p a i n t  source 
from i t a  curvu of intensity veraum 
9 .  The area n o m l i t e d  ~ t o o s - ~ ~ t t e -  
lation func t iov  (0  ID giver  t h e  
p r o b a b i l i t y  that pofnt  rource of 

unknown location l r  posi t ioned at 8 

p a r t i c u l a r  ui8le u l  and radiur rn, 
uhero e l  diffrrr from 0 by frorr 0' 

1 0  36U' and r ir the radial location 

from tho  center of t h r  phantm. In 

'r 1 
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wharrr kl(e) i r  the in ter i ty  varwr 
8 curve for a p o h t  O O U ~ C B  located are rhovn in Fipro 6 ,  Purthrrr~oto. 
rat a k n m  location (rIDeO) nnd u(e) a t  el - 0.. ~ ( 0 ' )  dacraaser from 
i r  the curve of radiation iaten- unity very slowly fOT k(e) obtained 
r i t p  vtiosui 8 for the l3'c. polnt . from radionuclidr polnt 8QuIcC~ 10- 

cated at radial p O G 1 t i O n B  diffrrrat 
from thoao of u(6) 448 obcapp ?as- 
UIQ s. T U 8  poor 8yoteP t 8 S O l U t b f 8  

rarulto frop thr rlow variation Of 
p(OI) wi th  todial and an$ulal: locr- 
tLon of thr c~l ibrat iou point  S O U ~ C I  

TIr0 rlcw verirtion of  ~ ( 8 ~ )  iu 
courrcrd by thr 8raat rimplicity of 
tb CUWBO k,(9) t o  kI2(0) a d  t b l r  

e 
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in mrjyr io o f  t h o  collimator In- 
clude tha colliaPetot matarla1 awl 

configuration, th r .da t r r tor  ecanaina 

lOCU8, 

- t o t  heI.sr 
aad th8 lmgth OZ tho C O I l i -  

I 

, 

0 0  t 2 0 3 3  
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ZGSiGBm Hth 0 .  Phrur rQh%tt Por 
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angles  are opt t u,td and porribly 
r e t n d d o d ,  they PUOC hrvo rome fln- 
i t a  vr lur  and e m  mmunt of fa lcr  
l o c a t i o n  o f  t ho  p i n t  iourco  w i l l  
resul t  baceurao of t h e  p r o p a r t i e r  of 
t he  c o r r a l a t i o n  operat ion.  Also, 
o t r o r  w i l l  r e s u l t  bec8ucr p e r f r c t  
c o l l h u t i o n  of t he  gonrma-ray# $8 not  
poes i b  1s * 

- -  I3 vivo s t u d i o s  would bo fur thar  

ccqilicattd due to  the  preience of 
d i s t r i b u t e d  inrtaad of poin t  sourcam 
which roault fron daposlltion of 
spec i f ic  radionuclidaa in praferen- 
t f a l  org3arne. Other varicnblso con- 
tributing to the o v e r a l l  i naccura t e  
1ocPrtion of rource~3 uring the crooo- 
correlation t echniqurr  inc lude  rub- 
j e c t  usvantent (during long  counting 

0 0  I 2 0 3 4  
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timoa), inhoaroasnaitior of garnma-ray 
abro rp t ion  proportior, and rcattrr- 
ing. ~ ) r r  c r o r r - c o t r r l r t i a n  cyrtam's  
urofulncror 10 datrrminrd by tho  ac- 
curacy d r r i r o d  i n  t h8  1ocrtion of 
r ad ioauc l ido r ,  t s u o n a b l o  c o u n t l n t  
timar, and tho  r l l w a b l r  cotircr 
r t r r n g t h  within tho rubjrct ,  

CONCLUSIONS 

The r e s u l t i n g  high error prob- 
a b i l i t y  i n  a c c u r a t r l y  l o c a t i n s  ra- 
dionuclide depor i t iono  i n  thr simu- 
lated b i o l o ~ i c a l  r y r t r o  by croci- 
c o r r e l a t i o n  t s cha ique r  r u g a e r t r  that 
f u r t h e r  utper innrntr l  r f f o r t  lnc ludo  
morr r o p h i r t i c a t a d  co l l ima to r  con- 
f i g u r a t i o n r  ar woll as conr ida ra t ion  
of lower anergy Iootoper.  

3. 
J 
1 

A 

I 

i 
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INTROWCTION 

For b io te lemet ry  of  r ad ionuc l ide  
uptake information,  t h e  Ceiger- 
Huel lc r  tube  o f f e r r  the  important 
advantage of  providina latga output  
s ignal  pulses  that  r e q u i r e  l i t t l e  
ampl i f ica t ion .  Winiature C.M. tubes  
r u i t a b l e  f o r  implantat ion t c g u i r e  
r e v e r a l  hundred v o l t r  t o  bi.8 t h e  
tube i n  t h e  proper  p l a t eau  teqlon, 

bu t  output  average c u r r e n t  from the 
b i88  rource  f o r  exposure rater an- 
t i c i p a t e d  i n  experimental  inveut i -  
gaeionr t y p i c a l l y  equater  t o  leer 
than 50 nA. The p l a t e a u  reg ion  may 
be as  low 8s 10% of  t h e  c e n t e r  vol- 
t age ,  thua r equ i r ing  r egu la t ion  
wi th in  a few psrcunt .  

A compact vo l t age  rupply davel- 
opad by Dilworth e t  01. provided 
t h e  naceesary p o t e n t i a l  and c u r r a n t  
requircments f o r  min ia ture  G.M. 

tubas  ope ra t ing  t o  vary  high expo- 

sure r a t e s .  This b i a r  rource  opcr- 

8 ted  from a 4 V mercury b a t t e r y  J I A ~  

u t i l i z e d  t'erdback t o  inc rease  both 

frequency and output  of  a tranrirt+)r 
blocking o r c i l l a t o r  w i t h  expor.ur5 
rate. b v o l t a g e  q u d r u p l e r  r e c t i f i e d  
t h e  output  pu l se r  and provided t h e  
necessary output  po ten t ia l .  The cx- 

parimenta repor ted  ha re  focur  on ne- 

c e r r a r y  derignldevelopment and fab- 
r i c a t i o n  cbnger  in t h e  b a r i c  D i l -  

worth c i r c u i t  t o  minimize volume, 
ope ra t e  from a 2.7 V b a t t e r y  ( C O W  

pat ib lo  w i t h  a comcrcial  pulse- 
wsdth modulated implantable  tale- 
metry u n i t )  and b r  implantable,  

D I  S CUSS I ON 

Figure  1 rhwr t h e  c i r c u i t  dia- 
gram of t h r  min ia ture  blocking ou- 

c i l l n t o r  h igh  vo l t age  rupply. Prior 
t o  genera t ing  a pulse ,  t he  t r a n s i r -  
t o r  does no t  conddct, and t h e  tranr- 
former p r e r r n t r  an equivalent  c i r -  
cuLt t o  t h e  c o l l e c t o r  i n  which t h e  
m u t u a l  inductance dominates. Cutrant 

from R 1  begin@ t o  t u r n  on t h e  t tan-  

1 e i s t o r  and t h e  c o l l e c t o r  vo l t age  e 
becomes negat ive,  Regeneration 
Occur0 brcaure  8 pOritlV8 vo l tage  

, 

0 0  I 2 0 3 5  
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(-al) trow t h e  faodbock w i n d l a #  in- 
cream@ base cur ran t  am t h o  co l l s c -  
t o r  vo l t age  drops. Maen t h r  trrn- 
r t r t o r  e o t u r r t e r ,  co l l r c to t  current 
incre 8 ti aoarly l i n e a r l y  at  a rate a. dt '*'""', n where H l r  t ho  trow- 
formar mutual inductance. A t  t h i r  
rsne time (fol lowing ttsnrfrtor r r t -  

u t a t i o n ) ,  the base cur ren t  drcreoru 
with I ti- conr tan t  equal  t o  (R2) 
(Cl), approximot ' y  1 mec. The 
t r a n s i s t o r  collector voitaaa rtrrtr 
poe i t ivo  again w i t h  lc b i 6  and tho 
feedback vol tago  regonerrsivrly 
turnr off t h e  t r a n r l r t o r .  

After the pulrr occurr, tha bare 
vo l tago  r.arainr nugotivo (brcruer of  

the v o l t r n r  drrvuloped ocro18 C1 dur- 
O n  1 2 0 3 b  

ins t h r  ON rtrte) urd r l a u l y  r e tu rna  

I a i t i r l l y  dur ing  t h e  ON period,  tha 

ratio ( b b r l )  tfmer el, or approxi- 

charge C2. The c o l l r p r i n g  augurtic 
f i e l d  of t h e  t r a m f o r m r  genrza t s r  r 
l a r g e  p o s i t i v e  v o l t o l e  and yhcor 
chargo on C3 through D2, bock-biar- 
lug  D l .  I f  t h e  revorre volcqp ava- 
lanche point  of D1 occurr a t  a vol- 

C3 limitr a t  Vzl, 

t i O Q  O e r V I d  a8 bra10 Of r8gulrt iofb 
bocruso 8C-COUph & VOltrgO Vzl 

wl th  UL (a;) (C1)  t irar C O I U t m t *  

ou tput  v o l t r g r ,  02# eqwl .  tho turn# 

-100 V, .ad D1 coaductr t o  

t age  Vzl# thr M X I M  VOltr88 A C r 0 8 0  

Thir l i m i t i n g  ac- 

(pe8k-tO-pOdt) throuah t h a  r e c o d  
dioda pump, thur rgrfa plrcin8 Vzl 

~ 1 0 5 1  
Rart 3 
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aerorr C5 to  give Iu) ou tpu t  VOlt8W 
of 2VZ1. Thin p r o c r r r  8rrumer 8 n e p  
i i g i b i y  rmall charge w e 1 1  frol C3 
and C3 through th r  output  l o r d  bo- 
tween pul re r .  I n  t h ~  o r i g i n r l  clr- 
Cul t ,  r p e c i a l l y  r e l e c t e d  1N459 gen- 
eral  purpose r i l i c o n  r i p 1  diadem 
(200 PIV r a t e d )  retvrd t h e  v o l t a g e  
r e g u l a t i n g  funct ion.  

Hicromia ia tur r  diode$, much u 
provided by Mlcrorea icmductor  Corp- 
o r a t i o n ,  o f f e r e d  promise in  r educ ins  
t h e  t o t a l  supply v o l u w .  Unfortun- 
a t e l y ,  selection from twenty-four 
HC459 end HC458 diodes  wi th  lainhum 

20? PIV and 150 PIV r a t i a g o  rerpec- 
1 -,' t i v e l y ,  yle lded  only one u n i t  w i t h  

near 200 V. Mort of  thrro de= 
v f c e r  ava1rnch.d at  p o t a n t i r l r  
g r e a t l y  in Qxcear of  t h e  minimum 
v a l u e  (1 kV t y p i c a l l y ) .  For t h e  pro- 
t o type  implantable  u n i t ,  8 va lue  of 
100 Itn f e r  R l  gave t h e  d a r i r a d  675 

Vdc outpuc, c o a p a t i b l e  wi th  4n eON 
Type 5307 G.M. tube (0.097 in. dlrrn 
x 0.4 in. long, helspen quench), a d  

140 nA thzough the  1N4149 s a r f e r .  
Thfr  expnriar.ce i n d i c a t e r  be prob- 
a b l e  nosd to  purchare aa l ec t ad  u n i t e  

(with dea l r ed  a v d a n c h e  po in t )  d i -  

r e c t l y  from t h o  dfode vendor, r a t h e r  
t h a n  a t tempt ing  rorting from r tock .  
The f i n a l  flux va lue ,  p ropor t iona l  
t o  tho  c o l l c c t o r  c u r r e n t ,  depend8 on 
cranrirtot 8 .  Rerlrtor RI rhould ,  

t h a t o f a r e ,  be s e l e c t a d  fo r  A p a r t i c -  

1 
v Z 1  

9 
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u1ar 213128 to  g i v e  t h e  d e s i r e d  out- 

puf c u r r e n t  c8pobi l f ty .  fou r  
1N4149 diode@ connected i n  rerim 
UaVr a voltage change of 465 Vdc t o  

480 Tdc for c u r r a n t s  from 135 nA t o  
520 nA. The nomina1 c u r r e n t  obtain-  
ed f o r  t h e  pro to type  o a u u r e d  350 nA 

m d  a load c u r r e n t  of 130 nA r e r u l t -  
ed in a 5 v o l t  high Voltage drop  
fr98 475 v (a0 load) 8t 130'P, VOl-  

t a g r  v a r i a t i o n  duo t o  temperature  
rim from 72' P t o  130' F war lea8 
than 2 V O l t r .  

Tho n l c ro - t r an r i r to r ,  2N3128, 
f u r t h 8 r  reduced t o t a l  volu3ne. ?he 

t r a a r f o w e r  and capac i to r8  
d m l n a n t l y  l a rge .  Hawaver, incorp- 
oration of unaircrprulatad ceramic 
c r p a c l t o r s  (ruch aa Elre Corp. 8006. 
008 "Monoblock" 0.002 I#, 1 kV), or 
razaoval of t h e  phanolic coa t ing  and 

l a r g e  connec t i tq  wlrao frma Ot8nd8rd 
carmic crp8citatr, reduced the  C8' 

t u r a  lau voltrae t r n t a l u a  capac i to r s  
are r e a d i l y  a v b i h b l e ,  

The orperhetrtal prototype oper- 

a t a #  from a 2.7 V b a t t e r y ,  r r q u l r r r  
only  0.1 mA of quiarccnt  c u r r e n t ,  

and providsr suff ic icsnt  bias curren t  
t o  operate the C.H. tube a t  5,000 

Anruarln8 further t a r t r  prove 
r a t i r f r c t o r y  and fol lowing appl ico-  

t i o n  of mrurdlcrl g r r d r  coa t ing ,  the 
u n i t  8hOUld bo r u f t a b h  for  implan- 
t a t i o n ,  Thl proto typr ,  pot ted i n  

p6CftOr V O h -  LO On8 h 8 l E .  X h i 8 -  
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clear epmy, occupim a m1u0 1.5 
an d i m  by 2.3 em Ions. A vOlU8e 
drop of approwhatdy 5% occurred at  
t h e  5,000 cpa rat& with a0 8001 

lanch8 accurrily for D2, tb8 unit 
provide8 an opsn circuit output vol- 
t age  of approximately 700 V. Ue an- 
t i c i p a t e  f u r t h e r  d#81Opwat mrk to 
achieve VmtOr circuit r d i 8 b i l i t y .  

IbftltlO31 
r u t  3 

RE FE RENCE - 
I .  R. I T .  DtltloM Qpui C. T. BormakG 

m i .  

INTRODUCTION 

b r o u r  @tudiu  hv. focurrd 
on t ho  rlrdiafioa e f f e c t 6  of rrolfcon- 
ductor  devices ,  both t t a n r f * t o r a  and 
dfodrr, in many d . t  .!runt kindr  of 
r a d f a t i o n  f t c l d n .  ttowcavrr, publilrhrd 
i n f o m t i o n  concerning such expert- 
sent8 t o r  avo-rnche dioder operating 
in or near bri akdovn, UI are. of con- 
r i d r r r b l r  inta!reat t o  ene iner ro  and 
s c i o n t i r t ~ ,  h o w  boon acarca.  Recent 

vork w i t h  r o l i d  atate radiation d e  
t e c t o r r  hu r o r u l t r d  in  a new detoc- 
tion technique (lB2) i n  which tha 
m u l t i p l i c a t i o n  c h . r a c t s r i e t i c r  of 
avalancha diorler biaoed wi th in  a few 
percent of braakdovn produce chargo 
Ipu l t ip l i cc t ion  wi th in  the dettrctot. 
Thir a f f u c t  r i ~ n i t i c a n t l y  iatptovrr 

th8 rrn8itiVitY and tho  r i g n 8 1 - t O -  

n o i r r  r a t i o  avrllrblr in such d r t r c -  
t o r r .  

Thr exprrimrntr u t i l i t r d  t v r a t y  
la(otoro18 IN2846 200 V, 50 W, Zrnor 
dioder,  whorr 10 were of tho  par111= 



26 

vatlm v r t l ~ t y .  'fhur, tho obtrfiud 
d&ta  d r r c r l b o  tha d f O C t 8  of pur&- 
v r t i 0 8  osl t h e  r8di r t ian- inducrd  Our- 
f a c e  r f f r c t r  of thim p8r:icul.t di -  
ode, Erpertmontr 8180 focrurd  on 
both d i o d r  t Y p 8 8  with t h o  e a m p 8 ~ 1 8 -  
t i o n  ranovcd rad w i t l .  arodort vacuum 

app l i ed  t o  t h e  tut ammbly, The80 
expe r i aun t r  pratrido lrfonutloa tt- 
garding uabirnt c o h d t t i o a r  r e l a t e d  
t o  r a d i a t i o n  e f f e c t r ,  f o r  both p u -  
r i v r t a d  and Mnrpu8ivr tod  dovicer.  
S e l e c t i o n  of tho  1N2S46 diode8 was 

on obra rva t ion r  u d 8  by A.R.Jon8a 
in which he i n d l c a t r d  the r u i t a b l l -  
l t y  of ruch diodoo f o r  r a d i a t i o n  do- 
t a c t i o n .  

(3) 

CWClUS IONS 

~ i r  6 0 ~ o  irradiation oxperimontr 
performed wi th  tho p u r l v r t r d  a d  
n o n p m r i v a t r t  ~vrfanche dfodor opw- 
a t t a g  at  5% bo lw brwMown rhav 

s i g n i f i c a n t  d l f f e r m c r r  in ireadla- 
tfon e f f e c t s ,  whrre t o t a l  axporurer  
up  t o  1 .4  x 10 R wet. obtained for  
both types of diodrr .  Except for  
axpoctud gamua-genrrrted ~ ~ r r ~ n t r .  
the parrivatad dioder  rhowed l i t t l e  
o r  no change i n  c h r r a c t e r f s t l c r  
throughout t h e  i r r a d i a t i o n  al though 
f a i l u r e  race waa high. The nonparsi- 
vated diodes d m n r t r a t e d  Patch l e a r  
p red ic t ab le  p ~ r f o ~ ( ~ ~ n c e .  r a p e c i a l l y  
in t he  cont inurd  cu r ran t  fncrarrre 
throughout the t e r t r .  However, no 

8 
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c w i ~ t ~  f d l w u  occurred. 
Thr d i f f o t e n c o  l a  t h e  perform- 

ance of t h 8  two t ype r  of diodes a P  
p u r e d  t o  bo duo to  r u r f a c r  rffectr 
of i r r a d i a t i m ,  Tho p u r i v r t r d  unit8 
d a w n i t r a t e d  i .arunlty t o  changer 
in anvirolslnrntrl cond l t ion r ,  whi le  
t ho  noaporr iva t rd  d ioder  rvidencsd 
8fgaff iC8nt  effOCt8. 

Throe orprrimratr provided val-  
wblr butc i n f o r a r t i o n  concerning 
t h e  a f f r c t r  of  f r r rdfa t ion ,o8p .c i81-  
l y  v f t h  tusprct t o  rurfacr r f f r c t r  
and t o  the 8dVUltrg08 or dicadv8n- 
t r g a r  of p i r r i v u t i o n .  €&wevat, a 

primary tooult of t h o  l n v a r t f ~ a t l o n r  
concernr t h r  f a c t  that p a r t i ,  rat  

p a r r i v a t a d  diodrr can br u r d  wi th  
IUCC~I(I 80 r a d l r t l o n  d e t r c t o t r  f o r  
r r l a t i v r l y  hi* euarr lwel8, whilo 
t h e  nonprr8ivr tod dloder w i d r n c a  

because o f  tho r a t h e r  lario rad un- 
p r c d i c t a b l r  chutgr8 in ararurrd CUI- 

t,.r,t ar 8 function o f  tiw i n  tho 
g a w a  anvfroaarnt .  

Anothrr point  of r fgn f f r canc r  
canturo  on tho  obrarred tacovary 
c h a r a c t e r i r t i c r  of the two type3  of 
dfoder, The nonparr ivacrd diodes 
required reduct ion of tho b i r r  vol- 

t age  to  zero t o  a f f e c t  twovary, 
while t he  p r r r l v a t r d  unfta trcovcrred 
w i t h  the  birr appl ied .  Conr ldar r t ion  

of t h i o  rftuatfon may fnf lwmce t h e  
a p p l i c a t i o n  of d iodes  l i t  critical 

1 i t t l O  ValUO for Ouch 8pp1iC8t iOM 
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Iavutfgatort 

Technical brirtancer 
T, n. m t o n  

R .  P b  GdbbZ8 

INTRQDUCTIW 

h p e r i r r r a t r  were performed t o  
evaluate inr t ruosentat ion ured t o  de- 
termine t a r g e t  tritium d i s t r i b u t i o n  
by d e t e c t i n 8  t h e  B r w s t r a h l u n &  and 
K X r r y r  from t h e  t i t an ium which had 
been e x i t e d  by t h e  tritium 8- par- 
t i c l a r .  Tho i n i t i a l  exper i san t  oval- 
wted tho  temperature s t a b i l i t y  of a 

lov noire detector s y r t c a  which u r d  

a rur i rce-contoured dfoda 81 a de- 
t e c t o r  and u t unne l  diode a r  8 fart 
churse-to-vol taga converter .  Thir 
surface-contoured diode dattactor oyo- 

tzz (ras descr ibed in an ear l ie r  re- 
por t .  (') Becrure of t h e  r e l a t i v e l y  

r t r b l a  count rata Fa tha mcprCn- 
t a l  eavlrotmat, drvrloptwnt  of colr 
pltw slecvtonic temperature compo+ 
ration c i r c s i i t r y  was not undertalrsa. 

Tho injcial u t p ~ t i ~ ~ t l t r  rquired 
manual rcanaing a d  Used an X-Y 

manipulator t o  tranalata t h r  plan- 
chet p a r t  t h r  d e t e c t o r .  The plan- 
c h e t r  #caned uere obtained frm our 

de C t u f  hbOr8tOL'y. Figure 1 
depict, t h o  geometry involved i n  t h r  
rrcrnnin8, For t h a r o  f i r h t  axprri- 
w n t r ,  tho lowar co l l imator  ho le  
dfnrastar war 0,094 in ,  The axpert- 
rrrzrantirl r e r u l t e  i nd ica t ed  a peorly 

detailed c o r r e l a t i o n  batuaea the 
planchet burned s p o t  and t h e  scan- 

) 

0 0 1 2 0 4 1  
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a- dotector'r cowt  rat& varrw 
location. A Isre area o f  tho p l ~ -  
chat where flaklag of tb t i t a n h a  
appraa t ly  occurred correrpaadrd to  
a l a q r  ~ i a l m m  la the  count-rat. 
vatiur detector location plot. 

To more precisely md.rufe trft- 
im dlr t r ibut loa on rhe p l u r c b t ,  
a lover collimator p l a t 0  having a 

rorrller d l w t a r  holr (0.043 la.) 
VOI Pzada; however, t h i o  6sParllOr holr 
produced a lau count rat0 of 400 tplr 

v i t h  t h e  detector-collhator ryrtee 
located over tha riddle of tho plra- 
chat. A dec ru ra  Sa tho couatr/uait 

#6wL..lOS~ 
?ut 3 

8cIlDlUd raguitad toa83cr c a u n t i ~  
t-/ualt area. Tharrfote, a rela- 
t ively ailrple rcanniny ryrtrr  v u  

count and print-out the count 
rp:e a t  tho end of a h  countin8 la- 

Cottact l o  a for h a  trmm tat i tm 
d r i f t  o m r  v i t h  tfma VI. obtalaad 
by pariodic countla# 8: 0 rtardrrd 
locrtioa 00 the planchet. Waver, 
the taporrrtura 8nvlroImnt f o r  
ocaiUlio$ m e t  ba a0 etablo (LB par i -  
bla. 010 of  the aut-tic 8cmaral, 
d data ?&out 8 7 U t r  8rautIy fa- 
ci l i tatad corpllrtion of tho tritlrrn 
targot @tub7 w i q  rurfaca-contoured 

d4~81opad vbfCb VOUld 8 U t @ 8 A t i C a l l Y  

toma1 b 

diodO8r 
cap.rLcon of tha count rate 

rcuu vitb tha plmchot mdaeea 
8bw.d tbrt Ln vhrr0 tho ti- 
tmiua 8ppcurod t o  bc flak& o f f  tb8 
count tat. v u  lou. ft ahould be re- 
called that tha dmceroa bsrs pro- 
ducod tho burnad araw oa tho plum- 
clmc. T&a data ehov t ha t  tha rulio- 
act iv i ty  uoanutd  by t h e  detector 
r y e t e a  Lncrcraosd in thcue burad 
areas. Exaslaation of enlnxgad pic- 
turaa taken of tho trrgclt chsred 
evidenco that tho  lw act iv i ty  areas 
have cauideroblo flaking v h i l o  t h o  

burned rpot rhaor littlr. Tkuo, i t  

at~sl?~ 1ikaly that for the plmcheta 
exmfnad, tha duoterm beam boadr 

tb titanium wro  firmly t o  the 
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otridur rtwl t&a tb titraiu 

pIAR..u)Sl 
Put 3 

J 

l i t rr  (gar, 8TP) volursr, Of thr four 
chnrnbsrr uord for  rndoa OXPQIUII, 

thror contain ac t iv i ty  lavols of 
about 150 aCi/t while lrvrlr in the 
fourth c b b r r  rvorrgo .bout 7nCll1, 
Onr of the three high lwrl (150 

ncill) cbmbrr ryrt cddr ore duet, 
rrrothrr add8 dirorl f w m ,  and the 
third rGd8 ram air ,  

Pioniroring of radon and radon 
dougbtrra le a c q l a  problem duo 

t 
i 
f 
f 
t 
f 

I 
?i 

Y 

k 

i 

f c 
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to t& .hart mt-fivoa iavslr.6 rab which %a QI alpha rcinti l letor pat- 
tho largo of d a w  tcnrod aft- on8 described by Re 1, 
present. Th. drtpea of  &u@t= Wilsoor (1) 

DIsarssI~~ q u l l i b t i u m  aud tbe p tesUW8 of un- 
attached datrghtcrra aze otbr 
fcctotr irrfllUmc* the icotopu' Tho u r g l i a g  brad for tho core 
b8bVbr, biorogfml (Mb pbpriccrl. tiauour, -tor ir ahply  a box 
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rrru air throuih tho box at flow 
trtr of &out 1 l i ter  pet lPianrct. A 

rotasetat tlrylrtrr tho flow rate 
v)rilr thrriwry v8lvrr control tha 
input md output of tho ro~lpl lng 
hrodr ae rha\lm la tha block dlagrur 
of lieturr 1, rhir rchrar~. prmftr the 

plr h o d s  t o  be f l u r h d  u i th  T o m  

Tho ontire ryrtm caaprlrcr, 
throo rmpltng badr ,  meter  con- 

trol u u i t ,  & caunt-reto mtoi atti a 
rrcwd t ar rhowa i n  PAgure 2 .  One 

of the ruPpffn8 htrardr contiine two 

~ ) o t i  o f  v r l v a r  eo that i t  c m  8ltOr- 

A i r ,  

0 0  t 2 0 4 5  

M t d y  o q 1 0  two orprrrto chambeta, 
t.cb OF tbr threr photwarltiplior 
tuber &a i t r  own ptcrrrpllfirr lltd 
mplifiat, r h m  rchrerticrl ly in 
Piguro 3,  mountad on i t a  tuba bare. 
h o  output rignrlr from thr urgli- 
f lora are toutrd by th8 control unit 
to  8 count-rat8 mater which drlvm 
tho rtrlp chart r(LcorQarr The con- 
trol unit  coatainr a tbrrr which r e  
quencu tho V I l v u ,  touter tho ria= 
nal a d  put@ 8 b i u  level on thr 88- 

c o d  pan o f  tho recorder to Identify 
the rrr~pled ChoeQger, In Piguro 4 ,  J 

r h u l a t d  recordin6 from tho rtrip 
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chart, m a  CIII soa that p o r t i o a  of 
t h e  rrapliry tior froa ..ch c-rr: 
ir u r d  t o  indic4tO tho baclylrousd 
i n  that chumbar. 

RESULTS - 
Tho b.c&round i n  tho W t y  

remp1Lng cbrriror ir l u r  th8n 30 C p  

b u t  after radon purr8 through i t  a t  
low l o v a l r  (7 &ill) e t h i o  iacruieo 
t o  150 c p ,  Tho inctrr@r r p p u m t l y  
r u u l t r  from tho  at tachnrmt of radon 
daughter# to chuPbrr wrllr urd t h a  

plor from an u g o r u r o  chambat fo r  

t h a  o f  90 minutom, 2%. a i r  an to r ing  

tho  o . ~ r p l i a a  hoad i o  ptoZi l tored  by 
a mrnrbtmio fi l trr  LO taka ou t  radon 
drughtorr .  Durin8 ouapling tho  count 

8 C h t i l h t O t  8ULTf8CI. UCh hr4d 8SW 

OZlly 16 W h U t . S  OUC Of 8 f u l l  CyCh 

iucr.uo t o  140 c p ,  To avoid 
t w o  r w i t c w  rn tho recorder, t h r  

p l h g  bad# lira d j w t d  t o  be 
a p p r ~ c o l y  9OOO cga. mi. ir dono 
by cbn$lag t ho  hi@ v o l t a i a  on tho 
p b o t d t i p l i r r  tubo, 

caNccus19Ns 

Tha ryrtm i r  a l i & t l y  r a m i t i v .  
t o  o l a c t r i c a l  truuimta crw8d by 
t ho  oponins and c l o r i a #  o f  the r o l e  
noid valvoir In genaral, ryotm o p  
oration h u  bran ratirfrctory mb 
hrr mat i t 0  original axpaatatioarb 
fa f a c t , r a m i t f v f t y  hrs b u a  ali&t= 
ly t rutrr  thua a t i c f p r t d .  yOt& 

cont inuer  on a rolid r t a t a  r y r t m  t o  

aaaruro tho radon dau8htorr  by 

Oa mln. 66 mln. 44 mln. 22 mln. 
rima 

ChJmbW 4 Chrmbw 2 C hrmbtr 3 Chatnbu 1 
(low L r r J  I 

0 0  I 2 0 4 1  
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c o u n t i n s  tho RaA a d  l1.C' r l p h o  
from dau$htrrr collected ou fi lter 
paprr.  

~ 1 0 5 1  
Part 3 

REFERENCE 

W4"RI)L SYSTM FOR X t l  V I V O  NEUTRON 
ACTIVATIW OF SHaRT HALFkIFE Nu#IOES*'' 

I N f  RO DUCT1 OH 

neutron a c t i v a t i o n  ax- 

perimantr, conducted a t  t h e  Univrt- 
elty 02 Warhlngton, in humon cabo- 

v e r i  by P a c i f i c  Nortkwert Labornr.ory 
p e r ~ o n n r l ,  raquirad Inatrumontatfon 
t o  c o n t r o l  t h e  j r r r d i a t l o n  of t h r  
body such t:iat uniform ( L C t l V l t Y  r(r 
r u l t e d .  Scientfrtr conducting the  
exparimrntm planned t o  r o t ~ t r  t h r  
body 180. i n  t ho  neutrog flux. Thlr 

* 
Thie projoot wad aupportdd i n  part 
by thci Hadiotogioal Pl ipice Suo- 
tion, Radiologictal Scienum Ilspart- 

00 I 2 0 4 8  man:. , 

approach r r q u i r e d  u1 rutmatic oyo- 
tam t o  aooura t h a t  a c t i v i t y  indued  
af tr t  rotation rqu8t8d t o  tho Act io  

v i t y  induced br for r  totrt ioa w i t h  
c o r r e c t i o n  a u t o a ~ t i c a l l y  -do for 

c l l d r .  
t h e  half- l f f .  decay 01 th8 radlonu- 

Tha c o n t r o l  ryrtmr d r r c r i b e d  
h a r e  provlder t h e  drsirrd chetectet- 
l r t i c r  through u t l l i r a t i o n  of d h iah  
accuracy crprcitmco pulra coun t r r  
wi th  a r h u n t l n l  rrrirtat calibrated 
to provldo I v o l t r g r  drcry srtchin8 
t h e  radionuclide drcry t o  w i t h i n  *I? 
o r  brttrr. A pulrwrrtr aeCrt w i t )  

I v e r y  accurate timr c o n r t r n t  thw 
s i r v e a  a8 t h e  "hodrt" o f  the ryrtea 
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01 SCUSSIo11 
Figure 1 drpictr tho circuit 

diagram of the devrloprd rystm. 
Input pulaor, detivcd from neutron 
flux renaorr,comrct to prr-scaler 
which divider th4 pulro rrtr by a 

factor n .nd producer an approximrto 
aqurrro wavr with 10% prsiod varl8- 
tion duo to rtrt irt icr1 chmgor of 
tho input rrto. Th8 control biarry, 
l n l t b l l y  rat 8t t - 0, enrbler A I 9  
8atr G1 for tho pro-rcalar output 

@ea from C1 dr ivr  a rvturrrtina ttan- 
rlrtor wi tch ,  Q1, a d  tho collector 
rquarr wave parrro t 3  C2A, tho input 
crp8citor of 8 d i d o  pump, Wring 

urd d h 8 b h 8  cao Output QUI- 

va lu* u i r  wouad po t ev t laaa t er 
kil to 100 kn), 
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After rufficient nautcoa flueace 
eo 8iva eo - V tr ip  (h&gh)* el* 
frorr tha hi@ t r i p  circuit I n f t h t u  
rotation ol  the lrrrdfrted body, rab 
orchmicrfty dotactad rigu8lr rerat 
the aontrai binory at  8 - 90'. P u b  

#e# thm )1m throw 42 urd ramova 
ctwred i r a  ~ 3 .  A r e c o d  trip cir- 
cuit p?tauidm 4 r im1  to atop th8 
irrrdirtiaa whoa eo crorrw taro 
roltr8mc thmr trip circuits oparrrtr 
tha noceaaaty relay diiVat8,  etclc  
t o  partom tha rotation function 

Init ial  calibration for 4 9 ~  
lndlcatrd actual w l t r g a  decay t o  
nrtch the drrfred decry (8.83 mfn 

&UtaaPtiC8U7. 

Byt..lOSf 
P a r t  3 

hdf-life) to within *0.1%, During 8 

2 hoLt intental,ertor dur to hatug. 
currrnt r u r u t u d  O.il5 V (W rrarcwad) 
os 0.02% f u l l  scala par minute. Tha 
oritiorl deeignr b u d  011 200 €Is 
aopinrl input frequency, hrr operated 

proxi..trly one yrrr, 
ruccrorfully .nd accutrtrly for np- 

The ruthor thmlu Et. Url P8-r 
of lIlrdiolo#icr~ Phyricr S s c t l a a  for 
eovirioain# the aedo .ad requlr8- 
menti for the drvolopd l iyr ta~  .ad 
for hi#  cooparrtivr r f f o t t  in tha 
teat@ urd rpplicrtion. 
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A now exporirwatrl ptogru, fa- 

q u i r i n g  r o v ~ r a l  chmnelm of ramking 
c o n t r o l ,  proaptad d rve lopa rn t  o f  A 

roultictunnd e y a t m  vhich ovorcma  
the d l r 8 d v r a t r p r r  found i n  the early 
myrtarP ") and which incorporated new 
experimental  taquirrments .  Ejrtenrive 
modi f ica t ions  became nccer rary  t o  up- 
d r t e  t h e  three-channel r y e t e a  t o  cm- 
plemant tha  n w l y  der igned mix-chrn- 
n a l  unit, 

Revleu of t h e  results of the  

e a r l y  exparlmenta~ work indicated 

s e v e t u l  i t s m a  vhich hod t o  br a l t e r e d  
t o  prb'(ride more accura ta  d r t o  8nd to  

more naar!y slmulnto rimking i n  man, 
To satisfy t h o  uxperlmental scopa, 
t h e  n w  ryrtaca rhould I 

rTh i r  davblopmnt  was supported by 
funds  from t he  I n h r l a t l o n  Toxicolo~y 
Sactfon,  Biology DeparcmQnt, 

* Senre tidal volur#riathr tuaia 

6 #old the  clgrrrtta a@ cloro to 

Maintain airtight mob around 

U#@ a o l r t d d  air valva Wtb 
poritiva cloiurr to ptevant 
amok from crropin8 into mark 
on arch braoth of  aira 
Vent rxhalad air thtough port., 
not through the cigaratta, 
lfinimite dead air rprcr in tho 

Providr nurb e e r i l y  dlnarraw 
bled f o r  c l r m i t q  and r e p a i r .  
Prevent can in r r  from anliciprt- 
i n 8  t h e  Lnhr l r t i on  o f  rmokr, 

D Include rolrnotdr opotrtfn8 
q u i e t l y  vithaut excerr iva trorp- 
errture r l i o .  

Uiing t h e  above tequir .arentr ,  
drrign and fabrication of a n i n e  

chnnnol ryrtm lollwed, Thio ryr- 
tm ern  baot be drrcrlbod p h y i l c v l l y  
II r i n u l o  u r , i t ,  rtrrrrln8 ryr ta  

or so cc to 300 cca 

thr CUIIIIO'I W t h  II p r ~ l b h a  

tho 

r ~ r r t n b l y *  

i 
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presrure r-lr to tta rcll5llot@~ 

board, caumctoro fittd fato 
th tab18 top fccilitat. tub* 
plrcrunt  when nacauuy- The pr- 
rurr, a w w r r ,  locrrtd oa tho back of 
th. lowor rholf, -0 aham mounted 
cmtu front. 

Both colatrol uaitr, cenfrrfly 
locatd 011 lav table, provide rc- 

&.nce, ai& and coatml c a b l u  r c  
u f a  under tho tal0 a d  out of tho 

@pp..rP b f m t  of tb 7-9 p u b q  

*8- 

-8 tor @Orat- m d  u & t W C O e  

Wry a t  aI.1 t-80 

llh0 '%orerrhod' C O a f i ~ ? A t i ~  

prraitr nine dogm t o  noka riu1t.a- 
wwly vfth oaly one huadlar u5d om 
operator. Tho hmdlor, operratfn# 
ftm tho back of tho tablo, plrcor 
tho do$# fa thoit rtallr uwl romaine 
that. d u r l q  upowta t o  arrlrt my 
dol  la  dirtrrraa. Tbo operatot inride 
thr 'hotir8hor" inrrrtr , liuhtr , and 
chmgrr cigrrsttr &a n*(ld.d. ?la r l r o  

monitor8 Ihr  electronic circuit8 .nd 
.lam ligihtr, 

After the 408 has barn rocurod 

I n  tho p i l l o r y ,  the handler f l t r  tho 
9aak  a r s d l y  over tha dog'# mouth 
and nolo. Tie8 racutod bahind the 
h4.d hold the mark in plrcc. Tho 

amking cycllr beginr by inrrrting a 

c igaret te  into tho holdar, orlacting 
tha propar braath rat fa  on the con- 
tro l  u n i t  and et1130gla0 tho m~wrl 

ree i t  to  rtart  the dog with  a i r  

0 0  k 2 8 5 3  
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drc-1 (m) 1-2-44 l a g i c .  The 
Breath SeWt W i t c h  cboosw the de- 
rired d e r  of  countm from 1-10 8nd 
retr 8 qurd-input NAbfD gate. Whrn 
a l l  N W D  wte inputs corrarpmd to  

the witch cleft-, thr gate pro- 
ducer  t h e  lol ic  riw t o  activate 
t h e  relay dr4v.r. 

Upon . C t U I f i - ,  th8 rela7 8 F  

p l i e s  28 voltm t o  t h e  mark-poudtod 
r o t a r y  dc .olenoid and 8180 ret8 t h e  
counter te8et circuit. U l th  the  
ooleaoid ener@tad, t h 8  do$'r next 

i n h a l a t i o n  puru through the clgat- 
ette .ad i t 0  Veatutf  chw 8Ct fV8t iw  
t h e  pruruto w i t c h  and Croat- the 
r a r e t  rigarl, Iaverted and rqurrd 
by t h e  couatar r u a t  c i r c u i t r y ,  t h i 8  
0ip;nrl rmat8 the binary cmnter. 
Sfarlt .neowly, t h e  r o t a r y  r o l r a o i d  
deenergircl, r h u t t i q  o f f  t h r  I'IPOSCO, 
and the dog reruwr breathing air, 

T18t c i r c u f t r  a m b l e  t h e  oplrrr- 
t o r  t o  monitor tha i i a n a l  conditlon- 
in8 por t ion  ( p r r r r u t u  w i t c h ,  count- 

wr d r i v e r ,  and b i n a r y  counter )  o f  

* m y  choaen chrnnaf w i t h  8 metar. 

Hank Der- 

Tho u r k  n w  u t i l i z e d  rvolvod 

a f t e r  many r t t e ~ p t 8  t o  c o r r e c t  a i r  
l s r k m , r ~ L ~  h a l u g e ,  dead a i r  rpace, 

c i ~ a r r t c e  p a r i t i o n  and oatuor  loca- 
t ion  p r o b h a .  I t  comapti~er two 
InOjor rubarrerrblier which j o i n  to- 

gather t o  fonn an ? n t e g t r l  u n i t .  

u r k  
der, 
?imta 3. 
u e ~ l  formed around t h e  back @ PrO- 

h a .  Cause ties @ recur. t h e  1.d~ 
t o  tha h d .  The mouth f i ta  &round 

t h e  inha led  air will eater t k m &  
the  f l a p p e r  valve mubumrbly. A 
low r e r t r t r n c e  exhale valve @ rap- 
Idly v a n t r  moke and rir from t h e  
urk,  Siacr mma doar m f l v a t e  8x0 

cerrively d u r i q  t h a  uprtbantr,  8 

-11 i t o p p e t  @ may ba trerovrd 
periodically to  drain saliva ftor 

T h m  tlrpprr wlvo  arranbly cow 
rirtr t,r valve houri- m a t -  
fa$ brrckat @ * Ud r o t a r y  oalencid 
8. The l a t a b  mnltold, throu8h 
whicS .& f!ng breath- via t h e  mouth- 
piece, hlro 45' iacludd ang le ,  
while t he  r o t a r y  rolonold t r a v e l s  
throuah 67.. Thir a r o l r t u  i n  achiav- 
l a g  r r.if&ht clorurr on t h o  f l r p p e t  
va lve ,  Tha lower u i d e  of t h e  howsing 
hold8 tha  a ir  part and v rn tu r f  @ e 

where breath c o u n t i w  aigrulr or ig i -  
nate, The c f y a r e t t e  holdor-venturf 
@ a t t a c h e 8  t o  t h o  t o p  of t he  aunl- 
fo ld .  

Ac tu r t ioa  of the  rotary role- 
noid @ rcrenrmitr t o rqu r  t o  t h e  

f l appe r  valva  (p through Lh8 Tylon 

A rubbe- glove .nb 

vidr a i r t i g h t  0Mlr &out t h e  do8'. 

t h e  rnUthpIrC@ @ i - u t i q  that 

th. Make 
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couplor @ e <  Actuation pwm 0tlt.m 

through vir80 @ *ich COCUWCC LO 

t ho  28 v o l t  pouor rmnoctor, Figutr 

1. 

CI 
a 

h) 

Q 
cn 
c;n 

1Ic 

(krerrll ryr tea  o p e r a t i o n  may be 
# r i d  t o  ba r a t f a f a c t o r y ;  howwot, 

m o d i f i c a t i o t l ~  t o  t h o  u r k  cnd count- 
R r  amy b8 for thcor inf i  a# experimen- 
t a l  data wattant. 

P r r r o n t l y ,  t h e  rprtom r o n r i t i v i -  
c y  ruquiroa a p p t m i w t o l y  SO cubic  
c o n l ~ ~ t o r r  (cc) of aft por brea th  
to  ~ c t u a t o  t h e  trm8dUCer#. This  
s e n s i t i v i t y  depends on tho  d:nmrter 
of t h e  von tu r i .  A w r c  renrltivo 
r y r t r m  roquiror r ~ l 1 . r  ven tu r i .  
Uork functlonr l l m i t  t h e  von tu r i  
dlmsnrlonr vhrn t h e  oritico bocamor 

too rare11 for the dog t o  b r o a t h  em- 
f o r t  a b l y ,  

'To a i m l a t e  rmoklng l n  mon, t h e  

c l g a i c r t e  rhou:.1 h a  na cloro t o  t h o  

dcig'r m u u t h  a n  p o r r l b l e ,  A prevloun 
m i i Z k  huld  t h u  r l g n r e t r e  Icpproxlmac 9-  

ly 1- 1 lnchsr nvay f r<Jm Lhe ~ r d ) n L k ;  

t tilt m A n k  w ~ o n  t l ia  c l g i i r r t t c  t o  

v t t h l n  l ' ,  :n .  .> f  rhr?  a A ) i r t h .  

f.3 nani ire P I  opcr opornr l o n  o f  

r h  t cmt r o t  a , i t c m  m r l  Irtntr.-c t t l r c t  

I h ( 1  l ! O ~  f l l h . l l P f l  thrOUgh the ClgdJr- 

(r t t r. v t iun  : \e r o l  cno i d  direr u 1 t q n  , 
t f l U  RnMk b t i l t  hr  ~ l f t  Ifit), , f i R  HCL'WR-  

3 I I shed !#v  L lip d r * r c  r 1 Ret1 ruhhur 

Bllvb1391 
?art 3 

A t i l h r  tit  of tho flappor 
vrlira . i n  0ith.r pooition inauror 
that do rwlu rntrrr on a f t  broatho 
.trb that a #mob broa th  cannot bo 
bypuuod by a l u k y  fl8pp.r valvo. 
Exhalrtion porer no problem with th. 

n o  ori8in.l oxpmrtwntrl r r y r t r  
contained a d a d  air r v c o  of voltma 
rufficirnt to pornit d t d l ~ - b t ~ t h -  
lng dogr to btorthr from t h i s  8pac8, 
inhding deeply enly o c c ~ i k ~ . l l y .  
With tho roopiration ta t8  8f foc t ivo-  
ly roducod, t ho  rrnior failed LO 

count proper ly ,  t h o  allwin8 the 
c i ~ r o t t r  to burn d m  errmtlally 
uruwkrd .  Thfr p r o b l n  har bora 

g r e a t l y  roducod by towvin8 811 al t  
horor, bringin8 the aomr and much 
c l o w r  t o  tho  f l appe r  valva, rad 
r l i g h t l y  rodur ln8  the diuwtor of 

I n  t h r  r u r l i o r  #y i t ( l l ,  tho  sol.- 
n o i d  ac tua ted  w i t h  such forco and 

n o i r o  t ha t  t h e  dogs loarccod ' 3  rhorr 
perlodr of tlme t h a t  tho b r o a t h  fo l -  
l w l n g  t h e  n o l r u  would contain n r o k o  
nnd took a c t i o n  t o  bhat t h e  ryrtem. 

The r o t a r y  rolenaldr clrcumant t h i r  
p r o h l n  ultlr i o t a r y  rather  t h a n  p l r -  

ton t r r v v l  and padded rather  t h a n  

met r l  v s l v e r .  

u ~ O  Of 8 rrrirtrncr a h a 1 0  v d v &  

tho -aka 

T h l r  nov ryrtern mlnlmltea t h e  

prohlemfi etrcounterod Ln t h o  earl l o r  

clyfitem nncl aucmn L O  he autrahle l o t  

7 lru nxFar lmenta l  ~ C O P C I  O'  tho  pro- 
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