


35 
I (" 
~v 

c 
c 

IF (1\(3).lT.1772.) GC Te 35 
C~H;.CK= (l)/.~( (3) 
IF (CH~CK.LT.2.0) GC Te 35 
'SH 1 F T= AC. (2) ltd 3) 
WRITE (~,6C) AI]) 
GO Te 4~ 

'~R I T c (6 t 5 C ) 
C C ~~ T 1>'j U :: 
!=< ETUR'~ 

FIXP 
FIXP 
FIXP 
FIXP 
FIXP 
FIXP 
FIX? 
FIXP 
FIXP 
FIXP 
FIXP 

45 FCR~AT (lJX,39H ••••• A SODIUM PEAK HAS GE[~ DETECTED AT.F8.2,16H KEFIXP 
IV fATriER THa~,/,14X,53H AT ITS TRUE ENE~GY OF 2754.J K~V. CONS UEFIXP 
2~TlY ,A~ E~ERGy,/t14X,56H CCRRECTICN HAS E EN APPLIED BY ~EANS OF FIXP 
3A GAI"J ShIFT ••• III) FIXP 

50 FOR~AT (lX,/,lDX,65~1 •••• NG SCJIUw PEAK HAS 8FEN ETECTED. CCNSEQUEFIXP 
l~TLY, ~G C(RRECTIO t/,14X,tl~ F~R DETECTOR GAI~ SHIFf VARIATIC~S HFIXP 
2 A S B::: E ! ~ i- F-' P L I r: TOT hIS , I , lit X , 1 4 H .s peT I~ l) "l •• ••• , I ) F I X P 

5 5 F 1] R. t, AT (1,_, X , 4·J H ••• ;\ p r T t, S S I U i\ P f: t, :< HAS t3 E END c T [ C T E OA T , F (3 • 2 , 1 5 H K F I X P 
lEV RTHER THAN,/,1~X,5SH 4T ITS TRUE EN~~GY CF 1461.: KEV. CONSEQUEFIXP 
2NTlY, AN E~ERGy,/f14X,5eH CCR8~C1rCN HAS PEEN ~PPLIEJ BY ~EANS OF FIXP 
3A GAr~ S~IFT ••••• ,II/) FIXP 

6 D F C P f" AT (1·,: X , 40 H ••• A f\ A L IJ j\l I ;'1 U ' PEA I, H.I! S f3 E E 0 ETC TED ;\ T , F 8 • 2 , 1 5 H K F T ;< P 
lEV kT~ES THA~,1,14Xf58H AT ITS TRUE EhEPGY OF 1779.0 KcV. CONSEQUEFIXP 
2i\TLY, A~;j E~jERGy,I,14x,56H C R::ZEC1IOf\i H.t.S [EEN APPLIED dY EA~\iS Of FIXP 
3A GAIN SHIFT ••• I/I) FIX? 

END FIXP 

325 
33C 
335 
340 
345 
35C 
355 
36C 
365 
3 
375 
380 
385 

395 
4('0 ..... 

0\ 
'rC5 \0 

410 
415 
42C 
425 
43( 
435 
44C 
445 
450 
455 



S L I:H C J T I i'. E C C i. P P ~/ {S A t r F , T A ,T ,T C , x LUX , ~l T ,~ l{ E {'! , P Pi" ) 
ALtd·;=.693/HF 
A l T t, = ,....\ L /d' 7; T 1~ 
AL TC=AL4~/ Te 
A L T~' =,::; l i" j\;' ~~ T ~ 
I 1= (f.:.. L T ~. C •• ~),~ 3) G l~i T C 5 
EXF-t=:\lTA 
GU TO 10 

5 EXPA=1.-EXP(-ALT~} 

10 IF (ALTC.GE •• J03) GC TC 15 
EXPC=4lTC 
GO TO 2~! 

15 EXPC=l.-EXP(-tlTC) 
2C IF (~LT~.Gt •• JC3) GG Te 25 

'= X P \,- = 1 • - ,b L T 1t, 
GO TG 3) 

2~ EXPh=EXP(-tlTW) 
30 FP~={AQ~A~~LAM*1~.*~6)/CSt~~T~~~PA EXPC cXPW) 

A=XLLx/12C. 
~n~=DP~/A 

RfTURN 
END 

xpp r·j 5 
XPP:'i It' 
XP pr·, 15 
XPFi"! 20 
XP P~i 25 
X p p ~,~ -, ~' . 

...),~. 

XPPt,' 35 
XPPiv1 4C 
X?PM 45 
XPPM 5u 
XPPH 55 
X P Pt·1 6;"; 

'w' 

XPPN 65 
XPPt1 7C 
XPPM 75 I-' 

....... 
XPPM 80 0 

XPOM 85 
XP P (-1 QI-' 

.. 1.....-

XPPM 95 
XPPr--1 1 
XPPf~ 105 
XPPM llC 



SUb F ;J.J T I [\i:= j\ t A fIT (X, y , S I G'" ;, Y , jJ T S , j'l T t: ::: ~ S, '\ , Y FIT, C. F l A HJ 1\ ,6..l PH tl. , B r,]t r T 
lETA,D~RIV,CHI,AR~Ay,B,IK,JK,CYISCR,KDP,C~) NAFT 

C NAFT 
C THIS OjTI~E INITALIZ S A~~ CH~(KS PARA~ETFFS FO~ T~ CURVE FIT. NAFT 
C I ~; I T L .. \ lIZ E V J\ L U c S • N ~ F T 

5 

c 

10 

c 

15 
C 

CCU2l~ P =CISIC~ ARRAY NAFT 
DIn f i\ S I ~, X ( j\ P 1 S ), Y ( N P T S), S I G :'.1 A Y ( i'l Dr s ), f)\ ( 1\ T E K. .), Y FIT ( P T S ), J~}'l.'~ F T 

1 C ( 3 ), CHI ( 1 G ) "~ L P H t:, ( 1\] T E r'~ S , j\: T :=.: i-, IV S ), BET,' (j' J T E F IS), f} ~ R 1 V ( T C R ;"\ S), i~t F T 
2 ,4 R RAY { ;\J T E R I' S , NT c P. t·~ S ), B ( (~T '"1 S), I K ( ;\ T '= R ;\>: S ), J K ( f': T t:; ,·1 S ), t.. S D:: P ( '9 ) N Jj, F T 
DIM~NSIG~ CKY(6Cl NAFT 
IF (~PTS.LE.~T RNSJ GO Te 58 NAFT 
ICHI=O NAFT 
F LA fi C\ = • c ) 1 
ICHI=ICHI-+l 
't~AX J.J 
X :''1 A X=,j • 
KJ=C 
00 Ie I 1,j\;PTS 
FIND ~RRC I~ DATA VALUES A~O CCNVERT FR CHA~~~L # TO E~E~GY. 
S I G jt .~ Y ( I} S Q R'r { Y ( I » ) 
I F (L ... HI. G T • I) G (; TO 10 
X ( I ) = 1 • . j 8 + • 7 <"'; 2 2 1 L~ ~~ X ( I ) 
C ( f .. T L,l U r: 
00 1 5 I = 1 t ~'4 r T S 
K=O 
OETER:.lINt: (liAXII1ut,: V.ALUE OF INTERV~L. 

IF (Y{ II .GT.Yl\II\X) K 1 
IF (K.E(J.1) -Vr-:AX=Y(!) 
IF (K.EQ.IJ XMAX=X(I) 
IF (K.EQ~1) KJ=I 
INITIAL ESTIPATE FOR FITTI~G PARAMETERS. 
A(l)=YHAX 

NAFT 
r-,;/1,FT 
l\AFT 
NAFT 
NAFT 
Nt, FT 
NAFT 
j\jl\FT 
~,! ,'\ F T 
!"JAFT 
NAFT 
NAFT 
NAFT 
NAcT 
NAFT 
NAFT 
NAFT 
NAFT 
NAFT 
r--ll\ F T 

5 
1(; 

-15 
L\.: 

25 
3D 
35 
4C 
It? 

5{ \.1 

55 
6e' 
65 
7·'" 

I L~ 

·75 
8e I-' 

....... 
p~ o _~ I-' 

9( 
95 

lCO 
1 5 
llC 
115 
120 
125 
130 
135 
140 
145 
15~ 

155 
16(; 



ft(2) 1.46+.((J5*AC(2) 
A ( 2 ) :;:. 42 t: ::;~ A ( 2 ) 
A ( 3 ;=1<.',12. X 
A(4)=Y(1} 
A{ 5 } =. 05 
A ( 6 ) = • '';) J 5 
I=KJ-l 
A {8 )=:4C ( 2 j-XtJ;.\X 
IF (A'3S(A(8»).GT.f\C(1}) G;l Tn 2) 
NTE kff;S=6 

C ChECK FOR DOUBLE PE~K CRITERIA. 
IF (K)~.EQ.l) GO TO 
GO Te 25 

2 0 0 0 = A ( 8 ) / ( X,," ,t\ x-x ( r ) ) 
C I~ITI~L ESTI~ATE F~k DOUBL~ PEAK PARAMETE~S 

IKJ=~)D 

I K J= I K.J + K J 
IF (lKJ.GT. PIS) IKJ=NPTS 
IF (I~J.LT.l) IKJ=l 
A(7)='f(IKJ) 

25 ceNT L·Jut: 
l=U 

30 l=L+l 
D=XP:.\X 
OW=Yf1~ X 

C CALL KJUTINE TU FIT GATA PCINTS. 
CALL CU~F!T (X,Y,SIGMAy,NPTSt~TE~MS,A,FLAMDA,YFITtCHIS , 

IBETAyJERIV,ARRAY,B,IK,JK,D,KDP,Dw) 
DO 35 J= I, NT E R fJ S 

C CHECK FeR GCCD~ 5S OF FIT. 
IF (O.:RIV{J}.EQ.O.) GO TO 35 
A8SDEI~ {J )=Aes {DEF~ IV ( J) ) 

NAFT 165 
NAFT 170 
NAFT 1 75 
NAfT 18(; 
NAFT 185 
NAFT 19C 
NAFT 195 
NAFT 2 
NAFT 2(:5 
NJ\FT 21(1 
N.AFT 21.5 
NAFT 22C 
Nl\FT 22S 
NAFT 2 
NAFT 235 I-' 

........ 

NAFT 2t+v to.) 

NAFT 245 
NAFT 25G 
NAFT 255 
NAFT 260 
NAFT 265 
NAFT 27C 
NAFT 275 
NAFT 280 
NAFT 285 
NAFT 29(: 

,ALPHA,I'<AFT 295 
NAFT 30(: 
NAf-T 3 
NAFT 310 
NAFT 315 
NAF r 32D 



IF {AJSDEg(J).GT.l. +37} 
IF (A3SDEk(Jl.LT.l.J 5) 

35 C(NT I lUE 
CHI(L)=CHISQR 

GL Te 52 
GC TO 5:J 

IF (CHIS~~.EQ.O.O) GC Te 5J 
IF (L.tQ.I) GC T8 3J 
DELCHI =( CHI {L-l )-CHt (l) )/CHI (L-l) 

C ChECK ~ CF ITTEkATI NS. 
IF (L.~W.d) GO TO 4C 
IF (D~LCH[.GT.C.05) GO TO 3~ 

40 IF (AC(2J.EC.2754.) GG TO 45 
IF (A~{2}.EC.1461.) GO TO 45 
IF (AC(2).~G.1779.) GC TC 45 
GIFEt<=.L\( ;;)-AC( 2) 
o I F t f\ = A G S ( D I F E i\; ) 

C CHECK FLR NEED TG USE CCURLE PEAK. 
If (CIFFN.lE.AC(l») GO TO 45 
IF (ICrlI.EQ.3) Gr TO 50 

C STRIP PEAK GLT, S~CJTH, A~n k~FIT. 
CALL STRIP (X,y,A,YFrT,NPTs,~T R~S) 

P::2.-J 
CALL S [TH (f\iPTS,fJ,Y) 
GC TO :.; 

4:; C ( i\ T I i\' 
RETUR,\j 

50 CC NT Il\JUE 
AC(3)=2.0*AES(t{1») 
RETUR;~ 

END 

tJAFT 325 
NAFT 33(J 
N,t\FT 335 
NAFT 34C 
NhFT 345 
NAFT 35;~, 

J'>J,~F T 355 
NAFT 368 
NAFT 365 
NA,FT 37C 
NAFT 375 
NAFT 38 fj 

NAFT 385 
NAFT 39:: 
NAFT 395 

"-
NAFT 400 I-' ...... 
NAFT 405 w 

NArT 41C 
NAFT 415 
N,l\FT 42(" 
NAFT 425 
NAFT 4 
NAFT 435 
Nt\ F T 't 40 
NAFT 445 
NAFT 450 
NAfT 455 
NAFT 4 
NAFT 465 



SUB?CJTI~E S~OCTH { PTS,P,YJ 
C T HIS F ::; L; 1 I j\l t: USE S ,I::., 5 PCI!\~ T S !Ii C C THe F THE 0 .~ T f\ 
C P=TH c JU~~ ceDC 
C Y=THc ARRAY CF l)cTA 

C C jvj tv C '\l I D (4 1;:) 
DltAE:f\:::';I]l\; Y(6(;) 

N=f\P1 :)-2 
00 1'3 J=3,i\ 
Jl=J-2 
J2=J-i 
J3=J+l 
J4=JF2 
IF (P.~Q.2.01 GO TO 5 
Yl=3.~IJ(Jl)-12.*IO(J2)-I7. ID{J)-ll.*IJ(J3)t3.*I (J4) 
Y2=-1. Yl/35. 
JY=Y 2 
roeJ)=JY 
IF (IO(JJ.L .o) IOeJl=l 
GO TO Ie 

5 Yl=3.~Y(J1)-12.~Y(J2)-17.*Y(J}-12.*Y(J3)+3.*Y(J41 

Y 2:- 1. 0* Y 1/3 5 • 
JY=Y2 
Y(J)=JY 
IF (Y{JJ.LE.C.C) Y(Jl=l.C 

Ie ceNT H~UE 
R ETlJ R:'~ 
ENe 

S~,lTH 5 
TH Ie 

sr·\T~ 15 
S~ATH 2n 

,~ 

SrvTH 25 
$r'lTH 30 
St·~T H 35 
S r~~T H 'tel 
S"1TH 45 
SMTH I:: ,-, 

....J"" 

SMTH C:-C:; 
_J -' 

sr~TH 60 
StvlTH 65 
sr'iTH 70 

TH 75 H 
....... 

SMTH 3[; ~ 

SMTH 85 
SMTH 90 
S~~TH 95 
SfJiTH l:jO 
Sf,'TH 1 5 
S"1TH IIC 
Sf'-ITH 115 
S~4TH 120 
Sf-;TH 125 
SM TH 130 
sr~TH 135 



S U 1:3 R C J T I i\ -= S T RIP (X, Y , t , Y FIT , ,J P T S , NT E F fi S ) 
C T HIS P CUT If\) EST 1 P S CUT I ~ T c ;: F ;:: PEN C i: P 

CIMt~SIQ~ X{~PTS), Y(~PTS), YFIT{NPTS}, ~ 

DO 5 I=1,NP1S 
0=1.) 

, Y FIT ( I ) ::: F U f\ C T N ( X , I , :" P T S , :'J T :: '.: f"l S , D ) 
ytl) Y{I)-YFIT(I) 
If (Y(I).LT.I.C:) Y(I)=l.,J 

5 C(I\TI'J 

c 
C 

NTERMS=8 
D=() • J 
WRITE (6,IC) A(3) 
RETUR\J 

It FORMAT (IX,lSH ST~IP DAT~ A~ NC ,EI2.4) 
END 

AK 
:'.]T F_ S) 

STRP 5 J-I ...... 
STRP 1:'" \.It ._' 
STRP 15 
STRD 2C 
ST-=1.P 25 
STRP 30 
STt<.P 35 
STRP 4C 
ST::<.P 45 
STftP 5G 
ST{~P 55 
STRP 60 
STRP 65 
STRP 70 
STRP 7S 
STRP 8[, 

STRP 85 



SU8~CJTI~C CURFIT (X,y,SIGY~y,NPTS,~TER~S,A,FLA~0~,Y~IT,CHISQ~,AC,CRFT 

1ALPH~,3ETA,CERIV,ARR~y,e,rK,JK,U,KDP,D~) CEFT 
C T HIS P.!J L T I \1 E ~.l;.!.; K E SAL F .-\ S T - S C U ;. PES FiT T U t hl ': '.: - L I ~ ~ 4 R F U 1\1 C T I 0 j\j C :' F T 
C FC~ FU~ThER ~EFERENCE S2~ 'DATA REDLCTION ~NJ ~RRJR A~~lYSIS • CFFT 
C BY ~EVI~GTJ~ CRFT 

5 

C 
10 

15 

20 

DeU3l:: PFcCISlcr\ AR~r-,y,CSQ;\T CkFT 
o I 1'-1 E I\Ll I J to. X { ~, P T S ), y U P T S ), S I i~ ~'i :1. y { \; D T S}, A ( t< T ;:: :~ "-: ::;}, Y FIT (i~ P T S), A C ; r T 

1 C ( 3 ), t\ l P r A { i~ T F ~ ;',; S , ; J T S r-; S ), e E T D., ( j\ T E R ;'/ S ), iJ =: P I V (. '.j T cR'A S ), .. :\ K ;:>, A. Y ( N T 'E: C t..; F T 
2 R {"1 S t ;,1 T :: .::, i'.,i S ), B ( t'i T E R t' S , I K ( N T c R !'I S ), J K ( f\ T C R f.-I S ) C F, F T 

C I t-l r: i\l:) I:J N wEI G l-! T ( 6 rj ), A esc ;: :< ( 9 ) C P F T 
)P·ll\ X =:J 
NFF cc~:,JPl s-\ TE~YS 
IF (NFR~E) 5,5,lG 
CH I SQ~='J. J 
GO TO LjC 

EVALU~TE ;, .. EIGhTS 
DC 20 I-=l,i\PTS 
IF (I.=d.l) GG TO 15 
I F (S I G i< t, Y ( ! );:~~: Z • C Q • ;J • C') S I G "1'\ Y ( I ) = S I G t,,; i.\ Y ( I - 1 ) 
C(NT IlU:: 
\,elf:: I G HT ( I ) = 1 • CIS I G ~J A Y ( I ) ;;. ;;: 2 
CCNT l:'jUE 
DO 25 J=l,NTEr<-f'S 

CRFT 
CRFT 
CRFT 
CRfT 
CFr-T 
CRFT 
CR FT 
CRFT 
CRFT 
CRFT 
CRFT 
CRFT 
CRFT 

BETA(J)=S.0 CRFT 
DO 25 K=l,J CRFT 

25 ALPHA(J,K)=:.O CRFT 
00 35 I=l,NPTS CRFT 
C,\lL FDEPIV (X,I,.A,NPTS,~JT~K.i"~S,DERIV,O) CRFT 
00 3J J=l,t~TERMS CRFT 
8ETA(J)=BETA(J)+W~IGHT{I}~(Y(I)-FUNCTN(X,I,A,NPTS,NTE~MS,J»)*DbRIVCRFT 

l{J) CRFT 
DO 30 K=l,J CRFT 

5 
1"~ , . 
15 
? " 
L..-_" 

25 
3 .~~ 
-:l.~ 
-' ~ 

40 
45 
.5G 
55 
6C 
65 
7D 
75 ~ 

-...J 

8e 0\ 

85 
9C 
95 

lOG 
1 :::/5 
110 
115 
12t.) 
125 
13;j 
135 
14:] 
145 
150 
155 
16:i 



3 ,:' A L F H .~ ( J , 1<) .:: ;\ L P Hi-. ( J , K ) + ~i Ie h T { I } ~H) E? I V ( J ) ; ~ i; E K I V { K j 
3::· CC 1\ T L\jUE 

DC 4C J=l,~TERMS 

DC 40 K.::l,J 
40 ALPh~(¥,J)=AlP~A(J,KJ 

CC 4.5 I;l,;\PTS 
4 5 Y FIT ( I ) ;:; F L j\ C T i\ ( X , I , 4 , f\; P T S , ~,; T ':' ;Y S ,0 ) 

CHI S'-i 1 .:: Fe ;-L! S C ( Y, S I G ~.- !\ Y , t\ P T.s , I'. f f.., ~: t- , (oJ ODE, Y FIT) 
50 8Q (0 J;:;l,NTER~S 

00 55 K~l,NTEkMS 
IF (ALPHteJ,J)*ALPHACK,K).fC •• ) A(l)=-l.C 
I F (A ( 1) ~ l T .C .) CHI S Q,~ = • 
I F (A ( 1 j • LT. C.) G D T G 1 ;:~ D 

55 A AY(J,K)=ALP~!(J,K)/SQRT('L~HA(J,J)~tLPHA(K, 

6 A Y(J,JJ=l.C+FLAV[f 
C LLlflT I V (AP~t\Y ,~"TEFIVS,C=T t IK ,JK) 
IF (O-T) 65,105,05 

65 0 1v J=l,NTE MS 
B(J} (J) 

DC 70 t<:=l,t,;TE S 
7 G e ( J ) = (J) + F T t~ ( K ) :::~'A r~ RAY ( J , l< J I S '"J Q T ( A l 0 H td J , J ) * ALP H t ( ;<. , K ) ) 

W~=(.J~ 3 AC(2)+.4) 
~ ;-1 I t, = ;,~- h ;"1 ~:~ • 5 
~1 r4AX ="41'-1+ it; ;·1 * • 75 
IF (B(2).lT.~NIN) B(2)=~MI~ 

IF (B(2).GT.~, A.Xl B(Zi=WiVl,X 
IF (t3 ( 2) • GT. C 'tJ 1.5) 3 ( 1 ) =C' ~i 
IF (B(3}.GT.{XMAX+AC(1})} 8(3)=X~4X+AC(1) 

I F (6 ( 3) • l T • ( X j\~ A >: - !~ C{ 1 ) ) rJ ( 3 ) .= X ;/ t\ X - A C ( 1 ) 
IF (~T~R~S.EC.6) TO 75 
DEL = ('J P T S ;<! • Ld -1. J 
IF (d(d).GT.CELl R(8)=CEL 

CP FT 16.5 
CRFT 170 
CP.FT 175 
C:U":T 1St: 
CRFT 135 
CRFT 19( 
CRFT 195 
CRFT 2Ju 
CRFT .205 
CRFT 21 
CRFT 215 
CRFT 22[1 
CR T 225 
CRFT 2JC 
CRfT 235 
CRFT 24C J-l 

....... 
CRFT 245 ....... 

CRFT 2 
CRFT 255 
CRFT 26(-
CRFT 265 
CRFT 21G 
CRFT 27.5 
CRFT 28C 
CPFT 285 
CRFT 29(; 
CRFT 295 
C?FT 300 
CRFT 3::)5 
C9FT 31C 
CRFT 315 
eRrT 32 



IF (~(6).LT.-DEL) 8(8)=-O~L 

15 CO SQ I=1,~P1S 
Be YFIT(I)=FU~CTN{X,I,B, TS,~T~ N5,O) 

CH1SJ~=FC ISQ(y,SIG~Ay,NPTS, F~~~,MCDE,YfIT) 

IF (CHIS l-CHISQR) 35,S(,S~ 

85 FLA~C~=lO.~*FlAMCA 
G:J TO :,;) 

9~ cc 95 J=l,~TER~S 
A(J.l ()(J) 

95 CC I :'JU~ 
I F {,~ ,~, ~, :\ y ( 1 , 1) I ALP H A ( 1 , 1 ) • LT.:; .) A C ( 3 ) = 2. '" A ( 1 ) 
IF (A~~AY{lfl)/ALPHt(1,1).l __ .) GO TO lOC 
~C(3lzD5Q~T(DRRAY{1,1)/ALPHA(1,1») 

FLA~C~=FL\~CA/IJ.~ 

it» RETUi~J 

105 AC(3)=2.C*A(1} 
qETUP~ 

ENO 

CRFT 325 
CRFT 33C 
CRFT 335 
CRFT 3',,0 
CR FT 3't5 
CRFT 35C 
C;ZFT 355 
CRFT 36C 
CRFT 365 
CRFT 370 
CRFT 375 
CRFT 38C 
CRFT 385 
CRFT 39C 
CRFT 395 J-I 

....... 
CRFT 40C' 00 

CRFT 405 
CR,FT 410 



S U G f·· ~j T I f'-J C f C i:: F 1 V (X, I ,A ,1\ P T S 1 i'J T c h 11 StU E '\ 1'/ , 0 ) 
C T HIS P '_: U T I!\ f ( U N T ~ i 1\ S T ~k D E:: i-: I V .:::. T I V ESC F T H F F' C: UTI ;'J E 'f U tlC TN' 
C FC~ FURT~ER REfE~E\CE SE~ tOATA REDUCT12N AN] E;ROR ANALYSIS • 
C FY eEvINGTOI'« 

elM E !\ SIC f\. A ( 1\ T E ~ :" S ), C E R 1 V ( :,j T := :), ~.' S ), X { f\ P T S }, C E ~ ( 7 ) 
K=G 
XI=X(I} 

5 K=V.+1 
Z=()I-L(J) )/A{Z) 

Z2=Z ~c~2 
IF (Z2.LT.5:.) GO Ie 15 
CO I\) J= I ,!\ T E R r/ s 

IG DEPIV(J)=J.C 
Ge Te 2,) 

15 OERlv(1)=~XP{-l2J2) 

DERIV(3)=A(1)*DERIV( 1)~Z/A{2) 
DERIV(2)=Ob~IV(3J~l 

2C OERIV(4)=1.C 
OEFIV(S)=XI 
o c F I \I ( 6 ) = X I ~:;;: 2 
IF (NT~~MS.EC.6) GO TC 35 
IF (K.EQ.Z) Gl TO 25 
IF (K.EQ.3) GO Te 30 
XI=X(I)-ll.(S} 
CERlI}=DE?IV(l) 
OER(2)=f)E~IV(2) 

DER(3)=UE~IV(3) 

C E R ( 4) = [; [ ::Z I V ( 4 ) 
DER{S)=OEF-,IV{S} 
C E P { 6} -= DE i\ I V ( 6 ) 
GC Te 5 

25 C (NT I.\J UE 

DRIV 5 
OKIV 1'~ 
O~IV 15 
ORIV 20 
ORIV -.t:= 

L....J 

DR, I V 30 
DRIV 35 
DRIV 4G 
Of<, I V 45 
ORIV 5C 
DRIV &;;C; 

--' --
DPIV 60 
DP,IV 65 
D?IV 7C 
DR-IV 75 
DRIV 8(1 1-1 

...... 
ORIV 85 'CI 

DRIV 90 
DR. I V 95 
DRIV laC 
CRIV 105 
OR I V 11 l' 
ORIV 115 
ORIV 12C 
DRIV 125 
DRIV 13C 
ORIV 135 
DRIV 14C 
DRTV 145 
DRIV 15:: 
ORIV 155 
DRIV 160 



CER(2}=0ER(2)+CFrIV(2} D?IV 1 
DER(3)=DE~(3)+CERIV(3) DRIV 170 
CE.~ IV( '7) DEFIV(l) DR.IV 175 
XI=X(I)-A(]) ORI¥' 18:': 
T E:-1 p .~ (:3 ) DQ,IV 1C5 
A (,3 ) =A ( ;] ) ORIV 19e: 
GC Tl: 5 ORIV 195 

3u C C ~\T I~;JE DR.IV 200 
DERIV{ l)=DEF (1) DR£V 2~=,5 
CERIV(2)=OcR(2} DRIV 21C 
DEPIV( :t)=DER('t) DRIV 215 
Ci::RIV(S)=iJEP(5J ORIV 22 ... 
DERIV{6}=0 k(6) ORIV 22~J 
CERIV(d) JRIV(3) DRIV 23C 
CERIV(3)= EP(3) ORIV 5 t---' 

(X) 

A ( 3 J = T ct,~ P DRIV 240 0 

35 RETUR DRIV 245 
END DQ.IV 25C 



SLBRGJTI~ ATI~V (A~~AY,~ ~ ~,DET,IK,JKt 

C THIS RCLTIN INVERTS A~ \-J~DE~fO MAT~IX 

C FG~ FUklhER REFE~ENCE Sft tC~TA REDUCTION AND ERROR ANtLYSIS t 

C bY 8EVI~GTGN 
OCUBL2 PFECISICN APRAy,AMAX,S~V ,OABS,ARSA~R 

o I ~Jl f:: ~,S I C ~~ t; P RAY ( i'.; 0 R D E R , i'l C F. L; ;: ::.'( ), It< ( NCR C ':: R ), J K (;\J t:, 0 ::: R ) 
5 DEI=l.J 

DO IC] K=l,~CKCER 
AM~.X=J. 

10 DC 20 I=K,NCPO R 
D'J 20 J=K"NCRDER 
I F {O A B S ( A r·; ~ X ) - C A 6 S { Ar<. RAY ( I , .J ) ) 1 5 , 15 t 2 G 

15 AMAX=~R~AY(I,J) 

IK(I<)=I 
JK(i\)=J 

20 CC~~TL'JUE 
I F (A i'l A X) 3 , 2 5 ,.3 

25 DET=C.O 
GO Te 135 

30 I=IK(K) 
IF (I-Kl 10,45,35 

3 5 C C 4 (; J = 1 , ~J: ROE R 
SAVE'=AR~AY (K ,J) 
AHRAY(K,J)=AFR~Y(I,J) 

4t ARRAY{I,JJ=-SAVE 
4:; J=JK(K) 

IF CJ-K) 1~,t(J5G 

50 DO 55 I=IJ~C~OER 
SL\VE=ARRAY( I,K) 
A~PAY( I,K)=ARRAY{I,J) 

55 ARPAY(I,Jl=-SAVE 
60 CO 70 I=l.NCRD~R 

~lT:\JV c., .., 
MTi'·4\1 10 
NTNV 15 
t-1Tt'IV 2C 
~1TNV 25 
MTNV 3C 
P.1TNV 35 
MT"',IV 4 r, '.' 
f.1TNV 45 
t-1T NV 5(' 
MTt\V 55 
MTNV 60 
r.~T NV 65 
~Tr!V 70 
MTNV 75 
i'-1Tl'lV 8G I--i 

CD 
MTI\JV 85 I--i 

~T~'lV 90 
MTNV 95 
MTNV 100 
MTt'IV 105 
MTNV 11C 
MTNV 115 
MTNV 12C 
MTNV 125 
MTNV 13C 
MTNV 135 
MTNV 140 
MTNV 145 
MTNV 15 !~; 
jw1TNV 155 
MTt~V 16C 



65 
70 

75 
80 

85 

90 
95 

100 

1(;5 

110 
115 

120 

IF (1-K) 65,70 , 65 
ARkAY(IfKJ=-ARPAY(I,K)/A~AX 

ceNT FHJ;:: 
C C 8 5 1= 1 , i'; C R D E R 
OJ 85 J=l,NC g ER 
IF (I-K) 7:;,85,75 
IF {J-K} 3C,85,80 
A8SAR~=1~ ~Y(I,K}~ARRAY(K,J)*l. D+l~ 

A8S~R~=DA3S(ABSARR) 

IF (f~JS/~R~.LT.l.CO-64) DET=J .. J 
IF (OcT.E:J.').O) GO TO 135 
A X R. A Y ( I , J ) :: iU:1 K }-\ Y ( I , J ) + A 1:( RAY ( r ,K) ~ R RAY ( K , J ) 
C(NT IlU!: 
DC 95 J=l,~:PDER 
IF (J-K)9C,S5,9J 
A R H 4 Y ( K, J j = ,~ R r~ A Y ( K , J ) / A fi. A X 
ceNT L~U­
ARPAY(K,K)=l.C/AMAX 
o E T = !J E T ~': 1 • 0 
DC 13J L=l,~CRC ? 
j( =: i'~ C ;~ 0 ::: ;~ -l + 1 
J=IKL<) 
IF (J-K) 113,115,105 
DC 11) I=l,NCRO R 
5 AV E = 41'('P, A Y ( I , K ) 
ARRAY{l,K}=-ARRAY(I,J) 
A R F, A Y ( I , J ) =: S A V E 
I =J K (;() 
IF (I-KJ 130,130,120 

1 2 j J:: 1 , [\J C e, C }.: R 
SAVE=~RKAY(K,J) 

ARRAY(K,J)=-ARRAY(I,J) 

~1TNV 165 
MTNV 170 
t1TNV 175 
MTi\JV 18 i] 

MTNV 13:'; 
MTNV 19!; 
MTi'~V 195 
r"lT j\JV 20( 
MTNV 205 
MTNV 210 
~'TNV 215 
r"'Ti'lV 220 
r-1TNV 225 
MTNV 23(; 
MT;\JV 235 
MTNV 240 
MTNV 245 
MTNV 25G 
r4TNV 255 
MTNV 26C 
MTt\JV 265 
MTNV 270 
MTi\JV 275 
MTNV 280 
MTNV 285 
MTNV 290 
MTNV 295 
MTl\lV 300 
MTNV 3C5 
MTNV 31C 
MTNV 315 
MTNV ]20 

... 
00 
to.,) 



183 

Ul (.:,;> '" Q 
N~m...:t 
r() ~ i'<"'I C"'I 

»» 
ZZZ2 
1-1-1-1-
!E~~~ 

!jJ 

> 
<I, 
1.1') 

II 

-, 
.. UJ 
~:::O 
......, ~:7 -' .• 

r ;::.; ,'x; 
<tl-::::> 
~21-0 
ct.: tJ e.l Z 
<tUn::W 

.n 0 '1"t 
Ni'f)('("1 

.................. 



F L ~ C TIl):~ I <:: {tJ} IC:\ji'l 
IHT~='~/l 5 ICNN 
ITT~=('J-IHTH:;;lc*}:5)/16 ~~4 Ie \IN 
I T h = { - I h r H k: 16 \~~! 5 - ITT H ~~ 16;!; 4} I i 1~ * 3 I C ~~\l 
I H = ( ,'J~ I H T i--h 16'~ :;. j- ITT H ,;-,; 16 ='=::,: 4 - IT H =;: 16 ¥;';.3 ) I t [~:: -;, 2 I C ~'Ji\J 
I T = ( :\J - I h T H ~;, 16 :~ :; J - ITT ;--F,' 1 t :;.;;r, It - I T 1 6 ir ,; 3- I H'; 1 is :;~ 2) 11 r C j'j!'! 
I u = i' - I Ii T t- .: 1 6 ~q' :) - ITT H ::c: 16 ~~ :-A, - I Til t ~:~; 3 - I r -,!'. 1: 2 - r T ;--~ 16 Ie :\jN 
I C = I H T H ',; l' :;~ * 5 + 1 T T rp: 1:~' 4 + I T H :i: 1 ;;; 3 + I H:~ l~;;' ~:~ 2 + IT": 1 ~ + I U lCNN 
RET lJ R,l ICNN 
END Ie N 

5 
10 
15 
20 
25 
3C 
35 
4':' 
't5 
5G 

~ 
(X) 
.a::--



F U I ~ C r I u< F U :'j C T I'; (X, I ,/\ , ~, P T S , 1\; T -= R t',j S , i) ) 

C THIS FUf\,;·:::TIC('J CC;'iTAH'.;S 'THe: (~~USSIA!\j Ct.hVE PLUS A ;~UAURATIC 
C 2ACKGRCUNO 
C fJ:'~ FLeTI-Ek RE:FcRct~(E SE'': 'Ot·,TA kE[;LCTICi'~ ,l\i,,'J ::R.r:~;J;~~ ,:::,!,~t\LYSIS ' 
C 'r: Y S [ \j I h G T L [,J 

DIM~~~IC~ X{~PTS), ~(NTE~~S) 

5 XI=~{I} 

FLNC T;'J=-.J 
IF (O.EJ.l.C) ~T~~0S=6 
IF (O.~J.I.~) GC Te le 
FUNCT~=~(4)+A{5)~Xl+A(6)~X[*~2 

1 0 C C 1\ T r'-I U ;:: 
Q=XI-:\(3) 
Z~Q/~(2i 

Z2= Z ~;:(~2 
IF (Z2.CT.5~.) GU Te 15 
F u ~,; C TJ == F U ;'l C T t ... +f\ ( i) )'~ E X P ( - Z 2 / 2 ) 
IF {~TE~~S.~C.6} GO TO 15 
C=(J-/\{ [;) 
Z=Q/A(2) 
Z2=Z~'~··~2 

IF (ZL.GT.5C.) GCi TU 15 
F U t'i ( T :\j = F l \: C i t\ + A ( 7 ) ~ E X P { - Z 2. / 2 J 

15 RfltR\j 
END 

Fr~c T 5 
Ff\;CT Ie 
Fi'·iCT 15 
Fr,I~=T zc 
FNCT 25 
FNCT ~r, .... v 

F\CT 35 
F~jCT 4(' 

Fl\CT 45 
Ff-iCT 50 
FNCT 55 
F~,CT 60 
FNCT 65 
Ff\'CT 1(: 
F~.CT 75 
FNCT Be ~ 

(X) 

Fj\lCT 85 VI 

FNCT 9::" 
Fr'~CT 95 
FI'-lC T 1 'JC 
FNCT 105 
F~,r:T 110 
FNCT 115 
F~IC T 120 
FNCT 125 



F L f\, C T I ,J.J Fell ISO (Y, S I G;v' A y, Q T S , ;\; F ~~ E E, [ D ~ , Y fIT ) C1 5 
C THI S FUNCTICf\ DETEF,f"I t ThE V}LU CF CHI-StJUL ~o elSe) IG 
ere l< f L ~ THE P E F f t:: j\ C E S :-: '0 T ~ Eel C TIC f'; '\ C ;< R :,J R t.., LYSIS t CI 15 
C BY BEVI~GTC~ CISO 2C 

DCU l PR~CISILN CHISQ,h IShT CIS;] .?~ .... -' 

C I j'-1 !\ r:l "\ Y ~ r'j P T S }, SIC iV Y ( "~ PT'.) }, Y F r T ( l\ iJ T S ) eISO 1;, - '-' 

5 CHISQ=<:.,) C I S~l 35 
IF (NFRtEl 1C,1(,15 CISQ 4C 

10 FCHISJ=C. CIS') 45 
GO TJ 25 CISI) 

15 DC ~~ I 1 ~PTS CISQ 55 
WEIChT=1. /SIGM~Y(I)~*2 CISQ 

20 CHISC C~l Q+~EIGHT (Y(I)-YFIT(I» *2 C I SfJ 65 
F R E £: =.~ F FE': CISQ 71" \,: 

FCHIS:)=CHISC/F CISI) 75 f-l 
00 

2 5 R t: T lJ h :\, Cl 8e 0\ 

Er\D CISQ 85 



FUN C T I (>"'1 5 U j'\,i (Y FIT , ~.J P T S t X , ,~ ) 
C THIS FUi\iCTICN SURKt\CTS ;~U~DRATIC B~CKG~LJUND F~cr'1 THE CURVE A'iD 
C SU~S THE A~EA 

o I ~ f: f\ S I U f\ Y FIT ( !\ P T S ), X ( NP T S ), A ( 13 ) 
Sur,'!=o .J 
CO 5 I=1,NP1S 

5 SUM=SJM+YFIT(I)-(A(4)+A(5)~X{I)+A(6)*X(I)**2) 

~ E: T U ~:>I 
END 

sun; .. , 
SUI";" 
SUril,M 
SU i"lt·1 
sur·1l\1 
SUNM 
SUr-'Pi 
surrM 
SUMt-1 

t;;: ~ 
-' CD 

10 ""-J 

15 
2 1-..... .,; 

25 
30 
35 
40 
45 



APPENDIX B 

ISOTOPE LIBRARY LISTING 

Elements and Isotopes Half1ife Energy Channel Number (min) (kev) 

Sm-153 2808.00 70.0 86 

Hg-197 3888.00 78.0 97 

Ho-166 1608.00 80.0 99 

Lu-176 221.40 88.0 109 

Dy-165 141.00 94.0 117 

Gd-160 3.70 102.0 127 

Sm-153 2808.00 103.0 128 

Sm-155 22.30 104.0 129 

Yb-177 0.11 104.0 129 

U-238 3384.00 106.0 132 

Dy-165 1.26 108.0 134 

Er-171 450.00 111.0 138 

Yb-175 6034.00 113.0 141 

Lu-177 9662.00 113.0 141 

Nd-151 12.40 117.0 146 

Eu-152 558.00 122.0 152 

Er-171 450.00 124.0 155 

Hf-181 63792.00 133.0 166 

Yb-175 6034.00 138.0 172 

Se-75 172800.00 138.0 172 

188 



189 

Elements and Isotopes Ha1f1ife Energy Channel Number (min) (kev) 

Nd-1S1 12.40 139.0 174 

Sm-1SS 22.30 141.0 176 

Mo-99 3988.80 142.0 177 

Ce-141 46800.00 145.0 181 

Ta-182 16.20 147.0 184 

Yb-177 114.00 150.0 187 

Dy-16S 1.26 154.0 192 

Se-77 0.29 162.0 203 

Ba-139 82 .. 80 166.0 208 

Nd-1S1 12.40 171.0 214 

Nd-1S1 12.40 175.0 219 

Ta-182 16.20 185.0 232 

0-19 0.42 200.0 251 

Lu-177 9662.00 208.0 261 

Nd-148 103.80 211.0 264 

Ba-131 16776.00 216.0 271 

Yb-177 0.11 226.0 283 
• • 

8m-ISS 22.30 246.0 309 

Nd-lSl 12.40 255.0 320 

8e-75 172800.00 265.0 333 

Nd-151 12.40 269.0 338 

U-238 3384.00 278.0 349 

Hg-203 67680.00 279.0 350 



190 

Elements and Isotopes Ha1f1ife Energy Channel Number (min) (kev) 

Yb-175 6034.00 282.0 354 

Gd-160 3.70 284.0 357 

Ce-137 2040.00 293.0 368 

Er-171 450.00 296.0 372 

Th-232 39455.00 300.0 377 

Er-171 450.00 308.0 387 

Th-282 39455.00 312.0 392 

Gd-160 3.70 315.0 396 

Cr-51 40032.00 320.0 402 

Ti-51 5.80 320.0 402 

La-140 2414.00 329.0 413 

Sn-125 9.70 332.0 417 

Cd-115 3182.00 336.0 422 

Eu-153 558.00 344.0 432 

Dy-165 141.00 361.0 454 

Dy-165 1.26 361.0 454 

Gd-160 3.70 361.0 454 

Sr-87 169.00 388.0 488 

Yb-175 6034.00 397.0 499 

Au-19B 3888.00 412.0 518 

In-116 54.00 417.0 524 

Er-171 450.00 420.0 528 

Nd-151 12.40 423.0 532 



191 

Elements and Isotopes Halflife Energy Channel Number (min) (kev) 

Zn-69 828.00 439.0 552 

1-128 25.00 443.0 557 

Pt-199 30.00 475.0 598 

W-187 1434.00 479.0 603 

Hf-181 63792.00 482.0 606 

La-140 2414.00 487.0 613 

Ba-131 16776.00 496.0 624 

Cu-64 768.00 511.0 643 

Dy-165 1.26 515.0 648 

Dy-165 141.00 515.0 648 

Cd-115 3182.40 527.0 663 

Nd-148 103.80 540.0 680 

As-76 1584.00 559.0 704 

Sb-122 4032.00 564.0 710 

Cs-134 1077480.00 605.0 762 

Br-80 17.60 617.0 777 

Dy-165 141.00 633.0 797 

Sb-124 86832.00 646.0 813 

Nd-148 103.80 654.0 823 

As-76 1584.00 657.0 827 

Br-80 17.60 666.0 839 

Ru-105 266.40 676.0 851 

W-187 1434.00 685.0 863 



192 

Elements and Isotopes Half1ife Energy Channel Number (min) (kev) 

Br-82 2116.80 698.0 879 

Dy-165 141.00 715.0 900 

Ru-l05 266.40 724.0 912 

Mo-99 3988.80 740.0 932 

Br-82 2116.80 776.0 977 

Pt-199 30.00 791.0 996 

Cs-134 1077480.00 796.0 1003 

1a-140 2414.00 815.0 1027 

Eu-152 558.00 963.0 1213 

Eu-152 558.00 1003.0 1264 

Mg-27 9.50 1014 .. 0 1278 

Cu-66 5.10 1039.0 1309 

Rb-86 26927.99 1077.0 1357 

In-116 54.00 1097.0 1383 

Fe-59 64800.00 1099.0 1385 

Zn-65 352800.00 1115.0 1405 

Sc-46 120960.00 1121.0 1413 

Co-60 2764656.00 1173.0 1478 

Ta-182 165744.00 1189.0 1499 

Ta-182 165744.00 1221.0 1539 

Fe-59 64800.00 1292.0 1629 

Ar-41 109.80 1293.0 1630 

Eu-152 558.00 1315.0 1658 



193 

Elements and Isotopes 
Ha1f1ife Energy Channel Number (min) (kev) 

Co-60 2764656.00 1333.0 1680 

Cu-64 768.00 1347.0 1698 

Na-24 900.00 1369.0 1726 

Ho-166 1608.00 1380.0 1740 

V-52 3.75 1434.0 1808 

Ni-65 153.60 1482.0 1868 

K-42 744.00 1525.0 1923 

La-140 2414.00 1596.0 2012 

F-20 0.19 1634.0 2060 

C1-38 37.10 1642.0 2070 

Sb-124 86832.00 1691.0 2132 

Al-28 2.30 1779.0 2243 

Mn-56 154.20 1811.0 2284 

Cl-38 37.10 2168.0 2734 

Na-24 900.00 2754.0 3474 

Ca-49 8.80 3084.0 3890 

S-37 5.07 3103.0 3914 



....... 
\0 
~ 

APPENDIX C 
PLOTTING PROGRAM LISTING 

elM ~SlGk Yft(8C),YB( ).XlxtRJ),XlYtSG) 
Dlf4ji-::f\jr ~ E3C(Gl ,XC( 12),\1\(2,6) 
GIM2~SIC~ lCC(5J~lCCC(5) 
Dlf'>;E;'\':;I:J'\ X(121),Y(3C4),Ll:. (5),L!:.e;;(4),XX(121),l'Y(121),lBf:B(4) 
JIM~NSI~\ LAI( ),LBG(6) 
CI~[~~lC~ E~(2~JJ,A(25)t6(2j),CU{25) 

RihL(5,1C)(XX(I),I=1,121) 
~[tr (j,11) (Y'f(l) ,1=1,121) 
REA[(S,lC:)(X(I),I=1,16) 
R A[(:>,bCJ) {Y{ I} ,1=1,3(4) 
q AL(0,1){LCC(I),1=1,4) 
Q t: A C ( j , 1: 1 , ( l ~ i3 L I ) , I= 1 , 5 ) 
K EAt ( 5, 7 C 8) { L ~ 8 A ( I ) , 1=1 t 4) 

166 
708 

7,]9 

~=!j[ (5,7 3) (LJ33( I) f 1=1,4) 
R:::/'lL(j,7C9) (LeCe{ I) ,1=1,5) 
RE~C(j,166) ((~~(I,J),I=1,2),J=1,~) 

F C F ;/ ,~ T {6 ( !\ 4 , tJ 2 ) ) 
FeR t' .~ T ( 4 A 4 ) 
fCRh..lT(5A4) 

1 FeR r! :~ T (4.n 4 J 
lL FCFt~~T{12F6.C/l~F5.G/13 6.0/13Fo.J/13Ft.~/13F6.J/13F6.J/lJF6.J/13F 

16.C/5F6.C) 
6J FCr~AT(11F7.2/11F7.2/11F7.2/11F7.2/11F7.2/11F7.2/1J 7.2/13F6.2/13F 

16.2/13F6.2/13F6.2/13FL.2/11 6. IIIF7.2/11F7.2/11F7.2/11~7.2/11F7.2 
2/11F7.2/1 F7.2/13Fb.2/13F6.2/1 F6.Z/13F6.2/13r6.2/11F6.Z) 

11 FOR~ATI12F6.1/13f6.1/13F6.1/13Fb.1/13Ft.l/lJF6.1/13F6.1/13F .1/13F 
16.1/5f6.1) 

IlJ FCR~AT(l; b.2/12F6.2/12Ft.2/12F(.2/12fc.2/12~6.2/4f6.l) 

101 fGF~AT(5A4) 

1C2 FCr~PT(2n4) 
2 C J F :: F III ~) T ( 4 A4 ) 

2~1 FJRVAT(St4) 



C ~\ II , ,,) ~ ,'\ L ::= ( x x , 12 1 , 4 • 5 t X X 1" I , C' J X , 1 ) 
XA=1:J7.3 
XpA=-X.~/lt.5 

XD=lJ. 
X d 8 = X:3 I X A A 
DC 16! 1=1,12 
RI=I 
X C ( I) i\ F F :'~ ~ I 

107 CCNTI:~Ut: 
C .'\ l L :; C ,~:, l :: { y Y ., 12 1 , C • 75 , Y Y (oj r f\ ., Y , 1 ) 
CALL ?LOT(1.,3.,-3) 
CALL SLI~~(XX,yy,121,1,O,12) 

CALL ~CALE(Xt76,4.5,XNI~,DX,1) 
CAL l S C t\ L:: ( '( , 3., 4 , 4 • 5 , Y 1'1 I i~ , ~_, \( , t ) 
CiJ S .. ; I=1,7L 
Y/\(I) '(tIl 

5 C C C NT Ii'l U E 
DC 51 I:: 1 ,7 
yt3 (I )=-y{ 1+76) 

5 1 C L 1\ T 1 .\! u;:: 
DC 52 1=1,152 

E (I )=y( I+l:2l 
52 C iVT 1;·1 I)E 

CALL PLJT(C.,r.,3) 
CALL PL01(C.,1.,2) 
CALL PLJT{4.5,l.,2) 

C XAXIS lAJEl ANC ~ARKS 

CALL PLOT(C.,C.,3) 
CALL PL 1(4.5,C.,2} 
CAll PL T(0.,0.,3) 
CAll 5YMBOL(C.,J.,.2,'1 ',18 ___ ,1) 
00(1)= ____ :': 

..... 
\0 
VI 



Dr] .3CJ I=l,b 
A(I)=JQ(IJ+.75~v 
e C ( 1 ) = j\ { I ) 
CAL L ,''; Y 2l ( A ( I ) 1 .; • , .2 , t I ' , 1 :: • ~~, , 1 ) 

3 C I) C C i\ T I U ~ 
CC(I) ;..'. 
CC >::11=1,23 
8(1)=0 (1)+.1875 
Cr:(l)=O{I) 
CAL L ") Y "I C L ( e { I ) , J .. , • 1 , ' , ' , 1 a • , 1 ) 

3 C 1 C C I'~ TIl U 
CALL ') Y /1 :~ L L ( -. 1 ,- .32 , • 1 , .] , , ;,,: • , 3 ) 
CALL SY~G L(.t5~Ct-. ,.1,t10~·, .,3) 
CALL :) y.j Q . .J L ( 1 • 4:; ,- • 32 , • 1 , ' ,~" J J , r: • , 3 ) 
C .L\ l L ..) Y;l e i'::' L ( 2 • 1 j ,- • 3 2, • 1 , t .3 ~ .. ' f , J • f ) 

C .\ L L :) Y ): S C L { 2 • 9 C; 1 - • 3 2 , • 1 , ' 1+ .J (; 1 , J • , 3 ) 
C ~. L L S Y ~.~ E ~-: L ( 3 • t 5 , - • 3 2, • 1 " : '.~ , , '. • , 3 ) 
CALL ') Y h L ( 4 • 4 r.. ,- • ~~ 2 , • 1 , '., < f ,~ It, 3 ) 
CALL SY~GCl{C.55,-.b,.12,'JIST~NC~ FRO ~IGH AY ( FT. )',J.,29) 
C ~ L l S Y '; f ;'J L ( 1 • 5 , .. 7 '5 , • 1 , ' h r ~j [; IRe T I -' ~J I ,:':". , 14 ) 
CALL ~Y PCL(3.3,.155,.4,6,21J.,-1) 

C YAXIS l~ _l ANC MARK 
CALL PLOTt .,1.,3) 
C,~LL PLJT{C.,5.5,2) 
C~lL ?LJT(G.,1.,3) 
CALL SY;·130L(2.3,5.26,.1,LCC,J.,13) 
CALL S y"i 3 iJ L ( 2. 3 , 5 • 11 , • 1 , LA 8 ,* • , 1 5 ) 
CALL ~ Y ;·1 eel ( 2 • 3 , 4 • 8 7 , • 1 , LA) :\, : • , 1 6 ) 
CALL ~yv8CL(2.3,4.71,.1,L8 ], .,16) 
CALL SY eCL(2.3,4.56,.1,LCCC,:.,lS) 
CALL PLCT(~.,5.5,3) 
CALL PLCT(G.,5.7,2) 

.... 
\0 

'" 



CALL JL T(4.~,5.7,2} 
CLLL PL~T(4.5,1.t2) 

CALL PlGT(4~5,C.t3) 

CALL PL 1(4.5,1.,2) 
C;Ll SY!16:L(4.5,.5,.2,· I f t .2l .,l} 
C ~ L L S Y G ''::: L { 4 • 5 t .• , • 2 , t , • , ? 7 ~j • , 1 ) 
CAL L S Y , : L ( It ,. :; , 1 • , • 2, ' , • ,2.7 ". t 1 ) 
C.~ l L S y.; 1', 'J L ( 4. 7':J ,: • , .. 1 " 1 j 1 t ,L" ., 'f t 
CALL SY ~L{4.79,.5,.1,'21tlt,q~.,4) 

C ALL S Y i:1 e ,j L ( 4 • 79 , 1. , • 1 , f 2 17 1 J ,9 ~ ., 4 ) 
C ,4 L L .) Y J L (4.95 , J • , • 12, ' E L ::.: V.A TIC. j'j ( FT. j t ,C; ., 1 7. 
C~Ll PlJT(C.,1.,-3) 
CAL L S Y\: S 'JL ( C • ,G. , .2 , I 1 ' ,~ - • , 1 ) 
CALL ,::;y, eC:;L(C.,XC(1),.1,'jf,9J.,1} 
CAL l S Y ;', t~ C L ( v • t XC ( 2 ) , • 2, • I • ,~~, • , 1 ) 
C ,~ L l :) '{ ;'"1 2 L ( C • ,X C (3) , • 1 , ' I I , 9 ~ • , 1 J 
CAll S Y ~1 Eel ( 0 • ,X C ( 4 ) , .. 2 , • , 1 ,S·.,. , 1 ) 
CALL Sy 8~JLL .• ,XC(5i,.1,JI·"j'.,1) 
CALL S Y'13 eLL ... , XC { 6} ,. 2 , I 1 ' ,9 ., 1 ) 
CAL L S Y i"~ 3 L ( l~ • , XC ( 7 ) , • 1 , ' I ' ,':; ., 1) 
C :4 L l S Y t'l e i= l ( .~.~ • , XC ( 8 ) , • 2 , , t I ,g ., 1 ) 
CAL L S Y ,'1 5 ~ L ( J. , XC ( 9) , • 1 , I It, 9·J • ,I} 
CAL l S Y bJ L ( ., X C ( l'~ ) , • 2 , ' It, 9 ~, • , 1 ) 
CALL S y :'; b G L ( C • ,X C ( 11 j , • 1 , f I 1 ,:;';~ • , 1 ) 
CAL L S y;\l ell L ( C. , XC ( 12 ) , .2,' I " 0., 1 ) 
CC IJ4 1=1,6 
I 1= Z ,:q 
e B 8 ( 1)= XC ( I I )- .4 

104 ((1\ T INU::: 
c ~ l L .~ Y i',; Fe L ( - • 22 ,- • 1 , • 1, • C J, ~) :) • ,2 ) 
C: 1C6 I 1,6 
CAll sy~e L(-.22tBRP(I),.1,~ (1,I)tSG~,6) 

I--' 
\D ...... 



1 'J 6 C C 1'j T UHJ:: 
CALL SY 2CL(-.42CJO,D.CG,.12,tCCNCENT?ATI OF 

1.,"':2) 
CC 7'j) I=1,1t:;2 
EE( I }=,::.= (1);;'-.6. 

7: ... ) CCj'j1 i\U~ 

801 

900 

C i\ l L3 l I ~'E ( X , y t. , 76 , 1 , c. , 2 ) 
DC Eel 1=1,76 
XZX(IJ::::X(I)-(.45~~EE{ I)l 
),A(lJ=YA!I)-(.45 fE(I» 
CCr\~Tr Uf::: 
DC 9_.; r 1,76 
C;:\ l L :} Y'1 L L ( X l X ( I ) , y /1 ( I ) t E ~-: ( I ) , • I I ,c. , 1 ) 
CC T L .. U;: 
CALL ~lINE(Xfye,76,lt0,2) 

CC 8\.2 1=1,76 
J=I+76 
XZY( I )=X (r )-( .45~~EE( J) 1 
y t:H I ) = Y E· ( I ) - ( • 4 :5 ~'. r:: E ( J ) ) 

802 CCf\;T VIU~ 
00 9Jl I=1,76 
J=I+7b 
Cl'lL~y;·ii[;~L(X?Y( I} ,Yf:H II f[ (J),' I' ,.').,1) 

9C-l C(f\T UlUE 
CALL PLCT{C.C,C.O,-4) 
STOP 
EI\;O 

I E{ PP.',,1 )',90 
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APPENDIX D 

CLIMATOLOGICAL DATA IN THE ABBAS OF THE HIGHWAYS 

Knoxville and Oak Ridge! Tennessee Area 

a) TemEerature of 

June 1974 

Date Maximum Minimum . Average Average Dew Point 

1 82 67 75 63 

2 74 62 68 60 

3 81 59 70 56 

4 84 64 74 59 

5 82 58 70 57 

6 78 65 72 63 

7 85 65 75 64 

8 83 65 74 65 

9 85 66 76 67 

10 82 68 75 64 

11 80 58 69 56 

12 79 63 71 56 

13 80 58 69 55 

14 83 59 71 58 

15 82 64 73 61 

16 78 58 68 55 

17 73 53 63 49 

199 
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June 1974 (Continued) 
, , 

Date Maximum Minimum Average Average Dew Point 

18 77 51 64 53 

19 84 54 72 61 

20 86 69 78 68 

21 87 72 80 69 

22 90 74 82 67 

23 78 63 71 59 

24 71 58 65 54 

25 72 54 63 52 

26 75 50 63 49 

27 68 60 64 54 

28 68 60 64 54 

29 82 56 69 53 

30, 86 58 72 55 

Average 
for the 79.8 61.1 70.5 58 
Month 

July 1974 

1 86 67 77 62 

2 90 65 78 61 

3 88 68 78 64 

4 85 69 77 64 

5 84 70 77 65 

6 85 69 77 66 
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July 1974 (Continued) 

Date Maximum Minimum Average . Average Dew Point 

7 88 71 80 68 

8 86 68 77 67 

9 88 67 78 66 

10 88 68 78 66 

11 87 71 79 67 

12 84 69 77 63 

13 87 62 75 59 

14 90 65 78 63 

15 92 68 80 64 

16 88 70 79 66 

17 92 68 80 64 

18 92 73 83 68 

19 84 71 78 68 

20 88 70 79 69 

21 87 67 77 65 

22 86 65 76 64 

23 77 71 74 65 

24 86 71 79 68 

25 88 68 78 68 

26 80 70 75 68 

27 90 71 81 68 

28 90 68 79 65 

29 90 68 79 67 
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July 1974 (Continued) 

Date Maximum Minimum Average Average Dew Point 

30 86 65 76 55 

31 87 62 75 56 

Average 
for the 87.1 68.1 77.7 65 
Month 

b) Precipitation a 

June July 

Date Water Equivalent in. Date Water Equivalent in • 

I • 16 1 0 

2 T 2 0 

3 0 3 0 

4 0 4 0 

5 T 5 T 

6 1.34 6 T 

7 0 7 .25 

8 T 8 T 

9 0 9 .19 

10 .25 10 0 

11 0 11 1.26 

12 .05 12 0 

13 0 13 0 

14 0 14 0 

15 0 15 T 
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June and July (Continued) 

Date Water Eguivalent in. Date Water Eguivalent in. 

16 .64 16 0 

17 0 17 0 

18 0 18 0 

19 0 19 1.04 

20 T 20 .14 

21 .02 21 0 

22 0 22 T 

23 .16 23 T 

24 0 24 .01 

25 .08 25 0 

26 0 26 .03 

27 0 27 T 

28 T 28 0 

29 0 29 0 

30 0 30 0 

31 0 

a T-Amount too small to measure 

c) Wind 

June July 

Date Average SEeed M.P.H. Date Average SEeed M.P.H. 

1 9.6 1 8.3 

2 6.0 2 6.8 
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June and July (Continued) 

Date Average SEeed lJ.P .H. Date Average SEeed M.P.H. 
I· 

3 8.2 3 6.2 

4 5.2 4 6.9 

5 5.5 5 6.3 

6 5.3 6 3.5 

7 5.9 7 5.9 

8 5 .. 9 8 6.8 

9 7 .. 5 9 5.8 

10 10.8 10 4.5 

11 5.8 11 6.8 

12 7.3 12 7.8 

13 4.0 13 4.5 

14 3 .. 6 14 3.6 

15 8.6 15 4.9 

16 9.6 16 8.9 

17 4.6 17 6.2 

18 6.9 18 6.8 

19 7.6 19 8.3 

20 6.0 20 6.0 

21 9.6 21 6.8 

22 10.9 22 5.9 

23 11.4 23 8.1 

24 10.2 24 4.2 

25- 6.3 25 5.6 
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June and July (Continued) 

Average SEeed M.P.H. Date Average SEeedM.P.H. 

26 6.8 26 5.2 

27 8.2 27 6.0 

28 7.5 28 3.7 

29 7.1 29 5.6 

30 9.4 30 6.0 

31 5.8 

Roanoke and Blacksburg, Virginia Area 

a) TemEerature of 

June 1974 

Date Maximum Minimum Average Average Dew Point 

1 75 63 69 63 

2 72 60 66 61 

3 79 60 70 58 

4 79 55 67 57 

5 80 51 66 56 

6 79 60 70 62 

7 75 62 69 60 

8 76 61 69 62 

9 88 59 74 64 

10 91 65 78 66 

11 81 60 71 52 

12 78 55 67 52 
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June 1974 (Continued) 

Date Maximum Minimum Average Average Dew Point 

13 78 47 63 52 

14 74 59 67 60 

15 78 54 66 60 

16 75 58 67 60 

17 72 50 61 47 

18 78 47 63 50 

19 84 51 68 58 

20 90 67 79 64 

21 88 67 78 64 

22 88 67 78 64 

23 79 60 70 62 

24 75 54 65 52 

25 78 54 66 53 

26 78 54 66 55 

27 69 58 64 59 

28 63 57 60 59 

29 76 55 66 57 

30 85 55 70 58 

Average 
for the 78.7 57.7 68.1 58 
Month 

July 1974 

1 87 68 78 61 
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July 1974 (Continued) 

Date Maximum Minimum Average Average Dew Point 

2 90 64 77 66 

3 91 67 79 65 

4 89 69 79 65 

5 75 66 71 67 

6 80 66 73 68 

7' 89 64 77 68 

8 91 65 78 67 

9 91 64 78 65 

10 90 65 78 66 

11 84 66 75 65 

12 81 62 72 56 

13 87 55 71 56 

14 93 60 77 57 

15 92 66 79 61 

16 86 65 76 60 

17 82 60 71 61 

18 89 64 77 68 

19 83 66 75 66 

20 86 61 74 60 

21 77 62 70 57 

22 83 56 70 57 

23 70 59 65 51 

24 82 64 73 65 
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July 1974 (Continued) 

Date Maximum Minimum Average 'Average Dew Point 

25 81 67 74 67 

26 82 67 75 69 

27 86 66 76 67 

28 88 67 78 67 

29 88 65 77 67 

30 83 62 73 59 

31 84 60 72 59 

Average 
for the 85.2 63.8 74.5 63 
Month 

b) Precipitation a 

June July 

Date Water Equivalent in. Date Water Equivalent in. ' 

1 .18 1 0 

2 .13 2 0 

3 0 3 0 

4 0 4 0 

5 0 5 .18 

6 T 6 .01 

7 T 7 T 

8 T 8 0 

9 0 9 0 

10 .14 10 0 
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June and Ju1X (Continued) 

Date Wate:r Equivalent in. Date Water Equivalent in. 

11 0 11 .02 

12 0 12 0 

13 .06 13 0 

14 .61 14 0 

15 0 15 .43 

16 .24 16 0 

17 0 17 0 

18 0 18 .40 

19 0 19 T 

20 0 20 0 

21 0 21 0 

22 0 22 0 

23 .02 23 .12 

24 0 24 .89 

25 .02 25 .10 

26 0 26 1.34 

27 .97 27 T 

28 .56 28 0 

29 0 29 .22 

30 0 30 0 

31 0 

a T-amount too small to measure. 
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c) Wind 

June July 

Date Average Speed M.P.H. Date Average Speed M.P.H. 

1 5.9 1 8.5 

2 9.5 2 6.8 

3 7.3 3 8.8 

4 4.8 4 8.9 

5 6.0 5 5.0 

6 8.3 6 5.2 

7 8.8 7 5.6 

8 4.3 8 4.8 

9 5.6 9 4.2 

10 7.2 10 8.6 

11 ·10.9 11 6.3 

12 8.9 12 6.9 

13 6.0 13 5.5 

14 5.6 14 4.5 

15 8.5 15 11.7 

16 8.2 16 7.6 

17 9.2 17 2.7 

18 6.2 18 5.9 

19 5.6 19 9.9 

20 10.5 20 8.2 

21 10.9 21 6.8 

22 9.9 22 6.0 
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June and July (Continued) 

Date Average SEeed M.P.H. Date Average SEeed M.P.H. 

23 7.3 23 4.9 

24 9.2 24 5.3 

25 6.8 25 4.9 

26 6.9 26 7.8 

27 7.8 27 5.8 

28 5.8 28 5.6 

29 7.5 29 6.6 

30 10.1 30 6.8 

31 6.0 
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A NEUTRON ACTIVATION ANALYSIS INVESTIGATION OF TRACEABLE 

ELEMENTS FROM AUTOMOBILE EXHAUST IN 

ROADSIDE SOIL AND VEGETATION 

by 

Thomas Wyatt Oakes 

(ABSTRACT) 

The purpose of this work was to demonstrate the effectiveness 

of neutron activation analysis in studying a complex environmental 

problem. The area chosen for study was the exhaust emitted by auto­

mobiles and its dispersion into soil and selected plants near high­

ways. The elements chosen for this study were the major traceable 

components of gasoline and automobile exhaust. Variations in the 

concentrations of these trace elements in soil, grass and wash off the 

grass at various distances from two highways were investigated. 

Of the elements found in gasoline and in automobile exhaust, 

bromine most clearly indicated where some of the atmospheric components 

were going and, therefore, would be the most suitable element for 

neutron activation studies of atmospheric and turbulence modeling and 

possibly for following biological effects of automobile traffic. 


