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* A METHOD OF PULSE-HEIGHT ANALYSIS .

"~ SUITED TO SMALL COMPUTERS "> ., -~ . =~ ..
el ki ~ :

- -
Nasd

~
-

~
e

-
o2,

.
.
» ‘J_', ;‘%-

-

¥

e
i
i

-

. ~. . e . . B ~

.
/
I
/
L
S
A

~
-
"
.
3y

1
i

"

Ay

.
i
Pk

-

~
ES

L I55

. ot

e
TR T

L
=
o
0
-~ o
»
o
Pt
o
fd
b
o
0
<,

3
o)

]

L

: . - : : i SRR

e ‘?,:

¢ R ) ~ - P
. N
-~ . . - N i ~
— . " >,
, . . —— » B
. 2 . . . { AN - N / . ’ -
o - . . ) .
. » ) . . . oo .
. - . [ ' . o
. - \ ' - . :
. - '" .' . i
, ' - . ¢ . A THESIS . :
- . - ' . . v > =
) T L .~
. . R . ) s
i R . . . R . . . . s ,
NG - M . -~ v . - L4 * )
. R . . ' . . , . NN
M e e ~ Ay v h .

. \ . . . .
T : . - The Department . . \ )
A - « ‘ -

. . .

f\{,:;, - o .- . R X R . - <
¥ T [
Rt . ‘ f s R r 9

Sk t ‘ - Q o ~ y

Al s * - = . 4 v . . oo

i - ’ Twoe T - . . : ’ .
. S ~ Physi - | G
‘ : . ysics N ST -
ben v - O ¥y g
S . - « R . ~ . B . v e
K ) . ‘ = © . - -
i . - ~ . N A . . . . ,

;ﬁu:’n. ¢ - i * . © s 7 » o ” TR . .
Y p. — N cd L4 . . . . . s e
d . Y

‘e & . * ~ [ ‘4

SR ¢ o o . > B - - '

N3 - . \ . K

g - L. v . . : IR

X . ' R T N T .

M., e N Co : (Y S~ st T ’

ES, . - ™ , RN

2
e}

/
—-

;

&y
L]
-

. S e
3 LY . . . . FEREY TN e
>i‘nl N . . - - . ~ ™~ 4 4 N BoaisT o
oa . . . L . . <. S~ - .. - .\ .
o - .
Y - s i I 4 - ~ LN A
L R PN » ~. ' \ o s e v
e ' . . - v T
LG R . a ' . PR
N . o . A * . S R P
O . A o . . 3 . ' B [ 1y . \ ' B : "“”"‘r:"
PR . . . ,

. .+ " Preseénted in Partial F%filiiént of the Requi;‘elgpts, o j.;ﬂ‘f"

.+ ' for the Dégree ‘of Master of Scierite in Physics <. '~ %
- B l o at.‘aSir George Williams University . . LT
Lo S . Mentreal, Canada .

ol I3
ke TR T T

i



R
S ‘-tr‘?(..‘.‘}fﬁ ‘( b} l

y ANt S s A
M SRy 2

{

For ‘pur oses of analyziu gma-ray spectral
ki

&

“data 1n experments at the Sir Gaorge Willians
Un1vers1ty Nuclear Physics Lnbordtory. a nethod .
usmg 3 trhnsforna\tmry of t:he Gaussia’n functzon
' to a_quadratic form for curve ﬁtting procedures /
was applied to a PDP-8/L conputer. Sanplo rosults

as well as a dxscusslon of tec/hniques are - included,.
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' .,1.Imnonuc1'ron.‘.,~‘"-'..M?' ,

N .

- ' * Due to the randon nature of the decay of the *

| ¢ ”‘i"toaic nucleus conbined with the nature of the de- . .

- N : - . - . ° . .
e L sign of the detection and counting systems, the data
. . . & » . ’

P " discretd-in all the variables and take the form of, . .

\ . . ’ . . <

! ' statistical di's'tributions. As emitted particles activate . ,ﬂ
| the detector, a pulse bf a voltage cop'esponding |
in a Yinear fasluon to the energy of the incowing |
. particle is sent into the electronxc counting System. ..
An electron1c nenory location within the. systen is then-
cre/nented the choice of. location depending upon the

- . .

pulse voltage; within- linitmg values.

'rhus if,,particles of only one particular energy are encount'-c .

= -

- ered then one part1cu1ar nenory location will be incre-

-

s - nented once for each particle encountered. ‘l'be conpliuant

- energy’ particles cause memory ln'cations that are
. / ) . A E o
. .- assigned low identification numbers té be incrmnto«l, .
‘and vice versa. . o

- < . , . .

Inci dent photons would cause .an inm-ont in ‘

°nenory 19cation, hegyeafter called a channel, fo: e_p,ch

_particlé predicted {fron -theoretical considertiéns. -
However due to the nature of the elactronic countiu
systens the contex(ts of tlie clunnels nbout the cxp‘cto&

. obtained in. nuclear decay counting experiments ‘are , - . .

of ne-ory locations is arranged .in gg;h a way that low.




channel ilso grow and what results is a normal distri-
3 ~ N bution aBout some mean. . " A : .

| It is the present purpose of this vork to denonstrate, '
L . - & method of determining the ﬂnport(ant paraneters of the:
. ‘' data.in a fashion'well suited to the Nuclear P‘hys,ic‘s‘
Laboratory at Su- George Williams University.

. ., - . The paraneters requu'ed to extract inf

i

> .

RS
Tk

FoEt™,
=

L

so as to avoid the necessity df us;.ng fojt;-linear curve
. fitting procedures thus ukmg appl 1cation more practl—
cable tg. sull con{mtors. : | .
. A program was writtcn utllizing ﬁhc Gauss Hethod
' of Loast Squares for the case of a8 second degree poly- .
S ‘nnhl to fit data supplied directly frc- the computer
( ’ core -elory to a polynomial of second order. .The back-
- ground .rtdiation and detector noise were approximately
'dotcrni.ned by usi.ng an exponontial fnnctiu in order
to correct the raw data. ‘The rosulting cmected data
were gut in the form. gf the elements: of a square matrix,
S ,"‘ﬂmso . elcnt’s being the coefﬁc:lents of three simul-

. tmoous linnr equations. A colnnn matrix was also con-

stm ' ) vhon almnts ﬂfr« the the constants of .

k,

ey e
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o‘f, tixe G&ussi_an function. :e're calculated.' The.‘co-pute!.'
output was contingent upon ‘the closcness of the width -
of the function, given by tho quantity g, to an esti-
ute provided by -the user. The progran w?s designed to - .

allow the uscr to choose the various sections of the

data to be u{lxa‘l‘yzed,.
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. B 1. NOn-Linnar Method . g
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The method used-at Sir George Wi;lials University L

.m
”
#
-
-
R
~
ot TR
320, mepng

T

e i
. "

e

L for fitting da‘t',a ito a ussian function, . | | '_'{ii‘

3o, e
2
B

» - ¢ . °
g . .

T U Yecew(-xwi/2ety -, (2.0

—

> ) . LA . "

~*-;{Q .. 7 is the genererl method for fitting data to a non- '. .

" linear £unction. ) ﬁunct:l'bn £(x) is viewed as ixaving k3
-, ; ‘its parneters a,cting as 1ndependant variables. With this ° o
as a basis the function 1is expanded ina generalized -

"Taylor s series about the perueters 81 82 55908y off(x)

P — - . -

- ‘Only the terms m the first order of s-allness are used - ’
T « . in this method. This result is 11near and may be fitted .
| o to data using the Gauss Method of Least Squares.. ] E _\ o
' Consider - . S e ":
N * - g.‘

o ._'. a Y“"B'f(‘le"‘zp.e’o.‘ne x) . - N a_‘ ' '(z‘z) . \ ‘.:‘4.“

P - v
v

[

e e,
IO SR S W PN
FuNee e

N . ) ; '..

whore the ai's enter in a non-]}inear fashion. The true . R

I S

‘ N
R . ‘residuals for each 73. observed for‘a lmo\m ai are

» . .
. ¢ ) A} - \ “," . )

1 O -
o . ) | .

b .: . . Ty - f(‘lr ‘z-nn"nex;) - 71 « (2 ._i‘)\ "

- -

' \.- . . ‘1 . ' . . . N
where £ is the function of'best fit'through the >mta.' s "

tf’\e can obtain en approxination for the “i

then ue ny conpute an appi-oxinate residual :




: ) 3N RN % .t -
Lt Ri= f(agb agnn 8, xi) b yi .

8

. oS

* ~

for n data pairs. The problem is to ol;tail} an impro-

¢
<

3 -

ved approximation for the ai's.

‘.,

LetAus «expand the fun‘ctzimg f(a'l.', »X) about. the .

re .

0

a;'s using a Taylor's series: : :

»

" 0.0 ‘ 0 g |
£(a,555X) = F(8,5,,x) + 3f (ay; - 83) + . 0..
e | 1 3. -1 1

. : , & - PN

- . . .

+ 2 (3-8

aan ‘ .

-

~

¢

af, = of \7/ "0 ey
3a; da;ix= Xie ¥ "% z.6) - .

, N

- - If we now subtract 'yi‘ from both ‘sides of (2;5); -

.- after some rearrangement we obtain

o

. |
r; = R, +3f£.82, + ,,, 3f.82
i aa;‘_ 1o 5:: o

] . . . .

- o A R C . , ;
.We now use the well known results of the Method of . -
1 |

Léa;it Squares and obtain a °syst§;. of .n‘.equapiéus for

i

~

n parameters.- In matrix form this isy .




n ) .

z(ﬂf /33 )‘ zaf af o ee ° * 6. M -
1 141 " aai \ sal R
- ) “ 2 . j .2 ? -

- o, . 3
et ®

. ’ . F 219
oo:oom.o-oocac'o- N z(a'fi/aa-)- da

If nny Gai is larzer than desired the probess can

1

be tep (;ted as an iteration. - _ ' 3 o

'l'ho theoretical criticisn cf tlu.s method is that
it prpvides an approxisation ‘“to vhnt is'in the first. , b
place an esuﬁation. It would be of luch‘-ore uSe to . S
[ “have a' method that does not require 1terations. .‘rhis i.s | _
A - im zeneral lxot possible ‘But can, in’ some cases, be real- )
\. Izud by cho:lce of 2Frobenius series which does not re- )
.’ ¥ quire the use of the Taylor's series _expansion in the :
P ‘previous discu{sions Thus it should be tried to linear- ‘
- i:t th& function £tal,,..a .x). " v

N
’
e i,

e } . A rathqr more conputational &isaavantage is the co-plex-
PR ;lty of the numerical calculat)ions Tequired in'the non- e

lhélr method. This lethod as lied to the GauSSun RN
\ .

'Efunction 1s enployed at the Nu hr Physics - I.aboratory‘

- caet

; zcearge Iinia-s University and u )os a lmrge B |
: 3
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2 " - 3. MATHEMATICAL TECHNIQUE oo

1
.
.
l"';
-
AN

‘ . 3.1. Li;learization Method - -

)
* N

,
o

B
- ¥
AR

Y

i . A, -
S S As was: previously pointed out the Gaussian function,

. . -
- . - -
-

) . i

S e XY =Cexp(-xmw)*/20Y) Y :

~

- . ’
)

>

et

f
i, et .Xf

C AL

- -
o - " - \
&l

- ©
ac -

o being non-linear, does not lend itself to simple tech- '

1]

niques fo'r curve f}ttiné, ’using f’hen criterion of Least ‘ , |
\n. Squares. Consequently so'nie technique .of simplifying L
the.mathematics was sought. e . Co
It was deci,(.led to take the criterion of Least Squares
. as fundamental; -by the measure of the x? test it can be
. " sh’oen'tha’t of the va;'ious other methods of curve fitting ! g
« the Method of Leust 8quares provides the "best fit",? : '
] ,e and thus the nost relieble vi;h(es for related energy Y
and’ in'tensity data. / ' ‘
. In tite light of the great shﬁlifi_catien ehaﬁt results
.. » from cl'xoosing a linear _or power series functien to be
,\' _fitted to the test date. combined with the spec1a1 re- X

IS PO

4

qu:lre-ent of relatively straightforward epphcatién to / N
. the PDP-8/L computer that is | hardwired into the Sir / ‘ ‘
+ George Nuclear Physics Laboratory,.it was felt that '’ o

N o

- . some method of 'e*pressing the, éausei#nn fl.mt:tionvin the e

" above-mentioned form should be tried.. = - ’ R
| - N The Fesulting mathematical 31‘8\1!0{1115; took the fol-



; 8 = background correction factor. .

where. Y =y'~- 8
The y is the original data.‘ Thus igJ;ave

~
P

. -8 . .

'Now making a logarithmic transfomtioﬁ, ,

. .-
.

1n{(y - 8)%) = 1n{C exp(-(x-n)* /2011 "(3.4)

' Nowlle’t;\

. 4

“In{(y - 8)?} =2,
/’”

snd applying the usual rules of loéari_th;qsi

- 'we have, - .

2 = 21n(C eip(-?-u)ﬁl@’))f{ :
‘T =2:(nC'+ (~(x-w)?/20%)) .

. . - .
B . -

: or -

I = -fx-ﬁj‘lo’ +(2 1"@’.

MPSIEEY
LY
«

o

Bxpan"&ing the first ‘t'ern on thc z

PO .
- .
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oo zom (=1/0®)(x?) + (2u/6?) (x) o
IR + {2 1nC - (u?/o?)} AR €23 :
,‘ | - | . S | .p '
which is of the form = { LN
" R . ‘ . S‘O;t_’,'l"'a;t'bgl : . i . . .' “‘
R 'and applies.Qirectly to the §¥iaightforﬁard,technique )" ~'fy
:ggii | . - of the Method of Least équares,lthus avoiding all the g
’ ) aove-méntioned drawbacks of the technique for hand- Tl
- ¢ ) i . \ . . -
- ling the general non-linear case’. Thus we have, BN
L ememey RN
« \\\\ i . . L ‘. . :“ . e
> - '8 . N .
S | . 8 (zulo ) / - .(3.‘8)
w0 .7 as = (2 1nC + (u/e?)) o ,
s fvml uhonco th. plrnnatnrs ofpthe Gaussian are uniquely g
‘ﬂ‘f;' | dotnrlined, lnd thns aftor couptrison to a knoun refer-
e 0 ence, the enorgy and intonsitytjfﬂ&go bean of Gn-a o
‘&ffib;” ~ photons is-available.. _ ' o
K;E&ff .. - The advantages of this‘technique are thnt the best

/ estil;te of the fhnction to be fitted is given exactly

>

with no neud for itarations thus reducing conputer
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The or1gens of the quantity B, the bcckground cor-

«

rection factor, are as follows. The effects of back-
ground and other unknown effects around the experiment,
detector éfficienCy and Johnson's noise in the detecthy

- is approx1l{‘e1y a decayxng exponential in form.
«.\

That is, B is represented by _ ' ;

A

B = Ee exp(kx) ‘ | (3.9)

‘where C, is the amplitude of the background effects at
channel zero and k is the decay factor. By the same
grguments as 1n 3 2 we hdve

108 = kx + 1nGs
: =,
Legfing
. Y=1InB; ‘¢= 1nC,
produces J

Y= kx +¢
(.s P’

- 5
. -
v9 =

.which again miy be fitted from datn ,ia m suq :;m.c
linear fashion by the thhod of<Laast'$quar03. 1“?\“‘

L3




lni(r - (Ce exp(kx))} = (-1/o")(x*) + (2w/ot) (x)

) oA T S o Qv - ~l.1 : N S phw, Tt - - - ~ " b \ + © )
. -~ L e otwg YT v . ), v 7 L . -
ot L LN .- - -
IS 4 te ve \ - ¢
- .
"
-« = - ®
- ’ 3
[ A v Ve .
4 H
P * -
' v .
- - .
-

f:“\ ) . NG (3 3)

S - _ R +{2 1nC \“(u‘la’)}

t ; i * The-formalism. for applying the Mathod of'lﬁeust
- . - S‘quu‘es' is available in any book on .ssmerical anai'-
: ysis.® The éal\cul_atiops result in, for our case, ;hréd
- . equations for the three unknowns a,, a,, and a, .From

| t.lnso'uluos the quantities C, 8, and o foliow imm-

- ediately. The équations for use in the aumerical cal-

-~

culations are, in matrix form, . .o

- 3
.
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t
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.
+

4
RPN
o
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-

:

. -y g ﬁ p—— .

AP RO O yigir' 403 o
%
%

LY
£

L . . ) 2 ] i .t = '
. __hi Bx} Ix} _ Rt B _“i‘i’i_
- ‘ . ’ ¢ "/
N ‘ where the susmations are over the m data pairs (x3575)-.
o0 . 'Using the solution of this matrix equation and eq-
. : ut:lon 3.8 we obtain the ‘required information.
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** PROGRAMMING TECHNIQUES * B (RS
ié\. ‘ 4.1.:Genera1 Gonsiderations - ‘ A

. X - A . ( . ok

%J, ' T Tt“db the calculations associated with the technique - x@'i
5%: ‘ ( . previously described a program was written to run on . .
Q. T _ 'PDP-8/L co%puter that is owned by the Physics Depart‘srt

S : o o£ Sir George W1llians University. The reasons for the g
chorce of this computer, were tuo-foid, fir§tly this unit '
o _ ‘ is hardwired into the nultichnnnel,analyzer in the Nuc-
. | lear Physics Laboratoty, and secondly, the nachine is,
~ ' ‘ "dedicated“ and consequently is available at any ti-a
"z S, and at no cost. The first of these reasons is the nost
k inportant By having the computer conneqted directly to ~
tﬁé experittnt the data, coilegtod;in thp‘-clbry)of the: :
g - ¢ o °lmat§channe1 analyzer, is transfered‘tt tie core of the
ﬁ‘ " computer by a progran written specifically fbr the. ‘&_"
N | purpose®. This progran. vhieh takes. less ‘than one second :
;: to run, transfers two thnnsand and £brty eight discrete . :
pieces of infarmation autouatically.'Thns it follows '1 1“i€

¢ that this machine should be prossed into use’ tp carry ?fﬁ

out the Least Squares calculation. ' 'f.f

. .. The program was designed to solve the: throe Siln--‘;;f#
I " tanepu; linear \quations generatod by the ucthgd of

Least Squares and provid the\vzluas.of c. d; ‘ud%géﬂ,yfﬁ
. To do this it was,divid ‘




. steps. The program llsting given ih the appendlces . ;”ﬁ
should be’ consulted . , s
+ * ’ ‘ o L f

" \ . s |
’ . \

4. 2 Data Convers1on

The dhta is transferred from the 24 bit Mu1t1channe1 <
- "~ Analyzer (MCA) core memory in binary~codad-dec1ma1 format.
The contents of each channel of the MCA is represented v

‘by a 24-bit BCD number, thq.largest poss1b1e number being -

999999, in decimal format, so, tfi data from each channel

~

occupies two 12-bit computer core memory'Looations; The
24-bit BCD number is ‘converted first to a double precision

binéry number occupying two 12-bit memory locations, and

2
L4 .

then to a floating point number occupying three 12-bit -

.
]

. !
memory locations. Information about' the floating point '

1 ’ .
number format is given in roference 6.

The conversion from BCD to binary ‘to fioatdng point
format déwdone in locptdons 0§Q5§ to 0324;. The most
significant porti n of the BCD number Y; in locatlon ; ~3
(I)A in the second\of the PDP-8/L's two 4096-uord e
‘louory~fie1d§\is converted to a oxnary (BIN) nunber using
the"FCON pseodo-in§trpction created for this purpose’
'and thon'tp a floqting'point'nulber using the FLOT inst- s

©* xuction from the Floafing Point Package. It is then |
‘ lnltiplicd by one thousand and is stored in the buffer
r;‘irogiSter. The (1) 1ndicatese&ndiréct addressing (see



The leest sigixifigant portion of iri 'is the contents

from memoTy location (I) A in memory field one, A being
incremented by one beforehand. m: number is convefted
to; BIN form as before, then chaeged to floating -point .
for-,f the nost' signifieut portion of ¥; is' then added -
to it from the buffetr and the result is then placed in
‘the three word ~floati.ug~point Remory locetion design-"
ated (I) STORP.. The, contents of (I) STORE contain the

. floetmg po1nt binary nulber A equivalent to the BCD

“ number generated in the twenty-four b:l.t .elory locati\m
: of the multichannel analyzer. :

»

.

\ This sequence is repeated. with appropriate incre-'
ment - of storage pointers ind counting loc‘etions until
* the n data points y; have been converteé and stored |
- for use in the couputations. ‘l'he progrd\’then p:dceeds
to caictxlete the beckground effects for the quantity 8.

1 - ' L] . ‘ . ;

- e

4.3. Calculation of B S - B
‘rhe beckground 8 is celculeted by fittmg an expo- |

mti‘l function to the dltl wr’ (xi‘.’i). (xi"'l ,Yiﬂ’},
(Xg429Y542) 2 - (Zjap-2 vYﬂ-n-z) » (Xgum-1 ”i'h-l)’ (314.‘:' X
Yi4n) using the technique, deeeribed in the sect
Mathemstlpal Techniques..The m rerts fﬁi‘t

ation l)3378 to ososg perfm tlsis fmction. A oy




~ The results of thesa galculations are the. coeff-
) : r .
i.cients .8, and a of ‘the. general equation o

. . Y = ‘1‘ + "o ? \\—\ ‘ . ' (4.1)

3 . r . -

. from equation (3a).

b Lo The exponential of ‘0 ‘is th:n stoxed in the mem- - '_

¥ . orydoeation labeled C ‘and s, is stored in locatxon K., .
These values,. ‘then, are to ,detex:-ine,m charactenst:.cs

of the baékgroqnd for the gufposes of -spplying correc-

ot " tions to the data obtn:lned in the‘Conwersion section o
e ~A ) &
o of, tho program. o —_—

, 4.4. llu.n Coefficients ,
L The pr&gru sections from 0526, to 0623, calcu- :

-

J ‘ ,lito__ thp cumts of the 3X3 dereraminants generatcd by =
: ;":: " the ilthmtical method. The values of,'yi used are the S

v

:; eomcud uluu zi fro- section 3.1. These are p}o- .
d!lcod by taking ‘ . I

Y ey BT IY '~ u‘s

m: us{unf. and umu to it the cnnverted 2y,




’ from the tI) ST6RE loca;fon. “This is put into- BUF2 and
the'floating point X5 is put into. BUFl. Using the values
of BUF2 anci BUF1' the quannubs Ix. 3 (SUMX) , Zx2 (SUMXZ), : '

. ”zxi(suuxs), Zx} (SUMX4) , zzi(suﬁv), zzix (SUMXY), and. o

ZZ. x (SUMXZY) and accumulated in fhe lo¢ations shown

in l_)rackets by 1ncre1_nent1ng the v lues of X and (I)STORE

.

_ ..t n times. After n passes. the progr juin’bs out into the

- routlne tbhat calculates the determinants for ay, al,

and aq.

'4.5. Determinants of Coefficients o :

N I

. N '
., . From the elements created in the last section values : .

of the four determinants.for the, application ‘of Cramer's

Rule are calculated. These functions are p'erfofned from
lodations 0624, to 0672, and from zood8 to 2140, the K
P being due to the need to accomodate the 0DT-8 de-
buggiﬁg software which is used for editing pnrg.)seé as

well as a runnmg monusbr. The deterninants are calcu- .
lated in the usual way by expanding the cofactors ass- R

ociated with the first row of elenents. The value of the

lues of the principle deteninan},t,. and those associ-
ated with.lao,. a5 and a,. . .' .

ue-q locatxons 2“18 to: 22208 cglculatn ‘the p&ra)
" metérs C, u, and o from the- nluos ﬂored in Dm. DBTAI,’
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<27, &y ® DETAS/DETM - :
J . a, = DETA2/DETM . " (4.4) '
.. .. 89 = DETA1/DETM : g =

‘ ' . . . - ~

. - 1

L -]
- v
g
L
o

ey
o
o

"
Sariit)
.

:
, 7
gt vyt

"and using the reiations deyeloped in the sectiﬂ

. Mathematical -Techniques the ;g’traneters become, L :.355

' . “ L. . - : - ? ‘
. = {-17 (DETAS/DETH) } o ;oL

N

.
AL TIS A

= {(DETA2/DETM)02}/2 T sy

- oxp{((DBTAIIDB‘l‘M)- (u’lo’))lzl :

i

g
A
o
c

.
.
o
o8,
T
'.#J»»
Tet
. -,f‘.. P

. : s Y
i,
.l vhoro ¢ is storod in .DETAS, u is ftored :ln na'rAz and c i

.
T
4.

.
W

e o

™~

PRy

- 1: storod in DBTAI.» ) @/v ' ' 3 '

- ; * 3 ‘ ° .
- . ; ’

o B 1. m«»ntan Software) C ' R
- '/\‘ " In memory locations 420 s to 4234, the software ‘

um:lttﬁ wﬁh the pseudo-instruction FCON operates . ,
‘ N" softnr‘ is. dos:lgned to convort a ve-bit BCD
_/ vord ;o ; fﬁolvi;ﬂt binry vord and is'a s andard -
pheo mrtimnc £rou the- nigi.ta ‘Bquipment Corpor- L

mﬁodny. . M tine the computer A

N
iy

by
Sl

;‘ ttiou mti.oud” o] s

I

-

m _;bnudo-in!tmction it Jumps into , .

w ,», ey,

‘:‘gu..,gonvorsion £\mction and °
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-

- %

f : © separate the output peak by peak. _
\ ' K ’ ) o "
4.8.‘ OutEut -

[
’ [

¥ ' Membry 1'ocation5»22218 to 22518' test the vali;e of .
B o against a set ‘test value labeled TEST de- }-f the -
. . o is larger than TEST no output is performed. This K
) | - corresponds to assunung a peak has been fitted corrcct():
‘ if its width is cs-s than some estimate proyided .
' ccrlier‘in the | rogram. - .‘ .
4.9: Initializations . | BT

L

. .7 The remaining sections of the program perform .

A ‘ . initiali;z’atiéns of counters, intermediate counters
. 'and accumulators are sct to zero and incremental ()'_ {
~ | operations are done. Ir-a normal run the switch register
is set tp 02068- and .the co-‘.puter' is started. The
program tnen sets its own values in thc main; initial-

5 « ization. However if the switch register is set t+ \

Py e X
3

2 . : 3 .o
*\ . 09008, the program halts at appropriate spots to!allow

the user to set vaiues for 1) the number n .of T‘c‘lia;nels

h ———

to be used for each fit, 2) the value of 'I'BST as discu-
ssed pre\uously, 3) "the first chanpelto be used in thc

. fitting procedures and 4) the number of tries at ukmg

Crillay a¥prme ¥ WU srrids D e mge e w
v

a good fit by increnenting X and its related quan- S

TLEEe
LT

tities. After these values have been entered fro-f*tho

,,
Yo e

ry
Y
A
#
r

teletype the program continues with thése new \ralucs

St

1aY
,-"E\n,“‘,k -y

of initialization. _

TR S
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40.10. l’rolrnn-Relnted Calculation Techniques

"The ‘method used to find . solutions to the si-ultan-“
eous esquations tlut result from the Method of l.east
Squnres was the method of detemnants known as Cramer's
. Rule. There may be valid objectinn"s rn:lsed as to the
‘use of this tnéhn‘ique-since in the event that the prin-
ciple ‘deterninant npproanhes' or becones zero, the sol-
utions become unreliable due to co-pntntional inacer
'nrac:les or undefined. as. the case ‘may be. ’ '\

This would suggest the use of such procedures as
. Gauss-Jordan elhinntion, or matrix inversion. It hns
bnn found from puctictl experience that the prmciple
dotorninnnt does not nppronch zero; on the contrary )

a.-i.t sonetinoi’renches the order of 10" .and higher, this
the objection to tho use of Cramer's nethod does. not apply

- in.this case. The ndﬂntagés of Craner s method on the -

other hand, a_ro_lncn granter speed and better use of
eniputor core memory. S B .
Possibinti.es of resortinz to the Method of Ortho-
goul Pol;nonills vas ' onsidered but discarded ns being
too cunbcuou to. be iw the spirit of the stated pur- \ -
poses. -~ 'Techniques, such as Forsythe's Method®, |
\lhuo boing oxtrmly nccnratn and .stable, are desixned |
to reduce hnurds thnt sre not encountered in the pre= -
mt situntion. CQnsequonuy Crner s llothog vas ad- -
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f"’i’.?ll. i’.xterior Software | .‘ "; :'~j~’ T :ﬁ.""':: -
o | | - Two pieces of software §qpplied as a part of the . “
- . PDP-8/L computer packa aro used externsally to the pro- |
L e fating Point Package (FPP) and

gram. These are the F .
the Octal Debugging Technique (om') . _ S
.

. B The Floating Point Package is & program consisiixi
. N of a serié§ of subroutines that perfox_- arithie;ic op-
' ;’ | ,~ ,‘”"‘erotions",. cer;ain unary ope;-atioos* such as Iexponep;hlf .
‘ - and trig'onometric fimction\s, and utility ooorations ' /’“ L
snch as conversion from floating point format to integer
T format and vice versa. There are also input andéoutpnt

” oL _routines using the teletype in either fixod decinl or
power-of-ten notation (fortranrl’ or B notation) . This.

software has its own set of pseudo-ins&nctions that is

_ers that the bdsic instruction sotﬂ that op'eraftes the
h)Qrdware of the PDP-S sorios conphins oum biury

.
L

<,

]

A
.
4.

'''''''
-------

. digity binary nimber’ thet- is the uchmw ({aic

) . \ ; quantity uy havo at ﬁrst s:lght 8. uxi.ll nlue of
N ’ ;4096. uowever the uchine rocognigcs tho mbors 2049
. 77 . to 4096 as negativo nu-bers going fm ~m1 to -1,
consequently the laxim.mmbot tho comtot \d.u uccopt

Tt
E’
O
E‘
* 5
Z-’.
3
%
- §
k]

. "-‘:‘ p?.q Wi -\-" -,: o Ehe T tey
RN - . 3 S



10 for one'yersionisupplying six significant fig- P

'urés of'accgiacy,'ind 0 to $10*! with seven figures
of accuracy using a second version of’thé FPP. Calcu-
‘la;ink the yﬁ portioné'seperately, cdng}ex numbers
mfiy also b accommodated: The Floating Point Package is

1 . : ) e gs -
for all intents and purposes indispensable. : i

s

The second pxece of software used ;f}the Octal Dﬁg 1J

bugging Technlque (ODT), so called because its primary

use is to d'b?’? progrusaythat are in the core of the L ;
cbnputef: It; value in'éhe present situation is centered :
around its function in placing a breakpo1nt in the pro- ‘
gral. The breakpoint when placed 1n the program stops

the progran at that point and returns control to the '

ODT and the ODT'awaits further instructions from the
’usor. COnsequently for present purposes the breakpoint

is set at'thc end of the program. The instruction nnnnG

is then given ffon-tﬁa keyboard, where nnnn is the “' -
~ starting address of the program, and control is given

to the pfﬁgran until the breakp01nt is encountered (at .
.the end of the prozran) and then the ODT takes over
’onco aggin.‘?he,procqps nay be repeated at will andothusl
Ttho onT softunre'infthis application is an automatic |
;opcritinz,srsten.l ‘ - , ; o

» s . N [V
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S.1. Pulser Peak lfrogzan

Thus it is not necessary to use a technique to ,subtrict

the values produced are tmtvprehy ior tbLmsnt

R Lo e e

There are occasions when data is to be created
w:ithin the experinen'tal ,epperatus to be .used for pur-
poses such as calibration and checking the system. It
wes consequently required to develop a method of dealing ) :‘ §
with this data to obtain the peak centroids. Usini the H
data points (xi,yi) the centroid, W, is given by,

\":.ztiyi'.,iyi o

N , |

The most obvious property is the zero background. , =

a non-existant background. The independmceliof the .
peaks, that is, the zeros between the peak data. is used
to signify the end of the individual pesk and instigate
output. On scanning threuxh the. £ieid of d‘ete', tdm\e |
non-zero value of Y5 is encountered the progru bexi.ns :
to accululate the values Ix.y, snd »’i‘ When lmthor ’

zero is encountered from the yi's the prom calmlat“ 8
the value of .the centroid ‘W and prints. ‘the retnlt. e O

After the prograa has supled 1024 chmels« of date the ,
progrn halts the computer. -ethod 48 tiliabh;




t ' 6.RESULTS AND DISCUSSION

-’ I . .
.- L 1 .

L ' 6.1. Method of Linearization '

: . 'As 2 practical test of the Quadratic method a !

. Y- = ray spectrum of radium was investigated with a view

AR R

‘
POV s
£ T

to. making some comparisons. with the results produced by

rt

::, ’ , the non-linear technique p"v,evious‘ly" discussed. As poin- o ’_
:% ted out, this method is employed on a CDC 6400 computer - A -
A ) " and ‘has béen shbvm to provide very re11ab1e results. i
’i Conseqmtly results of he present method werue conpar- A 3 B
e

o,
T,

3\“},

ed as fag is possible. Certain d1fferences between the

:;‘ results —given are to be expected since the programs "
‘; . using tho uothods in question are not designed to do ex-
;" \ actly tln sue thing, Considering the intended use Z:f .

" the order 2 method applied to the PDP-8/L computer is
to fino the peak oe;ttriod, ‘the most inpor;tant quantity
is the parumeter u, vhich is related to particle ener- R ro
g7. The o¥lowing Table I is the results of the two.

‘ methods ﬁlied to peaks of-a rs&iun spectrum. Peaks Lo

s " 1 and 2 age X - -ray peaks and 8 is a weak vy feak that

| is 'nry Z: '

en statistically poor as compared with ﬁle
S - other five y peaks, which are the principle’ petks \ i
L £ound in radium. This weak _peak is observable due to

rolntinly lonz counting times used to produce good
statistics and siml-to-noise ratios. "
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TABLE I

Values of u for Peaks of a y Spectrum

—ap

3o
fa i,
o

B )

>y
F

e'peak values

£

The average difference between.

3

given by the two methods is .055 channels

and the:

W
.

.‘;

B 4

0

ciated standard deviation is .035 chamnels.

\
R}

in

v

“

Half

"Pull Width

‘

1

In the next table the values of o that were obta

®

. o J
N .
R
B R
N . T e

-

at

ed to the quantity

nvert

- (FWHM} by the formmla
|

‘ ‘b\een co
Maximm"

have



L3 A .
. -~ . .
-
-
3
-
- - - - -

Peak - Number FWHM(Channel .
: -Quadrat‘ic Non-Linear

| 's.80 5.87 L
$.17 - 3.62 o :

“ N -

€§; S Y SU, . . 2.67 - 2.76 . -
N O X S X £ ‘
. | s 2.75 Sz
S 6 YT s . 2m H
o ST S A 2.8 - 2.87 :

ST S 8 336 . 329 -
*.:.;‘ - -. « . el e ', - 2 ABLE I1 N . ) | .
T : o ' /Naluss of FWHM for Peaks of a o
i} ::.' - . ‘ ‘ " . - . . -

‘;‘f‘—) ' N “' ) tlu ncxt table the values for c are listed. They °

KR u‘a iucludcd £or coupleteness but are not used for comp-
oo nrim purposu sinco these values are for peaks without ‘
m .. . _the bickground, which is vhat is ¢1m by tﬁ program |
: - : j jmt and does not cbmspond to uy nlue 1isted by - -
S L the son-1inest program. . S o
L T e should be noted that these values ‘are parti- ‘ ’

O ;,'; cuhrly ,;v_ulnerablo to coTputer generated errors in calc-

J‘l”«.

e N ulqtinz l.nd consequently ‘the computing system should be & )
,&lk ‘b}ﬁwqf \g;iuhgpinz u - h nccuracy as possible.
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: RIS TABLE IIT .
. i ’ o Aiplitudes for Pesks of a yﬂa’.m. R

“& .. The differences in the n].qos 1isted may ‘be duc to 3
Co a number of factors. The m—liuu-w cd}lod srm L

-.}

| - . usesa 'different - -technique for subtracting uew .
I S 1 considers ‘the background a szrim 1ine ‘and’ mbtrlcts
. |© accoriingly wiile in the order 2 jrogras written for the |
. . PDP-8/L the backgromd is consideredia m m- *:fjf

. tial, vhich seems tbbommﬁmﬁgi: y 2
e« . < Tt should also b moted that mm e m
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. . | :
. @lso vary from a true normal Zdistributicn, certain “discT ' i
répancies may be understood. K

6.2. Pulser Peak Program | ;
' » :
- The uses of the pulser peak prog will be main- ‘

N [

ly for testing the experinéntal equipment with respect °
to. a*known source. That source is, in this case, an .

'ORTEC RESEARCH PULSER designed for the purpose,

As a trial for the program a spectrum of generated

gu].ser peal;s was generated by incrementing the pulse
height of the pulser output in exactly equal amounts.
Giving the pulser output arbitrary values of 1, 2, 3, '
etcetera, th’e table of results is as follows:

L x | . Pulser Output Peak Centroid o a

T o (In Arbitrary Units) (Channe1)\

- .

4.730
©172.%000
340.000
508.000

676.000

' TABLE IV ‘ r
COntro:lds Qf Bquuy paced Pulser Peaks
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The g\}erage difference between the peaks is 168.051

channels with an associated standard deviation of 0.611
A | . - ° ’

channels. The data is based on frequencies at the peak

! . of around 10* and it is c/onseqt.xentl_y felt that the peak

% ‘ ’\ fah_xes are reliable. The progrbzan's calculation. routines

: . were chg?;ked against a Hewlett-Pac’kard HP-45 calculator

' ’ | and vwere found to be reliable. The'. tabulated results E g

) . would suggesi.that reasons fpr the non-linearity at

low energies (channels) and high energies should be inv-
: ' | . .

estigated. :
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~sequonce is as fonows.

OPERATING INSTRUCTIONS e

.

As with any machine calculating procedun\e there is .
s sot order of operation to make this analysis progran

work, All insgructions refer to devices and icontro&ls

readily visible on the experimental equipmen'\t or on the

PDP-8/L computer. |
i

. N

7.1. Data Transfer From The Multichannel Anaiyzer .

1

To The PDP-8/L Memory . o o

.  There is a. piece of software in existance that rﬁns,

.on the PDP-8/L computer amd is designed to execute data

transfer from the memory of the multichannel analyzer

(l(CA) to. the computer core.<1t is labeled MCA SBRVICE

PROGRAN and is available in the Nuclear Physiics Labora-‘
tory at §irl George Williams. This program must be-placed
iit the computer with' the help of the b}nary ‘loader soft-
waro.uhiéh can bc a;smed to be always in the hemary.
£ the loading proceflure ddes not operate reference 6

should be referred to. The transfer program is loaded

into memory from a paper tatz reader on the teletype

of ;the computer. This progrsh is placed in the second of

thc cmuter s two 4K memory fields, and tha loading

1) ﬁtrh on céuputer pover switch and teletypr.
2) . 808 s'uitch Renister (SR) to "778

4

_ﬁjg an STLIRELARIL VS S

AR

3) Pllco NCA SBRVIGB PROGRAN papar tape 1n




A . . ‘ paper tape reader and set to STARTL. . - R
| 4) On console set INST FIELD to 0 amd DATA FIELD

. to 1. . . . o
.7 §)0n console press LD ADDR (Load Address?. L

: This sets the starting address ofq;h/ MCA SERVICB r .
S « PROGRAM. ( | ) U

L ~ 6) On -copsole press START. .

The paper tape will begin ?adin\g into the nauory.{

When the whole program is loaded the conputer will
halt.

ke

en

) The 'MCA SERVICE PROGRAM may now -be¢ run in conjunction

.
[}

with the MCA. The sequence is és follow_s: S - - o

.

o _ 1) On MCA set NODE s{’ tch to DISPLAY. - P 3;
| 2) On :MCA set MEMORY swz.tch to appropsiate settings
3) On MCA set READ INIOUT switch to PRINTBR .
_~ 4) Ot MCA set NODE switch to stoe. =~ . 7 - 7
: ' 5) On MCA plug transfer cable into back of unit. :
- " 6) On MCA sot KODEsvitch to READ' Inlxun ouf
7 On PDP-8/L set INST FIBLD and DATA' rm.n bo
to 1. g . F \
- .~ " 8).0n PDP-8/L set SR to om, {owon m ono'

''9) On PDP-8/L pross. Ly Yumit theu»S'tmg-

o
1

—a

5

. .o

o The teletype wlll ncti"tc

abo‘ut one second,




Ta g o s S
- .
NS . (.w‘ <
oLy . -
, 3
:
2

'1{'5; > . ' \ - ] ' )
o _ . The data is now stored in the computer's -é-ory.\ S

&
4

'11) On MCA set MODE switch to STOP. -

e

o 12) On MCA uilplug cable at rear of unit.

AT
(-5 T35 I
fuls

. 5 P - 2
fasr v okt ,:«,Hif Al W e 6y ,~§'
- ~ I‘ "

’

13) On MCA set MODE switch to DISPLAY. r

Thi® finishes the transfer process and places 1024

b}

e

- channels of data into the appropriate Section of mémory

L ~ for both the present prograns.

) 7.2. Loading The Analysis Software
5 :

~JThe loading of the analysis program and attendant
software is somewhat different from the p}evious loading o
sequence. These progfans. due to thier length, are stored
‘on nggne;ic tape (magtape). Ihe paper tape program that
| goc;s tfii:h them is a loading program called READER which g \ ]
. C

( ) must be loaded into memory as before.

[x] - . .

i

“ © 1) On console set and leave DATA FIELD and INST

’ \\

. o FIELD switches at 0. _
. : ' 2) Proceed as for MCA SERVICE ‘PROGRAM.

o
£

- \Jsm .the READER program the analysis program and

* software may be lo_adéq from ngtape as follows: PR ¢

°

[y

t -

; ‘/ o * 1) Nount Software magtape on t#pe drive and press
R ' LOAD FORMARD twice. Then press ON LINE.

2‘:;: L "2)“011' console set SR to 4000, (100 000 000 000,).
‘ | 3) ‘Press\ LD’ ADDR, then START. S




5) Set SR-to 0000, (000 000 000 000,) and press
-9 CORTINUE. “ |
i‘apeawiu move.
6) Press STOP.
7) Set SR to 40008, press'LD ADIR, then START.
8) Set SR to 3400 (011 100 000 0002) and press
CONTINUE. | e

> -~

Wt T '
9) Set SR to 44005 (100 100 000 000,) and press
, CONTINUE. . , . \
‘ Jare will move.

10) Press STOP.

*

The mdly?is program

>
¢

o v ! . .
core ready for use. . \
*\ ) . .‘f y &

o [

b . .
7.3. Operating ‘The ‘Anal&sis/!’rcira-

-

{ " The analysis progra- uses the ODT as an operating

device for 1ﬁxteract1on use ‘with the teletype, renxmg

_the. need for pnnecessary use of the cotputer console.

- Use requires the fplloymg procedures: e -

t

I) On the console set SR ‘to 1000 (001 000 000 0002).
11) Press LU ADDR, then START. o
III)'Tyﬁe 2271B to set breakpoint.

-
T - R - g

The ‘Qiste-'nis nov ready. for ictive use.. Torunthe
analy;;ls, the user ms&e&iﬂe xhethpr to chooso his
pgxaneters ‘or use thosé" pmﬁded by thc grcm th&‘”"‘“‘ :

-4t‘




a) If the.user wishes to control the analysis
para-eters the SR should be set to 00008.
b) If the user wishes ;ié program to run 1nde-
pendgntly the SR should be set to anyth:ngh

but 0000

8 '
On the tgletxpg the user then types 200G. Depending
on the previous decision the program will a) étOp or
b) analyze the whole spectrum ;ndiputput data.
1f i) has been choseg, the prtham will stop and
wait for input, in' the fo;lowiné éeqhence:‘
.

1) Type 200G -

The computer stops.

" 2) Type n for the number of -channels

analyzed. ‘

v

The computer stops.
. . ‘

3) Type value of TEST, the maximum value of ¢

allowed.\

2

- The cdhputer stops. . ' ..

-
XA - .

- 4) Typ;\the vnlue of X, the starting channel

nunbef\

.Tho°co-putor stops.

o

SN

S) Typc the value’ o?‘tALLY. the number of incre-
‘ with a fit for each incre-




Ry

-

.START. When the output is finished and the'progi&n has

The épmputer then proceeds to calculate on the basis

of the paraﬁeterslset. In the case of eﬁther a) or b),

when the program is finished and results are priné!d,' C e e

control reverts to ‘the user through the functions and

commands of the ODT and the’ user may yum an. analysis

agaln by typing 2006. ’

! - ‘

7.4. Use OFf Pulser Program

’

The use of the pulser program is slightly‘'different
. . ! :
from the analysis progran. The program and Floating
. .
Point Package are loaded from paper tape in the same

manner. as the program READER, the method being well doc-

3

’

umented in reference 4, which is' a computer user's

.

‘»<__"T«Y‘
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T
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mahual. Voo -
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fb run the pulser program the user éets'the SR to
02008 (000 010 000 0002) and prekses‘LD ADDR, and then’

stopped the program ngz be ruﬁ agﬁin.by repeating the

s -

- L3

sequence. L . ‘ . o




. 'ANALYSIS TECHNIQUES
8.1. Use OF The Main Program - '

The strength of the main prograﬁ is to make prelim-

inary analyses of individual peaks in a spectrum. The

Jrogran called SPED using the non-linear techniques .
previously mentioned %nd running on the CDC 6400 com- =
puter has been shown to provide excellent results and ~
is useful for analyzing complete spectra. If, however,
data is wanted inmed1ate1y‘;n certain peaks in a freshly
generated spectrum, the present program is ideal. The
acgual use of the program requires some practice to '

be used most efficiently. o

\ The fbpr'parémeters of analysis are of great import-

:ance in deternining the quality of the data generated.

The parameters are.

\1) n, the number of channels to be analyzed.

1 2) TEST, the maximum value of o allowed. ,

~ 3) X, the starting channel of the analysis. - v
4) TALLY the nusber of times the basic X shall

be jmcremented for a'geu fit.

-

. Of ﬁhpse-par ters the first'is the most important. .

. This parameter degides how much ﬁata is used in the cal-

, cﬁllgiops. that is whether the flat portions of the

. peak shall be included or not. bué(to the mathematics

this is of i-portance. the ano¥nt and syunetry of ;he

Qa?i 5dttt effect the relative weightings of the data and
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CONCLUSION

4 , . ¢

" ... Summing up, the tests performed using the program
mtilizing the present technique produced results in

accord with the design objectives. Since the main pro-

gram vas based on a mathematical technique introduced

for si-plification,. the results demonstrate the %Qlidit}
of the present method which uses the-Gamssian function. :
;Ioreoﬁr it clearly shows its practicamitx for the _' , : :
situation at the Nuclear Physics Laborstory at Sir 2
Ggorge linins University. ’ ) o '

The pmsent progru, \tlnle successful , should not
bc considered final. Within the limits of the PDP-S[ i

a

‘computer, goutines . ‘could be set up to test the q
of fit and make decisions to change analysis pars
L 30 as to optimize rcsnits. o ‘
- - Apart from its use in the present situation the
| )uthuatical method is of use for any set of data having
a mmi@stribution and may prove uscfnl in other

mu.cations. . . : - "
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. Linearized Gaussian Fit Program . . : : ‘
. -~ FIXMRI  FJMP=0000 ~ e < T
2 .FIXM®l  FJMS=7000 ) ' . N -t
X F152=0000 ST S ,
. FEXT=0000 . LT 2 e S
. " FSOU=0001" , I T <N -
| - FSOR=0002 - . S . S
. ‘v . FSIN%0003 . e N B
L FC0S=0004 - Co.
o ' " FATN=000S ' . - e
' " . FEXP=0006. . : L Cot e
FL0G=0007 < LT
. FNEG=0010 - . ‘ o e
: ~_FIN=0O011 . : . : N
' . FOU'T=0012 AU R . ‘
- FFIX=0013 . . Lo -
<, .- FLOT=00la - - ~ : R )
. " ! FNOR=7000 i : o . -t
R FCDF=7001 . : ‘ T
_ ‘ FSW0=7002 ' ' -. o S »
FSV1=7003 _ e e - ST
- ‘- 'FHLT=7004 . v o = T 15
: FSMA=7110 . e, : - 2
.o FSZA=70S0. - T, e O,
. . FSPA=7100 N 4 : , AN
. FSNA=7040 U T ey

N

ie
i

- FNOP=7010 A R

. . FSXP=7020 . et T o s
.. 7. FCON=001S. e
L " v PAUSE .. LT o L L
N ‘ I * . : - ce L. ot g \ . ’ .‘-‘

R .. "-.l - " ‘\ - .‘ . . .. '. . A ."‘ N ] '.’.\ «‘
/0001 2000 .PEPP,REP e, _— .. coe TR

0003 0000 TEST,O ' se T
--: .o 's . C - . N L '., S ev _.'. “
"000S 0004 TESTP,& . . . SN PR
0006 2000 APP,2000 . - . S F
. - T «10 . T RS e

* ' 0010. 0000 STORE,O0 _ - IRt b
N .t - %20 -

~ 0020, /0000 BUF1,03..
0021. 0000 O3

0022 ‘0000.0". - v -
.0023 - 0000 A.0 * - _ .
‘0024 0000 CTR,O ..

'
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0030 0000 ZERQ,O03
0031 0000 SIMXY, 03
0032 0000 03
0033 0000 O3

.+ 0034 0000 SUMX2,03
003s 0004 . O3 )
0036 0000 ©
‘ *63 -
0063 0000 SUMX, 0’
0064 . 0000 ' 03. .
0065 0000 O °
0066 7775 NEG3,-3
0067 .7772 NEG6,~6
.0070 0036 - NP,36
0071 0000 N,O
0072 2002 AP,2002 Ny
0073 2275 STOPEP,BEGINP.+2
0074 0012 CONST, 12}
0075 3720° 37203 -
0076 _ POOO 0000

.

0077 /0000 DETM,03

_. 0100.7 0000 03
. . r.O'lOl‘ 0000 o. :
" . 0102 0000 DETAl,O03
- ‘0103 .-0000 03
. ‘ot0a o000 o §.
", 0108 0000 DETA2,03 .
" 0106 0000 O3 ..
. ..0807 ‘0000 © .
~ 7. 0110 - 0000 DETA3,03
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T N 1001130000 C.03
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0132 0000 T
, 0133 0000 .’ o . - ,
013¢ 0000 e . ’ L
. . ' 0135 0000 ‘ ‘ . c - |
T -0136 0000 . ' . : .
; 0137 . 0000 O - ‘ . .
co . "0140 0526 STAFYS,STARTH o0 ' L. - S
I 0141 0001 ONE,0001 T S . w
S 0142 0036 NPP,36 . . ~ . RN
. 0143 0001 MP,1 TR S, Vot
. 0144 0000 TALLY,O Lo o : - . B
. - 0145 6037 TALLYP,-174a1 : . -, ]
. 0146 G000 MPP,0 ‘ ) e s .
0147 0Oala STAPP2,START2: . - ‘ A
! _ %200 e oo T N
: * 0200 -6046 TLS. L B . - '
Co ~ 0201 -120a TAD KUSP . : P o
: .. 0202 360S DCA I{INTABLE - . ) oL e
P -, 0203 5206 JMP .¥3 !/ , C o |
‘ . 0204 4200 KUSPR,BCDBIN * - e T N L
; . .0205 7246 INTABLE,7246 L _— e oo
‘ 0206 1005 TAD TESTP ,-. . - . G ~
. '0207 3003 .DCA TEST R S LT,
: . *. 0210 1006 TAD APP ./ _.° = - CL SRR
o . . 02;) 3072 DCA AP . e T e e s
: : , 0212 1145 TAD TALLYP . Ce S T
: 0213 3laa DCA TALLY - , e o e Tl
.. = 0214 1142 TAD NPP Voo .- - STt
: . 0215 3070 DCA NP” DA e S B
= 0216 1146 TAD MPP e ) ’ . B
i s 0217 3143 DCA MP . | T
AKX . : . /ENABLES vsm TO ssr "nsmn.t vxnm 2IMAX.." szamu ;
g : _ 7+ /3)STARTING ,‘uxm'vm.. AINUMBER' 6? _CHANNELS TO- BE'$ S0
‘4l . 0220 7404 OSR
R © - 0221 7440 SZA .
" . - 0222 5270 JMP START
N T ~ 0223 6032 -KCC
0224 4407 JMS YV 7
0225 001§ FIN/
© 0226 7000 'FNOR .
) 0227 . 0013 - FFIX )
. 0230 0000 FEXT . .
0231 " 1044 . TAD 44
0232 - 3070 . DEA NP
* 0233 . 4407 - JU° z; T
. 0234 0011. FIN .
.. . 0235 7000 FNOR..
0836 oo:a,. rrxx
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‘0000 FEXT
1044 TAD aa
7041 CIA -
3003 DCA TEST
4407. J\IS 1 7
oo11 %f‘
7000
0013 FFIX -
6020 ' FPUT BUF1
0000 FEXT -
1020 TAD BUFI
3123 DCA MP
1020 ° TAD BUF!
1620  TAD BUF1... -
1606 TAD APP .-
3072 ‘DCA AP
4407 JMS I 7
0011 FIN .
7000 FNOR
0013 FFIX
0000 FEXT
10aa  TAD aa
704t ' cla
3144 DCA TALLY :
© . /START MAIN wnxm.;umw
7300 CLA CLL,
1143 START, TAD MP
3026 DCA. M
1072 - TAD AP
3023 DCA A
1070 TAD NP
. 3071. DCA N
1073 TAD ‘STOREP
3010 DCA STORE
1070 TAD NP
7041 . CIA -
3024 DCA CTR -
4407 "JMS 1°7.
. 7011 FCDF 10
5423 FGET 1 A
‘0015 FCON
‘‘00la FLOT - .-
10 3074 FMPY CONST '
o . 6080 FPUT BUF}
e 0023 FISE A
0313

o

o —
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WT0316 0014 “FLOT T T U Tt rel oo e
0317 1020 FADD BUF} e T o :
0320 6410 FPUT I STORE IR P e
<~ 0321 7010 FNOP ; T . .
. 0322 0023 FISZ A . o . o o
- 0323 . 0024 FISZ CTR - S o
. 0324 0271 FJMP START+1 . " -
0325t 0000 FEXT. . a ) ‘ )
0326 1067 TAD NEG6 . B . S
0327 3025 DCA CTR2 - oo C
0330 1073 TAD STOREP S B : ;
"0331 3010 DCA STORE - e T AP
0332 1066 TAD NEG3 T .
0333 3024 DCA CTR t IR BV
0334 1026 TAD M - R N v
0335 "3027 DCA X - - 1
0336 4407 JMS1 7 SR S
0337 , S030 FGET ZERO ° e s e : F
0340 0014 FLOT . oL . N
034l 6063 FPUT SUMXs .- . S
0322 603a_ FPlT Stmxes ~ - - NV
.0343 6031 FPUT SUMXY, S N
0342 6121 FPUT StMY et . oo e
0345 S4l0 STARTI,FGET I "STORE - - I
0346 7010 FNOP. ~ . I T SOARGR
0347 7050 FSzA ! : T A
0350 0Q07 FLOG -
Q351 6122 FPUT BUF2
0352 S027 FGET X .
." 0353 .00l4 FLOT .
»" 0354 6020 <FPUT BUFI
0355 - 3124 FMPY BUF2 "
0356 1031, FADD SUMXY:
0357 6031 FPUT STMXY
‘0360 soao‘( FGET BUF] -
> 0361 1063! FADD SUMXs .

N

0362 6063 FPUT Sumt
- 0363 S020 FGET BUFI13

0364 000!

0365 1034 FADD SUMX23 .

" 0366 6034

0367 5124 ° FGET BUF2

112)
6121

0370
0371

-Q372.° 0027 . FISZ X_ §
0373 - 0025 . FISZ CTRR "
0374 ‘0024 FISZ GTR .
0375 . 0345 “FINP: smﬁm
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FSOU

FPUT S

FADD " ST™MY3 -
FPUT SﬁNY
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S 0402 3027 --DCA X o e e S
oo © . 0403 1010 TAD §§0RE ' . ' :
v o 0404 1071 TAD 5 o
S e . 0405 1071 TAD N3. ‘ . © .
0406  1Q71. TAD N . ‘ T
: o 0407 - 1087 TAD NEG6; L _ . -
o ‘0410 1067 TAD NEG6s ' e T : -
< 0all 1067 TAD NEG& : ., | ' :
.o - 0al2 3010 DCA STORE et S
Fot 0413 4407 JusS 1 7. - .o ' -
" Dala Sal0 START2, FGET I STORE - . .
...04a1S 7010 ."FNOP . . . R S
0416 7050 " FSZA - R I
0417 0007 FLOG B Co : , 3 -
P 0420 6124 ° FPUT 'BUF2. - . oo , )
. " . 0421 5027 FGET X . o , N
3 y " 0Rg2' 00l1a FLOT ‘ ¢ ” - . s
{ ' . 0423 6020 FPUT BUF1 . oL - R
"+, . 0A24 -312a FEMPY BUF2 . y el .
_ ~ ', 0aeS 1031 ° FADD SUMXY3 - o « ‘
o 'y 0 0426’ 6031 FPUT SUMXY S T :
P . - 0427 © 5020 FGET BUF! S . . '
R . 0A30 1063 ' FADD SUMX3- -, . .. . .
- 0431 6063 FPUT SUMX *. S e, :
T t.JT ., 0A%2 S020 FGET BUF13 et s :
.0t 0433 0001. FSQU° s : A Co
: : ' 0434 1032 FADD SthMX23 . ' g . :
. 'oaas 6034 FPUT StMx2 : | Ty ey
‘0436  S124° FGET BUFE2 = . T
04377 1121 FADP SUMY3. - AN b T
OAA0 - 6121 FPUT SUMY . . . - - ‘ A
;GAtt ‘0027 “Fisz-x .' . s Lo R
SNV U oAR 0025 FISE CTR2 - e .t _
g x. Qawoa43~ 0847 FUMP I STARPR? ., ¢ .o Tt T
LT ONAA C 5063 - s#Apra.restﬁsuux A Sy e
~OAAS 0001 FSOU . . v . .- T T
6020 'FPUT BUFL... .~ . .. o . o
8067, . FRET NEBE" & .., el
’QQ‘QT}-OT _ RS S coe T Lo

0 FNEG . :
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- 0456 303
0as57 6020
0460- s121
"04a6) - 3034
0462 2020
0a63 6102
0464 S063
0465 3121
0466 6020
0467 5067
‘0470 00la
0471 0010
0472 3031
0473 2020
0a74 4077

0475 7010

0476 6116
0477 5102
0500 . 4077
0osbl 0006
0502 7010
0503 6139

L /.

0504 0000
0505 1071
0506 70al
0507 3024
a510 1073
0511 3010
0s12 - 1026
0513 3027
0514 4407

0515, 5030
‘0516 0014
0517 6063

,.0520 ‘6034
0521 6127

0522 6132 -

- 0523 6121
0s2a 6031

FAPY SUMXY"
FPUT BUFI-
FGET StMY
FMAPY SUMX2
FSUB “RBUF1
FPUT DETAl
FGET SUiX
FMPY SUMY ¢
FPUT BUF1

'FGET NEG6
FLOT3 ‘
FNEG .-

FMPY SUMXY
FSUB BUF1.:
FDIV DETM,

.FNOP

FPUT K °

.FGET DETAl
‘FDIV’' D

FEXP
FNOP
FPUT C
PAUSE

/CALS MN.
FEXT-
TAD N
cia - .
DCA CTR .
TAD STOREP;
DCA STORE
TAD M3

‘DCA X
JMS

& B
FGET ZERO
FLOT

FPUT SUMX -
FPUT -SUMX2"~
FPUT SUMX3. -
-FPUT StuXa

'FPUT SUMY -

FPUT SUMXY -

0s2s - 6135 FPUT SUMXZY

0526 . 5027°' "STARTP

'0s27 001a FLOT °.
- 0530 7010 . FNOP® - '

0531

6020 FPUT BUF!
0532 ' 5410 FGET'’ & STORE

'COEFS/

ASFGET *
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e 0534 6124
t ) 0535“/?62’0
- e 0S36 3116

¢ 7 . 0537 0006

: 0540. 3113
0541 7010

-~ + 0Sa2 0010

A ‘0543 1124

’ - 0S44 7010
E - 0545 0001
0546 7010

v 40547 -70S0

. ‘0550 0007

- 0S51° 7010 -

0552 6124

0553. 7010

. 0554 5020
* 0SSS 7010

- - 0556 1063

L 0557 -
. ' 0560
L 0sé61

063
020
8001

.7 0562 7010
1034

. . - 0563

0564 ' 6034

. 00 0566 .0001
P . 0%67 3020
: 0S70 7010
. 0871

LY 0573 5020
oS 0574 - - 0001
0575 0001
S+ 08576 7010
o 0sTT 1132
LT - 0600 6132
wl T .0601. 5124
- ' gebg 7010:.
-'* 0603 1121
. 0604 - 6121
. 0605 5124
0606 .3020"
‘0607 - 7010
roelo xna:

#4,

0533 7010°

0565 /5020-

| 1127 .
T 0572 6127

FNOP
FPUT
FGET E
FUPY X
FEXP

FMPY C
FNOP
FNEG
FADD
FNOP

. FSOU

FNOP -
FSZA :
FLOG’ -
FNOP- e

"FPUT BUF2

FNOP_ .

FGET BUF1
FNOP °

FADR Stx 3
FPUT SUMX
FGET BUF1;
FSQU.

™OoP

“FADD SUMX23
FPUT Stax2- °

FGET BUF1:
FSOU3 .

FMPY BUF1
mop - s
FADD .STMXJ3
FPUT StMx3

. FGET BUF1 .3

BS0Us -

-FSQU -

" FNOP- s

FADD StMXa3 °

FPUT SUMXa

FGET BUFes .

INDP e

FADD SUMY3 . -
ET BUFR:

N B

PNEY aurtx

FNOP. -

FADD suuxvx




i
s 5
H ¢ 3
A
AN [ >
N L
* -~
4 L4
3 . "
: 2y
d .
W
-
-
. -
I3 PR i
A
T o =
!
REEN
o
. : »
t
KJ
. *
Lo v o o
€
z.- ¢
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-
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)
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]
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t
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-
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3
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L2 BN
" e .
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.
S
i
!
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e
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tnun *
g 0613

0614
_ . 0615
. - 0616
..+ 10617
Q620
0621
0622
0623

0624
0625
0626
0627
0630
0631
0632
0633
063a

- ’0635
«. . 0636

: _ 0637

0640

064l

: 0642

.+ 0643

- 0644

y o

. 0645

Qb4a6
0647
kﬂ,/<065°
0651
" 0652

0653
« 0654

‘ﬂ. . 06SS

0656
© ... "0657
CF L0660
T o661
ST 0662
* ;0663
" 0664

0666

¢+ _066T.

Ve 0671

t
i7" 0670
! 0672

" 0665 .

- 0001

3124
J010
, 35

‘6135
7010
0027

0024’

- 0540

5071
0014
6113
5034
7010
3132
6020
s127
7010
0001

© 0010
1020

3113

6077 °

‘5063
7010
3132
6020

5127
3034
0010
1020
3063
0010
1077
6077

5063
3127
6020 -

5034

7010
0001

0010.

;1020
.3034
1077
6077,
7010
0401-

~

FSOU3 . _ oo
FMPY. BUF23 =
- FNOP .

FADD SUMX2Y3
< FPUT SUMX2Y

FNOP : =
"F1SZ X3, -

F1SZ CTR

FJMP 1 STARTS: ° -
/DETM. :

FGET N~ N
FLOT : ‘

FPUY C ) R
FGET Sumx2; = - ‘' -
FNOP; - . .
FMPY SUMXas - LT

FPUT BUF1 - LT

FGET SWMX3; . e
FNOP; ‘ ce

sov: SR

FNEG: : s ) . » =
FADD BUF1 . = . ’
FMPY C3 . o ,
FPUT DETM . = . Dot
FAET SUMX3 - - - .

FNOP3 !
FMPY SUMX4's h ‘
FPUT BUFI' - ° .* . oo

S6ET SUMX3; Co
JFMPY StMX23 |

FNEG? e o
FADD BUF! . et
FMPY SUMX3 .o
FNEG:, - . -
FADD DETM3 R
FRUT DETM - S LT
FGET SUMX3 ) I
_FMPY SIMX3s )

FPUT BUFI -
FGET SUMX25 . -
FNOP; ‘b - :’ -
Fsau; - . T T
FNEG, ’ ) S -

FMPY .SIMX23 .. -
FADD DETM¥« o

. FPUT DETM ‘ o .
_FNOP - e e T
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P 4
M

'3
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R

B

b 4 reew me

‘2032
2033

2041
- . p04R
2043
. 2044

»
*2000 .

/CALCULATES DETAL

2000 5034 ° REP; FGET SUMX23

2001 3132
2002 6020
2003 5127
£00a 0001’
2005 0010
_2006 1020
eoo1 3121
* 2010 6102
2011 5031
2012 7010 "
2013 3132
201a° 6020
2015 5127
2016 3135
2017 0010
2020 1020
2021 3063
2022 0010
2023 1102
2024 ' 6102
2025 %s031.
2026 3127
2027 6020
2030 503a
2031. 3135
0010
‘1020
2032 303a
2035 1102
2036 6102
2037 7010

5031
7010
3132
6020
$127
20a5 7010
2046 3135
2047 0010
2050 ' 1020
2051 3113
2052 6105

2040

. 2053 ° 5063
A ‘o\s,\‘, :7“010

"FNOP3_ .,

FMPY SIMXA3
FPUT BUF1

. FGET : E\MX3;

FSOUs

FNEGS
FADD BUF1'
FMPY SUMY3
FPUT DETAIl
FGET. SUMXY;
FNOP

FMPY SUMRA3
FPUT BUF}
FGET SUMX33
FMPY ‘StMX2Y3
FNEGS =~
FADD BUF}
FMPY SUMX3
FNEG;

FADD DETAl:
FPUT DETAl
FGET SUMXY;
FMPY SMX33
FRUT BUF!

FGET Suaxds

FMPY SUMX2Y3
FNEG3 -

FADD BUF1 "
FMRY SUMX23
FADD DETAIl3
FPUT DETA1
FNOP -

-7CALCULATES n&tag )

FGET soxys , .0

FNOP3 t
FMPY SUMXA3 -

~FPUT"BUF1

‘FGET SUHXSB
FNOP?
rNPY SUHXEY)
FNEG3 ° .
FADD BUF1
FMPY C3 '
FPUT DETAR
FGET .SOMX3-

M
I R e




ot
!

3132 FMPY SuMXas
6020 * FPUT BUF1
5034 FGET SUMX23
7010 FNOP3

3127 . FMPY SUMX33
0010 FNEGS

1020 FADD BUFY
3121  FMPY SmMY; .
0010 FNEG;

1105 FADD DETA23.
6105 FPUT DETA2
5063 FGET SUMX5 -
3135 FMPY SUMX2Y3
6020 FPUT BUF!I:
5034 FGET SuUMX2s
2031 ° FMPY SUMXY:
0010: FNEG;

1020 FADD BUF1
3034 FMPY SUMX23
1105 FADD DETA%;
6105 FHUT DETA23
7010 FNOP

-

. JCALCULATES DETA3

5034 FGET SUMX2; .
3135 - FMPY SUMX2Y3
6020 FPUT BUFI
5031 FGET SUMXY3 .
3127 FMPY SUMX3;
0010 FNEG:
1020 ' FADD BUFI
3113 FMPY C3
6110 FPUT DETA3
5063 FGET SUMX3
3135 FMPY SUMX2Y3
6020 -FPUT BUF!
‘5031 . FGET SUMXY3'
SUMX23

6110 \FPUT DETA3
5063 |FGET SDMX3

6020 FPUT BUF!
$S034° FGET SuUMX23
0001. Fsaps .
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2134 0010
2135 . 1020
- 2136 3121
2137 1110

- 2140- 6110,

2141 7010
2142 5071
2143 .5110
2144 4077
2145 0010
2146 6020
2147 Sslal
2150 0014
2151 4020
2152 0002
2153 6110
2152 7010

2158 5105

2156 4077
2157 6020
2160 . 0000
2161 ! 1141

2162/ 114l

2163 . 3023
2164 4407
2165 5023
2166 0014
2167 6124
2170 5110
2171 0001
2172 3020
bn?s' alga
2174 6108
- 2178" 7010

2176 0000
. 2177 1141

. 2200 ‘1141

2201 23124

ToT 2202 4407

- 2903 5124
‘¢804 001a.
820S-- 6124,
24206 5030
+ 28077 5102
2210.. 4077

"FNEGS . . .. - :

DCA Bm ) . | .." .‘ ';I. .
JMS ¥ 7 D e S ‘-

;Ue11 6063 LFRUT SUMX . ;' .. . . el o

FNEGS Y SR
FADD BUF1 i - :

FMPY SUMYS ' . AR
FADD DETA3: ' S g
FPUT DETA3; - .

FNOP - L.

FGET N . o ,
FGET DETA3: . ' ' (- -
FDIV DETM3 ' : S

FPUT BUF1 )
FGET ONE3" o L ) -
FLOT: . . o ‘ }
FDIV BUE13 - : - ) Lt L
FSQPR3 ‘e N : . . , 3.‘
FPUT DETA3; ' S . :
FNOP - o ;- )
/SIGMA 1S STORED IN DETAl ~ IR -
FGET DETA2; . S .
FDIV DETM3 R b
FPUT BUF1 . S
FEXT3 LT . R S
TAD ONE} = - oL e
TAD ONE3- IR e
DCA A3 . - 0 .- t .
JuS 1.7 : .- . .
FGET A> . . t R : ..
FLOT3 " , o

FPUT BUF2 ., C S
FGET DETA3: - - -. - . . - .
FSQUs - - - -
FMPY BUF13 . ., .. . - .
FDIV: BUF2:. ) o . .
FPUT DETA2 . . ‘. 3. . - Ter
FNOP . ' ‘ o . -3
/MU 1S STORED IN nsraa ST )
FEXT '

TAD ONE3 K .
TAD ONE -~ ... . "

_FGET BUF2 - - .. - - . o
‘FLOT - - e

FPUT BUFR - . Lo 2 .
FGET ZERO ~ . - : C LA
FGET'DETALI} - S e
. FDLV DENG - CoE :




3 i3 CTac e A
¢ TNY L R4 kb
¢ R -
JEN A L,
’
A\ J
.

2212 S105 FGET DETA2: : ‘ - R RIS
2213 . 4110 FDIV DETA3: S L - S
221a 0001 FSOWw —- e . _ .«
. 2215 1063 "FADD SUMX ‘ . : '
2216 4l2a FCIV BUF2; O
© . 2217 0006 FEXP3 - ) 3 v
2220 6102 FPUT DETAl3 : _ . .
2221 7010 FNOP <L Lo
2222 5110 ' FGET DETA3 C .
2223 7000 FNOR; - AR -7
2224 0013 FFIX3 A v
2225 6020 ‘' FPUT BUF1 = . SR Se
2226 0000 FEXT =~ =~ . ‘ e ..
2227 1020 . TAD"BUF13 . ¥ AT SR
2230 7041 GIA < ' TR ST
2231 1003 TAD TEST3.. . Do L S
2232 7510 .SPA . ;o NP
2233 5235 JMP ZA . . e C e T B

L

2934 5237 JMP Z0 T .~ .. o - ‘
2235 4407 ZA,JMS I 7. . : R L .

2236 2252 FJUP RESEY - ~ *. - . T . T4l e
2237 4407 20,JMS 1 7 ' ' oo g
2240 5110 FGET DETA3 I

2241 0012 FOUT : N A S
2242 * 5105 FGET DETA2 - . * L e
2243 0012 FOUT Y. SR R L

2244 5102 FGET DETAl ) . Ce L _
,22a5 0012 FOUT : T T T Ty
2246 0000 FEXT . A D
2247 4402 JMS 1 CRLFP . R Y
2250 4402 JMS I -CRLFP S NP PO
2251 4407 JMS 1 7 -~ S AL
2252 0072 RESET.FISZ AP , ' T T R
2253 0072 FISZ AP B L A S Py
2254 7010 FNOP; - .

R Y .. .. 2265 7010 FNOP3 _ - - o+ e S
o o " 2256 7010 FNOP; N Tl

: : 2257 7010 FNOP; . \ oL T e

i - 2260 7010 FNOP3 - o ot ’

P s 2261 7010 _FNOP S I IR N

! - 2262 0143 FISZMP3 ., - T .
. .+ 2263 .7010 FNOP3 . T L e
2264 7010 FNOP3 ' T e e

! 2265 7010 FNOP SRR c e e e
2266 0000 FEXT3 * - "% . . - - RN .
. 2267 2144 1ISZ TALLY: - | T e e
- 2270 5272 JMP .+23 L v o0 5
-+ 'ge71’ 7402 HLT IR PR
.. 2272 5673 JMP 1 BEGINP . . .-
BEGINP,START. .~ .0 * | .»
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zcm.cm.mss BINARY NUMBERS rnw BCD NUHBERS
*4200 .
4200° 0000 'BCDBIN.O
4201 163a TAD I AC - \J
4202 3233 DCA TEMPH
1223 TAD TEMPH - -
0230 "AND LDIGIT

4203

4204

4205 7112 CLL RTR '

4206 3232 DCA COUNT

4207 1232 ' TAD COUNT

4210 7010 RAR

agll 1232 .TAD COWNT
7041’ CMA IAC
1233 TAD TEMPH

a2t2
4213

4214 23233
. 4218 1233
4216 .0231

DCA TEMPH
TAD TEMPH
AND MDIGIT

4237 7112 CLL RTR -
A220 3232 BCA COUNT
. 4221 1232 TAD COUNT
4222 ,7010 FRAR ;
4223 ' 1232 TAD COUNT
4224 7041 CMA IAC .
AR2S .. 1233 TAD TEMPH
4286 3634 DCA I AC
ag S600 JMH I BCDBIN
4230 '7200 LDIGIT»7400 .
"4231 7760 MDIGIT» 7760 -
4232 0000 COMNT,O
4233 0000 - TEMPH,O
4234 004&A . ACsaA
‘aR3S_ 0000 -CPLF.D
4236 7300 CLA CLL
'ARS7T 1244 . TAD X21S
.A2R0 '~ 4246 JMS TYPE
4241 1245 TAD X212 -
ARA2 4246 JNS TYPE
‘4243 $635 JMP 1 CRLF
ALAA 0213 X215,21%
A%AS . 0212 X212,212
-A246 - 000Q ' TYPE,O.
ARAT . 60AL TSF .
AR%0 #5047 JNP =1
. 4gS1 :6046. TLS.
- ‘—Atsﬁ\noo CLA CLL ‘
- A9%3 .. 73646 ,:mvx m R

i <
. -

c\‘-"

N
,. .\‘n. Y Q‘\.. V«‘ ‘. e

L .é.\n‘» Js.&-..':..'n. - QJ?_ .-.‘\ .
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_APPENDIX I1I ' . L
. N ' - * : N \, B
PROGRAM TO ANALYZE PULSER SPECTRA C Q{ yakt

S FSZA=7050 et LT
' N . FSPA=7T100 R T R L
- ) [ FSNA=7040 " S _ T
Co . FNOP=7010 R
e " OFSKP=7020 - SO et
- FCON=0015 N v
.0 - R . . oot - . - A o . L. '. .
R " .. /- .1a111:73 M HILES C :
T ) . ®20 T - . - s
: 20020 0000 A,03" N R T
' ‘0021 0000 CTR,03 ... -~ S e
0022 ‘0000 TALLY,O PR
. : . - w200 . * ) - : LT - o ‘
. 0200 6046 TLS : - S ' A ok
: .~ 0201 1327 TAD KUSH Ly

\ & c(
;‘, w N

Co 'FIXMPI' FJMP=0000 = . S

_— FIXMRI . FJMS=7000 : " '": 1‘
. e FISZ=0000 S co
- : .FEXT=0000 : a N i

. FSOU=0001 , T s
4 FSQR=0002 N
- : : FSIN=0003 . . St S
. X FCOS=0Q0a - TSR

o . FATN=0005 . . ‘ Toe :

o " FEXP=0Q006 - ,
. - . . FLOG=0007 : S e T
. FNEG=0010 LU LT

L . . FIN=0011- St

i
»

; FNOR=7000 ce e T
. : . FCDF=7001 - . R
.. FSWO=7002 . . .. . 7
FSW1=7003"_ L L ’
, : . "FHLT=700a T \
~ " FSMA=7110 - e

. 0202 3730 DCA 1 INTABLE TN

©, ‘0203 4407- JMS 1 7 e .
0204 7011 FCDF 10 Vo e
0205 S324 FGET P Y
0206 ‘6020 FPUT A ST T
0207 S312 FGETZERO \ .- ¢ *
.0210 X632 ‘FPUTN VU . . - e

" 0211 6316 FPUT:D L

P




: /¢1) '
0212 5420 START. FGET I A
0213 0015 FCON
0214 0014 FLOT
021S 3307 FMPY CONST-
0216 6304 FPUT TEMSTR
‘0217 0020 FISZ A .
0220 Sa420 FGET 1 A
0221 . 001S ¥FCONM
0222 - 0014 FLOT :
0223 1304 FADD TEMSTR
0224 6304 FPUT TEMSTR
0225 “0020 FISZ A
, K 7¢2y -

., 0226 0021 FISZ CTR
0227 0022 FISZ TALLY
0230 ‘7020 FSKP
0231 7004 FHLT

7¢3)
0232 5315 FGET NEG2
0233 0014 - FLOT
0234 1304 FADD TEMSTR
‘0235 7100 FSPA"
.0236 0212 . FJMP START
) ‘
0237 S304 Al, FGET TEMSTR
.".0240 . 1316 'FADD D .-
024l 6316  FPUT D
' 7€¢S5,6)
0242 5021 .FGET CTR
0243 0014 FLOT
0244, 3304 FMPY TEMSTR
oeas’ 1321 - FADD N
0246 6321° FPUT N

-0247 0021
.0250 0022
02S! 7020
oase““iooa

0253 . 5420.
0254 001S
0285 0014
- 0286 . 3307
4257 - 6304
0260 0020 ..
0261 5420
‘ oo1s rcw




.

‘0263 “00fa FLOT .
026a 1304 FADD TEMSTR
0265 6304 UT TEMSTR
0266 0020 FISZ A
Y{L )]
0267- 5315 FGET NEG2
0270 0014 FLOT
.0271 1304 FADD TEMSTR
0272 7100 FSPA
0273 - 7020 FSKP
0274 0237 FJIMP. Al
) L " /C10)
0275 ' 5321 FGET N
0276 4316 FDIV D
0277 0012 FOUT
7€12)
0300 5312 FGET ZERO
0301 6316 FPUT D
0302 6321 FPUT N
0303 0212 FJMP START
0304 0000 . TEMSTR,03
0305 0000 O;
0306 0000 O -
'.0307 0012 CONST,»123
0310 3720 3720;
6311 0000 0000
"0312 0000 ZERO0,0;
. 0313 0000 O3
0314 0000 © -
0T1s 77176 NEG2,-2
‘0316 0000 D»O05
0317 0000, 05
0320 0000 O
. 0321 . 0000 N,O3
0322 - 0000 - 03
0323 0000 O
0324 2002 P,20025
0325- 0000 Os-
0326 6003 -1775 | .
0327 0331 KUSR,BCDBIN °
0330 7246 INTABLE.7246
0331 0000 BCDBIN,O
. 0332 1765 TAD ! AC -
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