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APPENDIX B 

DESCRIPTIVE STATISTICS BY TEST STRATA FOR CADAVER TESTS 

The following pages give the  sample s i z e ,  minimum, maximum, mean, 

and standard deviat ion values f o r  each measurement va r i ab l e  i n  each of 

the  48 t e s t  s t r a t a  on cadaver t i s sue .  The heading a t  t he  top of each page 

descr ibes  t he  t e s t /  t i s sue /needle  conditions.  Measurement u n i t s  a r e  a s  

given is Figure 11. 
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APPENDIX C 

DESCRIPTIVE STATISTICS BY COMBINED VELOCITY 

TEST STRATA FOR CADAVER TESTS AT 90 DEGREES 

The fo l lowing  pages g i v e  t h e  sample s i z e ,  minimum, maximum, mean, and 

s tandard  d e v i a t i o n  v a l u e s  f o r  each measurement v a r i a b l e  i n  each of t h e  

1 2  t e s t  s t r a t a  f o r  90 degree  t e s t s  formed by combining r e s u l t s  a t  t h e  

t h r e e  p e n e t r a t i o n  v e l o c i t i e s  of 2.5, 5.0, and 10.0 inches/second.  Mea- 

surement u n i t s  a r e  a s  given i n  F i g u r e  11. 
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19 ,DRAGW? 7 9  6 . 0 3 0 0  25. LOO 13.652 4.4630 
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APPENDIX D 

DESCRIPTIVE STATISTICS BY COMBINED VELOCITY TEST STRATA 

AND CADAVER NO,  FOR 90 DEGREE TESTS 

The following pages give t h e  summary s t a t i s t i c s  by cadaver 

({j's 4 ,  5 and 6 )  f o r  each measurement va r i ab l e  i n  each t e s t  s t r a t a  

formed by combining r e s u l t s  f o r  a l l  pene t ra t ion  v e l o c i t i e s .  Measure- 

ment u n i t s  a r e  a s  given i n  Figure 11. 
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APPENDIX E 

COMPUTER PROGRAMS 

The fol lowing pages l i s t  some of t h e  major computer programs 

w r i t t e n  f o r  d a t a  c o l l e c t i o n  and a n a l y s i s  f o r  t h i s  s tudy  us ing  a NOVA 

1220  computer system. 



A BASIC program w r i t t e n  t o  i n i t i a l i z e  t h e  d i r ec to ry  of a da ta  

tape  and ass ign  the  t ape  number. 

n?:5 ;!:I CC 1271,:! S C  I! 
,?"? 273; 'i'E[l, ! ] J " : I ? z C ? r  1 "  
""9r' . . - .  I::?['- "'-A?= :jc. = " J L [ Z ]  
"??I? ??.I::- " 7 4 5  -A?: t::. " I [ ? ]  
774,. i;:nL'""?z C.3 I' ;:C:'J -1  5 
y z ' j  1' -1:="" z=i 5379 = 3 5 5  
e:52 j C 7 0  "'2:  
m , j ~  70" . 7 .-I - 73 127 
*"7 f E? :[ I ? =f  

" 7 5  I;=:- I 
nn o n L T  LL 2 1 ~ 1  
59%:  L z  >[33r399 
ClC? CALL 7 ? ~ 1 ~ 1 ~ 1  
3 1 1 2  707 I=n fG 127 
,"12? " ' f 7 E  FILE! 11, LC11 

3? :!Z<7 1 
1147 CL3,CZ 7 I L L C l I  
:I 5C CT3P 



A BASIC program w r i t t e n  t o  i n i t i a l i z e  and number a  r e s u l t  tape 

f o r  s t o r i n g  ou tpu t  of  program "WCAL" 



CALL 40 

A B A S I C  s u b r o u t i n e  w r i t t e n  i n  assembly language t o :  

a)  ou tpu t  D / A  increments  t o  c o n t r o l  n e e d l e  p o s i t i o n  

accord ing  t o  t h e  v a l u e s  of I P ,  FP, PV, DT, and RV 

and,  b) sample A/D channel3  5 and 10 and s t o r e  t h e  r e s u l t s  

i n  s t r i n g  a r r a y  format i n  AS. 



CALL 40 

: T : i , ,  
??!; ; '.t7 ' - .  .-- i." f X C : i . L  . . ' , I>LZ ? S  5 :  T! G;; CS.. T'3L 
m - ~ :  .... , . r ,  L.-.LL L" 2 ::;: -1.4; 5: : :  -1 2::)  r::,c.L =::I :1,::;,?2:!:-?:>7:3:: 
" 2 5  ; I . ? -CCIY,  ~ " 5 2 ~  ":,::, -C-Ll . ., . . r rv  r t ' "  . A J.. 1'3L3 C i TY 
2 ?' ; c - r - - ~  - .i . . J -  -r ~ ? l f i v  ;3~;~-13!; 

5 ° C  ; c::,LL i'", 1 5 ,  =?,?Iv, L-, - y ' ,  . ". - 3  , . , . C T  -*r . . .,.. . - - 37Zi-Zf -EL..:; 7 2  
2:': ; 
",." .... , . (?.I: ~; , :?, r?,?t . , r_- ,y~ '  L;: I- . . . , -  

- . I . -  CALL L'T 3YT 
2/41 ; I:: ,Cf..::?L:.!; 3 F  LA-; 3):  L;:;= 
2<" 
Q:!? 2 : :  *-. - r. ? , - - 1 :  
FL !i '.TC ? r ?  

2~ r * -, 
- - r :  2,-: ; 3"3L, 3 :[:::?,f 'I::: (3;; I- 

?b,5 .--{. ? , -  ; F-CFz ::: fSL+,Y L3C' I" - 
r . .  

?L7 ,J::? - !YS  - - .  
?$ " ? r v  .. _ .  I "  
240 : fL:  6 L 

?,C' : / .LC : L.2.C 

7 5 1  'C: ^ I  i." ; ! : :; c z c  ;':3',L :<;' C;,:;?',, 
? ? 2  - 7" .. _ .  
?CL.  C. --. . .  
2.C- C": 
3 C C  C-?:: 7 - - 
?:s ::;..; : * 

25' :rc: 
?:: :,':?: ,- 

" C 5  . . -:I: - ..-- ... -. 
?5 ' . . , i f ;  2,2 '  
-5  1 . C m r :  2 ,  .C-3?: 
"6, n -- - ? a 2 1  
- 5  ? :-A ?,?-L! 
"C I ,  . -, . . I  --.-. 2 2 , C F  
?L = :-;, ?,y :" :  
9; < - .  L;:: ? , " ' ? C  
"6 7 - .  r - h  . .. ? a ? ?  

?C : :-;: z ,  - ' C ^ l "  C,:.:" ?"' 
) -Fi - 

Y' -, ; :- .? z-1, 

m ,I 'C" q - -  
i. . . .; ." 

ll I - ,  L - 
-a?, . , -. .-??, - 6 -  

> . - -p.-- c:*-.:; 'T- 
?7 2 :-,2. 1 , ! ? , 7  

?'t r L a -  c =  -. C..,? 

7 1 "', , 
d... . 'C 

2'' e.. . . u . . c  c ,  C, 5:-  
? 1 5  J;:? V 
3' . - ,r .  *, ? a ? - . ;  

? Y  . r7 OV. .  - . .  .... 
I-n = I -, l 

" L Z  < , - ' a ?  

?u n > f F  ? , 7 , 2  
TC. 1 ' - 1 . 2 3  . - S , ?  
70 1 
. - ..-* 

. , - 2  ',? ; > 1 "5:: 
A 2  - . .  "?. ,  ? - 

" U . 3  - 2  : s ,, -- . . . ,  - r.,-.. "I : ; i  --. 
l * . .  . . . a - .  - . - I  

,;,--9 
- 2 

3s L? . .n 4 . . - - ,  ; .r c ' \ . -  - ;..̂.L:- 2' :--::i; 
7 -  C :-:. :,; 1 
P C 5  ": 2 : ;  I ,  '9 
"9 ' i ; p ,  2 ,  :=*-  ; I "  - 7 - - "  ' C -2 ".fi,C' C- 
w r  . r .  

cT.3 T ,  1 
9~ 3 r - .:, ! , ," ; ?-:?;,:: -:c;..-: 2:;  ~ s r  + ::;c?z::z::-: 
" - ?  . I :-.A I ,>: 
' 3  ' - C L  '7 '  - . - ; t C F  -:'T,.CT; ;.; :I:: .': -:: -.,.., -- 

I..?. I ,  C:'" 
?? + - - - . ! , : - 7  . I--,=. - ..,. 

1 .  ..* d: :..:': -1,: :::I; r;.:-,:.r- 



CALL 40 (cont inued)  

, - -  
.Lt - - 
7-A. 
; .eT . * &  - i .-. 

? i C c ? :  ::= 
2: := 
1 .?: 

, ,. ., 
i.. 

' r e  - - 
r - I  . .. 



CALL 40 (continued) 

, . .- u.. . - 1  
" P C  
L -  - b  ?,;!LC1. 
:-,L. ?,?.2! 
L2k ?, C i  - 
ZGA: ~ J ~ T C ~ ~  
C..? r.. 
.A. ".. P.ZC1'  
;::= . - I  
f! C C  ?, .L.fCi '  
:-P. ? r ? 2 1  
LLA 2 # ? ! ' :  
:-.:> ?,rn''? 
- r =  31.7 --.. - 
j..n .. . - !  
J:!? " J C 
n 
dl:? 211 
J::? LC::? 
9 

R 

1 

'7 

1 

13 
,-::< 1 7  

77 " 
7,q c' 
2nT 
96" 
6 ,7 

" I t ? .  
? 
fa 

n 

7 

p1.22 
I ? ? "  - 177!7  

1 e 1' 

1"T" 
I F C  
.?2Y 5 
:-,A !,:I 
.el'E I , !  
: ~ 3  1, 
L:A 1 , "s  

TCF. i , r ~ c ~ '  
L:A 3. L 
:-A % J  1 2  
fS '_ L 2  
J::? . +?  
d::? ?*"C" 
cc::. : a : , ? : -  
:,,? V Q  

U...  . 
?-A :,- 
Le- :LV 
,[!A :,= 
LLA i ,' 
7-A ! , -: 
- c -  -Ci -. - . L  . .- 
d . .: * - ! .. ,- . -... - Z ' !  
?..--. . -. . --- 1 1  I 
r-:.. I,-: 



CALL 40 (cont inued)  

c- . . F. 2 2 2 "  
L::i 2,:-r,1 
C - r  r, . r c r 3 1  
c.- 
- . &  I,! ; 3 : ' -  ,- 7 ' -  1 I??.. ,- 

C .  " l. a:! :-:. i ?  
T" ! ,:AC:' "" T " ' 7  C,qT- ';-5 :r -'=" 
7 - .  

, - -..". - . - -  . 
--.+. !,:.4Cf. 
1::-2< 
b.;;? 9 , - - . .  

. . .. 
c-L ?,-,-:, - .. 
>:;:. z ,  --' 
P-r. ?, - 
c7 .c  . ' - . -  <,L 
;;;? 9-I-1 



CALL 41 

A BASIC s u b r o u t i n e  w r i t t e n  i n  assembly language t o  conver t  d a t a  

p o i n t s  s t o r e d  i n  s t r i n g  a r r a y  t o  f l o a t i n g  p o i n t  format numbers f o r  

s t o r a g e  on Z I N C  tape .  



CALL 4 1  

1 3  ETJ 
LZA 3 ~ 0 ~ 2  
Lm ~ J G J ~  
f?O','b' 2r 2 
STA 2r'YEY 
JSFi ,O.SETV 
JS? $.FIX 
LCA 2JWFIV 
XO!'ZL 1 J 1 
ADD I J E  
$?A 2~:1hy 
LCA l r - 2 r 2  
C L ~  0 ,s  
!!Wt'L% I j l j 5 : J C  
J:.!? .+s 
ACC B J ~  
JS= 9v tLO:  
JSC 9.?U?V 
LEA 2 J ')lHV 
LW ! a - I J S  
2 ' 3  n,o 
YO\'LL% l a  I J ~ J C  
Jhi? . + 2  
ACC OJE 
JS= @ . f L O T  
J S P  * .?VTt '  
JiAP @ E M  
i? 

; AC3 = S2f.F. 97 StXING !?1?0 
; AC2 + 3V-'l AE,'?. OF ST?.I?IG 
; AC2 = :rO?.C A 5 C 3  
; W Y  = \?ORE ACDE 



A BASIC program w r i t t e n  t o  r e q u e s t  and s t o r e  b a s i c  t e s t  i n f o r -  

mat ion,  e s t a b l i s h  i n i t i a l  n e e d l e  p o s i t i o n ,  c a l i b r a t e  f o r c e  and d i s -  

placement s i g n a l s ,  c o n t r o l  t h e  i n j e c t i o n  p rocess  through t h e  "CALL 40" 

s u b r o u t i n e ,  and s t o r e  d i g i t i z e d  d a t a  on L I N C  t a p e  u s i n g  CALL 4 1  t o  

c o n v e r t  d a t a  t o  f l o a t i n g  p o i n t  fo rmat .  





PGO (con t inued)  

I 
7?: , -  . 7- I . = , "  "- a.. . 
- 7 % '  - - -  -r -. ! ' I = !  7-12: S?f3 " 7 5 P  
",<" 7---. *<::;:;;?,.z ?nq ,.y . .!r  71 cy1  ?, -- .?"- .. . . - .  . ".. "- ;-, - - -. -..- -..-. . Ci.L13?ATI2i,; =LL$ZS*x*  
- Y C  -., . I,;'!'? "r3;. CAL!~F;..-:,~:: Yy-51 C",.:.: 
l?"- 7 7  0 ,--9, 

- (  - . . i'.-- 
C,, -\,-. ;;T2 ; 2c.- 

..A -I 

' 2 7 5  :;fC " 7 5 5  
7": ??.I:;$ "L.1 sCz:;;!zC: ':!LCCEZ A : j z  C; : ; : ; : :?  " 7 C f  C.yLIj .  5 1 5  ." 
"2" ., " W  u ' I::?tl: 3 ' !Hz: FLQE"rnt 
7?9? If AC=I I - I1  -.-' - -, . .  . . 5 2 !  :O?C "?7  
'729 5 " ̂ -3  " -0 ' :  1 V .  c-- 

*'L;": TC' J= 1 -i 2 
" ' . ' C  - n -  I=! 7 0  571' 
. . I  . "  

- 4 1  ? 2 . .  . 
'$j5 ::3: I 
*-a,: . .- c.::: ~ 3 ~ 2 ,  - 2 -  5 
, . .  , - -  ! V - L!>. 8 -7  L y  ;:I=,? 
- ,  ..423 i.2LL 2 !I ?I::! 
"LL -  7;' , j = i  -5 P 
*,A$! 'OF I = !  -7 570 

74 C' CALL 2! 
r / : :  5 :: 5'- : 
7457 C;',L- 2 2 r - I "  
n L 6 E  ""- ," ....... J 
"$7 7 ' - 1'1 =' - - .  
T 4 7 2  CALL 2 1 1  5 r Y i  
PL"" -- . - -  -A. F='.*l-;:l 
- , C  ,.;- I r.2.~~ 2 :  
" & 9 Z  :::,l': I?',-'"" ~ ~ " ' , " ' " " " . - " -  - r ' - -  ' . ' 3 '  d . . " ;  ..- . . - k ~  .... T U .  . J . .L ;  1:l. ;?"I>.: 

5 I;;?::: u-;?~ 7 .. ""-' .,;a;. "z.b.z< ?7jr -' -- -. C3L.;Cz;Z;T ?yLcE" I .+. & 
n=-- ; r , r=  v r ~ t l  -. -. - n - r  - - ,  d V , , ,  7 5 1 7  . . - .  -. .-.- . .  ... d' 
-=,7 < - n- 
u - 2 u . O  -:49: 

17 "!c.- -ex: ~ p - c  : : 5 2 ~  
'C' E IF . / I > "  - , L ' t .  . - . -  ...-. 50-3 - " 2 :  " * -  
"qc" , r C ,  - - ' 7  ! = '  -::-' - n - q  - ...-. J., . " 7 5&? 
P ' C  z ' :- :=- . . . l i  
" 7 s -  : , - - p  -.rn,- - -  . " . d  -9. 

'525  LET 
2=.: 1 :51. :  :I- .. 

-:,, - --,> C,!-.LL 22,  ! >:. 
.r=- " ' " = < "  -"-I " 9 - "  755 :  - - -  -. .. .  d. - - . "  
rcC=  ;T '. ! >  - 
, - - -  .. "" -n  " 5 7 7  ...-. 2 "  . i  
--, r I .=>- --.r' 5 ~ - n  -c:" 

:3 :: .. ...-. - - -  - 
f C . L '  -"-"  r z - 5  
, - * -  2 ' w . u  

y,C7 3 1' .c.<r -1.7 r - n - r  ...-. 2 w . w  7 5 : s  
5 5 7 5  L:: .2.=.fi.-f 

- 5 2 :  30-2 "&I 
rqo: i r -  . - - -  --. 
'C.3" , * l _  701 j=l 7 :  2 
7 5 3 5  '33! I =  -' '"" 

. U  -i- 

- , n o  . 3 ,. - 6 .  -LL 2:r ! rA 
'6 ,:  .,. ?..?- : . - ., -.. . - - . . C.C..'L '.ZIT,-47: 
" 5 1 3  ::2.: v' 
752, -  ,-:;.:> 2 ! J i - J : ( !  
" ' 3 7  . - - -  Z ~ J ! J A  
- c  7- r 7 ' = < - I  i,4' -=" ZCTfi  G , : 5  - - -  . . .. ...&. 
,7. . E d -  ^ C Lz- pi=&.-!- 
"547 :3-9 , 1 6 2 5  
- , : L 5  3? ;=; - *  . -  - 
-2.t '- .. - - fC-  I = !  -2 z r :  



?GO (continued) 

-. - -  .. - - 
< - "  C-.LL 2 :, 1 a!.: 

' " 5 '  ::7-:: : 
" a ,  < ,- - - - -  CALL Z ~ J - I -  
- C 3 "  .:-.- . .. i 

P ! ? ?  C....LL -,..- . -- ..=,.PI -.., - _ _ .  -- .  .. . 4 . .  

" < ? ?  :- .,: 
- * -  - .  . > - ! / r L ! f  -:=: 3,?-C " 7 7 :  

? c ? -  .. . - -  -. ' ? ! < - l & L ?  -<.; :C'"C '-723 
"L2 , - -  5 * ?  - .  . 7 : = - !  ,';/,n -<z: 7 4 2  
T C S  CALL ? ? J  1 r c ;  
"I" iir A=>':! 7:'.3: :a79 p7L:"  



PGO (cont inued)  

-- . ? I  LI: "?=a3  
7 7 5  ?1S="""' '-'-' ; -- 7 .  ...,. ,,. V?= 1  
cqi"? ? I  '="q:T* --:'-. ,, - .,.,. LZT Y9.2 
C ? Z Z  1 7  y 3 = ; 3  ,:<z; 3 3 7 s  r97': 
" - - -  : "" z1=1$fi;,3 - 5 9 3  M - .  

759? ::fT ~ ~ = I : : T ! C C ~ ] K ~ ~ )  
"F?5 7 5 :  r**;E: C=?,LY TE$T:k.i* 
1-5: ?:I:-': ""n""- .1 J c . .  d s?zci::z] 1::  ?os! -!op]" 
12" j ,z- ;;.='TI 
l r l ?  351  *~:i?~a?,C: :,:fZFJ-E 3 0  5: f:3;] TO 5::Ii; SCP,FACE:s** 
1C13 1' i = l  ::-:5: YOTO 1 5 2 5  

j 0 7 0  Ic7.4:: 
1x25  Iil?llT ":15: :::IN ?3SI  ?IOI:? '*,LC 
1P3? !!r AS="Y" 3.3r . r  3 0 7 0  164,: 
1P35 i GTC 11 S R  
1 1  , ;  ' ' 0  7 , !  : 5 ;  ,Cl.,T..T.&. CZ" 
l ra45  ![:Yy- ".:!;Jt:,C-;:x;T Il;?F.l;$.L= ' I J . ?  

1" j ?  :?,:3.*-  t l ?  .... , . . > 2 ' # 9 =  z' '>AS 
1-55 I T  A z ~ v r -  TEE: 3 ~ 3  1 2 ~ 5  
1"" " :J'-"1: ; g70  1 - 7 5  
1%55 I' ,?r="_c*, Ti??: 7 C T  11 5 5  

j 0 7 0  1 -5?  
!77 5  Lz? f = I : : T ( " / l z + .  j) 

!CS? ??TO 1 :?? 
y c 5  ::- z=-I ; j - ( . ' / ! -+ . s )  
I-. 'Q,f f;;";'i 
179 5  I f  !I" -72 -' ...- " :G70 I l l ?  

p.S="S" G3T9 lrL412 
1125  707'3 l r 9 C  
11 10 LZ? :?=A3$( : )  
1 1  1 5  F92 =!  75 " 5 - 3  23 
1 1  20 LET A=A+3 
1125 1' T(P; Z8!JTC IF$,? 

12  >.<-2z>"T:.:x: 5Of9 1 8 4 3  
1 5  L ' i L L 2 ? , ! , P  
1!4P IdMT I 
1145 ??I?;? 4; 
115C 3 0 1 3  159: 

LET 517 
1167 CALL 2 l r l ? r 2  
! ! 5 5  LET ? . = ! : : - ( A )  
1177  LZf %=A 
117 5 ::=q 
1.1 9T ??.I;!- "5:'.Irl C3?!T.:CT A T  LIP.= ",% 
! I 3 5  IF V1=I 3 2 ;  SC73 1253  
!IS,; Lf: ?=!::T(E-M) 
; I 3 5  It ?<-2?lS'? TiZ: SCTO 12!?  
1 2 ~ : ~  1' ?>~c?;:z :+x.j 1 3 7 0  1 2 1 ~  
1245 ? ST0 1 2 2 5  
121k ?=,I;j- "C>d!>JOT ft) TE,57" 
1215 :CT3 2 1 6 3  
121c ?Z.1 ***2ET 5T.A.P.T PO$! fIO!!*** 
1225 ??I:;? "L/.?= "2.4 
1232 ??I!:'? "Il!C-:ZS 3ACX TO? STAT7 ?OCITIO?: " 
1235  I;!Pl'T ":itlf? 3: > = . c  "J:<l 
124G !F % l * L ! > l l Q 9  T+3J ZOTO 1 2 %  
12/45 ; 5-0 ! 237 
1258 LET : ;=!? . ;T(HI>:~xL~)  
~ 2 5 5  1' ::=>A 7 ; s ~ ;  3'373 1 2 5 3  
125°F :*:<A YzC! 1 2 - 5  
! 2 6 5  3 3  : = I @  
1 2 7 X j C - 0  ! S3Z 
1375 : = - I "  
1237 ::-:x! 3 ~ 7 ~  123.2 
125: 2 0 ~ ~  1 2 1 3  
124r  "1':- " - C C  T.&.YIV 



PGO (continued) 

~ P Z C  !::?y- " = ~ 3 ; " 1  T I C : :  -FECI::T:? " , A S  
12-; 17 . q : = w y v  -2"' - - ~ n  . A . d ,  2 k . u  2212  
1 2 ~ 5  : G T ~  1223  
1219 CALL 2 24 1 Jb. 
1315 !r f > ~  y-1~ :  7 0 ~ r j  1 2 2 ~  
1321: 1 7  .C.=c:: T:-'.z.; 3 Q T 5  13.45 
1325 ?!?TO 1 3 3  
1221 1 7  :?e,X 3,279 1 3 4 5  
1225 L X  ':=A+: 
134P 30TO 1319  
1345 LE? A=I:!';(l:l 
1 ? j o  CALL 2 3 , 1 r a  
1355 2 2 :  * * + S F  '.7J ?p.?.AE:Z?ET.';5 FOE PEljZTRATI 3:: 'GJ*** 
135C LET G = A  
1265 L T '  !?6=Iil?( ( ? - S ) l 2 )  

l 3 S I  L Y  L'=II;T( .5+3P9.C'?/ZC!?I-2?. 26L) 
! 2 5 5  LT- y = 2 * 3 + 7 - 1 2 2 ~  
1292 1' ( ? 7 * & ) < Q 9  T!i=! j aT ;  14:: 
1395 ; OTO 238Z 
14F: P:,!:!? "?z<.;rV 73: -=ST?" 
1 4 ~ 5  DF,::~? 11 L-A= v t  r .?i 
141e I:,]?:': ' ' y z  azzi;: Q ~ : : ~ ~ T , E " , A ~  
1415 1 7  A$=";" T{E; ~ ~ f o  1 4 2 5  
142;: I F  AS="':" T E ;  J3TO 1452 
1k25 iOT3 1414 
1426 921 :r**LC ?E:?uz* 
1C25 CALL . ~ E I C J ? ? $ J S J T ~ ~ J ~ E  
144:: CALL 2 3 ~ 8 ~ 3  
1445 !:]QCT ":<EZ?E?? I?, A t  
1.452 Q.:=-VW ---. . ,n:ii 30-0 1 $ 7 ?  
1455 I T  ?.+":4" mZ: ?OT0 1952 
1463 ; C ? C  14.45 
1465 12.; x**L? ZAfZ 2ZC'?O?'f*x* 
147P LET C[:21=LC33+1 
1475 1 7  ? i s ~ 1 , 2 1 = ~ c : r ~  7 ; : ~ :  ; O T O  1 5 , ; ~  
li;G,T 71 S[ J2]="r"it  -'-' . ! . - . i d  ?CTC 1 5 1 5  
IS?:, LZ? L C 6 l = f t ~ l + ~  
143r  i,: :(1=31"C 
14'95 :Of3 1 5 2 5  
: s y r  ir :[S]="'L: a. . J h l  
1 5 - 5  izf "1=LCT 
1SlE j c f z  15;' 
! 5 1 ?  LIT 5 C S I = L L j ; + l  
152T 2:: y1=2,: 
152' L:; ::;=: 
15:p y5; *:+-'"'?.I -: P.L..fA 311 ' -?S~**X 
1535 ?C!:;f "-;ir.c ",7.7 J "  $.fi;;?,S ?a i ; ;Tz  011 C ~ A ~ : : ! E ~ "  
1 54" LET r;q=i; 
1545 LT? '.T9=1 
1557 i E f  ? ! = ( 3 - ? ) 1 2 - 5 ? 7  
1555 i,.? ;?2=ii;;(=l/::9) a 

156P i f ?  !?I =(?I/:;?-?E)*IIP 
1555 LEf Sj=':P 
157? LET a s = ? !  
1575 i z f  ?.5=?!+;!3 
1 Z j . .  iz- C;=?j 
15:. 1 7  ; ! ?=I  -:vz! 2 ; ~ s  1 5 3 5  
!5$T :G-9 1 6 7 5  
i f 9 5  LZ' ? j=f  
1"" 33-Q ! $ ! Z  ...,- 
15-5  17 x c ?  T:+z: L E T  ? z = = ~ . ~ ; , : ?  
is:? LZ? 3 = 1 : : ? ( : ? 5 - ? , 5 ) / 1 ! 9 ) ~ 1  
a , . -  != i: ??!I:? st' ? ~ : ~ ~ ~ . . L . ~ ~ ~ ~ ~  ?z:::Tz ',:ILL 2 :  s ~ ~ ~ , ~ >  z A c x  ~ ~ < ~ ~ I ~ . ~ ~ ~ * *  
1527 ~~=~~:~~!,-n~! ." .. - n , ~ . , . - -  . - . ~ ~ ~ ( 1 / ( 7 2 2 ? : Z : 9 1 ) ) )  - 



PGO (continued) 

~ ~ 

1 6 5 2  CYZj F : L z [ l ,  l ]  J "?ES-J  1" 
1 6 5 5  CALL ~ C J  1, ?I J 1  
166C '?!'!fZ ' i ' ,E[1] >:.'; 
1 6 6 5  'g? I = !  TO ! 
1 6 7 5  ' : ? F ? T z  1  ] , z [ !  2 
167 5 :.'>:T 
1 + ? 7  . 'z!Tr  FLLZ!! :J:J;J>:,FJ:.iJ 
1 6 9 5  "FTTT: FI L Z ~ ! ? , C J = . ~  C,T, L , : : ~ J F E , ? ~ J P !  J - I , ~ ~ J E ~ , F ~ J  C7 
1 6 9 7  ' ! ? I - E  2 : L Z t ! ? r F 1  S J " ~  SJ C1 SJ T I S J ~ ; I S J L ~  C I ? ~  C ~ i ; 1  C , ? l $  
1 5 9 5  ':?i TE ?!LTC 1  I J Y ~ J Y ~ J V ~ J ' J L !  
1 7 ? ? C L O S E  F I L 3  1  I 
17 J 5  CE.~ ***+*a?::.:  z :.:?A? A ~ ~ . ~ ! L . C , ~ L Z  nLoc;C*~w*=** 
17 l-5 yy=* 
1 7 1 5  LT? S=? 
17 23 L? 231p 
1 7 5 5  "P: ':if[! J1],"L.2.:.r.,~" 
17 :? '-L" -.L- ? ! a !  J 2 ,  I  
1 ? ? 5  CALL ? , ~ J ! J S ~ !  
17 L:T 
I 7 $ 5  LZ: FZ=? 
17 j , ~  LE- x=r 
17 5 :  rn? I=?,' -9 ? 5  ST= 5  j 
175";' ,J=-g T: 2 
1 7 5 5  CALL $ 1 ~ 3 " I + J r ' 8 ~  fF 
17 7  7 ? q = r 3 + ( t - r ~ s ( j )  ) X F ~  
177 5 LET ; 9 = : 3 + ( ? - ~ . 3 5 ( j ) ) : r C 5  
17?? : : Z T  ; 
1 7 c 5  L z f  F = F 9 / 9  
174"  L2T D=LY/? 
1 7 4 5  '!?ITE 7 I L E C 1 1 , 3 r Z ?  
1384 L-: r?=tJ 

1 c r g  LZ? " S F  
! ? I ?  >!E? 1 
1 2 1 5  T l L I C l l  
1522 ~ z ;  r;iz: 3 : , ~ 7 ~ 5 7 , 1 ~  
! S 2 5  CALL ? I J ~ J ~ J ~  
1:;: cLcz~ 7 1 ~ 5 :  1 3  
I ? ? +  LET ''=3-L[ 2 1  
1;q: ,Z: r ;s] tr :?_]-" 
1 ~ ~ 5  K*X?" 'T  L.. .-.. c:' PT - -..- 5 7 ~ 7 0 2 - y  co LZ '.,'g:prr 
1 3 5 ~  I F  ~ 1 5 = ~ 3 1 ~  ~ 4 ~ 1  30-0  1 5 5 5  
1 3 3 5  LzT " = z '  
!s.L~ 5 3 1 0  1 ~ 7 ~  
1z-+ ' c- .-"- --. '!!=I- 
157C L=f P l = i : : T ( Z [ ? ] )  

y7. -q-" , p - =  . , ! ?75  I F  Z l = > I S  ...,. ,,., . * c ,  
153,: j3'3 ! ? ? "  
18135 LZ- 21=,3  
1SPg LE9 I=:[ I!+? 
! 7 9 5  ~ : I ] = l ~ , ~ C * ~ C C ] + Y 1 + ~ 1 + 3 1  
!P.zQ LET S [ z ] = z - !  
139  f 7 3; v*:;"?I TE C? T i  F.zCTC?.Y Oi !  TA?x+C*n 
IFG? SOTC I s 6 9  
191': p 4 :  J * - ~ ~ ~ ~ c ~ J  
1 4 ! 5  CALL 3 C , ! r l , l  
13"-7 '0? :op "3 127 
1525 ' 7 " " '  -" ... . -  ;Ae:[ 1 1 ,  :[:I 
1.>'1 "'" - 

d .  ..dl . . 
1 9  2 j ~ ~ _ c z  7: : 1  
12 2' ST?? 
19 L : X  0 7 0  19  6" 
!;&s ;,z; :::&:,:..-, ---- .: - . -=.  - !;= 1  -TC, , -- :'= ,, - . rn-7  ,,.., S? ~.=:T=&T::* 
!g Z , l  r -- -. - -,. ,:=1 
1 7 5 5  2:- : r 1 1 = ~ [ 1 ! - :  



PGO (cont inued)  

'""?-': " 2 3 - ' , :  --:-$ " .... . .-,.. J C . ~  
1355 17 ~ t = " y -  7 : ~ :  3 3 7 3  1$:3 
1c7: L T  ','I=:' 
IS75  i C T O  1 F d 5  
1361 ~ 5 :  :'!=l 
1975 CALL j r 
I f ??  CALL 2 5 r i r A  
1393 L?': A=S+ln 

1- A n > 2 " " '  -{z: Zz' IC '2017 
2-75 ?C?C 173,? 
Z l ?  LS': ,?=2C?" 
2 1 5  I,:: .11=2?2? 
r 2 C  CLL 25 ,  I , A  
<l" - -. c: ??.I:d? "L/fi= "J;. , 

27 ???i::- *v;OT7: -? I:i:!Z:'' 
~ 2 5  i>:?~-y ?. '::-:=; 'z;.?' 7 3 7  ::z::T ::ST " J A "  
234" 17 A:=":" -:z: 3"JZ 275: 
Ti;5 ? OTO 2 7 2 5  
y 5 7  , - 7 . : -  """ -'"-" ..-.. . ., - .  . --. 
~ 2 5  2 ~ -  ~ = l  
T S r  D-. x..... . .xC.-.--L., ..--.. 1' - - 3 t  - - : tL;?:x* 
z 5 5  I ?  z> jy: -25; 2 3 F 7  
~ 7 -  17 1.~1.1 -+x; 3 9 ~ 0  2 7 : ~  
2775 i 3 T 3  2 1 5 5  
M i? , 3 IIJ'JLY ":]r,' ?z;E:. '+'ELOC: Y ?  " , A S  
? m e -  17 AC."y" -" F' ..' c 3 & i - . - ~ ,  Z C ? 9  2 2 5 5  
P F T  '; QTG 2 1 2 C  
* 7 c :  I:!?y- , , . .y,  -.- 
L,* .. -. . . L C  C! -= 'I, E t  G I 
2!pn 1- ~ : j l > ! : ;  7 : : ~ :  ?g:0 2-95 
21-5 35111~ 
il 1; 7 7 : . : -  T I - ) ~ : E T ? , ~ ~ - ~ I  2 : ;  --.-ICCI 3r= 1.-r - - l *  -*.-..- .-.* . -- 7 J 1.: b.TZz/ ZIC'' 
2li-E 1:;91-17 "17  3:: TI?': C 7  ",P,S 
212" 1' -^-C="" -:-' . a , - .  ---- 2G.'" 21 2r 
2125 70-C KT7 
21 :?. :::-.-.t - ,  ":I" . ."" pa." .. - -LLT. .  k.*J . ?  " J  A $  

- y  ;.;=UVVVI T - Y - .  r n r -  s!?: ,. . ... ; i  u v . 3 1 45  ", .'.. 7 " - C  - 9  -- 
r. -. . LI . (i ., L 2: 
'214' L Z T  ;! '=" 
21 5' ;::''I; "":Z'! c,:;::-= " L1 : 
3151 L r  y3=;7 
57 7 9  : 7 . i=" -'v" -"': ' 7 -  'I:=! -.~.- .. - -. . ... d, --.  
21 52 ;' '1 trW!;.(!3" -<?; LET 'j'2sZ 
21 54 I' ,l Zt""'" "'-. 

& .  * );:., ;t: y t = 2  
2155  I? y ? = 9 7  -':-<' ..,-.. - 7 -  i a . 3  2 1 5 -  
2155 j O , C  SF 
21 6" ?P: #$rC.9::::3: X fE,CT - :jZ:: 21 $?. 27, ? 0 5 1  TIO:;r*x 
e, zi 3 2  . ? ? ? T - - -  t * - - - .  -- c37 fi p - . , - : -  c> E-+YQ c :  -- n.;  . . ..- - L  -, L ~ . ~ L A ' . A  . d . - .  -- . . dhv 5?2CI;:Z:;'' 
27: 11:3c: "-{=r r ?: - ",;.$ 

-7'7.; " "TC p 1 3 5  217 5 :? . A C = " Z "  ...- J J  

21;: 17 -3.C="""LT.i j o ' i o  221  5 
3195 i 0 T C  2 1 7 ?  
2 ! 9 , ?  **i'::!r: 31 S?iACz;Z:f%** 
2 ! ? 5  !:!?\:T "fi SYLp.Cc,;F:T(I::)= " J E [ E ]  
z r -  if: 5 2 = ~ [ ~ 3 : : = 1  

I !? '?  
2 !P ?'-,: i : ~ . i : : : ; C l , ' E  SY IC:;;zl;i"lr 
221: CALL % 2 , 1 , &  
?&2C I? L > " 1 "  -"-. - - -3  21-7 c.,".. . n s i  J U .  -.- 
2 2 5  ',I" A=*L.+llf 
222; 1;-3 23!5  
2525 23- ~ = 2 : 7 7  
2?4? C.%L 2 2 > 1 > A  
2 4 5  ??I:!: " ? ~ o ~ I - I o ; ;  - m r ; C I ; : S ; "  
,q:,-# l;;,,y: ,,-.,%,- 7 .,.2:. - - 5 - , , , ,  t - -i - - 1 . . .- . . ., - 4. --. -. I .-.d 

22:' L:- .>=?'?" 
- - * ,  . -- .. - 9 2 - c  
< 2 ,> '. . I - - . - .  



PGO (cont inued)  

- 2 f C  . 7' . ..- L C = " " '  .. *"TI ... - Go-2 I:$? 
" 7 "  -- 3 9 7 3  2 3 y  
z7 5 'T: *>:*Li-Jp..= I:?' %-A -A;)C;*$:: 
cr, f -  ?-:sv-  vr: n n  r , ..... ,#,.-., : !Z '  27.4 ?A?: 3:: G : I T  I" 
97"- --c = I : : ? C ~ " ~ Y L  2 " ~ { ~ :  CC: :F " ,~S  
225 ? 1 7 C.." 5" -" " - ... - .  , ; o x  25:": 
2pc5 13'7'3 226." 
2 2 " -  n ? = ;  v,:[l J ~ ] J v f ! ' ~ ~ - J  1" 
227s  CALL $ ~ J I > ! J ~  
221T 705. I = ?  TC 127 

- 2 ,  r!L::l:J:::] 2  ?.>.Z 
2325 32.:- I 
2325 Z3-C: fr',Z: 1: 
ZZZZ 1- L [ j ] > = E :  T;.:C: 7?3:> 2 s e z  
2 2 2 5  L=? y : ~ :  5 0 7 0  715 '1  
233- ; C - 3  
2245 CALL 2 3 r I 2 . 4  
2357 1' .A=<$ -f:: 32-3 3 2 5 5  
5 3 5 5  ~ f -  .. :='-I- .. 
?" ' -  -'=: ' :2-c  23Li5 
2%: ,zr .:.=I;:-(̂) 
2571? CALL ~ S J ~ J A  
~ g 7 5  :g-o ! 1 4 ~  

'z,; * * & r v T C C  "^"V ,4;.-, , ?ox:::: *;:;SF 

225 5 =>t . .+  ""03 ::^"V . ..-., . . .. ..,. 3~11.:75" 
22C"-1::- 
2 2 0 5  :;:Yl'- "?(?: 2, TJ  C ?  ? ;Jf: '  Cz?T:{J :f;Tz,LJOT ' G  ZiT I31 : "JAS 
zqsr 1 7  .>,$=--t - -J-. ... ;: 3C7C 2 1 3 5  
Z ~ , C  17 A S = " ?  -+=: 53-5 3 2 2 ~  
n, ;;I? :I k:="3" 732: 3c-C 122F 

?$ I '  30-3 2 3 9 5  
'4," I:'>'.- " " - 7  C'YLL --"- - - .,. CI . . - .  . ..,; !:; TXC:i35= " J  z: 1 11  
2435 :? ZC1!1>1? T<Z;  3CT3 242: 
2;;: Lt: I 1  ]=EL 1 !]:':1:!'7 . 
2L.35 1 GT0 127 5 



A BASIC program w r i t t e n  t o  r e t r i e v e  d i g i t i z e d  f o r c e  and d i s p l a c e -  

ment d a t a  and o u t p u t  on D / A  c h a n n e l s  0 and 1 f o r  c h a r t  r e c o r d e r  o r  

o s c i l l o s c o p e  d i s p l a y .  

# 



.TVS 3 P . I  ~ z r x p ! P E f L E  :A-.+.-.**IIX 
Zfl17 95.1 ***+Pf lg , j -~ ; ;  T O  ? 3 T @ I  EVZ :]:-P' ---L- r ?-"'""' >.J- .. m ? i o ? j  LA?$.**** 
TJ1 5 LET i 3 = 2 0 i ? e  
m?e  rrr,r F C P , ~ I J P C ~ ~ I  
9?,5 fI:! A ~ c ~ ~ ~ ~ c i ~ 7 l ~ ~ c l ~ ' l ~ ~ ! ~ ~ 6 ~ ~ ? ~ ~ c ~ ~ ~ c ~ ~ c ~ ~ ~ ~ ? ~ ~ ~ ~ l  

cI:'1 !!Is[ 1 ~ : J L ! s c 1 ~ 1 , ~ 2 ~ t 2 1 >  Z 2 S C 1 6 1 ~ ? ! L C 2 1  
w 2 5  P-IN? "CA:A ,T.OLL'S~ as c:; -A?Z L?IIT i t *  

? ? I i I ?  
, 9 4 5  ??I?!': " T P E  C FOP LI?ZCfO?.Y L I  5TI;JG" 
P? 50  ??I:!' " Y ? E  ?? 7 0  ?:??.I Ef E fAfA"  
9 5 9  L t ?  "=@ 
FFFu? INPt"!' " C O w  ? ?  "JAC 
n T 6 5  I F   AS=-^- T E N  i o ~ o  3 ~ 9 5  
m7? I F  A S = ~ P ~  -33; 2 0 - c  ; ? 2 2 5  
?V75 i O f 9  3966 
"B PF ' E!.l t r + + * L I  5- fIPtC70Q'?**=** 
me5 LE- x=n 
3V9F O?L? T I L E [  1 1  ~ I J " C I ? . E C ~ J ! "  

CALL 904 ! J  1, 1 
Z l??  7C"It 7 0  1 2 7  
4 1 2 5  Y A f  F i L Z C 1 l r L C : I  
91 1k3 I 
7 1 1 5  CLOZE X L I C I I  
7124 I t  X=1 7 ! 2 1  TOT0 C 2 7 P  
8 1 2 5  ?QI:JT "TAPE ;-lo. " [ C Q ] "  Cz>!'?AI:!,C "LC i I"  TE-CTE 'IITI.'. " C C 2 1 "  3L:;: LEFT" 
0 1 2 F  ?OIN? "!.A,C? BLOCK USEL '.!A5 "CCCI 
?I 2 5  POI::'!' " 3?.EA.K3O'f!I OF T E ~ T ~ "  
41 4P ?"I?I? " !lo. OF SXI?J f E 2 f S  = "DC 41 
2'1 4 5  ? P I N T  " 1.10. O F  ~ i < ~ p : / l l l ' : C L ~  'I::T:= "PC 51 
h l  151 ?P.IIIT " t,JC. OF CV:ITliETIC ? E 5 f S  + "LC61 
a! 55 ??fi]? I ' y E  FOLLO'.l[Ns L! $1 SI1,'E-C THC CODE :lO?,C FOP I:JE!VI CLAL TESTS" 
s !Be  Q Q I ~ I T  w ~ ~ t ~  I S  E SI,Z:T ;JL~.IBZP.  - 3 5 3 . x ~ ~ ~ ~  
21 6 5  ??1>If " '!ii.S?E: 3BE=SLi i  ?Joe FOP YEST Ibi7O ." 
n l ? @  QO!?JT " X=?y?Z OF ? Z S f (  lsz.:I;!> ?=S/:iJ ?=-q:;. 1' '  

917 5 ??I?!? " '{=Ab!5LE OF ?siz"  ( l i 9 ' 2 E 5 ? ~  2=45CC5)" 
? l $ O  ?'I?I? " t = V E L O C I T i  OF ? ~ ~ I S f a ( l i . I - ( I I ! / , C Z C .  ) I "  
? I ? +  L E T  Cl=I I !T(  LC! l / 5 + l )  
'719!7 PaI ' IT  
1 1 9 5  ??.I::' 
"2?6 TO?. :=!  TO C1 
5 t S 7  J = I + ?  
"217  ?"I;;- I"-" ~ C j ] ~ ~ + C i " - " f ( : J t C l  I J  I+2*Cl" -" f : ;+2*C1 l J I * C * C l " . - " ~ ~ ~ - ~ ~ C  
11,  I+4*CI"-"'Cd+L;*Cl I 
331 5 >IS<'!' I 
?12? ; o r 0  a 0 4 5  
6 2 5 !? 3 1  
PI2 20 ? 5.1 ****zoET?I zf 5 fATA****x* 
F 2 3 5  ICJPCT "CI$?LAY ? O I N I S ?  " > A S  
L7241? I F  A$="Y1* 32: G O ? O  0 2 %  
a 2 4 5  : O T O  f l e s 5  
agJe LET ~ 9 = i  
2 2 5 5  LZ: ;:=I 
725n L E Y  96-0 
R26C i CTO Pn9rE 
m a  ::!PI'- w ~ ~ : p : ~ ~ ~ ~ ~  L I  S-? " J A :  
a275 I F  AS="'C" T C J  T3TO 7 5 3  

LET L='? 
63245 I,":?!" ""KI C:-! -ZST i:O.? " I  Tl  
$ 2 9 0  1 7  T1=B 7 . 5 : :  ;CTO g 5 2 2  
a 2 9 5  LE- ? l = I . " I T ( T l )  
2375 LET E l = D C T l + 3 !  
,1235 I t  E l = ' ?  ;!?9: 3 0 f 0  7 6 6 P  
Y l Q  LET E 1 = I > J T ( E 1 / 1 P ! ? 7 )  



"PGET" (cont inued)  

5 7 1 5  0 ? E l  F ~ L E C l , : ~ J " ~ E ~ T , l "  . .%. 
:32?C:.LL 9 p > 1 , F 3 , 1  
732: 3 ~ 4 r  F: ~ z t  I 1, r 9  
2 3 3  FCO I =  I ' C  1 2 
7 2 2 5  7!C.qL FILZC 1 ? J  ZCI I  
'3C4%r :IT<P I  
7 -  , ' d 4 5  ' E 4 L  ? I L z [  1 l J k ! I # ~ l  J ~ ! 1 J ~ l > : ! I J i ! l  
R350 F i L E t ~ ] : ~ f i ~ ~ ~ 1 ~ ~ 1 , ~ ~ ~ v 1 ~ i : 9 ~ ~ 6 # ? 7 ~ s 6 ~ ~ ~ ~ ~ ~ , ~ , ? j a c 7  
7 2 5 5  ?%c F I L ? C ~ ~ J ~ ~ S ~ ? . ~ S , C ~ ~ ; , - I S J ; ; ~ ~ J L ~ $ J ? I  5 ,  S ~ S J  52s 
7 2 6 a  CLOSE TI LZ[ 1 I 
F 3 6 5  ??I:J- ""5- :lo. " -1"  A T  3LI: 110. " E l "  OpJ PAP5 " L [ ; " ]  
8??7fl P I I N ?  '*CC?J"IPi5 EAT& f?O: , i : "  
7 3 7 5  LET ? l o 7 7  
93?fl LE- ?7=1?!f ( : 3 6 - ? ? )  / !<?)+1 
a 2 9 5  I F  E t 3 1 = a  "F i t1  7 0 - 3  7 4 3 5  
? ? 9 ? D * I p ; -  " ~ 4 r 4 t ' p  :lo. " E C  31" "^""  rtr\;J OCJ "51: I:"/"zC21"/"? 
2 3 9 5  931;:- 0 

1 
c>. 1.4T'Z? LA-A" 

7L;oq 3a[;:T " - - - - - - - - - - - - I *  

a 4 2 5  ~ I : J ?  fl W E [  L;]" - c-Y= -. 8 v  , e I 5- ? A C E =  My 
7 4 1 2  ??I:{- " ' IT.= " 5 [ 6 ] "  ,3S .,-_ 5 . -  " E [ i ] "  I:jCi;.s$" 
241 5 ??!I]" " ;.'AXE; "EC 51" K O  AT-E? [z.hT<-:" 
'74?E ??I!!- " CAI'SE OF fLA.?H - "C1 S 
7 4 2 5  ?*!!,IT 
P43B jOTO PC? 
,3435 ?"I>j? " EE;-YETI C T z z ?  C_Ci;.jS '*Cl  j 
m l + n  ??!::.r 
" 4 4 5  ??LI:T 
~ [ 4 5 , 7  a n ~ ! ; y  f E 5 -  I!IF3!?:IA-I C!:" 
a455  ? = . I B T  - - - - - - - - - - - - _ _ _ _ I I  

7 4 6 p  ?=I:.!: 11 '??I OF TE_C"= " , - I S  
? 4 5 5  ??I!I- .'IZETLE ??E - "~! . ; l :  
g47 !3 ? ? I t J -  " ? I  A ?  " r  L1S 
V47 5 ?PI!J? " $?L'CI?IE?U N C * r  " J  5 2 5  
748'7 DnI!lt " ... C3zc!:.lp: $1 -5s l e J  5 2 3  
" 4 9 5  331:;' 

C349"'YI:;- " ? r J z F f i T I O b i  \':L3CIP(= " 5 [ 9 ] "  !:JC:+E5/CC,w 
a $ 9 5  '?!!I- " ?LhJEWA"1C:! f 1  S'XjC5r "t[ 3 1 "  I::CHE,C" 
15-P  ?"I;:- w 3 ~ f J ~ c ~ ~ n ! ;  Y Z L O C I  TI = " 5 :  1 ~ : "  !i!C:<E5/ . c ~ c .  - 
- j n  5 jo1:j- t *  C , I ~ L L  -I:!? x wf [ ! 1 1" 21 S E , : ~  
1,C!53 pQ!:;- " ?ZJETP.AT:Ol] AhJjLZ = "?I:" : E z ' t 5 5  TO $ T - . ? ~ k c y  
'51 5 I f  X 9 = !  ? E C J  OOTO 3 6 9 5  
"27 ["SF y3; ; O T O  7 2 5 j  
a525  j c - 0  P 5 7 7  
" 5 3  ?,s; 
7,*?5 3E:,! ****rCO?LE-E 2 1  S?! : : l lx r*x*  
?5/4$ I:;?!? * ' c ~ : ; - I : ! ~ - ' c T - ~ ~ ?  
7 5 4 5  I F  ASs"VW T+z: ~ 5 :  .:5=2 
?55?  I:!??"? "$"A?.'I?j? rE,C: [ jC .=  
7 5 5 5  I F  T ~ > : C  1 I F.EI ?O?C 
156"5- L = l  
3565 i 0 - 0  9 2 9 5  
"579 LET ?1='1+1 
7 5 7 5  IF I l ~ ~ C I l  T?21 j O ? O  ,7572 
718P I F  36=2  7 V 2 i  30TO 590 
"58.5 i 0-0 $ 6 1 7  
9 5 9 8  PO? I -  i "0 5 
? e o c  ¶P[:;? 

6 5 7 a  :;T?- I  
7'675 i O m C  2 5 6 7  
' 5  lif !:!?I'T A S  
"5 1 9  i 0-0 553 
2 4 2 P  ? K !  
- 5 2 5  =%*;.*LOA f :!rr f A ? z l x = r x *  
'76 2" 5'Y::;T W LC.41 [,:r' [ATA T k ? z  1' ~ ~ ~ ! C ~ ' V  

r F ? 5  ?QI ; J?  " :!,;A' ?T-'?E T,c.?z ' C "'!" . - . 2. :1J;: ZE'' 
154fl r:!?''' "-(?- ? "SZ] YEACvl*J;iS 

-. 



"P GET" ( con t inu ed) 

' m q :  I ?  ~ : = ~ y ~  -+r; 737:: x . j j 5  
"55" jOT0 F 5 1 ; 3  
7 5 5 5  70-c  ??a!? 
.?+rp ??~ ; i r  t!o _crc~ -zf-- 
7665 i 0 - 0  ? 3 ? 5  
1 5 7 a  ::!?C- A$ 
767 5 ?"!:I? 
75 5";l n='!ll- 
" 6 5  P51:17 " f OF! 5'' 
?E9@ i OTC 7 7 4 5  
"635 BE.! *** i E ?  Zq-fi ?3I:J,Z +I= 

T r j V  O ? 9 1  F I L E C I J ? ? J " ~ A T A J L "  
7 7 5  LEf 9=n 
? 7 ! n  CALL 91Jlr3Jl 
37 15 CALL I J ?J ! 
?7*/1n ? u I : l r  "?t?,E 435 "59" J Z j z 7 Q n f I O I j  ?!)I:,!?$ 1:: -.jz A??A\(" 
9 22 ?=!>,!: ""1 T:i "z?" :<zEC 3Er::f j ?O!IjT,CtV 
27 25 22P. ! = 1 -C 59 
.?7 2P ?L.iif TILEC !!JFC~IJ?C:! 
7 2 5  :: z:T 
77 4P CLOS7 ? I  LEI: ! I 
.T 4 5  =C': 
!I 17 I:;?t'T "-?Z !:I ?A?=? :?EEL? "J 55 
1 1  1 5  LZ: zi=c!pa~t:)/:?. 
112P 8'JII jf  "'0"4 3$.DDC -TEEC OF 4 * $ a *  T ~ J E ? ~  ' J I L L  3~ 
1125 ?D::J? "!.i,CzC !JF P 3 . L  T:::Z D';? :.li; ? F  ?A?z?" 
1 1 3 9  L E T  : ~ = ( ? I / I ~ T Z ) / Z ~ S ) I  

1148 CALL 2 2 ~ l ~ P I l l  
!I45 CALL ?2,P,?C I I 
I !  58 a31:,!- "ft'?,!; C:.! C:<;r?' F ~ C ~ ? t E ~ "  
! 1 5 s  1:;YY.- **.; 7 - .. . . C' "YZj c 3 . f V " , ; , L  
1 1  63 I =  A$=""  T E z J  10-3 : 177 
1155 ;C-C 1155 
117? 79- 1 1 1  +r3 '73 
l?GlC Lp; ?:=?XI 
I CALL ??,lJ?til 
1215 CALL 2?r?,fC!I 
!?Pa : :ST  I 
I??? CALL ? 2 ~ l J ? C l !  
! ?? f  CALL 2,~?,tC!l 
1?4Z i>!?T'T "A?AI:I? ",&I 
1245 I 7  A%=""" ?'+2: 'jOmiJ 1 1  17 
I P ~ C O T O  ~ 5 2 7  



A BASIC program w r i t t e n  t o  r e t r i e v e  f o r c e  and displacement da t a  

po in t s ,  compute force-displacement and work va lues ,  and p r in tou t  

r e s u l t s  on t h e  t e l e type .  



"BDED" (continued) 



"BDED" (cont inued)  

725'3 ?:4."-LI',1: 1 l a \ ( ?  J y z , y t J y 4  
"-- - C-052 T I L E [ !  I 
" - c ,  .- .- - - : '.'c=qq TFz:  3,?TO - j g  1 - - -  - 
,..- L1327 ~ 2 1 3 5 1 ~  T:+Z; z n ~ r ,  2: 
p j i e  I F  ','3=99 -:<:,2; G C - 3  4 3  1 
S 3 9  ' , 'LlrS? -451 Z c T a  " 9  1 
T?9c 1 0 - 0  4 2 4 4  
,?to 1 ??.I:;: 31" "-"7: . " A ','ALI 1 ?EST" 
"3512 j r , -0  74a ,5  
3 3 9 4  L f T  ? 1 + 7 7  - . -- 
< . ) < Y :  --. 2-=1:;7'( ( 2 6 - ? 5 )  I:.:? 1 + I  
O&,'7 1 7  :;?= 1 T?!zj 7 . 5 6 :  
'q4C f 1' L=" -!'5: 7 ?r 5 
:$I" 3 0 3  0 4 5 5  
3 4 1  5 r z :  
"42-=: : r r - * ~ C C Y L ~ - ~  LI 571 :].;*r**ir 

"$25 III?I.'T "CC!:TI;JUCL'S? " J  A S  rn 
c45,? 1' , ~ ~ = " ~ "  y<xl LET C6=2 
94: :  ;::PC': "fA5TI::; A: ?'_ST ."!O.= " , T i  
" L : ?  1' ?1>;[1] ::<E: 5 3 - 5  . i 425  
2445 LET i = l  
C457 30" 0 2 1 5  
7 4 5 5  LZf - l = ; l + !  
;161 17 ' : 1 > ~ ! 1 3  T:-:Z:! ~ 5 3 5  
~ 4 5 5  I? ? 5 = 2  =z: ; 3 7 ~  ~ 4 ~ 5  
rn47'2 1 3 - 0  ;$?5 
a47 5 :::uy: A s  
~ 4 e r  ;arc r ~ ~ 5  
1405 ?=: 
749' X: x a * r e ~ ~ . ~ ~  :.:r7 DATA T A D Z ; ? ; * X ~ ~ ~  
3 ~ ! 9  5 ?').I!!? I* LOAC ::S' CAT.: '?A?'. !F SLSI 'E3" 
E:" ¶?I;:: I* .' :,&:;E SU?E TA?E 1 5 Tzi:_CI C! j zC"  
350 5  !;:?lj7 "?(?I 2 ',!!i3J pl?A,y"r AS 
: 5 1 ~ ~  A S I ~ E W  j o - 0  ~ 5 2 6  
" 1 '  : o t o  r 5 a 5  
r 5 2 5  ~ O T O  ,?as8? 
?525  ??I::? " ,CC" -5S7"  
'3:" c 2 7 5  
?5?5 i!:')T-i- AS 
? s / ! r '  ??.I:!- 
; f & 5  ??,!::? 
1 5 5 2  ¶?,I::: " zg:: 1" 
f 5 5 5  ?$TO m 5 5  
C 5 6 7  -3.: x x "  3 Z f  2fi.T.i B Q 1 ; J T f  ***  
7"" 5 C3F.I 71 i F [  1 , 2 !  , * I  ?>.-AJ 1"  - 4- 
9 7 "  L E T  3=7 
" 5 7 5  CALL i ! , l J 3 J !  
7:" 7 - C A L I  3' , !J: , l  
*;=< - 7- -- - - -  - - .  2 = 7 7  
- = z r  - .  72" I =  i -2 z? 



"BDED" ( continued) 

"595  >z,p ?ILz: !:,~[I],¶(I] 
'Z5"fi ::=.IT 1 
? 5 " 5  CLGSE PILSC!? 
'36 1 ? 3 9.: 
5 6 i 5  : I i = 1 ? _ 7 2  
y5c":: F3=1 17  
2 6 2 5  rtrn ;L* ;.:'z. T C ? . C z  3:7)"5 ?=:J.x*i 
C6:f LZ: ?:=' 
7 " ? C  ?O? 1 - 2  TC 21  ---. 
4  L:: '!0'l+FCI] 
'3645 :!ST I  
9 6 5 0  LET F l = F 1 / 2 :  
9 6 5 5  FE.1 ***SLC.,c.'p. FW. ?!.4><I:itl: F05C: 1;: 157 30: ? ? 5 * * *  
5550 L r  i~a=.z251:  
fFE.65 LT: X 7 = . 2 3 * ? . 3  
0556 L E V ; 3 = C  
3657 Fa? 1 1 2  TO !::T(.O*t9) 
B65e I F  FCI I > F 3  -.Ell LZ7 P ? = F C I :  
3669 1!Z? ! 
? E ? C  LE- ~ 2 = e  
?57 j LET ?2=E 
% E l  PC? I = ?  13  ZP 
352  j !F X I l > F 5 _  Tx'.S'J ZCTO 3 7 C 5  
TJ7?"0fO 57,'" 
C7?5 'OF J = i  -,I 9 1  
9 l!? i s  ? Z ! ] > , \ 2 e ( P C I + J ? )  7 5 L :  3673 $ 7 2 2  
T ' ! 5  ?OTO 373C 
Cl S!? I;=': ; 

4829 ?>z: *W%Cg:;?T-'T; ?5;:;F.ATIOPj ? I i l t , r*x  
3W5 LL? T 2 = ( ? 2 - ? l ) * S E  
$525  ?.L.: * x *  CCI<?CTE 3E: Z??A,IOr; \JOE:;v** 
"^ .. - , -- <:"a LL: .!l=G 
8 3 4 3  LZ? S 2 = C 2 / ( ? 2 - ? 1 )  
n345 fO"=?1 fD P2 
9355  LZ7 ',,71=':1+:[~]-71 
" 5 5  r 
e b . ?  ~r ' 1 1  =("1 ~52*; - :7 )  179 
5 : x.h:+-...- . L. .  ? 4  .AT 3:TF 1;ICH ?E;E~?.A?I~::*:F* 
371e LZ? ~ L ; = L I  -:.:I 
Z S ~ S  F O ~  1 = 3 2  TO s 
OBF7 I ?  PC: I = < C 4  -1.3: ;GT2 ?3FC 
r??5 ::c:T I 



"BDED" (continued) 

^en" . -- , . ,. -L,= ( ( 7 :  : ] - -1 : /'? ) +:::7 .., . c  . 
:73.1.C L Z T  ?::=I 

1-- ~ & z ( ~ l - Y c : ; ) x ; : ~ / ; ; !  
7 ;  i  5 Lzy 7 2 ~  (Y k-? 1 ) x z ?  
T?il 7 3 ;  *:<zFI;!r  : ; ~ ; , : ~ ~ ~ ~ > A  r n - r -  ----v--, .  . d : . u ;  2-. . ; ; I ,  '2 A::; 3.4--* 
7725 LZ- , c L : = ( ~ : Y ~ + ~ c I - ~ [ ? ~ + ~ : ; ;  112 
:a:: '0- :=;2+17 -C ? 4  
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A BASIC program w r i t t e n  t o  compute v a l u e s  of f o r c e ,  d isplacement ,  

f o r c e  r a t i o s ,  d isplacement  r a t i o s ,  and p e n e t r a t i o n  work v a l u e s  from 

d i g i t i z e d  f o r c e  and displacement  d a t a .  
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WCAL (continued) 



WCAL (continued) 
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