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SERVICE PROGRAMS 

D. B. Hayes 

The ·following pages briefly describe six computer codes . These descriptions 
are not complete and will not in general allow for immediate useage of the program. 
What these pages provide is a statement of the function of the code, a description 
of key variables and a few comments. Thus a cursory inspection will allow the 
reader to judge whether the code will be of any use. To implement the code, the 
user will probably need to rewrite parts which have been written for some special 
case. The codes described are all duplicated on paper tape stored in the office . . 
The codes described have the following functions: • 

Q Evaluate the fraction of guard ring gap area necessary to minimize 
scatter in quartz calibration data. 

CHAR Solve for wave velocities, pressures, times of arrival, etc., for the 
special case of aluminum impacting KCl backed by quartz using the j ump 
condition . 

ANALYT Evaluate an analytic fOrm for the phase-1 Hugoniot of KCl. 

LSQ Perform a linear least squares fit. 

QUART Reduce quartz gage records. 

IMPACT Map stress-projectile velocity data to p-u and p-v space. 



Program Q 

Function: To evaluate the sum of the square of the deviation_ for quartz gage 
calibration data if the calibration is of the form 

int 2 
min l ( TT n 2 - k - acr ) 

n crn 4 [d1+a(d2-ct1)J C O n 

a = ,a-10 
in = quartz current 
in = quartz thickness 
on = quartz stress 
d1,d2= inner and outer guard ring electrode diameters 
C = sound speed in quartz 
w_here the quartz calibration is of the form 

k = k0 + acr 

For a fixed value of a, the above function is minimized by adjusting k0. This is 
repeated for a variety of a's. Thus by finding the absolute minimum of the 
above function with respect to k and a, one can determine the effective fraction 
of the guard ring gap area, char~cterized by a, which minimizes scatter in the data. 

Key Variables: 

EI 
EL 
Dl,D2 
p 
AL 
CAY 

current (amps) _ 
quartz thickness (cm) 
inner and outer electrode diameters (cm) 
stress in quartz 
a 

ko 

Comments: Program indicates a f 0 
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100 DIMENSI0N EIC·tri>,EL(lO~;ci1ctO>,D2ClO>,PC10>,YClO> 
110 A=O•Ol 

,120 .· PI .=3•14159265__ -
·130 ·. . C.= 5:~ 72ES' . . ~ . . . . ~ - \. . ' ' .- . • ~- .. • ... •. ••• .. \ . 7(

1

:•~ 

.. \ ·\ _t_.o_ ,,'.· . .. ,-: N:s s \ :::: .. , ·: ~::~-::-:\::.--~ '~\-?.-~_-·_:.::~-!'/ ~./Li:/. :.~ ·:::.- :·; .:, .-:""<: (.· --.. . ~: • :<;:;<' : ~:. • :--:-• ./:-- , :::t •':!-_:;:.;i~ 
·.· -~:158 ,, ~ .·. READ.(EI'C'L).n..cr, ... ou·t>'•D2({J--.P:C.l.> • -t•! ... N-)- • • ·-·.· :, • , • i :···-•• -- ., -._~,·,~·:.:,;::qi"'.,: 

. ; 1,e· ·, Dfl,.', 70' J(:s:1 . 6/"; :-:, . . ·,:. r • . ".~ :.~:~· • .. , ~ · \ _ ' .. ~ . .. .:~· ~ :~·-,; - :· .. ~-,~·-•,., .... •: - ~ . ·: , . q ~ . : •• - : · . ~ : • ' : . • .. • . ' : ; " . ' : ~ -\ ..... 1=---~~:/· • -~~ 
·,._ ' r • , .,; , • • •, ,.. ': ' •~ t -..i t l,,.,~L , , ::_ ,-. Z.,.~;._.i ... ·t:. , ,.17\ c.. ' f-~~ .,(..- ;,.._ .. ( l•J.'\.,.:\),:,.. •/' ,,,;:.:_ •,- •,:• ~._ , "'• ~ ·. • • ~ ;• , , - · L ,. •. , f.•;' ~ .. ~. , ~ •: "'• 

·-"-~::~~- ~~----: _:: ~i;!:~~--•"~1 ,0 ~-~-f·'.::-.:~i/~;f.:/.:~-\1·t+~:~tf~:/~{l'.;i •. j .. _ ').'."/;.;:~ ~:·:.-!f :·\ -':.-·/:·~--~1 ·,-:. • .·:3 •. :~;: \ ~-<-:;;,/:_~_)/} 
:.· ~ ,, .. , / . 

180 DC=-~•025· . .. 
190 I • ;D0 10 I= 11 N 
200 DEN= CD1 CI >+AL*CD2C I >-01 C_I > > > **2*PC I> *P·I*C 
201 10. YCI>=4•E8*EI(l)*ELCI>IDEN 
205 S1=0 
206 S2=0 • 
20,7 D0 1 5 I = 1 , N 

·.· 208? S~zS.t+YC.l>. ·, . . . , . -; · \ 1• :a · ,;,_: • ;-,• ,: :, .. .. , ·· 

:• 209 •:·, S~.• S2~ P (• I. )L • •• • ' •. • . , .. '. '~ '•:. •,• :or~ , _' • ' • i • A"•,' '. : 

• 210 : 15- C9NT1NU£ 
• 21-1- • CAY=Si~A•S2' · . , . 

.-; . . -.. · . • 

..- .. ,, . ,. ' ' - ... 
;.. 

212 CAY=CAYl'N 
240 . SUM=O• · 
2so· . D0 30 I= t , N 
260 30 SUM=SUM+CYCI>-CAY- A•PCI>>**2 
270 PRINT 900,AL, CAY,SUM 

. 27.2 900 F0RMATC3F:1 s.a, 
280 D0 40 l= l, N 
290 40 PRINT,PClllYCI> 
'29 1 70 C0NTI NUE • 
300 END 
1000 -$DATA . , . . .. 

;. 1001 ·. '~ta6~.2ass., •• 39c,#:~454s,26:.4s . .. 
. 1002 _· •• • :l 'l-7 • ~28~ S, __ .: ~31 ~., • 4455.26 • 45 .. _ 

· ,·· ~ 1003: .1os •• 3223 ••. 36os-..-.• ,3.129.-2S .• ?o' . • 
• 1:004' :-•0809-~-~~194• .3551.,:.3,632,:.20.i"O . 
• ·ibOS . • •• :•I 07S~ e;3193'..- ;_3626#>•·3 'i·o~,2'-6 ..• 40-.• • 

a • ,'. , : • _._· :,- ~.-~.•-• .. :,·_.~_::.;_'._;_·,::-_,,·,:•,~-;\~.-.' _;~j;Q;:.}:,;~:,; ~:/::?:' :i_ "', . ' ' ' ' 
•• •• • ~ - .:.. . .... # - - • - - 'r', ,..,.. _., •• - . , • _:_...,;. , . 

' ( 

. . '-.,~--,' 
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Program CHAR 

. 
Function: To calculate wave velocities, pressures, particle·velocities, specific 

volumes and times of arrival for the special case of aluminum impacting 
KCl backed by quartz. All materials are assumed to be in thermodynamic equilibrium 
with known constitutive relations v = V(p). All velocities are in lab coordinates. 

Key Variables: units(cm, gm, µsec, mbar) 

EL KCl thickness 
UU Aluminum impact velocity 
Z Quartz or aluminum shock impedance 
DXX Shock velocity where XX is a two letter post script denoting the states 

which the shock carries the material from and to. For instances, DAC 
denotes the velocity of the shock which carries the material from state 
A to state C. 

UX Particle velocity where Xis a one letter post script denoting which 
state the material is in. For instance, UA is the particle velocity of 
material in state A. 

VX Specific volume with same labeling convention as UX 
PX Pressure or stress with same labeling convention as UX 
Comments; 
Definitions of states and a description of wave interactions are identical to 
those in Fig. 4.4 and described on pages 83-85 in thesis. 
For materials in equilibrium, specifications of impact velocity, KCl thickness 
and p-V locus for each material completely define all shock states, wave velocities 
and times of arrival. Calculation of these quantities requires only mathematical 
statements of conservation of mass and momentum as expressed in the Rankine­
Hugoniot jump conditions, coupled with a knowledge of the constitutive relation 
for each material. Since all waves are compressive, continuity of normal stress 
and particle velocity at material interfaces provide the necessary boundary con­
ditions . With the jump conditions and constitutive relation 

p - Po = p0(o -u0)(u - u0) 

p0(o - u0) = p(D - u) 

p = p(p) 

or, re-expressed 

µ = ✓(p-p0Hv0-v} + uo 

D = Va ✓(p-po)/(Va-V) + uo 

V = V( p) 

a complete solution necessitates only bookkeeping, that is keeping track of wave 
~ velocities, wave interactions, boundary velocities, etc . 

Caution: This program was written explicitly for a description of KCl. Not only 
is the constitutive relation V = V(p) specialized to that case but al so 

statements 110, 115, 120, 150, 155, 220, 225, 315 and 380 do not apply to an 
arbitrary material. The first three of these statements define special . material 

i3 



dPh _ t 7 1t SC ' NH :@dil - -:zoo a@ rv···•·-czsm 

a) P-V 

0 0-------------v 

p 

b) P-u 

o----------u-----~u 

t 
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Fig. 4.4.--Shock diagrams for time independent 
transmission calculation. 
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properties for KCl; the rema,n,ng seven statements define p~essure ranges over 
which searches are made while simultaneously solving the trangendental equations 
resulting from continuity of pressure, continuity of particle velocity and con­
stitutive relations. 

- , "'"CHAR -~ , .:·12 i 30 • ·-• 6 rHu:-· o sl is .i-1~f ,.,.-., _ •• -- · -~,._--,.-- --~·-- ·, --" -·-- -·····-· -- --· 

SO -_C0MM0N PT,VT 
95· . 00 BO ILJ<=l,10 

. . • .. 96 ;_: .Y=-CILK:-:t->•o-ooos·- . . . . · .., _ . 
. • ___ _. \; .. 9-1'.,·~~f~;~.:1·P~--1~~1•:t y~-:~/J.:\~---'..":;1i:.;})+)Ji::}}~{;~~~•~/~~}{(~-::':\ ._.· ;~/,:' .-:. :~--::·~ _. :: .. · ;:--· -,-~ - • - _. . 
. ' '/-"'-_.;OPf :..$~-~-.-~~O,,.-;,~ <-:i-•k:;:1..'fr;c"1£"{~-t¾-;"'~:}4';.;':J;fi,,i;;..i(~~~~4/1.:t,~·;.r,~l-i',:-:~;l • . _._-, _-,_,;_. : ·· · .. : ,. ,>·; • < t ·· ; . , · -

:·. "]{-- :~·s: ,~~~~-i?'!:~,--::~:t::;~~~~_;}:;1\t}{li1¥!~;ij;~~f;~Jj~~;J/:·.~\ .. :_:.··~---.;~ --.-_-:·,: : w ··-· •• • •• - ._ -. • 

' .. , "i } J.O?, -l~'1S::;'-T~~~ ~~~9:.;.. -:~.:..,"-!,fr; •~ H.~:;;i"'" ' -, :~~ -~~~} ~i;:"..;..:\>~--;R::--~ -~·).-;t,'. ,'. ' •• •. ,: -, .· }_. ·., . .. - ;; · . . • •. '. 
'.- ·- tts1 ···•'~'vT=o-460S -,.. ·· ·• .. :· f ,•·· ··--• ··-~,.- :-,·· ·:::-~·:· · : ..., ·=- · -- .- .. , •+ · : -,. -.·· • . • - • 

-- · 120 V0=0~S03 
125 • UU=0.0585 
130 Z.== 1 • 51 6 
135 PA==PT 
136 VA=VT 
140 UA=S.QRTC CV0-VT>*PA> 

·-145 00~=V0*PA/UA 

. · ..... ig :! ~; g§g~kty: r ;:;f >'..";:f ?:·;t ., > :, , • . : .·· • • • • • • -.. 
. -. 170 . ·-- ·ou=SQRT{CPC~:PA>*'cvA.:.: VC)) 

175 . ., UC=UA+OU-u • • • • 
180 DP=DP /2.• 
185 IF"CUC> 1,2,3 -
190 • 3 PC=PC-'oP 
195 G0 _T0 10 
200 1 PC=PC+DP 
205 10 IF(ABS<OP/PC>-l•E-6> 2,2,5 
210 2 UC=UA+DU 
_215 Tl =EL/D0A 

,, __ 220. _,· .. PB=0•03. :- • __ _.. _ _ : . : · _· ___ ·: _. _ .-·.:-. _.-_ -: -~-~ - ~ __ . .. . 
. 225 · -· DP:sO•Ol _, . .. ;· -~ ,. . ~ .. -. .. . . .. .... -.. ·, . 

. ·230. 1411' lJ:sPB/Z , • • • • · -· - -. : .· , • • 
--< 235- . :\:: ,;,VB~VC.P.B:)' , , _ ._ ·: o. < ·/<·-.. ·.,·/ "" \ " . ·:;- :: ·-1::·,,. ··-_. -,.~---

. · : i_ 2.40· .. '. ~, DU•SQRTC(PB-~P.Al*CVA-VB-J:):·-.~- ·:_ •• : •. _. -:,: · . • 
• , · .: · •. · - • • ".,_'! '" , • • • ~ . r-':·.-·, > ·. · . . -. ~: ·' . -~·· . .: .. '• . • .• ; ' ' __ , :: . . ·.• . .. ~ ; ·: 

: ·- .. 245, -.,-, ~ ·DP•DPJ:2•· . ,· -. , • - .• , ... , -~ ,.· -·~-- .__ c•·.•' , , , ·, • ;: : : ,_ .• .-
_ __ .... 'i .• · ;·.'f1;. · _ .. ,: · . . •,.• .... _;:..·.· .• : ·7. ~ ··. -~- ...... ~; ! _ ..... '>- . ~ .. " ~~· .. ·- - ; , , ., , . • .. . .; " • 

.. • . . -_ 250· -:., •. ·I F'C U.-UA+DU> ··t 51-l 6:. 1-:7 • - . . ; • - : ' • • ,.- 5' _r:~·- ·"". ·, ~ - • • · ...... . , . . .. •• .. >-· • : _;·; - .:_- ~ t• ..... _) ... .. .. •. • • . :.~......,·~::.\·:·-' -:. ~~ .... _., ~ ►; :·-. f . ; . _;~--
,•. 25; . f.7.- P,B•Pa-DP , :- · .,· ·:'_;·• - ,._ -.. -,· · . - .... .. . ,. '-<-~·-'-- .:·· ··:-- ·:; 

·260 : .' - • G0 10 18' .. - - " _ •• --
265 . 15 PB=PB+OP 
270 18 IF"iABSCDP/PB> - t~E-6) 16,16,1~ 
280 16 UB=UA-OU . 
285 DBAR=SQRT(('PB-PA)/(-VA~ va» • 

-- ! ,286 : .• . ·DBAR=DBARiiiVA : : : . • . . - . 
-·':290".: .:,'"_'· oeA.irU~DBAR.'-> .-·_ -·: './;: :,;:"_.' ·::-~·;,;~.-·. ' 
-

1295:· ... ;i,:: oAc=soRTccpc.;PA>/c-vA~vc,,. • • .-.. • :· •• --
_296- • · DAC=DAC•VA -
308 .- •• :·. ' oAC=DAC+UA ' 

• •. 305 · · -· T2:CEL•DBA*l'l>/CDAC-DBA> 
• 310 .. . X2=DAC•t2 • • • • . .. • · · ; •. •• ,; • 

.• ·. 

/ 

• .. ~~~--~~ai.::,/4;.;.r\t&iPJl~A!'·-O.~-~.. .-•• ~ >-~~- ~~,~~.;~~w.i.. . .: .. ~~=.t.-·:~:~ -~~~:~· ..•... ::· .. ,:~. ) > .~ --~ -:~\-•• ~-;:;. · .. .-· •• __ -~- ... . 

. ,- ..... . ' ... 
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·:- ,r_7:~~:.~~~~'7~:=~~:~~~-5?~=-m~~~;~;~:+~7~~;t!~~;:7.·: -·:~~2~~-·~:.:::~?;~:1_tqr:;~~-._7-'.7~•-<·.:.~.:~.-~·:7. '.' -~--(~ .• -
' 325 • • • UD=UB+SQRTCCPD- PB>•<VB-VO.>> • • -· -

. . .. ... 
.' ,_ 

330 UDP=UC-SQRTCCPD-PC>*<VC-VD>> • 
335 DP=DP/2• 1. 

~40 IFCUO-UOP> 2t,2i,23 
345 23 PD=PD-DP 
350 G0 .T0 25 • 
3~5 21 PD=PD+DP . 
360 25 IFCABSCDP/PDl-l•E-6> 2~,21, 28 

. 36~ 27 -_C0NTINU£·. ~ --.~--_.< • .. •• .• _.~ ·_· . :_ : , 
• ,. ,_370-:- . .... ·oeoR:sSQRT-:(. C.PD~ P,.B) .IC VB-VD_) l • -VB < ·. ··., _:•_ < ·· , .. ; ·, .-~: ~-. · • . .. - · , ; _ 1 .. ,,:-

. _. • ;· '·· :: .-. DBD. UB.,DBDR·: .. ,:·· ·.-.:;'···-.-;.::-.'.\:~:' r'· , ·-.•., ... • .. ,:-_:f.( '::·_ ·.:.·- :~ ·.:~·:.-:.>-' .. -,:·:1 
·._'·.- •• • • -' . · _'<· • , .. ..;: • 

• J • • • ':S'IS-- .. ,~ •. ,.. ~~ + ~ ._ .· ....... ~·,:, ·;;r" .. -: ... ~ i,· ' T • ::. .... ,:{' '-,,· ., _ _ .J .. . ~-, .. y- • • • , .... ~ .. , .... . "" ... ... . I-~-... .- • •• • • • • • ~-~-~ ,.,, 

.r' .:- "'31i(J :• ' ~ .. P EJso ·· o5:,., :": ._:" ... ~ r""?r'o/·'.:'~_)';:?•l':-~.;,._-.;\:.~..;~ i'1:\.:~ ....... .,J. ,~r:;,,.~ , -.. l.: .,,, .. , ~k ,._', - - :,,,. r·. ~ -· .. . • I ·. · .. • 

:.· :: <;~ ,·~-~-:~ '·: •. ':II: • • ;.: ·.<: -:~:;:~t-,i/~1-\~;tljf;:fit~;;{>:\· · _-;~;;~ ~-: ··:-:-· ·:.-. -,. ·:. ··-:·:· <. -, ·.: ·.: · -· · -· · . -•. ·.'. · · · ' ·: 
.· .. .. ,385, .,. ,l;. DP PE P.D:.,:1 , ;. • . .,..,..,_ . · .Y,l:"~r,.!l,:"~r<...,;:; ~~ .. ..:..').:."'-~B ~l-•~-:; .:.. ·•, ' .. . " .. i,;·•,, .J' ~- --·;· - . .. ;. -.: - .... , •. -· _ _ _ ... ·• ·- ,, •• 

• flill >, • • ,. • • • • • , .J, • ) • •,• •,l,•~r·•,cj"\i;,.~ 1, :~ {' -~, _ ..... ,J,~• ,'j,, -~!• ::,• .. ~• "' • • .. I "-~" • ~ • • • - I ' ''-.) r ,-•, :J I • • I, •• • • .;._ 390· -e ·f -U•Pe,z: .:-. :-·;: ~_:: - •• ·--· , ,.-:·-~•tf_ ~:-:.-?- .•1·_.'.~~· ••• --~ ~ . • •. _·. • : · - • , · .. • • • • 

39S , VE:=V<PE> - . • 
400 OP=SQRTC<PE-PD>*<VD- VE>> 
405 UP=UD-UP ____ __ _ 
410 DP=DP/2. 
A15 IFCU-UP> 37,35,29 
420 29 PE=PE-DP -- ---------------

~5 UE=U 
46- :_ GB . -T0 130 . -- ~-: ,,:. .. _. ,. ~. _ .. ,.: , .. .. ·: . , , ,,,. <· . .- .'. 
·430-; · 3T PE2 PE+DP · .:.. : . •.• • -~- .":~~- .< :. ·· , .:-~,, _ .. , ... ,. ·· · · · • 
-435- . . UE•U .. _: i . :-"7 •. · ;;· · • + \ · ': ~-·_,'··. ': ••" · .,_ .... : · •• :,.- ' 

' i .io :·30~--r FcAescoP;PEi~-i > •. f~ t.;~ ~s-:; :3s; ·~6 ···,\. ·, ./ -- · · • ;- ·· 

) . ::: ~~- ~=~!~:~~-:._ .. ;-_ · • • . ··_.':·;· ~- -·: ·•··:._c<'·.· . • 

450 ' T.3:s C X2- DBC*T2+UB*T 1-Ei.. >IC UB:- DBC > 
455 XJ=EL+UB•<TJ- Tl> 
488 PR I N.T 60# EL, PT, UU 
489 . PRINT 60,D0A,OBA,DAC,DBC 
490 - PRINT 60; PA1PB,PC#PD,PE 
491 PRINT 60,UA#us.uc.uo.uE 
492 . PRINT 60, VA# VB, VC, VD~ VE 
493 PRINT -60,Xt,X2#X3 
494 ' PijINT 60~Tl.,T2, T3 ·. , . 

.. · --.: -: ·_.·:g ~::~!~~:~14i ~:,~.~ ~---- .: _<;~,~>:··.r: ·-\-· _\·: ._:-::·_·/:~-- ------
. - - :~~ . ·. : £ND .: ....... - . ,4,. ~! ~:.. •,..·, . .-.~ •. -;: .. .. -: -: :.·· ;--· . :•· . • - . --••• • ... ~~ ·_ , . _ _ . 

' ·.:." 606 :-_- · .. --FUNCTI "N:' vcpf · .. • • -.... - :~-- •• .. --_>: • : '.._. ': ; .- ',' 

., I 

=: :· : • 

• . ' llft<D-. - .'· rGMMlllN: ··P.·;.;.,: tr.r:·· ._( ' ,' ' ' '• ,. . ~ ' I , :: • •: ·-. !•; ~' ' " • , - •. 
• .. • •- ~ Ci!.,, ., ·~-- ~¥. !U. ,' •., ~ .. J -• : ~ 5 • •• , h .... .. .::• ~ , .. •'"' t, ~ · ~"• .•c• • ~: f••' ' •' . - ~;•.~•• t •~ •: • I •••-. ••' ._ :, • 
• • ~ l.,.• • • ~ , \. , •• I • I •' y" • • _,-: •~. : , ., • .. ~ • •. '• , •. : 

· • -·: ·: ~:::·::/•/:,::~i~?~:: :~ : ~J-/. <~1:~ __ :>ti:)\: .. -.~·._;_~~<\_·;~:r:_··_ <: _. .. -_~ : '-;· 
615-· • P.A=P.T . ·. •• • 
620 PB=PA 
625 . VB=O • 39 
630 VC=0 • 37 4 
635 • PC= 0 • 05 

·640 ·- • I F CP- ()~032>· l :.t 1-~2 .. ·::, • • ' · • 
·; ~s.~·-::_f :·_y=r:vA ·):.~::· ·:::,··-:? ~<:,.;_, -·•-<":.-. :>:. :'.•·>-:··:•·~·- .. , ·· ,·· -.-,- . ~ 

647 ·, • :. T= c. 3s_9:-~;it6os, , c .032.;·. 02os>-
. • 648'_. V= V+T•<P- 0 • 0205> • 
• • 650 ••. RETURN • 

·_:. -~s-· .-:2~ V=o.402s-:. t _-~402s~, .j~>"•<P-o .. p_19 1 ,., c.0.03 ~ - o. o-1'97_>-
.' · ::·•660"•::· RETURN ·· ... , . , .. 1 • • . : , •• • • .• • • . • 

665 .. ~-·· END \ , . ··•\ .-.;.·· . '- · . ... ~ .. .. - 1 <::<·,. t·1. - ._-~.-: : . ~. :-. 

• ••~:,•-' . . .:: • : •:. ••~.-• - ••>v .., ,j•,~•••~ .. --•~,'1~'. ..... : : •~ ;';••:~' . • ~.., r. ::J~ •-~•• •: .;. •• I . ,. I _:)" • 

. , .. ·, .. , .. 



Program ANALYT 

Function: Evaluate the analytic approximation to the single.phase Hugoniot 
described in Appendix C of thesis. 

Comments : FORTRAN notation duplicates that in text of thesis. 

100 CV=6.62E-6 
110 A=Q.346 
120 8=2· 64 
130 10=300· 
140 GV=3•3 
1so- . • _ _. v0=O •. so3 . 

. . u,o · • ..- ALPHA=-A•G·v••2•c.v•r0 : . 
· /. 110:.'· :·; ·:\jJETA~2 ~*B+GV•*a•CV•_T0 . • • • ,_ .~.i-' . . 
, : {80, • -· r' PSi~.GV/2••.· ' • :,· · , ·•. ,.:-', :~, : . •• · _- ·· , _ _- .,. 

,-.• . 190: :·-.: AA~·eETAIPSI••2 ·-. _" -_ •• ,. ;· ,-:-:> '. ·:_. ·_. ·· 
• 200 · BBa•AA-ALPHA/PSI ·. ·: , -:·• :: • • • .':/ 
··21.O DV=:...o·.OO3 • • _, 
220 V=V0-DV 

· 230 10 V=V+DV . 
240 EP=·l •-PSI*CV0-V> 
250 EL=,AL0 GC EP > • . 
260· • P=EP*CAA*EL+BB•C 1.-1.i'EP) > 
261 ·· U=SQRTCP•.cv0~v» 
210 PRINT so,·P,V,U 
271 50 F'0 RM ATC 3 F' 1 1 • 6 > 

• \ I . 

:~ . . .• :_
0
!0, J_O ,, _1• >~ : .. : _. .. · ,, . __ :. _ :_i_c.: :i. \_:{ .:,.-

... _ :i ~:.:J.LE2l~ i.:;~.; ::Ir:1:?.~:" .. ~:i'. .,>_,_ .. ~, "'""i, .•. ~ .,; •.• ••• •··- -



Program LSQ 

Function: To perform linear least squares fit evaluating a "a~d bin the function 
y =ax+ b. 

Key Variables : Self explanatory 

Comments: Besides calculating a and b, this routine calculates the standard 
deviation . 

• ~~~UQ,'f.;'l!.!\Wjt2'•z&~ f~HCFosJ,-s,w~4".-W'.·m:m:-~>:~~t ~_tl.,~~~"-;'fl'.'':'.'""-"'"'.'?'. ... , ---=•; ' •• :'" ~ ~---7 •.'".~••7!<' :·. -_-' ,:-·: 
' . ift ~~-'.:=t,:y~i;};~~h]s";~,;~~~ri~~f~t.:i l~;f 'i,;~-;>J~:>_·~,.,~~l;~~~t~?t.\//h'.rt;~/;~~~ Lff ~~-:; :~,: ·:: '~,;:•~-: ·:· ;':, ,: _: • ' -·:. '. ' •. : • ' • '' 

100 ·.OIM£NS10N XClOO>,YCIOO>· 
110 N=7 
120 READ,<X<I>,YCI>,I=t,N> 
130 SX=O • / -
140 SY=O • 
1so _ sxi=o. 
160 . SY2=0• 

_, no;. ___ . ~XY=_o_~: • __ __ ~--> _;.__- .·: .' _. __ .,. ___ ·. ,.,, _ 
.. :• · tao. ~- -D0, 1-0~ I .~t-aN .. · · · -.~ .. •. ·.,. -··, .~. ; - , · . 

·• ·•• · -;t •• ~~~~!!Kt;}}<t) :.':,\:':}\:) ·• .. ·•• 
: • , ., .-. I 

220 SX2= SX2+ X C I > **2 -
230 SY2=SY2+-YCI >**2 
240 10 C0NTI NUE 

250 :- DEN=N•S_X_2_:,._-S_X_**2 ··-,-
260 A=N*SXY-SX*SY 

'270 B:SY•sx2-SX*SXY~ 
280 A=A/OEN 
290 B=B/DEN - _ 
300 DEV=SY2+B**2*N+A**2*SX2+2•*A*B*SX- 2•*A*SXY-2•*B*SY 
310 .. OEV=SQRT.C 0.EV/ <N..-1.• > > __ . _ _ . 

_ 32-0 t ,· V ', PRINT 50,.-A.·s--.DEV -- - : :\~.: '.._: :· 
• • 330 . so. · i:-0RMA:rc3°£1·s .. sl- -_ 

" ·- 1000 .. $DATA · . . - - . - - _-. := ·- -' •• _ ·:_ / :·: . . - • - '· . 
• · . • r • • . ~ . • : ~ • : 'I. ~, • .•. • ' ,f.1 '. • ·.• •· :,; • • ' • . • ; J, ; 1 • · • • • • • • • • • • 

-., 1001 ·-_. / , •4321'125-~'14#'•3865123'~<40.- ·•3-439'~ 21-68~ ~ -4287124-89 
.:: 1002._. 1.:· ~>~s-se2-,;-29"'sa1·~'.ao.it,~aa-..;24;.~-a1·0s::20'..,.4-. ·.- ·: : --- • • . . _ --_ - -· - -

--~---~--L .. ~~;-~~-::i:~:c~~~~;,.-:4~~::~~\~--.,··~ ~'.;:-;i.;Lf~--~···~:~~~. :..,.::.~~; ~-:-.. ~-~J£.:·-~~-~~~-~-.:.. ... ,,..;,.,.;.;_.,.~ ·--~-~, -~-,---~-:..: -- ----·-· --· ·-



Program QUART 

Function: To perform linear interpolation between calibratio~ marks read from 
oscilloscope traces thus converting vertical and horizontal deflections 

into currents and times; to calculate str.ess from current according to calibration 
in Appendix F of thesis; to remove ramping from quartz gage records according to 
procedure described in Chapter 2 in thesis. 

Key Variables: 
NT number of time calibration marks 
NCAL number of current calibration marks 
NP number of pairs of (x,y) points to be converted to (t,i) points 
VY, CUR vertical deflection, calibrated current pairs 
XX,. TT horizontal deflection, calibrated time pairs 
ALFA ramping coefficient described in Chapter 2 
TH quartz gage thickness (cm) 
AR Guard ring area (cm) 

Comments: This routine is used by Gupta and Dandekar who are very familiar with 
its operation. The data shown in the following listing are for a 

quartz record obtained by Dandekar. This routine is stored in data bank as of 
5/18/72. 



Program QUART 

QUART 12: 19· , -16 THU 05/18/72 

3. PRINT~ .,72;,;, 028,BARlUM F'LU0RI DE.,< 111 >., TRANSMI SSI 0N SH0T •" 
4 PRINT.,"SC0PE #3.,GAUGE: #29 0LD L0T." 
60 ELL=2•623 . . . 
98 DIMENSI0N 1SAC10Q).,ASAClOO>.,ASBClOO> 

. "9 - •.. DIMENSI0N )<X C50> .. YYCSO,>, CUR( 50> ,.1TC 50) ,X,C l OO'h YC J-00> 
· ,;·10s· ,,::· ,. "''-~A .ft .... ,~. ·• •• _, _ ~ , ,. . ,i ; · .-, · 1. ~:•· •. r--- --· ·;. -· • . • ··: • - .. • ... ,. ••• ~ - , • '" na..r •u•-.s: ,.. r '" • • - • '- , • •• ;_ r ' r l ,"-(, -.,., .!,••• ~•• ,.,&• ., •' , , ~ •._ :, •,.. ., , . • • . • • 

~- -.. ~o·L _i ... ::: --.. • ... ~A- S"'c· i,_··a,.; ..,r~:•.:::-~·-.. ·• ... .-~.~:-;---.~.:. :.~.~-J ..... .'-1;~~1~f.--.J.~.: -,~.;, ~~-!•; 1~·;-::.:~- : '~ l~: .-:: .. ·r .. -\~ -, , ·.: . . :-
-.~: .. ►--~.r- ~' ~ - ":i:,_~,-- .. ~. \~ "' ~~_i:,,t~:.~·;t~►.:,!'--.. -i: ,';i ~- ~ ~ .. bL~..:-:1-~~ ..... ; .:~~~c:JJ~ .-h '- _.t~.;~;/;..r; ··..:~1> ·•,~" .;•,-~., / ~~. :'"'\" - . • \ • . . 

_:_ -~-:-;~~1.~s;,\ft/ !,3~(~~:>.:.0~~/r1:\~\\~~ff{:i1:~t{\;I;}-:~~/ij~,.,{)t:·. ~\ ::.:.~--~-~ ---~ \--~.: •• ·_ . · . 
:, ~-~-lOCf 1"'tmi~,7RAS~~ ~I.?_ .. o • .:. ··.l"T .. : ,.. .. , ....... ,!.~,_:~··~--!o1J~~]<! '!!-r·,>"·;~_,;, ..... ,,;►x .. '\~t':~·..., ; .,_ ,~·. -.. ~.··t-· _:j•.:.. ~\. ., •• , •.. . ' t'•o· ' "" ll"AD'•"'•T NCAL NP'. ·,, ·,: .. -..,, , , .. .... , ,,._ "'•• ii-•., .•••• ~ . -. ,~ ··· ' -• :..·.,.' • , • • - ~' . . : _· · . c. ... rr .. , ... . ·· . • - .. ·.- · . · --~ .• · ,· •. 

120 READ,CYYCI>~CURCI>,I=t .. NCAL> 
130 READ.,CXXCI).,TTCI)~I=l,NT> 
140 RE:Ao~cxc1,.,yc1>.,1=·1.,NP> 
14( C0N=X<l>-XXC1) 
142 00 9 I = 1 , NT 
143 9 XXCI>=XXC1>+C0N 
144 . . C0N=Y C·t>-YY Cl> 
14?: • • _Def. 8,: J=,J:,.NCAL . .-· : . . • 1 

•• -· 1--.. 6 ·-J s·· · v-vcT1,·· ··yvc~· .... +c0N· ·. ;",_;,_._.. -. • ·:, ' . •: · ·-· . . ~ ~-.. · .. ·~ . ,. :,: ... ,,_ -~ ·= ··~··· ",,,.. . ;✓• • • ":- :~ ... ·; • • • • • s \ '. • , ; ,. ~ · • " • • ~ - : ~ · . " .. • ~ 

, -. 1so. -' .( REAo .. ra ... ·AR -.. _ -· . . ,.· : - .-: •. • :"· • :•·:: _.: ·•: _ • ,. • . 
. • .. tsf·: __ -~-:.·: . PRIN-T;,"GAGE. ---- THICKNtss ·'ANo· AREA••·· : : ••• 
, --: 152: :, ·· PRI:N-T:..TH·#·AR> • .. ;- :, ·.: ... 

·1ss > ·: PRiNt ... ~PR0GRAM . M0·01F1·io ·'AITH ' NE-Wv~DATA 9/11•• · 
156 • . ·PRINT, ... . ·usE INNER ELECTR0DE-AREA" 
160 PRINT 10.,NT 
170 10 r0RMATCIS.,l2HTIMING MARKS> 
180 PRINT"OEFLE:CTI0N . . TIME" 
190 PRINT.. • CMM> CMICR0SEC>" 
210 PRINT 11.,cxxc1,.,rrc1).,I=1.,NT> 
220 11 F0RMATc4x.,Fs.2.,1ox.,F'6•3> 
230 P~INT 12,NCAL 
240 l~ F'0RMATCIS, 17HCALIBRAT10N MARKS>-

'.·_ 2sa: •• PRINT"' bEri.Ecx10N· • -.. :· .,. _, cuRRENr-· - ·.-
. 260 PRINT .. , · • (MM) . . • • : AMPS" 
•. -269 . · .. NKAL=NCAL-t . • . . ·:" • - • __ : •. ·: - ' . ·\J .. ' •.. ·, 

,.-:- 210--·.:': :·, PRINT t3'~ (YYC: l>_,iCURC (i-~'t=·l~NcAL:> • . . . . 
<· : i_-: 2t•! ~\~·- _SlJ!'t•tf. '. / ~ :.~.:i()>:: t f . .:,;;i;.~1; . }.f~) ; .. ~} :~·-.:·).'·; •• · , ~·~·-•-~: ·-:~:,: .: • • ·. :..: -.~ . . , _ _. 
: S12 ·- :- .00· 90' I=t.aNKAL · . • • ·:- _, , · '. , ~. •. 
/ · -~-:~3 9.'0 / sUM~SUM+YYiI'~l,-YYC·I >. \·:,,_.·· ·~--} :':'.c '·' : ----~~:\ ·.·: ., • • :~ ' _.: . •. ; -~ • . • -·· , •• 

• •• 27-4 • · • .·SUM=SUMINJ<AL.- •. · ·••. 
275 SAM=O• 
27 6 . 00 9 1 I= b NKAL 
277 9i SAM=SAM+CYYC1+1>-YYCI>-,SUM>**2-
278 STP=lOO-•*SQRTCSAM/NCAL)/SUM 

• • '279 ., • PRINT.a .. STD~ DEVIATi0rt =·•...-sTP.a tep~c_Ef"r" 
. ·., .· 28(). · 13 F0RMATC-4X.#F'5.2, lOX,,Fs-,. ·s> • . , • . , -

·290·· -• . PRINT···· • _· x • . • • • •• • Y •• • ,, · • . TIME • • - CURRENT· ., . 

page 2 

I/ 

PRE.SSURE'* 
300 :· •• PRINT" .• • CMM> •• •• -· .. CMMl- • (MI.CR0S£C) <AMPS> . (KBAR>•• 

._· 301 ' -- ·•· CAY=TH'/(AR*S•72£5>. . . . · ' _ • . 
.. : . . ·::: ·::. ~t ~ • ,;_,_:, .'. N_CA.L=e~C.A.~~-l :;~;i.:.· __ ;;;·~ . ..'.~ ..... ~::.,j;_;__:,'.!;~;.:. _ ::,::~. -~--..;_- ...,.,.,,.~i .,.L } ,: • .. . :· ., _; · ·-•··· , •• • 

... 



Program QUART Page 3 

320 NT=NT-1 . • 
330 , 00 30 I= 1 # NP 

-340 , D0 . . 31 J=l;Nt \ 

350 · K=·J 
360 IrCXXCJ+t>-XCt>> 31,33#33 
310 33 G!3 r0.,•3 4 

. 380 31 .C0NTINUE 
•.. 390. :34 -TIM=TT'(K>+CTtO(..; 1 >--TT<K>i/CXXt.K.+ 1 >--XXCK> >•<X( I >-XXCK » 

, .: , ,. ,-M\h ·, •. ·. ~f:\12- _.i• ·J. •· ·,. A ; . -·.~ ,,-.,; . ·~·;,·:-r,.'·' ..-1· . .- ,._:;,-..., .. '.·,., .1·1 . : : · •· .· .. _;,--. _ ,, , ••. . . • . . • 
, ,.. • t.-.~\I"~ -.....",.. ~ ,• ,!YU,V• ~7.-":' .. •t.~•NC"'-, .~. ,,. ""~ !i:'. ,1• , ,.• ,?.; 4_,'-.. J . q4_:. ,..,,1• •,.••• •: • r .,~ • • ,;-• •• ,..~ ►" ' • • ✓ "- • • \ , _ 

1 
I ' •• : , 

·- ,. 1,'~ :... , .. ; •• ...... ~ )"'...\. • '·~ •,·i .. ~i .!ie1~-'\:...;;· ,.;:,;,- / · ~-.~-~ i;:.;:"j'',-i.a.~~.~1- .r.~ -,...~~~~,.; . ....:,,;;:~.,:::·~ .. -. ~ l \.,~ .. ~, ... : .. :, , :>.~. •} ~ "",; •. ' .~ -i' . : • . .... • 

t,..~, ... ,.4110-; <"•t: • ... ,,Ka-J.,.,,, : ,;;r,,,11. z ·f:""~--:->¼,""i~-•n.:,.!;J,f>!,,'f'y, =1.~.:. .. ,!;0.,r,}la '<¢'• -.~, . --, .. • ; • • , ,..,,! ,,,,_,,.,. ,,1 . ·. ' - · • . • ~- •. · . , . . . · ... . , . ' 

.• _·., ; t~,.-~ ,:~_::r\;1F·~,v.~,.}~);f~i~-l~j:_.~1 •. ~~-~i -.-:.t~: t)/\\.\ _..{ ~:~~\ ,.: -,<:." • .. ·- ·:. _./; · , : ., · . : ·• , • . 
• • · ¼--~

1 , 'A'S,.,.-.' .._~ -- ~ta- ~.t~,. Ji.,,. ... :, ,;-;./"..ft •v..:.:._..._ -d..,~ •"! : r""? -";'"{~ .... ~ •~ ........ ! : "'".:::-·?--. .. ~:r: .... ""'°_ ~~ .. i;~..'f~ ./ :.; :,:•..i;r- .. •· .. ,. , . • , · • 4 , · , ·· ,: - ·, ...... : .,.~..,~~--~ <f~ gu·r.~-~ ... ~.-·:. -·~~ .... ';. •;:,:~~~,,. .... -~ · .:._<;"':y· ·.~_ .. , ,:-,t, i;:._' , ·:' :f?-~· . .t-'-·":'~- :.-.·-:.- ~ --~ .. ,. ,._,.~.-;.1! .. - .. :.;,-- · •:. f w, . • ... - . · . . . 
• •• • ~O· 41. C0NTINUE: ·.-.. ' . • ~· ' -c. -- ._.·, -·· .- . , ·_. . ~ ••. • • •. • • 

450 44 TA=(CUR.<K~l >-:-CURCI<> >ICYYCK+l>-YYCK> > 
460 AMP=CURCK>+TA*CYCI>-YYCK>> . 
470 IF"CI-1> 49150#49 
480 50 AS=AMP 
490 TS=TIM 
500 49- . AMP=AMP-AS 

• 510 J'IM=TIM-TS . . . . 

• :, . E .;_ i:Ef !;ii!!~·; __ : • < ? }rr:,,: \:r ). < -._ - -

: · : S?3.': ', PR£S-S~A08+(A0B*•2.+AMP*TH/C AR•S· 72E5*Bl)**O • 5 
, 540 • PR'I NT-~ XC I') • ·Y C 1.) .,,·11 M" AMP.,, PRESS -- ' 
·541 TSAC I+l >=·ttM 
642 . ASACI+J>~AMP 

s·so 51 F"0RMATC 3X# F" s. 21 5,X# F5• 21 5X1 F"6• 3, 5X# F"8. 5,.. 5X1 F' 10. 5) 
560 3.0 C0NTINUE:· 
s:io ENT=O· . 
512,27-16::;?»ao.aia: . Q.. 

,580 PRIN1',•ADJUSTEDF'0R RAMPING .. 
590 
600 D0 60 1=_2# NP 

·. 610. :', ·, DTT=<TSAC:i>.;;TSACI-1 ))/2•-' · · .. . ..... - . · . · 
: . 6i's.·· •·-: : TT~c:AsAc_;ti-~LFA•ENT~ALF"A*DTt,;Asec 1,- 1 ,.,. . 

620 .· >.SCT=TSACl )/ELI:--. .. . " . . · . ,_ . ._: , ... . ·: . . _· . 
. 630 • •.•. ASB(ll=TT/c·1.~•ALF'"*DTT> .: .· ;;, ·" • ,- . : .· . · · · .. · • 

• • J • ' • . • ' • • . • ; • . • ..? •·., -· ~ . ' . · . ~ . . . 
• • ,·-. ·~ ,-:'. EHT=£NT+('ASBC.!l+A'S$.CI;.ll)*0Tl' · • · .• . . •. ·- • · ... • • " . 

• . • ·'' ~.-:: 656,.'.l;•.:-.•; PRES$.=~R..:i-A08*-*2+·ASBiI·>•tH/'c·AR• s·.t2ES*B-i•> ••~:s.·· 
, . : .. . ,< ~o.:ito_:pA1Nt ~f;tsAc.J.>,,ASBC.l).~_~Ac·1 ·, .. PR£ss,scr :.- : • • 

• • i:--·· ·66-t 6,1 'F"0RM,ATtSF"l~•·6> '_-· ·: '•: ,. ',,_ :·. · · •• , ,: ':.· · , . · ' .• · ·._ . • · ,. 
610 • END • • 
1000 ,SDA-TA 
1001 6,.4, 7 
100~ 3.921#.o,10.21s,.026#16e44~.os2~~2.1~1~-01s 

• . 1003 6•317,••0, 14•09.S, •. 1,21 •879, .2.,,29-.787# .3.,,.37.649# •4 
. )1004· 44. 633~ .s'. _; :·:.: ,:,,.,:;•:, _·:. _. ·-- > ... ,_;_ / <.: .. ' ;., .:. / . c:_,:' '.: ' ,.' ·. • ., ; 
• ':iriOS'·.·S~336:. a ~9·5s;~-~62f •. 19 ;2:,5~24.:·641~ 20• i 88·~2-4:879;20.i226 • 
:. t006 26~661'#20~619,36•238#·21.-249,40_•3ij4,21•465 . 

. , :,,_:.,,,~..;;1,q,Q?:,: .~.:.~~.L~~.:.1. 0§_4'~!. .. , .;<~~;_;-·.,.....,,,"'· ;.~: ,,, ~~~~._jL,hs,,1.,..;~_' ,;i i,. ; , ., •• •~r ' ' .-~!.,;.\ ·- · ; - · • .: . ',., ' • ' ,. • · -· ·- • ·• ·• : ~ -



Program IMPACT 

Function: To map pressure-projectile velocity data from front surface impact 
shots to p-u and p-v space. 

Key Variables: 

P3 Measured quartz stress (mbar) 
U Impact velocity (cm/µsec) 
U3 Particle velocity (3m/µsec) 
V Specific volume (cm /gm) 
C3 Shock speed behind p2 wave (cm/µsec) 

Comments: The elastic precursor amplitude and phase transformation point are 
specialized to the case for KCl. 



+i:t11?NW r fflflfffflifftfC·W ffl mane 

Program IMPACT 
.,.. .. ,.~~~~-:~'111~ ~1._iC' .. t:4k9C;¾3(,~~~:::~~ ~~~~;:• !~~>~~._:"f",'.~ ~~~ /.~ .'t'~~ :·•· ,_-: :,:• 

• IMPACT : --t'214t •• _!-.6 · THU _OS/.J~"/72 ·' -· . : · .. -' , · :_· • . ; · , . 

99 
100 
110 . 

· 11.-·· 
120 
130 . 
140 

10 C0NTINUE: 
P1=0•000445 
P2=-•0209 . . 

• • v0·=Q·• 503 • · 
U1=0•000497 
U2=•0297 
ZQ=-1•515 . 

• 

" • . t 

·tso .. . READ .. SH0t,-u· · ,·•_ :;:_: ._ ... • .. ·• • . . · .. ' .. · . . .. . 
• · · · t·S• -·•'. '~·1•S~111 T · .:.--0 ~ ,;,, • • ·: ., ._,< ;.:~. '···<i.- \ c, r; • ; 0: • : · ;· : • ,t 1 •.•. • • ..- .,: .- : 

.:. .. -,,._•,.• .. ftlliJ .. . ,; ., ~ - ~► , .. ' .;.--•<_.. ~~'l-...~, . r,H •-l ~. ~.~ ... ,: ~• ) ~'o/i .... ~ •. 1•• ,·, .. ,,<. ' • ,,: .., · , ' • 
,~ •I lit~ ., ••' '1• ; ( a.a ;_., I.'.' • ., . .. , •, ; .. ",• J. \ ;;' ' -~ ._, • , .• • •• •• .. '"• , , , .,..l,. \ _'• ! ,.. .. · ••, ~ ::, ~ ' 

• : •• >.i,.-1 t-~· :-:,,- ' r . ( 4 -c.,.y}\, ; J,· ,Ii j!'2,,. · '·", •
1

, ;, •• J,.-; .:.-,,,. sl ·;,-.\•~ -::·-p _.; •· -~:. 'i . ·-·"": ~~ .:\ .. ·. ,: • :. 

•. ,~::·~54:'\~. ·--~IN.ti NU~_'.~, ~-:/•.~·\·'.<\.-,~t)/f}i.~~-:</\~ .• /::::.·:·< ::-:~.--~::_'._'f: _, · ·.: 
• . . •. ·, .. ,)1;; 1·56 . ,~ I- C'1NTI;NU£~.-. .'-··Y:::, . ( .. ·;;;1~~,t:,ri~::.t" ;.:--:.:" ... ;~~~~~~l~-...... '5 ~ .. µ 1,. ;. . ~ ~ - ;· .. •~f--'. -~ t}.L." .•. ~#°": •• "' ' • • 

· . . .. - .. . •157 ..... _ · READ;p3 · . ·: : :· , ••• .. . <,I • ···-~" • • ,. • ,. , - ,. • • 

160 U3=U-P3/ZQ 
170 DV1=U1**2/P1 

• 180 DV2=CU2-U1>**2/CP2-Pt> 
182 IFCP3-P2> -20,21,21 
183 20 DV2=CU3-U1>**2/CP3-P1> 
184 DV3=0.• . 

t . 185, C3=CP3-Pl.>•<.V0-DV1 >ICU3-U1 > 
• • 1s-, ·_. -· Ge re-· 2s · ': · """ .· ;.·_ ... ; · ·: · · 

• . •• • • · ... .. .. t. • ... t. , ,, . . • ... .,,. . · .-::_.:: · . • •. • .. 

l8~-:·2,t):0Ni',INUE ;·.·~::: .:. : •. . ;···:.---:·.·.:_ '.-: _·· ... -··\'. ·, :\' • 
190.' . : DV3s(U3'~·U2>-••2.l(P3-·P2l • • .. • .· .. _ . 

• • ''19-'t<;.; ·_: C3s.cp3:..·p2'l •< V0~ DV t·• D.V2> l-°CU3-U2 > · • 
· 195 25· '_C0NTINUE .-· . • ... , 

.> 

200 ·,,..;V=V0-DV1-·DV2-DV3 . 
205 C2=.<P2-Pl >•<V0-DV-1 )/CU2-U1) 
210 PRINT SO,I,U,P3,U3,V,C2,C3 
211 50 F0RMATC~KC",I3,6F9.S) 
2 _12 ~O C0NTINUE 
220 G0 _ T0 10 
230 END 
250 $DATA 
1010 l0•,.0598,.02614 · 
101 ·.1 , ~-1•~•:0:i4l,.•02,43J: . . ··:"• :.-" .·>, ·:, ·:·: . . 
1012:. 12._., ... o .. s"1 • . .:.02·2s6· . . • , .. 
101 ~ -{3~_., • .. 0422~ ~02030. .. • ;:. •; . .. ... 

. . ~. io i:4· i .... ; 0366,t • . o-f 734: • • • •• ,. · -. • ~ · .. , .... ,~: ... . •• .•. 
· . · 10-t5'-- IS•~:•0593;_·•02583 .;· .:'__ .. _-, ,:·. '.:_t_ .. • ... <-.: ·,. ·, ·, , · -- ·. 

_:•' -- :-. JOl 6 : -~}::_;-'~ / .\ ~ . . :. ~:··::~-,?i~~-,::.; ~~' :_-:', :·.; ~-: .:fi: '.:'.· >' .. _; ~(:_:~ ~-~:<·:. •. _.; .. , .. '.,, ' ;._":. 
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