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INTRODUCTION 

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for 
the HP fully programmable calculator user. This service is designed to save you time and programming effort. 
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in 
terms of power and flexibility, but the real genie in the boUle is program solutions. HP's introduction of the first 
handheld programmable calculator in 1974 immediately led to a request for program solutions - hence the begin­
ning of the HP-65 Users' Library. In order to save HP calculator customers time, users wrote their own programs 
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs 
were accepted and made available. This overwhelming response indicated the value of the program library and a 
Users' Library was then established for the HP-67/97 users. 

To extend the value of the Users' Library, Hewlett-Packard is introducing a unique service-a service designed 
to save you time and money. The Users' Library has collected the best programs in the most popular categories from 
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting 
in substantial savings for our valued HP-67/97 users. 

We feel this new software service will extend the capabilities of our programmable calculators and provide a 
great benefit to our HP-67/97 users. 

A WORD ABOUT PROGRAM USAGE 

Each program contained herein is reproduced on the standard forms used by the Users' Library. Magnetic 
cards are not included. The Program Description I page gives a basic description of the program. The Program 
Description II page provides a sample problem and the keystrokes used to solve it. The User Instructions page 
contains a description of the keystrokes used to solve problems in general and the options which are available to 
the user. The Program Listing I and Program Listing II pages list the program steps necessary to operate the calcu­
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent 
information about data register contents, uses of labels and flags and the initial calculator status mode is also found 
on these pages. Following the directions in your HP-67 or HP-97 Owners' Handbook and Programming Guide, 
"Loading a Program" (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing I and 
Program Listing II pages. A number at the top of the Program Listing indicates on which calculator the program 
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult 
Appendix E of your Owner's Handbook for the corresponding keycodes and keystrokes converting HP-67· to HP-97 
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but 
some differences do occur in the keycodes used to represent some of the functions. 

A program loaded into the HP-67 or HP-97 is not permanent-once the calculator is turned off, the program 
will not be r~tained. You can, however, permanently save any program by recording it on a blank magnetic card, 
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner's 
Handbook for full instructions. A few points to remember: 

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your 
program, review the status section and set the conditions as indicated before using or permanently re­
cording the program. 

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have 
recorded the program. This simple step will protect the magnetic card and keep the program from being 
inadvertently erased. 

As a part of HP's continuing effort to provide value to our customers, we hope you will enjoy our newest concept. 
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Program Deseripflon I 
Program Title PH OF WEAK ACID/BASE SOLUTIONS BY NEWTON-RAPHSON ITERATION 

Contributor's Name 

Address 

City 

Alan J. Rubin 

2577 Kenview 

CO. lumbus State Ohio. _ Zip Code 43209 

Program Description, Equations, Variables A flexible prQgram fQr the calcu_~~~i.gTl_ Qf the pH ___ _ 

Qf a weak acid Qr a weak base s?lutiQn by NewtQn-RaphsQn iteratiQn Qf 

x
3 

+ Kx2 - (KC+K )x - KK 
w w 

f(x) 

where x, K and Care (H+), Ka and C
a

, respectiv(;!ly, fQr weak acid SQlutio~~ Qr J9J!:l 
~, C

b 
fQr weak base sQlutiQns. The first estimate Qf x in the iteratiQn is 

x 
0. 

(KC + K )l:2 
w 

To. calculate thePlf Qf _8weak aci~ sQlut~Qn, Ka-_(~ft«:r cQllye!~_i~~~E()IIl_pKIY_~()r~~ 

p~, if necessar}') is entered.with Key B~_fQllo.wed_b~_C:a-m.Q}il:r_~nt_ered_1-nt()_KeLP __ 

(mg/l may be cQnverted to. !:!). HydrQgen cQncentratiQn is flashed fQr Qne seC:~.!ld ____ ~ - . ._- + 
fQllQwed by pH. To. reCQver 5l:I ),press A. 

To. calcul/ite the pH Qf a weak base SQlu tiQn_ Kbanci C
b 

.~r_EL ellt.eredJ._~_s __ ~bQve.J an.9._ 

(OH-) is flash~(i. fQr Qne secQnd fQllQwed _by _pOI{ ... T() c::~rllverL_t.Q_pH, pre_~s_1V_~. __ _ 

l'H Qr I>0l:!rnay.be_r~c:overed.a,t_an.Yti_rnet~olTl_memQry~it:!'t..Qut_.&Q!!!K. _th!"_Q_llgh.t.l1~_~lltire 

calculatiQn by pressing f, D. The errQr in x, f(x)/f' (x), may be recalled by f,B. 

Operating Limits and Warnings 

Rl thrQugh R6 are used. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

1 
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Skelch(es) 

Sample Problem(s) 

1.) Find the pH of 1.OX10-
4 

M acetic acid solution if K 
a 

-5 
is 1. 8X10 . 

-6 
2.) Find the pH of 3.0X10 ~ NH

4
Cl solution if the pK

b 
for ammonia is 4.75. 

3.) Calculate the pH of 0.002 molar KCN solution (pK 
a 

9.32) . 

4.) What is the molar concentration of alSO mg/l solution of calcium if 

its molecular weight is 40. 

-3 
5.) If the Ka of a weak acid is 1.68X10 , find the pK

b
. 

-5 4 
Solulion(5) 1.) 1.8 EEX,CHS,5,B -1.80000X10 ; 4 A-1.00XlO- ; 

D _3.45X10- 5 , 4.46 answer 

-5 -10 -10 
2.) 4.75 A-1.78X10 ; R/S -5.62X10 ; B~5.62X10 ; 

-7 
3 EEX,CHS,6, D - 1.08X10 , 6.97 answer. 

3.) 9.32 A - 4. 79X10-
10

; R/S - 2 .09X10-
5

; B-2 .09X10- 5 ; 
-4 

.002 D-1.95X10 ,3.71; R/S~10.7.9 answer. 

4.) 40 f,C-40.00; 150 C - 3.75X10-
3 

answer. 

5.) 1.68 EEX,CHS,3,E-2.77; R/S-11.23 answer 
-12 

(alternate: 1. 68 EEX ,CHS, 3 ,of, E - 5. 95X10 ; E - 11. 23 answer) 

Reference (5) 

J.N. Butler, "Ionic Equilibrium. A Mathematical Approach," 

Addison-Wesley, Reading, Mass., 1964. 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I Loa..d.. side 1 CJ~ ~ 0.00 

~ (Opft~a.I) en-i:.er #(P le~{a.y UJ~kt- MIN' [.f~C~ Mid 
0 C'-At.c ,o~ pJ./ t:;7p:' 1U6IA~ A40 ~vn~,J I~I I 
a... ~n-te,..- ~ d/rr2diy I<a.. [ e I [ I 
a.. t:'Jr o.-f""tilr ~v'~'~Vl.~'; 10K, aK.. I A II B I 
£.l- Or a+'tu- &'/11 ve.--c:;,';'.,. ... +' I'&. I kJ.,. [ + II e-I 

[ 011 I 
a.. oaF' -..J:...J..." - CDII\ Ii' PA'",s1 OM ,..A.: 10 ki t:>1G. I A II R/sl , 

[ f> II I ~ 
10 E.V\f.e...- /AA "/,,.... Ct;:irtc.. d/rec.r/fi eLL I D II I 
b A:»- a,...f{Qy CL)n v~;0111'\ ~ u:a 1J2. COile... IJ,tql R.... [ c-I [ D I pfJ * 
5 CA(.c... rot: bH 0,: Wm:r.rc ~$4!J J $oWTto,.J 

oJ 
[ II I 

c. eni::.er k:.. d,rec.+l", 1<1:- [~J[ I 
c.. ..01- ri r~VI vers.;;:: ~ .rl K. DK [ A II B I 

01" 0.. ++-et- eo... V~S;O</1 
I 

.~ I -f I [ e- I c. ,,-{! k::.. 

I f> I I I 
c. _ o..++e.t- rJ)VlI/Q!.Ir-<;I~ .of. ....... K pKa. I A II R/sl - I & II 1 K~ 
ol IE ",.4- .... , - IM.n IllY'" t"AnA r.. ....J:--.+Lu Ct... [ c> I [ [ 

c1. 4?r 
r, 

1". 10." -+ U/a' ~ WI CLJJ1~ /kal./!. [c II D I pOfi~ 

e a,nV"~-t oOf-{ -+0 .oH -;;r 
J 

I R,Js II I 014 
4- U:>i1vBrl- £I J.J -1-0 <' 1-1:) pH I A Il I '[#1-] 

DY I p/J Yo <toH-7 'pi.! [ A II~Js] [OIJ~ 

or I pH +0 oaJ.l ' pf./. [.f II A I poH 

5 '10 ,/. /. . I ~ -. -! ,,-+ <AJ "-1..11 ~ 
, 

I..;.. II BI +UC)/.f.IOc) ''''€'J 
C;, 70 frt:pYB+- J?J.I 0,- nL?U [-r_ I I p] oX ;tt' 

7 <Ahv&-"l- ~tJlI ~ LJV 8?1- LJk:. ~.ale [.:.f] I A I 
T 

~; 
, 7 ....... 

ok. [ .f 1141 -,>,-"-: I') .nKI. 
__ [1/~1 ~ (CiN-J ~ ..,I.::. ~ 

I - [ II I 
, -

Dr -
I'~;- --~~tI>..) [0#-] l.f I IE" I .r~4-J 

I I [ I 
[ Il I 

*" (11'+-.1 0,. [ol-J-] 1< di,a'/I21J2"L ~ o.nt2. I I [ I 
Se£.OA!i.. -t:oll,... ' .. .-"; i:::w' 1'1 ~ ~ Lj t:Jj./ [ I [ I 

..J , , 
I II I 
I II I 
I I [ I 
I II 1 
I II I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 ~ L.&.. A ~ "2..-> II c,~v~ RCL~ 1I4o'?:;. 
Cj.l~ 42. 

f'~ -lao '" 
+- 'Ix. ~i '54-

lOoK 3'Z- S'~ S'1'b £. ~~ 0"Z.. 
Q ~CI -3%. 2.'b f'Kb";' ~ 060 Gil:) , '2. 't. 0\ 
"Rls 84- e.,/tl -i- (14+) A:1r:,. 1nR:T"N -;$ 27-

aLBia. ~2. z.os I~ 11'I+e~e, a LAL 10 '32 "Z..5 lZ- - -KK) I+/(~) 
<I ~ +?J oJ «a.. S ~+D~ 
~.s 4-2.- ~ aMtl ~ a.SC\ '?;, 'Z.. 'Z. ~ 

I 01 
Pr 

..J Ris ~+ t>ISPLA-'( k 
010 + 04- lJIT')~" f"H-) Rei. l '34- .ot 

h )C1j", 3> '5"z- ","RTN ';5 2'Z. 
....:.. .. 8t ..t L..8i. I ~ Z-> ot 

t:I ~C.I 3z. 'Z'b Rcc:....-z.. ~4 0'2- Nel<Jiorl - Fo.-phSU;I 
#", f'm'J ?>S" z.z. 070 Ret ( :;1,4-01 i f.encii.v\ 

..{.. t.f")t. ~ '3, 'ZS- IS' U?ItV~ + (0\ 
Lo& '31 53- £Uf') -10 I'll I!.c.t- 'Z.. ~oz.. 

CHS 42- [p t4j '"fo I'" /( X if 
+ AK 3i 2,;. RGL. ":3» ?4-03 

Ris 84- Kc~p~ £Ic.. - 5l 
020 a L2l£. a.. 32.. zs Il 

I~e 
R..CL. %. ~+02.. 

.J 1 tOt X it 
4- 04- ~ IlI4- ,p4,' I<Ci..4- ?,+o+ 

In )(,lIC u ~.;' ~z- - Sf 
._ -.J '5'1 I'H tJc.d 1'tJ# 080 ~Ci..-z.. ~4-0z. 

-+ f="'K ~I 2.'3 :3 o~ 

L-t £nJ 3~ ~2.. )( il 
.(. LAL C ~j 'ZS" I!> ru CM./aJie., /41(0 IQ/;' Ra I 34-01 

e;a-)<;. 43 t-YlD_ MjIIL z. "Z-
'3 0$ )( it 

030 ~ Bj + ~, .. 
I 

Rei.. ~ "34- olD R.CI- .z. ~4- cO'Z-
..:.- 8( X it . 

q SCi 3Z, Z$ Rci.- '2> "?,4-o~ 
~Rls B4- PI~ f'tA.'r' I-tW 090 - 5. 
RCL. " 34-0," . Bf .. 

.f {:IX 31 Z$ STl) <5 33 d5 

'" R:'TlJ 3S 2'2. t, A-e.s 35 CA-
1"(:' L.AJ B '?J I 2..;' l z.. eN~ K RCi... -z -*oZ-

S"Tl::> i ~301 q ocr 
040 1tI. R:rN ~ S"' z.z.. q Q'i 

a L&c. ;2. ZS 13_ eA/'fl$(?. /-tkl -+ &1 
.. C;"Ybb 330(, J... )(cc,{ '-5'o$'~ 

J-II R.l'1J 3S'" 2:2- I ~ x~v.-l ~'Z- "11 -tiEsr 
-C LAL. ~ ~( z'S 14-

C .... pf4 IJt" r 0 ;'/ 
100 ~Tr> -..;:. d. 'ZZ- ~l 1+ 

'ec,L. I '40/ ReI... z. 34-<:>2.-
X- ,1 

CUaua.1es 
1:." ~ '?>40$ 

ei!!5X 43 - 51 
CI-IS 4-2- ~TS' $7l) 2- ~O'Z-

I ~I GTb , '22. of I~ 
050 4- 04- Ris 84-

..j- 61 a Lei... oL '3.! 2,'7' 14- --- fH or 1'01+ 
S7l;) .:3 -:;3 0:3 J RcL, Z. '?Y4- ~ 

j, Lt::+ x !b ~z. ~ Sci ~z, Z~ ~ /l-te#r&1~ 
/?CI- I '34-0, 110 h' PAU ~.c:7'7~ ~MSJ./ [><'] 

x::: II ~€ -z..z. 1..5.. {)I$~'t' ,aX' 
510 4- ~.3 04-

REGISTERS 
0 1 

K 2 ~est. 3 
CK+k'1ol 4 I<.l<w 

5 
1ot)/t~~) 

6 Mw 7 8 9 

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A B Ie 0 E 11 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

170 

120 

180 

130 

190 

140 

200 

150 

210 

160 

220 

LABELS FLAGS SET STATUS 

Ap'f.~y.; !9f B K1 c ~!Jlg~ tj D C-"pU Ei~p}(.\ 14-~ 0 FLAGS TRIG DISP 

a pX{)..'-'+- f'Xh b.ffi> Jf'(J() j K c M-wt d -.pio{ e ~~Xb 
1 ON OFF 

0 0 ~ DEG 0 FIX 8 
0 1 

I.I.~ 
2 3 4 2 1 0 ~ GRAD 0 SCI 0 

0 S RAD 0 ENG 0 
5 6 7 8 9 3 

2 
n~ 3 0 rg 



6 

Program Deseripfion I 

Contributor's Name t;/Ul. r~S Kt~s7ol') 
Address_~QIt" ';T,~ C_O.lfc.8C" 
City Ne.Ill YO ... ~_ 

Iofo't 5' &cI ". ~t 
State N X Zip Code _, $) OL f __ 

Program Description, Equations, Variables p"'OJ rtf n? d~ .. :ft!rmi t7e..s LH.a <' ":l ~,.. p H (!'> f 4:l­

~"Iu. liD" t'Jf 4... di/'4~/G acid IIn/;',. /n- S4/1ia. Re1l£.1 ~J 01 pu..f a t"'~: 
K, o."J k~ : Fit'sf ~nJ St!&4Y1J ~~ul'llb"'i<Wt CI~ sret,.. -h i ~ a.Ud . 
Cd..: 1t1lt,a. I c.cnc. af ti~ 4.c.id (;-I.7l~) Xw = / If./~ -~v 
~3.' : /",i-lii..! c.~mt:... of 7I.t. fIrsT- S4.lt (N4.Hfi) 
C., . .:tf }",iiJ unL .l1f ~ S4C~n,j 64/t (N4,aA) 

7ht. ft,f/<lw1nt ~1lA:';";"s. A ~ kd (Ji = EHs o~.1 ) 
Hl}t~1(!, (!'>f (,;, lao) EiIl4.-hiH 

J, H~II )('1..,. 1<:, X' + (/(, I<.t. -k ... -K,C-.) ~:I.-(I(..,l<.+.:lI(,Kac..)Jt - 1<..., k. ~ =0 

~,~A +N4111l X'" + (C"I + l(,),l[J+(~,Ka-l( ... - ~.~))(a_ (k. k'. + ~1(1k'~c..+k.k::..C, .. ) )I, 

~,N4.HA 
~N4..HA +1'I11~A 

- ~..,kJ k'~ :: 0 

)( ¥+ (CSt,+ k.)x3 
... (k', ka -kw ) )(a. -( «",k. +1<. k:~C$,' ) )c -I<... «1~W ": 0 

~ "'+ (CS,l + :tCS.~ + 1<.).It 3 + (KII<~ - K"9 + 1<. C" .. })c4-(k'",K. +KIKa. CS.~1 )..It 
- k..,k. «\.. :: 0 

~Nu A x¥ r (:J.Cs./l. + k,) x~ + (Klf(~-kw +K1C,,:t,) )c~-I<",l<. X -1< ... A<.k.\.. :: Q 

ffppY"o't/rno.k va/~ls c.ltS~ 4S Sf4,.-I';'3 V.t/JeIS ~ flu .. ItL/"4.i(~ S,/",,-hm) t'< foe...: 
I. )( ~ (\( \ C 4,.y/.t ,2, x':' k' ,c.~/'C$t I 3. x':'" (I(ll<~) '/~ 

. / . ( k! )I/.a. If, x.:=. l<:tC.$tl/ c.s,:!. 5"',)( = k.... a etco\ 

Operating Limits and Warnings 

7k l"'e~nrA.fl4·t1~ ,L(zAJ N4.HI'I. C!n... Q.~ U.sLJ M 4. 8~j1e .... d.( -Rt7S(!' 4.Y\J LtJ 
hOf. Y"e.~~ fo ttVl~ p4t--fI~/4/l. Sf.( bSldJnc.c.... 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE_ NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN .. 
TIAl DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Sketch(es) 

Sample Problem(s) lU l,~ ;s. +he. \"'h 0 to c.ot'\c.e.",ir~i,~Y\ to r A. S C) 1 &.of... +, 6\'\ con -
i-,,-,~\''I'I~ 0, ~'5'" tY\ s<)J\I~."'" h'tc\r~~en C)".cJo..~ Amd 0.0\ rY\ bxo..lic.. 4it! ? 
tv ho..t p H- \.~ this ~ 

\-<, -:: 5"'. l} 0 " \ 0 - .t 

c,4, = D. ~ I t'f) 

Solution(s) }(t,ys+.,.a \~ So 

J. [~1 [A) 

K:a.; 6.IfOIf/O-S' 

C.~Jl = 0.0«5'.-n 

~ O. t)(:) 

:z.. 5. ~O [EEX) [CHSJ :2.. [EKl""] ~.LfOfrE)("')[CJ(SJ5' rA]-.> 0.'10 
3, • () I [13J ~ }.OO 

'f. , oS" [ C.] ~ 5".00 

s: [£] tre~ J &10" J ~ 5'.5''f 

" I. \'- ] (1)] R~J. pH ~':;',:2 , 

O() 

-O.L 
- D.to 
- O~ 

-03 

7 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

I LDdd sltl~ 1 IJnJ :2. ClC~ 
:z IYJ,.f,~J,2.~ C_f I QD O.oe) 00 

3 oD·hM' .... r· To stOD Clt nh.O"" ~'" To [~[ -' . 
L4 n~L i ~+OD :+ t..nIIIT'Olt C~ho"'1 eLI LC.- 1 1.00/0.00 oc 

~ E' \'\ t-e."" I< 
. 

vdlu~ k. iN"'~ll __ J 1-<, 

5 EY'\-te..~ k~ \Jt.lue. I<!l. [A I r ~~] k 

" E",Tu' CQ. (O~;+ ;~ Coil.'::- 0 ) e. m I:B /I -~J eel 
i l: '"' tc. to C~oI [o ..... ;t " c\o\ :: C) ) CC..I h\ I-e: I L __ -J Cs. I 

l 12 ",t-c...'(- ~.!L (o",,;t ICo C\ ;a':C ) c\.:! m lD II I c.~,,., 

q To k.;" n-.II~ !.o'r b.~ic. e4~ ,t, bw-,&'4.""" I t] [lL I 
L,o'"''''' ..... +e.. 

\ "*" '-¥r l.E-l [~ __ J fliJO+] M 10 [H:iO"'] 
11 t")O+I~~t..'· T" Lonve",t JI~o'~1I -h 1>H *' rf I [n_J pH 
~ Oo+\O'n~ ! /0 eo .... v~'"t d,',oIAUIJ [H2l'\+J 1b C~Ii-J [s._1 L.£-] {ow] .m 
13 1=0"" t\e..k) CAt.e.. 40 fa ~t~o d~ [-- II -I 
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I '-0" ~. tc. dAAJ c.~:a ..,.. 1A!Of "'.r. , '" + .. ...J +-t, <or 
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- II -l 

~"t-k rlA.\,\ L~l«(LD+ ~ ) [ =~J [ -I 
L_J L __ _ I 

·"'r~J()+J mAw b<. t"LCA\lt.d blot " [R.~ I li.j~l H1Cl+J ~ 
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STEP KE¥ .ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 ... LillO "11 :J...t;; 00 S.lve. 'i"a,""he ~t. (lCL LI- g'loct 
S'ro ¥- ~3 oY D!>~.2.. ~~ 02-
S'-o E 33 15' F't2 ~~ "11 O:t J~ !''''e. ~O • ..:I, ee"-I='? , ~S" ." 01 060 r..TO e ~ ~I 1.,- 'f.I\t to"-) ... tHl e ~J 
Rls ty Il'TN g5 .."l:l. -------r:' I ~'S .71 01 ""'LBLe ~:z. ~S- 15" C • .,,, ........ t\1I'~) .... r. ... : 
~S.S d 3.2. .1<' ,'J "1"1 go 1t(- 01 
FlX 31 ..13 . 81 O~ ~ .. ve", .... -
bSPS .2~ OB 1/)( 95" '.'t 

010 U. 04- PrN :/'5 ~~ - -- - - -
I 01 -lI- L.et. A 131 ~S" " 

efts 4-:L ~To 9 -:13 09 
STo 1. :l~- 33 v.. 3'5 53 
Rc..L.. If 3'1 oY 070 ~TO A 33 1/ 
Rt..L.. 3 1'1 03 12TH ;»5" ~~ 

+ "( *" LAJ.., 'B ~I afr I:z. 
Rcl.. 'i 14/ 0"1 STO 'B 3~ l:l 

x 7/ I 01 I '!$£I11t +0 f",. 
JlU.L .l. '3 y. 0:1... sro+5 33 4" t}5" 

'''l\(~t-020 + ul X#Y 15' ,.~ 
RCf.. Lf ;'1 0'1- RTH s~- ..t~ 

X "71 i" LAl C ~I ~5 1'3 
RCL' 34 Of '!. TO c.. ~1 13 

+ 41 OBO :2- o:t ~ S Ltllll\ t. ~. 
RC..L. If 3'+ O!,- STO-t- 5' ~3 I., oS- I"hcc.. .... ~ 

X 71 X~y 35 5":1.. 
RC,L 0 7'1 00 ~TN $5" :t:l 
+ 4,1 .. LQL 'D I~I ~5 ILl 

Rc.L '+ 21.1 04- !'.ro :n 33 1"1 
030 l.f Ol.f 4- 0'1 lot Sk",- +.. ~"" 

)( "71 STO+ IS 133 "I O~ I"~\~~ 
RCl '3 3lf 03 )(~y ~5' 5'~ 
~ ~'3 RTN ~5 ~ - - - - -
X ." 090 ~LBl E I~I ;tS" 15 

'S ... + I.e. ~ p'r ofMl'r -I- 'I /;CL. A 3,+ II 
ReL. Lf sl./ 04 STO 3 33 0'3 t.ot ~E:-~c.\~"'+~ l.e.kA 

x --rl IiC.L " ~'f 0' \'" A.\l e. && s . 
~(,_L :l. $'10:1. X ~I 

..<. 0.:2.. ~TtJ .:t 3 '3 ~:l. C,.ollM.t\t.+. CA'~'C.,c..is 
040 x ~I srD 0 33 00 Q.'t-e,. ul c.u.[d.l i" 

+ l. I IU.L8 :1'1_-"-1 ~&lb\",IC.'h\'\C. po'\'W\ hd 
fU .. L If ~ 'f 0'1 CNS If~ 

x ~I STO +:1.. Boa (" I o~ ~ b~ ~~·f\(.:ho·", 
fJ..t:..L. I .3 4 01 100 ~rDX 0 33 ~l 00 \"i~OT L~3' s) + 1.1 ~CJ.. A 3'1- " . 

~I )( -"ll ... 
IU .. L. 4 ;'Io!t sro I ~3 01 
)(~y i1~ 5'.2. J/}CL C ~4- 13 

STo- '+ 133 11)1 0'-1 STtJ +.3 ~3 '" 03. 
050 Cl-X '1"1 /1U..L'D ~4 JLf 

,eu LI i1 "I ot.[ s~+3 133 'I 03 
- ':;)-1 STtJ +3 1~3 "I 03 

2ND "ill ~Lf J(l1'"..L .... - '3 q. 05" ~+O~c.. ~", ~"J'\~6" 
x*'a ~ I II I 110 ~~ Z 3~ ~3 ,;.. 1. t:\,,6. ~ 0 i. (i) ~'" 

&TO{,.) ~~ ~LI Gro(;) :l:l.. :J.I.J ,.up .... lftt'+i.9 V"lk .... sex 1:2. '3 .,. LSi.. 1 lal .:1.'5' 0/ 
REGISTERS 

0 1 2 3 4 5~w.",c;"'if\ 6 7 8 
9 K~ £10 d, A:t 'h Xn in.,,·] \'.J'~," ).(..., 

50 51 52 53 54 55 56 57 58 59 

A B 
~ lC D 

Co,.:,. 
E 

CHso+] II U~ k. C~.I 4" ... x 
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10 67 I)rc'~ram I~is.in~ II 
STEP J(EY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

RCLA d I.f 1/ :t ()~ 

It; CoL :B ';14 1.2 170 X ..,/ 
X 71 -ST"0-1 3'3 '51 01 

Sro-:l. ;03 5"1 o:t RTN 1S-:1~ 
s r(; 2 ~3 07 iA-l...AL. 7 i~1 a15'" 0'7 

-l<li<:l<:",1 'f- ~ I G-$BfL igl ~~ OS Qrl A '1&.1- 1/ 
~CL 7 ~ 01 0,", 4 :JI+ 1\' 

120 -IX '3' '5'1 ( 1<. c.. )Yo1. )( '71 
(;,:1'0 0 :z.:t 00 R~L ~ i'f 13 

1* LSI.- .1 31 :25' ~.l x '71 
r.~11 7 "31 .;1.2. 0' sro- , 13~ 5"1 OJ 
Ret.. A 31./ /I 180 R.T""N 3~ j~ 

PCL 'I "3"1 0," 'If- L.RLA lU ~5" i4 -I o~ )( 
x 71 104 31~ 

..;;:- 61 54 (k', k:lo) '/!L Col-f !S. 'J:t 
G-TO 0 ::l~ 00 J;tX 31 ;)"3 

* L.8t- 3 31 ;l,~- o_~ 'P .. ",~~ ~'5 "'J.:l 
130 t;sB 5" l:i I .j:J. ~S' lit TN ~ S' .:l.:t 

lYS S '7 III ~~ 0'1 '* L.~L b 13:l .!)_~ I.:t. 
IU_L A ~ II II S&= ::2. 13 c:; c;-, 0:1. 
IQLL 8 14 I~ RTN J~ 2:L 

)C .." 190 .. kG&... c. 135 25 13 
STo -.1.. '33 -:,- , 0 ;t Ff I ~~ --", 01 
Rc.1.. C 3'1 13 6-To Cf :1:1 oq 

7- 8'1 1'('\ CoeL / C. !.,I 1 01 
&-"10 0 .:J:l 00 ':It-=: 1 1~ 51 01 

~ J..SL. '-I 31 :1~ 01./ RTN ~<; .:t:2: 
140 RCL A 7'1 /I flI. LoRL. q ~I :1~ o~ 

I?t'..L 'D :1'1 1'1 0 00 
X 7} c,F f ?~ fL,1 01 

STO+..l.. 33 ~( o~ RTN 1'5" ;z.~ 

~c.t- f1 ::?1I O$} 200 'If L.QL 6.. ~:2. <~ I, 
IU.'-'I 34 0'1 EE"X 43 

){ "11 CN5 4:l 
R~L 7:> 3t.{ ('I 1 0) . it l4- oLf. ... 

..;w ~ I "5'1 ( k", k.a /c.'S.). ) Ya- STe g 3~ Di 
150 GoTt:)O ~!l (') (') c.L.X 44 

.,. I..J3L ~ 131 ~ S" 0," 501"0 ~ 3':l t>~ 
GSa? 13 I :l.l 0'"] CF:2. 5'S Co 1 C,)~ 

~L '* '34 1/ ~~1. ~~ ~3 
~t.L. X> 44 ''-I 210 "O'r> P:z. ~3 03 

)( it ~"rN 3~ ~~ 
~ TO ... '"'- '33 10' o~ 
~C.L <I 31.1- o~ 
Rc...L C a 4 r;~ 

)( "IJ 
160 ~LL P 34 14 

;.. II 1<:/C",JCs~ 
(;,.To 0 :2.1. 00 

"* L.SL 5 131 :1.5' 05' 
fU .. L A 3'1- II -;Z )(, (cae.. + R~I 220 

~LL 'I 34 0'1 
X 7) 

!?C,L B 3'-f ~ 
){ 71 

LABELS FLAGS SET STATUS 
A 1 B k', ":to .... Ce,. C CS•1 

0 
C.SI~ E DhO+] 0 

FLAGS TRIG DISP 
a

,til
,. b 

b~ 
c ~? d pH e to ... ~) 1 .!,.P ON OFF -. -, o 0 gj DEG 8. FIX 0 

o ukl 1 
Hd~ 

2 
"'4H~ 

3 4 
N4~A 2 b-- 1 o ~ GRAD 0 SCI S 

I-i~A '"Nd\A o ~ RAD 0 ENG 0 
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Program Deseripflon I 
Program Title Weak Acid/Base Titration Curve 

Contributor's Name Karl Marhenke 

Address 1710 Wilshire Drive 

City Aptos State CA Zip Code 9500'~ 

Program Description, Equations, Variables Consider a weak acid, H4A. The electroneutrality of 

any solution containing this acid and its ions requires that 
+ + - 2 ~ 4 

11 

CH ] + CNa ] • COHj + [H! ] + 2CH2A j + 3~HA- J + 4(A j. 
The (Na+] term must be included once neutralization is begun; NaOH is assumed to be 

the titrant. The acid ion concentrations must be expressed in terms of the dissoc­

iation constants and C, the "analytical concentration" of the acid: 

C • V~/(Va + Vb)' where Va • the volume of H4A taken at the outset 

~ • the molarity of the H4A solution taken 

Vb • the volume of titrant added 

See any beginning text on quantitative analysis for the derivation of the formulas 

for the fraction of each ionic species as a function of CH+]. The results are used 
K KK KKK ~KK here. Let Q 1 1 1 2 1 2 3 1 2 4 For each acid ion concentrat~~~ • +-+-+ -+. .~ 
CB+] CB+]2 CH+] , CB+] 

in the equation above, we now 
K CK1 ~Na+] • ~ + ----- + 

. CH+] QCB+] 

substitute its fraction times C: 
2CK1K2 3CK1K2K, 4CK1K2K~4 

QCH+] 2 + QCH+] , + QCH+] 4 • 

After substituting for Q, clearing fractions and collecting terms (a straightforward 

but very involved process, and one which is hard (for me at least) to do without 

errors) we arrive at the 6- degree equation given at the top of the next page. 

Operating Limits and Warnings I f you make a bad guess for pH est and thtt calculator 

iterates until your patience is exhausted, you can press .lliZIDtohaltthe pr!?ces~.L_ 
enter a guess which you hope will be better, and start again by re-entering your. 

volume of titrant and pressing I!J. But make ~ the primary and secondar;rstorage. 

registers are set "normally"; Le. make sure that RO contains an integ~r eq~ to!!te 

number of K's entered plus 1. Press ill I~I if necessary. (You may have pressed 

~ while the primaries and secondaries were switched.) 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Weak Acid/Base Titration CurTe Page 2 of 10 

CH+]6 + (K
1 

+ CNa+])(H+]5 + (K
1
K2 + CNa+]K1 - CK1 - Kw)(B+]4 

( + ) +, + K1K2K, + CNa ]K1K2 - 2CK1K2 - K1Kw CH ] 

( + + 2 
+ K1K2K~4 + (Na ]K1K2K, - 3CK1K2K, - K1K2Kw)CH ] 

+ (CNa+]K1K2Kf4 - 4CK1K2K!4 - K1K2K!w)CH+] - K1K2Kf4Kw • O. 

The equation is now re-written using the letters a, b, c, d, e, and f to represent the 
coefficients after the first one (i.e., 1): 
CH+]6 + aCH+]5 + bCH+]4 + eCH+]' + dCH+]2 + eCH+] + f • 0 

The Newton-Raphson method for finding roots of functions is discussed in most beginning 
calculus texts. If the polynomial in hydrogen ion on the left side of the aboTe equation 

is called g(CH+]), the Newton-Raphson formula is 
,(CH+] ) 

CH+] • CH+] _ n 
n+1 n g' <CR+] n) 

where CH+] • a trial value of CH+]; 
+ n + 

CH ] n+1 • a new Talue of CH ], closer to the root of the 
g(CH+] ) • the function g evaluated at CH+] • CH+] and n n 

+ equation than (H) was; n 

g'«(H+] ) • the first deriTative of g evaluated at CH+] • CH+] • 
n n 

Here, g'(CH+]) • 6tH+]5 + 5aCH+]4 + 4bCH+]' + ,cCH+]2 + 2dCH+] + e. 

+ The iteration process continue., using each Talue of (H ] generated as the trial Talue 
for the next iteration, until a value for hydrogen ion is generated which differs by 
1~ or less from the previous value. The last value of hydrogen ion obtained is then 
converted to pH and presented as the answer. The 1~ figure corresponds to + 0.004, in 
the pH, which means that these calculated pH's should agree about as well as can be 
expected with values obtained in the laboratory, since junction potentials, activity 
coefficients, etc., are not taken into account. 

I have studied quite a few of the equations obtained in this computation, not only 6tiI 
degree ones but 5~, 4- and 'rd degree ones (see below). In every case I looked at, all 
6 (or 5, 4, or ,) roots are real, but only one (the one of interest) is positive. 

Ifa pH t corresponding to too small a CB+] is taken, it is quite possible for the es 
calculator to iterate its way to the largest of the negative roots. To preTent an 
"Error" message being produced when the calculator tries to take the log of a negative 
root, each value of hydrogen ion produced is checked at step 119 to see if it is 
negative. If it is, the program returns to LBLa (step 076), the pH t is lowered (or es 
raised, if the calculator is in "base modell ) by 2 units, and the iteration process 
started anew. The calculator will thus always get the right answer, but the process can 
be quite lengthy if a really bad initial guess is made. See the "warning" on the previous 
page. 

If a tribasic acid, H~ is used, K4 is zero, and the 6. degree equation given at the top 
of this page reduces to a 5. degree equation: 

CH+]5 + (K
1 

+ CNa+])(H+]4 + (K
1
K

2 
+ CNa+]K1 - CK

1 
- Kw)CH+]' 

( + ) +-,2 + K1K2K, + CNa ]K1K2 - 2CK1K2 - K1 Kw CH J 

+ (CNa+]K1K2K, - 3CK1K2K, - K1K2Kw)CH+] - K1K2K,Kw • 0 
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Weak Acid/Base Titration CUrTe 

Here g«(H+]) • (H+]5 + a(H+]4 + b(H+]3 + c(H+]2 + d[H+] + e 

g'«(H+]) • 5[H+]4 + 4a(H+]3 + 3b(H+]2 + 2c(H+] + d 

13 

and 

If a dibasic acid, H~ is used, K3 and K4 are both zero, and the 6111 degree equation 

given at the top of the previous page reduces to a 4- degree equation: 

+4 +) +3 ( + ) +2 (H) + (K1 + (Na ] (H) + K1K2 + (Na ]K1 - CK1 - Kw CH ] 

+ «(Na+]K1K2 - 2CK1K2 - K1Kw)CH+] - K1K2Kw • 0 

Here g([H+]) • (H+]4 + aCH+]3 + b(H+]2 + c(H+] + d and 

gl«(H+]) • 4(H+]3 + 3&[H+]2 + 2b(H+] + c 

Finally, if a monobasic acid, HA is used, K2 , K3 and K4 are all zero, and the 6111 degree 

equation reduces to 

(H+]3 + (K + (Na+])(H+]2 + «(Na+]K _ CK _ K )(H+] - KK • O. 
w w 

Here, g«(H+]) • (H+]3 + a(H+]2 + b(H+] + c and 

g'«(H+]) • 3(H+]2 + 2a(H+] + b 

The 6tIJ degree equation can ~ be used for fewer than 4 K's. It is true that f will 
turn out to be zero; unfortunately, the relllaining polynoJllial is a JDUltiple of (H+] and 
thus (H+] • 0 will be a root and this is not the right answer. Thus a separate routiu.e 
must be used for each different number of K's entered. The parts of the routines that 
are common to all are performed under LBL 8 and LBL 9. 

If the weak electrolyte being titrated is a base rather than an acid, the mathematical 
treatment is identical. However, the equation that must be solved is an equation ia 

(OH~ rather than in (H+] , and the role of (Na+] is assumed by (say) (Cl~. Subroutine 
LBLd converts pH to pOH or vice versa, as needed, since even when titrating a base, 
the answer is pH and not pOH. 

To get the computation of the coefficients a, b, c, d, e and f into few enough stepa, 
I had to make the program calculate coefficients b through f by means of a loop. I hope 
tha t the chart on the next page will explain how the first part of LBLc does this. 
If 4 K's are enter.ed, R7 will be 5 initially, and the loop begins with the first column. 
If 3 Kis are entered, R? will be 4 initially, and the loop begins with the second 
column, and so on. If n K's are entered, it is necessary that K 1 and K 2 be zero. n+ n+ 
Thus the im tializing step ill I!J is necessary to ini tialize the registers properly. 

If the volume of titrant added is zero, the program automatically takes~ as its 

first trial [H+]. For titrant volumes greater than zero, usually the most practical 
trial pH to use is the one that was obtained for the previous volume (assuming that the 
previous volume was smaller than the present onel). It is not even necessary to key 
it in, as it is already in the display. 
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Sketch(es) 

SampleProblem(s) For phosphoric acid~ Hl04,K, = 7.5 x 10-3, K2 = 6.2 x 10-8 and 
K3 = 1 x 10- 12 , Plot a titration curve from 0 to 75 ml of base added for 50.00 ml 
of 0.200 ~ H3P04titrated with 0.500 ~ NaOH. 

Solution(s): For a complete solution for purposes of a plot, calculations of the pH 
at approximately 45 different titrant volumes are required. For purposes of 
illustration the following 15 calculations will suffice: 

[fJ [EJ -------------- 0.000 
[C] -------------- l;Base mode 
[CJ -------------- O;Acid mode (correct) 

7.5 [EEX] [CHS] 3[E] 6.2[EEX] [CHS] 8[E] [EEX] [CHSJ 12[E] 

50[ENTER ] .2[ENTER ] .5[DJ ---------- 3.000 (number of K's entered) 
THEN: 
O[AJ 0.000 Vol. 20.4[A]-- 20.400 Vol. 39.8[A]-- 39.800 Vol. 

1. 454 pH 5.527 pH 9.142 pH 
lOrA] 10.000 Vol. 21[AJ 21.000 Vol. 40.l[AJ-- 40.100 Vol. 

2.192 pH 5.930 pH 9.832 pH 
15[A] 15.000 Vol. 25[AJ 25.000 Vol. 40.8[A]-- 40.800 Vol. 

2.637 pH 6.730 pH 10.584 pH 
19.4[AJ-- 19.400 Vol. 35[AJ 35.000 Vol. 45[AJ --- 45.000 Vol. 

3.654 pH 7.685 pH 11.457 pH 
20[AJ --- 20.000 Vol. 39[A] --- 39.000 Vol. 75[AJ --- 75.000 Vol. 

4.677 pH 8.483 pH 12.845 pH 

Reference(s) "A General Acid-Base Titration Curve Computer Program", G.l. Breneman, 
Journal of Chemical Education 51,812-813 (197-) 

Any beginning quantitative analysis text, such as Skoog & West, Fritz & Schenck, etc. 
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c;~ 
~. yellow 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load both sides of card CJc=J 0.000 

2 Initialize ~~ 
3 (Optional) Set "base mode" I~[ I 1 

" Reset "acid mode" .. ~I ) 0 

4 Enter dissociation constants K1 IE I [ I K1 
(If necessary) K":) IE J I I K:;> 
(If necessary) K .. IE Il I K.,. 
(I f nec essary ) K~ IE JL ) Kh 

5 Enter volume of weak acid or base to be titrate V lENTt I r· I 
Enter molarity of " " " " " " " M IENTt I [ _ _J 

Enter normality of stronlr base or acid titrant N [P-lL J # of Kia 

6 (Semi-ontional) Enter Iruess for pH ** "DR lENTt 11_-] 
Enter volume of titrant added V"'''''' IA~_J L I pH 

7 Repeat step 6 as often as needed to plot curve I II - I 
8 For a new Droblem IrO to 2. I j l I 

[ lL I 
I I [ I 

* : When you press tc1, whether you get a "1" 0 ~ [ I L J 
a "0" depends on the position of the program [ ·1 L_~ __ J 
pointer at the time the key is pressed. It ma T [ j [ I 
be necessary to press rna twice to get the [ ·1 [_= J 
response you want ('i1" for base, "0" for acid) l . -] [- J 

-- --- --

l 
.. 

_ I [ -] 
**: A guess for pH need ~ be entered IF: [ __ J L .. ~ 

1) The volume of titrant is going to be zero I --- J L~-l 
OR r~- ~l [ . --I 

2) The pH already in the display (usually from [ ---I [~~] 
the problem just done) is a sui table pH ,_~; r-ll_ J 
it usually is suitable if the volume to be [ Il- . ] 
entered is Irreater than the volume just I ... _ II _I 

used. I II I 
I II I 
[ I r- j 
I II l 
I II 1 

I II J 
I ][ ~ I 

I j I I 
I J l ] 
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STEP KEY ENTRY KEY CODE 

881 *LBLC Ll l~ 
082 SFB 16 21 9C 
083 e 66 
084 F.:TN 24 
085 tLBLH 21.L l 
886 X=O? 16-43 
087 
888 
809 
8H1 
811 
812 
813 
014 
815 
016 
817 
818 
819 
828 
021 
822 
023 
824 
825 
826 
827 
828 
829 
838 
831 
832 
833 
834 
835 
836 
837 
838 
839 
848 
841 
842 
843 
844 
845 
846 
847 
848 
849 
058 
851 
852 
853 
854 
855 
056 

SF2 
PHX 
i':CLB 

x 
LSTX 
RCLD 

+ 

STGH 
ReLE 
L5TX 

STOC 
Rl 

STa8 
RCLti 
BT07 

tLBU 
RCU 
STOI 
IBn 
RCLi 
RCLH 

+ 
DSZI 
RCLI 
RCLe 

F,'CL; 
)( 

EEX 
CHS 

1 
4 

tLBLb 
DSZI 
bTOB 

16 21 82 
-14 

36 12 
-41 
-35 

16-63 
36 14 

-55 
-24 

35 11 
36 15 
16-63 

-24 
35 13 
16-31 
35 as 
36 a6 
35 87 

21 16 13 
36 37 
35 46 

16 26 46 
36 45 
36 11 

-55 
16 25 46 

36 46 
36 13 

-35 
-45 

3£ 45 
-35 
-23 

til 
84 

-45 
21 16 12 
16 25 46 

22 86 
RCL7 36 tii 
Xti 16-41 
,Xti' -41 
P;S 

STu; 
P;S 

STOI 
DSZi 

16-51 
35 45 
16-51 

tii 
35 46 

16 25 45 
GTDc; 2Z 16 13 

0#1(' s + 11K 
1 

2 K 
2 

c a 
50 51 

b 
52 

A 

97IJrc'~ram I~is.in~ I 
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

Reset FO to acid mode 

Vol. :O? 
'(: ~Qt F 2. N: leave it. off' 
(HP-67 u,&er "hou.IJ deletQ) 

C-Rc 

pHest -R t 

Initialize coer f. counter 
~ 

Ca.lculQt e c.oeff:S. 
(See p.4 for 
aJditiorta.1 explanation) 

REGISTERS 

3 K 
2 

5 0 

e 
55 

f 
53 54 

d 

o 
C 

857 
858 
059 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
878 
871 
872 
873 
874 
875 
876 
877 
878 
079 
888 
881 
882 
883 
884 
885 
886 
087 
888 
889 
l'l90 
891 
892 
893 
894 
095 
896 
897 
398 
899 
188 
181 
182 
183 
184 
185 
186 
187 
188 
189 
118 
111 
112 

RCi. B ----:j:;-:i:--::-ee=-: -~II=~K":":'s-+~I---::R=-.t-;-R=--V1-0W-"" 
STO! 35 46 .. eo.dv ro~ .st~., ~O 
ReLl 36 81 K, 
RCi-R 36 11 [Na.+J 

+ -55 
PtS 16-51 

ST08 35 Btl 
F'tS 16-51 

RCLl 36 81 
RCLC 36 13 

x -35 
'[X 54 

F2? 16 23 82 
bTOl 22 31 
GraB 22 12 

*LBL8 21 86 
ReL i 36 45 

x -35 
GTOh 22 16 12 

*LBLo. 21 16 11 
2 82 

F8? 
CHS 

ST+8 
tLBLB 

RCL8 
GSBt:J 

CHS 
18>: 

*LBL1 

ENTl 
ENH 
brai 

tLBL5 
6 

.1<.' 

RCLit 

GSB6 
RCLl 

4 
GSB6 
RCL2 

GSB6 
RCLJ 

GSB6 
RCL4 
GSB8 
RCL3 
GSB7 
RCL4 
GSB;' 
RCL5 

16 2J 80 
-22 

35-55 88 
21 12 
36 88 

23 16 14 
-22 

16 33 
21 81 
16-51 

-21 
22 45 
21 85 

86 
-35 

36 86 
85 

23 tl6 
36 81 

ti4 
23 ti6 
36 tl2 

133 
23 06 
36 83 

82 
2J 116' 
36 ti4 
23 88 
36 133 
23 87 
36 134 
23 87 
36 85 

Store Q j n Rso 

KJ 
C 

IK;C' =[H~";ol j f Vol. =0 
Wa.s Vol.. "0 ? 
Y: begin it.erQ.tio"5 
~: Llse pH.st first 

See p.4 

Load stack with [WJ 
U~e correct N-R routine. 
Routine for 4 K's 

6 0 7 Counter 8 pH 
est 

56 g' ([H+· r 58 59 

II Control 



STEP KEY ENTRY KEY CODE 

113 *LBL9 
114 + 
115 RCL6 
116 P:S 
117 
118 
119 
128 
121 
122 
123 
124 
125 
126 
127 
128 
129 
138 
131 
132 
133 
134 
135 
136 
137 
138 
139 
148 
141 

X<8? 
GTD,. 
ST09 
;~CH 

ABS 

SF2 
RCL9 

F2'! 
GTOl 

LOG 
CHS 

GSBd 
PRE 

SPC 
RTN 

*LBU 
F8? 
RTN 

1 
4 

,x::' 1.' 
142 -
143 RTh 
144 *LBL6 
145 x 
146 *LBL7 
147 + 
148 x 
149 RTk 
158 "LBLS 
151 T 

152 ST06 
153 CUi 
154 RU8 
155 GSB7 
156 RCL! 
157 GSB7 
158 RCLi. 
159 F2'? 
168 GT09 
161 GTOi' 
162 *LBL4 
163 5 
164 x 
165 RUB 
166 4 
167 GSB6 
168 RCLl 

21 89 
-55 

36 86 
16-51 

-24 
-45 

16-45 
22 16 11 

35 t'19 
16 55 
16 31 

t'1l 
16-35 

16 21 82 
36 09 

16 23 82 
22 81 
16 32 

-22 
23 16 14 

-14 
16-11 

24 
21 16 14 
16 23 86 

24 
81 
84 

-41 
-45 
24 

21 86 
-35 

21 137 
-55 
-35 

24 
21 8B 

-55 
35 ti6 

-51 
36 86 
23 87 
36 81 
23 137 
3t: 62 

16 23 &2 
22 139 
22 67 
21 134 

135 
-35 

36 &0 
134 

23 136 
36 131 
~r1..· t~, J 

97 .)r()~ram 1~ls'ln~ II 
COMMENTS 

Finish formir19 f((Wl) 

RCL f'(lW1) 

Forms [WJn+ 1 

Is (WJ ~Q9txtive 1 
Y: sta.rt over w. new pHesi 
N: continu.e 

Is 1%~1%CHI? 
Y: set Fl N: leelve it orf 
RCL (W] 
Wa(, 1% ~I%CHI? 
Y: do another iteration 
N: [WJ-pH 

HP-67user jhould delete 

Acid mode? 
Y: leave pH alone 
N: 14--pll =pOH or 

14- -pOH =/"H 

f 
Steps repeatedly used 
in polynomial 
evalu'ttion 

~ 

5tej:)s common to a.ll 
4 N-R rou.tine s; 
cO"'/3'et~s and .to .... s 
f'([W]) in R. ; be.4lins 
co .. "...",tio. 0', mH1) 

FZset inLBL2. Orl~ 

t 

S~t fo .. mil'lJ f'«(Wl) 

I 

STEP KEY ENTRY KEY CODE 

169 
178 
171 
172 
173 
174 
175 
176 
177 
178 
179 
188 
181 
182 
183 
184 
185 
186 
187 
188 
189 
198 
191 
192 
193 
194 
195 
196 
197 
198 
199 
288 
281 
282 
283 
284 
285 
286 
287 
288 
289 
218 
211 
212 
213 
214 
215 
216 
217 
218 
219 
228 
221 
222 
223 

I 

3 
GSB6 
RCL2 

2 
bSB6 
RCL3 
GSB8 
RCL3 
GSB7 
RCL4 
GT09 

*LBU 
4 

x 
RCUJ 

3 
GSB6 
RCLl 

2 
GSB6 
RCL2 
GSB8 
RCL3 
GT09 

*LBL2 
3 

RCL8 
.~ 

'-
GSB6 
RCLl 

SF2 
Gr08 

*LBLe 
CLRG 
ISZ; 

RTN 
*LBLE 

ISZI 
STOi 

RTN 
*LBLD 

STOB 
R. 

83 
23 86 
36 82 

82 
23 86 
36 83 
23 88 
36 83 
23 87 
36 84 
22 89 
21 83 

84 
-35 

36 88 
83 

23 86 
36 81 

82 
23 86 
36 B2 
23 88 
36 83 
22 09 
21 82 

83 
-35 

36 86 

23 136 
36 81 

16 21 82 
22 6& 

21 16 15 
16-53 

16 26 45 
24 

21 15 
16 26 46 

35 45 
24 

21 14 
35 12 

-31 
X:Y' -41 

STO[l 35 14 
x -35 

STOE 35 15 
ReLi 36 46 
ST+8 35-55 Bli 

RTN 24 
*LBLC 21 13 

CF8 16 22 8B 
j til 

RTN 24 

I -

LABELS FLAGS 

~tV-'pH BpH-.N_R C Base? DVtMtN EK~ ;K .... -K, 0 Acid modI FLAGS 
a I H+J<Q b d C d d _u~H eStart 1 ON OFF 

t-:::-=r:...::e:..:s=tar:..;t~l-:-u_s_e __ -+-:--u_s_e __ -+::--=~_""-=--}""'_+ ___ ---1~ ___ -1I 0 Xl 0 
o used 1 N-R start 2 mono. 3 di. 4 trio 2 Used 1 0 iii 
b-'==----t;.-----+-------t-::-s -------lIo,,-----"""*"3------II 2 0 ~ 
Squad. 6 )( + )( 7 +)( N-R mid. 9 N_R end 3 0 Ii! 

17 
COMMENTS 

, 

Continue ,t'IIIin9 f((lrn 

Routin.- for 2. )('s 

Start fo1"9 ,'({H'1) 

Conthtlole ~r"'in9 f(lWJ) 

Rout;", for r K 

~L8l~to exit tolBl' 

InitiaUze Ro to 1 

V,-+R., 

v. M -- R,; -c;,r,(,.s 
""K's+/-+Ro 

Clel1r FO to bctSe mode 

SET STATUS 

TRIG 

DEG iii 
GRAD 0 
RAD 0 

DISP 

FIX Xl 
SCI 0 
ENG 0 
n....3---
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Program Title 

Contributor's Name 

Address 

City 

Program Descriptio 

Operating Limits ar 

Program Deseription I 
EQUATIONS OF STATE 

HEWLETT - PACKAR D 
1000 N. E. Circle Blvd. 
Corvallis, Oregon 97330 

State 

This card provides both ideal gas and Redlich-Kwong equations of state. Given 
four of the five state variables, the fifth is calculated. For the Redlich-Kwong 
solution, the critical pressure and temperature of the gas must be known. 
They are not needed for ideal gas solutions. 

Values of the Universal Gas Constants 
-------- -- ------ ---

ValueofR Units of R Units of P Units of V Units of T 
-~ 

8.314 N - mig mole - K N/m2 m3/g mole K 
83.14 cm3 - bar/g mole - K bar cm3/g mole K 
82.05 cm3 - atm/g mole - K atm cm3/g mole K 

0.7302 atm - fP/lb mole - oR atm fP/lb mole oR 
10.73 psi - fP/lb mole - oR psi fP/lb mole oR 
1545 psf - fP/lb mole - oR psf fP/lb mole oR 

-----~--

Critical Temperatures and Pressures 
----- -- ---- -- -- ------ --

Substance Te. K Te. OR pc. ATM 
-- ---- I--

Ammonia 405.6 730.1 112.5 
Argon 151 272 48.0 
Carbon dioxide 304.2 547.6 72.9 
Carbon monoxide 133 239 34.5 
Chlorine 417 751 76.1 
Helium 5.3 9.5 2.26 
Hydrogen 33.3 59.9 12.8 
Nitrogen 126.2 227.2 33.5 
Oxygen 154.8 278.6 50.1 
Water 647.3 1165.1 218.2 

Dichlorodifluoromethane 384.7 692.5 39.6 
Dichlorofluoromethane 451.7 813.1 51.0 
Ethane 305.5 549.9 48.2 
Ethanol 516.3 929.3 63 
Methanol 513.2 923.8 78.5 
n-Butane 425.2 765.4 37.5 
n-Hexane 507.9 914.2 29.9 
n-Pentane 469.5 845.1 33.3 
n-Octane 568.6 1023.5 24.6 

• Trichlorofluoromethane 471.2 I 848.1 43.2 , 
------ -- --- ---

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Program Title 

Contributor's Naml 

Address 

City 

Program Descripti 

Operating Limits, 

Program Deseripfion I 

Equations: 

Ideal gas: 

Redlich-Kwong: 

PV = nRT 

nRT 
P=--- a 

(V - b) P/2 V (V + b) 

where: 

a = 4.934 b nRTcl.S 

b = 0.0867 nRTc 
Pc 

P is the absolute pressure; 

V is the volume; 

n is the number of moles present; 

R is the universal gas constant; 

T is the absolute temperature; 

Tc is the critical temperature; 

Pc is the critical pressure. 

Remarks: 

P, V, nand T must have units compatible with R. 

At low temperatures or high pressures, the ideal gas law does not represent the 
behavior of real gases. 

No equation of state is valid for all substances nor over an infinite range of 
conditions. The Redlich-Kwong equation gives moderate to good accuracy for 
a variety of substances over a wide range of conditions. Results should be 
used with caution and tempered by experience. 

Solutions for V, n, Rand T, using the Redlich-Kwong equation, require an 
iterative technique. Newton's method is employed using the ideal gas law to 
generate the initial guess. Iteration time is generally a function of the amount 
of deviation from ideal gas behavior. For extreme cases, the routine may fail 
to converge entirely, resulting in an "error". 

Registers Ro, Rl and Rso-Rs9 are available for user storage. 

19 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT liMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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• Sketch(es) 

Sample Problem 

Solution(s) 

Reference (a) 

Example 1: 

0.63 g moles of air are enclosed in a 25,000 cm3 space at 1200 K. What is 
the pressure in bars? Assume an ideal gas. 

Keystrokes: Outputs: 

Select ideal gas by pressing 0 B until 0.00 is displayed. 

OBOB------
25000 III .63 II 83.14 II 
120011 B 

Example 2: 

0.00 

2.51 (bars) 

What is the specific volume (ft3/lb) of a gas at atmospheric pressure and at a 
temperature of 513°R? The molecular weight is 29. Assume an ideal gas. 

Keystrokes: Outputs: 

OB ~ 0.00 
513 II 29 I'll II 0.7302 

II 1 B III ~ 12.92 

What is the density? 

I'll ~ 0.08 

What is the density at 1.32 atmospheres and 555°R? 

1.32 B 555 II III I'll ---~ 
Example 3: 

0.09 

(ft3/lb) 

(lb/ft3) 

The specific volume of a gas in a container is 800 cm3/g mole. The temperature 
will reach 400 K. What will the pressure be according to the Redlich-Kwong 
relation? 

Pc = 48.2 atm 

Tc = 305.5 K 

R = 82.05 cm3 - atrnlg mole-K 
Keystrokes: 

OB ~ 
305.5 0 III 48.2 0 II 82.05 

II 1 II 400 II 800 III B -

Example 4: 

Outputs: 
1.00 

36.27 (atm) 

6 gram moles of carbon dioxide gas are held at a pressure of 50 atmospheres, 
and at a temperature of 500 K. What is the volume in cubic centimeters? 
Use the Redlich-Kwong relation. 

Tc = 304.2 K 

Pc = 72.9 atm 

R = 82.05 cm3 - atrnlg mole - K 
Keystrokes: 
OB ~ 
72.9011 304.2 0 m 82.05 
II 61150B 500 II III --~ 

Outputs: 
1.00 

4695.86 

How many moles could be contained at this temperature and pressure in 5 
liters? 

5000 III II ------~~ 6.39 (g moles) 



~1 Rd-Kw? 

~ A-.. P 
~ "'V 

STEP 

STEP 

1 

2 

3 

4 

5 

6 

7 

EQUATIONS OF STATE 
Pc 

¢n <P-R 

INSTRUCTIONS 
INPUT 

KEYS 
DATA/UNITS 

Load side 1 and side 2. 
._._-

Select Redlich-Kwong (1.00) or 
-- r---

ideal gas (0.00) using mode 

toggle. DB 

If you selected ideal gas in 

step 2, skip to step 5. 

Input critical temperature Tc Dill 
and critical pressure. Pc om 
Input four of the following: 

Absolute pressure P B 

Volume V III 

Number of moles n m 
Universal gas constant R iii 

Absolute temperature T II 
Calculate remaining value: 

----

Absolute pressure B 

Volume III 
Number of moles m 
Universal gas constant iii 

Absolute temperature II 
For a new case, go to steps 2, 

4, or 5 and change values or 
--

mode. 

21 

<J>T 

OUTPUT 
DATA/UNITS 

OUTPUT 

~ DATA/UNITS 

-I 
1 

1 

1.00/0.00 I 
-~ 

I 
I 

Tc 1 

Pc I 
I 

P -l 
V I 
n ~ I 
R ] 
T I 

I c---. ·1 P 

V -] 
--

n _ I 
R I 
T J 

] 

l 
] 

I __ J L_J 
l -=---:J [~_-:=1 
[----] ~-I 

- - ----

L _ -] [ -J 
[ - .. J [-

1 

[ --_If ___ J 
[ 1 [ _ .. _I 
[ It l 
[ I r I 
[ Jl _--l 
[ I L __ ~] 
[ It I 
I I [ __ .•. ~J 
[ It ] 
I J[ l 
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STEP KEY ENTRY 

o 

so 

A 

@@1 ti.K" 
8fi2 FlY 
ti@3 G TOtI 
1164 6 
tiB5 SFfi 
B86 RiN 
tifi 7 :+:Lf.Ui 
BB8 
BB3 [Fe 
BI0 fit, 
Oli tLE.La:. 
B12 CF3 
013 STDe 
1314 RTN 
1315 tLf.L(; 
B16 CF3 
1317 STOD 
B18 RTN 
813 tLBLH 
13213 ;:1 

1321 GrOfl 
B22 tLBLS 
ti23 6 
1324 GTOti 
1325 tLBLC 
B26 
827 
828 
1323 
8313 
031 
032 
1333 
834 
835 
B36 
1337 
1338 
1339 

GTOfl 
tLBLD 

B 
GTOll 

tLBlE 
5 

tLBUi 
CFl 

STOI 
R. 

STO; 
FT' 
RTN 

13413 J 

1341 STD I 
1342 GTl'; 
043 tLBL5 
844 tLBl6 
845 RCLi 
846 RCLf: 
B47 x 
848 RCU 
B49 x 
8SB RCLS 
851 RCL6 
052 x 
853 
1354 STG; 
8S5 GTO(1 
856 :+:LBL7 

S1 

a 

KEY CODE 

~ - .-.... .-.. -
it. ~.;, t.il: 

it. 21 0(; 

1t. 22 66 
24 

21 16 12 
1£ 22 63 

..... ~ i .... 
,:,.",,1 l';; 

24 
21 16 13 
16 22 63 

35 14 
24 

21 11 

22 tlfl 
21 12 

tit· 

22 60 
21 E 

07 
<::,;. tlii 

21 14 

22 !:lti 

21 15 
tiS 

21 66 
16 22 01 

35 46 
-31 

35 45 

24 
131 

35 45 
22 45 
21 (is 
21 (i6 
36 e;-
3t. 138 

~r 

- .j .• .l 

~r 
-j ... l 

36 05 
36 tit. 

-35 
-24 

35 45 
ii 66 
21 6~ 

S2 

b 

COMMENTS 

Redlich-Kwong ideal 
gas,toggle. 

Store Tc. 

Store P c· 

P code. 

V code. 

n code. 

R code. 

T code. 

Store input. 

Dummy 1.00 for un­
known and GTO ideal 
gas. 
Ideal gas solution 
for P and V. 

STEP 

REGISTERS 
3 4 5 

(V+b) (V-b) P 
S3 S4 S5 

D 

KEY ENTRY 

857 *LBLB 
858 SF1 
859 tLBU 
fi6B 
861 
862 
863 
864 
865 
866 
fl67 
868 
869 
878 
871 
872 
873 
874 
875 
876 

PCL5 
PCL6 

.={ 

RCL? 

RCLS 

PCLS 

STOi 
nBUi 

FI3? 
inN 

GSf.i 
GrOB 

tLBU 
F1? 

877 GSBI 
878 tLBL8 
fl79 RCLf 
B88 RCL3 
fl81 ... , 
882 F..'CL6 
883 RCLf. 
884 
885 ST04 
886 
887 RCtH 
888 RCl9 
889 ii.' 

B91 ST02 
8Q ? F..:CL6 
893 
094 LST,>; 
895 RCLS 

KEY CODE 

21 118 
16 21 til 

i:1 09 
36 tiS 
36 Ot. 

-3S 
36 67 

-24 
36 i38 

-24 
36 69 

-24 

21 06 
16 23 06 

24 
2J 131 
22 06 
21 B2 

16 23 01 
23 81 
21 00 

-35 
36 66 
36 12 

-45 
35 64 

-24 
36 11 
36 09 

54 
-24 

36 06 
-24 

16-63 
36 12 

B96 
897 
1398 
1399 
1813 
1131 
182 
183 
184 
185 
186 
1137 
188 
189 
118 
111 
112 

+ -55 

6 

ST03 35 83 
-24 
-45 

RCLS 36 85 
-45 

GSBi 23 45 
-24 

ST-; 35-45 45 
RCL i 36 45 

-24 
RBE: 16 31 
En -23 
CHS -.::'::' 

4 04 
,~f'Y'f' 16-35 
GTD2 22 B2 

7 

v n 
S6 S7 

nR 

COMMENTS 

Ideal gas solution 
for n, Rand T. 

Stop if ideal gas 
is desired. 

Calculate P by 
Redlich-Kwong 

8 

Calculate f(P}. 

Calculate f'(P}. 

Loop again? 

9 

R T 
S8 S9 

T1 
Control 



rJ7 I'rc)gram I~is.in~ II 23 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 RCL i 36 45 Display result of 169 X2 ~~ 

",I", 

114 RTN 24 iteration 178 - -24 
115 *LBL6 21 66 (3 P 171 RCL2 36 ti2 
116 RCL6 36 86 av 1"·~ x -35 f~ 

117 ENTl -21 173 -45 
118 + -55 174 ReLf 36 15 
119 RCLE: 36 12 175 .K -35 
128 + -55 176 RCL; 36 45 
121 RCL:. 36 u2 177 -24 
122 x ~~ -.j __ i 178 RTN 24 
1"~ RCL3 36 83 179 t:LBL5 21 85 c..j 

Display 124 RCL6 36 86 18B LSIX 16-63 P. 
1·-'''' .:. ..... 1 x -35 181 + -55 
126 1..''"; 

{i ~ 53 182 ST05 35 85 
p7 ., -L"t 183 R/S 51 
128 ReLE 36 i5 184 *LBL1 21 81 
PQ I<:CL9 36 89 185 RCL(, 36 B7 Calculate a and b. 
1313 x -35 186 RCi..B 36 8S 
131 RCL4 7·- B4 -35 .... b 187 .x. 
132 .x,a:. 53 188 STOE 35 15 
133 .-, .of 

189 -6.2 -..::, .... 

134 -45 198 (i Btl 
135 RTN .-, ... 

191 8 138 .:'t 

136 *LBL9 21 139 ap 192 6 6e: 
1~~ .j( RCLf 36 15 aT 193 ? 67 
138 I<:CL4 36 134 194 I<:CLD 36 14 
139 -24 195 -24 
148 RCL2 36 62 196 x;)' -41 
141 c' 132 197 RCLC 36 13 
142 -24 198 A -35 
143 RCL9 36 139 199 .\ -35 
144 -24 2tiB 5TDB -.,. 

j,) 12 
145 RCL6 36 66 281 LSTX 16-63 
146 -24 282 .:-: -35 
147 peL] 36 (13 283 RCLC 36 13 
148 -24 284 IX 54 
149 + 

.,..,. 
- .... 1, .. .1 285 )~ 

~.,. 

-";",1 

156 RHI 24 286 4 84 
15i *LBL7 21 67 ap ap 287 -b.: 

152 *LBL8 21 138 an or aR 288 9 135 
153 RCLS 36 139 289 ,;\ 63 
154 RCL6 36 86 2113 4 134 
155 x -35 211 x .,.,. 

- ,) ..... i 

156 RCL4 36 04 212 SroR 35 11 
157 ;<2 53 213 RTN 24 
158 -24 
159 PCL6 36 86 
1613 ENTt -21 
161 + -55 
162 RCLf: 36 1.2 
163 + -55 
164 PCLf 36 15 220 
165 -.... -.::'t 

166 RCL6 36 86 
167 .-. II 

-.: 't 

168 Ri·/ "7 
\..-~ .. ' 36 63 

LABELS FLAGS SET STATUS 
A +-+P B +-+V C D +-+R E +-+T 0 R-K +-+n FLAGS TRIG DISP 
a 

R-K? b 
Tc 

c Pr 
d e a,b ON OM' [!'j' ~ 0 0 DEG FIX 

0 Used a,b 2 Iter 3 4 2 1 0 @ GRAD 0 SCI 0 

5 P 6 V 7 8 9 3 
2 0 r;1 RAD 0 ENG 0 

n R T Calc 3 0 [;l n_2_ 
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Program Deseription I 
Program Title Van der Waa 1 s Gas Law 

Contributor's Name Hewl ett-Packard 
Address 1000 N.E. Circle Blvd. 
City Corvall is State Oregon Zip Code 

Program Description, Equations, Variables The Van der Waals gas equation is gjven by 
(P + ~2) (V - b) = RT where V = ~ 

97330 

Pressure and temperature may be solved for directly. but n and V must be calculated 
from the positive root of this cubic equation in V: 

The program solves this equation by fast, non-iterative techniques (see 2nd 
reference) and V and n can then be calculated. The critical temperature, pressure. 

a 8a and molar volume are given by Vc = 3b, Pc = 27b2 Tc = 27bR 

NOTE: The constant R is preprogrammed and is initially in R3. Also subroutine 
e may be of some use by itself as it calculates v-x- for positive or 
negative x. 

Operating Limits and Warnings Temperatures must be in oK, pressures must be in 
atmospheres, volumes must be in liters. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



I)rf)~ram I)~s~rip'if)n II 
Sketch(es) 

Sample Problem(s) 

1) What is the temperature of .250 moles of Helium with a volume of 2.00 £. and a 
pressure of 2.5 atm. a = .03412, b = .02370 _ 

2) What is the volume of 1.5 moles of CO 2 at 400 K and 10 atm. pressure? 

a = 3.592 b = .04267 

3) What are the critical temperature, critical pressure and critical molar 

vo 1 ume of H2 where a = .2444 and b = .2661 

Solution(s) (1) .03412; t; .02370; [f] [A]; .25 [C] 2.00 [B] 2.5 [A]; [D] --->243.0rK 

(2)3.592; t; .04267; [f] [A] 1.5 [C] 40 [D] 10; [A]; [B] ---------> .07 f. 
-

(3) .2444t; .02661; [f] [A]; [E] ---------------------------->.07983 = Vc 
12.78 atm = Pc 

33.16°K = Tc 

Reference(s) This program is a modification of the User's Library program #01743A 
submitted by Timothy McGrath. 

Daniels, F., and R.A. Alberty, Physical Chemistry, 3rd edition, John Wiley and 

Sons, Inc., New York, 1966, pp 18-20. 

I.A. Stegan, Handbook of Mathematical Functions, Nat'l Bureau of 
17. 

I 

25 
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~1 VAN DER WAALIS GAS LAW 
Initialize 

~ P V n T 
-
Vc,Pc,T 

INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
STEP DATA/UNITS DATA/UNITS 

1. Load side 1 and side 2 I Jr~ 
[~[ I 

2. Input Van Der Waals constants a & b & a l£rruJ I _I 
initializf> h D __ J I _A-_J .08 

I Il I 
3. Input data (any 3 of 4) I j I --] 

Prpc;C;IJrp _~ ---tim [ A I [ ___ J P 

\/1'\ 1 "mo VJ.. 1 iters l-B II -I V 
No. of Moles n [e II l n 
Tpmnpr;:!tllrp T, OK [ 0 j I 

-

I T 
[ -l [- -] 

-- ----

4 Calculate Pressurf> l Po 11 _~-::J P,atm 
I_JI._J 

5. Calculate Volume I s--ll. -j V Liter 
[ I [ _I 

6. Calculate No. of Moles l- C 1 [ _- -I n. # 
I lL 1 

7 IrillrlJliltp TpmnpriltlJrP [ 0 11. J T, OK 

[ I [ __ I 
8 Calculate Molar Volume 

-
Vc I E Jl - I Vc 

rY'itir;:!l Tpmn,,,,,';:!t I\"'" _Tr [ ~- I r- __ j Tc 
Critical Pressure, Pc l 

-

Il :J Pc 
1 

-

J I -1 
9. Opti onal: Calculate Molar Volume [GSB j L5-1 V 

r j L_~ I 
110 notionill • To rillrlJlntp v-:l( )( 

[CH-S Il-1 
i . e. , cube root of a negative no. [ ~f 1[-[-_-] 

I II -] 
NOTE: Calculations may be made in any order I 1 1 ___ 1 

and repeated calculations maJ[ be made [ II- I 
without re-entp.rj na a &. h ...01'...Other. I I [ I 
1:.1 I"'CO [ j I_ I 

I II 1 
[ II - I 
[ II - I 
I J[ I 
I II - I 
I I [ 1 

I II I 
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STEP KEY ENTRY - KEY CODE 

97 I)r()~ram I~is.in~ I 
COMMENTS ST 

27 
EP KEY ENTRY KEY CODE COMMENTS 

oel *LBL" 21 16 1 I Initialize: 057 3 BJ 

002 ST02 35 B·-' 058 -24 .: 
003 RJ -31 Store a,b & R 059 STOe 35 ae 
004 STOl 35 @1 060 RCL5 36 85 

005 . -62 061 3 B3 

e06 e B@ 
8~'"I -24 0': -

OB? 8 B8 863 RCU3 36 88 

008 ~, 02 064 Xi 53 .: 
OG9 (l 88 965 - -45 

01B 5 85 066 fNH -21 

011 6 136 06? fNH -21 

0''''' ~, 82 868 ::{ -35 
l': .: 

an STD3 35 133 869 x -35 

014 RTN 24 Pressure 
O?O STD? 35 Br 

015 fLBL'; 21 11 071 RCL5 36 95 

016 F3? 16 ...,~ 

83 
Data entry? e"'·" RCLB 36 88 c. ,:, i':: 

a·""> GTDl ?~, 01 073 )' -35 
l .. ~.:: Calculate P 018 GSB5 ? 85 074 RCL4 36 B4 

~~, 

019 RCL3 36 133 
o"">r - -45 , . .J 

· 020 RCLD 7~ 14 076 ,., 
82 .... t> .: 

021 ::{ -35 · 077 -24 

022 RCL9 7·- 89 078 RCLti 36 130 
·.,t, 

023 RCL2 · 879 fNH -21 36 82 
024 - -45 088 XZ 53 

025 - -24 0S1 .~~ -35 

026 RCLl 36 131 082 - -45 

827 RCL9 36 B9 083 ST08 35 88 

028 Co/-:- 53 884 fNH -21 ,.., ~ 

029 - -24 085 x -35 

830 - -45 086 RCL7 36 B7 

031 STDH 35 11 OS? + -55 

032 PRY:: -14 088 fV 54 ... 
033 RTN 24 Store 

989 ST07 35 87 

034 *LBL1 21 8i 
P 998 RCL8 36 88 

035 STD? 35 11 091 + -55 

036 RTN 24 892 GSB€: 23 16 15 

937 *LBLB 21 r' Volume 093 RCLE; 36 88 
.: 

038 F7t; 16 ? tB Date entry? 994 RCL7 36 87 .... : ~~. 

039 HD2 22 82 095 - -45 

040 RCL2 36 fr' Calculate V 096 GSBe 23 16 15 
.: 

041 RCLl 36 81 9Q'" + -55 ~I 

042 RCL'; 36 i1 998 RCLO 36 88 

043 - -24 099 - -45 

044 ST05 35 85 188 RCLe 36 13 

045 ~· .. v -41 181 x:r -41 
,i ... ' 

046 }:: -35 102 x -35 

047 CHS -22 103 STDB 35 12 

048 ST04 35 84 104 PRTX -14 

049 LSTX 16-63 185 RTN 24 

050 RCL3 36 83 106 *LBL2 21 82 Store V 
051 RCLD 36 14 107 STOS 35 12 

052 x -35 188 RTN 24 Moles oe:- RCLH 36 11 139 *LELC 21 13 
.... J 

054 -24 110 F3? 16 23 03 Data entry? 
055 + -55 111 bTD4 '"'? 04 c.~ 

056 CHS -22 112 ReLB 36 12 
REGISTERS 

0 1 2 3 4 5 6 
Used a b R 

7 8 9 
Used Used -Used Used V 

50 51 52 53 54 55 56 57 58 59 

A IB Ie 0 IE 11 P V n T 
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28 ~7Pr()~ram I~is'in~ II 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 RCL9 36 99 Calculate n 1b9 PRTX -14 
114 - -24 170 X:'r' -41 
115 STDe 35 13 171 LSn; 16-63 
116 PRTX -14 1-'''' (0:.. - -24 
117 RTN 24 173 PRTX -14 
118 *LBL4 21 94 Store n 174 RTN 24 
119 SIDe 35 13 175 fLBLe 21 16 15 
128 RTN 24 176 X(O'? 16-45 Calculate 
121 *LBLD 21 14 Temperature .. ..,-" SFl 16 21 81 1, i 

122 n? 16 23 93 Data entry? 178 RBS 16 31 V-:X 
123 GT03 22 83 179 3 83 
124 GSB5 23 95 188 l·'v ~p .. il 

125 RCLA 36 11 Calculate T 181 ~'): 31 
126 RCL1 36 81 182 F1~ 16 23 91 
1 ... .,. .c.. RCL9 36 89 183 CHS -22 
128 X~ 53 184 CFl 16 22 81 
129 - -24 l O e" v.J RTN 24 
138 + -55 
131 RCL9 36 99 
132 RCL2 36 92 
133 - -45 
134 ."~ -35 190 

135 RCL3 36 83 
136 -24 
137 STDD 35 14 
138 PRTX -14 
139 RTN 24 
148 *LBU 21 93 

Store T 141 STOD 35 14 
142 RTN 24 
143 *LBLS 21 95 -
144 RCLE 36 12 Calculate V 200 

145 RCLC 36 13 
146 - -24 
147 STD9 35 99 
148 RTN 24 
149 *LBLE 21 15 -

Calculate V, Pc, 
158 8 98 
151 RCLl 36 81 Tc 
152 x -35 
153 9 99 
154 -24 210 

155 ReD 36 83 
156 -24 
157 RCLl 36 131 
158 9 139 
1e;Q - -24 
168 RCL2 36 82 
161 - -24 
r? b_ RCL2 36 82 
163 ., 83 ~, 

164 x -35 220 

165 DSP5 -63 05 
166 PRTX -14 
167 DSP2 -63 82 
168 -24 

LABELS FLAGS SET STATUS 
A P B V C D 

ryc Pc Tc 
0 n T FLAGS TRIG OISP 

alnitializ b c d e r-:x 1 r-:x ON OFF 
-x 0 0 eJ DEG eJ FIX iiZl 

0 1 Sto P 2Sto V 3 Sto T 4 Sto 2 1 0 ~ GRAD 0 SCI 0 n 
0 RAD 0 ENG 0 

5 6 8 9 ~ata En try 
2 

V 7 
0 fJ n_2_ 3 



Program Deseription I 
Program Title Beer's Law/ Absorbti vi ty Calcu lations 

Contributor's Name 

Address 

City 

Alan J. Rubin 

2577 Kenview 

Columbus State Ohio Zip Code 43209 

Program Description, Equations, Variables A flexible program for the calculation of the 

parameters of the Beer-Lambert law used in colorimetry, A=abC+i, where i is the 

intercept (an error term). Given the light path, b, and a set of concentration, C, 

and percent transmittance, %T, or absorbance, A, data the program computes absorb­

tivity, a, by the least squares method: 

a 
1 nL:AL:c - L:AC 
b nL:c2 - (L:C)2 

29 

Initialization (Key A) clears all registers and sets b equal to 1 cm. Either conc., 

absorbance (Key D) or conc., %T (Key C) data may be entered. In the latter Case %T 

is automatically converted to absorbance: A = 2 - log loT 

Corrections to C,A or C,%T may be made by pressing f,D or f,C, respectively. If 

molecular weight has b§en entered (f,B), mg/l data may be converted to molar concen­

tration via Key B. 

After comple~ing data ent]:-y, pressing ~/S will- d~splay the abs~:>rbtivity for 5 

seconds fol1o~ed by the error intercept of_A, i, and the correlation coefficient, r. I 
Pressing R/S agpin repeats the sequence of a, i, r. Additional data may be added 

via Keys C or p, or ~orrected via Keys c or d. To enter a new data set requires 

only that Key A be pressed to clear the memories (initialize). 

Operating Limits and Warnings Unless b is 1 cm, then a new value must be entered (f ,A) each 

time the program is initialized. Initialization also removes molecular weight from 

memory. The least squares program requires at least two C,A data pairs to calculate 

a. Enter 0,0 into Key D if only one pair is available. Primary registers ° through 

9 are unused. Only side 1 of the program card needs to be loaded (side 2 Can be 

used to retain the reduced data). 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 

BEER'S LAW PLOT 

Abs.orbance A abC 

........... i 

concentration 

Sample Problem(s) 

Calculate the molar absorbtivity 

for phosphate as determined by the 

"ascorbic acid" method at 880 nm. 

Concentrations expressed as 

phosphorus)therefore
l 

the molecular 

weight is 30.98. 

Light path was 1.2 cm. 

Solution(s) 1. l:\,ead program and initi.lize: 

2. Enter light path: 1.2 f,A 

3. Enter molecular weight: 31 

4. Enter data: 

a) 01' 97.9 C .... , 
.. 

b) .25 B ~ 8.06xlO- 6 

continue as above 

f) -5 1.25 B~4.03xlO, 9 

5. Obtain a, i, r : R/S --+ 

Reference(s) ... 

- ... _._._. 

data 

Zd:.. mgLl as 

a) 97.9 0 

b) 58.0 0.25 

c) 37.2 0.50 

d) 23.1 0.75 

e) 14.5 1.00 

f) 9.0 1. 25 

A IP" 1.0 

... 1.2 

f,B .. 31.0 

1. 

58 C .... 2. , 
n i 

C ~ 6. 

21245, 0.0187, 0.9998 answers 

I 

P 



C:YQTti.o.,i,r C,A t; /AltnAU'ZE 

bt c#tulc:r C~ucT 

STEP INSTRUCTIONS 

1 Load side 1 

2 Initialize (clears all reg •• sets h = 1) 

3 (optional) enter light bath if b " 1 
4 (optional) enter molecular weight 

5 Enter molar conc. and absorbance 

or 
5 Enter mg/l and absorbance 

or 
5 Enter mg/l concentration 

Enter absorbance 

or 
5 Enter molar conc. and percent transmittance 

or 
5 Enter mg/l and percent transmittance 

or 
5 Enter mg/l conc. 

Enter percent transmittance 
6 Continue data entry 

or correct an entry 

or correct an entrv 
7 Display absorbtivity, intercept and 

correlation coefficient 

8 To repeat a, i, r display 

9 To add further data, repeat step 5 
10 To enter a new set of data, go to 

step 2 (initialize) 

To calculate molar concentrations 
from mg/l values 

To C'..q kulate A from 'loT 

INPUT 
DATA/UNITS 

b 
MW 

Ai 

MW 
mg/l 

t-------ir-To calc u la te loT f-=-r=om=---=-A~ __________ .-------'-OA __ ---i 

KEYS 

CJ[ I 
CAJc=J 
LLJI A I 
CIJ[ B I 
It Il .. D I 
I J [ I 
[ t .. 1 [ D I 

[I L I 
r B II I 
[ D 1 [_ I 

[_ 1l-1 
it I r C I 
I __ J L _ I 
I t I [ c_ J 
I I [--] 
I B I [ I 
rei [ I 
[ If] 
[tlLd~J 
I_t II c_l 
I J [ __ - - I 
IR/slL- -I 
I .. ··IIJ 
I ll_-l 
1 R/sl L_J 
I ___I [ --1 
1_ 1 r---] 

L I [ _ J 
r _I [ -_I 
[ f I L.i I 
I B 1 [- 1 

[ 1 l_-.1 
lill · ___ 1 
I J L ___ .1 
[f I L~-=] 
[ ] L _--l 
II 1_-_ J 
I I [~-J 
I -J[- J 

31 

OUTPUT 
DATA/UNITS 

o 0000 

1 0 
b 

MW 

ni 

ni 

n. 

n· 
n 

n-l 

n-l 

a 

i 
r 

MW 
M 

A 

%T 

I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 ..(' L.8iA 3( Z~ If ""ITIALIU" - 5'1 

-let.. ~E~ :!I .. ~ 
CI~cv tVl "'4J' eus ~2-

.fp~u "!, .f..!l. Q 101' ,2. ~3 
+ a Ret; ~I +& Se.."t- b::. f 060 ~ F/)( ~I 2..3 

I ell psp, '2.~ of 
.S1t>A ~a " '" AN ,S' u.. -%T 
-I- F"IX "51 2-& .t LI?>L. I ~I 2.~ 0.1 

CA.uvt.A~ b.sp / 2~ 0/ +p~s '/ 42-
~ ~:"' '! S" 2.2- RCL-Cf ~4--.Id ttJJ~rbh"itTj 

010 ... L8L a.. ~Z z.~ II ~C.t..8 3 ..... 08 6lret- b ittte.r02ft 4S'n>A ~~ .. ~ " &..~'nJ 'J~ Z2- RC.~ + ~o-.t:.. CDm2.I. «.~ C41ef. 
L LAL 8 '3' z.~ (2. 1k~/£~ t! ReL '" ~ .. 0," 

S2e~ & '341Z. 070 )( il 
+ 8' - 5"1 

ee)l( 43 Sn> c. '3'3 I a 
s O~ R.CLct ~ 
-:- S, Rl.L .., ~c; 

t>sp 'Z. '2. '?I D2. )( ~I 
020 Q Sel ~z. z.~ Ret '" 34-0"-

t2i1J 'i~%.z. ~l. ~2-~ 
oUt.. b I ~'2. z.~ l2- E~ H,w "- ~, 

4 lTr> & !~I2. STl:> D ~~I"'" '" ~ "S"' z.~ 080 ~ 81 
-f. LtM ... 1) 31 2.'; 14-

e-~ C,,} A; Rct. A. ,.,. " 
£+ '2.1 . 8' .r 1="1 x "31 2:!» of FI)C. '31'2..'3 

£):sP 0 %.300 t:>sp 0 2.! 00 

~15 84- -oF- -)1.- 'ilJ!L+ DISFV-( a.., 
6-TD I 

• 
~c..t.. 7 ~~O7 030 U. 0' ~ d~(.,1 r 

o LeL tI.. ~2. -z.~ , .... 
CcItItet.T" q A' Jt(!,L.~ ~..L .1>"-

... k~- '3~ 'l.1 J J. )< 7( 
RIS B+ . ~" 54-a:; 

&Tt> , Z2.~1 ~ a.J (.,r 090 ,.(!C.L~ ~4- 01/L 
[.f Laf... C '?II 2~ 13 E'~ 1:.;., Ok T;, 

)<. ;1 
of GS&E ~I ~t. ,~ - $'( 

~+- ZI K(;,- C -*-,.,.. 
I- r::1 x ~, ,~ -+ fbi 
-osP 0 '2-3 QO t:>sp .,.. '2.$01--

040 ~I~ ~ -/<- ~ &I- t:)lSPl..A~ • ,.4- L. 
<S-Tt> I '2.-2.0' -a.J'-,r KCLC ~+I?» 

Q L.~t. Co ~2. 2.$ t~ Coe.2.ec:r q,\ ~fJ B.c.t..~ '34 1+ 
~ ~sa~ "3' -2., IS"' ~a 31 5'4-

'" ~- 'S"'Z' 100 p -, at 
Rls &4- /teL. 't '$4. C"t 

ere;, I Vf.. 0' ----.. Q.)L,t"" Rct.~ ~c>6 

+- ~L. e- '! I l-S' I S- ean ... "'<:'T x ,1 
-..f l-~~ '31~3 RC(.. ... '3'" 1:>4--

Z. oz. 4~1.. 32. S" 4-
050 - ~, <1_ ~I 

CUS 42. -?1flL ~11:+-

-t. ~I)(. -al ~ . 
81 DISPtA'( r -=-

t>.s~ .- ..zi4'1+ 
~A 

-( P~5 5142-

'" mN ~$ z..z. 110 RIS 84 
t:I LS,- e. 12 25" I!: elJ~ A. GTO I 'l.'l. 1:>( 

., :z. c:!:>z. h RTl'l ?> S' 2.1- jLISPt.Av' <1.) i,r ~AltJ 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 

SO Sl S2 S3 S4~A S5 
1:.A' 

S6 S7 , S8 S9 

~C £c ~AC. Vl 
A 

1
6 Ie rt'E.AC-£A~ olE I I b Mow '(\~C'-l~c)z.. 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

170 

120 

180 

130 

190 

140 

200 

150 

210 

160 

220 

I LABELS FLAGS SET STATUS 
A 

B MA9(J~ M c 0 c...,A t E 0 
ItJllIAL I'ZE' C) "tDT t .:roT .... A FLAGS TRIG DISP 
a bt b M.wt c 

-C,-CYoT 
d e 

A~", 
1 ON OFF 

~ -C.,--toT 0 0 8' DEG 0 FIX 
0 1 ---. {l.)L,r 2 3 4 2 1 0 [3- GRAD 0 SCI 0 

5 6 7 8 9 3 2 0 i3" RAD 0 ENG 0 
3 0 [3" n~ 
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Program Deseripfion I 
Program Title Activity Coefficients from Potentiometric Data 

Contributor's Name 
John R. Joyce 

Address 

City 

1825 S. 7lst E. Avenue 
Tulsa 

Program Description, Equations, Variables 

State Okl ahoma Zip Code 7411 2 

Program calculates the standard Electrode Potential (S.E.P.) and the activity 
coefficients of a system from values of the concentration and observed EMF. 

o 

Equations Used: E + EREF + A log m + B log F-0.0602 ;-m- = E - A·C·m 
A = 0.059156 v / n 
B = 0.059156 / n 

E = measured EMF's in volts (V) 
EREF = E.M.F. of reference electrode 
n = number of electrons invovled in the reaction 
f = (v+v+v_v-) e.g. for CaC1 2:v+= l;v_ = 2; v=3, f=4 f=[22·l l J=4 

v Total number of ions 

Operating Limits and Warnings Program must be reinitialized for each case (e.g., push 

START~ [CJ) since the .summation registers are used. 

Greater accuracy may be obtained if values used as constants in pr00ram could r.e 
obtained to more significant figures. Also remember that the valid number of 
significant figures in the answer is related to the number of significant figures 

in the data. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Sketch(e5) 

SampleProblem(5) For the following data determine the Standard Electrode Potential 

and the activity coefficient at each point. 

Concentration (M) Potential (V) F = 1 

0.003215 0.52053 \! = 2 
0.004488 0.50384 EREF = 0.000 
0.005619 0.49257 n = 1 
0.007311 0.47948 
0.009138 0.46860 
0.011195 0.45861 

Pt (s) I H2 I H+ Cl- (m) I AgCl I Ag (s) 

Solution(5) Keystrokes: [C] l[R/S] 2[R/S] O[R/S] l[R/S] --> 

.003215[ENTER] .52053[A] .004488[ENTER] .50384[A] --> 2 

.005619[ENTER] .49257[A] .007311[ENTER] .47948[A] --> 4 
.009138 [ENTER] .46860[A] .011195[ENTER] .45861[A] --> 6 

2 

[0] --> .9338 (r ) 
--> .2224 (S.E.P.) 

.007311[ENTER] .47948[E] --> .0073 (M) 

--> .9188 (y) 

Literature value (REF 2) for S.E.P. is 0.2225. 

Reference (5) Beech, G., Fortran IV in Chemi s try, pp 64-6, John Wi 1 ey and Sons. 1975 

Kemp, Marwin K., Physical Chemistry for Engineering and the Physical Sciences: A 

Self-Paced Approach, pp 00-142)-(10-144), University of Tulsa, 1974. 

35 
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~1 
Activity Coefficients 

~ MtV (+) MtV (-) Start -+S. E. P. MtV-+a 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load <;idE'<; 1 nnd ? CJ[ 1 
C~c=J 

2. Initialize program l~rc.1 
f c::==l I R/S I f 

\) [ 1 [ RIS 1 \) 

EREF [ j r RlsJ EREFN) 
n r-] I RLsj n 

[ - - H --I 
-- - -- ----

3 Inout x value (molaritv-M) M. 1 1 ENTEru M 
I L II -I 1 

4. Input y value (electrode potential-V). V. [ _I L A -I Hl 
r ~l r-_- I 

5. Repeat steps 3 and 4 for all pairs.* [_J[_-1 
I I [ -] 

6 COffioute C:OF>ffi d flnt of dfltF>rmi nn ti on n nd thfl L - j [ D I V 
standard electrode potential. L_ I [ I 

I - I [ -1 
7. Input molarity M [ .... I ~NTrR] M 

1---1 L I 
R Inout elpc:trodF> ootflntial V [ II E - I My_ 

[ I L_ I 
9. To insert additional data points repeat I J L· I 

steo 3-6 [ I [ 1 
[ _ J I I 

10. For a new case gO to steo 2. I -J l J 
l~-~] [ I 

* A set of data pairs may be deleted by [-- n-] 

F>ntF>rina thflffi n<; in <;tflO<; 3-4 nnd [- -J [ 1 
pressing [B]. l II --.1 

I ][ -- J 

r I [ I 
I II J 

I I [ I 
I I [ -I 
I I [ __ •... j 
[ 1 [ I 
I ][ ~~_l 

I II . J 
I J [ ] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS , , 

881 *LBLIi .21 11 Inserts data pairs 857 RCL5 36 85 
882 bSBl 2:3 @1 858 X" -35 
883 1 ... r .-

~Ib 859 RCL4 36 84 
884 RTN ~4 868 Xi 53 
885 *LBLB ~1 l"- Deletes data pairs 861 - -45 
886 bSB1 ..,- ~i IV"" -24 ",oj b.: -
887 " - 16 56 863 STOE 35 15 S.E.P. .. 
888 RTN 24 864 P;S 16-51 Standard Electrode 
889 *LBLC 21 13 Initializes program 865 RTN 24 potential. 
818 CLRG 16-53 and stores physical 866 *LBLE 21 15 Computes activity 
811 p-+c 16-51 867 ST02 35 82 +-" parameters. coefficient. 
812 CLRG 16-53 868 RJ. -31 
313 R/S 51 869 STOl 35 81 
814 STOH 35 11 F 878 ReLE 36 15 
815 R.···S I:;' 871 RCLC 36 13 ~Jl 

816 STuB 35 12 v 87 .'" ,£O - -45 
817 R·C- c· 873 RCL2 36 8·'" ," .... '.) i £ 

818 STOC 35 i3 EREF 874 - -45 
319 F-:/S 51 875 bSB2 23 82 
828 STuD -c 

j,J 14 #e- 876 RCLl 36 til 
821 RTN 24 877 LOb 16 32 
822 *LBLD 21 14 Calculates 878 x -35 
823 Pts 16-51 coefficient of 879 - -45 
824 RCL8 36 08 determination and 888 GSB2 23 82 
825 ReL6 36 86 standard electrode 881 ReLB 36 ., .-, 

J£ 

826 RCL4 36 84 potential. 882 0 -24 
8~'''' -35 883 RCLii 36 11 £Of .,", 

828 RCL9 36 89 884 LOb 16 32 
829 -24 885 x -35 
838 - -45 886 - -45 
831 .:x:~ 53 887 bSB2 23 82 
832 RCL4 36 ~4 888 0 -24 
~---jj J:,'2 53 889 10): 16 33 
834 RCL9 36 69 898 RCL! 36 81 

Molarity 835 -~4 I 891 PRTX -14 
836 CHS .-,.- I 892 Xti' -41 -c.c. 

coefficien~ 0-- RCL5 36 ·-r 893 PRTX -14 Activity j( t1~, 

838 + -55 894 RTN 24 
839 -24 895 *LBll 21 ill 
848 RCL6 36 136 896 ST02 35 8~ Stores molarity and 
841 ;.~ , r.., ... ;.;. 897 STu3 35 IF ~, potential values 
842 ~CL9 36 85 898 RJ. -31 then operates on 
843 -24 899 STOI 35 81 the potential value 
1344 CHS j -, 188 ReLC 36 13 I converting it to a -t!;&: ! 
845 RCL7 36 137 181 ST+3 35-55 83 form satisfactory 
046 + -55 182 GSB2 23 82 for a least-squares 
1347 0 

.-.... 
-.:~ 183 RCLl 36 81 fit. 

048 PRIX -14 Coefficient of 184 LOb 1t? 32 
849 RCL5 36 05 determination 185 x -35 
856 RCl6 36 06 186 ST+3 35-55 83 
1351 .... ~ 

-r 
-,,:\~r 187 GSB2 23 82 

ac .", .J': RCL4 36 04 188 RCLB 36 12 
853 Pel 8 36 08 189 0 -24 
854 .x. -r -j,,-, 118 RCLii 36 11 
955 - -45 111 LOG 16 3i. 
856 RCL9 36 09 112 x -35 

REGISTERS 
0 1 M 2 V 3 4 5 6 7 8 9 

'( 

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 
L M L M2 L Y L y2 L My n 

A f IB v l~ef.Electrode(v 0 #e - IE S. E.P. I I 



38 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 ST+3 35-55 83 
114 . -62 170 

U5 6 tlti 
116 6 86 
117 8 Btl 
118 2 82 
119 RCL;' 36 til 
128 IX 54 
121 >~ _"7E:" 

! 
,,'"' 

122 ST-3 35-45 63 
123 RCU 36 83 
124 RCU 36 81 180 

pc 
~,) RTN 2~ 

126 *LBLi. 21 ui. 
1 "., LI . -62 
128 6 68 
129 c 85 ~I 

138 9 89 
131 1 61 
132 5 85 
133 6 66 
134 ReLE: 36 1i. 190 

135 x ~r 
-.j,,-i 

136 RCLD 36 14 
137 -24 
138 RTN .-, .~ I 

L't 

140 

200 

150 

210 

160 

220 

LABELS FLAGS SET STATUS 
A MtV(+) B MtV (-) C START 0 + S.E.P. E MtV-+a 0 

FLAGS TRIG OISP 
a b c d e 1 o~ o~ 

0 DEG [i7j' FIX ii1 
0 1 USED 2 A 3 4 2 1 0 Gt GRAD 0 SCI 0 

5 6 7 8 9 3 
2 0 [J RAD 0 ENG 0 
3 0 I;Ll n--2L-



Program Deserip'ion I 
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Program Title Cry.stltJl OJ Y"~pkl(" "to 
+ YOl&.o\ of 0 Y 14t~ ti 0 ~5 

c~t'"te.sia"" 

Contributor's Name C ra,\j Gt. ~ 'ka..e. te-r 
Address J 3 -3 .r l- 0 (/ i 5 i D..ft!lCL 

City LC4."" ... -eKc..C. State K ~K $ 'to,s Zip Code "otftf 

Program Description, Equations, Variables P'-0 j t'"1.lMo\. tyl1.KS.-fOY~J ~oo,..dllltD..te.s 
~.,.y ~ yyrl-cdloJ YlLplti t.. (ohl;} (/t.) ~'6t~"", ikto ~ ecvtes. i~~ .slst-(.f,.A. 
ea.I c.\JI4.te-.s tk~ J.ii h~MC.d CUtJ Cl"'3/e.> ~tlAl<'GK 1iA~<-" Foi .... t~ i't 

x "'" ~ .. b C!o.s"f to C. u>sfJ 
1 -= b siM. Y i" C. ~05 (10-11) tos 
Z ~ c.. ~~ (9011) ,si", 0(' 

eas oC. - c.o~f3 e.os 't 
Sl"-,(t ~i~. l' 

~ 

o 
o 

£\}7 J t ~ I el-C.jtk of ol"li;vc """~.s 
c<, j1, r ,. A~31-t. j,~-t"'«k ol1li1"t ~;<c..s 

Q.,.1 b;) e, ::. e.ooydi"'-ctt"-,,s "f Ffi ... t 
0(' i t\ ob f;, CI~ ~ rJt-c.~ 

){;. J yi. J ~l = cooy"jiHctt~ "f poi",t 
i t\ ca.rte$l~M..$ 1S te 1M. 

DiJ' ::. Jis.tll"C.c.c. i ... olAA.foc",t , to j 

~ ~~~ ... ;)1-.l,(-:;)""~31C. h.e-tw,~k. Foikt.;. 

~ all\jJ ~'I" CI(. e. i 

D~j :. [(~I-tj)4 .. eye. _Y.j)4 + (z, -l.j )l]'h . 
.0. _ c.o"-' [(~' - x~(x) - )(~) + (1' - y.v ('/3 - te) 
0"-~-3 - ~ • • 

D,~ . Don 

Operating Limits and Warnings D"e c:rf ~e. ciist(u(c-c:. S 1 

~oJ (.IIl tt.+~J betoy~ ~,,-l c,.I1Ia.ti14J -rite.. ~le.. 
fO~l4.tS. :r:~pllt <l, b J c.. b Co fov-e.. 0< 1 /3, 't. 

D 'j 1 .... cJ.s t be. 
hetltle..e "" -rlt.,.<:-e. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Skelch(es) 

X, ,/1 l: :: ~ Q.yt~SiQ.k ",xes 

~----~----~--~l 
t:IC,A r '; ah3'es bet""e.e~ t,,/ltr..1-

IoJ l'C4.p lUc. tU e. ~ 

.. . . . . . . . , ....... ,. .... ,:-

Sample Problem(s) SVfPC>~e. OKe. ~4...s" 4. 11(0/,0(0 d ,~i," c.Yy-6tcd witk (.\~i t te.1I 
AiM4e.IIt.siok,s: Q. -:. II. 7/t, A ~ ~ 'to.oo" 

o 
b -:: J.IO;t A fl":Z. /°'./4° 

" e. -=-II.JI.'A ¥-=-10,OiJo 

~e. CY1Jtt'(.lloJ~rki(;, {YGl.c.tlo,",4.1 eoo"J.iKcttc:. ~ of (1. "iiYoJe ... ~+GW\. 
a.kJ tW() t4Y"bo'l.s boKJe.J +0 tk-e. ~itv0Jell\. cA,..e.: 

N~ o. solO. as, ()., 70 

C-. O.S,.> 0.410 0.1' Y 
c.a 0.430 0.,)+'1 0.034-

w"cd ~Yc. ike... yec.t~" J~Y' e.OOyJ I Ka.+c:::S. "t Tko(. -#lYc.~ c:do&lo4.,S) -rite... 
J.j~tllkc...C..s. (bIlKJ I-<!K3 tit» b~twee~ ike. t:lto~.$ '-C.k.d. i-ke 4KJ J-e, 
betwee.K tJ«. Ttt ... (:.c. Itt"u.tS? 

Solution(s) I) d.71' t './0-;' t JI.U~b [AJ ---. 0.000 

~~ ,(0.00 t Jdb.1'I t fiJ,()O if) fA] ~ (),ooo 
..1) o.oas t 0.4(0 t 0,'S1 [6] ~ 1".~'7 Je, 

'f~ o. 50a of' o. a5"'1 t ().n 0 [~J -»> s:y.~'1 ~l.. ~.3~~ y, 
..s) O. '1-30 t o. ltq t 0.03'+ [D] ~.Oif g !-a. -;,O;l7 ~, 

" 4. <t3~ 1\3 /. 1~~ i:'l. 1.000 ",to"," * I 
~.OI7 '13 ;J.040 ~ -to", '# 2-

O. ~'f~} 

Refe.e .. ee fs, ~) 12 B][D1 ~ 1 • .)00 Dist(ut~e { .... o ..... e...t~s I to 2. 

(t{t(... 3] ~ I.S4/ bi>tAk"~ ~ do-oS ~to3 
[RtL e.l ~ ). '191 Dis- ta. ... c." f~ qfc)WC$ J to 4 

7~ (E) ----'P> I/O, SJ(' AI-\jk thM 1-2-l loSOOX, ~~/ A 
C. ..... "0. SO /I e 

I 3 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1. LoaJ. &ile. 1 IA"'J. sile :2. C1~ 
do I "out leKc+ks 0,," obi i '" ve o.xe~ ~ O~L~ 

..J u Ie, [~r [ 

c. [ A I [ I 0.000 

J I",pvt tl14.41.c:...\ betw<t'k oi1liYlle Axes 0( [ t I [ I 
u u IJ r ... [I I 

't [ f [ [ A I 0.000 

Ai TKQut ~OO"JiH""te..S 0'; poiKt"'" I '\. I l' I r [ 
I 

b. I f II [ 

~, r 8 I r I ~'J y, ~r 1.0 

S 1:", pvt t.O""J i I( c('h~ ~ c-t poi"t"'" 2 tl~ I f [ I I , 
b" I t I r I 
tao. [ __ c_J [ I Jt"L Y"l-} ~J.6(l 

b IKpvt C!~Ydi&oc.tltc.~ of paiwt "fIa.) t(J, [ t II I 
"3 I t [ [ I 
e.~ I 0 II I )(3 t3 ~.lJ 3.6 

7 ~CL'L\Jl~ Jic;t~Kc.e ~twe.e."" p..,;~t~ i .... owl ii I .f- II pi ~ . 
i 

.. 
I II I 

.. 
I/ote,. . T".e. o"tk.e. ... +Wl> Ji.:.h~~ec; a._ [ II I 

a.l~o Mid \A.+cd ,;&....J .... o.y b,_ [ I [ I 
y£c.c...lld ~O~ 1\.e ... o~"yidft" I II I 
Y'-eQ i_de If" 

I' -7 

I II I 1le.I- A ~ Oil. 
v 

tee.t-ll ~ p~ 't I II I 
IetL~~Dn I I I I 

I II I 
H Ca.Ic.clla..-fe-ak41e. "'"yo.... I -to '2 to l IE II I 6,-'2-",\ 
q Fa.". Ke. '" P"~M..t --to y<oIA-U . ...,1c1 ~Ke. I I [ I 

, b ' 
Q 0 to .step If of" Cy -tl) re. olt.r..!'- +K4'- I I [ J 

" ~t~' t.toO""oPl',jlL 00', ... + [ II I 
10 Fb' I Oy Jt~ e;" .st'lUOY r~Phic;... oS vst",~ q 0 I II I 

To ~te..D ~ . 
r J r I " [ II I 

I II I 
I " I 

N"tt'.., Step 7 "'-lid b.e. pc-rfo~~~J. I II I 
petore .stC-JJ j. 

• I II I 
I II I 
I II I 
I II I 
I II I 



42 '67 I)r('~ram I.Js'in~ I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY COOt: oJ , COMMENTS 

001 'fILBL A .31 :J. r II 4+01"e.- 0.. , b I e. I 0' .... r~ 7 _?..3 07 1l'T~ 3$ :2:;t 
.\TD g .33 oJ It L.8Le. LJ, .:Lr-'3 ,~ ~ 
_\TlJ 4 .13 Otj 060 , JH 
,q~ .Jr S,J 4 O-.!t 

..s.To '" 33 oy. STil E .13 J.f 
.co. Tb !i 3_1 oS Ilol- .35" n -If ., Jr S".3 C..s80 I~I 22 00 
STO I 33 Of :l.. ~ 

010 t..l.X '1-&1 /l"tN 3S ~ 
J(TN :~.r ~2 

6-tOYe. tt(,fJ/ r lI"LBL 0 ~J ~~ Iii , ': ~ 
'lTLBLq .3~ ::JS" II I 01 
.sT6~ .:?3 1) ~c..l c:.ulA.te.. 7 0'1 

A+ ~r S".~ 070 .sTile -33 i£ 
STO R 3~ 12. ~tYc:uufoyltoC.a..ti 010\- It, .~ S" S.J 

1l+ _?r'sa ""4.t~ i )( ~B 0 I :l J .:22 l)d 
c.o,s 31 '3 J oJ 
STl'lA dol II c..CUO( JrlT1'I 3'" ~~ 
~tlc.. .i" 1.3 ¥ *' LAL. 0 l":l 1 25"' ~d .!) toye 4, 17.: e.i. 

020 «.'..0.\ .:II Is) .STO & ~H lJ 
..\Ton 33 L'L e.osV ~4. .JS" S3 

.sT()X II- .3~ 71 IJ4 .!TOA 33 II 
J((.LC. ..11#- 1.3 ~t 3S .T,J 
SIN 3 I bel. 080 STO D 33 ~o 

.sTO£ ~.3 IS" sil\. 't I 01 
~,\TO)( S' 133 " OS ~T6J: 3r 3,J 
~t.I.-13 .'1&4 1.:2 ~.sg I 1.1 J dJ 0' 
to~ _11 £3 a. O~ 

ST60 .:l..J 00 4.06f3 .lTO 1: .1S --1.1 
030 I~ TO )( 7 I.ll 71 07 ~snl Lll ~~ 01 

Ilf_LR .3"1 1,,2 .3 --'!3 
SIN .~I 1.-;) .>i"'fJ ,sTill .3S"' ]) 
_~O)( i 13'l 71 oj ~s8' 131 Ol~ ~ 
~ TaX' q 1.3 3 71 .,9 090 R.TN Jr il2. 

"lIlt·~Ir. ... l.lib lie. It..tL. E ,J'f IS" .si", l * L. 8L I 13, .lS 01 
X 71 .sill\. (.si .... ,d 0 00 e.ooyd. /.(4Tc "1 

R.C,.L. 0 ..1 oj. 1'1- eo.s a- Rt..L() all ~ 1K~ ... i lC 1'e_-e ~T 
Jt~L. () 3!l 60 us,<l ~~~ 131 DU 4~ ~~ 

X 71 eos t eosfJ LU.A 31/- 11 
040 ¥lfI.I.-A 3-1 II a.~B~ :3, 22 ~ 

X~y .:U· ,soJ. .(eLB :~tj. n.. - 3"1 a..sB ~ ~I ilA. -'lL 
X ~'f .l&"' 15"'«. C!.6.\ 0( - a.f)$ICo~A PSE JS "D- el if.flo..{ • Y-t',t.':I"~ 

~eL.E .3+ IS 
. 

II ~i ... '( -4i"'-/J 
100 eo"y'j'H4tc.. . 

~TD)( ~ 133 7' o. X~I .B" -.'" 
CO&-l Jot ,.3 Itl- J.r ~ ~i6ve ~4Y+~~~ 
,sIN ~11 "et ..s·lk 0( I ..\TO{C) .l.1 ;}. tj e.6oYci'l..ud-cs 

..sTO)( Ii ll.~ 71 Olj ~~z JJ 3'1 
CL.}( 11'1 Itt .J.S" ~ 

050 J(TN .JS 2;t X~:t 3.r ~4 
." LBL 8 131 J.~ 1:2 "i j" ~ i -'" '" y; 'i,' .sTOE 33 1.£ 

1 Dl IlTN JS ~2 
I ~l 

i -;, ,.. Ln L. .a. 31 tLtj d2. p.o:.rlOl"~ ~tyi)C 
.lTO Ii 33 IS 110 1ft. L (j) 34 2.'1 ~1I1t1?liC4.t&o 11. 
R~ .3r .\"'1 )( 11 

C.SBO 31 aA. 00 + 61 
REGISTERS 

°U~ED 1 2 3 4 5 6 7 8 9 
~ C> 0 bt'~r b~i" ¥ 0 e e()S.jj ui..,<le.PS .. ' e .si,yJ ~i,,~' 

50 51 52 53 54 55 56 57 58 59 
)(. 'I' ~, ]("1.. y'1. ~"1- }(]. Y3 2.1 

A IB Ie D 
V.5£D 

E 
USED II U-SED Dn D-;n D' 3 



67 I)rc'~ram IJs'in~ II 43 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

• .5 ~ .3) .11#- ~:c .31 l4 
r.s ~ .'\ .1f 170 wrN .15" :;)2 

.r.s~ "' J .111- I( LGL? 31 ~ 67 .sulf\yl4.Ct (, ~* I 
I ~TN 3(" 2J 

C!~\"",l~t~ disto.~ 
RtLr .lS' :14 

Jt L. RL. .d I.];t ;ilS 14 b ." 

..sT'l\ " 
.n dl) b~tw~-e III fO'ltd S - st 

I (\1 STO 1: .Jr 33 
120 I 01 ,(~ ,~{" .0 

.c"TO. .lr .1.'\ I(T~ .1.("" ~ 

" '0 (X. - )(.f' .". L8L q 71 iH" 09 "'kid" aistt.u,,-e 
G..slll 31 Ja 03 1 131 ,,"ovld b~ 
~SB ) JI :22 Ol 

+ J ~ 180 ~ 04 displQ.yeJ. ? ('Ii -1J) 
t' .. ~a 3 31 ;;I~ 6~ It,-t-~·)~ ne.LO ,14 1)0 

'fi:I 31 ,r;-4 X=v7 .u t:i 
SToA ..13 II V,;), f'UT'o I .>12 01 

0 1)0 I tH 
t..,S R :\ ]1 J;I 0 '1 ~ D_~ 

130 G.SB ~ 31 d~ 05 X::.",,? _~:l 5"1 
Q.SB 3 ~I 02;{ 6] a.Tb) :1:::1 b3 

'IX' .11 s'l )(tLf!. .1aJ. I) D1.3 
STOR .l.l 12. l>:l) IlTN ..l, J:J 

t> I'J{) 190 'If' LnL') ..11 :JS d..~ 

Gts(2C1 .11 22 f}4 Iltl. C it{. i1 l>J3 
~.sB'I I.JI «2. dtf J(TN J.<" «2 

OrSB" 31 ;};;. 0'1 .". L-IlL I ,~I Olr M 
Vi' '~, .r4 J(tLA )4 II P,'1. 

STh C- .l..( 13 V'i .<rN .Jr 2A 
140 Can Ii ;;;!~ O'l ~ L.nL E .?l dS i'f c.caJ""W<. Q.M.~ k -t.." 

It' LBl3 ,JJ 2(' 0.1 (~;-~jY\. p~~ JJ 1/2- 1-~-.3 

I ~~L(.'\ .34 211 0 dO 
('"..s85' III ~:> OC; :tS't../1=S"L/.IS~ .$Tor J.r .33' 
R~L.!i.) .)1/ 24 200 G~Be. 3~ ;;/~ IS ~, - 1(~(J(3 - "''a.) 't - ~O G..s,Re. .J~ :12 IS (y, -'(-,. ~3-t,"h 

Xa. 3':l s-'I C..sBe.. J:t a;t IS C 'to, -'f;~ Q- 'Z~ 
+ " Jtt.LA 3'1 II 1),').. 

D.s~ 11 .13 ~ ii . 
M~ .11 ... 1) KtL. n 34 J~ ~') 

150 Je"tPl ~ .:22 -+ 1(1 

"" L BLiI- ,,]1 d,) 0'1 On ~O,!,-I J'l. bJ &'-l.-'} 
/teL In 3t# ~4 P~6 31 4:J 
c..5n 7 :11 2') t'J'J ",J.J.-h to T Jl1'H 3S- J;J 
Ill. Ui) .31/. ;;},l/. 210 ,.. L.RL e.. .U DIS' l.r' 

- ~o XS'l .il .vJ 
x:l. 3.l r'l- JE'tL(.i1 31/ ;)4 

l=.sl _11 Jif. C:..c.nS' 31 AA (jf' XH/~i.., IJ~ 
rs2' :11 .?ii ~tLli) 34 ;)i. 
:rS'l :ll .7" STOE 33 IS 

160 ;J:Se ..11 .14 - SJ 
.!...\l. J I :~ij. e.5n~ il iU OS" 
Z.Sl JI 3Y. Il~LU\ .J4 ;;Ii 

+- '" JCUE 3;' Jr 
l'S1:. 31 JIj. 220 - Sf 
If.TN ~~:~ ;J:l X 71 

l' L.~L.s- 31 ~$ os 'l.JJ J to I .... 6/ 
.s~,t b f.r- I. I.5t: :ll .11 ~~!.R 7 IJJ ~ 07 

J:..C;=l. .11 ..3'1 R.TI'I 3,) .ila 
LABELS FLAGS SET STATUS 

A ~tb1 ~ B<A,tb, t ~I C 4 'l.tb).te,,- o Gt}t bl1'Cl E 
9 1 - .. -.> 

0 
FLAGS TRIG DISP 

a 
d.'t3t¥ 

b c d 
D'J' e .J 1 ON OFF 

~~ pO' ""-\- o D ~ DEG 8 FIX IS 
o .)1c.ye-

1 ~~~;,'- 2 mlt'hll' 3{'f.:._1tj')"2- 4 2 1 D ~ GRAD D SCI D 
~ hi ei. c "- ~~~i ... M. ~_. k4"l-t\.,Ii<Gti .. Dll 

2 D ~ RAD D ENG D 
5:I.+3=r: 6 

7 I-I? ~I 8 
9\111.,<1. cli~i<lk4? 3 3 D S n~ 
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Program Deseripfion I 
Program Title Kinetics using Lineweaver-Burk or Hofstee plots 

Contributor's Name R. Martin Bartholow 
Address 1904 New Hampshire 

City Lawrence State Ks Zip Code 66044 

Program Description, Equations, Variables Using the methods of Lineweaver-Burk (1) 
or Hofstee (2) the program transforms reaction velocity (v) and 
substrate concentration (S) data into the general form of a line 

(y = bx + a). The values for the regression coefficients a and b 

1 
v 

Km 
= Vmax 

1 
S 

1 
+ Vmax (1 ) v v = -Km • S + Vmax 

and the coefficient of determination are determined by use of the 
formulas in the curve fitting program. Since b = Km/Vmax and 
a = 1/Vmax for the Lineweaver-Burk method and b = -Km and a = Vmax 
for the Hofstee method, the desired constants Km andVmax may be 
calculated. Once constants for the line are found, projected valueE 
for velocity or substrate can be determined. If the· same type of 
data in the presence of a competitive inhibitor is entered, then thE 

Vmax' and Km' can be determined. Ki may be calculated from: 

Km ' = Km (1 - L i J / Ki ) 

Operating Limits and Warnings Because registers are cleared when selecting 

an operating mode, do not attempt to change from one type of 
curve fit to another during data entry. The methods of Lineweaver­
Burk and Hofstee will give similar, but not necessarily identical 
results. For one discussion of the relative merits of each method 

see the last reference on page two. 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 



Sketch(es) 

Sample Problem(s) The following data on product formation at various 
substrate concentrations was determined in the presence and absence 
of a.competitiye inhibitor. Determine the Km and Vmax for product 
formation with and without the inhibitor. What is the Ki? 

Substrate concentration (mM) 1.0 

Product formed (uM/hr) 40 
(no inhibitor) 

Product formed (pM/hr) 24 
(6mM inhibitor) 

Solution(s) [i2ru2J 4 [f] lliJ 
40 [A] 69 [A] 88 [A] 10 [1J160 [AJ 15 [!] 185 [AJ 
[Q] 
ill] 
6.00 [I[A] 

2.0 

69 

44 

1.0000 
6.0000 

3.0 

88 

60 

10.0 15.0 

160 185 

126 158 

.9996 (r2), .0042 (a), .0209 (b) 
240.8340 (Vmax), 5.0275 (Km) 

1.0000 
6.0000 

45 

24 [AJ 44 [A] 60 [AJ 10 [1]126lli} 15 [I]158 [K] 
(gJ 
lliJ 
~ 

.9999 (r2}, .0040 (a), .0377 (b) 
249.7286 (Vmax'), 9.4028 (Km') 

6.8943 (Ki) 

Reference(s)A. Lehninger, Biochemistry, Worth Publishers, Inc., New York, 
1970, pp 147-168. K. Plowman, Enzyme Kinetics, McGraw-Hill, 
New York, 1972, pp 7-38. J. Dowd and D. Riggs, J. BioI. Chem., 
240, 863 (1965). 
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STEP 

1 

2 

3 
4 
5 
6 

7 

8 

9 
10 

~1 Compet Lineweaver Hofstee V~S 

~ 
~ 

INSTRUCTIONS 

T.()!OIn Q;n~ 1 !OInn Q;n~ ? 

Select type of analvsis 
a) Lineweaver-burk 
b) Hofstee 
Input substrate concentration~ ~~ 

Input velocitv 
repeat steps 3 and 4 for all data pairs 
compute and output coefficient of 
determination (1"2) ~md of the line· 
~ ~nn h 
optional: pro:iect substrate 

--~-' 

,..t"ln,..~n+""'!l+;t"ln -f'T't"lm !l ~Telt"l,..;+u 

optional: pro:iect veloci tv f~om a 
substrate concentration 

comP1!te and output Vmax and KIn 
Optional: if competitive inhibition 

Idata is available the comoetitive 
Imt"lne m!l~T he C!ele,..+er'l 

a) . -=t l.npu inhibitor concentration'1t' '1t''1t' 
b) input substrate concentration 
c) input velocity 
d) repeat steps 10b and 10c for all 

data pairs 
e) compute and output coefficient of 

determination (r2) and of the line: 
a and b 

f) compute Vmax' and KIn' 
fr) compute Ki 

* This step may be skipped if the 
!'Il1h!'lt1"ate. _eall~l!'l t:hp ni.sn.laY.C.01lD.±er 

** 'T'hp 1 ~!'It: !'IPt: ()f' n~t:~ na.ir.s...may hp 
deleted by pressing rh lrR~l then [ID • 
A set of data may be deleted by 
entering the set as in steps 3 and 4 
~nn nressinfr rBl. 

INPUT 
DATA/UNITS 

S 
V 

V 

S 

i 
S 
V 

S7V 

KEYS 
OUTPUT 

DATA/UNITS 

CJ l-=:=J 0.00 
I-~CJ 

l~rB I 1 .00 

CL-J I c I 1.00 
lEnt1&:- ] ,S 
[- II A I n + 1 

r II I 
I ~ ~1I I 
l 

- -I r- 1 
I j [ -c-___ J r2.a.b 
[ I [---l 

Li ~-I r-D J s 
I----=--J [ I 
l:f l rR-.J '" V 
[ II n-] Vmax KIn L---] [ I 
I ] C--] 
l- I [-=~=J 
[i __ I [A--l 1.00 
r EnteF:-_=_J S 
[-=-_IIA 1 n + 1 
1~~ ___ J [- I 
I I L __ J 
[-_=-J [ -j 
L --- J I I 
[-=--] [ c __ I rL,a,b 
I ] [D] Vmax' .KIn' 
l=-=J [E; .J Ki 
L= ___ ] r- ~J 
1=--1 C--.J r - I [ _~-=-J 
[ ] [---l 

--- --- -

I -- -1 [~_ I 
[ - I [ I 
I II --] 

r ] [ J 
I II - I 
I I [ I 
I - I [ ) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 *T"bl b I~;:> 25 12 LINEWEAVER-BURK *Lbl d 132 25 14 tpROJECT V-'S 

CF 0 17j1:) 61 00 Set flag 1 and q'T'n fJ. 7j7j 11 
SF 1 17j1:) 1:)1 01 clear secondary p<) S ~1 4'? 
p<) S 7j1 4'? register 060 ReI '? ~4 02 
rl RAI2' 7j1 47j 1 Ix 35 62 
p(~ ~ 7j1 4? -ReI 1 ~4 01 
1 01 ReI A ~4 11 
Ri:n 7jI=) ?? F? 1 17j1:) 71 01 

*Lbl e 17j,? ?C:) 1-7j HOFSTEE 1 Ix 7j1:) 6'? 
010 rli' 1 17i1=) h1 01 Set flag 0 and y<>v 7j1=) I=)? 

SF 0 35 51 09_ clear secondary - 51 
P<) S 31 42 register x 71 
CI Reg 31 43 F? 1 1~5 71 01 
P<) S ~1 42 070 1 Ix 35 62 
1 01 p<.,S ~1 J±2 
Ri:n 7j1:) ?? Rtn ~I:) '?'? 

*T.hl A 17j 1 ?I:) 11 SUMMATION *LbI e 17i'? '?I:) 11:) !PROJECT S~V 
rF 7j 17j1:) 61 07j clear L:- flag STO A _7j7j li 

*Lbl 8 1~1 25 08 p<~ ~ 7j1 4? 
020 F? 1 17j1:) 71 01 if flag 1 then PI'l 1 7.,1.J n1 

1 /Y 7i1=) h? reciprocal ReI ? ~4 O'? 
~'T'n n 7j7j 14 RI'l fl 7j1.J 11 
X(> y ~i) I:)? F? 1 ~I:) 71 01 
F? 1 7j1:) 71 01 if flag 1 then 080 1 Ix 7j1:) 6? 
1 Ix 7j1) 6'? reciprocal x 71 
F? 0 7j1) 71 00 if flag 0 then + 61 
r:.'T'0 q ?? Oq li'? 1 ~I=) 71 01 
~'T'O C 7j7j 17j go to label 9, 1/Y 7j1=) h? 

*T.hl ? 17i1 ?I=) O? returning by I bl2 P<~Q 7.,1 LL? 
030 F? ~ I~I) 71 O~ if flag 3 then r- Rtn ~I:) ?? 

CWO ~ 22 00 *Lbl C 131 21:) i3 r-OMPUTE b 
)+ '?1 compute sums P-(~S 7j1 4? 

*T.hl 7 17j1 2~ JJ7 Rcl 8 3400 
Rnt: 41 090 ReI 4 7j4 04 
1 ~1 calculate n+1 ReI 6 _34 _06 
+ 61 x 71 
ReI C 7j~ -j 7j Rcl 9 34 Q9 
x<>y 7j1:) I:)? .&. A1 
ReI n 7j4 14 - 1)1 

040 Y<~ V 7j1=) I=)? Ent1' 41 
Rtn 7j1=) ?,? Entt 41 

*T .hl "R 17j1 ?I=) 1? DELETION Rcl 4 _7j4 £JJ± 
SF 7j 17j1:) I:) 1 07j set flag 3 X:C: 3'? t)f± 
1 01 100 Rcl 9 ~4 09 
CHS 42 -t 81 
~ 7j1:) t:;"2 ReI I:) 7j4 01:) 

r:.'T'0 R ?? OR X<.,Y 7j1:) I:)? 
*T.hl Q 17.,1 ?'" 09. COMPUTE vis FOR - i:;1 

-t 81 HOFSTEE .&. B.1 
050 ~'T'n r 7j7j 17j STO '? 7j7j O'? 

Rcl D 34 14 x -'Z1 COMPUTE r2 y<) y 7j1:) I:)? RC'l h 7j4 or; 
r:.'T'0 ? ?? 02 xC: ~'? 1:)4 

*Lbl ~ 17j1 ,?I:) 00 ~ - 110 Rf'l q 7j4 Oq 
r- 7j1) 21 .&. A1 
r:.'T'0 7 ?'? 07 CHS i±2 

REGISTERS 
0 1 2 3 4 

5 Ex2 ' 6 
7 Ly2' 8 9 

Vmax a' b' Km' ~x' Ey' l:xy' n' 
so S1 S2 S3 S4 S5 S6 S7 S8 S9 

Vmax a b Km Ex r: x 2 LV Ly2 E2cr n 
A used IB Ie used 

0 
used 

E 
Ki II [iJ 



48 67 l)rf)~r8m I~is'in~ I I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

Rcl 7 ~4 07 
+ 61 170 

... 81 
Pfluse '5'1 7'? 
Re] n ~iJ. Oh COMPUTE a 
Re] iJ. ~iJ. 0iJ. 
Re] 2 ~4 02 

120 x 71 
- '11 
Rrl q ~iJ. Oq 
... 81 
STO 1 '5~ 01 180 

Pause ~'1 7'? 
Rrl ? ~iJ. O? 
P.(,S '51 4'? 
Rtn ~I=) ?? 

*Lbl D 1~1 "?S 14 TRANSFORM a AND 
130 P<>S ~1 42 b TO Vmax AND 

Rcl 1 ~4 01 KID 
l"? 1 ,'5'1 71 01 if flag 1 then 
1/y ~I=) h? reciprocal, 
s'ro 0 ~~ 00 otherwise y- 190 

Pa11Qp 7l1=) 7? intercept is Vma' 
ReI '? ~4 O'? 
l"? 1 1'5'1 71 01 if flag 1 then 
GTO 4 '?'? 04 label 4 
r.HS 4? otherwise 

140 S'T'O ~ '5'5 0'5 KID = -slope (b) 
Pause ~~ 72 
Rtn ~'l 22 

*T.hl 4 1~1 ?'1 04 KID for lineweave r 
Rcl 1 '54 01 burk method 200 

... 81 
.C:'Pn 7l 7l7l O~ 
P~"Qp 7l1; 7? 
P<}S ~1 iJ.? 
Etn ~I=) ?? 

150 *Lhl fl '5? ?~ 11 COMPETITIVE 
..C.l . B..e..Q'.. '51 4'5 INHIBITOR 
P< .. S 711 iJ.? positions 
S'P I 7l1=) ~~ primary re1ister 
1 01 and stores iJ 210 

Rtn 35 22 
*Lbl E 31 25 15 COMPUTE Ki 

P<>S 31 42 
Rcl I ,5 ,4 
Re] ~ ,4 03 

160 P< .. S '51 4'? KID recalled from 
Rrl ~ 7liJ. O~ secondary reg 
p< .. s ~1 42 ... 81 
1 01 220 

- '11 ... 81 
S'PO R 7l~ 11=) 
Rt:n ~~ 7? 

LABELS FLAGS SET STATUS 
A 

S1'IT(+) B stvJ .) c 2 o E 
r .a.b -Vmax.KID Ki °v lneWea FLAGS TRIG DISP 

a b c d e 1 ON OFF 
icomnetit Linewea Hofstee V~S S-7V Hofstee o D Xl DEG !Xl FIX !Xl 
0 

I 
1 

2 vis 3 
4Vm (T.W"R) 2 1 D Xl GRAD D SCI D 

5 6 7 8 9 3 £._ 
2 D ~ RAD D EN~ D 

ni o-n 1 <>~T ): IT Ie!. 3 D Xl 
n __ 

. J 



Program Deseripfion I 
Program Title 

Contributor's Name Jf, c.- h cu<\ J 
Address 2. 3 't 2 L 'If 0 1'""'l 

D. (-I Y vvt q Vl 

WeS! ... -... 

City E'c{ ~OV\ J s _State .. wc..sk- __ 
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Program Description, Equations, Variables----~--~--- .-.-.. ---~ 

T ~I '5 f )(o~ ~Ct""" Co Ct Ic.v J:1<:"$ l ~ ~ __ L!('~ <. () ".l,' y ___ ~ 
of'\ Wli XTu ~~ ~ JCj.5<.'S VS'l.V1j cl/)C<f YlA~ £_ViS._K~ 

-r4~O~j. Tl-t ~ Wi!k Co. .(o~J'11I •. d~ IS V S "J).. • 

. - ---~---.-.- -------.~-------.,. 
C9··'I·L~ ..... ~t:_ ~ _________ _ 

... , l. 

.~ .. ~~ t 
~------~-------

------ _._._._----------------

Operating Limitsand Warnings T h.; ~ fr<..o '3 ./{<?\YYl I S __ LY'l..ade. ___ {'ot. - -Poc.lA.. Ba $( S 

i -:C('!S ,'v, 'j Oy-. I Y S o"\. ~ -e'" ~ ~? <A. OW\' .... 50 T _he __ .f:...i'11:: :E'_n?_d..._~J:L!:Q ~ 
ey.Tf-.ct Ke'j (' sieKS,fo ~ mol~ tI'tG'l,C.f;O-VZ5 .. _~J. q/llQh- ~_~"1Q~~~ 

Wl u s-t b €. en t e y( (cl to J.<.. ik ~.. f1/L Q Ie. c <../(<-.1<,.. \.1..n~("J_'-1.L __ ~ ~<1-_J£' .Ls, C. os c'f~_ 
eUfJ!\ 1l10i./3k Th.erl..,€.. ~~<: J~~5 ~c~'1_ ~"t.S6 _ _ -.b~~~s-~ __ 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 
-.. t---- ---

Sample Problem(s) f {.., ",J3sT___1 h e._V l seQ s i tf of ,h i:> ~ c... S vvt (X t<.Jjt ~ 
.0... -r O\.~ ... 2. cr 3 (;) j( fK:o""'l ~ " ~"l Jc..... t~ 5"{ ~e 

~""'-&.~f~ ~ () "'- ~ es OLT- /.::..h-l. ~ 2. CC 3.0 1-(. 

<':"QWtf~'-lI\..r )(£ M~ 
,+1.01 

Mi (~~ .... ~~) 
J ~ <....02.. 

2.. ~ 0,,-
}: tvL. 

.. 133 

,D~1 

,'{52- <0 

{ctf:,Z- .. '>(D- 7 

32..000 2.. 03 i {<_l Q'7 .. 

L ~,Dlb_ . }7)"'1 ;<'(0- 7 

SOlutiOn(S)'t'f.OI ~1] 'SG,O [1'J 7..'l5,Oib [1'J I[I\}-:Y cf4,0/ 

Irt< .. (1'] 1..031 [f\] (7s-<=tlif\] 1 [8J -;:> ('"fb-2. 
- I Y> [1'1 ,034 [1'J .<62.'i{ [~J 0 [CJ -;;> ... 1.5"3 

.. -

-~IZI1 .. z-Cf~ I (.. 

th~;;'V\5I.ve .... t ~ /7 {'f KID~7 k.'sc"c. ~(> 

~D._'-'seJ( lJ-uQ. v",-Ll.l~.o-% /7 ~ ~_IO (.v,'-;t",,\ ctto._ 

Reference (s) ./~~ {Sf t'lc>-t B I'~J. I W~K'If~Vj [, S t ~<A/C{tt4! [&W(V( M L;j4if'c o"t'. 

m TI"", -;, forl.T _ f ~ e 11\ 0 Me I'l5..X i(c!i t,'GN\. 



51 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

l L.cMc-e s.-A ~ ( .... "2 O~ Co Yl./A CJc=J 
2 "]:1/\ PU-l M t) I~ c-V krt. ~;f"o.""-r ot MI c=JCJ 

C O"'Y\'tO"",,- ~ ""-'"t" l (M,\ ~""ST&c, ~[ J 
lito\.'\.. -c-e.1l0 '#-

7 1- I L I 
'"3 EV'\ tel{ f_1'IL ] 

1 I.,PvT ;11'7 C~vsTk~O) Me [ 
-

J [_] 
r,- eh~t<.. r- 1'll ~J 
b :t. VI Pv 't Ms t't" 1113 [ __ 1 [_=J 
7 £"'1~t'\.. r 1'1 r- I 
~ I"1PVl f/A.4( (t' JA.4- rAJ [ __ ~J 
1 Tv.l)vl. 'V,'c:..r 0,", '1,/ ~ I ..u<. ~l [-_-l [ __ J 
(0 £~ [ 1\' 1 [~=J 
II -=t""pvT .M. ? /VlOvl c-e"l(J) A.-t , r- ._1 L-__ ] 
( "( ~~ 

- 1~-1 [ J --

1"3 It.-1. t'/vT .Pi"l. // ~) [_-I [--~J 
l1- t::v-.~ 1_ -1'J r --- ] 

IS- :tv1 P v T A-q. )/ A/(l.J. f13 1 r -l 
t~ 1: VI Pv T 1M" 1E" ,£' YI~_ r'1' ,c:;-, '* 1 )t' x- [_ J r I 
17 E:Vl1 ~ r"L [~] 1 ___ 1 
1<'( 1 V1 J?v; )('7 X'- r-

-' r 
-I 

lar E:hHA. [. ~-l L_~ J 
2.0 TJ.,..~vT X'? ( Y\1 v-Ji5.. .: 1) " ~ l"" I \ 2. q",~ )C~ l_~J l_-- ] 

2..( Ev-,. 1- -e (\ \.\il-';nvn~ ,) [ l' II --l 
2.-1- L,--,"t!?vT )( (J. (x~= 0 i..( 0.-, I ~ 2.. 6'1 '5 "\ ><4 [ -c...J I l 

I 

" '?) <15 f1-'l (';< 'tv It < ) I It ] 
[=.~] [ -1 

l~ So} 1.1 e +-nr1.. ...vI []I] [- _ I 1'1 WI 'r 
2..<1 (Ov\. 

'( 

c:qc> 10 s,eiJ [---l [ ,,] 0 V\ -e \A/ C,;;,. <;-<C' 

I (.., i.!- o-vtl rL.t Vl/1~1 '" U £.A&.( I'\().-t~ V [---.1 L=~~J 
C"'''''~ 

I L __ J L ___ l 
J [ I [ =-___ J 

2.<)""' S.f 1'1 -ew 0\ ~ S -e .:.. " ilLL 1'vI I r) { ~uj r -] I -] 
--- - - -

~c 10 c:.. t--e ~ 2 [ -·lr ___ J 
v [ 1 [~~~J 

r .. J L_~J 
[ 1 L_l 
[ 1 L __ ~ J 
[ 1 r . -1 
I JL ] 
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STEP KEY. ENTRY KI:Y CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

8el *LBLR 21 11 857 RCLA 36 11 
882 CLPf; 16-53 858 5T+8 35-55 86 
883 p .... c , +- ... : 16-51 859 RCL5 36 85 
884 CLRf; 16-53 868 RCLA 36 11 
885 p"C-

~.' 16-51 861 x -35 
886 ST04 -r' 

,j.1 84 862 RCL8 36 8B 
887 PJ -31 8£3 -24 
888 STU3 7r' 

".1 83 864 STD9 35 89 
889 R.J. -31 865 RCL6 36 86 
B18 ST02 7.t:: 82 866 RCLS 36 8S "'" 811 R~· -31 867 RCL2 36 82 
812 STU1 ",r' 

':, .. ' 81 868 RCL4 36 84 
813 PiN 24 869 GSBE 23 15 
814 *LBLB 21 12 878 RCLD 36 14 
815 STOB 35 B8 EF'f , . x -35 
816 R' , .. -31 872 ST08 35 BB 
817 ST07 -r' .,j,.,1 B7 873 RCL6 36 86 
81B H -31 874 RCL? 36 B7 
819 STu6 35 86 875 RCL2 36 82 
828 R'J, -31 876 RCD 36 83 
821 ST05 -r' 

,j".l tiS I 8-'-' ( ( GSBE ..,-
~,j 15 

(p:-' PTN 24 878 RCLC 36 13 
823 *LBLC 21 13 879 x -35 
824 STOD 35 14 888 SHe 35-55 88 
825 RJ, -31 881 RCLB 36 12 
826 SToe ~·c 

.. h) 13 882 ST+8 35-55 B8 
8"" Li PJ -31 883 RCL6 36 86 
828 STaB -r' 

.1..J 12 884 RCL5 36 85 
829 R' .... -31 885 RCL2 36 82 
83B STOA 35 11 886 RCLl 36 81 
831 PTN 24 887 GSBE 23 15 
e-'" *LBLD "j, 14 888 RCLA 36 11 ,j~ '::J. 

833 ReL5 36 85 889 .x -35 
834 ReLS 36 88 898 ST+8 35-55 88 
835 peL 36 81 891 RCL6 36 B6 
836 RCL4 36 84 892 RCLB 36 Ii. 
837 GSBE 2:3 15 893 x -35 
83B RCLD 36 i4 894 RCL8 36 88 
839 :x: -35 895 -24 
848 smB 35 86 896 5T+9 35-55 8Q _. 

841 RCL5 36 B5 897 ReL? 36 87 
842 RCL? 36 tr ( 898 RCLB 36 88 
843 RCf...1 36 81 899 RCU 36 83 
844 ReL] 36 B3 18B RCL4 36 84 
845 GSBE 23 15 181 GSBE 23 15 
846 ReLe 36 13 182 RCLD 36 14 
847 .~~. -35 183 x -35 
848 ST+B 35-55 88 184 SlOB 35 86 
849 ReL5 36 85 185 RCLC 36 13 
858 RCL6 36 86 186 ST+8 35-55 88 
85i RCLl 36 81 187 ReL? 36 87 
852 RCL2 36 82 188 RCL6 36 86 
853 GSBE ,,-

.::,,j 15 189 RCL] 36 83 
854 ReLF; 36 12 118 RCL2 36 82 
855 .:.~. -35 111 r;SBE 2J 15 
856 ST+8 35-55 86 REGIS,o;;.n~ 112 RCLB 36 12 

0 1 
2ML 

3 4 5 6 7 8 9 
Mi H} \'"1.'1 A -"12' ..-<{,. ~<I 

50 51 52 53 M- 54 
1'1 j 

55 56 57 58 59 
.Pt~ A-<j I 

A 
XI IB XL- Ie x] D 1E r t1 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 x -35 169 ST02 35 82 
114 SH8 35-55 86 178 RJ. -31 
115 RCL7 36 87 171 ST01 35 81 
116 RCL5 36 85 172 RCL4 36 84 
117 RCLZ 36 83 1.73 RCL3 36 83 
118 RCLl 36 81 174 · -24 
119 GSBE 23 15 175 4 84 
128 RCLA 36 11 176 1 ... ··X 52 
121 x -35 177 j')( 31 
122 ST+8 35-55 88 178 RCLl 36 81 
123 Ret? 36 87 179 RCL2 36 82 
124 RCLC 36 13 1813 · -24 
125 x -35 181 .fV il 54 
126 RCL8 36 138 182 x -35 
127 . -24 183 1 61 
128 ST+9 35-55 89 184 + -55 
129 RCLD 36 14 185 x'Z 53 
138 STOI3 35 88 186 RCL3 36 83 
131 RCL8 36 88 187 RCL4 36 84 
132 RCt? 36 87 188 · -24 
133 RCL4 36 84 189 ; i11 " 134 RCL3 36 83 198 + -55 
135 ~SBE 23 15 191 ,foX 54 
136 RCLe 36 13 192 · -24 

i 137 A -35 l Q
- 8 88 J,j 

138 ST+8 35-55 88 194 F 54 
139 RCLB 36 88 195 · -24 
148 RCL6 36 86 196 p-+c-

+- ... 16-51 
141 RCL4 36 84 197 RTN 24 
142 RCL2 36 82 I 

143 GSBE 23 15 
144 RCLB 36 12 200 

145 x -35 
146 ST+8 35-55 88 
147 RCL8 36 88 
148 RCL5 36 85 
149 RCL4 36 B4 
158 RCLl 36 81 
151 GSBE 23 15 
152 RCLR 36 11 
153 ):: -35 
154 ST+8 35-55 B8 210 

155 RCL8 36 BB 
156 RCLD 36 14 
157 x -35 
158 ReLi3 36 i3u 
159 . -24 
168 ST+9 35-55 89 
161 RCL9 36 89 
162 RTN 24 
163 *LBLE 21 15 
164 P:S 16-51 220 

165 ST04 35 84 
166 R~ -31 
167 ST03 35 8J 
168 R~ -31 

LABELS FLAGS SET STATUS 
A 

B ft/1' Z:f' 31' i eX D .,P( Mii E ! .. 0 
TRIG OISP I""..,"'''''' .... 'J FLAGS 

Ar,,], l3l 31- 't- b c d e 1 ON OFF 
)( 0 0 ~ 

DEG FIX '&. 
0 1 2 3 4 2 1 0 GRAD 0 SCI 0 

2 0 ~ RAD 0 ~~ 5 6 7 8 9 3 0 ~ 3 
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Program Ileseription I 
Program Title (Pl 

C~LWLAT\O~ 

Contributor's Name eoc.ca. ~, l-A.6/).'S 

Address \1~\ - & ~eGl\OAl-E. D(2. 
City C ~Ae\.....O\TC State l--JC~ Zip Code -z.,.~Ll.O 

Program Description, Equations, Variables i\4\~ 0(l.ot..(l{'>..M '-,\\LI l£~ -nro I[AP0(2-{>{Zt-c;.<:. ~~ 

\b~P PCi"")""S (Poe. t:.1A.c~ C:CI",(.)o~t?~\ 1 \JD \0 F\V6) \0 Flj...() IV\~ ,,,",eo 

(OG"FFI<"I€Pi> O~ ~ AtJibll-€ ec.?UA'ilD~ O€L.;::.W (,....,0 c.~,...snlJ1 W\1COc ..... j 
LOG \>v -=- A IT '\- \$ w~c P", '::' V/lftil pa€~$uae) 

\" -:: A6S ~1Y\p. ~ />-\J,l,)(., FOv .... O ~E~€ u;.~f=\(\Sj.i\'io. 1 ~E {)(2oc.IlAI"'\. 

c..At..c..u .... ~\ts \N,)\viO .... ~L G'c...{u\I....l~IZ\U""" '-;;:.;..)~iA...,T'il. (l(.. VAI...UC) ~tvD. v,\,PoIZ. 

mOli: p!ZA<...no ..... ' (6u,l1;,6tG POIt-'lT) t>(z' ~I Q""O f\10L": c::eA'-\)C~S (06w (JOIISi') 

A.u.oeoll_)e.. 1'0 -, 'F0cZ.. \OCAL - ,-\QUlt:) L..A"i p~A)H:::=if? 

'i;. ~ PI/'{P, ) ~l =4~(~~ ) ~~ -;:- 'f~-('~ 

G<:.N\L\~a\VM u..,..,ST. c...oMPOi-JCI-i'i ~ \'v·; LU."'PO..;.i~1 ~ \ 
) . "!. V~ .;J~'>s. v:...: ::. 

\)\ :. 5"'tS~ ~L O(Z.G~!o •. \ 1': -= UQ .... D ,"holl!: '(""/l-ACT. '-CM.f'c ... Gur .. 

"\\ -,:. 

vS6S A 

\ \jc..t2,;-r"'l C:,t.J'i> 

fOIl OGIV 

OJ:'' U.>OVI P', .... ;::~T~ p.uo 

F,e.::'T {3~b()L.6, S\~tU\~i,,'t 

FI2o"" "',,"b~ (\1>..1, t411.d",e~T 

v,a!>1 D(1Q~., \' ~€ ORt'1fP1G~ 

u~clL J AS \5 

t1C~)t .... ;. \ ,0 ~ 

Operating Limits and Warnings 06\1 \o~~ L.., ~I~ IS c~"'''1 (>.~P(..\~8I..G \'C> S'1S n:>YVI~ ~A\ (A~ 

~ ~pp(2o,c.\""A,.{lro ~ f>.. ... 1"t~'" In L.' ~ 1Xc, ~F [t ... <~ Vr o...tCL '"lYcz: eAt.J(.{ IfJ 

Q~&:.ncjj. M-.I'i'\ 5-1Sn:M:> Fo~l'" '06.\~ Qvi1"€" W~L.L ~,-,.::vszl t>-IJO ,.... "";'1 {'<I(;,aG" C.f>o.N o.!' 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 

I 



Sketch(es) 

Sample Problem(s) To Ge)i"'~ l...,.-e ~ C>0\L.,,.,x.. Po,tJ'\ 'W".c.li>\M ~ ~\l8~e PC>II .. )' 

(:I..tJD Oew PCI tJ,s of p..tJ I:'~(£......t c. .... '" COL- P.wi) ~ .... ""l:L .sYSIl1"l AM: A/f:t:~ • 

.,. ~ \OM~ ('(l.G")~vlU \i ., t..o M "" ~~ ().JJ() ~t.JC:Gur 1'2.A\)C».,.)~ (..,.t>"': ~) 
Aae ~~ -: 0 .\Ci)c,... \~ ... O 'Z. O. '2>04 A l.,s.::,;"WI:t:: V'AP<.::IL P(2€s.sufl! 

) ) 

OF E C. f...:'\ 3 S"'~ (ess.:>,,-) \S '"-'t1£O.sO. '\~ ~L.i,..OW\~ \~ "'\~,.) 

A-1. ~~'6°F \)v e(.. ~ ~,o M"" l.~ Ov li ')-0 - S~ ~'Z.. '''''''' l-\q 
~"'\ "!>l..o C>~ P" 6"Gr '::: (;Z.o M~ ~l Pv \~,p ;:; &(;,~ M no ~ 

64 :: ?';'6"~ 

rl~o f)U~6lG 
I~ 2,-0= '2...\1," F 

A~ OG\.,J P~I~n 

Solution(s) ~LO~ ..1~SIe\J(no...)-:, 
,?e'·n~'l.~s 

( u Q/U;'~ po ..... \> 

~-..).,...~ (t'e 
W 1m 0.\ a/" of' 

t."(.~ CI~'1; ~ ,.00\') 

tt~ [<:'i ~ ,!>,o [G1'lHg[etl·t"to[~ t] 3 ],o[Al - - 51 So .'~ I 

~~)41.[et) H'i:S.[€''f] 4b~,",[c::t) 310 llZ!}J eels] ~ -3"72,.;5 
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7it:1 0 8m] [6].001 Cs IOJ (;'(1 , CS roJ CD ) [~Tt:>l[€1 Cn[9:'':ll. \~& [sn5)('1-1."6V4[siD1Ci1CncP:::.l- 0.80 

V 1.. CEf J 4(,,0["') (sro,,) CAJ t 5 1 - a.,,\> .... s::::: \OOH'~. l'Z...l. \ 1... 5 v~3Lf Pul~ Of= 

-z. [~Tt:)J (15\3";8 [Et\ <\(:,0(,"1'1 owl CAJ CD,} .~ (2.Vt-l>·~ \)0 l6<:. 30'0 . .:0 OEW 901\..>1''::'f 

z. ChlCsrJ1?>'-)Sce-t14"oCt'1 C~roJrAJ cn- <a34.~ "''''' ~'i LI\~A\UIlc C.,\oI€lo \I~ 

B4e:, ,...~ \~ ~\ 3C)S o~ >c. al,.zol.. \~ l,SS ~/o ~ot Pv (A\"C"" ... A\,C~ 

Reference (s) 
-' 
ll-J~ t)\,)(nc.,:) -,.0 LI~fw'\\C.A.L E-N:.leJ..ea.I~L.-.I~~I)'1,.,.A""',(.')·' S~\'\\-I.. ~ V"t-J lJE~ 

""] .... J - r 
'- CO. ~ 1''11-,2,,/0.(0\. 1" \O'\S~ (V"·c.~~u -\-\\LL DQ ~'lS ,,10 35 L 

I ) ) 

CG(~ \."2--1\0) Il'-"\ 1.. 

7 -"LS 
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\~Tl @ 
~~ 00\.£ PUI ~T 

ill ~ \:IT! 
~1 \/APo(l. PaGSS0 at I oeW POI~T 
~ - A ,IS ...... (3,\lt!.~i.C_ ?'4 ~ O€~ 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

\ \..-OAO ~IOG~ l Af..)O 'Z... ClC=1 
"Z. \...0 A 0 ei \.U \ l' \-\ ~\)i¥\,o;,ee.. COM (lo I-lE ~ s ~ (~) I~)] I~TOil 
·3 loAO '5 'fA<- '(.... W\~ Q ... vS T OA~ ~~u.'I"\P. 1_~IEf I "" ...... \.\'" 

t..>.''"' U) M Pt>.L.;€ LJ"i Fla.,>, A&'S. Oa.G~5 """"""' 
CI~Jle'tJ of 

~o. t.lr..t-l D o~ \'/ZG}.s A- I ?.t1 [Sf I """ """' l-\a 
~ L-of>.D ST'lV ll.- L> l'1\-\ [>, 1/'>\ o~T""A Fi:)(Z. I \J..)' 1 [ ~J D~ 

~ - \ ~ (..01v\ PC>I..)c I..ij f'-.JaT rn.G!>S e/s """i\.IICe ~ -i"ttaMP It}tJ -I I I € !J , - rf>J_"-~ 1 I~t-- J 

~'-L..oW ~ 4 UjoJTIL- D. Ll- 6z)~,,\ P oiJeM II),' . 1 11 J"J-I € I 
() ll.:rA I-\-A~ (.I,.oSbN G~C:O. IT~-, I 1 (lis I 

litiS II j 
5 SIOIlC el!. w~~ ~~ ~\Je~~ '"\'€'M P. "T of. L(T) I [s:ro-)"l 
c,.. STeeG eta.. v,~ ~VAL D (l.€:}';:. I.N2€ ~\. ~W"\\\.. I CPx] [it"t)Bl , <,'\OCZ€ er \,0) \w, bt \@~ ~ ~OlA. t A..J1 1 II 1 

t. ¥ .. t ... : L. 
J 

C:>'lt>(k ~uo I Iison <-I cAt - \ ,00 I o,(X)\ 

e. SiO(ZG f.., \..j \1)-\ ~\ ,,~ 1 ~1f'(tV,...\.. o~ t~T)1 b~_oJ 

~ "'S'1'OeE ec W\'{t4. ~ ~ I~)II~£] 

\0 
-t f="olt &~60l€ PoIj...)7 'K [l)~ S" I t"1D ~ 1 "jThQI! It-l f\lo,f FfU>.C' 

Q,r-- ,\ ID:,s-11 ___ J 
\\ i- R:>fl. De-W PDI~T 5'\OaE ~..; 10 ~\.G FMG Ip~·511s1'o~1 

e .... , \ I p~---,s 1 [_ ~~-] 
1"2- ~oe. DEW POI"'>1 ID (2.G~~ D IQ][-j c::.F 
I 3i- FoQ. (Oub6L~ PDrtJT p(l.£~~ ~ I (3, II ---1 or-

l J L .-~ 
----- - - --- - --,ail Foil \/AP£ PIZ€-;,S~£C 3TDtlE tJ \..,1 C2.:t [GlY] L~1')~] 

\~" s'W<U: "\ iN e.A. cQ. [<J')~ [5~-N 

\t: O('2.f;S ~ c.. I~~-] C-] 1"\M ~ 
1 __ ] [_-J 
I ____ J [=~~J 

t' 
O!-i \..'1 OJ..,.i'€ Poljo)"\ P.>lI fl.al c; Qe. O-Sw <,~o.l 1 ---] r-_l 
o,~ L~l.LU\'~cSO AI. o,,:,(.~ Bu"\ SuC:.l(;~"tlJ-r 1 II I 
(Ac;.,Gs ~1L SN"I'- >~ S'TEM (.1\.f,J ~ A.-i" 5T'6f' 5 [ __ J L_- J 

~K 
1"\:1"=:.'"'5>£ ~~ ~ pn(;)l.)~L. Perl. ..... ,-p..Pd/... [---] i-J 
P(U=S5va.e ( A\..<..vLl~"Cu ~tJ0 c.~-..) ~E" I- I [ I 
($"1lG"<' -..i\'t:O AFtei.... S~ 4. 1 1 1 --j 

r -----1 r -.-~ 
~ou:· SP(!l5Y) tt t=><Z<!>c..eAM \~ aGL.Ai\v€l'1 I 11---1 

I 
- ] [_.- ] IIJ>';~S \\\~ \1::) ~ 

I 
--

II ] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 *' L~l. {l.. ~I 1..S \\ I..o,,-Oll..lc;. Fc~ ~n::> 0 ~1 OC 

'S'TO J!.,. '?3 \\ ~~~\tl€U\ -± U~L 0 ~\ ZS 00 e,~" ,~ \..OoP Do j..) 

e~ 35 53 SOI...UT\o~S ti~ ~ \ ~i 1.1. 0\ <." A L.c.\i1.A-~ ~\ J"'-~ 
'5\'0 B ~3. \1- 060 )t. 1\ (A(..c..\JL.~~ y. 
{l.~ 3S '53 c.}~ "2. ~\ 1.1.. .::."l. t. "t~ 

S'Tt) <... 33 \> ()C) 1:. ~\ 3~ 

<Z..-\ '35 53 4\0 0 (""l.. 00 I..OOP ..... ill.. jo..J 

51"0 P 33. \4 lUI.. 0 ~4 00 (.01"'\ PA~ t. 1....1l-' 
toe... ~ \ S3 , 0\ ,. 

010 (lCI.. C ~4 \~ - s~ 
4 04 (CoN ,,"&l.T I ~(.. "F ~ ua. 'J. ')0 ~Ie\ C~L ~ ....... t~<..\ 

10 0(0 ~~'\"'O ~ J."l. 01 APPao~~ I I ~ l>oT 

0 00 f:l...I!:.S ~s b<\ ( (-I..~ ... ",E' bT 
0\- b\ 070 e.c. ~ c ~4 1.3 (..o~PAM ""c:..c.vllA C'1 

S1"O c.. 33 \3 )(.-'1 3S ';,1-
)t. (\ )( ~..., ~1. ,I 

e.,tL. 13 34 \1. "n;, 4 1.L c~ \:) 1')I)~A'1 o IJI!.CI~~ 
Loc. 3\ s~ ~~~ 5 ?>' 2.1... oS ~"1 r..J€1,..) T 
(lLL. ~ ~~ l \ ~ 2.1... -.11. S~/2.:t ~c:.~I,.l 

020 4 o~ ~ ~~\.. C. ~\ -z..s \3 CA(..C. Pv 
"- Db lUl A. 3~ 1\ 
0 00 ~~~ ?s L4 
'T bl S C)S 

c:.n:;> ~ 33 II 080 T -.&.i 
¥.. 11 )'.60') ~ ~s ,,4 
- SI e.C\..G') ~6, 1.4 

(Ui... c. :3,£\ \3 >'~1 -.1S Sl. 
e.n.. A. :,C\ \1 ~\ 

- S\ )<~ ~ 'l..S 1.A 
030 -:- 81 ";.u \,.. oJ.-!O A:.'t U;.~. e. s. o~ 

S"tO CI) 'B LA .,~(k Iwej..) - ';\ 
1Z.c..1... 0 ~4 \ 4 ~~I ~-s '-~ 
l.,oe... 3i C;~ (Zu .. (i) 34 '-4 
fU.L. c ~~ 13 090 "" b\ 

...... 11 \oy.. ~1. <;3 
(In .. (.\) ~4 2-4 12. 'T r-) 3';, "2.L 
e..c,- <. 31\ 13 ¥ L~L D I~~ 1.S \~ 06\.1 ~I..n 

)( '11 1Zc..i.... E "!>4 I'> St<:I a.E t....) 'u e..~ 
- 5\ sc,-vcp ~'t u2R=. ~ '>1'0 ::r ..2S 33 

040 )l.....,~ ~S ~ '-L ,.. 44 CLll:Af C2Q 

S oS ")~ 0 ~~ 00 

+- b\ + U~l (p ~ \ v; 0<0 e,e" I""'> po \..GO\' 

)<...~~ ~<; 1..4 ~')~ 1 ~I n OJ <"~!-<"'U~~('f; ~\I"": 
';)1"0('1) 3~ 1.4 ")''tOQ,G ,oj (ZUt5 100 )C..~y oS S"l. <.. ~LC.", ~I\r€ ""t ~ 
~~r ~s LA .:. 8\ 

5 oS c.~~ 1 ~\ "Z.'Z.. ~1. A"{.i. - ':>1 Os't .~..l H 
X~~ '3~ 'l..4 C.TO " 

l1. 0Iv L-ooP '-..>TI\" ..., 

OS:C ~\ ?>"!I \4€"'Jt\' 'O;""PoiJE ... \ '((.c:..lo ~4 00 WM pp.ae- t. '-> \\)~ 
050 ~/5 B4 \ 0\ I. 

(l.Ij 84 s\O~ ~ ~ (O"Pc .... ~u S\ 
~TO /l,. '2-l \\ "'-::>0 ~I 10\ ( i1€t.~ Felt 0:>a.,l.€ (,. .... 

• L&i.... B ':7,\ 1.<; l1. \51..i C>C)I.;S POI"",, C.TO "l 'Z.-1. e>J. APf,1C>1-«. HI ,c= /olo'l" 

I2.('L ~ ';4 \S "10~ ~ ,o..l e.x 110 A 6~ 3S ("4 c~,->c,c bi" 

~\O '! '?lS 3} (2.'- L c.. 34 13 c.o",",PAiU- ~U_I.JItA'l 

C.l ~ 44 <.. LtJI.( Q.o )l..1:+'i ~<; ;;"t. 
REGISTERS 

Of l'o, OlZ'{" 1A~ 
2 A .. _, 3 A

IJ
- L 

4 

~IJ -1 5/::'-1oj_4 
6 

&w 
7 

B"'_ I 

8 
e:,\J-~ 

9 
B tJ-3 

SO S1 
..., 

S2 ;.j - \ S3 ",-1.. S4 ... -~ S~ ,..; -4 S6 S7 S8 S9 

~"' .. 4 -"I' ) "1 "l' ) '1 "X .1'1 'X,1 ~ I 

A I~L Vr2G:>~ Ie b ~ Db\' 
E II 

':IEeo \" ~ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

x. ~y 3"l 1\ 
"TO 4 1..'L 04 OI~PLA'1 0"1.j 

170 

,,':>~ '0 ~'2. 1..1. \1- \12."1 1oOS ..... .,. 
(.."\0 D '21- 14- 5~cz..r A.c:..A.,..,l 

~ Ll;l I 'l,i zs 0\ c.A.i.-<.."' ... A.~ \( ~ 
(.,..,~ (.. ~I 'U n 
Qc.Lll ~4 \'l. 

120 - e" 
x.L~l 3S 1.4 

\ ~t 

0 00 

-\- b\ 180 

~~! ~s "l4 
(lu. (I) ~ ~ 1..4 iZ.u .. 1< ~ ()it "1 : 
(LTiJ ~'; 21-

~ 1-5 L L. ~ \ 1..5 01.. L )(: ",,-'1: 
)t~~ ~s 24 

130 1 01 

0 00;,) 
... 1.;,., 

~~:l 3'> 1..4 
-:..~ ","0 ?~ eoi 00 190 

~\to.l "~S 22. 
~ I-c,\.... .J ~\ 15 0> c: ,~"'tJ",.£ J:>T ~ 

t.~c. \> :)2- "l."L i'L. Oew 

c...,G "- :~ 'l. 1..1. l \ 
<-."\"0 e, 11- \"L 

140 *' v~L. d 13\ z.s 04- Cv",vefl:\ ,,~ 1"0 oF' 
(Ui.. A 34 ~T ()I)Dl.A"t T 

4 04 
~ 010 
0 00 200 

- 51 
ct, t.J ~ 1.1. 

'r L{!, .... 5 '1..1 1.5 oS .... Eu T 
(2.C.L A 34 II 
Q(I... 0 ~4 \4 

150 \" 0\ 
~ro A 3'3~ 

Q.Tt...l ~; 2l. 
if i.-C>L' 12" l..c; 01 (I\A ...... ..; ~i ~\'l.. 

'-t~& S l, 11.. oS Bve.~\,.c:: 
210 

Cts~ Q.. '1;,1. "2. 2. II 
itT1) ~ 1..1 \& 

Ir 1...9>c... 0- }1.. '-~ \1 
12..c.L...!) ':>4 l <\ 

S os. 
160 '(,\ 

s,'t'O 0 ~1 \4 
I2.T~ :"S "2 "L 

• L&l b ~ 1. 1..«; \t 
fLC.L. b. '.>4 l\ 220 

rLc\. D ~4 ("4 - s\ 
S\>O A. "'.>3 \I 

((..Tt-J :.'; 1.1. 
LABELS FLAGS SET STATUS 

A B C D E 0 
CP.LL.A.~ '( ft.L-(.. i1vP.>" (AU- p. (Au.. D~W FLAGS TRIG DISP 

a b c d e 1 ON OFF 
ir~/lI.~ ~T C.i-\A~' b"\ 0 0 I1lI DEG ~ FIX ~ 
0 1 

~~ 21 1( ~ot.'1 ~ 3 4 2 1 0 ~ GRAD 0 SCI 0 
Dc Loe: P c../lI.l.C (l.'A~<..6 bT DIH' \" 

2 0 ~ RAD 0 ENG 0 
5 6 7 8 9 3 
( IJ,A\..)i. E;" 1)1 Do I-oO~ C.\-\flo.t-ll,b bT 3 0 ~ n~ 
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Program Title SINGLE STAGE EQUILIBRIUM FLASH CALCULATION 

Contributor's Name Kerry R 0 Kelly 

Address 

City 

4208 Salem Drive 
Baton Rouge State Louisjan~ _ __ Zip Code ~70814 ._ 

Program Description, Equations, Variables Given the number of componen!:~_ (!l~L_"tl1.e_ 

mole fraction (zi), the equilibrium ratio between J2l'lases (Ki) for __ _ 

each component in the feed and a first guess for the mo~_e r~~i:<:> (V/F)~_ 

the program will use a second order Newton convergencef3C?pem_~_J;~ ___ _ 

converge the Rachford-Rice equation to nearly zero (10-6 >-0_ 

0, Rachfo_rd-Rice __ ~~'n __ _ 

(V/F)i+l = (V/F)i - f[(V/F)i1 /f'[(V/F)i] 

f' [( V/F) iJ = -t1Zi(Ki _1)2 /[(Ki":J.) (V/F)-t-Jl~. 
1= 

r 
Newton 

____ Convergen~~ __________ _ 

__ ._.!!ethe>.cl_ --.-~--------

Next the program can solve for (Y/L) and the final_com.P_~~~tioll_s of_~_ 

the liquid and the vaporbYJ (V/L) = (V/F'l!~l.':'-LYLF)+__----~-

---_._._------

y. 
-1 = Zil1. +_ (L/V).J / -r 1._ -t-_~!LIS.l-~L/Y)l_-----.~.--.--

Operating Limits and Warnings 

Maximum number of compollents= 10 

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT liMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABiliTY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSeQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(e5) 

F, (moles 
zi 

FLASH 
VESSEL 

v, <moles/time) 
Yi 

L, (moles/time) 
xi 

Sample Problem(5) . A. five comp.onent mixture of hydrocarbons is fed to .. a 

steady~s"tate flash vaporization giving product equilibrium at 270 0 F 
.J:U1cl 50 psia. The details are given belowl 

Component z· 1 K· @ 270 0 F & 1 50 psia 

CJ . 0.1,5 12.75 

C 4. 0.25 5.61 

C6 0.05 1.40 

C7 0.30 0.705 

C8 0.25 0.375 

Calculate (yLfl and the composition of both the vapor and the 
roduct streams. 

Solution(s) 5(A)-.2 .• oOOOo; .15 t 12.75(B) .25 t 5.61(B).05 t 1.4(B) 
.3 t .705(B) .25 t .375(B) - 0.00000 

.5(C)(caJ:culation time ~ 72 sec) 
(D) ~ Xi 

0.01438*** 
0.05320*** 
0.03785*** 

0.39304*** 
0.50153*** 

- 0.80243 
- Yi 

0.18339*** 
0.29845*** 
0.05299*** 

0.27709*** 
0.18807*** 

Reference (5) (1) 1(ing, C. Judson; SEPARATION PROCESSES; First Ed.; 
Page 513; McGraw-Hill; 1971 

(2) Kern, Donald Q.; PROCESS HEAT TRANSFER; First Ed.; 
Page 332; McGraw-Hill; 1950 



STEP 

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 

SINGLE 

PAUSE? 

STAGE EQUILIBRIUM FLASH CALCULATION 
(V/F)+f{V/F) F-V,L 

zi t Ki (¥);(¥) -+xi'Yi -+ (V/L) n 

INSTRUCTIONS 
INPUT KEYS 

DATA/UNITS 

Load side 1 and side 2 CJ[-~ 

Input number of components. n crJc=J 
Input mole fraction of component i ~[ J 
in the feed. z· 1 I EN'IlBR + I 
Input equilibrium ratio between I _I [ J 
phases for component i. K· 1 [ B J [~] 

I- . j IJ Repeat steps 3 and 4 for i= 1 to n 
-- ---

Input a first guess for the mole ratic [ j L_~] 
(V/F) and compute and output the r I I j 
actual ratio.* (V/F) n [.~c.-J [ ___ I 
Optional. Compute and output the [- l r--- J 
mole fraction of each component in [-- -) r ] 
both the liquid (x;) and the vapor{y;) [~~J [ j 

for i = 1 to n ** [--0-1 L ___ J 
I j [---~ 

[ j I I 
L~_J[_1 
I -J r----] 

. ---

Optional. Compute and output the [ I [--~ 
mole ratio ( V/L)** [_El [·_1 
Optional. Input the mole feed rate [~-_ J l _ - I 
and compute and output the vapor mole I ---_ I I j 
and then the liquid mole rate. ** F I f 1 [ .~ .• 1 
Optional. Toggle pause mode. Used [ 1 [ ~J 
to watch f{ V/F) converge to less than r I l J 
10-b. [~( I r A 1 

I ~-] r- I 
* This calculation is trial and error [- -l [ J 

and may take several minutes if a r - I [ - J 
large number of components is l __ .. 1 L __ J 
involved and/or the first guess is I II ] 
poor. I I I I 

I 
-

) r I 
** This step can be performed only [ J [ --I 

after step 6. I .11 __ ) 
I ] [ ] 

I I [ __ ~J 
I ] [ ._. ] 

I ] [ ] 

61 

OUTPUT 
DATA/UNITS 

n 

z· 1 

n - i 

(V/F) 

Xl,Yl 
~'Y2 

• · · · 
~'Yn 

(V/L) 

V,L 

1.00/0.01 



62 
STEP II.EY ENTRY 

67 l)rC)~r8m I.Js'in~ I 
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

1-00_1 _-+7f---,L=B=L=---=.:A~3=1_2:..::....5",----::1;:.::;1 Se t Up the I RCL E 34 15 
1---_+""""----1 __ _+_----'!O~l....... register for + 61 

- 51 data input by STO E J) 15 
h ST I 35 33 storing the no. t-06_0_+h;:;----:;:R.:;;TN:';:-n-t-;;;-:;~J~?~2;::;_2t_ _______ _ 
STO D 33 14 of components f LBL 2 21 22 02 Set flag 0 SO 

1----_-+=-1 ___ +--_---:;0.-==1'-1 minus one. RCL A 3!±- 11 that subroutine 
+ 61 (n-l) h SF 0 35 51 00 c will calc. 

t--_f-!h=----='R'=-T.."..N_-t--=-_3~S~2'72_+_ _ _ _ - - - - 1--_-tIK~G='"'S~B~c____t_"~~2-2-2___f'"11~ f' ( V IF). 
f LBL B :n 25 12 CHS42 

1-
01_0 _+S~T~O!L.....l("""",i,-,-)_+_-1.i-11~2~4 Store K i and Z i t--_f.h-=---::C:-::F::::-=-0_t-3 ..... 5--::p-=:;1'----:::-00=-t 

h x~v 35 52 in the proper t--_-fh=---=R:=::TN:=--::;-t-:::-::~3~5~2_=_2i _______ _ 
f P~S 11 42 register and f LBL C 31 25 13 Must constrain 
STO (i) 11 24 then display th"t::t--07-0 _t=S'-=T-7-0='A=-----t_~TI"":---'l7il~ trials to 
f P~S 31 1'2 110. ABS 35 ~II / I-----+=----=-.::'-=--+--~=-_.:..= -r'_t number of com- ~1 u_r 0 ~ (V F) ~ 1 

1---_+f~D~S~Z~_+_~3~1:=-----<3~3 ponents for ~ FRAC ~2 83 .-
1---_+G==-T~O~0'----_t:_::____:2o:-=2':---"'0=0__i wh i ch data has t-----r~=-:G::-:S~B==-=--c--;-3=2-2~2~1;-;3~-~iC :- :[(:!IF )- -
1---_+f~L~B="'L"--="'"0_+Bl=--=2=-S'::--'::0:-'f0__i not yet been STO C 33 13 
1--_-+=h---'R:..:.;C=---.:=I~+_-3 ....... ; 5 .............. 3c......;4_t entered. h Fl?3 5 71 00 Pause? 

1 01 ( n _ i ) t--_-+h~P~A~U;__"S-=E---t-----:3~05:.2""'7T.'2i- _______ _ 
020 + 61 h ABS n M Is 
t--_~h~R~TN~-t:--;:::;--::1~; S~22H- _______ -t----II-7EE=X~ _ _+_--_=_4_+t 1 I f( V IF) I < 10 -6? 

g LBL c [32 25 13 Prepare for 16 QQ 
STO A 33 11 ICHS 42 
RCL D 34 14 calculation of 080 Ie: x>y 32 ~ 

t---Hh~S;...:T~I;;--t--~3*-i5~33;;!;--f f( V/F) or IGTO Lt 22 O!i 
o 00 f' ( V IF) • t---+f.........,.G=S"'B----;2"....--t-2""""1----;2:;;-;:2~0n12t- Ad j u;t -( V iF)- -

t--_~Sc-=T~O=E~7"""'t~~3;--;;3.---:==1~5 __________ t-_--+;=RC=L=-:--"C'-------t-_-:3~~::__::1~ '1 by Newton's 
f LBL 6 t31 25 06 h x~y 32 052 method and 
f GSB 1 81 22 01 Calculate f( V/F)t----+=~-::-::---:---+----=-o---='"8==tl check the new 
f DSZ 31 33 RCL A34 11 value by 
GTO 6 22 06 _ f. Zi (I<i _/) h x~y 35 52 returning to C. 

030 

f GSB 1 [31 22 0 1 ~ - 51 
t---+-=R-=C=-'L~E=---="---t"-=--=-1~4;=---:lo-=.~:;-t - i=1 (K\-I)(VIF)+ I GTO C 22 11 

h RTN 35 22 1-:-09=0---+>=-f:":L~B:::-::L~~..-t-3-=-=-1--:2~5~0!l:'Tt- Re turn-wi til t-h'e 

040 

f LBL 1 131 2 S 01 RCL A 34 11 latest value of 
RCL A 34 11 or .1-_---i-'h=--=R,:::T=N--=---+-:=-'"'!!:3~05:---:-2r121- t Yi'fL in_d~lY-,-
RCL (i) 34 24 If flag 0 is se. f LBL D 31 25 14 
1 0 1 Calc. f' ( V IF) I-----t=f=----:::G;.:=S~B~E;:;--+~ 31~2~2~1:..:;t 'S 
- 51 RCL D E J1t Compute the 

value of X 71 _ f-' Zj(Ki-/)2. h ST I 35 33 
1--_+-1 ___ +--_----,0 ....... 1:-+ - -(~_I [(Kj-I)(V!F>+-I] f LBL 7 31 25 07 

+ 61 f GSB S 31 22 0 'S 
x. then Yi 
f6r i = 1 to n. 

050 

°Kn 
50 

A 

h FO? 35 71 00 f DSZ 31 33 
g yt::: 2 54 100 GTO 'l 22 Q2 
RCL (i) 14 24 f GSB 2 ~1 22 05 
f P~S 1 42 h RTN 3'S 22 
RCL (i) 34 24 f LBL 2 3..1 22 0 Ii 
h x~v 35 52 RCL UJ _'14 24 
1 01 RCL E 34 1" 
- 51 X 21 
h FO? 11) 71 00 1 J1l 
po xi:: 12 £14 +..6.l 
X 71 RCL E 34 1 c 

h y~V 1 £1 £12 110 1 0..4 
~ 81 + ~ 
f P~S 31 42 h xtt .35 S2 

51 

Zn-l 

2 

Kn-2 
52 

Zn-2 

3 4 

• • • 
53 54 . . . 

REGISTERS 
5 6 7 8 

• • • • • • • • • • • • • • • • 
55 56 57 58 

• • • • • • • • • • • • • • • • 
D 

Trial Used Ie 
f( V/F) n-l JE 

Used 

. . 

. . 
9 

Kn -9 
59 

zn-9 

Used 



67 I)r()~ram I~is'in~ II 63 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

... 81 
f P~S 114Z 170 

RCL (U 14 24 
X 71 
f -x- 11 84 
RCL (U 14 24 
1 01 

120 RCL E 14 1':; 
h l/x 1':; 62 
+ 61 
X 71 
RCL E 34 15 lao 

h l/x 35 62 
f P~S 31 42 
RCL (i) 34 24 
... 81 
1 01 

130 + 61 
... 81 
f -x- 11 84 
h RTN 1'> 22 -------
f LBI E 11 2'> 1':; 190 

RC"L A 14 11 Convert (V/F) 
1 01 to (V/L). 
RCL A 34 11 
- 51 
... 81 

140 STO E 11 1~ 
h RTN 1'> 22 ---- ----
f! LBL e 12 2'> 1':; 
ENTER ... 41 Compute and 
ENTER t 41 display both 200 

RCL A 14 11 the vapor rate 
X 71 (V) and the 
f -x- 31 84 liquid rate (L) 
- 51 given the feed 
f -x- 31 84 rate (F). 

150 h RTN 1 i) 22 ------
f! LBL a 12 2'> 11 
h Fl? 1':; 71 01 
GTO 8 22 08 Pause toggle 
h SF 1 1'> '>1 01 to watch 210 

1 01 convergence. 
h RTN 1'> 22 
f LBL 8 11 2'> 08 
0 00 
h CF 1 1'> 61 01 

160 h RTN 1':; 22 -------

220 

LABELS FLAGS SET STATUS 
A n B z. t K' C(*)()~ :f) 0 E_(V/L) 0 Used 1 1 ~Xi'y; FLAGS TRIG OISP 

a PAUSE? b C(*)~f( *) d e F-+V,L 1 Used ON OFF 
o 0 ~ DEG ~ FIX ~ 

0 (n-i) 1 Used 2 f' (V/F 3 4 Used 2 1 0 181 GRAD 0 SCI 0 

5-.X· y' 6 7 8 9 3 2 0 ~ RAD 0 ENG5D 

l' 1 Used Used Used 3 0 ~ 
n __ 
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Hewlett-Packard Software 
In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully 

programmable calculators is nearly limitless. And in order to see the practical side of this potential, 
we have several different types of software to help save you time and programming effort. Everyone of 
our software solutions has been carefully selected to effectively increase your problem-solving poten­
tial. Chances are, we already have the solutions you're looking for. 

Application Pacs 
To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex­

tensive library of "Application Pacs". These programs transform your HP-67 and HP-97 into specialized 
calculators in seconds. Each program in a pac is fully documented with commented program listing, 
allowing the adoption of programming techniques useful to each application area. The pacs contain 20 
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder. 
Every Application Pac has been designed to extend the capabilities of our fully programmable models 
to increase your problem-solving potential. 

You can choose from: 

Statistics 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

Games 

The main objective of our Users' Library is dedicated to making selected program solutions contri­
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users' Library, you'll have 
at your fingertips, literally hundreds of different programs. No longer will you have to: research the 
application; program the solution; debug the program; or complete the documentation. Simply key 
your program to obtain your solution. In addition, programs from the library may be used as a source 
of programming techniques in your application area. 

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs; 
catalog updates; and coupons for three programs of your choice (a $9.00 value). 

Users' Library Solutions Books 
Hewlett-Packard recently added a unique problem-solving contribution to its existing software 

line. The new series of software solutions are a collection of programs provided by our programmable 
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users' Libraries. 
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application 
areas (including two game books). 

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up 
to $35.00 over single copy cost. 

The Users' Library Solutions Books will compliment our other applications of software and provide 
you with a valuable new tool for program solutions. 

Options/Technical Stock Analysis 
Portfolio Management/Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing / Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

Games of Chance 
Aircraft Operation 

Avigation 
Calendars 

Photo Dark Room 
COGO-Surveying 

Astrology 
Forestry 



CHEMISTRY 

A variety of general physical chemical programs including equations-of­
state and acid-base equilibria are included. Several programs on gas 
mixtures and vapor liquid equilibrium are also of interest to chemical 
engineers. 

pH OF WEAK ACID/BASE SOLUTIONS 

ACID-BASE EQUILIBRIUM (DIPROTIC) 

WEAK ACID/BASE TITRATION CURVE 

EQUATIONS OF STATE 

VAN DER WAALS GAS LAW 

BEER'S LAW AND ABSORBTIVITY CALCULATIONS 

ACTIVITY COEFFICIENTS FROM POTENTIOMETRIC DATA 

CRYSTALLOGRAPHIC TO CARTESIAN COORDINATE 
TRANSFORMATIONS 

KINETICS USING LlNEWEAVER-BURK OR HOFSTEE PLOTS 

MIXTURE VISCOSITIES 

VAPOR PRESSURE, BUBBLE AND DEW POINT CALCULATION 

SINGLE-STAGE EQUILIBRIUM CALCULATION 

HEWLETT' PACKARD 
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