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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 bottle 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 | page gives a basic description of the program. The Program
Description Il 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 | and Program Listing Il 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 | and
Program Listing Il 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 retained. 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 Deseription 1

r D
Program Title PH OF WEAK ACID/BASE SOLUTIONS BY NEWTON-RAPHSON ITERATION

Contributor's Name Alan J, Rubin

Address 2577 Kenview ) o B B

City Columbus  State Ohio _ ZipCode 43209
\_

s

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

of a weak acid or a weak base solution by Newton-Raphson iteration of

3 z_ (KCH+K )x - KK = f(x)
) W w

X~ + Kx

where x, K and C are,(ljl+), Ka and Ca’ respectively, for weak acid solutions or w(glf_),

Kb’ Cb for weak base solutions, The first estimate of x in the iteration is

- ¢
x, = (KC+ K )

To calculate the pH of a weak acid solution, K (after conversion from pK_, K, or

PK,, if necessary) is entered with Key B, followed by C_ molar entered into Key D

(mg/1 may be converted to M). Hydrogen concentration is flashed for one second

followed by pH. To recover (H'), press A.

To calculate the pH of a weak base solution K; and C_ are entered, as above, and

(QH-) is flashed for one second followed by pOH. To convert to pH, press_R/S,

pH or pOH may be recovered at any time from memory without going through the entire

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

Operating Limits and Warnings

R1 through R6 are used,.

4 N
This program has been verified only with respect to the numerical example given in Program Description /. 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(s)
P 4 -5

l.) Find the pH of 1.0X10" M acetic acid solution if Ka is 1.8X10

2.) Find the pH of 3.OX10-6 M NHACl solution if the pr for ammonia is 4.75.

3.) Calculate the pH of 0.002 molar KCN solution (pKa = 9,32).

4.) What is the molar concentration of a 150 mg/1 solution of calcium if

its molecular weight is 40.

5.) If the K_ of a weak acid is 1.68X107>, find the pK, -

5 4

Solution(s) l.) 1.8 EEX,CHS,5,B = 1.80000X10 ~; 4 A—>1.00X10
D —»3.45X10 ~, 4.46 answer

5 10

2.) 4.75 A —»1.78X10 ~; R/S —=5.62X10 B—+5.62x1o'10;
3 EEX,CHS,6,D—w 1.08X10™/, 6.97 answer.

-10 5 5

3.) 9.32 A= 4.79X10 " ; R/S —=2.09X10 ~; B—e2.09X10 ~;
.002 D—~1.95X10-4,3.71; R/S =% 10.29 answer.

4.) 40 £,C—w40.003 150 C —= 3.75X10 > answer.
5.) 1.68 EEX,CHS,3,E—%2.77; R/S—*11.23 answer

(alternate: 1.68 EEX,CHS,3,f,E —= 5.95X10" 12

;s E—/" 11.23 answer)

Reference(s)
J.N. Butler, "Ionic Equilibrium. A Mathematical Approach,"
Addison-Wesley, Reading, Mass., 1964.




User Instructions

moll>M  C—pH x>

Mw 1 —pH
STEP INSTRUCTIONS o A'T'm;”s KEYS o :’T‘f/z:as
[ | Loact side 1 [0 ] o.00
2 | (optronal) Enter moleccdar weight MW L5 Il < | Mw
3 lAce . OF ,p/\‘ OF Weare Aap Soecnion l_—J [ |
Q| énter Ko directty Ko Lall |
& or oSty conversion of ,p@ 0K l All B |
& or aftr Conversion of Ké ,KA { + H & }
| & }
a | or after conversion of pk, pKp | A || R[s|
' - Ko
b | Enter molar corc. dlrec'f‘/g <a l DJI I
b | o after conversion from Mm/,e <one. . ma/Z. IC Ny Dﬂ‘ ,F‘“*
3 | cacc. oF pH of wenx BAss 7 SoLvTion ” [ .
C | Enter g directly Kb e I |
& | e after ConV'ers;om ot OKL o | All & |
¢ | or after conversion o K ‘Kn }{HE}
B
¢ | or after conversion ef oK, Pra | A JIRs]
| & || ] L,
A |Enter— molar conc. . d(rec.ﬂu < | oIl ]
A | or after Cms&csm_ai_m%/ﬁ Cone. . Iug/é lc |l p | PO"‘*
€ | Gonvert pOH —~o ot IRIs|| | o
4| Gonvert pH vo Cut) pH L ALL T ke
or p/u/ Yo SOHT] "otd | A |1R/S] LoH-1
or p[-/ Yo pd// ,pf[ £ Il A ] poH
E |l de:@ﬂu/ae crror of celculation ’ L 1l B ] [Seoffoo
| & | 70 Iorves P or pﬂ(/ [ 'fll [ & ] o)’( *
1 | ConverF ﬁﬂﬁ’ -Aoﬂl{ or p/f % 0k, = [[‘FHA : j
/pr ngegag) P F Il A4 ek,
o (H*] Ao COh=] or Ay o A L T
lor rererse) foud | £ 11 €1 [543
I .
¥ CHY] or Tol-] s d/s’p/ayeaé For one | NI
Seeond followed ég PH ar ,am } H . :
I N
| I
I
| 1
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COMMENTS

KEY CODE

STEP

KEY ENTRY

KEY CODE

COMMENTS

001

Seeca [ 3125 0 | Gnverr _CR¢<—3 3¢ 0>
fgf N % Flate sg z ?:;36:;_
q Sc 32 22 Phot» 4, 060 &t | 12 ol
Rls 84 LPH o THY) ete. n RN 25 22,
gL e (32 25 5] ,,,, e gBL b |322512] 4@)/4‘/(,4)
EsEx 43 47 ReL S >4 095
Hs 4z K and 4 q sy 27 2%
t ol or v Rls 4~ bispad K
010 4 o4 [/,/17 auwd [OH) Rei 24 ol
h XS54 2S Sz h R 25 22
s 8i Lo |3 25 ol
g Sci 2z 2% - R¢ee-Z 24 p2- | Newton- Raphson
£ bL.:'nd& = ’5:3ilez§ Convert ﬁil' : 34(::\01 theration
(L
toe 2 S3 SHY) fo f,ﬂ Lce 2. 24 o0z
-CCHSK 342% WK1 ve P B )i.fﬁ 34-7‘
gl\s 1(34-5 Re %o PR o, = 510 =
020 qlpc a |32 z5 il Rei z 29-02
- ‘1’_ ot /"’e’d’”"‘i@ RX Tt
o4 ' . cLg4 4o
h xzy 23S Sz /mg aud phy - St
y - Si /p// sl pH 080 Rerz 34-02.
EiX 2 23 3 o0
h RTN 1S 2Z2 X T1i
£ace | B :S i3] Cudewdase. wolarity Ree | 34-20_1
65)& 0:55 frow mgle )Z(. e?Z(
|20 < 8 + ol
Rci & 24 ok RCi 2 34 02
-+ Y ZaS i
g sci 32 23 Rei D 24-03
HE &4 PISAAY Hw 090 - S
RCL & 34 06 r 81
£ %}i‘ 34 23 STOS | 33 a;_
h 35 22 h ARS 3s
£ L B 3!3;.1'11 envTer. K Rca'_z 'atqaz.
p— ,
040 i™ re-nll 35 22 = o1
g ldic 132 2513 ever MW < (=3
SYo o 3306 h x=y 35 Sz
h RPYN 3< 22-‘4_ g xX£47% %2 U |tzs1
€ pLp| B 25 OH 100 & £ 4. 122 24
B (| 2201 |CTPH P Reiz | 3oz
i . <L 5 - s
5);26 13 Calewdates k.. 5‘,*57
CHS 42 Consrants ST 2 | %3 0z
/ ol &1o | 22 ol 1TSS
050 4 o4 R|s 8+
5-/-3 . 6/ 9[2.94.4. 31325 14—‘__-./9/./ or poKt
i 3 03 cLZ oz .
h tot x| 35 gz g S€l 3z 23 | frow mewory
Ll | 24-0{ 110 Kk pvau $G T2 |Fasu $x]
S)é s 971 &Te & 22 5 busrAy pX
Yo 3 pq-
REGISTERS
0 1 2 3 4 . 5 6 7 8 9
K Hest [CK+*ko | KKo |F00 Moo | Mw
SO St S2 S3 S4 S5 S6 S7 S8 S9
A C D E I
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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
A B C D E
X' ® K4 ugll» 8 P CopH [epxsu-p’ FLAGS ___TRIG DISP
a v 3 b c d e 1 ON OFF
Pla<r PXp | fe0/f00; K —>pH XatrXe oo ®| DEG O | FIx =
0 T Lsed 2 3 4 2 1 0 & GRAD O sct O
: : >0 8| RAD O | ENG,O
7 B 9 3 O™ )




Program Deseription 1

(Program Title AGid"édSC. eyuz'/;ém}m (A//'fvaf.ic ) )
Contributor’'s Name 554 r/¢S A//n 57‘0")
address _ John TM’ Caol ese H+4S W 99 3t ,
City New York state MY Zipcode /0019 )
.
(Program Description, Equations, Variables ?rojram ale,?"erm}ng.s [HJO:]UOY PH of a.
Soltion of 2 dibasiz acid and/ov /7% sa/%. /?aztu'ruf /riptd‘ are:

K, and Ka : Fivst and secand equilibriam censfantz of?‘&. aced .

Ca 'Initia/ conc. of the acid (2R Kw=lx00~"Y

Cs. i lnitial cone. of He f/rs7‘ sal¥ (NoHA) ,

Csar lnital come.of #e second salt (Ne:A )

The fo//awhy e,uafzin.c. are wsed. (x=LHs0*] )
Mixtocre of (oo teo) Epgatren ;

| Hah x¥+ K, x? + (K k=K = KiCa ) ¥ = (i K+ 2K, KaCa )X = Kuw K Ka=0

2. K2 A +NaHA x ¥+ (Cso+ K )xP+ (KK Ku = KiCa )x™ - (Kiuk,+ Ak KaCa+ KikaCaa ) X
; ; ~ Kwkiky =0 ;

B. Na HA x ¥+ (Cart KX+ (K Ky =i ) x* = (KK, +Ki KaCs ) X ~Kiw K Kw = O

e HA+NMazA x4 (Con+ ACsa+ K ) x3+ (KiKa=Kue * Ki Cria )0 ~(KiwK, +KiKa Cgy ) &

—Kwkiky =0

KNes A X¥e (2Cna* K) X% + (K Ka=Kiw + K\ Can) K=Kk, x -KiKiKa = O
Approximate values Lused as sfarﬁhy values for the cleratire sslubion) are:

l. x é(Kth_')l/l 2, X = K'Ct/c,su 3 o x= (K;Kg)'/zk |

'1, x = 1<1C3|I/C$:vl ‘5" X = (Kw k2 /C;,g>‘/&

Operating Limits and Warnings .
The re ntations #:A, NaMA, ct. are used m a 8¢:nera./ sense and do

hot refer +* any par-ﬁéu./m subsfance.

\_

This program has been verified only with respect to the numerical example given in Program Description Il. 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.
e




Program Desecription 11

—)

Sketch(es)
\_ ; : S,
- )

Sample Problem(s) "U)'\d is the Hso* c.onun‘f“\-od’\;:n Q—O\" a So,lu,'h'on con~-

'\‘cu'n\'na 0.0%5 M sodium Lu@\-saen oxaJate amd 0.0l M axalie acd ?
Wwhat PH s thie 7

K, = 5.90x 1072 Ky= 6.40x/0"%
Ca= 0.0l M Csi = 0.05 M
Solution(s) Kby $+"0\<¢ -
), [¢1CA1] —> 0.006 o0
2, 5.90 [Eex)ens) 2 [Ente] 6.4#0 [rexdlens]s [R1 = s51¢0 - 02
3, .o/ LB] -> 1,00 -0
4,05 [¢] - 5,00 -0
Cy Lel Read LH20"7 > 5.5Y -03.
6, L¢] [pl Read pH ->2.26
- J

rReference(s) J.G. Dick, Analytical _Cﬁcmis?‘l-' , MeGraw Hill Book Co, 1913 |




User Instructions

STEP

INSTRUCTIONS

INPUT

QUTPUT

DATA/UNITS DATA/UNITS
| |Load side I and 2 [ 10 ]
2 | Intalise (E 1A [oos o
3 Dp‘homﬂ: To stop of ¢ Haot r To Ll :,I
ncel st rox (120*7 L$11¢c | |noofos o
H |Enter K, value K, ENT‘H [fiijJ ke,
S [Enter Ka velue Ka - 7] K,
e | Enter Ca COMi'(' lF Ca=0 ) Coa M [73 H ,J Ca
T |Enter Csu (omit ¢ Coy =0 ) Coam]| [C I | Cs,
3 |Enter Csa (omit 1€ Csa=0) Caam| (DI ] Cs.d
q Te g:} N\GJ&. L‘oﬁ' bcsic e;TLLll;Lv-\&m l ‘F,J [73 l
’0 ComPu+f_ £H30+] Rl 17E§| [::;J Dj}@‘] M
“ l' . onve + fsylt. +° ‘.PH * LF I[QJ ?H
12 O%‘f\ﬁho.if To convert JI.S'DIA.Q CH20%) t Con-] [}_f] [L ] ";OH'J m
[3 [For new Case ga to s‘ng d&. | ,;,,] I,,, |
1€ K, and Ks ave not to be CJ'LQh%Qc‘L; } % }
steps H and & ey be owmitted. All values N
c‘-o\"C.m: Cg.u QMA CL: mus‘l‘ be en'(‘e.uJ fo* { H . 1
each vun (.e.xu.p"l' o) [ 1;” |
I R
*(M30%] may be recalled by Rek || # | [re*1 m
? v ]
bl 1€ = wode (s selected: — ,E;,,]
16 [Compucte apprex TH30*] LE T ] |Hs07) m
104 (@Y Cov appron. (He0*] will dugay w) pauce) |R4y L | | pH
! LIl ] [tHge®l M
.
S
N
LI
[ I
[T
I
[T
L
L
I
I
I
]

' " ' Lo o
. i H I I I i
[ U SN S S S g S S

I A
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67 Yrogram Listing 1

COMMENTS

KEY CODE

STEP

KEY ENTRY

KEY CODE

COMMENTS

o1 ¥ BLO [21 25 o0°] Sdve c‘uo.v-""\'c et‘ relL ¥ 24 oY
STO ¥ 23 0 D3P | 22 02|
STo E 33 15 Fra 135 21 02 |I¢ basic mede wt, con-
g; ; s u :4 060 6;3{ e R 52 'l?z_ veat Cow) 4y iy ]
F?) 75 77 ot ¥L8Le Convert Trinsy 4ol
GsBd |72 22 ¥ Rel € T oa] vt D) telu])
FLx 31 23] = B | °7 veverw
DSP 8 23 08 /x 35 62
010 7 ° TN 35 2| .
l ol ¥LELA (37 a5 11
c#s 4a | S70 ¢ 33 o9
STo 1 3% 33 N 25 53
RCL 4 24 oY 070 s A 33 1
RCL 3 74% 03 RTN 35 22
+ A (LB I 2
RCL Y 4 oY sTro B I3 IR
X 71 I OLL ] sum * ¢n..
RCL 24 02 3To+5 133 6l 051 | it
020 + &1 X3y 75 sa| ['newabr
RCL Y 2¢ o4 RIN 25 A |
X 71 ¥aLC B as (3
RetL 24 o sTe & 23 IR
+ bl ] 080 2 02| 2 sum Ea.
RCL 4 34 o¥ SToO+S5 |73 &l 095 lv\‘\ud-.v
X 71 XSy 75 52
ReL © 7Y% oo BTN 35 22
+ X *I8LD |3/ a5 IY
RCL Y 24 oYy sTo D 33 14
030 4 oY 4 O% |14 sum + Cn.
X 21 STo+ 5 334&' oS ln&\%‘-
RCL3 3% o3 X&y 35 523
3 63 RTN Fs 228 0 _
X 1 090 3L E 1S S+
+ 6 RCL A 3y 1| €T 4P proper
ReL Y 3¢ %q sTo 3 33 o;s coeClrtrients weed
X / Rel 4 O
RCL 2 24 02 X gAY cans.
2 o2 STo 2 33 02| Complete caeftrarants
040 -')f Z; Srzg 333 g: ave ealewloted in
RCL ¥ 74 oY s sz 2brackine pointed
" ! S7To+2 133 &1 02 +' LG Cunchion
RCL | 34 ol 100 STox0 133 71 00| indicefor (Reg. 5)
+ &l R¢lL A 2% 1l 3
e g/ X 71
Ret Y 2% o s7o 33 O}
xa 25 s2 RLL C 34y 13
STo-4 |33 57 o4 s7ro+3 |33 &l 03]
050 CLX yy RCLD 34 !
gL ¥ 34 oy s7v+3 |33 &1 03
—_— s S7o0¢+3 |73 L] 03 .
2ND 2/ aY] RCL & 34 09 IStove En. mdicafer
X¥O 3/ 4_/_‘ 110 s> I 35 33101 and 40 to 1) for
Grod.s) R QY] G7o (/) EEWLA Prover mitinl valne
ser 32 a3 *LBL / |31 25 o] ' o
REGISTERSJ - - = 5
0 1 2 3 4 5 1an
Qe Q, Q, Q3 Xn 5[&;5‘1 m:.ufor Kw &_—
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
K. Ca Csa Cs.a apprex [H3zo*] Uned




67 Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RCLA 24 U/ 2 oR
rCL B 34 12 170 X , 11
X U sro-1 |33 51 0o}
Sro-2 33 5/ 02 RTN 25 a2
Sroe 7 33 © *(BL 7 | A5 o7
Gs68 5 31 23 OS RCL A 3¢ (1| TKiKaCyy *+ Reg ]
RLL 7 ¢ o7 Rct 4 24 »n¢
120 vx~ 31 SY| (K.Cq)"> X 91/
GTO O 22 00 ReL C 3% 13
* LB8L 2 |31 25 o X 71
Gs8 7 |31 23 07 STo~-1 [33 S1 o}
RCL A 3Y 1 180 R TN 35 2Q]
rees 2 34 09 *I1RLd BR &as 1Y -—logx
X 1 , log 31 g
Jx 31 sY | (Kik)72 LHS 2
GTo o 22 00 | Ei1 X 3123 |
*LBL D (31 25 03 Pavse 35 N
130 GSB & L 22 oS RTN 35 a
GSBR 7 |31 ax o7 * LRL b )
RCL A 34 I SE2 |35 51 02
RelL B Y 1 RTN 35 22
X 11 190 FlRLe [32 25 I3
STo-2 |33 <1 © Fp i IS 1) of
Retl C 34 13 GTo 9 22 0%
-~ ¥l KiCa/ls, I ol
&T0 © 22 00 S&E 1 35 S1 o)
* LBL Y |3 25 oy RTN 25" 22
140 ReL A Y U IR | l a5 0%
rRCL D ¢ 1Y (o) 00
X 2/ CF | 5 &1 0]
STO+2 |33 bl 02 RTN S ax
KoL 8 24 08 | 200 *8La |32 2 11
ReL 9 34 09 EEX 43
X 11 CHS 4o
RelL D 34 (¢ 1 o)
- 81 s o4
N 3 54| (KK, /e, )" STo 8 33 03
150 &GTo © 22 00| L X 4y
*LBL G 31 2F 06 STo 5~ 33 o5
Gs8 7 (3] 2a o7 LE2 S 61 O
gKLA 34 1l S¢T 32 3]
ReL D 24 | 210 DSP2 23 02|
X k| RTN 35 a2
SToO+2 |33 61 03]
Rel 9 34 o
rCL C 34 13
X 7)
160 RLLD 34 1Y .o
+ Bl K3l /e
&To © 22 00 /sa
*1LBL 4 |31 a5 o5
gCL A Y 1/ "RKIKgC. -+ Q l 220
Rl 92 4y o4 k-
X 7!
reL B 29 A
X vii
L ABELS FLAGS SET STATUS
"k Ky ® Ce, Csn Csa £ Lhio*t] [° FLAGS TRIG DISP
T P b P =T 10 oy °Ton) | =7 s D% | oee ® | Fx O
° v Hap > NeHA  PwaneNatin |* NA [ b = GRAD U | sCI X
S\ud GNAHO*MA,_A " eed 8 ¥ cel 3 30 R n
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Program Desecription |

4 . | B ”fﬂ

Program Title Weak Acid/Base Titration Curve

Contributor's Name Karl Marhenke

Address 1 710 Wilshire Drive o o o
City Aptos State CA , Zip Code 95003
\_ J
s N

Program Description, Equations, Variables Consider a weak acid, Hl}A' The electroneutrality of
any solution containing this acid and its 1ons requires that

(E'] + [Na'] = [OHT) + [HAT] + 20H A 2-1 4 3tEA>"Y + 4atl.
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 = Va_l_!a/(Va + Vb), where V_ = the volume of HA taken at the outset

Ea = the molarity of the HMA 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 [H+] . The results are used

here. Let Q=14+ K1 K'1K2 + K‘1K2K} KBKM For each acid ion concentration|
AT ¢ ¢ o ca 7

in the equation above, we now substitute its fraction times C:

K CK 2CK_K 3CK_ K loCK K K
[H+]+",Na+] -t . . 12 12}+ 31(4
(6" Qe QrHE Y2 qrety? QCH ]

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

+

but very involved process, and one which is hard (for me at lga‘st} to do without

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

Operating Limits and Warnings 1f you make a bad guess for pHest and the calculator
iterates until your patience is exhausted, you can press , to halt the proceas,
enter a guess which you hope will be better, and start again by re-entering your
volume of titrant and pressing m. But make sure the primary and secondary storage
registers are set "normally"; i.e. make sure that R, contains an integer equal to the
number of K's entered plus 1. Press E if necessary. (You may have pressed

L while the primaries and secondaries were switched.)

4 )
This program has been verified only with respect to the numerical example given in Program Description /. 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-
TIALEDAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _/
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18 + (x, + tNa*1)(EY + (KK, + [Na+]K1 - CK, - xw)cu*]"

+ +.3
+ (K1K2K3 + [Na ]K1K2 - 2CK1K2 - K1Kv)[ﬁ ]

+ +- 2
+ (K 1x2x3xh + [Na ]x1x21(3 - 3(:1(11(21(3 - x1x2xv)[n ]
+. +.
+ ((Na ]1(11(21(31{,+ - #CK1K2K3K“ - K 1K2K3K')£H ] -K 1K2K3Kkl(' = 0.

The equation is now re-written using the letters a, b, ¢, d, e, and £ to represent the
coefficients after the first one (i.e., 1):

(E*16 « alB*1% + bLE1Y + c[H'I3 + a[EY12 + o[EY] + £ = O

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 above equation

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

g((HY] )
[H*]n#1 = [H+]n - -—-—:!-
g'([H'] )
where [H+Jn = a trial value of [H*];

[H+]n+1 = a new value of [H'], closer to the root of the equation than [H+]n was;
g([H*] ) = the function g evaluated at [H'] = cn"]n and

g'([H+]n) e the first derivative of g evaluated at [H'] = [H+]n.
Here, g'(EH+]) - 6[R+]5 + 5aEH+]h + hb[E"]3 + }c[H+]2 + 2aCHY] + e.

The iteration process continues, using each value of EE+] generated as the trial value
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 + 0.0043 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 6%
degree ones but 5%, 4t and 3rd degree ones (see below). In every case I looked at, all
6 (or 5, 4, or 3) roots are real, but only one (the one of interest) is positive.

If a pHest corresponding to too small a (H*] is taken, it is quite possible for the

calculator to iterate its way to the largest of the negative roots. To prevent 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 pﬂest is lowered (or

raised, if the calculator is in "base mode") 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.A is used, K, is zero, and the 6% degree equation given at the top
of this page reduces to a 5% degree equation:
(5*3° + (K, + (Na*1)CE" & (KK, + [(Na"IK, - CK, - Kw)ue:“]3
+. 2
+ (K KKy + [Na JK K, - 2K K, - x1xwitn*]
+ -
+ ([Na JK1K2K3 - 3cx1x2x3 - K,‘KZKV)[H ] K 1K2K3Kw =0
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Here g([E']) = [E*1% + alE* 1" + b{E"13 + ofEN2 + A'E*] + ¢ and
2" ((B*]) = 5CEYY + 4alE*1> + 312 + 2¢08%] + a

If a dibasic acid, HaA is used, K3 and K, are both zero, and the 6% degree equation
given at the top of the previous page reduces to a 42 degree equation:
)t ¢ k. + Na*1CEID + (KK, + [Na'IK, - CK, - K (B2
1 172 4 1 v
+ rat
+ ([Na ]K1K2 - ZCK1K2 - K1K');H ] - K1K2K' = 0
Here g([H']) = [H+]# + a"E7 4+ b[H+]2 + cEY) + 4 and

g (CE'1) = 4[E'1> + 3aCE*1Z + 2b0EY] + ¢

Finally, if a monobasic acid, HA is used, K

equation reduces to

s K, and K4 are all zero, and the 6% degree

2" 3

(6"> + (X + (Na*t)[ENIZ + ([NatIK - CK - xw)[n“] - KK_ = 0,
Here, g((E*1) = [B*1> + alE*1% + b{E*] + ¢ and
g ((E*]) = 3(E'1° + 2a[H'] + b

The 6% degree equation can not be used for fewer than 4 K's. It is true that f will
turn out to be zero; unfortunately, the remaining polynomial is a multiple of [H*] and
thus [H+] = 0 will be a root and this is not the right answer. Thus a separate routine
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 im

[OH™] rather than in [H'], and the role of [(Na'] is assumed by (say) [C17]. 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, ¢, d, e and f into few enough steps,

I had to make the program calculate coefficients b through f by means of a loop., I hope
that the chart on the next page will explain how the first part of LBLc does this,

If 4 K's are entered, R, will be 5 initially, and the loop begins with the firat columm,
If 3 K's are entered, R/ will be 4 initially, and the loop begins with the second
column, and so on. If h K's are entered, it is necessary that Kn&1 and Kn+2 be zero.

Thus the initializing step El is necessary to initialize the registers properly.

If the volume of titrant added is zero, the program automatically takes‘JE:E 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 one!). It is not even necessary to key
it in, as it is already in the display.



14

Program Deseription 11

\
Sketch(es)
L P,
g 3 8 )
Sample Problem(s) For phosphoric acid, H3P04,K1 =7.5x%x 1077, Ko = 6.2 x 10" and
Ky = 1 x 10712, Plot a titration curve from O to 75 ml of base added for 50.00 ml

of 0.200 M HyPO,titrated with 0.500 N NaOH.

4

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:

[f] [E] —mmcmmmmmmmmme 0.000
[C] - 1; Base mode
[C]  —=mmmmmemmmeee 0; Acid mode (correct)
7.5 [EEX] [CHS] 3[E] 6.2[EEX] [CHS] 8[E] [EEX] [CHS] 12[E]
50[ENTER ] .2[ENTER ] .5[D] ---=-cem-- 3.000 (number of K's entered)
THEN:
O[A] --- 0.000 Vol. 20.4[A]-- 20.400 Vol. 39.8[A]-- 39.800 Vol.
1.454 pH 5.527 pH 9.142 pH
10[A] --- 10.000 Vol. 21[A] --- 21.000 Vol. 40.1[A]-- 40.100 Vol.
2.192 pH 5.930 pH 9.832 pH
15[A] --- 15.000 Vol. 25[A] --- 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[A] --- 35.000 Vol. 45[A] --- 45.000 Vol.
3.654 pH 7.685 pH 11.457 pH
20[A] --- 20.000 Vol. 39[A] --- 39.000 Vol. 75{A] --- 75.000 Vol.
4.677 pH 8.483 pH 12.845 pH
. J
s

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.

\. _/




User Instruetions

WEAK ACID/BASE TITRATION CURVE

15

SrLert 4= yellow
Base ? Vot Mo/ ? N Koo K20 Ka s
STEP INSTRUCTIONS DATAUNITS KEYS DATADNITS
1 |Load both sides of card Lj E:I 0.000
| 2 |Injtialize IZ—] D
3 |(Optional) Set "base mode" lc_ I I I
" Reset "acid mode" * c ]| | |o
4 |Enter dissociation constants K, E ]| | K,
(If necessary) K, E |l | K,
(If necessary) K} [E . ]l ) K}
(If necessary) Ky E |l | K,
S5 |Enter volume of weak acid or base to be titrated V [ENT?] [ |
Enter molarity of ™ " ® v w mw n M |ENTt] [ ]
Enter normality of strong base or acid titrant | N D | [7::7 :l # of K's
6 |(Semi-optional) Enter guess for pH ** ;00 [ENT| | ]
Enter volume of titrant added v A |l ] |pH
7 |Repeat step 6 as often as needed to plot curve I N I
8 |For a new problem go to 2, [
[ .
N .
*: When you press , whether you get a "1" or [ ]
a "O" depends on the position of the program [ 1]
pointer at the time the key is pressed., It may [ I [ ' : ]
be necessary to press twice to get the [ ]
response you want (%1" for base, "O" for acid)} [ 10 ]
I N
**: A guess for pH need not be entered IF: [ L ]
1) The volume of titrant is going to be zero |7] [7j
OR I N
2) The pH already in the display (usually from| |77] [77]
the problem just done) is a suitable pH_ 4 [ 1L ]
it usually is suitable if the volume to be ] ]
entered is greater than the volume just [ ] [ ]
used. { H . ]
L]
I N
I B
I N
[ N B
I R
I T
| L]
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STEP KEY ENTRY KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS
@1 sELC il 1l i57 RCLe 36 66 "Ks<l=Ry; Ry now
gaz sFe 1c 21 6 Reset FO to acid mode 32{3 5%? 52 32 raady for step 90
863 8 8¢ es9  RoLi s et Ko
884 RTH 24 g8 Rcin 36 11 [Na'l
@85 ¥LBLA 21 1i 61 + -55
8BE =07 16-42 Vol.=0? 862  F25 16-51
@87 SFZ 16 2i 82 Y- setF2  N:leaveit off 863 STO6 35 55 Store a in Ry,
pEg  FETX -14 (HP-67 user should delete) 864 g 16-51
88s  RCLE 36 1z 865  FCLI 36 8] K,
@1e  E2 -4] @66  RCLC w13 C
a1l X -35 867 % -35
812 LSTX  16-63 g8 X s¢  VKC=WT,, , if Vol.=0
@13 RCLED 36 ig 859  F27 16 2382 WasVol.=0?
g14 + -55 @ra 5T 22 al Y: begin iterations
615 : -24 671  GTOE 22 12 Niuse pHos first
816 STO4 3510 [Na']—» Ry @7z xLBLé 21 @b
§i7  RCLE 3 13 873 RCLi 36 45
@18 LETX 16-83 ar4 x -35  See p.4
19 z -4 875 GTOb 22 16 12
620 STGC 35 13 C— R 876 xlBLe Z1 16 11
821 Rt 16-31 877 2 8z
22 STO8 3562 pH.y =Ry e76  Fo7 16 23 66 Change pH, , byz2
823  RCL& 36 @6 @79  CHS -iz
824  STO7 35 67 TInitialize coeff counter @68 ST+6 35-95 @&
825 xLELc i 13 @81 xLELE 21 12
626  RCLr 36 87 882 RCLE 36 68
az7  ST0I 35 46 883 GSBd 23 16 14
@28  ISZ1 16 26 4¢ 884  CHS -2 y
829  RCLi 36 45 885 18~ 16 33 [HYI=10"
@38  RCLA 36 11 686 ¥LBLI 21 a1
831 + -55 887 PaS 16-51
B3Z2 DSZI ie 23 4¢ A83  ENTH -21
833 RCLLI  d6 46 Culeylate coefFs. 889 ENT? -21  Load stack with [H*]
@34 RLLC & 1 (Seep.4 for ase  ET0i 22 45  Use correct N-R routine
835 x -35 additional explonation) 891 kLBLS 21 &5 Routine for 4 K's
836 - -45 89z 6 a6 ]
837  RCLi 36 45 893 X -35
838 -35 894  RCLé 36 86
839 EEX -23 895 5 65
846  CHS -ZZ 896  GSB& 23 @6
a4l 1 éi @97  RCLI 36 8l
842 4 a4 89§ 4 a4
43 - -45 899  GSEE 23 86 Start formmg fLH"])
§44 ¥LBLb 6 12 186 RCLZ 36 8z
B45  DSZI 16 25 46 181 3 X;
846 6706 22 &g 182 G5B 23 8
@47  RCLT 36 @7 183 RCL3 36 83
248 x21 16-41 184 : Az
843 x2v -41 185  GSEG 27 6
gsa  FiS 16-51 186  RCL4 36 84 y
g5!  STGi 35 45 187 GSBE 23 85
852 25 i6-51 188 RCL3 36 83
853 7 ar 189 GSBT 23 o7
@54 STOI 35 46 118 RCL4 3% @4 Continue forming f((H])
@55 D0SZi 16 25 45 111 GSBY 23 87
@36 &T0c 22 16 I3 112 RCLS 36 @5
REGISTERS = S
2 3 4 6
04K g + 1 K1 KZ K} Kh _ o Sounter SBPHeBt ZIQH ]tli&
S0 a St b s2 c S3 d S4 R g'("H"]%
+ c € MV ' Control
(Na'] N, ¢ a “aa




97 Program Listing 11

17
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 #6321 85 Finish forming f(LH'D) 169 3 83
114 + -55 . 178 €586 23 @6
115 RCLG 36 a6 RCL f'(LH'D 171 RCLZ 36 82
116 P28 16-51 172 2 8;
1y oz -24 . 73 £sBS 23 86
118 - -45 Forms [(H*],., 174  RCL3 36 63
119 587 16-45  Is [H" negative? 175 6B 23 88
126 TG« 22 16 11 Y start over w.new pHeg 176 RCL3 36 63 I
121 STo9 35 85 N:continue 177 6SBF 23z o7 Continue forming fUHD)
122 xcH 16 55 178 RCL4 36 84
123 MBS 16 31 179 ET09 22 &%
124 I @i 188 xLBL3 21 83  Routinefor ZK's
125 xev? 16-35  Is 1% <% CH|? 181 4 84
126 SFZ 16 21 B2 Y:setFZ N:leaveit off 182 X =35
127 RCLS 36 85 RCL [HY 183 Role 3660 Start forming f'(H)
iz8 FE% 16 23 B2 Was 1% | %CH|? 184 3 63
128 BTG 22 81 Y do another |terat'on 185 E5Be 23 do
136 LOG 1€ 32 N: [H*1—>pH 186  RCLI 36 81
131 CHS -2z 187 z 8z
122 GSBd 23 16 14 188  ©SBE 23 @6
133 PRTE -14 x 189 RCLZ 35 82
134 st 16-11  HP-B7user shoulddelete 198 cSBs 23 86
135 RTN 24 191 RCL3 36 83 Continue forming F(NT)
136 #LBLd 21 16 14 192 ©T0S 22 @9 Vv
137 Fer 1625 86  Acid mode ? 193 *LBLZ 21 82 TRoutine for 1K
138 RTH 24 Y. leave pH alone 154 3 43 t
136 i T N: |4-pH =pOH o 185 X -35 : s
o y ” : :4 P OHp= HH r 19 RCL % o Start forming (D
141 X2y -4 pYH=p 197 2 8z
142 - -45 198 6566 23 @6
143 RTN 2 199 RCL! 3% 8l
144 xLBLE 21 8 268 SFZ 16 21 82 |CqusolBL " 9
145 = -35 ¥ 281 6T08 2 @& gv” exit tol8L
145 HELT 218 g 282 xiBLe 21 16 15
. ol eps repeatedly us -
147+ 55 o ;;,ympm,a, y used 263 CLRG  16-53
148 x -35 . 284 ISZi 16 26 45 Lo
145 RTN e evaluation 285  RIN 4 Initialize Ro to 1
158 ¥lBELE 21 8 285 ¥LBLE 21 15
151 + -55 287 ISZ1 16 26 46
152 §T08 35 @6 288 STO; 35 45
153 CLS 51 f o toall 269 RIN 2 |KTR
154  RCL@ NI a:'d Hores 216 *LELL 21 14
155  GSB7 23 &7 ompietes and sic 211 STOB 35 iz
156  RCL: wa 4 J)t'"tRh';e ‘[‘;{-’:J) 212 Ré -3l N, > Rq
157 GSET £3 a7~ Computationo 213 K3 -41
156 RCLZ 36 62 214 STOD B[
i53  Fzv 16 23 é: . #15 X -35 a
166 eros  zzas T AsetinlBLZ only 216 STOE 3515 |\ 00
161 cro7 2z 67 ¢ 217 RCLI 3 45 |ta s
162 +LBL4 21 84 : , Z18 ST+@ 35-55 @@ 4
163 5 g5 Routine for3 Ks 219 RITN 4 |¥Ks*=>R,
164 -35 220 ¥LELC 2113
165 FRCL® 36 86 -y 221 CF@ 16 2Z 88
166 . 44 Start forming £(LH*T) 525 i 41 ClearFO to base mode
167 55B6 23 &€ 223 RIN 2
168 RLL 3 | | -
LABELS FLAGS SET STATUS
A
_Eirlﬂi:i SoHoN-R |  Base?  |VIMIN *K ;K.-K, §"Acid modd] FLAGS TRIG DISP
+ L { L~ e
aLE taot |° used ¢ used 9 pHepOH  [|°Start 1 1‘[0 © D | oec FIX &
0 1 2 3 4 2
- . . R Used 10O ®| GRADO | sc O
%sed - N-R start|” mono _ dai - tri 3 se [|2 = RAD O ENG D
quad. X + X + X N.R mid. N-R end ﬂ 3 0O & n3
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Program Title

Contributor’'s Name
Address

City
\_

EQUATIONS OF STATE

... State

HEWLETT-PACKARD

1000 N, E. Circle Blwvd,

Corvallis, Oregon

97330

—

Program Descriptic

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

LMATERIAL.

Value of R Units of R Unitsof P | Units of V | Unitsof T
8.314 N - m/g mole - K N/m? m?/g mole K -
83.14 cm?-bar/gmole -K bar cm3/g mole K
82.05 cm?-atm/gmole - K atm cm?g mole K
0.7302 atm - ft¥/lb mole - °R atm ft3/lb mole °R
10.73 psi - ft¥/lb mole - °R psi ft3/ib mole °R
1545 psf - ft3/lb mole - °R psf ft¥/lb mole °R
Critical Temperatures and Pressures
Substance T, K 1 T., °R P., ATM
Ammonia 405.6 730.1 1125
Argon 151 272 48.0 e
Carbon dioxide 304.2 547.6 72.9
Carbon monoxide 133 239 345
Chlorine 417 751 76.1 -
Helium 5.3 9.5 2.26
Hydrogen 33.3 59.9 12.8 e
Nitrogen 126.2 227.2 33.5
Oxygen 154.8 278.6 50.1
Water 647.3 1165.1 218.2
Operating Limits ar Dichlorodiﬂuoromethane 384.7 692.5 39.6
Dichlorofluoromethane 451.7 8131 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 l 848.1 43.2
. Y,
7

This program has been verified only with respect to the numerical example given in Program Description /1. 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

_/
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~
Program Title
Equations:
Contributor’'s Nam: Ideal gas:
Address PV = nRT
. Redlich-Kwong:
City

\_ P nRT a

=(V—b) _TV2V(V+b)

r = 1-5
Program Descripti a =4.934 b nRT. -

b = 0.0867 "R

c

where:
P is the absolute pressure; T
V is the volume; e
n is the number of moles present;
R is the universal gas constant; N

T is the absolute temperature;

T, is the critical temperature;

P, is the critical pressure.

Remarks:
P, V, n and 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. i ——

No equation of state is valid for all substances nor over an infinite range of e
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.

Operating Limits . Solutions for V, n, R and 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 e —
of deviation from ideal gas behavior. For extreme cases, the routine may fail
to converge entirely, resulting in an *‘error’’.

Registers Ry, R, and Rgo—Rggy are available for user storage.

—

This program has been verified only with respect to the numerical example given in Program Description Il. 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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(" sketchies)

S N ——

Example 1:

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

Keystrokes: Outputs:

Select ideal gas by pressing [ @ until 0.00 is displayed.
onoon > 0.00

25000 @ 63 @ 83.148

12008 83 » 2.51 (bars)

Example 2:

What is the specific volume (ft%/lb) of a gas at atmospheric pressure and at a

temperature of 513°R? The molecular weight is 29. Assume an ideal gas. )
Sample Problem
Keystrokes: Outputs:
o0 » 0.00
- 5138 29 0.7302
- D/ > 12.92 (ft3/1b)
What is the density?
Yx »> 0.08 (Ib/ft3)
i o What is the density at 1.32 atmospheres and 555°R?
1320555800 0.09 (/1) B
e Example 3:
The specific volume of a gas in a container is 800 cm®/g mole. The temperature —
will reach 400 K. What will the pressure be according to the Redlich-Kwong
o relation?
P. = 48.2 atm
— T, = 305.5 K -
R = 82.05 cm® - atm/g mole-K
Keystrokes: Outputs:
(¢ J A » 1.00
Solution(s) 30558848200 82.05
o QiIgoo@s0opn — 36.27 (atm)
Example 4:
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?
o o Use the Redlich-Kwong relation.
T. = 3042 K
I P, = 72.9 atm
_ R = 82.05 cm® - atm/g mole - K
Keystrokes: Outputs:
— oo > 1.00
72988 304.2 B A 82.05
—————
BsEA0@s0EQ0 — 4695.86  (cm?) h
Reference(s)
How many moles could be contained at this temperature and pressure in 5
liters?
- 5000 B > 6.39 (g moles)
\ J

PSS S
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User Instruetions i
EQUATIONS OF STATE
P
C
Qn $R
STEP OUTPUT
STEP INSTRUCTIONS Ay o | Kevs [ [ OUTRUT PRI

1 Load side 1 and side 2. :]
2 | Select Redlich-Kwong (1.00)or |
ideal gas (0.00) using mode ) |
toggle. oo 1.00/0.00 |
3 | [f you selected ideal gas in ]
step 2, skip to step 5. ‘
4 Input critical temperature T, (1 &] T. " l
and critical pressure. P. (1] P. ]
5 Input four of the following: l
Absolute pressure P (4] P 7]
Volume v (6] v ]
Number of moles n n 7 ]
Universal gas constant R (0] R ]
Absolute temperature T (£ ] T ]
6 Calculate remaining value: ]
Absolute pressure (4] P ]
Volume a v ]
Number of moles n _ ]
Universal gas constant (D] R ]
Absolute temperature (€ ] T } J
7 For a new case, go to steps 2, ]
4, or 5 and change values or 77

mode.

____.___..__.,_.___,,_.__\,_,,_,,_,_
: . 1 .
|

I
L]

-
. : : i !
et et i e e e e L

[

L
i
L

i

|
\
‘
N :
J S

|
|

S B

— e

- : o . L |
N




97 Program Listing 1

22
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@81 ¥iBL: ) . 857 ¥LELS Zi @8 Ideal gas solution
86 Fé Redlich-Kwong ideal 856  SFi 16 Z1 @i for n, R and T.
ag3  GTo@ gas.toggle. 659 ¥LBLS &l as
@4 é . 668  RCLS 35 @35
a@s  SFé g 861  RCLE 36 66
gEE  RTi 24 asz -33
@87y  ¥LELA Zi 8¢ @63 RCLT 36 67
985 864 z -24
a8s 865 RCLE 36 88
416 a66 3 -24
811 Store T, @67 RCLS 36 85
giz A68 z -4
a13 @69 5T0: 35 45
ai4 878 xLBELE Z1 @ Stop if ideal gas
@15 Store P 671 Fas ¢ 23 &6 is desired.
a16 ¢ @72 RN 24
aiv 873  GSEI 23 81 Calculate P by
@1& ard  5T08 22 @é Red11ich-Kwong
a1s P code. @75 ¥LBLZ z1 @z
aze @7é  F1? 16 23 &l
821 GT06 ZZ a6 877  GSEi 23 al
a2z ¥LELE 21 iz V code. @78 xLBLE Z1 66
23 6 d6 B79  RCLE 36 15
824 GTO8 ZZ 88 BBE  RCLS 36 @3
825 ¥LELC Zi iz n code. 851 -35
426 ar @8z  RCLE 36 66
@z7  GT08 i a6 883  RCLE 36 12
828 ¥LBLD Zii4 R code. ag4 - -45
825 & a& p8s  5To4 I5 &4
a3 &TGE 2z a6 agé z -24
@31 xLBLE Zi 15 T code. R87  RCLA 36 11
a3z s 65 888  RCLS 36 89
833 xLEL@ Z1 86 289 I3 54
#34 CFi e 22 #dl Store 'input_ Rl B -Z4
B35 STOI 35 46 @91 5702 35 &z
a3e i -7 832 RCLE 36 86
a3r  sTai 35 45 a3z z -24
838  F3% i€ 71 &3 @34 LSTx 16-63
@33 RTH 24 895  ROLE 36 12
A48 i al 89s + -55
@41  5TG 35 45 Dummy 1.60 for un- a7 s703 35 8z
a4z GTC 22 45 known and GTO ideal asg z -24
A43 ¥LELS Z1 @5 gas. a39 - -45
B44  KLELE Z1 ge Ideal gas solution 188 RCLS Je& @5
845  RCL 3E &7 for P and V. 181 - -45 Calculate f(P).
@46 RCLE 36 85 162 GSEi 23 45
a4z . -35 183 B -24 Calculate f'(P).
P45  RCLY 36 @3 184 ST-i 35-45 43
a4 -35 15 RCLi 36 45 Loop again?
858  RCLS 36 85 186 z -24
@51  RCLE 6 86 187 AES 16 31
asz X -35 188 EEX 23
as3 B —2¢ 189  CHS -2z
@54 STGi 35 45 118 4 a4
@55 GToa 22 @B 111 X£y7 i6-35
856  ¥LEL7 26 112 5702 22 82
REGISTERS }
0 1 2 1/2 3 4 6 7 8 9
a/T (V+b) (V-b) P V n R T
S0 S S2 S3 S4 S5 S6 S7 S8 S9
A B C D E
a b Tr Pr nR Control
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23
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 RLLi Je 45 Display result of 163 qE a3
ta KN I iteration 178 : ed
115 tLEjn.g 21 L'_'g 3P 171 RCLZ 36 az
116 RCLe Jb #6 Y 172 X -35
117 ENT? -21 173 _ -45
Itg  + LT 174 RCLE 36 15
118 RCLE 36 1E 175 . 3=
g+ 99 176 RCLi 36 45
121 RCLE St e 177 = -4
122 E ] i7& RIN 24
123 RCLI 36 83 179 ¥LELS Z1 @5 .
124 RCLE 36 @6 188 LSTX {6-83 Display P.
23 -»}j 181 + -55
12 A% 23 182 ST 35 @5
127 = E 183 RS 5]
128 RCLE 36 15 184 ¥LBLI 21 @l
129 RCLS 36 85 185 RCLT 36 87 Calculate a and b.
138 5 -35 186  RCLE 36 @5
131 RCL4 36 84 187 X -35
lae &= 33 188 STOE 35 1S
133 = -4 188 . -6s
134 - -43 198 5 66
135 RTN 24 ia] & a5
136 *LBLS Z1 as 3p (52 g e
137 RCLE 36 15 3T 193 = 67
138 RCL4 3o @4 194  RCLE 36 14
3 = <4 195 = -24
148 RCLZ 36 6z 136 K2 -41
141 ki a: 187 RCLE I i3
142 2 -24 198 x -35
143 RCLS 36 8% 199 -5
144 = -ed 288 STOE 35 1L
145 RiLe XL 281  LSTX 16-63
146 z -24 28z % =33
147 RCOLZ 36 83 283 RCLC 36 13
148 8 -4 24 V% 5
145 + -55 285 » -35
158 RTH 24 206 5 @i
151 x%LELY 21 &7 287 . -6
152 steLe #1866 92 op 9% 288 P e
153 RCLS i 89 an = 3 209 3 83
154  RCL& 36 as 218 4 a4
155 X -35 21 X -35
156  RCL4 36 @4 212 STOA 35 it
157 iz , 33 213 RTN 24
155 z -24
159 RCLE 36 @6
166 ENTT -z1
161 + -55
162 RCLE 36 if
163 + -55
164  RCLE 36 13 -
165 : -i4
166  RCLE 36 @5
167 N -24
166 RCLI 36 63
L 1 L
LABELS FLAGS SET STATUS
B C D E 0
<P >V <N <R T R-K FLAGS TRIG DISP
b c d e 1 ON OF
-K?
R-K? T¢ Pe a,b c D Y| oee & | Fx ¥
O Used |' a,b 2 Iter |° 4 2 10| erRaDO | sci O
5 2 O @ | RAD O | ENG O
P v 7 & R ST 3 Calc 3 0 n_2




24

Program Deseription |

-
Program Title Van der Waals Gas Law

Contributor's Name  Hewlett-Packard

City Corvallis State Oregon Zip Code - 97330
.
-

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

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:

- -2 -
Vi -y (b+—RT,T— +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,

. = .2 .. _B8a
and molar volume are given by Vc = 3b, Pc = 5752 Tc = 57bR

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

Operating Limits and Warnings 1 €mperatures must be in °K, pressures must be 1in
atmospheres, volumes must be in Titers.

This program has been verified only with respect to the numerical example given in Program Description !l. 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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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, at 40°K and 10 atm. pressure?
a = 3,592 b = .04267

3) What are the critical temperature, critical pressure and critical molar
volume of H2 wherea = ,2444 and b= .2661

N
Sketch(es)

\_ y,

- )

(1) .03412; +; .02370; [f] [A]; .25 [C] 2.00 [B] 2.5 [ Al; [D] --->243.07°K

Reference(s) 1his 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.

Abramowitz, M. and I.A. Stegan, Handbook of Mathematical Functions, Nat'l Bureau of
\_Standards, 1964, p 17.

Solution(s)
(2)3.592; +; .04267; [f] [A] 1.5 [C] 40 [D] 10; [A]; [B] -=------- > .07 2.
(3) .24444; .02661; [f] [Al; [E] ==-=-=-=m=mmmmmmmommeme e >.07983 = Vc
12.78 atm = P¢
33.16°K = Tc
\_ J
e ™

_/




User Instruetions

VAN DER WAAL'S GAS LAW

Initialize

INSTRUCTIONS DATAONITS KEYS DSTUA1/-IPJ:ITTS
Load side 1 and side 2 I —
]
Input Van Der Waals constants a & b, & a [ENT4 ||
initialize ngfflL—Aw;I 08
[ .
Input data (any 3 of 4) [ [
Pressure P,atm, [WA ‘ [V—i—;J P
Volume vV, liters| [ B 1 __| v
ﬁ;:ug; Moles n [ c Il j n
Temperature T,°K [ D ,J [ I T
r L]
Calculate Pressure %A {11 P,atm
Calculate Volume {B}{{ V, Liters
Calculate No. of Moles ¢ Il 1] n, #
I
Calculate Temperature { D }{ } T, °K
Calculate Molar Volume, Vc | E | [ Ve
Critical Temperature, Tc [71 ll;iifl Tc
Critical Pre;sure, Pc % ,,,,, }% % Pc
Optional: Calculate Molar Volume [GSB |[ 5 | v
I
Optional: To Calculate ¥ -x X fgﬂ }[1;HJ
j.e., cube root of a negative no. {,fr IIE{
N .
NOTE:  Calculations may be made in any order [ 1]
and repeated calculations may be made [ N
without re-entering a & b, or other l H J
values. [ ]L - ]
]
L
I
L]
| N
.
]




97 Program Listing 1

STEP KEY ENTRY - KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 *LBLs 21 1€ il Initialize: 35’8 S _gj
gz STz 35 e 853  sToB 35 @@
a3 Ri -31 Store a,b & R 88  RCLS 35 85
804  STO! 5 ai oo : s
935 I} —6%‘ 362 = _24
a8s 6 8y 863 RCLE 36 6@
887 & Lflb‘ 864 ye 53
208 < g 965 - ~45
bos g be 866 ENT? -21
06 > b 87 ENT! -1
811 & Be 868 ¥ -35
s gea -35
bi3 5103 35 63 ere  STO7 35 67
a1 RTN . o Pressure 71 RCLS 36 @5
015 #LBL& 21 11 Data entry? 87z RCLE 36 88
816  F3I° 16 23 @3 g 35
Iz €101 22 &1 late P 74 RCL4 36 84
1§ €SBS 23 @5 Calculate e K 45
818 RCLZ 36 83 . o . o
28 RCLD 36 14 L By
621 35 ) 878  RCLE 3¢ ae
22 RCL9 7€ @9 ovo  ENT1 21
823 RCLZ 36 @2 oty e i
24 - -3:' 881 =35
23 O ar e sz - -45
626 RCLI - 36 @1 883 sT08 35 88
627 RCL® € @9 p2i  ENTS 21
i‘g t,;: Ed fes X -35
28 : —2 86 RCLT 36 &7
33@ - ‘45 gsl- + _55
31 SToA 35 1 oo ; o
63z FRT: -4 838 ST0F 35 @7
633 RTH 24 Store P 898 RCLE 36 86
834 wLBL! 21 a1l B9l + -55
a5 SI0R 35 1L 892 CSBe 23 16 15
P Volume 893 RCLE 36 88
' pa ? | 94  RCLT 36 a7
838 F3° 16 23 63 Date entry O Mt _qs
833 Er0z 22 @2 09 GSBe 23 16 15
648 RCLZ 36 @2 Calculate V bos s _=s
@41  RCLI 36 81 9 RCLe 36 on
842 RCLA 36 11 g;,; RC_ 45
843 : -24 P 3
RCLC 36 13
44 STOS 35 @5 oo RS 4]
845 L -41 182 W -35
646 % -35 183 SsT0B 35 12
847 CHE -2z 184  FPRTX -14
gig  ST04 35 @4 185 RTN 24
643 LSTx  16-63 166 *LBLZ 21 @2 Store V
058  RCLZ 36 @3 187 STOE 35 12
651 RCLO 36 14 PR L
ez ~33 189 *LELC 21 13 MoTes
o5s  RiLa 36 11 118 F3° 16 23 @3 Data entry?
P et 111 6T04 22 84
. a 112 RCLE 36 12
856  CHs —as REGISTERS
0 1 2 3 4 5 6 7 8 9 -
Used a b R Used Used Used Used v
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D - E 1
p v n T
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28
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 RCLO 36 @9 169  PRTYX = -14

114 : -24 Calculate n 178 v ~41

115  STOC 35 13 171 LSTX 16-63

116  PRTH -14 172 : -4

117 RIN 24 173 PRTX -14

118 »LBL4 21 84 174 RIN 24

119 ST0C 35 13 Store n 175 %lBLe 21 1€ 15

128 RTN 24 176 x<@e 16-45 Calculate

121 #LBLD 21 i4 Temperature 177 SF1 16 21 &1 -

22 F3? 16 23 63 Data entry? 17 ABS 1€ 31 vV o-x

123 ¢T03 2z 63 178 3 a3

124 CSBS 23 85 180 1% 52

125  RCLA 3¢ 11 Calculate T 181 yx 31

126  RCLI 36 @81 182 F1° 16 23 al

127 RCLS 36 89 183 CHS -22

128 NE 53 184  CF1 16 27 @i

129 B -24 185  RIN 24

138 + -55

131 RCL9 36 85

132 RCLZ 36 87

133 - -45

134 ¥ -35 750

135 RCL3 76 @3

13 : -24

137 STOD 35 14

138 PRTX -14

139 RTH 24

148 $LBL3 21 8z

141 STOD 35 14 Store T

142 RIN 24

143 #LBLS 21 85 -

144  RCLE 36 12 Calculate V 300

145 RCLC 36 13

145 z -24

147 STO9 a5 a9

148 RTN 24

149 LBLE 21 15 "

158 p o Calculate V, Pc,

151  RCL! 36 81 Tc

152 % -35

153 a as

154 = -24 210

155  RCL3 36 83

156 : -24

157  RCLI 36 81

158 g 89

159 : -24

168 RCLZ 3 az

161 : -24

162 RCL? 36 8z

163 3 83

164 X -35 220

165 DSP5  -€3 @5

166  PRTX -14

167 DSPZ  -63 @z

168 2 -24

LABELS FLAGS SET STATUS

Aop By c ° 7 Ye.pe.Tc ° FLAGS TRIG DISP
Initialize ° ¢ * vy |'v=x o DY | oee o | Fx @
0 1 > 3 4 2 1 O GRAD O SCl O
i " stop Pstov ["swor [“ston 10 9| GRao D NG, 0

v PataEntry |3 0 @ n
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Program Deseription |

a D

Program Title Beer's Law/Absorbtivity Calculations

Contributor’s Name Alan J, Rubin

Address 2577 Kenview

City Columbus State Ohio Zip Code 43209
\
Ve

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:

_ 1 nZATC - ZAC
8% b w2 - (z0)2

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 %T.

Corrections to C,A or C,%T may be made by pressing f,D or f,C, respectively. If
molecular weight has been entered (f,B), mg/l data may be converted to molar concen-
tration via Key B.

After completing data entry, pressing R/S will display the absorbtivity for 5
seconds followed by the error intercept of A, i, and the correlation coefficient, r.
Pressing R/S again repeats the sequence of a, i, r. Additional data may be added
via Keys C or D, or corrected via Keys ¢ or d. To enter a new data set requires

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

Operating Limits and Warnings Untless b is 1 cm, then a new value must be entered (f,A) each
time the program is initialized. Initialization also removes molécular 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 0 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 /l. 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.

\__ _J
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rSkétch(es) '

A=

BEER'S LAW PLOT

Absorbance
L’ concentration
-
Sample Problem(s) .. . . .
~ Calculate the molar absorbtivity
for phosphate as determined by the data
i',',aﬂsc,orbicﬂacwid" method at 880 nm. BT mg/l as P
a) 97.9 0
~ Concentrations expressed as b) 58.0 0.25
phosphorus, therefore the mo lecular c) 37.2 0.50
weight is 30.98. d) 23.1 0.75
Light path was 1.2 cm. e) 14.5 1.00
£) 9.0 1.25
Solution(s) 1. Read program and initialize: A — 1.0
2. Enter light path: 1.2 f,A ——" 1.2
3. Enter molecular weight: 31 £,B ————7= 31.0
4, Enter data:
R a) ot ,97.9¢C —= L.
o ~ b) .25 B—> 8.06x10 & , 58 C —~= 2.
o ~ continue as above n;
D) L25B—>6.0107; 90— 6.
- 5. Obtain a, i, r : R/S —P 21245, 0.0187, 0.9998  answers
7
Reference(s) .. ..
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Beer's luw [ABSacsTVTY CAccwtaTionls

MTAUZE  MglsM  CYTY; . C.AK  %TwA
bt Mw 1 CommecT  m | compect
STEP INSTRUCTIONS DA'T':S,I,TS KEYS DBTLZE:LS
1 |Load side 1 [ 1L _1 ] 0.0000
2 |Initialize (clears all reg., sets b = 1) E :] 1,0
3 {(optional) enter light bath if b # 1 b L £l a | b
4 |(optional) enter molecular weight MW £]] B | MW
5 |Enter molar conc. and absorbance C,, A; [ 4 |[ D | nj
or I .
5 |Enter mg/l and absorbance Cir Ay | 4 |l o | ng
or I
5 |Enter mg/l concentration mg/1li [ B ] M.
Enter absorbance A [ D H, } ns
or I
5 |Enter molar conc., and percent transmittance Csy %I, [ 4 H c | nj
oz I
5 |Enter mg/l and percent transmittance Ciy, %T3 | ¢ ” C. J n;
or )
5 |Enter mg/l conc. mg/1; I B[ | M,
Enter percent transmittance AV { C,] [ o ] ny
6 |Continue data entry [ ” ] n
or correct an entry Cx, Ay |+ ]l a_] n-1
Or correct an entry Cr, "/,Tk [f H c::] n-1
7 |DPisplay absorbtivity, intercept and [ ) J [ _ ]
correlation coefficient I R/§] [ ] a
N [
T
8 |To repeat a, i, r display [ R/S|| ]
9 {To add further data, repeat step 5 [ ] [”;;]
10 |To enter a new set of data, go to [ - ][ ]
step 2 (initialize) N
0
To calculate molar concentrations MW l g | [,93 N MW
from mg/1 values mg/1 | B ] [ J M
L
To calculate A from %T %T e | [7—7 ] A
I
To calculate %T from A A | £ ] L%:__] %T
)
]
0]
LIl ]
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KEY ENTRY

67 Program Listing I

STEP KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 -QLM 3 25 U] jntiacize e 5 !
Ce Ree | B 42 {S 2
fP=s 342 CSIQ: :’i‘"‘a' g lo* 22 3
£ c. Res S 43 & = 060 £ /X 21 23
{ [-1i pse ¢ 23 ot
St A 22 I h R 3s 22 | —™ %T
Lot T maa
h RN 35 22 Reeq 4 absorbtily
010 9 ls-‘raél—:' 3323zﬁ i EnTee. b k:{ca 34_—:6 int cg?t
£, B 325 (2 RcL & 24 o
ReL 3412 mgle —= K 070 X 11
= 8l - 5
Eex 43 ST © 33 13
2 [2X ) RCL9 24 &9
- -1 el T 24 o7
psP 2 2% o2 X T
020 q Set 3223 Rer & 3406
h R 3522 gx* 22 5S¢
LB b |22 29 12 | enTer. HW - -yl
STo ™ 3% 12 — S D 95‘(4~
h RN 3522 ~ 8
£ (oD |21 26 M4 ENTER. C;, A; RCLA 34 il
P 21 ? -+ 81
f Fix 2123 £ X 3123
L3P o 2% co DSe o 23 co
R|S 84 , £ —x—- 31 84 |DISPLAY O
030 &7 | 22 ol — A,C,F RelL? 24 o7
QLB d |32 25 4 corpert CF A; Ret 4 240t |
s Ty - C“ “ Y. xe 347:26
RIS 24 . ce
&1o 22 o) —>ra,s” 090 Rer 8 3%;93
L e €© 2] 2% 13 wer & LT L
fGeseE |31 22 LS| & €, %L - St
=+ 21 E_c_t [») 34 I+
f Fix 323 DS' £ 23601‘_
Dse o 23 e P .
040 R|S 8+ , £ —x- 2 8¢ DisPLAY L
&1 | 2201 |—P &, " Rce C ;44—:3_
et c 132 25 13| roepect C: %T: ReL O
taese e |9t 22 1S5 G.%% _ £ = 313514
h £~ 352! 10 -
R(S 84 : Kee q 34 o9
éto | T o) —_— R,0,Y RerL s 34 0S5 |
feme € | 8125 1S | eumnme T X il
€ Lo 31 83 ReL 4 34 o4
- oz 31& 3Z$f4~
050 —— f' — {
CHS 42 £ i< sS4
€ i 2\ 23 —_ 8 biseay r
DsSP 4 3o+ £ PEs 3142
L e 35 22 —» A 110 GRls ‘ 7'24(
?L&Le 32 25 IS ™R A TO o '
Z &2 i h RN 3g 22 | Dispeayr a)n,r Asan
REGISTERS
0 1 2 3 4 5 6 7 8 9
S6 S7 S8 S9
S0 St S2 S3 S4 ZA S5 ZA?’ ic, ZC,Z iAC n
A B C D 2 I
b Mw nIAC-EASC | nEC—(Ze)*
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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
A B C E
nmavze | wqit—> M "C,%T ¢ AP [far=>A [ FLAGS TRIG DISP
a b c d 1 ON OFF
bT "L\h’“ —Cy~ % --C,-f’(o'r € A-—?%T 0o O o DEG O FiIX [9/
0 1 ¢ 3 4 2 1+ 0 =] GRAD O scl O
—lyy C
5 0t 5 5 » O &| RAD O | ENG, O
’ 3 3 O & n
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Program Deseription 1

-

. )
Program Title  Activity Coefficients from Potentiometric Data
Contributor’s Name John R. Joyce
Address 1825 S. 71st E. Avenue
City Tulsa state Oklahoma Zip Code 74112
\. y,
s ™)
Program Description, Equations, Variables
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 logm+ B log F-0.0602 v m =E - A-Cem
= 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= (wWeYT) g for CaClyiv,= Tiu_ = 23 v=3, f=4 f=[27+11]=4
v = Total number of ions
Operating Limits and Warnings  Program must be reinitialized for each case (e.g., push
START, [C]) since the summation registers are used.
Greater accuracy may be obtained if values used as constants in program could te
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 /l. 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.

\_ _J
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Sketch(es)

N

\_

—

and the activity coefficient at each point.

Sample Problem(s) For the following data determine the Standard Electrode Potential

(D]

.007311[ENTER] .47948[E]

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

Concentration (M) Potential (V) F=1

0.003215 0.52053 Vo= 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) | H, | K C17 (m) | AgC1 | Ag (s)

Solution(s) Keystrokes: [C] 1[R/S] 2[R/S] O[R/S] 1[R/S] --> 1
.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

--> .9338 (r)
--> .2224 (S.E.P.)
--> .0073 (M)
--> .9188 (v)

e

Reference(s) Beech, G., Fortran IV in Chemistry, pp 64-6, John Wiley and Sons. 1975
Kemp, Marwin K., Physical Chemistry for Engineering and the Physical Sciences: A

Self-Paced Approach, pp (10-142)-(10-144), University of Tulsa, 1974.
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* User Instruetions
Activity Coefficients
Start +S.E.P.
STEP INSTRUCTIONS b A'T'ﬂ”;”s KEYS o AOTL:\TIS",:ITS
1. Load sides 1 and 2. I:] L—]
2. Initialize program (] [,C,J
£ [ 1IR/S] ¢
v L, ) I[R/S | v
Erer | [ JIRss] EREF (V)
n [ JIR/S ] n
R [
3. | Input x value (molarity-M). M, } 7 } FNTER} Mi
4. | Input y value (electrode potential-V). V. TQ’,']L],:;I i+]
' 0]
5. Repeat steps 3 and 4 for all pairs.* [ 0]
I R
6 Compute coefficient of determination and the | [ D, | '}
standard electrode potential. L [
N
7. | Input molarity M [ ] ENTER] M
L]
8. | Input electrode potential v { {{ E } M,y
9. | To insert additional data points repeat I Liwrl
step 3-6 ] 7 ]
I
10. For a new case go to step 2. L Il {
[ I
* A set of data pairs may be deleted by [iﬂjj [
entering them as in steps 3-4 and ] [7 N
pressing [B]. [
LI
I
I
I
L]
I
R T
I 1]
]
1L




97 Program Listing 1

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 7
Bal  ¥LELN giii . 857  RCLS 36 835
M6 LSl >3 1 Inserts data pairs 858 ‘ -35
aea i 36 838 RCL4 36 B4
g4 RN 4 LI 53
#85 xLELE Z1 iz Deletes data pairs a6l - -43
886 G5Bl 23 @i Be2 ¢ -24
867 I- i6 56 863  STOE 35 15 S.E.P.
ag RN o 864  PEs  16-31 | Standard Electrode
883 ¥LBLL 21 13 Initializes program 85  KIN &4 potential.
Si‘f CLRE 25_—5:. and stores physical 322 “;%E éé ;5 Computes activity
e 6-3i r 2 < s ld
Bl: Gk 16537 parameters. 868 Ry -3 coefficient.
813 k-5 L 868 5Tl 35 81
B14  S5T0R 35 il F @78 RCLE 36 15
815 ks ai 871  RCLC 36 13
#le  STGE 33 12 Y ie - -43
Bi7 RS Si 873 RCLZ i
a1 sToC 35 I3 EREF 74 - -43
ais EsS a1 873  6&5B: 23 d2
B2  STOD 35 14 #e- B7é  RCLI 3o 81
8zl RTH 24 ar7 LO& 16 32
822 LBLL cl 14 Calculates ars X -35
23 Fes 16-31 coefficient of ar9 - -45
824 RCLG 36 83 determination and 88 LSBZ 23 8z
825 RCle 36 B standard electrode 881 RCLE 3 ic
626 RCL4 36 84 potential. 8sz = -z
827 -35 883 RCLA 36 ii
#28  RCLS 36 85 ag4 LOG 16 32
azs < -4 883 X -33
@a3p - -43 866 - =43
asl xe 53 887 &S5BS 23 8z
a3z  RCL4 36 84 Bas z -24
433 XE &3 ag3 16 16 33
834  RCLS 3o 65 asg RCLI Jo @i .
835 = -z4 891  PRTX -14  |Molarity
636  CHS -22 g3z X2Y -41 o o
@37 RCLS 6 @5 @93  PRTX -14 Activity coeff1c1enrt
#38 + -3 a34 RTN 24
a3s < -4 8995 «xLBLI 21 éi
848 RCLE 36 B 896  §TGE 35 8z Stores molarity and
B4l X 53 as7  ST03 35 82 potential values
842 RCLS 36 @5 893 K -31 then operates on
843 z -24 8sg  ST01 35 81 the potential value
wéd CHS -2z 188 RCLC 36 13 converting it to a
#45  RCLT 36 @7 181 ST+3 35-5%5 83 form satisfactory
a46 + -a5 182  ESBZ2 23 &z for a least-squareg
847 2 ~-Z24 183 RCLI 36 @l fit.
@48  PRTX -14 Coefficient of 184 LO& 1€ 3z
@49  RCLS 36 85 determination 185 X -35
8386 RCLe 36 66 186 ST+3 35-30 @3
a3l -3& 187  BSEE 23 ec
852  RCL4 Jo a4 188 RCLE 36 1
853 FRLLE 3o 88 1as e -24
854 x -35 118  RCLK Je 11
a5 - -45 111 LOE le 3&
836 RCLY 36 @9 11z X =35
REGISTERS
0 1 M 2 V 3 Y 4 5 6 7 8 9
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
T M T M2 Ty T y? T My n
A g v CRef.Electrode(y]” #e” s.E.p. |
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 §T+3 35-55 &3
114 . -6Z 170
113 a dig
116 & ac
1i7 é wé
118 Z @z
119 KCLi 36 al
128 ¥ 54
121 5 -35
122 §T-3 35-45 a3
123 RCL3 36 83
124 RCLI 36 4i 180
125 ETh o4
126 #LEBLZ Zl 62
127 . -62
128 ] ag
128 3 a5
1364 5 @as
131 i Bi
132 5 B8z
123 b 85
134 RKCLE 36 iZ 190
135 X -35
136 FCLD 36 14
137 : -4
138 R Z4
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A B (o} D E 0
M4V (+) M4V (-) START + S.E.P. | MtV-a FLAGS TRIG DISP
a b [ d e 1 ON OF
o O peGc @ | Fix ®
0 1 2 3 4 2 1 0 GRAD 0O sct O
i 6USED - A 8 - - 2 0| RAD D | ENG O
30 n_4
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Program Description |

:rogram Title CrysTQIIOjraFkic to cartesian ctoordinate )
*vanformations

Contributor’'s Name Cra'\ﬁ G‘l- \S\'\&C{'CV‘

Address 1335 Louisiuum

Eity Lawrence state Kansas ZipCode & 6 OY Y )

-

Program Description, Equations, Variables Pros vam 'h’aKS'GoVMJ ¢oov'aliua'te $ 'f"row]
any CVy:‘hdlojrapkic Cobli ut) s]sfcw iute a cartesian s)(s‘!“cw. asnd
calcvlates the distauces "and anjla> between tiree powts i space.

Eﬁua,'hous uscc,‘: Vaviaucb . qlblt = Ieujﬂl o'f obligue axes
«,8, Y - «ujlc between obliive axes
X=at beos¥ +c eosf a;,b;, e = toordinates of print
) - bsin Y + ¢ eos (0-8) cos =’ in oblipue systewm
Z: ceos (90/08) sin’ X, yi, 2 = coordimates of poiut

cas & - coseos X in cartesan s)r.sfeu

cosat! = - - Di; = distauce frous point ¢ to §
sin g "“.Y O1-3~3 = aualc belween Pw'k'h
X; a b eas Y ¢ eos/3 ’ ai
yi | = o b sind c .sc.n/(? c::».s °(I b;
Z; o) o ¢ sinf sin % e

)
A
0.1y = cos™ [Qf.-x,__)(x}-xx) + (oY) (Ya-ya) + (i.—z@(z,-z;\]

Dia * Das
Operating Limits and Warnings One a‘( the 0‘.&3"!‘4“‘:'&5 ) D‘j ’ wmust be
calcvlated betore Calwla'h;:] the “‘:}le between Hhree
points. Tnpvt a,b,e befove «, 8,7,

This program has been verified only with respect to the numerical example given in Program Description Il. 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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Program Desecription 11

(s T" . _ )
etch(es) ) ,qrb)c_ =(‘.ry5'ta“°3b"~f‘“° (olalcbu&)
la | axes
Y& AP c Ky 2 = eartesian axes
: ' “ /5 ¥ = angles between eyetal-
> 2 Y m.pkic., axes
-.o¢l. : ;
Y —
(" . . . )
sample Problem(s) Suppose one has a mouoclinic c.rys'l’ql with awt eell
Aimensions : a= IL.7/6A R = §0.00°
b = §./02A B= [06.14°
e = J.166 A Y- fo.00°

The CV)(J'I'QlIOJru.FRIc fractiona] coordingtes o{: a ui‘tw.:je,u aten
and two earbous bouded +o the ui'hfojew are

N, 0.509 0.351 0.170
e, 0.535 0.410 0.189
¢, 0.430 0,249 0.03¢

What are the recfa.uju]a.v toovdinates of the three atoms g the
distauces ( bond ’qu'Ht&) between the atoms awud the aug le
between the Theece atous ?

soltion(s) 1) I.716 + 3.102 t Il.166 L[A] —> 0.600

3) 70.00 1 106.14 1 g0.00 [{][A] —> 0,000

3) 0.635 4 0,40 + 0,189 [B] — 6,367 %,
4) 0,508 4 o0.as9t o.170 [¢] —> SH4M xw 3332y,

s) o430t 0.2¢q 1 0.034 (D] 2.098 yo 2027
—_— "‘1 732 K3 . 323 4% l.ooo atouc #|
2.0‘7 x3 o 060 wtow #2
0. 3‘; Ty
L 3,000 atow )
( )
Referencets) 6-) 12 [l o] — 1So0 Distauce frouw atoms [0 2
[ReeB) —  1.5¢ Distunce from atoms JH0 3
[rec el —> 2499 Distauce from olows {10 3

D [E]  — 110,536  Ansle from =23

J.Suﬁ/ N, L5 AD
[ o _A




User Instruetions “
Cry.s‘l'allojmpklc —> Cartesian (Bond lenjths + qu\jl“>
1 <tpr Y 13 §3 P
g at bt c atbte, at bte aziif*bzftzz 8i-2-3
STEP INSTRUCTIONS DATAUNITS KEYS o :’T‘ZS:ITTS
1| Load side 1 and side 2. 'j L—:l
A | Tapit lensths ot obligve axes a I
- 0 b el
¢ LAl | [ o000
3 | Tupvt augl&s between obhﬁvc axes X | ¢ |
a I
Y [ ¢ 11 A | 0.000
4 Iu'puf coovdinates of poiut #*1 a, A |
' b, I
¢, | B || I Xi,¥4y2,,k0
S [ Fupit woordinates of  point ¥2 axr |+ ] |
' b e 10 ]
C. I c l [ l xi’, 'y‘-/ tl,)a'o
6 |Tupit covdinates of point *- a; | |
by N R
[ | DIl | K, )5, 23,34
7| Calculate distauce between points fund | iy { $ H D { Di;
(]
) Note : The other two dictauces ave { I |
aleo ealetlated  snd oy be I H I
recalled fvom the @mwc | I |
registev RCLA - D l | |
ROLB -» Di3 I .
KeL e = Dy ; { I {
|
8 | Calevlate auqlc fyowm | 102 te 3 - ) | [8)-2-
49 | For new pom:\‘ o f{phu.( 2ld one | N |
ge_to sfep ‘4,5, ovb to re,DlaLcc -Hte l N ]
alx)[)\/"’DYw\."'C pom+ [ I |
10| For upew cvvquHoqraPhu, .svsfun 90 | I |
To d’cp R . Y | H |
N .
| || |
Note : Step 7 must be per@:rmeo( [ | |
be{'ore J‘fé’«p 9. : H }
| I |
I
| [ ]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE v ' COMMENTS
00 *LBLA [3] a5 stove a. b, ¢ | of
STo 7 23 07 17! RTN 35 a3
3T0 8 33 o2 *BLC 3) as 3 =2
STO 9 33 09 060 { 01
R+ 35 53 i o4
STo ¥ 33 o4 316 E 33 J§
STL S 33 65 R¥ 35 53
), &4 35 §3 &S8O0 |31 22 00
sm;(l 33 ‘f{ nlu > 02
010 cL T S agl
KIN | 3522 Y “L8LD [3) 25 )4 i=2
*LBlLa [32 25 /I store «,0, [ Y
y.ra Se iy celeolate 070 STOE TENTS
STo B 33 12| trausformation K 35 §3
R+ 35 $3 watreX GSBO |31 22 g6
STOA 3] RN | ic a3
STO 33 tase
ReLcC 34 13 1 * BLO |31 a5 od] ostore a bi ¢
020 cos 3l bl ST0 B 33
STOD 33 14 cos ¥ R 35 53
STOX4 133 11 Qsi s"erfA gs é_l
reLe 24 1 5
SIN 3l 62 ‘ 080 STo O 33 00
STOE 33 15| sin¥ i Y
SToxX S a3 71 ST I 35 33
reLB 34 12 G..;\BI 34 az_oo_L
cos ) &3] a
STO 0 33 00| <eosf S0 I 35 33
030 $STo X7 133 71 07 GSBY (31 22 of
ReLR 3¢ 12 3 03
¥ s TR TRETIT]
SToxd T3 ol on T RIN | ar 23 .
KeL E 34 45| sind FLBLL 31 ag ol wmeltiply <blijec
X n sin Lsing 0 00 coordiuate b
RCL D 3% I+ cosd ReLd RY'SWY matrix jlauc-d‘
I(;‘.(LO 34 “lﬂl) c,os,: » glsuf\ 1 ;zi ;\’x and ad
cas § cos, AoL
040 ReL A 3¢ U asBa 131 22 9
xX=2Y 35 3531 &c;g 34 /2
- 1 [ X 31 @z a2
x=Y 38 S21  aas - sosYeos PSE 35 72 U‘iSPI‘K/ "‘j“‘:j'ky
+ T S Vongd 100 NeLE 3% 1 coovdinate
g B3 71 o X=I 15 )
62:‘:;“ J2& 6.3 ’ R¥ Js ?‘% stove cavtesian
SIN RTEF) Sin ST0 (<) 33 a¢ coovdinaes
SToXq (33 721 o9 I:;i gi_ g;}
ceX 4
050 KTN 35 22 X231 35 a4
*LBLB 3] 25 0[2 a; b ¢; > X% y: 20 g:lE 5_} ;.S
: Py i=1 * LL A 31 35 02 Par(»'ovu-. matvix
JTo E 33 110 Rel () 34 thﬁP“mﬁon
R a8 £3 X
%BO 22 00 REGISTERS * oL
8 g
‘UsSED a [ 6 P 0 |'bes¥ |bsind [ 0 |eexB esiuﬂe.os-\’:.s'uﬂsiu-('
S3 S4 S5 S6 S7 S8 9
S0 S1 X\ S2 )h z, .Xz ),1 Z4 Ky y3 23
A B C D E I
D2 D2 D> USED USED VSED
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
TSt 3) 3¢ TS% 31 34
Is2 31 3¢ 170 KTN 35
Ist 3l 34 X LBLT |31 25 07 subtvact &6 from I
RTN 3¢ 22 ReLT 35 34
FLBLd 132 25 /4] caleulate chistances 6 06
STD O 33 00| betweeu pouts - ]
| ot STOL 35 33
120 ] of Ky 35
STOF 35 33 RTN 35 A
o 00 #LBLY [31 _as 03] whick distance
@SB3 [31 22 03 X,) ) s should be
aSB3 |31 22 (7‘ /./) 180 PN 02 displayeaf?
GSB3 {31 az 43 (_‘t; -}v ReLo 34 00
VX Jl 59 Xx=y7? a2
STOA a3 ]l Dia a0 | aza ol
0 00 { 0]
SR 3 |31 2203 3 0
130 QsB2 |31 22 03] x=y? 33 51
QSB3 [31 21 63 G103 22 03
X' RTINx NeLDR 34 1 Da3
STOR 33 )2 bas ATN RYSF)
0 00 190 * [RL3 3] as
6SBY 31 22 of ReL e 3% Dis
GSRBY 31 22 0 KTN 35 a2
&SBY |31 22 04 " LRL|
x* RIEK1 NLLA 34 1/ Do
sTo ¢ a3 |/ D3 RTN 35 ax
140 G0 9 aa o9 FLOLE [31 a5 4] eacvlade angle fmn
* ieL3 (3] A 03] (x;-xj)‘ p=3 kY 1-2-3
Reu () 34 2 0 90
CSB S l_[2 0§ T3, TSE, ks STOT 35 33
Rot (i) 34 200 gsBe |32 =22 15 (§,-¥)(¥3- Ra) 1+
- GiBe [32 22 48] (yi- ~ya)(y3=Ya)+
X2 32 5 GsBe (33 az M| (& -t (B~ F)
+ A KLLA 34 D
DS 3] 33 %
DSZ 3} 33 1 (AN 34 Day
150 RTN 35 23| +
* | BLY (3] a5 o4 Dis tos™! 32 63 &-21-3
ReL (i) 34 2¢ | 28 3] #3]
&GSB 7 |31 22 07| «dd-btol NTN 35 22
Re L) 34 2¢] 210 *LRLe a5 1
- $1 ASY 3 31 3¢
x* 2 £ ReLd) 3¢ a4
ISz kYl GRS |31 am os| ISy TS ISE
IS7 31 KL () 3¢ 2¢
IS 31 3 STo E 33 AS
160 ISz 34 - 5
Isz 3( 34 GSBS 13/ A of
T52 37 ReL() 3¢ a¢
+ & RULE 3¢ 5
ISt 3] 3 20 - 51
RTN 35 22 X 7/
* LBLS |3) as o add 3 to L + 6/ I
Isz 3 3% oSBT B 23 _o7] s 6 free
Jsz 3 3F RTN 35 ax
) CABELS FLAGS SET STATUS
Patbt e Patbite, [Past bt o ast bafes| -2 0 FLAGS TRIG DISP
a8ty | ) ° oy “dt prodoct | v DE| oee m | x ®
or Yvi 4 2
TR et | P o] gt B[ O 10| cwog ) sa D
I+3=L TI-b<I Svhick distaed!® 3 0 K n
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Program Deseription 1

4 ‘ ™
Program Titte Kinetics using Lineweaver-Burk or Hofstee plots

Contributor's Name R, Martin Bartholow

Address 1904 New Hampshire -
City Lawrence State Ks o Zip Code 66044
\_ J

:rogram Description, Equations, Variables Using the methods of Lineweaver-Burk (1) T
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 _ Km .1 1 = —¥m - ¥ ,
v~ Vmax S * Tmax (1) v = -Km s ¥ Vmax (2)

and the coefficient of determination are determined by use of the
Km/Vmax and
-Km and a = Vmax

formulas in the curve fitting program. Since b

a = 1/Vmax for the Lineweaver-Burk method and b
for the Hofstee method, the desired constants Km and Vmax may be
calculated. Once constants for the line are found, proJjected valued
for velocity or substrate can be determined. If the  same type of _
data in the presence of a competitive inhibitor is entered, then thd

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

Km' = Km (1 - [i]/ 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 /I. User accepts and usesw
this program material AT HIS OWN RISK, in retiance 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.

\L _/
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Program Deseription 11
rSketch(es) 0 | : w

Lw H w8 H

Ki

.

a )
sample Problem(s) The following data on product formation at various

substrate concentrations was determined in the presence and absence
of a, competitive inhibitor. Determine the Km and Vmax for product
formation with and without the inhibitor. What is the Ki?

Substrate concentration (mM) 1.0 2.0 3.0 10.0 15.0

Product formed (uM/hr) 40 69 88 160 185
(no inhibitor)

Product formed (uM/hr) 24 L4 60 126 158

(émM inhibitor)

Solution(s) LDsD] 4 1.0000
40 [4] 69 [a] 88 [a] 10 §}160 [&] 15[4]185 [A] 6.0000
.9996 (r?), .0042 (a), .0209 (b)
(D] 240.8340 (Vmax), 5.0275 (Km)
6.00 [£]4] 1.0000
ol [&] 44 [A] 60 [£] 10[1]126 [A] 15[f]158 [A] 6.0000
.9999 (r?), .0040 (a), .0377 (b)
[D] 249.7286 (Vmax'), 9.4028 (Km')
L 6.8943 (Ki) )
-

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




[ ]
4 User Instruections
‘1 Compet Lineweaver Hofstee V->S
I
&

STEP INSTRUCTIONS DA'T"SS;,TS KEYS DSTT;S:ITS
1 1 Ioad side 1 and side 2 :l(—:' 0.00
2 | Select type of analysis IQIjJI:Z_J

a) Lineweaver-burk le Il | 1.00
b) Hofstee s Il¢g | 1.00
3 | Input substrate concentratlon S | Entelr | S
4 | Input velocity ' [7, 11 a 7| n o+ 1
5 |repeat steps 3 and 4 for all data pairs [ ] |
6 | compute and output coefficient of [j¥i}(7"7|
determination (r2) and of the line: [ ,J[f ﬂJ
a and b L JLQ;fJ rz,a,b
7 loptional: project subgtrate - Ljf;ll ) )
concentration from a velocity Vv L.fj ] ’/D ] g
8 |optional: project velocity from a s |
substrate concentration S Lfrglfﬁ;;] v
9 |compute and output Vmax and Km [ ||D l Vmax,Km
10 |Optional: if competitive inhibition LI
data is available, the competitive [7 ][;;:j
mode may-be selected fw IL”;J
a) 1nput inhibitor concentratlon i [fv I 4] 1.00
b) input substrate concentration S | Enter ] S
¢c) input velocity \' [ Ila | n + 1
d) repeat steps 10b and 10c for all I
data pairs l [ ]
e) compute and output coefficient of [j:;![ ]
determination (r2) and of the line: LI |
a and b L:gf][CAi] r°,a,b
f) compute Vmax' and Km' L;;;][p, | |vmax',Km'
g) compute Ki [ Il | Ki
[ 10 ]
L]
* This step may be skipped if the l:::J
subgstrate equals the display counter — {; |

*¥% The last set of data pairs may be

deleted by pressing |h [_TFTW then

A set of data may be deleted by

entering the set as in steps 3 and 4

and pressing [].

. I | [ i
! : ' :
—_———— — —
i
. |
—
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 *¥Ibhl b 152 25 12| LINEWEAVER-BURK *Ibl d 2 25 14 |PROJECT V->S
CF O__ |35 61 00| Set flag 1 and STO_A 33 11
SF 1 35 51 01fclear secondary PGS 31 42
P S 31 42 |register 060 Rel 2 34 Q2
C1 Reg 31 43 1/X 35 62
P4 S 34 4D Rel 1 34 01
1 Q Rcl A 34 11
Rtn 25 22 F? 1 35 71 01
— *Ibl ¢ 132 25 13 }HOFSTEE 1/X 25 62
CEF 1 35 61 Q1 Set flag O and X0y 35 52
SE O 155 51 O0lclear secondary = 2
P$S 31 42 register L 71
Cl Reg 31 4 F? 1 5 71 01
P S 31 42 070 1/X 35 62
1 01 P<S 31 42
Rtn 35 Rtn 35 22
*Ibl A 131_25 11 ]|SUMMATION ¥Ibl e [32 25 15 [PROJECT S =V
CE 3 |35 61 03| clear ¥ - flag STO A 33 11
*Ipl 8 131 25 08 P& S 31 42
020 F? 1 35 71 Q1|if flag 1 then Rel 1 34 01
1/X 35 62]reciprocal Recl 2 24 02
STO D 23 1 Rcl A 3L 1
XY 35 5 F? 1 35 71 01
F? 1 [35 71 O1]if flag 1 then [* 1/X 35 62
14XO 35 _621reciprocal X ’é
F 25 71 0Q0]. + 1
GTO 9 55 09|if {1&1% % ihgn F? 1 135 71 01
STO ¢ 33 1% got o -a eb o1 1/X 25 62
*Ihl 2 |31 25 returning by 1bl2 PGS 21 Lo
030 F? 3 5 71 03|if flag 3 thenf- Rtn 35 22
GTO ¢ 22 00 *Ibl C 31 25 13 LOMPUTE b
Y+ 21 jcompute sums PSS 31 42
*Ibl 7 [31 25 Q7 Rcl 8 34 08
Ent 41 030 Rel 4 34 QL
1 01 lcalculate n+1 Rcl 6 34 Q6
+ 6 X 71
Rel C 34 13 Rcl 9 34 Q9
XOY 35 B2 - 81
Rel D 3L - 51
040 XY 35 52 Ent? 4
Btn 25 22 Ent? 41
*¥Ih1 B 31 25 12|{DELETION Rel 4 34 Q4
SF 3 135 51 03 set flag 3 X< %2 5
1 01 100 Rcl 9 34 O
CHS 42 + 8
v 35 5 Recl 5 3L 05
GTO 8 22 X<5Y 35 52
*Ibh]1 9 31 25 Q9Q!COMPUTE V/S FOR = 21
+ 81 |HOFSTEE + 8
050 STO C 32 ’LL+ STO 2 33 0
Rcl D 34 1 X 7 2
XS Y 25 50 Rel 6 24 g | COMPUTE T
GTQ 2 22 02 X< %0 54
*Lbl @ [31 25 00 T - 110 Rel 9 2L Q
- 35 21 - 81
GTQ 7 22 07 CHS 4o
REGISTERS
1 2 3 4 5 t |6 7 ' 8 9
° Vmax a' b’ Km' nx' ¥ x2 Ly! Zyz Lxy' n'
) S1 S2 S3 S4 ss > S6 s7 > S8 S9
Vmax a b Km Ex Cx Ly Ly Lxy n
A used . ¢ used used € Ki ! [1]
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a8 67 Program Listing 11
STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
Rel 7 3L 07
+ 61 170
+ 81
Pause 35 72
Rel 6 L1 COMPUTE a
Rel 4 LY/ el
Rel 2 3L
120 X '71
- 51
Rel 9 3l
+ 81
STO 1 33 180
Pause 35 7
Rel 2 34 Q2
P<3S 31 42
Rtn An 22
*Lbl D (31 25 14| TRANSFORM a AND
130 P<S 31 42ib TO Vmax AND
Rel 1 34 01]|Km
F? 1 |35 71 01] if flag 1 then
1/X 35 _62]reciprocal,
STO O 3% Q0 otherwise y- 190
Pauge 35 721 intercept is Vmax
Rel 2 34 Q2
F? 1 35 71 01]if flag 1 then
GTO 4 22 Q4llabel 4
CHS Lolotherwise
140 T 3 33 Q3|Km = -slope (b)
Pause 35 72
Rtn 35 22
*¥Ibl 4 131 25 O4]|Km for lineweave
Rel 1 34 burk method 200
+ 81
STO_3R 32 03
Pauige 325 72
P<Qa 31 42
BRtn 35
150 *¥Ibhl a 132 25 11]|C i
C1 _Reg 31 43| INHIBITOR
P<¢% S 31 42 positions
ar 1 35 33| primary register
1 O} and stores%i] 210
Rtn 35 22
¥Lbl E |31 25 15| COMPUTE Ki
P<,S 31 42
Rel 1 35 34
Recl 3 34 0
160 P<8S 31 42| Km recalled from
Rel 3 34 Q3] secondary reg
P<$S 31 42
+ 81
1 01 220
- 5
+ 81
ST0 E 33 15
Rtn 35 72
LABELS FLAGS SET STATUS
A B ) D E ; 0. .
Sav(+) | SMV(=) {r-,a,b | Vmax,Km Ki Linewea | FLAGS TRIG DISP
a
competit bT.inewea CHofstee ‘ V>3 eS—-)V 1Hofstee ocﬁ‘ﬁf DEG X FIX X
0 5 1 2 / 3 4 ( ‘2 10K GRAD O sct O
5 = = /S - gKm (LWR, > 0 %X | RAD O | ENG O
T\'iqp‘lny p- V/q 3 - s 0 x n
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Program Deseription 1

Program Title M ( XT v f\’@ u (sc osz res i

Contributor’'s Name R"C—hq&cﬂ D (4 y,mam
Address 2 3% 22 Y0 Wet
City Eé(moma?s,, B state  Wes _ ZipCode 1020
\

(o _ ) )

Program Description, Equations, Variables . . . ) N
; This F)(o Bawm calevlates T‘znc_mgf,sc,os['r/,,, S

o€ a M xXTv Re 02 ases usét/zg ,,,6[4«? Mai . E,hs_Kaﬁ R
Tﬁeom)/. The Wilke <€okmola s Us e k.

R i — KT AL A . e
MM{ X 275_ XJ (_.)‘ - . ,,,,2
= {

- M
b ()

Xi = Mole £kaction _of Com pPoneal

7, e

M= uisgos ( 1-), - o
M(: = MDJ.,CQSJM,,,,,LQLKD,LJ: 0‘% _Ll

Crlea e

Operating Limits and Warnings T Lllg FJ’(O SN C N I S..MQQI-/CW,JQQL -.‘@o.a&,Aga_sLs“__
,,,[{QS«\”’g Qr}[y 3 ow a%w5¢’5 a4 O mestT be entened ¢ to ‘If/l\e
exTra Kegf sTegsfor mole €ractioms. dud « noin - Teno vivmben
mu st be entered Gy the Molecolax wieghl and  Liscoidte
even Thougl, Thene are less than q gases bemg oseld

\ R -

~N

This program has been verified only with respect to the numerical example given in Program Description Il. 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

L MATERIAL.

/
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Program Deseription 11

("
S

ketch(es)
AR

_/
2N

7

Sample Problem(s)
at

Y pm T  gases

. ,Q,Qm(&ncu‘r, o

?v’nééli el The uvisco sj",t'/ of  this Cj as Wixtune
| ohr  « 293°K from qiuea date o€ the
O latn ¢ 293° K.

rco2 .33 ¢4.0| (4o xipm?

R
2z O
> M, - B2y

-0%q 32.000 |

Solution(s)

e [1)

R XY, [M] 32,0 [] 2s.0i¢[T) I[A]“7 44.01
203 [T] (75949 1[5] =2 (462
133 [P] .03 [1] ey (V] o [€) —@ -133

[D] — 17iteanie

the 0l se ved valve of 1793 To withim Fa.

___TL‘“""W" s 17t xio 2“/5“ This ctguees oty
N S - - - )

Reference(s) . .

Kl @Z,V’F’"‘ Bk ;o Woarten E. St ewend Edlwm V. Light&ot. )

TK«msfonT "flx’emo meva Iec(/ Fig

(460 - |
_/

o Ja‘fu\m\«/i)ey €« 9om5  Tne.




User Instruetions o

STEP INSTRUCTIONS b AlT':\F/’Ll:JITS KEYS o ST‘ZS::ITTS
Ll Lowed Side (<42 0€ cand L1
4 T ia fu‘r Molecolan  w Qq\q‘r o€ M( L] l:j
CM?MMT [ (M \ o sT Pee L—' ’ B ,:,I
Nen Zeno ZF C 0]
3| Entex S
41 Topor Mo (mvstbe 2 0 ) Me 11 L]
Tt [ L]
6| Tupet Ms ¢ M3 L
7| Eaten [ ™
T| LupoT My “ M | AL
1 IhﬂcJT Uiscos 11>/ 0’@ { A A [, ,j F;J
LN [0 ]
V] Twpot M4 (ion zenp) A R
(4 Entn [f;] [ ,j:;,;]
13| Tupet Mo Z 3 I
L¢ i [~ ]
S| T poT ey Z vy | BT
& :[\/ITP‘/T Mole  Lpect on ot | X, X.‘ [,”,;:] I - ]
)] Buvren [N ]
| Tupet X Xz 00
4] ente [ A
20 _[m'ﬁuT Xg [MVJBc =D {tanl 3 2—"1‘\5\ Xg | 7_] L - ;,J
2 Evten Wixtorg [
LV | T.pot XQ(' {Xc‘;- O £ Only 2043\ x’f {7C:J[ ] 1
l \ Aas MiX tore | Il
Sl

23] Solue Lon My [ DI ] Mg

29 €on e new C«S{P A To s1eQ [ 10 ]
Lo 1% oaly e mole Cucctions O
Chowae . L]
J Bl
'2{ I‘G NewW Aaseq Hua lM(Io(bd [7] [—:——j
Ao To grel 2 )
© ' [ ]
.
I N
R N
I
L ]




97 Program Listing I

52
STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@8l wLEBLR Zi o1t a7 RCLRA 36 11
88z CLFE i16-53 858 ST+8 35-55 @&
aez [ s ig-5i 858 RCLS 36 85
884 LCLFG 16-53 868 RCLA 36 11
a5 ey 16-51 86l X -35
#ac  STO4 35 84 862 RCL8 36 86
aar i -3i 863 = -Z4
egg  sS703 35 83 864  ST09 35 8¢
aaa Fi -31 865 RCLLS 36 8¢
gle 5702 35 az 866 RCLE 35 88
611 R =31 867 RCLZ 36 8z
81z &7 L H 868  RCL4 36 84
813 RTH 24 869  GSPE 23 15
814 ¥LBLE 2l IZF 878  RCLD 36 1
8is  sT08 35 85 il X =35
aie [ -3i as2  SToe 35 o8
Bi7  87G7 35 67 a73  RCLE 36 86
ais R -31 8’4 RCLV Je 87
a1s 5706 35 86 875 RCLZ 36 8z
aza R -31 876 RCL3 36 83
21 §T0S 35 @5 77 GSEE 23 15
a2z RTN 24 878 RCLC 36 i3
623 ¥LEBLC 2113 g79 x =335
824  8TOO 35 i4 836 ST+@ 35-53 B8
8zs R -3i 881 RCLE 36 12
82¢  STOC 35 iz 88z ST+8 35-59 v
27 Ri -3 883 RCLS 36 @6
828 STOE 35 1z 884  RCLS 36 85
29 i -3i 885 RCLZ 36 8z
g3e  STon 35 11 88¢  RCL1 36 a1
azi RTH 24 887  ESBE 23 15
832 LBLD 2i 14 888 RCLR 36 11
833 RCLS 36 85 883 i -33
@34 RCLE 36 88 @se 5T+@ 35-55 BE
B35  RCLi 36 a4 891 RCLe 36 86
836 RCL4 35 64 832 RCLB 36 1z
837  GSBE 23 15 as3 X -35
38 RCLO 36 i4 894 RCLe 36 8@
a3e ¥ -35 8935 s -24
B46 STOE 5 @e 8% 5T+ 35-35 @5
841 RCLS 36 85 897 RCLT 36 87
842 RCLT 35 ar 898 RCLS 36 @88
843 RCLI € a1 839 R(L3 36 83
844 RCLZ 36 83 188 RCL4 Jo 84
845  GSBE 23 15 181 ESBE 23 15
846 RCLC 36 13 182 RCLD 36 14
B47 X -35 183 X =35
a4 8T+@ 35-55 @@ 184 5708 39 86
848  RCLS 36 as 185 RCLC 36 13
@58 RCLe 35 a6 186 ST+8 35-55 8e
@5; RCL1 36 @1 187  RCL7 36 &7
852 RCL2? 36 @8- 188 RCLE 36 86
853 ESBE 23 15 189 RCL3 36 83
854 RCLE 36 iz 118 RCLZ 36 82
i) ¥ -35 111 ESBE 23 15
ase &T+@ 35-55 @& REGIS o 112 RCLB 36 12
0 1 2 3 5 6 7 8 g
M, e M My ” Az M5 My
S0 S1 ] s2 . S3 P1‘ S4 . s5 S6 S7 s ' 59
ML J t |v1 J
A . ) : c D £ 1
*. Xe AS; X1
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97 Program Listing 11 53
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 x -35 169 §TO2 35 8z
114 ST+8 35—5§ 86 178 K+ -31
113 RCL7 §6 ar 171 8101 35 8l
116  RCLS J6 85 172 RCL4 36 84
117 RCLZ 36 83 173 RCL3 36 83
118 RCL1 35 81 174 z -24
119 GSBE 23 15 175 4 a4
128 RCLA Je 11 176 1-x 52
121 X =33 ki ¥¥ 31
122 ST+ 35-35 86 178 RCL1 35 81
123 RCLF 36 &7 178 ERCLZ 36 8:
124 RCLC 36 13 188 z -24
125 X =335 181 I8 54
126 RCLE 36 @88 182 X -33
27 z =24 183 1 TH
128 ST+9 35-55 8% 184 + -55
129 RCLD 35 14 185 3 53
136 ST08 33 @a 186 RCL3 J& 83
131 RCLE 36 88 187 (NI 36 84
132 RCLV 36 &7 188 : -24
‘133 RCL4 36 B4 189 1 g1
134 RCL3 36 @3 198 + -55
135 GSBE 23 15 191 ¥ a4
136 RCLC 36 13 192 z -24
137 X -39 123 8 8&
138 ST+@ 35-50 88 194 I8 S4
139 RCL& 36 88 195 z -24
148 RCLE 35 de 196 e 16-51
141 RCL4 36 84 197 RTN Z
142 RCLZ 3J& 8z I
143  EBSBE 23 13
144 RCLB 36 12 200
145 X -35
146 ST+8 35-55 86
147 RCLE Jo a8
148 RCLS: 3o 85
149 RCL4 Jé 84
158 RCL! 36 81
151 GSBE 23 15
152 RCLA 36 11
153 x -35
154 ST+@ 35-55 @& 210
155 RCL8 36 8&
156 RCLD 3o 14
157 X -35
158 RCLA Jb 8@
159 £ -24
168 ST+9 35-55 @9
161 RCLG 3Je 85
162 RTN 24
163 «xLELE 21 15
164 25 16-51 220
165 ST04 35 84
166 Re -31
167 ST03 35 a3
les R 3 LABELS FLAGS SET STATUS
) ® Mipzr 3 4 C)( 112909044 P M mix i i;; 0 FLAGS TRIG DISP
mﬂ- b c d e 1 ON OFF
o O DEG ¥ | FiIx &
0 1 2 3 4 2 1 0O GRAD O sCh O
> 0O X | RAD O | ENG_O
5 6 7 8 9 3 E ¢ ni.
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Program Deseription 1

rProgram Title (@71 VAPOR  DPRess L‘»th) ACLHBE AD  pew Poywst )
CALGOLATION

Contributor's Name QOGéfz- N. LA®ss

Address V23> - & NE2CHOALE De.

cty CHARLOTE State < Zip Code 21O )

\.

-

Program Description, Equations, Variables TH!S  OROGEZAM UTIL1IES TWO VAP -PRESS vs
TempP ooints  (FR €ACh  tomPomgnt , VP G\vE) T EINO The Twe
(OEFFRICIERTE  OF T ALTDIME  EQUATION HELow (Two Car STANT me.oet.)

Lo ¥, = Alt +38 wuege B = vaaw PAE SSUE |
T = ass Teme Haviwe Fouwn  TEs€ wgfRuEnTs ™E  PRoGZAmm
CALLUCATES Lo dWIDLVAL E€QuitiBRiAm  comstarTs (X VALUE ) ano VAPOR
moLe  FRACTIOR)D (ec:%cé POINT ) P iU meld  ErAchoNs (DSw Ocm?\
Accoloipe 1O \:&(& \OGAL-\.'\Q\J\_O , GRS PRASES =P

\Lzzpvi/P‘— g :q‘/\C; ) Yo T XX waele
Yo T EQunBDum oSt u,:v\Pout'pT < ?vl T VAP PLESS, comPpNENT .
DT T SYeTOM TOMAL ((LESs, \ K: T LLQUID meilé RACT, S PenwshiT L)
Gy T VAPOL molé FRACT. (emAoNERT L Tor Aued POIRTY ) TRE  PRCLEAM
VSES A

SA L UESSS ( USUALLY LOWSST BOILiNG LOIRT  ofF (;o'.V\Pcu.,i:IHTS) PO
WLLEMENTS TemosaTULE QL C AT é "S“ o TwWE Cuest
or D POWTS | TWE  PAOLRAM OECREMERTS  Florm S0 (BYh RIGHEST
0l \OCLEMEMTS ARRE  crxBen B usel, AS S THE  ACCUAACH LY vl
e PrROCLAM CCmPaRES TS A e ) é\;. o ™E \OBAL VO,

TME  PaGevT  TemMe Aand A ¥t o2 3G A€ ALLAYS  pUAILABLE O view,

BULOLE, S IMLUILAE LY

LOMOENS | U, ao.ur) C HEep 2 K. ok Thwe  FwResT DRCP, \we OSAEMENS

S

Operating Limits and Warnings CPOVIOUs Lt TS 15 optF  APPLICABLE T Sgmdms TRAT (AN
BE APPACKIMADSO (v A STALUT LLE  por oF B, v (T ovi e  RancE

&
QRUESTIC, MM-J‘\ $SSTEM5  Follets TAUS QUTE  WELL

mww; AMD M A MEZE cAnR BE

Saour T AT Aol (WVALS 0 QuesTion . WrEL  tubgtTiPu Py v T omTA T

WSE T (E PCiTS CLeréE O OE CHRPELTED RANGCE  oF GBubdhie (T 0w
PoiRT, THRIS  IPSURES A REPAGEINEUTWE  LANLE  FOe RELIAGLE [ NTELPGLATION  F
L% VARSI PRESSWLE AND SUSSEQUENT (AL LLATIOLS,

This program has been verified only with respect to the numerical example given in Program Description Il. 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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Program Desecription 11

Sketch(es)

N J

—

MO DLW PoiPTs OF AN ETMLERE GLYCOL AND WA SysTom  ARE AMESDEO.
Tee TOML  QAEsolZE  \§ Mo mm \-\9 A0 (DIET RATIOOS (ww»é F(Z&\
AeE SUL T oW W0 3 o 204 ALsc e vapoL PRessure

o E€G  aT 3 SeF (‘355"’@) S JEEOSD. \iE  FOLLOWIRG 1§ G \UER
A 232%F R, BEG = 20 mm by 0 1,0 = $942 mm By

A 30 °F P el = e mem W B WNo 2 dese mn W

@onu..x. ?om‘;‘s Pune Com po e TS ((bmoeuimc Ponu\'s 5AM€3
AT N M \*\

EC = %8B °C IS‘LO = 2\2°F

Flvo Bussie Ao DEu  PunTs o  coreeseord wan Ol ‘e of
VAPOR. A0 LARUID  mol€ FRATwN  soms (le  Ayieryl € l.OO\.)
Solution(s) foLLow A psmeucnions

Kevsfﬂcués

Y 7 1) 3o [E1] 338[eT)1i0fet] 320[A] —> —5i50.31

©ALLET) 33wlEF) de3w[ET) 300 LRA) Cois] —> —3727.35
2o 1) £6]. 001 L3m) [T 2 CsT0IC0) Ls™)Le) 191,196 BmeEL 80als ) LN RITTS) —~ 0.80
21 Cet) 4600+ CSTOVCAY CBY  — Quns = wosec, 2T .\ L BUBBLE PQivT °F€
2 [sT5) (51338 (4] Awola] CSTOICAL CO) = @umd 2130 38¢ 3085 Dew  voIwT SF
2OWYTSTT) 395 Ce41 46004 (STOITAI Ty — R34.99 mn Hg el ATWE  CWES N

| 246 mm W AT 395°F se ool s LSS U Fat Py catcucation )
<
Reference(s)

T WO DUMIOR T CwreMicAl  Srpaet st T palo DMvAMIGy Srmm % Van Ness
T80 Cepmtwar 0% MeCau-Bne Py 335 200,352
EQs VETAC 3L
7-15
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56 User Instructions
T 2 &
‘1 NAPOR PAESSVEE | DEW POIPT  BUHBLE POIRT
Ej@ — A,B > BUBBLE . P, - OEwW

STEP INSTRUCTIONS DAlTT;StIns KEYS DSTli\T/S:ITTs

v | vomro si0es | amo 2 L

2 | loao @3 Wit wumsel comeoremts W | (W) |[A) | [sto

3 LoAO STACL W\ P.vs T oamn W™ mo| [ Pullet ] M Ve
N™ ComPoent  €1@ST  ABS. 00655 ymm [(Tollef] | o¢
g pwo  °€ Pecss A Y [Ef”‘ s g

4 | toad sSTAce i Pyyvs T oaTA e (W a ] °¢
R\ ™ componenT  wext | eeess  els @ |[N-"Comp [ Pu- | [€1 ]

h_ To i et |

FoLbtow s 4 yrTIL . ALL o pomES |P¢,\";‘] et ]
OATA KAS R EEN EWNEZED. IT,.:;-: ||l eds |
[&Ris || |

S | svoeg EJ_; WA SEE0 AUESS Temp. T °o¢ Kij [STo A

¢ [ =mots Co wmi sooac pocwmune P rnity| (P 508

1| stoee B Wi DY e € vou wawnt { ,'I ]
by, o ¢, < Lol Smle 0,00\ oo | fso |

& lsmoee Lo vwm BT R |ueting o (>7) | s o]

9 | stoge e vt RN Y () | [swE]

107| For BuBBLE PoiT  STRE 2 TS mag feaa | (PAs [S1o0]
Z\oan Prs |

wY For  0ew  Poivt  stole My i morC Fanc | P25 | BTON)|
AP AT

12* Foe  Dew point Pacss D o ]l ] °E

12*] For  musele  foinT Pacss 6 & |l ] [°F

N

W¥ ror vAPoE  plessute  store w1 Ry (@) | [st3]

& emoee Y w Ca o (@ ]lswM

\@| paess < S ™

L0 ]

.

*IO}JL'ﬂ ONE  POIPT  AuhgltE o2 OEw hk R
BE CALCULATED AT op(d, BuT SUREQUENT [ l| 77]

CASES Eoft SAME SHMSTEM (AO SIME AT STEP 5 L]

X AeSE | <nbs oPTIORAL  FoRl WARSL 00
PAESIULE  (ALcuLAROL | AMD Ay gt [
EXEED AP Suw d, { N % {‘]
NOTE. S0@D  oF QROGZAM 1S (RELATWELY I
INSSSITWE T BN, ll } { }




67 Program Listing I

57
STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 ¥ LBL A 31 25 \\ | Loadina  fFor <tTe O 33 OO
Sto A 33 W] weerrciens 4] LBL o |31 25 oO] BEas eo? Do &
23 3S 53] socrotiwors 650 \ |3V 2T o] cALcuAaTE ¥ Y
STo B 33\ 060 % N caccuare i
4 3553 G302 I3V 2t o] A
LT ¢ 33 3 053 3\ 33
[ 35 83 (to O 2L o] Loop uwutiL N
Svo P 33 14 ReL © 24 ©0| wmeane £ WM
Loc 3\ 83 \ O\ e
010 Qe € 34 \3 - Sy
4 04| (crnvRTIBL “F AR X Y0 B | cueck FoR wRAECT
i o GTo 3 1L o3| APPIoAcH (F BT
© [o]® ABS 35 4 CRANGLE DT
A (*3) 070 gee ¢ 3413 | c(omorafte AccurAcy
e 33 \3 ey 35 51
x T X &9 32
e @ 34 \1 7o 4 21 04| O veLAay BUABLE
Lo 3. 53 G506 5 [3v L oS5 Wy eV T
e p 34 i\ ato @ 21 1\ STET  AGAIN
020 4 o4 | (BL Cc D25 3 cacc, Py
[ o]8 Ree A 34 1M
1o OO x>3 35S 24
* 6! S o5
sSTo A 33 i 080 Al (1]
X { X3 3S 24
- S\ 2o OO 34 24
e € 34 3 XY S St
Ce A 234 = ]\
- 54 Xy 3 35 14
030 - 81 | soLucd Fol oseF & S o6
s Q) 33 24| swoe w o - 5\
gee © 34 (A wE X 35 24
ot 3 63 R 34 24
ReL ¢ 24 3 090 * (=)
(Cce 24 24 R 35 2L
Qce ¢ 34 13 ¥ LaL © |50 15 ] Oguw PorT
X &l Rece € >4 15| swes w 0 €1
- 51 | souven R e dFE A so I 3% 33
040 %61 25 24 CC X 44 cLene Lo
S 05 STe © 3> oo
Ly G\ ] H UL b |3V 28 O] BEuie PO e
P Y 235 14 (Sh 31 2l oi] catcuince K;It\‘.
<o (V) 33 724]swae 10 Quss 100 Yy | 35S ST | CaLcviare ¢
x> T 35 24 = B
S 05 696 1 I» 22 o] A~i
- 54 0s% 3y 33
Xe> I 35 U4 Yo ¢ 2L O] LtooP XTI W
DSt 31 BI | HertT comPorerT Ret e 34 OOl Compades 4 i
050 2is 4 \ O\ 1.
@is R4 | s©P AT W (on sonEets - S\
LT A 2T\ DO 31 B\ | cuerk ol e@EcT
¥l el B[220 25 (1] 8uBHE PowST 7o 7 21 | approrc i (€ ROT
QecL & 24 6| soes v o @y 110 A Gs 35S 4] ceoae T
<o 3 36 33 RcL ¢ 34 3] (omPAAE ACCUllACT
R 34| ceend Qo x>y 35 5T
REGISTERS - -
3 5 6 7
0£‘ %ielys 1 Au 2Ap,\ 3Au-1 (Xuq Ap-d, Q. guﬂ %u-l Bu-3
S0 S1 = S2 W=\ |[S3 w-T[sa  w->Is5 M -4 [S6 S7 S8 S9
%0-4 *,4 % ,4 X, X, ‘-{ )
A B C D £ I
Seeo ¥ oMl Phess | D2 DT N
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58 67 Program Listing 11
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
X £Y 37 M
qTo 4 11 24| pyspraq D 170
458 o 32 LV A\ 2y e o
o O 2L \4| smar AcAw
¥l LB ) i 25 o CALCveATE (2
4s ¢ 31 21 3
Rci 8 34 \1
120 = &t
XY 35 24
| ol
o o
» [CY) 180
Ko J 35 14
[AaR Q) 54 24| L ¥ ot g
TN 3% 2t
wlie 2 |3 26 o2] & x: o2y
Y& 38 24
130 ] o)
O oo
. S
LAY 25 24
STo *O |33 i o0 190
Tn 35 21
¥ LBL3 13y 25 O3] CnamaE DT ol
LS8 b [22 22 L] Dew
(S8 o 131 11 1
uwwo B 1 L
0 A LBL 4 [3) 25 O4] comveln 9@ 1o 0
Rci A 34 | Ov30ay T
4 o4
© 06
"2 oo 200
= 51
(&Y »M
] LBCS [3L 25 oS new T
fleL A 34 il
2¢O 54 14
150 < o\
s>to A 33 1\
T 35 21
¥ LOL T [3 15 ©]] (hAReE BT et
w8 5 |3, 1 oS| avsaz 210
4sH a 31 22
ut o 2L \4
A cBC o [37 285
gciL O %4 \4
5 0S5
160 — %\
STo © 37 \4
g7 236 21
MLAL b 16 W\
Zce A 34y 220
{{i. O 34 \4
- S\
sTo A 33 |
TN 3 11
LABELS FLAGS SET STATUS
A B C D
CALCAGR Joare avB. Jcae Py [Caw pew FLAGS TRIG DISP
a _ b c d e ON OFF
%_EMT CHARGE dT 0o O B DEG ® | FIX &
o teee Jicaie ¢ T4 o e nr [boe < L oE| ame | s
CHRALLEDT| Do LooP [CuhmgE dY 3 0 =& n
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Program Deseription 1

Program Title ~ SINGLE STAGE EQUILIBRIUM FLASH CALCULATION

Contributor's Name Kerry R. Kelly

Address 4208 Salem Drive ] - )

City Baton Rouge State Louisiana  zipcode 70814
\ J
7

Program Description, Equations, Variables Given the numbe,r ,Of °°mP°n9nF§_., (JL)Lthe

S
mole fraction (zj), the equilibrium ratio between phases (Kj) for

each component in the feed and a first guess for the mole ratio (V/F),
the program will use a second order Newton convergence scheme to
converge the Rachford-Rice equation to nearly zero,(lofélt

£(0/F) = 3 25(Ky-1) / [(Kg-1)(W/F) +1] = 0, Rachford-Rice Bq'n

i=1
(V/F)j,q = (V/F)g - f[(\}/F)i] /f-[('v'/lF)i] | iﬁéwtoh B B
o - - ' Convergence
£ [(v/F);]= -,‘Z;inwi-l)z/[mi-l) (v/F)+1]7 ) Method
l:

Next the program can solve for (V/L) and the final compositions of
the 1iquid and the vapor bys (V/L) = (V/F)/[1 - (V/F)]

xi= 21+ (W] /[1e k(WD)

vi= 21+ @] /[1+ Q/K)A/M]

Operating Limits and Warnings

_ Maximum number of components = 10

This program has been verified only with respect to the numerical example given in Program Description 1. 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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Program Desecription 11

——— ————————=
Sketch(es) V, (moles/time)

F, (moles/timgﬂ FLASH
Zs VESSEL

1

L, (moles/time) |
xi ,

f

steady~-state flash vaporization giving product equilibrium at 270°F
~and 50 psia, The details are given below:

Component ) 23 K; @ 270°F & 50 psia
; .. C . 0.15 | 12,75
R o T 0.25 .. 5.6]
.t 0.05 1.40
i Co 0.30 0.705
Cg 0.25 0.375

Calculate (V/F) and the composition of both the vapor and the
liguid product streams.

Sample Problem(s) - A_five component mixture of hydrocarbons is fed to.a =

Solution(s) S(A)—~5.00000; .15412.75(B) .251 5.61(B) .05t 1.4(B)

,th31 .705(B) .257f33?5(B) — 0.00000
.5(C)(calculation time ~ 72 sec) —  0.80243
(D) — X - i
e 0.01L38%¥* . 0,18339%%*
_ 0.05320%#*  0.298L5Hxx o
o  0.03785%x** - 0.05299%*%
» . 0.39304%xx 0.27709%%*

i 0.50153*** Q1188O7***

7
Reference(s) (1) King, C. Judson; SEPARATION PROCESSES; First Ed.;
Page 513; McGraw-Hill; 1971

(2) Kern, Donald Q.; PROCESS HEAT TRANSFER; First Ed.;
Page 3323 McGraw-Hill; 1950




# This calculation is trial and error

and may take several minutes if a

large number of components is

involved and/or the first guess is

poor,

¥%¥ This step can be performed only

after step 6.

[

|
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User Instruetions
SINGLE STAGE EQUILIBRIUM FLASH CALCULATION
PAUSE? (V/s)*f(X/F) v, P
z; ¢+ Ks (F’)o"(F) »>Xi,¥i o —> (V/L)
STEP INSTRUCTIONS DA'T':SH;.TS KEYS DAOT%S:TTS
1l Load side 1 and side 2 L1 ]
2 | Input number of components, n (A [ | n
3 Input mole fraction of component i [ B O
in the feed. Z3 ENTHR %3
L Input equilibrium ratio between [
phases for component i, Ki | B [ ] n-1
5| Repeat steps 3 and 4 for i = 1 ton I
6 | Input a first guess for the mole ratig I N
(V/F) and compute and output the I R
actual ratio.* (V/Fg (¢ [ | (v/F)
7 Optional:s Compute and output the 1 ]
mole fraction of each component in I
both the liquid (x;) and the vapor(y;) [ I |
for i=1 ton** [ DIl | [ x1,71
[T ] | %2492
I N :
I N .
N I 0 %
8 | Optionals Compute and output the [ o
mole ratio (V/L)*#* LE ]l ] (v
9 | optional: Input the mole feed rate [ ]
and compute and output the vapor mole [ |
and then the liquid mole rate,** F | £ E | V,L
10| Optionals Toggle pause mode, Used [ ]
to watch f(V/F) converge to less than [ ]
10°°, [ 1 [1.00/0,0¢
-
|
=
[
L
I
B
L
.
.
;
|

__________r____ﬁ________‘_ﬁ_
' ! ' \>
| 1 IR R Lo
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g7 Program Listing |

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 f IBL A Bl 25 11| set up the I RCL E 34 15
1 0l] register for + 61
= 21! data input by STO E 33 15
h ST T 35 331 storing the no, [*®°__|h RTN 25221
STO D 33 14 ] of components f LBL 2 |31 25 02] set flag O so
11 0l | minus one. RCL A 34 11} that subroutine
+ 61 (n-1) h SF O 135 51 00] ¢ will cale.
frRLERiail T o —; A
oo |STO (3) 33 28] g4 . . CF QO [35 61 00
h xzy 35 52 inogﬁeK;rigngl h RTN 3522l _ __ ]
> L2 . f IBL C |31 25 13 i
f P2S 31 i register and Must constrain
?Tg>é1) 33 ﬁz then display the— ﬁTg A 33 éi trials to
5 Doz 31 number of com- BS 35 5 0<(V/F)<1
31 33 ponents for FRAC Jz 831 _
GTO 0 22 00| which data has GSB ¢ [32 22 13] Calc. f(V/F)__ _
ﬁ LBL 0 Bl 25 00 not yet been STO C 33 13
RC I 35 341 entered. h F1? 35 71 00] Pause?
=i o "G e
h_RIN 3522 EEX 43l |£(v/F)|< 10762
g LBL ¢ 32 25 13 6 0
STO A 33 11] Frepare for CHS L2
RCL D 3L 1k calculation of |ig oy 32 81
h ST I 35733 gfz’/F) or R 2208
0 00 V/F). f GSB 2 [ 31 22 02] Adjust (V/F)
STO E 33 15 _ ] RCL C 34 13] by Newton's
LT bsts T wluned o
+ check the new
S OSs ThT oo 03] =y Zilki=D) o 3334 returing to C.
RCL E 3 15| & (K-DWRx ] GTO _C 2213 _ _ __ _ _ __
h RTN 35 22 090 f IBL 4 [ 31 25 04| Return with the
f IBL 1 31 22 01 or RCL A 34 11 %a}esi_t value of
RCL A 34 11 . h RTN 35 22| (V/F) in dsply.|
RCL (1) 34 24| If flag 0 is set f IBL D |31 25 1&
1 01] Cale. £'(V/F) f GSBE |31 22 1
- 5] . . RCL D 3% 1B} compute the
—0 I e i S Y L7 PO
- o x. then y.
tor e T s R e B i e
g g2 32 5h 10 [GTO 7 22 0
RCL (i) 34 24 f GSB 5 {31 22 0
f PZS 31 42 h RTN 35 22
RCL (i) 34 2 f IBL 5|31 25 0
i g EREIEY
1 01
050 - 51 X ‘ 71
h FQ? 35 71 00 1 0l
x4 32 sh + 6
& i RCL E 41
h xzy 35 52 mo 1 0l
+ 81 + 6
f PZS 31 42 h_xzy 35 5
REGISTERS
8 9
° Kn 1 Kn_l ? K4n_2 ° ¢ e o ) o o o 5- . . 6. s e o 70 o« o o o o o Kn_9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
zn zn-l zn-2 L] L] L) L] L] [ ] L L] L ] L] L[] L] L [ ] [ ] L] [ ] L ] L] L] Zn-9
A B D !
Trial (V/F) Used f(V/F) n-1 Used Used




STEP

KEY ENTRY

67 Program Listing 11

KEY CODE STEP

COMMENTS

KEY ENTRY

COMMENTS

* 81
f PzS 31 & 170
RCL (i) 34 24
X 71
f -x- 31 84
RCL (i) 34 24
1 01
120 RCL E 34 15
h 1/x 35 62
+ 61
X 71
RCL E 34 1 180
h 1/x 35 62
f PzS 31 42
RCL (i) 34 24
+ 81
1 01
130 + 61
+ 81
f -x- 31 8
h RTN 35 22| __ _ _ _
LBL 190
1 01| to (V/L).
RCL A 34 11
- 51
+ 81
140 STO E 33 15
h RTN 35 22|
LBL 2 25 1
%NT}?IR ’e : 5 u{ Compute and
ENTER ¢ L1] display both 200
RCL A 34 11] the vapor rate
X 71] (V) and the
f —-x- 31 84| liquid rate (L)
- 51| given the feed
T —x- 31 84| rate (F),
150 h RTN 38 22| _ _ _
g IBL al|32 25 11
h F1? 35 71 01
GTO 8 22 08| Pause toggle
h SF1 [35 51 0 to watch 210
1 0l] convergence,
h RTN 35 22
f IBL 8(31 25 08
0 00
h CF 1 [35 61 01
160 h RTN 3s 22y __ _ _ _ _ _ _
220
LABELS FLAGS SET STATUS
A on ® 251 Ky ‘K¥)d+(¥)‘*»xi.yi £ >(V/L) [° Used TRIG DISP
° PAUSE? |° %¥)’f(¥)d *F>V,L | Used |, DEG ® | FX W
0 (n-i) |' Used [2 f*'(V/F)3 4 Used |[° 1 0 ® | GRADO | sCI O
5 > 3 3 2 0 K RAD O ENGSD
>Xjis¥Yi Used Used Used 3 0 K 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. Every one 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 Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation
Clinical Lab and Nuclear Medicine Games

Users’ Library

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 Medical Practitioner
Portiolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA Forestry




CHEMISTRY

A variety of general physical chemical programs including equations-of-
state and acid-base equilibria are included. Several programs onh 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 LINEWEAVER-BURK OR HOFSTEE PLOTS
MIXTURE VISCOSITIES

VAPOR PRESSURE, BUBBLE AND DEW POINT CALCULATION
SINGLE-STAGE EQUILIBRIUM CALCULATION

HEWLETT ’! I PACKARD

1000 N.E. Circle Bivd., Corvallis, OR 97330

Reorder No. 00097-14006 Printed in U.S.A. 00097-90181
Revision C 7-78
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