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

 

 
 

 

 

Contributor’'s Name Alan J. Rubin R R

Address 2577 Kenview , , o

City Columbus __ State Ohio ~  ZipCode43209
\_

(
Program Description, Equations, Variables Aflexible programfor the calculationofthepH1

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

x° + Kx® - (KCHK )x - KK = £(x)"- (RGHK )x - KK
. . R .

where x, K and C are(H ), K_and C_, respectively, for weakacid solutionsor(OH),
Kb’ Cb for weak base solutions., The first estimate of x in the iteration is

| L
= (KC + K )*

’ w

Tocalculate the pHof aweak acidsolution, K_(after conversionfrompKEb_or
 PK,, if necessary)is enteredwith Key B, followed byC_molarentered into Key D

(mg/1 may be converted toM). Hydrogenconcentration is flashed for one second

followed by Pfl:m;TQ;FeCQY?EWffif)’,Pre§§HA-  

To calculate the pH of a weak base solution‘Kb,_and Cb areentered, asabove,and

(OH") is flashed for one second followedbypOH. Toconvert to pH, press R/S,

pHor pOH mayberecovered atanytime from memorywithoutgoing 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 e R B R .

 

R1 through R6 are used.

 

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

Addison-Wesley, Reading, Mass., 1964,  

j

Sample Problem(s) 4 5

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

2.) Find the pH of 3.OX10—6 M NH4C1 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/l solution of calcium if

its molecular weight is 40.

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

-5 -4
Solution(s) 1.) 1.8 EEX,CHS,S,B'S" 1.80000X10 “; 4 A—=1.00X10 ;

D —»3.45X10~, 4.46 answer

2.) 4.75 A-1.78x1o'5; R/S —5.62x10" 1Y, B—5.62x10" 10,

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

3.) 9.32 A—> 4.79x10" 10, R/S —= 2.09X10™"; B — 2.09X10™"

.002 D—-—l.95XlO_4,3.7l; R/S —* 10.29 answer.

4.) 40 £,C—=40.00; 150 C —= 3.75X10™° answer.

5.) 1.68 EEX,CHS,3,E—=%2.77; R/S—*11.23 answer

L (alternate: 1.68 EEX,CHS,3,{-’,E—"5.95X10-12; E—" 11.23 answer) p

7

Reference(s) W 
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. &7 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 Z Convert o>

32 Fha o K
Pho > 4,
N o & 2%,

Intercbage —L0[$700)

,fi and A,

 

or , bispcad K

CHTD zud [OH-)
 

Newton - Raphson

1 +eration 

 

 

Cul evdaste. ruo/cw'f?

frou. mfilfl

 

ENTBR K

 

ENTBR. HW

 

C—>pH or f’OH

Calewdates
Consrauts

ITERATE

 

—_— /oH or ,:Oh‘

f;'»m M&marg

FrasH §x]
DisaAy p)(

>
REGISTERS

. 8

Hest [‘Cktio || Kko [Yooftso |” Mw
S5

2

S2 S3 S4 S6 S8

D 



&= Program Listing 11 5
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

170

LABELS SET STATUS
5 K4 0> H C> TRIG

“okds K |I© MwA  |? —spH ® DEG O
T ised 2 3 » GRAD O

> 5 RAD 0O 
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 ~

Program Title Acid-éd.s'e. qu/fiém}m ¢Jifvo?.ic ) , w

Contributor’s Name 654 r/&s A//n 57‘0’)

asress John Tay College, 445 W 59 3t
City New York statae MY ZipCode /0019 5
\
 

 
 

qogram Description, Equations, Variables ?’ojl’dm 0’¢+¢rm;ne_.s [H_;o:] or PH of a_

So/ution of a dibasiz acid and/or /& sal/%. E&ztu'ru/ /r.)pu,?l are:

K, and K : Fivst and secand equilibriam censtfan?z Ofi‘& aced .

Ca ‘Initid/ conc. of tHhe acid (HaA Kew=/500""7

Cs, i lnitiad cone. aF He fI'S7L sal¥ (/Vd.//fi)

Csar Inctal cone .6f He second salt (NezA)

7he fo//awlh7 ef%?‘/&ns are wused (x=LH3z0*"] )

Mixtecre of(oo tao0) Epuatren

I 2R x*+ K, x* + (K, Ka=Kiw = KiCa) ¥*~(K K.+2K,KaCa)X = Kuw KK=0
2. Hy A +NaHa x*# (Cso + KK+KKzKuw = KiCa )x™ - (Kiak,+ 2k KaCatKiKaCsa) X

~ Kwk ky =O
3. Na HA x ¥+ (Csu* ku)xs"" (Kn ka‘Kw) 2 = (Kwk, +K, KiCsa ) x -KwK,Kw =0

WVoHA+NazA X%+ (Cs* 2ACsa + R )x3+ (K.Ka~Kw *+ K Cs,a )5—(KwkK, +KiKy Cso )"

SNas A X*e (2Caat k) x* +(KiKa=Kw +K, Csia) X'=Kuk, x ~-KiKiKy = O
Appreximate values Lused as starfing values for the (Terative silihion) are:

’. X ‘_'.'. (KICQ.Bl/l tzv X —_'.- K(CQ_/CS‘I 3, X =...’ (K.Ka )'/2

4 x = KaCsu/Csa 5. x= (Kuky/s

 

Operating Limits and Warnings

The re/,ve.senfafuh,s H2A, NaMA, cte. are wsed m aacnero./ sense and do

ho re.fcy +» ang 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. J    
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Sketch(es)

\_ Y,

a )
 

Sample Problem(s) lU)‘lAj' i1s the HgOf C-o"\CQn‘("'ad’\.oV\ Q—O\“ a SOII»Ci‘\‘M‘\ Con -

‘h:u‘n\'v\a 0.09 Mm Soémm L‘Wé‘"%eh oxc-.]o:{‘!. amd 0.0l M sxalie ac,}l ?

W hat pH s ths 7

 

K,= 5.490x10"% Kya= 6. 40 x¢0~°%

Cas= 0.0l M Csi = 0.0 M

Solution(s) Kbys+ro\<¢ -

), [¢1CA1] — 0.00 00
2, 5.90 [Eex)lens) 2 [EnT4] 6.40[cex)lens]s [R1 - 5140 -0
3, .o/ L[B] - 1,00 -0
¥ .05 [c] - 5,00 -0a
5. [e] Read LH20"7 >S5, 5y ~-03
6, L¢] [o] Read pH 2,26

- y
 
 

 

 7 . —
Reference(s) J.G. Diek | Ana/clf/'cca/ @cmi.s?‘rv , MeGraw Hill Book Co, 1173   
  



10011Sser InstruetiN
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INPUT
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INSTRUCTIONS
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Q
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67 Program Listing I .
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

 

STEP KEY ENTRY KEY CODE
  

001 00| Sdlve c‘uad'\'c et.

1€ basic wmode ut, con-
(l veat Conm) y Qg0 +]

Convert Thzn) +olow

g1 °F Teverw

o l Sm +b (n.‘

mmdeater

o2 suwm to Q‘

lh‘\m"“\'

H4 suewm + En.

ndreaber

Set wp pPropey

coeClrcients weed
N all cages.

C—O”\Q\C“t ace(-lqi“’{x

ave ecalewleted 1n
subrawtine ponted
'!‘- Ls (uv«}\o.v\

wmdiector Lflta. 5)

 

“}ov& Qh. .W\J.\(Jgr

1 awd g0 to (i) for
Proper mitinfl walue .

 

REGISTERS -
S Funchié 8

Kw KI
S5 S7 S8 59

E I

approx CHsot] Used



10 67 Program Listing 11
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTSSTEP  KEY ENTRY

-1
T

(Kwk, [Cua) >

l<? cs.\/C3,.7.

o

LABELS SET STATUS

Yk, |° ¢ Csu Csa £ TH,0%] FLAGS TRIG
b o

INT b-» ¢ =7 H ® LOH™) V% oee =
GRAD O0 1 2 3 4 O &

v Hap _ Na HA A ~NaHA N4, A 0 ® RAD O

Use d NaHO+NaA Wsed cel 0 X 
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 - >
Program Title Weak Acid/Base Titration Curve

Contributor’'s Name Karl Marhenke

 
 

 

 

Addfess 1710 Wilshire Drive o ) o

City Aptos State CA Zip Code 95003
\_

r

Program Description, Equations, Variables Consider a weak acid, H‘iA° The electroneutrality ofW

any solution containing this acid and its 1ons requires that

(E'] + [Na"] = [OH] + [H,A"] +2tHA'] + 3cHADTY + 4ea*.
The [Na] term must be included once neutrallzation is begun; NaOH isassumed 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=VM/(V_ +V.), where V. = the volume of H,A taken at the outset
a—a’ a b a L

!a = the molarity of the HMA solution taken

V. = the volume of titrant added
b

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

for the fraction of each ionic species as afunction of {H+], The results are used
K K_K K _K_K K

here. LetQ-“*‘l +12_"12} 3K‘*

ey gh®  h cn)
in the equation above, we now substitute its fraction times C:

K CK 2CK_K 3CK_K_K l+CK K. K

(H] & rha*) @ M 1, 12, 123, 3"4
b QEt qrEt? qret)? QY | I

After substituting for Q, clearing fractions and collecting terms 7(}‘ straight{o_rwax;d

For each acid ion concentration|

 

but very involved process, and one which is hard (fqr me at ]‘.ga‘st)' to dowithout

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 thecalculator

iterates until your patience is exhausted, you can press , to haltthe process,

enter a guess which you hope will be better, and start again by re-entering your

volume of titrant and pressing E. But make sure the primary and secondary storage

registers are set '"mormally'"; i.e. make sure that R, contains an integer equal tothe|

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

k while the primaries and secondaries were switched.)
 

 

   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.

. _J  
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Weak Acid/Base Titration Curve Page 2 of 10

+ b
- KW)CH ](118 + (K, + (NDCE'T® + (KK, + [Na'IK, - CK,

+ +.3
+ (K1K2K3 + [Na ]K1K2 - ZCK1K2 - K1Kw)[H ]

+ +,2
+ (K1K2K3Ku + [Na ]K1K2K3 - BCK1K2K3 - K1K2KW)EH ]

+ +
+ ([Na ]K1K2K3Kh - ltCl(,‘Kal%K,4 - K132K3KV)EH ] - K1K2K3K4Kw = 0,

The equation is now re-written using the letters a, b, ¢, d, e, and f to represent the

coefficients after the first ome (i.e., 1):

(E*18 « arE*1% + blEYY 4 o112 + alEY1Z + o[H'] + £ = 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((HEY] )

(8" ., = (B - ———
o B g ([H ]n)

where [H+]n = a trial value of [H+];
+

CE ]n+1
= a new value of [H+], closer to the root of the equation than [H+]n was;

g([H*]n) = the function g evaluated at (E"] = [H+]n and

g'(cn*]n) e the first derivative of g evaluated at [H'] = £H+]n.

Here, g'(CE']) = 6[B*1” + 5alH'1" + bo[E*13 + 3c[B"1Z + 2a0H"] + e.

The iteration process continues, using each value of [H+] 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%, 4 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%° + (k, + Ra*DCENY + (KK, + (Na*IK, - CK, - K )[ET)31 12 1 17w
+.

+ (K1x2K3 + [Na )KK,

++ ([Na ]K1K2K3 - XKK

+2
- 2CK1K2 - K1KwiFH ]

- K1K2Kw)[H ] - K1K2K Kw =0X3 3



Weak Acid/Base Titration Curve 13

Here g((E"]) = ety + a[H*]u + BE) + c[H+]2 + d"E) + ¢ and

g ((A1]) = stE*Y + balEY)> + 3CEYI2 + 2¢7EY) + a

If a dibasic acid, BzA is used, K3 and Kh are both zero, and the 6% degree equation

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

[H"]‘+ + (K, + ENa+])[H+]3 + (KK, + [Na+]K -CK, =K )[H+]2
1 172 1 1 W

+ Fut
+ ([Na ]K1K2 - ZCK1K2 - K1K');H ] - K1K2Kw = 0

Here g(CE']) = [B*]" + a'BE*1> + bE*12 + c[E*) + 4 and

g'([H+]) = #[H+]5 + 3a[H+]2 + 2b[H+] +c

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

equation reduces to

, KB and K, are all zero, and the 6% degree
2

(B2 + (K + [Na*1)[E*1® + ([Na*IK - CK - K)E') - KK = 0.

Here, g([H+]) = [H+]3 + a[K+]2 + bEY] + ¢ and

g' ((EY]) = 3(8"1° + 2alH'] + 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+] = O 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 imn

[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 first columm.
If 3 K's are entered, RS will be 4 initially, and the loop begins with the second

column, and so on. If K's are entered, it is necessary that Km_1 and Kn+2 be zero.

Thus the initializing step [:][E] is necessary to initialize the registers properly.

If the volume of titrant added is zero, the program automatically takes,Ji: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.
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T

Sketch(es)

\_ _J

. ] 3 -8 )
Sample Problem(s) For phosphoric acid, H3P04,K] =7.5x 10 7, K2 = 6.2 x 10 and

Ky = 1 x 107'2. Plot a titration curve from O to 75 ml of base added for 50.00 ml
of 0.200 M H,PO,titrated with 0.500 N NaOH.

Solution(s): For a complete solution for purposes of a plot, calculations of the pH

at approximately 45 different titrant volumes are required. For purposes of

illustration the following 15 calculations will suffice:

 

 

 

 

[f] [E] -==---=mmmmmm- 0.000

[C] —==-mmmmmmmem- 1; Base mode

[C] == 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] ---------- 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[A]-- 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

y
- 

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.

§ J     
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Stort, ' 7= yellow
Base ? K;‘,Kz’,Ka;

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

Load both sides of card . 0.000

Initialize |£“,_J

(Optional) Set "base mode" [ 1

L Reset "acid mode" * c 0

Enter dissociation constants K, |E K,

(If necessary) K, |E K,

(If necessary) K}, E K,
7

(If necessary) K, |E K,
Enter volume of weak acid or base to be titrate@ V |ENTt )

Enter molarity of ™ " v v w w w M |[ENTt

Enter normality of strong base or acid titrant N D # of K's

i= . ENT?(Semi-optional) Enter guess for pH pH |

Enter volume of titrant added v lA__fi pH

Repeat step 6 as often as needed to plot curve |

For a new problem go to 2.

*: When you press , whether you get a '"1" or

a "O" depends on the position of the program

pointer at the time the key is pressed. It ma}
 

be necessary to press twice to get the
 

response you want (""1" for base, "O" for acid)
 

 

**: A guess for pH need not be entered IF:
 

1) The volume of titrant is going to be zero
 

OR
 

2) The pH already in the display (usually from
 

the problem just done) is a suitable P,
 

it usually is suitable if the volume to be
 

entered is greater than the volume just
 

used.,
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

81 XLELC i il 57 Rrile 36 a8 "Ks+l=Rz; Ry now
gaz sFe 16 21 ec  Reset FO to acid mode 35{3 25;? p i raadyfor step90|
a3 & &5 ese  RoLr 36 ar Ko
@84  ETH 24 @68  RCLA 36 il [Na']

@65 ¥LBLA 21 ii 861 + -55
gaE  x=@% 16-42 Vol.=:0? a2 F2& 16-51
aa7 SFZ 1e £i &z Y:set FZ N:leaveit off 863 STOG 35 G Store a in Rso

gaa  FRTR -14  (HP-B7user should delete) a64 26 16-51
@85  RCLE 36 iZ @65 RCLI 36 @i K,
@1e Y -4] @66 RCLC w13 C
a1 -35 ae6¢ * -39
a1z LSTY  i6-63 868 X 54 VKC=[HT,,,if Vol.=0
@13 RCLE 36 14 869  F27 16 27 82 WasVol.=0?
e14 + - @78 BT01 z2z 8l Y: begin iterations
a15 = 24 671 cro 22 12 N:use pHoqfirst
e16  &Tos 3510 [Na'l—> R, @7z xLBLE 21 @8
ai7  FRECLE 3o 1& 73 RCLi 36 45

A1g  LETH 16-63 74 -35  See p4
619 z -E4 875 GT0b 22 16 12 \
aze  STOC 33 13 C—>Re¢ @76 ¥LBLe 21 16 11 /
821 KT 16-3i arr7 2 Bz o } bys2

gz2 5708 35 @3 Heet * R @78  FB? 16 23 @@ ange *
623 ReLe  se s estT E ava Che 5 g€ Pllest OY

24 §T07 35 @7 [nitialize coeff. counter 886  ST+5 35-55 68
Bz5 #LBLe 2l ie I3 @81 *LELE 2112
gz6  RCL7 36 &7 @82 RCLS 36 &8
az7  STUI 33 46 @83 GSBd Z3 16 i4
828 ISZ1 16 Ze 4& B34 CHS -27 H

829  RCLi 36 45 685  18” 16 33 [HI=10"
@38  RCLA 3¢ 11 886 *LBLI 21 @1
831 * - 33 a87 P25 16-51
@32  DSZI 16 25 46 azs  ENTH >

633 RCLI 36 46 Calculate coeff's. @ea  ENTT -z2i Load stack with [H']
@34 RCLC L (See p. 4 for a%@8  ETCi g2 45 Use correct N-R routine

633 % ~33 additional explonation) @31 ¥LBLS £1 85 Routine for 4 K's
836 - -45 89z & a6
@37  RCLi 36 45 893 _3%
azs - 33 @94  RCLé 36 @6
B83g EEX 23 g95 £ G5

@46  CHS L 896  GSBE 23 @6
@41 1 @i 897  RCLI 36 @l
842 4 a4 89§ 4 a4
84z - ~43 899 GSBE 23 B ' !bed ¥iBLb 21 16 1: 099 Eshe  aiEe Start forming fLH"])

845 DSZI 16 25 a6 181 3 @3
@46 6706 2z & 182 6SBé 23 @6
@847  RCLT 36 &7 183 RCL3 36 83
@48 X2l 16-41 184 z éz
@49 N2 -41 185  GSEE 27 de
85@ 28 16-5] 186  RCL4 36 84 i
@51  STGi 35 45 187 GSBE 23 a6
852 23 ie-5i 188 RCL3 36 @83
@53 r ar 189 GSBET 23 a7
@54  STdI 35 46 118 RCL4 36 84 Continue forming f((H'])
@55 052 16 25 45 111 GSBT 23 &7

@36 &T0c 22 16 13 112 RCLS 36 @5
REGISTERS

+
ks sq | K, 2 K, 3 K} 4 K, 5 0 "Counter |° pHegL tH ]triag

S8 S9S0 a S1 b S2 o S3 d S4 . S5 S6 g (CH+]§7

B C D E I
[Na+] gJL C MV Control
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STEP KEY ENTRY KEY CODE COMMENTS KEY ENTR-Y KEY CODE _ COMMENTS

113 #BLs 21 85 Finish forming f(CH'D) i;: gse§ N a:
114 + -55 , SE6 23 86
115  RCLS z6 ac  RCL f'(LH'D 1;1) RCLZ 36 g;f
116  F2s 16-5 2 2 2
117 : -24 173 586 23 86
118 - -45 Forms [H*],., 174 RCL3 3 a3
119 x<@s 16-45  Is [H] negative? , 75 ggfg 23 86 x
128 &70a 2z 16 11 Y:start over w.new pleg 176 RCL3 36 63 . ,
121 §T09 35 85 N:continue ifé 2254 23 34 Continue forming f(CH'D)
122 ZCH 16 55 78 : 36 85

123 ABS 16 3i 179 €709 27 @S ,
124 I ai 188 xLBL3 21 83  Routine for 2 K's
125 sy 16-35 Is 1% <)% CH|? et 4 o4
126 SFZ 16 21 62 Y:setFZ N:leaveit off < o _a0 _ s
127 RCLS 36 85  RCL [H" 165 RCLe 36 86 Start forming f(H 1
128 FZ% 16 23 82 Was 1% $|%CH|? 184 3 63
123 eT0i 2z 81 Y:do another iteration 185 G5Bé 3 3?
138 LO& 16 32 N: [H*]1—>pH fgg RCL;_ 36 o
131 CHS -27 g7 e
132 GSBd 23 16 14 A ;gg ngu 35 gb

3 Ty -4 s < o

135 FTh 24 181 RCL3 36 63 Continue fzrming f((H])
136 *LBLd Z1 16 14 13:5 tggq ‘éf gg | fq, —
137 Fa® 16 23 afi Acid mode ? iq: ¥ § o Routine o}r
3 F.Tt; = Y. leave pH alone 195 35 Start forming FITHD
135 : iy N: |4-pH =pOH or 19 RCLa % a8 ar ormmg

1? ; i 4 -pOH =pH 197 2 Bz141 X2y ~4i 9; _
142 - 45 198 GSBS 23 85
143 RTH 24 199  RCLI 36 &l
14; ¥LBLG 2l éo6 268 SF 16 Z1 8z Cause LBLEto exit tolBLY

145 -35 f 281  GTO8 22 &5 v

AL Sy 2 G 2R47 + -Ja . : sl i 2~

DY S evaluation 65  RTN 54 n o

158 slBLE 21 8@ 286 KLBLE 21 15
(51 o+ -55 287 ISZI 16 26 46
(52 5TD6 5 @6 48 STO: 35 45Tee HT??\ 2% Steps commontoall 69 RTN oy KR,
12t riis a6 as 4 NRroutines; 2l KLELL 21 14
o sEr 2360 Completes and stores 211 STOB 35 12 R
is ZE‘L; eUHDinR,; begins 212 Ré -31 N, >R,
1',52 GS'_B; a2 5 computation of f([H]) 213 o oy
o ¥ o i - . - .

156  RCLZ 36 67 hiz sTOD 3s 1;5; VeR,
53 =% 1§ 23 67 , 215 X -3

160 cros  zoea FAsetinLBL2 onl 216 STOE 3515 |\ 04
161 GTO; 22 67 ¢ 27 RCLI 3645 Jjacle
c>  yLBLd 21 a4 { £18 ST+ 35-55 66 (o900 KT
65 5 T g5 Routielord 219 RIN 24 Ks+/=Ro3 o Sl . *

124 -35 228 ¥LELC 2113

it‘s RCLE se 22 Start Formin3 £(CH*T) “‘ LF? 16 2z g? ClearFO to base mode
tb 4 P ' .

167 §5Be 23 @6 ‘ 223 RTN 24
168 RCLI 368 | |
o T LABELS FLAGS | SET STATUS

0DHtV+pH |pHoN-R  |“ Base? VIMIN ®KKK, I°Acid modd| FLAGS __ TRIG DISP
! = ON OF

*Lostant |  used “ used ° pHRpOH  |°Start 1 lo® 5| oee FIX &
T 1 2 3 7 erd 2Used |+ o =| craoO sc O

8 9

° quad. X + X + X N-R mid. N-R end [l 3 0 =™ n3       
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 r

Program Title

Contributor’s Name

Address

City
\_

EQUATIONS OF STATE

State

 

HEWLETT-PACKARD

1000 N, E. Circle Blvd.

Corvallis, Oregon

N\

 

 
r

Program Descriptic

Operating Limits ar

\_

This card provides both ideal gas and Redlich-Kwong equations ofstate. Given

four ofthe 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
 

Units of R o 

  
Substance

Ammoma

Argon

Carbon dioxide

Carbon monoxide

Chlorine

Helium

Hydrogen

Nitrogen

Oxygen

Water

Dichlorodifluoromethane

Dichlorofluoromethane
Ethane

Ethanol

Methanol

n-Butane

n-Hexane

n-Pentane

n-Octane

Trichlorofluoromethane
 

Value of R

8.314 N - m/g mole - K

83.14 cm?-bar/gmole - K

82.05 cm?-atm/g mole - K

0.7302 atm - ft3/Ib mole - °R

10.73 psi - ft3/Ib mole - °R

1545 psfft3/Ib mole - °R

 

 

  

   
Critical Temperatures and Pressures

I Umts ofP lUnits of V Unitsof T

5 N/m? } m3/g mole K
. bar cm?/g mole K
| atm l cm®/g mole K
. atm | ft¥lb mole °R
. psi ‘#3/lb mole °R
psf | ft3/Ib mole °R

T., K ] T, °R P., ATM

405.6 1 730.1 112.5
151 | 272 48.0
304.2 | 547.6 72.9
133 | 239 34.5
417 | 751 76.1

5.3 9.5 2.26
33.3 59.9 12.8

126.2 | 227.2 33.5
154.8 | 278.6 50.1
647.3 ; 1165.1 218.2 |

3847 | 692.5 39.6
451.7 I 813.1 51.0
305.5 ! 549.9 48.2 |
516.3 ; 929.3 63
513.2 923.8 78.5 |
425.2 ! 765.4 375 |
507.9 | 914.2 29.9 |
469.5 845.1 33.3
568.6 ' 1023.5 24.6
471.2 | 848.1  

 

 

 

 

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

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

S _/
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~

Program Title o

Equations:

Contributor’s Nam« Ideal gas: —

Address PV = nRT o
) Redlich-Kwong:

City & o
\ p = nRT a /

(V-—b) T2V (V +b) —
fi

— 1-5
Program Descripti a 4.934 b nRT,

nRT
b = 0.0867 < .

c

where:

P is the absolute pressure; -

V is the volume; -

n is the number of moles present;

R is the universal gas constant; o

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. -

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. e

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
of deviation from ideal gas behavior. For extreme cases, the routine may fail -
to converge entirely, resulting in an ‘‘error’’.

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

. J

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and usesw
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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f Skétchkes) '

Sample Problem

Solution(s)

 __;__—_____
;

Reference(s)  

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 {3 B until 0.00 is displayed.

oooo 0.00
25000 63 83.14 8

12008 O | 2.51 (bars)

Example 2:

What is the specific volume (ft3/lb) of a gas at atmospheric pressure and at a

temperature of 513°R? The molecular weight is 29. Assume an ideal gas.

 

 

 

Keystrokes: Outputs:

o0 > 0.00

51383 2983 0.7302

000 12.92 (ft3/1b)

What is the density?

oS > 0.08 (Ib/ft3)

Whatis the density at 1.32 atmospheres and 555°R?

132835558 0 0.09 (Ib/ft3)

Example 3:

 

The specific volume ofa gasin a container is 800 cm®/g mole. The temperature

will reach 400 K. What will the pressure be according to the Redlich-Kwong

relation?

 

P. = 48.2 atm

T. =3055K

R = 82.05 cm® - atm/g mole-K

Keystrokes: Outputs:

o0 > 1.00

305300482 @@ 82.05

0DiIQ4s00@30008 — 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?

Use the Redlich-Kwong relation.

 

T. =304.2 K

P. = 72.9 atm

R = 82.05 cm® - atm/g mole - K

Xeystrokes: Outputs:

o0 > 1.00

72981 3042 @3 B 82.05

Boe@so@dsOEAEA —— 4695.86 (cm?)

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

liters?

50008 0

 

6.39 (g moles)
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EQUATIONS OF STATE
Rd-Kw? TC Pc

Qo R  
 

 

  

   

   

 
  

   

  
 

 
  

 
  

   

 
  

 
  

   

 
  

   

 
  

   

 
 

   

 
 

   

   

   

   

 
        
 

  

  

  

  

  

  

  

  

  

  

  

  

  

   

STEP DI?TUA.'/.S:ITTS

STEP INSTRUCTIONS oataonts |KEYS |o3":,33}8 =

1 Load side 1 and side 2. j

2 Select Redlich-Kwong (1.00)or 7 ]

ideal gas (0.00) using mode » ]

toggle. oo 1.00/0.00 |

3

|

If you selected ideal gas in ]

step 2, skip to step 5. J

4

|

Input critical temperature T, o0 T. N

and critical pressure. P, o P l

5 Input four of the following: ]

Absolute pressure P o P 7]

Volume Vv Q v ]

Number of moles n n ]

Universal gas constant R o R . 7 ]

Absolute temperature T G T kl

6 Calculate remaining value: o ]

Absolute pressure 0 ]

Volume o ,,]

Number of moles n 7:]

Universal gas constant o _ ]

Absolute temperature ,7 1]

7 For a new case, go to steps 2, :l

4, or 5 and change values or j

mode. j

e
[ 1]
I
.
LI
[T
1]
[ 1L]
1]
L]
]
[0]
I
I
I       



22 97 Program Listing |
 

   

 

 

        
 

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

@81 ¥iBLa Zi i6 il : . @57 ¥LELS Zi ag Ideal gas solution
@62 Fe: I6 23 &F Redlich-Kwong ideal 856  SFi 16 Z1 @i for n, R and T.
883 GTO@ i gas toggle. 859 ¥LBLS Z1 85
s é 65 668  RCLS i6 @5
@gs  SFE 16 21 6 @61  RCLE 36 66
aas  RTH 24 a5z X -35
@87  ¥LEL# 21 a8 @63 RCLT 36 67
a65 ; £ ac4 z -24
aas  (FE 16 27 &6 @65  RCLS 36 85
@i FTh 24 ace z -24
@11 %LELe 25 i6 if Store T_, @67 RCLS I6 &5
a1z  CF3 1€ 22 83 AGE z -24
@i3  STOC 35 i3 @69 STOi 35 45
di4  RTH 24 478 xLBLE Z1 ad Stop if ideal gas
@15 ¥LELc 21 i6 i3 Store P @71 Fas 16 23 @@ is desired.
@16  CF3 16 22 a3 ce @72 RTN 24
@17 STOD s i4 @73 GSEI o3 ai Calculate P by
@15 RTH 24 ard  GTO8 27 G@ Red11ch-Kwong
815  ¥iELH 21 ii P code. @75 #¥LBLZ 21 @z
aze 5 as @76 Fi? 16 23 @i
a2l GTOG Iz & B7F  GSEI 23 @i
Az  ¥LELE 21 12 V code. @78 XLBLB 21 6@
az3 € T G79  RCLE 36 15
424 GTO8 Iz 8@ @86 RCLS 36 &5
@25 ¥LELC i 13 n code. ag1 X -35
626 7 a7 @82  RCLE 36 66
@z7  GT08 27 BE @83  RCLE 36 12
826 xLBLG 21 id R code. 834 - -43
g25 £ as @85 5T04 75 64
a3e  GTOE 2z 6 age 2 -24
631 *LBLE 21 15 T code. @87  RCLA 36 il
a3z g 85 @g8  RCLS 36 @9
833 xLEL@ 21 66 ags I 54

635 STOI 35 46 @9 570z 35 6
a3s Ri -3 @92  RCLe 36 66
a3z STOG 35 45 Aa3 z -24
@38 F37 i6 2% aZ A94  LSTH 16-63
@33 RTH 24 @S5  ROLE 35 1z
A48 i i aog + -55
@41 STG 35 45 Dummy 1.60 for un- a7 ST03 35 63
B4z  GTC) 22 45 known and GTO ideal asg : -Z4
G43  ¥LELS Z1 @s gas. F9s - -45
A44 xLEL& 21 e Ideal gas solution 1@@  RCLS JE& @5
@45  RCLT 36 & for P and V. 181 - -45 Calculate f(P).
@46 RCLE 36 85 162  GSE; 23 45
847 -35 182 z -24 Calculate f'(P).
A48 RCLS 36 63 184 §T-; 35-45 a5
@49 X -35 185  RCLi 36 45 Loop again?
@58  RCLS 36 @5 186 3 -24
@51  RCLE 76 dc 187 AEBS 16 3}
a5z X -35 188 EEX =23

As3 z ~24 189 CHS -22
@54 STC 35 45 118 4 a4
ass  GTOE 22 a6 111 K£ys 16-35
56 ¥LEL7 6T 112 G702 27 BE

REGISTERS B
0 1 2 ]/2 3 4 5 6 7 8 9

a/T (V+b) (V-b) P V n T
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E

a b TC PC nR Control      
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23

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
.‘, e & - - "EI . " - -

ii; E;‘:.’, o Display result of 169 N 53
15 siBle i e iteration e ¢ -24
1o sLBLb <l be 3P 17t RCLZ 36 6z

116  RCLe Jb @6 3V 172 X -35
117 ENTT -Z1 173 - -45

g+ I 174 RCLE 36 IS
113 RCLE db 1 175 % -35

leg + _T 176 RCLi 36 45
121 ERCL: 36 &2 177 = -4

ez X =39 176 RIN 24
123 KCL3 b Ha 179 xLBLS £l a8s .
124 RCLe 36 8o 188  LSTX 16-53 Display P.

123 -33 1€1 + -55
26 v 53 > ST0S 35 @5lee 3 182 ST0S 35 @5

tze % e 183 RS 51
128 RLLE Je 13 184 ¥iBLI 21 @l
123 RCLS 36 @5 185 RCLT 36 87 Calculate a and b.
- " _Ic - . - - -

138 T 186 RCLE 36 @&
{31 ECL4 3o 84 187 X -35

fae A& 3 188 STOE 35 15
133 = -Z% 188 . -6

134 - ~43 198 6 g
135 KTN 24 i91 & a5
136 xLBLS Z1 é5 3P 192 & BE
137 RCLE 36 I3 3T 193 = &7

138 RCL4  Jo @4 194 RCLG 36 14
133 = <4 195 z -24
146 RCLZ 36 dc 196 N3y -4

141 < o 157 RCLC 36 13
142 = ~24 198 x -35
143 RCLS Je @5 199 ¥ -35

144

-

= - 2e@0 ST 35 1Z
143 RlLe Jb bt 281  LSTN 16-63
146 z -4 282 X -35

147 RlLa It @2 283 RCLC 36 13
148 * -24 284 i3 54
148 + -3 2aa X =33
156 RTN 24 86 . >
151 xLELY 21 ér 287 ‘ 62

152 ¥lBL& 21 B8 gli or §{; 286 3 85
153 RCLY 36 @S h

=

3 289 2 e
154  RCLE 36 86 318 4 a4
135 X =33 2 ¥ -35

156  RCLé4 36 d% 212 STOR 35

137 X< . 5_é 213 KTN z
138 * -z4
158  ECLe 26 #b
le@  ENTT -Z1

lel + 3o
162  FCLE 36 1z
183 + -55

164  RCLE a6 13 220
165 ¢ -4
166 RCLe 36 8c
167 = -24
166  RCLZ 36 b2
L 1 1

_ LABELS FLAGS SET STATUS
B C D E 0

P <~V <N R T R-K FLAGS TRIG DISP
a b c d e 1 ON OF

-K?R-K? Tc Pe a,b 0 O pec ™ Fx ®
O Used [ a,b 2 Iter |3 4 2 1 0 &

|

GRAD O scl O
> O | RAD O ENG_ O

> P 6 v 7 n & R ST > Calc 3 O [ n_2         
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Program Title Van der Waals Gas Law W

Contributor’s Name Hewlett-Packard

 
 

 
 

Address 1000 N.E. C'iY‘C]e B]Vd. ) —

LCity Corvallis state Oregon Zip Code 97330

- ~

Program Description, Equations, Variables The Van der Waals gas equation is given by

(P +‘%@) (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 -

V-V (b+RDy 4y

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,

1 V = —_E_ = 8aand 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 Xx.

 

Operating Limits and Warnings 1€mperatures must be in °K, pressures must be in

atmospheres, volumes must be in liters.

 
 

 
 

This program has been verified only with respect to the numerical example given in Program Description 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.   _ _J
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rVSkétch(es):
—

=
rSample Problem(s)

1) What is the temperature of .250 moles of Helium with a volume of 2.00 2. 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 where 0 = .2444 and 6 = .2661

 

Solution(s)y (1) -03412; +; .02370; [f] [Al; .25 [C] 2.00 [B] 2.5 [[]; [D] --->243.07°K
(2)3.592; +; .04267; [f] [A] 1.5 [c] 40 [D] 10 [A]; [B] --------- > .07 %.

(3) .2444+; .02661; [f] [Al; [E] ===---cmmmmmomoo>.07983 = Vc

12.78 atm = Pc

33.16°K = chfl

\_ J
 
 

 

 
-

Reference(s) This program is a modification of the User's Library program #01743A

submitted by Timothy McGrath.

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

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

Abramowitz, M. and I.A. Stegan, Handbook of Mathematical Functions, Nat'l Bureau of\_Standards. 1964, p 17. y
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VAN DER WAAL'S GAS LAW

Initialize

 

  

 

INPUT OUTPUT

Input Van Der Waals constants a & &

Input data (any 3 of

V, Titers

T,°K

Calculate Volume

Calculate No. of Moles

Critical Pressure, Pc

Optional: Calculate Molar Volume

i.e., cube root of a negative no.

NOTE: Calculations may be made in any order

and repeated calculations may be made 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

81 *LBLc 21 16 1i Initialize: 357 3 83
ez ST0Z 35 62 658 = &4£ 2lue v T @852 STO6 35 oe
683 R =31 Store a,b & R Bco RCLS 36 85

0es i -62 oe2 . o

aes 6 66 863 RCLE 36 86
687 & o6 BE4 xe 53
388 < s 965 - _45

g63 ¢ ae 866  ENT? -21
rg 9 a3 @67 ENT? -21811 € B¢ 068 ¥ -35
ai2 2 a -‘?. 869 -35
613 5705 35 09 ere  STOF 35 &7
@i4 RN e Pressure 71 RCLS 36 65
15 «*LBLAR <l 11 Data entry? 87z RCLE 36 88
816  F3° 16 23 @3 o3 . 35
17 GT01 22 81 ‘- L2

- alculate P 874 RCL4 36 a4
@18  GSBS 23 @5 ¢ a-e - 45
819  RCL3 3¢ a3 o . 2
28 RCLD % 14 - . by

621 # -39 678 RCLE 3¢ @@
22 RCLY 76 @9 oo ENTT 2

823  RCLZ 36 82 ote ve e
624 - -4 8s1 X -35
&5 e sz - -45
626  RCLI Jé @1 @83 ST08 35 88
27 RCLO I 89 854 ENTS .
gS ‘fl.f 23 ass X -35

e i <t @86  RCLT 36 87
830 - -45 687 + -55
831  STOA 35 11 08s ¢ s

@3z FRT: "4 83a  ST07 35 @7
633 RTH 4 Store P 898  RCLE 36 86
834 *LBL! 21 @i pai . _55
@5 si0k 35 11 892 GSBe 23 16 15
O WBlE 21 ik Volume 893 RCLE 36 88
37 [ 3 < < - 73 <l ie ntry? 694  RCL: 36 a;03¢ FI° 16 23 &3 Date entry oos 45
33 €10z ZZ8c 89 €SBe 23 16 15pde  RCLZ 36 @z Calculate V A _en

842  RCLE 3 11 i - _45
043 = -24 108 RCLC 36 13
844  STOS 5 85 P _41
845 REY -41 182 -33
p46 X 33 183 STOE 35 12
47 LHS  -ic 184  PRTY “14
@i ST09 du 84 185 RTN 24
649  LSTS  16-63 166 *LBLZ 21 82 Store V
goe RCLZ 3c 83 187 STOE 35 12

5z # o 189 #LELC 113 Moles
653  RCLA 36 11 118 F3° 16 23 63 Data entry?
4 : -24 111 6104 22 94
55 + ~23 112 RCLE 12
856 CHS —os REGISTERS

0 2 3 4 5 6 7 8 9 -

Used a b R Used Used Used Used Vv

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I

P V n T
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o8
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 RCLO 36 69 169  PRTY = -14
114 : _24 Calculate n 178 geY -41
115 STOC 35 13 171 LSTX 16-63
116  PRTY -14 172 : _24
117 RTN 24 173 PRTY 14
118 xLBL4 21 84 17 RTH 24
119 STOC 35 13 Store n 175 xlBle 21 16 15
126 RTH 24 176 xégn 16-45 Calculate
121  %LBLD 21 14 Temperature 177 SF1 1€ 21 81 -
122 F3? 16 23 83 Data entry? 178 ABS 1¢ 31 vV =X

123 6103 22 83 179 I a3
124  GSBS 23 @85 180 1% 52
125 RCLA 36 11 Calculate T 181 yr 3i
126  RCLI 36 a1 182 F1? 1€ 23 @l
127 RCLY 36 @9 183 CHS -27
128 NE 53 184  CF1 16 27 @i
129 z -24 185  RTN 24
138 + -55
131  RCLO 36 as
3?2 RCLZ 36 @7

133 = -45
134 ¥ -35 750
135 RCL3 76 @3
13 : -24
137 STOD 35 14
138 PRTY -14
139  RTH 24
146 *LBL3 21 @z
141 STOD 35 14 Store T
142 RTN 24
143 #LBLS 21 @5 -
144  RCLE 36 12 Calculate V 300
145 RCLC 36 13

146 z -24
147 STO9 35 a9
148 RTN 24
149 %LBLE 21 15 -158 g 68 Calculate V, Pc,

151  RCL1 36 a1 Tc
52 % -35
153 g as
154 < -24 210

155  RCL3 36 @3
55 : -24
157  RCL1 3¢ a1
158 g a9
154 z -z
168 RCLZ 36 67
161 : -24
162 RCLZ 36 @z
163 7 a3
164 X -35 220

165 DSPS  -€3 @5
166  PRTX -14
167 DSP:  -63 @7
168 z -24

LABELS FLAGS SET STATUS

A P 5y ¢ ° 7 E\'/c,pc,Tc FLAGS TRIG DISP

*Initialize ¢ ‘ Y Tx vV=X 0 og O{ZEF DEG I FIX ©
0 1 2 3 4 1 O GRAD O SCI O
- - Sto P 7Sto V - Sto T - Sto n , 2 RAD OO ENGZD

v ataEntry [3 O @ n           
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( ~N
Program Title Beer's Law/Absorbtivity Calculations

Contributor’s Name Alan J. Rubin

Address 2577 Kenview

City o Columbus State Ohio Zip Code 43209
\_

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

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

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

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

tivity, a, by the least squares method:

a = 1 n2AXC - FAC

b nZc2 - (zc)?2

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

absorbance (Key D) or conc,, %I (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 ofA, 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 Unless b is 1 cm, then a new value must be entered (f,A) each

time the program is initialized. 1Initialization also removes molecular weightfrom

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 registersO through

9 are unused. Only side 1 of the program card needs to be loaded (side2 can be

used to retain the reduced data).

\
 

   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.

\_ _J  
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Sketch(es)

BEER'S LAW PLOT

Absorbance A = abC

-

concentration

\_

—

Sample Problem(s)

Calculate the molar absorbtivity

for phosphate as determined by the data

"ascorbic acid" method at 880 nm. YA mg/l as P

a) 97.9 0

Concentrations expressed as b) 58.0 0.25

phosphorus, thereforethe 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

f) 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 f,B ——w= 31.0

4. Enter data:

a) 0t , 97.9C "—_'(, 1.

b) .25 B—> 8.06x100 , 58 C —»= 2.

continue as above n;

£) 1.25 B —>4.03x10"2 9 C — 6.
L 5. Obtain a, i, r : R/S —p 21245, 0.0187, 0.9998 answers

-

Reference(s)   
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Beers luw/ABsaco1Y CatcotaTions

2p

 

T-»A

 

/MTMAUZE  wmgll>M  C%TE;, .
bt MWt

m

coesect"'pc        

C.A%;
RECT A>»%NT

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 |Load side 1 [ Il1 o.0000
2 |Initialize (clears all reg., sets b = 1) L_;; [::::l 1,0

3 |(optional) enter light bath if b # 1 b L£]l a | b
4 |(optional) enter molecular weight MW £f]| B | MW

5 |Enter molar conc. and absorbance C., A, | 4 ]I D | ny

or I
5 |Enter mg/l and absorbance Ciy A; | ¢ || D | n,

or I
5 |Enter mg/l concentration mg/ 14 | B || | M.

Enter absorbance A; | oIl nj
or L]

5 |Enter molar conc. and percent transmittance Ci’ %Ti I 4 |[ C 7] n;i

or 0
5 |Enter mg/l and percent transmittance Ci;, %4 | 4 |l c | n.

or I .
5 |Enter mg/l conc. mg/1; | B || | M.

Enter percent transmittance %Ly e II l n;

6 |Continue data entry l | | n

or correct an entry Cky A | 4+ || 4 ] n-1

Or correct an entry Ck. 7°Tk | f H c l n-1

7 |Display absorbtivity, intercept and l | ]

correlation coefficient | R/S]I l a

] i
L] r

8 |To repeat a, i, r display [ R/S][ J

9 |To add further data, repeat step 5 [,7 ] [ J

10 |To enter a new set of data, go to [ ]I ]

step 2 (initialize) [ | | i

I B
To calculate molar concentrations MW l f | B I MW

from mg/l values mg/1 | B || | M

]
To calculate A from %T %T | e | | A

]
To calculate %T from A A l f II e l 7T

]
ol
]
1]     



67 P am Listing 1" 67 Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS

oot INTIALIZE -
Clear all reg- x

Set b=1

—_— 9T

CALCULATE

Q,bSOrbf‘“-/fig

(ntercept
Correlatioun Coef.

 

 

 

 

ENTER. HW

 

ENTER Ci, ) A,b

. DiseLaYy OO
—i G.Lo,l’

CoRRETY C; | A;
 

“‘"""—’a.—)‘:)r

Ewter C; 9%,

 

, DisPLaY L

Corgect C;%T
 

el a.)(:)r

EUTR 9T

 

h

REGISTERS
4 5 6

S4 S5 2 S6

A TA sc C D

NIAC-LASc nEc-(20)*



‘ . ® o o

67 Program Listing 11 .
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

170

LABELS SET STATUS

-> C,%T § HAY [fFAaRt>A | TRIG

bT ° MW 4 ¢ —Cy-%YoT d—C ~T ¢ A—>%LT 1 DEG O

B

3 2 2 GRAD O1 .

— a.0,r
)5 - RAD O 
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Program Title  Activity Coefficients from Potentiometric Data

John R. Joyce
Contributor’s Name

Address 1825 S. 71st E. Avenue

City Tulsa state Oklahoma Zip Code /74112

\_
 

 
 -

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-C-m

A = 0.059156 v / n

B = 0.059156 / n

E = measured EMF's in volts (V)

EREF = E.M.F. of reference electrode

n = number of electrons invovlied in the reaction

F= (vt
V Total number of ions

viVu-Y") e.g. for CaCly:v,= 15v_ = 25 v=3, f=4 f=[2%-111=4

 

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

START, [C]) since the .summation registers are used.

obtained to more significant figures. Also remember that the valid number of

in the data.

Greater accuracy may be obtained if values used as constants in proaram could ke

significant figures in the answer is related to the number of significant figures

 

 
 

upon any representation or description concerning the program material.

MATERIAL.  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

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 _/
 

 



35

 

 

Program Deseription 11

 

 

 

 

 

 

 
 

 

      

)
Sketch(es)

\.

~

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

and the activity coefficient at each point.

Concentration (M) Potential (V) F=1

0.003215 0.52053 v =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) | H2| H™ C1~ (m) |AgC] ' Ag (s)

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

.003215[ENTER] .52053[A] .0N04488[ENTER] .50384[A] --> 2

.005619[ENTER] .49257[A] .007311[ENTER] .47948[A] --> 4

.0091384[ENTER] .46860[A] .011195[ENTER] .45861[A] --> 6 ,

[D] --> ,9334 (r)

--> ,2224 (S.E.P.)

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

--> .9188 (v)

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

( )
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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Start

INSTRUCTIONS

Initialize program

Input value (electrode potential-V).

Repeat steps 3 and 4 for all pairs.*

standard electrode potential.

Input molarity

To insert additional data points repeat

* A set of data irs may be deleted b

pressing [B].

Activity Coefficients

+S.E.P.     
INPUT

DATA/UNITS
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STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS 3

@@l  ¥LELH Zi 1 . 857 RCLS 36 83
BB:  GSE: 3 61 Inserts data pairs 855 _35

K it a6 858 RCL4 36 84

nag KTk o4 8o AT 93

885 *LELE i ic Deletes data pairs a6l - -45
#8e  BSEI 23 ¥l aes < -24

a7 - i 56 @63 STOE 35 15 S.E.P.

gas  RIN = 864 5 le-a1 Standard Electrode
@63 xLBLC £l 13 Initializes program 865 KN & potential.
@lg CLRE  16-53 and stores physical g6 aLELE 2115 Computes activity
il Fes tomai parameters. ger  STO: 39 8z coefficient.
81:  CLERG 16-33 Be8 K -31

813 K5 Gi 868  5T0I 35 éai

814 570A 33 il F 878 RCLE 36 15

a1 Es5 o ari RCLC 36 13

#ie  STOE 23 1 Vv 8’z - -45

a7 K5 ai 873  RCLZ 36 42

a1 sSTOC 35 13 E ar4 - -43

619 RS 51 REF 75  6SB: 23 é:
Bz8 5700 35 14 #e- @76 RCLI 36 81

A1 KN 2 ars LOE 16 3¢

2Z xLBLL 2l 14 Calculates ars X -35

az3 F&s 16-31 coefficient of 879 - -43

624  RCLE 36 @& determination and @gg GBS 23 8e
gzs  Rile 36 66 standard electrode 88!  RCLE 3t Ic
826 RCLé 36 84 potential. agz = -24
8z¢ X -35 883 KCLR 36 i1

az8 RCLS 36 @3 #84 LOE ie 32

az9 < -2 883 X -35

vig - -45 ase - -43

a3l X< 53 @87  GSEZ 23 8z

a3z RCLs 36 a4 ags < -24

A33 e o3 aes 168* Ie 33

634  RCLS 36 69 @98 RCLI 36 @i )
835 : -24 @31  PRTS -14 Molarity
636 CHS -ZE 832 K2y -41 o o
@37 RCLS 36 @5 @93  PRTA -14 Activity coefficien
838 + -55 a4 ETN 24

a3s < -2 a95 xLBLI 21 di

@46 RCLE 36 66 @9  §TGZ 35 a: Stores molarity and
a41 5 53 as7  STO3 35 82 potential values

84z  RCLS 36 @5 898 R -31 then operates on

#43 z -24 g8  STOI 35 81 the potential value
A44d CHE -2z 18@ RCLC 36 13 converting it to a
#45  RCL7 36 &7 181  ST+3 39-55 a2 form satisfactory
a46 + -55 182  ESBZ 23 éz for a 1east-square%
a47 < -4 183 RCLI 36 4l fit.

A48 FRTY -i4 Coefficient of 184 LOE 1& 3z
#49  RCLS 36 65 determination 185 X -35

856  RCLE& 35 #o 186 ST+3  35-55 &z

a3l E -33 187  EBSE:Z 23 e

52  RCL% 2o a4 188  RCLE 36 1

853  FCLS 36 @& 188 z -24

854 A -33 118 RCLH 36 11

as35 - -45 111 LO& ie 3=

856  RCLS 3o a9 112 o -35

REGISTERS
0 1 M 2 V 3 ¥ 4 5 6 7 8 9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

LM L M? Ty T y? z My n

A f v CRef.E]ectr‘ode(\)]D #e” S.E.P.   
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
     

113 ST+3 35-55 @3
114 . -6
115 @
116 &
117 éa
118 z

119 RCLi
128 Iy
121 X
122  5T-3
123 RCL3
124 RCLi

125 ETk
126 xLBLZ
127
128
129
136
131

132
- -
4 2
ot

170

=
)
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n

v
P

S
0

3
D

S
0
G
N
S
S
G
D

G,
e
t

-

134

135
136
137

138

LABELS SET STATUS

» S.E.P. FLAGS TRIG
ON OF

O Ezf DEG o
I GRAD O
7 RAD O
4
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rProgram Title CY’)’\STQ”O:" rapll\'\c, to cartesian (‘oofl'i.lkl“-fi )

*vanformations

Contributor’s Name Cra'\j G‘l- 6\‘\&6{’61‘

Address 1338 Lovisiana

cty Lawreance state Kansas ZipCode & 6044
N

 
 

 

 

 

fi . —N

Program Description, Equations, Variables Pros vam TYG\KS'GOVMJ coofo(mad’es '{‘row\

au)' CYy“hdlojraPkig (ob'i Uf.) s)rsfcm into a ca.r'fesiqu s/sh',m m«(

calculates the distaumces “and anjfcs between taree Foik’l‘s th space.

Egua'}ious USccl: Yaviaue.b : a/b,c. = Ieujflt o{: obligue axes

<,8, ¥ = angle between owipve axes

X=at+t besY +rc c.o.sfl a;, b;} ¢: = etoordinates of Pu’u‘l‘

)y = bsinY + ¢ eos (0-R) eos x’ in Obliiue Jr.;‘h-_m

Z = Ceos (?0‘/3) sin <’ X, Yi, & coordimates of powt

in carfesan s)'.sfem
-~ cosfBeos ¥

e o3f8ees Dij = distauce frouspoint ¢ to § cos ! =
i in YsinQ ¢in O1aq~3 = a“ak between POikt‘

X; a b cas ¥ ¢ cosf3 ’ ac
yi = 0 b sin § ¢ .stn,(? cos °<’ b;
Z; 0 0 ¢ .sm,@ Sin X [

!

D;j = [(Xl‘Xj)a + ()’z ‘/J)l + (2:-21'\1] -

0 =3 = cos" Cx«‘x'l-)OB‘Xm) +(¥u'1&{(!3'!al + (21‘21\(1‘3*2L\]

T Dia * Das

Operating Limits and Warnings One 0{ 'H«& o(is*l‘auccs ) DLJ' ; H.U.s"' be

calevliated before ealevlating the at:)le between three

Fo'm’fs. Tnpvt a,b,e  befovre «, G, Y.

 

 

   ( )

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 Deseription 11
 
 

 
  

 
 

 
 

AX ' )
Sketch(es) | q,b’c. =cyy5'tallo3vapk3c (ohlibu&)

R axes
b A 3 c X Y, 2 = eartesian axes |

: : “,/6, ¥= ahjles between cr)!d'q‘-

- ; - > 2 Iadrapltic axe s

..o¢’. :

Y y,

fi . . . . N

Sample Problem(s) SUFPOSP— one hGL.S ,a. MOMOC‘UM(- C.V'y\'p'hll Wl'fll unmr t CQH

dimensions : a = ll.7/6A; X > §0.00°

b = §.102 A B = [06.14°
e = Jl.166 A Y = g0.00°

flr\& cv.d‘a.“oimfkic 'cYa.c-‘("‘ouq,, cooriiuq,'fcci o‘ a ni‘b'c:jen, q’hw\.

and two earbous bouded +o the ui'h'ojen are -

N. 0.509 0.28519 0.170

c, 0.585 0.410 0.189

¢, 0.430 0.2%9 0.03¢

What are the rec'fanjula,v eoovdinates of the thee atoms) the

distauces ( bond leus ths) between the atowms «ud the aug le

between the Thece atowns ?

 

 
Solution(s) l-) il 716 ‘f $.702 % Il.166 [A] —> 0.6000

4) 0,508 4% o0.as9t o.170 [¢] —> SH¥ %o 3.332 vy,
s) 0.430% 0,249 1 0.034 (D] 2.098 y» 2027

—> 4,932 %, 323 =, 1.066  qtow #*|
2.017 Y3 2 060 utou2

0.365 2

L 3,000 atow#3 y

2) 90.00 P 106.14 t G0.00 [$][A] —> 0.000
3) 0.635 # 0.¢r0 t 0,189 [B] —>  4aeT

  

 
 
%  Referenecets) 6-) 12 [‘fl [D] —> [,§00 Distauce frou atows [ 4o 2

[ReeB] — 154/ Distance fvom atoms J103
[ReLE] —> 2449 Distauce from olows { 10 3

D [E] —> 110,536 Augle $rom |-2-3 o N, :
‘.SM ‘lfllAos0"  
 



S Tun

6 |T

User Instruections

    

 

  CV)(.S'}Q,”o‘:,ra.pkic. —» Cartesian (Bou;l laj'fl(j 4 q"Jl“)

<rpry 338 P
at bt e atbfe atble 043¥  

 

     
      

      

 

     g 0,-2—3

INPUT
INSTRUCTIONS DATA/UNITS

1lQa

e
l

—
—
—
—
—
—
.
s

e
,

(
e
,
e
,
o
,
e
,
.

(
e
,
p
r
.
e
,
e
,
e
,

p
r
n
,
e
,
e
,
e
,
g
,
e
y
e
y
e
,
e
,
e
,
e
,
e
y
e
,

|e
,
e
,
e
,
e
y

coordinate

te

!
1

f
¢

1
B
!
f
c
g

1

D
£ ©

—
)
—
—
—

—
—
—
—
—
.

—
—
—
—
—

e
t
s
s
—
—
e
e
e
e
e
e
e
e
e
e

e
e
e
e

—
—
—
—

—
—
s
s
—
.

—
—
—

—
—
e

—
—
—
—
—
—
—
s
)
s
s
s
\
t
s
)
s
s
)
e
s
e
e
e

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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OUTPUT
DATA/UNITS
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STEP KEY ENTRY

001

67 Program Listing |
KEY CODE COMMENTS STEP KEY ENTRY KEY CODE J ’ COMMENTS

store a, b, ¢

(=2

store a(,,(?/x

eal cula.'l'&

’t)-au;‘?ormaj“ion

watreX

070

tasx

¥ store a; bt ¢;

cos ¥

sin ¥

aos8

sing

sin myults 17' obli ve

Sin ‘Jib\fl ¢MVA|MQ+C b 1-

cos & malrix elewen
cos and cdj
cas § easfd

: (,‘hu ka- aos §eos 4 dlspla re

, stove cavtesian
Sih cooYdi“‘dCs

ai be ¢; =% y: 20
i Per(:ovm matrixv

Hvlfiplica.'l'ion

+

REGISTERS

0 |'bes¥ |bsin¥ |7 0
7

¢ eos3

Sa S5 Sé S7

8 9
sinfeos «| ¢ sind sin<’

S8 S9

X+ bA T Xy Y3 z3 Dix | USED ® USED ' USED



STEP

“atht e

% tB1 Y
0 store

S I+43:=r

67 Program Listing 11
KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY

z
170

calcvlate distances
between Po'ud s

(% ; XJ)
(7’4 )’d)

(=%7)"

D

Di3

. - . .\-(X; xJ)

15,TSE, B2

Diz

wdd=6 10 T

altl 3 to I

LABELS

Q'J.T b:.f Ca a}f b;fc
C d

Ba|'bl ’ C|
E
90-1—-3

b . e
D¢ dot

2 m:t vix¥ 3[‘{’*'\)1 4 Dis

Tr-6=I 8 whicl di

vodocX
1 dYore )

6

43
KEY CODE COMMENTS

suptvact 6 from I

which distance
shouvld be
displayea'?

Das

Di3

P

caleviate anghe™
1-2—3

&,- K,)(K; fiz)f
(ye=Y>((’)’1t

-C’tl "t
D

Day

svbfact 6 from L

SET STATUS

TRIG

DEG =
GRAD OJ
RAD U 
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Program Desecription |
 

 - )
Program Title Kinetics using Lineweaver-Burk or Hofstee plots

Contributor's Name R. Martin Bartholow

Address 1904 New Hampshire o

City Lawrence , State Ks o Zip Code 66044 )

\_
 
 

 
 

a . .
Program Description, Equations, Variables Using the methods of Lineweaver-Burk (1) W

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

Km 1 o o .
Voo (1) v = -Km+—-

Vmax
 + Vmax  (2)

n
j
-

0
l1

v

and the coefficient of determination are determined by use of the

Km/Vmax and

a :wj/Vmax forthe Lineweaver-Burk method and b = -Km anda = Vmax

formulas in the curve fitting program. Since b

for the Hofstee method, the desired constants Km andVmax maybe

-calculated. Once constants for the line are found,projected values

- for velocity or substrate canbe determined. If the same typeof

data in the presence of a competitive inhibitor is entered, then the

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

Kn' = 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.

\_ J
 

 

 

N

J

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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Program Desecription 11
 
 

 
 

  

       
 

    

  

     

  

 

   
 
 

 
 

 

   
 
 

     

N

(Sketch(es) 0

Fi FZ F! F2

Lw H we H

L____T___;T L____T____I

m A Vi,e &
L

Ki
_ _

<

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) oL Ll 60 126 158

(émM inhibitor)

Solution(s) [Dsp] & 1.0000

40 [4] 69 [al 88 [a] 10 [#]160 [4] 15[4]185 [4] 6.0000
.9996 (r2), .0042 (a), .0209 (b)

(D] 240.8340 (Vmax), 5.0275 (Km)
6.00 [£]A] 1.0000

2L [A] 44 [A] 60 [A]10[4]126 [A] 15[1]158 [4] 6.0000

.9999 (r?), .0040 (a), .0377 (b)
(D] 249.7286 (Vmax'), 9.4028 (Km')

6.894 KiL 943 (Ki) )

r )
Reference(s)A. Lehninger, Biochemistry, Worth Publishers, Inc., New York,

1970, pp 147-168. K. Plowman, Enzyme Kinetics, McGraw-Hill,

New York, 1972, pp 7-38. J. Dowd and D. Riggs, J. Biol. Chemn.,

240, 863 (1965).

N _
  



User Instruetions

‘1 Compet Lineweaver Hofstee V-8

 

&
 

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS
 

1 Load side 1 and side 2 [——j r————l 0.00 
 

Select type of analysis EWA*]E::: 
 

a) Lineweaver-burk eIl B  
 

b) Hofstee . L Ilc  
 

-l

Input substrate concentration S  
 

Input velocity v  
 

repeat steps 3 and 4 for all data pairs  
 

O
\
l

W

compute and output coefficient of  
 

determination (r2) and of the line:  
 

aand b r2,a,b 
 

7 |optional: project substrate ek    
A
Sconcentration from a velocitys YV  

 TSTo=o)y

8 |optional: project velocity from a  
 

N

substrate concentration S V 
 

9 |lcompute and output Vmax and Km Vmax , Km   

10 |Optional: if competitive inhibition   

data is available, the competitive   

  mode may be selected 5
a) input inhibitor concentratlon i 1.00  
b) input substrate concentration n  

c) input velocity V   

  

data pairs  

e) compute and output coefficient of  

determination (r2) and of the line:  
Z

a and b r 58,0  

f) compute Vmax' and Km' Vmax',Km'  

g) compute Ki Ki  

  

  

¥ This step may be skipped if the
  

substrate equals the display counter
  

  

** The last set of data pairs may be
   

deleted by pressing [h]|[RV]then [B].
  

A set of data may be deleted by
  

entering the set as in steps 3 and 4
  

and pressing [:].
   

|
|
|

|
|
|
|
[
|
|
|
I
|

l
{
|
{

d) repeat steps 10b and 10c for all |

|
|

|
I
l
|
[
|
|
|
l
[
|
|
|

|
|    
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67 Yrogram Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

* LINEWEAVER-BURK * OJECT V=-S
0 Set flag 1 and

clear secondary
register

47

060

 

HOFSTEE
Set flag O and

clear secondary
register

 

SUMMATION . OJECT S->V

clear ¥ - flag

if flag 1 then
reciprocal

if flag 1 then
reciprocal

if flag O then
go to label 9,
returning by 1bl2

if flag 3 thenZL-

compute sums

calculate n+1

DELETION
set flag 3

 

COMPUTE V/S FOR
HOFSTEE

COMPUTE r°

 

REGISTERS

4 5 t |6 7 1
Tx! Tx2 Ly Ly2

S4 S5 S6 S7

¥ x L x2 T 2

used ° used Ki 



. 67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

170

S a AND
b TO Vmax AND
Km

if flag 1 then
reciprocal,
otherwise y-
intercept is

if flag 1 then
label 4
otherwise

Km = -slope (b)

Km for lineweave

burk method

INHIBITOR
positions

primary register
and stores%fi]

Km recailed fro
secondary reg

LABELS FLAGS SET STATUS

° FLAGS TRIG DISP
ON OFF

o O X DEG FIX K
1 0 X GRAD UJ SCI O
2 O X RAD O EN% O

3 U X n

1Hofstee
2

3 
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Program Desecription |

Program Title M(XTU Re N UlS C OSt\T, (cS

   
Contributor’s Name K‘\ C.—l’l an cfl. D fi (4 >/ main

 

 
 

 

 

Address 2 3 C‘{ Z 2 %’O m W QSTB o

City l:_é(moma?s,~ . o  state Waslb. zip CodeTEO20
\_

~ N
Program Description, Equations, Variables @~ B e

Ths FK:énqwg calevlates The _Uf“SCOSI“f/Yo

o€ a m| XTv Re AaSesS USémg Hélfiqtb Meau E_ns.Kafi o

TtleoK/. Tl’\i Wi“{( (orsmulo'\ (s ustz,cx‘

R N xg M , , o o

“ “2 (% o -

\ 1 (l M; . A M,yo
..z 7 + - +( = _

 

 

 

 

 

 

X2 Mole £kactionof ComPoneal c

M = [/isgos ( ‘l*)/ . /’ sG S

M(: = MOICC‘»[ an Wi ,:DLJ:,, 0'%A C

 

 

Operating Limits and Warnings T hig. FKO%KG&M is wmgz/c-_.,QL,‘_@au.agui________.

ik usg only 3 ox 2 guses 4 OmusT be entened mtoThe
exTra RegisTeksfor mole €ractions.Aud « moin- Tenoyumben
must be enterne oK theMolecolax ,Wdfijfiht_qni‘_zismidfp

euUen “Uflougi,\ Thene ake less than “f% ases. 90%3 osed

 

   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.

\_ _J  
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Program Desecription 11

[sketentes) )

v dl th N €\ This < a WA (yTojSample Problem(s)[ vvedicT  The Uiscos ty of This e (XTone

at | et « 293K from g vea Ogdd‘cg =€ +tle

    
Mepeden T gases X7 Jatn v 2937K,

X{ /V(L / k//(c.' (9;;,;7;&*)Co,m(mcn‘r | |

Jrco2 .33 4.0  4er xep7?
2" O .09 32.000 203 xio7?

Zgroié 17(‘} )((0”757 M, B2

  
- Fhol [N 320 [1] esoeie[T)  ([A]— Td.oi

    

Solution(s)

e [2]) 2oz [T1 7SI /8] = (162
133 [M] 039 [1] By (V] o [:C7 —> .33

Lol — 171t 2av12

i B Tflfldmgwen (> 17 (4 ‘(/Ob.? ?/"‘"54’6- «(\0'15 A fiK?CS w.\‘L\

m 0l se ved valve oA [ 7993  To withw 4o )

r - > — )
Reference (s) K‘ IS/ o BIKCX, Wa'fi’fli’m E. Stfo\/qu" E(sz,\qM Li(jl«rf(‘l—,cfl?.1

;TKQMSfOI’(T ijjl\fvlo "M € la I(J"T"G/‘/\   Jab‘/\ l&/('ey € 9oM5  Tane (4160 )  
 



User Instruetions o

INPUT OUTPUT
DATA/UNITS DATA/UNITS

M.

0
L T

—
_
—
e

—
—

—
_
—
.
e
o

—
—
e

—
—
—
—
—
—
—
—
—

—
_
—
—
—
 
—
—
—
_
—
—
—
_
—
—
—
e
o

Y
k
2

a
2
P
2
s
s

P
>

>
>
W

N
9

 

|
|
|
|
|
|
|
[,
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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52
| STEP KEY ENTBY KEY CODE \ COMMENTS STEP KEY ENTRY KEY CODE COMMENTS——

881 ¥LBLA 21 11 857 RCLA 3o 11
882 CLRG 16-53 858 ST+8 35-55 66

083 P25 16-5] 859 RCLS 36 85

@64  CLRG 16-53 868 RCLA 36 11

aas P2S 16-51 861 X -35
86  STO4 35 84 862 RCLA 36 b6

a7 Ri -3i 853 z -24

@88  ST03 35 a3 g64  STO3 35 85

aag Fi -31 865 RCLe Jé& 8¢

1@ 5702 35 @z 866  RCLE 36 88
811 R -31 867 RCLZ 36 8z

812  STOI 35 @i 868 RCL4 36 84

813 RTH 24 869 GSBE 23 15

@814 ¥LBLE 21 1z 678 RCLD 36 i4
815 STO8 35 85 71 X -35

816 Fé -3 872 5T08 35 @&

817  STGT 35 67 873  RCLE 36 86

818 R -31 erd RCLT 36 87

819 STO6 35 @6 875 RCLZ 36 6z

82e R -31 @76 RCL3 36 a3

821 STOS 35 @5 877  GSEE 23 15

82z RTN 24 A78 RCLC 36 13

823 xLBLC £1 13 878 X -35
824 STOD 35 i4 886 ST+8 35-55 b6

825 R -31 @81 RCLE 36 12

26 STOC 35 13 887 ST+8 35-55 @@

27 R -31 883 RCLS 36 86

828 STOB i5 iz 884 RCLS 36 85

829 R -3i 885 RCLZ 36 8z

83e  STO0A 35 11 886 RCLI 36 81
831 RTN 24 887  GSBE 23 15

832 *LELD 2i 14 888 RCLA 36 11
@833 RCLS 36 @5 883 X -35
834 RCLE 36 86 898 ST+8 35-55 @6

835 RCLI 36 @1 891 RCL6E 36 a6

836 RCL4 36 84 892 RCLE 36 1z

837 GSBE 23 15 833 X -35
838 RCLD 36 14 894 RCLE 36 ea
a3e X -35 895 z -24

848  STOG 35 @@ 89¢ ST+% 35-59 @5

841 RCLS 36 @5 897  RCLT 36 87

42  RCL7 36 67 898 RCLS 36 88

843 RCLI 3¢ 81 882 RCL3 36 83
844 RCL3 36 83 168 RCL4 36 84
845 GSBE 23 15 181  ESBE 23 15
846 RCLC 36 13 182 RCLD 36 14
847 X -35 183 X -35

848  ST+@ 35-55 @6 184  STO8 35 86
849 RCLS 36 @5 185 RCLC 36 13
858 RCL6 36 86 186 ST+@8 35-55 Bw
851 RCLI 36 @1 187 RCLT? 36 67
852 RCL2 36 82 188 RCLe 36 86
857 GSBE 23 15 189  RCLZ 36 83
854 RCLE 36 12 116 RCL? 36 8z

855 X -35 111 ESBE 23 15

@56 ST+@8 35-55 86 REGIS: cno 112 RCLB Je 12

0 1 2 4 5 6 7 8 9

- SM( SHL s My A, Az A3 Ay
1 2 S4 S5 S6 S7 S8 S9

ML A ' Mg
A B C D E
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| 53
STEP KEY ENTRY KEY CODE 9% COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

13 X -39 169 T2 35 82
114 ST+8  33-35 86 178 Ri -31
13- RCL7 36 &7 171 §T01 35 81
116 RCLS 36 85 172 RCL4 36 64
17 RCLz 36 83 173 RCL3 36 83

128 RCLA 3& 11 176 1-¥ 52

122 ST+6 35-95 86 178 RCLI 36 b1
124 RCL7 366 179 RCLZ 36 82
121 RCLL 36 1:‘1 188 = -24

leg & _ 181 ¥ 54

158 STes 7555 gi 183 1 6i
28 ST45 39-99 63 184+ -53

1.:.29 RCLD Jb 1‘_5 185 K2 53

lse sT0e 35 bE 186 RCLI 36 83
131 RCLE 36 ag 187 RCL4 36 84
1.35 EEL:" :‘:ti ar 188 = -24
133 RCLY Jtz 84 189 i al

134 RCLI 3¢ @3 198+ _55
135 GSBE 23 15 {91 % 54
136 RCLC 36 13 192 z -24

137 =35 193 8 86

139 RCIP% ztz Bt_ 195 = -24

148 RCLE 36 &6 196 P25 16-51141 RCL4 3¢ 84 197 RIN 24
142 RCLZ 3de 8z I

143  ESBE 23 15
144 RCLE 36 12 200

145 X =35
146 ST+8 35-55 @6

147 RCLE 36 88
148 RCLS 36 a5

149  RCL4 36 84
158 RCL1 36 8l
151  EGSEE 23 15

132 RCLA 36 11

53 X -35
154 ET+8 35-35 @# 210
155 RCLE 36 8&
156 RCLO Je 14

157 X -35
158 RCL@ St @&

158 T -24
168 5T+9 35-55 8¢

161 RCLS 36 8%
162 RTN 24

163 =xLELE cl 13
164 e5 16-51 220

165  ST04 35 84
166 R+ -31
167  ST03 35 83

168 Re 31 LABELS FLAGS SET STATUS
" ® Mipzp3n 4 Cx,qxan O A iz £ §;3 0 FLAGS TRIG DISP
'mlfal%“& b c d e 1 ON OFF

o O 8| DEG ¥ FIX &
0 1 2 3 4 2 1 0 X GRAD O scng

> O X RAD O ENE5 6 7 8 9 3 3 0 N n   
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Program Description |
 
 — = )
Program Title (&1 VAPoL U@mvma&m\ BUBBIE ARD pew  Po)yst

CALCOLATIOM

Contributor’'s Name QAVOO\AN.‘ N. LABSS

adaress V2> - & Pecnoate De.

City h HARLOTIE State < Zip Code 2Lo

\_
 

 

 

( | | . )
Program Description, Equations, Variables TH'S  OOLZAM VTILIIES TWO VAP- QeSS vs.

TemP ooints (PR €d  embognt , UP o fi:\mu TO FINO THE Twe

COEFA\CIERTS  oF T ALDIFNE  EQUATION Omratfi.«{o CopSTANT ?oomru

\oc fl( = Alr +3 RS2& Oc. = VAR PRESSUE |

N = Aes TeEme HAavinG  Fouwm  TMESE (cEFAUIERNTS THE  PROGZAMM

CALCUATES IR DWIDLAL EQUINVRBR\LA  (oSTARTS A«l VALCE AND | AP

MmoLe FRACToOK) \@Chgam POINT PR LIQu i) meld FRACDONS NOQ\C OO_tflJ

Accoloive Ton  FoR \DEAL- L\QUD  LAS  pases =P

vy = P/ P ; X u£,\R.. U = ¥ wael€
)

Y T EQUOBDUM  DRST. (opmPoEPT L fi(., T VAR PRESS, comPonéaT |

Ua = SYeTOM TOOAL (Ess, \ : T LLQUIO mceilé RACT,  SwmPonET ,fv

G, = VAPOL MmoilE FRACT.  (omAoNERT L Tor Aued PLIRTYS ) TWE  PRCLeAm

VSES A SERD HUESS & USUNALY LOWSST BOoiLive  POIRT  oF 8,.$b0(mt~& PO

(NCREMENTS 1MoSATULE (A&G W J.. o TWE Fuest RULOLE , M.?..S&S

ol Deiv  POWTS | TIE PACLRAM DECBEMERTS FRom SeD  (UsY. RIGHEST

COMOENS | U, PV.E.V UG N X« o TWwe CRsT 0 &P, Tae O&eEments

0l \OCLEMEMTS ARE  cpwsen) B usel, AS \S ™E ACCIZACL WV DA L

e PrROCLAM ChPpRESs iTs B X . ) M,I.fi v ™\E \OGAL \WO ,

THE  PA&kReEVT  TéeMe AnD Ayl oz 24 A2E _ALLAYS  puAILABLE TO \VIEW,
 

Operating Limits and Warnings OGviossly TS 1S oLt APPLICABLE T© Sygmms TAAT (AN

BE APPAOK\MATSD (3« A STEAUT LieC Sg D( Vo ,\.fll oVERL T™E RANGCE |0

QRVESTICL, ;)TX SHSTEM;  Follets TAS  QUTE  WELL  KoLawd, AMD M ALY MelZ€ CAR 3

seour T AT AL (DALY 0 uesTion . WrEL wuputTiPu Py va T oATA T

WILE T BE PCinTS CLovéE WO TKE CKPELTED (RANGE (F Guedie U 0éw

ConT, THRIS  IPSURES A REPRESNELIWE ANLE FOR RELIAGLE | NTELPCLATION  F

C.%m VAPOIL PRESSWLE ARND) §USSEQUENT (AW LLAT\OLS, )

 

 
 ~

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.   \. _J/   
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Program Deseription 11
 

 

 

Sketch(es)

\ D
 

 

 

( —_ ~
Sample Problem(s) \© COMP iLeTE A BOIL NG PO OIACEAM  TWE  AUABLE  PoIoT

A0 DEL PoINTS of AN CTIMLERE (LYol AND WAL SysToMm  ARE AEEDEO,

Tewe ToMAL  PAESSOZE 1§ O mm \-\9 AD (DRCEIT RATIONS (wwué m&\

AE G 3 Owae W0z 0. 204 ALsc e vpapoL PRESSURE

ofr E€G  aT 3 S5¢F (655°@> \S  DEEDED. \RE  FoLLOWING 1§ G \UED

Ax 332°F R, BEG = 3o mmlgq Oo = %947 e Bg

At 2 f PEC = e me W R WMo 2 Mo mm W

@OILML Posm‘s pvflé Com ovEW TS ((bn‘oeuimc Ponu'\‘s 5AM€3

AT N mm \~\<\

EC = 5% °C KN,o = 2\2¢F

Fwo 60[‘:6(6 ANO OEU PUINTS o (oRaeseord wO\ e ofF

VAPOR. A0 LAQUID  molE FRAT WO sums (e Axioty: S 1.000)
 

 
Solution(s) fOLLOW ARSTRUCTIONS

Kevsmc[es

W57 X) 3i0 [E1] 338 [ef]110feT] 320[A] —> —5/50.31

OALLEY) 33wlET) 4630([61) 3w lRis] CRIsS] —>  —37727.35

Joo [s]) (@), 00i L5¢TI 2L CsTOICO0) Ls)TEYWENP:$].196 GsToEBod[so) LIRITPs)—=~ 0.80

UL CEP] 400 CSTICAICBY  —> QuS = wosec, 2L .\ L BUBBLE powT OF

2 (sTO) (51338 (4] AolTSTOITAI CDY =3 2und A 103e¢ 3035 Dew  vowT ©F

2ONICSTT) 39501146004 (STOITAI Ty —> R34.99 mm Kg LtATwlE  aaves WS

K&Ae MM \xq AT 395 °¢ e 2oL 1S 1,96 e Eor Py (ALcucATIoL )

 
 

    ( )
Reference(s)

AoDUTO eMLCAL Emmeerzmc\"\‘pea,oo»w,«m.cg“ Drmame & Vanw Ness
A
Vo Ceprmtaar @80 WCaau-Bne P 33s , 210,352

ERe VTTAC 4131
?7-115   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Y @

% User Instruetions

o \Pr) B2l
‘1 VAPOR QPRESSVEE | DEW POIPT  BUHBLE PCIFT

§ > BUBBLE . D, —» OEW

v vor0 si06s | AmO 2 L]
2 Load R3 with wumeel compoests V) (W) ) [sTo1]
3 LoAO STACKL W\TW Q“ v T oATA NTe, IJBJ;J et | mem R

N™ (omPoleisT  F1RST | ABS. DEESS mm [Tallef] of
\r\q‘ AND  °F Pecss A | Pp’llffl O A

4 ioad spAck wed Py T or™ & [WA °¢
N\ ™ compoueT wExt | eaess  2ls Twi N"Come Py| l€t |

- T | € f |

FoLtow P 4 yrTIL  ALL (oporES [Po-i | et |

OADA HAS AEEN  EMECED. ITL-) | [ @ds |
| Ris || |

S sore €p wa  <@s0  GUuESS  Teme. T og [T| [soA|

¢ stoe Qg VTH <oTAL  Pressuee P, W\n\'\«-'w |@1\l o8

1 stoee P v bfii'\e 1€ You WALt [ }

i or C\.','. < ool S™Re 000\ hoo | Iso ¢ |

& sote Ky wih DT °Q | sTEWACL o Q)T)HS“\DD]

9 sroee Po vt N N [ G9) | [ow€]
\o* FOR BUBLBLE PoIWT  STRE Ky 1o Mol FRAGT P¥s | o]

¥ ‘2"9.% n Pss | | |

W Foe 0Oew  Poivt stoRe Yo W ¢ cancc (P25 BON|
Croan Pe7s | | |

12*] Fog DeEw poiwT  paess D eIl ] °F
12%| Fol  @ubbLE POILT  Plcss 6 | & || | |°F

A |
\3""~ FOR VAP  PlesSwes stoge N (W Wg (W) | [ 103
Gl soee T n @a °@R D | sA
\C| paess < e Il ] mmig

| I
. | | |
oL ONE  POINT  URELE C2 OEL Caw l | |
BE CALULATED AT o, BUT SUBEQUENT | H l

_ Jcases eot same swston o o ar sTee S L
TAHE <SPS oPTNIORAL  Fefl “APKRL ] |
PRESSULE  ( ALCVLATOL | A CAL BE€ 1 || 7|

ELENED  AFTEL SO (. | |
| | |

NOTE. SP@D  ofF PROGRAM \$  RELATWELY L
INSSHSITWVE To N, | N

| | | |       
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STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 ¥ LBL A 3] 29 \\ LoAadiva  For STo O 33 oOC
StTo A 23 W ceereiient ] LBC O |31 25 0O] BEaiN teco? Do o
23 35S S3| socotioms G306 \ D\ 22 o cALCuATE ¥ Y
Sto 8 33 1\ 060 X N cALcuare
g~ 35 53 (30 2 I3\ 21 o1 A
ST < 33 \3 DS 2\ 33
@ 35S 53 (o O 2L | toop wetiL N

Sto P 33 \4 el © 24 OO wmeAfe 4 W
Loc 3\ 53 \ O\ )

010 RciL C 34 \3 - S\
4 04| (CRuVRTIBL F AR X Do 3L 8\ cuxck Fo wiasct
= O © ¢(To 3 L1 o3 APPZOACH (F LOT
O o0 ABS 39 (94 CARRULE DT

A G\ 070 e C 3413 (oM PARE ACCURACH
<vo C 23 \3 Xy 38 51

x N X &9 D2

e @ 34 \1 aTo 4 21 04| D I5eLAY BussE
Lo 3. S3 G506 S [3v v oS5 M4 eV T
@ee b 34 () ato @ 21 )1 ST AGAIN

020 4 o4 | (BL C D25 3 cacc, 0y
6 oL L A 34 |\
o o0 >3 3S 24

* G\ S o5

STo A 33 il 080 + o0

X 1t S 3 35 24

- S\ 2O 34 24
Cc ¢ 34 \3 XSy S S
Ce A 34\ = R\
- Si XN 35 24

030 - 8l soLvd U coser B S Z;
sto V) 33 24 = - \
gce © 'bi 4 o 1w R x> X 25 24
Lot 3i 63 Q) 24 24

C 34 3 090 + o\
Q’% 7\ Jor 37 63

(Cce Q) 34 24 RTN 35 2L
Qce ¢ 34 3 ¥[ LAL D [0 15 \& Ogu PoivT
X N\ Cce € 4 \S| Swees o v €2

- O\ Socven Rl edFF A STo I 3% 33
040 x> 35 24 Cl x 44| crLeme Qo

S 05 STO O 3 oo

+ G\ ¥ L3BL G [3\V 28 O] BEuiw po P

xS A5 14 (S A 3, 2V o] caccuvince [;,c“.

sto (V) 33 24]swaee v Rugs 100 LY 55 ST Catcuiare x;
X I 35 4 = B\

S oS o6 2 [»y 22 o] A~
- 5) 0sz 3y 33

XeF 35 U WO (¢ 2L 0G| LooP vPTW W
DSt Ay 2)3 NextT comPorerT QLL o 34 OO Com PAM é_ WA

050 €is &4 ) O\ L.

Lis R4 STOP AT W (on PoREAT - S\ )
uTo A 21\ XDO 31 B8\ cuerx Foll wlaect

¥ LAL & 20 25 1] BuBOLE PowT GTO 7 1 o S oeT

QeL € 34 \G]sves v w K 110 A G8s 3S 64| ce6E dT
<To 3 3¢ 33 ReL C 34 ‘.\3 (OMPALE AcCullACy

L X 44| ccenk Qo Xy 39 S5
REGISTERS - -

4 5 6 7
O£‘ )fligis{. 1AU 2Ap'\ 3AU-‘L Auj-‘; Au-4 6“ @N‘\ 88%“’1 = B’*"3

S0 S1 » S2 w-\ |S3 V-1 |s4 »-2 |ss ~ -4 |S6 S7
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE

< 2

T DISPLAY DEw
L\ tRu mEw T
2 STAT AGAW
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21 \3
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z T Ko ot Ht
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15 o2 A oy
3S 24

o\

o0

ey S 2
ST +O [33 i o0

~ 35 21

LBL3 [y 25 O3] ChameE DT Fol
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BodBC
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CRAAVGE ?T

COMMENTS

SET STATUS
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DEG ®
GRAD U
RAD O 
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Program Deseription |
a )
Program Titte SINGLE STAGE EQUILIBRIUM FLASH CALCULATION
 

 

Contributor's Name Kerry R. Kelly

 

 

 

 

Address )4'208 Salem Drive ) e

City Baton Rouge State Louisiana Zip Code 70814
\_

-

Program Description, Equations, Variables Given the number of components (n)' the, _

mole fraction (z3j), 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 Zzero (10'6).

f(V/F)=i z5(K;-1) / [(K;-1)(V/F)+1] = o, Rachford-Rice»Eézr;".:,
1=1

(V/F) g4 = (W/E); - f[(V/F)i] /f'[(V/F)i] Newton -

> Convergence

e [(v/0)3] = ~gesD/[0(/R +1]7

)

wethod&= 3 S—

Next the program can solve for (V/L) and the final compositionsof

the liquid and the vapor bys (V/L)= (V/F)/[1-(w®]

Xj = zi[ 1+ (V/L)] /l:1 + Ki(V/L)]

yi= z3[ 1+ (W] /[1+ (1/K)L/W]
 

Operating Limits and Warnings . , o R R

Maximum number of components = 10

 

   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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Program Desecription 11
 
 F e . ; e— e

Sketch(es) | V, (moles/time)
—-—-—-—-——-———'

 
 

   
 

 
 

 
 

_steady-state flash vaporization giving product equilibrium at 270°F

~and 50 psia, The details are given below:

 

__Component 23 Ky @ 270°F & 50 psia

Cy0.5 12,75

Gy - 0.25 o 5.61

o Cg 0.05 1.40

Gy 0.30 0.705

Cg 0.25 0.375

liquid product streams.

Vi

F, (molesétimgp FLASH

L i |
: ! xi

J

g
)

Sample Problem(s) Afivecomponentmixtureof hydrocarbons is fedtoa

~Calculate (V/F)and the composition of both the vapor and the

 

Solution(s) 5(A)>5.00000; .151%12.75(B) .251% 5.61(B) .05¢ 1.4(B)

  
 

 
 

Page 513; McGraw-Hill; 1971

(2) Kern, Donald Q.; PROCESS HEAT TRANSFER; First Ed,;

Page 332; McGraw-Hill; 1950  
~+31.705(B) .25¢ .375(B) —> 0.00000

.5(C)(calculation time ~ 72 sec) —  0,80243

(D) — et — Yi

- 0.01L38%% .0.,18339%%*

. 0.05320%%* 0,29845¥xx*

- ~ 0.03785%*#* 0.05299%*#

i 0.39304%33 0.27709%*%

- 0.50153%*% 0.18807%%% )

-
Reference(s) (1) King, C. Judson; SEPARATION PROCESSES; First Ed.j )   



User Instruections o

  

  

  
    
   

SINGLE STAGE EQUILIBRIUM FLASH CALCULATION

1 pause? (V/F)>£(V/F) Fov,L P
z; ¢ Ky (F)&'(F)

 

  

 

   ([
@)
]A

n

  

 

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS
 

 
 

Load side 1 and side 2 [1] |
Input number of components. n |A ]| | 
 

Input mole fraction of component i I 
 

in the feed. 23 ENTER i 
 

Input equilibrium ratio between  
 

phases for component i.  
 

Repeat steps 3 and 4 for i = 1 to n   

o
\

|\
n

Input a first guess for the mole ratig  

L

= !

|

(V/F) and compute and output the   

‘
|

Iactual ratio.* (V/F), (V/F) |1 

—
—
—
e
—
—
—

1
T
L
o

|
| |

Optional: Compute and output the

[l   

;!
i

3

L
U

mole fraction of each component in ‘
[
—
—
\

|   |
‘

L
o

;
|

|
I

I
i

|
e
e

e
e
e
e
e

-both the liquid (x3;) and the vapor(yj;)   

I

|
| —

—
—
—

for i = 1 to n ** © X1s¥1  

X24¥Y2  

  |
[ [l

—
—
A
—

®
o
|
e

  \ 1 |

Xn'Yn
  

|

|
I

|
|

i

—
—
e

Optional:s Compute and output the   

|

(v/L) \ { | \
Wmole ratio (V/L)#** 

—
—
e
—
—
—

—
_
—

—
_
—
—
—
—

—
f
—
p
—

.
J

‘
}

|
|

T
|

f
‘
<

.
‘

]
|

f
:

‘
f

‘

|
|

1
l

|
|

|
|

|
1
l

|
|

|

|
|

—
_
—

Optional: Input the mole feed rate   

l
| | |

N
N

and compute and output the vapor mole
  

-and then the liquid mole rate,** F vV,L 

10
 

—
—
—

\
1
s L

_
«
“
L
—
J

Optional:s Toggle pause mode, Used 

[

 

e

|

Lto watch f(V/F) converge to less than
  

H >10-°, 1.00/0, 00  

a I o |   
*¥ This calculation is trial and error

!
|

I

L   

and may take several minutes if a  

| | | | elarge number of components is  

involved and/or the first guess is  

| Ipoor,  

  

_
—¥*¥ This step can be performed only  

after step 6.  

—
_
—
,
—
—
—
—
—
—
—
—

|
|

'
|

i

|
b

|
|

i
l

v
|

1
|

|
!

|
i

{
1

|
!

!
i

i
i

!
|

|
1

'
b
y

|
1

|
|

1
!

|

b
I

'
|

i

  

i
|

|

i
P

1
|

|
i

i
i

‘
tl

‘
o
t

e
e

‘
= 1

|

w L

  

        —
_
—
—
—
—
—
—
_
—
—
—
—
—
—
—
—
]
—
—

|
(

i
i

|
!

|
!

|
!

|
1

|
P

i
|

i
i

|
|

b
!

|
'

|
I

\

s |

 



62

STEP KEY ENTRY KEY CODE

Program Listing 1
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
 

 

 

        
      

001 f LBL A BBl 25 11] Set up the I RCL E 34 15

1 0l]| register for + 61
= 51| data input by STO E 33 15
h ST I 35 33| storing the no, |®°__|h RTN 35 22| _ _ _ _ _ _ __
STO D 33 1% of components f LBL 2 |31 25 02| set flag O so
1 0l minus one. RCL A 3% 11| that subroutine
+ g% (n-1) h SFO 35 51 00] ¢ will calc.

IR R e e T- S g T(V/E).
0 ISTO (1) 33 281 store Ky and 23 h CF 0|35 61 00

h xzy 35 52| in the proper h RIN 522ls s f 1BL C |31 25 13 in |fTP‘?,) 31 L register and Must constrain
? g>31 %3 % then display th = }S1T2Bg 33 1l trials to
F Ds7 1 number of com- 35 0<(V/F)<1

3 33 ponents for FRAC 32 83 ________

GTO 0 22 00| whioh data has GSB ¢ |32 22 13| Calc. f£(V/F)___
£ LBL 0 B1 25 001 not yet been STO C 33 13

RC I 35 34 entered. h F1? 35 71 00| Pause?

e 4 i
h_RIN 35 22| EEX L3l [£(v/F)|< 10762
g LBL ¢c 32 25 13 6 0

STO A 33 11| Frepare for CHS L2
RCL D 3L 14 calculation of e x>y 32 81
h ST I 35733 §f¥§§%)°r TC B 2204
0 00 . f_‘GSB 2 |31 22 02| aAdjust (V/F)
STO E 331y RCL C 3’4’ 13 by Newton's

T gs+ check the new
% f DSZ 31 33| Calculate f(V/F) RCL A 34 11l value by

S THT 55 95]= Zilki= A 232 returning to C.
RCL E 15| o K-DVA+ GTO C 22 13| _ _ __ _ _ __
h RTN 35 22 090 f IBL 4 31 25 0 Return with the

f LBL 1 (31 22 01 or RCL A 34 11 %af}es):t value of

RCL A 34 11 h RN 35 22|(V/F)_in_dsply.
RCL (1) 3% 24| If flag 0 is se f LBL D |31 25 1% ]
I o1] Calc. f'(V/F) f GSB E |31 22 15

51 RCL D 34 141 Compute the
040 )l( g% Z Z.(K.-l) 2 gl’IB‘LI7 51 gg 87 value of

K- x: then y.
—; 5% £ S% [cwi-vwney] g ggIZB 5131 %fi 05| f&r i=1 'to n.

g x2 32 54 00 |GTO 7 22 07
RCL (1) 34 24 f GSB 5 |31 22 05
f P2 31 42 h RTN 39 22
RCL (1) 34 24 f ILBL 5 |31 25 05
Pi X2y 35 5% gg% ](E:i) gfi :2Ll+

0
050 - 51 X 71

h F0? 35 71 00 1
§x4 32 sh + 6

1 RCL E 34 1
h xzy 35 52 110 1 0l
T 31 + 6
f PzS 31 42 h x3y 35 9

REGISTERS
9

° Kn 1 Kn._l Kn..2 ’) ! e o o 5. e o o 6. ® * 7. e o ° e o o ¢ Kn_9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

Zn Zn_l Zn-z o o o e o o e o o o o o ol o o o e o o ¢ zn-9

A B I
Trial (V/F) Used f(V/F) n-1 Used Used   
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

+

170

Convert (V/F)
to (V/L).

Compute and
display both
the vapor rate
(V) and the
liquid rate (L)
given the feed
rate (F).

Pause toggle
to watch

0l] convergence,
2

L 8|31 25 0

ELS FLAGS SET STATUS

n ® 251K -+ >X35,Y ~(V/L) |° Used FLAGS TRIG

3 PAUSE? [° >f d *F>V,L |' Used
0 (n-i) |' Used [2 f'(V/F)3 4 Used >X3,Y¥ Used |° Used Used



NOTES



NOTES



NOTES



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

Portfolio 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
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CHEMISTRY

A variety of general physical chemical programs including equations-of-

state and acid-base equilibria are included. Several programs on gas

mixtures and vapor liquid equilibrium are also of interest to chemical

engineers.
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