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SIMULTANEOUS LINEAR EQUATIONS 

This program solves M sets of N by N linear equations that have identical 
coefficients using the Crout algorithm with row interchange. If M or N is 
greater than 10, the dimensions of the subscripted variable in line 70 will 
have to be changed. The user must enter the coefficients and the constants 
of the equations as prompted. 

If the system of equations has no solution (is linearly dependent) the pro
gram will so indicate. 

A theoretical representation of a system of linear equations is: 

Al1x l + A12x 2 + A13x 3 + + A1Nx N = Blj 

A2lx l + A22x 2 + A23x 3 + + A2Nx N = Blj 

AN1Xl + AN2 X2 + AN3X3 + + ANNXN = BNj 

Where N = number of coefficients 

M = Number of sets 

A· . = coefficient of i th row and jth variable lJ 

B· . = constant of ith row (equation) and jth set lJ 

j = 1 . M 

There are M sets of answers 

Set 1 = xl' X2 ' X3 ' · .. , XN 

Set 2 xl' X 2' X 3' · .. , XN 

Set M = Xl' X2 ' X 3' · .. , XN 
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STEP 

1 

2 

3 

Solve the following system of linear equations: 

Xl + X2 + X3 = 12 Xl + X2 + X3 = 16 

2XI + 3X2 -6X3 = -13 2XI + 3X2 -6X3 = 50 

-Xl + 4X2 + 7X3 = 43 -Xl + 4X2 + 7X3 = 26 

M = 2 

N = 3 

I SOLUTION I 

INSTRUCTIONS DISPLAY 

SIMULTANEOUS LINEAR EQUATIONS 

Enter number of sets Number of sets? 

Enter number of coefficients Number of coefficients? 

per equation 

Enter coefficients and Equation #1 X#1? 

constants for each equation Equation #1 X#2? 

Equation #1 X#3? 

Equation #1 constant #1? 

Equation #1 constant #2? 

Equation #2 Equation #2 X#l? 

Equation #2 X#2? 

Equation #2 X#3? 

Equation #2 constant #1? 

Equation #2 constant #2? 

INPUT 

2 [RTN] • 3 [RTN] 

1 [RTN] 

1 [RTN] 

1 [RTN] 

12 [RTN] 

16 [RTN] 

2 [RTN] 

3 [RTN] 

-6 [RTN] 

-13 [RTN] 

50 [RTN] 

• 
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STEP INSTRUCTIONS DISPLAY INPUT 

Equation #3 Equation #3 X#l? -1 [RTN] 

Equation #3 X#2? 4 [RTN] 

Equation #3 X#3? 7 [RTN] 

Equation #3 constant I? 43 [RTN] 

Equation #3 constant #2? 26 [RTN] 

4 Display 2 answer sets Answer set #1 [RTN] 

Use [RTN] to view next answer, 4.00 [RTN] 

[BACK] to view previous answer 3.00 [RTN]/[BACKl 

5.00 [RTN]/[BACK] 

Answer set #2 [RTN] 

7.00 [RTN] 

10.00 [RTN]/[BACK] 

-1.00 [RTN]/[BACK] 

5 End B.un again, ~iew again, or End? R E [RTN] 

END OF PROGRAM 

• 
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IUSER INSTRUCTIONS I 

• 
STEP INSTRUCTIONS DISPLAY INPUT 

SIMULTANEOUS LINEAR EQUATIONS 

1 Enter number of sets of equa-

tions Number of sets? M [RTN] 

2 Enter number of coefficients 

per equation (also the number 

of equations per set) Number of coefficients N [RTN] 

3 Enter coefficients for each Equation #1 X#1 ? Al1 [RTN] 

equation (Al1 A12 A13 ... AIN Equation #1 X#2? A12 [RTN] 

A21 A22 A21 ... A2N Equation #1 X#3? A13 [RTN] 

ANI AN2 AN3 ... ANN ) Equation #N X#1? ANI [RTN] 

one at a time along with the Equation #N X#2? AN2 [RTN] 

constants after each equation Eauation #N constant #M? BNM [RTN] 

4 If the matrix is sinaular: Matrix of coefficients sinqular [RTN] 

To run again, enter I R I, else Run again or End? R or E [RTN] 

enter lEI to end program. END OF PROGRAM 

5 Display M answer sets Answer set #1 [RTN] 

(N answers per set) nnn.nn [RTN] 

Use [RTN] to view next answer, nnn.nn [RTN]/[BACK] 

[BACK] to view previous answer nnn.nn [RTN]/[BACK] 

Answer set #2 [RTN] 

nnn.nn [RTN] 

nnn.nn [RTN]/[BACK] 

nnn.nn [RTN]/rBACK 

Answer set #3 [RTN] 

Answer set #M [RTN] 
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STEP INSTRUCTIONS DISPLAY INPUT 

nnn.nn [RTNl 

nnn.nn [RTN]/[BACK] 

nnn.nn [RTN]/[BACK] 

6 Program options Run again, Yiewagain, or End?R V,E or [RTN] -

If I RI then step 1 

If I VI then step 5 

If IE then stop. END OF PROGRAM 

• 
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NAME DESCRIPTION NAME DESCRIPTION 

A( 

B( 

Array for coefficients Used for comparison 
, ) of equations X and storage 

Array for constants of Accumulates sums of 
S products of elements , ) equations. Later used 

for answer sets. I,J,K Looping and indexing 
Temporary storage in row Loop parameter used 

T interchange process M1 row interchange 
Key to index of largest 

0 element in equation Q$ User interaction 

Number of coefficients Number of sets 
M of equations N (also the number of 

equations) 
------ -

INOTES AND REFERENCESI 

References: SIMULTANEOUS LINEAR EQUATIONS, HP-85 Math Solutions Book, 
Hewlett-Packard, 1981. 

Fuller, Leonard E., BASIC MATRIX THEORY, Prentiss-Hall, 
1962, pp. 156-164. 

in 
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IPROGRAM LISTINGI 
iO 
i?O 
30 
40 
SO 
60 
'70 
ao 
»0 

1.00 

i10 
t20 

i30 
i40 
1 '::)0 
i60 
1'70 
180 
1. »0 

CFWUT _. Solves 
siMultaneous linear 
equations using Crout 
algorithM. 
Revision 11/01/82. 

DIM Q$[4] 
SHORT A(10,10) ,B(10,10),T,S 
INTEGER 1,J,K,M,N,Q,Ml 
DEF FNQ$ 
Z=NUM(KEYS) @ IF ZI13 AND ZI8 THEN 
100 ELSE FNQ$=CHR$(Z) 
END DEF 
DISP , SIMULTANEOUS LINEAR EQUATION 
S' @ WAIT 2 
INPUT 'NuMber of sets?'jM 
IF M(::::O THEN t30 
INPUT 'NuMber of coefficients?'jN 
IF N(=O THEN t50 
FOR 1:::1. TO N 
FOR J::: 1. TO N 
DISP 'Equation:I~'jIj' X:\I:'jJj 

200 INPUT '?'jA(I,J) 
i?10 NEXT J 
220 FOR K=t TO M 
~:?'30 D1SP 'Equation:U:' jIj' constal"l"t:JI:' jK j 

;.:?40 
250 
i?60 
i? '? 0 
;.:~80 

290 
300 
3tO 
:5;:?0 
330 
:~40 
3~JO 

360 

:~7 0 

3ElO 
3?O 
400 
41.0 
4;:20 
430 
440 
4S0 
460 
470 

I Nfl UT '?' j B ( I ) I( ) 
NEXT K 
NEXT I 
FOR 1=1 TO N 
X:::-l 
FOR J:::I TO N 
IF ABS(AeJ,I»(=X THEN 330 
Q::::J 
X::::AB~3eA(:r,I» 

NEXT J 
IF X}O THEN 3(10 
DISP 'Matrix of coefficients singul 
iH" @ GDSUB 9~30 
DISP CHR$(2iO)j'un again, or 'jCHR$ 
(:\.97)j 
INPUT ' nd?' , 'I~' j l~$ @ r~$"::UPRC$ «(~$ [1 
, j. ]) 

ON PDS('RE' ,Q$)+t GOlD 360,130,91.0 
IF I:;::(~ THEN son 
FOR J::-"i TO N 
T::::A(I,J) 
A ( I , J) "::{~ ( (~ ,J ) 
f.1 (Q , J ) :":T 
NEXT J 
FOR J=j. lO M 
T=B(I,J) 
1:« 1 , J ) :::B ( Q , J ) 

-Wait for RTN or BACK key 

-Enter coefficients for each 
f..~q u a"t :i. 0 n 

-Enter constants for each 
eq U i;l t j. 0 n 

-Check for linear dependence 

-Check for Matrix singularity 

-Begin row interchange process 

7 
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IPROGRAM LISTINGI 
480 8(Q,J)=T 
490 NEXT J 
500 FOR J=1 TO N 
S10 IF I(J THEN 540 
5;.:~0 M1=J-1 
530 GOTO 550 
~:;40 M1=I--1 
':550 s=o 
560 FOR K=1 TO Mi 
570 S=S+A(I,K)*A(K,J) 
';;")80 NEXT K 
590 A(I,J)=A(I,1)+8 
600 IF 1)=J THEN 620 
610 A(I,J)=-A(I,J)/A(I,I) 
620 NEXT J 
630 NEXT I 
640 FOR J=1 TO M 
650 FOR 1=1 TO N 
660 8:::0 
670 FOR K=1 TO 1-1 
680 S=S+A(I,K)*B(K,J) 
690 NEXT K 
700 BC1,J)=-CBC1,J)+S)/A(I,I) 
710 NEXT I 
720 FOR I=N TO 1 STEP -1 
'730 S=O 
740 FOR K=I+1 TO N 
750 S=S+A(I,K)*BCK,J) 
760 NEXT K 
770 8Cl,J)=-8CI,J)+8 
'780 NEXT I 
'7<,0 NEXT J 
BOO! OUTPUT. 
810 FOR J=1 TO M 
820 DISP 'Answer set I' jJ @ GOSUB 930 
830 FOR 1=1 TO N 
840 DISP U~3ING 'Mdddd.dd' > 8CI,J) 
850 Q$=FNQ$ @ IF NUM(Q$)=8 THEN I=MAX(1 

,I-i) @ GOTO 840 
860 NEXT I 
B'70 NEXT J 
880 DISP CHW~(;.?':\.O)j'un again, ';CHR~;(21 

4) .; , :i. ew i:H] a in, 0 r I j CHR $ ( j. <"1'1' ) j 

WIO INPUT 'nd? I )' ~~ '; H~t, (~ (~$:;;;upr~c':l; (US £1 . 
. ,LI ) 

900 ON POSC'RVE',Q$)+1 GOTO 880,130,800 
,910 

910 DISP , END OF PROGRAM' 
920 SHIP 
930 
940 IF NUMCKEYS)113 THEN 940 

950 RETUr~N 

-Display answers 

-Continuation options 

-Wait for the RTN key to be 
p T' €~!:;£;f:) d 

• 

• 
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IPROGRAM DESCRIPTIONI 

QUADRATIC EQUATION 

This program analyzes a quadratic equation of the form Ax2 + Bxy + Cy2 + Ox + 
Ey + F = 0. The user must supply the coefficients A, B, C, 0, E, F, in that 
order. If a coefficient is equal to zero it must be entered as zero and not 
skipped. 

The program determines lines, single points, circles, ellipses, hyperbolas, 
parabolas, parallel lines, and equations for which there are no real solutions . 

9 
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ISAMPLE PROBLEMI 

• 1) x2 + 16y2 -25 = 0 

2) x2 + 4y2 + 9 = 0 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

QUADRATIC EQUATION 

1 Enter coefficients Enter A,B,C,D,E,F? 1,0,16,0,0, 

-25, [RTN] 

2 Display equation solution Ellipse with eccentricity .97 [RTN] 

Use [BACK] to display the Center = (0,0) [RTN]/[BACK] 

previous result. Angle = ° [RTN]/[BACK] 

Focus = (4.84,0) [RTN] /[ BACK] 

Focus = (-4.83,0) [RTN]/[BACK] 

Sum of radii = 10 [RTN]/[BACK] 

Major axis = 10 [RTN]/[BACK] 

Minor axis = 2.5 [RTN]/[BACK] 

Focal chord = .63 [RTN]/[BACK] 

Major O.OOx + 1.00y = 0.00 [RTN]/[BACK] 

Minor 1.00x + O.OOy = 0.00 [RTN]/[ BACK] 

Dir 1.00x + O.OOy = 5.16 [RTN]/[BACK] 

Dir 1.00x + O.OOy = -5.16 [RTN]/[BACK] 

Area = 19.63 [RTN]/[BACK] 

3 Run again for problem #2 Run again? Y [RTN] 
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STEP INSTRUCTIONS DISPLAY INPUT 

4 Enter coefficients Enter A B.C.D.E,F? 1.0.4.0.0.9 
J 
! [RTN] 

5 Display No real solution [RTN] 

6 End Run again? Y N [RTN] 

END OF PROGRAM 
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IUSER INSTRUCTIONS I I ~~~~~~~~~~~~~~~ 

STEP INSTRUCTIONS DISPLAY INPUT 

QUADRATIC EQUATION 

1 Enter coefficients of Ax2 + Enter A,B,C,D,E,F? A,B,C,D,E,F 

Bxy + Cy2 + Ox + Ey = 0 [RTN] 
.. 

2 Determine type of equation [RTN]/[BACK] 
compute statlstlcs, and dlS-
play. You may use the [RTN] or 
LBACK] key to scroll through 
the statistics for circle, 
ellipse, hyperbola or 
parabola. 

3 Proqram options Run again? Y N or [RTN] 

If Y then step 1 else END OF PROGRAM 

I VARIABLE NAMESI 

NAME DESCRIPTION NAME DESCRIPTION 
Coefficients of Used to aeterml ne 

A,B,C,D,t,F quadratic equation Bl minor axes 
Coordinates of 

X,Y center of circle Cl Computed constant 

U,V Used to determine foci Q,S 
Part of simple 
quadratic formula 
Used to form 

Hl,Kl Center of parabola K,L,Fl new equation 
Used to determine 

G Measure of angle M,N center of parabola 
Used to determlne 

Al major axes .,1 
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-' 10 
20 
40 
60 
'70 

130 
(?O 

U)O 

110 
j.20 
j.30 

140 
j.'50 

160 
j,70 

H10 
j.90 
~? () 0 
~:~ 1 0 

" 
2Z: 0 

Z-::30 

;~4 0 
250 
260 
2'70 
;:?B 0 
290 
:300 
310 
3~: 0 
:~:3 0 
340 
3~;0 

:~60 
3'70 
:~BO 

3?0 
400 
410 
4;.:!0 
430 
440 

.4S0 
'460 
470 
400 

IPROGRAM LISTINGI 
! QUAD - Analyzes a 
! quadratic equation. 
! Revision 11/01/82. 
DIM Q$[3] >W'H2] 
REAL Q>X>Y>F1>G>U>V>K,L,Al,B1,C1,M, 
N,S,Kl,H1 
~a:ORT A,B,C,D,E,F 
l)EF FNW$ 
W=NUMCKEY$) @ IF Wli3 AND WI8 THEN 
:1. 0 () 
FNW$=CHR$CW) 
END DEF 
DEF FNDCX) = IPeX*100+.S)/j,00 

IMAGE k,Mdd.dd>k,Mdd.dd>k>Mdd.dd 
DISP , QUADRATIC ~QUATION' @ 
\,J(.~ I T 2 
UN ERROR GOTO 170 
INPUT 'Enter A,B,C,D,E,F?'jA>B,C,D, 
E,F 
OFF ERROR 
IF AIO OR BIO OR CIO THEN 2S0 
IF DIO OR EIO THEN 220 
GOTD 170 

DISP USING 140 j 'Line ',D,'x + ',E 
,'y:::: '>-F ffi GOSUB 1990 
GOTO jS50 
O==[!A2-4*A*C 
IF Q:::O THEN j.470 

X~.:: (~:.~*C~<D·-Et*E) I(~ 

Y::: ( 2:1<t.I*E - F,l*D ) 1 Q 
Fi=-(D*X/2+E*Y/2+F) 
G=::O 
IF 11::::0 THEN 360 
G=P I/4 
IF A=C THEN 360 
G=.S*ATN(B/CA-C» 
U=COSCG) 
V==SIN(G) 
K=A*U A 2+Et*U*V+C*V A 2 
L=A*V A 2-B*U*V+C*U A 2 
IF 1< > 0 THEN 450 
I<:::·-K 
I..=""L 
F1",::"-Fi 

IF Q>O THEN iOOO 
IF F1}0 THEN Sz,?O 
IF F1={) THEN son 

-Wait for RTN or BACK key 

-Round nUMber to two deciMal 
places 

-The equation is a straight 
lin (.;) 

-The equation has no real 
solution 

13 
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IPROGRAM LISTINGI 
490 DISP 'No real solution.' @ eOSUB 19 

90 @ GOTO 1950 
500 

510 DISP 'Single point at:' ,FND(X),',', 
FNO(Y) e GOSUB 1990 @ GOTD 1950 

520 IF KIL THEN 630 
530 
540 

5S0 DISP 'Circle with eccentricity 0.' 
@ GOSUB 1990 

560 DISP 'Center' = (' ;FND(X),',' ,FND(Y) 
.; I ) I 

S70 W$=FNW$ @ IF NUM(WS)=8 THEN S50 
SBO DISF' 'I~adius = ';FNI)(SQR(Fj./IO) 
590 W$=~NW$ @ IF NUM(WS)=8 THEN 560 
600 DISP 'Area = ',FNDCPI*F1/K) 
610 W$=FNWS @ IF NUM(W$)=8 THEN 580 
6~~0 GOTO 19S0 
630 IF K(L THEN 670 
640 G=G+PI/2 
650 GOTO 360 
660 

670 A1=SQRCFl/ABSCK» 
680 B1=SQR(F1/ABS(L» 
690 C1=SQR(A1 A 2-B1 A 2) 
'700 ! 
710 DISP 'Ellipse with eccentricity'jFN 

D(C1/A1) @ GOSUB 1990 
7;20 DISP 'Cf:mtE~r = (' jFND(X) j',' ;FND(Y) 

j , ) , 

730 W$=FNW$ @ IF NUM(W$)=8 THEN 710 
740 DISP 'Angle ='jFND(G*180/PI) 
750 W$=FNWS @ IF NUMCW$)=8 THEN 720 
760 DISP 'Focus:::: ('jFND(X+C1*U)j','jFN 

l)(X·t·C1*V)j' )' 
770 W$=FNW$ @ IF NUMCW$)=8 THEN 740 
7aO DISP 'Focus = (' jFNl)(X-C1*U) j' " jFN 

o ( Y -C:I. *V ) j , ) , 

790 W$=FNWS @ IF NUM(WS)=8 THEN 760 
800 DISP 'SUM of radii ='jFND(2*Al) 
810 W$=FNW$ @ IF NUM(WS)=8 THEN 780 
820 DISP 'Major axis ::::'jFND(2*A1) 
830 W$=FNW$ @ IF NUMCW$)=8 THEN 800 
840 DISP 'Minor axis :::'jFND(2*B1) 
8S0 W$=FNWS @ IF NUMCW$)=8 THEN 820 
860 OISP 'Focal chord ::::'jFND(2*Bi A 2/A1) 
870 W$=FNW$ @ IF NUMCW$)=8 THEN 840 
880 OISP USING 140 j 'Major ',-V,'x + ' 

,U,'y ::: ',-V*X+U*Y 
890 W$=FNW$ e IF NUM(W$)=8 THEN 860 
900 OISP USING 140 j 'Minor ',U,'x + ' 

V> 'y = I > U*X +V*Y 

-lhe equation refers to a 
single point 

-The equation represents a 
elr'cls 

-lhe equation represents an 
f:~ll ips("~ 

.. 
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" 910 
S'~~ 0 

9:~0 
940 

!?SO 
<]'60 
5''70 
<;'00 
9')0 

1000 
1010 
1020 
1030 
1040 
10S0 
j.060 

U)'70 

j. 08 () 
j. 090 ., 
j. 1 0 0 
11:1.0 
U.i!O 

1130 
U.40 
:1.1. S 0 
1160 
U.70 

j.100 

1190 
1~:~OO 
1;:~ j. 0 
j.2:]'0 

j.2~~O 

1~?'~0 

1 ~~'::) (I 
j.~~60 

1 :':?'7 0 
,,1200 

j.:::: f) 0 
1:~ 0 0 
j.:',:\. 0 
1 3;.:~0 

IPROGRAM LISTINGI 
W$=FNW$ @ IF NUMCWS)=8 THEN 880 
DISP USING 140 j 'Dir ',U,'x + ',V, 
'y == ',U*X+V*Y+A1 A 2/C1 
W$=FNW$ @ IF NUMCW$)=8 THEN 900 
DISP USING 140 j 'Dir ',U,'x + ',V, 
'y = ',U*X+V*V-Ai A 2/C1 
W$==FNW$ @ IF NUMCW$)=8 THEN 920 
DISP 'Area ='jFNDCPI*A1*Bi) 
W$=~NW$ @ IF NUMCWS)=8 THEN 940 
GOTO i'';;'SO 

IF F1>0 THE~ i120 
IF F1==0 THEN 1040 
G==C+PI/2 
GOlD 360 
B1~:SQR CABSCK» 
Aj.~:SQR CABS(L» 

DISP USING 140 j 'Line1 ',Bi*U-A1*V 
,'x + ',Bi*V-A1*U,'y == ',CB1*U+A1*V 
)*X+CB1*V-A1*U)*Y 
GOSUB 1 f;-90 
DISP USING 140 j 'Line2 ',B1*U-A1*V 
,'x + ',B1*V+A1*U,'y :=: ')CB1*U-A1*V 
)*X+(B1*V+A1*U)*V 
W$==FNWS @ IF NUMCW$)=8 THEN 1070 
GOTO 1950 

A1=SQRCF1/ABS(K» 
B1=SQR(F1/ABSCL» 
C1=SQRCA1 A 2+B1 A 2) 
I 

DISP 'Hyperbola: eccentricity'jFNDC 
C1/Al) @ GOSUB 1990 
DISP 'CenH~r:::: (' jFNDCX) j',' jFND(Y) j , ) , 
W$=FNW$ @ IF NUMCWS)=8 THEN 1170 
DISP 'Angle == 'jFNDCG*180/PI) 
W$=~NW$ @ IF NUM(W$)=8 THEN 1180 
DISP 'Focus == ('jFND(X+Cj.*V)j','jFN 
D ( Y +C j.)I<V ) j , ) , 

W$=FNW$ @ IF NUMCWS)=8 THEN 1200 
DISP 'Focus = ('jFNDCX-C1*U)j','jFN 
D ( Y -C 1 *V ) j , ) , 

W$=FNW$ @ IF NUMCWS)=8 THEN 1220 
DISP 'Radii difference ='jFNDC2*A1) 
W$=FNW$ @ IF NUMCWS)=8 THEN 1240 
DISP 'Major axis ='jFNDC2*A1) 
W$=FNWS @ IF NUMCWS)=8 THEN 1260 
DISP 'Minor axis ='jFNDC2*B1) 
WS=FNW$ @ IF NUM(W$)=8 THEN 1280 
DISP 'Focal chord ='jFNDC2*Bi A 2/A1) 

--Directix l:ines 

-The equation represents two 
]. :i.nE'':''. 

-The equation represents a 
hyp~:!r'bola 

15 
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IPROGRAM LISTINGI 
1330 W$~FNW$ ffi IF NUM(W$)=8 THEN 1300 
1340 DISP USING 140 ; 'Majo~ ',-V,'x + ' 

,U,'y = ',-V*X+U*V 
1350 W$=FNW$ ffi IF NUM(W$)=8 THEN 1320 
1360 DISP USING 140 ; 'Mino~ ',U)'x + ' 

V,'y = '>U*X+V*V 
1370 W$=FNW$ @ IF NUM(W$)=8 THEN 1340 
1380 DISP USING 140 j 'Di~ ',U)'x + ')V, 

'y :::: ',U*X+V*Y+A1 A 2/C1 
1390 WS=FNW$ @ IF NUM(W$)=8 THEN 1360 
1400 DISP USING 140 j 'Di~ ')U)'x + ')V, 

'y = ',U*X+~*V-A1A2/C1 
1410 W$=FNWS @ IF NUM(WS)=8 THEN 1380 
1420 DISP USING 140 ; 'ASYMP ')B1*U+A1*V 

,'x + ',B1*V-A1*U,'y = ')(B1*U+Ai*V 
)*X+(Bi*V-Al*U)*V 

1430 W$=FNW$ @ IF NUM(W$)=8 THEN 1400 
t440 DISf' USING 140 ; 'A!!;YMP ')Bl*U-Aj,*V 

,'x + ')Bl*V+A1*U,'y = ',(Bt*U-A1*V 
)*X+(81*V+At*U)*V 

14S0 W$=FNWS @ IF NUM(W$)=8 THEN 1420 
1460 GOTD 19'50 
1470 ! 
j.480 G=O 
1490 IF A=O THEN 1530 
1500 G=PI/2 
1S10 IF 8=0 THEN 1530 
1520 G=ATNC-2*A/B) 
j. S3 0 L~:A+C 
1540 M=D*COS(G)+E*SINCG) 
1550 N=-D*SIN(G)+E*COS(G) 
1560 IF ABS(M)(. 00001 THEN j.800 
1570 K1=-N/(2*L) 
1580 Hl=(-F+L*K1 A 2)/M 
1 '::oS' 0 C 1=--L.I (4*M) 
1600 IF (1)=0 THEN 1630 
j.610 C1=-C1. 
1620 G::::G+PI 
1630 
1.640 

1650 DISP 'Pa~abola with eccentricity 1. 
, (i? GOSUB 19S) 0 

1660 DISP 'Center= ('jFND(Hl*COS(G)-K1*S 
IN(G»l','lFND(H1*SIN(G)+K1*COS(G» 
j , ) , 

1670 W$=~NW$ @ IF NUM(W$)=8 THEN 16S0 
1680 DISP 'Angle='jFND(G*100/PI) 
1690 W$=FNW$ @ IF NUM(W$)=8 THEN t660 
1700 DISF' 'Focus= (' ,FND( (Hl+CU*CQf.HG)-

Kl*SIN(G» l'" j 

1710 DISP FND«Hi+Ct)*SIN(G)+K1*COS(G»j 
I ) , 

1720 W$=FNW$ ~ IF NUM(WS)=8 THEN j,680 

-Directix lines 

-lhe equation represents a 
pal"abola 

to 



17 

.~I ~~~I~P~R~O~G~R~A~M~L~I~S~T~IN~G~I~~~ 
1730 
1740 
17'30 

DISP 'Focal chord='jFND(4*C1) 
W$=FNW$ @ IF NUM(W$)=8 THEN 1700 
DISP USING 140 j 'SYM ',-SIN(G),'x 
+ ',COf:)(G),'y = ',K1 

1760 W$=FNW$ @ IF NUM(W$)=8 THEN 1730 
1770 DISP USING 140 j 'Dir ',COS(G),'x + 

',SIN(C»'y = ',H1-C1 
1780 W$=~NW$ @ IF NUM(W$)=8 THEN 17'30 
1790 GO TO 19'::iO 
1800 S=N A 2-4*L*F 
1810 IF 8)=0 THEN 1850 
lEi;.~O 

1830 DISP 'No real solution set.' @ GOSU 
B 1.990 

1840 GOTO j.950 
18'30 IF S)O THEN 1890 
HJ60 ! 
1870 DISP USING 140 j 'Line: ',-SIN(G»' 

x + ',COS(G),'y = ',-N/(2*L) 
1880 GOSUB 1990 @ GOTO 19S0 
j. 8<1' 0 
1900 VISP 'Two parallel lines ... ' @ GOS 

UB 1990 ."j. S'1. 0 

1 <'1;:::0 
j. '7'30 

DISP USING 140 j 'Linei ',-SINCG»' 
x + ',COSCG),'y = ',(-N+SQR(S»/(2* 
U 
W$=~NW$ @ IF NUM(W$)=8 THEN 1900 
DISP USING 140 j 'Line2 ',-SINCG»' 
x + ',COS(G),'y = ',(-N-SQR(S»/(2* 
U 
W$=FNW$ @ IF NUM(W$)=8 THEN 1.910 

19'30 INPUT 'Run again?')'Y'j Q$ e Q$=UPR 
C~; (f~~H 1 .' 1 ] ) 

1960 IF Q$='Y' THEN 160 
1970 DISP , END OF PROGRAM' 
1900 f:)TDP 
j.990 
2000 IF NUMCKEY$)113 THEN 2000 
20j.0 RETURN 

-Axis of sYMMetry 

-No real solution 

·_·f:)tr'a igh t 1. ine 

-Two parallel lines 

-Wait for RTN key 
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IPROGRAM DESCRIPTIONI 

PARABOLIC EQUATIONS 

This program determines the equation of the parabola passing through three points 
entered by the user. If the equation cannot be determined by this program or the 
points do not represent a function, the program will so indicate. 

The program is designed to find equations of parabolas having a vertical axis, using 
the standard y=Ax2 + Bx + C. 



STEP 

1 

2 

3 

4 

5 

6 

Find an equation for the following parabolas represented by 
three points. 

1) -4,3 0,1 4,3 

2) -6,-4 -3,-1 0,-4 

I SOLUTION I 

INSTRUCTIONS DISPLAY INPUT 

PARABOLIC EQUATIONS 

Enter 3 points on parabola First point x,y = -4,3 [RTN] 

Second point x,y = 0,1 [RTN] 

Third paint x,y ~ 4,3 [RTN] 

Display equation y = .125xA 2 + Ox + 1 [RTN] 

Run again for problem #2 ~un again, Yiew again, or End? R [RTN] -

Enter 3 points First point x,y = -6,-4 [RTN] 

Second point x,y = -3,-1 [RTN] 

Third point x,y = 0,-4 [RTN] 

Display equation y = -.333x A 2 + -2x + -4 [RTN] 

End Run again, View again, or End? R E [RTN] 

END OF PROGRAM 

19 
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IUSER INSTRUCTIONS I I ~~~~~~~~~~~~~~. 

STEP INSTRUCTIONS DISPLAY INPUT 

PARABOLIC EQUATIONS 

1 Enter coordinates of 3 points Fi rst point x,y = xl,Yl [RTN] 

on the parabola Second point X,Y = x2,Y2 [RTN] 

Third point X,Y = x3'Y3 [RTN] 

2 Display equation Y = n.nnnxA2 + .nnnx + n.nnn [RTN] 

3 Program opti ons Run again, View again, or End? R V,E or [RTN] 

If I R' then step 1 

If I VI then step 2 

If I E I then end END OF PROGRAM 



j 

NAME DESCRIPTION NAME DESCRIPTION 

Coefficient of x~ in 
A final equation Xl, Y1 Coordinates of points on 

Coefficlent of x ln 
B fi na 1 equation X2, Y2 parabola entered by 

Preliminary calculation 
0 for coefficients also X3,Y3 user. 

used in determining Preliminary calculations 
validity of data Fl,F2,F3 for constant C 

INOTES AND REFERENCESI 

Reference: PARABOLIC EQUATION, HP-85 MATH Solution Book Series 80, 
Hewlett Packard, 1980. 

Note: Points on the parabola may be entered in any sequence. 

21 
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IPROGRAM LISTINGI 
10 PARADO - Finds equation 
20 of parabola passing 
30 through three points. 
40 Revision 11/01/82. 
SO 
60 DIM Q$[4] 
70 REAL A,B,F1,F2,F3,C,D 
80 SHORT Xl,X2,X3,Y1,Y2,Y3 
90 DEF FND(X) 

100 IF X(O THEN FND=-IP(-X*1000+.S)/100 
o ELSE FND=IP(X*1000+.S)/l000 

i j. 0 END DEF 
120 DISP , PARABOLIC EQUATIONS' @ 

WAIT 2 
130 ON ERROR GOTO 140 
140 INPUT 'First point x,y = 'jX1,Y1 
150 INPUT 'Second point x,y::::' jX2,Y2 
160 INPUT 'Third point x,y:::: 'jX3,Y3 
170 D=X2*X1"2+X1*X3"2+X3*X2 A 2-X3*X1"2-X 

j. *X2" ~:? _. X~~ *X~!,";2 
180 IF DIO THEN 230 
190 IF XitX2 OR X21X3 THEN DISP 'Equati 

on cannot be deterMined.' @ GOTO 21 
o 

200 DISP 'Nonfunction. X::::' jX1 
210 IF NUM(KEY$)113 THEN 210 
220 GOTO 360 
2~30 OFF ERROR 
240 A=(Y1*(X2-X3)+Y2*(X3-X1)+Y3*CX1-X2) 

)/D 

250 B::::(Y1*(X3"2-X2"2)+Y2*(X1"2-X3"2)+Y3 
lI«X2";:.~····Xl";.?) )/D 

260 F1=X3*X2"2-X2*X3"2 

270 F2::::Xl*X3"2-X3l1<Xl"2 
280 F3=X2*Xi"2-X1*X2"2 
290 C=(Y1*F1+Y2*F2+Y3*F3)/D 
300 
310 ! OUTPUT EQUATION. 
320 
330 DISP USING 340 i FNDCA),FND(B),FND( 

C) 
340 IM~IGE 'It":: ',I<,'x";!. +',K)'x +',K 
350 IF NUM(KEY$)li3 THEN 350 
360 ON ERROR GOTO 370 
3'70 DISP CHI~~~(;.!.10)j'un aqa:i.n, '.;C\-m~t>C2j. 

4)j'iew again, or ' jCHR$(197)j 
3DO INPUT 'nd?' ,'R' i Q~~ @ r~~I;::::UPRC~H(~~H1 

,U) 
390 ON POS('RVE',QI)+1 GOTO 360,130,310 

,400 
400 DISP , END OF PROGRAM' @ WA 

IT 2 @ l)I~:;P 

LI1. () OFF EI:mOF: 
4;:.~O STOP 

-Function to round answers to 
three placE·!s 

-InterMediate result - also for 
err or' tr'appirHJ 

-Display error Message 

-COMpute A coefficient 

-COMpute D coefficient 

-F1, F2, and F3 are 
:i. n t (~T' I"l (.:.) cI :i. a t (.,) r e ~; u 1 t s f 0 7' C 

... D :i. ~;p 1 a~" r· (~!:; lJ 1 t !:; 

-Continuation options 

• 



IPROGRAM DESCRIPTIONI 

ROOTS OF POLYNOMIALS 

This program finds roots of polynomials using Barstow's method of iteration. 
The user provides the order (highest numbered exponent) of the polynomial 
and its coefficients in order from left to right. 

Example: For Ax2 + Bx + C = 0, enter the order, 2, then the coefficients 

A, B, and C as prompted. If one or more of the coefficients is 

zero, as in 9x 2 - 16, enter 9, 0, -16 for the coefficients. 

The roots of some forms of polynomials cannot be determined by this program 
and it will indicate so if true. Execution time for polynomials of high 
order may be excessive since many iterations may be required. 

In cases where the program is not converging to a solution, the user will 
have the opportunity to end the computations for that polynomial or con
tinue for 25 iterations. 

23 



24 

ISAMPLE PROBLEMI 

Determine the roots of the following polynomials: 

1) X2 + X + 1 

2) X2 + 2X 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

ROOTS OF POLYNOMIALS 

1 Enter order (highest numbered Order of polynomial? 2 [RTN] 

exponent) 

2 Enter coefficients Coefficient #1 = 1 [RTN] 

Coefficient #2 = 1 [RTN] 

Coefficient #3 = 1 [RTN] 

3 Display roots (roots are Imag. root: -5 ± .87 * i [RTN] 

complex for this polynomial) 

4 Run again for problem #2 Run again, or End? R [RTN] 

5 Enter order Order of polynomial? 2 [RTN] 

6 Enter coefficients Coefficient #1 = 1 [RTN] 

Coefficient #2 = 2 [RTN] 

Coefficient #3 = 0 [RTN] 

7 Di s play roots Real root: 0 [RTN] 

Real root: -2 [RTN] 

8 End Run again, or End? R E [RTN] 

END OF PROGRAM 

- ----- --------------------------
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STEP INSTRUCTIONS DISPLAY INPUT 

ROOTS OF POLYNOMIALS 

1 Enter order of polynomial Order of polvnomial? N fRTNJ 

2 Enter coefficients in order Coefficient #1 = n [RTN] 

from left to right Coefficient #2 = n [RTN] 

Coefficient #N+1 n fRTNl 

3 Compute roots 

3a If roots are too small for 

computer to retain then Solution unobtainable [RTNl 

and goto step 5 

3b If roots undetermined after 

25 iterations then No convergence; nn iterations fRTNJ 

option to continue computations Continue for 25 itera ti ons? Y N or fRTNl 

If lyl then continue computa-

tions and goto step 3 

If 'N' then goto step 5 

4 Display roots: 

If roots are real then Real root: n fRTNl 

If roots are imaginary then Imag. root: n+n*i fRTNl 

5 Program options Run again, or End? R E or [RTN] 

If I R I then goto step 1 

If I E I then end END OF PROGRAM 
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I VARIABLE N AMESI 

NAME DESCRIPTION NAME DESCRIPTION 

N Order of polynomial P1,Q1 Used to test convergence 

A( ) 
Array for entering Internal looping, index 
coefficients I for subscripts 
Temporary storage and 

B( ),X( ) manipulation of J Adjust subscript 
coefficients 

T, Tl Used to output solutions 
Number of sets of Temporary storage for 

D1 25 iterati ons X,Xl,F,Fl subroutine, used to test 

Number of iterations 
convergence in determining 

C1 roots for odd exponents 

P,D Solutions Q$ User interaction 

Q,R,S Temporary storage 

References: ROOTS OF POLYNOMIALS, HP-85 Numerical Analysis Solution Book, 
Hewlett Packard, 1980, 

This program accepts polynomials with a maximum order of 10, 

(Ax10 + Bx9 + Cx8 + Dx7 + Ex6 + Fxs + Gx4 + Hx 3 + Ix 2 + Jx + K = 0) 

• 
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IPROGRAM LISTINGI 
10 
20 
30 
40 
SO 
60 
70 
BO 
?O 

1. 00 

11.0 
1 ;~O 

130 
j,.40 
j. SO 
j.60 
1'? 0 
1BO 

j. S' 0 
;.:~ 0 0 
?j,() 

;~~;:.~ 0 
;.:.~~3 0 
240 
;.:.~SO 

~:~60 

;:?'70 

ROOTS - Finds roots of 
polynoMials. 

Revision 1i/01/82. 

DIM A(H),BU.i>,X(1U 
REAL P,Pi,Q,Qi,F,Fi,X,X1,T,T1,D 
INTEGER N,I,C1,J,D1 
DIM Q$[4] 
DEF FNDCX) 

IF X(O THEN' X::::ABSCX) ELSE 1~~0 

X=IPCX*100+.S)/iOO @ FND=-X @ GOTO 
j.4 0 
FND=IPCX*100+.S)/iOO 
END DEF 
DISP , ROOTS OF POLYNOMIALS' 
D)f~)P=O 

INPUT 'Order of polynoMial?'jN 
IF N(=O OR N)10 OR NIIPCN) THEN DIS 
P 'Invalid order' @ GOlD 170 
Fm~ 1:::1. TO N·H 
DISP 'Coefficient l'iIj 
INPUT '::' jt-I(I) 

B(I)".::ACI) 
NEXT I 
C t:::: 0 
1)1::." 1 
IF N(::::2 THEN 8'70 
IF ACN+1)=O THEN 9S0 

280 IF N/2-IPCN/?)=O THEN 310 
;:2? 0 GDSUB 1.1. 0 0 

300 GOTD ~:260 

31.0 IF ABS(ACN-1.»(1..E-2S THEN 350 
320 P=ACN)/A(N-1) 
330 Q=A(N+1)/ACN-1) 
:540 GOTO 370 
350 P==A(N) 
360 Q==ACN+1.) 
370 FOR 1=1 TO N+1 
3DO X(I)::::{.I(I) 

TiO NEXT I 
40 () GO!:iUB 1 () 4 0 
410 FOR 1=1 TO N-1 
'~;:?,O B<I)=:X(I) 

i.}30 NEXT I 
440 R".::xo-n 
450 S=A(N+1.)-P*XCN)-Q*X(N-i) 
460 GOSUB 1040 
470 XCN)=P*X(N-1)-Q*XCN-2) 
480 D=XCN-1)A2-XCN)*X(N-2) 
490 IF ABS(D»1.E-25 THEN S10 

-Function to round to two 
c\(·;)c:iMal pIau:·)!:; 

-If rightMost coefficient is 0 
then one root is zero 

-Test of N is even nUMbGr 
-Find root for odd nUMbered 

f:)xponen1: 

27 
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IPROGRAM LISTINGI 
'300 

S10 
':) ;.:.~ 0 
530 
'340 
S';;;O 
'::>60 
~;; '7 0 

5<)0 
600 
610 

DISP 'Bolution unobtainablf'J.' E' GOS 
UB 1440 @ GOTO 980 
P1=P+CR*XCN-i)-S*XCN-2»/D 
Ql=Q+(S*XCN-i)-R*X(N»/D 
IF ABS(P»1.E-25 THEN 570 
IF ABS(P1»1.E-2S THEN 570 
IF ABS(Q»1.E-25 THEN 580 
GOTD 590 
IF ABS(Pl/P-1».00000l THEN 590 
IF ABS(Ql/Q-1)( .000001 THEN 680 
P:::Pi 
Q::::Q:l. 
C1"::C1 +1 

620 IF C1=D1*25 THEN 640 
630 GOlD 370 
640 DISP 'No convergencej'jC1j'iteratio 

ns.' @ GOSUE 1440 
650 INPUT 'Continue for 25 iterations?' 

,'Y') Q$ @ Q$=UPRC$CQ$[l,1]) 
660 IF Q$='Y' THEN D1=D1+1 E' GOTD 370 
6'70 GOlD <)80 
680 FOR 1=2 TO N-1 
690 ACI):::BCI) 
'700 NEXT I 
710 N=N-'2 
7;.:.~ () D=-"P *P -4*Q 
730 IF D(O THEN 820 
'/4 (} D::=S(~R ( D ) 
750 ! DISPLAY ROOTS. 
'760 T=C-P+D)/2 e GOSUB 1350 
7'70 T=C-P-D)/2 @ eOSUB 1350 
'7ElO C:\.::::O 
'790 D:1.::::1 
800 IF N-2)0 THEN 270 
lit 0 GOTO 8~~O 

n~~o D==SQI~ (-·D) 

830 T=-P/2 @ T1=D/2 @ GDSUB 1390 
B40 C1.".::O 
BSO 1)1=1 
860 IF N-2)0 THEN 270 
870 IF N=1. THEN 930 
880 IF N=O THEN 980 
8 lfO P::::BC~?)/B(:l.) 

? 0 0 (~:::B C!» IB ( U 
?iO N=O 
9;.:.~O GOlD 7;;~O 

930 T=-B(2)/B(1) @ eOSUB 1350 
740 GOTD 980 
950 T=O @ GOSUB 1350 
960 N=N'-1 
9'70 GOTO ?60 
?80 ! 
990 DISP CHR$(210)j'un again, or 'jCHR$ 

<1. <Y'n j 

-Tests for convergence 

-IncreMent iteration counter 

-- D i ~,p lay roo H, 

-Continuation options 

.. 



IPROGRAM LISTINGI 
1000 INPUT 'nd?','R'. Q$ @ Q$=UPRC$CQ$[1 

) 1] ) 

10U) ON PO::><'RE' ,Q$)+1 GOTO 990,160,1020 
1020 DISP , END OF PROGRAM' 
1. 030 !3TDP 
U)40 ! 
1050 X(2)=XC2)-P*XC1) 
1.060 FOR 1=3 TO N 
1070 X(1)=XCI)-P*XCI-i)-Q*XCI-2) 
1. ()ElO NEXT I 
1. 090 r~ETUHN 
U.OO ! 
iU.O IF 1;:(2)=0 THEN 1140 

1120 X=-B(2)/BC1) 
U.30 GOTO 11.50 
11.40 X=-BCN+1)/B(1) 
U.50 F:::O 
i.160 F1:::0 
1170 FOR 1=1. TO N+1. 
U.ElO J=N-1+2 
1.1.90 IF 8(J)=0 THEN 1230 
1200 F=B(J)*X A (I-1)+F 
1.2AO IF 1-1.=0 THEN 1230 

.• 1;~~;.:.~0 Fi.:::: (1·-1) *B (J) *X" (I·-;? )f·F:\. 

.. l;~30 NEXT 1 
1240 Xj.~.::X-F/F1. 

1.250 IF ABS(X/X1-1)( .000001 THEN 1280 
E~ 6 () X:::: X 1. 
1;~~,/0 GOTO 1 1 ~:i0 
1280 T=Xl @ COSUB 1.350 
1290 N=N·-·1. 
1.300 FOR 1=2 TO N+i 
1310 ACI)=BCI)+X1.*A(1-1) 
L5;.::~O 1< ( I ) ::A C I ) 
LBO NEXT I 
U;40 r~ETLJRN 
1 ~~'::;O 
LH;;O DISP 'R(:'~<:)]. root: '~FND(,O 
j.3'70 Cm3UB 1440 
:\.~5DO I~ETLJRN 

13<»0 ! 
1.4 0 0 D I!:) P I I (", a q. ~'O () t: .'; m DIS P U !3 1 N C 1 

420 ~ FND~T)~CHR$(1j1.)}FND(T1) 
:\.4:\.0 GObUB 1440 
:1.4;.:.~0 IMAGE 1<,' ',1<,' ',1<,' * :i.' 
1 -43 0 r< E T U I~ N 
1440 
1450 IF NUM(I<EY$)I13 THEN 1450 tI :1.460 RETUf<N 

-Find root for odd nUMbered 
E·~)(pOnE'nt 

-Test for convergence 

-Display single real root 

-Display cOMplex root 

-Wait for return key 

29 
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TRIANGLE SOLUTIONS 

This program finds dimensions for unknown sides and angles of a triangle and 
calculates the area of the triangle. The user may select either degree or 
radian mode. When using degree mode, angles must be entered in decimal for
mat (i.e., 98°12 1 is entered as 98.2). Results will also be in decimal for
mat. 

The user must enter three parts of the triangle corresponding to one of the 
five common triangle solutions described below: 

EQUATIONS: (See Diagram A) 

S1S2S3 (all sides known) A3 = 2 COS- l 

A2 = 2 COS- l 

P(P-S2) P = (SI + S2 + S3)/2 S1S3 

P(P-S] ) 
S2S3 

S2 = S Sin A3 
1 Sin A2 

S1AIA2 (side and following 2 angles known) A3 = COS- l (-COS(AI + A2)) 

Problem has been reduced to ASA configuration. 

S1AlS2 (2 sides and enclosed angle known) S3 =~ S12 + S22 - 2S1S2COS Al 

Problem has been reduced to SSS configuration. 

, 
(J 

J 

I 
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J 

TRIANGLE SOLUTIONS (continued) 

SlS2A2 (2 sides and adjacent angle known)* A3 = SIN- 1 [~ SIN A~ 

Al = COS-l [-COS(A2 + A3)] 

Problem has been reduced to ASA configuration. 

* Note that two possible solutions exist if S2 is greater than S, and A3 f 90°. 

Both possible answer sets are calculated. (See Diagram B). 

Diagram A 

s, 

Diagram B 

S3 
~~------~v~--------~~ 

S3 

31 
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ISAMPLE PROBLEMI 

Solve the following triangles: 

1) Side 1 = 3 Side 2 = 4 Side 3 = 5 (use SSS) 

2) Angle 1 = 45° Side 1 = 10 Angle 3 = 10° (use ASA) 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

TRIANGLE SOLUTION 

1 Choose mode Qegree or ~adian mode? D [RTN] 

OPTIONS 

2 Choose SSS I)SSS 2)ASA 3)SAA 4)SAS 5)SSP 1 [RTN] 

3 Enter sides Side 1 = 3 [RTN] 

Use [BACK] to display the Side 2 = 4 [RTN] 

previ ous result Side 3 = 5 [RTN] 

4 Results Side 1 = 3.00 [RTN] 

Angle 1 = 90.00 [RTN]/[BACK] 

Side 2 = 4.00 [RTN]/[ BACK] 

Angle 2 = 36.87 [RTN]/[BACK] 

Side 3 = 5.00 [RTN]/[BACK] 

Angle 3 = 53.13 [RTN]/[BACK] 

Area = 6.00 [RTN]/[BACK] 

5 Run again for problem #2 Run again, View again, or End? R [RTN] 

6 Choose mode Qegree or ~adian mode? D [RTN] 

OPTIONS 

7 Choose ASA I)SSS 2)ASA 3)SAA 4)SAS 5)SSA 2 [RTN] 

-------------------------------------------------------------
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I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

8 Enter parameters Anqle 1 = 45 IRTNl 

Side 1 = 10 [RTN] 

Angle 3 = 10 [RTN] 

9 Results Side 1 = 10.00 iRTNl 

Anqle 1 = 45.00 [RTN]/[BACK] 

Side 2 = 2.12 [RTN]/[BACK] 

Angle 2 = 125.00 [RTN]/[BACK] 

Side 3 = 8.63 [RTN]/[BACK] 

Anqle 3 = 10.00 [RTN]/[BACK' 

Area = 7.49 [RTN]/[BACK' 

10 End Run again, View again, or End? R E [RTN] 

END OF PROGRAM 
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IUSER INSTRUCTIONS I 

STEP INSTRUCTIONS DISPLAY INPUT 

TRIANGLE SOLUTION 

1 Choose mode Degree or Radian mode? D or R [RTN] 

2 Choose triangle solution OPTIONS 

I)SSS 2)ASA 3)SAA 4)SAS 5)SSA 
1,2,3,4 or 

5 [RTN] 

If ' I' (SSS) then step 3 

If '2' (ASA) then step 4 

If '3' (SAA) then step 5 

If '4' (SAS) then step 6 

If '5' (SSA) then step 7 

3 SSS-enter sides Side 1 = Sl [RTN] 

Solve for missing angles Side 2 = S2 [RTN] 

and goto step 8 Side 3 = S3 [RTN] 

4 ASA-enter two angles and Angle 1 = A1 [RTN] 

enclosed side. Solve for Side 1 = Sl [RTN] 

missing angle and sides and Angle 3 = A3 [RTN] 

goto step 8 

5 SAA-enter side and two Side 1 = Sl [RTN] 

following angles. Solve for Angle 1 = A1 [RTN] 

missing angle and sides and Angle 2 = A2 [RTN] 

aoto step 8 

6 SAS-enter two sides and Side 1 = Sl [RTN] 

enclosed angle. Solve for Angle 1 = A1 [RTN] 

missing side and angles and Side 2 = S2 [RTN] 

goto step 8 

7 SSA-enter two sides Side 1 = Sl [RTN] 



35 

IUSER INSTRUCTIONSI 

STEP INSTRUCTIONS DISPLAY INPUT 

and the adjacent angle. Solve Side 2 = S2 [RTN] 

for missing side and angles. Angle 2 = A2 [RTN] 

8 Results: Side 1 = sss.ss [RTN] 

Use [BACK] to display the Angle 1 = aa.aa [RTN] I[ BACK] 

previous result Side 2 = sss.ss [RTN]/[ BACK] 

Angle 2 = aaa.aa [RTN]/[BACK] 

Side 3 = sss.ss [RTN]/[BACK] 

Angle 3 = aa.aa [RTN]/[BACK] 

Area = nnn.nn [RTN]/[BACK] 

8a If more than one solution 

then goto step 8 and view 

second answer set 

9 Program options Run again, yiew again, or End? R 
V, E or 

- - [RTN] 

If I R I then step 1 

If I VI then step 8 

If lEI then End END OF PROGRAM 
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NAME DESCRIPTION NAME DESCRIPTION 

F,F1 
Flags to indicate t~pe of 
triangle solution c osen H Area of triangle 
Lengths of sldes 1,2, and 

51,52,53 3 of triangle M$ Degree or Radian mode 
Angles 1,2, and 3 lln 

N$ 
Choice of triangle 

A1,A2,A3 decimal degrees) solutions 

P Half the perimeter Q$ User interaction 

INOTES AND REFERENCESI 

References: TRIANGLE SOLUTIONS, HP-85 MATH PACK, Hewlett Packard, 1980. 

The accuracy of solutions may degenerate for triangles having extremely small angles. 
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JI 10 
;;~O 

30 
4() 
SO 
60 
'70 
80 
(t () 

U)O 

110 
120 
130 

j.4 0 

150 
160 

1'?O 
j.80 
j.90 
200 

• ;1. 10 
~.? ;;~ 0 
230 

240 
;.~50 

~:'!bO 

~?'7 0 
~~~3 0 
Z~9 0 
::~O 0 
:HO 
320 
330 
340 
350 
360 
3'70 
:~;8 0 
390 
'~o 0 
4iO 
4:::~ 0 
430 

4 
440 
4'50 
460 
4'70 
480 

IPROGRAM LISTINGI 
TRIANG - Solves triangles 
in degree or radian Mode. 

Revision 11/01/82. 

INTEGER F) F 1. 
DIM M$[b] ,N$[3] ,Q~\;[2] 
REAL A1,A2,A3,S1,S2,S3,P,H 
DEF FN(~' 
Z=NUM(KEYS) @ IF ZI13 AND ZI8 THEN 
100 
FNQS::::CHR ~~ (Z') 

EN!) DEF 
DISP , TRIANGLE SOLUTION' @ W 
PIIT 2 
DISP CHRS(196)i'egree or 'iCHR'(210 
) > 
ON ERROR GOTO 140 
INPUT 'adian Mode?'; MS @ M'=UPRC$( 
M!I; I: 1 , 1 ] ) 
OrF ERI~OR 

IF M,='!)' THEN OPTION ANGLE DEGREES 
IF MS='R' THEN OPTION ANGLE RADIANS 
F:1.::: 0 
DISP TAB(13)i'OPTIONS' @ WAIT 1 
ON ERROR GOTO 230 
INPUT '1)SSS 2)ASA 3)SAA 4)SAS 5)SS 
A J,; NS 
N$=UPRC'(N'[1,1]) 
OFF EI~I:WR 

ON POS('12345',NS)+1 GOTO 230,2'70,4 
o () ,500 , ~:; '7 () > 650 

ON ERROR GOSUB 1100 @ GOTO 290 
INPUT 'Side 1 - '~S1 
INPUT 'Side 2 ::: 'jS2 
INPUT J ~hde 3 ::: '; S:~ 
F::::O 
p= (S1.+S2+f.;3) /2 
A3=2*ACOS(SQRCP*(P-S2)/(S1*S3») 
A2=2*ACOS(SQRCP*<P-S1)/(S2*S3») 
IF F:::j. THEN 380 
GOSUB 8BO 
OFr ERROR @ GOSUB 920 
GDTD B10 
! A!3t-,. 
ON ERROR GOSUB 1iOO @ GOTO 420 
INPUT 't-,nqle 1 ::: '~A1 
INPUT '~:;ide 1. ::: ',; f.>i 
INPUT 'Angle 3 ::: ';A3 
A2=ACOS(-COS(A3+A1» 
S2=S1*SIN(A3)/SIN(A2) 
S3=S1*COS(A3)+S2*COS(A2) 
orr ERROR @ GOSUB 920 

-Wait for RTN or BACK key 

-Select degree or radian Mode 

-Select probleM to solve 

-COMpute half the periMeter. 

-Angle-side-angle 

37 
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IPROGRAM LISTINGI 
490 cerro 810 
SOO ! SAA. 
510 ON ERROR GOSUB 1100 ~ GOTO S20 
S;,:,~O INPUT 'Side 1 = ' ;51 
530 INPUT 'Angle 1 :: 'jA1 
540 INPUT 'Angle 2 = 'jA2 
550 A3=ACOS(-COS(A2+A1» 
':560 GOTO 460 
':;'70 ! SAG. 
580 ON ERROR GOSUB 1100 ~ GOTO 590 
S90 INPUT 'Bide j. :::: ';51 
600 INPUT 'Angl~ 1 :: 'jA1 
610 INPUT 'Side 2 = 'jS2 
620 S3=SQR(S1 A 2+S2 A 2-2*B1*S2*COS(A1» 
630 F=-"i 
640 GOTO 330 
6S0 ! 5SA. 

660 ON ERROR GOSUB 1100 @ GOTO 670 
670 INPUT 'Side 1 :: 'jS1 
680 INPUT 'Side 2 = ';S2 
690 INPUT 'Angle 2 = '~A2 
700 A3=ABINCS2/S1*SIN(A2» 
'ltD GOSUB 880 
'120 53=S1*COSCA3)+S2*COS(A2) 
730 Fj.=O 
740 OFF ERROR ~ GOSUB 920 
750 IF 52(=51 THEN 810 
'760 F1=1 
770 A3=ACOS(-COS(A3» 
'780 GOSUB 880 
790 53=S1*COS(A3)+S2*COS(A2) 
800 GOSUB 9;?-0 
810 DISP CHR$(210)j'un again) 'jCHR$(21 

4)j'iew again, or 'jCHR$(197») 
B;.:~O INPUT 'nd?' )'f~' i (~$ (~ Qjr.::::UPRCj~CQjr.[1 

) :1.]) 
830 ON POS('RVE')QI)+1 GOTO 810)140)840 

,8S0 
840 IF F1=1 THEN 700 ELSE GOSUB 920 @ G 

OTO lHO 
8S0 DISP I 

860 DISP 
8'70 STOP 
8BO 

END OF PROGRAM' 

890 At=ACOS(-COS(A3+A2» 
<lO 0 F=::() 
9t 0 RETLmN 

-Side-angIe-angle 

-Bide-angIe-side 

-Sicle-side-angle (can yield two 
T'(7!f:;U 1 tl:;) 

-Continuation options 

-Find third angle given first 
two 

920 ! OUTPUT. -Display results 
930 H=S1*S3*SIN(A3)/2 
940 DISP USING 950 j 'Side 1 =')S1 
950 IMAGE 10a)dddd.dd 
960 IF NUM(KEY$)i13 THEN 960 

• 



IPROGRAM LISTINGI 
970 DISP USING 950 j 'Angle i =' ,Ai 
980 Q$=FNQ$ @ IF NUM(Q$)=8 THEN 940 
990 DISP USING 950 j 'Side 2 ::::',52 

iOOO Q$=FNQ$ @ IF NUM(Q$)=8 THEN 970 
i010 DISP USING 950 j 'Angle 2 ::::',A2 
1020 Q$=FNQ$ @ IF NUM(Q$)=8 THEN 990 
i030 DISP USING 950 j 'Side 3 ::::',S3 
1040 Q$=FNQ$ @ IF NUM(Q$)=8 THEN 1010 
:\.OSO DISP USING 950 j '(..)nqle 3 :::;' ,A3 
1060 Q$=FNQ$ @ IF NUM(Q$)=8 THEN i030 
1070 DISP USING 950 j 'Area =' ,H 
1080 Q$::::FNQ$ @ IF NUM(Q$)=8 THEN 1050 
U)90 I~ETURN 
11. 00 ! 
1110 DISP 'Not a triangle. Re-enter dat 

i:l . ' 

i 1:':~0 WAIT 2 
11.30 RETLJI~N 

-Display error Message 

39 
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IPROGRAM DESCRIPTIONI 

POLYGON AREA 

This program finds the area enclosed in any polygon given the coordinates of its 
vertices. First the user must enter the number of vertices of the polygon, and 
then enter the X,Y coordinates of each of these vertices. The coordinates must 
be entered in sequential order, either clockwise or counterclockwise. The area is 
then displayed and the user has the opportunity to run the program again. 
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I iSAMPLE PROBLEMI ~~~~~~~~~~~~~~~ 

Find the area of the polygon having vertices at 

0,3 4,4 6,2 4,0 5,-3 0,-2 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

POLYGON AREA 

1 Enter number of vertices Number of points = 6 [RTN] 

2 Enter coordinates of vertices X,Y #1 = 0,3 [RTN] 

in sequential order X,Y #2 = 4,4 [RTN] 

X,Y #3 = 6,2 [RTN] 

X,Y #4 = 4,0 [RTN] 

X,Y #5 = 5,-3 [RTN] 

X,Y #6 = 0,-2 [RTN] 

3 Output The area is = 29 [RTN] 

4 End Run again, yiew again, or End? R E [RTN] 

END OF PROGRAM 
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IUSER INSTRUCTIONSI I ~~~~~~~~~~~~~~. 

STEP INSTRUCTIONS DISPLAY INPUT 

POLYGON AREA 

1 Enter number of vertices Number of points = n [RTN] 

2 Enter vertices X,Y in X,Y #1 = Xl'Y 1 [RTN] 

sequential order X,Y #2 = X2,Y2 [RTN] 

X,Y #n = Xn,Yn [RTN] 

3 Compute area and 

3a dis play re s u 1t The area is nn.nn [RTN] 

4 Program options Run again, View again, or End? R V,E or [RTN 

4a If I RI then step 1 

4b If I VI then step 3a 

4c If I E I then end program END OF PROGRAM 
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NAME DESCRIPTION NAME DESCRIPTION 
Number of points to 

Al Total polygon area Z be entered 
Difference between 

01,02 initial point and Z1 Counts number of points 
successive pOlnts 

Q$ User interaction 
Used in computing 

A 
Flnds area of triangular 

03,04 triangle areas (adjusts section of polyqon 
polygon to x-v grid) 

INOTES AND REFERENCESI 

References: POLYGON AREA, HP-85 Math Solutions Book, Series 80, Hewlett Packard, 1980. 
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10 POLYGN - Finds area 
20 of a polygon. 
:~O 

40 Revision 11/01/82. 
SO 
60 REAL A1,D1,D2,D3,D4,A 
'70 INTEGER Z1,Z 
DO DIM Q$[::~J 

90 DEF FNDCX) = IPCX*100+.S)/100 

100 DISP , POLYGON AREA' @ WAI 
T 2 

110 INPUT 'NuMber of points = 'iZ 
120 IF Z(3 THEN 110 
L~O A1=O 
j.40 
150 ! ENTER VERTICES OF POLYGON. 
160 
1'70 
HlO 
1 S' 0 
;~O 0 
210 

INPUT 'X,Y t 1 ='jX(1),YC1) 
INPUT 'X,Y =II: 2 =l;X(;~),YC:::~) 

D1.=X c.n -X (U 
D2=Y C 2) - Y ( 1. ) 
Z1. ::::3 

220 DISP 'X,Y l'jZlj @ INPUT' ='jXCZ1 
),YCZU 

230 D3=XCZ1)-X(1) 
240 D4=YCZ1)-Y(i) 
2S0 A=(D2*D3-D1*D4)/2 

::~ '7 0 D 1. :::: D 3 
:2BO D;>:1)4 
290 IF Z1=Z THEN 330 
~5()0 Z1.::::Z:\.+1. 
310 GOTO ~~;.:.~O 
~:}i.~ 0 
330 ! OUTPUT AREA. 
340 
3~:;O DI:3P 'Th~~ area :i.s ';FND(ABSCAU) 
360 IF NUM(KEY$)113 THEN 360 
370 DISP CHR$(210)j'un again, 'jCHR$(21 

4)j'iew again, or 'jCHR$(197)j 
300 INPUT 'nd?' ,'R" j (~~~ @ (~~I;::::UPRC~~(q':~[1. 

) U) 
390 ON POS('RVE',Q$)+1 GOTO 370,110,330 

,400 
400 DISP , END OF PROGRAM" 
410 ~nop 

-Function to round answers to 
two deciMal places 

-Finds the area of triangular 
section of polygon 

-SUMS triangle areas to find 
total ar'ea 

-Wait for RTN key to continue 
-Continuation options 
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~ t:::::1 =========-:' P~R:....:::O~G~R~A~M~D:...:::E:::..:::S~C:::...::R~I~P---..::T:...::I.-.::::.O-=-N=-=I ========:::j 

• 

HYPERBOLIC FUNCTIONS 

This program solves hyperbolic sine, cosine, tangent and their inverses. The 
user must choose the desire function by: 

S hyperbolic sine 
C = hyperbolic cosine 
T = hyperbolic tangent 

AS = inverse hyperbolic sine 
AC = inverse hyperbolic cosine 
AT = inverse hyperbolic tangent 

and enter the parameter for the function. 

The program uses the following equations: 
(eX -x) 

HYPERBOLIC FUNCTIONS sinh(x) = 
- e 
2 

(ex -x) 
cosh(x) = 

+ e 
2 

tanh(x) 1 - 2 
= 

1 + e2x 

INVERSE HYPERBOLIC FUNCTIONS -1 Ln[x + (x2+1)~] sinh (x) = 

-1 Ln[x + (x2_1)~], x~1 cosh (x) = 

-1 1 1 +x 2 tanh (x) = 2 Ln[ I-x ], x <1 



46 

ISAMPLE PROBLEMI 

• Determine these hyperbolic functions: 

1) SINH (3.5) 
2) ACOSH (45) 

ISOLUTIONL. 

STEP INSTRUCTIONS DISPLAY INPUT 

HYPERBOLIC FUNCTIONS 

1 Choose hyperbolic sine Function (A)SCT? S fRTN] 

2 Enter X parameter X= 3.5 [RTN] 

3 Display result SIHN(3.5) = 16.5426272877 [RTN] 

4 Run again for problem #2 Run again, View again, or End? R [RTN] 

5 Choose inverse hyperbolic Function (A)SCT? AC [RTN] 

cosine 

6 Enter X parameter X = 45 [RTN] 

7 Display result ACOSH(45) = 4.49968619067 [RTN] 

8 End Run again, View again, or End? R E [RTN] 

END OF PROGRAM 

- ---- - ---------------------
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STEP INSTRUCTIONS DISPLAY INPUT 

HYPERBOLIC FUNCTIONS 

1 Choose function Function (A)SCT? S, C, T, 

S - SINH AS, AC, or 

C - COSH AT [RTN] 

T - TANH 

AS - ASINH 

AC - ACOSH 

AT - ATANH 

2 Enter parameter (X) X = X iRTNl 

2a On function lSI qoto step 3 

2b On function I C' aoto steo 4 

2c On function ITI aoto steo 5 

2d On function IAS I aoto steo 6 

2e On function IAC I qoto step 7 

2f On function IATI qoto step 8 

3 Hvoerbolic Sine SINH(X) = n.nnnnnnnnnnn [RTN] 

Goto step 9 

4 Hyperbolic Cosine COSH(X) = n.nnnnnnnnnnn fRTNl 

Goto step 9 

5 Hyperbolic Tangent TANH(X) = n.nnnnnnnnnnn [RTN] 

Goto step 9 

6 Inverse hyperbolic Sine ASINH(X) = n.nnnnnnnnnnn [RTN] 

Goto step 9 

7 Inverse hvoerbolic Cosine ACOSH(X) = n.nnnnnnnnnnn [RTN] 

Goto step 9 

I 

L 
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IPROGRAM LISTINGI 
500 GOSUB 1. j. 0 
510 IF XA 2=i THEN GOSUB 640 @ GOTO 580 
520 H=LOGC(1+X)/Ci-X»/2 
S30 F1$::::'ATANH' 
~:;40 ! OUTPUT. 
SSO DISP USING SbO i F1.S,X,H 
';6 () I MAGE 1<,' C ' ,1< , , ) =: I , K 
57() IF NUMCKEYS)I1.3 THEN 570 
580 ON ERROR GOTD 590 
590 DISP CHRSC21.0)i'un again, 'jCHRS(21 

4)j'iew again, or 'jCHR$(i97)j 
600 INPUT 'nd?'·,'R' j r~$ @ QS~-::lJPRC$(Q':J;(i 

) U) 

61() ON POS('RVE',QI)+1 GOTO 580,70,540, 
620 

620 OFF ERROR 
630 DISP , END OF PROGRAM' @ ST 

OP 
640 DISP 'Invalid par(:\I''I(~)ter'.' (~ WfHT 2 

e RETURN 

-Wait for RTN key 

-Continuation options 

-Display error Message 

• 

• 



COMPLEX TRIGONOMETRIC FUNCTIONS 

This program will compute the sine, cosine, and tangent of a complex number 
of the form X + Vi. The program will also compute the hyperbolic trigono
metric functions. The function is selected from the following table: 

The 

S - sine HS hyperbolic 

C - cosine HC hyperbolic 

T - tangent HT - hyperbolic 

formulae used are as foll ows: 

sin(z) = sin(x)cosh(y) + cos(x)sinh(y)i 
cos(z) = cos(x)cosh(y) - sin(x)sinh(y)i 

tan(z) 

sinh(z) 
cosh(z) = cosh(x)cos(y) + sinh(x)sin(y)i 

tanh (z) = sinh(zx) + sin(zy)i 
cosh(zx) + cos(zy) 

sine 
cosine 
tangent 

51 
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ISAMPLE PROBLEMI I ~~~~~~~~~~~~~. 

1) Compute the sine of 3-i 

2) Compute the hyperbolic cosine of -2 + 12i 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program Complex Trigonometric Functions 

2 Enter coefficients Enter real coefficient? 3 rRTNl 

Enter imaginary coefficient? -1 [RTN] 

3 Select sine function Function (H) SCT : S [RTN] 

SINE 

4 Di sp 1 ay result .2178 + 1.1634i [RTN] 

5 Run again for problem 2 Run again, or End? R [RTN] 

6 Enter coefficents Enter real coefficient? -2 [RTN] 

Enter imaginary coefficient? 12 [RTN] 

7 Select hyperbolic cosine Function (H) SCT : HC [RTN] 

HYPERBOLIC COSINE 

8 Display result 3.1747 + 1. 9461 i [RTN] 

9 End Run again, or End? R E [RTN] 

END OF PROGRAM 
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IUSER INSTRUCTIONSI 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run proqram Complex Triqonometric Functions 

2 Enter complex arqument Enter real coefficient? a [RTN] 

a - real coefficient Enter imaginary coefficient? b [RTN] 

b - imagi na ry coefficient 

3 Select function to perform Function (H)SCT= S, 

'S' - sine (goto 4) C, 

'C' - cosine (goto 5) T, 

'T' - tangent (goto 6) HS, 
hyperbolic 

'HS' - sine (qoto ?) HC, 
hyperbolic 

, HC' - cosine (qoto sJ or HT 
hyperbolic 

[RTN] 'HT' - tangent (qoto 9) 

4 Sine - compute and display re- SINE 

sult in complex form. Goto 10 n.nnnn + nn.nnnni [RTN] 

5 Cosine - compute and display. COSINE 

Goto 10 n.nnnn + nn.nnnni [RTN] 

6 Tangent - compute and display. TANGENT 

Goto 10 nn.nnnn + n.nnnni [RTN] 

7 Hyperbolic sine - compute and HYPERBOLIC SINE 

display. Goto 10 .nnnn + nn.nnnni [RTN] 

s Hyperbolic cosine - compute HYPERBOLIC COSINE 

and display. Goto 10 n.nnnn + nn.nnnni [RTN] 

9 Hyperbolic tangent - compute HYPERBOLIC TANGENT 

and display. Goto 10 nn.nnnn + n.nnnni rRTNl 

10 Option to run aga in: Enter Run again, or End? R E or [RTN] 

l 
'R' to run aqain. 'E' to end. END OF PROGRAM 
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NAME DESCRIPTION NAME DESCRIPTION 
Denominator for 

A Real part of result E hyperbolic tangent 

B Imaginary part of result X Real part of argument 

D Denominator for tangent Y Imaginary part of argument 

Fl Choice of function Q$ End of Rroqram o~tions 

INOTES AND REFERENCESI 

References: COMPLEX TRIGONOMETRIC FUNCTIONS, HP-85 Math, Series 80, 
Hewlett Packard, 1981. 

Abramowitz, M. and Stegun, J. A., HANDBOOK OF MATHEMATICAL 
FUNCTIONS, National Bureau of Standards, 1965, p. 74, 84. 
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IPROGRAM LISTINGI 
10 
20 
30 
40 

COMPLEX - TrigonoMetric 
functions of a 
cOMplex arguMent. 

SO Revision 11/01/82. 
60 DELAY j. 
'70 DIM M$I4] ,F$[3] ,(H[31 
80 REAL A>B,X,Y,D,E 
90 DEF FNS(W) = (EXP(W)-EXP(-W»/2 

iOO DEF FNC(W) ::: (EXP(W)+EXP(-W»/2 

U. 0 
t~~O 

130 
JAO 

1S0 
j.60 

l'70 
HlO 
:\. S)O 

200 
;;~ 10 

2;:.~ 0 

2:3 () 

;.:~4 () 
2:~ () 
260 
~? '7 0 
;;~BO 

2?0 
300 
7HO 
:~;2 0 
3~50 

340 
~~):J 0 
360 

DEF FND(\,.) 
IF W<O THEN FND=-IP(-W*10000+.S)/iO 
000 ELSE FND=IP(W*10000+.S)/tOOOO 
END DEF 
DISP , COMplex TrigonoMetric Functi 
ons' 
OPTION ANGLE RADIANS 
ON ERROR GOTO 170 

INPUT 'Enter real coefficient?'jX 
ON ERROR GOTO i90 
INPUT 'Enter iMaginary coefficient? 
, j Y 
ON ERROR GOTO 2iO 
INPUT 'Function (I-I)SCT:'; F~l; E' F$=U 
PRC~I; (F$) 
IF LEN(FS)=1 THEN F$=' '&F$ ELSE F$ 
=F~I;[j.,;:~] 

ON pose' S C THSHCHT',FS)+1 GOTO 21 
0,240,210,290,210)340,210>400>210,4 
5 0, 21. 0 ) '~; 0 () , ;;"?, 1 0 
! ~nNE. 
DISP TAB(14);'SINE' 
A=f:> I N (X) *FNC (Y) 
B=COS(X)*FNS(Y) 
GOTO SSO 
! COSINE. 
DISP TAB(13)j'COSINE' 
A=COS(X)*FNC(Y) 
B:=:-·~:) I N (X) *FNS (Y) 
GOTO SSO 
! TANGENT. 
DISP TABCi2)j'TANGENT' 
D=COS(2*X)+FNC(2*Y) 

37() A=SIN(2*X)/D 
38() B=FNS(2*Y)/D 
390 GOTO 5':;; 0 
400 ! HYPERBOLIC SINE. 
410 DISP TAB(8);'HYPERBOLIC SINE' 
420 A=FNS(X)*COS(Y) 
430 B=FNC(X)*SINCY) 

-Hyperbolic sine used to 
COMpute other functions. 

-Hyperbolic cosine used to 
COMpute other functions 

-Data May be entered in degree 
or t·adian Mode 

-Enter COMplex nUMber 

--GEdect function 

-DenoMinatior for cOMputing 
hyperbolic tangent 

55 
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IPROGRAM LISTINGI 
440 GOlO S50 
4S0 ! HYPERBOLIC COSINE. 
460 DISP TAB(7)j'HYPERBOLIC COSINE' 
470 A~FNC(X)*COS(Y) 
480 B=FNS(X)*SINCY) 
4?0 GOTD 5~-;0 

500 ! HYPERBOLIC TANGENT. 
5iO DISP TAB(7)j'HYPERBOLIC TANGENT' 
520 E=FNCC2*X)+COSC2*Y) 
530 A~FNS(2*X)/E 
540 B=SIN(2*Y)/E 
SSO DISP USING 560 j FNDCA),FNDCB) 
';:>60 IMAGE 1<,' + ',1<,'1' 
S70 IF NUMCKEY$)*13 THEN 570 
580 DN ERROR GOTD 590 
590 DISP CHR$(210)j'un again, or 'jCHR$ 

( t 97) .> 

600 INPUT 'nd?','R'j Q$ @ Q'=UPRC'CQ'[i 
, :I.l ) 

6iO ON POS('RE' ,Q$)+i GOlD 590,150,620 
620 OFr ERIHlR 
630 DISP TAB(9)j'END OF PROGRAM' 
640 STOP 

--Display r'!-:)sult 

-Continuation options 

• 

• 



IPROGRAM DESCRIPTIONI 

PRIME FACTORIZATION 

This program tries as factors for the number N all numbers in the set: 

[2,3,5, P where P = 1,7, 11,13, 17,19, 23, 29 mod 30 and P~sqr(n)J 

up to the square root of N. If a factor P is found, pn is factored out of 

Nand N=N/pn proceeding from P through the set of remaining test factors 

until a test factor exceeds SQR(N). 

57 
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ISAMPLE PROBLEMI 

• Factor the numbers 37559, 3212453, and 976142. 

I SOLUTION I 

STEP INSTRUCTIONS DISPLAY INPUT 

1 Run Program ** PRIME FACTORIZATION ** 

2 Enter number to be factored Enter N? 37559 [RTN] 

3 Vi ew factors No. Factor Power 

1 23 2 [RTN] 

2 71 1 [RTN] 

4 Run again Run again, View again, or End?R [RTN] • 5 Enter number to be factored Enter N? ~212453 [RTN] 

6 View factors No. Factor Power 

(Number is prime) 1 3212453 1 [RTN] 

7 Run again Run again, View again, or End?R [RTN] 

8 Enter number to be factored Enter N? ~736142 [RTN] 

View factors No. Factor Power 

1 2 1 [RTNl 

2 13 1 [RTNl 

3 439 1 rRTNl 

4 853 1 rRTNl 

10 End program. Run aqain. View aqain. or End?R E rRTNl 

END OF PROGRAM 
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STEP INSTRUCTIONS DISPLAY INPUT 

1 Run program ** PRIME FACTORIZATION ** 

2 Enter number to be factored Enter N? N [RTN] 

3 View factors No. Factor Power 

[RTN] will advance factors, # factor power [RTN or BACK 

[BACK] wi 11 show previous 

factor. 

5 Continuation options Run again, View again, or End?R 

5a [RTN] will re-run program. [RTN] 

5b V [RTN] wi 11 re-view factors V [RTN] 

5c E [RTN] wi 11 end program. E [RTN] 

END OF PROGRAM 
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IVARIABLENAMESI I ~~~~~~~~~~~~~~. 

NAME DESCRIPTION NAME DESCRIPTION 

F Number of factors K Current test factor 

K() Array of factors P() Array of powers 

N Number to be factored S Square root of N 

I Index for display loop A,Q$ Control for options 

INOTES AND REFERENCESI 

Notes: Numbers in excess of 1012 may not factor correctly. 

Number with more than 10 distinct factors will overflow the 
factor array. To change this, modify the dimension statement 
in line 60. Note that the smallest number with 11 factors is 
200560490130. This program factors the positive integral part 
of N. 

Reference: Knuth, Donald E., SEMINUMERICAL ALGORITHMS, Addison-Wesley, 
1980, Section 4.5.4. 

• 



IPROGRAM LISTINGI 
iO 
i! 0 
30 
40 

Factor - DeterMines the 
priMe factorization of a 
nUMbf.!r. 

SO Revision 11/01/82 
6() DIM K(10),P(j.O) 
70 DELAY 1 
BO DEF FN~I 

90 A=NUM(KEYS) @ IF A$B AND Ai13 THEN 
90 

100 FNA=A @ END DEF 
110 DISP' * * PRIME FACTORIZATION * 

*' 120 INPUT 'Enter N?'jN 
130 N=ABS(INTCN» 

140 IF N=O OR N=1 THEN BEEP @ DISP 'Can 
not factor'jN ffi GOTO 120 

1S0 F=O 

160 
170 
1.80 
190 

K=2 @ IF t1Dl)(N,I{ )"::0 THEN GD~)UB ;::'9 () 
1<=3 @ IF MDIH N, I( ) :::0 THEN GD~)UB ~~(j 0 
I( :::~) @ IF i-H)D ( N , K ) =:: (} THEN GDSUB 290 
S=SCjR (N) C ~?()O K=K+2 @ IF K)S THEN 330 

210 IF MOl)(N,K)=(} THEN GOSUB 290 
220 K=K+4 @ IF MOD(N,K)=() THEN GOSUB 29 

o 
230 

24 () 

260 

2'/0 

200 
'7..~90 

K=K+;? 
0 
K==I( +4 
0 
K=:K+~? 

0 
K=I<+4 
0 
K=K+6 
0 
GOTO 
U==1 

(~ 

@ 

(f' 

@ 

@ 

200 

IF t10D ( N J K ) :::: 0 THEN GOSUB 2<1 

IF MOD ( N J K ) :::: 0 THEN GO:3UB 29 

IF MOl) ( N ) I( ) :::: 0 THEN GDSUIl 2S) 

IF MOD (N ) I( ) :::: 0 THEN GOSUB 29 

IF MOD ( N ) I< ) :"' 0 THEN GOSUB ;.? (I 

300 N=N/K @ IF MOD(N,K)=O THEN U=U+i @ 
GOTO 300 ELSE 310 

310 F=F+1 @ K(F)==I< @ P(F)=U @ S=SQR(N) 

320 R[TUF~N 
330 IF N)1 THEN F=F+1 @ K(F)=N @ P(F)=1 
340 DISP 'No. Factor Power' 
350 FOR 1=1 TO F 

•
360 DISP USING '2dJxJi::'~d,S):J~5d' j I,K(1 

),P(l) 

370 A=FNA @ IF A=8 THEN I=MAX(I-i,i) @ 
GDlD :360 

-Function returns 8 for BACK 
key or 13 for RTN key 

-Trap nUMbers that cannot be 
factor'ed 

-Initialize counter for nUMber 
of factor'!'.;. 

-Test first three factors 

-Bu:i.lcl 
test. 

successive factors to 
f:ltop if > S(~Rn-n 

-Initialize counter for factor 
pOW0!r 

-ReMove all possible factors K 

-Update factor array with 
factor') power'. I~evis(·:·! s. 

--l):i.!;play 7'f;!!:)ults; 
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IPROGRAM LISTINGI 
3BO NEXT I 
390 DISP CHR$(2iO)i'un again, 'iCHR$(2i 

4)j'iew again, or ' jCHR$(i97)j 
400 INPUT 'nd?' ,'R' j Wt> (!? (~~t>::::upr~C$«(~$[:!. 

) t]) 

410 ON POS('RVE',Q$)+:!. GOlO 390,120,340 
.,420 

420 DISP , END OF PROGRAM' @ S 
TOP 

-Continuation options • 

~I 
I 

• 



MATH I 

SIMULTANEOUS LINEAR EQUATIONS 
QUADRATIC EQUATION 
PARABOLIC EQUATIONS 
ROOTS OF POLYNOMIALS 
TRIANGLE SOLUTIONS 
POLYGON AREA 
HYPERBOLIC FUNCTIONS 
COMPLEX TRIGONOMETRIC FUNCTIONS 
PRIME FACTORIZATION 

ALL HP-75 SOLUTIONS BOOKS ARE AVAILABLE RECORDED ON MINI-DATA CASSETTES 
FROM EITHER A HEWLETT-PACKARD DEALER OR THE HP USERS' LIBRARY. 

Flin- HEWLETT 
~I!JIII PACKARD 

00075-90061 

Reorder No. 
00075-13003 

Printed in U.S.A. 
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