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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 |l 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 |l 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 biank 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 Eigenvalues for 3rd Order System )
Contributor’'s Name Hewlett-Packard Company
Address 1000 N. E. Circle Boulevard
City Corvallis State OR Zip Code 97330
\_
r 3 .
Program Description, Equations, Variables 1his program solves eigenvalues of a 3rd-Order
system described by Ax = Ax, i.e.
_ — ; ]
a 42 413 Bl 1
= A
a2 322 223 X2 X2
231 232 %33 | %3 %3 ]
Eigenvalues Ay Ao and Ag are solved from
det (A1 - A) =0
Roots for the cubic equation is solved by using the exact formula. -
Operating Limits and Warnings
\. 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.

_/




Program Desecription 11

Sketch(es)

Sample Problem(s)

(1) 1 0 0 (2) 13 -3
Ay = fo 0 -1 Ay=1] 0 4
0 1 -0.05 -15 9
(3) 1 0 0
Ay= |0 0 0
0 0 0

Solution(s) Load side 1 and 2, Switch to [NORM]

(1) 1 [STO] 1, 0 [STO] 2, ....... 1 [CHS] [STO] 8, 0.05 [CHS] [STO] 9;
[A] > 23 =1, Ays A, ==0.025+ 0.9997]
(2) 13 [STO] 1, 0 [STO] 2, ....... 0 [STO] 8, 7 [CHS] [STO] 9;

[A] ~ Ay = 8, A\ = 4, x, = -2
(3) 1 [sT0] 1, 0 [STO] 2, .....

[A] » Ag = 1, A=A, =

\.

7
Reference(s) (1) C.G. CULLEN, Matrices and Linear Transformations

Addison-Wesley Publishing Co. 1967
(2) HP-97 Standard Pac program 09.




User Instruetions 3
STEP INSTRUCTIONS DA'T':SS,I,TS KEYS DSTT/S:ITTS
1| Load side 1 and side 2 1]
2 | switch to [NORM] LI
3| Input elements of A matrix _ a.. dsq LSIQ_H 1| 14
3. 2 [stll 2 | a,
as, a., [ sTo|| 3 | as,
ay, al, [stoll & | | a3
3y 2y | sTol| 5 | 350
235 335 | sTO0ll 6 | 339
21 a1, [ sTol[ 7 | a4
apn a.. [ sTo][ 8 | an.
253 | EILO) Loy
4 | Calculate eigenvalues AT ] Paan*
5] For a new case go to step 3 { } { 7 } o
LI
*Note: The print out will be of the form l,, . H,, ',,]
X+ XXXX ()\5) } : } : 1J
X.xxxx T “"r real) N
X XXXX_Z (A,I imagin.) [ Hr;,, |
X Xxxx_ Y (}‘2 real) | H,]
X XXXX_ X “‘2 imagin.) { H ]]
I
[ 10 ]
0]
[ 10 ]
[ ]
(I
]
[ 10 ]
(I
[ 10 ]
.
I N
| ]
]
I




97 Program Listing I

:TFD KFY ENTRY KEY CODE COMMENTS STEP KEY EN';RBY 16KE2Y’,C§;E COMMENTS
el LB 2111 “Calculate coeffi- gg; gn 16 22 o¢
s " 16-“' cients of the_3rd 859 RCLG 36 68 Test if constant
004 : ?1 order polynomial a6  X=87 16-43 is zero
o " 5 1 861 CT0d 22 16 14
a8s  STOI 35 46 [ 16 14
886  RCL& 36 85 862 ! o1
887  RCLé 36 86 863 ) &
@88  RCLS 36 85 864 oo o
809  RCLS 36 85 865 Lz &
816  GSES 23 89 666 . 33
@11  RCL! 36 a1 ggb , o
812 x 38 a6 i o
o1s SIU': 3 f:" ere  ST03 35 83 Solve for the real
bl RLS 36 86 @71  RCLI 36 61 root A
815 RCLS 36 85 71 R 3 61 3
@16 RCLS 3 66 g.ﬁ Lz 82
@17 RCL3 % &3 e ; 35
@18  GCSES Z3 5 07 ) &
gg s Jb-gg 876  RCLO 36 68
821 ST+i 35-55 45 877 2 g;
822 RCL3 36 83 g;g J &
823 RCLS 36 85 o7 x 3
bor  ReLs % o0 @8 RCL2 36 6z
825 RCLZ 36 82 1 2 o
@26  GSBI 23 83 ‘333 3 &
827 RCLT 36 67 be: : 3t
o 5 885 - -35
829 ST+i 35-55 45 5 X 3
@38 I1SZI 16 26 46 886 ) 4
@31  RCLI 36 81 as; ; Bs
@32  RCLS 3 85 ggq . o
A A 898 ST04 35 64
834 RCL3 :12 a3 oo o o
@35 GSBY 23 @9 B X2 g
836 STOi 35 45 3 % 3
@37  RCLI 36 @1 893 K 6
@38 RCL9 36 89 99: " i
@39 RCLS 36 88 gg: . 5
R Bk 897  xv?  16-35
@41  GSES 23 85 a5 xr? 1635 | |
g4z ST+i 35-55 45 658 103 205 T
ois Foio % o 188  RCL3 36 63
@44 RCLY 36 8% 3 =
@45  RCL4 36 04 1g§ 3 e
@46  RCLZ 36 8z ia% i 3
@47  GSBO 23 @s : Hs 22
848 ST+i 35-55 45 igs ¢ E
849  RCLI 36 81 los < o L
858 RCLS 36 85 o : & e for O3 R
851 RCLS 36 89 ia(e 3 s 3
ol ; :gg 189 €05 4z <0
02 s 118 RCL3 36 83
@54  CHS -2z 116 ReL3 &
855 P25 16-51 11t Hs 2
@s6  ST02 35 8z — 7 : —
° 1 " a ° a ' a YAy, ° 432 43 423 33
a] 2l 31 2 S5 S6 S7 o |s8 .0 S9
S0 0 S1 1 S2 2 S3 Q S4 S T A -5 A S
A S A S A S ! -
B c -b o ) A3 Index
A J -0 (or —) w (or %




97 Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 X -35 169  ET0I 22 81
114 z 8z 178 RCLD 36 14
115 -35 171 + -55
116  &T04 22 84 N 72 e a6
117 ¥LBL3 21 83 173 RCLC 36 13
118 (Y -4] | 174 RCLD 36 14
119 E5Y 54 175 - -45
128 ST0S 35 as 176 ] a6
121 RCLY 36 84 177 ETO8 22 88
22 + -5% 178 %LBLI z1 @1
123 GSBS 23 85 Sand T 179  RLLD 35 14
124 RCLS 3& B4 186 RCLC 36 I3
125 RCLS 36 @3 181  RCLD 36 14
126 - -45 182 CHS -2z
127 GSBS 23 85 183 kLBLS 21 86 Compl
128 + 55  |__ | 184  PRST 16-14 Complex Ay A
129 xLEL4 Z1 84 - 185 35 16-51
138 RCL2 36 8z 186  SPC 16-11
131 ki 83 187  RTN 24 S—
132 z -24 A 188 xLBLS 21 8% S
133 - -45 3 189 X -35
134 STGE 35 15 198 Ré -31
135 PRTX -14 —_ 19] X -35 ;
136 XLBLZ 21 8 192 Rt 16-31 Multiply
137 RCLZ 36 az 193 - -45 Subtra
138 RCLE 36 15 194 RTN 24 ~—t1 ct
139 + -55 195 xLBLS 21 85
148 STO8 35 @& 136 X8° 16-45
141 RCLE 36 @6 197 GSB& 23 86
142 RCLE 36 15 198 1 81
143 z -24 199  ENTt -21
144 CHS -2z R 2688 3 83 3
ot e o educe to 2nd J 3 a
if_ *Sg'_ ‘i? g’_ order and calcu- 261 T -24
& L'..; .:__"_ : 1ate A . A 282 Y 31
147 RCLE 36 @5 1’ 72 283  F2? 16 23 82
148 gz 53 284 CHS -22
149  RCLT 36 @r 285 RIN 24
156 4 84 266 ¥LBLé 21 @6 1
151 X -35 287  SF2 16 Z1 @z Negative ¥~
152 - -45 288 CHS -2z
153 CHS -2z 289  RTN 24 —_—
154  xa° 16-44 218 #LBLd 21 16 14 —
155 SF1 16 21 81l 211 PRTX -14 i
156  X=@° 16-43 212 RCL! 36 a1 =
157 SF8 16 21 @@ 213 5707 35 67 For '3 0
158  ABS 16 31 214 RCLZ 36 8z 7
159 54 215 STO8 35 85 \
168 z 6z 216 6107 2287 |—
161 z -24 217 R/S 51
162 STOD 35 14 )
163 RCLS 36 @& ]
164 CHS 2z 220
165 z 8z
166 = =24
167 STOC 35 13
168  F17 16 23 8l
LABELS FLAGS SET STATUS
A B C D E 0
A2, 0] 4 A2 Double FLAGS TRIG DISP
a b c d e 1 ON OFF
Zero Aq Complex | /"5 "% | pec ® | Fx ®
0 ' Complex [22nd order[* Sand T|* 3 [° <0 > g g GRAD T | 2 =
> % P5sF2, CHS |7 USED  [B print P ® O [ 3 0 & il




Program Desecription 1

=]
I(ngram Tine Eigenvalues/vectors of 3rd-order Systems W/Distinct Real
Eigenvalues.

Contributor's Name __Hewlett-Packard Company, — APD

Address . 19310 Pruneridge Avenue

City —Cupertino o State €a Zip Code 95014
\.
~

Program Description, Equations, Variables  FOr a system matrix A, the eigenvalues are found
from AX =

(a) Power method

Assume the e1genva1ues of A are A], Az and A3 where lA 1 > | ,,l 2 ]A,[

Now let A operate repeatedly on a vector v, which we“gxprggs as a linear
combination of the eigenvectors v = civy + CoV, + CaVg then
A A

. _ B _ 2 — - —3 R —
Av -’Mc]Av] + c2Av27+vc3Av3 = X (c]v] T e vz-fr C3 N v37) -
A A
A Av =g Loy * e (3)7ve * 3 (71)7vs] ]
Lim A vy
R therefore A o= pro P L o I
(A v)]

(b) For deflation method, refer to reference (2).

ope,aﬁng Limits and Warnings Only works for systems with distinct real eigenvalues with a
good" guess of the initial eigenvector V1. If a first component of the

~eigenvectors is zero, then it is necessary to do similarity transformations in
order to use this program

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.

_/




Program Desecription 11

Sketch(es)
\_
Sample Problem(s) A'I = -5 AZ = -1 )\3 = -3
(1) -3 1 0 1 1
A = 2 -3 2 s V-I =|=2 s V2 =| 2 s V3 = 0
0 1 -3 1 1 -1
A] = 0.06, XZ = -0.02, A3 = 0.01-
(2) -3.06 -1.98 4,26 1 1 , 1
A= 1.04 0.67 -1.47 |, V1 =|-1/2 |, V2 =14/3 |, V3 =|-5/6
-1.76 -1.14 2.44 1/2 4/3 1/3

Solution(s) (1) [NORM] [f] [CL REG] 3 [CHS] [STO] 1, 2 [sTO] 2, O [STO] 3,
[STO] 7, 1 [STO] 4, [STO] 6, 3 [CHS] [STO] 5, [STO] 9, 2 [STO] 8, [A] ~ a5 1 [ST0]

[A]s [B] > A]a V]s xz, Vza A3’ V3

(2) [NORM] [f] [CL REG] 3.06 [CHS] [STO] 1, 1.04 [STO] 2, 1.76 [CHS] [STO] 3, 1.98
[CHS] [STO] 4, 0.67 [STO] 5, 1.14 [CHS] [STO] 6, 4.26 [STO] 7, 1.47 [CHS] [STO] 8,
2-44 [STOJ 9 [A] > aij’ 1 [STO] [A]3 [STO] [B], [STOJ [C]’ [B]#A]’V]9A2,V2’A33V3

\_ - Y

Reference(s) (1) Charles Cullen, Matrices and Linear Transformations.
ADDISON-WESLEY PUB. COMPANY, MARCH 1967

(2) Carl-Erik Froberg, Intro. to Numerical Analysis
ADDISON-WESLEY PUB. COMPANY, 1969




User Instruetions

INSTRUCTIONS DA'lrr:\F/’lLJ’;ITS KEYS DET%S:ITS
Load side 1 and side 2 I
Input a.. a1 | STOJ[ 1|
- 51 | STOJ[ 2 |
231 Lstall 3|
412 | sToll 4 |
322 | sT0][ 5 |
332 | stol| 6 |
43 | STO|[ 7 |
as3 [ STO | 8 ]
233 | sTO|[ 9 |
To print a.. IAHi | a..'s
To ca]cu]a]c‘(]e eigenvalues and eigenvectors, in- [ | J
put initial gquess of the first eigenvector:, [ I ] 1
vy v, [stoll Al [ Y
. I .
V2 SR N 2
1 - L]
Y3 v, [stol[ ¢ | !
° LI ?
and press [ B[ | A,;'s, vi's
For a new case, go to step 2. { H ]|
I
I
I
I
I
]
L]
]
[ 10 ]
L]
L 1L
I
[ 10 ]
(N
[0 ]
]
L]




97 Program Listing | o

#sMEP ~ KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@8l ¥iBLA i 11 N 857 B -24

eaz & g€ } 858  DSF9 -63 8%

ga3  sTol 35 46 } 859 RND 16 24

@64 xLELI Zi @1 e6e  RCL® 36 @8

gas  ISZI 1€ 26 46 861 RND 16 24

eaé  RCLi 36 45 862  X=y? 16-33

@87  FRTH -i4 | 863 6106 22 86

gas  FRCLI 36 4€ | 864  RCLD 36 14

aeas 3 a3 Print a.. 865 RCLA 36 11

18 x=v¢ 16-33 1J 866 z -24

a11 SFC 16-11 @67 STO0@ 35 68

g1z XY -4] 868 RCLD 36 14

813 £ 713 869 STOA 35 11

14 E=y% 16-332 @78 RCLE 36 15

e1s SFC 16-11 871 STOB 35 12

816 K2Y -4i 872 RCLI 36 46

a7 g 85 @73 sToC 35 13 i

gig  x=vY7 16-33 874 6703 22 83 |—

@18 6107 ZZ @7 875 sLBLB 21 @é —

@28  6TC1 22 8l E—— 876 DSP4 -63 84

821 ¥LELE Z1 1z @77 6SB8 23 86

az¢  SPC i6-11 ] ars i 81

823  CF@ 1§ 2z @e Calcuiate A and v @79 ST0A 35 11

824 xLBL3 21 a3 888  FRTX -14

25 RCL: 36 81 881  RCLE 36 15

826 RCLA 36 11 , @82 RCLD 36 14
827 RCL4 36 84 g 8832 z -24

828 RCLE 36 12 | 6884 STOB 35 12 i ]
@828  GSBY 23 85 : @85 PRTX -14 Print Ay, v
@38 RCL7 36 67 i 886 RCLI 36 46 1
@31 RCLC 36 13 Iteration: 887 RCLD 36 14 i

a3z =35 |power method g8e = -24

833 + -55 889  STOC 35 13

634 STOD 35 14 ese  GSB8 23 8§

g35 RCLZ 36 @z as1 SPC 16-11

BZEé  RCLA 36 11 @92 RCLS 36 85 ]

37 RCLS 36 85 893 RCLB 36 12

#38 RCL 36 12 894 RCL4 36 84

639  GSES 23 8% 895 X -35

@48 RCLE 36 88 896 - -45

841  RCLC 36 13 897  P:S 16-51

842 X -5 898 STO6 35 66

843 + -55 e99 S 16-51

B44  STGE 35 15 188  RCL6 36 8¢

@45 RCL3 36 83 181 RCLC 36 13

A46  RCLA 36 11 ; 182 RCLY 36 84

847  RCLE 36 8¢ 183 X -35

A48 RCLB 3o 12 ; 184 - -45 Construct B matrix
@49  GSE9 z3 89 ‘ 185 28 16-51

@58 RCLS 36 a5 186  ST07 35 87

851 RCLC 36 13| 187 P35 16-51

as2 X -35 188 RCLS 36 @6

853 + -85 189 RCLE 36 12

@54  STGI 35 46 | 116 RCL? 36 @7

855 RCLD 36 14 111 X -35

85¢ RCLA 36 11 SEGISTERS 112 45

1 2 3 4 5 6 7 8 9
M a1 a1 a3 412 42 432 . 43 - 423 - 433
S0 S1 S2 S3 S42 2 [ss2 2 |[ss 7
A3 Z%’ Vg Zg’ Vg A2 Z2> V2 Z3> V3 byy byy b2 1b22
D - - I
f‘emp, (x})k= 1 (A;)k ¢ (X;)k temp Av}, _t2> Ftemp Av;, g temp Av3




97 Program Listing 11

10
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 P2S 16-5¢ | ! 169 25 16-51

114 €TS8 35 85 : 178 RCL@ 36 @a

115 28 16-51 ! 171 2y -4]

116  FRCLS 36 @5 172 - -45

117 RCLC 36 13 72 z -24

118 RCL7 36 @7 174 ST=! 35-24 81

119 X -35 175 S§T=Z 35-24 @:

128 - -45 176 RCLB 36 12

121 25 16-51 177 §T+f 35-55 ai

122 8708 35 8% 178 RCLC 36 13

123 RCLE 36 86 179 ST+2 35-55 8:

124 + -55 188  RCLA 36 11

125 §T0I 35 46 181  PRTX -14

2€ Ae 53 and solve for the 182 RCLI 36 &1

127 RCLE 36 86 e'igenva]ues A and 183 PRTA -14

128 RCLS 36 @% A 2 184 RCLZ 36 @8z

129 -35 3 185 25 16-51 —

138 FRCLS 36 88 186  E6SBE 23 @8 i

131 RCLT 36 87 187 SPC 16-11

132 X -35 188  F@? 16 22 @6

133 - -45 189  RTN 24

134 4 84 198  SF8 16 21 @&

135 ¢ -35 181 25 16-51

13¢ - -45 197 RCL@ 36 @é

137 I¥ 54 193 RCL3 36 83

138 2 8z 194 STo@ 35 @e

139 = -4 195 2y -4]

148  STOD 35 14 196  §T03 35 a3

141  RCLI 36 46 ; 197  RCL! 36 a1 ;

142 z é: g 198 RCL2 36 az !

143 : -2 ? 199 RCL4 36 84

144  STOE 35 15 ! 268 RCLS 36 85

145 RCLD 36 14 z 281 8102 35 az Calculate V3

146 - -45 i 28z R -31

147 ST08 35 @6 , 283 §T01 35 al

148 RCLE 36 15 ‘ 284 i -3

149 RCLD 36 14 , 285  ST0S 35 85

156+ -55 | 266 B¢ -31

151 8103 358 — 287 ST04 35 84

152 *LBLZ 21 82 T 288 ETOZ 2z 8z

153 RCLE 36 66 2689 kLBLS Z1 8% —

154  GSB& 23 86 216 X -35

155 RCLE 36 86 211 Ri -3i

156 - -45 212 X -35 X, +

157 8102 35 8z 213 Rt 16-31

158 FRCLE 36 @& 214 + -55 ]

159  §T0! 35 @i 215  RTHN 24

168 XY -41 216 xLBL8 Z1 a8

161 25 16-51 ; » 217 PRTX -14

162 RCL4 36 84 Solve for v 218 #LBLV7 21 &7 Print

163 FCLT 3€ 67 | 218 SPC 16-11 |

164 Ri -31 | 228 RTN 24 -

165 K2¥ -41 221 R-S 51

166 Et 16-31 |

167 G5B9 23 @s 1 | I

~ i - |
_ 168  RCLE ‘f 86 LABELS FLAGS SET STATUS

a;;  Pag'savif ° 03 FLAGS TRIG DISP
a > b c d 1 ON OFF
o O X DEG N FIX X
OA], vl | 2 y2, 3 |3 2 10 M GRAD B scg g
RAD EN

S 6 7 8 X + 3 g E} g n 4




Program Desecription 1

11

~

C

\_

Program Title Matrix Algebra

ontributor’'s Name Jeffery J. Straw

Address 419 Michigan St., Apt. 4
City Hancock state MI Zip Code 49930

-

Program Description, Equations, Variables

For two matrices X and Y, each with dimensions less than or equal to three,
this program will solve for the product or sum of them, the difference between
them, or the result of a scalar multiplication of either. Each matrix is
stored upper Teft justified in a 3x3 array. With the exceptions of the scalar
multiplication of Y and the copying of X into Y, all results replace the
matrix X and are upper left justified.

Equations used are:
Matrix Product: Xij =

; Xin Ynjs 1= 1,2,3; § =1,2,3

Matrix Sum or

Difference: Xij = Xij * Y43, 1=1,2,3; j =1,2,3

Scalar Multiplication:  Xjj = aXjj or Yij = bYij, 1=1,2,3; Jj =1,2,3

Operating Limits and Warnings

The product of two matrices where the number of columns
of the first is unequal to the number of rows of the second is undefined, as is
the sum or difference of two matrices of unequal dimension. These illegal
operations will be undetected by this program, since it assumes each matrix is

a submatrix of a 3x3, all undefined elements of which are zero. Correct answers
will result for legal operations, but care must be taken that the operations

are indeed legal.

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

(fSkwchws) The matrix X = 2 is stored as 2 0 0
3 3 00
0 0 O
\_
-

Sample Problem(s)

Given the following matrices, find P*Q:

P=1274 Q=194
163 14

25
Solution(s) 3 [A] -~ 0.00
2 [R/S] 7 [R/S] 4 [R/S] 1 [R/S] 6 [R/S] 3 [R/S] ~ 3.00
2 [B] -~ 0.00
9 [R/S] 4 [R/S] 1 [R/S] 4 [R/S] 2 [R/S] 5 [R/S] > 5.00
[C] - 0.00
[f] [A] > 33.00%** 56.00%** 0.00***
21.00*** 43.,00%** 0.00Q***
0.00*** 0.00*** 0.00***
L P*Q is given in the upper left 2x2 submatrix.
Reference(s)




User Instruetions 13

MATRIX ALGEBRA

prt Y
# col Y

INPUT ouTPUT
STEP INSTRUCTIONS DATA/UNITS KEYSf _ DATA/UNITS
1| Load Side 1 and Side 2 I
2 | Input number of columns in matrix X n A [ ] 0.00
Enter elements of the matrix X by rows Xij | R/S f | Xij
Repeat step 3 until all elements are entered ]
4| To copy X into Y, go to step 10 \ |
To multiply X by a scalar, go to step 11 | || l
5| Input number of columns in matrix Y m | B || | 0.00
6 | Enter elements of the matrix Y by rows Yij 1 | | Yij
Repeat step 6 until all elements are entered y | | |
| N |
7 | For matrix multiplication (X*Y > X) | C || | 0.00
l | l
8 | For matrix addition (X+Y - X) D 0.00
| |
9| For matrix subtraction (X-Y - X) | £ ]| D | 0.00
I
10| To copy X into Y (X - Y) | f || C | 0.00
I || |
11| To multiply X by a scalar (aX > X) a [ B | ] a
I R
12| To multiply Y by a scalar (a¥ - Y) a | £ ]| E | a
I .
13| To print (display) the matrix X | f Il AL [ Xigr*
(A11_9 elements of the 3x3 are given by rows. | | |
The result is upper left justified.) l I |
R N
14| To print (display) the matrix Y | f£1l B Y *r*
(Same note above applies.) | N ]
(I N .
15 To interchange X and Y | ] pzsl
R
16| For further operations, go to the appropriate [ | ]
step, 2-15 I
I
17] To Clear X x | £ | lec ®egl x
I
18] To Clear Y + | £ [P%s]
| € | |c.®ea]
| £ |Pxs | x




97 Program Listing |

14
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

881 *LELA Z1 11 @57 RCLE 36 15

@@z CF@ 1€ 27 8@ o , @s8  §T07 35 63

@83 CLRG 16-53 Iitalize X 4o al 859 RCL4 36 @4

as4  cT0@ 22 @6 zercs @68  STOR 35 11

@85 ¥LELE 211z @51  RCLS 36 85

@@c  SFE 1€ Z1 BE a6z  STOB 35 1z

ae7 28 16-51 N s @63  RCLE 6 @6

@88  CLRC 16-53 Taitalize ¥4 O 8cd  STOC 35 13

a8s  F28 16-51 865  CSB2 23 8z

818 xLBL@ Z1 @@ Test # of coluwmns 866  5T04 35 84

@11 ABS 16 3i for propes range 867 RCLD 36 14

e12  INT 16 34 (§4:0 4 < +rakl @68  5TOS 35 a5

@13 STO6 35 @@ as 3) @69  RCLE 36 15

a14 4 a4 @78 ST06 35 a¢

RIS HLYT 16-35 Enre~ isplay @71 RCL7? 36 @7

f16  CLX -5 72 STOR 35 11

a17 1% 5¢ S 77 RCL® 76 86

@18 ¥LBL! 21 a1 noap for ewtering @74 STOB 5 12

@19  RCLA 36 11 ecken @75  RCLS 36 8%

A28 RS 3 876  STOC 35 13

821  ISZI 16 26 46 77 GSE2 23 az

22 F@% 16 23 8@ 78 STOF 35 o7

@z3 P38 16-51 879  RCLD 76 14

824  STO; 35 45 @g8  ST08 35 a8

825  Fa® 16 23 @6 @81  RCLE 36 15

82¢ 25 16-51 @s?  sToS 35 @9

@27 STOA 35 i1 5 @83  CLX -5]

828  RCLO 36 8@ This row de-ef @84  RTN 24 )

829  RCLI 36 46 X so, skip the 865 sLBLZ 21 @2 Metrix rmultiply

@38 x#Y" 16-32 @To L and resse age 25 16-51 subsebiue

a3l cT0i 27 al +he T registen @87  RCL9 36 89

@32  RCLI 76 46 asg X -35

3z k; @3 @89 RCLE 6 1z

834 ) -6z @98 RCLE 36 @6

a3s 1 61 89| X -35

a3 : -24 89?2 + -55

@37 INT 16 34 893  RCLA 36 il

a3 1 61 894 RCL3 36 a3

39 + -5 ags X -35

a4e 3 a3 896 + -55

841 -35 8s7  STOE 35 i5

@4z STOI 5 46 898  RCLC 36 13

@43 ki a3 @93  RCLE 36 as

@44 ST+@ 35-55 @i 108 ¥ -35

@45  GT0! 2z 81 , ‘ 181 RCLE 3 17

@46 #LELC 21 13 Meskei mulbiply 182 RCLS 36 @5

@47  RCL1 36 61 ro.chine | usin 183 x -35

@48 STOA 35 1i regsters ABCDE 184 + -55

849 RCLZ 36 62 £ datde ransler 165 RCLA 36 i1

@sa  STOB 35 1z +o \Subrodtine 2 186  RCLZ 3 @z

851 RCL3 35 83 and $rom 187 X -35

@s2  STOC 35 13 108 + -55

@53  £SB2 23 @z 169 STOD 35 14

@54 ST01 35 81 118 RCLC 36 13

@55 RCLD 36 14 111 RCL7 36 87

@ss  ST02 35 @z 112 X -35

4 6 7 8 9
° Used | X1y X12 X13 X1 | Xp2 X23 X31 X32 X33
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
Used Y11 Y12 Y13 Y21 Yoo Y23 Y31 Y32 Y33

A B C D 1

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

113 RCLE 36 12 169  F17 16 23 8l

114  RCL4 36 84 178 CHS -2z

115 X -35 171 ST+i 35-55 45

116 + -55 172 DSZI 16 25 46

117 RCLA 36 11 173 &107 22 87

118  RCLI 36 81 174 CLX -51

118 X -35 175  FRIN 24

128 + -55 176 xLBLe 21 16 15 Scalav MWH:plm&e«

21 P25 16-51 177 SF2 1€ 21 82 routines - aX> X

22 RTN 24 178 28 16-51 (LBLE) o~ a¥2¥

127 xLBLk 21 16 1Z Loop for 179 #LBLE Z1 15 (LBL &)

124 SF1 16 Z1 @l Aisplaying (67) 188 g 83

125  ET03 22 a3 o prinding (37) 181 8701 35 46

126 xLBLo 21 16 11 e contents 182 CLX -51

27 CF1 16 22 81 of pmoddeix X 183 + -55

128 xLBLZ 21 83 N 184 xLBL8 21 @6

29 1 o el 185 STxi 35-35 45

138 STOI 35 46 e 186 DSZI 16 25 46

131 xLBL4 21 84 187 6708 z2 88

132 F17 16 23 &1 188  F2? 16 23 82

133 P2S 16-51 189 P28 16-51

134 RCLi 36 45 198 RIN 24

135  F1? 16 23 8l 181 R-S 51

136 P3S 16-51

137 PRTE -14

138 ISZI 16 26 46

139 g 65

148 RCLI 36 46

141 5£y? 16-35

142 GTO4 22 84

143 CLX -51

144  RTK 24 200

145 xLBLe¢ 21 16 13 X>¥ leop

146 g G

147 sTOI 35 46

148 %LBLS Z1 85

143 RCLi 36 45

158 25 16-51

151  STOi 35 45

152 25 16-51

153 DSZI 16 25 46

154 E6TaS 22 85 210

155  CLX -5;

156  RTW 24

157 ¥LBLd 21 16 14 : -

158 SF1 16 21 &1 matrix subiracten

158 GT06 22 @6 or

168 xLBLD 21 14 oddtion routine

161 CF1 16 22 a1

162 xLBLé 21 86

163 3 s

164 sTOI 35 46 220

165 xLBL? 21 87

166  P2S 16-51

167 RCLi 36 45

168 =5 16-51 LABELS FLAGS SET STATUS
At col XP #coly Pxey>x Pxevy > x[F ax > x [°Xory FLAGS TRIG DISP
“ort X [PprtY |° x>y [P Xy > X [° ay >y used R N
0 1 2 .13 4 2 I s GRAD O scl O
- OFLO? 6en’c 1oop 7subroutme8 aorb 9pr‘t 1oop 3aX or aY¥Y > O RAD O ENG 0

copy loop dor D + loop s mult loo 3 0 K n




16

Program Desecription 1

(" )
Program Title 67 - Characteristic Equation of a 4 x 4 Matrix

Contributor's Name Matthew Bishop
Address 327 Forbes Avenue o o R _
City  San Rafael . ___State California ___ZipCode 94901
\_

rProgram Description, Equations, Variables B B, w
Giv /d; 42 d3 dy
__ds dg. QA7 dg
_dg djp 4y dio

B di13 din di1s a1’ ) _
_The characteristic equation is A*: r})\3+rg)\ +rzAtr,=0
where _ L
ﬁl"(al+as+d1ﬁa4s) o

_rp= (ajtaj;)ag + (aitaje)ars + (a; + ag)ais~ @gdi1u- @12815-37310-3285-33du
—a4,dj13

Y’3=-det(A1 )-a;(aga;taga;eta;ja16-a814-3 93151@1@1‘0)"7 S

aoras(al 1+a1g)-aaa1 q-a-,aq'l-aaf-aq(aa+a4,5)ia5a1nta“,aw_],,, S
_ tay[ajs(agtary)-asais~asaiy] o
r,=a,det(A;)-a,det(A,)+asdet(As)- audet(Au)

_Where ag \) as a; ag \ /65, g asg\ s dg_ a7\
_ A, /alﬂ a;; ai» A,= a

@a A1 a32 JAs=[ as a‘uwa,u,and.ﬂAn% dg djig dj ,_,,ﬁ
14 @15 A1 dj3 dys5 djsg \313 diy 43 di13 din dis

NOTE: Trace (A) = -r; det(A) = -ry

Operating Limits and Warnings A11 storage registers 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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Program Deseription 11

1 0 2 -
3 -1 0 2
-2 -1 -1 07

L 3

_Ans. X -) +72#2=0

- : E— —
Sketch(es)

\_ —,
(~ . . . . R
sample Problem(s) _ Find the characteristic equations of the matrices L

1),1 0 1 0 2)1..0 0 0

1 0 2 -1 1}
3 -0 2 J
-2 -1 -1 0 N
v 3 2

Ans, A -x 43X #2)-5=0 R

Solution(s) 1) [A] ---===--uu-- > 1.00 Enter on successive pauses, in this order;
1,0,1,0,1,0,2,-1,3,-1,0,2,-2,-1,-1,0. Each time i+1 will be displayed, except after .

the last 0 ------------- > -1.00,0.00, 7.00. 7.00 flashes, load
second card --------—-—---- > 2.00
2) [A] =----mmmmmaeo > 1.00 Enter on successive pauses in this order; o
1,0,0,0,1,0,2,-1,3,-1,0,2,-2,-1,-1,0. Each time i+1 will be displayed, except
after the last 0 --------- >-1.00,3.00, 2.00. 2.00 flashes, load R
second card ------------- -5.00. -
\_
s
Reference(s)




'8 User Instruetions
1 CHARACTERISTIC EQUATION OF A 4 x 4 MATRIX Z}
I
STEP INSTRUCTIONS DATAIUNITS KEYS DATAUNITS
1. Load Card 1 E;I L::

2. | Initialize I4:1[I Il 1.
3.| Load a,, 1<i<15 a, I i+
j ' I

4. | Repeat step 3 until 16 is displayed then [ || |
enter a, .. a,, [ l | ' |
- - N r.
R
I re
T 7
5.] r, will flash for 1-second intervals. During [ I ]
a;v of these intervals, load side 1 of card l, | [ l
2. The program will then continue [77 l | - | r,
T
6.] For a new matrix go to 1. { H 1]
I
NOTE: _DATA ENTRY ORDER: } | H]}
e a a2 -
a__a_a__a .
A=l a, a,,a,, a5, L]
N\ orsarearsares S
L]
Also, trace (A) = -r, | [
det (A) = -r, [ 10 ]
]
[0
[
]
I
I
I
I N
l | |
I
| I




STEP

KEY ENTRY

KEY CODE

97 Program Listing |

COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
aB! xLBLE i1 e Compute the AS7  RCLA 36 11
282  RCLS 6 85 determinant of ase + -55
863 RCLS 35 65 a 3 x 3 matrix @59 RCLI 36 46
a4 -35 aca + =35
@85  RCLE 7