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INTRODUCTION

This HP-19C/HP-29C Solutions book was written to help you get the most from your calculator.
The programs were chosen to provide useful calculations for many of the common problems
encountered. :

They will provide you with immediate capabilities in your everyday calculations and you will
find them useful as guides to programming techniques for writing your own customized software.
The comments on each program listing describe the approach used to reach the solution and
help you follow the programmer’s logic as you become an expert on your HP calculator.

You willfind general information on how to key in and run programs under “A Word about Program
Usage” in the Applications book you received with your calculator.

We hope that this Solutions book will be a valuable tool in your work and would appreciate your
comments about it.

The program material contained herein is supplied without representation or warranty of any kind.
Hewlett-Packard Company therefore assumes no responsibility and shall have no liability,
consequential or otherwise, of any kind arising from the use of this program material or any part J
thereof. .

© HEWLETT-PACKARD COMPANY 1977
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CUBIC EQUATION

This program finds the roots of cubic
equations of the form

f(x) = x3+ax2+bx+c=0
where a, b, and ¢ are real.
It does so by extracting the first
root, performing synthetic division,
and solving the resulting quadratic

equation (ref: HP-19C/HP-29C Appli-
cations Book, p.6).

Example 1:

x3-6x2+11x-6=0

Solution:
- CLre
1.-84 STOR
-6.88 STD!
§703
11.08@ ST02
(53 M
368 mx X1
RS
8.25 mx D
RS
2.08 st» X,
RS
1,88 wr X3
Example 2:
x3-4x2+8x-8=0
Solution:
CLRE
1.-84 STOR

-4,.08 ST0!
£.68 ST02
CHS
8103
&SP

2.8 gy X
Rse

-2.08 sx D
£sp?

1.73 sy V
"o d

1.880 xrx U



User Instruetions

2
STEP INSTRUCTIONS | oathoms KEYS | oaramirs
1. | Key in the program N
I
2. | Initialize [ f ]| REG|
-+ | B[ 0]
(10 ]
3. | Store coefficients a [STO |[ 1]
b [sto J[ 2 |
c [sTo ][ 3 |
[ ]
4. | Run GSB | [ 1 | X,
R/S 1L ] D
L]
5a | If D20, roots are real IR,/_S_J[ ] X5
R/S 1] ] X3
5b | If D<0 roots are utiv l6sB |1 2] v
| xzyll_ | u
A
6. | For a new case, go to step 2 N
L]
IR N
[Tl ]
[
]
| Il ]
N
[
I
I
LI ]
IR N
N
L
A
1]
I
I .
[
[
L]




8! slBL1 36 X»ye

82 RCL3 31 ET07

82 PRCLZ 32 RCLS

84 QRS 33 S8T04

as 3 34 RCLR

B8E STDE 2 RCLE

87 LSTX 13 X

a8 RCLI a7 xe?

83  Aes 38 ETDR

18 + 38 ETp%

11 RCLE 68 ¥LBL7?

12 »lBLA &1 RCLS

12 ! 2 Rs% F*kk X

14 g €3 FRCL!

15 x 64+

16 Xzy? 63 | CHS

17 ET0R &6 ST0!

18 ETO7 &7 2

18 xLBL9 &8 :

2e 1 69 ENT#

21 a 7é xe

22 8T=7 71 RCLI

23 RCLE 72 [HE

24 CHS 73 PCLS

25 8708 74 k4

26 ¥LBL2 75 RCL2

27 RCL7 Ve +

28 RCLF 77 8703

29 x e - D=(b?%-4ac)/4a?

& RCL4 79 Ret Real roots

31 + ga %

32 8108 81 XY

33 RCL4 82 ARS

34 ¥=v? 82 +

25 ET07 84 RCLI

36 RCLS 83 ENT

37 RCLI 86 ARS

E o+ g7 =

39 RCLS ge ¥ okk X2

o x 89 R-S

41 RCLZ %8 RCL3

42 + a1 xey

42 RCLS a8z 2 X3

44 ¥ 93 RN Immaginary roots

45 RCL3 f(x) 84 xiBL? -

4%+ 85 [HS u is in y register

47 £T08 % IN *xk V

48 AES Tolerance 97 R-g
49 rRCLe REGISTERS
o 07" ' a b P« * Used X
& Used 7 Used f(x) ° © !
2 3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

**% "Printx" may replace "R/S"




SYNTHETIC DIVISION

This program performs synthetic
division on a polynomial of degree n
(with real coefficients)

ny n-l4 | +a,x+
a xta _.x ...tayxta,
by x-x, so that
a xM+. .. +a;x+a,

n
= (x-xo)(bn_]xn'1+...+b1x+bo)+R,

where b .= a

b=>

K k+1x0+ak+1 for k=n-2,...,0

R= bgxotay
Note: Program requires ns7. If n<7,

Tet a7=...=an+]=0

Example:
(x5-4x*+7x3-10x2+8)+ (x-2)

ENT?
ENTS

Solutijon:

———

'
ey
PP IAMA~DD

8 RS

IOV THLOD DD
m
€
-4
-

2~
._.
o, D
- P
o

-8.88 xxx b

-8.686 }tt R
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User Instructions 5
STEP INSTRUCTIONS DATAUNITS KEYS DSTLI'\TISﬁrTs
1. [Key in the program :' 1
LI ]

2. |Store coefficients az ENT L

ae [ENT I ]

as ENT][

2y GsBJ[ 1 az

di [ :

ar [__‘J

a1 [ ]

a, [ ] as
3. |Run Xo [ 2 ] be
4. |Continue for i=5,4,...,0, R L] bj

For a different x,, go to step 3

DUDDDDJDDEQ@E@%E%

IR

—
[ ]
[ ]
L]
L]
L]
L]
[ ]
[
]
L]
[ ]
L1 ]
B
L]

]
|




81 LBL!
82 &7188
7 R

a4 STOE

A

#6707

&7 R

P £T08

83 RS

18 &T0

1 <3

12 sroz

13 R

14 8703

15 Ri

16 ST04

17 Rs8

18 sLBL2

12 8708

ze 7

2l 8TnR

22 RCLE Hkdk b6

23R8

24 sLBELE

23 RCLY

26 X

27 RCLi

28+ *xx D

28 RS 1

KL £

31 EToe

32 RsE

REGISTERS
j 1 a, 2 a, 3 a‘f; 4 as 5
as 7 as 8 a; 9 X, 0 K

2 3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

— - -

. &



HYPERBOLIC FUNCTIONS
INVERSE HYPERBOLIC FUNCTIONS

This program calculates the hyperbolic
. functions and their inverses.

Equations:
X -X
. _e"-e 1
sinh x = 5 csch x = TR (x#0)
X -X
_e +e -1
cosh x = > sech x = Cosh X
_ sinh x _ 1
tanh x = cosh X coth x = fanh X (x#£0)
sinh_]x = In[x + (x2+1)%] csch']x = sinh’! %-(X#O)
-1 _ 2 115 -1 _ 1
cosh 'x = In[x + (x2-1)2] (xz1) sech 'x = cosh ;—(0<x<1)
tanh_]x = KIn[(1+x)/(1-x)] (x%<1) coth™'x = tanh'1 %—(x2>1)
Examples: Solutions:
1. sinh (1.5)
2. cosh (5.9) .. 162,08 £ops
3. tanh (1.3) 2, 5,30 #k#
2 3 -B.78 GEET
4. csch (.95) 182, -8,87 i
3. 1, 2.80 gopd
5. sech (-3) y nape
6. coth (-1.99) 4, 2. 9.3; Fﬁe.
), 5@ £SPd
7. sinh~1 (3.5) 3.0:  pas o neeg
-1 5. -1.66 GSET D32 gew
8. cosh™ " (100) gezs 12, 5. 42 GSB4
9. tanh-1 (-.7) BIP g £se?
-1 6.  -1.95 gER7 818wy
10. c¢sch™' (3) cope
1. sech™! (.5) ; ~1.64 wwv
- . J. 58 LERS
12, coth-1 (5.4) {37 ree




. 'ser Instruetions
STEP INSTRUCTIONS DA'&?S;.TS KEYS DAOTUA1I-lP.I=II's
1. | Key in the program C_ 1]
I
2. | sinh x X (asB][ 1] |sinh x
I
3. | cosh x X [2] |cosh x
C_JC ]
4, | tanh x X GSBJ[ 3 ] |tanh x
1
5. | csch x X [gsg][ 1]
[ 4] [csch x
L 10 ]
6. | sech x X EESE (2]
[GSB][ 4] |sech x
I )
7. | coth x X [asel[ 3 | » ;
[GSB][ 4 ]| |coth x
L JC ] |
8. | sinh™'x X lgsgl[ 5] sinh™! x
9. | cosh™'x X [asel( 6] |cosh™' x
L JC_]
10. [tanh~'x [ GSB | tanh™' x
11. | esch-1x X [esB][ 4 |
[gsel[ 5 ] [esch=! x
L1 ] '
2, |sech”Ix X [GsB|[ 4 ]
[ 6] |[sech ! x
L1
13. coth']x X (GSB][ 4 ]
' coth-1 x
1]
[ 1 ]
L]
] '
Y 4
[ 1]
1L 1]




81 wLBL! 5 ENTT
g2 e t
83 ENT* ;; xiw

e4 1oy R

S; - s4

B - 55 LSTY

s BT 5 -

';ﬁ *Lg,",{ *%x% Sinh X L7

0 ex 58 LN

11BN 59 2

A o

i:: : 52 RS *kk tanh']x

15 :

!6 ‘,S.Ti *%% COSh x

it iy ) Sy

18 eX

19 £10!

28 ENT*

21 1e¥

22 -

27 PCLI

24 L8TY

25 4

3 z

i; RTN *%x% tanh x

28 =Pl 4

2e  1¥

32  PTH .

3! #lBLS

32 ENT4

32 xe

34 !

25 +

3% iy

7 +

IR LH

‘Eg tL;Z’::' #x% sinh™Tx

41 ENTt

42 Xe

43 !
44 -

45 T¥

#® .

47 N

8 P _

49 ILZZ;’ ks COSHTx

REGISTERS

0 1 Used 2 3 " 5
¢ 7 8 9 0 1
.2 K] 4 5 16 =
18 19 20 21 2 =
24 25 26 27 28 25

*** "Printx" may be inserted.
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POLYNOMIAL EVALUATION--REAL OR COMPLEX

~

This program evaluates polynomials of Example 2:
the form: . f(x) = (5-7i) - 10x + (-2+1)x?
f(xo) = aotaix+...+a x £ 18x3 + (3+41)x"
where the coefficients for xo =2 + 1
ak,k=0,...n(n528) and x, are real Solution:
or the coefficients and x; are 1.68 ENTH
complex of the form 2.68 £Se3
. 48R ENT?
ak = Re (ak)+ i Im (ak) 3.8 £SR4
. 8.86 ENT
Zy = Re(Zzo)+ 1 Im(zo) 18,68 £SR4
1.82 ENT*
k=0,1, ... n -2.88 ESP4
8,88 ENTY
Example 1: -18.08 £584
- . -7 T4
f(x) = 11-7x = 3x2% + 6x* + x° Sgg E’;Bs
for xo = 2.5 -166.80 e Re f(xo) w
for xo = -5 226.88 xrx Im f(Xo)
Solution:
CLRE
11,88 £SRI
-7.88 Pt
-3.88 RS
g.068 RS
3.88 RS
1.80 RS
2.98 cSk?
267.72 mx T (2.5)
6.08 STCR

-5.88 CSR?
-29.08 #x T (-5)




U0 Cega B2 8

iﬁ
T

|

[ ]
User Instruections 1
STEP INSTRUCTIONS DA;’X’;S;ITS KEYS oﬂ%ﬁﬂfvs
1.] Key in the program 1]
For real polynomials: L1
1L |
2.1 Initialize [f 1[ReG]
[0 ]
3.] Store coefficients dg [GsB | [ 1 |
LI ]
4.] Continue for i = 1 to n, ns28 a; (RS 1]
0]
5| Compute £(x,) Xq lasB 12 ] | f(xo)
LI ]
6.] For a different x, go to step 5 n+1 sTo ][ 0 ]
[ I ]
For complex polynomials: L1 ]
7. | Enter x, Im X, ENT [ ]
Re Xq [ 3 ] 0
L]
8.] Enter ak,k=n,n-1,...1 Im ay [
Re ap II]
L]
9.{ Enter a, and run Im ag [ ]
Re a, [ 5 ] Re f(xg)
|:I Im f(xo)
]
10.| For a new case, go to step 7 [ ]
]
L]
]
[ ]
L]
[ ]
L]
L]
[ ]
1.
[ ]
[ 1

ﬁ
i
]
L
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a1
a2
83
a4
85
86

Bz
a9
4
11
12
12
14
15
3

v
di

i
19
26
ae
=4
22
27
24
o
&
26
7

28
29
ki
2!
32
32
24
35
k{3
38
38
40
41
42

44
45
46
47
42
48

¥LBL!

182
ET0i
RsS
ET0Y
¥LBLZ
ENT?
ENTS
ENTt
RCLi
X
D&z
xLBl@
RCLi
+

DSz
eT0R
2y
RS
*LBL3
»F
8701
x2y
8702
o
EKTY
ENT#
ENTA
RTN
¥LEL
£SES
&T08
WLELS
£5E9
RS
g2y
Ree
#LBLS
3P
RCLI
v

Yy
fie

RCL2
+
yey
R
RTN

Multiply by xq

Multiply by xo

Divide by X,

*xx%x T(Xo)

Routines for
complex polynomials
r

0

Prepare for LBL 9

*xxx Re f(xo)

*xx%x Im f(xo)
Multiply in polar
form

1]
3!
32
53
M
I3
56
i
58
£q

24

¥LPLS
X2y
R
+
3
+
2y
Ri
x2y
RTN
RS

Add real parts and
imaginary parts

REGISTERS

r or ag

6 ora;

3

ar

9

.5

16,

17

18

19

20

21

22

23

24

25

26

27

28

29

drg

**% "Printx" may be inserted or used to replace "R/S".



o ROOTS OF F(X) = 0 IN AN INTERVAL
This program uses a half-interval Example 2:

search to find_the.real roots gf an Find the root of x% - 2/% = 0
equation f(x) = 0 in a closed inter-

val [a,b]. in the interval [1,10] using Ax = 1
= 10~ 6

The user specifies the continuous, and € = 10

real function f, an interval [a,b],

Solution:
an accuracy tolerance e, and a search —_
increment Ax. The program then begins cTo8
at the Teft of the interval and com- 66 I¥
pares the functional values at the 67 ENT?
ends of the interval [a,a + Ax]. If P EH%T
f(a) and f(a + Ax) are of opposite cg 5
sign, this interval is searched for  yx f(x)
a root. Otherwise, or even after a .
root is found, the program proceeds 71Xy
in the same manner with the interval 2z
[a + Ax, a + 2Ax], etc. At most one 73X
root will be found by the program for 4 -
each of these small intervals, 75 RTN
1.-86 ST05
33 lines and 22 registers (Ry,Rs - Rag) 1.88 ST06
available for defining f(x) 18.88 STO?
) 1.88 5701
Example 1: €581 %
Find the roots of x3-8x2+5x+14 = 0 141 o
in the interval [-10,10] using Ax = 1
and € = 10-°
Solution:
ET0R 1.-86 &T05
66 ST0R 1.08 ST0¢
&7 2 -18.88 ST0!
e L 18.88 STO7
68 RCLE G5B!
e xe -1.98 mkx X,
7! g RS
72 x  f(x) 2,08 xrr X,
72 - p-g
4 3 7.88 k¥ X3
75 RCLA Py
76 X 11,88 wxxx b+Ax
77+
78 1
79 4
ge +
81 RTH




y User Instruections

STEP INSTRUCTIONS DA#ﬂxﬂLTS KEYS oﬁﬁﬂﬁﬂﬂs
1. | Enter program with f(x) defined at LBL 0
and ending with (RTN
2. | Store constants €
AX
b
a
3. | Run root
4, | Continue untildisplay = b + Ax indicating the root or
end of search b + AX

5. ] For a different f(x): press GT0 0; switch to
program mode; key in f(x) ending with g RTN;

switch to run mode; and go to step 3.

oOodoododoboC Do oD U U OO AU e

JoCH o Ode o OOR 00O Us e e

_|
_




o

81 *LBL!
82 RCLI
83 Gspe
84 <703
85 v=87
86 GSpo
87 RCLI
88 RCLE
B9+

18 sT02
11 sT08
12 Gsee
13 RCLZ
4 x

15 x¢@0
16 €708
17 RCL2
182 e10!
19 RCLE
2 4

21 srn2
22 RCLT
23 g2y
24 e
25 RS
26 60!
27 #LBLE
28 RCLY
29 gr02
3 eTpe
31 #LBL?
32 RCL4
32 RS
34 RCLE
s s
36 &1
37 aLBL9
38 RCLI
39 RS
48 RN
41 xLBLS
42 RCL!
43 RCL2
44+

45 2

47 T4
48 coea
49 aps

f(x)

End of interval

*%x%x root

%% root

Halve interval

58 RCLS
31 Xye
32 €107
51 RCL!
54 GSpe
S5 oer03
€ RCL4
57 &eee
S8 PcL?
39 X

e x<a°
£ ET06
£2 RCL4
£3 §TD!
64 ETOR
65 sLBLE

f(x)<tolerance?

Sign change?

£(x)

REGISTERS

Used

3 f(x)

Used 5 €

AX

Used

9

.5

16

17

18

19

20

21

22

23

24

25

26

27

28

29

**x "Printx" may be inserted
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a;
A=a2
as

has an inverse

O

if the determinant Det of A is non-

zero.

b1 Ch
b2 Co
b3 Cs
Oy (0.1
Qs Og
Og Og

(bycs-bscy)/Det
(asco- azca)/DEt
(a2bs~asb,)/Det
(bscy-bicjy)/Det
(ai1cs-asci)/Det
(azb,-a;bs)/Det
(bico-bycy)/Det
(azc1-ajc,)/Det
(a;by-a,b;)/Det

3 x 3 MATRIX INVERSION

Example:

Solution:

Det
Qa,
)
o3
Qg

Qs

®
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1o0ns

er Instrueti

Us

LR
2=
a3 .
3% B |
Snme - mgzzg;m U @gmbunjﬁ‘]ij
| s e e ] i
¥ | ol 78 ]j j] J ]]]TJ,
ldggsegzses 5 ¢ D DL DD T
@
52
g< o sle|lal A8 Sl &S
a
2
5
E
2 £ o o
S 2 :
3 |8 .
& | x o)
o s o
5 | & —
- 1= Il
— nh &~
o |8 S |5
V4 [72) [a < ST
N o |<
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1

sLBLE

58 ReL2
g2 x 51 €Spe
a2 X 52 RCLS
84 PN 53 RCL4
85 elBLI 54 RCL7
@ RCL1 55 RCLe
87 RCLS 56 GSBS
8e RCLO 57 RCL7
83 CSRe 98 RCL3
18 RCL? §9 RCL9
11 RCLE 68 RCL1
12 RCL? 61 GSB9
17 CSee 62 RCLE
4+ 63 RCL1
15 RCL3 64 RCL3
16 RCL4 €5 RCL4
17 RCLR 66 G5B9
18 £SRA 67 RCL7
189 4 68 RCLS
28 RCL3 69 RCLS
21 PRCLS 78 RCL4
22 ROL? 71 6SRe
23 ESRe 72 RCL8
24 - 73 RCLI
25 RCL2 74 RCL?
26 RCL4 7S RCL2
27 RCLS 76 GSke
28 CSpe 77 RCL4
29 - 78 RCLZ2
38 RCLI 79 RCLS
31 RCLE g8 RCL!I
32 PrLe 81 oLBLO
33 GSBe 82 x
4 - a2 R
3z RS Determinant 84 X
3 SsT.0 85 XY
7 RCLE 86 R
38 RCLE 4 -
38 RCLS 88 RC.@
40 PCLS ge =
41 GSRY @ RS *xx o
2 RCL? 9 RN
47 RCLZ
44 RCLE
45 PRCLZ
46 ESRC
47 RCLS
48 PRCL2
49 PRCLé
REGISTERS
1 a, 2 a 3 a, 4 b, 5 b,
bs Ci 8 C2 9 C3 0 D !
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

***% “Printx" may be used to replace "R/S".




BASE b ARITHMETIC

Given positive integers x and y, this
program computes Yp o Xy

where the operation ¢ can be +, -, x,
<. In division, the remainder is
truncated.

The program can also be used to per-
form base conversions. When the base
has two digits, two digits are allo-
cated in the display. For example
2BD7,5 would appear as 2121407.

Reference:

"Applications Programs, Volume 2",
Adams, ed. Int'1. Software Clearing-
house, Estacada, Oregon, 1977.

Examples:

1. 2133+375074

2. 124-37¢

3. 123454x4567 ¢

4, 165344

5. A3C9, > Base;,

6. 30690,, -~ Base 16
Solutions:

e, &I
213, ENT#
37587, r£eo:
7722, kiy
12, ENTt
37. BER2
25, ¥%E
12345, ENT#
4TE7. GSR2
1341563,  yuw
15, ERTY

£8r4

Cag b 1Ty

16, 8107
-18831239, fepe
41920, ¥y
30690, Lok

TA714R2.  w¥x




User Instruetions

20
STEP INSTRUCTIONS o A'T’:\'/’g;”s KEYS o ﬂ‘zsgﬂs
1.| Initialize display [fix |
Lo ]
I
2.| Store base b [stol({ 7 ]
.
3.] ¥y +x y [ENT [ ]
X lesB ) [ 1 ¥+ x
o]
4.1y - x y (ENT J[ _ ]
X (6B [ 2 | y - x
L]
5.] y + x y [ENT ] ]
e B
6.] ¥ + x Note: remainder is truncated y [ent | |
» [[ess} {4{ [y ex |
For base conversions: R
1 Store_base b LSTOI [ 7]
I N .
2.} To convert an integer in base b to base .. N, lcHs [[ |
"0 i | 658 } [0 ] [N
3.| To convert an integer in base 10 to base b Nig {GSBJ { 0 J]
lews |1 ] [ wy
]
I
L1 ]
I N
[ 10 ]
[ L
(R O B
I N
L]
I
N
[ 1)
I .
I ]
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@1 #LBLS @ RCL?
@2 [HS -X 31 Log
83 CcSee 32 INT
LI 44 2 1
a5 CHS -y 94 ST03
96 GSRR 55 ¢
87 RN 3 18¥
88 »LBL! X, Y 57§70
89 CSR9 b “b 58 RCL4
1e + y X]O 59 ¥{@°
11 Esee _Jgase b 68 ET0R
12 [HS £1 P
12 p/S *xk ¥ + X Y]
14 olBLZ Xp yb €3 PRCL?
15 ESR9 €4 STOH
16 ¥y Y10 M0 €5 sLBLS
17 - y-x 66 RCLA
18 x@? €7 sLBL?
19 €T06 > Base b 68 RCL!
28 CSpe 69 :
21 CHE - 78 ST0¢
2 8 wRx Y- X ‘? FRC
27 »LBLE 72 RCLI
24 CHS 77
25 GSBe 74 RCL2
26 FRE 79 X
27 ®lBLZ 76 EEX
28 8RS 72
29 bt 78 +
38 Espe 79 LSTX
1 CHE ge -
2 RS *hkk Y o X Yy GTeZ
77 HLBLe 2 ROLS
M GBS 82 ST
?t 5y 84 RCLE
i * gs  INT
“ £spe B¢  x#@°
3¢ CHE *kx Y X 87 €707
% Rt & RCLE
4P $LpLP Base b to base 10 gg ';g,ii
4 INT Base 10 to base b o CHe
42 Priv conversion routine at R
47 CLRE ) '
44 oT0% +
45 ST07
46 3]
47 ST04
48 Ry

- 49 §T08 REGISTERS

0 Used ' Used 2 Used 8 Used 4 - Used > Used

6 Used 7 Used 8 9 0 3

2 .3 .4 5 16 17

18 19 20 21 22 23

24 25 26 27 28 29
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GAUSSIAN QUADRATURE Jb F(x) dx

This program computes the value of

b
.// f(x) dx

a

for finite a and b, and an f(x) which
js single-valued in the range [a,b],
using the six point Gauss-lLegendre
quadrature formula:

b
S foa
a
bea © zj (b-a) + b+ a
TZ W_'f( )
i=1 2
where:
z, =~Z, = ,238619186
z, =-z, = .661209386
2, =-z; = .932469514
Wy = W, = 467913935
W, = W, = .360761573
Wy = W = 171324492
33 lines and 20 registers (R,o-Rz29)

are available to define f(x).

Reference:

Applied Numerical Methods.

Carnahan, Luther, and
Wilks; John Wiley and
Sons, 1969.

Examples: 10
] [

2

1
e
dx
2. E/F -;TTi;ys

Solutions:

8.238619186 STO01
8.661209386 ST02
8.832469514 ST03
8.467913935 ST04
8.3687615973 STO0S
8. 171324492 ST06
€102
66 17X
67 RTN
1.88 ENTY
18.88 GSBI
2.38 me
FIX8
2.30140808 »1x

6702
66 ENT?
67 LN
68 3
(1
8 x
71 1
72 RN
1.00088008 e
ENT?
X2
658!
8.37497974 tix

The correct answers are:

1.
2.

In 10
3/8

f(x)

f(x)
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STEP INSTRUCTIONS DA#ﬂ%ﬂLTS KEYS DSHJEst
1. ] Key in the program and switch to run mode
2. | Store constants: 1 238619186
L 661209386
1 932469514
467913935
L 360761573
.171324492
3.] Go to Label 2
4.]| Switch to program mode and key in f(x).
Include a RTN statement .
w 5.1 Switch to run mode
6.| Key in Timits and run a
b JE(x)

7.} For a new case, go to step 3.

OOLOC OO0 e s Js e e
oot DO e OOU e e BEE O




24

43 STx@

45 *LBL8
46 RCLY
47 RCL®
48 ¥
49 2

Clear flag

Test flag

-1

Set flag

58 =
51 RS
52 #LBLY
53 RCLI
54 RCL8
55 x
56 RCL?
57+
s8 2
59 =
68 CSB2
61 RCL4
62 x
63 ST+9
64 RN
€5 #LBL2
66 RS

***be(x) dx

f(x)

REGISTERS

Flag

2z, (z5)

Z3 (Zu)

3 zo (z6)

(W)

W3

(wy)

We (W)

atb

b-a

® Used

.5

16

17

18

19

20

21

22

23

24

25

26

27

28

29
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GAUSSIAN QUADRATURE FOR 5an(x) dx

0o

| This program computes the value S Solutions:
3 f(x) dx for finite a and single
valued function f(x) by the six point 8. 238619186 STOI
Gauss-Legendre quadrature formula: A.66120938¢ STO?
© 8.9324469514 §T032
F(x) dxas 8.467913935 STO4
8, 366761572 8TOS
1 6 4w, ( . 8.171224432 STOS
1 .3 Z 2 f + a -
| i=1 (1+Z ) 1+Z , eT02
| &6 [HS
| where: z; = -z, = .238619186 gg ng;
| z; = -z, = .661209386 €9 [HS £(x)
| z5 = -z5 = .932469514 Py
| Wi = Wy = .467913935 72 yx
77 x
| ws = w, = .360761573 24 BTN
Ws = Wg = .171324492
- 33 Tines and 20 registers (R,, -R.s) 0. 99808G6R i§§§
‘ " are available to define f(x). e " eeRy
i Reference: Applied Numerical Methods. 8.92418185 xxx
‘ Carnahan, Luther, and ETD?
| Wilks, John Wiley and g6 ve o
| Sons, 1969. &7 1
‘ v Y 1
j Examp1 e
| Exampies: o 69 ENTt
| 1. / e X x°8 dx 78 ENT? F(x)
f 0 7l 2
- 72 4
2 f dx \ 73y
. (xZ+1) (x?+4) 74 x
‘ 0 510y
‘ 76 RTN
i 8. 800008080 ENT4
G5B
8.85453121 wkx

The correct answers are:
1. 1(1.8) = .931383771
2. b5m/288




25 User Instruections

STEP INSTRUCTIONS DA'II”:SS;ITS KEYS ofrlzz:;rrs
1. | Key in the program and switch to run mode.
2. | Store constants: .23861918
661209386
.932469514
.467913935
.360761573
.171324492
3. |Go to Label 2
4. |Switch to program mode and key in f(x).
Include a RTN statement.
5. |Switch to run mode
6. |Key in a and run a S (x)

7. |For a new case, go to step 3.

JOOO00CO0000000 00000 B 0OUO U BE R R
JIOUOOCOOCOCOOE OO e GO OO CH el L
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81 »LBLB
82 RCLE
83 2

a4 :

a5 R-/S
86 xLBL1
87 ENT#
ag I

89 [CHS
18 S108
11 +

12 8707
13 e

14 STO8
15 xLBLE
16 G5B9
17 RCLI
18 RCL?
18 ST
28 Xy
21 ST102
22 RCL4
23 RCLS
24 8704
25 XY
26 ST05
27 BSR9
28 RCL1
29 RCL3
38 ST10!1
31 Ry
32 87103
33 RCL4
34 RCLE
35 8T04
386 X2y
37 ST06
38 GSRe
39 RCLe
48 X»p°
41 €708
42 xlBL6
43 STx@
44 STx!
45 8Tx2
46 STx3
47 6708
48 xLBL9
49 2

***f;f ( X )

Clear flag

Test flag

-1
|Set flag

58 RCL1
51 1
52 +
33 =z
54 ST09
35 RCL?
56 +
37 GSR?
38 RCLY
59 ye
68 X
61 PRCL4
¥ X
£3 ST+8
£4 RTN
£S5 ¥LBLZ

f(x)

REGISTERS

flag

z, (%)

Z; (z4)

8 25 (z4)

w; (W,)

5wy (W)

W (Wg)

a -1

Used

Used

16

17

18

19

20

21

22

23

25

26

27

28

29

@ -
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BESSEL FUNCTION J (XD

This program computes the value of
the Bessel function J,(X) by using a
numerical method which makes use of
the recurrence relation

2
Ip1(X) = 53 95 (034, (0)

the summation relation

Jo(X) +2 % dy0(X) = 1
i=1

and the fact that
1im Jn(X) =0

n->co

First let

1 1
m = INT {1+3x12+9x3+max(n,x)}
where INT means "integer part of".

Then set

where a is an arbitrary non-zero
constant.

Then the series of terms, T,,0 <k <m,
is computed by successively applying
the relation.

_ 2k
starting with k = m,

Jn(X) is then found by dividing the
term Tn(X) by the normalizing constant
p
K=Te(X)+2 T21(X)

i=1

where

m . .
7 if m is even
p:
m

-1 .
5 if m is odd

Note that all the Ty are proportional
to a, hence K and the result are in-
dependent of a.

-6
Note: Jo(X) =1 for x<10 but is out
of range for this program.

Examples:

1. Jo (4.7)
2. Js (9.2)
3. Jp (1)
4. Js (5)

Solutions:

. 0oeRGAE ENT?
4.70880080 CSB1
-8,26973878 1z
5. A08ARERA ENTT
9. 20080000 CSR1
-8, 18852862 wxk
8.00a0e0a8 ENT
1.080000000 COR!
B.76519768 iy
3. 20688RAe ENT?
3. aeeeanns LSe!
£.26114855 ¥xx

.
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User Instruetions
STEP INSTRUCTIONS DA'II'NA’I,SJITS KEYS DA(\)Tl:\T/EzITTs
1. | Key in the program
2. | Compute J_(X) n
Jn(X)

JOO0HCOOOUoOOnCOudC e 00O OO0 Aa0L
I AN
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@1 xlBL1 58 RCL!

82 SsT0! 51 s

X Ri 32 X

84 ST05 33 RCLé

85 EEX 34 STO3

86 CHS a3 X

87 ) 56 oY

ag s 57 -

89 £T08 38 ST06

1e e 38 RCLE

11 87103 6@ 1 Decrement count

12 8704 (¥ -

13 RCL! Calculate m €2 ET09

14 & 63 xLBL?

13 1% 64 RCL7

16 Y 65 FRCL4

17 ENT# &6 2

18 ENT? 67 P

19 9 68 RCLE

28 X 6o +

21 X 78 z

22 LSTX 71 RS wxx Jp (X)

23 ¥ 72 xLBLA

24 + 73 RCLE

25 1 74 STO?

26 + 79 RTN

27 RCLI 76 ¥LBLR

28 RCLS 77 RCLE

29 ny? 78 ST+4

3e <Y 79 RN

IR MAX(n or x)

32 +

33 INT

34 xLBL9 m

35 ST108R

. 36 RCLS

37 X=y?

38 £SBe

39 RCLB

48 X=@7

41 ET07

42 2

43 :

44 FRC

45 X=@?

46 ES5BR

47 RCL3

48 RCLS

49 2

REGISTERS
1 X 3 T+ 4 FTos n

10771, 7 Tn ®Counter k |° Used ° !
.2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

*+%x "Printx" may be inserted.




GAMMA FUNCTION

This program approximates the gamma
function T(x) for O<x<61 with eight
digit accuracy over most of the range.

Equations:
(1) X)_e[]nV + x In x-x + A]
_ 1 N 1 1
where A = (-l- 30X2 ]OSXL’). 12x

(2) T(x+1) = xI'(x)

Note: This program can be used to
find x! = T(x+1)

Examples:
1. (1)
2. T(.5)
3. r(5.25)
4, 7!

Solutions:

1. 88000800 £OPY

1.20800080 ¥+ T(1)

8. 50000000 £521

1.77245385 wx¢ T(.5)=/7
S.25@rpeanr oCP!

3521161167 w¥v T(5,25)
2,00800PA2 CSP!
Se4p.0000!7 k¢ 7 !=T(8)

Reference: Gamma Function, John
Ulissides. "65 Notes,"
V3NI10, p. 37.

31




1o0ns

ser Instrueti

N

T

32

OUTPUT
DATA/UNITS

I'(x)

KEYS

JUANDHO0000 0000 00000000000E

JRRNNNND

NN i

RERRNNED

w
=
-
55
24
z - >
<
[=]
[223
<
o
=
O
=2
[+
™=
e
ju
>
(e
5
o ~—~
x
a ~—
K= [ =]
)
Q
o 2
o e
[=1
> £
U (=]
pv= (]
a
_..l._ .
o | N
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BI wlBLI 58 GTOR
82 cT08 51 PRCLI

a3 9 €2 R/ **xk T (x)
84+ T=x+9

BS ENTt

B 18

@7 ye

af ENT

a9 ye

18 K}

i .

Wy e O LD D g Ty (Y da ey g

%) P P e e bea b bea a R b

>
LIRS s LSO O S I ] O~ LAY I |

a7
24
25 4
26wy
27 ENTH
22 LN
29 X
7 ?;V
2 P
33 :
2
35 2
k7 "
7 LK
22 +
20 e In T (1)
42 e¥
41 701
42 Ly
42 9 X
4 - R
educe T (T)
45 x[BLE
46 8Ty
47
8 4+ x+ i x+9
L 40 wzyo
49 KAV REGISTERS
X 1 r(x) 2 3 4 5
7 9 ] 1
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

*%% "Printx" may replace "R/S".
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SINE, COSINE, AND EXPONENTIAL INTEGRALS

Sine integral:

X .
si(x) = [ SRE dt -
0

(_1)nX2n + 1]
(2n+ T)(2n + TN

(o]
z
n=o0
where x is real.

This routine computes successive
partial sums of the series, stops
when two consecutive partial sums
are equal, and displays the last
partial sum as the answer.

Si(x)

T X

T T T T T
-l 2 4 6 8 0 12

Notes: When x is too large, com-
puting a new term of the
series might cause an over-
flow. In that case, display
shows all 9's and the program
stops.

Si(-x) = -Si(x)
Cosine integral:

X cos t -1
Ci(x) =y+Inx+ f —oiT——dt=
0
-1)n x 2n
Y+ Inx+ 2% (
1 2n(2n)!

n:

oo

where x>0, and Y= 0.577215665 1is the
Euler's constant.

This program computes successive
partial sums of the series. When

two consecutive partial sums are equal, {
the value is used as the sum of the
series,

Ci(x) A

Notes: When x is too large, computing E
a new term of the series might i
cause an overflow. In that
case, display shows all 9's and
the program stops.

Ci(-x) = Ci(x) - im for x>0.
Exponential integral:

X t g
E1'(x)=f %—dt=y+1nx+2

oo n=

x"
nn!
1

where x>0 and y= 0.577215665 is Euler's
constant.

This program computes successive partial
sums of the series. When two consecu-
tive partial sums are equal, the value

is used as the sum of the series.
Ei(x)

T T Al T T v T T
24 6 8 10 12 14 16
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Note: When x is too large, computing Solutions:
a new term of the series might
g cause an overflow. In that @.57721566 7.0
: case, display shows all 9's 8.£¢ fee!
and the program stops. B.67 wxy
B.o8 23R!
References: Handbook of Mathematical "f; il
; Functions, Abramowitz and é,, FSEZ
Stegun, National Bureau < op cope
of Standards, 1968. 19 rye
-M.iF ¥x¥¥
. 1,59 REp2
Examples: 257 wws
1. Si (.69) 8.5 £SP7
B.88 pwy
2. Si (.98)
3. Ci (1.38)
4, Ci (5)
5. Ei (1.59)
N ) 6. Ei (.61)
'ser Instruetions
User Instruetions
STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS
!
1.1 Key in the program L]
2. Store o ,577215665| [STOJ[ - |
Lo 1] a
C 0]
3.| For Sine Integral X (6B [ 1 1 [Si(x)
For Cosine Integral X [GSB ][ 2 Ci(x)
For Exponential Integral X [6sB ][ 3 _| Ei(x)
I B
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8
g2
83
84
es
8
87
88
g9
18

14
di

12
17
14
15

1¢

1
i

19

28
21

&2
”
Lo

24
25
2
27
28
29
&)
3
2
37
4
k3
20
9
48
41
42

43

+

£rT02

RCL2

STBE
ReL2
+
KEY?
ETOR
Rs8
*LBL2

Xz
CHS
§T0!
1
sTO2
8
ero2
LSTX
LN
RC.8
+
£ToR
*LBL3
sT0!
1
gT02

Sine Integral
routine

##% gj (x)/Ci(x)
Cosine Integral
routine

Exponential In-
tegral routine

kK Ei(x)

REGISTERS

1 used

2 uysed

3 used

7

8

9

used

2

.3

4

.5

16

17

18

19

20

21

22

23

24

25

26

27

28

29

**% vPrint X" may be used to replace "R/S".




In the Hewlett-Packard tradition of supporting HP programmable calculators with quality software, the following
titles have been carefully selected to offer useful solutions to many of the most often encountered problems in your
fieid of interest. These ready-made programs are provided with convenient instructions that will allow flexibility of
use and efficient operation. We hope that these Solutions books will save your valuable time. They provide you with a
tool that will multiply the power of your HP-19C or HP-29C many times over in the months or years ahead.

Mathematics Solutions
Statistics Solutions
Financial Solutions

Electrical Engineering Solutions
Surveying Solutions
Games
Navigational Solutions
Civil Engineering Solutions
Mechanical Engineering Solutions
Student Engineering Solutions




