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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 will find 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
thereof.

© HEWLETT-PACKARD COMPANY 1977
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CUBIC EQUATION

This program finds the roots of cubic
equations of the form

f(x) = x*+ax?+bx+c=0
where a, b, and c 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:
CLee

1,-R4 CTOF

-6, 86 ST
&Tnz

11.8@ 702
ESE!

3.66 xey X1
g

8.25 wry D
B8

2.00 mr X,
k&

1.88  yyy X3

Example 2:
x3-4x2+8x-8=0

Solution:
CLRE

1.-84 SToe
-4,88 570!
£.8R cT02
CHE
€102
N

2.88 yuy X
R-c

-7.86 oy D
£epz

1.72 yex VY
Lvad

1.88 yry u



2 User Instruecetions

1. | Key in the program I i
N
2. | Initialize | f || REG
10-" sto 1 o ]
| —
3. | Store coefficients a [STO 1
b IsTO 2
c STO 3
|
4. | Run |GSB 1 Xy
IR/S D
|
5a | If D20, roots are real IR/S X5
IR/S X3
5b | If D<0 roots are utiv |GSB 2 v
Ixzy u

6. | For a new case, go to step 2




ne.nrn

P

L tag Ty bea 0T

rneR R on

[

5
o
i
g
8
X
£1
63 ~* %% X]
&4
65
&I &€
eToy 57
REAY %
18 ¥iPLO &8
28 ! £9
EYR 7
22 =7 "'
23 22
24 72
25 74
26 75
a7 -
P I
2¢ 77
23 72 D=(b?-4ac)/4a?
fE 79 Real roots
21 se
a2 g1
KX g2
Xt} ez
ktd 24
% 83
77 8¢
k¢ g7
Kl ae yak X2
48 &g
41 %€
2 9y
47 az X
44 93 limaginary roots
45 PCLI f(x) 84 0
- c . . .
46 4+ a5 u is in y register
7 ocToR 9 ,
b Rits Fk V
46 PPZ Tolerance a7
40 prie REGISTERS
107" 1 a b 3 4 Used 5 X
8 9 0 1
Used 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)
anxn+an_]x”‘]+...+a1x+ao

by x-x, so that

anxn+...+a1x+a0

= (x-x0) (b x"!

o 1% +...+bx+by)+R

where bn—1= a,

b=1>

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

R= boX0+ao
Note: Program requires ns7. If n<7,
let ay=...=a_,,=0

n+1

Example:
(x°-4x"*+7x3-10x2+8)+ (x-2)

ENT
ENTS
ENT?
G L8R
ENT?
ENT®
ENTt
Rs8
LSRp2
¥¥% b
Rec O
B.88 g¥y |p
1.RE w¥¥% |
-2.88 ¥¥¥ b
J.ER ¥¥x b
ke 2
-4,BE ¥¥y b
E-8
-8.88 x¥¥ b
pee 0
-8.88 xxx R

Solution:

Rl
o

]

o
[~ S5 T T ~ T ~ R I NN
e e e . -

o B > B B IS SR
s S TEA RIS I



User Instruetions 5

STEP INSTRUCTIONS DATAIUNITS KEYS DATAIUNITS
1. |Key in the program - [A::l
I -

2. |Store coefficients a, [ ENT

as ENT I

as [ENT |[

a, lesB | 1 as

ds “;NT

a | ENT

a1 | ENT

a, | R/S as
3. |Run Xo | GSB 2 be
4. |Continue for i=5,4,...,0, R | R/S b

5. |For a different x,, go to step 3




~] Ty TR Fa Ce] P b

R LR LR TR T T S Uy SNy SNy WO S SRR, 5. ~ Bt B~ e~ B B B B+ )
B s SN, Y SR T O TN o+ TR T T

r
[

ray My
|

"
*

raa

fad T Fa TR g f03

Ea

*kk b6

*%% D
j

REGISTERS

a;

3 a.

7 de

az

9 X0

.5

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:
et - 7% 1
sinh x = 5 csch x = T (x#0)
X -X
_e +e _ 1
cosh x = 5 sech x = Tosh x
_ sinh X _ 1
tanh x = cosh x coth x = Tanh x (X?éO)
N bk I I
sinh” 'x = In[x + (x?41)7%] csch 'x = sinh ;—(X#O)
-1, _ 2 5 -1 _ -1 1
cosh 'x = In[x + (x?-1)7] (x=1) sech” 'x = cosh < (0<x<T1)
-1 _ 2 -1 -1 1 2
tanh 'x = %In[(1+x)/(1-x)] (x?<1) coth” 'x = tanh ;»(x >1)
Examples: Solutions:
1. sinh (1.5)
2. cosh (5.9) 1.
3. tanh (1.3) )
4. csch (.95) ’
5. sech (-3) 3.
6. coth (-1.99) 4.
7. sinh™! (3.5)
8. cosh™! (100) 5
9. tanh-! (-.7)
10. csch™! (3) 6.
11. sech™! (.5)
12. coth=1 (5.4) 7




. User Instructions

STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS

1. | Key in the program 1]

2. | sinh x X (GBI 1 1 [sinh x
(.

3. | cosh x X [GSB|[ 2 ] [cosh x
I

4, | tanh x X [GsB|[ 3 | [tanh x
[

5. | csch x X lgsgll 1|
[GsBJ[ 4 ] [esch x
LI ]

6. | sech x X lgsgll 2 |
| GSB|[ 4 | [sech x
LI |

7. | coth x X lesB]l 3 |
[GSB|| 4 | |coth x
I

8. | sinh™'x X lgsgll 5 ] [sinh™! x
L]

9. | cosh™'x X [GSB}I 6 { cosh™' x
LI

10. | tanh~Tx X lesB][ 7 | [tanh! x

11. [csch~1x X | GBI 4 |
|Gl 5 | Jesch-T x
[

12, | sech™'x X GBIl 4 ]
[GSB][ 6 | [sech~T x
(I —

13. | coth™'x X [GsB][ 4 |
l6SBI[ 7 ] [coth-] x
oI
[
I .
I N .
I
[ N
L]
I
I ]
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a
1
a
4
C

“3 P Ty T Fay Py e b b

S

-

B IR N,

Cd g Nad Tad g T

0D

*%% Sinh X

*%% COSh X

*%xx tanh x

* k%

1

*%% Sinh™'x

—_— cosh']x

*k Kk tanh']x

REGISTERS

1 Used

3

7

9

.3

.5

16

17

19

20

21

22

23

24

25

26

27

28

29

***% "Printx" may be inserted.
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This program evaluates polynomials of

the form:

f(x,) = a0+a1x+...+anx

POLYNOMIAL EVALUATION--REAL OR COMPLEX

n

where the coefficients

ak,k=0,...n(n528) and x, are real
or the coefficients

complex of the form
a = Re(ak)+ j Im(aQ

0

k =0,

Example 1:

f(x)
for X,
for X,

Solution:

Re(zo )+ i Im(zo)

1, ... n

11-7x - 3x? + 5x"* + x°
= 2.5
- 5

CLRE
11.88 €3p!
-7.68 Rt

6.0 ST0P
-5.88 CSB?
-29.06 xwx»

and x, are

Example 2:
f(x) = (5-71) -
+18x° +

for xo = 2 + i

Solution:

i€

[N B~ TS I - N o E L)

3

-

m

-1

228

10x + (-2+1)x?
(3+41)x"

L@ ENTt

B8 ESE3

.88 ENT?
B8 CER4
.BE ENT?
.88 ECR4
B8 ENTH
B8 CCRY
.88 ERTH
.88 E£5E4

LBE w¥x Im f(Xo)



Y‘ Al Al * Al
User Instructions 1
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS
1.] Key in the program I
For real polynomials:
2.| Initialize [ f | [REG
3.] Store coefficients ay
4.] Continue for i =1 to n, n<28 a4
5.4 Compute f(x,) Xq f(xo)
6.] For a different x, go to step 5 n+l
For complex polynomials:
7.1 Enter x4 Im X,
Re X, 0
8.] Enter ak,k=n,n-1,...1 Im ay,
Re a,
9.] Enter a, and run Im ag
Re a, Re f(xg)
Im f(xo)
10.| For a new case, go to step 7




En gt G
at oy S8 yLBLS Add real parts and
ez oot imaginary parts
Rz ad R
B =3
as 54
P cE
& 5¢
as a7
| ')
o g8
11 Multiply by x, =
12
17
A Multiply b
;; 3 u 1p ,Y .V X0
ITpEZ
‘e oot
e wpy
28 < DiVide by Xo
2! Rt *kk f(XO)
22 wiplz Routines for
27 +F complex polynomials
a4 CTHd
e bl A r
26 sToe 0
23 Il
2 Prepare for LBL 9
i *xx Re f(xo)
Rt
4B $LELE wek Im F(xo )
4t ap Multiply in polar
42 RCL! form
4z ¥
41wz
o EET
4% ERCLZ
4e +
47 vav
H HPE
47 +R
45 RTK
REGISTERS
i ''rorag |2 0ora; 3 a, 4. L a |’
7 8 9 .0 T
.3 4 .5 16 17
19 20 21 22 23
25 26 27 28 29 asg

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




ROOTS OF F(X) = O IN AN INTERVAL

This program uses a half-interval Example 2:
search to find_the.rea1 roots of 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
- -6

The user specifies the continuous, and € = 10
real function f, an interval [a,b],

an accuracy tolerance e, and a search
increment Ax. The program then begins oTne
at the left of the interval and com-
pares the functional values at the

Solution:

Ty
Ty

ends of the interval [a,a + Ax]. If E; gz;A
f(a) and f(a + Ax) are of opposite E; c
sign, this interval is searched for S f(x)
a root. Otherwise, or even after a b e
root is found, the program proceeds A
in the same manner with the interval -
[a + Ax, a + 2Ax], etc. At most one 73X
root will be found by the program for 4 -
each of these small intervals. 75 RTH
1.-8€ 8705
33 lines and 22 registers (Ro,Rs-Ryq) 1.88 2T06
available for defining f(x) 18,88 STO7
1.88 5701
Example 1: £SR1 «
Find the roots of x®-8x?+5x+14 = 0 1,41 ey '
in the interval [-10,10] using Ax = 1
and ¢ = 10-°
Solution:
g6 ET0R 1.00
&7 2 -18, P8
£e ¥* 18,88 3
€8 RCLA
e ye -1,9 X1
71 g
zg X f(x) 2.8 X,
45 7,08 X 3
75 RCLe
e 11.e7 b+Ax
=
78 H
79 4
ae +

81 BTN



User Instruecetions

14
STEP INSTRUCTIONS DATAUNITS KEYS DSTLLT/S:ITTS
1. | Enter program with f(x) defined at LBL 0 [
and ending with RTN L__:rl[ngJ
C
2. | Store constants € sTol 5 |
A X STO 6 B
b VSTQ 7
a stol 1
3. | Run GSB|[ 1 root
4, | Continue untildisplay = b + Ax indicating the R/S root or
end of search b + Ax
5. | For a different f(x): press GTI0 0; switch to

program mode; key in f(x) ending with g RTN;

switch to run mode; and go to step 3,

- — —— — — — — — — — — — —
| | I |
. | | | | l | | | |
— e e e e e e e e e e e e
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R R R TR LA LA LA T S e N e A B I T~ s A T~ v B ~ i B |

r
b

r,
L ) Oy LR e G P bea O L XD ] FTy R B ] Pad bea O L0 0 T EFy 0N Ew g Tad e TR QD T g Oy LA e ) Fr) e

(ol g T Py P P

NENENENENENES RN

*%x% root

*%x%* root

End of interval

g Ty R P g T s XD

[ N e R R B I I I I I I, I O Y )

L, T NS I SN, - I T )

f(x)<tolerance?

Sign change?

4+

5 2

46 = Halve interval

47 T

48 LSPA

49  APRS

REGISTERS

0 ! 2 Used 3 f(x) 4 Used 5 €
6 7 8 9 0 1

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

**% "Printx" may be inserted
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3 x 3 MATRIX INVERSION

a, by ¢ Example:
A ={a, by ¢ -1 0 3
as bs cC3 A={7 1 -1
has an inverse 2 3 0
G G Gy Solution:
A-'=| o0, a: ag
O3 Og Og
where o; = (b,c3-bsc,)/Det ‘;-
ar = (asco-ascs)/Det 3
as = (asbs-asbs)/Det o
ay = (bsci-bicy)/Det ::
as = (aics-ascy)/Det -1
as = (asby-a;bs)/Det 8.
a7 = (bico-bycy)/Det 54,80
ag = (a»ci-a;c,)/Det a.
as = (aib,-a,b;)/Det "

if the determinant Det of A is non- Lo
2,35 #vi Q3

zero. s
£.17 wiv
L
-8.11 w¥w Qs
R-g
8.8 w¥v o
-8.86 ¥y Q5
pg
B.27 ¥¥¥ Qg

e

-8.82 ¥y Qg
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User Instruetions

OUTPUT
DATA/UNITS

KEYS

—r g JJJJJJ g JJJJ g JJ Sl J JJ JJJlJJJL S 1 J JL JLJuJ

e e W e B e W B B B e W B e B e B e e e e W e B e I e B s B Mo B s M s B s B s B e ey M B s B s B s B |

»
E
[
55
a= - N O H N o o
zg © oo o oal o 4o
<
o
(2]
z
e
(=
o
=1
o
9
0 o
2l e )
© S .
~ — .
o © .
o >
~ -
o < N
o
) s o
< L ~—
L ©
£ ]
=
or— Q ~
> |3
Q + m W
~ wn | w
a
w o
o |—| |~ o | <
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@i lple 5@ PCL?

Az = 51 ESee

g3 X 52 RCLS

A4 PTN 53 PCL4

a5 LBl 54 RCLT

BE RCLI 55 RCLS

@7 RCLS 96 ESP9

RE RCLS 57 RCL7

A3 LCRA 58 RCL3

8 RCLZ 59 RCL9

11 RCLE 68 RCL1

12 RLL? 61 €SB9

17 ESpA 62 RCL6

14 + 63 RCL1

15 RCLZ 64 RCL3

16 PRCL4 65 RCL4

17 PRCLE 66 G5B9

1& CSRe 67 RCL?

14 + 68 RCLS

2e RpCLZ 69 RCLS

21 RCLE 78 RCL4

2z BoLT 71 GSRA

23 ECRe 72 RCLE

24 - 73 RCL!

25 pLL? 4 PCLT

26 RCLM 7 RCL2

27 PRCLe 7€ ESEQ

208 [GSEe 77 ORCL4

29 - 78 RCL2

8 FRrL! 79 PRCLS

31 RCLE 8@ RCL!

i pOLE g1 #LRLO

I7 [CSRe g2 ¥

- 87 R

Ehd Determinant 84 ¥

X I Pl

8 PRI

It 87 -

3 88 RC.8

4 ga =

j‘ @ PpS *EE oy

i a1 RTN

47

44

45

47

48

49

REGISTERS

0 1 a; 2 das 3 ds 4 b, 5 b,
6 bj 7 Ch 8 Co 9 Cs 0 D 3
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 yb o xb

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,¢ would appear as 2121407,

Reference:

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

Examples:

1. 2134437507

2. 12¢-37¢

3. 123454x4567 ¢

4, 16g+44

5. A3C9,¢ »Base;

6. 30690,, ~ Base 16
Solutions:

41928,
J8L98,

7A714R2,

19



User Instruetions

20
STEP INSTRUCTIONS o A'T'f/'b’;”s KEYS o STT/S&TTS
1.| Initialize display [ J[fix|
Lo [ |
C Il |
2.| Store base b {E’D—_{ [CYT}
3.] y +x y [ENT ][ ]
X s ][ 1 | y + X
I
4. y - x y [ENT | | |
X [GSB || 2 | y - x
I
5.] y + x y [ENT [ ]
X IQSLH 3 { y ¢ X
l
6.] ¥ + x Note: remainder is truncated y | ENT | | |
X lesB || 4 | Yy X
(R
For base conversions: [ 1 |
1 Store base b [STb H 7 l
I
2.] To convert an integer in base b to base .. N, | CHS | | |
i - |GSB|[ 0 | Nin
3.| To convert an integer in base 10 to base b N]0 {GSB H 0 }
[eWs || | [N
.
[ I ]
LIl ]
I
I
(I
Il ]
(10 ]
I
[ 10 ]
.
I
I
Il
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@1 xLBLS 38 RCL7
82 CHe -X 51 L0g
83 ESpe 52 INT
84 XY 53 !
B CHS _y 54 8703
86 cSpe 9% +
87 RN 56 1ev
88 xlBL! X,y &7 57!
3  (GRA b b 58 RCL4
e+ Yip X 59 ¥¢p0
10 710 i

11 ESBe oé ET0E
2 CHe > Base b 1R
12 psS *kx Y + X 2 STPS
14 xlBLZ Xy Yp €3 RCLT
15 €SR9 €4 8701
1 3y Y10 %10 €5 sLBLS
17 - y-Xx 66 RCL4
182 X<@° 67 ¥LBL7
19 ¢T0¢ S Base b €8 RCL!
28 Cope g9 =
21 CHE 7@ STOE
2 RS ey X e
27 #lBLE 72 RCL!
2 CHE 73 ¥
25 ESpe 74 RCLZ
2% Rt ®
27 alBLT 7€ EEY
28 gope 72
29 x 2 4
J& ESpe 79 [CTY
3t OHS -
2 RS *kk Yoo X gz‘ 2%
77 slBLe > PCLS
34 £SRS 87 STx3
= = B4 RCLE
¥ 85 INT
7 &Be g6 x#@7
Jg  CHE *xkk Y T X g7 €707
L e RCLS
48 $LBLE Base b to base 10 gs :ﬁ“?
4 INT Base 10 to base b o0 (HE
2 oprLT conversion routine a RN
47 CiRe T
44 CT0< v
45 ST07
% R
47 ST04
€ R

[ 48 fT08 REGISTERS

0 Used ' Used 2 Used 3 Used 4 Used ® Used

6 Used 7 Used 8 o 0 A

2 .3 4 .5 16 17

18 19 20 21 22 23

24 25 26 27 28 29
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GAUSSIAN QUADRATURE 3[bF(x) dx

This program computes the value of Examples:

a

for finite a and b, and an f(x) which 2.

b 1.
// f(x) dx

is single-valued in the range [a,b],
using the six point Gauss—Legendre

quadrature formula: Solutions:
b
S foa
a
b-a © zi (b-a) + b + a
—?—'Z w, f (20 )
oo
i=1 2
where:
z, ==z, = ,238619186
z; =-Z,, = ,661209386
Zg =-Z¢ = .932469514
Wy, = W, = 467913935
w3 = w, = ,360761573
Ws = Wg = 171324492
33 Tines and 20 registers (R, o-Rzg)

are available to define f(x).

Reference: Applied Numerical Methods.

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

e
//’ dx
5 x(1nx)?

R.238619186 5T0I
0.661209386 STOZ
#.532469514 ET03
8.467913935 STM4
8.368761573 STOS
8. 171324492 ST06

ET02
66 17X
67 RTN

1.88 ENTt

18.88 GSB!

2,38 axx

FIXe

2.38148808 xxx

ET02
66 ENT?
7 LN
68 3
69 ¥
78 X
711X
72 RTN

1.00080008 o*

ENTt

X2

GSB!

8.37497974  gx»

The correct answers are:

1. 1In 10
2. 3/8



User Instruections ?3
STEP INSTRUCTIONS o AITT:S»LTS KEYS o ST%E:LS

1.] Key in the program and switch to run mode L]
I
2. | Store constants: 238619186 | [sto || 1 |
661209386 | [sTO |[ 2 |
932469514 | [STO || 3 |
467913935 Isto Il 4 |
,360761573| [sto /| 5 |
.171324492| [sTO 1[ 6 |
l ]
3.] Go to Label 2 {GTO H 2 Jl
4.| Switch to program mode and key in f(x). | I
Include a RIN statement . {} { :
5.| Switch to run mode || H }
6.| Key in limits and run [ENT4 | |

%GSB H 11 JE(x)
7.| For a new case, go to step 3. { R
[
I
[
[
LI
I
T
N
I
I
[
[
I | |
l I
]
[
l I
I
| |
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g1

2
82
A4
gs

=

>

8

il

) PTy LR e G ey ke TR MO

bt iy Fody bed bea bea boa boa ke bea
En fo] B e 0D LA 6A ] R LR R G P a0 Lo 0o

o Ea Ba Ba Ba e Tad T Cad Tad Tag fa) e Cad fad P Tud Fad P Py Py Ty P Fay Ty
tad P b D LD D ) Ty LR

An dn
EOOEN

47
40
49

Clear flag

Test flag

-1

Set flag

RS
¥LBLO
RCLI
RCLE

RCL?

el

4

T
=y

13

F

1t

gT+0
RTH
¥LBL2

R<E

Ty Ty T Gy Ty Ty Oy LA LA LA LA LN CA LA LN LN L
AR TR G AR AL I A B AT I CE A
1 My 4+

***a,(bf(x) dx

REGISTERS

2z, (z5)

Z3 (Zq)

8 7o (z6)

a+thbh

b-a

Used

17

18

19

20

21

23

24

25

26

27

29




GAUSSIAN QUADRATURE FOR /mF(x) dx
a

This program computes the value S
f(x) dx for finite a and single
valued function f(x) by the six point
Gauss-Legendre quadrature formula:

00

/ £(x
1 +a-1)

) d

6 4 w; 2
z (1+z )° (]+Z.
i=1 1

where: z; = -z, = .238619186

Z; = -z, = .661209386

Zs = -Z¢ = .932469514

wi = we = .467913935

w3 = w, = .360761573

Ws = Wwg = .171324492
33 lines and 20 registers (R., -R,q)
are available to define f(x).

Reference: Applied Numerical Methods,
Carnahan, Luther, and
WiTks, John Wiley and
Sons, 1969.

Examples:

Solutions:

g, 27

B.£

ga

.4

8. 3¢

8.1

2702

£E [HE

£7 a¥

£8 1ETY

£8 [HE

5 f(x)
71 z

72 ;.-'-"-'

74 RTH

opt
eR!
e R 2 oo o]
RO2LIRIRS  k¥#
£TAs
ge ue o
gt
g ad
S0 .
£ T4
TEOEHT f(x)
b ] T
-n ;
id +
b LR L~3
3 42
7d X
e 1w
e RTN

Q. RRARARRA ENTH

3.8545312§

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

25



User Instructions

26
STEP INSTRUCTIONS DA'TTSS,I.TS KEYS DSTT/G:ITTS
1. | Key in the program and switch to run mode. [ ] [;
I
2. | Store constants: .238619186| [STO J[ 1 |
6612003g6| STO11.2.
932469514 510 | 3 |
.467913935| STO |[ 4 |
.360761573| Ist0 || 5 |
.171324492 FTO H ﬁ{
3. [Go to Label 2 o Il 2 |
I
4. |Switch to program mode and key in f(x). [ ' }
Include a RTN statement. I%J } }
l |
5. [Switch to run mode I || l
I
6. |Key in a and run a GsB |1 1 1 |/f(x)
I I
7. |For a new case, go to step 3, { - H : }
I
.
I
I
I
N
I
I
[ ]
(10
(I
[ 10 ]
(I
I
I
L0 ]
L 1]
.
| ]




27

8! »LBLE 58 RCL1

2 RCLS 51

ez 2 ) +

a4 z LK) z

85 RS *hk f f(x) 54 ST09

@€ ¥lLPL] 8% RCL?

@7 ENTt N1 +

ag M 57 EE&R2

89  [HE 58 PRCLS

18 sT0R S £

1 " Clear flag e v

2 ET07 61 RCL4

12 g &2 ¥

14 sT08 €2 cT+8

15 xLBLE t4  RTN

16 GSRY €5 ¥LELZ f(x)

17 RCL!

18 RCLZ

18 8701

2 Xy

21 8702

22 RCL4

23 RCLS

24 S7D4

25 XY

26 ET0S

27 ESRe

28 RCL!

29 RCLZ

28 ST01

31 XY

32 €103

33 RCL4

34 RCLE

35 ST

3& XY

37 ETRE

28 Lepe

39 ROLE

L Test flag

41 E£T08

42 LBLE -1

47 STx@

44 S8Tx1 Set flag

45 GTx2

46 ETx3

7 ET08

48 x[BLS

49 z

REGISTERS

0 flag 'z, (2,) z, (z4) 3 25 (z6) oWy (W) [5 wy (wy)
6 We (We) Ao Used Used © !
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29
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BESSEL FUNCTION J (X)

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

_2n
Jn_](X) =Y Jn(X)—Jn+](X)
the summation relation
Jo(X) + 2 % Jpi(X) =1

i=1
and the fact that

1im Jn(X) =0

n—>oo

First Tet

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.

_ 2
Tk_](x) =5 Tk(X)-Tk+](X)
starting with k = m.

Jp(X) is then found by dividing the
term Tn(X) by the normalizing constant

T2i (%)

p
K=Toe(X) +2
’,:

1

where

if m is even

3 NS

51 if mis 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. Jo (1)
4. Js (5)
Solutions:

b, anpeeeee ENT*

4.70a88e00 GSP!
-B. 26933878 ¥xx
5. AREAARRE ENTY
9.2ppeAAAC LEP!
B, 18852052 k%
B.83800046 ENTY
1.080R8008 CCP
B.7ESI9TES v
5. PRamGaRR ENTH
3. eeeeaeen £SP!
E.2R114855  yyx
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1008

er Instrueti

Us

OUTPUT
DATA/UNITS

Jn(X)

szgmuuurumurpprcm

1

JIO000UOU00a0UC

(7]
>
w 7||l,|||. 1J|. | | ||
KDDE ,.jJ ml J Imlmln j ijjj ,Eﬂjﬁﬁjjmﬁ
& rl,ltrllrlLrg,llrlLFI;FIuILIIL ,hlLIL rlglp, | L Ft U
[72]
L
a
[72]
4
S
5
z
o
4
=le
[1°]
}
[=2]
o
| —
o >
[«}] (n
< D
)
[«}]
[ = +
= |5
2 |5
V4 (&)
P - .
=8 I
[72]
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81 »lBL1 38 RCL1

82 sT0! 3l

ez 2 a2 X

84 STOS 53 RCLé

85 EEX 34 ST03

8t CHE 55 k4

a7 Q 36 XXy

eg & 57 -

es  &rTpe 58 ST0f

ie e 53 RCLE

11 87102 ée ! Decrement count

12 8T04 £! -

12 RCLI Calculate m £2 [£Tn9

14 £ 63 *LBL7

15 1% €4 ROLT

16 bl 65 PLL4

17 ENT? s 2

18 ENT? &7 :

19 Q 68 PRCLE

2 X £e +

21 x 7 z

22 LSTY 71 Ret *kok Jn(X)

23 I 72 »LBLA

§i f 73 RCLé

KN i 74 STO7

26 + 79 RTN

g? ECLi 7¢ ¥LBL8

28 RCLS 77 RCLE

29 Mywe 78 ST+

e Xy 79 RTN

IR MAX(n or x)

32 +

32 INT

34 xLBLS m

J5 8708

36 RCLS

37 x=Y?

38 ESpe

39 RrLe

48 X=B"

41 €707

42 2

43 z

44  FRC

45 X=@8°7

46 LSR8

47 RCL3

42 RCLS

49 2

REGISTERS

0 1 X 3 Tk+] 4 31Tog 5 n
® 10'99,Tk ! Tn ® Counter k Used ° !
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

**% "Printx" may be inserted.




GAMMA FUNCTION

This program approximates the gamma
function T(x) for 0<x<61 with eight
digit accuracy over most of the range.

Equations:

(1) r(x) = e LM %;‘FX n x-x + A]
1

1 1
where A = (1- 30,7 * To5x™)" Tox

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

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

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

r(1)
r(.5)=vT
r(5.25)

£,PPARRAAR GSD!
se4p. @ARR17 wiv /7 !=I(8)

Reference: Gamma Function, John
Ulissides. "65 Notes,"
V3N I10, p. 37.

31



User Instruetions
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OuTPUT
DATA/UNITS

I'(x)

KEYS

1iE
Al

r[[l[[l[

]]JJJ}1

[[[[[[[

TEIATATSATRRARTS

——
[ 1

[[l[l[r[{[utt mu[hu rmjmmm

]J]]]J]]
| I
N
I |
o
,, |

—
.
f |

SnInn

,I[[[L,I,[[[[[[[L[[L[L[[[[L[

(2]
E
-Z
2D
2
Zz = x
<
(]
(2]
r4
=
-
(8}
=)
o
-
(2]
2| s
[
S~
o
[®
S~
o -~
x
a ~—
= (=]
|
[<3]
[ +
or= >
Q.
>y 1S
U o
4 (&)
a
w o .
"N — N
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g! ¥Rl 58 £TOR

82 eTom ! RCLI

82 9 52 RS **x T (x)

a4 + T=x+9

BE ENTt

I 4

o7 e

ae ENTt

gs e

1

IE

13 B

ld -

15 2

£ 8

17 =

e

1Q _

e Xy

29 M

22 2

27

24 :

25 +

25 vy

27 ENTH

20 LK

28 x

* -

I ey

22 Pi

33 B

kB

T =

26 T

7oL

2e +

70 [ue In T (T)

47 e¥

PoETM

12 CLY

47 9 X

44 - R

educe T (T)

4% xLBLA

46 £7=!

47 1

42 + Xx+i x+9
E 49 HEY?

# REGISTERS

0 X 1 I'(x) 2 3 4 5
6 7 8 9 0 1
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

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

Sine integral:

X .
. _ sin t -
Si(x) = f- — dt

(_])nXZn + 1
(2n + 1)(2n + 1)1

(o)
z
n=o
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 T T T T x

Y T
4 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+ / — dt=
0

Y+ Tnx+ ; (1N X,2n
1 2n(2n)1!

n:

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.

Notes: When x is too large, computing
a new term of the series might
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 © n
. _ e _ X
Ei(x) -{ T dt =y + In x +n£1 -

where x>0 and y= 0.577215665 1is 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 serijes.
Ei(x)

T T T T T T
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
cause an overflow. In that 8 577RISEET ETLR
case, display shows all 9's
and the program stops.

References: Handbook of Mathematical
Functions, Abramowitz and
Stegun, National Bureau
of Standards, 1968.

Examples:
1. Si (.69)
2. Si (.98)
3. Ci (1.38)
4. Ci (5)
5. Ei (1.59)
6. Ei (.61)
v °
User Instruetions
STEP INSTRUCTIONS DATAIONITS KEYS DATEORITS
1.] Key in the program I
LI ]
2.| Store a .577215665| [STO [ - |
Lo 1[ | o
]
3.] For Sine Integral X 6B [ 1 | |Si(x)
For Cosine Integral X |GSB || 2 | [Ci(x)
For Exponential Integral X 6B || 3 | |Ei(x)
| X |
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Tt b b b ea TR D TR CD TR MR O O

BV L LR, B MY I 2% B

] TPy TR Ba Te] TOY b Ny TR U0

Sine Integral
routine

£

"Print X"

may be used to replace "R/S".

£z
€7 s
£d +
4 . £5 ygvn
I . €5 cTpe
18 T £7 RS **%k Ei(x)
o -
28 prL3
M
##% Si(x)/Ci(x)
Cosine Integral
routine
79 RL.B
42 +
4! £TOR
42 #LBLT
47 oTn: .
a1 Exponential In-
45 o107 tegral routine
%€ 8
47 o702
48 PRCL!
— 48 LH
REGISTERS
1 used 2 used 3 used 4 5
7
8 9 used a
2 3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29
I 3¢ 3¢
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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
field 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
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