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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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This program calculates x2, the number of degrees of freedom, and
Pearson's coefficient of contingency given a 2 x k contingency table.




Arithmetic mean

+ ...+
A= al . an

Geometric mean

G= (a1a2 N

Harmonic mean

ARITHMETIC, GEOMETRIC, HARMONIC
AND GENERALIZED MEANS

Generalized mean

n

M= G O

t.t
ay )

NOTES: 1.

ak>0, k=1,
2. M(1)=A
M (-1)=H

EXAMPLES:

+
ml—d

2, ...

SOLUTION:

s N

Find A, G, H & M (1) for the set of

numbers

{2, 3.4, 3.1, 7, 11, 23}

£SB!
1.88 5709
2.88 GSR2
3.48 €582
3.41 €SB2
7.88 E5R2
11.88 GSR2
23.88 ESR2
ESE3

.38 xxx
R-S
33
Rs8
334
RS
b33 4

4.48

5.87

g.38

M(t)
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BASIC STATISTICS (TWO VARIABLES)
This program calculates means, standard EXAMPLE :
deviations, covariance and correlation
coefficient derived from a set of data |
points X; 26 30 44 50 62 68 74 !
{(xi,y.),1'=],2,...,n} 1
1 yl92 85 78 81 54 51 40 1
_ 10 R ! |
means x=;1—i;x1. y=ﬁ1_2=:]y1.
SOLUTION:
£ee!
standard deviations a2, PR ENT*
_/Ix:2 - nx? 26.80 I+
[ ——— 85.80 ENTY
n-1 w08 3+
2 = 72,88 ENT?
(or o, =/5%" = ™" o /0=y 44.88 I+
X n X/ n 21,00 ENT?
_ 58.88 I+
s = /LYi7 - ny? 54,80 ENT4
Y/, —/— g2.88 I+
n -1 51.88 ENTY
_ £8.88 I+
(or o ry.? - ny? ¢ /n=1) 48.80 ENT4
n Yy n 4.6 I+
RE
. 58.57 xek X
covariance : p.g
= 1 -1 0.71 wix Y
sxy 1 (inyi nzxizyi) £8.7! ;t: y
1 ] 18,58 wrx s
(or Sy [inyi_ E—zxizyil) prc |
28,06 w»¥x s )
. . Ree Y |
corr‘elat1gn coeff1§1erjt 35414 ax i
hos XY Xy reg Y f‘
XY SxSy oXoy 096wk v |
ELRZ
17,12 www Iy
NOTE: n is a positive integer and Reg
n>1. 18.5! ¥wyw O
re Y
38255 wxx S
Reg Y
-B.95  why ny

i




User Instructions

STEP INSTRUCTIONS D A:'NA'/,:I:ITS KEYS D 3‘2::,25
1. |Key in the program [ l| I
2. |Initialize lesB || 1 |
3. |Perform steps 3-4 for i-1,2,...n Yi l ENT+J Lg‘__J
4. X [ 2+ ] ]
(correct erroneous data) Yk LENT+!| |
Xk RN
5. [Calculate means: | R/S || ] X
less I 1| 3
6a. |Calculate sample standard deviations: I R/S ll l Sy
* Lrss || | | sy
7a. |Calculate sample covarience | R/S ]| I Sxy
8a. |Calculate correlation coefficient | R/S Il J ryy
AND OR:
6b. |Calculate populations standard deviations: [ GSB II 2 I Oy
[R/s ] Oy
7b. |Calculate population covarience [ RS || Sxy
8b. [Calculate correlation coefficient | R/S || rxy




6 Lo ®
Program Listings

@l ¥lBLI Initialize

gz CL:

gz RsE

g4 RC.E

as H

8 - n-1

a7 g1

ee RC.#

as s

18 ¥

11 &102

12 %

12 Rs8 *kk y

4 Xy

15 R<S *hk &

1€ S

2z *

. P g ** Sy

18 %2y

19 -2 Jedkek Sy

28 x

21 »LBLA

22 RC.S

23 RC.!

24 RC.Z

25 ¥

26 RC.2

27 s

28 -

29 RCLI n-1orn

38 2

21 R-g Fkk sXy or Sxyl

32Xy SxSy or oxoy

37

34 RS % pryy

35 ¥lBL2

J€ 8

7 RCLZ

!’ x ** “Printx" may bg inserted before "R/

s*kk

9 RS Ox *** “Printx" may be inserted

48 X2y before or in pJace of "R/S".

41 PRCL2

42 x

42 RS *E*o

44 ¥

45 FRC.8

4 STDY 6.6

a7 R Xy

48 ET0R

/-1 REGISTERS

0 1 n-1 2 n 3 4 5
6 7 8 9 0 n 1 %
2 ZXZ .3 Ty 4 Ty 5 IXy 16 17
18 19 20 21 22 23
24 25 26 27 28 29

s".




é ANALYSIS OF VARIANCE (ONE WAY)

The one-way analysis of variance tests
the differences between the population
means of k treatment groups. Group i

k
df, = Error df = ;g% n; - k

(i= 1, 2, ..., k) has n, observations

(treatment group may have equal or un- Treat MS = Lreat SS
equal number of observations). reat M5 Treat df
sum.= sum of observations in treat- Error SS
ment group i Error MS = Error df
;5
= X
R ij - JIreat MS ; -
3= F Error TS (with k - 1 and
k
C M > n, - k degrees of freedom)
Total SS= 3. 2, Xis? - i=1
i=1 =1 Total SS, Treat SS, Error SS are in
kD registers Ry, Ry, Rj.
o 5 E
LT REFERENCE: Mathematical Statistics,
i J.E. Freund, Prentice Hall, 1962
n.
i=1
EXAMPLE:
n o1 2 3 4 5 6
(2 %iy)?
- J= 1 10 8 5 12 14 11
Treat $S= 2 |—~—- -

J

Error SS = Total SS - Treat SS

df; = Treat df = k-1

Treatment 2

3

14 13 10 17 16
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SOLUTION: ‘»_»

CLRE
ig.Bg I+
g.88 I+
5.ea I+
12.88 I+
14,86 I+
11.88 I+
ESB!

£8.88 dkk Sumy
£.88 I+
a.pp I+
g.eg I+
12.88 I+
EER]

J6.88 xxx Sum,
14,88 I+
13.88 I+
18.88 I+
17.88 I+
5.8 I+
ESB!

78.88 xix  Sums
-8

2.8 xxx df)
R<8
12,88 xxx df

gt

379 wex F




User Instructions

STEP INSTRUCTIONS o A'T'i'l’:; Ts KEYS n:r‘zszlrs

1 Key in the program | H |

2 |Initialize [ ¢ |[re |

3 |Perform 3-5 for i= 1, 2, ...k L]

4 Perform 4 for j=1, 2, R i |Z_+_IL_| J
(correct erroneous data, Xim Xi;p l f || g - l

5 Calculate Sum [GSB J L]__' Sum,

6 |calculate Treat df lRes |1 [ afy

7 |calculate Error df ks 11 1| af,

8 Calculate F (R/S r | F

9 (optional) Total SS EQCL Ir 1 J Total SS

10 | (optional) Treat SS &IL JLZ__I Treat SS

11 | (optional) Error SS |FCL Ir 3 ] Error SS

12 |For a new case, go to step 2 J[ J
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Program Listings

M
82
a3
64
a5
Be
gz

sLBL!
!
£T+4
RC.1
8T+7
¥
RC.2

ae
89 :
18
11 g
12
13
14
15 R/S
16 xLBL2
17 RC.2
18
12
28 PRCLS

g P My Py M
ST S Y |
o
e
i o
(&%)

3t

restore registers

**Sumi

Total SS

Treat SS

Error SS

***d-f—‘l

'I«"A"kdf-'2

***F

** "Printx" may be

x*Printx" may be
in place of "R/{

inserted before "R/$

inserted before or

REGISTERS

Total SS

Treat SS

3 Error SS 4k

9 .0

.5 16

20

21

26

27
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CHI-SQUARE DISTRIBUTION

This program evaluates the chi-square
density

where x > 0
v is the degrees of freedom.

f(x)

Series approximation is used to evaluate
the cumulative distribution

(v+2) (v+4)...(v+2k)

The program computes successive partial
sums of the above series. When two

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

If v is even,

If v is odd,

H%:(%JH%QL”%F%)

—
S”
1
N

F(§

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

NOTES: 1. Program requires vglél.

2. If both x and v are large,
f(x) may overflow the machine.
EXAMPLES:

1. v= 20,
Xx= 9.591;
x= 15,

SOLUTION:
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EXAMPLE : SOLUTION:
J.B8 ENT?
2. v=3, 7.82 ESR:
x= 7.82. 8.82 s f(x)
Rt
£.95 wex P(x)
®
User Instruections
STEP INSTRUCTIONS b A.'I,'::S;'Ts KEYS D :&::,TTS
1 Key in the program ]
2 Enter degrees of freedom v LﬁNT% ]
3 Enter x X
4 | compute f(x) lase || 1 || fx)
5 Compute P(x) |WS JI ] P(x)
6 |For a different x: x sto || 2 |
7 Calculate f(x) and go to step 5 [GSB 4]| 2 I f(x)

8 For a new case, go to step 2




Program Listings
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a1 sLPLI 48 ¢

62 §T02 X 49 [HE

X i 58 e

a4 i &1 X

g5 102 2 2

BE N2y v 57 RCL!

7 2 40w

pe = 55 =

P8 ST0M 3¢ RCL2

12 INT o=

11 LeTY 58§10

12 §#Y0 v even or odd? 58 RsS *Hxf (x)

12 ¢cToe odd 68 RCL2

14 1 €1 RCL!

15 x=y? r=1 62 3

16 6102 £3 STxS

17 - 64 2

18 ¢ro? 65 RCLI

18 $LBLS factorial loop 66 x

2 1 67 STOE

21 ¥=y? 68 1

22 eTo2 69 ST04

27 - 78 #LBLE

24 &Tx2 71 ORCL2

25 ETOS 72 RCLE

2¢ ¥LBLA 772

27 74 +

2 5 75 STOS

29 y=v? e =

I8 ETeS 77 RCL4

ISy 78 x

Iz ! 79 ET04

7 - ge o+ add to 1 first time

34 CoT¥2 Bl X#Y?

I croe gz 108 Toop

36 XLBLS 83 kL3

7 Pi 84 x

w® v 85 Rt ***P (x)

39 8T

4 ¥LBL?

41 RCL2

2 PrLY rxPrintx" may replace "R/S".

42 1

494 -

45  ¥x

46 ROL2

a7 2

REGISTERS
1 v/2 2 31, r1(v/2) |4 used 5 used

used 7 8 9 .0 A
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29
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t-DISTRIBUTION

This program evaluates the integral
for t distribution

rl) (144
1(x,v) =_fx z v dy
VT T(3)

where x>0,
v is the degrees of freedom.

EQUATIONS:

(1) v even

1

. 13
I(x,v)=sin6 {1+§ cosze+§7a-cos“e+...

+

1¢3-5...(v-3) v-2
2+4+6...(v-2)C0S Q}

(2) v odd

TS

I(x,v)= 2,2
ki)

2+4 v-3 V-3 .
+ e« e >'|
T3 (v-2) cos Q]}1f‘v

. 2 2
- cose{§1neEl+§cos 6+, ..

— -1, X
where 6 = tan (V”G)

REFERENCE: Handbook of Mathematical

Functions, Abramowitz and
Stegun, National Bureau
of Standards, 1968.

EXAMPLE ;
1(2.201,11)
1(2.75,30)
SOLUTIONS:
2.281 ENT?
11,88 CSB1
8.95 o 1(2.201,11)
2.75 ENTt
38,80 GSEI
p.o8 yyx 1(2.75,30)




User Instructions
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STEP

INSTRUCTIONS

INPUT

KEYS

OUTPUT

DATA/UNITS DATA/UNITS
1. | Key in the program f H I
2. | Enter x X lﬁ‘ ‘—-‘]
3. | Enter degrees of freedom v | H I
4, | Calculate I(x,V) [GSB H 1 | I(x,v)

L]l

|
L]
[ I

I

L




Program Listings

81 xLBLI 48 =
82 570! 49 ST+6
83 RAD 58 DS?
a4 Ix 51 €107
g5 = 52 RCLE
86 TaN- 52 RCL4
87 102 8 54 x
88 RCLI 55 RTN
pg 2 56 sLBLA
- S7 RCLZ
11 INT 58 2
12 LSTY 59 x
12 x#£ye v even or odd? &P Pi
14 GToe odd g1 =
15 @8 2 STO7 20/1
16 8705 63 RCLI
17 &s5Re 64 1
18 RS ** T(x,v) 65 S§T0S
19 yLBLO 66 ET-1
28 FRCL? 67 X=Yy? v =17
24 oS €8 ET06
22 ve 69 GSE?
27 §103 cos?8 78 RCL2
24 PRCL2 71 [0S
25 SIN 72 x
26 €704 sing 772
27 RCL! 4 X
28 2 ’ 75 Pi
28 y=y? v=2? e
3 ET08 77 RCL7
k$| = 78 +
k- B 72 R/ *k
3 - 26 *LBLE I{x,v)
34 ST0R i=INT (-\21- 1) 81 RCL4
K g2 RsS ** T(x,v)
kA 11 87 ¥LBLE
37 ®LBL7 84 RCLY
38 RCLZ 85 R/E ** T(x,v)
9 x
48 RCLS
41 1
42 o+
42 X
TY
:: LS;A Rs + 1 ** "Printx" may pe inserted before "R/S".
46+
47 &T0S
REGISTERS
i 'vorvl |2 6 3 cos? 4 sine > Used
Used 7 28/w 8 9 .0 A
.3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29




F DISTRIBUTION

This program evaluates the integral of (2) v, even
the F distribution

17

v
) . Q(x)= 1-(1-t)Z |1+ —% t+
Yi_ Y1
1(21i22)y2 Yoy 3 )
o 2 V2 vi(vi#2) .. (v 4y -4) > 22
Q(x)=£/' —dy + Al 2 "1 t
vit vy 2:4...(v,-2
rxh) rz2)(1+2y) 2 (v2-2)
2 2 \)2
where t= Y2
for given values of x(>0), degrees of votvy X
freedom v,,v,, provided either v; or v,
is even.
EXAMPLE :
1. vy=7, v,=6, x=4.21
SOLUTION:
4,21 ENT?
7.88 ENT?
° 6.80 CSBI
The integral is evaluated by means of B.6s wex Q(4.21)
the following series:
(1) v, even EXAMPLE :
Vo v 2 \)1=4, V2=20, x=2.25
Qx)= t 2 |1+ 52(1 - t) + ...
s vz(v2+2)...(v2+v1_4)(]_t)v1;2 SOLUTION:
2:4...(v,-2) 2,25 ENTY
4.88 ENT?
28.6@ ESB!
e.18 xxx  Q(2.25)
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User Instructions

STEP

INSTRUCTIONS

INPUT

KEYS

OUTPUT

L

DATA/UNITS DATA/UNITS

1 Key in the program I H |
2 Enter x X LENT+ H ]
3 |Enter v, v, [ente || ]
4 | Enter v, v, L]
5 |calculate Q (x) lasB || | | aw)

|

|

|

[ ]l

Ll

|

L

|
|
|
l
l
|
|
|
|
|
[ ]l
|
L
|
L
|
|




Program Listings

19

21 »LBL! 42 #LBL7

82 ENT* 48 2

8z - 31 58 S§T+2

84 ST0?7 vy, 31 8T+7

s R 52 R

ge  STOI v 53 RCL2

a7 ¥ 54 RCL7

ae + ki =

ge : 5¢ RCL3

g 8102 t a7 X

11 ROLY 38 ¥

12 2 59 ST+5

12 : 68 Dps2

14 FRC 61 €707

15 %487 v, even or odd? 62 wLBLE

16 ET09 vy odd 63 RCLS

17 CSER vy even 64 RCL4

18 RS **Q(x) 65

19 »lBLE 66 RTH

28 RCL3 67 ¥LBL9 vy even

21 RCLZ €8 RCL!

22 2 69 RCL2

23 §sT07 78 ST0!

24 z 71Xy

25 y* 72 87102

26 ETD4 73 i

27 RCL: 74 RCLZ

22 2 75 - 1-t

28 - 76 ST03

Je 2 77 GSpe

3 : 78 1

2 sT08 i= \”2"2 79 Ky

32 X=e° e -

34 ET08 81 R-S **(Q(x)

35 1 82 #LBLS

3 SToS 83 RCL4

37 RCLZ 84 RS *#*Q(x)

38 -

e &T02 1-t (or t)

4@ RCL2

41 2

o N i 3 n "

47 x **'Printx" may be|inserted before "R/§".

44 ST+5

45 D&z

46 ET07

47 ETDé

REGISTERS 32
Tv,orv, [Pvaorvy [3 t,1-t |4 t°  0Orfs ysed
used 8 S (]_t)TL 1

2 3 4 5 16 17
18 19 20 21 25 7
24 25 26 27 28 29
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POISSON DISTRIBUTION

This program evaluates f(x) and P(x)
for a given X using the recursive
relation

A

FOT) = =9 —

f(x)

Density function

Cumulative distribution
X
P(x)= 2o (k)
k=0

where

mean variance = 2

A is positive

and
X is a positive integer
EXAMPLE
A= 3.2, X = 7
SOLUTION:
2.28 £SpR!
7.88 R-S
8.0 xxx f(7)
R~S
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User Instructions

STEP INSTRUCTIONS DA':::;,TS KEYS ofrlz:::rs
1 Key in the program || l FIO)=P(0):
2 | Enter A A l GSB I I 1 I 04 |
3 Enter x X
4 | calculate f(x) | R/S | | f(x)
5 Calculate P(x) |R/S H J P(x)
6 For a new x, go to step 3 ( ‘

LIl

[

L L




22

Program Listings

81
a2
a3
a4
a5
8¢
a7
a8
89
18
11
12
13
14
15
16
17
18
18
28
21
22
23
24
25
26
27
28
29
38
3!
32

¥LBLI
sTol
CHS

aX

£T02
RsE
ST0S
8
gTo8
RCLZ
£T03
8Tn4
*LBLA
RCL!
182
RCLA
RCLZ
x
sT02
5T+
rCLA
RCLS
E#Y?
ET0R
RCLZ
R<S
1
RCL4
nye
ey

RsS

£(0)

***f(X)

***P(x)

***"Printx" may be
in place of "RAS".

REGISTERS

f(0)

8 f(x)

P(x) 5

9

.5

16

20

21

22

23

24

26

27

28

29

inserted before or
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PARABOLIC CURVE FIT

For a set of data points{(xi,yi), i =
1,2,...,n} this program fits a parabola

y = ax2 + a; x + ap
with the sum of the squares of the
errors minimized.
EQUATIONS: The normal equations are
X2y = a,IZx* + a1Zx® + aoIx?
Ixy = azIx® + a;Ix? + agIx
Ly
where the summations are from 1 to n.

asIx? + a;Ix + agn,

NOTE: If Zx3 = 0, an error will occur.
Replace it with 107%%,

REFERENCE: "Applications Programs,

Volume 1," Adams, Ed. Int'l.

Software Clearinghouse,
Estacada, Oregon 1976.

pp. 15-18.
EXAMPLE:
X5 | 0 1 1.5 3 5
; | 2.1 2 -5 -24.5 -80
Ix;® = 156.38, Ix.y; = -479.00,

2 - -
in Y; 2229.75

™
>
-
+
n

712.06, n = 5.00, inz = 37.25

[
>
]

10.50, Ly; = -105.40

SOLUTION:

-24.58 ENTt
2.08 £SB1
-88.688 ENT?
S.88 GSR!
ESe2

-3.66 xtx  a,
R-E

1,85 xmx a3
RS

2.28 #% 5,
4,08 GSB3

-48.87 #xx  §

data

23

2 ENT?Correct erroneous
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User Instructions

STEP

INSTRUCTIONS

INPUT

KEYS

OUTPUT

' DATA/UNITS DATA/UNITS
1. |Key in the program L__A*Jl I
2. |Initialize | ¢ || reg |
3. |Perform 3-4 for i = 1,2,...n s vt || ]
4. X lasB || 1 | i
(correct erroneous data Xk’yk) Yy [Eﬁ};fw FAA‘_W
Xk GSB ]| 4 I i
5. [Calculate regression coefficients: l GSB Il 2 as
LJQ@LJ| ay
Lrss || 2
6. |Calculate estimated value, y X | GSB |[ 3 y

For a new x, go to step 8

LI

|

I

Il

|

|

|

|

|
| |
| |
[ |
L]
| )
L]
| |
| |
| |
| |
| |
| |
| |
| |
| |
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| Program Listings
2 2
: 50 RCL8
gf Lq‘;; 52 RC.5
3 Laia 33 81-9
84 LSTX 54 sLBLB
RN X3 S5 RCL7
¥ 56 S§T=9
67 5T+ 57 RCLS
% ge  x 58 RCLS
{ 89 ST+7 X" 59 x
1 1a X 68 S-.%
E 11 x 61 RCLS
L [2 §T+8 X2y 52 R-S *kk 3,
12 RC.B n 63 RCLE
| 14 RS 64 x
15 sLBL2 Solve 3 simultan- 25, ;Ei
16 RCLE eous equations 5 K
5 67 R/S Fedek
17 RC.2 8 R ai
18 ST06 o C;f
19 817 8 o3
28 ST:9 o
2;‘ : ;é. Rg},'é **k g0
22 RC.1 77 LBL3
22 §:.2 74 ENT? X
24 £T:8 75 K2
23 52,5 76 RCLS
26 RC.8 77 X
27 8.1 __ 78 XXy
¥ ) 28 5T:6 79 RC.S
29 82,2 ae X
3e Ri 8! +
31 Ri 82 RC.3
32 RC.1 8+ ~ . .
73 §-.2 84 RS y manual "Printx" optional
i - 85 wLBL Correction routine
3 - 86 -
36 RCLE 87 LSTX
2?7 §T-7 88 LSTX
J8 §T-8 £9 3
3% RC.3 ) bl
48 ST-9 al 5T-8
41 8-.5 P
‘ 42 RC.2 o
l 43 ST?S -é: ‘,“
44 5.5 % STe9
‘ 45 LSTX e E’C. a
| 46 X=@7 98 RS
47 £T08 - n
48 oT=7 xk 1 Dd gt np e
49 ST:=0 Printx" may replace "R/S".
| REGISTERS
| 1 2 3 4 5
| ‘ ® Used T oaxt ® °  ix?y,a | n 1o
T 2 2 3 4 5 16 17
‘ X IY,aq Used IXY,a1
: 18 19 20 21 22 23
] 24 25 26 27 28 29
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PAIRED t-STATISTIC

Given a set of paired observations from EXAMPLE:
two normal populations with means ui,
vz (unknown)

X | 14 17.5 17 17.5 15.4

X; ‘ X1 X e X v; | 17 20.7 21.6 20.9 17.2
Yy ’ yiroooyz e~ Yn SOLUTION:
Tet IND]
Dy = x5 - Y5 14.80 ENTY
17.88 GSRI
R 17.58 ENT?
b =5 ;é% D, 28.78 GSB!
1 17.88 ENT?
: 21.68 £SB1
201.2 -5 (201.)2 17.58 ENT*
Sp = -~ 20.96 £SB1
15.48 ENT?
S 17.28 £SB1 ¢
Sy = _D; £se2
/M -d.2e sk g
RS
The test statistic 1.88  xxx Sp
RS
: -7.16 kit
t == Rsg
D 4.88 ¥k 45

which has n-1 degrees of freedom (df) c
can be used to test the null hypothesis

Ho: Ul = Uz
REFERENCE: Statistics in Research,
B. Ostle, Iowa State
University Press, 1963




User Instructions
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STEP

INSTRUCTIONS

INPUT

KEYS

OUTPUT

DATA/UNITS DATA/UNITS

1. |Key 1in the program I || I
2. |Initialize | Jle |
3. |Perform 3-4 for i - 1,2,..., n X3 | ENT4] | |

4. ¥i ERNRE i
(correct erroneous data) Xk IW! m
e | s[5 ]

5. |Compute statistics: | GSB Ir 2 | D

[Rrs || Sp

s | :

LRes L | of

I

L L]

L

L]

L L]
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28 Program Listings

81 wlBL! y X

az -

B3 I+

84 R/S

85 xLBL2

g6 X

97 R"‘S *kk ﬁ

ag g

89 LSTX

182 Xy

11 RsS *kk G

12 RC.8

12 X

14 g

15 2

16 R/S *kk

17 RC.2

18 1

19 -

28 RS Rk df

21 wlBL3

22 -

23 3-

2 RS Correct errors

*** "Printx" may Be inserted before
or in place ¢f "R/S".
REGISTERS

0 1 2 8 ¢ °
6 7 8 9 -0 A X
18 19 20 21 22 23
22 25 26 27 28 2




t-STATISTIC FOR TWO MEANS

Suppose X3, X2s ... X0, and
Y15 Y25 ... Yp2 are independent

random samples from two normal popula-
tions having means ui,H2 (unknown) and
the same unknown variance o2,

We want to test the null hypothesis

Ho: M1 - n2 =D

Define
n
=1
X = Tallia X{
- 'I n2
Y= s 2 Y
i=1

/%xiz-n1§2+2y12-n292
n1+n2-2

We can use this t statistic which has
the t distribution with ny, + n, -2
degrees of freedom (df) to test the
null hypothesis Hy.

REFERENCE: Statistical Theory and
Methodology in Science and
Engineering, K.A. Brownlee,
John Wiley & Sons, 1965.

EXAMPLE:
x: 79,

122,

y: 91,

100,

n, = 8

n, =10

D = 0(i
SOLUTION:

.e.,HoI Ui

84, 108, 114,

120

103, 90, 113,

80, 99, 54

CLRE
7e.e8 I+
84,88 I+

ipe.ee I+
114.88 I+
12e.88 I+
ie3.eg I+
122.88 I+

126.88 I+
ESB!

81.e6 I+
1e3.e8 I+
Sa.88 I+
113.e8 I+
188.88 T+
g7.88 I+
1pa.ee 3+
fa.e¢ I+
99.88 I+
4.88 I+
£582

16.88  xxx
g.e8 RS
1,72 mex

= Uz)

120,

108,

29

103,

87,
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User Instructions

STEP INSTRUCTIONS DA':'"A'::IJJITS KEYS DAOTUA.‘;:::TS

1. |Key in the program [ || |

2. |Initialize | £ |[Rrec |

3. |Perform 3 for i =1, 2, ... m X4 ‘ I+ Il | i
(correct erroneous data) Xk | f ]} I- |

4. |Reinitialize lGsB || 1 |

5. |Perform 5 for i - 1, 2, ... n, Yj I T+ Il } i
(correct erroneous data) Yh l f || - l

6. |Calculate statistics: | || }

6a. |Degrees of freedom | GSB || 2 ‘ df

6b. |Enter D and calculate t statistic D l R/S II I t

7. |For a different D D l6sB || 3 | t

S
e e 4 4y J ) J—ar J Ji Jbt ]




Program Listings
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81 sLBL!

8z RC.E

83 ST04

e4 14X

a5 s701

86 ¥

7 SsT02

g8 £

#9 RC.8

U

i -

12 X

172 X

14 €12

130z Reinitialize

16 R-E

17 #LBL2

18 RC.8

19 8T+

28 1/%

21 8T+

2 K

22 §7-2

4 0§

25 RC.e

2% 1

27 -

22 X

28 ¥

28 RCLZ

a1 4P x? + y2

32 PRCLI

33 RCL4

4 2

35 -

3% RE *x df

7 R Save D

I’ =

KR b 4

€ x

41 STOG Denominator

42 Xy

43 oLBL2 D

44 RCLZ

5 - ** "Printx" may be inserted before "R/!

46 [HS

47 RCLS

€% =

45 R-C *k ¢

REGISTERS
0 O R T “ny,nitn, |5 Denominator
6 7 8 9 .0 A
n X

2 sx2 3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

»
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CHI-SQUARE EVALUATION

This program calculates the value of SOLUTION:
the x? statistic for the goodness of CLRE
fit test by the equation £.p8 ENT
8,68 B5P1
” (01 _ E1)2 58.€E ENT?
X 2: — 4f.zﬁ E5E1

. 1 41
i=] 51,85 CB!
6,88 ENT?
54,48 GSBEY
3.88 ENT?
.25 GEB!
.BE ENT?
.15 ESB1
.88 ENT?
. B8 RERI
.88 ENTY
B8 GSR2
n 2012 £SR3

- 201 4.84 ¥xkx Y

where 01 = observed frequency

E.
;

expected frequency
If the expected values are equal 1

zoi
(E=E, = - for all i)

Correct erroneous data
then

LO T ‘D T 'O & D

X2

201

Note: In order to apply the goodness
of fit test to a set of given data,
combining some classes may be necessary
to make sure that each expected fre-
quency is not too small (say, not less
than 5).

REFERENCES: Mathematical Statistics,
J.E. Freund, Prentice Hall, 1962

EXAMPLE :

Oi‘ 8 50 47 56 5 14

Eil 9.6 46.75 51.85 54.4 8,25 9.15
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EXAMPLE : SOLUTION:
2. The following table shows the . EL‘;"::
observed frequencies in tossing a die ;:'BE' G‘EJ'
120 times. x2 can be used to test if Ir.ee by
the die is fair. 15. 0@ GSR!
23.88 LER!
Note: Assume that the expected fre- 24.80 £SB!
quencies are equal. 1€.88 £SB!
2.88 CSEi
number | 1 2 3 4 5 6 o 88 oS Correct erroneous data
. 24 16 E5B4
frequency 01l 25 17 15 23 500 ver X
k-8

6. 88 wwx E

User Instructions

STEP INSTRUCTIONS D A'T'::: ;ITS KEYS D 3‘2:::,5
1 Key in the program [ ]r |
2 | Initialize | ¢ ||res |
3 For equal expected values: [ H 1 ‘
3a | Perform 3a for i= 1, 2, ...n 0; lasB || 1 | i |
(Correct erroneous data, Oj) Oj IGSB H 2 ] i ‘
3b | calculate 2 lese || 4 | X2
3¢ | calculate E lRes || ] E
4 When expected values are unequal: l H |
4a | Perform 4a-4b for i= 1, 2, ...n 01’ IENT+|| i
ab = less |[ 1 | 1‘
(Correct erroneous data, Oj’ EJ) Oj |ENT*H l
5 | less Ila J|
4c | Calculate x2 [ GSB ] I 3 I x2
5 For a new case, go to step 2 | IL 1
]
JL LT d .
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Program Listings

=]
—

>

I,

o I~
2

N -

‘

"
y

Py

m o e
T

ot bk b b Fea s
RO g T tea

g M T Y Py Py e ke e e
N I N R S el

ra o hy
Lo o

ad Fa) tef Cag
3 e 3y 0,

Y]
In fa)

Ne
RCLE
ST+2

RCL3
I+

R-8
KLBL2

102

(953
L
7t

RCLZ

a]
£T-2

RCL3

R-E
xLBL3
RCL2
R-"’S
*LBL4
RC.2
RC.2

RC.1

E. or O,
i i

.i

*k X2

£0.2

0.
1

*kk 2

*k%x F

correction routine

may bé

** "Printx" may bg inserted before "R

***"Printx"
in place of "R/

e inserted before or
S".

REGISTERS

3 used

9

x?

.5

16

18

19

20

21

22

24

25

26

27

28

s".




2 x k CONTINGENCY TABLE

Contingency tables can be used to test SOLUTION:
the null hypothesis that two variables rips
are independent. 2.88 ENT+
J.88 &SB!
5.88 ENT?
1 2 3 ... k Totals 8.P8 CSE!
A a a N 4,88 ENT?
a1 a2 a3 ... Y A 7.88 CSBI
8,88 ENTY
B by b, b3y ...
L 2 78 b Ng 8.86 GBI
Totals Ny Np N3 ... N N 9.88 ENT?
£.88 £SBZ correct error
R-&
Test statistic 2.08 ;tz df
8.82 rxx  x2
I TE S L N RS
2= o+ — T__N 8.87 wrx C
X
N i N Ng i N

Degrees of freedom df = k - 1

Pearson's coefficient of contingency C
measures the degree of association
between the two variables

REFERENCE: Statistics in Research,
B. Ostle, Iowa State University Press,
1963

EXAMPLE :
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User Instructions

STEP INSTRUCTIONS DA'T’::&I,TS KEYS m?rl:\T/::ITTs

1 Key in the program [ ]| I

2 | Initialize | £ ||rRec |

3 |Perform 3-4 for i= 1, 2, ...k % B |

4 i 7] i
(correct erroneous data as, bi) 33 |ENTf || I

5 Calculate degreesof freedom IR/S || l df

6 |Calculate x2 IR/s || | X2

7 Calculate Pearson's coefficient of |R/S ]| C

contingency




Program Listings

1 wlBLI b a
g2 I+
83 LSTY b a
84 xLBLP
as + same in last x
87 RC.2 b2

ag LSTX
as 2

18 8T+
11 RC.4 a2
12 LSTX
12 :

14 8T+2
15 a

16 §T.
17 &7
18 RC.
19 R
28 1
21 -
22 P"S ***df
23 RC.1 N
24 RC.2 N
23 + N
26 ENTt
27 STxi
28 STx2
29 [HS
38 RCLI
3! RC.I

o g T

a) Tad ) fal
A 3
3
o
nd

~4 T

[4

R<S *kk, 2

S fad Tad
[~ I <R ]
4

P -
vy -
14
|

43 I%
44 R-8 *xxC Jokk it : " 3

45 #LELZ correction routine I;mfntx. ma.y b‘: 1nse:t<:: g
46 - efore or in|place o /S".
47 LST® b a
42 E708

2 REGISTERS
a.
i 3 4 5

N. N 9 0 i K Ng

2 p2 3 N 4 a2 5 16 17

18 19 20 21 22 23

24 25 26 27 28 29




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



