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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 aboutit.

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 the arithmetic, geometric, harmonic, and
generalized means given a set of numbers.
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This program calculates the means, standard deviations, covariance, and
correlation coefficient given a set of number pairs.
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This program evaluates the chi-square density function and the cumulative
distribution for given values of x with v degrees of freedom.
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This program evaluates the integral of the t-distribution with v degrees
of freedom for given values of x.
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This program evaluates the integral of the F-distribution with degrees of
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This program evaluates the Poisson density function and cumulative distri-
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the squares of the errors is minimized.
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This program calculates the test statistic, t, and the number of degrees
of freedom given a set of paired observations from two normal populations
with unknown means.

t_STATISTIC FOR Two MEANS 8 ? " ' ’ 1 . s ’ : ' 1 1 ’ s . ’ . ’ .

This program calculates the test statistic, t, and the number of degrees
of freedom given two independent sets of observations from two normal
populations having unknown means and the same unknown variance, and given
Ho:ui1 - u2 = D.

CHI-SQUARE EVALUATION ' ! 8 1 . s . . . . ! . s . s . ! s . . . .

This program calculates x? given a set of paired observed and expected
frequencies or if the expected values are equal, just the set of observed
frequencies.

2 X K CONTINGENCY TABLE '+ « v v v o v v 0 0 0 0 0 v 0 0 0 0 0 0

This program calculates x%, the number of degrees of freedom, and
Pearson's coefficient of contingency given a 2 x k contingency table.
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ARITHMETIC, GEOMETRIC, HARMONIC
AND GENERALIZED MEANS

Arithmetic mean

A: a1+...+a

Geometric mean

 

1
n

G= (aja, ... a_)
n

Harmonic mean

n
H:

.1, +
al az a

Generalized mean

1n

M(t)= (+ P> 2,5’

NOTES: 1. ak>0, k=1, 2, ..., n

EXAMPLES:

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

{2, 3.4, 3.41, 7, 11, 23}

SOLUTION:

a
d

M
)
e

r
u

e
y

n
)
+

g
fa
)

+
a

r
n

ESE!
.88 ST08
.88 GSR2
.48 ESB2
.41 ESE2
.B@ ESB2

.88 GSR2

.B@ ESR?

ESE3

.38 ¥kx

RS

.48 xx

R-/8

87 kxx

RS

38 xx
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If M(t) is desired

 

 

Perform step 4 for k = 1, 2, .. . N
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***A

***H

***G

initialize

**xM(t)

***"Printx" may replace "R/S".   
REGISTERS
 

N 3 4 5
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BASIC STATISTICS (TWO VARIABLES)

This program calculates means, standard
deviations, covariance and correlation

coefficient derived from a set of data

points

{(xi, yi), i=1, 2, ..., n}

S
|
—

n

means x=%—2x. y =
i=1 !

n

2 Y
i=1

standard deviations

_[ox.2 - nx?
s =/""
X —————————————————

n ]

 

- n-1
~ ?x/ n )

n-1)
_Syn

covariance

- 1
Sxy n-T (inyi n ijzyi)

(or s =1 nX.Y —J—zx2y.)
XYy n i1 n 171

correlation coefficient

ooy L 2wy
Xy sty oXoy

NOTE: n is a positive integer and
n>1.

EXAMPLE:

 

50 62 68 74

 

SOLUTION:

LER?

S2.BE ENTY
~ -

I:bl

ne

;;;;

.88

.88

.88

.88

.68
B8 ENT?

2. 88

? ENT?

ag
£R

I+

FHTS

F+
v

ENT®

I+

EHT®

I+-

I+

.22

g..-" c‘

¥¥¥

Esg

YK

33

81

x
|

<
]

54 51 40



User Instructions
 

STEP INSTRUCTIONS
INPUT

DATA/UNITS
KEYS

OUTPUT

DATA/UNITS
 

Key in the program L]
 

 

Initialize lese ||1|
 

 

Performsteps3-4for i-1,2,...n Lente][|  

L]]
 

(correct erroneous data) Lenme[]
 

e]
 

 

Calculate means: lrs]
 

 
 

- |Calculatesample standard deviations:

| 
RV w

<
1

X
1

 
 

lrs[ w
m

<

  

. [Calculate sample covarience s|l
 

. [Calculate correlation coefficient s1L
 

AND OR:
. |[Calculate populations standard deviations: los2|
 

 

 

(ws|
 

. |Calculate population covarience Rl
 

. [Calculate correlation coefficient LAN
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1 ylBI1 e
8l wlBLl Initialize
g2 LI

g7 R-F

g4 RLC.P

85 !
e - n-1
g7 &1

ge FELC.B

as z

18I
11 eT02
12 ¥

12 R/E *kk

4 X2

€ st Y15 g-g k% y

1€ g
17 R *kk1; . SX
18y
19 p.ot *x%k S- koo y

2 x
21 ¥LBLR

22 RC.S

22 R

24 RC.Z

2c

26 RC.B

27 <

28 -

38 :

1 RS *** Sxy or Sxy'
2oy SxSy or oxoy
23 :

p-oc34 o2 Ll Y‘Xy

35 ¥LELZ

k{3 £

7 ORCLR
70 ¥ ** "Printx" may be inserted before "R/

) *kk .
9 Rt Ox **% "Printx" may be inserted
48 XY before or in pjace of "R/S".
41 PCL2

47 RS *xkg
4 x
45 FRC.8

4€ 8T GG
7 R X"y
48 £T0R

/-1 REGISTERS
0 1 n-1 2 n 3 4 5

6 7 8 9 .0 n A TX

2 5y 2 3 sy 4 zyz 5 XY 16 17

18 19 20 21 22 23

24 25 26 27 28 29 

S".

 
 



ANALYSIS OF VARIANCE (ONE WAY)

k
The one-way analysis of variance tests df, = Error df = 2: N, - k
the differences between the population i=1
means of k treatment groups. Group i
(i=1, 2, ..., k) has n. observations . s
(treatment group may have equal or un- Treat MS = reat
equal number of observations). red Treat df

sum.= sum of observations in treat- Error SS
ment group i Error MS = Errordf
;i

= X. .& ij _ Treat MS . _j=1 F ErrorTS (with k 1 and

k
¢ 2; n, - k degrees of freedom)

Total SS= 2 XK.- 1=1
i=1 =1 W

Total SS, Treat SS, Error SS are in

registers Ry, R,, Rj.

— M
~

i
—
.

> ~
N

—

1
—
_

.

1
—

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

 

 

i=1
EXAMPLE:

n, N1 2 3 4 5 6

K (2% Ki3)"
_ J= _ 1 10 8 5 12 14 11Treat SS= gé% N e

Treatment 2 6 9 8 13

n.
k i 3 14 13 10 17 16

(> > X..)?
=151 W

k
> .

Error SS = Total SS - Treat SS

df; = Treat df = k-1
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SOLUTION:

CLRE
18,88 I+

2.88 I+

5. 86 I+

12.88 I+

14,868 I+

it.88 I+

ESR!
kE Sum,
st

)
O

T
y
D D

™

o
o I+

I+-

RSP

P k-
4

+

o
o
l

“a
d

o

6.8 wxx Sump

14,68 I+

12,88 I+
18,88 I+

17.68 I+
16,88 I+

ESR!
¥k¥  Sums

Rog

2.88 ¥y df

RS

12,68 wxx dfy
.

379 wwx F

=g = o o
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STEP INSTRUCTIONS
INPUT

KEYS
OUTPUT

 

 

 

 

 

 

  

 

 

 

 

 

 

DATA/UNITS DATA/UNITS

1 Key in the program r—\m

2 |Initialize ¢ ||re

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

4 Perform 4 for j=1, 2, ce Ny Xij ‘TJ ,—] J

(correct erroneous data, Xim Xim m ’?—J

5 Calculate Sum W Sum,

6 |calculate Treat df Rs ]| ey

7 Calculate Error df [R/Tl [——‘ df,

8 Calculate F m l——l F

9 (optional) Total SS m [—1—} Total SS

10 (optional) Treat SS m (Z—I Treat SS

11 (optional) Error SS m IT' Error SS

12 |For a new case, go to step 2 {—T [—]
 

I
 

-]
 

] 
]  

L
 

I
 

L] 
L] 

 

   ] 
I 
I 
L 
L]
 

   |I    
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A ¥LBL:

I ET44
r
n
4
t

3 r—
=

e
l

I
y

M
Y

P
y

M
o

P
y

M
y

My
R

A
2

l‘
_r

)

o
|

e
y

S
R

o - 2 ]

**Sum1

***dfl

***df2

***F 
Total SS

Treat SS

Error SS

restore registers

** "Printx" may be

FEXUPrintx" may be in place of "R/$ inserted before "R/$".

inserted before or

 

REGISTERS
 

' Total SS |2 Treat SS 3 Error SS 4
 

  "k
2
i=]

8 9 .0

 

"
z: X..|[|4

. 1]
1 20

.5 16

 J:

21 22
  26  27 28    



11

CHI-SQUARE DISTRIBUTION

This program evaluates the chi-square
density

f(x)z ———— x2 e2

x >0-where

v 1s the degrees of freedom.

f(x)

 

 

0 X

Series approximation is used to evaluate
the cumulative distribution

 

P(x)= fO f(t) dt

Z e=(3)
v+2
(=)

coe g 2: Xk

k=1 (042) (va) . (v2K)

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,

REFERENCE: Handbook of Mathematical

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

NOTES: 1. Program requires vgl4l.

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

EXAMPLES:

1. v= 20,

x= 9.591;

x= 15.

SOLUTION:

28,8 ENTt

9,591 GSBI

g.e2 wrx f(x)
R:E

R.87 ¥xx P(x)
15,88 8702

ESE2

g.06 xxr f(x)
R:8

e.22 xxr P(x)



12

 

 

 

 
 

 

 

 

 
 

 

 

EXAMPLE: SOLUTION:

x= 7.82. 8,82 wix f(x)

2,85 f,: P(x)

User Instructions

ster INSTRUCTIONS oATANITS Kevs oATANITS
1 Key in the program (______1 ri_W*1 i

2 Enter degrees of freedom v [}ifi;w} FV4471

3 Enter x X (#,r——w-w

4 Compute f(x) fiii;41 r34441 f(x)

5 Compute P(x) fii&;@? r___ww P(x)

6 For a different x: X E?fl;MW r};]

7 Calculate f(x) and go to step 5 flii;AW FE;V41 f(x)

8 For a new case, go to step 2 [::::] (*A_“T
 

I
 

]
 

]
 

L
 

I
  

]
 

L]
 

 . 
L
 

   

   ]   eI L]S   
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rpry
'!:Ll-"h ie

~
L
o
y

t
a
d

T
y

F
e
w

T
TR
y

£
a -

 

ge  CT4T

-~ Jpr

BE ¥t

a7 o

a8 :
pa cTod

1 THT
- & 17

1 c

12 UEYn

12 LTOR

14 !

15 ¥=v0

16 BTR2

17 -
1e e1nz

19 ¥[BLE

2R i

21 ¥=vn

22 LTN2
- - e-

-

S -

24 CTvT

25 LTaE

25 %LELE
- A e’ b -

a7

20 s

- vy31 g
- R 3

32 ?
Y - -

-
i) -

-4 ATV

S8 oAl

ITc ~ThRR
G i LK
- -! !

36 xLBLS
- .

G Pl

30 ry
Wil Y

30 CTx7S

DA
2 ¥lBLZ
1 n1 oA! ORCLZ

ROL

f
u
o

E
a

f
a

ta
d
T

e

45 yx
46 RCL2
a7 2  

v even or odd?

odd

factorial Toop

48 s
49 HC
a0 e
c -- ¥ol X

co 2
il -

i e
52 RCL!

t
n
r
r
n
o

t
n
r
n

T
y

T
y

T
y
A

k
s

'
]

e
)

o
r-

=
-

‘
n

Ca
d

B

T
y

L
A

™
D

o -
2
n

fy
tH

T
y

T
y

Py
¥
y

h
‘
t
J

n
;
$
J

r
n

.
.
_
‘

. A

T
y n e
l
™
e
T

—
d

I
-

T
y
t
I
t

o -4 D Ny

77 RCLY
78
7 cT04

o
M

m
$
a

F
a
)

M
3
b

™ -~
-

~
y

o

r.
n

m
o
r FAEUPrintx" may rep  

***f(x )

add to 1 first time

loop

%P ()

lace "R/S".

 

REGISTERS
 

T v/2 31, r(v/2) used 5 used
 

used
9

 

.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

 

where x>0.

v is the degrees of freedom.

 

EQUATIONS:

(1) v even

—c3 ] 2 ]’3 L
I(x,v)=sino {1+§ COS” OtCOS 0t...

1e3+5...(v-3) __v-2
7+4+6...(v-2)°03 9}

+

(2) v odd

2 4f v
™

I(x,v)=
20 ,2
i

L 204,
1-3...

-1

where 6 = tan (Vfig

™
~

(

)

. 2 2
- cose{§1ne[j-+§cos o+...

-——————%f?ilcos\”36]}if'v>1
2)

REFERENCE: Handbook of Mathematical

Functions, Abramowitz and

Stegun, National Bureau
of Standards, 1968.

EXAMPLE:

1(2.201,11)

1(2.75,30)

SOLUTIONS:

1 ENT#

ESE:

XE¥

ENT?

3 CGR1P

yEE

1(2.201,11)

1(2.75,30)
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STEP INSTRUCTIONS DAIT'::/:::J'ITS KEYS D:TLZ::.I[TS

1. Key in the program fi l—]

2. | Enter X X VEN?;W rAA*MW

3. Enter degrees of freedom v (—’ ’—]

4. Calculate I(x,Vv) ’m ll—l I(x,v)
 

L]
 

]
 

]
 

I 
L] 
I
 

L] 
L 
] 
L]  
L 
 

L]  
L
 

L] 
 

L] 
]  
]  
L]
 

L 
L] 
L]
 

      | |   
 

 



 

   R/S".
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16 Program Listings
1 ¥LBL! 1 =

82 570! 49 CT+6
83 RAD SR D7
a4 T 51 £T07
g5 = 52 RCLE
ac  TAN- 57 RCL4
7 8702 0 54 x

a8 RCLI 55 RTN
ga 2 56 ¥LBLE
e = ST RCLZ
11 INT s 2
12 L8TX 58 X

12 X#Y? v even or odd? E8  Pi
14 £T0B odd £1 =

15 8 €2 8707 20/1

16 8705 £3 RCLI
17 GsRe T
18 RS ** T(x,V) €5 G705

19 #LBLS g5 8T-1

28 FRCL? £7 ¥=Y? v = 12

21 oS €8 CT06
22 ve £9 LGRS

22 8703 cos?0 78 RCLZ
24 PRCL2 71 L0

25 SIN 72 X

26 ST sing S
27 PRCL! 74 X

2 75 Pi

29 y=y? v=27? FE s

e G708 77 ROL?

31 : 78 +

32 i 7a R-E *% I(X,\))

7 - 8@ xLBLE

34 £TOR i=INT (-g- - 1) 81 RCL4
KA g2 RS ** T(x,v)

I ST0E 87 ¥LBLE

37 RLBLT 84 RCLT

i RCLI 85 RS *% T(x,V)
KL X

48 RCLS
41 1
2 +

47 ¥
44 LSTY + , ,
c g Rs

+

1 ** "Printx" may pe inserted before 'l

4 4
47 5T0S

REGISTERS

° 1 " vorvy1 [? 0 °  cos®® ' _sine > Used
6 Used 720/ 8 9 0 A
2 .3 4 .5 16 17

18 19 20 21 20 o3

24 25 26 27 28 29      
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F DISTRIBUTION

This program evaluates the integral of
the F distribution

 

vi_ Y1(Xigiz)yz ! (%i) >

Q(x)= S ~dy
: v V v Vit vo21) p(22)(1+4L) 1 E 0y)

for given values of x(>0), degrees of
freedom v,,v,, provided either v, or v,
is even.

 

 

 

0

The integral is evaluated by means of
the following series:

(1) vy even

 

 

(2) v, even

 

V

where t= 2
\}2+\)1 X

EXAMPLE:

1. v,=7, v,=6, x=4.2]

SOLUTION:

4,21 ENT?

7.80 ENT?

6.88 GSBI

p.es xxx  Q(4.21)

EXAMPLE :

2. vi=4, v,=20, x=2.25

SOLUTION:

2.25 ENT?

4.88 ENT*

28,80 ESB!

e.12 xxx  Q(2.25)
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User Instructions
 

 

 

 
 

 
 

 

—_— NSTRUCTIONS ATAUNITS Kevs oATANITS
1 Key in the program (_A;W rkgAW

2 Enter x X (EN?;*}(*hggq

3 Enter v, v, EN‘TT] rj

+ enter v, w T
5 Calculate Q (x) (aggggl(gg?ugl Q(x)

 

 

]
 

 

L
 

 
 

I 
 

. 
 

] 
 

] 
 

] 
 

] 
 

] 
 

] 
 

LT
 

I 
 

] 
 

[  
 

I 
 

I
 

  

 

R
I            
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8! ¥LPL! 48 #LBL7
B2 ENT# 49 2

82 Ry 5@ OT+2

g4 STO2 vy 21 ST#7
pE Rl 32 R

ac o101 vy 33 PRCLZ
a7 x 54 RCLT

ge + L
ga z 96 RCL3

18 ¢107 t i
14 RLLY 3 ¥

12 2 59 QT+S
3 =z 68 [Ss2

14 FRC €1 ET07

15 x#p° v, even or odd? 62 *LBLE

16 ET09 v1 odd 63 RCLS

17 GSER Vi even 64 RCL4
18 RoE **Q(x) FS X

19 yLBLA 66 RTN
28 PRCL3 &7 ¥LBLS vo even

21 RCLZ €8 RCLI
22 2 69 RCL2

22 §T07 78 STO!
24 = 71 XY

25y 2 8702
26 £Tnd 721
27 RCLY 74 RCLZ
2p 2 s - 1-t
29 - 7€ 8703

m e 77 coe
3! 2 7e 1

2 eToe j= Yx=2 79 g2y
77 x=00 2 se -
34 CI08 81 RS **Q(x)
I5 ! 82 xLBLE

3 STOS 83 RCL4
37 RCL3 84 RS **Q(x)

-
720 o702 1-t (or t)
48 RCLZ
44 2
42 2

43 **'Printx" may be|inserted before "R/

44 €T+
45 pez
€ ET07
47 CTDE

REGISTERS %)2_

0 i Ty, 0or v, [2vy 0or v 3 t, 1-t 4 t ,. or[s  used

° used ° o (]-t)TL ‘
2 .3 4 .5 16 17

18 19 20 21 22 23

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

F(x+1) = —7— f(x)

Density function

Cumulative distribution

X

P(x)= 2. f(k)
k=0

where

mean = variance = )

A 1S positive

and

X is a positive integer

EXAMPLE:

A= 3.2, x =17

SOLUTION:

2,28 £8P
7.88 R/
R.83 xxx f(7)

R-8
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STEP INSTRUCTIONS bAITT\'/’:;lTS KEYS D:Tlf,::;s

1 Key in the program l——’ ‘——' o

2 Enter A A flmm f((-)()),zp(oi

3 Enter X X ’—’m

4 Calculate f(x) [R/—S‘ ’—‘ f(x)

5 Calculate P(x) ’R/—S] [—] P(x)

6 For a new x, go to step 3 ’—] rj
 

L
 

I
 

]
 

L
 

.
 

L
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a1

s
L
l

w
0

P
F

I
y
T

T
y

L
R

-
J

.
.,

.
e
D
)

-
R
O

D
P
P

P
y
Y
e

be
a
e

k
a

b
t

be
a

be
a

be
a

R
e
g

P
y
e

'
O

O
t
y
g

T
y
N
R

e
y

M
)

™
™

'
O

™
M

-
y

fa
)

fa
d
T
T

M
y

I
y

M
y

F
a

M
r M
y

*
t
a

w
.
n

lZ
.l
':
u

r'
~_
~.

M
O
E
L
Y

F
e
a

b
e
a

n -
‘

.,

e
y

B

§h ek T

***f(x)

***P (x )

  ***%'Printx" may be
in place of "R/ inserted before or

S".

 

REGISTERS
 

f(0) 2 f(x) P(x)
 

9

 

.5 16 17

 

18 19 20 21 22 23
 

|24  25 26 27  28  29  
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PARABOLIC CURVE FIT

 

For a set of data points {(x; Yi)s 1= SOLUTION:

1,2,...,nt this program fits a parabola
} Prog P CLRE

Yy = axx® + a; x + ag 2,18 ENT*
: 8.8 CSBI

with the sum of the squares of the 8. 88 ENT4
errors minimized. “1'69 cqéj

ap. gp N7+ COTTECt erroneous
EQUATIONS: The normal equations are “,'eé CSE# data

IXZy = aIZx* + a1IZx® + aoIx® é.BB ENT?

Xy = aIx® + a;Zx? + agIx 1.88 GSR!
-5.80 ENT?

TY = axIx® + a;Ix + aon, , ig QZE?I

where the summations are from 1 to n. -24.58 ENTt

_ 3.88 €551
NOTE: If zx® = 0, an error will occur. -80. 88 ENT?

Rep]ace it with 10 ug. 5.PR ESPI

Se2
REFERENCE: "Applications Programs, 2 fr Gtit

Volume 1," Adams, Ed. Int'l. 568 Rt %
Software Clearinghouse, ' oc
Estacada, Oregon 1976. LEx e
pp. 15-18. o ks

2.28  xxx ao

EXAMPLE : 4,08 ESR3
e

-48.87 ¥kx Y
X; ' 0 1 1.5 3 5

Y | 2.1 2 -5 -24.5 -80

Zx1.3 = 156.38, IXsY5 = -479.00,

inzyi = =2229.75

™ <
-

= I 712.06, n = 5.00, inz = 37.25

™ x 1 10.50, Ly; = -105.40
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User Instructions
 

 

 

 

 

  

 

 

 

 

 

 

= wormveTons ] s o
1. |Key in the program . {¥1(1

2. |Initialize | (4;:4W[4EE641

3. [Perform 3-4 for i = 1,2,...n Y; IEN;}fW rAAAW I

. . i las

||

1] i
(correct erroneous data xk,yk) Yy {Efi¥;M}{;44441 -

| e|l4]|
5. |Calculate regression coefficients: ['EEE_WI445v41 ar

slT
YR Y

6. |Calculate estimated value, y X (?ii;4|f4?;?1 y

/. |For a new x, go to step 8 (44_1 FM___W
 

.
 

L
 

]
 

] 
L
 

]  

L  
I
 

I 
 

   eI 
] 
I 
(I
S| 
I   |  
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Program Listings
 

 

38 RCLB
a1

  
ptional

 

 

 

 

 

  

21 ¥lBL! Xy 1 ST-7

bz 2 RC.S
83 LSTY ? §T-a
84 LSTY 54 ¥LBLA
g3 3 X3 55 RCL7
SR S¢ ST=8
r T+ 57 RCLS
ag = 58 RCLS
83 ST+7 x* 50 x

1wy g8 §-.5
1 61 RCLS
12 ET+8 X2y g2 R-C *kk 3,

12 RC.8 n 63 RCLE
14 RS 64 X
15 xLBL? Solve 3 simultan- 2, ;Z.;Z
16 RCLE eous equations & oRne
17 RC.2 ro RS *kk g
18 ST06 e R
19 §T:7 7 G3
28 §T=0 51 RC 37
& s 72 RS TRE Qo
22 RC.1 72 ¥LBL3 «
27 g2 74 ENTH
24 £T:8 75 x2
25 8§ 76 RCLY
26 RC.8 =y
27 851 78
28 £Tg 79 RC.S
29 82,13 ge x
B R 81 ¢+
1R 82 RC.3
32 RC.1 g2 4 o77 6.2 84 RS y manual "Printx" o
M- g'f *LBL4 Correction routine
i - t i-

36 RCLE 7 OLSTY
7 or-7 88 LSTY

78 8T8 88 3
3@ RC.3 e ™
48 87-9 41 5T-8
41 &5 212 RC.2 e
7 eT:g o

44 8=.5 ar )
Qs -45 LSTX o red

46 ¥=a7 o
47 eT08 R n
49 ST':'.-. *%% “P . t " 'I IlR SH48 oT=0 rintx" may replace "R/S".

REGISTERS

1 2 3 4 5

.0 AUsed ToExt 8 1x3  Ix%y,az n £X
2 .3 4 16 17

rx? TY,a, Used TXY,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
two normal populations with means yu;,
u2 (unknown)

 

 

X_i I X1 X2 Xn

Y l Y1 Y Yn

let

Dy = %y - Y4

— 1 55
D = — D

n#q

¥D.? --l-(ZD.)2
S = i n i

D n-1

S5 = 2D
/I

The test statistic

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

Statistics in Research,

B. Ostle, Iowa State

University Press, 1963

REFERENCE:

EXAMPLE:

SOLUTION:

2w

.78

.6e
g
i

[
Y

r
y

. 88

"~y
LLs

ENT?

ol

df

15.4

17.2



User Instructions
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STEP INSTRUCTIONS
INPUT

DATA/UNITS
KEYS

OUTPUT

DATA/UNITS
 

. |Key 1in the program L 
Initialize e 

B
~

|

w
N

Perform 3-4 for i - 1,2,..., n U 
Yi o1 

(correct erroneous data) Xk [enre] 
Yk o][3 

Compute statistics:
 

s][ 
s|| 
[rs[
 

L]
 

] 
L 
] 
 ]

L
 

 

L]  
L  
L 

 

            



 

   
 

 

 

 

 

 

® ®

% Program Listings

8l wLBL: y x

a2 -

gz I+

a4 R-S

RS xlBLZ

Bt X

7 ERsS —
gs Pf *k% D

89 ST

18 XY

11 RsE *kk G

12 RC.8 D
12 Ix

14 =

15 =

16 PR/ wxx ¢

17 RC.8

18 1

18 -

28 RsE *%% df

21 ¥lBLZ

22 -

22 -
24 Pt Correct errors

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

REGISTERS
0 1 5 3 - -

6 7 8 9 0 n ; —

2 3x? 3 4 5 —= =

18 19 50 v - -

24 25 6 > = —~      
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1-STATISTIC FOR TWO MEANS

Suppose Xis X2 ... X1 and EXAMPLE:

Y, Y25 ... Yo are independent x: 79, 84, 108, 114, 120, 103,

 

 

 

random samples from two normal popula- 122. 120
tions having means u1,u2 (ugknown) and ?
the same unknown variance o°, y: 91, 103, 90, 113, 108, 87,

We want to test the null hypothesis 100, 80, 99, 54

Ho: w1 = p2 =D n = 8

n, = 10

Define

n, D = 0(i.e.,Hp: w1 = u2)
- '| .

T SOLUTION:

CLRE

79.88 I+
. 1 h2 84,08 I+
Y= 0, 2 Y 168.00 I+

i=] 114,86 I+

120.88 T+
L 103.88 I+

t = -y-D, . 122,88 I+
[T 126.88 I+
ni N2 £SB!

e1.ee I+
1 183.08 T+

2 c2 2 =2 %a.6868 I+/Exi “MX“HLY;S-n,y 11580 3+

nitnz-2 188.86 T+
. . L. . g7.88 I+

We can use this t statistic which has 1a0. 88 T+
the t distribution with n; + n, -2 ge'éé ;+
degrees of freedom (df) to test the = <
null hypothesis Hy. 49.88 I+

2Md.88 I+

o 6SB2
REFERENCE: Statistical Theory and 16.80 &%t df

Methodology in Science and 8.88 RS D
Engineering, K.A. Brownlee, e aas
John Wiley & Sons, 1965. T3 owk L
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User Instructions
 

 

  

 

 

 

  

 

 

 

 

 

1. |Key inmthe program [_—_mu1l:~Mm]

2. |Initialize f ReG

3. |Perform 3 for i =1, 2, ... n xi |||i

(correct erroneous data) Xk (4?i41 (4E:m1 -

4. |Reinitialize lasB 1]

5. |Perform 5 for i - 1, 2, ... n, Y; (~i1_1[fiivvww i

(correct erroneous data) Yh r~}:—1 fggijw

6. |[Calculate statistics: [—_‘__1 r__fifiw

6a. [Degrees of freedom [?ii;_]r%ET_W df

6b. |Enter D and calculate t statistic D |4E7§41 rgigmw t

/. |For a different D D ((¥%3lr3A1 t
 

]
 

]
 

]
 

]
 

L
 

]
 

L
 

 
]
I
 

]
  

I
 

L]  
]
 

 

   4 _ 4   
 

 



 

    
 

 

 

 

  

Program Listings ’
81 xlBL!

g: RC.E

B2 €104

84 1%
B €701
e X
o7 ST02
a¢ £

e RC.P

8 !

1oo-
12 ¥

17 %
4 ETie

150z Reinitialize
16 RsE
17 ®lBL2
18 RC.E

19 €T+
28 178

2i ST+!
223
27 §T-z
24 S

25 RC.E

26 1
rr -

28 JX
20
78 RCLZ

31 ‘)P x2 + y

72 RCL
33 RCL4

24 2
75 -

36 RS ** df
7R Save D

i’ =

2 ¥

#  x
40 8705 Denominator
42 XY

43 1LBL3 D
44 RCLZ
45 - ** "Printx" may be inserted before "R/$
46 CHE

7 RCLS

$§ =
49 RE *% ¢

REGISTERS
0 S- T ‘ni,nitn, |5 Denominator
6 7 8 9 .0 A

n X
2 .3 4 .5 16 17

nx?
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
the x? statistic for the goodness of
fit test by the equation

n 2
2= | (01 - Ej)

X 2: —

i=1 !

where 01 observed frequency

E.; expected frequency

If the expected values are equal

201
(E=E., = - for all 1) 

then

2n 201

X 2 - 120.
1

20,;

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 Tless
than 5).

REFERENCES: Mathematical Statistics,

J.E. Freund, Prentice Hall, 1962

EXAMPLE:

Oil 8 50 47 56 5 14
 

Eil 9.6 46.75 51.85 54.4 8.25 9.15

SOLUTION:

m ]

r.
f
a
P

T
N

si
!
g

T
y
T

M
O

"
"

"
.

T

n
o
n

1

] "
"

n

fa
y
M
e
D
D

X

o
y

o
"

o
y

L
O

T
y
O

k
e

"
"

-
»

i
l

'_
-0

:J
’w

g
T

T
o
L

T
y
L

w
n

T
y

1 RofLRC

8 ENTY

£S5E1
ENT?

: £SBI

ENTY
£8R!
FHT+
CER!

ENT#

CER!
ENT#

ESE!

* ENT?

L8B!
ENT?

@ EER2

£SEZ
¥E¥

Correct erroneous data



EXAMPLE :

2. The following table shows the
observed frequencies in tossing a die
120 times. x 2 can be used to test if
the die is fair.

Note: Assume that the expected fre-
quencies are equal.

number l 1 2 3 4 5 6
 

frequency 01‘ 25 17 15 23 24 16

SOLUTION:

>
N

- . €
.08
.88
.ea

r
n

e
y

£
t
a

P
h
y

P
y

b
a

b
e
a
r

.88

‘
p

o
o

T
y

w
n

o D

v n. AA

86 ¢

l@@ Tkt s

wip X2

User Instructions
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o8 ¢ -, Correct erroneous data

 

 

 

 

 

 

 

 

  

 

 

 

 

 

     

 

 

 

ste? INSTRUCTIONS oATAUNITS Kevs oaTAUNITS
1 Key in the program f_‘AWI*VW ]

2 mnitialize Lf Jlres ||
3 For equal expected values: r—-_w [__—_1

3a Perform 3a for i= 1, 2, ...n 0, (EEEAW r4{4v1 i

(Correct erroneous data, Oj) Oj r&gg_w FAEAAW i

3b Calculate x2 r&g§41 r~;¢~1 X2

3c| Calculate E r&;gAW r———i] E B

4 When expected values are unequal: [w__—_W‘______’ [

4a Perform 4a-4b for i=1, 2, ...n Oi fENT*WIVfiVW

4b = less1 i
(Correct erroneous data, Oj’ Ej) Oj rga;;J r“*‘w

. - - j lass2 i
4c Calculate y2 o ) rg;g‘1ivi;“1 X2

5 For a new case, go to step 2 . [ii:i] [i4441

. . o     



34 Program Listings
 

  
 

 

 

 

 

       

81 ¥LBL!
g2 STCGZ E. or O.
- i i

g2 -
fad ¥2

ac RrLz

BE =

BT ST47
ag ROLZ

Be I+

18 RS i
11 yIpL2 correction routine

12 8107
17 -
14 HE

15 RCLZ

15
17 &T-2

18 RCLZ

18 I-
28 RoE
21 #LBL3
22 RCLZ
27 RsC *% XZ

24 ¥LBL4
25 R0.P 70.2
-’ Y B e _i

26 RC.2 n
27 X

28 FRC.! 20,
a0z
28 LETY

71 -
70 -t *kk 232 E;fi X

4 RSB *kk [

** "Printx" may bg inserted before "RAS".

***'Printx" may b¢ inserted before or
in place of "R/R".

REGISTERS
0 1 2 X2 3 used 4 5

6 7 8 9 .0 A
L X

.2 sz .3 4 .5 16 17

18 19 20 21 22 23

24 25 26 27 28 29

 
 



2 x Kk CONTINGENCY TABLE

Contingency tables can be used to test
the null hypothesis that two variables
are independent.

 

   

1 2 3 k Totals

A ay A, a3 ... @y NA

B by by bz ... by Ng

Totals Ny, N, N3 ... Nk N

Test statistic

a.2 N1
+ —

NN

N
2= ___
TN

k

A=

k

1 SN
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 :

 

SOLUTION:

L
o~

y
d
m
D

L
A

L
y

P
O

o
]

Q

e
r
y

CLRS

B8 ENT?

.86 GER!

.88 ENT?

.86 CSE!

.88 ENT?

.88

.88

.88
9.68
.88

. B8

ESRi

ENT?

ESEI

ENT?

ESEZ

R

X¥¥

RS

123

k&

¥ry¥

correct error

df

35
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User Instructions
 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS 5Alrr::;ns KEYS ofTT/Z:rTS

1 Key in the program f47441 r;;;fiw

2 |Initialize |f ||ReG|

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

4 b5 ass[[ 1| 1

(correct erroneous data as, bi) aj (Eflf;—,ru~dA1

o 5 ffess [z]|
5 Ca]cq]ate degreesof freedom fli&;41l444441 df

6 Calculate x? [§7§4k\r44441 x?

7 Calculate Pearson's coefficient of fiifi;_w F*AAW C
 

contingency ]
 

]
 

L
 

. 
]
 

L] 
L 
L
 

L
 

| 

             



Program Listings 37

 

    
 

 
 

 

 

 

 

  

8! ¥LBL! b a

p2 I+
87 L8T¥ b a
84 xLBLR
] + NT'

e+ same in last x

87 RC.2 b2
gg LSTX
as =

18 ST+!
11 RC.4 a2

12 LS8T¥
12 =

14 ET+2

1Is 8
1€ E&7.2
17 &T.4

18 RC.8 i
19 RsS

28 !
21 -

22 RsS *xkdf
27 RC.1 NB

24 RC.Z NA
25 + N

26 ENT*
27 STx!
28 8Tx2
29 CHS
8 RCLI
I RC.!
2 =

3+

34 RCLZ

5 RC.3
=
7+
3;_3 PS ***X2

4+

4@ LSTX

41 XY

42 =
43 I8
4 R/L *xxC : o .

oA . . ***x"Printx” may|be inserted
45 #LELZ correction routine i . |
46 T- before or in|place of "R/S".

47 LSTY b a
48 £T0A

b 2 aZZREGSTERS
0 1 i 2 i 3 4 5

z
. . 9 .0 : 16 N1 N1 ; NB

2 b2 .3 4 a?_ .5 16 17

18 19 20 21 22 23

24 25 26 27 28 29       



NOTES



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 Soiutions
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