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MISCELLANEOUS 09100-76000 

76006 - PLOTTER DIAGNOSTIC 
This program checks the 9l25A for proper execution of commands received from 
the 9l00A. 

MATHEMATICS 09100-70000 

70026 - MAXIMUM AND MINIMUM OF Y = f(x) 
This program will calculate the approximate maximum and minimum of an analytic 
function over a given range. 

70027 - PLOT OF Y = f(x) 
This program will plot the curve specified by a given analytic function. 

70028 - FmST ORDER DIFFERENTIAL EQUATION PLOT 
This program uses a Runge Kutta method to numerically solve a 1st order differential 
equation and plots the solution for incremented values of the independent variable. 

70029 - MAXIMUM AND MINIMUM OF r = fee) 
This program will calculate the approximate maximum and minimum of a given function 
with variables in polar coordinates. 

70030 - PLOT OF r = fee) 
This program will plot the curve of a function r = f(e) in polar coordinates. 

STATISTICS 09100-70800 

70818 - LINEAR REGRESSION PLOT 
This program will plot the set of data points entered by the user and the least squares 
linear curve determined by these points. 

70819 - PARABOLIC REGRESSION AND PLOT 
This program will plot the set of data points entered by the user and the least squares 
second degree curve determined by these pOints. 

70820 - EXPONENTIAL REGRESSION AND PLOT 
This program will plot the set of data points entered by the user and the least squares 
curve of the form y = ae-bx determined by these points. 

70821 - POWER CURVE REGRESSION AND PLOT 
This program will plot the set of data points entered by the user and plot the least 
squares curve of the form y = axb determined by these points. 
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The purpose of the Plotter Diagnostic is to test every programmable operation of the 9125A for proper 

execution. 

To run the Diagnostic follow these directions: 

Using Hewlett-Packard graph paper, calibrate the Plotter as explained in the Calibration Section of 

the Operating Manual. 

SET: ON on the Calculator and Plotter 

SET: RUN 

SET: I DEGREES I 
SET: Decimal Wheel at 3 

PRESS: STOP 

Set the Origin controls on the 9125A so that the pen is in the middle of the full-size (11" x 17") 

recording paper. 

PRESS: END 

Insert the magnetic card into the cardreader. 

PRESS: I ENTER I 
PRESS: END 

PRESS: CONTINUE 

Proper execution of the program and proper operation of the Plotter is indicated by a circle enclosing 

18 spokes. 

The 9125A is operating correctly if the circle is well-formed and the spokes are retraced exactly showing 

only one line width per spoke. The exact diameter of the circle depends where the sensitivity controls are 

set. but it should be 9 !1 ± 0.25". 
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09100-70026 

2 

USER INSTRUCTIONS 

ENTER PROGRAM: (Starting address is 0-0) 

PRESS: GO TO ( ) ( ) 

PRESS: 3 

PRESS: c 
SET: ~Ip-R-O-G-RA-M--rl ~ 

Note: Starting at (3Xc) , enter program steps 
which take the independent variable 
from the X register (x is also in the 
e register) and program f{x). Place 
f(x) in the Y register and exit to loca­
tion 2-7. The last four instructions 
of the f{x) subroutine should be: 

GO TO 

2 

7 

END 

Memory locations 3-c through 9-d are 
available for programming and storage 
of f(x). The flag is unavailable. 

SET: I RUN 

PRESS: END 

PRESS: CONTINUE 

ENTER DATA: 

n - Z 
X _ Y 
max 

X . - X mIn 

PRESS: CONTINUE 

DISPLAY 

n = number of points 
scanned 

o---Z 

Y ----Y 
max 

Y ---X 
min 

To enter new range of the independent 
variable x 

To enter new function 

Note: To record y = f(x) on the program card 
replace the END instruction in location 
3- b with a STOP instruction. 

EXAMPLE 

sin x 
y=-­x 

SET: I I RADIANS I 

x = 617" max 

x . =-617" mIn 

The steps which generate f(x) are: 

LOCATION OPERATION 

3 - a -- t 
3 - ~ C i sin x 

''3,-'G.LjO x .... 
Y ~ 

'3,-\;1.[.11 + 

4-t}. Z GO TO (){) 

4 - '1, ~.i 2 -' 

4 - "2- /.,.1 , 7 

4 - 'S.. ., END / 

Let: n 50 

Solution: 

Y = 1. 000 max 
Y = -.217 min 

• 

• 

• 
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! Step Key Code ;--"-"-"---"_ .... "" __ ",j_~_D"_i_SP_I"<iI_'J_---ri _______ l--f_._Tlj _____ S't_orra_ge_,-_rr_ 
, Y i ' d 1 b 
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. j .... "._-_ .... _-" ....... _ ... -. -_. --- -. 
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This program will plot the function of y = f{x) in rectangular coordinates. The number of plot points per 

inch, n, is specified by the user, as also are the plotting constants. 

The program was written to be used in conjunction with program 09100-70026, Maximum and Minimum 

of y = f(x). 

I 



09100-70027 

2 

USER INSTRUCTIONS 

PRESS: STOP 

Use the Origin controls to place the pen in the 
lower left corner of the paper. (At the inter­
section of the border lines if chart paper is 
used. ) 

SET: Decimal wheel at 6 or less 

ENTER PROGRAM: (Starting address is 0-0) 

YES 
Has the y - y . max mIn 
program just been 

run? 

PRESS: GO TO ( )( ) 

PRESS: 3 

PRESS: c 

SET: PROGRAM 

Note: Starting at (3)(c), enter program steps 
which take the independent variable from 
the X register (x is also in the, e register) 
and program f(x). Place f(x) in the Y 
register and exit to location 2-7. The 
last four instructions of the f(x) sub­
routine should be: 

GO TO 

2 

7 

END 

Memory locations 3-c through 9-d are 
available for programming and storage 
of f(x). The flag is available. 

SET: RUN 

PRESS: END 

PRESS: CONTINUE 

ENTER CONSTANTS*: 

Y shift - Y 

- X 

USER INSTRUCTIONS (con't) 

PRESS: CONTINUE 

ENTER CONSTANTS*: 

n 
_ Z 

plot pOintS/inch 

y scale 
- Y 

- X 

PRESS: CONTINUE 

Note: The function f(x) will now be plotted. 
To interrupt or stop the plot at its 
completion, PRESS: STOP. 

To re-run program, return to beginning of 
USER INSTRUCTIONS and proceed as before. 
The magnetic card need not be re-entered. 

* See general Plotter instructions. 

EXAMPLE 

PI t sin x o y=-x- for -67T< x < 67T 

SET: RADIANS 

Run the max-min of f(x) program. Letting 
n = 50 in this program, we find that 

y . ~ -.22 mIn 

y ::::::1. max 

1 - ( -.22) '" 15 units 
Choose Y scale = 10 ",. inch 

Y - -.4 shift -

67T - (-67T ) 
X = 15 :::::: 7T unitS/inch scale 

-67T units 

n 15 plot pOints/inch 
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This program may be used to solve and plot the solution of a wide variety of first order (homogenous or 
non-homogenous, linear or non-linear) differential equations of the form 

Y" = f(X, Y) 

The solution is a numerical solution which calculates Y. for X.. The X values are closely spaced with 
increment h over the desired range. Specifically the s6lution ~sed in this program is a Runge-Kutta Method 
(third-order) which uses the equations: 

where 

1 
Y. 1 = Y. + -6 (p + 2q + 2r + s) 

1 + 1 

p=hf(X.,Y.) 
1 1 

h P 
q = hf(Xi +2' Yi +2") 

r = hf (Xi + ~, Yi + ~) 
s =hf (X. +h, Y. +r) 

1 1 

h = Xi + 1 - Xi 

The solution is plotted as successive Y. 's are calculated • 
1 

Reference: Numerical Analysis 
by Kaiser S. Kunz 

McGraw-Hill Book Co., Inc. 1957 



09100-70028 

USER INSTRUCTIONS 

PRESS: STOP 

Using the Origin controls, locate the pen in the 
lower left corner of the paper. 

SET: Decimal Wheel at 6 or less 

ENTER PROGRAM: (Starting Address is (0)(0)) 

PRESS: GO TO (0)(4) 

SET: 1 PROGRAM 1 I 

ENTER X hift: Instruction locations 0-4 through 
s 0-7 are aVailable. * 

PRESS: STEP PROGRAM 

ENTER X al: Instruction locations 0-9 through 
sc e O-b are available. * 

PRESS: STEP PROGRAM 

Instruction locations O-d through 
1- 2 are available. * 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

ENTER Y al: Instruction locations 1-5 through 
sc e 1-7 are available. * 

*PRESS: CONTINUE to fill in any instruction 
locations not used. 

SET: r-I -'I-R-UN---'I 

PRESS: GO TO (2) (8) 

PRESS: CONTINUE 

DISPLAY 

O--z 

O--Y 

1--X 

ENTER INITIAL CONDITIONS: Yo - Z 

X _y 
o 

PRESS: CONTINUE 

DISPLAY 

O--z 

O--Y 

2--X 

PRESS: GO TO (2)(8) 

SET: IPROGRAM I 1 

2 

h -X 

USER INSTRUCTIONS (con't) 

Starting at instruction location 2-8, enter the 
program steps which take X from the X register 
(also in the e register) and Y from the Y register 
(also in the d register) and generate f(x, y). 
Leave f(x. y) in the Y register and fill in the 
remaining instruction locations with continues. 
Note that 43 locations are available (2-8 through 
5-8 ). 

SET:I 1 RUN 1 

PRESS: GO TO (2)(5) 

PRESS: CONTINUE 

At each increment of the independent variable. 
the following display will be observed: 

O--z 
Y.--Y 
X~--X 

1 

and the line segment between successive 
solution points will be plotted. 

EXAMPLE 

R 

f(t~ 
6./\/\ 

tc ;~tl 
V (0) = 0 

0 

t =0 
0 

h = .05 

f(t) 

vol 
.. t 

t1 

i, i2 

tc V~(: f~f) + • p-
i1 + i2 + i3 = 0 

f(t) _ Vo(t) _ C dVo (t) = 0 Initial ~~(O) : ~ R R dt Conditions 

dV o(t) _ V o(t) f(t) 
Increment h = .05 dt - - CR + CR 

Let V 0 = 1 V. C = 1 F. R = 1 nand t1 = 4 sec. 

• 

• 

• 
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EXAMPLE (con't) 

The equation becomes 

dVo (t) 
dt - V o(t) + 1; t < 4 

d~~(t) = _ Vo (t); t > 4 

The program steps that form V 0 = f(t. V 0) 
appear on Rlge. 1. See User Instructions. 

Let: 

o units Y shift = 0 units 

X 1 
units 

scale = inch 
y _ .1 units 

scale - inch 

The steps which enter these values are given 
below_ 

mESS: GO TO (0)(4) 

SET: ! PROGRAM! 

mESS: 0 

PRESS: CONTINUE 

mESS: CONTINUE 

mESS: CONTINUE 

; +-.-

r' 

- I ..• ~ , 

---;.j: 

EXAMPLE (con't) 

PRESS: STEP PROGRAM 

mESS: 1 

PRESS: CONTINUE 

mESS: CONTINUE 

mESS: STEP mOGRAM 

mESS: 0 

mESS: CONTINUE 

mESS: CONTINUE 

PRESS: CONTINUE 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

PRESS: 

PRESS: 1 

PRESS: CONTINUE 

SET:! RUN 

--'j 

:"+ ; 

.-.. - . I-~ ! 

. . i·· 

-- _.'--:, . 

···--f 

,-:=--+,1== 

-,-+.!c,"jcc= 

. , ,~ 

09100-70028 
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1 
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~7 
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ib 

! 

4 
IF x<y 

3 

ROLL + 
CHG SIGN 

1 

+ 
GO TO ( )( ) 

5 
9 

ROLL + 
CHG SIGN 

+ 

104 

i 52' 

07 

i 22 

: 
II 

22 

32 

27 

, 
I 
I 

I , 
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I 1 ; I 
I 

i I I 
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I i I 

Vo 
t I Vo 

4 
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The technique involved is a search over n increments of the range of 9. n is specified by the user. 
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USER INSTRUCTIONS 

ENTER PROGRAM: (Starting Address is 0-0) 

PRESS: GO TO ( ) ( ) 

PRESS: 5 

PRESS: 4 
SET: ,'-P-R-O-GR-AM-'-, -, 

Note: Starting at 5-4, enter the program steps 
which will take the independent variable 9 
from X and e registers and generate f(9), 
leave f(G) in the Y register. The last steps 
should be 

GO TO 

2 

7 

END 

Note steps 5-4 through 9-d are available. 

SET:' I RUN I 
PRESS: GO TO (0)(0) [or END] 

PRESS: CONTINUE 

ENTER DATA: 

n - Z n = number of pOints to be scanned 

9 _y 
max 

Gmin -X 

PRESS: CONTINUE 

DISPLAY 

o --Z 

Y --Y 
max 

Ymin --X 

PRESS: CONTINUE 

DISPLAY 

o--Z 

X --Y 
max 

X. --X 
mm 

To re-run program, return to beginning of USER 
INSTRUCTIONS; re-enter program and proceed 
as before. f (9) need not be re-generated if it 
is to be used again. 

2 

EXAMPLE 

r = f (G) sin9 cos9 • Choose 

n 50 and 0 < 9 < 2 7T 

SET: , RADIANS I 
Solution: 

-.38 .::: y .::: +.38 

-.38 < x < +.38 

• 

• 



• 

• 

• 
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This program will plot the function r = f(Q) in polar coordinates. The number of plot points, n, 

is specified by the user as also are the plotting constants. 

The program was written to be used in conjunction with program 09100-70029, Maximum and Minimum of 

r =f(Q). 



09100-70030 

USER INSTRUCTIONS 

PRESS: STOP 

Using the Origin controls. locate the pen 
in the lower left corner of the paper. 

SET: Decimal wheel at 6 or less 

ENTER PROGRAM: (Starting Address is 0-0) 

YES 

PRESS: GO TO 
PRESS: 0 
PRESS: 6 

NO 

2 

PRESS: GO TO ()() 

PRESS: 5 

PRESS: 4 
SET: .-, P-R-O-G-R-A-M....,'~ 

Note: Beginning at location 5-4. enter the 
program steps which will take the 
independent variable Q from the 
X register (Q is also in the e 
register) and generate f (Q). 
Leave f( Q) in the Y register. 
The last steps should be 

GO TO 

2 

7 

END 

Note that steps 5-4 through 9-d 
are available. 

SET: I 'RUN I 
PRESS: GO TO (0)(0) [or END] 

PRESS: CONTINUE 

ENTER TRANSLATION CONSTANTS: 

Yshift - Y 

Xshift - X 

PRESS: CONTINUE 

USER INSTRUCTIONS (con't) 

ENTER SCALING CONSTANTS: 

Yscale - Y 

X -X scale 

PRESS: CONTINUE 

ENTER DATA: 

n - Z n = number of points to be plotted 

Q -Y 
max 

Q. -X 
mm 

PRESS: CONTINUE 

The function will now be plotted. To interrupt the 
plot: PRESS: STOP 

To re-run program. return to beginning of USER 
INSTRUCTIONS. re-enter program and proceed 
as before. f ( Q ) need not be generated again 
unless it is to be changed. 

EXAMPLE 

Plot r = sinQ cosQ where 0 < Q < 21T 

Run the max-min of r = f (Q) program. Results 
of this program are: 

-.4< x < .4 

-.4.:: y.:: .4 
SET: .-, --'--RA-D-IA-N-S-', 

Choose 

Xshift = Y shift = - 0.4 

X - .06 ~ntts 
scale - mch 

Y = o. 1 u.nits 
scale mch 

n = 250 plot pOints 

• 

• 

• 
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This program calculates the equation of the straight line of best fit of a set of data points. It also plots each 
data point and the straight line determined by the calculated equation. The best fit is determined by mini­
mizing the sum of the squares of the deviations of the data pOints from the line. 

The program calculates m and C for the equation: 

y= mX+C 

The program also calculates a correlation coefficient r, an indication of goodness of fit. Note: -1 < r < 1 
where the sign corresponds to the slope m. If r = 0, there is no correlation, and if r = ± 1, there is -
perfect correlation or a perfect fit. 

The defining equations are: 

m 

C 

where 

r 

n 
l: (X. - X) (y. - y) 

i = 1 1 1 

n 
l: (X._X)2 
i=1 1 

y- mX 

n 
L Y. 
i=1 1 

and X 
n 

n 
l: (X. - X) (Y. - Y) 
i=1 1 1 

n 
l: X. 
i=1 1 

n 

n n 
l: (X. - X)2 l: (Y. _ y)2 
i=1 1 i=1 1 

Reference: Mathematical Statistics 
by John E. Fruend 

Prentice-Hall, 1962 

n n n 
n l: X. Y. - ( l: X.) ( l: Y. ) 

i=1 1 1 i=1 1 i=1 1 

[n ~ X.2 _ (~X. )2J [n ~ y.2 - ( ~ Y. )2J 
i=1 1 i=1 1 i=1 1 i=1 1 



09100-70818 

2 

USER INSTRUCTIONS 

mESS: STOP 

Note: Use the origin controls to locate the pen 
in the lower left corner of the paper (on 
intersection of border lines if graph 
paper is being used). 

ENTER PROGRAM A: (Starting Address is (0)(0) 

SET: Decimal wheel at 6 or less 

PRESS: GO TO (0)(0) [or END J 
PRESS: CONTINUE 

ENTER TRANSLATION CONSTANTS*: 

Yshift - Y 

Xshift - X 

mESS: CONTINUE 

ENTER SCALING CONSTANTS*: 

*See General Plotter Instructions 

PRESS: CONTI'NUEi 

DISPLAY 

i -----Z 

o Y 
o X 

ENTER DATA: Yi - Y 

Xi - X 

PRESS: CONTINUE 

Note: (X., Y.) is now plotted 
1 1 

NO 

YES 

USER INSTRUCTIONS (con't) 

+ ENTER PROGRAM B: (Starting Address is (0)(0» 

PRESS: GO TO (0)(0) [or END] 

PRESS: CONTINUE 

DISPLAY 

r ----- Z 

C----- Y 

m-----X 

PRESS: CONTINUE 

ENTER SCALING CONSTANTS: Y
scale 

- Y 

Xscale - X 

PRESS: CONTINUE 

Note: The straight line of best fit is now plotted. 

As the pen approaches any of the boundaries, 
PRESS: STOP 

X 

26 
30 
44 
50 
62 
68 
74 

Let: Xshift = 25 

EXAMPLE 

X = 74-25 4 
scale 15 ~ 

Y
shift 

= 40 

92-40 Y - ~ 6 scale - 10 .-

Solution: r = - .96 
C = 121. 04 
m = -1. 03 

Y -1. 03 X + 121. 04 

Y 

92 
85 
78 
81 
54 
51 
40 

• 

• 

• 
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--~--~---~-~-~-l~-~~~~'~'------l ~~~--t~ __ ~_--+I--~ 
C 'IREGISTER ····jT-- i 

i I I 
---.I----------~--+-·-I--+-r--t 

r--.... +-.~-.,~-.. __+-+r------~.--.-- .. -., .~. ;. - ... ~~ .. ,---~ -~ --~-~--I----+----~l___--__+--_t_.--_i 
• i ' ! I 

.--.-+------h ......... -I~fE:_t__F'P_e;N_:ro-_ORtGtN,-·~· . ...... ....... ......, .. --- . ~-,- I ______ J ___ ~-, 
• I -I I 

I I I I 

m 

Y scale 0 
._ •• "."..;.~_._._ ••••• 0 ••••••• _ ••••••••••• _ ~ __ , ~_ 

SCALING CONSTA TS 
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: I Display Storage 

E I Step 

I 
!COOe 

y i rt= d i 
I b I t:: 

I 

6 0 + I 33 i i 
! I I I 

I 1 i a I 13 
I I 

i ; : I 
........... f-··-··_···· 

i 2 i x i 36 : 
i ; I • 

i b ! 14 i I ! i 

k-r·· ...... -~~ ~-"----<r-
1 

+ 3!. 
! 

ROLL 22 
, 

I 
~ 

l 6 ; Y:II ! .-. 

9 
I 

1 1 
1 

- •... f-""_ .. -~---..... --

8 y ... 11 40 
! i : 

..... --.~-

'9 9 1\ i 
: 

: ROLL .... 31 > r.al r.1 J\ ATE Y nlot I 
i i I 

1 
I I I i _ ... _--

16 I - 34 
~ .. -. i-····· ._. ............. -.~-

12 
: : 

: d 1 
..!. 35 f I . i 

7:~l '" 25 ! 1 
! 

I·· ........ - •..... -... ~- -... ~~-~--.. - "_ .... _"------- --"-_ .. _._ .. 

x 32- { i 
I I 

---'-"-

~=~f~ 
I 

12 c 16 C> RECALL xlQlot - _ ... -
: L 

I i 
I 3 FMT 42 I 

i rllr\, A SE!GMENi= GF= ¥- mX+e 
4, '" 

: 25 
L.,.,-, 

i -
.".--... --~---.--.... "-".-" I 

i 5 i t 1 
ROLL 22 I 

I 
1 6 ! 

- --~-~-""- I .. _._ ....... ____ • _~ 0 f--···· ........•. ---

+ 3 ! 1 i -€At::€l:tI::MlE NEXT Xplot 
I AND ·-STOOE-i 

I 7 Y"'II I 1 

Q 

• 
i "._--.-

~ 8 c I~ 
------~--. 

.. _ .... _ •... - • __ ·v __ • .. • 

i 9! GOTOI )( I 44 

tp':BRANCH TO f\JE: 
-~.-

: 5 05 CALCULATE Yplot I 
! .-... -.... +.~-.- ~ .... -- I 
61 3 03 - I I 

i ----... _- ..... -.. 
i 

i 
END 46 ! I 

d ' 
--... '.-... .... , 

I 1 : i i 
! 

! 0 ! ! I I 
1 i 

.... ,.-
I 

I 
: 2 I I 

I 
_ .. _. 

·1 
i 3 

: 
.- _ ... -... --

....... I . _ ... - 1·_· . .. _. 
i 5 i 
~-- ~->----.. --~ ..• - .....• > ... - f---·- T 

._ . ._-
! 
f·-···-··-·~-····-------- 1--_._._ .. _ .... _- _ .... -

-.-~.--!-

7 
.--~~ .. _ ..... __ ... _- ; ... -----

i !8 _. .. .-. 
i I 

, ..... _- - • ! 
! 

i I I 
I 

~--··t··- -"",,- .. _. 
I 6 I 

: 
_ ... _._._.--0-- . .--

1 : 
:·d···--·-·-~··-······+ 

f .- _ .•.. __ .... .- .... _._.- , 
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The least square parabola approximating the set of points (Xl' Y I) . . . . . (Xi' Y i) has. the equation: 

Y = aO + al X+ a2~ 

where the constants aO' aI' and a2 are determined by solving simultaneously the following normal equations: 

aon + al I X + ~ I:x2 

ao I X + al I r + ~ I x3 

a
o 

Ix2 + a
l 

I x 3 + ~Ix4 

In the program, the constant a2 is found by matrix algebra; the determinate (D) involved in the solution is: 

n 

D 

The equation for a2 is therefore: 

_ {n(Ix2Ix2 Y _ I X3 LXY) _ Ix (Ix IX2y _ Ix2 Ixy) + IY[Ix I x 3 _ (IX2) 2]} 
~- D 

After finding~, the solution is reduced to two equations in two unknowns which are: 

N = aon + a1 Ix 

M = ao I X + a
1 
I r 

where M = IXY - a2 Ir N = Iy - a
2 

Ix2 

These equations are then solved for a
O 

and a1. 

The program will plot each data point as it is entered and then the least squares curve after the coefficients 
are calculated. 

Reference: Introduction into the Theory of Statistics 
Alexander Mood and Franklin Graybill 

McGraw-Hill, 1961 
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USER INSTRUCTIONS 

Using the origin controls, locate the pen in the 
lower left corner of the paper. 

SET: Decimal wheel at 6 or less 

ENTER PROGRAM .A:. (Starting Address is 

(0)(0) 

PRESS: END 
SET: I..-P-R-O-G-RAM-...... I -, 
ENTER X

shift
: Storage locations 0-0, 0-1, 

and 0-2 are available. * 
PRESS: STEP PROGRAM 

ENTER X al: Storage locations 0-4, 0-5, sc e 
and 0-6 are available. * 

mESS: STEP mOGRAM 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

ENTER Y shift: Storage locations O-b, O-c, and 

O-d are available. * 
PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

ENTER Y al: Storage locations 1-2, 1-3, 
sc e 

and 1-4 are available. * 
*If a three digit number is not used, 

PRESS: CONTINUE at each of the' 
other locations. 

SET:j I RUN I 
mESS: GO TO (2)(9) 

PRESS: CONTINUE 

DISPLAY 

i -- Z 

O--Y 

O--X 

ENTER DATA: Y. -. Y 
1 

Xi -. X 

PRESS: CONTINUE 

2 

[

Note: (Xi' YiJ 
will now be 

plotted. 

USER INSTRUCTIONS (con't) 

NO 

PRESS: SET FLAG 

PRESS: CONTINUE 

ENTER PROGRAM B: (Starting Address is 

(2)(2) 

PRESS: GO TO (2)(2) 

PRESS: CONTINUE 

ENTER PROGRAM C: (Starting Address is 

(2)(2) 

PRESS: GO TO (2)(7) 

PRESS: CONTINUE 

DISPLAY 

aO--Z 

a1--Y 

~--X 

PRESS: CONTINUE 

The least squares parabola will now be plotted. 
As the pen approaches any border 
PRESS: STOP. 

• 

• 

• 
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Let: 

X 

3 
o 
5 
2 
4 
1 
7 
6 

-1 

EXAMPLE 

Y 

34 
1 

75 
12 
50 

5 
130 

84 
o 

Note: 11 x 17 inch paper is used for 
this example. 

X
shift 

=-1 

Y
shift 

=-2 

X = scale 

Y = scale 

7 - ( -1) ~ 6 units 
15 ~. inch 

13(}-(-2) ~ 16 units 
10 ~ inch 

Solution: Y = .7939 + 3. 6989X + 2. 0141X2 

The steps which enter the scale and shift 
constants are given below: 

F'= ······F········ 

1;'" 

. -- ~".' 

EXAMPLE (can't) 

PRESS: END 

SET: PROGRAM 

PRESS: 1 

mESS: CHANGE SIGN 

PRESS: CONTINUE 

PRESS: STEP PROGRAM 

PRESS: 

PRESS: 6 

PRESS: CONTINUE 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

PRESS: STEP PROGRAM 

mESS: 2 

PRESS: CHANGE SIGN 

PRESS: 

PRESS: 

PRESS: 

PRESS: 

PRESS: 

PRESS: 

SET:I 

, ; 

CONTINUE 

STEP PROGRAM 

STEP PROGRAM 

1 

6 

CONTINUE 

I RUN 

~ .. 

'+..,--l 

";;;: :·t .. ·. i: . 

····I~· 

+ r' 

---+ , 

.,. t:-::-._. .. ~ ±=.~ 
iF~ 

r=-.c-
, "1"---

.- .. ',-t--r--

09100-70819 

3 
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I 
, 

Dlsp!ay Storage , 
'Ct;d€ !~ 

T 
... -----~ 

! I a y b 

, 3 I C I y ... : 
: 

, 
i 

I -1 
I 

! 1 i 
.... ! 

I I 8 I 
, • ~ 

, .... 
J 

-1 

.' 
CLEAR X 37 ! 

I 
'-".'." - ; ~ 

I I t i 27 ! 

0) TA--~OINT ! --
STOP 41 Xi Yi 0 ENTER 

.. _ .... " .. -
--~T--

! i 
, 

43 ! 
IF FLAG 

~ 8RAi~C-t+--tF--ALt--DATA POINTS 
I .. -

6 06 ! J:lAV.E~~6E~EN._ ENTERED. _~_ , 
I fr-r- C I~ 

... - .--.- , 
ACC + 60 C> CALCULATE LX AND ~Y i I 

-.-.. 

t 27 + r ! 
_ ...... 

X , i 

ROLL 

'" 
I 

! ,- ... '-" -, y~') 24 
""'-. (" I\I_Clll I\Te:' ~ v 2 I i ..... i 1···_· I 

I , id l b 14 
.... L.J 

I '.1= i I I 
i 
l 4; I + : 33 i 

1_- I , 
.... j. ... - -, --.- - ....... ••... _.f"-_ ... __ .. _ .... . -,,-,-- ... _ ...... _-"_.--

i " , y~') , 24 
I .-

J! b 14 -
x:,y 30 1 

I X 36 
I 

I I X:'Y ! 30 
. ------ f-.-

r-6~--Y~() :-24' I~- --c---·-- ---... -c----
~ ("1\1 ("III I\TE "v2 v ------

·7 d ..... 1 ... 17 
..... r £.., 

I 

_.'- l .. _. 1---

• 
+ i 33 

·9, 
_ .. " -+-~~::..t ,_. 

Y:'II i 24 j 

, 

1-11:: 
l 

. __ ._._ .. _ ..• 
, d 

'" I 25 , 
-.,~--~+ - --

I X 36 
, 

-= 
i 

d ROLL '" 
31 i 1 

I 
, -, i 5, , 

I Y:" I 24' 
€-At£ULATE 

! , ) , 
EXY : ,--::.-. , 

""---- - ~.- .... --
. 1 C ! 16 : 

i 
-.- -_ ... 

---~-

I F-= ~~ : + 33 , 

I 24 
-'-... - _ ... _--

Y:'I) I 
- - -_ ... 

i L c I ..... -1= =~ 
i '" 25 : 

T 
_._ ... 1-- _. 

! t 
, 

27 
.•..... - -_ ... I-~ -- ... ····t .-~-- ~-•.. 

X 
, 

36 
- - .. --'. .._ .. 

X 36 
-_ .•. ....... - 1·- ... --_ .. 

I 19 x:.y 30 __ .cALCU~LATLL_~!~ ____ j_ ---
. • Y:" I 24 

L .-.--
! a 13 

... - - .. - . .... - .. -- . 
i + 33 

I i .. , ..... _- ---.. "."-.".--'~- ----
d y:() 24 i i I 

! 
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PROGRAM A PAGE 3 PART NO. 09100-70819 

_~ X ;L_l__--~~~-------_l__------~~~--~~~--_+_--;-------j.-_l__--+_--+--__I 
y~() 

CALCULATE 

CALCULAT, n = NUMBER OF DATA POI 

, 
--~-----~--~~-~-~-~~~ -~ 

1 i 
~-+--='---·-~~~BE6tN-T&t-€At::€ULATE-&·-'---'·-'-'" 

~-.-.-+-.----,--- ->--- .---4+.-'- --... ------ --t---------·--,· -.. : 
r---+-~=--~-----H_----------+-------- -'-------

I 

REGISTERS 
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iCed. 
Display Storage 

Step --- ---.~.".--.---- -
X Y I z d r: i3 

9 
, 

! 00 
, 

I i I 

0 i I I I 

! 1 I I i I .J--~- i 
I ! ! 

, 

, I L . ; 
• 

13 
, I ! i j 
[ I 

I 4 i I I i 
i , I --

: 5 i ! 1 ! i 
. -_ .. •• ____ ••• ~·w 

, 

! 6' I I I 
I 
I -_ ...... , ... . .. _-_ .... _-

I 7 i T 

; 8 i I 
I 9 I 

I I 

u 

I 
I .. _-... _ ... - -......... _., _ ..... -.... -, I··· -.... -.. '--' ---- i 

.~-.-

bi 
.. ~--~,-~ 

: I 
"--. 

I 

i I 
i _. __ .. -,-- I 

Id 

-----~---

i 
a;o 0 00 I , 

! 
, 
I 

~-.~---~--

I 1 
i .. _- f-- .......... - .... -.-- ,- -_ .. 

f 2 ! 
13 

: 
.. -,- ... _-_ .... -.-... __ ...• -- .. _, .•. ----

I 4 .- --~ 
,.... 

'" 
...-, .,...,..., ' ..... , 

15 >-
/vUI c· ~ot o-v vt;;,nvv\jn u 

-t..-

I ""- JLD CO"" lIN 7EROS, 
~161 ? - ' .-' .. -."- j 

i STEP d-d SHpULD CONTA/~ 
, 

< i • 
1 7 THE END STA tEMENT 
t , 

1
8 I 

I 
.. 

19 I 

i 
, 

-. 
I 

i ! 
! 

j 

I i I 
, 

---.- ~~~- , .. ~ 

~ 
, , 

I I i 

1 i It:: i i --- . -.. , .. ,-

Id , • I i I i 
i 

d l 0 
I 0 00 i 
I i , 

~~--' - -... 

I 1 I ----_ .... _-- ~ 
I 

I 2 I I .. --.~-~--

I I 3 ! i 
, ...... -."_."._,, 

I 4 I ! ! -. ---.-- I I , 
, 5 I 

! j 
I I 

j i i 
j 6 

, 
I ! 

i I j 

7 , i 0....----_ ... -.-------- _ .. " ...... I 

:8 [ i 
, .. _ ... _ .. ---.~ .. 

'9 r i ! • .. ,-
a j 

I i 
I I I 

b l 
..... -_ .... _--

I 
j 

r--'--"-, .. ,---
I 

I 
: 

.--- -..... -.-.... ---... ~ ._ ... _ .... _-_ ... _,,----- .. , 

• : - i [ 

I let END 46 
" 

! T 
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PROGRAM B PAGE 6 

10 i 
! 1 

21 

:5 : 
;6 : 
: 7· 

c I 16 

X 36 

'" 1
25 

I 

F 15 

'" 27 
! 9 a 3 : 

i 

• 

PART NO. 09100-70819 

b 

1 

: 

i 
! 

I : 

1 : 

I : 
: f-~' .. 

: 

[=~J 

i a 
i 

! 
i 

, 

. 

! 

. 

i 
- ... ~.- -f----.... - ... -.-~ : a X ___ +~3_6 __ ++._ .... __ .... _._ .............. _ ... ........ -........ L ...... -..... --._ ..... _ ............ _ .. __ ..... _-.--... ~-.. ________ +-_-+-~_.~_+_- .. -.. + 

: b! b", £-AC€t:1tA~E L y [t:: xE X 3 (E x4?}--I:-----+--- _ .. r--.. i 
.~--. 

i 
.. ---.------------I-------j-.. -....... . ! 1 __ _ 

!2 e 
3 X 

: 41 i , 

.... _._--

• i 

7! 01 c 
I 1 X 

121 + 

---~--.-... ------.+. -----=-~___=-_;;__,__---___t----.--.. + .. 
CALCULAT~ n(LX2 LX2t- LX3 l:XY) I 

-I-------i-----------t----····-····-· ...... . -- .... -- .. ~ .. ----c_f--.--

.._.. ! j 

: 
i 

i 3 ,34 
,.--+---"'--+-2-5-++------+--------+1----.----- _ ..... -

i 5 y~() 24 
-+~--.-.--.--+-----~--+-------- - .. 

i 

: ! 6 8 10 
, 
I 

~7, '" 27 

I 8 '" 25 .-I:---.--.----+-.~I-+-----.-... --.---.. +-- -.-.. -.--.-.---.-.-.-;'- ---.~-------- -... -- -i-
9 y~() 2 

L 3· l-----·~--·---!----r· ·····-·-------·-·---1-······--··-

I b I ROLL'" 22 I--·t 
.-.~~ ... ----.-..... ~ .... - .. -....... - .... - .. -.---.. --.. +----------1---.---.. 

~--X--~=6~------,-:-__ --+---------.-.. -.. ---.--.+:---+I--~:_. _____ +l ____ .~ ___ ._~ 
I d ! END I 46 : i 

• 

• 

• 
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• 

• 

I : 

l4~d 117 
f--..-+-~-~+' 

15 X 136 
i 6 ~c-·----r·I-6++·-·-------·--·--+····-··-·-·-·-

• 
~ 1--;--1 ~:-'-++--~-.-.--~-.. 
~~ 9f'--X--;T3'-6-H--~------"---' .-j-----
I a r ROll '" i 31 -+---f---

I b: - ! 34 CALCUi...AT~ 
i--------t---

, I y;'! I i 24 
r--+--~b-- +-1-4-r~-----'-~---'------'-'-'+ 
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, I Display Storag~ 

.=d , I Code ! i 
; 

! Y e i t:: 

j5;01 
I 

d 17 ! i 1 ! ) 
i i X 36 I 

I· I I l 
: ! • r.~---'·.·-.--·-· __ ·c··~ 

, 2 i '" 125 
T 

i 
, ! _._-

i ROll ~ ! 31 
, \ ! I 

4
1 

X i 36 ; 

;5 ROLL '" 31 : j 

16 1 34 
i , 

- i i i 

0 17 b 14 I T 
.... -

,8 ! x-;y 
1
30 

"·T· I i 
I 

I ! 35 i I I · I 

J y-+ , 14'0 
i 

I i i 

I b! a 13 I I 
i 

T 
! .... --

i i 

~ 25 ! ~-~- ---. ..• --.... 

:r:: X 1~6 
r i : 

i 

b; c i 16 
i 

1 i " .. 
/30 ,"-Tf '" UIL. !" 

.. r I 1 _~.~i!._. > CALC I m i 

i i 34 ; ·r - i I 
: 3 I 

... _ ....•.... 
j 

I 

( 
. ... - ..•.. ,. ... _ .. 

d I 
17 

; 35 ! I 
i ... f-.-•. 

15 y .... (1 140 : I • 6: d I 17 \ 
I 

I 

j - ••••• ____ o.~ ••• _~. ....•. _.-.. _-
I J i I a 13 

~8-
,_._ ... 

:r:: t 7 : i 
I 9, e 12 > POSITI().r"'._~1 I I 

I 
-_ .. -

! 
i X .... (l 23 

i _ ... - _._. ~---- --~ 

'b c ! I ! I 

i i 
~ .. ~ .... - .. _-.- .. _-- -... . ... ~- .. 

f 41 °2 i °1 
, 

00 DISPILAY I STOP 

CLEAR-T20 

i 
U la ! ! 

i ! ~ I I n.o 17 0 4 ? RESET paN 
, I T I 

i [ ~ 
FMT I 

-~.--... ~~--"~.-- ..... _ .... _+ 

~ I 1, t 27 
, I I ! i ........ L .. ____ -+_. __ ........... _ .. I 

"."jL 

•. 2 ! 54i- I : :s: SET FLAG 
- ...... -. ~ ... -.-.. /---_ .. _-_ .. I LU 

I 

:r: I 3J GOTOI II I 44 SET FLAG; AND BRANCH TO I i I ! 

~ t I , .- ··r········-·-----~ I i i 
I 0 i 00 OBTAIN Xiscale AND X sift 

I : 
+-1-' 5 i 0 

• __ ~~ __ ~_~_-~."."~--" .. o_~._." .. -- -"'-i--'--~-
T 

i i ! 00 i , i 
a 16 t 1£'7 I : 

i 

, ; 6 06 1 
i 

U 
t_, __ l_~ ........ _, ... _~ .. o __ 

· I « · 35 , , 
a.. , 9

1 

.'.' .. '. ,,-.. ~. ~~.~-~v-~-~~--r---~-~--.-~~-.-.. ~~---~" 

~ J 25 i X i ) 

i a i + i ? I..,ALI.., ut:::AT£-··liX·:· . ~- AND X-=X-sh 1ft ·~iA , , • .~-.~~-.. -----. 

I b, x~y 30 I + .... 
:r: CHG SIGN 32 

i. ,d l x~y 30 I 
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• 
i 3: 

i 

.... 27 

.,. . 27 
r-------;----
LX: 36 

_._----_._-----_._-_._ .•. _. --.-... 

i 

C i 16 
..... _+.+_ ... 

X 36 

a b r.L'l.1 r.111 L'l.T ~ n =f:,-O-rX+-02X~ i 
:'u: i • 

\.-~;",.,-r-i:d--"'+"1-' - rlX_-,,;-,~;-H+ ... _ .... _A~N.O_ .....•. _ro._g-+4-f_-IGN-__ -o+_g_P_L_A_Y;r-:-------··---···-·-···--+--E-. .. .---t-~-J.-.-.----4---i 
1 + i I 

ROLL .,. 

12 
+ 

········f··-············-· ..•.... 

• 14 e 
i .,.: 

1 -

! 6 GO TO [ )( ) 144"1 
1 

• i __ 

I
__ 0 : 00 (> BRANCH TO CALCI 

== LiB 0 o~ i ................... . 

\T~~.pLQ1. AND )Dlot i 

• 

: 46 

.~I .... _.-.-I~··--+····---- ....... __ +-+-__ ._ 
. 

. .......... -

.-__+____---+-i--t--_______ ;.--_____ ...+ 1--------+-............... + .. -.------+.- ............ __ .. . 

~~~----~~----------~--------~----------~--~~---+---+---+.-~ 
- .. ~---+--------------.--. +---------~~.--.-- .-.~--+_--+-.--+--.--t 

i 

: l··-~-------······-+-·--·~····-·-

I 
........ -----.----J-.--.......... . 

0 
n:: 

u 

_.-'--__ ._ ..... _.+ __ +_------------. _____ .. I 
! 

1-·.·--------+,·_---_·_·_·_-- i 

: .-'------+---- .. _ ........................ _.+._.----/ 
! 

• I--

..... ------+1-..... _ .... _ ..... ,1 .............. -.-t---r--. .... 

I--
W 
...J 

i . a _._-------:-._+---_._ .. _._._ ... _ ...... . 
b 

i 

---------- _···-·······i···· 

== c ! 
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Cl 
c:: 
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:::c: 
U 
ex: a.. 
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W 
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~ 
W 
I 

This program computes the least squares fit and a correlation coefficient of n pairs of data pOints for an 
exponential function of the form: 

bx 
y= ae 

The program also plots each point and the least squares curve after the unknowns have been calculated. 

The equation is linearized into 

Iny In a + bx 

or 

y A +bx 

~ Using a linear regression method, 

Cl 
c:: 
ex: 
:::c: 
u 
ex: 

.~ 
I-­
W 
....J 

~ 
W 
I 

~ 
E::l 

the correlation coefficient is given by 

Note: y. > 0 
1 

i = 1 •.. n 

b 
nIxy- IxIy 
,,2 ,,2 

nLX -(LX) 

A= 

A a = e 

r = 

Cl 
c:: ex: Reference: Statistical Theory and Methodology in Science and Engineering 
:::c: by K. A. Brownlee 
U ex: John Wiley and Sons, 1965 
a.. 
I--
I--
W 
....J 

~ 
W 
I 

~ 
E::l 

Cl 
c:: 
ex: 
:::c: 
U 

• I-W 
....J 

~ 
W 
I 

~ 
E::l 
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USER INSTRUCTIONS 

Using the origin controls, locate the pen in the 
lower left corner. 

ENTER PROGRAM A: (Starting Address is (0) (0) ) 

SET: Decimal wheel at 6 or less 

PRESS: GO TO (0)(0) [ or END ] 

PRESS: CONTINUE 

ENTER TRANSLATION CONSTANTS: 

Yshift -+ Y 

Xshift -+ X 

PRESS: CONTINUE 

ENTER SCALING CONSTANTS: 

Y -+ Y scale 

Xscale -+ X 

PRESS: CONTINUE 

DISPLAY 

o---z 
o---y 
---X i 

Each data point will be plotted 
as entered. 

ENTER DATA: Yi ...... Y 

X. -+ X 
1 

NO 

USER INSTRUCTIONS (con't) 

ENTER PROGRAM B: (Starting Address is (0)(0» 

PRESS: GO TO (0)(0) [or END] 

PRESS: CONTINUE 

DISPLAY 

a----- Z 

b -----Y 

r -----X 

PRESS: CONTINUE 

The least squares curve y = aebx will now be 
plotted. To interrupt the plot or stop it when 
finished, PRESS: STOP. 

To re- run program return to beginning of USER 
INSTRUCTIONS, ENTER PROGRAM B and proceed 
as before. 

X -
.5 

1.2 
2,9 
3.3 
4,8 
5.6 
7.4 

Let: Xshift .5 

Yshift 5 

EXAMPLE 

Y 

7.12 
11. 67 
38.85 
48.03 

138.70 
262.00 
935.64 

X = > 7. 4 - . 5 ~ 5 units 
scale - 15 "'. inch 

Y = > 935. 64-5 ~100 units 
scale - 10 inch 

Solution: a = 4. 925 

b = .705 

YES r = .9998 

2 

PRESS: SET FLAG 

PRESS: CONTINUE 

Y = 4. 925e' 705X 

• 

• 

• 
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PROGRAM A 

~~l~J_J."?~ 
~_~._9~~~~~j~lL 

125 ~ .~.~ .. J;: .. ~ - 4·~~ •• 

.. ~Q~_i'.J~L 
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PROGRAM B 

• 

• 

• 



Cl 
0:: 
<C 
~ 
U « 
LLJ 
..J 

3: 
LLJ 
::r:: 
~ 
t:::l 

Cl 
0:: 
<C 
~ 
U 
<C 

.~ 
I­
LLJ 
..J 

3: 
LLJ 
::r:: 

~ 

Cl 
0:: 
<C 
~ 

U 

.~ 
I­
LLJ 
..J 

3: 
LLJ 
::r:: 
~ 
t:::l 

This program computes the least squares fit and correlation coefficient of N pairs of data points for a 
power curve of the form: 

Y = aXb 

The program will also plot each data point and the curve after the unknowns have been calculated. 

The equation is linearized into lnY = blnX + Ina 

where 

and 

b - N I (lnX InY) - I InX IlnY 

- N I (lnX)2 - (I InX)2 

r 

In a IlnY 
N 

N I (In X In Y) - ( I In X) ( I In Y) 

I lnX b 
N 

Note: Xi > O. Yi > O. i = 1.' • " N and Xshift > 0 

Reference: Statistical Theory and Methodology in Science and Engineering 
by K. A. Brownlee 

John Wiley and Sons, 1965 
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2 

USER INSTRUCTIONS 

PRESS: STOP 

Using the origin controls, locate the pen in the 
lower left corner of the paper. 

ENTER PROGRAM A: (Starting Address is (0) (0) ) 

PRESS: GO TO (0)(0) [ or END] 

PRESS: CONTINUE 

ENTER TRANSLATION CONSTANTS*: 

Yshift --+ Y 

Note: Xshift > 0 

PRESS: CONTINUE 

ENTER SCALING CONSTANTS*: 

Yscale --+ Y 

Xscale --+ X 

PRESS: CONTINUE 

DISPLAY 

o ----Z 

o Y 
---X i 

Each data point will be plotted 
as entered. 

ENTER DATA: Y
i 

--+ Y 

Xi --+ X 

NO 

mESS: SET FLAG 

PRESS: CONTINUE 

YES 

ENTER PROGRAM B: (Starting Address is (0)(0» 

PRESS: GO TO (0)(0) [or END] 

PRESS: CONTINUE 

1 

USER INSTRUCTIONS (contt) 

DISPLAY 

r---Z 

b---Y 

a---X 

PRESS: CONTINUE 

The Plotter will now plot the least squares 
curve. To interrupt the plot or stop it when 
finished, PRESS: STOP. 

To re-run program, return to beginning of 
USER INSTRUCTIONS, ENTER PROGRAM A 
and proceed as before. 

*See general Plotter instructions. 

Let: 

X 

1.2 
1.7 
2.3 
2.9 
4.4 
4.8 
5.7 
7.2 
8.4 

EXAMPLE 

Y 

15.25 
6.68 
4.54 
1. 74 
.87 
.51 
.33 
,23 
.17 

X 1 1 X = 8. 4-1. 1 ~ 5 units 
shift =. scale 15 .- . inch 

Yshift = 0 Y = 15. 25-.17 ~2 units 
scale 10 inch 

Solution: 

r -.9952 

b -2.384 

a = 24.949 

Y = 24.949 x-2. 384 

• 

• 

• 
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