








CHAPTER 5 -164-
1. {21 ]|x
1i[sfl.1loll7{])
(1 +.07)153
1|+
. 0|7 |]a¥
1[5 ]]=
1- (1 +.07)15
1 -
(
1|+
. 017 ||ax
1 ({5 )

N-M‘—va-\-’\—‘\N‘A"—/T

1.210 X
15. 070 )
18. 234 *

18.234 =
43.872 *

1. 000 +

0. 070 aX

15. 000 =
2.759 %

1. 000 -

1. 000 (

1.000 +

0.070 aX

15.000 )
2.759 %

2.759 =
-1.759 %

M
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1-(1+.07)15

1-.07

3

1 5 )
(
1 -
0oll7 )
3+
17.
3|1+

1.000
1. 000
1.000
0.070
15. 000
2.759
2.750
-1.759
1. 000
0. 070

0.930

0.930
-1.891

3. 000

17.300
0. 057

1/x

aXx
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= 0. 057 =
3.057 *
v 3.057 v
1.748 *
log (3 + el'z)
3+ 3. 000 +
ex
RIS 1.200 1g-1
3. 320 *
= 3. 320 =
6. 320 %
Ln
LOG 6. 320 lg
1.843 %*
2ND 0. 800 F 2
FUNC
Solve:
Q= % b 1/ng3/7
g = 32.2
H=16.27
b= [le:l
2 - 2. 000 -
2/3b
3 |{x 3. 000 X
RCL
oo lloll7 12.500 N 07
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X 12.500 X
( 8.333 (
32 .(]2]+ 2x32.2 —1/2x32. 2 32.200 +
= 32.200 =
64. 400 *
2l 64. 400 ~
8. 024 *
) 8. 024 )
X 8. 024 X
( 66.874 (
16 .1l2]7](a* 16.270 a¥
( 16,2737 16.270 (
3
3 - 7 3. 000 -
71) 7. 000 )
0. 428 *
) 0. 428 )
3.304 *
= 3. 304 =
221.018 *
———\/\_Mw‘——vj
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PROBLEMS

Problem 1

Given the following group of scores:

21.7

28.5

31.2

24.6

27.0

38.1

23.2

A. Compute the standard deviation, mean and standard error of the

mean for the group.

SET
D. P. 3
SET 1
GROUP
3. [0
!
| EN | g v
_
2 || 8 5 12,
nxx
391 2 gxz
'
2jle L i) e

——. ~ - =~ SN

0. 000
21.700 5
28.500 =
31.200 e
24. 600 =

e
LH ——— —

—

CL
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27 1.1lo||Z .
=2 27.000 s 1
3|8 . |2 |2 .
=2 38.100 = 1
2 {[3 - |12} =2 23.200 = 1
nxx
SD
MEAN 5.588 SDn-1 1
2ND
FUNG 27.757 F2
3.l |3 3.223 F3

B. Compute the Z-statistic and normal probability associated with

each score.

21 |- 17| &4 1 21.700
-1.170

Bnll2 -1.170
0.120

218 1f.Il5] |£n 1 28.500
0.143

EV\ 2 0.143
0.557

s{frdl. 2] [E4 1 31.200
0. 665

$ 2 0. 665
0. 747
—

——N‘“./\—\/\‘T
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24.600
-0.610

-0.610
0.270

27.000
-0.146

"0- 146
0.441

38.100
1.999

1.999
0.977

23.200
-0.880

-0.880
0.189

Delete the 38.1 and add seven 26.1's to the group.

21all. [l6][&al |1
T 2
2 7 ain 1
S |2
3 8 1 ain 1
dn| |2
2 (|3 2 |13, |12
.2
C.
3 8 . 1 DELETE Z
nxx
26 .l1][=2
nxxx
7 =

38.100

26.100

7.000

—
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D. Compute the new standard deviation, mean and standard error of

the mean for the revised group. —
SD
2.283 -
MEAN 8 SDn-1 1
ZND 26.069 F 2
FUNC
XS 3 0.633 F 3

E. Compute the z-statistic and normal probability associated with each

score in the new group. «\/\—_j

21 . ({71 |4l |1 21.700 X
-1.991 Z 1
3 |2 -1.991 P z
0.023 *
2118|. ||5][En 1| 28.500 X
1.107 Z 1
Bnl |2 1.107 P z
0.866 %*
31 |f. |2 ]]|&n 1 31.200 X
2.338 Z 1
nl |2 2.338 P z
0.990 *
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2[4 . {6 ][Rl |12

da ]2

Problem 2

Here's an example of linear

24.600 X
-0.669 Z 1
-0.669 P z
0.251 %
27.000 X
0.424 Z 1
0.424 ) 3 z
0.664 %
23.200 X
-1.307 Z 1
-1.307 P z
0.095 *
26.100 X
0.014 Z 1
0.014 P z
0.505 *

— ]

regression using transformed data. A

two-variable regression is used in the example, but three-variable

may be done the same way.

A. Do a linear regression using these raw data:
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XY

XY

-173-

A
o o v U»u o

I%

1.5

3.5

4.0

6.5

9.0

11.0

11.5

.000

.000

.500

.500

.500

. 500

. 000

CL
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6 | |xXY 6.000 X
6 IL 5 || = 6.500 Y
6 |. 15| |xY 6.500 X
9 || = 9.000 Y
5(.15][xyY 5.500 X
11 |]= 11.000 Y
7| |IXY 7.000 X
1{f1l.1ls |l = 11.500 Y
SET ]
GROUP
LIN 0.805 LR 1
REG
2ND

1.50
FUNC 9 F2
Sl |3 -0.833 F3

S
Therefore, r = .805 and Yegt = 1.509X - 0.833.
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B. Now let's do a regression on these data using Ln(Y) in place of Y.

®n| |0
1 XY
ILn
5
1 LOG
3 . 5 XY
Ln
5
3 LOG
5 . 5 XY
Ln
4
LOG
6 XY
6 5 Ln
LOG

—

0.000
1.000

1.500
0.405

0.405
3.500
3.500
1.252
1.252
5.500
4.000

1.386

1.386
6.000
6.500

1.871

1.871

CL

1g

1g

lg
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LOG

LOG

-176-

SET
GROUP

LIN
REG

2ND
FUNC

EXIRE

Ln
LOG

6.500 X
9.000 1g
2.197 %*
2.197 Y
5.500 X
11.000 1g
2.397 %
2.397 Y
7.000 X
11.500 1g
2.442 %
2.442 Y
0.913 LR 1
0. 324 F2
0.083 F3
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Here, r = .913 and LnY 4 = . 324X +. 083.

Yegt = exp (.324X + .083)

You can use the normal functions on the 445 to transform any variable
during XY data entry. If you want to use an algebraic expression to

transform a variable, enclose the expression in parentheses, like this:

enter X, XY

enter Y

s L s =3 1D | jxy

enter Z, =

This series of steps has entered X, %5_ and Z.

C. You can also do a quadratic regression, such as
Z=i+mX +myX?

You do it like this:

enter X, XY

enter Z, =
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Problem -- perform a quadratic regression on these data:

X_ Z_

2.0 3.1

3. 1 40 9

3.8 6.2

3.6 5.6
.| |0 0. 000
2 | XY 2.000
( 2,000
X 2.000
) 2.000
4.000
XY 4.000
3. 1= 3.100
3. 1| XY 3.100
( 3.100
X 3.100

CL
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XY
4 9|[=
3 " . 8 XY
(
X
)
1 XY
o ll.1l2]]=
T]l.sxy

XY

[s[.][6

-179-

3.100 )
9.610 %
4.900 Z
3.800 X
3.800 (
3.800 X
3.800 )
14. 440 *
14. 440 Y
6.200 Z
3.600 X
3. 600 (
3.600 X
3.600 )
12.960 *
12.960 Y
5.600 Z

N~ ————— T T ————



_CHAPTER 5  -180- —
SET "

GROUP

LIN

REG 0.762 LR 4
2ND

FUNG 0.909 F 2
3.3 0.131 F 3

Therefore, the regression equation for these data is

Zegt = - 762 +.909X + .131X2 .

Problem 3

Here we'll be concerned with multiple and partial correlation coeffic-
ients for three-variable linear regression. From the three two-
variable correlation coefficients that can be calculate;i between the
pairs XY, XZ and YZ, both the multiple and partial correlation co-
efficients can be calculated. For simplicity, in this example we define
X as Group 1, Y as Group 2 and Z as Group 3. Thus, 'the correlation
coefficients calculated by the two-variable linear regression are rj2,

Toa and rape

First, let's put in some three-variable data.
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X
1
7
1.5
7.5
ENEL

1 XY

2| (XY

3 =

7 XY

8 XY

9 =

1 5 XY

8 6 | (XY

3 . 1 =

-181-

8.6

4.6

3.1

1.8

0.000

1.000

2.000

3.000

7.000

8.000

9.000

1.500

8.600

3.100

CL




CHAPTER 5 -182-

7.500 X
4.600 Y
1.800 zZ

— J\’\J_\

A. Calculate the multiple correlation coefficient of X on Y and Z as

given by

2 2
R = f12” + r31

- Zrl 2¥23%3]

1.23

Here's one good way to do it:

RESET

(

SET ;| | LIN
GROUP REG
X

)

+

-'—“—*——”A_\——\_,\ﬁ
0.000 /\

0.000 (

0.211 LR 1

0.211 X

0.211 )
0.044 *

0.044 +
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SET 3
GROUP

LIN

REG

SET
GROUP

LIN

REG

SET >
GROUP

LIN
REG

SET
GROUP

LIN
REG

0. 044

0. 365

0. 365

0.365
0.133

0.133

0.177

2.000

0.211

0.211

0.497

0.497

0.365

0.365
0.076

0.076

LR 3

LR 1

LR 2

LR 3
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SET
GROUP

LIN
REG

0.101

1.000

1.000

0.497

0. 497

0.497
0.247

0.247
0.752

0.752
0.134

0.134
0. 366

0. 366

LR 2

3

-_——m—\____‘_‘

B. Calculate the multiple correlation coefficient of Y on X and Z as

given by

2.13

1% + 132 - 27,1237

This expression can be evaluated in this way:

(rlzz) + (r23)2 ~(2xrypxrp3xr3;) {_(1 - (r312) )
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then = Vv

shows one way of doing it.

-185-

. The result is R, 13 = -498. Here's a tape which

0.000

0.000

0.211

0.211

0.211

0.044

0.044

0.044

0.497

0.497

0.497

0.247

0.247

0.292

2.000

0.211

0.211

0.497

0.497

0. 365

0.365

(M ———— T ————————

N
(
LR 1
X
)
%
+
(
LR 2
X
)
*®
(
X
LR 1
X
LR 2
X
LR 3




CHAPTER 5

-186-

0.076
0.076
0.215
1.000
1.000
0.365
0. 365
0.365
0.133
0.133
0.866
0.866
0.248
0.248
0.498

0.498

sk
(
(
LR 3
X
)
*
)
%
%
.]/"‘
3

C. Now calculate the multiple correlation coefficient of Z on X and Y

as given by

2

R3.12°

(r312) + (r23)2 -(2xrjz2x rp3 X r3]) = (1 - (rIZZ) )

r312 + 13

- 2r)pr3r3)

1 -r2

2

This expression can be evaluated in this way:
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then | = v | . The resultis R

3.12

= . 564,

D. Calculate the partial correlation coefficient between X and Y as

given by

r - r
r 12 - T31723

12.3
'\/(1 -731%) (1 - 123%)

Here's one way of doing it:

—
RESET

(

1 || -

(

SET 3 LIN
GROUP REG
X

)

)

X

(

0. 0000

0. 0000

1.0000

1.0000

0. 3650

0. 3650

0. 3650

0.1332

0.1332
0.8667

0.8667

0.8667

LR
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112 1. 0000
( 1. 0000 (
SET LIN

2 0.4978 R
GROUP REG ? L
X 0.4978
) 0.4978
0.2478 *
) 0.2478
0. 7521 *
- 0.7521
0.6519 *
0. 6519 +

v 0.8074 *
1 0.8074 1/x

| x| 1: 2385 *
X 1.2385
( 1.2385 (
SET LIN

1 .
GROUP REG 0.2113 LR
- 0.2113
( 0.2113 (
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SET 3 | (LN
GROUP REG
X

SET 2 LIN
GROUP REG

As you can see on the tape, r

12.3

0. 3650

0.4978

0.4978
0.1817

0.1817
0.0296

0. 0296
0.0366

0.0366

. 0366.

LR

S i — U

E. Calculate the partial correlation coefficient between Y and Z as

given by

T23.1

23 - T12T31

1/(1 - 112%) (1 - 132

This expression can be evaluated in this way:

(1-(r,%) )x (A -(ry%) )

then =

_‘/_

X

(r23 - (rlz x r31) ) and




CHAPTER 5
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The resultis rp3  =.4623. Here's a tape which shows one way to

do it:

0. 0000 /\

0. 0000 (
1.0000 -
1.0000 (
0.2113 LR 1
0.2113 X
0.2113 )
0. 0446 %

0. 0446 )
0.9553 *
0.9553 X
0.9553 (

1. 0000 -
1. 0000 (

0. 3650 LR 3
0. 3650 X
0. 3650 )
0.1332 %
0.1332 )
0.8667 *

0.8667 =

L—,—\’\_\\



CHAPTER 5

-191-

v

0.8280

0.8280

0.9099

0.9099

1.0989

1.0989

1.0989

0.4978

0.4978

0.4978

0.2113

0.2113

0. 3650

0. 3650

0.0771

0.0771

0. 4207

0. 4207

0.4623

0. 4623

/‘—‘\/\’__’/R—’\'ﬂ

LR

LR

F. Calculate the partial correlation coefficient between Z and X as

given by
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- T3] ~ 12723
Tﬂl - 1128 (1 - 1p3%)

The result is r3y.2 5" 3065.

r

31.2

Problem 4

Fisher's exact test gives a probability statement for a 2X2 matrix,

A B nl n1=A+B
n2=C+D

ClPl™| n,=a+c
n,.=B+D

n, | ny || N b_
N =A+B+C+D

nl!n 'n_ In, !
p = 2 "7a b

N!A!B!C!D!

Calculate p for the following matrix:

2| 5|7

714 1

91 91| 18

Here, p = __71111919! ]
18121517141

Here's how you do it on the machine:
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CHAPTER 5
7| 12a] |6
X
VY| | 3a
X
9 | 1, |6
X
291 13, 6
(
118 | |&n
X
2| 3] [6
X
5| [&a| | 6
X

N\M’\/\/\_,-/\___\/\_/——f-’"
7.000 !
5,040.000 *
5, 040. 000 X
11.000 !
39,916, 800. 00 *
39,916, 800. 00 X
9.000 !
362, 880.000 %

362, 880. 000 X

9.000 !
362,880.000 *

362,880.000 -
2.649185200 22 (
18.000 !
6.402373705 15 =*
6.402373705 15 X
2.000 !

2.000 %

2.000 X

5.000 !
120.000 *

120.000 X

-
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7 En 6
X

41| (&, 6
)

Problem 5

7.000 )
5, 040. 000 *
5, 040. 000 X
4,000 !
24.000 *
24.000 )
1.858634696 23 %
1.858634696 23 =
0.142 *

—\/\’\———-——\__\,_\,\

Here, we shall take several different kinds of means for the following

data:
21.7
28.5
31.2
24.6
27.0
23.2

(7x) 26.1

A. Calculate the Harmonic Mean for the above data.

Harmonic Mean =

N

1
Z%



% 8€0°0 %
x/1 001°92 THU o9l 2
2 2 €%0°0 N“MH
* €%0°0
X/t 002°€2 el - ellz
XXU
2 ¢ L£0°0 | NHA
%* LEOO <
x/1 000 L2 T L]l e
Nuonﬁ
7 = 0%0°0 =
* 0%0 °0 -
X/t 009 *%¢ Tl %] 2
2€0°0 A
2 2 =
* 2€0°0 -
x/1 002 °1¢ Tzl tile
XXu
7 2 G€0°0 N
* G€0°0 =
x/1 006 °82 THS|| |8z
Ng
2 2 9%0 *0 =
* 9%0 "0 —
x/1 00L°12 TIell ot
dno¥d
10 000 °0 ol [Y“F| | 2 LS
ﬁl\‘(l\u\l\/l“/\l\\\ll‘f\l

-G61- S Y4ILdAVHD
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Z, 0.038 z 2
nxx
71| = 7.000 n
RCL, || 4 13.000 T 4
> 13.000 -
RCL, || 5 0.502 r 5
- 0.502 =
25.885 *

The Harmonic Mean is 25. 885.

B. Take the Root Mean Square for the same data as above.

rms = __Z_X..z
N
o —e N
SET
Group| L3 d |0 0.000 CL
211, |7 ZZ 21.700 > 3
nxyx
2181 .||s ZZ . 28.500 S 3
nxx
31 ]l. |2 Zz 31.200 = 3
nxx



CHAPTER 5 -197-

2 (4. ||6 IEXZ 24.600 > 3
27|22 .
Z 27.000 =z 3
213 .(l2 ZZ 23.200 T 3
nxx
26|11l = 26.
2= 6.100 > 3
7 1= 7.000 n
RCL_| |9 8,897.450 + 9
+ 8, 897. 450 -
RCL || 7 13.000 r o1
= 13.000 =
684.419 *
v 684. 419 v
26.161 *

The Root Mean Square is 26.161.

C. Now let's take a Geometric Mean for these data.

N
Geometric Mean = \ / (Xl) (XZ) (X3). . (Xn)
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RESET
211 X
2118 X
311 X
2 || 4 X
2 || 711X
2 |13 X
(
2 |6 aX
7 )
ax
13 ||%

X

The Geometric Mean is 25.977.

0.000

21.700

28.500

31.200

24.600

27.000

23.200

297, 335, 006. 8

26.100

7.000
8,250, 562, 363.

8,250, 562, 363.
13.000
0.076

0.076
25.977

T
A

aX
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PROGRAMMING EXAMPLES

Try Stirling's Formula for log (n !). Here, n is in register 4 and has

the value 1728. (Before you start, put 1728 into register 4.)

Ln (n!) ¥ (n+3) Ln(n)-n+ Ln ‘\/rZ_ﬂ;_//W/\M\_,,/

RCL_| |4 1,728.000 A 4
+ 1,728.000 +
(n+%)log n
. 5 X 0.500 X
RCL, || 4 1, 728.000 ~oo4
Ln 1,728.000 lg
LOG 7. 454 *®
- 7.454 -
RCL || 4 1,728.000 r 4
+ » 1,728.000 +
( 11,157. 483 (
T + 3.141 +
doubles 7 log /21T
= 3.141 =
6.283 %
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Let's program Stirling's Formula.

log V217

(continued)

6.283 v
2.506 *
2.506 1g
0.918 *
0.918 )
0.918 -

11, 158.402 ¢

- — ]

We'll put it at location 0030, give

it the symbolic name'FLAG'and assume n is in register 4.

Do the following:

RESET

BRANCH

nn

just a precaution - not usually necessary

(or could be

JUMP

put switch on LOAD

Now you're loading a program - the program will be the same sequence

of keys as before, but with a SYMBOL in the front and PRINT and

HALT instructions at the end.

02+
W< wm

FLAG

—
0.000 4N

0030 066

0031 016
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RCL
n

RCL

LOG

RCL,

e

-201-

0032

0033

0034

0035

0036

0037

0038

0039

0040

0041

0042

0043

0044

0045

0046

111

004

021

012

005

023

111

004

050

022

111

004

021

026

015

1g
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In
LOG

PRINT
ANS

HALT

Now take the switch off LOAD and put it on RUN, before you forget it's

0047

0048

0049

0050

0051

0052

0053

0054

0055

0056

0057

in LOAD and accidentally load in another step.

Put 1728 in register 4 (1728

ST

n

) and push

e e e

021

020

055

050

027

020

061

056

126

067

016

1g

Ju

RESUME
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If you didn't turn off the PRINT switch, all the steps will print out - -

so turn it off. The answer will print, and the program will stop.

Now you can store another number in register 4, press |RESUME

and the 445 will do it all over again.

Now try a program with some logic in it. The quadratic is a good one.

X = -bt /b2 -4ac

2a

where ax2 + bx + ¢ = 0

Now we'll use identifiers and dot lines to indicate what's going on. We
want the tape to print identifiers 1, 2 and 3 to indicate a, b, and c; and
identifiers 4 and 5 to indicate whether the roots are real or imaginary.

So a sample tape might look like this for a = 17, b =18, ¢ =19:

1.
17.00

2.
18.00

3.
19.00

5.
0.91
-0.52

W’\—\_—\_’\

Here's a flow chart for the program:
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START

>|‘Symbolic address "'0"
|[ENTER, PRINT, STORE a |

l
[ENTER, PRINT, STORE b

I
ENTER, PRINT, STORE c

calculate b%-4ac

real
Symbolic
address "1"—>

| ident 4 I l ident 5 [

Register Usage Chart
Variable Register
a 0
b 1
C 2
Y b2 -4ac 3

calc & print calc & print
-bt+vb2-4ac “V4ac-b2

2a 2a

‘ (imaginary part)
[

calc & print calc & print
-b=Vb2-4ac -b/2a

2a (real part)

[ |

Here's the program. Since it's written with symbolic addressing, it

can go anywhere in memory. It happens to start at step 0140,

gYMB l_ Symbolic address "0"
1

IDENT . identifier 1

HALT

P?INT ENTRY | enter, print &

g n store a

2

M — T T ————

0140 066
0141 000
0142 001
0143 177
0144 056
0145 060
0146 110 V
0147 000
0148 002

M

N O
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IDENT

HALT

PRINT ENTRY
ST,

1

3

IDENT

HALT

PRINT ENTRY
ST,

2

DOT PRINT
RCL, ]

1
X

Q
&
s

h— N O WX

+ g
G
=]
2]

SYMB
IDENT

CHG SIGN

Ln

| c»g 4.N.k.ﬁ

PRINT ENTRY

Q
sr-
|

-205-

identifier 2

enter, print &
store b

identifier 3

enter, print &
store ¢

dot line

b2-4ac

Jump

if positive

to symbolic

address '"'1"

otherwise,

ident 5, - complex roots
4ac-b2 in entry register

| hac-b2

2a

Print imag. term

0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189

177
056
060
110
001
003
177
056
060
110
002
176

111
001

023
022
026

004

023
111
000
023
111
002

027

020
126
021
067
001
005
177
013
055
024
002
024
111
000
020
060
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L -b/2a

Print real term

Return to start

Begin real root routine

Ident 4 - real roots

Store-/ b2-4ac for

later use

-b +-/b2_4ac

2a

1st real root

Calculate

-b-Vb2-4ac

PRINT ENTRY
ADV

JUnn

SYMB

0

2a

2nd real root

Back to START

0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232

0233
0234
0235
0236
0237

111
001
013
024
002
024
111
000
020
060
065
126
067
000
066
001
004
177
055
110
003
022
111
001
024
002
024
111
000
020
060
111
003
013
022
111
001
024
002
024
111
000
020
060
065
126
067
000
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After you've entered the program, put the switch back to RUN and

push |RESUME| to get the first identifier printed out. Then enter

the sample problem (a=17, b=18, c=19). Your tape should look like

the sample above.
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MAGNETIC CARDS

That little slot above the keyboard is for mag (magnetic) cards. You
can record either a program or data on these cards and store them

for ever and ever. Then, whenever you need that program or data again,
just stick in the card and it's in the machine. Automatically. Each
card has two edges, and each edge can hold up to 256 program steps

or 32 data registers. So each card can hold up to 512 program steps

or 64 data registers. The ends (with the oblong holes) are thg ones

you stick into the machine, and you can write with a felt-tip pen on a
half-inch strip lengthwise down the middle of the light side of the card
to identify what's on each edge and which end to stick in first. You

can protect the contents of a card permanently by cuttiné off the thin
strip of card material on the outer edge alongside the oblong hole.

Then the oblong hole becomes somewhat of a rectangle along the leading
edge of the card. Once you've done that, you can never record any-
thing else on that card again — not even by mistake. But the informa-

tion on the card can be read just the same.

Recording A Program

Access the first instruction to be written with JUMP, BRANCH or
symbolic addressing, put the mag card switch on RECORD and stick

the mag card into the slot -- firmly, but gently -- with the dark side
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down. The card reader/writer unit will grab the card, pull it in, fill
it with 256 program steps and then push it out again. If you want to
record more or less than 256 steps, use the keyboard numeral keys

to enter the total number of steps you're going to record just before
you start sticking in cards (and after you've branched, jumped or sym-
bolically addressed tothefirstlocation. ) Then stick in a card and wait
for it to come out. If you've asked for less than 256 steps, that's it.

If you've asked for more, turn the card around, stick it in again,

stick in a second card, etc. When you stick in the first card, the IDLE
light will go off. And it will stay off until you've stuck in enough cards

to record the number of steps you've asked for.

If the program instructions you want to record don't start at a branch
point or symbolically addressed location, you have to use a very spec-
ific series of steps to record them on mag cards. And you have to do

it in this order:

1) Put the mag card switch on RECORD.

2) JUMP or BRANCH to a nearby branch point.

3) If you will be recording more or less than 256 steps, enter the num-
ber of steps now.

4) Put the switch on LOAD.

5) LIST or BACK SPACE to the instruction before the first step you

want recorded on the card.
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6) Stick in the required number of cards.

7) Don't forget to take the machine out of LOAD.

Recording Data

The procedure for recording data (registers) on mag cards is essen-
tially the same as recording a program, with the following exceptions:

1) Access the first register (the beginning of your data series) with

ST RCL

or instead of JUMP, BRANCH, etc.
nn nn

2) The number of information units that can be recorded on each edge
is 32 registers (instead of 256 steps). If you're going to record more
or less than 32 registers, enter the number of registers you need just

before sticking in the first card.

Entering A Program

Access the address in program memory where you wish the program
to begin. Then put the mag card switch on ENTER. Now just start
sticking in cards (in their proper order, of course). The machine will
load all program steps, up to the capacity of program memory, in se-
quential order as they are read, no matter how many cards have to be
fed in. If your card only contains 25 steps, however, the machine will

enter only the 25 steps and then spit the card out.

Entering Data

Access the register where you want the data to begin. Put the mag
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switch on ENTER. Then start sticking in cards until all the data are
entered. The machine will load data sequentially into consecutive

- registers until there is no more information being fed in. If there are
less than 32 registers on your card, however, the machine will enter

what's there and then spit the card out.

Verification Of Card Information

Each time information is recorded on a mag card, a special number —
consisting of the sum of all the numbers contained on the card—is also
recorded. Then, whenever the card is entered, the machine adds up
this sum again and compares it with the number recorded on the card.

If they're not the same the machine goes into ERROR mode.

Care Of Magnetic Cards

Mag cards are pretty durable. But they still require proper care.
Write on them only with a felt-tip pen. And write in the half-inch strip
running lengthwise down the middle of the light side. The dark side is
the magnetic side, and should be kept from contamination (coffee, glue,
tears, etc.). Don't store mag cards with their magnetic surfaces
against each other. Use the envelopes provided. And try not to bend
them too much. If you take care of them, these cards can last virtually

forever.
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ACCURACY OF THE 445

As we've mentioned, the 445 holds a 13-digit signed mantissa with a
2-digit signed exponent for all numbers. This is true of the data reg-
isters as well as the entry register. In addition there are some spec-

ific levels of accuracy to consider. And these are them:

Function Accuracy

Add 13 digits

Subtract 13 digits

Multiply 13 digits, rounded to the 13th digit

Divide 13 digits, rounded to the 13th digit
(i.e., 2+ 3=0.6666666666667)

aX 1 t1 in the 11th digit

Invert (3) Same as divide

Square root 13 in the 13th digit

Logarithm 11 in the 11th digit

Antilogarithm 11 in the 11th digit

Standard deviation t5 in the 13th digit

Normal probability to 6 fractional digits

z -statistic t5 in the 13th digit

X2 statistic 15 in the 13th digit

Linear regression t5 in the 13th digit

PERIPHERAL EQUIPMENT

In addition to all the things the 445 will do by itself, there are some
specialized things it can do with the addition of peripheral equipment.
Listed below are the peripheral devices designed for use with the 445

Statistician.

Model 490 - Mark Sense/Punch Card Reader

This device will read program steps and data from punched paper cards
or mark sense cards and store the information directly into the 445

memory.
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Model 492 - Magnetic Tape Cassette Unit

Reads and writes data or program steps (or a combination of both) on
standard digital cassettes. You can store up to 100,000 program steps

or 12,500 data registers on a single cassette.

Model 493 - X Y Plotter

This unit transforms computational results into graphic form. It plots

functions, makes graphs, draws axes and does alphanumeric labelling.

Model 494 - Typewriter

There are two versions of the typewriter:
1) Output Only Typewriter - Does automatic form preparation.
It can, for instance, prepare formatted, tabular docu-
ments with alphanumeric headings and complete tab
facilities.
2) Input/Output Typewriter - Has the same output capability
as above, with the additional capacity to accept alpha-

numeric input from the typewriter keyboard.
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1.ADVANCE advances the tape. If
you press it and release it, the tape
will advance one space. If you hold
it down, the tape will continue ad-
vancing until you let up.

6.INDIRECT/SYMBOL performs two
functions. It can be used in con-
junction with BRANCH and JUMP
instructions for symbolic addressing
of program steps. And it may be

- used with the main data STORE,

2.The ENTER/RECORD switch con-
trols the magnetic card read/write
unit. On ENTER, the unit will read
information off the card and enter

it into the machine. On RECORD,
it will write information onto the
card from the machine.

3. The ON/STANDBY/OFF switch
controls the degree of "offness"

of the machine. On ON, everything
works normally. On STANDBY, no
operations can be initiated, but all
data and program information that
have been fed into the 445's memory
will remain intact. On OFF, all op-
erational capacity is shut off and all
information in all memories will be
lost. Switching the machine from
OFF to ON clears all registers,
fills program memory with NOOP
codes, sets the decimal point to two
places, sets Group 1 and executes
RESET. '

4, STORE nn allows you to store in-
formation in the main data storage
registers. When used in conjunction
with the arithmetic keys, the STORE
nn key also allows you to perform
arithmetic operations in those
registers.

5.RECALL nn allows you to recall in-
formation from the main data storage
registers. When used in conjunction
with the arithmetic keys, RECALL

nn also allows you to perform arith-
metic operations out of those reg-
isters and into the entry register.

RECALL and EXCHANGE in-
structions for indirect addressing
of main data registers.

7.JUMP nn lets you jump to a specific
location in program memory.

8. BRANCH nn lets you branch di-
rectly to a specific location in pro-
gram memory, like the JUMP nn
key, but also records the address
from which you branched. You can
return to the address directly
following the location from which
you branched with the RESUME
instruction.

9. FLAG is a simple condition you can
use in a program. This key sets
Flag 1. Having your program test
for Flag 1 is a convenient device

for conditional branching or jumping.

10. ENTER CODE nnn allows you to
enter a function code directly into
your program.

11. HALT entersa halt instruction into
your program, causing the program
to stop at that point for data entry

or other operation. It also causes
the cessation of program running

or listing.

12. LISTPROGRAM causesthe address,
code and print symbol of a location

in your program to print. It may be
used to list the entire program (in
-LOAD mode), or to identify your
current location (in RUN mode).

Your program steps will be listed,
but not executed.

13.INSERT lets you add a step to
any part of your program.

14.BACK SPACE acts exactly like
the back space on a typewriter
when the 445 is in LOAD mode,
causing the machine to back up
one space in program memory.

15. The RUN ~-STEP-ILLOAD switch
controls the operation mode of
the machine. In RUN, either
keyboard or programmed oper-
ations may be performed. In
LOAD, a program may be
entered into program memory.

In STEP, you can go through
your program one step at a time -
each time you press the RESUME
key, the next step in your pro-
gram will be executed.

16.The OPTION switch is another
simple condition which your pro-
gram can test. But OPTION

may be changed manually at any
time, allowing you to control
physically the results of a test
using the OPTION device.

17. The PRINT switch can be UP or
DOWN. When it's UP the 445 will
print nearly everything it does.
When it's DOWN, it will print only
a few ''print always' functions.

18. The IDLE light indicates when the
445 is busy. It is off whenever

the machine is performing an oper-
ation, and will go on again when

it's ready for more instructions.
(Two additional keys may be

pressed even if the IDLE light

is off.) The IDLE light will flash
when the 445 is in OVERFLOW or
ERROR mode.
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19.PRINT ENTRY causes the con-
tents of the entry register to be
printed with the number of

places indicated by the decimal
point setting, but without rounding.
Digits beyond the number of
places called for will simply be
ignored.

20.PRINT ANSWER causes the con-
tents of the entry register to be
rounded off to the number of

places indicated by the decimal
point setting, and the rounded

"answer to be printed.

21.RESET clears the entry register,
the List-Mode Accumulator ‘and an
ERROR or OVERFLOW condition.
When pushed during a multiple-key
sequence, it will interrupt the
operation in progress and reset
everything back to zero.

22.SET DECIMAL POINT allows you
to control the number of decimal
places that will print. Numerals
0-8 entered after this key will
determine the number of places

to the right of the decimal point.
Numeral 9 indicates exponential
mode.

23.CLEAR ENTRY clears only the
entry register and an ERROR or
OVERFLOW condition. It will not
affect an operation in progress.

24.SET GROUP sets one of three data
groups for summation and computa-
tion of data. It also sets Group 4,
which is used for three-variable
computations.

25.RECALL n will cause the contents
of the scratch pad register indi-
cated (n) to be put into the entry
register. This will not affect the

_contents of the register recalled.

26.STORE n will cause thé contents
of the entry register to be put into
the scratch pad register indicated
(n). The value stored will replace
whatever value may have been in
that register before. The entry
register will not be affected.

27.RESUME has two functions. It
will cause a program to resume
execution after a halt or after it
has been loaded. And at the end
of a subroutine, it will cause the
program to return to the step
following the instruction which
caused branching to that sub-
routine.

28.EXPONENT enables you to enter
values exponentially. You can
enter up to a 13-digit signed man-
tissa and a two-digit signed ex-
ponent.

29.7/ e gives you two values. "
(13 places) will be put into the
entry register and e (13 places)
will be put into the second func-
tion register. To printT and
leave it in the entry register,
press the PRINT ENTRY key.
To print e and leaverit in the
entry register, press the
SECOND FUNCTION key.

30.8n initiates ten additional func-
tions available from the key-
board. Each additional function
has a numeral name. (A complete
list of these functions and their
numeral names will be found in
the strip just below the top row

of keys.)

31.0-9 are the ten numeral keys.
They are used to enter numbers
and the numeral names of machine
functions and places.

32.This is a decimal point. It is,
of course, used to enter the dec-
imal point when you enter frac-
tional values.

33.CHANGE SIGN changes the sign
of the value in the entry register.
It may be pressed any time during,
before or after a numeral entry to
change its sign. Or it may be
pressed without numeral entry to
change the sign of the value already
in the entry register.

34.This key opens parentheses. Quan-
tities may be entered as parenthet-
ical expressions, in algebraic se-
quence. Up to two levels of paren-
thetical nesting is possible on the
445,

35.The minus sign is used to indicate
subtraction. (To make a value
negative, you have to use CHANGE
SIGN. ) Arithmetic functions are
entered in their normal place in an
algebraic sequence.

36. The plus sign indicates addition.
It is entered in its normal place in
an algebraic sequence.

37.Equals terminates an algebraic
sequence and causes the result to
print.

38.The times key indicates multiplica-
tion and, as with all arithmetic
functions, is entered in its normal
position in an algebraic sequence.

39.The divide key indicates division
and is entered in its normal position
in an algebraic sequence.

40. This key closes parentheses.
Italso completes the operation
enclosed within the parentheses.

41.This key enables you to raise a
number to a power. Enter the
number (a). Then press this kev
and enter the power (x). Then
press equals and the result will
be printed.

42.The XY key is used for doing two-
and three-variable dependent data
summations.

43.The DELETE key is used for re-
moving data from summations.

44.The sigma key is used for doing
two- and three-variable indepen-
dent data summations.

45 INVERT (or RECIPROCAL) takes
the reciprocal of the number in

the entry register, prints it, and
leaves the reciprocal in the entry
register.

46. This key computes the linear re-
gression for two- and three-
variable independent data. When
you press the key, the correlation
coefficient is printed and left in the
entry register; the slope is put into
the second function register and
may be recalled with the SECOND
FUNCTION key; and the intercept

of X on the Y axis is put into the
third function register and may be
recalled with the THIRD FUNCTION
operation.

47.This key calculates the dependent
and the independent t-statistics.

The dependent t is printed and

left in the entry register and the
independent t is p:ut into the second

function register from which it may

be recalled with the SECOND
FUNCTION key.

48.This key calculates the standard
deviation, mean and standard error
of the mean (using the n-1 method)
for whatever Group is set. The
standard deviation is printed and left
in the entry register; the mean is
put into the second function register
and may be recalled with the SECOND
FUNCTION key; and the standard
error of the mean is put into the
third function register and may be
recalled with the THIRD FUNCTION
operation.

49.SECOND FUNCTION exchanges the
contents of the second function reg-
ister with the contents of the entry
register. Pressing the key a second
time will return the values to their
original registers.

50.This key computes the antilogarithm
base-e and base-10 of the number

in the entry register. The base-e
antilogarithm will print and remain
in the entry register. The base-10
antilogarithm will be put in the
second function register and may be
recalled with the SECOND FUNCTIOD
key.

51.This key computes both the base-e
and base-10 logarithms of the num-
ber in the entry register. The log,
will print and remain in the entry
register. Log;, will be put in the
second function register and may be
recalled with the SECOND FUNCTIODM
key.

52.SQUARE ROOT, as one may ex-
pect, takes the square root of the
value in the entry register. The
contents of the entry register will
print. Then the square root will
print and remain in the entry
register.
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SUMMARY OF FUNCTIONS

Following is a summary of the functions available, and their numeric codes.

Page On Numeric Print
Function in text Keyboard Code Symbol
Set D. P. 17-18 Yes 117 None
Reset 17 Yes 062 2N
Clear Entry 20 Yes 063 None
Print Entry 20 Yes 060 None
Print Answer 20 Yes 061 A
Paper Advance 22 Yes 065 None
Numerals 0-9 22 Yes 000-011 None
Decimal Point 23 Yes 012 None
Exponent 23 Yes 014 None
Change Sign 23 Yes 013 None
M& e 41 Yes 015 None
Second Function 41 Yes 052 F2
Third Function 42 Yes 116,003 F3
Plus 24 Yes 021 +
Minus 24 Yes 022 -
Multiply 24 Yes 023 X
Divide 24 Yes 024 +
Equals 24, 38 Yes 020 =
List-Mode Add 153 ‘ No 041 +
List-Mode Subtract 153 No - 042 -
List-Mode Subtotal 153 No 043 O
List-Mode Total 153 No 040 *
aX 25 Yes 025 ax
Open Parenthesis 35-36 Yes 026 (
Close Parenthesis 35-36 Yes 027 )
Invert 25 Yes 054 1/x
Square Root 26 Yes 055 -
Logarithm 41 Yes 050 g
Antilogarithm 41 Yes 051 1g-1
Integer Fraction 43 Yes 116,005 I
Absolute Value 154 No 045 X
Equals-Sum-Zero 155 No 037 To
Square 154 No 053 x4
Factorial 90 Yes 116, 006 !
Increment Entry 154 No 151 None
Decrement Entry 154 No 152 None
Identifier 157 No 177 None
Dot Print 155 No 176 None
Clear Scratch Pad Registers 46 Yes 116, 000 None
Set Group 44 Yes 115 None
Sum-Square 46 Yes 047 Zn
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SUMMARY OF FUNCTIONS (Continued)

Function

Two Variable Data
Accumulation

Three Variable Data
Accumulation

Standard Deviation (n-1)

Standard Deviation (n)

Linear Regression

Two Variable Linear
Regression

Three Variable Linear
Regression

Line

Line-Two Variable

Line-Three Variable

t-statistic

Chi-Square

Delete

z -statistic

Permutation/Combination

Normal Distribution

Store Scratch Pad

Recall Scratch Pad

Exchange Scratch Pad

Add-to-Register (Scratch
Pad)

Total Scratch Pad

Store Main Data

Recall Main Data

Exchange Main Data

Add-to-Register (Main
Data)

Branch

Jump

Halt

Flag 1

Flag 2

Reset Flag 1

Reset Flag 2

Resume

Symbol/Indirect

Print Disable

Print Enable

Program Address Keys

Page On Numeric Print
in text Keyboard Code Symbol
58 Yes 036 X, Y
61 Yes 036 X,Y, Z
53 Yes 077 SDn-1
54 Yes 116,004 SDn
65 Yes 076 LR,n
66 Yes 076 LR,n
69 Yes 076 LR, 4
72 Yes 116,011 X, Y
72 Yes 116,011 X, Y
74 Yes 116,011 X,Y,2
76 Yes 073 t
85 Yes 116,010 X2
50 Yes 046 -
55 Yes 116, 001 Z

88 Yes 116, 007 n,r,p
56 Yes 116, 002 Pz
26 Yes 110 v n
26 Yes 111 4 n
- No 112 T n
160 No 113 +p n
- No 114 * n
31 Yes 120 Ynn
31 Yes 121 4nn
155 No 122 $nn
160 No 123 +pnn
128-129 Yes 127 None
128-129 Yes 126 None
99 Yes 056 None
152 Yes 016 None
154 No 017 None
152 No 166 None
- No 167 None
130 Yes 057 None
133,147 Yes 067 None
158 No 154 None
158 No 155 None
90,160 Optional 105-107 None
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445 FUNCTION CODES IN NUMERICAL ORDER

000 0

001 1

002 2

003 3

004 4

005 5

006 6

007 7

010 8

011 9

012 DECIMAL POINT
013 CHANGE SIGN

014 EXPONENT

015 T/e

016 Flag 1

017 Flag 2

020 = (equals)

021 + (plus)

022 - (minus)

023 X (multiply)

024 +(divide)

025 aX

026 ( (open parenthesis)
027 ) (close parenthesis)
034 Permutations/combinations
035 Chi-square

036 XY data input

037 Equals-Sum-Zero
040 List-Mode Total
041 List-Mode Add

042 List-Mode Subtract
043 List-Mode Sub-total
044 Integer/Fraction
045 Absolute Value

046 DELETE

047 SUM-SQUARE

050 Ln/LOG

051 eX/10%

052 SECOND FUNCTION
053 Square

054 Invert (1)

055 Square Root

056 HALT

057 RESUME
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445 FUNCTION CODES IN NUMERICAL ORDER

060 PRINT ENTRY
061 PRINT ANSWER
062 RESET
063 CLEAR ENTRY REGISTER
065 PAPER ADVANCE
- 066 DEFINE SYMBOL
067 INDIRECT/SYMBOL
073 t-dependent/t-independent
075 z -statistic
076 Linear Regression
077 Standard Deviation
105 (optional)
106 (optional)
107 (optional)
110 STORE.,
111 RECALLy
112 EXCHANGEnp
113 Add to scratch pad register n
114 Total scratch pad register n
115 SET GROUP
116 &n
117 SET DECIMAL POINT
120 STOREnn
121 RECALLyp
122 EXCHANGEpn
123 Add to register nn
126 JUMP nn
127 BRANCH nn
151 Increment entry register (+1)
152 Decrement entry register (-1)
154 PRINT DISABLE
155 PRINT ENABLE
157 RECALL DECIMAL POINT
166 Reset Flag 1
167 Reset Flag 2
176 PRINT DOT LINE
177 IDENTIFIER
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INDEX

Absolute value, 120, 154

Absolute (direct) addressing, 128-129

Accuracy of the machine, 213

Add
keyboard addition, 24
list-mode, 153

to register, 160

Additional functions, description, 43

Addressing
direct (absolute), 128-129
indirect, 147-150
machine level (open channel), 156-157

symbolic, 133-136

Advance key, 22

Algebra

algebraic chaining, 36-38

algebraic entry on keyboard, 24-26
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Alphanumeric labelling, XY plotter, 214

Antilogarithm, 41-42

Arithmetic
basic keyboard, 24-25
in and out of main data registers, 33
in and out of scratch pad registers, 28-31
list-mode, 153

repeated, 40

Back space, 139-140

Branch

branching and jumping, 129-130

branch points, 128-129

conditional branching, 146-147

diagram, 130

Buffering of keyboard, 23-24

Chaining, algebraic, 36-38

Change Sign key, 23
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Changing the sign of numbers, 22

Chi-square, 85-88

Combinations, and permutations, 88-90

Conditionals

description, 146-147

Constant dividend, 33-35

Constant divisor, 35

Constant multiplier, 33-35

Contents, table of, i

Correlation

examples of, 6-8, 9-12

Data summation
for sum-square, 46-52
register usage charts, 46, 58, 62, 66
three-variable, 61-65

two-variable, 58-61
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Decimal point
automatic setting with On, 16
automatic shifting, 18
entered with numbers, 22-23
recall decimal point, 159

Set Decimal Point key, 18

Decrementing

entry register, 154

machine level (open channel) register, 157

program counter, 113

Degree/Grad switch, 17

Deleting data from summation, 50-52

Dependent t-statistic, 76-85

Direct (absolute) addressing, 128-129

Distance, related to earth's curvature, 92-93
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Divide
constant dividend, 33-35
constant divisor, 35

keyboard division, 24-25

Dot line, 155

Dummies, 8

Enter code

description, 136-139

examples, 120, 137-138

functions, 152-160

Entering '"grouped" data into summation, 49-50

Entering numbers, 22

Entering summed data, 45, 72

Equals

equals-sum-zero, 155

repeated, 38-40

with keyboard arithmetic, 24-26
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Error mode
description, 20-21
with Clear Entry, 20

with Reset, 17

Examples and problems
general examples, 163-167
problems (see separate listing)

programming examples, 199-207

Exchange registers
indirectly, 147-150

machine level (open channel), 157

Exponent
entering numbers exponentially, 23
Exponent key, 23
exponential mode, automatic, 18
exponential mode, printing format, 18
exponential mode, with Set D. P. key, 18

raising a number to a power with aX key, 25

Factorial, 90
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Flags
flag 1, 152
flag 2, 154

with conditions, 147

Flow chart

description, 108-109

examples, 109, 116, 204

Fractional numbers

printing format, 18

Fraction/integer separation, 43-44

Grads, 17

Degree/Grad switch, 17

Granaries of Isis, The, 1
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Greek Ships and Other Phenomena, 91A

"Grouped'' data
deleting, 51-52

entering into summation, 49-50
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Groups, 44-46
data storage chart, 46
description, 44-46

set automatically with On, 16

Halt, 99, 151

Identifier, 157-158

Idle light

description, 22

Incrementing
entry register, 154
machine level (open channel) register, 157

program counter, 112

Independent t-statistic, 76-85

Indirect addressing, 147-150

machine level (open channel) 156-157
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Input
keyboard, 22
magnetic cards, 209, 211-212
magnetic tape cassette, 214
mark sense/punch card reader, 213

typewriter, 214
Insert, 140-142
Integer/fraction separation, 43-44
Introduction, ii

Invert (reciprocal)
as multiple root, 198
key(i>, 25-26
x

used for constant divisor, 35
Isis, 8, 9, 12

Jump
branching and jumping, 129-130
branch points, 128-129
conditional jumping, 146-147

diagram, 130
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Keyboard

arithmetic, 24-25

buffering, 23-24

program access, 160-161

Line, 72-76

Linear regression, 65-72

three-variable, 69-72

two-variable, 66-68

Listing program, 151

List-mode arithmetic, 153

Load

loading a program, 131-133

Location, current, in program memory, 151-152

Logarithm, 41-42

Machine level (open channel) addressing, 156-157
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Magnetic (mag) cards
capacity, 209
care of mag cards, 212
entering a program, 211
entering data, 211-212
read/write unit, 209
recording a program, 209-211
recording data, 211

verification of card information, 212

Magnetic tape cassette unit, 214

Main data registers
addressing, 32-33
add to registers, 160
arithmetic in and out of, 33
description, 31-33

example of use, 33

Mark sense/punch card reader, 213

Mean
example of mathematical average, 4

n version, 54-55

n-1 version, 53-54
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Memory
cleared with On, 16
lost in Off mode, 16
map, 127
overview, 126-128
program memory filled with NOOP codes, 16

retained with Standby, 16

Multiple functions, 41-43

Multiple variable data summation, 58-65
three-variable, 61-65

two-variable, 58-61

- Multiply
constant multiplier, 33-35

keyboard multiplication, 24-25

Negative numbers

position of minus sign, 18

NOOP code
automatic with On, 16

with insert, 141-142
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Normal distribution, 56-57

Numbers
changing the sign of, 22

entering on keyboard, 22

Off mode, 16

Omens
agricultural, 9

of Isis, 8, 9, 12

On-Standby-Off switch, 16

Open channel (machine level) addressing, 156-157

Optional keys, 90-91, 160-161

Output
magnetic cards, 209-211
magnetic tape cassette, 214
tape, 17-18
typewriter, 214

XY plotter, 214
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Overflow mode

description, 22

with Clear Entry, 20

with Reset, 17

Paper advance, 22

Parentheses, 35-36

Peripheral equipment, 213-214

Permutations, and combinations, 88-90

Pi and e key, 41

Plotter, XY, 214

Print Answer

in a program, 131

key, 20

Print enable/disable, 158-159
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Print Entry
in a program, 131

key, 20

Printing
control, 18-19
exponential mode, 18
format, 17
fractional numbers, 18
limits, 17
"'mever print" operations, 19
"print always'' operations, 19
Print Answer key, 20
print enable/disable, 158-159
Print Entry key, 20
while loading program, 103, 131

while running program, 103, 131

Problems and examples
general examples, 163-167
problems
linear regression, 172-180

means, 194-199
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Problems and examples (continued)
problems (continued)
multiple and partial correlation coefficients, 180-192
probability for 2x2 matrix, 192-194
SD, mean, standard error, 168-169, 171
z-statistic, normal possibility, 169-170, 171-172

programming examples, 199-207

Program
flow charts, 109, 116, 204
intermediate example, 108-114"
introductory example, 100-103
introductory reasoning, 95-100
keyboard program access, 90-91, 160-161
loading, 131-133
print control, 131
print symbols, 103, 132-133
program memory, 99

program steps, 128

Punch card/mark sense reader, 213

Pythagoras, 92
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Recall decimal point, 159

Recall from register
indirectly, 147-150
machine level (open channel) 156
main data, 32

scratch pad, 26-27

Reciprocal (invert)
as multiple root, 198
key (l‘) 25-26
x

used for constant divisor, 35

Registers
add to registers, 160
cleared with On, 16
main data, 31-33 (and see separate listing)
register arithmetic, 28-31, 33

scratch pad, 26-28 (and see separate listing)

Register usage charts
for data summation, 46, 58, 62
for Groups, 46

for linear regression, 66
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Regression, linear, 65-72
three-variable, 69-72

two-variable, 66-68

Repeated arithmetic, 40

Repeated equals, 38-40

Reset
automatic with On, 16

other functions, 17

Resume
with a program, 104
with branch, 129-130

with step, 150-151

Run-Step-Load switch, 17

Scratch pad registers
add to register, 160
arithmetic in and out of, 28-31

decimal point as a register, 28
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Scratch pad registers (continued)
description, 26-27
example of use, 27

print symbols of, 27

Second function key, 41, 42-43

Set Group, 44-46

data storage chart, 46

Setting flagl, 152

flag 2, 154
Square
code, 154

with times-equals, 39

Square root key, 26

Standard deviation

n version, 54-55

n-1 version, 53-54
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Standard error
n version, 54-55

n-1 version, 53-54

Standby mode, 16

Statistical functions, 44-90
chi-square, 85-88
factorial, 90
independent, dependent t-statistic, 76-85
line, 72-76
linear regression, 65-72
normal distribution, 56-57
permutations and combinations, 88-90
Set Group, 44-46
standard deviation, mean, standard error (n), 54-55
standard deviation, mean, standard error (n-1), 53-54
sum-square, 46-52

z-statistic, 55-56

Stepping through program, 150-151
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Store in register
indirectly, 147-150
machine level (open channel), 156
main data, 32

scratch pad, 26-27

Subroutine
description, 142-146

entering with branch, 130

Subtotal, list-mode, 153

Subtract
keyboard subtraction, 24-25

list-mode, 153

Summed data, entering, 45, 72

Sum-square, 46-52

Symbolic addressing

description, 133-136

examples, 111, 113-114

symbolic address table, 136
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Table of contents, i

Tape cassette unit, 214

Third function, 42-43

Three-variable data summation, 61-65

Total

list-mode, 153

with equals, 24-26

Turning the machine ON/OFF, plus STANDBY, 16

T-statistic, independent and dependent, 76-85

Two-variable data summation, 58-61

Typewriter, 214

Where am I?

current location, 151-152
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XY plotter, 214

- z-statistic, 55-56



NOTE

If the machine is turned OFF and then quickly ON again, the
IDLE light may go out and the machine become inoperativé.
The same thing may happen if RESET or CLEAR is initiated
immediately after turning the machine ON, before the auto-
matic clearing and resetting functions are completed. To
correct this condition, turn the machine OFF and leave it
off for a few seconds, then turn it ON again and give it a

few seconds to complete its automatic clearing and resetting

operations.
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