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Warranty Disclaimer and Consequential Damages

The programming staff of Wang Laboratories, Inc. has taken due care to prepare this pro-
gram package, including research, development, and testing to ascertain its effectiveness.
Wang Laboratories, Inc. and its subsidiaries make no expressed or implied warranty of any
kind with regard to this program package and its related material. In no event shall Wang
Laboratories, Inc. or its subsidiaries be liable for incidental or consequential damages in
connection with or arising out of the furnishing, performance or use of any of its programs.

Proprietary Rights

This program package is a company proprietary item. Tape cassettes of programs may not
be reproduced without the written consent of Wang Laboratories, Inc.

Payment Address

The fee for a package is to be remitted directly to Wang Laboratories, Inc. at 836 North
Street, Tewksbury, Massachusetts 01876. No agent or representative is charged with the au-
thority to accept payment on behalf of the administrative offices of Wang Laboratories, Inc.
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INTRODUCTION

The following was designed as a software package for the 602 which
may be used in conjunction with either the 600-6 or 600-14.
Side 1: 1. y = f(x) in four quadrants
2. y = f(x) in the first quadrant
3. Point Plotting in four quadrants
4. Point Plotting in the first quadrant

Side 2: 5. P = £(8) in four quadrants
6. x = f(t) in four quadrants
y = g(t) in four quadrants

7. Trajectory problem

Each plotting routine, except as noted, has an example enclosed with detailed
instructions on how to use it.

For a person to utilize the above routines for his own function, he inserts his
function in place of the example function being careful not to utilize Marks
and Registers used in the mainline program.

A person may eliminate or add more coefficient storage subroutines as he
sees fit within the bounds of program steps and/or storage registers available.

Because of the length of the mainline routine, the size and complexity of
the function subroutine is somewhat limited when using the 600-6/602 com-
bination. However, there should be no problem whatsoever when using the
600-14/602 combination.

Wherever possible a specific example is given step by step matching the
steps of the general operating instructions. The general instructions appear
on the left hand column of the page.







BLOCK ASSIGNMENTS

’ PROGRAM SIDE  BLOCK NO. VERIFY NO.
1. STANDARDIZED PLOTTING ROUTINE 1 1 6259
for FOUR QUADRANTS - AUTOMA TIC
SCALING
9. STANDARDIZED PLOTTING ROUTINE 1 2 5498
for FIRST QUADRANT - AUTOMATIC
SCALING
3. STANDARDIZED POINT PLOTTING . 3 4326

ROUTINE for FOUR QUADRANTS -
AUTOMATIC SCALING

4, STANDARDIZED POINT PLOT TING i 4 3113
ROUTINE for FIRST QUADRANT -
AUTOMATIC SCALING

5. STANDARDIZED POLAR PLOTTING 2 1 6014
ROUTINE - AUTOMATIC SCALING

6. STANDARDIZED PLOTTING ROUTINE 2 2 5811
. for PARAMETRIC EQUATIONS -
AUTOMATIC SCALING

7. TRAJECTORY PROBLEM 2 3 6084
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WANG

SERIES
PROGRAM

STANDARDIZED PLOTTING ROUTINE FOR FOUR QUADRANTS
TITLE

PT.07-600.06T-000B-1-0

NUMBER DATE
600-6, 600-14/602

EQUIPMENT

PROGRAM ABSTRACT This program is a standardized plotting routine for four quadrants with

automatic scaling which enables the user to plot any curve, regardless of numerical values,
which can be expressed as y = f(x).

BLOCK

VERIFY NO. NO. OF STEPS

Side 1

6259 673

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS EXAMPLE ON TAPE:

-ax
y=e cos (bx)
Ploty fora =.35and b = 1,0,2 at an
increment of .05 from -4 to +4.,

—d

1. Load Program 1. Same as #1 of general instructions,
a) Depress RUN mode
b) Insert tape cassette with Side 1
facing operator.
c) Depress REWIND
d) Depress TAPE READY

e) Key |PRIME

| LOAD
| DRy (proc
VERIFY
&Ky | brog

h) The display should read:
+6259. 000000

2. Key f(x) |00 2.

Key f(x) | 00 ’

The X and Y axes will be printed out and labeled. The program will stop with
l -42.00000000

in the display when the axes are complete.

requires constants to be keyed in externally, then Key
€ corresponding key, such as:

3. Key b Value

3. Key 1
Keyi(:_q = Key f(x) 13
Key a Value e
Key f(x) |14
— == Key f(x) |14
4. Key INCRE
1 ‘\__M-E‘NE 4. Key. 0 5
Key_fﬁg) = Key f(x) 01
| Display is dark
| Display is dark .

© Wang Laboratories, Inc., 1972




’ OPERATING INSTRUCTIONS CONT'D, EXAMPLE ON TAPE:

-ax
y=e cos (bx)
Ploty fora=.35and b=1,0,2 at an
increment of . 05 from -4 to +4.

Key INITIAL X Key 4

CHANGE
Key |GO Key SIGN
Display is dark Key |[GO

Display is dark

Key FINAL X Key 4

Key GO Key GO

Do either 4(a) or 4(b) Do either 4(a) or 4(b)
4a. If you want automatic scaling, 4a. Key f(x) 02

Key f(x) |02

The program will calculate the X and Y Scale Factors and plot the function in the
’ interval specified and then will return to the origin.

Note: If you select automatic scaling you should be aware that it does take time to
compute the scaling factors and the plotting will not start immediately. The amount
of time required between keying f(x) {02 | and the start of the plot will vary depend-

ing upon the complexity of the function and the number of subroutines within the
function subroutine, and the increment of plotting which is specified. In the case of
the example given, the scaling takes a little more than 1 minute. If the function is a
polynomial or something very simple, the scaling takes less than 30 seconds.

4b. If you want your own scale factors 4b. If you want to use an
X-Scale Factor = 100
Y-Scale Factor = 100

Key X-SCALE FACTOR Key 100
Key f(x) 04 Key f(x) 04
Key Y-SCALE FACTOR Key100
Key f(x) |05 Key f(x) |05
Key f(x) |03 Key f(x) |03
© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D, EXAMPLE ON TAPE:

y = e-—ax cos (bx)

Ploty fora =.35and b =1,0,2 at an
increment of .05 from -4 to +4,

The program will now plot the function in the interval and at the increment specified
and then will return to the origin.

Note: If you want to use your own scale factors see section entitled ""Criterion
in Choosing A Proper Scale Factor'; See Appendix A.

Since the axes are always labeled -4 to +4 and since the scaling factors adjust
the plots to fit in the given space, each division, i.e. from 0 to 1, does not
necessarily have a value of one. Therefore, the axis unit value has to be
obtained. This tells the number of units into which each division is divided.
As an example, if the axis unit value = 5, then each division on the graph is
actually 5 units and the axis would actually have a range of -20 to +20. For
information on how the axis unit value is related to the scaling factor, see
Appendix A,

If you just want to obtain the axis unit values,

5. Keyf(x) |06 5. Keyf(x) |06

To obtain X-Axis unit value, Key the blue

RECALL| on the left Key |RECALL| on the left

READ: |+1.000000000 |in the display
Y-Axis Unit value, Key the blue This is the X-Axis unit value

RECALL| on the right Key |RECALL| on the right
READ: [+1.000000000 | in the display

This is the Y-Axis unit value

6. If you want to obtain the value of y for a 6. HEx=0
given value of x

Key X-Value Key 0

Key f(x) |07

Key f(x) |07

© Wang Laboratories, Inc., 1972




OPERATING INSTRUCTIONS CONT'D.

The Y-Value will appear in the
display

EXAMPLE ON TAPE:

-ax

y=e cos (bx)

Ploty fora=.35and b =1,0,2 at an
increment of .05 from -4 to +4.

The Y-Value of +1. 000000000 | will

appear in the display.

If you want to replot the function with new constants on the same axis,

7. Key NEW CONSTANT

Key f(x) |XX

where XX is the key which stores the
appropriate constant

7. Key (

Key f(x) 13

(Stores new b)

You may change all the coefficients or only a tew according to above method; the
ones you do not change will remain the same as for the new plot as in the previous

plot.

With coefficient change, you are now ready to replot; however, you should first

Key f(x) |06 | and record the X and Y axis values as they may change if you

select auto scaling.

Key INCREMENT

Key f(x) |01

Display is dark

Key INITIAL X

Key | GO

Display is dark

Key FINAL X

Key |[GO

Key .05
oS
Key f(xy |01

Display is dark

Key 4

Ke CHANGE
Y SIGN

Key | GO

Display is dark

Key 4

Key |GO

© Wang Laboratories, Inc., 1972




= s TTNG INSTRUCTIONS CONT'D. EXAMPLE ON TAPE: [
| y=e  cos (bx) '
Ploty fora =.35and b =1,0,2 at ap
* increment of .05 from -4 to +4,

If you want auto scaling Key f(x) | 02

If you are sure that the new coefficient will not cause plotting to go outside
confines of axes, then Key f(x) |03 | as the scale factor computed on

previous plot will still be in storage.

If you want to change the plotting symbol for each replot,

8. Depress LEARN mode switch 8. Depress LEARN mode switch

SET = I

= lrc =y vl
e g
Key 0457 Key 0457
Key XX YY Key 07 12 (plot *) )
Depress RUN mode switch Depress RUN mode switch
Note: Assure f(x) switch is Note: Assure f(x) switch is
depressed again. depressed again.

NOTE: The following is a list of the most useful plottin

SYMBOL CODE
+ 04 06 g

. 07 12

e 05 07

0 05 09

06 15

NOTE: The position of the different symbols relative to each other as keyed
a2t the same point might be slightly off as they might occupy different position
on the IBM ball relative to the striking center of the decimal point.

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D.

9. Replot the function as described
in Number 7.

EXAMPLE ON TAPE:

-ax

y —e€ cos (bx)

Ploty fora=.35and b=1,0,2 at an
increment of . 05 from -4 to +4.

9. Key 2,
Key f(x) |13 | (stores new b)

Key . 05
Key £(x) 01
Key 4

CHANGE

hey SIGN

Key GO

Key 4

Key GO

Then Key either f(x) |02 for

auto scaling or f(x)| 03 for no
scaling.

Note: Due to the construction of the machine,
this example is limited to bx £10. Ifa
larger angle is to be used, consult Appendix
B for steps to be put into the function
subroutine to correct for this.

The following page has the output from
the above example.

To change this program to plot any function:

Any function can be plotted using this program by putting a subroutine for the
new function in place of that for the example. This is done by the following

steps:

1. Depress LEARN mode switch

SET

2. Key P.C

3. Key0652

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D, EXAMPLE ON TAPE:

-ax
y=e cos (bx)

Ploty fora=.35and b =1,0,2 at an
increment of .05 from -4 to 4.

4. Key |[MARK

5. Key f(x) 08

. 6. Key in subroutine steps

(This subroutine should end with the commands | RETURN l

ol END )
PROG

When writing the function subroutine, remember:

a. The Mark number must be f(x) | 08
(code 10 08)

b. The value of X is stored in Register 05
and should, therefore, be recalled from
Register 05 in the beginning of the sub-
routine.

c. When the value of y is obtained, it must
be stored in Register 06.

d. Registers 00, 01, 09 and 14 may be used
as work registers for calculations.

e. Can use any marks within the subroutine
which are not listed on page 15 .

The function subroutine on the tape is for the equation of y = e ¥ cos (bx) and
involves the following steps:

STEP # CODE KEY EXPLANATION

0652 0900 Mar The function subroutine always has to have
0653 1009 f(x) {08 this mark number

0654 0705 RE 05 Recalls the newest value of x from Reg. 05
0655 0600 ST 00 where it is stored. Stores X in Reg. 00

© Wang Laboratories, Inc., 1972




0656

0657

0658

0659

0660

0661

0662

0663

0664

0665

0666

0667

0668

0669

0670

0671

0672

0801

0106

0400

0809

0807

0600

0705

0614

0801

0104

0414

0012

0811

0400

0606

0915

0914

OPERATING INSTRUCTIONS CONT'D.

RECALL

Reg. 22
X 00

RAD to DEG

Cos

ST 00
RE 05
ST 14
RECALL
REG 20
x14

CH SIGN
R

X 00

ST 06

RETURN

END PROGRAM

EXAMPLE ON TAPE;:

-ax
y=e cos (bx)
Ploty fora=.35andb=1,0,2 at an
increment of . 05 from -4 to +4,

Finds the value of e

—

Recalls number stored in Reg, designateq
by the next step

b has been stored in this Register
Multiplies b times X

Changes the product from radians to
degrees

Gets cosine of (bx)

Stores cosine in Register 00

Recalls X again

Stores X in Register 14

Recalls number stored in following register,
a has been stored in this Register

X is multiplied by a

Changes the sign of ax

ax

Multiplies cos(bx) by e_aX

The final value of y must be stored in
Register 06

© Wang Laboratories, Inc., 1972




OPERATING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE:

-ax
y=e cos (bx)
Ploty fora=.35and b =1,0,2 at an
increment of .05 from -4 to +4.

As steps 0657 and 0665 indicated, the values of the constants a and b
had to be stored before the use of two short subroutines which were
placed just before the function subroutine and which involves the
following steps:

STEP # CODE KEY EXPLANATION

0642 0900 MARK This subroutine could have any mark from
0643 1013 f(x) |13 f(x)f 09| tof(x) |15

0644 0901 STORE . Stores the constant, b,

0645 0106 REG 22 in Register 22

0646 0915 RETURN

0647 0900 MAR Again this could have been any mark
0648 1014 fx) |14 from f(x) |09| tof(x) |15

0649 0901 STORE Stores the constant, a, in

0650 0104 REG 20 Register 20

0651 0915 RETURN

If more constants are used in the function, then they may be stored by
the use of similar subroutines which would be keyed in before the
function subroutine. The general form would be:

MARK

f(x) | XX f(x)| XX|can be any mark from f(x) { 09| to f(x) |15

SHIFT
STORE

Depress TSwitch

Y'Y YY | can be any register from | 03 | to | 15| with the T switch

RETURN depressed; this will actually utilize registers 19 to 31

Note: Do not forget to depress the f(x) switch before running the program.

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D,

EXAMPLE ON TAPE:

y= o cos (bx)

Ploty fora =.35and b = 1,0,2 atan
increment of . 05 from - 4 to + 4,

The number of these subroutines which can be added is entirely
dependent upon the number of steps and registers used in the
function subroutine. As these coefficient storage subroutines
start at step 642 and the main program uses registers 00 through

18, this allows 158 steps in 600
used for function and subroutine pro
register, remembering that each st

eliminates 8 program steps.

-6 and 1182 steps in 600-14 to be
gram steps and/or storage
orage register after 15

EXAMPLE:

y=£-ax+b

The subroutines of f(x) | 13| and f(x)

14 | can be used to store the

a and b values. The function subroutine would be:

0652 0900
0653 1008
0654 0705
0655 0600
0656 0601
0657 0812
0658 0400
0659 0801
0660 0106
0661 0401
0662 0300
0663 0801

MARK

f(x) | 08

RE 05
ST 00
ST 01

X2

x 00
RECALL
REG 22
X 01

- 00

RECALL

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D,

0664 0104 REG 20
0665 0200 + 00

0666 0606 ST 06

0670 0915 RETURN
0671 0914 END PROG

If this were keyed into the machine instead of the function on the tape,
then the following page shows the plot when a =6
b =12
increment =, 05
initial x = -4
final x = +4

Information on registers and marks used:

REGIST ERS USED:

NUMBER USE

03 Old X

04 Old Y

05 New X

06 New Y

07 increment

08 final point

10 residual AY

1l residual AX

12 X-Scale Factor
13 Y-Scale Factor

Other Registers used: 00,01, 02,09,14-18

’ © Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D.

MARKS USED:

SYMBOL

(R

© 00 3 Ul W N

decimal point
f(x) 00
f(x) 01
f(x) 02
f(x) 03
f(x) 04
f(x) 05
f(x) 06
} £(x) 07
f(x) 08
f(x) 13
f(x) 14
F(x) 00
F(x) 01
F(x) 02
F(x) 03
F(x) 04
F(x) 05
F(x) 06
F(x) 07
F(x) 08
F(x) 09
F(x) 10
F(x) 11
F(x) 12
F(x) 13
F(x) 14
F(x) 15

CODE

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
1000
1001
1002
1003
1004
1005
1006
1007
1008
1013
1014
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115

© Wang Laboratories, Inc., 1972
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WANG

SERIES
PROGRAM

STANDARDIZED PLOTTING ROUTINE FOR FIRST QUADRA NT
TITLE

PT. 07-600.06T-000B-2-0

NUMBER DATE
600-6, 600-14/602
EQUIPMENT

PROGRAM ABSTRACT 1y program is a standardized plotting routine for the first
quadrant with automatic scaling which enables the user to plot any curve,
regardless of numerical values, which can be expressed as y = {(x).

BLOCK

VERIFY NO. NO. OF STEPS

Side 1

5513 592

© Wang Laboratories, Inc., 1972

Printed in U.S.A.
700-0767
17 9-72-1M
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OPERATING INSTRUCTIONS: EXAMPLE ON TAPE is for return op
investment:

= in
Present Value = (P +nM) (1 +-12T0)
where P = initia]l investment
M = monthly investment
i = the annua] interest in
n = the no. of months from
initial investment,

Plot Present Value for p = $600, M = $35,
i=10%, and for P = 1000, M = 35, i=54
for 0 to 100 months in 1 month intervals,

1. Load Program bhy: 1. Same as #1 of general instructions,

a. Depress RUN made switch

b. Insert tape cassette with
Side 1 facing operator.

¢. Depress REWIND

d. Depress TAPE READY

e. Key IPRIMEI

LOAD LOAD .
f. Key |opoa » Key PROG
Keo |VERIFY]
el R

h. The display should read:

+5513. 000000 l

2. Key f(x) [00 | . Thex and Y axes will 2. Same as #2 of general instructions.

be printed out ang labeled. The program

will stop with {+1, 000000000 | in the

display when the axes are complete,

If you have a function which requires constants to be keyed in externally, then
key each constant followed by the corresponding key, such as:

3. Key P Value

3. Key600
Key f(x) 13 Key f(x) | 13 | (Store b)
Key M value Key 3 5 ‘

© Wang Laboratories, Inc., 1972

18




— L 1 C 4B} EXAMPLE ON TAPE is for return on
; + INSTRUCTIONS CONT'D.
’ OPERATING IN investment:
i n
5] \ Val =(P + nM i
Present Value = ( nM)(1 1200 )

where P = initial investment
M = monthly investment
i = the annual interest in
n = the no. of months from
initial investment.

Plot Present Value for P = $600, M = 335,
i =10%,and for P =1000, M =35. i =5%
for 0 to 100 months in 1 month intervals.

| Key £(x) Key f(x)|14 | (Store M)
Key i Value Key 10
Key f(x) Key f(x) {15 | (Store i)

The interest, i, is the annual interest in %,
i.e. 8% would be keyed inas 8 not. 0 8

4, Key INCREMENT 4. Key 1
' Key £(x) Key f(x) |01
Display is dark Display is dark
Key INITIAL X Key 0
Key |GO Key [GO
Display is dark Display is dark
Key FINAL X Key100
Key |GO Key |GO
Do either 4(a) or 4(b) Do either 4(a) or 4(b)
4. ﬁeb;o}l()gantoe;utomaﬁc scaling 4a, ’
Key f(x) |02

t]}hC.pl’Ogram will calculate the X and Y Scale Factors and plot the function in
'¢ Interval and at the increment specified.

x © Wang Laboratories, Inc, 1972
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EXAMPLE ON TAPE is for return on

CTIONS CONT'D.
OPERATING INSTRU investment:

Present Value = (P + nM) (1 + 1 )n
1200

where P = initial investment
M = monthly investment
i = the annual interest
n = the no. of months from
initial investment

Plot Present Value for P = $600, M = $3s,
i =10%, and for P =1000, M =35, i = 5%
for 0 to 100 months in 1 month intervals,

NOTE: I you select automatic scaling you should be aware that it does take time
to compute the scaling factors and the plotting will not start immediately. The
amount of time required between keying f(x) |02| and the start of the plot will

vary depending upon the complexity of the function and the number of subroutines
within the function subroutine, and the increment of plotting which is specified.

In the event that the function involves a trigonometric routine, the scaling will take
longer as the trigonometric routines are approximations in themselves. If the
function is a polynomial or something very simple, the scaling takes only about

10 - 15 seconds.

4b, If you want your own scale factors, 4b. If you want to use an
X-Scale Factor = 10
Y-Scale Factor =.1

Key X-Scale Factor Key1l0
Key f(x) |04 Key f(x) |04
Key Y-SCALE FACTOR Key . 1
Key f(x) Key f(x) |05
Key £(x) Key f(x) [03

The program will now plot the function in the interval and at the increment
specified and then will return to the origin.

NOTE: If you want to use your own scale factors, see Section entitled
"Criterion In Choosing A Proper Scaling Factor'. Appendix A.

Since the axes are always labeled 0 to 10 and since the scaling factors adjust

the plots to fit in the B . hah division. 6. from 0 to 1, does nok

necessarily have a value of one. Therefore, the axis unit value has to be

obtained. This tells the number of units into which each division is divided.

As an example, if the axis unit value = 5 then each division on the graph '
© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D.

EXAMPLE ON TAPE is for return on

investment:

i n
Present Value = (P + nM)(1 + o )
where P = initial investment

M = monthly investment
i = the annual interest in %
n = the no. of months from
initial investment

Plot Present Value for P = $600, M = $35
i=10%, and for P = 1000, M = 35, i =5%
for 0 to 100 months in 1 month intervals.

is actually 5 units and the axis would actually have a range of 0 to +50. For
information on how the axis unit value is related to the scaling factor, see

Appendix A.

If you just want to obtain the axis unit values, Key f(x) |06

5. To obtain
X-Axis Unit Value, Key the blue
RECALL| on the left

Y-Axis Unit Value, Key the blue
RECALL| on the right

6. If you want to obtain the value of Y for
a given value of X

Key X-Value

Key f(x) |07
The Y

-Value will appear in the display

5.

Key RECALL on the left
READ: +10.00000000 in the display

This is the X-Axis Unit Value

Key |RECALL| on the right

READ: | +1000. 000000 | in the display

This is the Y-Axis Unit Value

6. If 1 month has gone by, thenn=1

Key 1

Key f(x) | 07
The Y-Value of [+640.2916666

will appear in the display.

© Wang Laboratories, Inc., 1972
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With coefficient chan
you should firgt

and record the X ang
select auto scaling,

e ————

Key INCREMENT

Display is dayy

Key INITIAY

“ @

Display jg dark

OPERATING INSTRUCTIONS CONT'D,

¥ you want to replot the function with new constants on the same axis,

7. Key NEW CONSTANT 7. Key10 00
Key f(x) (XX Key fLm
Where 'XX{ is the key which stores
the appropriate constant
Key 5
Key £ )
e
You may change all the coefficients or only a few according to
above method; the oneg you do not change will remain the same
as for the

hew plot as in the previou
g

Key f(x)

EXAMPLE ON TAPE is for Teturn g
investment; J’
Present Value = (P + nM)(1 + Izz)o)n w

P = initial investment |

M= monthly investment

1 = the annuaj interest in %

n = the no, of months fropy
initial investment

Where

Plot present value for P =
1=10%, and for P
for 0 to 100 month

$600, M = $35
=1000, M =35, i=5(
S in 1 month intervalg,

s plot,
.

g€, you are now ready to replot; however

06

Y axis valyes ag they may change if you

Key 1

Key_f_(:_Q 01

Display is dark

Key 0

——
Key tGO

Display is dark

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONTD.

EXAMPLE ON TAPE is for return on
investments:

1
Present Value = (P + nM)(1 + 1200
Where P = initial investment
M = monthly investment
i = the annual interest in %
n =the no. of months from
initial investment.

Plot Present Value for P = $600, M = $35,
i=10% , and for P =1000, M =35, i =5%
for 0 to 100 months in 1 month intervals.

Key FINAL X

Key |GO

If you want auto scaling:

Key f(x) | 02

Key 100

Key |GO

If you are sure that the new coefficient will not cause plotting

to go outside confines of axes then

Key f(x) |03

as the scale factor computed on previous plot will still be in

storage.

If you want to change the plotting symbol for each replot,

8. Depress LEARN mode switch

SET

Ke
¥ 1p.c.

Key 03

| >

T

Key XX

z IR

Depress RUN mode switch

|

8. Depress LEARN mode switch

SET
ME tpe
Key 0347

Key 07 12 (plot *)

Depress RUN mode switch

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE is for return on

investments: ’
i-—n

1200 )

Present Value = (P + nM)(1 +

Where P = initial investment
M = monthly investment
i = the annual interest in 9
n= the no. of months from
initial investment

Plot present value for P = $600, M = $35
i=10%, and for P = 1000, M = 35, j = 5%
for 0 to 100 months in 1 month intervals,

NOTE: Assure f(x) switch is depressed again.

NOTE: The following is a list of the most useful plotting symbols

and codes:
SYMBOL CODE
+ 04 06
X 07 12
: 05 07 .
0 05 09
X 06 15

The position of the different symbols relative to each other as keyed
at the same point might be slightly off as they might occupy different
position on the IBM ball relative to the striking center of the decimal

point,
9. This may be followed by a replot of 9. The following page has the output of
the function as described in #7. the above example.

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D, EXAMPLE ON TAPE ig for return o
investments: ’
Present Value = (P + nM)(1 +L)H
1200
T

Changing this program to plot any function:

Any function can be plotted using this program by putting a subroutine
for the new function in place of that for the example. This is done by
the following steps:

1. Depress LEARN Mode Switch
SET

2. Key P.C.

3. Key0559

4. Key |MARK

5. Key f(x) {08

6. Key in subroutine steps

(This subroutine should end with the commands
END
RETURN| and PROG )

When writing the function subroutine, remember: *
a. The Mark number must be f(x) |08 | (code 10 08) ‘
b. The value of x is stored in register 05 and should therefore |

be recalled from register 05 in the beginning of the subroutine,
C. When the value of y is obtained, it must be stored in register 06.
d. Registers 00, 01, 09 and 14 may be used as work registers for
calculations,
e. Can use any Marks within the subroutine which are not listed

on page 31.

STEP #

0559
0560

The function subroutine on the tape is for the return on investment which
involves the function of:

CODE

09 00
10 08

- h
resent = P
present value = (P +nM)(1+1200)
KEY EXPLANATION
Mark The function subroutine always has
f(x) |08 to have this mark number.

© Wang Laboratories, InC. 1972
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OPERATING INSTRUCTIONS CONT'D.
) srep#  CODE KEY EXPLANATION
0561 0801 RECALL Recalls the number stored in register
designated by the next step.
0562 0105 REG 21 i has b?e.n storfed in this register.
0563 0600 ST 00 Stores i in Register 00
0564 0001 1
0565 0002 2
0566 0000 0
0567 0000 0
0568 0500 =00 Divides 1200 into i
0569 0001 1
0570 0200 + 00 Adds 1 to register 00
0571 0910 Log Takes the log of number in register 00
0572 0600 ST 00 Stores the log in register 00
0573 0705 RE 05 Recalls n, the number of months from
register 05. ;
0574 0400 x 00 Multiplies n by log of (1 + —)1200
0575 0911 10" Finds the antilog of the product
05176 0614 ST 14 Stores (1 +1200 ) in register 14
0577 0705 RE 05 Recalls n again from register 05.
_. 0578 0600 ST 00 Stores n in register 00.
‘ 0579 0801 RECALL Recalls the number stored in register
designated by the next step.
0580 0104 REG 20 M has been stored in this register.
0581 0400 x 00 Multiplies n by M
0582 0801 RECALL Recalls the number stored in the register
i designated by the next step.
0583 0103 REG 19 P has been stored in this register.
0584 0200 + 00 Adds P to nM
0585 0714 RE 14 e
Recalls (1 1200 )
0586 0400 x 00 Multiplies (P + nM) by (1 + 1; > 0)“
0587 0606 ST 06 Stores the product in register 06
0588 0915 RETURN
0589 0914 END PROG
M
As steps 0562, 0580 and 0583 indicate, the values of the constants P, M
and i had to be stored before running the program. This was accomplished
by thf’ use of three short subroutines which were placed just before the
function subroutine and which involve the following steps:
STE
e 4P CODE KEY EXPLANATION
J' 0545 0900 Mark This subroutine could have any mark from
1013
- S f(x) | 09]to f(x) 115 © Wang Laboratories, Inc., 1972
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STRUCTIONS CONT'D.

OPERATING IN

STEP CODE KEY EXPLANATION |
0546 0901 STORE Stores P in register 19
0547 0103 REG 19
0548 0915 RETURN : .
0549 0900 MARK This subroutine could have any mark from
0550 1014 f(x)| 14 f(x) [09]to £(x) |15
0551 0901 STORE Stores 1 in
0552 0104 REG 20 Register 20
0553 0915 RETURN : :
0554 0900 Mark This subroutine could have any mark
0555 1015 f(x) |15 from f(x) {09 | to f(x) |15
0556 0901 STORE Stores i in
0105 REG 21 register 21
(())gg 0915 RETURN

If more constants are used in the function, then they may be stored
by the use of similar subroutines which would be keyed in before the

function subroutine. The general form would be:

MARK

£(x) XX f(x) | XX | can be any mark from f(x) | 09] to f(x)
SHIFT ’
STORE

Depress T switch

YY YY| can be any register from 03 to 15

With the T switch depressed, this will
RETURN actually utilize registers 19 to 31.

NOTE: Do not forget to depress the f(x) switch before running the program.

The number of these subroutines which can be added is entirely dependent
upon the number of steps and registers used in the function gubroutine.
As these coefficients storage subroutines start at step 244 and the main
program uses registers 00 through 18, this allows only steps 256 steps
in 600-6 and 1280 steps in 600-14 to be used for function and subroutine
programs steps and/or storage registers. Remembering that each
storage register after 15 eliminates 8 program steps.

© Wang Laboratories, Inc. 1972
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’ OPERATING INSTRUCTIONS CONT'D.

3
EXAMPLE: y=x +a

0559 0900
0560 1008
0561 0705
0562 0600
0563 0812
0564 04200
0565 0801
0566 0103
0567 0200
0568 0606
’ 0569 0915
0570 0914

Mark
f(x)

RE 05
ST 00

2
5%

x 00

08

RECALL
REG 19

+ 00
ST 06

RETURN

END PROG

The subroutine of f(x) |13 | can be used to store a. The other storage
subroutines, f(x) |14 and f(x) |15} , will not be used and therefore

they can either be ignored or deleted. The function subroutine would be:

page when a =2
increment = , 05
Initial X = 0
Final X =4

If this function were keyed into the machine instead of the function
subroutine on the tape, then the plot will be the same as the following

© Wang Laboratories, Inc., 1972
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’ OPERATING INSTRUCTIONS CONT'D.

Information on Marks and Registers Used:

REGISTERS USED:
03 Old X
04 OoldY
05 New X
06 New Y
07 Increment
08 Final Point
10 Residual AX
11 Residual AY
12 X-Scale Factor
13 Y-Scale Factor

Other registers used: 00, 01, 02, 09, 14-18

MARKS USED:

' SYNEOL CODE SYMBOL CODE
1 0001 F(x) 00 o
2 0002 F(x) 01 1101
i 0003 F(x) 0 1103

0004 F(x) 04 St

(x) 00 1000 F(x) 05 £hee
(%) 01 1001 F(x) 0 et
f(x) 02 1002 F(x) 0 oo
f(x) 03 1003 F (%) 09 =
(x) 04 1004 Fix) 12 s
f(x) 05 1005 F(x) 13 1113
(x) 06 100¢ sty A
f(x) 07 1007 F(x) 15 it
f(x) 08 1008
flx) 13 1013
f(x 14 1014
ff) 15 1015

\

S e © Wang Laboratories, Inc., 1972
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WANG

SERIES
PROGRAM

STANDARDIZED POINT PLOTTING
ROUTINE FOR FOUR QUADRANTS

TITLE

PT.06-600. 06 T-000B-3-0

NUMBER DATE
600-6, 600-14/602

EQUIPMENT

PROGRAM ABSTRACT This
with automatic scaling,

program allows one to plot discrete points in four quadrants
so the size of the numbers does not matter.

BLOCK

VERIFY NO.

NO. OF STEPS

Side 1

4326

517

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS

1, Toload program:

b,
¢. Depress REWIND

d, Depress TAPE READY

e, Key PRIMEI

f, Key2
SHIFT
Key «

LOAD
PROG

e

Key

VERIFY|

& Key | prog

h. The display should read

2 Key f(x)

2, Depress RUN mode switch

Insert tape cassette with Side 1 facing operator.

+4326. 000000

The X and Y axes will be printed out and labeled. The program will stop }
with the display dark when the axes are complete. |

3,

It you desire automatic scaling, then scan your (x,y) values for the largest
and smallest values of x and y, then:

Key LARGEST x ,

GO

When display is dark,

Key SMALLEST x ,

GO

Key LARGEST y |

Key SMALLEST y |

for plotting when the

Skip to 4,

\

Y-Scale Factor is ca

X-Scale Factor is calculated and then display is dark

GO

GO

lculated and program is ready to accept (x,y) val ues
display is dark,

, display is dark

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D.

3b.

— - \
If you want your own scale factors, do the following:
Key X-SCALE FACTOR, Key f(x) | 04 |
e =

Key Y-SCALE FACTOR, Key f(x) |05

Then Key f(x) | 03

The program will stop with the display dark,

Skip to 4.

NOTE: If you want to use your own scale factors, see section entitled

"Criterion in Choosing A Proper Scaing Factor. " Appendix A,

4. You are now ready to plot the discrete points.

Simply: Eeyx., 16O

Display is dark

Keyy, GO

The point (x,y) will be plotted and the plotter will return to
origin; the program will stop with the display dark when it is
ready toaxcept next data point.

Repeat step 4 for each (x,y) point,

4a,

Since the axes are always labeled -4 to 4 and since the scaling factors adjust
the plots to fit in the given space, each division, i.e. from 0 to 1, does not
necessarily have a value of one. Therefore, the axis unit value has to be
obtained. This tells the number of units into which each division is divide.d.
As an example, if the axis unit value = 5, then each division on the graph is
actually 5 units and the axis would actually have a range of -20 to +20. For

information on how the axis unit value is related to the scaling factor, see
Appendix A.

Key f(x) | 06
The X-Axis Unit Value is obtained by Keying the blue |RECALL
on the left.
The Y-Axis Unit Value is obtained by Keying the blue |RECALL
Sy
on the right.
© Wang Laboratories, 11 1972

34




p—

OPERATING INSTRUCTIONS CONT'D.

hat some may be interested in changing the plotting

ntuality t
. h;’mtgilef‘gi cach replot; here is the procedure B ieton
s

Depress LEARN mode switch

SETP.C. 0480

——

Key X JY

Depress RUN mode switch

Note: Do not forget to depress the f(x) switch again.

If the new points are within the range of the previous set:

Key f(x) |03

and proceed as in 4.

If the new points are outside the range of the previous set
and you want auto scaling, proceed as in 3a. except that
after keying LARGEST x, Key f(x) | 02

If the new points are outside the range of the previous set
and you want your own scale factor, proceed as in 3b.

The following is a list of the most useful plotting symbols and codes.

SYMBOL XX yy

0506
0712
0507
: 0509
2 0615

*

o

fhere is no example, as you may use any set of (x,y) points you choose.

© Wang Laboratories, Inc., 1972
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WANG

SERIES
PROGRAM

STANDARDIZED POINT PLOTTING
ROUTINE FOR THE FIRST QUADRANT

TITLE

PT.07-600. 06 T-000B-4-0

NUMBER DATE
600-6, 600-14/602

EQUIPMENT

PR ;
OG‘RAM ABSTRACT  rp;g program allows one to plot discrete points in the first quadrant
vith atomatic scaling, so the size of the numbers does not matter.

= NERIFY NO. NO. OF STEPS
4 Side 1 3113 =
\ © Wang Laboratories, Inc., 1972
S Prinzed7ir(1)01_1(.)s7.é7.

9-72-1M
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OPERATING INSTRUCTIONS

1. To load program P
a. Depress RUN mode switch
b. Insert the tape cassette with Side 1 facing the operator.,
¢. Depress REWIND

d. Depress TAPE READY

e. Key PRIME

f. Key 3
SHIFT

Key o

LOAD

Key Iprog

VERIFY|

£ B | bnoo

h. The display should read: + 3113.000000 P

2. Keyf(®) |00

The X and Y axes will be printed out and labeled. The program
'Will stop with the display dark when the axes are complete.

2a. If you desire automatic scaling, then scan your (x,y) values for the largest

and smallest values of x and y then: - : k

Key LARGEST x , » X~Scale factor is calculated and display is dar
=ahrbS 1 X

Key LARGEST y | [Go

Y-Scale Factor is calculated and program is ready to accept (x,y) values
for plotting when the display is dark.

Skip to 3.

2b. If you want your own scale factors, do the following:

Key X-SCALE FACTOR, Key f(x) |04

Key Y-SCALE FACTOR, Key f(x) |05 ”
Then Key f(x) |03 .
© Wang Laboratories, Inc., 1972
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| OPERATING INSTRUCTIONS CONT'D.
» The program will stop with the display dark.
Skip to 3.
OTE: If you want to use your own scale factors, see section entitled
i Choosing A Proper Scaling Factor.™ Appendix A.

nCriterion In

mw ready to plot the discrete points.

Simply: Keyx, |GO

Display is dark

Keyy , GO

The point (x,y) will be plotted and the plotter will return to origin;
The program will stop with the display dark when it is ready to
accept next data point.

Repeat step 3 for each (x,y) point.

fa. Since the axes are always labeled 0 to 10 and since the scaling factors adjust the
plots to fit in the given space, each division, i.e. from 0 to 1, does not necessarily
have a value of one., Therefore, the axis unit value has to be obtained. This tells
the number of units into which each division is divided. As an example, if the
i axis unit value = 5, then each division on the graph is actually 5 units and the
axis would actually have a range of 0 to +50. For information on how the axis unit
value is related to the scaling factor, see Appendix A.

If you wish to know the value of the X and Y axis units:

Key f(x) | 06

The X-Axis Unit Value will be obtained by keying the blue [(RECALL
on the left,

The Y-Axis Unit Value will be obtained by keying the blue |RECALL

on the right,

. Inthe eventual;

ty that some may be i : s .
for each reqlot y be interested in changing the plotting symbol

» here is the procedure to follow:

Depress LEARN mode switch
SET

SETP.C. 0334

\ © Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D, e

Key xx yy
Depress RUN mode switch

If the new points are within the range of the previous set:
Key f(x) |03

Note: Do not forget to depress f(x) switch again

and proceed as in 3.

If the new points are outside the range of the previous set,
and you want auto scaling, proceed as in 2a. except that after
keying LARGEST X, Key f(x) |02

If the new points are outside the range of the previous set and
you want your own scale factor, proceed as in 2b.

The following is a list of the most useful plotting symbols and codes.

SYMBOL XX yy
- 05 06 A
" 07 12
: 05 07
0 05 09
X 06 15

There is no example, as you may use any set of (x,y) points you choose.

i 2
© Wang Laboratories, Inc., 197
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WANG

SERIES
PROGRAM

STANDARDIZED POLAR PLOTTING ROUTINE
TITLE

% PT.07-600.06 T-000B-5-0

NUMBER DATE
600-6, 600-14/602

EQUIPMENT

PROGRAM ;

: ABS.TRACT This program is a standardized polar plotting routine with atuomatic
sealing which enables the user to plot any curve, regardless of numerical values, which
can be expressed as p = ()

BLOC: VERIFY NO. NO. OF STEPS
Side 2 6014 654
B

; \ © Wang Laboratories, Inc., 1972
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a,

b.

2. Key f(x)[ 00

Key f(x) (14

Key a Value

Key f(x) |1

OPERATING INSTRUCTIONS

1. Load Program by:

Depress RUN mode switch

Insert tape cassette with
Side 2 facing operator.

Depress REWIND

Depress TAPE READY

Key | PRIME
Koy | LOAD
Y | PROG
Kew |VERIFY
Y | PrROG

The display should read

+6014. 000000

The X and Y axes will be printed
out and labeled. The program will
stop with

=42.00000000 | in the

display when the axes are complete.

By
| EXAMPLE ON TAPE: p-= a sin (b 8)

| Plot for a =4, b=2a.nda=5,b=4n1
E increments of 2° from 0 to 360

1. Same as #1 of genera] instructions.

me as #2 of general instructions.

| BV]
g1

> o . o > SR T g Or : y en
If you have a function which requires constants to be keyed in externally, th
Key each constant followed by corresponding key. Such as;

3. Key b Value

—

l:n

3. Key 2
Cey f(x) | 14| (Storeb)
Key f(x) [ 14| (
Key 4 ,
o S50 115 Store a)
Key f(x) |15 (

i 72
© Wang Laboratories, Inc., 19
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I TPERATING INSTRUCTIONS CONT'D.

. Key £

Note: © is in decimal degrees

Key INNREMENT

Key
Display is dark
Key INITIAL 8 , Key

GO

Display is dark
Key FINAL 0
GO

Key

Do either 4a or 4b

EXAMPLE ON TAPE: ¢ =a sin (b 0
Plot for a =4, b =2, anda =5, b
in increments of 2° from 0 to 360.

)
=4

4. Key f(x) |01

Key 2

Key |GO

Display is dark

GO

Key 0 ,

Display is dark
Key 3 6 0
GO

Key

Do either 4a or 4b

If you want automatic scaling;

fa, Key f(x) {02

the origin.

4a. Key f(x) |02

The program will calculate the X and Y scale factors and plot the function
in the interval specified according to the increment specified then return to

7

start immediately.
f(x) {02

specified.

approximation.

e

NOTE: If you select automatic scaling you should be aware that it does
take time to compute the scaling factors and the plotting will not
The amount of time required between keying

and the start of the plot will vary depending upon the

| complexity of the function and the number of subroutines within

the function subroutine, and the increment of plotting which is

In the case of the example given,the scaling takes about
| 1 minute as the function has a sine calculation which in itself is an
If the function is a polynomial or something very
simple, the scaling takes only about 15 seconds.

. 1 you want your own scale factors:

Key X-SCALE FACTOR

Keyf(x) |04
k Key Y-SCALE FACTOR
| Key f(x) 05

8

4b. If you want to use an

X~-Scale Factor = 100
Y-Scale Factor = 100
Key 100

Key f(x) 04

Key 100

Key f(x) 05

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D., EXAMPLE ON TAPE: p= a sin (b )

5: b=4 in
60.

Plot for a =4, b=2anda =
increments of 2° from 0 to 3

Key f(x) | 03 Key f(x) |03

The program will now plot the function in the interval and at the
increment specified and then will return to the origin,

NOTE: i you want to use your own scale factors see section entitled
"Criterion In Choosing A Proper Scale Factor'. Appendix A,

Since the axes are always labeled -4 to +4 and since the scaling
factors adjust the plots to fit in the given space, each division,

i.e. from 0 to 1, does not necessarily have a value of one, There-
fore the axis unit value has to be obtained. This tells the number of

units into which each division is divided. As an example, if the
axis unit value = 5, then each division on the graph is actually 5
units and the axis would actually have a range of -20 to +20. For
information on how thig axis unit value is related to the scaling
factor, see Appendix A,

—

5. Key f(x) | 06 5. Key f(x) | 06
To obtain

X-Axis Unit Value, Key the blue
RECALL| on the left

Key RECALL| on the left

READ: +1. 000000000

This is the X-Axis Unit Value

Y-Axis Unit Value, Key the blue

iRECALLl on the right

READ: |+1.000000000

This is the Y-Axis Unit Value

¥ you want to obtain the value of p 6.
for 2 given value of ¢ ,

Key 8 Value

If 8 = 45°, then

Key |RECALL| on the right

in the display

in the display

Key 4 5
e 1 Key £(x) [ 07
e Value will appear in the display The #~Value of |+4.000000000

will appear in the display.
-y l”()l Key |GO

—

Inc., 1972
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[PERATING NS TRUCTIONS CONT'D.

EXAMPLE ON TAPE: P=a sin (b 0)
Plotfora=4,b=2anda=5, b=4in
increments of 2° from 0 to 360.

To obtain ¢ and 8 in rectangular coordinates:

Read X-Value by keying the blue

RECALL| on the left

Read Y-value by keying the blue

RECALL| on the right

Key |[RECALL| on the left

READ: | +2, 828427124

This is the X-Value in rectangular
coordinates

Key |RECALL| on the right

READ: |+2, 828427124

This is the Y-value in rectangular
coordinates.

If you want to replot the function with new constants on the same axis;

. Key NEW CONSTANT

Keyf(x)

Where is the key which stores

the appropriate constant,

7. Key 4

Key f(x) | 14| (stores new b)
Key 5

Key f(x) |15 | (stores new a)

You may change all the coefficients or only a few according to
above method; the ones you do not change will remain the same
as for the new plot as in the previous plot.

With coefficient change, you are now ready to replot; however

you should first
Key f(x) {06

and record the X and Y Axis va

select auto scaling,

lues as they may change if you

Key f(x)
K
¢ INCREMENT
Display is dark
K
& INITIAL, ¢

Key @
\

Key f(x) |01
Key 2

Key | GO

Display is dark
Key 0

Key |GO

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE: ¢ = 3 iy W

Plotfora=4;,b=2anda=5,b=4in *

increments of 2° from 0 to 360,

Display is dark Display is dark
Key FINAL 6 Key 36 0
Key |[GO Key GO

If you want auto scalin
Key f(x) |02

If you are sure that the new coefficient will not cause plotting
to go outside confines of axes then

Key f(x) |03

as the scale factor computed on previous plot will still be in
storage.

If you want to change the plotting symbol for each replot,

8. Depress LEARN mode switch 8. Depress LEARN mode switch
w
SET SET ‘
=¥ Be s o
Key 0553 Key 0553

READ:| 0553 05 06| in display

Key xx yy Key 07 12 (plot *)

Depress RUN mode switch Depress RUN mode switch

NOTE: Assure f(x) switch is depressed again,

The following is a list of the most useful plotting symbols and codes.

SYMBOL CODE
+ 04 06
. 07 12
. 05 07
0 05 09
X 06 15

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE: p=gin (b 0)
Plotfora=4,b=2, anda=5, b =4

in increments of 2° from 0 to 360.

NOTE: The position of the different symbols relative to each other as keyed
at the same point might be slightly off as they might occupy different

position on the IBM ball relative to the striking center of the decimal

point.

o, This may be followed by a replot of the The following page has the output
function as described by #7. of the above example.

© Wang Laboratories, Inc., 1972
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To Chang

steps:

1.

a.

b‘

c.

e.

ING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE: # =a sin (b 0)

Plot fora =4, b=2, anda=5, b =4,
in increments of 2° from 0 to 360.

o This Program to Plot Any £(8)

Any £(8) can be plotted using this program by putting a subroutine for the
new function in place of that for the example. This is done by the following

Depress LEARN mode switch

o SET
P.C.
Key 0627
Key |MARK
Key f(x) 08
Key in subroutine steps. (This subroutine should end with the
commands RETURN and 1}3 II:(])) G )

When writing the function subroutine remember:

The Mark number must be f(x) | 08 (code 1008)

The value of 0 is stored in register 08 and should always be
recalled from register 08 in the beginning of the subroutine.

When the value of p is obtained, it must be stored in register
19 (Register 19 is with T switch depressed, Key | 03| )

Registers 00, 01, 14 and 18 may be used as work registers
for calculations.

Can use any Marks within the subroutine which are not listed
on page 54 .

Due to the characteristics of this machine, the sine, cosine and
tangent keys will only operate correctly for angles less than 570°.
Therefore, it is necessary to put in some steps to correct for this,
such as steps 634 - 644 on the next page. See also Appendix B.

© Wang Laboratories, Inc., 1972
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\
The function subroutine on the tape is :
and involves the following Steps}:) for the equation of P=3 iy (b )
’—’ - : 0 Mark The function subroutine always pag to
- . Itx) (03 have this mark number,
0623 0708 RE 08 Recalls the newest valye of 8 from
register 08,
0630 0600 ST 00 Stores 0 in register 09
0631 0801 RECALL Recalls the number storeq in register
designated by the next step.
0632 0105 REG 21 b has been stored in this register,
0633 0400 x 00 Multiplies 6 by b
0634 0003 3
0635 0006 6
0636 0000 0
0637 0901 STORE Stores 360 in the register designated by
the next step.
0638 0102 REG 18
0639 0500 <00 Divides (b 6) by 360
0640 0912 INT X Gets the integer of the quotient
0641 0300 - 00 Subtracts the integer from quotient
leaving the decimal portion.
0642 0801 RECALL Recalls the number stored in the register
designated by the next step
0643 0102 REG 18 360 has been stored in this 'register
0644 0400 x 00 Multiplies the decimal portion by 360
to get an angle equivalent to (b 6)
in of the angle
o . - gtili'zss ttllllz Zin in register 00
g . s Recalls the number stored in the register
0647 0801 RECALL designaied e Gan
106 REG 22 a has been stored in this register.
e S Multiplies sin (b 6) by a.
0649 0400 x 00 P P 1
0650 0901 STORE Stores the v
0651 0103 REG 19
0652 0915 RETURN
0653 0914 END PROG %‘
© Wang LabOE&’E‘MZ‘
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ODE
sTEP#  C
617 0900
0618 1014
619 0901
0620 0105
0621 0915
0622 0900
0623 1015
0624 0901
0625 0106
0626 0915

MARK

gtored before run
short subroutines
involve the following steps:

fx) |1XX

SHIET

Y

RETURN

KEY

MARK

f(x) | 14

STORE
REG 21
RETURN
MARK

f(x) |15

STORE
REG 22
RETURN

Depress T switch

ning the program. This was accomplished by the use of two

Ag steps 0632 and 0648 indicate, the values of the constants a and b had to be
’ which were placed just before the function subroutine and which

EXPLANATION

This subroutine could have any mark

from f(x) | 09| tof(x) |15

Stores the constant, b, in
register 21

This subroutine could have any mark

from f(x) {09 to f(x) |15

Stores the constant, a, in
register 22

If more constants are used in the function then they may be stored by the use
of similar subroutines which would be keyed in before the function subroutine.
* The general form would be:

f(x)| XX|can be any mark from f(x)| 09

to  £(x) |10

YY| can be any register from 05 to 15 .
With the T switch depressed, this will
actually utilize registers 21 - 31.

NOTE: Do not forget to depress the f(x) switch before running the program.

The number of these subroutines which can be added is entirely dependent
upon the number of steps and registers used in the function subroutine.
As these coefficient storage subroutines start at step 617 and the main
program uses registers 00 through 22, this allows 151 steps in 600-6

and 1175 steps in 600-14 to be used for function and subroutine program
steps and/or storage register, remembering that each storage register
used after register 15 eliminates 8 program steps.

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D \

EXAMPLE. P=a(1-cose )
The o . P ,
~H& Subroutine of f(x) |14 canp
{14 | e
‘ o€ used to store a, The other storage
subrout ‘ 5 | .
e HX) 15|, will not be used, and therefore it can eijther },
Bl e

The function subroutine would be:
STEP # CODE KEY
0627 0900 Mark
0628 1008 f(x) @
0629 0001 1
0630 0600 ST 00
0631 0608 RE 08
0632 0807 cos
0633 0300 - 00
0634 0801 RECALL
0635 0105 REG 21
0636 0400 x 00
0637 0901 STORE
0638 0103 REG 19
0639 0915 RETURN
0640 0914 END PROG

If this function were keyed into the machine instead of the function subroutine
on the tape, then the plot will be the same as the following page when

a=2
increment = 2
initial @ = 0°
final 8 = 360°

© Wang Laboratories, Inc., 1972
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Info

‘niormation on marks and registers used:

REGISTERS USED:

03 Old X

04 Oldy

05 New X

06 New Y

07 Increment of ¢
08 Initial @

09 Final o

10 residual AY

0 | residual AX

12 X-Scale Factor
13 Y-Scale Factor
19 p

Other registers used: 00, 01, 02, 14-18, 20

MARKS USED:

_

SYMBOL CODE SYMBOL CODE

0001 f(x) 15 1015

0002 F(x) 00 1100

0003 F(x) 03 1103

0004 F(x) 04 1104

0005 F(x) 05 1105

0006 F(x) 06 1106

0007 F(x) 12 1518

0008 F(x) 13 B
0009 F(x) 14 T

£(x) 00 1000 F(x) 15 i

f(x) 01 1001

f(x) 02 1002

f(x) 03 1003

f(x) 04 1004

f(x) 05 1005

£(x) 06 1006

f(x) 07 1007

f(x) 08 1008

f(x) 14 1014 *

WO 003D U W W N

19711

© Wang Laboratories. "¢




PROGRAM

STANDARDIZED PLOTTING ROUTINE
FOR PARAMETRIC EQUATIONS

WANG
SERIES

TITLE

PT.06-600. 06 T-000B-6-0

NUMBER

600-6, 600-14/602

DATE

EQUIPMENT

PROGRAM ABSTRACT This program is a standardized plotting routine with automatic scaling
which enables the user to plot any curve, regardless of numerical values, which can be
expressed as x = f(t), y = g(t)

s VERIFY NO. NO. OF STEPS
2 Side 2 5811 o
L e © Wang Laboratories, Inc., 1972

Printed in U.S.A.
700-0767
9-72-1M
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OPERATING INSTRUCTIONS:

1. Load Program by :
4. Depress RUN mode switch

b. Insert tape cassette with
Side 2 facing operator

c. Depress REWIND

d. Depress TAPE READY

f. Key |LOAD | LOAD|
" 77 |PROG| * |PROG|

h. The display should read:

o
| +5961. 000000
!

SRR
2. Key f(x) |00
—_—

The X and Y axes will be printed

T3

out and labeled. The program will

D 3 - Sy ” . .- . ~ oo

3. I you have a function which requires
stante ¢ ol in externallv
constants to be keyed externally,
then Key each constant followed by

the corresnondine Favr Sk ac-
SIT CUOLITToPDOAlns .\\.\ « OUCH aS:

Key a Value
Key fix 10

EXAMPLE ON TApg,

3
Given y = e and x = &+t

t
et+1 e +9

Ploty as a function of x fort=.g 510
t= + 3.0 in incrementg of .05 (for thig
particular example "154t £+ 15

1. Same as #1 of general instructiong,

2. Same as #2 of general instructions

This particular example has no
constants, so skip this section.

© Wang Laboratories, Inc., 1972




da,

g
OPE

Key f(x) |02 4a. Key f(x) |02

RATING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE:

3
Giveny = = and x=
t+1
e

t
€ i
t+2
t\

Plot y as a function of x for t =~ 8.5 to
t = +3.0 in increments of . 05 (for this
particular example -15<t <+ 15)

4, Key INCREMENT 4. Key. 05
Key f(x) | 01 Key f(x) |01
Display is dark Display is dark

%o CHANGE
. SIGN

Key INITIAL t Key3.5
Key |GO Key |GO
Display is dark Display is dark
Key FINAL t Key 3
Key (GO Key GO
Do either 4a or 4b Do either 4a or 4b

If you want automatic scaling;

The program will calculate the X and Y scale factors and plot
the function in the interval specified according to the increment
specified then return to the origin.

NOTE: If you select automatic scaling you should be aware that it does take

time to compute the scaling factors and the plotting will not start

immediately. The amount of time required between keying f(x) |02

and the start of the plot will vary depending upon the complexity of the
function and the number of subroutines within the function subroutine, and
the increment of plotting which is specified. In the event that the function
involves a trigonometric routine, the scaling will take longer as the
trigonometric routines are approximations in themselves. If the function
s a polynomial or something very simple, the scaling takes only about

15 - 30 seconds.

© Wang Laboratories, Inc., 1972




OPERATING INSTRUCTIONS CONT'D. EXAMPLE ON TAPE:

3
Given y =

t
andx= w

t
et il e +2
Plot y as a function of x for t = -3,5 to

t = +3.0 in increments of . 05 (for this
particular example -154+t 44 15)

4b. If you want your own scale factors: 4b. If you want to use an

X-Scale Factor = 250
Y-Scale Factor = 1000

Key X-SCALE FACTOR Key250
Key f(x) |04 Key f(x) |04
Key Y-SCALE FACTOR Key1000
Key f(x) | 05 Key f(x) |05
Key f(x) | 03 Key f(x) (03

The program will now plot the function in the interval and at
increment specified and then return to the origin.

NOTE: If you want to use your own scale factors see section entitled
"Criterion In Choosing A Proper Scale Factor.'" Appendix A.

Since the axes are always labeled -4 to +4 and since the scaling factors
adjust the plots to fit in the given space, each division , i.e. from 0 to 1,
does not necessarily have a value of one. Therefore, the axis unit value
has to be obtained. This tells the number of units into which each division
is divided. As an example, if the axis unit value = 5 then each division on
the graph is actually 5 units and the axis would actually have a range of -20
to +20. For information on how the axis unit value is related to the scaling
factor see Appendix A,

If you just want to obtain the axis unit values,

5. Key f(x) |06 5. Key f(x) | 06
To obtain

X-Axis Unit value, Key the blue

RECALL| on the left Key |RECALL| on the left

© Wang Laboratories, Inc., 1972
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(PERAT ING INSTRUCTIONS CONT'D.

y-Axis Unit Value, Key the blue

RECALL| on the right

, I'you want to obtain the value of
xand y for a given value of t, then

=

Key t VALUE

Key f(x)

The x-Value is obtained by keying
theblue |RECALL| on the left

The y-Value is obtained by keying

the blue ‘RECALL on the right

—=

+ lyou want to replot the function

with new constants on the same
axs,

Key NEW CONSTANT
Keyfly) |xx
Wh .

tre \XX| is the key which stores

the appropriate constant,

EXAMPLE ON TAPE:

3

t
Giveny = 5

t +1

e

t
e +t

and X =
e +2

Plot y as a fure tion of x for t = - 3.5 to
t = + 3.0 in increments of . 05 (for this
particular example -15 <t < +15)

READ: | +.4000000000 | in the display

This is the X-Axis Unit Value

Key

RECALL

on the right

READ: [+.1000000000 | in the display
This is the Y-Axis Unit Value

6. Ift=0, then

on the left

Key 0

Key f(x) |07
Key |RECALL
READ: .

+. 3333333333 | in the display

This is the x Value

Key

RECALL

on the right

READ: Eo.ooooooooﬂ in the display

This is the y-Value.

7. Does not apply to this example.
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OPERATING INSTRUCTIONS CONT'D, EXAMPLE ON TAPE:

3 t
e +t

Given y = and x =

et +1 € 2
Plot y as a function of x for t = - 3.5 to
t = +3.0 in increments of . 05 (for this
particular example -15<t < +15)

You may change all the coefficients or only a few according to above
method; the ones you do not change will remain the same for the new
plot as in the previous plot.

With coefficient change, you are now ready to replot; havever you
should first

Key f(x) {06

and record the X and Y axis values as they may change if you select
auto plotting.

Then
Key INCREMENT

Key f(x) |01
Display is dark

Key INITIALt, |GO

Display is dark

Key FINAL t, (GO

If you want auto scaling

Key f(x) | 02

If you are sure that the new coefficient will not cause plotting to go
outside confines of axes then

Key f(x) |03

as the scale factor computed on previous plot will still be in storage.

© Wang Laboratories, Inc., 1972
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NG INSTRUCTIONS CONT'D. EXAMPLE ON TAPE:
3 t
: t e +t
Gieeny = ou and x = e
t +1 e +2

e

Plot y as a function of x for t = - 3.5 to
t = +3.0 in increments of . 05 (for this
particular example =154 t £+15)

If you want to change the plotting symbol for each replot,

Depress LEARN mode switch

SET

5y Ip.c.

Key

[=}

5

1)

2

Key xx yy

Depress RUN mode switch

NOTE:

Assure f(x) switch is depressed again.

NOTE;:

The following is a list of the most useful plotting symbols

and codes:

SYMBOL CODE
+ 0406
: 0712
: 0507
0 0509
X 0615

The position of the different symbols relative to each other as keyed
at the same point might be slightly off as they might occupy different

position on the IBM ball relative to the striking center of the decimal
point,

8| .
This may be followed by a replot The following page has the output of the

of the function ag described in

#,

above example.

o © Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D, EXAMPLE ON TAPE:
'A t3 t
Giveny = andx= 2t
t
g 1 e +2

Plot y as a function of xfort=-3,5to

t =+3.0 in increments of , 05 (for this
particular example - 15 £ t £ +15)

To change this program to plot any f(t)

subroutine for the new functions in place of that for the example. This is
done by the following steps:

1. Depress LEARN mode switch

|
\
|
|
|
Any parametric equations can be plotted using this program by putting a
|
|
:

SET
= s o,
3. Key 0617

f 5. Key f(x) |08

6. Key in subroutine steps. (This subroutine should end with the

commands |RETURN| and e )

PROG

When writing the function subroutine remember:

a. The Mark number must be f(x) |08 | (code 1008)

b. The value of t is stored in register 09 and therefore should
always be recalled from register 09 in the subroutine function.

c. When the value of y is obtained, it must be stored in register 06 .
d. When the value of x is obtained, it must be stored in register 05.

e. Registers 00, 01, 14 and 16 may be used as work registers for
calculations,

f. Can use any marks within the subroutine which are not on page 70.

»

= © Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D,

The function subroutine m the tape is for plotting y as a function of x when

t3 et it
y= —"2—‘— and X = t
t°+1 e +2
e
STEP#  CODE KEY EXPLANATION
0617 0900 Mark The function subroutine always has to
0618 1008 f(x) |08 have this mark number.
0619 0709 RE 09 Recalls t from register 09
0620 0600 ST 00 Stores t in register 00
2 2
0621 0812 X Gets t
2
0622 0601 ST 01 Stores t~ in register 01
0623 0400 x 00 Multiplies t by t2 to get t3
0624 0701 RE 01 Recalls t2 from reg‘igter 01
0625 0811 e Finds the value of et
t
0626 0614 ST 14 Stores e in register 14
0627 0001 1 t2
0628 0214 +14 Adds 1 to e
t2 3
0629 0500 +00 Divides (e + 1) into t
0630 0606 ST 06 Stores y in register 06
0631 0709 RE 09 Recalls t from register 09
0632 0600 ST 00 Stores t in register 00
0633 by ot Finds the value of et
0634 0601 ST 01 Stores e! in register 01
0635 0200 +00 Adds et to t
0636 0002 2
0637 0201 + 01 Adds 2 to et
0638 0500 +00 Divides (et + 2) into (et + 1)
0639 0605 ST 05 Stores x in register 05
0640 0915 RETURN
0641 0914 END PROG

This particular example does not happen to use any constants. However
there are many cases where the values of constants have to be stored before
the program is run. This is accomplished by the use of short subroutines

which would be placed just before the function subroutine and which would
involve the following general form:

© Wang Laboratories, Inc., 1972
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f

- e

MARK

) XX f(x) |XX| can be any mark from
f(x) 109] tof(x) [15

SHIFT

l STORE

Depress T switch

YY YY | can be any register from | 03| to

RETURN 15 | . With the T switch depressed,

this will actually utilize registers 19
10 31

NOTE: Do not forget to depress the f(x) switch before running the program.

The number of these subroutines which can be added is entirely
dependent upon the number of steps and registers used in the

function subroutine. As these coefficient storage subroutines

could start at step 617 and the main program uses registers 00
through 18, this allows 183 steps in 600-6 and 1207 steps in 600-14

to be used for function and subroutine program steps and/or storage
registers, remembering that each storage register after 15 eliminates
8 program steps.

The advantage of this method of putting in coefficients is that nothing in the
mainline program has to be changed if more coefficients are needed in the
function subroutine. Put in more coefficient storage subroutines then

load in function subroutine.

EXAMPLE: x=Acos (B8 +C)
y =A' cos (B'6 + C")

These two functions involve six constants for which there will have to be storage
subroutines, These will be keyed in before the function subroutine .

STEP#  CODE KEY EXPLANATION

0617 0900 Mark Mark f(x) |09 | stores A in register 19
0618 1009 f(x) 09

0619 0901 STORE

%620 0103 REG 19

1621 0915 RETURN

© Wang Laboratories, Inc., 1972
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STEP # CODE
) 0622 0900
0623 1010
0624 0901
0625 0104
0626 0915
0627 0900
0628 1011
0629 0901
0630 0105
0631 0915
0632 0900
0633 1012
0634 0901
0635 0106
0636 0915
0637 0900
0638 1013
0639 0901
0640 0107
0641 0915
0642 0900
0643 1014
0644 0901
0645 0108
0646 0915
| 0647 0900
| 0648 0108
| 0649 0709
0650 0600
0651 0801
0652 0107
0653 0400
0654 0801
0655 0108
0656 0200
0657 0003
0658 0006
0659 0000
0660 0601
0661 0500
0662 0912
0663 0300
0664 0401
0665 0807
:
\

OPERATING INSTRUCTIONS CONT'D.

KEY

Mark
f(x)
STOR
REG 20
RETURN
Mark
f(x)
STORE
REG 21
RETURN
Mark
f(x)
STOR
REG 22
RETURN
Mark
f(x)[13]
STORE
REG 23
RETURN
Mark
f(x)
STORE
REG 24
RETURN
Mark

£(x) !II
RE 09
ST 00
RECALL
REG 23
x 00
RECALL
REG 24
+ 00

3

6

0

ST 01
=10
INT X

- 00

x 01

COoSs

EXPLANATION
Mark f(x) stores B in

register 20

Mark f(x) [11| stores C in
register 21

Mark f(x) stores A!' in
register 22.

Mark f(x) stores B' in
register 23

Mark f(x) stores C' in
register 24

Recalls 6 from register 09
Stores 8 in register 00
Recalls B' from register 23

Multiplies 6 by B!
Recalls C' from register 24

Adds C' to B' 0

Steps 0657 through 0664
change any angle greater than
360° to its equivalent less than
360° (see Appendix B)

Gets cos (B' 8 + C")

© Wang Laboratories, Inc., 1972
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. OPERATING INSTRUCTIONS CONT'D.
srgp#  CODE 2 EXPLANATION.
AR
0666 0600 ST 00 Stores in register 00
0667 0801 ;?EE?:L Recalls A' from register 22
0106 ¥ Lz
ggz: 0400 x 00 Multiplies cos (B' 9 + C') by A
0670 0606 ST 06 Stores y in register 06
671 0709 RE 09 Recalls 0 from register 09
072 0600 ST 00 Stores 8 in register 00
0673 0801 RECALL Recalls B from register 20
4 0104 REG 20
3225 0400 x 00 Multiplies 6 by B
0676 0801 RECALL Recalls C from register 21
m 0105 REG 21
£78 0200 +00 Adds Cto B @
0679 0003 3 Steps 0679 through 0686 change
0680 0006 6 any angle greater than 360°
0681 0000 0 to its equivalent less than 360° (see
Appendix B)
0682 0601 ST 01
0683 0500 =+ 00
6 o 0912 INT X
‘| 0685 0300 - 00
0686 0401 x 01
0687 0807 coSs Gets cos (B 8 + C)
0688 0600 ST 00 Stores cos (B 8 + C) in register 00
0689 0801 RECALL Recalls A from Register 19
0690 0103 REG 19
0691 0400 x 00 Multiplies cos (B 8 + C) by A
0692 0605 ST 05 Stores x in register 05
0693 0915 RETURN
0694 0914 END PROG
4
S © Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT!D,

If this function were keyed into the machine instead of the function subroutine on the tape
then the plot will look like that on the following page when :

A=3 At=1
B=2 Bt=.,5
C =60° C' =30°
Increment = 2°

Initial 8 = 0°

Final @ = 720°

When running the program, store the constants by:

Key 3

Key f(x) | 09
Key 2

Key f(x) |10
Key 6 0

Key f(x) |11
Key 1

Key f(x) |12
Key .5

Key f(x) |13
Key 3 0

Key f(x) {14
Key 2 (the increment)
Key f(x) | 01
Key 0 (initial )
Key| GO
Key720

Key |GO| (final @)

Key f(x) |02 | for automatic scaling

NOTE: Since‘the.cosine function is an approximation and takes longer than most things
to calculate, it will take the machine 2 to 3 minutes to find the scaling factors.

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D.

Information on Marks and Registers Used:

REGISTERS USED:

03 Old X

04 OoldYy

05 New X

06 New Y

07 Increment of t
08 Final t

09 Initial t

10 residual Ay

11 residual Ax

12 X-Scale Factor
13 Y-Scale Factor

Other Registers used: 00, 01 , 02, 14 - 18.

MARKS USED:

SYMBOL CODE SYMBOL CODE
1 0001 F(x) 03 1103
2 0002 F(x) 04 1104
3 0003 F(x) 05 1105
4 0004 F(x) 06 1106
5 0005 F(x) 07 1107
6 0006 F(x) 08 1108
7 0007 F(x) 10 1110
8 0008 P(x) 11 1111
9 0009 F(x) 12 1112
decimal point 0010

f(x) 00 1000

f(x) 01 1001

f(x) 02 1002

f(x) 03 1003

f(x) 04 1004

f(x) 05 1005

f(x) 06 1006

f(x) 07 1007

f(x) 08 1008

© Wang Laboratories, Inc., 1972
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WANG

SERIES
PROGRAM

TRAJECTORY PROBLEM

TITLE

PT.07-600.06 T-000B-7-0

NUMBER DATE
600-6, 600-14/602

EQUIPMENT

PROGRAM ABSTRACT X
This program utilizes the standardized plotting routine, with

some minor modifications, to handle the projectile motion problem,

BLOCK VERIFY NO. NO. OF STEPS
3 Side 2 6084 676
[—

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS: EXAMPLE: Suppose we have a cannon

1. Load Pr

shooting from atop a hill which is 600
feet high. The gun has a muzzle velocity
of 300 ft. /sec. What is the range if the
gun is aimed 45° above horizontal and 60°
above horizontal.

ogram by: 1. Same as #1 of general instructions.

a. Depress RUN mode switch

b. Insert tape cassette with
Side 2 facing operator.

c. Depress REWIND

d. Depress TAPE READY

e. Key

Key

g. Key

PRIME

LOAD
PROG

VERIFY
PROG

f+6

084.000000 | will appear

in

2. Key {(x)

the display.

00 2. Same as #2 of general instructions.

The X-Y Axis will be printed out and

labeled.

The program will stop with

+1.000000000 | in display when

axis..is complete.

Now we are ready to key in the values of the variable parameters h, v & 90

which are explained below. The term h is the height above ground level. If
we have an airplane, h represents the altitude; if we have a cannon at ground
level zero, h = 0; and if we have a cannon on a hill, h represents the height

of the cannon above ground level zero. The term - = is the initial velocity of

the projectile. If we have an airplane: a) vO represents the speed of the

plane dropping a bomb, b) firing a rocket, v_represents the speed of plane
s © Wang Laboratories, Inc., 1972
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B 2 '

- RATING INS TRUCTIONS CONT'D. EXAMPLE: Suppose we have 3 cannon
OP shooting from atop a hill which ig 600

' feet high, The gun has a muzzle velocity
of 300 ft./sec. What is the range if the
gun is aimed 45° aboye horizontal ang
60° above horizontal,

—

If we have a cannon, vV, Tepresents the muzzle velocity of the cannon

plus initial velocity of the rocket.

projectile. The term 90 is the angle of elevation or depression of firing,

relative to the horizontal plane. If we have an airplane on a horizonta]
path, 8 =0, if the plane is climbing during release 90> 0, if the plane
0

if diving during release 90< 0. If we have a cannon, a) on a hill 90 can be

>0, =0,<0. b) at ground level 90 can be only> 0. In all cases 90 must

have the following constraint -90°< 90< 90°. In the problem you can make

use of any of the above combinations of h, 90 : ¥ which make sense. (i.e,

cannot have h =0 and 8 < 0 as you would be firing into the ground in front
o

of you.)

i according to:
You are now ready to key in h, v and 90 c g

3, Key h -Value, |GO 3. Key 600 , Key|GO
When display is dark When display is dark
Key vo-Value, GO Key 300, Key|GO
When display is dark When display is dark
Key 00 Value, |GO Key 45, Key |GO

90 in decimal degrees

i1l stop with
The program calculates the maximum The gty : hi
Tange on the basis of inputted data and + 3320,679174| in display. This
stores it as the final x . It will also
. i range.
calculate and store the constants, a, is the maximum rang

b, cas they = f(x) for the trajectory
problem can be written as:

' Y=a +bx+cx2 where |
B=h.b= WEG,T e ey = o 2572 §
»0 = tan 90, c St con s )2 © Wang Laboratoriss, in
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OPERATING INSTRUCTIONS CONT'D. EXAMPLE: Suppose we have a cannon

shooting from atop a hill which is 600
feet high. The gun has a muzzle velocity
of 300 ft. /sec. What is the range if the
gun is aimed 45° above horizontal and
60° above horizontal.

It will show the maximum range
in the display.

Upon seeing the maximum range, you key in the increment which you would
like to see plotted out. A good way to judge the best increment is to divide
the range by 100 and then take the next most reasonable number which is a
multiple of 10 of 1, 2, 2.5, 5. (i.e. if you read 3500. 00 for maximum range
then either 25 or 50 would be good plot increments.)

4, Key INCREMENT, |GO 4, You now select an increment of

50 feet.
Key 50, |GO

a) If you desire automatic scaling, Key f(x) |02

The program will execute and plot out path of projectile. When the
projectile crosses ground level zero the range will be printed out.

b) If you wish to use your own scaling factors,

Key X-SCALE FACTOR, Key f(x) |04
Key Y-SCALE FACTOR, Key f(x) |05

Key f(x) |03

Then program will execute and plot out path of projectile. When
projectile crosses the ground level zero the range will be printed out.

Note: In using own scaling factors, see section entitled ""Criterion in
Choosing a Proper Scaling Factor.'" Appendix A.

e el

Since the axes are always labeled 0 to 10 and since the scaling factors adjust

the plots to fit in the given space, each division, i.e. from 0 to 1, does not

necessarily have a value of one. Therefore the axis unit value has to be

obtained. This tells the number of units into which each division is divided.

As an example, if the axis unit value = 5, then each division on the graph is

actually 5 }mits. and the axis would actually have a range of 0 to +50. For information on
how the axis unit value is related to the scaling factor, see Appendm,gg Laboratories, Inc., 1972
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ropERATING INSTRUCTIONS CONT'D.

Note: Before you restart any plot

ill get X~-Axis
Key £(x) . so that you will g

value by mg the blue on
the left and Y-Axis by keying the blue

|RECALL on the right.

EXAMPLE: Suppose we have 2 cannon
shooting from atop a hill which ig 600
feet high. The gun has a muzzle velocity
of 300 ft. /sec. What is the range if the

gun is aimed 45° above horizontal and 6¢e
above horizontal,

Key f(x) |06 |, Key RECALL’ on the left,

READ: [+500.0000000] in the display

This is the X-axis unit value,

KeyI_RECALL_ on the right.

READ: | +200.0000000 lin the display.
This is the Y-Axis unit value.

5. a) If you wish to plot new trajectory on same axis:

Key h-Value, Key f(x) | 01

Then continue as in section 3 starting with

Keyv -value, |GO

Key 6 0 0, Key f(x) |01

Key 300 ,|GO

Key60, | GO
The program will stop with

+2743. 267607

in the display.

Key 50
Key |GO

As this plot will stay within the confines of
the previously run plot

Key f(x) |03

The path of the projectile will be plotted
out and the maximum range labeled.

b) If you wish to find height of the projectile at a given distance from height

firing point,

Key DISTANCE, Key f(x) | 07

Tl.le height will appear in the
Display,

To find the height of the projectile
100 feet from the firing point
Key 100, Key f(x) |07

© Wang Laboratories, Inc., 1972
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OPERATING INSTRUCTIONS CONT'D.

EXAMPLE: Suppose we have a cannon
shooting from atop a hill which is 600
feet high. The gun has a muzzle velocity
of 300 ft. /sec. What is the range if the
gun is aimed 45° above horizontal and g¢°
above horizontal.

—_— ]

The height of +766.0939696 | will

appear in the display.

The following page has the output of the
above example.

© Wang Laboratories, Inc., 1972
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Appendix A: CRITERION IN CHOOSING A PROPER SCALING FACTOR

In choosing a scale factor use the following criterion:

a)
b)

c)

Scan your x data* and take the largest number neglecting the sign
Compare the number in (2) to 1,2,2.5,5 or multiples of 10 of the
above 4 numbers, and select the number which is just larger than
the number in (a).

Then use the following equation:

e =S i=xor
b number i y

Si is the scale factor

do the same for y data

Example: Suppose you have data such that the largest value,
neglecting sign, is 7.8 and the largesty value,
neglecting sign,is 2.4 then going to (b) the next largest
number to 7.8 is 10 therefore 10 = (b) number.

likewise, 2.5 is next largest number to 2.4

500

theref S = =— =
erefore s 25 200
The actual value of the axis unit can be found by following
equation:
: . 100
axis unit = T

1
Example: If SX =50 then each X axis unit will have a value of 2 and if

Sy = 200 then each Y axis unit will have a value of . 5.

*For Polar Plotting take largest value of P as largest number in both X and Y directions.

**If you are dealing with a 1 quadrant plot substitute 1000 for the 500.

© Wang Laboratories, Inc., 1972
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APPENDIX B

Due to the characterisites of the Wang 600, the sin, cos,
operate correctly for angles less than 572° or 10 radians, Therefore
whenever writing programs which will utilize these keys in any cases’that
might go over this maximum, it is necessary to insert some corrective
steps just before using these keys. One of the best ways to correct for
this is to

and tan keys only

Divide the angle by 360°
Get the integer of the quotient (Key |INT X )

Subtract the integer fromthe quotient

This will leave just the decimal portion
Multiply this by 360

This will give the angle less than 360° which will have the same
sin, cos, or tan as the original angle.

EXAMPLE:

0 =450°

450--360 = 1.25

INTX=1
1.25-1=.25
.25 x 360 = 90°

© Wang Laboratories, Inc., 1972
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