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SUMMARY

This is the final report for contract DAAKO2-70-C-0258 and covers

the period from January 1971 through June 1971. It is a summary of ali

programs written and/or modified under this contrajct during that period by

Braddock, Dunn and McDonald, Inc. for the U.S. Army Mobility Equipment

Research and Development Center and subsequently, for U.S. Army Harry

Diamond Laboratories. Each new program is described in the form of a user's

guide which includes a discussion on how the program operates, instructions on

how to execute the program, and sample output generated by the program.

For each modified program the discussion tells how and why it was modified.



FOREWORD

The programs documented in this report are part of a comprehensive

package of digital computer codes which calculate the electromagnetic

pulse (EMP) environment that is produced by a nucle--ar explosion. This

work is a continuation of an extensive technical effort formerly conducted

at the U.S. Army Mobility Equipment Research and Development Center

(MERDC), Fort Belvoir, Virginia, and presently condicted at the U.S. Army

Harry Diamond Laboratories, Washington, D.C. The modification of previously

documented computer codes and the writing of new codes has necessitated this

documentation.

The programming tasks were performed under contract DAAK02-70-C-0258

by Mr. Jeffrey A. Borbely (project leader), Mr. David L. Jones, and

Mrs. Deborah H. Stump of Braddock, Dunn and McDonald, Inc. Technical

supervisor was Mr. William T. Wyatt, Jr. formerly of the Physics Division,

Electromagnetic Effects Laboratory, MERDC, and presently of Branch 1030, HDL.
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I. NEW CODES AND MAJOR MODIFICATIONS

A. COMPARE

1. Introduction

Program COMPARE is a plot program which draws from one to ten

parallel curves on the same plotting area to facilitate data comparison.

Given a set of EMP field values which are a function of three independent

parameters (range, time, and theta), the user may elect to hold any one of

the three parameters constant, have each of the ten curves represent a

different value of the second parameter, and plot the EMP field values

versus the remaining parameter. Each of the curves may be scaled inde-

pendently or the data for all the curves may be scaled as one set.

2. Plot Definition and Control

The EMP field data is supplied to program COMPARE by reading the

output tapes from program ELECTRA the ground burst EMP code.!'2 In order

to determine which data is to be read from the tape a series of i put ,,ata

cards are read by program COMPARE. The detailed structure of these cards

1. Jones, D. L. and D. H. Stump, ELECTRA, ORESTES, and Supporting Graphic
Display Codes, U.S. Army Mobility Equipment Research and Development
Center, Fort Belvoir, Virginia, February 1971, pp. 1-36.

2. Borbely, J.A. and D. L. Jones, ELECTRA, An Electromagnetic Pulse
Fortran Program (User's Guide), U.S. Army Mobility Equipment Research
and Development Center, Fort Belvoir, Virginia, October 1969.



will be discussed in Section I.A.iO. The first data card determines which

type of plot is desired. That is, it establishes which parameter will be

held constant, which parameter (designated z-axisl will change only from

'urve to curve, and which parameter (designated x-axis) will be plotted

ea~qa t the field data. This first card will contain one of the following

ten-character keywords:

PLOT TYPE KEY WORD Z-AXIS X-AXIS CONSTANT

I 'IME-THETA TIME THETA RANGE
2 RANGE-THETA RANGE THETA TIME
3 TiME-RANGE TIME RANGE THETA
4 RANGE-TIME RANGE TIME THETA
5 THETA-TIME THETA TIME RANGE

These five key words are used as switches to control the execution of

five separate sections of program COMPARE. The THETA-RANGE-TIME combina-

t;on is not implemented in this version of COMPARE.

After the program enters one of the five sections, the additional

data items needed to set up that type of plot are read from cards. These

data items include the value of the constant parameter, the values of the

z-axis parameters, and the values or limits of the x-axis parameters. In

addition controls for scaling and for x-axis spacing are also set by data

card. Once these parameters have been set, the EMP data is read from tape,

edited and ordered accordingly, and then transferred to the appropriate

plotting subroutine (LINEUP, LYNEUP, LTCONE; LTKONE, TIMAXS, or TYMAXS).

2



3. Subroutines LINEUP and LYNEUP

Subroutine LINEUP is called by program COMPARE to produce plots

of types I and 2 as defined in Section i.A.2. It calls subroutine SCALE,

treating the EM4P field data for all curves as one set, and receives one

maximum, one minimum, and one delta y scale factor. LINEUP then draws each

curve separately, scaling each data set against the maximum, the minimum,

and the delta y scale factor. Each curve has its own set of axes

appropriately annotated.

If the plot is of type 1, the constant parameter is range and is

annotated by the statement ALL CURVES ARE FOR R = (range). Each curve

reprL3ents a different value of either source time or retarded time and

is labeled either T = (source time) or T = (retarded time). The x-ax~s

shows the values of theta which may be spaced according to actual value

or spaced at equal intervals as a user option.

If the plot is of type 2, the constant parameter is either source time

or retarded time and is annotated either by the statement ALL CURVES ARE

FOR T = (source time) or by ALL CURVES ARE FOR c = (retarded time). Each

curve represents a different value of range and is labeled R = (range).

The x-axis again shows the values of theta as described above.

Subroutine LYNEUP differs from LINEUP only in the area of data

scaling. In subroutine LYNEUP the EMP field data set for each curve is

supplied to subroutine SCALE separately. The resulting maximum, minimum,

and scale factor for each curve are then reflected in the annotation on its

set of axes.

3



4. Subroutines LTCONE and LTKONE

Subroutine LTCONE is called by program COMPARE to produce plots

of type 3 as defined in Section I.A. 2. In a manner similar to that

described for subroutine LINEUP in Section I.A.3., subroutine LTCONE

calls subroutine SCALE, treating the EMP field data for all curves as one

set, and then draws the curves separately with individually annotated

axes.

For a type 3 plot the constant parameter is theta and is annotated

by the statement ALL CURVES ARE FOR e = (theta). Each curve represents

a different value of source time and is labeled T = (source time). The
I I

x-axis shows values of retarded range R where R =R-cxT, R = actual

range, T -- source time, and c = speed of light. Since each curve

represents a diffcrent value of T, different retarded ranges must be

calculated for each curve and then each curve must be shifted to align

with the annotated x-axis at the bottom of the plot.

Subroutine LTKONE differs from LTCONE only in the area of data

scaling. In subroutine LTKONE the EMP field data set for each curve is

supplied to subroutine SCALE separately. The resulting maximum, mirnimum,

and scale factor for each curve are then reflected in the annotation on

its set of axes.

5. Subroutines TIMAXS and TYMAXS

Subroutines TIMAXS and TYMAXS are called by program COMPARE to

produce plots of types 4 and 5 as defined in Section I.A.2. Subroutine



TIMAXS calls subroutine SCALE, treating the EMP field data for all curves

as one set, and receives one maximum, one minimum, and one delta y scaling

factor. TIMAXS then draws each curve separately, scaling the data against

the maximum, minimum, and scale fctor established for the total data set.

Each curve has its own set of axes appropriately annotated.

Subroutine TYMAXS supplies subroutine SCALE with the data for each

curve separately and then plots each curve according to its own maximum,

minimum, and deita y scale factor. Each curve again has its own set of

axes appropriately annotated.

If the plot is of type 4, the constant parameter is theta and is

annotated by the statement ALL CURVES ARE FOR 0 = (theta). Each curve

represents a different value of range and is labeled R = (range). The

x-axis shows the values of either source time or retarded ;me in units of

nanoseconds and is labeled either T IN NSEC or T IN NSEC. The time values

may be spaced according to actual value or at equal intervals as a user

option.

If the plot is of type 5, the constant p•rameter is range and is

annotated by the statement ALL CURVES ARE FOR R = (range). Each curve

represents a different value of theta and is labeled 0 = (theta). The

x-axis is the same as described above for type 4 plots.

6. Subroutine COEF

Subroutine COEF helps set up the y-axis labeling for the six

plotting subroutines described in Sections I.A.3., I.A.4., and I.A.5.

5



Given a delta y scale factor, subroutine COEF breaks the factor apart into

a coefficient between one and ten and a power of ten. This coefficient is

then used to determine the number of intervals into which the y-axis will

be divided. The power of ten is used along with the minimum y value to

determine the annotation to be written beside each tic mark on the y-axis.

7. Subroutine SCALE

Subroutine SCALE performs data scaling for the six plotting

subroutines described in Sections 1.A.3., I.A.4., and I.A.5. Given a data

array, subroutine SCALE scans the array to find the maximum and minimum

values. It then defines the delta y scale factor by the following

expression:

Ay = (maximum y - minimum y)/ length of plot axis

8. Subroutine LINES

Subroutine LINES is a plot routine designed for drawing data

curves. Given two data arrays which are to be plotted against each

other, subroutine LINES performs a curve fit to the data in a manner such

that the curve can be represented by a series of equally spaced dots, line

segments or both.

9. Subroutines GREEK, SEPAR8, and ISHIFI

These three subroutines work together to draw the letters of the

Greek alphabet in either upper case or iower case form. They will be

described in detail in Section I.C. of this report. They are called

by program COMPARE to supply T's and O's for labeling the plots.

6



10. Description of Input

The card input for program COMPARE can best be described by

breaking it up into five distinct groups ev-!n though several of the

groups will hav, the same card types.

a. Type I

The input for plots of type I as defined in Section I.A.2.

consists of the five card types (lA, IB, IC, 1D, and IE) shown below:

CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

IA 1-10 Select type of CHOICE Alpha- Must equal TIME-THETA
plot betic

11-80 Not used Blank

IB 1-10 Number of NZ Inte- Determines number of
curves ger time values to appear

on card IC below. Must
be < 10 in present
version

11-80 Not used Blank

IC 1-10 Time value Z() Float- May be source time or

for Ist curve ing retarded time in seconds
(See TCOL below)

11-20 Time value Z(2) Float- May be source time or
for 2nd curve ing retarded time in seconds

(See TCOL below)

21-30 Time value Z(3) Float- May be source time or
for 3rd curve ing retarded time in seconds

(See TCOL below)

31-40 Time value Z(5) Float- May be source time or
for 4th curve ing retarded time in seconds

(See TCOL below)

41-50 Time value Z(5 Float- May be source time or
for 5th curve ing retarded time in seconds

(See TCOL below)

7



CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CCNTENTS NAME _

IC 51-60 Time value Z(6) Float- May be source time or
cont. for 6th curve ing retarded time in seconds

(See TCOL below)

61-70 Time value Z(7) Float- May be source time or
for 7th curve ing retarded time in seconds

(See TCOL below)

71-80 Time value Z(8) Float- May be source time or
for 8th curve ing retarded time in seconds

(See TCOL below)

ID 1-10 Time DT Float- Used as tolerance factor
increment ing in matching time values

11-20 Range DR Float- Used as tolerance factor
increment ing in matching range values

21-30 Constant CONVAR Float- Range value for all
parameter ing curves

31-40 Time TCOL Float- TCOL=O, retarded time
indicator ing TCOL#O, source time

41-50 Length of XLEN Float- 6 inches recommended
x-axis ing

51-60 Length of YLEN Float- This is the combined
y-axis ing total length of all the

y-axes. Each individual
axis length will equal:
(YLEN/NZ) - .25
YLEN must be < 10.

61-80 Not used Blank

1E 1-4 EMP field AVAR Alpha- Must equal BPHI, ETHE,
to be plotted betic ERAD, or SIGT.

5-10 Not usel Blank

11-20 Minimum e THETMN Float- Minimum theta value for
value ing x-axis data.

8



CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME I

1E 21-30 Maximum 0 THETMX Foat-'Maximum theta value for
cont. value ing x-axis data.

31-40 x-axis spacing IV'CX Inte- INCS=I, spaced accord-
control ger ing to data; INCX=2,

equally spaced

41-50 y-axis scaling ISCALE Inte- ISCALE=O, scale all
control ger curves as one set;

ISCALE #0, scale each

curve separately.

51-80 Not used Blank

A standard deck for type 1 plots will consist of one type IA, -ne type 1B,

one type IC (a second type IC is requi red if NZ is greater than eight),

cnc type ID, and as many type IE cards as desired. The last type IE card

must be followed by a blank card which signals the end of that set of type

I plots.

b. Type 2

The input for plots of type 2 as defined ;n Section I.A.2.

consists of the five card types (2A, 2B, 2C, 2D, 2E) shown below:

CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

2A 1-10 Select type CHOICE Alpha- Must equal RANG-THETA

of plot betic

11-80 Not used Blank

2B 1-10 Number of NZ Inte- Deternines number of
curves ger range values to appear

on card 2C below,. Must
be < 10 in present version.



CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

26 l1-80 Not used Blank
con t.

2C 1-10 Range value Z(I) Float- Range in meters
for Ist curve ing

11-20 Range value Z(2) Float- Range in meters
for 2nd curve ing

21-30 Range value Z(3) Float- Range in meters
for 3-d curve ing

31-40 Range value Z(4) Float- Range in meters
for 4th curve ing

41-50 Range value Z(5) Float- Range in meters
for 5th curve ing

51-60 Range value Z(6) Float- Range in meters
for 6th curve ing

61-70 Range value Z(7) Float- Range in meters
for 7th curve ing

71-80 Range value Z(8) Float- Range in meters
for 8th curve ing

2D 1-10 Time DT Float- Used as tolerance factor
increment ing in matching time values

11-20 Range DR Float- Used as tolerance factor
increment ing in marching range values

21-30 Constant CONVAR Float- Time value for all curves.
parameter ing May be -,ource time or

retarded time

31-40 Time TCOL Float- TCOL=O, rk7.tarded time
indicator ing TCOLAO, so,,rce time

41-50 Length of XLEN Float- 6 inches recommended
x-axis

10



CARD CARD 1 VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

2D 51-60 Length of YLEN Float- This is the combined
cont. y-axis ing total length of all the

y-axes. Each individ-
ual axis length will
equal: (YLEN/NZ) -. 25

YLEN must be < 10.

61-80 Not used Blank

2E 1-4 EMP field AVAR Alpha- Must equal BPHI, ETHE,
to be plotted betic ERAD, or SIGT.

5-10 Not used Blank

11-20 Minimum e THETMN Float- Minimum theta value for
value ing x-axis data.

21-30 Maximum 0 THETMX Float- Maximum theta value for
value ing x-axis data.

31-40 x-axis spacing INCX Inte- INCX=I, spaced according
control ger to data; INCX=2,

equally spaced

41-50 y-axis scal- ISCALE Inte- ISCALE=O, scale all
ing control ger curves as one set;

ISCALE 1 0, scale
each curve separately.

51-80 Not used Blank

A standard deck for type 2 plots will consist of one type 2A, one type

2B, one type 2C (a second type 2C is required if NZ is greater than eight),

one type 2D, and as many type 2E cards as desired. The last type 2E card

must be followed by a blank card which signals the end of that set of type

2 plots.



c. Type 3

The input for plots of type 3 as defined in Section I.A.2.

consists of the six card types (3A, 3B, 3C, 3D, 3E, and 3F) shown below:

CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR COJNTENTS NAME

3A 1-10 Select type CHOICE Alpha- Must equal TIME-RANGE
of plot betic

11-80 Not used Blank

3B 1-10 Number of NZ Inte- Determines number of
curves ger time values to appear

on card 3C below. Must
be < 10 in present version.

11-80 Not used Blank

3C 1-10 Time value Z(1) Float- Source time value in
for 1st curve ing seconds

11-20 Time value Z(2) Float- Source time vslue in
for 2nd curve ing seconds

21-30 Time value Z(3) Float- Source time value in
for 3rd curve ing seconds

31-40 Time value Z(4) Float- Source time value in
for 4th curve ing seconds

41-50 Time value Z(5) Float- Source time value in
for 5th curve ing seconds

51-60 Time value Z(6) Float- Source time value in
for 6th curve ing seconds

61-70 Time value Z(7) Float- S_ e time value in
for 7th curve ing se,,ids

71-80 Time value Z(8) Float- Source time value in
for 8th curve ing seconds

12



I
CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION

JTYPE COL. OR CONTENTS NAME

3D 1-10 Time DT Float- Used as tolerance factor
increment ing in matching time values

11-20 Range DR Float- Used as tolerance factor
increment ing in matching range values

21-30 Length of XLEN Float- 6 inches recommended
x-axis ing

31-40 Length of YLEN Float- This is the combined
y-axis ing total length of all the

y-axes. Each individual
axis length will equal
(YLEN/NZ) - .25 YLEN
must be < 10.

41-80 Not used Blank

3E 1-10 Number of NRANGE Inte- Number of range values
range values ger to be calculated for

X-axis.

11-20 First range RMIN Float- First range value, basis
value ing for calculating all other

range values

21-30 Increment RINC Float- Each range value will
between range ing equal the prev:-us
values value plus RINC

31-80 Not used Blank

3F 1-4 EMP field to AVAR Alpha- Must equal BPHI, ETHE,
be plotted betic ERAD, or SIGT

5-10 Not used Blank

11-20 Constant CONVAR Float- Theta value for all
parameter ing curves

-30 X-axis spacing INCX Inte- INCX=i, spaced accord-
control ger ing to data; INCX=2,

equally spaced

13



[
CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTIONTYPEI COL. OR CONTENTS NAME

3F 31-40 y-axis scaling ISCALE Inte- ISCALE=O, scale all
cont. control ger curves as one set;

ISCALE 0 0, scale each

curve separately.

41-80 Not used Blank

A standard deck for type 3 plots will consist of one type 3A, one type

3B, one type 3C (a second type 3C is required if NZ is greater than eight),

one type 3D, one type 3E, an.d as many type 3F cards as desired. The last

type 3F card must be followed by a blank card which siqnals the end of that

set of type 3 plots.

d. Type 4

The input for plots of type 4 as defined in Section I.A.2.

consists of the seven card types (4A, 4B, 4C, 4D, 4E, 4F, and 4G) shown

below:

CARD CARD VARIABLE NAME PROuKAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

4 -10 Select type CHOICE Alpha- Must equal RANGE-TIME

of plot betic

11-80 Not used Blank

4B 1-10 Number of curves NZ Inte- Determine- number of
ger range values to appear

on card 4C below. Must
be < 10 in present version.

11-80 Not used Blank

14



CARD CARD VARIABLE NAME PROGRAM TYPE I DESCRIPTION
TYPE COL. OR CONTENTS NAME I

4C 1-10 Range value Z(1) Float- Range in meters
for 1st curve ing

11-20 Range value Z(2) Float-IRange in meters
for 2nd curve ing

21-30 Range value Z(3) Float- Range in meters
for 3rd curve ing

31-40 Range value Z(4) Float- Range in meters
for 4th curve ing

41-50 Range value Z(5) Float- Range in meters
for 5th curve ing

51-60 Range value Z(6) Float- Range in meters
for 6th curve ing

61-70 Range value Z(7) Float- Range in meters
for 7th curve ing

71-80 Range value Z(8) Float- Range in meters
for 8th curve ing

4D 1-10 Time increment DT Float- Used as tolerance factor
ing in matching time values

11-20 Range increment DR Float- Used as tolerance factor
ing in matching range values

21-30 Length of XLEN Float- 6 inches recommended
x-axis ing

31-40 Length of YLEN Float- This is the combined
y-axis ing total length of all the

y-axes. Each individual
axis length will equal
(YLEN/NZ) -. 25 YLEN
must be < 10.

41-80 Not used Blank.

15



CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

4E 1-10 Number of NDELTS Inte- This controls the number
different DELT's ger of type 4F cards to be

read.

11-20 Minimum time THIN Float- First time value, basis
value ing for calculating ell

other time values. May
be source or retarded
time (See TCOL below).

21-80 Not used Blank

4F 1-10 Number of times NDELT Inte- Each time value for the
to use the DELT ger x-axis is equal to the
value found on previous value plus
this card DELT. NDELT tells how

many times to add DELT.

11-20 Increment DELT Float- See description of
between time ing NDELT above.
va 1 ues.

21-80 Not used Blank

4G 1-4 EMP field to AVAR Alpha- Must equal BPHI, ETHE,
be plotted betic ERAD, or SIGT.

5-10 Not used Blank

11-20 Constant CONVAR Float- Theta value for all
parameter ing curves

21-30 x-axis spacing INCX Inte- INCX=I, spaced according
control ger to data; INCS=2,

equally; spaced.

31-40 y-axis scaling ISCALE Inte- ISCALE=O, scale all
control ger curves as one set;

ISCALE 0 0, scale each
curve separately.

41-50 Time indicator TCOL Float- TCOL=O, retarded time
ing TCOL#O, source time

51-80 Not used Blank

16



A standard deck for type 4 plots will consist of one type 4A, one type

4B, one type 4C (a second type 4C is required if NZ is greater than eight),

one type 4D, one type 4E, as many type 4F as specified by the NDELTS

parameter, and as many type 4G cards as desired. The last type 4G card

must be followed by a blank card which signals the end of that set of type

4 plots.

e. Type 5

The input of plots of type 5 as defined in Section I.A.2.

consists of the seven card types (5A, 5B, 5C, 5D, 5E, 5F, and 5G) shown

below:

CCARD ARD VARIABLE NAME PROGRAM TYPEI DESCRIPTION
TYPE COL. OR CONTENTS NAME

5A 1-10 Select type CHOICE Alpha- Must equal THETA-TIME

of plot betic

11-80 Not used Blank

5B 1-10 Time increment DT Float- Used as tolerance factor
ing in matching time values

11-20 Range increment DR Float- Used as tolerance factor
ing in matching range values

21-30 Length of XLEN Flota- 6 inches recommended
x-3xis ing

31-40 Length of YLEN Float- This is the combined
y-axis ing total length of all the

y-axes. Each individual
axis length will equal
(YLEN/NZ) -. 25 YLEN
must be < 10.

41-50 Constant CONVAR Float- Range value for all
parameter ing curves.

17



CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENTS NAME

5B 51-80 Not used Blank
cont.

5C 1-10 Number of NDELTS Inte- This controls the number
different DELT's ger of type 5D cards to be

read

11-20 Minimum TMIN Float- First time value, basis
time value ing for calculating all

other time values. May
be source or retarded
time (see TCOL beow).

21-80 Not used Blank

15D 1-10 Number of times NDELT Inte- Each time value for the
to use the DELT ger x-axis is equal to the
value found on previous value plus DELT.
this card NDELT tells how many times

to add DELT.

11-20 Increment DELT Float- See description of NDELT
between time ing above.
values.

21-80 Not used Blank

5E 1-10 Number of NZ Inte- Determines number of
curves ger theta values to appear

on card 5F below. Must
be < 10 in present version.

11-80 Not used Blank

!5F 1-10 Theta value for Z(1) Float- Theta value in degrees
1st curve ing

11-20 Theta value for Z(2) Float- Theta value in deqrees
2nd curve ing ,

21-30 Theta value for Z(3) Float- Theta valut in degrees
3rd curve ing
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CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. I OR CONTENTS NAME

5F 31-40 Theta value Z(4) Float- Theta value in degrees
cont. for 4th curve ing

41-501 Theta value Z(5) Float- Theta value in degrees
for 5th curve ing

51-60 Theta value Z(6) Float- Theta value in degrees
for 6th curve ing

61-70 Theta value Z(7) Float- Theta value in degrees
for 7th curve ing

71-80 Theta value z(8) Float- Theta value in degrees
for 8th curve ing

5G 1-4 1 EMP field to AVAR Alpha- Must equal BPHI, ETHE,
be plotted betic ERAD, or SIGT

5-10 Not used Blank

11-20 Time indicator TCOL Float- TCOL=O, retarded time
ing TCOL#O, source time

21-30 x-axis spacing INCX Inte- INCX=I, spaced according
control and ger to data; INCX=2, equally
theta redefi- spaced. If INCX=3, a
nition control new set of 5E-5F cards

are read to redefine the
theta values.

31-40 y-axis scaling ISCALE Inte- ISCALE=O, scale all curves
control ger as one set; ISCALE# 0, scale

each curve separately

41-80 Not used Blank

A standard deck for type 5 plots will consist of one type 5A, one type 5B,

one type 5C, as many type 5D as specified by the NDELTS parameter, one type

5E, one type 5F (a second type 5F is required if NZ is greater than eight),

and as many type 5G cards as desired. If the last type 5G card sets

"19



INCX=3, then the series 5E-5G may be repeated. The last type 5G card must

be followed by a blank card which signals the end of that set of type 5

plots.

Plots of types I through 5 may be requested in any order desired as

long as all the cards needed for a particular type are grouped together.

To stop execution of the plot cycle and close the plot file, a card with

the word STOP in columns 1-4 must be placed after the last blank card.
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11. Sample Output
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Descripcion of Sample Output

Figure Plot Type Time Values Y-axis Scaling X-axis Spacing

I Retarded As one set By value

2 1 Retarded As one set Equally spaced

3 1 Source As one set Equally spaced

4 1 Source Separately Equally spaced

5 2 Retarded As one set By value

6 2 Retarded As one set Equally spaced

7 2 Source As one set Equally spaced

8 2 Source Separately Equally spaced

9 3 Source Separately By actual value*

10 3 Source Separate!v By retarded value

11 4 Retarded As one set By value

12 4 Retarded Separately By value

13 14 Source As one set By value

14 4 Source Separately By value

15 5 Retarded As one set By value

16 5 Retarded Separately By value

17 5 Source As one set By value

18 5 Source Separately By value

*Note: The actual value data points should have the same relative spacing
as the retarded value data points. The following modification to program
COMPARE should eliminate the discrepancy: The first statement following
statement 1220 should read X(I) I*RINC.
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B-PHI
IIN 10-3 WEBER/Mmm,2) ALL CURVES ARE FOR R=7.55"10l

T= I • 004 10-"
-0.7/6.-

0001-52Th2U.1O

-2.0 .p

-3.03.-. 
Tz3.OO31O8

0.00 I~~.

-0.76.-~ : , i

-3 -03 . T= 2 .5 0 a 1 0 -8

0.00. t i 1 :":- : O

-0.76.

-I .524.

-2.27..

-3.03 
.,.L

-3-03.-T= 4. O D" 1 O -e

i-iia • ;:: I T S:S :

-0.76.-

-2.27.t

-3.03.. -

-1=.5.520"

0.00-

o Io I I ;I ii: • : : Ii

-2.27.-

-3.03..L

0.00. -4 i i i - T=5 .00K 1-1

-1 .526

-I .S2.t

-2.27..#

-3.03.-L

-o to7 0 E

0 0 0 C30 cn0 0n 0 0 0a
0 3 00 C2 0 0

F igu re 1
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B-PHL
(!N 10- WEBER/M!w2! ALL CUR•E6 ARE FOR R=7. S1O'

-0.76.-

000..5I501f
-2-27.-

-3-03.
0O.00 , :.. : : . : ; _. ,...._ , ;. , T --] -50MIG::-8

-0 "76.- ::-

0o.00 . = :00w20-5
-0-.76 .•-
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__0.o, ___ ___ ,___ _._ ___ ___ ___ ___ ___ ...._-_...... _______•__ T=2.50t1o10 8
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0.00 . f__ __ _ _ _ _ _ _ .._ _ _ _ _ _ _ _ _ _ _ _ _ _..__ _ _...._ __ "-3 .S00 U10-9
-o 7.-•

-2.27.-

-3.03 .-
0.00.T=3 .50,.10"3

-0 -16.

-2.27..+

- 3.03J.. : :
a .00 .- _4.00a10"e

-0.7'6 _.

-1,.52-
-2.27..J

-3.03.. :

000 garI -+---- --+ -TI 4 50"lO'

-3-S.5 3 13
-0 16

- 1 .5-2

o~oi0..0 0 N N . U 0 .) e -e ... * .•_ .•
-o . a; a i U 0 U e 0 0 0 0

Fiur 2.
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E-THETA
[IN 10 s VOLTS/M 3 ALL CURVES ARE FOR R=7.S5m]Ol

o~o~ , * ~ * * ~* *Tr-2 S52*10-"

-0.79..

0.22
0.oz0 .2 , ... , .. : ; ,. , ; , T=2 .72&10 '7

-0.339.
-0 .52 1 0 -7
-0.79.".

0.22'.

0-02. ,i g * T=2.928,10-7

0.22

o.o2e * T=2.B2" I 0"

-0.13 ." "
-0.79..

0.02~ T:2 .B2alO-"

-0.59 .4.

0.2222

-0.330.02.• * a -", , i * .. l ... - * T:2.92m10"'

-0.759.4.

-0.759

0.22-
0.02. a1"= .3.02a 10-'

-0.s.. 3P i i i i i

-0.79_

-0.,igre43
-0.353J2
-0.•594.t

0.22
o.o2 [ .... ~ ~ IT=3 .22m10"'

-0.59 4
-0.79.-.

0.02z _ • "'. "" T=3 . 32" 20"

-0.38

-0.52

.0l.02f a a aI a, ~ T=.42.120"'

-0.59 4.

-0.73 .j

a ~a~ i . 0 i i "D W

Figure 3.
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A E-THETA
(IN NaE" VDLTS/ri ALL CURVEG ARE rm R=7.55milO'

-0.0 *, ,, T=2.52*10-7
-1 .9-)EXP=4

-, .954.r
-5.92-.
-7 SO.1.

-0.0 J* sT=2.62g 1-7

-3.79.-

-0.984 EXP=4
-1.96

-2.944

-3.92£

0.09. - . T=2.82m10- 7

-0.89EXP=4

-3.43 .-.

0.11 .- - * T=2 -92810-7

-1.73..

-2.93..

-0.34 ., EXP=4

-0.75.,

0.6 T=.342I -

4. * EXP=4

-l.01 44.3.32o1 -

-0.554 EXP=4
-1 .47

1.0 if
u.2374________________ T=3.42&107

-0.554.. EXP=4

-0.73.,

C3 7 !0 !f omUU UU
0 0 0 f 0 M ID I 0 0 0 C3 0jE l C 0 -. 6- U
o a) a a 0 a 0 C3 C3 . C; a .

Figure 4.
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E-RAOIRL
(IN 104 VOLTS/M I PLL CURVES ARE FOR r= .00010-9

7*50

5.63

3.75

1.R=1 -.

____ ____ __ o_ ___ _o__ ,__ o____ o__ ,___ __ :_ ____ ___ R=7.31 w, lO

5.63-

3.75-

7.50-

5 .63,"'

3.75 "..

1.88""

a00. a w w m In i a aaR75 m 0

-o.50............... ..:....n o o .=..,-.. .

0.50

5.63 5.

3.7

I., . gi5 "g g j -.. ia

1.88

-0.00 , • ___ ____ ____ :___ R='7 .55"101
*7.50.

~.-.

'1.88.
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7.527



E-RAOIAL
(IN 1]4 VOLTS/i I ALL CULVES ME FR tW ].OU*1-

7 .501 ..

3-5.03

I-so.

R=7/.31]01O'

3.75.-

i .988

0 R=7.43a10D

5.63.

1.15

• :.. I ='.55.10'

-0.00

7.50

3.675.

. 3 -. / Do, t

5-3.15
.s:=7o.5710'

7.50_

1.88

-0.00 
7ii, 1 a 101

-4 .So

! .88,

-i m: . : a a oNJ 4! 0' * , :2 W'

Figure 6.
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E-THETA
(IN 104 VOLTS/M1 A ALL CURVES ARE Fox T=2.77s]0-7

-0.00. , 4=, 7.3I1al'l

-8.741

-3.504

-5.24

______________________0._________ 
R=7 . 430101
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-3.50 Q
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-6.99

-3.74

-3.50.

-5.24,.

-6.99.

-.0 I I I I - I I i I I . I I I I I I I
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[-THET 0-7
(IN I [)EX VOLTS/ti I LL CURVES ARE FoR T=2.77a10

-0.00R=7 .31&101
EXP=4

-0.00-3X =

-1 .66

-2 .49tR7 7 0

-3.321
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R=7.43101o
-0.0 S SI I. . 1 II I I I II I EXP=4

-3.50.
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+-.6 10

I~~~~~~~~~ m .SI III X
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E-THETA
IN ] 0 EXp VOLT,%5/M A LL CUfVE6 AtE FOR 0=9.O00'mO

S~EXF=4
. . .a? . .......... ..... E:

-3.73.

-5560

-7.463

= EXP=4

-3.62

-5.52..

-7.43

-9.13

0.07 01.. ...... ..... . ..... T=2 2?7rn10- 7

• EXP=4

-l .77.

-3.4 .

-5.46. .

-7.•0

-9. 14 T
-, EXP=4
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-3.44.
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-7.02

-8 .aa8

0.14.L~tI T CO67N1E

.................................. EX.=4
- i .65.

-3.44.

Figure 9.
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E-TNETR
( IN IOE)'r VOLTS/M I ALL CUNVES IME FOR 0=9.oo1010

EXI-4

- ! .87 !

-3 .7;3

-5.60

-7.46 .

0.18 . . . .. p. .. .. .a . .,: . .t .. .. . ... .. .p . . .. : ,,T=2. 0:7m1D"I EXP=4

-3.620 .. . . .

-5.52j.,.o

" ~EXP=4

-3.61

-5.46-
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-. 65XP=4

. . ".. .. . .: IG T ON

-5.232

-7.,00 : "

-8 .78•."

0.14 ;- p4- p - " : :?: a ; a p p p" p p , a ; a ., a a a a p a : , a a T=2 .67'I0 -7

EXF=4
-1 .65.

-3.44.•

-5 .23 '

-8.81..

•wmc•w, mw~mmw ~ •........... ..'.,LIGaiT CONE

Figure 10.
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E-RODIAL
(IN 105 VOLTS/M ALL CU.VE6 ARE( FOR Q-9.009101

2.67.

2.16 - -

0.62 ".

0.11 ..pi pil,: t.ll ..pR:: ie :1:. : : ......... igpt:::::::::::::::: : s::::::::::::::: R"5"O 3a1 '0
2.67.

2.16.-

1.65.

1.13 -

0.62 ..

O~l -:: :: :: ::: :: :: : +:: : #: : .. .. .++ .. : :: :: ::.......:: ::: :: :R=7 .43& 101I• D . _• J U

2.67

2.16 ." -

1.65

1.13"

0.62 .

2.67

2.1,6

i1.65 "

1.13

2.67

2.16,

i1.65,

1 .13

0.62

0.11 :::: :::::::::i :::::: ;::ic :ccc I';:ll-l-$:;4';l4-:;l:;:4::44i;:i :c; 111:1:cc:ciii iIlli ci R .43••:, . 10l1~u

..................... O, 0 .0 .Jw € 0 '

Figure 11i.
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E-RADIRL
(IN IOEXP VOLTS/M A ALL CURVES ME FOX 6-9.OO0I31I

2.67 ,

2.16.

4
I .65- .. 4
1.13.

0.62.

0.1 R=5.0301010.15 :5:1111::: ............................. "ft ................ 1 15 :: 111511 i:its .Ilff: t ::: ::-::: EXP5•0 11 0 :

e~sl EXP=5

2.03 .L

1.55,. ,

1 .07.

0.59.

2.43 EXP-5

1.,981•

1.54

0.65.

-- - -- .X 
=

0.21 -4-s- ... :II ::fI:5f lIII;: 5......:I; ............... II .;55f;I ::::::::::::::::::::::::::::: IIIII R '6.23l U

2.34_ EXP=S

1 .924

1.08

0.65 ..
o .s :s:;: ..: : I::::::::::: :::::::::: .: s: s 1 : :g:1gsl :: :g:I::i: :1:; : 511::: :: ii: 111:1:: :: II E:R 6'f "i0

0-1.85

R ..44 3%1"

0.61

0.20o H4s- :; si: :;: s:: .... l ':i:i ::::::::::::::::::::::: IIli 1111 siisi:ii:II 111115115 R=7.'4"wlO(1

EF'XP=5

o..w3Cn•O.W•aCo0.€3,OlO40WC.0jaO4-oQ ..... ww. ,.... , , , , ,.*-i,Wm ...
o o 00 000 00 00 eooo0ob0b 0•b O0

Figure 12.
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B-PHI
(IN 10-3 IEBER/Mml@2] ALL CURVES ARE FOR 1= .ON] 01

-0 .00 . R =5:: : : : : : : : : :: : : : : : : : : : : : : :: : : : : : : : : : : : : -- . 0 3 ml 0!

-0o8.33

-1.76.

-2.64

-3.52 t
-0.00 1: 11 *eei: .s:::: : 1.1:i:::::: : i If: sgg: : i:s::: :::: : : ::::: i;,:::: :61 :I :,:e:.: ,::::: :• .,, ll

-0.88-

-2.76-

-2.64

-3.52. -
-0.00 =======================,==ii==r:==:i=== gi=;== ==I, = ti= ui= u: 1=11 == I 1112= =i=g iii,= R=- .23u]f 1

-0.008

-2 .76.

-2.64.

-3.52 J

-0.00R63361

-1.76,

-2.64

-3.52•

-0.80

S~-2.76

-2.64.-

-3.52,
S. . . .. . . • .1 . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . ... T S E

~~~~~~~~~ IN N-~clfO W WO--3w~

Figure 13.
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B-'H I
(IN IOE' WE6BERIi/tps2I ALL CURVES FAE FOR 4=9-00010 1

-1 ~5 :1: ::. *-.-~: : tg : m~i z~u I :. :pi; utt:1m: ::: -EXP= -3
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-3.52 R-6.2-330
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E-ROIPI AL
(IN 1 0 s VOLTS/l I ALL CURVES ARE FmI R=/7.S5"I0

3.78

2.34.

0.35-o .00 ..........." .. : = 8 .6 3 491 0 '
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Figure 1 .
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(IN I Olx WEBER/?1um2l OIL CLAVES MRE Fox R=7.SSSID'

.... EXP=-6

-0.63.

-0.00 ..................................................................

-0.00

-0-00 k.1..
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Figure 16.
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E-RAOIAL
(IN 1O1 VOLTS/f I O.L cLCv~s ME5 FOR R/,7.55slD'
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Figure 17.
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E-RDIARL
(IN ]ew ' VOLTS/f I AL cum s I ra R= ".55s ] z

I .''* ..... ''":'"'*'.o .. ..o.o..°.... ..... ....... .......
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0.37..

: .53...."" 
""".

.to5

0.45t.''
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0.°."

.• I .i g u re.1".

I tf

;a..ai. 
. ar .uo . . ~ 5 5 1 : 8 1 x~

,.,,,f .I.i..,
.o" ",% .,.°°..°.°.,

0.1W5qd.."" 
• 

I..W

i.18+Figure 18.

.. " % .



12. Program Listing

41



Noli LO -

@A a
9 P- * X" 4

. O - S* X

4wZ Z zw

Q. : O - Z .I'- x 91 0i
c~ 4 -Coxf I- AD CD

a I-1 '4 "T CD x

-a ban x aa 0.-
am. M - X 111 1.- U i-

-. zi W l Zw IT c 4 i
4. .401=--iCc 1ý- or

W i I .- I I -in ,-2

0 C

16- O mj t1X a-4

-' u *-3 41s
Z4'a .4 1- ZO OZ ; .-

(,494 -01I-. 0 X

4-2j CAMin -j s. .4

>4 dh'- h 40 C1 
a to=

h . 1 u I-- ~ 4 -W- 
C- S 0 

I- a.

49* -t, .1 02 0 
2

;jcZ O4-Z*I t -0 .- ow 0 am U

0, * Z - X477 c11 -.J 
z

0.P- .-. w it.f 0* M 4 !

9't' v w- * 4 U, - 4 XI 9ý NN- P9 lie,

I F - cr 1- I-- k 4 ý 2 .C ' j

-. Z 0 4 d B 1 a -.,j(' 4 - 'I * -. - 0 I 0

LLh 4-ý z* * - i -. h -- - . *p - 2 - 4L IN *w1 
O n - aC 

D9nn (-4

0..4X -li o. n *9*W 4 < 0 a," Wa. =0 =

2.0)- .4II1in4 4 .. *C. * - 0 0 1 4 --> ).ft I.- . zaao

- X ftU-i.* C 1 *C, 4 .- XXXXi -jj- O -u$ -1 a. 0 " -0 .Z F.-) 1-N- -N "0i ~0
ox X Ii !ýM Ear MXhilrjj -~ a- %- It it 4 'D z i (K 10 I. 4 0

I.~- .. w~ Oh. -L -jL - *c U w I& ti 5-0 0.* w0 w W

C .LP11k L k k1t-(hvJ 0. a-t h4 ' CIL.. L; 0 c I a ** )- v - a U - t

4N f.I1 4 I~oSON - U 0 or 0- C- -ft k-t - c tro s

ft 2)n O l in M r, r) M &- on p I- c N-. .-- ) Mo tn4 fu l 09

1C.1-'11" ~ ~ ~ t '%.4CI- NO~h Uf 4 P-1 _I 1:b- 4* - . -t11

014-n - hin .. I i-~I- CNN- ... -- 0 S-b- tZl

L-4I-ZIILLOC-0 0 0 c..4 0-01 0 ft c.! *C:C I CC 2C 0f' t N I'--

5 t 5. t i C .. - - - . .1- -C.-9 - ifV 0 Q C c- N., a C, *) C).9 990 C
421...,>I-la.9 ~-s--b-f-h.U' 2 4. N40I10,It~J 4 -4-0 )

40921 9 .. 14444 4*.-109 S ZIb-)-- l~ >-.42lh



U-I
z
0

CI-

inn

cr c

XC C

c C LL .-.--- I

0~~~~4 L ' 1 4a4' jVC

00 IC . .--2_:
La f Ul) Is 1 C , 0 4o 0

T. z is
It 0L I, u ~ ~ ~ ~ ~ ~ a .. u L uNl -cc ,,

3-1 _j -jI .- -- - - 4- 4c4 ,U-(n

I n I0. Z v c . 0Z
4 u., 1%Ia.i

CM 00 CC ;m 4w I, 1 NU .07M

r,- ' 4 0 2If4 :01 C4 L2 , C In C. If- 2 f
mm ~ I ry C*Nmrm k ,MrMm 1 m 1-1- N- It, m- A nInmm m t ot m m m mmI -1 C

oca -eI1.b C~ c- -. oc c , QU 1CcCCC 0CCLCrIC C, *21-

Cz~~d-.U C, *- c-1 4I 40 -I . 0 . IL I- n-C4

i.JZm C.C C- to -c I, af 0 C~a UJ. 4 C- * ~C ~ - 0 i- U( a *~ Q)

,oc c -a c C.TocQ0 C D- -* 0~-I a- 0'0Xr~J~ 1-rcL.i- * C C,40

t~2 2 .JC C 10--- U- 1.N .. 1 O~~ CO *U1.JOC 43D 1



I.-

z
4

In-I

Iin

00

w 0 0 *c0I

of 00a

MO 00 0
0~ Q

V 00 00 0jUu I
- 14 ,a a-

0~) 2 N. o
310 0- . . 4 00C ! OO 0.'SI

.4 a r c,2 . 0
- ~ -02 m C C, -L- I. in" I. -

0- * x - 0 -- I
I- 1.14 I. I- U 0 U P0 -. *J za I-I U I

-w C, ow * =) x4 D) -I :* .4 :D. N4 :x+= P

. .0 LL M -- 0 0L 0 0* 4 * 00 0 - II 0 2CInI
1! c- a- *-I l- 4 a- c c aC--ah .- ~ N C

1,- 1. 1,- 1- 2 a- 1.-.J. -tc - ' J ' I

I,_ - .4 0' A. 0L 0 I.- m 0 Z I.-N~-C -0 0 a V 0 0 1-1
- z M -3 0W IN 0 Is z z -ft-- 5., 0 0 0

- * _ V,- 4 I.-C C. c4. 4 u- 0- ")44 C 0.. -4I
N In Ka Nl-47- InKa - C.b. 0- 4. .4 * 1

OI )0M 4 l n?-V U) 0-I.N h0I -L0 C .-In JOf 0 Fl V *T _Nc nI .9 N IL c IS0IN
CC C C ILO4CI p Aw c~ IIrFr f1I L1C 'At- CC If I,#- ft I, r 9 C* 4.0O UCrvZ*U qt ICWKC O

.OW 't . . . 444 4 4 4 10 U)ZZ.- in I i l4 to In LAM iJ n U)a% In I t Z L a I I Z-WD a-c.
.4.4.4 U * . . co( - QI -- CIC 0 v c Qn..- 0 .. i 0 a4 4cc lcc 4 .4 00 11 0 CJc.

IC 7 C, 0. 0 W L Z h1 .clw C, pU w . 4 C .L - -l- - i- *-I I. W I.CP 1
"*00 O.U.0 (I-0-VC 0_ CC-..01C -0.0 I O 0 -00.0 coC. JCC0-C 0ct"(t-C, C.' 4OJ.

a-.44a-4N~C-Z.W2.W~a-a-.W.4a-N44C W~ Ol-I...-.C -?-IWaC



I
U,
7

0-

X

I~J w

4' 0

4l a 0

coo 2 2. ;sX C s-
or M.4. oU4 r -

00 -w 0- f 1ý .21~ - *- 0 7
a 0 x m' 7 LO N w 7 Z I .Jft> a

ft C- M 0t 1- 1.- 7, 4 0.1 4*

04 0 2 -J M = I n o t -L. 7 t . )

IL -& C0 I- @V C II (r a U, _j > W 0- !! -

0.- m b) C* 
i-- . f 7 - ) 0 f t

r L. nt -ý Z,- c 7 0 ? IN ul c t * z (D *L.Aft

LAx - 4 t om 4 -o I it 2 7 ;.1 *-.)fa .>. f, r0

O)0-0.4 1tU-.0)1N- I 0 Cox -1- No* x'4 Z I)

cc Z~ -. cZ- 444Zc !: -9q z 4 x4 n 7 ~Z -j Q M4~ -Z 11 Z 4f4

T CC x c x 4C Cr C wt C C I)c t

IC w cI c t C, It*C CIO' cc c r I4 Ur

w ILu I. - -U)I . inU 0
'D cc% & me r 'D44a 4QUU fir U0 Ic IQL.C I l- 0-M-.-I.-rC IUD0.r!g0 PC0-0-,-I OkIN .,Utr , P 440

o0C 0.0..0cccc :cccoc 00 .0.0occc .~cc~ccc aec.Cý .'c-0c0.--
cc'-c c cc c c.C0o0 0.0.-c 0.0 0c c- c C0. 00 00. - -C, CC C

00c 0,0 o aoc Oo0- C,oc'c C, C-0 C-.,o -ccc'ccccccc cc''ccceccooocco

45



w

z

JIA

00

II-

0 0
o So

0 00.

go 1- 3;u

1. 00 0
0 0 e 00 w

20 CD. CD =A 0.
ac ) -" 1 5 'a x 431

c 4t C. 00 M- al or m
0 -0' > 00 C, *~J -z .4.

0 a0 aj -- 0. I- 0

-= A -CI- C.J In 0 in 0- 0 0 .hI- *I- in N 0 ZI Z CZ ZZ h M..
I.- 0 a I w m mac 40 04 4 - I )

-U X 0 .0. N Z ft--2 IAQ w c O x!: X - OW 24 -2 Z c" hi 0- -f

IIA a I.- *NM coo~..JII. -Il.I MO .OIM M ZC2'

JD P -C *acc $1 14 c. 0.> cC L > -cx C W, *t. luf COC.J- *l WI kJ. 0 C' I- a

or C oin c C, C c C C_ C, c cC cc
Ir .0 .0 I- inC4 C 1 l A ~

It ~ 11 4. o.4.3 P*- I.- C C0-- ft fiN r~ r r r P .4 - ororao u . .'t c . t- c c C-i--I - ft oi. rt 1% C ft76 rr fn
--------- - - - - ------ N N------- -W-

CQoo. Ce', 'eo C c-00c, -Co a'c'c.oe-eZ; I- Zo-C co .c .. 'e coczcooccoooc~ cCccolcc IS010.0

46



on

U U)

00

I.. 0.>I r00 cO

A i 8 I- C 1- 0.J t-N

c 0 )~.--0 c 'aC
U, 1 L,M..- 14 > c0 .

w 7-; W- 7L FI,--.00 N w4-Z 4 a. £ 4 1 W
£8_6-,O f-w- -10 -> CD1 1C 11 t 1 a-;.l Uý

to .jhi. 0 W-j -Z 'l £04 0, 4- *- 0 4 ,

41 1 t I,4 74L -4 >. - 31. c..3 IC 10- .- Z IS
Ita U -h.- CZO..J4 ) r of xF QN 813 01 *LŽ I-F- W'.- N £0 740 418.1
11 14 .1 2r < 0 zCtUW0TN < Z41IIIUs 1- Z NIC,4 4IDz 4o to~ 4CO I3 If2 .4 8-

-1 0ZŽ C.Z W 30 aJ~C~ c. C -CCU C I..UULL.f414a141L4- UIC''L I kC M b c ac1CL
IC 7x ac )O 1 U a1 x. 7 i 3c CE cc 41 z1 C >. U U c u- v a1 a4 3 3 7 .-. 1.. - - j C, u-. - l. 0. 41 a

r 1o M8 10o Vo -
- I4 c cS It 'C 'C

-T -:; ý i!: !!!!:-: . ý! ,U
CC ,C0' 00 0 CC ~tCC C.1 C 'CC -C O e C CC 0, 0 0 1 0 0 C 00 00 C. 0 .1..

47



z
4

Ca

-4
00 rý A Aiz -.

- C > c
.0 U) Io

z U- I N 0 -

N r 0 i A I>

00. x"0I. 0 ; c; -. 1
I- -- it U) w-

- 4 mq- Z I- -Z 4- 1
Lfl 00 ' 7 Z. i~- zMw - N x - C 11.J .L-j -"4.C - A.M. C. 1, M -x .G ChiIM m t. f1

Ul- cTx 4Cr l zt tU , 0a w- 0, - 4 z a- OC(

hic -0 -"-o4 0 1.- 1- .- U
*j: 0j a Ix I. F-.as

C.- :I C CC Z 1ý C .LL C, C ~ o ~ C = C' C. .1- -- v 7CwCx 3C<
..- 01-p.J.. 4-ZC 111Z x 1-. --- C *l- 0" q-, Cr I Et -x rC2x r -y

2-) II 0 0C in C C 4-h - ,-0 *0 0 It- . 4 *( 5 C I 04.JJN

C CN HL. *I2- U.- L'C PI- 4' ,1 C0 1-ZiN r

o'~ .0 0swo *0 zov" z.JjCa o-.~ 0 1--

.0 : C- 0, 0 04 Cý ' - 0 C 0 0, C'. C G, OL C, C U C .UU Cj C u. C C. C 2 X .--,

Col 0 C 0 C - ~ .000 a0Ca C C 00 cc 0- C C C C 1 ý ~ N :p

-0C.") 4' U '' . C

S 5. C - . a.~.- C S ~48



I'

In 00 In

0~~ 00 0 m ca
; ~I

=M ct mC > D _ e) f C f

C C C C 1it C ; C ;

I') 1, I i jI 1
C) m~ rte' Ct ( I f 'A i' r ) 1- 1

V)CV) -- 11 l I.- 13 C - 11 C' i.-\l it:O r t't -i 1t Ul mf V)L. I-mA 0 z . .

*COIL 1ci aOc O~c L e I, C 6, 1,Ot" I, M a C.oii,~, I-OCC' CO CC 0-O uC of-. 1C C. c a LC. ' C w CC IfLU tC El.

O- a Jl C - uc tcr-333 j- 4cLI

49Lr C, I



(¼* tv)0

- 0 -0

w iow .-0
i- C -7I 1 04 0P. ;

m- c -2 (1a

3l C- -' u -Cr C.. ,W
0 c 0 N N -c C

cc N v '.' m U, Ic. r- C

P-0 .I-IJ M m oQ(nm r- - cCL - u,)*tc 140 ..J ...
mm -ý m~l u )c1=0 04 , V IL 14 -. O le.C IL P ý .01, P, P.A kC.,C,,I

OWNIN-v N N~ N IVW N mIjI W.JMu N V-COO V ,
cum N~ Po. Nei -N ~ 2 eq N- fu (\ NNr \ u( 4Nc u j cu. Ou cu OuIVN

00 0 0 0 c*C,. U 0.0 . CsU'~c ICAC'-~oýc6

C ~ - Cs C C' N" C'I ~ 50



ta -

tA4

ta-4 cu

c a.C.

.4.4~ Z

N~ C", L , w "L

C-. xr C

e', t ) a N- Z C CL

(Ax -, a. La 0,- 0- n c

*j -. -.j. j -j -j~

(r7 -. c 7<)-,0

-. Q U..-..0' e->'a0 3* -xC ,TV .(, C'

Lp , N .0 7. N 4. ' t' 0 X atta'' .14'l

N N C- - .- 4C - - - - - - a... 4'

-ý 11 C, 
... au N N7

C '.4 ~ C.L44' - I

- -7 ~ * ~t'. .. CN ~ a.



Iz

). C)

Cj j -i -1 0 >

>2

LC' C. LL I,. I4a

C, U, U, u 41 _

*r~~- OrT(! _j aC .'

1 11.4 n> n- , II C, C

-r IL r --. ) w> -. u
it' '. " C C . 0 0 c ' C 'l 1 L

I-~1 7-~'.3 1 1. - 0 4
0 ' _' j3 . J 0 - - 01 ts iff

-L %r as 4> > C I;
if ~ ~ ~ ~ ~ ~ - -C 3- V -4 0 3

.j - - - - . * c ~ c _j _j' _j s - & C L

C , a c e >. ILc j c. j *- j z C , -z J'. f . U

- * -3-. .. '..C C) L Oif, 7ZZ '-' C,- ('- CU)-)
-, 4-. v cc c * 7. s 4-1. .. I .JC .C)I- / Ci -- *

C* - .. J..Jif .4~ ''-* 1..J JC'C' C.i 3U U ~ ~ ). b 3 I .

U- x- p5 N 0- W O N.- + + ,7 * > '0 7 " J

C3 C)- 0 - ii 0 0 1 ' 4 - i 0 co .. 0s - 4 4- c M- 0 -, C3 a- C) 70 7 0 (n C3 4 if Q )0 to 7 m .D 0 . UD

12 0 OC= -, CD0 0 02

0 CC' (1. - .352



C, 1

0

CIO

C-

>1 0w Ol 0 0

V) I- *Jb _j U

1- -1at - 0 0 iC

,- nt c-0 Or Ip C (. x 01O

"I (tO i-if x, c

x0 c.-7C

-j I-I _1 171 *.Jri-< ~' c'C' V
. 1C'-. t' 0-1 2CC, (I -w<_ c<L

OU'c Ci1 21-Ye'V 0'. w . - -w0- Cwt+30u

4A co 0 0z -o N (-72-ýk0 CIO x I0N-

m- u0 -0. c- " ~ ~ -N N N1AIn s0T'C..x , C.

00CD c 0 - ý 0 Q7 0 bZ.). _ 0 - On ZZ - 0- m- - C , In - 0

4CDW C30 C'~ c mo C, 00 44CU'. C'b-ý~ ou 4=0C Li. U. C'U C i2a

- 0 ,C 30a )00 C 3C 0 0 c 00 CD

3 4 Vi0 CP53



r,, If*

-7
-c >

0

~wo
04 7)'

7- -.

u- Z 4) -:.-x -

2- c -j0... ~ '

I- j T4

C, N.J C.C.C -

-- tN 7ý C> 113

.4n XO U\ C I + or0 z. -l --2 >- >

C, N w x 2 tv W.------ w-- V-- =-Cl' ,,.-
D C.- 0, -j -J U.I j -.j'.r-C -' -j u c + C

13 c r+- N. x x x- x." ~ - ... .

z . -2 0. Cj I L ) -7 I 4 I + ++++++t -ý4 +j a. Cf C

133 '0' 7 - 711 II L . ; u+7 crcrZvm702- 1 3-7-. r- c>>-1
C.~)< -7 C.. C. fn cc C- Uý T c TN~ W rC XW Il0' 7. -)
YXN .00>') 4- . , n1- C*- )- xP( r 4 -C.. .4...O 71 x. L C .U,

.313 X.. C' .. 1r .l _-.e .1 1- 7- .. 5-' 1C , m -2*- Z, Z7 QZaa
.3~~~~~~ noJ~. v0p 02-4 (A.- !tC >.( +2 *. JJ4..L * 4.0- ' *

CCCl. CC C~~III '>I I. It(l4. 7.I C L) c 43c -- 11 111
0'7 4 7 X It 0 0 C.: 0 (0r - C- C) 0' I- _j> X C0. C 110 is C P <C Cf -j 0 j .4.. .3 j 3~ bý -i .a I4-. .4. .., ., .. f" C - .i >. -j .4 tI' -)

Co)Q U' . Q Q c o ~ 0(ýQ IIU0Quuu0cý 0 3 C0

*3~ Cl NU'

ND mJ N4O N0LI LIC 2,C3 ~C '' -, . -1 N Nm 4 N .4 ..(I CC0 lt % = N N NJ CI''U MI O. ? ? f- NN N D .4M- -- N CON
0o D 00 00 NNNN0J'5C"'ý 0 =C3 .3 ftI3 N M N N 00- 4..4.I\

03 0 0 0 Q 0 CCD0 0 (Z) Cj CD 0~ cc m=1 . 000w0 3a0 m 4m cc 0 0 0 z0 Ic,00

,54



c1 -1 C3 0 -

-c, Jc cc -

cr o1t0 ' 0 r

+ v,- c

CJ .7 I U, u to* IC VA'

cI c '2 *-I j -j ( C C .0 LI-

0 -'C 0 r2 4 .. *( >) V .

-U CO 4 c C0C ~ ~ -

* .~~~~~J! C I2I . 4 ¶ 0. > '2 7
o 01 C C c- n~ 7 I

I2C> 'I. 12 U' C X C L>

xý 0-- 0 . C' V " 0 y C ~ L -- -'- - ; 1 C

t^ .41U t~ .- ' N..I .J kJ JJ C 0: %f I7 le f, C*-. U% kc C

o0 oC =CDC 007 07 *0 C) m)' (C!*--.0 > CDI' * 07 c -

*./C c'.3 0 ~ 0- mCo. C,- 07 0- 4-*D~ 'D 0 0 z3J

7- -'-( W
4

-~ .I-~ (Al .J .0 10.J> 1) I CC.-I * ~'*7~~55~



C, 0

C,

c z c C C; (
00

C--j
I~~ ~ ~ ~ c 0 a a 'J1

-I 0 j 1 %a i,

-7 z - a
11 - :- C/ C J 4.- j ,I

1- Cl 0 w W0

z Z V) Ci 0'Il c CA.C xZ
Nl 11 W C* W bl W W 'i 2

V~l m C"(D). *

1-0 0 0- M Ný0: lf M4rU .Wm-

a .7 It 4 V co N' m
Cp U\ US UNU *U lu ,t lLNU u j l' f 1' 01 C

0 5C 0 ~ 0 0 oC , N ý -0r C D CD S-, CQ Q

I r CD c 0C CC S- C)~0 C3N CD-J3=( n000C
- ,0 D( 0~ ) c:1 NC, 0 C3 *>IDt CD ~ 0 2)C Q0C , 3

~N CZ C C.~'Z C .. 456



44 0

02 r

- It0

,-a ILI

ft. D)

D. 3.4-1
.3- q2 Z~ 0

C.~4 Zfl 0..- q)

-. z 0- .-.-3j ~ C
to u0 m c.'. . . .

2w JC ft C C C C --'-

.. 0

*c~ 0.2

z4 Z Z .-. *r-2-.J2.-. - I.;flll-U .
V - 0. Vi> % 1 0 - -( W O O -. .... -

02000 I:> tU.-. Xt U -W UU4 .*lt,- .-.- a mo ~ o- youo Iu
0u IL t- Mv *- I.C - . . C -

xJO -'.0 >. 70 04 >,- 0L I- Z .-- 1 '- 2 0 ) w-.
>- f- uLI. j. c-ox tr- Cq If0v

o 0 I >toIt >It110 1 et 1-.. *.-.- Z r It2 41- *.11 x-. f.. (

x >I >w- 2 -i) 4 C C 'dC. .2~4~ 2 u- C- LQ2 tt4 ' LL.~ b. I < -I
oY42 2 0- LI C 1L - > U..U C t..2U.Gk,.-.> .. S IOi L >U .

Al C (% 4 N U N 44.3'-- NU c' Ir In C M ' 4 'l In) 4 If-C M. ?4,L, 4) o CU MC p, t- it I" - I, k; V ii I. el .t 4 1 '- 1 .r .. b
C C~ ~ ~ C C , C.z I-.;- I- c. I) \ A V) . I, -u 1, " -eU 4 '1 - *. .* -- .. -i- .-.co0oc 00 c c'C C C. o0C Q ~ :; C cC. c' cc cc'00.

A, c



C, Q

z SI.- 1.-I 7

I- wl t x -C

4: 01

J . > -3.._j It r

0 (X

0 o -I 0 (0 W.Ii0 WU II
4 11 - 0 00 il 4 " -)

0 wa. 0~.0. 44 0- ) - 0
1- t:- Z- 0, I-x IJ..0I *. 1> q (n

z -_ C> > L ;:. ; a. )--) - 'P-- 04 ZZ (-

I--U C 0: I X x4 a 04 *.W0' (WWWWI-I- j XJ1 2 n tI-.. j S CU) u -t
ZC Z) 0 D5- Ilt I-. ý;l- _ *..J..IJ.JGC a,. C Z M LIr. s-t*r* U-
Q-.0 JI I TJ XJ) I-. *2 *2-. x~I( J _~j " -N 0-II wwoI

02 0 _j I-. - *- K -I. -- 1 -1. -0, -4*.Z )( r.
Q. x .- U W ;: IW, .13 W W) ;_r .. a- x( *X ..IR( 2 2 00 I.E*i 4* C* -
ZI. z- Z.-j- In 100 x a.7. .&Z2 ).-0I.o0W- 0- I WO U U 210- 0

i__ 2W~ I umG -i S W C2 2 22'0r7r I-f ai U 0-.*7-5 oz)- I-sU.
.zCZ -3 a -5>4! 41- _.q4.-)0 F)_C0Ch1U Irv-- -1WO to 0-

0~ z, a. is 0 -- 0 2J- UUI0 .4 1 ow- IN a U) Q. 0 0 =>0 m )- I I )--i 2'z it m. 4. tr N ZI = .

1. 4.4C 2JJ0 I 1,2J 0 -~ - a - we- 1-I-1-> flJJO2 -4 -u ~ -: 0-2 .J
ZCI flQ. 4'-C_ 004n I-1SjtV CA..V)-.J4.C4

>~ > Cn 0 x C r C%0 -C 1
m xo" .. m I.- 4, .0.ý XCC (U '

(0, 0 4 4 4C k I1 t. C jC . - C'2 024 C2

S0. S04I0C0. C.F- x n00J .U >'0.a 1-.4 a - 40 ( 0). -UC I)CYQ4S0'I nI-.-). 3 (0IfI)wC(u.PC(0 lwfl- 0 u

Mw o .1* 0 . -- 0.t 0 0 CO 00. t-.C .0 0, 00C0LrD0 0 .- C M C f- 0tin 0 N40 C0) 0 L-t 0C0'0C' CID C NM 0C M 107 C

CC0500 0000 .000 CI , 0 00 Q .0.CCOl CI 0 CI .0 ICIO0.0 a QCICICC',ýt-0 ,01 ,. 0 0,O0-00,.0-00,0 C__ .QQOC QC OI0.OICIO

58



It

o -.
01

(r W
cc I- ..

N -. Z in

0 CL i. I.-
r~i mc - y. d.

0 0ý In
-. L - `--4

- 1 .- 0 X fl3-

*,4 13- 0 40-z':1;1. - 4*lfat-- LI- c *0 w 3- J)( z
2. N- > I cc

* i c I- - E -i- 2- .03 (P
. 3- - .4r c . (X< Z .z-I ,L

7 1.-- j 43- I- 3-4
0) 11-0- w F1.- 0 m 30 ' )- '0/0

cc vITcrI. I F. t ' - f j I 0-1-z.. c It>
20. -U m7/ U- *

It > 2) -j I - I a .X o X D -
1- 43 0 ZQ4 - C .tI L W Z 2 .-N(PI2

0< c 2", - 4 .1 c 3 c -0 3-3 3-3 3- <- i 44jr lp242 ac - LA. I j 4 <-

0.a P- CCi 1- -4P uNmI L N I

Ui If u %I A1 's- 3- c Lc I...I- (k N' ~11 '0 J- C3.-- C.

59



C)V

CL D
20 Z

- 5

U.-a. I\. L"CC IDCC C-
-)- C0 0

I(L

a.., :NO r I
a- 0.)- 0 .I _1ý.CýZ C I

0. 0ui- - .-- . -t

t,,. 02 C- *- x -1..co.1 ,

ICL Zna> -.. w u C L

22~~ f.. X-X * 2- 0C
I- Ui -C CC OO C4 L

a. a C.CL X t,2 hi aaw awmwcc L

'D 2 00. z-O .' *W u 40 XC -2 a,
I.,>a- j> , L, )U)LýI (n. 2 C- Z. O (A X

0 0 .J zC LU0"1 0> 0 1 C, z. 1 * f Z 0.-.x . n

1-2I-C IC - _j -1 zO.. . . . _j CLx
0o 5- 1-..- 14 13 _ 7C )z_ ý m05 1 -1 j_ Ij J * -1-. j4 .CQ -J.4 LL

0200w0 C 4 -> >> ,>> i-4 W a C U _jQ.-V< <, . *r2.- * hiCi - s-.w-..1c
If - *.I c cvr - z 3 X' >- I-. LiL L Q ,Q.U C... U44) C IIUu>_c>

0 CI in ( Cr CLgl Z 2 2 02 -Z- -)

NNN N4Lt ý.. ý , n0Nqo7 or co * cui ttn- t. tir" r-.JC -m~k C-t Lc-
cc 2.' CO C C. C0 -. C l C, k- Z h-..' )'14 U 'U -)Itl" '' Is--- L -. t-. 1-22 1.OtS-C
cc Jk..h C. cc -Q -. C0 C( CJ ? * .. J..J..CJ'.Jr.J .C C 0C cc

WC, Cl1hi0C .4 CýO OOCI ,, =-... 00.- C :0Q :CO,C C.OC.UIW Q'00 CC0 0h hiI-) W--I 2. -
2L -Cr00> , C CI 00 CýaC C. tLOCCOCI C ,a 0 "CIO CrCrrXC C.gCI2CrC, C, 0 C, aCCLI.0 cooJLI
.-.-C )L .U C) ~ .4Z--i..--h> .ZI~iI2-.h4..Sh . 0*

I- 00... '. *C>.0>.*L Lu0u.J r,- )- - COa~. C LIC IC

2 u -. ~2o -u.4o 0. . -IC-2oa -. J - CU )LI /IL) C I)2U~ZC*.-20-7I00--0~I



-JEW

lI-4m

(A~ >. *. . *.C)( 0I
I 00 00n .4 M CL

M -A- 0 ..- 4U 50 )-*

A CZ I-IJ_-C 0 .0 *.Iz) In: Iz
0 ( a- >>x-4 *C ZZZZZZ'Z 1,

1.0 aO (A .- _j~ _jWW WI is- ! -USC

j I.- 0.5- -

.zC 0- 2C . >_ U X II 1!, 0. 0 0.ý -. 40 C- + Z0 00 Q. Z x _ 0 > >) >2C)0-

u~ a. 0c a w. cc C. IfT o.I_1 - t Z > 1 - > _

M4(4 0 0 41 1 It, RI 1 1 L' .'1C .- > j I>_ C f -= x Z

oc.. a CO1 CO 0000 C CC0C C . a. . c C 00 C 1- C -J0< eC 04 <. Ca C )e C. a.. -0C !; ,C 7 cz c. !:CC

_j~~~~~~0 

0 
QO0' 

000 
GI' > 

0.C0aC0C>L 
U O -1L xLU(

IrI



I-2

o t -
z 0

A x- I.-

a. a . ..

.- Mf -aL
Mm m 

.. -

.I Ln I-.

r- I.- m V)I-~ I.-~
at- ;i.~ - Z (

*0-t a .u eý am.
VM Zn O-4 *L tI- Y.S
)QP.5- u -C .- ei S-:Z 0cs .5-Z x .

X n 2.5- XS(I) I-J; *I - -

CI2 , _ ! 2, j..e a
.0c r 

2~ a I. . -. .- to 'I - .
Ujx c14 < Jia4 'C,. Zt- S-. x I-- 3- X-- 0 -1 M- -44-

O SJ- H-- a t- Z - a- czME ZziCX XWJ5 n %L)
*Xc F-l-I)-a -wt .U * w- I.J- *.-J lC-j *I ae wuJ
>) *Z - M - - 11 .JMO. x. I0-O .XO U)) :3

-- c I.P- a S. oz -a. Sr,-Z I-ri-
v) a-x- aZ 'n2 to)Sr *X U)

U) n (Y- LA U' Z 0. Z -- .CI ).Z5 ~-NN UZ 2 U1 . ) 2

0I '0 oC Ic

C.0 Cc , 50 0

sco000zc O.CC. I-oe *cc, a0 C- 0 0 0 .00.0 0 0c C..~c. 0.0 00.0 C

62



4L m

40 0
nio ta 0

II .- aj -

-0 0

ej z >C C C X W C
.-. .Z Z: a

I. z >. En
I-a 44 u- M D

0* x f wZ I- I.-UN

Oz >C 0ý * >_ 0. T- In~.0. lA -z_ xt4 O . -- ..
2f e . .0 -0 II *.DI >- U) 02>

>_)..1 7 Z" 0.4ZW).- W.. . *N x * Z j

10 --.> ,a Wl 0 -1- I_ * . I -- - , - -

ill 0g.-WI 0 'Z- Z- I _.EZ l *-.E 3N _j j t ll ..

W N- -. W~-2 UJa <E') . LL x c o2'oo
-. Ln .. -a,*z z. .J4- a.~lj 7~ x m2-a x x 2: x .

I- 1Z qS. 311 z. z a.- 2- 0- ~ - - ---

0001CC0 C, 1>"u0>1 C a-.j0 z 1z-H is IJ- fl- 4.-fl .- 4.J: 1 1., %2:a(0 c~:L.

c x- y: a: - %.- > > u > >. C I > >~ C -. QIL - 0 M S E -ý I- 7 -CL U> fC L )- 04 F> c )- > _ <- -q -a -q <:

0n 0 0L -90 Q C u6 Me 0 r- wI 0> II U 0 X >t c Z- C.- >. v u > c2 41 1 u u uI v Q

I- (CC

cu uN m %DrINII Mc M.ýM- t 0 C~ F- ( 1 V CM NLMM r- 11 -D C'.
CC Uut- ' -4U ~

CCrN 4 -CC-N I1C c (N r4 C- (4 Il Ica 0. L NM t(ICON ' 4 .30 FN C- J-4(CN -inS * -C 0C 00 C CC" C c).-. 0. 0 0 a a C MC a~ 4 44 .L I 14 C 0 C.. OC - -4 -l Uý ;. 4- N- C . IN,
0 , 00 0 - -CCOOa C 0O0O, I COOOOC OC.c. NN0 0Cl 0000 0000 01)00 C 0 a 000 00'0.0 0 C OO AOC~cC.0'O 0ý C ~0'0C, .CC C .. 0C. 0 C
C A 11 0 WC -C CIO Om 0 C c0 OC '0 1,0 00 00 c.c' 0 0-0 CA0 C 0 q; C; C 01c. 0 00 (0 10- 0 C. C,0 C,

SC '00 cr 0 -oo1o-Cc- .oý.Oo~.o.o.z~ c,c. c.eoc,c.o.4.C.o.oC.o.oo.Co.o.o 0 O'01'0'. t, 0'C01C0100.C 00,0

63



'0 c

4 LA

wS 0 43m3 na
on -a C - 0

t. -(. -3 r f ,
IL 00 Ml. .*I-aCo -Y0t

04 +0..r

on. 8- z zz 0.-2- 1. I -ý

-, x- c) 1, Up a4a > ,- -. 0r) z (I Z I-C -J *0 (i ".0
.- 0. zI (L .. * Lfl 1.-1 4
Oi a~. im x 0 0 w'0wXLL 1 0* i 4 8z 1 -4 (04440- 1-to 89f at- tv Jq ch.J .8 L0. ffWwa-1

IL t. J r in -14-LIZZM. L 0 x- x x" - 0 0 w .1>.* = . W 0 0 -- ý - 0.o I'l - -4C . r >N . ~-. a~ 7. xI aVY7 t C 4 . -O I.= cL -a. .--- j ) 4c.qi a<4 >C ) (,VaV 0 .- . i-~ (A a 2 Ow ý e.V 2 -
to s 1 I 2I c 4 o,--It x 0 "O 14 11. 0 If XX 6 of-1Z 0 -- -.IlE

>,U 2 L, c CZ ) .C - vOa - ('Jo I > r Z~L>U 11-u 4J-1 u > .o 9- >
. . . . J C . . . 0 .. . I z I - c c c -.~ U * cC. . -0 t Z L . n ~ ' *

10-e00 0.-( 0 0.0.P- 1.. & m . " c *C% L on) 4 t.J Nu r-;n )t; a I
-0~0 Z) C(1).Z0. Z-c-r:: C:LQ. r )( C* G -.. 0 C. z ----------------0.Z -O. 5.8 -44%4Z
.00.0 0 .C.- 08.*-- )- (('(1c)0OQ00t ý 058 -N )-. 0 c OWc r- .-.0 0 CQG1 C. CWU -lI c 9-,

VC Id'I. I.. C o C 0. 0.0 C- L C0 Q.0 CIO4 4 CI0.N 01 ac £.Q. 7. C .c.J 5. 04 C 4 44 . 44 c~c 0. Cl( 4 0. 01 c tO.O. I-C. c, C 2 1C-c

00 )-~..- C -U - - 0 .- 2 = )- 0 > 0 4 .. 4 C 6- 40 )- . U 0 4. - 0 U U- > L > ) ) ) 2 C - 0 ) -



0

0 C

cu I lý(n I- t- x

in 0l 0. 0 x o-c

M1- 1- n nC

W ~ k I-I inc Mr

> QW - - F-I W C I.- Zc -

Cl)) t- C l' - 0 1- w 0 -5
Cl I. S- x A i -. (O-F IL Z I

(" .1 I0 ri W C 0
* .0 *L _j O - 0-.

C.m (L a- z l, - Sc -F-
cS _j a 1 c N- M42m -ý -ý1- 1- _j * _

rz- 1-4 0 1: s -0u; I- 45ý - -.- 0- 0*F- 0
n . w-I cc 0 cC fL .. 1 II/ )- l'- u f_ -21I cc r ts-jLýT 4cr

3 -51 I.) x 0- / (14 -. cra4
aL- inZO) I )2(I - , . 01 41w-L 2C

in a. it- x- -In *- I -in F-In v

) ~ ~ f or4F- 141 0- u-2 F-

n- z F-nr 05-1/IILJ i -jj-jZ 7 j 1 -j j .- 4 **I _ j -_ -j-.
-C z;. .41004 < cG^--a4 Sc i 1-c. Y-~ F- < FCv, -L c F-F- C< * t ,L

L-> U L) L) C; c> I-0F- Q' >-2,0cyUL( 0- u) 4.Z U c.Jr u. *Z (

21j ~ ~~ I- .-- .. cr- *r c z- rZ)c4

Cu . - mitID 0 1 1- W F- .4 mo 1 ot iP 0' I-0 - -'1,ON .-W 00 t
4 4-4 .- S-r IF~ILL- It c-I I"ll)... .VC- 4 It..CIt .J-I CXI. 1.t I l.r.rU4.

Go) 20.I ~CFI 2f - tC. nI .c F- IIo XC QcI~ IIQ~ c..Cl cZ; oUt 2 'c C 102)In
102co ,a D Q- c0 '-21-Uc0cFa.(- F-'c(J 2 c

'0I -F- -.j J4F 41 2F- In1 0-E fl XJ~1-F J365J



Ir C)

40 >
Its 2r

D~ x

Lt. )(

-a c1 2
x) tf 0 0

Uu 0)- 4c 0.-

23 --- <n C

4. .3 0
x C-3-ý T42 0 y - f-

r 3 T

o K 01 Ii~ - - * - : " *fl * '

o. .3 1.O r- w- 2 x
.' (2 I 0..)1 Cr- 1-.- C ..UCt-

>* 07X 00 r 7 tr.0 I . . .0 .I C ' :=ý4
-.. II I) Z~g' z z Im- _j _j .-.. c jo M0 .. _jw ajI.I-

1- NJ JI u 'j J -A _j u -"t-0. Cit -x x C U *.O **-.. . -J 10 a-

0 -s~ N;: *ý I- -I-.-.0 't. 0 .-.-.-
0 -u. _j iE 2 ~ w l.

02 0 (v- w M .4S) I . v . 2 o 4 n.4-.0 *-.o .. Curst-.. - -)- W ý- -
C CJ -2 c C Cr ýo tcL *'( I-I 2 ' j x *C~c 14 cc cc44 0 tt cMMC - Iti . C.-.4 2>

M O ý N C a C*>', _ ý) . ) -l-ý-j .I >" z )..ig ZZ l'222 - =U (-CI - ..JL4 . )- Z ~ U. '-' 4 1Q xe ZCL1-j:-IlUI U ,-Ct f) v 2 , p I 0 , th2W m2d~dd *-z 4 04 4.1 Cdat
0 *0 z -C t1 1- 0 .11 It(7- z r K..Is..4...s.J z 0- mI- .41-I-t. C

I- ZN x4)0ý7ý L1 -q0. 194C 0.-. _Z . "' 14'- . -- K- --. ZZ - )-ZZ 2
1- > > >>.. > >.- *-- -0 -)1 42 *i *2a..) . v-.1.aa J-J-i .ý -C .z-1 -1 -, x-x

2 ) C0 .)00Co Ca 2 3 -. ai W, 2<2 .42222 20 .* q < I.. '1 "1 'a- -L IH a C < Cii C.4 ro

00 fl-C, u3) 0 Ul Qt a Ct> II ) CC C 9- '-2 z x x .L V- 0-( 0 4- 4-u0 r - Ut >- - CCII UC a- >.

Cm ct 1- .0 cl N \. f- f% -r c, I tI :j; 'Ar
Q cc - ~ c ' N:~ 10 cOo oc oc . NIc . ( uA

c0C 0Q Q~.0'C.'Ccc %CC-C 0 ... C0 0. CJ C> OC 0 0 C.0 0 C.~C:I C 0 00C0 C 00 000 00 t 0 c~ 0 000Cý 0

:66



I.

44
.. ay a ,

>. CL *bJ f.-
:- ý.~N O- 0, ma 0

(' *n t- -a 00

CIL a P. EP (rltl 0-4 *. *C

If) !1 ZZ

a o -.. ' %I-U -. *NCL# *ClI- lz zi-.; rl 4 >- CL - CL -

L-i -. >- V 
2 >- >IIC

C, -I )2 1 0

w) -i S >-.. m O I1I( a _ .if l 4) --1 ZJ) v. II

cc 1301II!J a, v Tc

z- N 2 7 ~ U U, 0- > D t U_ D CL x. -) I w U) U)- Ci > L )-

XX C- C- to XN "I 11

N4 ON 0-1_& (C> .0 4 .4ra,1- 0 NN if 1.0 -w 1 CC' 4 Cl x 444 4x EflC _j)o C0 C'is4-I .0 _j 0 -9 (C if - -

_jz iJ a0 0 6 z0 <I~ Ug 4Ct- 1 rC C ,-1 _jj j _jj 4 1 00,s- ClClCflr (_'( s4' ~-tt _j C
44 44C4Z444Z 4 Z z D4 44 U~

*00*0~P 0~0C00CC . ,c .C,*C0 C0C 00 C) Xf C: 2f C1 f,.CCC 00
0 -0 a a0 f0 00 I0 N 00 _j if CC 0. .C 4,CC~ 00-0 ,C0I. 1 . .'

a ~
.

C 'O 0
C 00C" a (CO0C00.0.0. c v t.

0 
u 0.. uC C> > c. 0C0CCC'U.C 0

c 0 c cc c 67



Cý

0

0 w

cD c 1- -

* ~ ~ I.-z -

U) 1i-- 1: 1:
I- h cI* OC I.-

c- fn I.- . n

1- )-- - atl - 4 -

I 3- 7; -U)O .- if .- tf _j
-jm x_ 2L - tnx x0~ )- U))

aI.- 1-1- ý 0 x 00 X
w, F- N cc t- .- - , 0--I- C4 IL L. 4LC

1~l- w JWyft 0L Xi C 3-'NO C. .,-X *- x L JX
I-- aZ -0., ý#AI a:-0 X -a:4-U 0 V 2X-t
4ý c, it( 7"- F- .S r , aI- x -.i 0D-ZIA 0I---w-F O m *x w ) 00 1- - j-

Ia.- z -a. -j a -z oI .3 -w --- a: -
c- V, J Z -Jc .4 14 I n I- Ot i U) J I-. 3- LL a -1 .J LL <t

c c: a c 0 c

IV P~- m c a -

n.4.3 A A ft cn 4) -d 4 44 13 'tt Lf ~-1r c G C I- 3.\ N ý o~

.0c c-.'.c0c'c O'c cc.It'oc~cc.ccCCe.occ'Clcc,c c.c

V 68



1 0

-. CL

L - :z(N>

'o >. Q 0v> X c>

0 0 uu w C

OrIW .- ' z~ In -

*l c

o -o -zc c co c- c

*~ *~ c. 0 .

I.. Cc.t c. a.-"c. c .c V . *C.. o.a .cl >

0 ~CL W-.0*69



4m z

CU 0

wino

1 -. t.C;

-0s

Z 0 0 ,(lf
-- , L)I. pi

c- .(USonq

47 c* 1 * I 2ýt-n'

-L CC-P*~ 

N'

.~C,

c. II -*4 0. 
4 z

L11 * OJ 
11 e j iL C 0 c 0w- it LUL

-Jc c 
Ul

*c 
N

'C' 'C 
n v.0 in m O 0.NV nm 

' - N . I 
0 

(1(

ý" 
.iC -C 

t.C C.NI-.- C

Cn iI4 -. M M 01 I'

0. c- 0 ,:0C;c:)OC;.~" 

i -QC --'QO'

.00 .
-0'

ooZ *00 *-~' 
430. . .1l 

* * 
. .

00.1'C C40 C ~c C a c' C' 0 c w ~a0ac
7 2 Z2%NCO~ hc ui c " S -- U

0 -- - - ~ N' t- 'N.70)



W

z

Wit
hi

(m 0

-0 0 (0 r,

'1 4 - -.N 0 0 0

.0 -L 44 z ~ 4 t4 !!

NC 0L c 0 I-. t-cu -- - t- c i I~-

4- 0ý 1-1-- - nC I ' - -t- -- j I. I-i_
It It1-ItUJ00 >' -) 2- knL T Z -- 10 Z :?- j0 Z 2 - -

-r c at cO. C~c >-- II C 1I .

-I- * 4 .R Z 4 4 CI. IOc Z C C ACci A2 2 m r 2

('.I\ MI'.~4 444 444U UII '..&44 Nt~ ",~- .C.-I.- ...5.C "4 C~\S I' 4-
O0~C.C.CC~CCC,,C.L.0,0,C~..( c L'..co c, .00c0 cC-C CC 0: 0..'0c.(. c~c 0S

'0.00 , c'0.o 0 % .0 o 0 0.0 c Jc 0 cco0 Q00 00 C7 0 o0 00 c ~'Z C o .0 c- .c
cae sC.'.0 Q$.0 -. sc s(.r 0*0I .c.o o,0,c.c0o..c .00 C c,.0 o.,cC00 a *0oc~ c. 0UC C c.

Ii71



z,

zz

,Jz

4

crr 144 -Z

.2 4 -u 4 - d0 rU

(IIo oc 1.,C- C.

in~.- Z44 .. 41'.J C.UO

4.472



1ýmý t0 .OC. .04c N C.CC) t- fl .CM5 r.C P fiC, i
4 r trý 4t-t CL C I-0C c c 1Ct't 4 1 .0tfl c r c f0,444t- 1

F- - 01&o-i z 4C C 0 C C 4C, oC 'C ) 0 co eC. foe)1fl. 4 CJ, -10 .I

S I--- * N0 . n-.- 0'-.olJarJ000 WC00 m a .-. cM.- N 00oC 0 M M0 OC, C W
.J 4 - Ct - ... Ct')C ~t. n 4 c -oU0*0 c'4C.00- 4 C, ID- (0u , c I4C iI 4 CU % .04 P1 -It- ifL

in -inl 4" 0I N.-. ... 0%-0.0-. flDfl O0'J m 40 o 4z m 'JCrCU
w Qa in 20 m~ :!i o0 CI4ot-faJm -0-.0 0 T.) -O4CUN 0 in - oo 0 -c n

0._ 0c M -)a no inf * .in~ U 0 Z MCO M - W '0 X1 I- 10 CS m 4 1,NC~f 0 N .- - P0.1)0
010 -D ZCO m M-f *r CO r- 0 0 4 N C , JCC 10 0CN'!*w in m t I tC")n r, t- C'2o'

4: o :ij Cl)) tu1) C o1'- cOU)4 l oUI Nar- t'~1- cCJCUCU'Co
U ~ ~ ~ LC N - c UOfl .0f4-U'4 4.-0DCU Jf. C'4.LfU N0'C'1 OU) '. m m

r,) 0 _ w .1' o." C 0 ',) 't. o u

CI ~ ~ ~ ~ 0 MCD No1 -. ' - *) 0-.r- m 0 C 4.-.CUC. 0.11 M' 6:olC' in)CU' 000 01,it ~U.I- 0 n m CIJ in m 00 CDO OO C m -. OOm N.(m m w m

* ~ ~ C LLJ m 40 C, C- C U C')C l' C P U Cfl'- f t~lC ~ l C ' r1 r--' oC C4C CC,1

V) 4 W C~ Q 43 in r,~T T (1) l'0In ,0
w ') c z m ' CUO .~; .C No r~.- I'O nJ'o.e'.D 1 .o t 1 o CU 10 o'~. *~C C4) o C.) V '0 I=.'!..c -C.?

I.- 0' 4. c'., r ..- U ' -CflS 2:"OCn cC CU. c ý cwwc' .- ~C o CP. " 04 4 Cu ' in .4 C ' N C

w C3 to I'.' C4'-C) 4 1-C)Ll'i D o 0 C1U)o4CL m4 .' 4 oJr-
-C LI o VJO t- f* O-'. 4CoC' f, t-"* IDJCCJ4 CC00 4oe' 0 ID'ONC) Cr -,D04.O o r) t,

CjIx0 ' M2 *U' .00!24.0 NC)U U OCC41C0C CctN.'.-c.4 OCNCUO' c N 0 mC, C N
I -.. 4 Lu ' w'CCI -))I)4~ q- 4.0 C')n o 0n Cn 04 CU m c. 04 I- 0C f4 Or') C t 6 q" n S0 t' - 01' t-' in

7 ~ ~ ~ k -D.C.4u.C Co w2 4 *. 44CC.CP'2 f'.1-CttC 44 . C'D t- C -*
I.-. zCOI .J oLI -. * U44 41-C'"4C 4CO.n44m0wO..0CUComm -MC1n 4.0C4

0I a .. 4.4-'" ' in~~ .. C.-'O _ J.' MC ( r, W0 A,4 N.0)C-D W1)I'M

no CLC AzC >i

m.- 2 uof2 C0
0... P) nCM 0.:C

ITU irC 'C. C r0I !M . -0P t o N CýC0Ncr
In * ,C - *r nc ýt-oi nc, n

o , ccon tn.73r,ý
(aL , r



40 0I0n'loof.f I f - I -z0, 11 -
00~c car- Cý 0 l - -0 00 0014 -. 0
N.C I .0I (% .C.C.C*C C. 0.0.00 C- I-

tuo Iooý on V- C)r- I tn 0 - -.40

40 CD of . , v . 0 004 1 MVO: M C
4. ~0 aoCO- C0 , 00(.0000 00-.

00, *0.0 C,0InV. C,a". 0.I, C-0O t- 'c & r,
Ino 0 MtA t4 10.Z I- G, .I0aci-) t-

40 O Of040Q 0 00fuaIo1 0 1 tU--
AJ0 C NO A 00 ) N N 0, 0 0 - .- cu (1)(1m
AiCU * 40 t- 0 4 4 10 4 P.-4 4 4, - t-f

1- 0 4M - a00 4 W 1 4 om 0 CO
f-C 1 03 c .- bMoO PlCaO0IfClc f- It-II -. M

r- t- r~- ON 14 1 CD - o P- tnIl. ODt at
r, -M rý_ 'CC CC .C vf- C 4C~s . -.. 'V .. I a,

.1 to' *(%4 .c)3 M 1 0CU0 r 14-...- VI0 C 0) cm 4)CD

Co- t 1'a)i r t--'4 0 -4f) 'CilO fLl I0 0 WZ a a.tn
el r- 4N" I')4-CIfN." . -otnI- Z.-- 0 W

a~-r i.-- 4)tn0 o t-0.o qIr-on u .4' 1, I- O U
V- mt C r r- Cf-o4OI -V-- t L i ý4 'D 4 44 In- Ix a. .---

41')I NfL 4 0't 'f C 'f0' 4c 'r O- 0

114 C0 c l c40 f, f-0njI')f- 1C' 0 1, U) U) X)) +

;-4 4 * 00 n m I .-.P, 43 J tn m )Ct t

.CI')4 v -.f-'f)4I- Lf0~ _, o- ;In X Z
001 f)'-.~0-f440 o in tn---.-

CO.f- Lflf Q- I- NI W M~) I0jN- Ua0C 1-
Nt 0r t utnP r M IZI0 T -N4 I- I- M- =! w CJ -

CIO0 0C)D-4oI- Cf-0rl .12l~ . ,*- 14- 0 It 4(n
000M N 0 0 34 - ,O44 U Nb f '. 0 - a: )I- >-I )I- 11

T:00.0 - 4:-c~ .j I- -. o . .u .4' . ..- Ty- -Cj O i nC -0 -a 4 In iI I-)I Z

flno OJf- ýjor -rf~- -NO-4i00 0..-.4 00 0 -. Cf.,
Ac0f~ 1, MCI) DD Lt o M -, 1---0 f-f04'3 n- 00- 0- 0*2, 0.rm0. l
Oc00Ca0 f-CCC'3-,C It)C4CUCICCO4W )) *CI.. -4C-- l

met- ~~ý!., I'-l3I3 0 -Ift 1- 0 3 ; " " 1 4 f. H-..I '-34 *-O.-- . -

00 N, I- t1t3N t 04 0U 1 f0 I') a' f -- U .3 - -) d I 41 'C C 3 tn- 0 0c c*C))

N W0I N 'oV.0C-VcC m '000I-or- 4 .-Z ~ -Z1, 1 -. .00 3.3 3f
.I 0 I'-C. C. c tn.- c C.-4 C, - u I c i C C 0 .4) c! ft - . '-0 C 1 -14 .0 U. U' I. f!:; U .a. IIU4U..4 .

r-, .' M I'V U0Z0 3 .I -DcimcoP rP-P-P no N *-. -1 i(n -1
4om a ctn- - orr-o - mq p r C tt( CC 0, 00.

S.. I.-'PC,- I', cc" I'J m4 I- 44 @3' C IV- -ý c 4 .3 'Z w- FI.-. i\('
if 1041'*N-' -r - .f- MP tn 0 0 n 0 tu or0 " 00 tnC( a 00 0 - -0

N -t m AOj- -f .0 4 r0.0 C. - Xu 0 0 O..'.C0'C0 0It 5 Ci 00L 00D
42 r'0 r2 0z C"D 'rP- c) M t- m'D <--", I, m -is.- SO 0

o - i Cm N ý-n t 't" x74-

124 4-<- O.cP-ý V .c,ýI C . 14"0Ci L0t r LC mUt

%4tC 
u1 I

r7-t;I - ra4c Cu 40 P



:or

4
OJ

4

r- 0

C* 0. 0..c"
0- 0 c4 CC0--cC.

~C. CJ.?0 0

~ .o.J C'J75



w

0U
4z

2:u.

Ld
I-

m0.-
2 cu .4

z m-

Inu ) n- w w" E
4 I.J7

m-0

1-1

on o
1-2-5-1-4

,c.~ II..

ID)

M o$

ru 0 0

Nc M

0 t)

.4' *76



f

L

B. BUDDHA

1. Introduction

Program BUDDHA was originally designed to process a maximum of two

data tapes according to record number, to plot right and left hand axes

on a linear scale, and to overlay curves. The pre.ent version of BUDDHA

has been expanded to process multiple tapes according to record name

and/or record number and to plot right and left hand axes on a log scale.

2. Input Revisions

There are three additional data card types and card type B2 has

three new variables defined.

Type C is the tape card, type D is the record card, and type E is

the log card. A data set consists of a tape card followed by as many

record cards as specified on the tape card. When all the record cards

have been read, another tape card is read and the cycle continues until a

blank tape card is read. An axis card is then read which is followed by

a log card and as many curve cards as specified on the axis card. When all

the curve cards are read another axis card and a log card are read and the

cycle continues until two blank cards are read which indicate all input

data has been processed.

I. Jones, D. L. and D. H. Stump, ELECTRA, ORESTES, AND SUPPORTING GRAPHIC
DISPLAY CODES, U.S. Army Mobility Equipment Research and Development
Center, Fort Belvoir, Virginia, February 1971, pp. 169-195.

2. Ibid, p. 169.
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CARD CARD VARIAB'.E NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENT NAME

B 1-20 Same as report descrip-
tion

21-30 KARD(NS,3) Data tape number (1,
2,3, etc.)

31-50 Same as report descrip-

tion

51-54 Not used Blank

55-60 DATE Alpha- Name of record to be
numer- plotted
ic

61-65 IRUN Inte- Run number
ger

66-70 IALT Inte- Altitude Number
ger

71-75 IZ(NS) Inte- Light intensity
ger

76-80 Not used Blank

f
C 1-10 ITAPE Inte- Tape number

ger (1, 2, 3, etc.)

11-20 NDATES Inte- Number of record names
ger to be processed for a

particular tape.

21-80 Not used Blank
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CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENT NAME

D 1-6 TDATE(I, Alpha- Record name on data
ITAPE) numer- tape, where I runs

ic from I to NDATES.

4-10 Not used Blank

11-20 NRUNS Inte- Total number of runs
ger for a particular

record name

21-30 MAXALT Inte- Total number of altitudes
ger for a particular record

name

S31-40 MAX%!AL Inte- Nu,,.'er of maximum value
ger records

41-8o Not used Blank

E 1-4 ILOGO Alpha.- LOGO indicates a log

(INC) numer- axis
ic

5-8 Not used Blank

9-10 IPRT Alpha- Print control for
numer- debugging
ic

11-16 Not used Blank

17-20 ILINE Alpha- Grid line indicator
numer-
ic

* 21-25 DECADE Float- Number of decades for
(INC,I) ing left hand axis
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CARD CARD VARIABLE NAME PROGRAM TYPE DESCRIPTION
TYPE COL. OR CONTENT NAME

26-30 DECADE Float- Number of decades for
(INC,2) ing right hand axis

31-80 Not used Blank
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3. Data Revisions

In the original program after all data cards were processed, the

curve cards were ordered according to record number and the random access

files were opened. The appropriate data tape was read and data was written

on the corresponding random access file. 3  In the present version, a tape

card and as many record cards as specified on the tape card are read. For

each record card that is read, the total number of records and the starting

block number for that particular record name are calculated. The total

number of records and the starting block number are then used to calculate

the appropriate record number that corresponds to the record name on that

curve card. The data tape number on that curve card is multiplied by ten

thousand and is then added to the record number. The curve cards are then

ordered according to record number and the random access files are opened.

The reading of the dat: tape or tapes has one modification. Because

multiples of ten thousand based on the tape number are added to the record

number, all the records from a particular tape are processed and then a new

tape is processed. Data from odd number tapes are stored on one random

access file and data from even number tapes are stored on another random

access file.

4. Plot Additions

Program BUDDHA has been expanded to plot ordinate axis data on a

log scale. The data points are plotted on a positive log axis, a negative

3 Ibid., pp. 170-171
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log axis, or on a split positive and negative log axis depending upon the

behavior of the data. When the left hand axis array contains all positive

data, the data points are scanned to determine the positive maximum and the

positive minimum. If the number of cycles is defined by the user, the

positive minimum is redefined as the difference between the positive max-

imum and the number cycles. If the number of cycles is not defined by the

user, the number of cycles is set equal to the difference between the pos-

itive maximum and the positive minimum. The negative maximum, the negative

minimum, and the number of cycles are determined in a similar manner when

the data array contains all negative data. Both sets" of variables are

determined when the array contains positive and negative data. The process

is identical for the right hand axis data if appropriate.

The length of the log axis is determined by the behavior of both

the right and left hand axis data. The axes are 8.5 inches if the data

arrays contain all positive or all negative data. If one array contains

positive and negative data, the axes are split into a positive axis and a

negative axis which are 4.18 inches long. The log axes are drawn using

subroutine LOGPLT (see I.B.6). The time axis is located at the middle of

the plot when the data is positive and negative and at the bottom when the

data is either all positive or all negative. The time array is annotated
a 4

with the minimum and maximum cutoff times os in the original program.

-4. Ibid., pp. 171-i72
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In order to begin plotting, the data array is scanned to determine

the starting point and the end point of the positive and negative data for

a particular curve. Any zeroes that are encountered are omitted. If the

data oscillates positive and negative more than ten time-, the variable

is not plotted and message is printed. The logs of the data points are

taken, converted into inches, and are plotted using subroutine LINES (see

I.B.5) until all curves are drawn. Any points that are less than the

defined minimum are set equal to the minimum. The ordinate axis is

labeled and a title is written at the bottom of the plot. The right hand

axis is then labeled if appropriate. An enclosing box is drawn around

the plot and the paper is advanced until all plots are made, after which the

plot file is closed.

5. Subroutine LINES

Subroutine LINES is a plot routine designed for drawing data curves

and annotating plots. Given two data arrays whicl are to be plotted against

each other, subroutine LINES performs a curve fit to the data in a manner

such that the curve can be represented by a series of equally spaced dots,

line segments or both. Given the X-coordinate and the Y-coordinate, sub-

routine LINES draws the appropriate symbol at the bottom of the plot.

6. Subroutine LOGvLT

Subroutine LOGPLT is a special plot routine designed to draw and

annotate positive and negative log axes. The log axis is annotated with

4 itic marks at the power of ten and intermediate tic marks at 2, 4, 6, and 8
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between the powers of ten. For negative data the power of tvn is preceded

by a negative sign. The tic marks are perpendicular to the axis line and

are bisected by it. A positive angle, in degrees, produces a positive log

axis and a negative angle produces a negative log axis. A switch, IFR, is

used to determine a right or left hand axis. If IFR is not equal to one

a left hand axis is drawn and if IFR is equal to one a right hand axis is

drawn.

7. CALCOMP Subroutines

There are three subroutines from the CALCOMP plotting package that

are called by subroutine LOGPLT. The subroutines are NUMBER, PLOT, and

SYMBOL.

NUMBER - writes floating point numbers.

PLOT - converts pen movement from inches to actual plotter
commands.

SYMBOL - writes alphanumeric text and special symbols at any
angle desired.
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8. Sample Output
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9. Program Listing
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C. GREEK

1. Introduction

Subroutine GREEK is the controlling routine for a set of three

subroutines which together draw the letters of the Greek alphabet using

the CALCOMP plotting system. Subroutine GREEK can draw all 24 Greek

letters in either upper or lower case. The user may specify any height

and any orientation angle within the limitations of the plotting equip-

ment.

2. Calling Procedure

Subroutine GREEK is called in Fortran by the following statement:

CALL GREEK(XPOS, YPOS, SCALE, LETTER, THETA, ICAP) with the

arguments defined as follows:

XPOS - the X position (in inches) of the lower left-hand corner
(before rotation) of the letter.

YPOS - the y position (in inches) of the lower left-hand corner
(before rotation) of the letter.

SCALE - the scale height(in inches) desired for the letter. Some
lower case letters will be drawn slightly smaller to main-
tain proportionality between letters. A height which is a
multiple of 31 times the plotter increment is recommended
for best results.

LETTER - an irteger number (I to 24) specifying the position in the
Greek alphabet of the letter to be drawn.

THETA - orientation angle (in degrees) at which the letter is to be
drawn. 00 - letter is vertical: positive angle - rotates
letter counterclockwise.

ICAP - selector for upper or lower case letters. ICAP 0 --

lower case, ICAP=] -- upper case.
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Subroutine GREEK was written with the assumption that the user will

open the plot file and establish an origin prior to calling the sub-

routine.

3. Data Control

The data points for each letter were selected by first drawingI the letter on a 31 x 31 grid and then approximating all curved lines by

straight line segments. The coordinates of the starting and stopping

points of each line segment were then recorded along with the pen

up-down commands. Next, in order to minimize the amount of computer

storage space needed for the subroutine, the data points were packed such

that each 60 bit word contains the x and y coordinates and pen commands

for five end points. When a letter is being drawn, the particular data

points for that letter are then unpacked by subroutine SEPAR8 described

below.

4. Subroutine SEPAR8

Subroutine SEPAR8 unpacks the 60 bit computer words and separates

the data into x and y coordinates and pen commands. It performs this

operation by using a series of left and right shifts and masking functions.

5. Function Subroutine ISHIFT

Function subroutine ISHIFT performs left or right shifts of I to

60 bits. It is written in COMPASS (Control Data Corporation assembly

language) for use on a CDC 6000 series computer.
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S6. Special Considerations

Since the data points have been packed into 60 bit words and

function subroutine ISHIFT is written in COMPASS, the subroutine GREEK

package presented here can only be utilized on a CDC 6000 series computer.

The package requires 633 (octal) words of core and utilizes the CALCOMP

routine PLOT.
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7. Sample Output

(height of letters 0.31)
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8. Program Listing
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II. MINOR MODIFICATIONS

A. ELECTRA

1. Description of Modifications

Program ELECTRA 1,2 the ground burst EMP code, received two

minor modifications since it was last documented. All input/output (I/0)

operations using tape or drum were revised in order to cut running time

and to make more efficient use of data tapes.

The running time was cut by replacing all lengthy I/O lists, which

used implied DO loops, with a variably dimensioneo subroutine (IOSAVE)

which can write or read any length array as a single operation. This

modification should produce up to 90% reduction in running time for the

operations which it affects.

More efficient use of data tapes was accomplished by revising the

contents of the data output array (OUTARR). By removing some unnecessary

data items from the array and repositioning other items, the dimensions

of the array were reduced from 2ix7 to 21x 4 resulting in a decrease of 63

words. The words in the reduced array were then packed two into one by an

assembly language packing routine (PACK). The net result was to redulce

1. Jones, D. L. and D. H. Stump, ELECTRA, ORESTES, and Supporting Graphic
Dispay Codes, U.S. Army [obility Equipment Research and Development
Center, Fort Belvoir, Virginia, February 1971, pp. 1-36.

2. Borbely, J. A. and D. L. Jones, ELECTRA , An Electromagnetic Pulse
Fortran Program (User's Guide), U.S. Army Mobility Equipment Research
and Development Center, Fort Belvoir, Virginia, October 1969.
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the nuwioer of words written to tape, at a given time step and range step,

from 147 to 43. If the number of anqles used for a given run is less

then 18, the number of words written to tape will be reduced even more.

3
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B. ORESIES

I. Description of Modifications

Program ORESTES received two minor modifications since it was

last documented. All input/output (I/O) operations using tape or drum

were revised in order to cut running time and to make more efficient use

of data tapes.

The running time was cut by replac-ing all lengthy I/O lists,

which used implied DO loops, with a variably dimensioned subroutine

(IOSAVE) which can write or read any length array as a single operation.

This modification should produce up to 90% reduction in running time for

the operations which it affects.

More efficient use of data tapes was accomplished by revising the

contents of the data output array (OUTARR). By removing some unnecessary

data items from the array and repositioning other items, the dimensions of

the array were reduced from 27x1i to 25x9 resulting in a decrease of 72

words. The words in the reduced array were then packed two into one by an

assembly language packing routine (PACK). The net result was to reduce

the number of words written to tape, at a given time step and range step,

from 297 to 114. If the number of angles used for a given run is less than

24, the number of words written to tape will be reduced even more.

I. Jones, D. L. and D. H. Stump, ELECTRA, ORESTES, and Supporting Graphic
Display Codes, U.S. Army Mobility Equipment Research and Development
Center, Fort Belvoir, Virginia, February 1971, pp. 37-69.
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2. Program Listing
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- C. REDACT

1. Description of Modifications

Program REDACT has been modified and is now a subroutine with a

driver program DATAPK. This modification was made in order to process

data tapes from the modified ELECTRA which have a packed OUTARR (see II.

A.I.).

DATAPK opens and closes the plot files and calculates the number

of words that are packed in OUTARR. In subroutine REDACT, the column and

I! row indicatois for data editing have been modified to correspond to the

modifications made in ELECTRA. In order to process the data tape, the

column and row indicators for the particular variable to be plotted are

used to determine the word to be unpacked. The data array is unpacked by

an assembly language routine (UNPACK).

I

18
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2. Program Listing
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D. REDACTO

1. Description of Modificotions

Program REDACTO has been modified and is now a stbroutine with a

driver program DATAPKO. This modification was made in order to process

data tapes from the modified ORESTES which have a packed OUTARR (see II.B.O).

DATAPKO opens and closes the plot files and calculates the number

of words thec are packed in OUTARR. In subroutine REDACTO, the column and

row indicators for data editing have been modified to correspond to the

modifications made in ORESTES. In order to process the data tare, the

column and row indicators for the particular variable to be plotted are used

to determine the word to be unpacked. The data array is unpacked bv an

assembiy language routine (UNPACK).
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2. Program Listing
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