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ABSTRACT

The Lunar Communications (LUNCOM) Program simulates a communication
link between two "close'" points on a two-dimensional, geometrically and
electromagnetically continuous lunar terrain, Four basic terrain
profiles may be simulated. These are: exponential hill and valley, Nth
degree grade, and terrain wave. The output of the LUNCOM Program is an
attenuation function which may be printed or output on a plot tape for
use with the TRWPLT General Plot Program.

The LUNCOM Program is written in FORTRAN V for use on the UNIVAC 1108

EXEC II computing system. 1
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1. PROBLEM DESCRIPTION

Given two "close'" points on the surface of the moon (by "close" we
shall mean that the lunar curvature may be neglected for our problem).
We wish to simulate a communication link within the plane perpendicular
to the lunar terrain, which contains these two points. We assume that
the lunar terrain is geometrically and electromagnetically continuous.
We shall approximate the lunar terrain by exponential hills and valleys,

Nth degree grades and low amplitude terrain waves.

1.1 INTRODUCTION

Hufford1 has shown that the attenuation of the transmitted signal
at a distance x from the transmitting source is given by the complex

valued function, W, defined by the integral equation

x
Wx) = g(x)-B K(x,s)W(s)ds (1-1)

where g is the antenna pattern function defined by

1, x=0
2
gx) ={ kb, , - (1-2)

e 2x , x>0

k = 2n/)\, where XA is the wave length of the transmitted signal and ho is
the height of the transmitting source above the lunar terrain at the

origin, The constant, 8, is defined by

m
B =1 /-i— e . (1-3)

G, A, Hufford, "An Integral Equation Approach to the Problem of Wave
Propagation Over an Irregular Terrain', Quarterly Applied Mathmatics,
Volume 9, pp. 391-396, 1952,

1
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The kernel of equation (1~1) is defined by
ikq(x,s) —X__
K(x,8)= [6 + p(x, 8)] e 1 s (x-5) (1-4)

&r+15%—)ﬁ1/2 , for vertical polarization
o

where

s y (1-5)
Gr+i~g—)1/2 , for horizontal polarization

€. is the relative permeativity of the lunar surface, €, is the
permeativity of free space, o is the conductivity of the lunar surface
and w is the radian frequency of the transmitted signal. The functions

p and q depend upon the terrain geometry and may be approximated by

p(x,8)* £ (s)~ TELEE) (1-6)
2
q(x,s)* 2(§fs) f§S) _ fix)] (1-7)

where f(x) gives the height of the terrain, above the source, at a

distance x from the origin.

1.2 NUMERICAL SOLUTION

It has been shown2 that 1if the x-axis 1s partitioned into m number

of "small" intervals of width Ax the function W may be approximated by

2-1
g(asx)- B D, C(2,1IW(Iax)
W(eAx) = 4=0 y 0<2&<m (1-8)
1+8C(2, %)

2 wBimonthly Technical Report Number 3", TRW Report 11176~H099-RO-00,
7 January 1969.
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where W(0)=g(0) and

,/;h (1‘ ZT:) K(1Ax,8)ds, =0

jAx '
[_S_‘_El_l)ﬁ] G, &) ds
Ax

(3-1)ax

C(2,3) = (3+1)Ax » O<fsm (1-9)

lﬁﬂM] K(RA0x,s) ds, 0<j<t

Ax
jox

LAx

[ii‘xl)ﬁl K(&4x,s) ds, j=2
(2-1)Ax

We describe below each of the four terrain functions which will be

used for this simulation,

1.2,1 Exponential Hill

The height of the exponential hill above the source is given by

—St(x—xo)2 —Stxo2
f(x)=h e ~-e —ho (1-10)

where h is the peak height of the hill above the origin, St is the

"steepness" of the hill and X is the distance from the origin at which
the height, h, is achieved.
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1.2.2 Exponential Valley
The height of the exponential valley above the source is given by

2 2
St(x-xo) -S x

£(x)= ~hle 5 BP© -h_ (1~11)

1.2,3 Nth Degree Grade

The height of the nth degree grade above the source 1s given by

1
f(x)= h [—— -1} -h (1-12)
(l—Soxn ) 9

where h 1s the maximum height of the grade above the source and So is the

"slope" of the grade,

1.2.4 Terrain Wave

The height of the low amplitude terrain wave above the source 1is

glven by

f(x)= h sin wx - h0 (1-13)

where h is the amplitude of the terrain wave and w is the radian frequency

of the terrain wave.



2. INPUT

A data deck 1s defined as all of the Hollerith cards, in their
proper sequence, which the user must submit for any particular computer
run, exclusive of machine control cards. The LUNCOM data deck is
divided into successive data cases with each data case being in the
same format.

Data for each data case 1s entered (all at one time) via the
FORTRAN namelist $INPUT. The symbols "$INPUT" must appear in columns
2 thru 7 of the first data card. Input parameters may then be entered
in any order, beginning in any column (except column 1), in the form
PARAM1 = xxxxx, PARAM2 = xxxxX,... The only restrictions are that no
punch ever appear in column 1 and that no entry be split between two
Hollerith cards, The latter restriction is imposed because a comma is
automatically assumed at the end of each Hollerith card.

After all the desired input parameters have been entered (n&t
every parameter need be entered), a card containing the symbols '$END"
in columns 2 thru 5 must appear immediately after the last data card;
this signifies the end of 1nput data for this particular data case.
Following the "SEND" card, from O to 5 comment/description cards may
appear. These cards will be printed as headings to the output listing
for this particular data case. After the last comment/description card,
another data case may appear.,

Each of the LUNCOM parameters listed below is initialized to zero
unless otherwise specified. The value of each LUNCOM parameter remains
unchanged from one data case to the next unless it is explicitly changed
by the user. LUNCOM parameters are unaffected by program calculations;
each parameter has the value to which it was initlalized or the wvalue

to which it was last set by the user,

2.1 DETAILED DESCRIPTION OF INPUT PARAMETERS

Mnemonic Description
CLIGHT Speed of light in free space

CLIGHT 1is initialized to 3,0E+08.

COMENT Number of comment/description cards for
this data case
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Mnemonic

DEGREE

DELTAX

EO

ER

FREQ

HEIGHT

HO

OMEGA

PLOT

POLAR

PRINT

SIGMA

SLOPE

STEEP

TAPEIN

Description

Degree of grade
DEGREE 1s initialized to 1.

Increment of distance (in meters) along terrain

Permeativity of free space
EO 1s initialized to 0.88419414E-~11,

Relative permeativity of the lunar surface
ER is Initialized to 2,8,

Frequency of link (in Hz)

Peak height (in meters) of terrain above or
below its height at the origin

Height of the transmitting source (in meters)
above the terrain at the origin

Frequency of the terrain wave (in radians per
meter) .

= 0, No effect

= 1, Plot tape will be generated on unit F
(FORTRAN ID 8)

PLOT is initialized to 1.

= 1, Waves are horizontally polarized
= -1, Waves are vertically polarized
POLAR is initialized to 1.

= 0, No effect ‘
= 1, Attenuation function will be printed out
PRINT is initialized to 1.

Conductivity of the lunar surface
SIGMA is initialized to 1.0E-05,

Slope of grade
SLOPE 1s initialized to 1.

Steepness of exponential hill or valley
STEEP 1is initialized to 1.

= 0, No effect

= N, Indicates that initial values of the
attenuation function will be read in from
the Nt? file of a previously generated
plot tape mounted on unit E (FORTRAN ID 7)
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Mnemonic

TERAIN

X0

Description

= 1, Terrain is a grade of degree "DEGREE" and
slope "SLOPE"

= 2, Terrain is an exponential hill of
steepness ''STEEP"

= 3, Terrain is an exponential valley of
steepness 'STEEP"

= 4, Terrain is a wave of frequency "OMEGA"

TERAIN 1is initialized to 2,

Maximum distance (in meters) from the origin to
be considered

Distance from the origin (in meters) at which
hill peak or valley null occurs
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3. OUTPUT

Output for the LUNCOM program is in the form of printed output and
data tape output, Described here are the output formats; refer to

Chapter 4 for the actual printed output from a computer run.

3,1 DETAILED DESCRIPTION OF PRINTED OUTPUT

The input parameters are printed on a header page for each data case.
If the input parameter PRINT=1, the attenuation function will be printed
in 7 columns headed: Distance from the Origin, Terrain Function,
Attenuation Function (real and imaginary parts), Gain (ratio and dB),

and Phase (degrees). Print output is headed by the comment/description

cards for that case,

At the conclusion of the run a summary page is printed,

3.2 DETAILED DESCRIPTION OF DATA TAPE OUTPUT '

When the input parameter PLOT=1 one file on a plot tape will be
generated for this data case. One 7-word record will be generated for
each point. The seven words of each record correspond, respectively, to

the seven columns of print output.



4, SAMPLE CASE

A sample computer run 1s included to demonstrate program capabilities
and options. Since this program is designed to be used with the TRWPLT
general plotting program, the plot input and output are included with this

sample case.



.1 SAMPLE CODING FORMS
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4.2 SAMPLE OUTPUT

91342391

VITOAH 10X 3



€040000°S = 0X

€942000°8 = XVYNX
4 = Nlvydl
[¢] = NI3dvl
90-0000°T = d331S
00+0200°1 = 3401S
20-0000°1 = VNWIIS
1 = INIdd
1- = Yvi0d
1 = 1074

0nedl*9 = voIW0

u000°0 = OH
2047200°1 = LHOI3H
L0+0000°Y = ["ELE]
1040000°1 = 43
Z1-6148°8 = 03
10+40702°¢ = Xv1130
00+0000°t = 33¥930
1 = AN3NOD
80+9L00°€ = LHOITD

SNO11d0 1NdNI
3Svy 1s31
T °ON 3SV) viva

WYd90¥d SNOTLVIINNWWOD YVNNT



20+L69c°1
20+229¢€"°1
Z0vESSE° T
ZO+ELYE"T
20+88€E° 1
zo+L62€°1
20+002¢e°1
20+960€°1
20+%062°1
20+€982°1
20+veEL2Z 1
20+45652°1
Z20494%2°1
20+5822°1
20+1112°1
20+€261°1
20+02L1"1
20+00s81°1
20+1921°1
20+¢1001°1
20+81L0°1
20+80%0° 1
20+1L900°1
10402696
10¢L6L2°6
10+9018°8
10+2982°8
10+%L089°L
10+0166°9
10+4851°9
1049%11°S
10+€269°¢
0000°0
(930}
ISVHd

10+s28L° 1~
10¢€TSL° 1~
10+€61L°1-
10+4999°1~
10+49289° 1~
10+8L19° 1~
10+1285°1~
10+9545°1-
10+4205° 1~
10+889%°1-
13+8024%° 1~
To+LL0€° 1~
1I+ES5%€° 1~
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10+€012°1-
10+6291°1~
10+7€T1°1~
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00+L18¥° 2~
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[R:[4D)

NIV
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10-8111°9
10-16€L°9
10-8%15°4
10-1945°8
00+0000°1
(01ivd)

1

20-659L°86
20-0%02°6
20-98L9°6
10-€610°1
10-2510°1
10-09€1°1
10-€202°1
10-9442°1
10-s€s€°1
10-66€4°1
10-s%€s°1
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10-6¥410°2
10-1991°¢
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10-16€6°2
10-1281°¢
10-LL¥¥°E
10-99¢€L°€
10-68%0°Y
10-928¢€°Y
10-2€EL"Y
10-€160°S
10-98¢€4°S
10-66€EL°S
10-2L26°S
10-12s8°S
106-6€01°S

0000°0

(AYYNI9YN])
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10-6600° 1~
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10-2621° 1~
10-80ST1° 1~
10-L0L1° 1~
10-1881° 1~
10-2292°1-
10-6112°1-
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10-0212°1-
10-L861°1-
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4.3 SAMPLE PLOTS
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5, OPERATING PROCEDURES

The LUNCOM Program is written in FORTRAN V for use with the UNIVAC 1108
EXEC II system. Presently this program is in production only for the 1108
system. One tape may be input to this program in addition to the standard
input tapes required by the 1108 system,

The LUNCOM Program requires the use of ome output tape. If no tape
assignments are made, a drum file will be used, and the user must indicate
this on his run request form, Drum files may be used when the user does
not require any plot output and when he does not wish to save a LUNCOM
data tape.

If tape assignments are made without the use of "=", a FASTRAND file
will be used for the output tape, and the user must indicate this on his
run request form. FASTRAND files may be used when the user requires plot
output but does not wish to save a LUNCOM data tape,

If tape assignments are made with the use of "=", an actual output
tape will be generated and may be saved by the user. Tape may be used in
lieu of drum files and FASTRAND files and must be used when the user
desires to save a LUNCOM data tape.

A previously generated plot tape may be input for the program on

unit E,

5.1 LUNCOM DECK SETUP
5.1.1 No Plot Output Desired, No Data Tape Saved, No Input Tape

=00

¥

$JOB, etc,

VAASGAX=(PCF tape number)
VAXQTACUR

ATRWAX

AINAX

ATRIAX

VAXQTAHVO16A

LUNCOM data deck

VAEOF
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5.1,2 Plot Output Desired, No Data Tape Saved, No Input Tape

c

c

1

$JOB, etc,
VAASGAX=(PCF tape number)
VAASGAF
VAXQTACUR
ATRWAX
AINAX
ATRIAX
VAXQTAHVO16A

LUNCOM data deck
VAXQTATRWPLT
TRWPLT data deck

L
VAEOF

5.1.3 No Plot Output Desired, Data Tape Saved, Input Tape

c

c

1

$JOB, etc.

VAASGAX=(PCF tape number)
VAASGAE=(Plot tape number)
VAASGAF=SAVEl

VAXQTACUR

ATRWAX

AINAX

ATRIAX

VAXQTAHVO16A

[LUNCOM data deck

VAEQF



5.2 COMPUTER RUN REQUEST
In submitting the card deck for a computer run, the run time (in

minutes) per data case may be approximated by the following curve

120 =

110

100

90

80

70

60

TIME (MIN)

50

40

30

HH R

20

'

0 i00 200 300 400 500 600 700 800
NUMBER OF POINTS N

where N is the number of data points (given by [Eﬁﬁﬁiﬁi) . The print

output may be estimated at approximately 10 pages per data case, one
hundred pages minimum,
Microfilm and CalComp output will depend on the number of plots

generated by the plot program.

53



5.2.1 Sample Run Request Form

; -4 F-f

INSTRUCTIONS FOR SCIENTIFIC COMPUTER RUNS

PRIORITY

(DO NOT FILL IN SHADED AREAS)

PR RAMMER BADGE NO. BOX NO. PHONE NO. | DATE (M,D,Y )
g e~ d ‘—
rq( 5765 | TRW |2503 2-/§-67
DIVISION ¢0E PROG. NO. PROJ. NO EST. TIME (MIN) | MAX. TIME (MIN | LINES OUTPUT
TRW | a025 [/111A| If /2
OPERATING SYSTEM TYPE OF RUN COMPUTER

1108 FORTRAN v @ fortean far [ proD, [] TEST E 1108 E;_ s [ ]
1108 FORTRAN IV D 1eYs [:] Isvsn D oo ¢ ] 700

2

O

1104 COBOL | THER IHER

L INPUT TAPES OUTPUT TAPES

i | <FEL BIN NO. | DEN DEN= SAVE PROCESSING
" SITY REQUIRED

X |/234 I3

WORKING TAPES

HO . FRAMES PROCESSING

PROBLEM
NO.

PROGRAM
NAME

TOTAL 3 ,
TAPES 3 2

INPUT
(1005 CARD)

| PRCGRAMMER'S COMMENTS:

SYSTEMS 7011-H {9-13-67)
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