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1
This study is concerned with an analysis to determine the optimum

frequency for point-to-point communication in the vicinity of the line-
of-sight horizon on the lunar surface. For this analysis, the tranumit-
ter output is assumed to be 1 watt (430 dbm) and the antenna heights ere
6 and 24 feet.,

The circult margin parameters used i the communication link analy-
sis include the free-space transmission loss, the Bremmer Series loss,
the ground proximity loss, antenna geins, tranemitter power and receiver
sensitivities. Each parameter s briefly expleined.

The free-space transmission loss is defined as the retio of the
power received to the power transmitted assuming two isotropic antennas
(0 db gain) such &smﬁe

Vfw
P-o - Ak#dﬂnbun

(1)

where V = the wavelength snd 4 = distance between antennas. The Bremmer

Series loss represents the loss which occurs as a result of blockage and

diffrection by the lunar surface. The Bremmer Series loss is defined as
oG nwsaru.

Y
Le = 87Sf| 2 — w?vr?v”

n=} m + Nﬁ’

(2)
where § is a distance function, Th 18 the mode number, Matm a ground
parameter and ﬂsﬁrv is the height-galn function. The free-space loss along
with the Bremmer Series diffraction loss is tabulated in Table 1 for fre-
quencies ranging between 200 KHz and 2200 MHz and distances between 2.5

KM and 30 KM. A more detailed explanation of the Bremmer loss is given in
Burrows (1949). A computer analysis was used to determine both the Bremmer

Series and free-space losses. The first seven terms of the Bremmer Series



were used. The program was formulated under the direction of Mr. Ray Thomp-

son by Mr. Jim Pawlowski of the Digital Techniques Section and is included
in the Appendix.

A tabulation of the total transmission loss is shown in Table II and
a plot 1s given in Figure 1 depicting the changes in transmission loss as
a function of frequency and range. It is noted that as the frequency de-
creases the transmission loss becomes smaller. Also it i1s noted that the
dielectric parameters of the moon are more significant at the lower fre-
quencies; wheress, at VHF and above the transmission loss 1s practicelly
independent of the moon's dielectric parameters. In general, it is found
that higher conductivity contributes to a longer communicetion range and
this is especially true at lower frequencies.

The next factor to be considered is that of the ground proximity loss
or that loss which affects the radiation resgistance of an antenna because
of its close proximity to the ground. These losses have been taken from
graphs given by (Vogler, 196i4) and are tabulated in Table III. As may be
seen in Table III, this lose becomes important only at low frequencies
when the antenna is electricelly close to the lunar surface. Also shown
in Teble III are typical antenna gains for the fiequencles involved. On
the right side of Table III is listed the combined effects of antenna gains
and the ground proximity loss.

The finel freqguency variable factor to be considered is receiver sen-

‘sitivity which is shown in Table IV. An RF bandwidth of 40 KHz is assumed

with a received signal-to-noige ratio of 18 db. Also, shown .in Table IV
is the allowed antenna port-to-antenna port loss which includes +30 dBm

(1 watt) for the transmitter and the assumed receiver sensitivities at
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the various frequencies. :

With the assumption of & 1 watt (30 dbm) transmitter one may deter-
mine from the combined effects tabulation in Pable V and Table IV thet the
astronaut mey go to a range of 10 kilometers and still communicate at a
frequency of 10 MHz with a data bandwidth of 14 KHz (RF bandwidth of 40
KHz) and an output signal-to-noise ratio of 18 db. The maximum range is
plotted in Figure 2 as & function of frequency. For application with tele-
vision bandwidths, the 10 MHz carrier frequency would not be sufficient.

A frequency band of VHF or higher would be required and r shorter maximum
range would result.

For direction finding, the 10 MHz frequency could be used out to a
range of approximately 20 kilometers by using a small RF bandwidth of 1 KHz
and assuming a 10 db less efficient direction finding antenna. The astro-
naut could carry a low power receiver and a direction finding antenna with
a gein of -15 db with respect to isotropic. ‘A 1 watt 10 MHz transmitter
could be used on the Lunar Module yielding a range of 20-23% kilometers de-
pending on the lunar surface conductivity.

The optimum frequency for point-to-point communication with 6 foot end
24 foot antenne heights is found to be in the 1 to 10 MHz range depending
on the conductivity of the lunar surface.

This analysis has not considered antenna size. Low frequency antennas
become very large compared to VHF antennas of equivalent characteristics.
In a lunar Burface communication system this factor could weigh heavily in

frequency selection.
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TABLE I - FREE SPACE AND BREMMER LOSSES

R o

-~ P

re ey g

e

Frequency |[Conductivity 2.5 Km _ 5.C Km
i Free mwmnﬁ_,mu..ﬁ Free Bremmer
(Miz) T Space | Loss(db)| Opae | Los:
Loss(db) wlb:r.cuh:wwv
__2200 107~ -107.2 | =8.0 | -113,2
2200 10" -107.2 | -8.0 oll3. 2
2200 10”7 -107.2 | -8.0 -113.¢
1000 1077 <2004 | -14.5 | -106.4
1000 2™ =100, k4 -14.5 =106, 4
1000 7 =100, 4 ~14.5 =106,k
300 SM -89.9 -25.1 | -95.9
300 10” -89.9 =25.1 | =95.9 =31.2
300 1073 89,9 | -25.1 | -95.9| .m,2
_150 Po.m -83.9 | -31.5 | -89.9 | -36.5
150 10” -83.9 -31.5 | -89.9 =36.5_
_150 0> [-83.9 | ;5] 699 -365
ikl 10"~ -76.8 -37.9 | -82.8 =41.5
70 20" -76.8 | -37.9| -82.8 | .u.s
70 1077 -76.8 -37.9 | -82.8 -41.5
_0 Ho.w. -69.9 | -h2.3 | -75.9 | -uk.6
_ 30 107 -69.9 42,3 | -75.9 Lk, 6
_30 30 = -69.9 k2, =75.9 -Lb,9
10 1077 =60k | -h2,75| -66.4 | -43.6
10 10" 60,4 | 48| 668 | -43.6
10 Po-w -60. 4 -us,0 |  -66.4 b9
= 10”7 40,4 -32.8 | -b6.b -31.7
o 10" =40, 4 -32.8 | k6.4 -31.9
1 Po-mt -40. 4 -19.03]  -U6.k -17.9
0.2 1077 268 | o6s] LAl .ag
0a2 0 |26k | <166 -32.h ] -1b6
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TABLE I (cont.)

T
m”.mm.,.mnlvmp;achuww.ﬂplm 10,0 Km 20,0 Km 0.0 Km « Range =
Free Bremmer | Free Bremmer |Frec Fu.maam« it
(Miz .C-\.z Space Loss(db)] Space |Loss(db)|Space Loas(db) A.Hnluw.m
| Loss(db) Loss (db) Loss (db)
_ geool  20%2 -119.2 | -33 | -125.2 | -64.7 | -128.7] -97.5
2200 wo-s “il9.2 | =3 =125.2 | -64.7 =128.7T] =97.5
2200 10™3 =119.2 | =33 =125.2 | =6h.7 -128.7] -97.5
1000 107? 2.4 | -34.0 | -18.4 | -59.0 | -121.9] -83.7]
_ 1000 107" «il2.4 | =34,9 | -128.4 | =59.0 -121.9| -83.7
1000 | 1073 -110,4 | -34.9 | -118.4 | -59.0 | -122.9] -83.7
__300 10" -101.9 | -40.6 | -107.9 | -s6.9 | -111.4] -73.0
300 10°" -101,9 | -40.6 | -107.9 | -56.9 | -1l1l.h4 -72.9
_300 | wo-ww‘ -101.9 | -40.,6 | =207.9 | =56.9 111.4] =72.9
150 1077 -95.9 | -uh.6 | -201.9 | -57.9 | -105.4| -70.6
150 10™" -95.9 44,6 | -101.9 | -57.9 -105.4 | =70.6
150 1073 =95.9 44,6 | -101.9 | =57.9 «105.4] =70.6
70 1077 88.8 | -48.6 | -9u.8 | -59.3 | -99.3 | -69.3
= 10™" -88.8 -48,6 | -94.8 =59, - =99, 3 -69. 3
70 203 | -88.8 | -8.6 | -o48 | -50.3 | -99.3 | -60.3]
30 10" -81.9 -50.3 | -87.9 =59, 3 «91, 4 -67.0
_30 20™" -81.9 | =-50.3 | -87.9 | =59.3 -91. b -67.0
_ 30 Hmwww‘ -81.9 -50.7 | =87.9 -59.6 =01l 4 -673
10 1077 2.4 | -upn | 18 | -sk.7 | P19 | -60.5
10 Honz -T2, k4 7.4 | 78,4 =54, 7 -81.9 =60.5
10 1073 | -7e.b | -u8.7 | -78.4 | -56.0 | -B1.9 | -61.7
1 10" -s2.4 | -32,2 | -s8.4 | -35.6 | -61.9 | -39.3
1 Pojusr -52.k4 -32.5 | =58.4 -35.9 -61.9 -39.6
1 Hommlu‘ =52,k -18.4 | -58.4 -21.9 | -61.9 | =-25.6
0.2 1077 -38.5 | =-22.7 | -hh,5 =23.8 =48,0 | =25.7
0e2 107" -38.5 -13.8 | =kk.5 a7 -48,0 -16.8




R SRR v i - -
TABLE II. TOTAL TRANSMISSICN LOSS

FREQ | @ R G e | 10 xu | 20 m 30 K :

T
(MHz ) gTM Trans. Loss |Trans.loss (db) | Trans.loss (db) T'I‘ran:.Los: (db) Trans.Loss (db

: S

2200 | 107° A 152, 2 -189.7 -226.2

2200 | 107" T TR -152,2 -189.7 226, 2

-130.4

-189.7

1
b
n
oN
-
-

30
30
30 1 . :
10 10”7 -103.2 -110.0 | -119.6 L s 142 4 |
- g -103.2 -110.0 1 -119.8 -133.1 -142 4 ;
10 'r 1073 -10k . 4 -111.3 ‘ «121.1 ~13k. 4 -146, 3 '
" I 3.2 -78.1 -84.6 | b [ e
i O i T35 | 78,3 -84.9 -94,0 i 201"
1 e i -70.8 i S L

2 1077 -51.9 -56.0 -61.2 -68, + -7 1
0.2 107" -43.0 =47.C =52.3 -59. -€

o



g J

m‘a:l.r Vu..-. Leoss AnTennag Guin
rp bb’r d.mb! HOWWI Mc-“.womm» ct of
$(vaiz) S (Wh) 61 2l i T DB
= 2200 107 0 0 -l -2 b
2200 10™" 0 0 b o2 -6
2200 10°7 0 0 b -2 6
1000 1077 0 0 -5 -2 -7
[ 1000 10™" 0 0 -5 .2 -7
1000 107~ 0 0 -5 -2 o7
300 1077 0 0 .5 = -7
300 107" 0 0 -5 2 =
: 300 1072 0 0 s 2 -7
150 1077 0 0 -4 Y -5
150 107" 0 0 - 1 -5
: 150 10™7 0 0 -4 -1 e
: 70 1077 0 0 a3 0 o3
. 70 - 0 0 -3 0 <
f 70 1077 0 0 -3 0 3
30 10”7 el 0 -4 0 a5
! 30 0™ -1 0 -k 0 o5
: 30 1072 3 0 o 0 -5
10 1077 -2 0 -5 — a8 12
_w 10 107 -3 0 -5 -5 -13
10 1072 A 0 -5 -5 -15
1 1077 -23 -10 -10 -10 -53 -f
: 1 g =30 27 -10 -10 -67 =1
1 10”7 -26 -13 -10 -10 -59 |
j .2 W -53 -35 -17 -17 -2 |
£ .2 1000 | -u8 -35 -17 -17 -117 1
2 1077 -43 =25 -17 o317 -102 i
L = Ground Proximity ILoss
G = Antenna gein plus cable losses

TABLE III . CROUND ™ROXIMITY LOSS AND ANTENNA GAINS

i et h o Lo
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ALLOWED LOSS

Freq. (Miz) Srx (dbm)' RFgy = 40 KHz RPgy = 1 KHz
2 -67 97 e
1 -10% 1332 149
10 -104 134 150

20 -105 135 wu», =
70 -105 135 151
150 -105 135 151
300 -105 135 151
1000 -101 T 147
2200 -101 131 147

'S/Ng = 18 db # RFpw = 40KkHz

' Obtained from A. Pajak and J. Fowler

TABLE IV - RECEIVER SENSITIVITIES
And Allowed Antenna port-to-anteunna port

loss for Ppx = 30 dbm



11l

| Distance(KM) 5
Freq. |Conductivil 2.5 5.0 10.0 20.0 30,0 |
MHz ) U/M »
o000 10°2-1073 | -121.2 | -136.4 |-158.2 |-195.7 | -232.2
1000 107 7-10"> -131.9 | -135.8 |-154.3 [-16L.% -212.6
| 30 20792073 | -122.0 | -134.2 |-149.5 |-171.8 | -101.4 |
150 10771073 | ~120.k 1314 [-145.5 [-164.8 | -1681.0
70 Powiumo-u -117.7 | -127.3 | -140.4 |-157.1 «171.6
30 1079-1073] -117.2 | -125.5 | -137.2 [-152.2 | -1€3.%
10 10~ _115.2 | -122.0 |-131.8 |-145.1 | -154.4
10 10™" -116.2 | -123.0 | -132.8 |-146.1 | -150.4
10 10”3 -119.4 | -126.3 | -136.1 =149, 4 -158.6 |
1 =2 -126.2 | -131.1]-137.6 |-147.0 -154,2
1 107" -140.5 | -145.3 | -151.9 |-161.0 [ -168.2
1 10”3 -118.4 | -123.3]-129.8 [-139.3 | -146.0
2 10”7 163.9| -168.0] -173.2 |-180.2 | -185.7
.2 10" 160.01 -164.0] -169.3 | -176.2 | -181.8

and Ground Proximity Loss

TABLE V. Transmission Loss, Antenna Geins
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APPENDIX

by J. Pawlowski

Computer Programs
for

Equations (1) and (2)

i




Analysis of Free Space Loss

The general formula to calculate Free Space Loss expressed in decibels is

» - Wﬂ 2 = yN.
ﬁoA&uv = 10 log, .«d._b = 10 H.omwoﬂﬁm*ﬁ\&ur

received signal

1l

o

= >
[}

5 transmitted signal
y = wave length
d = distance between antennas

\, It is necegsary to express A and 4 in the same units:

> 3 speed of light
R - frequency

ke

Therefore, it can be seen that the distance units of A are the same as those of
the speed of light. Hence, it is the same to say theat the speed of light

Eo -

and 4 must be expressed in the same d@istance units.

6 meters
\* A.Bv _ .wOO X 10 - Bec
e frequency (cps)
Mey. meters
ZSV _ 300 sec
frequency (MHZ)
Likevise,
. A6) = 98k  Meq. feet/sec
frequency (MHZ)
. When 4 is expressed in meters, use » (m), and when d is expressed in feet
use »«3 . If it is necessary to express 4 in other units adjust L by

expressing the speed of light in the same units.

In order to include the loss and/or gain due to reflection and refraction
we must compute the Geo-Optics or the Bremmer Series methods and add
these results to the Free Space Loss. The choice of what method to use
depends on the distance between the antennas.




Y

If the distance between the antennas is greater than 25% of the line of
sight then the Bremmer Series is used. If it is less than or equal to
this wvalue thie Geo-Optic method is used.

Line of Sight = .\r_ummm“_. + ,\mmgm

a = radjus of the body

k = index of refrsction

height of one antenna

1

h
wm height of the other antenna

CAUTION! a, s”_... and h, must be expressed in the same units of dietance.

2



: A-3
FREF, SPACE LOSS
OPERATION OF PROGRAM
1. Load the Fortran operating system using the unigh speed reader.
: 2. Put the Free Space Loss Program obJject tape in the low speed reader

and turn on the reader.
3. Load address 200 and depress start the tape will load.

Sy L. When the tape stops, depress the continue switch. The message "Type
S Frequency" will be typed out on the teletype. Enter the frequency
expressed in MHZ on the keyboard. Express all entries in Floating
Point except the number of increments (Step 9).

.@w m.=e<mmmwmmmowbwmwd=Mmdsmsd%wwm.ms&madsmmwmmmomwwmwd
: expressed in mega-units.

_ww 6. "Type index of refraction" is the next message. Enter this quantity.
T. "Type radius of Body" and "Type heights of antennas" are the next two

messages type out. Remember that these quantities must be entered
using the same units of distance.

8. The value for A , the wave length, is calculated and typed out.
9. The message, "Type the number of increments", is typed. Enter in
fixed point the total number of antenna distances that you wish to

investigate.

10. The number +1 which labels the first distance will then be typed.

11. The message "Type the distance between antennas" is typed. Remember
to enter this in the same units as the speed of light.

12. The "Free Space Loss" followed by the "Free Space Loss" expressed in
db are typed out.

» 13. The message whether to use omo Optic or use Bremmer series for the
next calculations is typed.

. 14. The number +2 is typed and the steps 1l through 13 are repeated.
Then the number +3, etc.
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FREE SPACE LOS3 CALCULATIONS FOR ANTENKAS
FORMAT (/»"TYPE FREQUFNCY"2/)

SNIMAT C/,"TYPE SPEED OF LIGHT",/)
FORMAT (/,"TYPE IDMDEX OF REFRACTION',/)
FORMAT (/,"TYPE RADIUS OF BOCDY'",/)
FORMAT (/,"TYPE HEIGHTS OF ANTENNAS'",/)
FORMAT (E»/)

FORMAT (I,/)

TYPE 1

ACCEFT 8, F

TYPE 7

ACCEPT 8, CONST

TYPE 3

ACCEFPT &, REFFR

TYFE 4

ACCEPT 8, A

TYPF 5

ACCEPT &, Hi, H?

AViIRA = CONST 7/ F

TYPE 15, AMBA

FORMAT € /,"WAVE LENGTH = ",E»/)

FORMAT (/,"TYPE NUMBER OF INCREMENTS',/)
TYPE 1@

ACCEPT 9, J

DO S M=1,J

TYPE 11, M

FOREMAT (/"1 = "51.7)

FORMAT (/,"TYPE DISTANCE BETWEEN ANTENNAS'",/)
TYPE 12

ACCEPT &, D

FSL = (AMBA 7/ (4« ¥ 3¢1416 * D)) %x2

DE = 4034294 x LOG (FSL)

FORMAT (/,"FREE S5PACE LOSS = ",E»/)
FOPMAT (/,"FREE SPACE LOSS (DB)Y = ",E»/)
TYPF 13, FS5L
TYPE 14, DB
DIST= SOTF (2. * REFF * A % H1)
DIST = DIST + SOTF (2. * A *x H2)
DIST = @.25 % DIST
IF (DIST - D) 21,20,20
FORMAT (/,"USE GEO-OPTIC'",/)
FORMAT (/,''USE BREMMER'",/)
TYPE 18
GO TO Sm
TYPE 19
CONTINUE
STOP
END



e EXPLANATION OF PROGRAM

The program is broken into three sections:
Section I is composed almost entirely of commands to type messages and
s accept data. This section extends from the line fsbeled 1; through two
lines after the line labeled 12;. However, the equation for wave length
is solved in this section on the llth line after 9;.
AMBA = CONST/F

corresponds to

. A speed of light
| frequency

I Section II contains the calculations and outputs for the Free Space Loss
and extends from the end of Section I to the second line after 1h;

FSL = (AMBA/(L.%3,1416¥D) )*¥2

corresponds to

A 2
L= (573

L .3k29U*LOGF  (FSL)

]

DB
corresponds to

L, (DB) = 10 X womwo ?ov

The factor of .434294 is used to equate the LOGF, which is log,, to log,-

Section III contains the test to see if the Bremmer Series or Geo-Optic
» method should next be used.

DIST = SQTF (2.*REFR*A*H1)

corresponds to
V2 kvaeh

DIST = DIST + SQTF (2.¥REFRFA¥H2)

1
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corresponds to
Line of Sight = ,\mwmf. + Y 2keh,,
DIST = 0.25%#DIST
. is 25% of the line of sight.
Next is the "IF" statement which determines whether 25% of the line of
-, sight is greater than the distance between antennas or less than or equsal
¥ to the distance between antennas.
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! A-T
) Analysis of Bremmer Series
\
\ The general equation for the Bremmer Series expressed in decibels is
. D ) d 3] y 2
. L (@) - B h) £th)|
o H_mhm,cv = 10 log, 4 .".m.”.ﬂ._wu = 10 Homu.o 2(2nr) _M NS5 b v.m_ uv
‘ This can be simplified to
‘ '.a..r% e
(1) (@) = s-le]£ ¢
1) L () = 10 log mm? h, : h ~ -
Do 10 ( v ( v helf o+ 2T
WM B = received field
i wo = Free Space Field
.. ,.w..,”,._,.w ¥ = distance factor
,uug_mM . d = ground parameter
t _,m h,,h, = heights of antennas
wﬁ T, = complex numbers which characterize the individual terms in
= equation (1)
i For vertical polarization wheie m
2T hi <m.; < 30073
2 sthi) = 1+ d (5 EE) i< 30X
: For horizontal wowmawsmﬁwos where m 1, 2
- ﬁ 2Th v 2/
; $(h;) = | + VE - h< 36X
m.n = € - J (60 A ?v .
. €=l = (€-1) - J(604%) ! «-%\,\?v
— Jd Tén € -
nY 2
E.-1 = SN+ (604 0) e
€ = ddeélectric constant of the spherical. body
A = wave length of signal

o- = conductivity of the spherical body
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Iet W= 60 ANO~

Then V€1 ﬂ,\@ )%+ zy e’ - 2
Let TINY = « \mm..c v+ W ym

G

w' ( -~ mm..\.\wrp

x\ - 8040

and XY = N -/
. Jjot
Then m.&l.\ = ..ﬁ:(«\ G
=1 . Ty (cosx + jSW<x)
. m@ e -JW
. TINY [e-cose - w- SWx_+ (W-Cos« +€-Su)]
€t w2
Therefore, for vertical polarization, L= 1, 2
. [ 2Tk € - COSX = W-SINY + J(W: (O + € SiN
fhi) = | + ;l\.L.jE? e ar——r «q
, 2TTh, |, W COS + € ' SN

REAL PARY = | - Sk TINY . T

IMAGINARY PART = 2NN | INY. €- COSa - W- SV
A e+ w*

’

and for horizontel polarization, ¢ = 1, 2

REAL PART = | ..II:N.;. < TINY « SIN «

IMAGINARY PART = INE s TINY + COSX
A
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For both cases

2 2 2
(2) lsni)l™ = (ReaL ParT)? + Czmacinary PART)

For vertical polarization

2mkd\g  &-!
= (52 —=r

K = index of refraction

a = radius of the spherical body

2K w

Let H = NJ.I
(€-1) -4 W
(€*w?) - J(2€W)

Then J = H

letF= € -W end G =2 € W
Then J = I.—Hﬁmlc - JwW
F =36
(e-1))F + GW ,  (e-1)e - FW
= I. mN*.ﬁ&u * 3 \.N*QN

E-)F + 6wl

let lem.r T..N*QM }
((e-1)G - FW ]
and n.»z..m.ﬁ WM.» G2 p

For horizontal polarization
o= H(&) = H [ce-n-iw]
et CM=H (€-1)

and CAW = -HW



A-10

For both cases
of = CEM+ j CAW

The distance factor |

m
o 7= (PAER)

d = distance between antennes

(L) T = ..W:G (nﬁum - ..Ww.. v.s\eohlm
where n;. wn .
Bo=18% € =1.8%6 (%1 -4'2)
Ko = 3.245 mawn -3.285 (4 - ._..\.wuy
Koo = L4.382 e 3 = 4.382 Aw = ,_.sm.\
end for n= 4, 5, 6, 7
o = % LIT(n+d)] $(4-0%)
Let TNR = real part of \w.m\no
TNI = imeginary part of q«.eau
Tao = TR + § TNT
Since of= CEM + § CAW
V4 ) J nms-\m m&mﬁv
o = JoEM S+ caw e
-4 5 : 1» - nusn,mmbm«\sw
N m,\nm3~+m>€~v e” z

- , -
et swan- (LEMZ + CAWZ )

nm.‘.'.m.m.uw:u\q,v
(2

and a\ =
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!
-4 *

Then - = -SMALL (cas ¢ -4 SINY)

‘ 1y AW
_3 > o cF _j # ten 'C &
g 7 - m,\mm\x rCcaw? ) e

-3
- z
tet caL~ ( JcEMZ+ caw? )
I S

men o T2 = CALL (cos b -0 SWg)

-£ [Twr+i ). (cars (cos ¢ -5 sing)]

-2 caLL ﬁ TNR (0S¢ + TNI SIwg +§(TNE cOS# -TWR w\\\@”_

Then, referring to equation (4)

B AP oS S

i
%
-3
3
£
.okl
it

T = TNR+ 5 INI - SMAIL (COS ¥ = J SV &) )
-% caul _HSSN cos g +THL Sing + j (THT cas -TWR m:\\&
and

~ 2 i .
real part of Jp = TNR - SMALL CoS ¥ -5 CALL (TWNR cos @+ TWI SINE)

imaginary part of Ty= TNI + SMALL SIN ¥ - % cacL (' THL cosP - THR u\x\\ )
Let the real part of T = RP

and the imaginary part of 7, = IP
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s

Referring to equation (1)

m-?.i. e -4 (RP +J IP) Y
S +2 Th (cem +i caw) + (2RP +j2zp)
-J RP T P ¥
y . ¢ - ¢
(CEM+2RP) +J(CAW +2 T P)
t /= P =
Le Y IP ¥ P Y4 RP Y
A = CBM + 2 RP, B = CAW + 2 IP
Then e IHY md\. e¥
S + 27 A+ 4B
« . |
. e%[a wsB-B swp - J(B cosp+A sw)
)N + mN
o
REL PART = € (A CoSP - B SINp)

A+ B2

IMAGINARY PART = ..ma« B coSB+ ASINA)
AT+ B2
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A

D
20

: A =W .
5T,

R

1
i
V

Hence >

-1
a J ¥

S+ Ty
n=/ .

-JTf

(5) £

: $+2

7

u
Mggwe +...MHH,$QE§~§E
n=i h={

u

7 2
= «M REAL m\,mﬂpm + (5 _IMAGINARY PART)

n:i ns)

Now the results of equations (2), (3), and (5) can be incorporated into

equation (1).

pow S
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BREMMER SERIES
OPERATION OF PROGRAM
Follow steps 1 through 3 for the operation of the Free Space Loss
progrem ,
Commands will be typed out as in the previous programs. Remember to
be cautious and type in everything in floating point except the number

of increments. Also type everything in the same units of distance.

This program is in two parts. At the end of the firgt part, four
numbers will be typed out. These are real part of @ , imaginary part

OH.Q.» _*.Q:v_u ’ _m.«:nv_wy and NN x»mpv»\u

Load address 200 and start. The second half of the tape will load.
Depress continue.

The command "Type the above numbers" will be typed. This refers to
the five numbers typed from Psrt I.

More commands will be typed, so enter the appropriate data.

"Bremmer (db)" = the answer is typed and the next distance is requested.



s

fae

23

(R
W
W e e We We Ve s e We We We W Ve We We W Lo e e e e e We We e Ve We We We Wa Ve Ve W We We W We Ve e e e e e

(V)
B3

w
wn

[
0

A-15

BREMMER SERIES, A TWO PART PROGRAM.
FORMATC(/,"TYPE WAVE LENGTH'",»/)
FORMAT(/,"TYPE INDEX OF REFRACTION',/)
FORMATC(/,"TYFE RADIU3 OF BODY*",/)
FORMATC(/,"TYFF. HEIGWHTS OF ANTENNAS',/)
FORMAT(/,'"TYFE DIELECTRIC CONSTANT'",/)
FORMAT(/,"TYFE CONDUCTIVITY"»/)

F ORMAT(E,/)

TYPE 1

ACCEPT 7, AMBA

TYPE 2 '
ACCEPT 7, REFR

TYPE 3

ACCEPT 7, A

TYPE 4

ACCEPT 7, “1, H2

TYPE 5

ACCEPT 7, F

TYPE 6

ACCEPT 7, S ‘

H = 6.2832 ¥ REFR * A / AMBA

H H * H

H H %% +33333

W = 60« * AMBA * S

Q1 = 2¢ % 3.1416 * H1 / AMBA

Q2 = 2¢ % 3.1416 * H2 / AMBA

ALF A = =W / (E=14)

ALF A = ATNF CALF A)

ALF A =(ALFA) /7 2.

TINY = (E=1¢) % (E=14) + W % W

TINY = SOTF CTINY)

TINY = SQTF (TINY)

FORMATC(/,"TYPE 1+ FOR VERT« POL. OR 2. FOR HORIZ. POL'",/)
TYPE 33

ACCEPT 7, COEF .

IF (2. COEF) 33, 35, 34

F = E %E = W % W

G = 2. %« E % Y

DE NOM = (F *F + G * G) /7 H

CEM = (CE = 1e)%F .+ G*W) 7 DENOM
CAY = (G*(E = 1) = (F*W)) 7/ DENOM
UND = ExE + WxW

X = (W * COSFCALFA) + E * SINCALFA)) / UND
Y = (E * COSF(ALFA) - W * SINFCALFA)Y) 7/ UND
GO TO 19 : ,
CEM = H % CE=1.)

cAW 2 o= H ok

Y = COSF (ALF A)

X = SINF CALF A)

FH1R = Jo = €CO1 % TINY % X)

FH1I = Q) * TINY * Y

FH2R

le = €02 * TINY * X)
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FH21
SBA
ABS
XSE
XSE
XSE
TYPE 7,
STOP
END

CEM,

2 * TINY * Y
FHIR * FHIR + FH1I * FH11l
FHE2R% FH2R + FH2I * FH21
6 .2832 / (AMBA % REFR * REFR * Ax A)
LOGF (XSE) 7/ 3.
EXPF (XSE)
CAaW, SBA, ABS, XSE

A-16
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Cs PART 2
373 FORMAT(/,"TYPE THE ABOVE NUMBERS'",/)
73 FORMAT(E,/)

3 TYPE 37
. 3 ACCEPT 7, CEM, CAW, SBA» ABS, XSE
. g3 FORMAT (I,/)
. 93 FORMAT (/,"TYPE NUMBER OF INCREMENTS",/)
3 TYPE 9
. 3 ACCEPT 8, J
. 3 DO 50 M=1,J | )
g 105 FORMAT (¢/,"TYPE DISTANCE BETWEEN ANTENNAS",/) .
: 113 FORMAT (/51 = ",1,/)
A IYPE Lls M ., R
: 35 TYPE 10
s 3 ACCEPT 7, D . |
" 3" AETA = XSE * D
2 3 EN = 3.25
g 3 SUMR = 0
& 3 RUMI = Q.0
5 3 DO 40 N = 1,7
- 3 IFC(N - 2) 12, 13, 14
B3 123 TNR = +928
s 3 GO TO 17
i 133 TNR = 1.6225
g1 3 GO TO 17
G 143 IF (N=3) 565 15, 16
iy 153 TNR = 2.191
i 3 GO TO 17
5 163 EN = EN + 1.
H 3 TNR = 3¢ % 3¢1416 * EN
3 TNR = TNR * TNR
3 TOR = TNR %% .33333
3 TNR = «25 * TNR
175 TNI = =1+732 * TNR
3 SMALL = CEMXCEM + CAW*CAW
i 3 SMALL = SQTF (SMALL)
. 3 SMALL = S@TF (5MALL)
3 SMALL = 1./SMALL
5 GAMMA = CAW/CEM
3 GAMMA = ATN (GAMMA)
3 IFCCEM)  18,19,19
183 GAMMA = GAMMA + 3.1416
195 GAMMA = GAMMA/2.
i 3 CALL = SMALL*SMALL*SMALL
3 PHI = 3. % GAMMA
3 REAL = (2./3¢)*CALL*CTNR*COSF (PHI) + TNI*SINF (PHI))
3 REAL = TNR - SMALL*COSF (GAMMA) - REAL .
3 EMAG = (2./3¢)%CALL*(TNI*COSF (PHI) - TNR*SIN (PHI))
3 EMAG = TNI + SMALL* SIN (GAMMA) - EMAG
3 TNR = REAL
3 TNI = EMAG
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3 ALFA = AETA * TNI
3 BETA = AETA * TAR
3 C = EXFF (ALF A)
. 3 ATE =CEM + 2. * TNR
3 BAT = CAW + 2+ % TNI
: 3 C = C/(ATEXATE + BAT#BAT)
: 3 PLUS = C * (ATE*COSF (BETA) - BAT*SIN (BETA))
3 SUMR = SUMR + PLUS
. 3 AWAY = -C *(BAT*COSF (BETA) + ATE*SINF (BETA))
3 RUMI = RUMI + AWAY
493 CONTINUE
o 3 VALUE = SUMR * SUMR + RUMI * RUMI
R 3 CONST = Be * 341416 * AETA
o 3 BREM = CONST * SBA * ABS * VALUE
TS 203 FORMAT (/,'"BREMMER (DB) = '",Es/) .
ok 3 BREM = 4.34294 * LOGF (BREM)
4 3 TYPE 20, BREM
¥ 5ms CONTINUE
B 3 STOP
o 3 END
&
¢
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EXPLANATION OF PROGRAM

The Bremmer Series Program begins by asccepting
AMBA = 7 , wave length
REFR = k, index of refraction
A = 8, radius of body
Hl, H2 = swb ww.. heights of antennas
E= € , dielectric coefficient
S = o=, conductivity
From the beginning to label 33 the program computes values that are

independent of polarization, distance, and n. They are, in the follow-
ing order:

2
W= 60 ) 0"
QL = W,Nn\?
@ = 2 W%m

sl =W
ALFA = NPBN, Amn.;v
4!

TINY = (e w T ) b

At label 33 the operator, depending on his requirements; can select
horizontal or vertical polerization.

For vertical polarization the program goes to label 34. Here the real
part and imaginary part of & ; CEM and CAW respectively, along with X
and ¥, factors in the calculation of 1( ?C , are computed. For horizon-
tal polarizetion the program goes to label 35 where similar calculations
are nade.

.H_wmwu.omumsgmnwﬂoommmmdowmdm”_. Hm §m3¢smwum<uocmom.._.oE.mgoummHm
used to compute the real part of m« L 5 -the imaginery part of %M?v ’
the real part of f(hz) , the imaginary part of f$(hz) , |f(h)|*,

| £(h))¥ ~ and ~N k~m~v\.w
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2 2
The progrem then types out the values for CBM, oW, |§(h) , [ftha)l,
(2% 252)3 ond stops. Tnis is the end of the First part of the program.

Part 2 begins by requesting the operator to type the numbers typed at the
end of Part 1. The program then goes into a "DO LOOP" which depends on
the number of distances that are requested. The particular distance is
then entered and

7
: 2 )3
uu 2 «Nxﬂmww ’ L ’ is computed.

The program then enters a nested "DO LOOP" in order to compute
7 -i kY
e
n Jrah

SUMR and RUMI will eventually be the resl and imaginary parts of the
above formula.

During the first time through this nested "DO LOOP", TNR = .928 then the
program goes to label 17 where T™NI = J 3 (.928). These values correspond
to the resl and imaginary parts of d»l .

The program then computes the reesl and imaginary parts of
T o- he ot F e E
denoted by REAL and EMAG respectively.
Next the program uses these results to compute
~Jd Tt TN -J P TUR

e - e S
o +2h,° ~ (CEM+2TWR)+j(CAW+2TAT)

Then the real part is added tc SUMR while the imaginary part is added to
RUMI .

During the second and third time through the "DO LOOP" TNR = 1.6225 and
2.191 respectively, and the real and imaginary values are computed and
added to SUMR and RUMI imspectively. However, for the fourth through the
seventh times, the equuticn

2

sy

TNR = ﬂ\ A.WNNQ‘:N.Vv.w n=4%5657 is used

EN corresponds to h + H\: and is incremented by one each pass through the
loop. The program then goes to 17 where it proceeds as before.



EOL-FAS A LI R

R

¥
u\n.
M

A-2]

After seven passes thromgh the nested "DO LOOP". The program computes
7 -1 2
e /T = SWME + RuMI®
M St T, -
Ael

BREM = CONST * SBA % ABS * VALUE is computed, and this result is then
expressed in decibels by the formule

4.34294*LOGF (BREM) which corresponds to 10 LOG, (BREM)

which corresponds to the general equation for the Bremmer Series expressed
in decibels KA

18,2 2 2L @ 2
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