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FOREWORD

This is a technical report of a sthdy'conductgd by the Electrical
Engineering Department under the auspices of the Engineering Experiment
Station toward the fulfillment of the requirements prescribed in NASA
Contract NAS8-24818. A method of handling data pertaining to the design

of a satellite television broadcast system is discussed in depth,



ABSTRACT

A method of handling data pertaining to the design of a satellite
television broadcast system is discussed in depth. Sample data is

analyzed and plotted by computer techniques.
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TELEVISION BROADCAST RELAY SYSTEM

R. F., McKinney, Jr., and E. R. Graf

I. INTRODUCTION

-lIn the next few years the probability of using television broéd—
casting from synchronous satellites for educational and cosmercial
purposes is great. $eyeral advantages over land-based television
transmitters are offered by the satellite stations. One big advantage
of satellite television is that the satellite station can cover many
times the area that a land-based transmitter can serve. Television
stations in 'present use can cover a circular area with a radius of
about fifty miles, whereas a satellite transmitter could possibly cover
an area with a radius of five hundred miles, or one hundred times the
arez covered by one land-based sta:ion;

Both developed and developing countries coﬁld make use of satellite
television broadcasting. The requirgme£ts and needs of the two types
of nation can vary greatly. In a deveioped country, such as the United
States, there are television broadcast systems which have evolvéd as
a result of prior land-based radio stations. Many important specifi-
cations such as signal power, frequency allocations and bandwidth, and
methods of wmodulation and demodulation and propagation have long since
been rather rigidly fixed by government agencies. Existing receivers
and antennas must also be cons?dered. This consumer equipment repre-—

sents a huge investment on the national scale.



In a developing coﬁntry, requirements may be much more relaxed.
S8ince home receivers are few and far between, a satellite transmitter
may be built with receivers designed to be used with it. This would
be a particular advantage where the population is dense or where the
transmitter would be used for educational purposes, since many people
could benefit directl§ from each receiver.

Studies covering virtuaily every facet of interest in satel-
lite station design have been made. Se&eral of the necessary require-
ments are not yet state of the art, but ﬁost of the projected needs
are under development and may well be’fgasib;e in the next few years.

Because of the enormity .of the material about station components,
a design study could be long and fruizless unless care is taken in
analyzing and presenting the data. Data given in parametric form lends
itself well to manipulation and calculations. This presentation is
based on methods of presenting data in parametric form, using computers
to de the work of calculating and piotting the data. Use is made of
the Friis transmission formula as an exaﬁp;e of using parametric data

with equations to quickly determine posgibilities of design.



-II. DISCUSSION OF THE BASIC SATELLITE TELEVISION SYSTEM

There has been a considerable amouné'oé work done in the study of
the problems of satellite television broadcasting. Work either has
been or is being done to advance the state of the art in nearly every
area of interest.

Receiving and broadcasting antennas for¥ a satellite have been
studied in some detail. Basic design studies have been done by D.'W.

3, &

Power,l J. SauidES,2 and many others. Another antenna study area

.is that of construction materials. Work has been done in this area
by J. Jansen.5
.Batellite transmitters and receiveés‘require considerable research
and development. Transmitters-which can handle large amounts of power
efficiently and be reliable for several years mus£ be developed.
Reseérch in this field has been done by W. Neugebauer6 and G. M. Branch.7
Another important area of study is in the energy gathering and
cgnditioning equipment. Arrays of solaﬁ cells seem to be the logical

. 8 - 9
choice for energy gathering. R. Wizenick and R. W. Sudbury have

10,11,12,13,14

studied the problems of solar arrays, as have many others.” =~~~ °
Two more important study areas are dissipation of wasted power Irom

the transmitter and other equipment, and protection of the station from

solar energy. Jansen  has presented work on these problems, and also

on the area of storage batteries for a satellite.

3
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There are many possible television broadcasting stations, but some
features are common to all. A synchronous satellite, on that stays
fixed‘reiative to the earth, would havé to be statiomed azbove the
equator, For a satellite to remain fixed with respect to a point on
earth, it must be orbiting at the same angular velocity as the earvth,
From' these restfictions, it can be shown that the satellite must be
at g,height above the earth of approximately 22,000 miles. At a height
of 22,000 miles, a half-power beamwidth of three degrees would cover’
an area with radius approximately 500 miles, or a circular area of ap-
praximately 860,000 square miles. A half-power beamwidth of one and
one-half degrees woulé‘cover an agea of radius approximately 250 mile;,

or 200,000 square miles.

To obtain an' acceptable signal for in-use receivers from a satellite
broadcast system, an enormous amount ofrbower would have to be transmitted.
it is conceivable that satellite téleviéion broadcasting will be used
commercially some day, when home receiver sensitivity has been greatly
improved. However, the most feasible use in‘the near future for satellite
television is in educational systems. Both developed and developing
countries could benefit greatly from‘the educatioﬁal possibilities offered
by a satellite station.

There are many station design problems that a developed country
mugt solve that differ from the problems of é developing country, mostly

because of the already imposed restrictions and requirements of the

developed country.



Allowable bandwidths and frequency allocation of stations are
designated by government agencies. A change in frequency allocation
or bandwidth is not a simple matter, in a developed country, due to the
large number of interested parties involved, 1In a developing country,
where there is but a relatively small investment in home receivers,
and where existing transmitting stations .are few, ﬁuch greater toler-
ances in design can be allowed. One can. imagine, for exgmple, that
the allocation of a most desirable,freqﬁency and bandwidth might be
readily obtained. Receivers can be desigﬁed for use with an educational
sateilite station wﬁich might be ecoﬁomically prochibitive éor home use.
This would allow consideration of new power levels, bandwidths, fre-
quencies, and modes: of modulation and- demodulation which cannot be
vsed with present receivers. Antemnas-are available which meet the
requiremeﬁts of receiving low level gignals vertically with circular
polarization.

Tﬁese above considerations make a sgtellite'station much more

practical for educational purposes than for home reception.



ITI. AN APPROACH T0 THE SYSTEM REQUIREMENTS

Much'reseaych on-the problems of synchromous satellite television
broadcast stations has been done. Reports are available on nearly
every conceivable aspect of interest. Rétrieving and evaluating this
information is a major problem tha% faces anyone who attempts a satel-
lite design. Without a firm requirement for a specific design, the
research. work which has bgen %one is quité genéral in nature. To
determine from this work the optimum design, ome needs a method of
collecting and presenting the data on a specific component or area,
and must have rapid means of coﬁparing the parameters of interést of

+=ha anme
LSO - H L

There are a number of design parameters of a satellite television
station that must be ascertained. Some frincipal variables that the
designer must consider are weight and volume of the communication
system, antenna and solar cell weight and zrea, power transmitted,
frequency and bandwidth of transmission, and methods of modulation and
demodulation. .

Many minor variables determine to a iarge extent the sbove prin-
cipal system parameters. Weight is a:major'parameter to be considered.
Moreover, it depends primarily on the choices made in the other major
parameters mentioned above. For imstance, the weight of the antenna

depends on the choice of construction material as well as upon its

6



configuration and size. The latter is a function of frequency, one of
the major variables. The weight of the solar cell array to satisfy a
particulér power redquirement depends on the t&pe of cell used as well

as the mechanical array structure. Once a transmitter has been chos;n
to fit the requirements of power transmitted, frequency, and efficiency,
the weights involved are those of the tramsmitter itself and associated
" cooling and power conditioning equipment, Some other weight-deciding
choices are amount and type of storage battery, type and size of louvers
to protect the system from the solar rays, and the choices of stabilizing-
and positioning fuels and engines.- The types of louvers and stabilizing‘
engines depend on the cheice of station orientation, whether sun-oriented
or earth-oriented.

Due to the complexity of the problem, as well as the assumptions
based upon exbected state—of-art developments of the near future, it is
difficult to determine and isolate the problem areas within any given
system design.

In this work, careful study was given to several reports describing
2 number of television satellite systems. In particular, special
attention was given_to‘checking the present and future feasibility of
the designs from the most basic points of view possible. An effort
has been made to computerize typical parameters which are required to
satisfactorily evaluate and compare the systems in question.

As an example of this éechnique} computationsg involving a form of

the Friis transmission formula were chosen.



An equation that relates the weight of the communications,. station

to other parameters involved is

W = YA, + TPA (1)

where

W = total weight of the communications system (pounds)},

-
I

antemnna weight factor (pournds peér square meter),
Ap = area of the transmitting anteﬁna (square meteré),
T = Weight factor of the commgnicatious system, excluding the
antenna {pounds per watt),
P = Poynting vector at the receiver Cwaits per square meter),
aud Ag = serviced avea (square meters).
A basic system schematic is showm in Figure:3-l. An equation for the

directivity of the transmitting antenna is

2 N
4§ .
D, = s ' : (2)
T Ag
where
DT = directivity of the transmitting ‘antemna,

S = distance between transmitting and receiving antennas (meters),

B

and AS area illuminated by transmitting antenna (square meters).

Then, from (2)

Dy -82
rEbw ?
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T = (satellite weight)/(power transmitted)

¥ f‘A (antenna weight) /AT

W= TAT + tPAS

PAS = total power transmitted

Earth

]

Figure 3-1 -~ A basic television satellite gchematic
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and

= A5, *)

where
. A = wavelength of transmitted signal (meters).
Upon substituting equation (4) into equation™ (1), one obtains

= A5 4 TRAg L - (5)

Solving equation (5) for TPAS,‘

2 ' -
& - s22%pyr (6)

o

[l

]
0=

i-q[
For a given service area AS’ a required value of Poynting-vector P, and
a maximum allowable weight W due to vehicle limitations, the parameters
Y and T are affected only by a change in wéve;ength Ao

Now, for convenience, make the substitutions

b? = s%aZpyr )

and

C = w2 (8)

Then, using (7) and (8) in équation (6), one obtains
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2 .
TPAg = 5 + Jc© = bl )

Equation (9) can be represented by a graph of a semicircle, with W/2
as center. Figure 3-2 is a graph of equation (9), with TPAS as abcissa
and b as ordinate. Only the quarter circle to the right of W/2 is )
necessary for the phyéical situation. -
In Figure 3-2, the rightmost point of the semicircle represents
W; the weight of the system. %PAS représents the weiéht of the system
minus the.an;enna)weight, while the distance (W — TPAS) représents the
weight of the antemna. The parameter-wavelength is the determining
. f;ctor as to what percentage éf_the total weight is in the antemna
and what percentage is. in the rest of.the S;stem. As wavelength A
changés, the percentages of weight in each part of the system change.
The graph represented by Figure 3-2.is’one of the many possible
ways to present the data. Some éf the individual ccmpoﬁgaz'data can
be shown as straight 1iné graphs, represented mathematically as y =
mx + b, while other data is more complicated.

.The more simple graphs will be used in conjunction with the more
complex ones. For example, in using ‘the graph in Figure 3-2, if a
frequency has been selected, then the aﬁount of weight allowed for
the communications gystem can be easi%y determined. This information
can then be applied for use with simpler graphs to determine which
maﬁérials and components are possib;e candidates for use in the communi-

cations system.



12

=

\ .

‘Wlm
gt

O

2

g
[ B

e w2 : >l

& TPAS - ra W

W = total weight of the system
tPAg = weight of the system without

antenna

(W—TPAS) = weight of the antenna

b = SAYPyT

Figure 3-2 =~ The circle diagram
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A comnsiderable aumber of cross correlations between graphs might
be required to either design or check a particular system. With the
aid of the graphs, rapid evaluations of the feasibility of a system
can be accomplished, and the cross—correlations between the graphs
makes it possible for the designers to control the design more accurately.

Finally, actual numerical checking will be implemented in a computer

program.



Iv. PRﬁSENTATION AND UTILIZATION OF PLOTTED DATA

In the previous chapter, Ehe Friis transmission formula was -
chosén to demonstrate the computer-aided‘presentation of basic
parametric data. Inasmuch as the data.i% in parametric form,
obviously one has almost unlimited possibilities for both form and
quantity of data which can be presented for any given system.

The utility of plotted data is—probably'determined most by the
ease with which.one canAchoose‘or Eheck a particular sys?em parameter.
In_thekremaiqder of this chapter a number of representative curves
have been plotted and discussed to exemplify the method of appioach
taken in this studyv, The compufer programs involved are found in
Appendix A, -

Figure 4-1 is an example of a straiéht—liné graph. In it,
weight is plotted againsﬁ battery capacity'on one set of axes, and
load requirement is plotted againsf battery capacity on the other
set of axes. For the battery tyﬁe that -this graph represents, if any
of the three variables, battery capécity, weight, of load requirement,
is decided, then the other two are immediately determined. Should
battery capacity be the decided quantity, then weight and load require-
ment are ascertained by entering the plot from the abeissa at the
correct value, proceeding vertiéally to intersections %ith the two

curves, and from each intexsection to its respective axis. If an

14
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ordinate value is fixed first, then the abcissa valua and the other
;rdinate value are found by entering the plot from the chosen axis
at its ordinate value, proceeding horizontally across to the battery
capacity curve, and downward to the dbcissa for the battery capacity
valué, while the other ordinate value is found as in the first case.
Figures £4-2 through 4-16 are alike in that each of them offers
the same type of informaéion. “Each of these curves is a plet of the
weight of a communications system as a function of freqﬁeﬁcy. The

equation used to plot the curves is

Wa by x 52 x D)/ (g x ¥2) + (1 x B) (@)

W = total weight of the communications system. (pounds),
v = antenna weight factor (pounds ﬁer square meter),
S ‘= distance from transmitter to.receiver‘(meters},

C = speed of light (meters per secoﬁd),."
Ag = area of receiving antemna (square meters),

F = frequency (Hertz), X

T = weight factor of the system with the antenna not included

(pounds per watt),

and P = transmitted power (watts).
On each plot there are five curves, each representing a different trans-

mitted power, as indicated on the curves. Each plot utilizes a different
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antenna weight factor. For the frequency bandwidth from 0.8 GHz to 1.0
GHz, there are five plots, Figure 4-2 through Figure 4-6. For the
bandwidt% from 1.0 GHz to 4.0 GHz,‘thefe are five plots, Figures 4~7
through 4-11, and the bandwidth from 8.0 GHz to 12.0 GHz is repre-
sentéd by Figure 4-12 to 4-16. The value of these graphs to system
design is that for a given transmitted power aﬁd communications system
" weight factor 1, the variation of the weight of the system with fre-
quency is easily found.

Figure 4-17 is a representatioﬁ of the same equation with different
a::‘ces and difft'arent variables. In this plot, the total communcations
system weight is the ordinate, and the‘aécissa is parametric antenna
weight, pounds per square metef. Each of the curves is for a different
wavelength, as indicated on the figure. .The value of the graph is
that for a given frequency, power, and weight factor T, total system
weight is found as a function of antenna weight factor vy.

The final gréph, Figure 4-18, is a plot of the equation 3-9. The
derivation of this equation was discussed in Chapter 3. Only the
quarter circle to the right of the semicéircle midpoint is plotted.

Each of the five curves represents a, total system weight, shown by the
intersection of each . curve with the abcecissa. The value of a plot- of

this type is that it can be used to check a system design rapidly.
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V. FUTURE STUDY AND CONCLUSIONS

Although much work has already been done on the problems. of
designing reliable satellite tramsmission systems, the state of the
art is such that-probably certain of the necessary components may
not be ready for some time. During this period of development, there
is time‘to fully explore the parametric data. Data may be looked at,
in depth, using computer methods to agalyze and plot the same;

To devise the optimum station, it is advantageous to have access
to all pertinent data. To this end it is important to have a
continuing comprehensive liter;ture survey with state-of-art
information available. To illustrate this point, consider two
hypothetical transmitter candidates for-a satellite station. Perhaps
one transmitter operates most efficiently at 10 GHz, must transmit
10 killowatts to the desired area on earth for an acceptable picture,
and requires 50 pounds of cooling equipment for efficient operation.
Now, should the second transmitter operate best at 12 GHz with a
higher efficiency than that of the éirst, several points must be
considered. Because of the changing absorption rates—of the earth's
atmosphere for different frequencies, more power might be required
to get an acceptable signal to earth f£from the second transmitter, and
the total effect might be that.the same amount of cooling equipment

is necessary as in the first case. - If this was the effect, then
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additional solar cells would be needed .to gather more energy in the
second case Eecause of the higher power requirement, adding more
weight to the systém. 1£, however, the 12 GHz transmitter is enough
ljghter than the 10 Gﬁz transmitter to offset the increase in solar
cell array weight, then the deciding factor might be the smaller,
lighter transﬁitting-antenna that.thele GHz signal would‘require. in
actual design; the complexity-of the prbblem-would be much greater
than the example given above.

The time and money spent on the devéloﬁment of a satellite broad-
cast station would not be justified_unlegs‘there is reason to believe
that such a statién is either neceésary or less expensive than land-

based stations that could cover the same area. TFor any system design,

14
[N

t is therefore expedient to make a detailed cost analysis on a compar-
ison basis with a compariable land~based system.

Computer techniques, programs, and methods of data presentations
should be continuously examined and-ﬁﬁ-dated with state-of-art
advances. Nonetheless, in checking or désigning a particular system,
care must be exercised not to allow wishﬁui thinking to affect
parametric values which are meant to represent hard data. This is
of the greatest necessity, due to_tﬁe system complexity and the

tremendous amount of analysis required to evaluate a complete system

with respect to both operation and relative cost.
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" DIFENSION BC{103).PR{103)ew(103)"

CALL PLOT{2:40+2.0,=3)

DC 30 J=1,101

A=J

BC{S)=Ae.5-,5

PR{J)I=BCAd)=11.11

HEJI=SBL{IY62,.13342.667 .

HRITE(64101) BC{J)sPR{IJ)yH{J)

FORMAT{S5X oF1l0e6410%sF10. 6;10k4510 &Y

CALL SCALE{BC+5.4101,1)

CALL SCALE{PRs+5.2101,1)

CALL AXIS5(0.0:0. 0;27HBATTERY CAPACITY IN AMP=HRS1=27+5+10.0
1BC{102),8C{103)}

CALL AXIS{0.0+0.0425HLOAD REQUIREMENT IN WATTS 225954990 n
IPR{LIO2),PR{103))

CALL LINE{BC+PR,y101+140,0) :

CALL SYMBOL{.19-ley+1ly36HLOAD REQUIREMENT VS BATTERY CAPACITY
16.0:,36)

-CALL SYMBOL{.l.-1. 39a1p26HHEIGHT VS BATTERY CAPACITY,0.0,26)

CALL SCALE{Wy64+101,1) .

CALL AXIS{5.0+0.0,13HKHEIGHT  IN LBS|“1316.;90 Oe¥{102)4W(103})

CALL LINE(BC4W:10121204.1)

CALL PLOT{15.50.0,899)

STCOP

END

Computer Program for Figure 4-1.


http:PR4J)=BCAJ}*11.11
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DIMENSION YRBUF(O65),YLA{LI3 )Y, YLR{TI3) L, YLC{L2Y,YLD(13),YLE( L1347 (13}
EQUIVALENCE(YAUF{ 1}y YLA( 1Y)y {YRUF{ 14}y YLR({ 1)) o {YBUF (27}, YLC{ 1))y
I{YBUF(40) YL {1} 4L YBUF{ 53}, YLE(1))
CALL PLOTI12.Gy2.04-3)
S=22000.%1 760,34/, /329,37
C=3.%{10,%x%8)
G=2.1528
T=2180,/120Q00. ’
AS=3,1416%{(500.,%1760.%35./39, 37)**21
AS TS APPROX 203%]10%%x1Q SQ M
Do 30 I=1,11
A=1 -
F{I)=({T79+A%,02) %{1.C*xq) -
YLA(i}-G*{Q*aZ}*(r**?)/(AS*(V(II**2!1+T*?50.
YLB{LY=GE{ Sx%2) % {xx2) J{ASK{F(])%k2))+T*500,
YLC{I)=0#( S22y (k%P fIASE(F{}%x%2))4+T*750. -
YEDLD )G Sk 2 ) % {0223 /LASK{F{I)%%2))1+T*] 00C.
YEE(TY=GR{ Sx¥2) R {Cx%2) /{ASK{F{I)*22))+T%1250,
WRITE(GO.100) FIT , YLA{TY,,YLRIT).YLCAT) »¥YLD(I Y YLE(LT)
FORMAT {SX yFlaahy 2XsFlegete2XyFlbdatey?XgFla 442X 9F1Ge4y2%XeF1lb,4)
YLA{12)Y=YLA{11) ‘ :
YLA(I3)=YLA{11)}
YLR(12)=YLB{11l}
YLR{13)}=YLR(11)
YLC{12y=YLC{1l1}
YLC{13)=YLC(11)}
VIing12t=yin{11)
YLO{13)=YLR(11)
YLE(I2)=YLE{1]})
YLE{13}=YLE(1]1)
CAfl SCALE(Fs%5. 11,11}
CALL. SCALE{YBUF+544632,1) ; .
CALL AXIS{0.0+0.049HFREQUENCY,~9454 +0.F{12),F(13))
CALL AXTIS{(0,03000413HWETGHT IN LBQ;I?;Q.yQO.vYBUFtééi YBUF{65))
YLA(LI2)}=YLEL(12)
YLA(L13)=YLE(13)
YLRI12)=YLE{12}
YLR(13)=YLE(13)
YLC(12¥=YLE{12)
YLC(13)=YLE{12)
YLE{12)=YLE(12)
¥YLEC(13¥=YLF(13)
CALL LINE{F,YLA,11,1,0)
CCALL LINE{F,YLR,11,1,0)
CALL LINE(F,vYLC,11,1,0)
CALL LINE(F3YLN+1141,0)
CALL LINE(F YLFs11l,1+01
CALL SYMBﬂL(.l,—l.,.i,BIHCﬂ%M SYSTEM HFIGHT VS FRFEQUENCY,0.0,31}
CALE SYMBOL(.1s~1e3,4.1,30FHF0R FIVE VALUES NF TRANS POWER,0,.0,30}

Computer Program for Figure 4-2.


http:S=22000.*1760.3A./3q.37
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DIMENSTON YBUF(651,YLA{13),YLREL3),YLOC{LR) 4 YLD(13),YLE(L3)4F {13}
EOUIVALENCE(YRUF{11,YLA{ 1Y}, (YRUF(14),YLB(L1) ) s (YBUF(27),YLC(1}},
LEYBUF{40)YLD{1} )4 (YBUF{53),YLE{L))
CALL PLOT(2.0,2.0,-3}
§$=22000.%17604%3647/39,37
C=32.%{10.%%8) -
G=b6be 4583
T=2180,/12000,
AS=3.1416%({5004%1 760,%364/30,371%%2)
AS 1S APPROX 203#10%%10 SQ M
DO 30 I=1,11
A=1
F{I}=(o7B+A%,02V5{1C*%9)
YLA{I)=GHRIS¥E2)R{Cx%2) J{ASH(F{I1%%2))+4T %250,
YLBEIY=GH{S#%2)K{Ck#2) /(ASH{F{ [ }%%2)}+T*500,
YLC(I) =G { Sx%2) % {Cx%2) 7 (ASH{F(I)%%2)}+T=*750.
YLD }=Ga{Sxx2) % {2/ {ASH{F{T 1=%2)}+T*1000.
YLEQT)=GAR{SHE2) % {C%%2) F{ASH(F(1)#x2}}+T %1250,
WRITF(6,100) FLIYaYLA(IY,YLEB{T) ,YLCL{TIY,YLD{IY,YLE(I)
FORMAT(BX sFl4e4y2X F14eb492X9F1beb 92X yFlbdets2XsFlbabs2XyFlbet)
YLA{12)=YLA(1]1)
YLA{13)=YLA(11)
YLB(12)=YLB(11}
YLR{13)=YLR(11)
YLC({12)=YLC(11}
YLC(13)=YLC(11)
YED{12)=YLD(11)
YLO{13)=YLD(11}
YLE(12)=YLE(11)}
YLE{13)=YLE(11}
CALL SCALE(F+5. 511,11}
CALL SCALE{YBUF,5¢9632,1}
CALL AXIS5(0.090.04 QHFREOUENCY,hQ,S- 20y F{L12),FL13))
CALL AXIS(04090.0413HWEIGHT IN LB8S413+54 1906 s YRUF(64),YRUF{65})
YLA{12)=YLE(12)
YLA(13)=YLE{13)
YLR{12)=YLE(12)
YLB({13)=YLE{13}
YLC(12)=YLE(12)})
YLC(13)=YLE(13}
YLR(12)}=YLE(12)
YLD{13)=YLE(13}
CALL LINE(F,YLA,11,1,0}
CALL LINE(F:;YLRy11,1,01
CALL LINE{F,¥LC,y11,1,0)
CALL LINE(F,YLD,y11,1,0})
CALL LINF{F,YLE,11,1.0}
CALL SYMBOL{oly=lasals3IHCOMM SYSTEM WEIGHT VS FREQUENCY,0.0,31)
CALL SY®¥ROL{,.1,~1.3;01:30HFOR FIVF VALUES OF TRANS POWER,0.G,30}

Computer Program for Figure 4-4.
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DIMENSION VBUF(O6S oYLA{LIZ ) YLBII3) o YLC{I3) o YLD{LAY o YLELLI3) 4FI{13)

EQUIVALENCELYBUFEL) o YLALL) ) (YBUF{14) o YLBILY Yo {YBUF{2TY:YLC{1)},

LIYBUR(40) o YLD{L)Y) o {YBUF{53),YLE{1))

CALL PLOT{2:04+2:00-3)
$=222000.21760.736./39:37

C=3.0{10.,4%u8}

G=8.6111.
Ts2180./712000.
AS=3,.14165{(500.21760e%364/3%37)2%2)

00 30 I=1,.11

A=]
FIl)=s(.784A2,02)2(1Qr%9) -
YEACI =Ge{Seu2)e{Cox2)/lAS®{F{1)uos2))+T2250.
YLBL{I)=Gu{S#&2)#{(C»a2) /{AS={F{I)#+2))+T«500.
YLCUI)=Gu(Sex2)a{Cue2) /(ASu(F{1)#22))+T2750.
YLD(I)=Gm{Se®2)a(Cen2) /{AS#(F{1)l#e2))T*#1000.
YLELI)=Gel{Sea2)u{lee2) /(AS{F(I)re2))}+T=1250,

WRITE(6,100) FUIVoYLALI) oYLBII)oYLCED)oYLDI{TI}YLEK])

FORMATISK pFla et e 2XoFlaud4 22X yFléady42X3Flb.502XaFlédeba2X, F1404)
YLA{12)=YLA(11)

YLA{13)=YL_A{L1ll)

YLB{12)=YLB{L1l1)

YLB{13)sYLB{11l)}

YLC{12Y=YLC¢Z 1)

YLCL13)s=YLC (11}

YLCA12)=YLD(11)

YLO{13)=YLDEYLY

YLE{12)=YLE(11)

YLE(13)=YLEf1l1l)

CALL SCALE(F;543 11,1}

CALL SCALE(YBUF,5.963,1Y

CALL AMIS{0.090.04,9HFREQUENCY y=09y54y OusF{12),F113))

CALL AXIS{0.0s0.04+13HHEIGHT IN LBS91345.990.YBUFL164),YBUF{65})
YLA(1Z2)=YLE{(1l2)

YLA{13)}=YLE(]13)

YLBE12¥=YLE{12)

YLB(13)}=YLE(13)

YLCE12}=YLE(12)

YEC{13)=sYLE(13)

YLD(12)=YLE{12)

YLD{13}aYLE(LZ)

CALL LINE{F.YLA,11.1,0)

CALL LINE(F.YLB,11,1,0)

CALL LINE{FsYLCy1lisl,0)

CALL LINE(F.YLDs11,1,0!

CALL LINE{F+YLE.11,1,0)
CALL SYMBOL{olsy—~los«lt3LHCONMY SYSTEM WEIGHT N5 FREQUENCY0.0.31)
CALL SYMBOL(ol¢~163,s.130HFOR EIVE VALUES OF TRANS POWERA0:.0,30)

Computer Program for Figure 4-5.
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DIMERNSTION YRUF(6SY,YLALLIZY,YLBLI3Y,YLC{13},YLD{13}, YLE{13}),F {13}
EQUIVALENCE(YRUF(I’?YLA(l})1(YBUF(1A'?YLB{1’,G(YRUFIZT}’YLC{I})'
LIYBUF(40) ,¥YLD{L} ), {YRUF{53}),YLE(1))
CALL PLOT(2.042:04-3)
5=22000.%1760.%¥36./39,37
C=3:.%{10.%%8)
G=Z.1528
T=R64, 74000, .
AS=341416%{{500.%1T760.%364/3%,371%%2}
S IS THE DISTANCE FROM SAT TO EARTH,P 1S POYNTING VECTOR
AS IS APPREX 203x]10%%]10 S M
pe 30 TI=1,11
A=1
FIIY={.T7+A%, 3’*[10 **9’
YLA{Y)=G&{ S22} & (C*xx2) S/ (ASK(F{I)*x*2))1+T*100,
CYLR{T)=GH( Sxx2) 2 (Cxx2) /7 (ASR{F{1)%%x2})+T%200,
YLC(I3=G*(S**2'*(C**23/(AS*(F(I)**Z))+T*300-
YLD{I) =G { Skx2} % {Cx%2) /{ASH(F{11%%2)}+T*400,
YLE(I ) =GH{ S22 = {C%xx2) /{ASE(F(1)%*2})+T%500,
WRITE{A,100) FLI oYLA(T )+ YLBUIY,YLC(I),YLD(E),YLE(T)
FORMATUSOX g Fla by 2X3Flbet 2%y F14 G932 X F 14 4492 XeFld, 492X sF1l444)
YLAL12)=YLA(11)
YLA{13}=YLA{1l]1)
yLe{izl=yLB{(1l1)
YLB{13)=YiB(11)}
YLC{12i=YLC(11)
YLl 13y=YLCi1i)
YLOC12)=YLD(11}
YLE(I3Y=YLD(11)
YLE(12Y=YLE(]11)
YEE{I3)I=YLE{1]1)}
CALL SCALE(F,5. 411,1)
CALL SCALE{YBUF;5.962,1)
CALL AXIS{O040y 0.0, 9HFREQUENCYs=9,45, 1049 FI12)4F(13))
CALL AXIS{0.0:0,0413HWEIGHT IN LBS 913454 +90. s YBUF{64) ,YRUF{651}
YLA{12)=YLE(]12)
YLA(I3Y=YLE(13)
YLB{12Y=YLE(12)
YLB(13)=YLE{13)
YLCU12V=YLE{12}
YLCL13=YLF{13)}
YLO(12)¥=YLE{12)}
YLD{13)=YLE(13)
CALL LINE{F,YLA,11,1,0)
CALL LINE{F,YLR,11,1,0}
CALL LINE(F+YLC+11ly1+0}
CALL LINE(F,YLD, 1141:0)
CALL LINE(F,YLE,11,1,0} ;
CALL SYMBOL{oli~1leselsy 31HCOMM SYSTEM WFIGHT VS FREQUENCY; ;040,431
CALL SYMBOL(s1ly=1e3441+30HFNR FIVE- VALUFS 0OF TRANS POWER:;0,0,30)

Computer Program for Figure 4-7.


http:WRITE46,1.00
http:AS=3.1416*((500.*17E0.*36./I39.37

45

DIMENSION YBUF(65) 3 YLACI3 ) YLBR{L2),YLC(L12),YLD{13);YLELL3}F {12}
EQUIVALENCE({YBUF{1) ,YLA{LY ), (YBUF{14),YLR{L) ), (YBUF{27),YLC{L)},
L{YRUF{40)YLD(1} ) { YBUF({S3i,YLE{LI})
CALL PLOT{2.04+2.0.~31}

S5=22000,%176Q,%364/39.37
C=2,%(10,*%8)
G=B4 6111

T=864./4000.

AS=3,1416%{ (500, %1780.,%36,739,37}%%2)

S IS THE DISTANCE FROM SAT TO EARTH.P 1S POYNTING VECTUR

AS TS APPROX 203%10%%10 50 M
00O 30 I=1,11

A=1
FlIY=la7+A%,2)%{ 10, %%T) i

YLA{ D) =GR {Skx2yx{Cx*2) / (AS*(F{I}=%2}}+T*100.

YLB{I) =Gk {S#%2) = (Cxx2) /{ASH(F(I1%%2))+T%200.

YLC( I Y =Gk Sk { Cx%2) J[ASR{F{I 1%*2))+T*300.

YLD{T Y =GR Sx*2) = {Cxx2) F(ASKR{F(T)%%2)}+T*400,

YLEQT) =Gk S*k%R2) #{C*%2) /{ASH(F(I)%x2))+T*500,

WRITE(6,100) FLI),YLALT),YLBLI},YLC(T),YLD{I),YLE{I)

FORMAT{S5X ¢Flbeby 2XsFlaaby2X 3 Flb 442X yFla,492XeFlb4442%X9F14.4)
YLA(12)Y=YLA(11)

YLA{I3}=YLA{L])

YLB{12)=YLR(11)

YLR(13)=YLB{11)
YLC(12¥=YLC{1l1}

YLC{13¥=YLC{1l1)

YLO(12)=YLD{11}
YLO(13)=YLD{1l1)

YLE(12)=YLE(11)

YLE(LI3)=YLE(1])

CALL SCALE(Fs+5., 11,11

CALL SCALE{YRUFs5.+63,1)

CALL AXIS(0e04y040,9HFREQUENCY =915+ Qe F{12),F(13)}

CALL AXIS{0e0,0.0713HWEIGHT IN LRS,1345.+90.YBUF(64)2YBUF{65))
YLA(121=YLE{12)

YLA{13)=YLE(13)

YLB{12)1=YLE(12)

YLB{13)=YLE(13}

YLCU12)=YLE({12)

YLCU13)=YLE(13)

YED(12)=YLE(12)

YLD(13)=YLE(13)

CALL LINE(F,YLA,11.1,0)

CALL LINE{(F,YLB,11,1,0)

CALL LINE(F.YLCs11ls1,0)

CALL LINE(F,YLD,11,1,0)

CAlL LINE({F,YLE,11.1,0}

CALL SYMBOL{ely=leypols31HCOMM SYSTEM WEIGHT VS FREQUENC Y 0.0431)
CALL SYMBOL(aly=le3441430HFOR FIVE VALUES NF TRANS PNWER:0.0:30)

Computer Program for Figure 4-10.
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DIFENSICN YBUFI{SO) nYLA{1S)YLB{15)sYLC{L15),YLD{15)¥YLE{15) &

IYLF{15},F(15]} )
EQUIVALENCE(YBUF(1) ., YLA{L1)),{YBUF(16),YLB{1)),{YBUF{313,¥YLC{L)),

1(YBUF{46);YLD{L) )2 (YBUF(61),YLE(L})»{YBUF{T6)4YLF(1))
CALL PLOT(2.052.0¢~3)

€=3,8{10.%%8)

$5=22000.%21760.%364/39.37
G=7.5347
T51285./7/8000. -
AS=341416%{(500.21760,226,/39,27)#22)
S IS THE DISTANCE FROM SAT TO EARTHsP IS POYNTING VECTOR
AS IS APPROX 203#10=%10 SQ M

A=l

FII)=(Te5+A2,5)%{102#9)
YLA{I ) =Gx(S=22)a{Cx=2) /{AS®(F{I)2%2))+T+1000.,
YLB(I)=Gx{S*=2)2{Cx%2) /{AS#{F{I)%e2))+T%2000.
YLC(I)=GriS#a2)#{Ce=2)/{ASe{F{1)%%2))}+T=3000.
YLOD{I)=Gu(Sex2)#{Cex2) /(AS*(F({I)222)}+T24000.
YLEC(I)=G#(Sxu2)#{Cua2) /(AS={F{1)##2)}+T%5000.
YLF{I)=G*{S==2)a{Cex2)} /{AS={F({1)#x2)}}4T#6000.
HRITE(69100) F{I)sYLA{T)oYLBIT)»YLC(I},YLDIT) o YLELL ), YLFH{IY

FORMAT{Z2X s Fla s le1X s FLEV 441X F1l4.4,1X,Fl4,4,1%+Flb.4,

11XsF14.4,1XFlba4)

YLA{14)=YLA(13]

YLA{15)}=YLA(13)

YLB{14)=YLB(13)

YLB{15)=YLB(13)

YLCE{14)=YLC (13}

YLC{15}=YLC{13)

YLOC(14)=YLD(13)

YLO{15)=YLD{13)

YLE{14)=YLE({13}

YLE{15)=YLE(13)

YLE{14)=YLF{13)

YLF{1SI=YLF(13)

CALL SCALE(F,5.y 13:1)

CALL SCALE{YBUFs5.588,1)

CALL AXIS{040,0.0,9FFREQUENCY +~9¢549 OesFi{l4},r{15)) .
CALL AXIS{0.0+0.0¢13HWEIGHT IN LBS4+13:5.+90.»YBUF{89),YBUF{S50Q]))
YLA{Y4)=YLF({14) '

YLACIS)=YLF{15])

YLB(14}=YLF{14}

Computer Program for figure 4-12,
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YLB{15Y=xYLF{15)
YLCA{14)=YLF{14)
YLC{15)=YLF{15)
YLC(l4)=YLF{14)
YLC(15)=YLF(15)
YLE{L4)=YLF{14)
YLE(15)=YLF(15)
CALL LINE{(F,YLA,13,1,0]
CALL LINE{F,YLB,13,1,0)
CALL LINE{F.YLC,+13,1,0)
CALL LINE(F,YLDy134,1,0)
CALL LINE{(FoYLES13,1.0)
. CALL LINE{F,YLF,13,1,0)
"CALL SYMBOL{oly—la9el§31HCOMM SYSTEM WEIGHY VS FREQUENCY,

000’131)

Computer program for Figure 4-12 continued.
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DIMENSION YRUF(SO0}), YLA(IS):YLB(lS),YLC{l5lyYLD(153sYLE(15}g
LYLF{15),F({15)})
EQUIVALENCE{YBUF(1’,YLA(1]),{YBUF[IA}QYLF(I')v{YBUF(31}9YLC(1’)1
TIYRUF{4A),YLDL L)} (YRUF{61) YLEC(L) Y, (YRUFTTE)yYLF(L) }
CALL PLOT{2.0+2405-3)
S=22000-*1760.*36.{39.37
C=34%10.%%8
G=13.9930
T=1285./8000.
AS=3,1416%{ (500,51 760.%36,/39.3T7T1%%2)
S IS THE DISTANCE FROM SAT TO EARTH,P IS POYNTING VECTOR
AS IS APPROX 203%10%%10 SO M-
bo 30 1=1,13
A=1
FUIV=AT.5+A%,5)*{10%%9)}
YLACT Y =0 Sxe2) = (Cxx2) F[ASH(F( 1) %22} )+T%100C,
YLR{I =GR { SH¥2) % (Ck*x2) / (ASR(F{T}**2))1+T%2000,
YLC{TY=GH{Sk*x2YH(CHF2) /{ASHK{F{ ] %=2)}+T*3000,
YED{I)=GH( SH%2 5 (Cx%2) /(ASE(F(I)%x%2}}+T*4000.
YLE{TY=Gx(S¥x2)H{Cxx2 /{AST{F (T 1%%2))4¢T*5000,
YLE(I3=G*(S**23*(C**2)/(AS*(F(I)**2!)+T*6000.
WRITE{651001 F{T ) yYLA(TI} YLBII)4YLC{T)oYLDIE),YLE{IY ,YLF(T)
FORMAT{?2X sFlde ls1XoFlaetylXaFlbads1X Flbebd 1 XaFlbaby
11x Flbdoebe1XsFlbded)
YLA{I4)=YLA{L3)
YLALISY=YLA(13)
YLR{14)Y=YLR(13)
YLB{15)=YLRB({13)
YLCU14)=YLC(13)
YEC{IS)I=YLC{(13}
YLCU14)Y=YLD(13)
YLRD{159)=YLD{13)
YLEL14)¥=YLE(13!
YLE{15)=YLE(13)
YLF{1&4Y=YLF(13)
YLF{15)¥=YLF(13)
CALL SCALE{F:5.y 13,1}
CALL SCALE{YPUF,5.9R88,1) v
CALL AXIS{04010e0,9HFREQUENCY+=9+54ar Da-Fl14)F{15))
CALL AXIS{0.0+0.0413HRFIGHT IN 1L.BS,13,5. 420, s YRBUF{89},YRUF(20))
YLALI4)=YLF{}4) )
YLA{15)=YLF(15)

Computer Program for Figure 4~15.
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YLe({14Y=YLF{ 14}
YLB{15)Y=YLF{15)
YLC{14)1=YLF{14})
YLCL1S)=YLF{15)
YLE(1l4)=YLE{ 14)
YLDOISYI=YLF(15)
YLEL 14 =YLF (14}
YLE(15Y=YLF(1%}
CALL LINE(F,YLA,13,1,0)
CALL LINE{F,YLB,13,1,0)
CALL LINE(F,YLCy13,1.,0)
CALL LINE{F,YLDs13,1,0}
CALL LIME{F,YLE,13,140]}
CALL LINE(F,YLF,13,1,0)
CALL SYMBOL{el9—=lesel3LHCOMM SYSTEM WEIGHT VS FREGUENCY,0.0,31)

. CALL SYMBOL(.1,-143+41,35HF0OR STX VALIIES OF TRANSMITTED POWFR, .0,
25) .
CALL SYMBODL{.1s-1e5+e1l+43HWITH ANTENNA WT FACTOR 00F 143 LRS -PER S
10 FT1000’43’ )
CALL PLOT(1244Ca9999)
sTCP :
- END

Computer program for Figure 4-15 continued.
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DIMENSION YBUF{S5S5)+YLA{TILI) oYLB(11) o YLCU11)YLD{11)} o YLE(LY)+G(11)
ECQUIVALENCE(YBUF{1),YLA[L) )}, {YBUF({12),YLB{1) )« (¥BUF({23},YLC(L1)]},
L{YBUF{34),YLD{1) ) {YBUF(45),YLE(L))
CALL PLCT{2.0:2.04~3}
R=22000.21760,.,2364./338437
$=385./10.%%12
PS5=250.
T;Ztgl
XLA=3./8.
XLB=3./8.,5
XLL=3./9.
XLD=3./9.5
XLE=3./10.
£0 30 I=1r9
As]
G(IL-(.1+Af.l)*(39.3?**21/144.
YLALT)=TaPS+C(I)}#{XLA®22)e{Ren2])%S/PS
YEB{I)})STePS4G{I)o{XLBaa2) e {Rax2)eS/PS
YLC(TI)I=ST#PSEGL{I ) #(XLCu®2])#(Rex2)25/PS
YLD(I)=T=PS+G(I)»{XLD=22jo{R*u2)%5/PS |
YLECEY=T2PS£G{I}a(XLE#n2)(Rax2)+5/PS
WRITE{G64100) GUI}eYLA(I)YLBLI)YLC{I)oYLDIIN,YLEII)
FORMAT(SXeFl4. %gdK,Pl#-Qg{f' -4eém2X,Fléeé;2X:F1%,432X,F14.¢}'
YLALL1Q)Y=YLA{D)
YLA{11)=YLALG)
YLB{10}=YLB{(9)
YLB{1ll)i=YLB(9)
YLC(10)=YLC(9)
YLC{11}=YLC(9)
YLC(10)=YLD(D)
YLD(11)=YLD({9)
YLE(1O)=YLE(9}
YLE{LL1)}=YLE(9)
CALL SCALE(GsS5.y 921)
CALL SCALE(YBUF,5.453,17
CALL AXIS{0.0,0.0,16HLBS PER SQ METER;~1645.s 0.5G{10),5G(11))
CALL AXIS{Q.0+0.0,13HHEIGHT IN LBSs1345.+90.+YBUF{54):YBUF{55))
YLA{1O0)}sYLE(LQ)
YLALIL)=YLE(11)

Computer Program for Figure 4-17.
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YLB{10)=YLE{10)
YLB(11)=YLE{11l)}

YLCL{10)=YLE(10)

YLC{11)=YLE(1L1)

YLO(10)=YLE(10)

YLELLl)=YLE{11)}

CALL LINE{G»YLA39¢140)

CALL LINE{GaYLB3941,C}

CALL LINE(GYLCG4+1:0)

CALL LINE{GYLD199150)

CALL LINE(G,YLE+921.0) —

CALL SYMBOL{oly=lersl,51HPARAMETRIC ANTENNA WEIGHT VS TOTAL SATELL
1ITE WEIGHT0.0,517) o

CALL PLOT(12.40.5999)

Computer program for Figure 4-17 continued.
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DIFENSION XBUF(115)X1{23)4X2(23).:X3(23)aX4(23)4X5{23),
1 XLAMB(23):B1{23),B2(23),83(23)+B4{23):85{23)+BBUF(115)
EQUIVALENCE(XBUF{1)sX1{1) e {XBUF{24),X2(1))4(XBUF{4T7)+X3(1)),
I{XBUF{TO), X4(1)),(XBUF{93),X5{1})),
2(8BUF{1),81(1)), {BBUF(24),B2{1)),
ABBUF{4T7),B3{1)),{BBUFI{T0)+B4{1}),{BBUF{93),85(1})
CALL PLOT(4es34y-3)

AS=3.1416%¢{5004%1760e%364/3937T)222)

P=300./7AS

$=22000.%17604,%36./39,37
C=3.5{10cm8)

S IS THE DISTANCE FROM SAT TO EARTH,.P IS POYNTING VECTOR

AS IS APPROX 203#1Q0=+10 SO M

G=6.4583

Tl=1.5

T2=le7

T3=1.9

T4=2.1

T5=2.3

YLA=600.

YLE=TOQ.

YLC=800.

YLD=900,

YLE=1000.
DO 30 Is1,21

A T
L )

XLAMBII )=A2.015-.015
Bl{I)=SuXLAMB{I)n{{PaGxT1l)e*,5)
B2II)}sSaXLAMB(I )% ([PaGaT2)uu,5)
B3(I}=SeXLAMB{I}=#{(P%GC2T3)*=,5)
B4{I)=SeXLAMNBLI =l (P2GaT4 ) nx,5)
BS{1)eSaXLAMB(I )« ({P2G=T5)ex,5)
IF(BY(1) . GT.YLA/ZJ)BLII)=YLA/2,.
IF(B2(II)GCTaYLB/2.31B2(1}=YLB/ 2"
IF{B3({I).GTaYLL/72.)B3{T}=YLLL/2.
IF{BelI)GTaYLD/2438B4(1)=YLD/2.-
TF(BS{I),GT.YLE/2,)}B5{]I)SYLE/2.
XI(IISYLA/2.+{({YLA/ 2.} %u2—(B1({I)%22)}es,5)
X2{I)SYLB/2.+{{(YLB/ 2. ) #82=~(B2(1)%%2)}%%,5)
X23{I)=YLC/2:4(((YLC/ 24 L 2#2—(B3{[)nu2))24,5)
X4 (13=YLD/24+{({YLD/24)2%2-(B4(f1ku2)])=2,5)
XS{I)YLE/ 2+ +{{{YLE/ 2. )82 {B5{]}un2)]jen,5)
HRITE(64100) XLAMB{I}3B1li1),

IB2(I) B3I sBEIT 4Bl L) X1(I) X201} X3(I)X4(1)eX5(1)
FGRMAT(SX,F10o4;2X,FLO.4,2X,F10.4,2X,F10.472X,F10.4,2X,F10.4:

12X sF1025/ 02X sF10.292X3F10.292XsF1lDe2:2%X:F10.2y//)

X1{22)=xX1{21)

X1(23)=X1{21}

Computer Program for Figure 4-18.
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x2{22¥=X2(21)
Xx2(23)=sx2{211
X312231=X3(21)
X3(23)=X3(21)
X4{22)¥=X41{21)
X4{23)=X4{21}
X5{221=X5(21)
X5(23)=X5{21)
B1{22)=81(21)

Bli23)%31(21)
B2(22y=82121)
g2(23)=824(21)
B3(22)=83(21)
B3{233=83(21)
B84(22r=84(21)
B4{231=84{21)
Bo(221=85(21)
B5{23)=851(21)

CALL SCALE(BBUF4443113,1)

CALL SCALE{XBUF;%4e+113s1)

CALL AXIS{0.G40.0,1108 IN POUNDSe 11,4.;90:;BBUF(114)yBBUF(ll:’!
CALL AXiS{UeTsU.0y5ORMEIGHT OF THE COMM SYSTEM IN LBS {POWER TIHE
15 TAU) 9=504%¢ 900+ XBUF(114) ¢ XBUF(115}) -
CALL SCALE{XLAMB+4.,21+41)

CALL AXIS{=1.0,0.0420HWAVELENGTH IN METERS, 20,4.,90.,XLAM8(22}a
1 xLAMB{Z23))
11{22)1=X5(22)
X1{23)=xX5{23)
X2(22)=X5(22)
X2{23)}=%5123)
X31223=X5(22)
X3{231=451(23)
XGt221=X5(22)
X4{23)1=x5123)
B1(221=B5{22)
B1(231=85{23)
B2(221=sB5{(22)
82(231=B85(23)
B3{22)1=B5{22)
B3{23}=x65(23)
Bg{223¥=85{22)
B4{23)=85(23)
CALL LINES{®14B1,21,131s2)

- Computer for Figure 4-18 continued.
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CALL LINE{X2,82,21014143)

CALL LINEI{X34B3:2L,15144}

CALL LINE(X44B4421s14145)

CALL LINE{X5,85,2151,146)

CALL SYMBOL{els=le2clu30HB VS. WEIGHT OF THE COMM SYSTEM;0.0,+30)
CALL SYMBOL{«ls=1c3s¢1251HB EQUALS SH+KHAVELENGTH#5Q RY OF{POYNTING
VECTOR#G#T)i50.04551)

~ N . - . - P Lo s - —— i - - A ny
CALL SYMBUOL{ 4ly—1l4CysLpnBBHSSHEIGTH OF SaTELLITEWG=ANT -WT FaACTCRIL

i8S PER SQ METER)TSSYSTEM WT FACTOR{LBS PER WATTi0.0,88)

Computer program for Figure 4-18 continued.
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