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USER'S MANUAL FOR COPTRAN,
A METHOD OF OPTIMUM COMMUNICATION SYSTEM DESIGN

"The COPTRAN user's manual constitutes Section 4, 0 of the final
report for Contract NAS 12-566. This section is designed to be self-
contained relative to the explanation of COPTRAN usage. However the
remainder of the Final Report and the Phase I and Phase II Interim
Reports for NAS 12-566 should be consulted for greater context into
which COPTRAN programming fits,



4.0 USER'S MANUAL FOR COPTRAN, A METHOD OF
OPTIMUM COMMUNICATION SYSTEM DESIGN

4,1 Introduction

Calculations to determine communication capability of a transmission
link are basicaily dependent on a single equation, the one way transmission
equation. While there are variants in this equation to account for different
types of noise, modulation and demodulation techniques, this one equation
documents the interrelationships among the communication parameters of
range, transmitter power, antenna gains, noise, etc. Since these param-
eters are multiplicative in the range equation it is possible to trade one
parameter value against others while maintaining a given performance. Thus,
it is difficult in many cases, to determine the '*best! combination of param-
eters for a particular application although this is an important determination,

especially to space missions.

It is therefore desirable to formulate an analytical method or methodology
of not only selecting parameters which produce the desired performance
within the regulation of the range equation but of selecting optimum param-

eter values which meet the desired performance.

Consider the following relatively simple optimization éxample for a deep
space commmunication system. The effective radiated power from a space-
. craft is to be maximized for a specified maximum weight. Now the effective
radiated power may be increased by increasing either the size of the trans-
mi‘tting antenna or the transmitter power, or by some suitable combination of
increases in these two.parameters. The problem is to determine the proper
split in weight between tli_ese two elements to maximize the effective radiated
power subject to the given weight constraint. Clea:rly, the combination of
an extremely large antenna using almost all the available weight with a
minimal transmitter would not give the best possible performance, nor
would the combination of an extremely heavy transmitter with a very low-
gain antenna. The optimum configuration must therefore lie somewhere
between these two extremes. In order to determine the optimum configura-
tion, both transmitter power and antenna gain must be expressed in terms of

weilght, .If these two relat'ionships are known, a straight forward optimization
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procedure can be employed to determine the optimum values for both trans-

mitter power and the antenna size associated with the resulting antenna gain.

Such a concept has been expanded to all applicable parameter values in
the range equation for both a weight optimization and a cost optimization. The
resulting methodology has been implemented in a computer program known

as COPS {Communication system Optimization Program with Stops).

The COPS program optimizes the values of the Major Communication
Systems Parameters which are: the transmitter antenna diameter or gain,
the receiver antenna diameter or gain, the transmitter power, and the
receiver field of view. The program is implemented for radio frequency
homodyne detection systerns, optical frequency heterodyne detection sys-~
tems, and for optical frequency thermal or shot noise limited direct detec-

tion systems.

The COPS program maximizes the signal-to-noise ratio, the transmis-
sion range, and the information rate and minimizes the probability of
detection error for each communication system. The optimization uses as
a criteria, the transmitter system weight, transmitter system fabrication
cost, receiver system weight, receiver system fabrication cost either singly
or in any combination. Fixed values for any of the Major System Parameters
mavy be entered into the programs. In addition, maximum parameter values

or ""stops' may be placed on each of the Major System Parameters.

The COPS program provides a tabulation of optimum values of Major
Systemn Parameters as a function of information rate as outputs. Other out-
puts include: optimum transmitter antenna diameter or gain versus informa-
tion rate; optimum receiver antenna diameter or gain versus information rate;
optimum transmitter power versus information rate; and optimum receiver

field of view versus information rate.

The inputs required for the COPS program are a tabulation of Systems
Physical Data such as: range, sky noise background, wavelength, trans-
missivity losses etc; System Burdens Data such as: constants relating
transmitter power to weight; antenna size to cost; etc., and System Param-
eter Constraints such as the maximum or fixed values for the Major Systems

Parameters.



The COPS program has been written in Fortran IV language. In order
to facilitate the use of the COPS program by persons unfamiliar with
computer operation or programming, a buffer computer language called
COPTRAN (Communication system Optimization Program TRANslator)
has been developed.

To‘operate the COPS optimization program using the COPTRAN
language involves answering a few simple questions which are written in the
language of the user. For instance one question is: '""What is the transmis-
sion range ?'" Following this question is a choice of four six letter mnemonics
and their meanings. One of these, RANMAR, may be chosen to tell the
COPS methodology through the COPTRAN buffer language that the range {(RAN)
is a Mars (MAR) distance, 108 xm.

Similar simple questions, again using a multiple choice listing of
mnemonics, are answered for such topics as the modulation type, the type

of optimization desired, the type of output desired, etc.

The user may also use standard sets of data for the interrelationship of
transmitter cost to power, etc. (burden relationships). Or if the user

desires, he may change one or all the nominal constants, thus superceding

the stored values.

The mnemonic answers and data values that are selected by the user to
describe the problem he wishes to solve are written down by the user on a
simple COPTRAN form. This form is then used to punch computer cards,
one card per mnemonic or data value. The cards become part of the COP-

TRAN program and are batch processed by a computer.

The computer results are returned to the user either in a line printout

or in Cal Comp plots,

Figure 4-1 summarizes the steps in obtaining optimized communications

parameters using the COPS computer program with the COPTRAN language,
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Figure 4-1. COPTRAN Programming



4.2 COPTRAN Programming Structure

4. 2.1 Introduction, — COPTRAN programming language is a specialized,

simple computer language used in the design of communication systems.
COPTRAN allows a user to determine the optimum configuration of a com-
munication system with relatively few instructions phrased in the context

of his problem and without the necessity of supplying large quantities of data
to the computer. This is accomplished by storing nominal values of the pro-
gram data in the computer data banks. The pertinent data for a particular
problem is then automatically fe.tched by the COPTRAN program unless

countermanded by particular user selections.

The COPTRAN program structure is composed of six main parts. These
parts are: 1) The Control Program Deck, 2) the COPS Program De ck,
3) the Ouiput Program Deck, 4) the Nominal Value Decks, 5) The COPTRAN
Instruction Deck, and 6) the COPTRAN Data Deck, Of these, only the last
two are of concern to the COPTRAN user, and in many cases, only the
COPTRAN Instruction Deck will be needed. It is the purpose of this instruc-
tion manual to describe these two portions of the COPTRAN Program indetail.

4,2, 2 COPTRAN instruction deck, — The COPTRAN Instruction Deck is

composed of punched cards, each of which has a single mnemonic. The
mnemonics describe the communications problem to be solved in the following

five categories.

1. Physical Environment

Transmitter location {spacecraft)

Receiver location (earth)

Transmission range {one of a set of selected ranges may be
chosen to indicate physical environment or another range choice
may be made and the environment specified)

Background (choice of physical source of background radiation)

2. Communication System

Transmission wavelength {one selected wavelength may be chosen)



Modulation and demodulation methods (choice of one of several

sets are available)

3. Optimization

Optimization basis (transmitter system weight, transmitter
system fabrication cost, receiver system weight, and
receiver system fabrication cost may be minimized individ-
ually or in any combination)

Antenna parameter optimization (transmitter antenna gain or
diameter and receiver antenna gain or diameter may be

optimized)

4, Nominal System Burdens® (see Section 4. 5 for data description)

Choices of system burdens may be made from a data bank list
if automatic selections are not desired. (Section 4.6 describes
automatic data selection.) System burdens values may also

be entered as new data if desired.

5. Processing
Computation format (choice of initial and final values of infor-

mation rate and number of information rate data points

calculated)

Print format (choice of data and results to be printed in tabular

form)
Plot format (choice of results to be plotted by Cal Comp plotter)

4,2.3 COPTRAN data deck. — The COPTRAN Data Deck is the means by

which individual burdens, physical data, stops, and fixed values are inserted

into the COPTRAN program. If the automatic burdens and physical data

*Burdens are the "constants' which represent the modeled relationship
between system parameters such as transmitter power, P, and weight of the
transmitter, WPT- In the following equation WKp, KW,I,, and h are "burdens'!:

h
WPT =Wgp + KWT(PT) T
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selections provided by the COPTRAN instructions are acceptable to the user,
and no parameter stops or fixed values are specified, there will be no
COPTRAN Data Deck for the COPTRAN program (except an end data card,
ENDDAT)., The COPTRAN program has been developed so that input data

in the COPTRAN Data Deck automatically replaces items of data normally

selected from data banks. The program data is of three types.

1. System Physical Data

Physical data such as signal-to-noise rate, atmospheric trans-

missivity, receiver temperature, etc.

2., OSystem Burdens Data

Weight, fabrication cost, and power requirement burdens for

communication system components.

3. System Parameter Constraints

Fixed and stop values of the Major Communication System
Parameters namely transmitting or receiving antenna gains

or diameters, transmitter power, and receiver field of view.
(A'fixed" parameter value is one that remains fixed throughout

all portions of the optimization. A "stop" in the parameter

value is the maximum value the parameter may take. For
instance, a communication problem may require a fixed antenna
diameter for a receiving antenna on earth of 64 meters and have a
stop value for a space antenna diameter of 10 meters. The opti;ni-
zation program will determine the optimum split between the
spacecraft antenna size as a function of data rate. As the data rate
requirements increase, the transmitter power and antenna si‘ze
will increase until the antenna size of 10 meters is reached.

For larger data rates, the antenna size will remain at 10 meters
and the transmitter power will increase, at a faster rate now, to

meet the demands of higher data rates.)
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4.3 COPTRAN Use

A COPTRAN program is considered to be the set of COPTRAN
instructions and COPTRAN data cards which describe the communication
system(s) to be optimized.‘ This program, when submitted with the proper
control cards and the COPTRAN card decks comprises a COPTRAN job. The
COPTRAN card decks are supplied to the user and may not be altered. A
typical COPTRAN job deck structure is shown in Figure 4-2, The COPTRAN
instruction and data cards which must be supplied by the user are described

in the following paragraphs.

The job deck set-up shown in Figure 4-2 is for a particular computer sys-
tem: The GE 635 GECOS III system. No matiter what physical system is used,
the COPTRAN card decks and the COPTRAN program will be the same. The
control cards, however, (identified by a '$' in card column 1) will vary with
the system. They are pictured here to indicate relative location in a jobdeck
and the information required. The operations staff of a particular facility

should be contacted for more specific information on control cards.

ENDJOB CARD - PHYSICALLY LAST CARD IN DECK:
$ ENDJOB

NOTE  THE OPERATIONS STAFF OF

$ ENDJOB A PARTICULAR FACILITY
SHOULD BE CONTACTED FOR
MORE SPECIFIC INFORMATION
ON CONTROL CARDS.
{INDICATED BY. $)

CHARACTER SET CARD - IDEMTIFIES
THE CHARACTER 5€T USED:

$ INCODE IBMF
(THIS INDICATES THAT THE 1BM ™~
FORTRAN CHARACTER SET 1S USED

$ INCODE )

§ LIMITS

| o LIMITS CARD - SPECIFIES

MAXIMUM EXECUTLION TIME, MEMORY
SIZE, AND LIINES OF OUTPUT FOR THIS
JOB:

\5 LIMITS 10, 15000, ,5000
EXECUTION CARD - LOADS THE
COPTRAN SYSTEM FOR EXECUTION:
$ EXECUTE

IDENTIFICATION CARD - CONTAINS ACCOUNTING
/ INFORMATION:

§ IDENT 006,56815,33144, 61403, A DOE

__.________________._-—-— SEQUENCE CARD = CONTAINS THE SEQUENCE
MUMBER FOR THIS JC8;

$ SNUMB C4400

$ EXECUTE

$ IDENT

$ SNUMB

Figure 4-2. COPTRAN Job Deck Structure

4-9



4.3.1 COPTRAN program description. —A COPTRAN program is

composed of single COPTRAN mnemonic instructions and a set of data values
supplied to the program, wherethey are different from the ones automatically
supplied by the COPTRAN system. Each instruction is entered in columns
1-6 of one line of the COPTRAN coding sheet (see Figure 4-3). In order to
properly specify a problem, the user should consider the instruction choices
from each of the categories in Table IV-I. In some cases, more than one
instruction in one category may be supplied. The remarks in each category
in Table IV-I indicate the options which are available. It is suggested that the
user prepare his program by examining each category in Table IV-I in sequence
and selecting the instruction(s) from that category which bes.t describe(s) his
problem. It is important to note the restrictions which are placed on the use

of certain instructions.
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TABLE IV-I

COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

1. Transmitter Location (Only one available)
SPXMTR Spacecraft transmitter
2. Receiver Location (Only one available)
EARCVR Earth receiver
3. Transmission Range {Choose only one)
RANMAR Mars range (1013cm)
RANJUP Jupiter range (7.5 x 1013 cm)
RANSAT Synchronous satellite range (3.6 x 107 crm)
RANOTH - Range other than those above will be supplied
with COPTRAN data. In addition, power
supply burdens afiected by range must be
supplied by the user and included with
COPTRAN data.
4. Transmission Wavelength (Choose only one}
LAMO51 A=10,51 micron
LAMOB4 A= 0.84 micron
LAMIO6 A =10, 6 microns
LAMI3C A=13 cm (2. 3 GHz=)

5. Background {Choose only one)

BKDSKY
BKNSKY
BKGALT

Day sky (for optical transmission)
Night sky (for optical transmission)

Galactic (for radio transmission)
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TABLE IV-I (continued)

COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

6. Modulation and Demodulation Methods (Choose only one modu-

lation and demodulation method pair)

PCM/AM
OPTDIR

PCM/PL
OPTDIR

OPTHET

PCM/PM
RADHOM

PCM/PS
CPTDIR

|
|
’ PCM/FM
],
|

PCM amplitude modulation
10,6

Optical direct detection (Use only when A
microns, No other burdens are available.

o

PCM polarization modulation

Optical direct detection (Use only when A = 0, 51
microns, No other burdens are available, )

PCM frequency modulation

Optical heterodyne detection (Use only whenA =
10, 6 microns. No other burdens are available. )

PCM phase modulation

Radio homodyne detection {Use only when A = 13
cm. No other burdens are available, )

PCM pulse shift modulation

Optical direct detection (Use only when A = 0,51
microns, No other burdens are available. )

by 7. Optimization Basis (Choose at least one)

[Note: If receiver parameters dr and 8 or transmitter
parameters dp and P are not to be optimized in weight

) ‘ or fabrication cost, their fixed values must be given in

: : the COPTRAN data deck. Selection of more than one
instruction-in this category provides joint optimization
of burdens (i.e., fabrication cost or weight) selected, ]

XMWTOP Transmitter weight opﬁrﬁization
RCWTOP Receiver weight optimization
XMFEFCOP Transmitter fabrication cost optimization
RCEFCOP Receiver fabrication cost optimization
i
8. Antenna Parameter Optimization {Choose only one)
DTDROP Transmitter antenna diameter and receiver
antennha diameter optimization
GTDROP Transmitter antenna gain and receiver

antenna diameter optimization. ( Use only
with radio systems
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. TABLE IV-I (continued)
COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

DTGROP Transmitter antenna diameter and receiver
antenna gain optimization. (Use only with
radio systems)

GTGROP Transmitter antenna gain and receiver
antenna gain optimization. (Use only with
radio systems) .

Nominal System Burdens Data (Choose one from each set
desired. See section 4.5 for detail value listing, )

(Note: If no choice is made, program automatically selects
burdens based on internal logic. See section.4.6.)

Transmitter Antenna Burdens

NXANTA A =0.51 microns, spacecraft

NXANTC A = 0. 84 microns, spacecraft

NXANTD A = 10. 6 microns, spacecraft

NXANTE A =13 cm, diameter burdens, spacecraft
NXANTG \ = 13 em, gain burdens, spacecraft

Receiver Antenna Burdens

NRANTA A = 0,51 microns, optical direct detection,
earth )

NRANTDB L = (.51 microns, optical heterodyne or
homodyne detection, earth

NRANTC » = 0. 84 microns, optical direct detection,
earth

NRANTD A = 10, 6 microns, optical direct detection,
earth

NRANTE A = 10. 6 microns, optical heterodyne or
homodyne detection, earth

NRANTFEF A =13 cm, diameter burdens, earth

NRANTG = 13 cm, gain burdens, earth
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TABLE IV-I (continued)
COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

Transmitter Acquisition and Track Burdens

NXACTA Optical frequencies, spacecraft

NXACTB Radio frequencies, spacecraft, diameter
burdens

NXACTC Radio frequencies, spacecraft, gain burdens

Receiver Acquisition and Track Burdens

NRACTA Optical frequencies, earth
NRACTB Radio frequencies, earth, diameter burdens
NRACTC Radio .frequencies, earth, gain burdens
Modulation Equipment Burdens

NMODEA A = 0.5]1 microus, CW laser, spacecraft
NMODEDB A = 0. 84 microns, CW laser, spacecraft
NMODEC X\ = 0.84 microns, pulsed laser, spacecraft
NMODED A = 10. 6 microns, CW laser, spacecraft
NMODEE N = 13 cm, spacecraft
NMODEFR A = 0.5] microns, CW laser, earth
NMODEG % = 0. 84 microns, CW laser, earth
NMODEH X = 0. 84 microns, pulsed laser, earth
NMODEI » = 10. 6 microns, CW laser, earth
NMODEJ A =13 cm, earth

Demodulation Equipment Burdens
NDMODA Optical direct detection, earth
NDMODB Optical heterodyne detection, earth
NDMODC Optical homodyne detection, earth
NDMODE 13 cm radio homodyne detection, earth
NDMODF Optical direct detection, spacecraft
NDMODG Optical heterodyne detection, spacecraft
NDMODH Optical homodyne detection, spacecraft
NDMODI 13 cm radio direct detection, spacecraft
NDMODJ 13 cm radio homodyne detection, spacecraft
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TABLE IV-I (continued)

COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

NXPWSA
NXPWSB
NXPWSC
NXPWSD
NXPWSE
NXPWSFE
NXPWSG

NRPWSA
NRPWSB
NRPWSC
NRPWSD
NRPWSE
NRPWSE
NRPWSG

NXMTRA
NXMTRRB
NXMTRE
NXMTRF
NXMTRG
NXMTRH

Transmitter Power Supply Burdens

RTG, spacecra‘ft

Reactor, spacecraft

Solar cell, Mars, Spacecraft
Generator, earth

Solar cell, satellite, spacecraft
Solar cell, Venus, spacecraft

Solar cell, Mercury, spacecraft
Receiver Power Supply Burdens

RTG, spacecraft

Reactor, spacecrait

Solar cell, Mars, spacecraft
Generator, earth

Solar cell, satellite, spacecraft
Solar cell, Venus, spacecraft

Solar cell, Mercury, spacecraft

Transmitter Burdens

0.51 microns, spacecraft

0.51 microns, earth

10. 6 microns, spacecraft
10. 6 microns, earth

13 ¢m, spacecraft

~F P o
Il

13 ¢m, earth
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TABLE IV-I (continued)

COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMCNICS

10. Computation Formal

Choose one of each

RBFRQO

Number of information rate computations per

decade, 1,
table

2, 4, 5, 8 0 according to following

RBFRQI| RBFRQ2 RBFRQ4 RBFRO5 RBFRQ8 RBFRQO
10" 10° 10™ 10™ 10™ 10"
10°7Y 0.5 %x 10" |0.75x 10° | 0.8 x 10® 875 x 10" ]0.9 x 10™

10%7 0,50 x 10® | 0.6 x 10° 750 x 10° 0.8 x 10°
0.25 x 10" | 0.4 x 10™ 625 x 10 |0.7 x 10™
10274 0.2 x 10 | 0.500x 10% |0.6 x 10®
10°7 1 0.375 x 10®  |0.5 x 10®
0.250 x 10% |0.4 x 10"
0.125 x 10™ . 0.3 x 10™ ~
10271 0.2 % 10
10”71
RBINT____ Initial information rate, exponent 0 to 8
(e.g., Rg = 100, 101, ..., 109
RBFIN____ Final information rate, exponent 1 to 9
xp
(e.g., Rg = 101, 102, ..., 109)
Note that final information rate must be greater
g
than initial information rate
"11. Print Format Choose sets desired

PRTBUR
PRTSPD

Print system burdens data

Print system physical data
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TABLE IV-I (continued)

COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

12.

PRTSNC
PRTBRC
PRTSPC
PRTOPT
PRTWGT

PRTPWP
PRTFAB
PRTSYC

PRTALL
PRTDAT

PRTWTH

Plot Format

PLTOPT
PLTDTO

PLTGTO
PLTDRO
PLTGRO
PLTPTO
PLTTRO
PLTWDT
PLTWDR
PLTWQT

PLTWQR

PLTWX

Print signal-to-noise ratio constants
Print system burden constants

Print parameter constraints

Print optimum system parameters

Print weight burdens for optimum system
parameters

Print power burdens for optimum system
parameters

Print fabrication cost burdens for optimum
system parameters

Print system cost burdens for optimum
system parameters

Prints all of above data

Print systemburdens data, systems physical data,
signal-to-noise ratio constants, system burden
constants, and system parameter constants.

Print WORTH. (See section 4.3.2.)

Choose up to five as desired

Plot optimum system parameters

Plot optimum value of transmitter antenna
diameter

Plot optimum value of transmitter antenna gain
Plot optimum value of receiver antenna diameter
Plot optimum value of receiver antenna gain
Plot optimum value of transmitter power

Plot optimum value of receiver field of view
Plot transmitter antenna weight

Plot receiver antenna weight

Plot transmitter acquisition and track equipment
weight

Plot receiver acquisition and track equipment
weight

Plot transmitter weight
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TABLE IV-I (continued)
COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

PLTWH
PLTWM
PLTWD
PLTWST
PLTWSR
PLTWA
PLTWB
PLTPQT

PLTPQOR

PLTPX
PLTPM
PLTPD
PLTPA
PLTPB
PLTCDT
PLTCDR
PLTCQT

PLTCQR

PLTCX
PLTCH
PLTCM
PLTCD
PLTCST
PLTCSR
PLTCA
PLTCB
PLTCTO
PLTCRO

Plot transmitter heat exchanger weight
Plot modulation equipment weight

Plot demodulation equipment weight
Plot transmitter power supply weight
Plot receiver power supply weight
Plot transmitter system weight

Plot receiver system weight

Plot transmitter acquisition and track equipment
power requirement

Plot receiver acquisition and track equipment
power requirement

Plot transmitter power requirement
Plot modulation equipment power requirement

Plot demodulation equipment power requirement

Plot transmitter system power requirement

Plot receiver system power requirement’
Plot transmitter antenna fabrication cost
Plot receiver antenna fabrication cost

Plot transmitter acquisition and track equipment
fabrication cost

Plot receiver acquisition and track equipment
fabrication cost

Plot transmitter fabrication cost

Flot transmitter heat exchanger fabrication cost
Plot modulation equipment fabrication cost

Plot demodulation equipment fabrication cost
Plot transmitter power supply fabrication cost
Plot receiver power supply fabrication cost

Plot transmitter system fabrication cost

Plot receiver system fabrication cost

Plot transmitter antenna cost burden

Plot receiver antenna cost burden




TABLE IV-I (continued)

COMPLETE LISTING OF COPTRAN INSTRUCTION MNEMONICS

13.

14,

15.

PLTCQO Plot receiver field of view cost burden
PLTCGO Plot transmitter power cost burden
PLTCV Plot optimization cost

PLTCS Plot total system cost

PLTWTH Plot WORTH. (See Section 4. 3.2.)

Instruction End

a)

The "WORTH! program may be used if desired before
instruction end. (See section 4. 3.2 for the WORTH

programming description and instruction.)

WORTH
(Name) Output parameter

b) The end instruction card, ENDINS, must be placed at
the end of COPTRAN instructions,

ENDINS

Data and Data End

a) Any of the data constants of Table IV-II may be changed
as desired, (COPTRAN coding sheets B and C, Fig-

) ures 4-4 and 4-5, may be used to facilitate these changes. )

b) The "increment' program may be used if desired,

(See section 4. 3, 4 for the increment programing des-
cription and instruction)

NCRMNT XXX E£XX

(Data Name) XXX ExXX

FINALE XXX E+XX

¢) An ENDDAT card must be used following a) and b}
above,

ENDDAT

Case End

a} Before the case end card is used the REPEAT program may
be used if desired. (See section 4. 3.5 for the REPEAT pro-
gramming description and instruction. }

b) REPEAT. The end case card, ENDCAS, must physically be
the last card of the COPTRAN deck, followingall instructions
and data for all cases run.

ENDCAS
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4, 3.2 WORTH Program, —In order to facilitate the evaluation of the

effect of varying system parameters, an additional feature, called WORTH, is
available to the COPTRAN user. The instruction is used in conjunction
with an NCRMNT set or a series of REPEAT runs. Itis used by giving

the instruction sequence:

WORTH

(NAME)
Here, (NAME) is the name of the output parameter (such as total .sy'stern cost,
CS) to be evaluated. This causes the COPTRAN system to save the results of
the next set of runs (up to four as a maximum) for comparison. At the end of
the series of runs, the differences between pairs of runs in all combinations
are availa.ble Thus, if B, is the set of results for the parameter selected, B,

from the ith run, then, WORTH causes the system to compute the values

Alj = Bi - Bj {i>j).
The user can cause the results to be printed in a table by including the instruc-
tion, PRTWTH, in his program. The instruction, PLTWTH, causes the worth

parameter B from each case to be plotted on a single set of axes, This is

then £0110Wed by separate plots of each set of Aij, defined above,.,

The following rules apply to the use of the WORTH instruction (see Fig-

ure 4-4 and 4-5 for examples of its use):

1, The WORTH parameter, (NAME), must be the next instruction follow-
ing the WORTH instruction.

2,. The WORTH parameter must be one of the set of opt1m1zat10n output
parameters listed in Table IV-II,

3. If NCRMNT is used to generate the series of cases, then the WORTH
output is done on éompletion of the last NCRMNT iteration, I the
REPEAT feature is used, WORTH output is done after the last
REPEATED case. (Note that this precludes the use of REPEAT and
NCRMNT together in conjunction with the WORTH instruction. )

4. If antenna optimization is done on gain (receiver and transmitter),

then the WORTH parameter may not be diameter (receiver or
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NAME

DATE . - PROBLEM

COPTRAN INSTRUCTIONS AND DATA

1234656|78 9101112/131415161718192021 222324
1g|p T |[R
2 lglaRICIVIR
3|e COPTRAN INSTRUCTIONS
4]®
5ie
6 WD R |TH : WORTH INSTRUCTION
7l NAMED WORTH PARAMETER
8 |E|ND}I NS END OF INSTRUCTIONS
gle
10|e

r COPTRAN DATA
e
12 |[E|NDDlA T J
e
13 |R|E[P|BA|T
4] .
i5le ! 15t REPEAT
{2nd CASE)

18 |»
17 |[E|N|D[DA|T ’ J

. 18 {R|EIPHA|T
191e anl
20|]e > 2nd REPEAT
21 |e {3rd CASE}
22
” EINDDIAT 'e—— (WORTH COMPUTED HERE)

ENDIC|AlS END OF CASES TO BE RUN

24
25

12345878 0101112131415181718182021222324

Figure 4-4. CQORTRAN Coding Sheets Illustrating "WORTH"
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NAME

DATE

PROBLEM

COPTRAN INSTRUCTIONS AND DATA

W W -w D e W N -

NN NN T R T R N L .
ahun-ﬂslﬂﬂﬂmm&umdo

COPTRAN INSTRUCTIONS

WORTH INSTRUCTIONS
WORTH PARAMETER

END OF INSTRUCTIONS

COPTRAN DATA

NCRMNT SET

END OF DATA

123456|7 89101 1213141616 1718[192021 22 23 24
S|P 1 XIMT R

EARICIVIR

*®

&

*

WIOIRITIH

({INAIME)

HNDEI IN|S

.~

[ ]

.

NIC |IRIMN|T Yi. |Y|Y Elx|Y]Y
{ [DIATA IN|AME|) Y. |XI¥ E[£|Y|Y
FIT IN[ALIE Y. AY[Y El&Y|Y
E|NDD|A|T

®

]

°

ENIDICIAE

\WORTH COMPUTED HERE

END OF CASES TO BE RUN

1234567 89101112131415161718192021222324

Figure 4-5. COPTRAN Coding Sheets Illustrating "NCRMNT"



transmitter, respectively), Conversely, if diameter optimization is

done, gain output parameters cannot requested for WORTH.

If any of the above rules are violated, error messages will be printed out

(see section 4, 3. 6).

TABLE IV-II
WORTH PARAMETERS

Name Description

wDT transmitter antenna weight

WDR receiver antenna weight

wQ'T transmitter acquisition and track equipment weight

WOR receiver acquisition and track equipment weight

WX transmitter weight

WH transmitter heat exchanger weight

WM modulation equipment weight

WD demodulation equipment weight

wsT transmitter power supply weight

WSR receiver power supply weight

WA total transmitter weight for optimum system
pa.ra.meters )

WB total receiver weight for optlmum system
Parameters -

POT transmitter acquisition and track equipment power
requirement

POR receiver acquisition and track equipment powexr
requirement

PX transmitter power

PM modulation equipment power requirement

PD demodulation equipment power requirement

PA total transmitter power requirement for opt1murn
system parameters

BB total receiver power requirements for optimum
system paramelers

CDT transmitter antenna cost
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TABLE IV-II (continued)
WORTH PARAMETERS

Name

CDR
CQT
CQR
CX
CH
CM
cDh
csT
CSR
CA

CB

CTO

CRO

CQO

CGO

cv

CS
PTO

Desgcription

receiver antenna cost

transmitter acquisition and track equipment cost
receiver acquisition and track equipment cost
transmitter cost ‘

heat exchanger fabrication cost

modulation equipment cost

demodulation equipment cost

transmitter power supply cost

receiver power supply cost

total transmitter cost for optimum system
parameters

total receiver cost for optimum system
parameters

cost-of transmitter antenna, transmitter acquisi-
tion and track equipment, and associated power
supply which is dependent on transmitter
aperture diameter, for optimum systém
parameters

cost of receiver antenna, receiver acquisition
and track equipment and associated power.
supply which is dependent on receiver
aperture diameter, for optimum system
parameters,

cost of receiver acquisition and track equipment
which is dependent on receiver field of view,
for optimum system parameters,

cost of transmitter, transmitter power supply,
and transmitter heat exchanger which is
dependent on transmitter power, for optimum
system parameters

variable part of total system cost (optimization
cost) :

total system cost

optimum value of transmitter power
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TABLE IV-II (continued)
WORTH PARAMETERS

Name ) Description

DTO optimum value of transmitter aperture diameter
THERO optimum value of receiver field of view

DRO optimum value of receiver aperture diameter
GTO optimum value of transmitter gain

GRO optimum value of receiver gain

4,3.3 COPTRAN data format. — COPTRAN data is in two parts, a label

consisting of up to six characters and a field consisting of up to fourteen charac-
ters in either fixed or floating point form. Small amounts of data are usually
entered on COPTRAN Coding Sheet A (see Figure 4-3) by the user for sub-
sequent key punching with the COPTRAN instructions. If a large amount of

data is to be entered, COPTRAN Coding Sheets B and C shown in Figures 4-6
and 4-7 respectively may be utilized. These -coding sheets contain preprinted
data labels. Each data parameter will be punched on a single card, the total

of these cards is the COPTRAN Data Deck._ (Section 4. 7 contains blank forms

which are convenient for recoding large amounts of data.)

The data label must be justified. left in columns 1 to 6 on the coding sheet.
Columns 7, 8, 23, and 24 are left blank. The data value is entered in columns

9 to 22. Columns 25 to 80 may be employed for users comments.

Examples of fixed and floating point entries in the data field are given

below. The decimal point in both cases is always in column 14.

Floating point entry: 7.5 x 1043
|10|11!12|13 14‘15116|17|18|19|20!21|22‘23,24
BEREREEREERRER

Fixed point entry: 0.95

7 181\9
|

718

9’10|11’12'13 14‘15‘16|l?|18,19l20|21|22'23|24

NEEREERRRRENE
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NAME

COPTRAN CODING SHEET B

DATE PROBLEM
SYSTEM BURDENS DATA SYSTEM BURDENS DATA
1234656|780101112)131415161718k92021222324] 123456[78 9101112131416161718/192021 2223 24|,

1 |k|r[nir . 1 [K[THIR .
2 {K|p|T . 2 |[X|D|R .
3ICIKIT . 3|CIKR .
a|w[r . "2 [Wk|R .
5 [M|T . 5 |M|R .
6 [NIT . 6 [N|R .
7 7

8 |KIA[T . 8 |K|A|R .
o [klwlalT . 9 |K|w|A|R .
1|klpafr . 10 |K|pla[R .
11 iCIA[T . i |clar .
12 |wiBiT . 12 [wiB|R .
13 lalT . 13 |a|R .
14 14

15 [K|F M . 15 [K{F 1D ]
16 [K|M . 18 [K|D .
17 |k|p M . 7 [x|p|D .
18 [c|K M| . 18 [clk|p ]
19 [wlKim . 19 [w/k|p \
20 20

21 (K[s[T . 21 (K|S |R .
22 [K|W S|T . 22 [ K|w{s[r .
3 |ICKE - . 23 iClKI|F .
24 W K|E . 24 lwiK|F .
2 2%

1234567 89101112131415161718192021222324

Figure 4-6. COPTRAN Coding Sheet B

12345678 9101112131416161718192021222324
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COPTRAN CODING SHEET C

NAME DATE PROBLEM
SYSTEM BURDENS DATA " SYSTEM PHYSICAL DATA
123466(78 9101112131416161718/182021222324 12345 86[7 8.9101112[131415161718[192021222324
1 [K|P{T | 1|R .
2 | K(WiT . 2|L|AIM|B[D|A .
3|K|H . 3|s(N .
4 |K[X . a|c|N .
5 | K|E . 5|U[S|{B[R|E|Q .
6 |C|K|P . SIT|AJU|T .
7 |C|KIH . 7|T|AUIR .
8 [W|KiP . g|T|A|U|A .
9 |W/KIH . 9IT|E .
10 |G|T . 10{E|T|A .
11 [H|T . 1R/ L .
127! . 12|L|M|B(D|1 .
13 13|Q{B .
14 |K|S (A . 14
15 |K|S |8 . 15
18 16
17 17
18 18
19 19
20 20
21 21
22 22
23 2
24 24
% 25

12345678 9101112131415161718192021222324

Figure 4-7,

12345678 9101112131415161718192021222324

COPTRAN Coding Sheet C




A control card with the characters ENDDAT in columns 1 to 6 must be
placed at the end of the COPTRAN Data Deck., This card is required even if
there are no new data entries: If any item of data is not included in the
COPTRAN Data Deck by the user, the COPTRAN program automatically
selects the value of the data item from the'nominal value data bank. The
labels and definitions of the COPTRAN data which may be used are listed
in Table IV-IIL
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TABLE IV -ITla
COPTRAN DATA

Syste'm Physical Data Choose as desired

Label

R
LAMBDA
SN

CN

Uuss RE Q
TAUT
TAUR
TAUA
RHOT
RHOR
TE

ETA

RL
IMBDI
QB

PER

Description

Transmission range

Transmission wavelength

Signal-to-noise power ratio
Carrier—to—;background radiation power ratio
Required signal photoelectron count per bit
Transmitter transmissivity

Receiver transmissivity

Atmospheric transmissivity

Transmitter antenna efficiency

Receiver antenna efficiency

Receiver equivalent temperature

Detector quantum efficiency

Receiver output load resistance

Optical filter bandwidth

Background radiation photon spectral radiance

Required probability of detection error
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TABLE IV-Iilb
CCOPTRAN DATA

Systems Burdens Data Choose as desired
Symbol Description
KTHT Constant Relating Transmitter Antenna Fabrication Cost to
Transmitter Antenna Diameter
KDT Constant Relating Transmitter Antenna Weight to Transmitier
Antenna Diameter
CKT Transmitter Antenna Fabrication Cost Independent of Transmitter
Antenna Diameter
WKT Transmitter Antenna Weight Independent of Transmitter Antenna
Diarneter
MT Exponent Relating Transmitter Antenna Fabrication Cost to
Transmitter Antenna Diameter
NT Exponent Relating Transmitter Antenna Weight to Transmitter
Antenna Diameter
KAT Constant Relating Transmitter Acquisition — Track Equipment
Fabrication Cost to Transmitter Beamwidth
KWAT Constant Relating Transmitter Acquisition — Track Equipment
Weight to Transmitter Antenna Weight
KPQT Constant Relating Transmitter Acquisition — Track Egquipment
FPower Requirement to Weight
CAT Transmitter Acquisition — Track Equipment Fabrication Cost
) Independent of Transmiiter Beamwidth
WBT Transmitter Acquisition — Track Equipment Weight Indepen-
dent of Transmitter Beamwidth
QT Exponent Relating Transmitter Acquisition — Track Equipment
Fabrication Cost to Transmitter Beamwidth
KFM Constant Relating Modulation Equipment Fabrication Cost to
Information Rate
KM Constant Relating Modulation Equipment Weightto Information Rate
- KPM Constant Relating Modulation Equipment Power Requirement to
Information Rate
CEKM Modulation Equipment Fabrication Cost Independent of Information
Rate ‘
WEKM Modulation Equipment Weight Independent of Information Rate
KST Constant Relating Transmitter Power Supply Fabrication Cost to

Power Requirement
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TABLE IV -IIlb (continued)

COPTRANDATA

Systems Burdens Data  Choose as desired

Symbol Description

KWST Constant Relating Transmitter Power Supply Weight to Power
Requirement

CRE Transmitter Power Supply Fabrication Cost Independent of Power
Requirement

WEKE Transmitter Power Supply WeightIndependent of Power Requirement

KTHR Constant Relating Receiver Antenna Fabrication Cost to Receiver
Antenna Diameter

KDR Constant Relating Receiver Antenna Weight to Receiver Antenna
Diameter )

CKR Receiver Antenna Fabrication Cost Independent of Receiver
Antenna Diameter

WKR Receiver Antenna Weight Independent of Receiver Antenna
Diameter

MR Exponent Relating Receiver Antenna Fabrication Cost to Receiver
Antenna Diameter

NR Exponent Relating Receiver Antenna Weight to Receiver Antenna
Diameter

KAR Constant Relating Receiver Acquisition — Track Equipment Fabri-
cation Cost to Receiver Beamwidth

KWAR Constant Relating Receiver Acquisition — Track Equipment Welght
to Recelver Antenna Weight

KPQR Constant Relating Transmitter Acquisition — Track Equipment
Power Requirement to Weight

CAR Receiver Acquisition — Track Equipment Fabrication Cost Inde-

‘ pendent of Receiver Beamwidth

WEBR Exponent Relating Receiver — Track Equipment Fabr1cat1on Cost
to Receiver Beamwidth

QR _Exponent Relating Receiver Track Equipment Fabrication Cost to
Receiver Beamwidth .

KFD Constant Relating Demodulaticn Equipment Fabrication Cost to
Information Rate

KD Constant Relating Demodulation Equipment Weight to Information
Rate

KPD Constant Relating Demodulation Equipment Power Requirement to

Information Rate

4-32




TABLE IV-IIIb (continued)
COPTRAN DATA

Systems Burdens Data  Choose as desired

Symbol Description

CKD Demeodulation Equipment Fabrication Cost Independent of Informa-
tion: Rate

WKD Demodulation Equipment Weight Independent of Information Rate

KSR Constant Relating Receiver Power Supply Fabrication Cost to
Power Requirerment

KWSR Constant Relating Receiver Power Supply Weight to Power
Requirement

CKF Receiver Power Supply Fabrication Cost Independent of Power
Requirement

WKF Receiver Power Supply Weight Independent of Power Requirement

KPT Constant Relating Transmitter Fabrication Cost to Transmitter
Power

KwWT Constant Relating Transmitter Weight to Transmiiter Power

KH Constant Relating.-Transmitter Heat Exchanger Fabrication Cost to
Transmitter Power Dissipation ’

KX Constant Relating Transmitter Heat ExchangerWeight fo Trans-
mitter Power Dissipation

KE Transmitter Power Efficiency

CKP Transmitter Fabrication Cost Independent of Transmitter Power

CEKH Transmitter Heat Exchanger Fabrication Cost Independent of

. Transmitter Power ’

WKFP Transmitter Weight Independent of Transmitter Power

WEKH Transmitter Heat Exchanger Weight Independent of Transmitter
Power -

GT Exponent Relating Transmitier Fabrication Cost to Transmitter
Power

HT Exponent Relating Transmitter Weight to Transmitter Power

JT Exponent Relating Transmitter Power Supply-Heat Exchanger
Burdens to Transmitter Power

KSA Cost per Unit Weight for Spaceborne Transmitter System
Equipment

KSB Cost per Unit Weight for Spaceborne Receiver System Equipment
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TABLE IV-Illc
COPTRAN DATA

Major System Parameter Constraints

Choose as indicated below

Label

Description

DTM

GTM

DRM

GRM

PTM

THERM

DTB

GTB

DRB

GRB

PTB

THERB

DTI
GTI
DRI
GRI
PTI

THERI

Fixed value

Fixed vaiue

Fixed value

Fixed vailue

Fixed value

Fixed value

of transmatter antenna diameter

of transmitter antenna gain

of receiver antenna diameter

of receiver antenna gain

of transmitter power

of receiver field of view

Stop value of transmitter antenna diameter

Stop value

Stop value

Stop value

Stop value

Stop value

Initial value
Initial value
Initial value
Initial value
Initial value

Initial value

of transmitter antenna gain

of recewver antenna diarmeter

of receiver antenna gain

of transmitter power

of recewer {ield of view

of transmazitter antenna diameter
of transmitter antenna gain

of receiver antenna diameter

of receiver antenna gain

of transmitter power

of receiwver field of view

Choose DTM (DTB} for transmitter antenna diameter
optimization and GTM (GTB) for transmatter antenna
gain optimization. ’

Choose DRM (DRB) for recewver antenna diameter
optimization and GRM (GRB)} for receiver antenna gain
optimization.

Initial values of the system parameters may be chosen,
1f desired, to speed the convergence to a solution by the
COPS program.




4, 3. 4 Increment Program, — NCRMNT (mnemonic for increment) —

This instruction set permits the user to specify a series of runs in
which one data value is varied from an initial value to a final value in

finite step sizes, Figure 4-8 shows the three instructions and their

use, The sequence

NCRMNT XXX E+XX
(DATA NAME) XXX E+XX
FINALE XXX E+XX

will cause a series of COPS runs to be made in which the variable
named (DATA NAME) assumes the values from that on the (DATA
NAME) card to that on the FINALE card in step sizes specified on the
NCRMNT card, The variable (DATA NAME) will be incremented until
its value is strictly greater than the final value specified. When this
condition occurs, control returns to the COPTRAN processor and the

case is finished,



9¢-¥

NAME : DATE PROBLEM

COPTRAN INSTRUCTIONS AND DATA

123 4656|78 98101112131416161718[192021222324

1 |5 [PRMTIR ]

2 |EJARICIV|R

3|o

4|0

5o \ COPTRAN INSTRUCTIONS AND DATA
s |[E|ND|I|N]s

1]0

8o

9o )

10 |N{C[RMIN| T Y|e|Y Elx|Y|Y (STEP SIZE)

1 | (|DlalTlal INapsE) | [Yje|v]y] [E{x|Y|Y (INITIAL VALUE)
12 |Fj IINJA|L|E YlolY |+ | YIY (FINAL VALUE)
13 |E|N{DJA|T END OF DATA

14 |E|ND|CIAIS END OF CASES TO BE RUN
15

16

17

18

19 Be

20

21

22

23

24

25

12345678 0101112131415161718192021222324

NOTE: Final value must be greater than initial
value. All three cards must be present.

Figure 4-8. Increment (NCRMNT) Examl.ale.



4. 3.5 Repeat Program, — REPEAT — This instruction signals the

COPTRAN processor that more data or instructions follow which will

be used to modify the case just completed. The cards following the
REPEAT and preceding the next REPEAT or ENDCAS card will affect
only those variables or instructions me;ﬁ:ioned. As in normal COPTRAN
programming, instructions must be terminated by an ENDINS card and
precede all data, Data must be terminated by an ENDDAT card. Refer

to Figure 4-9 for an example of the use of this feature,

Instructions following a REPEAT, override all instructions in the
same COPTRAN instruction category from previous runs, Here
category is defined to mean a group of similar instructions such as
those referring to 1:.ransmission range (category 3)* of those referring
to optimization basis (category 7). * Data entries of the previous run

remain In effect unless specifically named in the REPEAT sequence,

*See Table IV-I
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NAME

DATE ________ PROBLEM

COPTRAN INSTRUCTIONS AND DATA

123 4586|78 9101112131415161718/192021222324

© o o~ e =

MM””B-.-—.‘—A-A—A—._‘.‘_‘

= W AN = 0 O - ;M N R W KN =D
FMEGIEEEREEEREREEND
Ik | Z{KBZ (X[ Z X [H]Z

3

e |0 |00
S
=
[$]
<
[+

HEIHAEIEEEHEERERE
HlX[wfxk (3] 3] xKk]0] x|+ 4

12345678 8101112131416161718192021222324

NOTE: Either new instructions or new data, or

both, may follow a REPEAT,

COPTRAN PROGRAM

REPEAT

(NEW INSTRUCTION(S)

END OF NEW INSTRUGTIONS
{(NEW DATA)

END OF NEW DATA

REPEAT

(NEW INSTRUGT ION(S)

END OF NEW INSTRUCTIONS
(NEW DATA)

END OF NEW DATA

END OF CASES TO BE RUN

Figure 4-9. '"REPEAT!" example.



4,3.6 BError Messages. — As mentioned before, certain COPTRAN

instruction combinations are either invalid or not yet implemented in
the COPTRAN system. When such combinations are encountered,
appropriate messages will be printed for the user and the job will not

be run., The error messages are listed below:

'nonnnn' NOT YET IMPLEMENTED

where nnnnnn is the name of the illegal instruction mnemonic

THE ONLY BURDENS AVAILABLE WITH 'PCM/AM!' and 'PCM/
FM' ARE FOR 'LAMI106'

THE ONLY BURDENS AVAILABLE WITH 'PCM/PL' ARE FOR
ILAMO51! )

THE ONLY BURDENS AVAILABLE WITH 'PCM/PM' ARE FOR
TLAMI13C!

THE ONLY BURDENS AVAILABLE WITH 'OPTDIR' ARE FOR
'"PCM/PL' AND 'LAMO51'

THE ONLY BURDENS AVAILABLE WITH 'OPTHET! ARE FOR
'PCM/FM' AND 'LAMI106!

THE ONLY BURDENS AVAILABLE WITH 'RADHOM' ARE FOR
'PCM/PM' AND 'LAMI13C!

IF 'DRM' AND 'THERM' OR 'DTM' AND 'PTM' ARE NOT
OPTIMIZED IN WEIGHT OR COST, FIXED VALUES MUST
BE GIVEN

'mmmmmm' SHOULD ONLY BE USED WITH RADIO SYSTEMS
where mmmmmm is GTDROP, DTGROP, or GTGROP.

Ixxxxxx! NOT VALID WORTH PARAMETER, WORTH DELETED
where xxxxxx is the instruction following the WORTH

command.,
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yyyyyy! IS NOT A VALID WORTH PARAMETER WITH 'zzzzzz'

where yyyyyy and zzzzzz will appear in pairs as follows:

YYYYYY Zz2z27Z
GT DTDROP
GT DTGROP
GR DTDROP
GR GTDROP
DT GTDTROP
DT GTGROP
DR DTGROP
DR GTGROP
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4.4 Program Examples

The following pages contain four examples of COPTRAN use. Each
example contains a short description of the problem followed by a COéTRAN
coding sheet as it might be coded for that problem. The output from that
COPTRAN program concludes the data for a particular example.

Example A, Synchronous Satellite Transmitter to Earth Receiver Link
10. 6 micron wavelength
PCM Intensity Modulation and Optical Direct Detection Receiver
Thermal Noise Limited Operation
Transmitter system weight and fabrication cost, and receiver fabrica-
tion cost jointh}' optimized.
Parameters to be optimized:
a. Transmitter antenna diameter
b. Receiver antenna diameter
¢. Transmitter power
Fixed Parameters; Receiver field of view at 1 milliradian

Parameter Stops: None
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14
15

NAME
INSTRUCTION 123458
TYlpE 1 |s5{PXMTIR
2 2 |EARKC|VIR
3 3 |RIAN|S|AT
4 a|r{apv1]o]e
5 s |BlKD|s|k|Y
6 s |PlciM|/|alM
6 7 |olelT|D|1lR
7 8 |x[mw|T|olP
7 8 | XMl F|CloP
7 10 |R|c|F|c|oip
8  |p|T D[R|OP
10 12 |R|B |F|R[2]2
10 12 |RIB|IN|T|2
10 4 |RBF{I|N|8
11 15 | PR |T|AlL]L
12 16 Ip|L|T|o|P|T
13 17 |EN|D|1iN|S
DATA 18 {T [H; E|RM
}__.
E [NjD|DA
E |N|D|ClA

DATE ____ PROBLEM EXAMPLE 4

COPTRAN INSTRUCTIONS AND DATA

7 8 S10M1M12131416161718[1920212223 24

19

21
22
23

24"

26

ol w)

12345878 9101112131415161718192021222324

SPACECRAFT TRANSMITTER

EARTH RECEIVER

SYNCHRONOUS SATELLITE RANGE

10.6 MICRON TRANSMISSION WAVELENGTH

DAY SKY BACKGROUND

PCM INTENSITY MODULATION

OPTICAL DIRECT DETECTION

TRANSMITTER SYSTEM WEIGHT AND

FABRIGCATION COST AND RECEIVER SYSTEM

FABRICATION COST OPTIMIZATION

XMTR & RCVR ANT DIAMETER OPTIMIZATION

DATA POINTS AT Ry = 107, 0.5 x 10°, 10°,
., 10% BPs

PRINT ALL DATA VALUES ANDRESULTS OF OPT.
PLOT RESULTS OF OPTIMIZATION

END OF COPTRAN INSTRUCTIONS

1 MILLIRADIAN FIELD OF VIEW

END OF COPTRAN DATA
END OF COPTRAN CASES
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CMITYRR
OPFT Ry

EARTH REREIVER

---sxuesauueus-saxecu4xs-na~sz::-ss= s
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SYSTEM BURDENS UATA

vh-¥

TRANSWITTER  K¥AT —14,00000 K07 5.01000  CKT  20000.90  WEKT 25,00 HT Zo00  NT Z. 90000

ANTENNA

RECEIVER KTHR __ 8.75800 _ KDR  0.0230000  CKR  25000.00  WKR  20.00000 MR 2.00000__ WNR 2.00000

ANTENNA

TRANSHITIER  KAT 71000.  KWAT  0.46000  KPQ1 _ U0.4B000  CAT q00000, W8T 5.000 4T 7.30000

__ACQUISITION r

AND TRACK

SYSTEM

RECE ] VER KAR 71000,  KWAR  0.46080 _ KPOR _ 0.4B000  CAR 200800, WBR 5,000  OR 0.30000

ACQUISITION

AND TRACK

SYSTEM

TRANSATTTER  KPT 7.93000  KWT Z.00000 KA 1.97000 KX 0.02500  KE T.15000  CKP Z500.00
" CKH 13800, WKP 25.000  WKH 0. JT i.000 81 1.08000 KT 1.00000

HODULATION KFM 0.00050 KM 0.00000  KPH 5.00000  CKM 15000,  WKH 10.00

EQUIPMENT

DEMODULATION  KFD  0.0000550 KN 0.00000031  KPD 3.33008  CKE 75000, WKD 30,000

EQUIPMENT .

TRANSHITTER  KST 166,000 KWST  0.157000  GKE 0.  WKE _° 6.

POWER SUPPLY

REGEIVER KSR 25.000  KWSR 0% CKF 10000, WKF T,

POWER SUPPLY

BOOSIER KSA  1640.000  KSB _ 1640.000

BURDENS
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SYSIEH PHYSICAL DATA

R 0.36000E 10 LAMBDA G.1n6N0E-02 5S/N 0.26000E 02 C/H 0.60000E 01 USBREQ 0,.300060FE 02 TAU-T 0.80000E 0O
TAU=R 0.70000FE 00 TAU-A 0.8nUNOE 00 TE n.30000E 03 ETA 0.50000E GO RL 0.10000E 03 | MBD-I1 0.10000E-D2
a8 0. : RHO=T 0.9R000E 00 RHO-R 0.980060& 00
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SIGNAL-TO-NOISE RATIO CONSTANTS

K T KN 7. KH 0.360176-96 KR 0. ks 0.
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SYSTEM BURLDEN CUNSTANTS

KMT 0.14000€ 02 KNT 0.24879E 02 KQT 0.55420E 06 KMR 0.87500E 01 KNR 0.12696E 00 KAaRr 0.71000E 05

KGT N.14300E 01 KHT U.52600E 04 KJT N.46215E 04
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PARAMETER CONSTRAINTS

BTl n.50800E 02 GTI u. BRI 0,.50000E 03 GRI 0. FTI 1.25000F 03 THERI 0.10000E~02
DTH 0. GTH U. DRM 0. GRHM 0. PTH 0. THERM 0.10000€E-02
[Ai] 0.10080E 03 GTB [ DRE 0.10000E U4 GRB 0. PTE 0.500UCE 03 THERB T IDUUTE=-TZ
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OPTTHTZATION RESULTS

INFURHATION RATE,RB 0. TTO0vE vo
OPTIMUM SYSTEM PARAMETERS DTO 0.712299E 01 DRO 0,130764E B3 PTO 0.192065E 02 THERO 0.,1000E~02

OPTIMUM WEIGHE BURDENS WDT 8.2550174E B2 MWDR 0.413279E 03 WO 0.523339E 081 HQR 0.185908E 03 WX 0.634130E 02
. , WH U.432146E 01 WM 0.400000E ©2 WD 0.410000E 02 WST 0.619485E 12 HWSR U, -
WA 0.260424E 03 .WB 0.640188E 03

QPTIMUM POWER BURDENS POT U.251203E 01 POR 1.892361E 02 PX 0.192065E p3 PH 0.200800E 03 PD 0.136530& 03
Fa U.394R77E 03 PB 0.225766E 03

OPTIMUM FABRIGCATION COST BURDENS [+ ¥ 0.207103E 05 CDR 0.174637E 06 CAOT t.139877E 07 COR 0.763973E 06
CX 0.202747E 04 GH 0.141405E 05 CH 0.650000E 05 €D U.205000E 05 CST 1.654997E 05
CSR 0.156442E 05 Cca 0.156615E U7 ] 0.974734E 06

UPTIHUM SYSTEM COST BURDENS CTD 0.100074E 07 CRO 0-151788é 06 Coo 0.563973E 06 CGOD 0.151788E 0%
: Cv U.1A682%E 07 CS 0.391948E 67

KXXAXAXAAXAX KKK AN XXX KR AR XRK X LXK KX KON KA KN XN KA KKK KRR A KOO00000 K X000 XXX X000 R XXX XXX XX KX X XN XX XA XK A X

KXAXXRXARAXKAKARAREANAKK R AKX R AR XK EKAAA XA XXX K E R LXK KA KX LXK AKX N KR X A XK A AR AKX IR AR X AR KA XXX KA XK AKX XK AR AL A KRN K

INFORMATION RATE,RB G.50001E 0A
UPTIMUM SYSTEM PARAMETERS XK 0.624660E 01 DRO 0.128047E 03 PTO 0.184167E 02 THERD t.1000E-02

UPTIMUN WEIGHT BURDENS WD 0.253902E 02 WOR 0.397107E B3 WOE 0.517949E 01 HWOR 0.17846%E (3 WX 0.618334E 02
WH B.414376E 01 WH 0.250003E 02 WD 0,355001E 02 HWST 0.489298E (2 WSR G
Ha 0.:70477E 03 WH 0.611077E 03

OPTIHUM PDHER BURDENS PaT 0.248616E Bl POR 0.856653E 02 PX 0.1864167E 03 PH 0.125002E 03 PB 0.118215€E 03
P4 0.311655E 03 P8 0.203881E 03

CPTIHUM FASRICATION COST BURDENS coT 0.205463E 05 CDR 0.168465E 06 C@T 0.136020E 97 COR V.765973E 06
cX 0.202634E D4 CH 0.141265E 8% CM 0.409006E 05 cD 0.277501& 05 CST 0.517347E 05
GSR 0.150970E 65 CA 0.148863E 07 cB 0.965285E 06

OPTIMUH SYSTEM COST BURDENS (] 0,961712E 06 CRO 0.145546E 06 CAQO 0.563973E 06 CGO 0.145546E 06
cv 0.18167BE 07 Ccs 0.373566E U7

KXXRXRXKXXEAXKLXX KKK XX XX XXX RN KX KX KON XXX KA XK KRN XK XK KKK AN KA KKK KKK KK KR X XXX R A XA KN KA NN KKK A KKK KX XX XK AKX KKK KRR




XXXXXXXXXXXXXXXXXXXXX*XXXKXXXKKYXXXXXKXXXXXXXXXXXKXXXXXXXXKXXXXXXKKXXXKXXXXXXXXXXXXXKXXXXXXKKXXXXXXXXXXKXXXXXXXXKXXXIXXXXXXXXXK

INFORHATION RATE,RB 0,10800E Gn
OPTIMUM SYSTEM PARAMETERS pT10 0.459875E 01 DRO 0.122039€ 03 PTO 0.1672%90E 02 THERD G.,1000E-02

APYIMUM WEIGHT BURDENS HDT 0.252115E 02 WDR 0.362549E 03 WUl 0.509728E 01 WOR 0.162573E 43 HX 0.584580F 02 -

HH 0.576407E 01 HH G-130000E 02 [T 0.311000E 02 WST 0.368536E 02 WSR [
HA 0.142384E 03 HB 0.556222E U3

OPTIHUH POHER BURDENS FO1 0.24467nE 01 PGR 0.7B0349E 02 PX 0.167290E ¢3 PH 0.649999E n2 PO 0.103563E 03

Pa 0.234736E 03 PB 0.181598E 03

OPTIHWUM FABRICATION COST BURDENS corv 1.202961E 05 CODK 0.155318E 06 CGT 0.127591k 07 COR 0.763973E 06
CX 0.2n2392E 04 GH 0.140966E 05 CH 0.209000E 05 CD 0.155500E 05 CST 0.389663E 05

CSR 0.145399E 05 Ca 0.137129E 07 [§:] 0.94938LE pé

OPTIHUM SYSTEM COST BURDENS cTo 0.876731E 06 CRU 01.132208€ 06 CR0 0.563973E 06 CGO 0.132208E (6
N cy B.170512E ¢7 Cs D.34663%E€ 07
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INFORHATION RATE,RB 0,50001E 07

Ly~¥

OPTINHUM SYSTEM PARAMETERS D10 0.402876€E 01 DKO U.119565E 03 PTO 0.160577E 02 THERU 0.,1000E-02

OPTIHUN WEIGHT BURDENS WD 0.2R1625E 62 WOK  0.348804k 63 WUl 1.507d466E 01 WOR  0.15625(E 03 WX  0.571I55E D&
HH  0.361799E 01 WM 0.115000E 02 WD  0.305500E 02 WST  0.346206E 02 HSR 0.

HA 0.13/N8AE D3 HE b.5356U4E 03

OFTTHUM POWER BURDENS PUT 0,243584E 01 POR G.75e000E U¢ FX T.I60%77E (3 FH T.0/5002E 02 PU T IFI732E T3
PA 0.220513E 03 PB 6.176732E 03

OPTIMUM FABRICATION COST BURDENS coT 0.202272E 05 CBR U.150089E 06 C©CQT D.124182E 07 CAQR D.764973E 06

(43 0,.202796E 04 CH 0.140847€ 05 CH 0.1750061E 05 CD 0. T5Z75TE 6% C5T T.366052E 0D
CSR 0.14418%3E 05 CA 0.133226k 07 CB 0.943755E 06

OPTIMUM SYSTEW COST BUMBENS cT0 0.842448E 06 CRO 0.126904E 06 COO 0.563973E n6 CGO 0.126904& 06

cy U.légHEJb 07 [+ 0.337922E 07
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KRR AR KR R KN R X KRR RE R AN E NS KR XX KK KA KRN K AR KX KR AKX AR AN KN KA XK XK KK AKX KA AKX KA XK KKK XX KKK LR XA KR KK XA TAX AKX R AR AXAXAXXXA XK LKA

“ITNFGRHATION RATE,RB A, 1000k 07
OPTIMUN SYSTEH PARAMETERS 010 1.296094E 01 DRO 0.114052E 03 PYO0 0.146110E 92 THERO 0.1000E-02

OPTIHMUM WEIGHT BURDENS ®DT 0.250877E 02 WDR 0.319181E 03  WuT 0.504033E 01  HOR 0.142623€ 03 HX 0.542220E 02

HH U,428743E 01 WM 0.103000 D2 W 0.301100E 02 HWST 0.314046E 02 HWSH [}
HA U,129342E 03 HB 0.491914E 03

UPTIMUM PGHER BURDENS PUT 0.241936E 01 POR 0.684592E 02 PX 0.146110E 03 PM §.515000€ 02 PD 0.1G0266E 03

PA 0.200030E 03 PB 0.168725E B3

""OPTIHUH FABPICATION COST BURDENS coT 0.201227E 05 COR 0.13B8B1%E 06 CO7Y {§.116753€ 07 TCAOR 0.763973E 06
CX 0,2n2089E 04 CH 0.149591E 05 CH b.155000E 05 ch 0.150550E 05 CST D.332049E 05

CSK 0.142781E 05 [H) U.125244E 07 (] 0.932065E 06

OPTIMUM SYSTEd COST BURDENS cT0 0.767871E 06 CROD 0.115470E 06 COGO 0.563973E 06 ECGO G.115470E 06
cv 0.156278E 07 Cs 0.320336E 07

XXOUK XK KGR 00000 XX 000X K 300X GO0 XO0HDORKOOOO0CN0OO0EXNER XXX KR XXX KR XXX R XXX XXX AN XXX XA XXX AKX KX AKX AKX AR K
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INFORMATION RATE, RS 0.50001E U4

OPTIMUM SYSTEM PARAMETERS 070 0.259263E 01 DRO 0.111769E 03 PTO 0.140318E 02 THERO 0.1000E-02

OPTIMUM WEIGHT BURDENS KBT 0.250672E 02 WDR 0.307322E 03 WOT 0.503092E Q1 WOR 0.13716BE 03 WX 0.530637E D2
HH 0.315717E 01 WH G.101500& U2 HD 0.300550E 02 HST 0.303769E 02 HSR 0.

LT D.L26846E 53 LL:] 1.474545E 03

OPTIHUM POWER BURDENS PUT U,241484E 01 POR 0.65B8406E 02 PX 0.140318E 03 PH 0.507500E 02 PD 0.100083E 03
Pa 0.193483E 03 Pg 0.165924€ 03

OPTiMUM FABRICATION COST BURDENS cn1 0.200641E 05 CDR 0.134307E 06 _CUT 0.113755E 07 CAR 0.763973E 06

[%3 U.2n2007E 04 CH 0.140488E 05 CH 0.152500E 05 [H]) 0.150275E 0% CST t.321182E 05
CcSh #.141481E 05 CA 0.122108E 07 cB 0.927456E 06

OPTIHUM SYSTEM COST BURDENS CT0 D.737807E 06 CRO 0.110B93E 06 (OO0 0.563973E 06 CGOD .0.110893E 06

cv 0.152357E 07 Cs 0.313481E 07
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XXXXXXXXXXXXXXXXXKXXXKXXXKXXXXXXXXXxxXXXXXxXXXXf&xXXXXKXKXXXXXXXXXXXXXKKKXXXXXXKXXXXXXKXXXXXKXXXXXKXXKXXXXXXXXXXKXXXXXXXXXXXXXK

[NFORMATION RATE,RB 9.10000E 0%
OPTIHUM SYSTEM PARAMETERS BT0 D0.190389E 9L DRD 0,106659E 03 PTO  0.127781E 02 THERO _ 0.1000E-02

OPTIHUM WEIGHT BURDENS HWDT 0.250362E 02 HWUR 0.281650E 03 WQT 0.501667E 01 HOR 0.125359E 03 HX 0.505563E 02
HH 0.287508E 01 HH t.1G0300E 92 WD 0.300110E 02 WST 0.283133E 02 HSR [
HA 0.,121828E B3 HB b.437020E 03

OPTIMUM POWER BURBDENS POT 0.240A00E 01 PUR 0.601723E 02 PX 0.127781E @83 PH 0.501500E 02 PD 0.999366E 02
P4 0.1A8339E 03 PR 0.160109E 03 .

OPTIMUM FABRICATION COST BURDENS cnT 0.200507E 05 CBR 6.,124541E 06 cCOT 6.107229E 07 COR D-763973E 06
Cx 0.2011827E B4 CH 0.1440266E 05 GH 0,150500E 05 co 8.150055E 0% CST 0.299363E 05
CSk 0.148027E 0% CA 0.115338E 07 4] 0.917522E 06

OPTIMUM SYSTEM COST BURDENS CTO 0.672435E 06 THO 0.100985E 06 (OGO 0.263973E 06 CGO 0.1009B5E 06
cy 0.143R38E 07 Cs 0.298741E 07

XXXKK OO0 000X X006 KOO XK XX XXX R XXX N RN XXX X XXX XXX KK AR KKK R KL X AKX AKX AR AR AR AR R AKX KKK XA XK KA X AKX

RXXNXEXOAKEAX KRR AXX KX X XXX XX XXX KKK A XK KKK XXX XXXRKEX AR R AKX X LK XXX XK AKX AKX AKX AKX XK AKX AKX R N KRN XK XA AKK KKK KANK KA KKK R KK

INFORMATION RATE, RS 0.50001E 0%
OPTIMUM SYSTEM PARAMETERS Do 0.166667E 01 DRHO 0.104536E 03 PTO 0.122746E 02 THERO G.1000E-02

OPTIMUM HEIGHT'BURDENS HBT 0.250278E 02 WDR 0.27133%E 03 HUT 0.501278E 01 WOR 0.120616E 03 HX 0.495492E 02
WH 0.276178E 01 HM 0.100150E 02 Wi 0.300055E 02 WST 0.275106E 02 WSR O
WA 0.119877E 03 WB 0.421960E 03

OPTIHUH POWER BURDENS POT 1.240613E 01 POR 0.578957E 02 PX 1.122746F 03 PH 7.500750E 02 PD 0. 99FIB3E 02
PA 1.175227E 03 PB 0.157814E 03

OPTIMUH FABRICATION COST BURDENS COT 0.200389E 0% CBR 0.120618E 06 cCAT (.104598E 07 COR 0.763973E 06
CX 0.20r1755E 04 CH 0.140176E 05 CH 0.150250E 0% 4] t.150028E 05 CST 0.Z290877E 05
CSR 0.139453E 05 Ca 0.112617E 87 CB 0.913539E 06

OPTIMUM SYSTEH CéST BURDENS cTO 0.646091E 06 GCRO 0.970055E 05 C©0Q0 0.563973E 06 CGO 0.970055E 05
[

v 0.140408E% 0/ 43 G.292832E 07
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R XX XK KK A XX KA XK KX KX KX XX KX X KA X R N K KKK AN KK AR R AR KR XK XA X A R X R A KRR X X R X AKX XA XXX XX A XXX XA

TTHFORMATION RATE, RB 0,10000E b5
OPTIMUM SYSTEM PARAMETERS pTO 0,122344€ 01 Dbka 0.997762E 02 PTO0 0.111822E 02 THERO 0.1000E-02

OPTIHUM WEIGHT BURDENS WDT 0.250150E 02 HDR 0.248972E U3 WOT 0.500689E 01 HAR 0.110327E D3 WX 0.473645E 02

WH 0.251600E 01 HH t.1¢0080€ 02 WD 0.300011E 02 HST 0.25785%8E 02 HSR [}
HA 0.115691E 03 HWB 0.389300E 03

OPTIMUH POWER BURDENS PU1 U.240330E 01 POR 0.529670E 02 PX 0.111822€ 03 PH 0.500150E p2 PL U.999037E 02

PA U.164241E 03 PB 0.152B61€ 03

OPTIMUM FABRICATION COST BURDENS coT 0.200210E 05 (DR 0.112109€E 06 COT 0.988764E 06 COR 0.763973E 06
CX 0.201599F 04 CH 0.139983E 05 €M 0.150050E€ a5 Cch 0.150005E 65 CS8T 0.27243%E 05

CSK U,138215E 05 CA 0.106707E U7 CB 0.904904E D6

GPTIMUM SYSTEH COST BURDENS CTO 0.588822E 06 CRO 0.883727E 05 ©cQO 0.563973E 06 CGO 0.883727¢ 05
- Cy 0.134954E 07 Cs 0.280016& 07

RERKKRKXXR XK XXX XKAXKXKKX KN X KX XKD XXX XXX X000 XXX % XXX 000000000 XX XX XK XXX XXX XX XXX XK AR X KKK KK N

RAXXUKAXRRKKRKKRX KKK XK AR KRN AXE XX R A KKK AKX AKX AKX XXX R KR AR XK KKK KX EXX XTI X KX AKX X AE XA KA KKK AAR XK KA A KA LKA XXX AN X

LNFORMATION RATE,RB 0.50001E D4

OPTIHUM SYSTEM PARAMETERS DTO 0.1070B7E 01 DRO 0.977961E 02 PTO 0.107428E 02 THERD 0.1000E-02

OPTIHUM WEIGHT BURDENS WDT 0.250112E N2 WOR 0,239974 03  WJF U.50852BE 01 HUR 0.106188E €3 WX 0.464856E 02
WH b.241713E 01 HHM 0.,100015E 02 WD 0.308005E 02 HST 0.250946E 02 WSR B

N HA 0.114016E D3 HA 0.376162E 03

OPTINUM POWER BURDENS PUT 4.240253E 01 PUR 0.509702E 02 PX 0.10742BE 03 PH 0.500075E 02 PD 0.999018E 02
PA 0.159838€ 03 Py 0.150872E 03

OPTIMUM FABRICATION £0ST BURDFNS coT 0.200161E 05 CDR 0.108686E 06 CAT 0.965702E 66 COR 0.763973E D6

CXx 4.201%36E 04 CH 0.1399085E 05 Ck 0.150025€E 15 Ch 0.150003E 0% CS7 0.265331E 05

CSH 0.137718E 05 CA 0.104326E 07 c8 0.901431E 06

OPTIMUM SYSTEM COST BURDENS CT0 0.565747E 06 CHD 0.848999FE 05 €00 0.563%73E 06 CGO D.H848999F 05

Ccv 0.129952E 07 GSs 0.274858E 07

LR 03232583 P Y R S Y I R G R A S A A R A R R L T T e R R S T R A AT
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KEXNX R XA XXX LXK X AN K AAR LR KX XA XX XX AN NN XX XX AN KX XK X XXX X AAK XXX XN X RO XXX XN X KX XXX O00CGOOOOX XXX XXX X XXX A XXX A AKX

INFORMATION RATE,RB 0.1UNDOE D4
OPTIMUM SYSTEM PARAMETERS Y 0.765941E D0 DRO 0.933518E 02 PTO 0.978858E 01 THERD p.1800E-02

OPTIMUN WEIGHT BURDENS WDT 0.250067E b2 HWDR 0.220435E 03 WUT 0.500284E 01 HWOR 0.972000E 02 HX 0.445772E 02

WH 0.2720243E 01 HH 0.100003E b2 Wo 0.30000LE 02 WST 6.235953E 02 WSR 0.
HA 0.110384E 03 Hb 0.347635€ 03

OPT1HUM POWER BUKDENS PUY U.24U0136E 01 POR 0.466560E 02 PX 0.97885BE 02 Fn U.500015E a2 PD 0.999004E 02

Pa 0.150289E 03 FB 0.,146556E 03

OPTIMUM FASKICATION COST BURDENS [H1X] G.200086E 05 CDK U.101252E 06 "COT 7.915%65E 06 CUR 0.763973E 06
CX 0.2n1400E 04 CH 0.139736E 05 GCM U.150005E 05 CD 0.158001E 05 CST 1.249479E 05

CSR 0.136639E 05 CA 0.991510E 06  CH U.893889E 06

OPTIMUM SYSTEM COST BURDENS CTo 0.515589& U6 CRO U.77358BE 05 CQ0 1.563973E 86 CGO 0.773%8EE 05
cV 0,123428E 07 Cs 0.263655E 07

KXKXXX XXX R XXX XN XY KKK X X AXXR XXX KR AN KKK AR X XXX XXX XAR KA RX XX KXOOOOOERN XA R XRXAA XN AR XX AA XKLL A AR AARXAARAKAAXKAKAA KX KX X

XXX XXAKAXKKXEXA XK EAREAX K AR K ARAKAKEXAAK AR XN K EAX KRN AX AR AKX AL RN KX REXKA AR KUK AKX AKX AKX KX XA XA KL LXK AN LN KA XA AKX AR AAX XX AKX

INFOHMATION RATE,RB 0,50001E U3

UPTIHUM SYSTEM PARAMETERS DTO 1.687896E 00 DkO 0.9150617E 02 PTO 0.940443E 01 THERC N«1090E-02

OPTIMUNM WEIGHT BURDENS HUT 0.250047 02 HDIR 0.21256%9E 03 HWOT -~ 8.500218FE 01 WOR 0.935816E 02 HX Beq4dBDBYE DZ
HH 0.21160nE 51 HH 0.3100001E 02 HD 0.300001E 02 HSTY 0.229920E n2 HWSR 0.

WA U,.1nB8924E 03 HB 0.336150E 03
0 MUH POHER BURDEN P 0.240104E 0 R 0.44919 [1] 0.940 0 .20 0 D 0
Pa 0,146446E 03 PB 0.144B1%E 03

OPTIMUM FABRICATION COST BURDENS coT 0.200066E 05 CDR 0.982599E 05 COT 0.895363E 06 COR 0.763973E 06

[3 t.2n1345E 04 CH 6.139667E 06 CH 0.150003E 035 CD 0.150000E 05 C57 0.233101E 05
CSH 0,136205E 05 CA 0.970660E 06 CB 0.890853E 06

UPTIMHH SYSTEM COST BURDENS CT0 0.495381E 06 CRO 0.743228E 05 cO0 0.563973E 06 CGO 0.743228€ 05

[} 0.120800E 07 Cs 0.259144E 07

XXXXXARKXXEXR XXX LR LXK XK XK KIOIAN A ARKXAXK XX K XK




YA R 4

AXX RRAXX

INFORMATION RAE,RB

0,10000E D3

OPTIMUM SYSTEM PARAMETERS D70 0.504820E 00 D8RO 0.873472E 02 PTO 0.856984E 01 THERO D.1000E=-02
OPTIMUM WEIGHT BURDENS WDI 0.250025E p2 NbR 0.195479E 03 WUl 0.500117E 01 WOR 0.857205E 02 WX 0.421397E 02
WH 0.192821E DL HH G.100000k 02 WD 0.300000E D2 WST 0.216816E N2 WSR [
HA 0.1n5753E D3 HB 0.311200E 03
OPTIHUH POHER BURDENS Pat 6.240056E 01 POR 0.411458E 02 PX 0.B569684E 02 PM 0.500001E 02 PO 0.999000E 02
PA 0,.138099E 63 PB 0.141046E 03
OPTIMUY FABRICATION COST HURDENS coy 0.200036k 065 COR $.917585€ 05 CQT 0.851448E 06 COR B8.763973E 06
CX 0.2n1225E 04 GH 0.139519E 05 CH 0-150000EF 05 co 0.150000E 0% CST 0.229245E 05
CSH 0.135761E 05 Ca 0.925340E 86 [43] 0.884258E 06
OPTIMUM SYSTE® COST BURDENS cio 0.451458 06 LCRD 0.67/7271E 05 CQO 0.563973E 06 CGO 0.677271E 05
cv 0.115089E 07 CcS 0.249340E 07

XXX XHXAXAXKXKEXXAX XK RKOEHX KR XK XXX X000 XXX LXK K XK HXIO0000 0000 R XXX XXX U000 XXX X000 R KX XXX X XXX XXX KK X
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Example B: Mars Spacecraft Transmitter to Earth Recewver Link
0.51 micron wavelength
PCM polarization modulation
Shot Noise Limited Operation
Transmitter system weight and fabrication cost, and receiver fabrica-
tion cost jointly optimized.
Parameters to be optimized:
Transmitter antenna diameter

Receiver antenna diameter

a0 o W

Transmitter power
d. Receiver field of view
Fixed Paraméters: None
Parameter Stops:
a. Transmitter adntenna diameter at 50 cm

b. Receiver field of \:riew at 2.5 microradians
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DATE PROBLEM _EXAMPLE B

SPACECRAFT TRANSMITTER
EARTH RECEIVER
MARS RANGE

0.51 MICRON TRANSMISSION WAVELENGTH
DAY SKY BACKGROUND

PCM POLARIZATION MODULATION
OPTICAL DIRECT DETECTION

- TRANSMITTER SYSTEM WEIGHT & FABRICATION

COST AND RECEIVER SYSTEM FABRICATION

COST JOINTLY OPTIMIZED
TRANSMITTER & RECEIVER ANTENNA DIAMETEROPT.
DATA POINTS AT RB = 10°, 0.2 x 10",

0.3 % 10%, . . ., 10° BITS PER SECOND
PRINT OUT ALL SYSTEM DATA
PLOT VALUES OF OPT. SYSTEM PARAMETERS
END OF COPTRAN INSTRUCTIONS
2.5 RAD STOPS ON RECEIVING FIELD OF VIEW
50 CM STOP ON TRANSMITTER ANT. DIAM,
INITIAL VALUE OF TRANSMITTER ANT. DIAM.
END OF COPTRAN DATA DECK
END OF COPTRAN GASES

NAME
COPTRAN INSTRUCTIONS AND DATA
IngﬁggmN 123 466|78 9101112131415161718[192021222324
1 1 [s]leixM TR
2 2 |IE[ARC| VIR
3 3 |r|AlNMA|R
4 4 |L]AMO[5[1
5 5 |B(K|D| S|&.| Y
6 & |P|c|M/|P|L
6 71o|FTIDl1|R
7 8 {xM|w|T| o P
7 8 IxIv|Fic|olp
7 10 |R{CIFICI O P
] " |D|T|DR| O P
10 12 IR |BiFRIQO
10 13 R |B[1[N|TjO
10 R |B|F|I|N 8
11 5 | |R|TD{A|T
12 16 |plL(Tlol T
13 W1 ElNDiI|NS
DATA 18 [THIRR| B 2|s|5 El~|é
DATA ¥ piTis 5{0|e
DATA 20 [D|T{1 FTEIS
14 21 |[E|N|p|DlAl T
15 22 |E|N|D|c|als
23
24
25 9

12345678 9101112131415161718192021222324
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SYSTEM BURDENS DATA

LS-¥

TRANSMITTER KTHT _ 14.00001 KRT 0.0L000 CKT Z0000.00 WKT 25.00 HY Z.00 5] 2.00000

ANTENNA

-RECEIVER KTHR 8./5000 KPR 0D.0230008 . CKR 25008.90 WKR - 2p.00000 MR 2.00000 NR 2.00000

ANTENNA

TRANSHITTER KAT 71000, KHAT D.46000 KPOT - 0.4B000 CAT 400000, . WBT 5,000 oT 0.30000

AGQUISITION

AND THACK

SYSTEM

RECE1VER KAR 7ltan. KWAR 0.46000 KPOR n.48000 CAR 200000. WeR 5.000 OR 0.30000

ACOUTSILI0N -

AND TRACK

SYSTEH

TRANSHITTER KPT  150.00000 KAT 51,0000 KH 0.56000 KX G.00/00 KE 0.00300 CKP 3500.00
CKH 18800, HKP 40.000 HKH 0 JT 1.000 6T 1.00000 HT 1.00000

HODULATION KFM 0.00007 KM 0.00000 KEM 5,00000 CKH 7500. HKM 5.00

EQUIFHENT

DEWGDULATION  KFD  0.0000550 K 0.000000811 KPD 3-33000 CKD 15000 WKD - 30.000

EQUIPMENT

TRANSHITTER KST 112.000 KWST 0.110000 CKE 0. HKE 1.

PUWER SUPPLY

RECEIVER KSR 22« 00N KWSR _[l- CKF 10000. WKF - 0.

POHER SUPPLY : N .

8OOSTER KSA 1640.000 KSB 1640.004

BURDENS

i"'ﬂ“I*Il}ﬂ'iQiﬂ'ﬁﬂﬁﬂﬂﬂ{ﬂ#‘!ﬂ“1ﬁdﬂ*ﬂi&&!‘ll‘ﬂlﬂ'*ﬂiﬂ‘*iﬂHﬂﬁl*ﬂﬂ‘lﬂ*ﬂﬂ'f«ﬂﬁlﬁ%!&*ﬂ&ﬂ#.iﬂﬂ“ﬂﬂ'lﬂlﬂilﬂi!l‘ﬂﬂii*ﬂ*Iﬂ‘“ﬂUII#“‘***“‘Q*'&H"GE




8¢-¥

SYSTEh PHYSICAL DATA

R 0.108u0E 14 LEAMHUA 0.51000F-p4  S/N 0.12000E 02 C/N 8-30000E 01 USBRED 0.15000F 02 TAU-T 0.B0000E 00
TAlU=-R 0.70000FE 00  TAU-A V.8nOROE 00 TE (U Efa 0.20000E 08 RL 0.10000F 03 LMBD-1 D0.10000E-02
[*]:] D.20000E 17 RHO-I D.9RENDE 0B RHO-R 0.2BOOOE 00

1
.'*Q‘*I!liﬁ'ﬂ*ﬂﬁiﬂﬂ*ﬂ&“l#“‘Gi&ﬁ!'ﬂ&!ﬂﬁ'il“Hinﬂlﬂilﬁiﬂli#**“lﬁlﬂﬂIilﬂliﬂﬂﬁﬂl#l*ﬁﬁl&ﬂﬂnﬂ*ﬁﬂIlﬂﬂﬁﬁiﬂ*ﬂlﬁ'*ﬂ*ﬂﬂ“li‘*'*‘l'ﬂii'i'ﬂ'l.

.‘**ﬂ'**Illiif‘“G'iﬂ'ﬂ#'i““ﬂﬂﬁ*bﬁh*iﬁ##!iﬂl&ﬁllh&“ﬂbiﬂblilﬂﬂll&ﬁblﬂﬁﬁ*i#u&iw*l!llGII*ﬂﬁﬂIiliniﬁl##ﬁn&!l*l*ﬁl&ﬂil*'llﬂﬂﬁl*llﬁlﬂﬂ

SIGNAL-TU-NOJISE RATIO GCONSTANTS

K 0.76052E 14 [ []8 KM [ KR D. KS 0.77679E-01

I**'ﬂ'l“ll*ﬂﬂ*l‘i‘li“ildG“nilHiﬂHﬁﬂﬂﬁi“ilﬁﬂliﬂﬂiﬂﬂEE#&**H&E*#DDQﬂ*I“Iﬂﬁﬂhﬂﬂﬂh#ﬂiﬂHi"ﬁ*ﬁiiﬂ&ﬁ*&ﬂ#ﬁﬂ*ﬂll*luﬁlil““ﬂﬂﬂﬂil.."‘llﬂ

I*“'G“'*IIG'I*IE*H*l*uﬂl&'*iﬁIiuﬂﬂ@'ﬁ#ﬂlﬂﬂ“li“ﬂll*ﬂﬁﬂ*ﬂllﬁ*ﬂﬁ&ﬂﬂIﬂﬂ*ﬂ&“lG“ﬂiﬂiiiﬁND“Qiﬁﬂl‘hﬁﬁl*’#'ﬂ'ilIllﬂlﬂﬂiﬂ“*'ﬂii*lll'lllﬂ*

SYSTEM BURDEN CUNSTANTS

KHT 0.14000E 07 KNT B.24%90F 02 KaTt 0.13772E B7 KHMR 0.87500E 01 KNR 0.12696E 00 KGR 0.71000E 0%

KGT 0.15000E 03 KHF 0.83640E 05 KJT 0.30445E 06

""I*"I*“'”“!*I‘ﬁ“iGiﬂ*“*#**'ﬂIﬂ“ﬁﬂQli*&&*ﬂllNllﬂﬁnliuniiuuﬁaﬁﬂﬁh*l!Dﬁllhﬂ*lnﬂnl&ﬂ'*&*ﬁnn!uGuluﬂuﬂﬁnﬁﬁﬂnlnnll*llnlnlnlinunll&

l.*.ﬁ*‘*D*"ﬁ““ll*.'ﬂI**E*“ﬁ“**lﬂBﬂﬂﬂG**“ﬁ*ﬂ'**ﬂ‘IﬂﬁﬁH**bl*ﬁﬂn*“Hﬂﬁ#ldiUI“'H#H#*&“**‘*‘I“Hﬂlﬂﬂﬂli!II#lﬂ#&nﬂiﬂ}ﬁ'.*ﬂi*lﬂilllllll

PARAMETER CONSTRAINTS

BTI 0.45000F 02 GTI 0. DRI D.50N00E 63 GRI Ge PTT N1.25000F 02 THERI 0.20000E-04
DTM n. GTH U. DRH 0. GRM 0. PIN 0. THERM 0.
[ 0.50000F 02 GTB ‘0. DRB N.10n00E 04 GRB 0. PTB 0.50000F 02 THERB 0.10000E-04

l*"ﬁﬂ*l'iﬁﬁﬂ*fﬂﬂ"lﬂ#ﬂﬂI*‘ﬂ*#“iﬁﬂilﬂ§5*§a*#h“ﬂn*l“'lﬂlllI'Eﬂ“l*ﬂﬂI”Iii‘*lillﬁ!“ﬂ'ﬁ!iﬂﬁiiﬁiiiﬂiﬂIGlﬂnﬂi'lﬂEﬂll*ﬂ*'#'ﬂﬁlllllllﬂh
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Example C: Jupiter Spacecraft Transmitter to Earth Receiver Link

10. 6 micron wavelength
PCM frequency shift keying
Shot noise limited operation
Transmitter system weight optimization
Parameters to be optimized:
a. Transmitter antenna diameter
b. Receiver antenna diameter
c¢. Transmitter power
Fixed Parameters
a. Receiver field of view at 1 milliradian
Parameter Stops
a. Transmitter power at 1 kw
b. Receiver antenna diameter at 1 meter

c. Receiver antenna diameter at 50 cm
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NAME DATE PROBLEM _EXAMPLE C

COPTRAN INSTRUCTIONS AND DATA

~

INST,??S'EIPN (1234656|788101112131416161718/192021222324
1 1 }S|P[x[M TR SPACECRAFT TRANSMITTER
2 2 [E|AR|C| VIR EARTH RECEIVER
3. 3 R ANl | UP JUPITER RANGE
4 4 |r|afprjolé 10.6 MICRON TRANSMISSION WAVELENGTH
5 s |B|KID[s|KlY DAY SKY BACKGROUND
6 8 |P|CiM /] FIM PCM FREQUENCY SHIFT KEYING
6 7 |o|PlTiH g T OPTICAL HETERODYNE DETECTION
7 8 |XM|WT|O|P TRANSMITTER SYSTEM WEIGHT OPTIMIZATION
8 9 |D|TIDR|O/P TRANSMITTER & RECEIVER ANTENNA WT. OPT.
10 10 |R|B|F|R| Q0 DATA POINTS AT RB = 109, 0.2 x 10', 0.3 x 107,
10 1 |r|B{1jN T 0 ) ..., 10" BPS
10 12 |R|B|F|1| N7
11 13 |P|R|T|D| Al T PRINT SYSTEM DATA & CONSTANTS
12 1 |PILTIO[PT PLOT VALUES OF OPTIMUM SYSTEM PARAMETERS
13 15 {EIN(D|1| NS END OF COPTRAN INSTRUCTIONS
DATA 15 |P|T|B 1|e|0 =l +0l3 1 KW STOP ON XMTR POWER
DATA 17 |D|R|M 1{0]| 0| 1| METER STOP ON RECEIVER ANT. DIAMETER
DATA 18 |D|T|B o 50 CM STOP ON TRANSMITTER ANT. DIAMETER
DATA 19 | T|HERIM 1|e|0 E|-|0]3 1 MILLIRADIAN FIXED RECEIVER FIELD OF VIEW
14 20 |E{N|DD| Al T END OF COPTRAN DATA
REPEAT 21 |RrIE[P|IE| Al T . REPEAT PRECEDING CASE
13 22 |g|N|D| 1|8 END OF COPTRAN INSTRUCTIONS
DATA 23 |p|tle 8l0le NEW XMTR ANT. DIAM. STOP = 80 CM
14 | g|NDlDlA|T END OF DATA :
15 % |p(nNiD|clAals i END OF CASES
$2345678 58101112131415161718192021222324
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- —==GRACRCRAFT —TRARSNLTTER - - —- ——oe com e~

EARTH RECEIVER
R TER--RANGE R+ BES RNy — -

-

TRANSMISSTION WAVELENSTH LAMBPA » 10+8 HICRONS
- —GA¥-HKY BAEKGRBUND— —— -~—— — -—- -

PCM PREQUENCS MODULAYION
s —BPRTIEAL HETERODYNE DETECTIOM-—-—— - n

TRANEMITTER WEIGRT OPTIMIZATION .
T TRANGHIFIER- *“?ENN*'N*HHER—ANB—REEH&EHWW ER—BPTIMIZRTION

ke EOPTRAN- PROGRAM -84 ~ oo oo

SARCYR
wm = BANGUR: - e i 2o

CAMyB6

-——-BKDSHY - -
PCH/F? '

5
KMWTRP
—PBTERAR - -

RBFREO
RBINTO -—

RBFINY

PRTDAT
TS

&NDINS

e BT ——§0G- ~E403 -
QRM 100 ’

DIE [y,
S

THERY “$¢0  Eeg3

—ENDDAT
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SYSTEM BURDENS DATA

TRANSHITTER KTHT 14.00000 KbT g.0100p CKT 20000.00 WKT 25.00 MT 2.-00 NT 2.00000

ANTENNA

RECE]VER KTHR 8.75000 KDR h.0730000 CKR 25000.00 HKR 2n.000060 MR 2.00000 NR 2.00000

ANTENNA .

TRANSHITTER KAT 7iun0. KHAT U.46000 Keni D.4B000 CAT 400000. WBT 5.000 [k c.30000

ACQUISITION

AND TRACK

SYSTEH

RECE 1 VER KAR 7rUn0. KHAR 0.46000 Kponr n.48000 CAR 200000, WBR 5,000 0OR 0.30000

ACOQUISITION

AND TRACK

SYSTEM

TRANSHITTER KPT 1.43000 KHT 2.00000 KH 197000 KX 0.02500 KE D,100G00 CKP 2000.00
CKH 14800. HKP 25.000 HKH 0. JT 1.000 6T 1,00000 HT 1.00000

MODULATIDN KFH p. 00050 KM 0.00000 KPH G. 00000 CKM 15000, HEM 10.00

EQUIPHENT

DEMODULATION KFD n.oouionon KD 0.00000020 KPD 3.33000 CKD 27500, WKD 55.000

EQUIPHENT

TRANSMITTER KST spt.00n KHST 0.625800 CKE 12060000. HWKE 400.000

POWER SUPPLY

RECEIVER KSR 29.000 KWSR 0. CKF 10000, HEF ™ 0.

POHER SUPPLY

BOOSTER KSA 1640.000 K58 15640.000

BURﬁENS'

‘II***‘I*lI!Iﬁl‘#il‘l‘ﬂﬂfﬂﬂl“‘"ﬁ**ﬂ*ﬂ&lﬂl*".l’i‘ﬂl#Iﬂ!I*ﬁI*G*I'QI"I#II.GI'*II"!Iﬂ'l.*li"“"i.llﬂuGﬂll‘ﬂﬂﬂ'l'l*lDﬂlliﬂ"ilﬁllii‘iillll




F9-F

SYSTEM PHYSICAL DATA

R 0.75000FE 24 LAMBUA 0.1n600&-02 S/N 0.15000E 02 C©/N De USBREQ 0. TAU-T 0.80000E 00O
TAU-R 0.60000F B0 TAW-A 0.80000€ 00 TE 0. ETA 0.50000E 00 RL 0.10000E 03 LMBD~I G.10Q00E-02
ag 0. RHO-1 0.98000E 60 RHO-R 0.98000E 00

BRR A DG R R T NG ENRR DA NN RGO R BRI U R RN RN RE RN R R RN E R R R SR B ER RN RN RN RN R R RO D EERD AR R RSB R BB AR U C RS RRE TR ARG RN R RSN B NN

BB RN R RO TR R RN R T R R R O N D R RN R R DT AR R R R R F R DR RN R RS RN R RN DR TR R RS R R RN R B E DT F RN R RN R RL O RN RN R RO RS R R R RS RN NN

SIGNAL=-TO-NOISE KATIO CONSTANTS

K 0. KN 0.1p202E~04 KM [ KK 0. K5 [

BHE R RS RN DR NN RS R R RGN R R R AR RN R O R N R R SR R R R R R R R RN RN R R R RN RH RO R R R NGB H RN AR R RRER RN RRERRRRERE R RPN

ANERRBARD RN R RS RD n AT D R G T AR R LR R R DU RO RO SRS EO DR AR RN R T ERB RN DT RR R RGN ERRER TR RN ER DR BORE R D H RN AR R RN R RRERRERRBRRRG RN

SYSTEW BURDEN GONSTANTS

KMT Y KNT 0.26207E 02 KaTt 0. KMR [ KNR [ KOR [

KeT D - ) KHT 0.37800F 04 KJT 0.10619E 0%

AR O AR R R R R R RN G RN R O R R A R R RN R RN R B AR R R R AR E R B R R R TR DR RN R TR R RN BT R AR R R RN RN BN R R AR R RN NS ERNE NN R R BRI R RERRN RS

A s Y R R A I R Y I T Y 2 T R R R T T N Y Y Ny Y Ry Ty Y Y R Y X )

PARAMETER CONSTRAINTS

DL ¢ 0.50000E 02 GTI 0. DRl 0.,10000E 03 GRI 0. PT1 0.25000E 03 THERI 0.10000E~02
DTH D GTH 0. DRH 0.10000E 03 GRH 0 PTH 0. THERH 0.10000E-02
bTB 0.80000E D2 BTB 6. DRB 0.19000E 03 GRS Ds PiB 0.50000E 03 THERB D«10000E~D2

AR 222 RS R AR TR R X R R R Ry Y Y Ny Y Y Y Ty e I L I ' ' mmn
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SYSTEM BURDENS DATA

L9-%

TRANSHITTIER  KTHT  14,00000 KDY 9.05000  GKY  20000.00 WRT 500 HY 2200 W 200007

ANTENNA :

REGEIVER KTHR __ 8.75000 KDR _ 0.0230000  CKR  25000.00 WKR _ 20.00000 MR 2.00000 MR 2.00000

ANTENRA

TRENSHITTER  KAT 71050, KWAT ~ §.4600¢  KPOT 0.48000 CAT 400000~ weT 5.000 v 0.30000

ACQUISITION . .

AND TRACK

SYSTEM . .

RECEIVER KAR 71000, KHAR  0.46008  KPOR __ 0.48600 CAR 200000, WBR 5.000 or 0.30000

ACOUISTTION .

AND TRACK

SYSTEW .

TRENSHITTER  KPT 1.43000 KWT 2.00000  KH 1.97000 KX 5.02500  KE D.10000 TKP 2000.00
CKkH 13800. WKP 25.000  WKM 0. JT 1.000 6T 1.00800 HT 1.00000

KODULATION KEM 0.00050 KM U.00000  KPH 5.00000 cKH 15000, HKH 10.00

EQUIPHENT

DEMODULATION KFD  g.0001000 KD 0.00000029  KPOD 3.33000 CKD 27500, WKD 55,000

EQUIPHENT

TRANSHITTER  KST 500.000 KWST _ 0.625000  CKE  1200000. WKE 400,000 3

POMER SUPPLY

RECEIVER KSR _ 25000 KHSR 0. CKF 19000, WEF 0.

POWER SUPPLY

BOOSTER KSA 1640001 KSB __ 1640.000

BURDENS

ERR B R RN RN TR R TR RS R R DR E R RN RR T R R R BT AN RGN R BB R R AR R LT RSB R R E R R R ER RS R AR R DR AP R R U RN ERDR AR URB BB R B AR ERF AR B RBLERE N
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SYSTEM PHYSICAL DATA

R 0.75000F 14 §AMBUA 0.10600F-02 S/N 0.15000E 02 C/N LIPS USBREOQ 6- TAU-T 0.80000E 09
JAU-R 0.560000F 00 TAU-A 0.8R000NE 0D TE 0. ETA 0.50000E 00 RL 0.10000E 63 LMBB-1 0.10000E-02
aB 0. RHO=T 0.9R000F 00 RHO-R 0.98000E 0O

"""I‘I*'*“‘*ﬁﬁ.*#l#ll#'“ﬁiGlallﬁiﬂ#&*'l"'G'Il‘ll*i"Eli*"lﬂ'illl‘iilﬂi[IBI*I*I'll‘*ll‘llli!}ll&lﬂl'IﬂI*I*{*I**III.I*IQ'Q}.&I.IQ

R R AR R AR A R R R T R R P RN AR R AR DS R R T RE R R RS RN DA RR R R R R R LN R BT RN RGN RN R B RN AR E DU AR DN D R U B RN B SR ERT R AR IR SRR BN EN RN

E€IGNAL-TO-NOISF RATIO CONSTANTS

K 0. KN D.LA2N2E-04 KM 0. [ e KS g.

"'**9NI!lﬂ&llli!lllGwiﬂl*inﬁ:*iﬁiwun*iillluiuﬂlguainiuinniinaninlnE|IlIu1nlan&lulli!i!illu*un**ilIi'uilﬁi&I;n&ll»lil&ll&hilili

"'il';ﬁlliiiilﬁhil¢ln&¢l*liﬂIiﬂliii#&l&l#*ﬂ*ﬂ*lIwa*IﬂiIﬂll*iliilﬂlin!!!llll*li!lnllllilll#lﬂclﬁllﬂilli.Iilﬁilli'lililllﬁiﬁ*liﬁ

SYSTEM BURDEN CONSTANTS

KMT e KNT 0.2a207F 02 KQT 0. KMR [ KR 0. K@R [

KT B KHT 0.32800F 04 KJT 0.10619E 06

I"II*lIﬂII'I*IE*iﬁ“ﬁﬂ&nlﬁiﬂlﬁﬁlﬁﬁiﬁﬂn!i*lﬁal*&llIII*“I#I*“*#I#IGki#IiﬁI*ilﬂﬁiIlﬁl&llliilﬂllﬁ'*lllillﬁI*llill!&l*lIII‘I!I!II!II

L b bbb L R R R R A A R AR L LR L T T T R R T Y E R TS N R g R B R g g g e g SV S g g R

PARAMETER CONSTRAINTS

BTl 0.50000E 02 GTI 6. DRI 0.10000E 03 GRI [ ) PTT 0.25000E 03 THERT b.I0000E-02
DTH 0. BTM 0. DRH 0.10000E D3 GRH 0. PIH 0. THERM 0.10000E~D2
DTh 0.50000€ 02 GTB 0. DRB . 0.i1p000E 03 GHB (i) PTH N.I0000E 09  THERH U.TIO0UCE-UZ

.'*Iﬂ*'lﬁﬂ“‘*ﬂ‘*l‘**ﬁﬁEG#*'.‘#G#‘E&ﬂ'"ﬂﬂ“*'**'il'l‘ll'ill*lQﬂli.ﬂ-lI-ii"“'"'.'ﬂ"I.*III‘G*"“.‘INOI-IGIHIHIl‘**‘Glﬂ’"‘l'lﬂl&',."ﬁ'ﬂ’.ID
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Esxample D: Mars Spacecraft Transmitter to Earth Receiver Link
13 cm wavelength
PCM phase shift keying
Thermal noise limited operation
Transmitter system weight and fabrication cost jointly optimized
Parameters to be optimized:
a. Transmitter antenna diameter
b. Transmitter power -
Fixed Parameters:
a. Receiver antenna diameter at 64 meters
b. Receiver field.of view of 1 milliradian
Parameter stops
a. Transmitter power at 1 kw
Data values:
'a. Transmitter antenna efficiency = 60%

b: Rewvised transmitter burdens (1980 estimates)
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PROBLEM _EXAMPLE. D .

SPACECRAFT TRANSMITTER

EARTH RECEIVER

MARS RANGE

13 CM TRANSMISSION WAVELENGTH

GALACTIC BACKGROUND

PCM PHASE SHIFT KEYING

COMERENT RADIO HOMODYNE DETECTION

XMTR SYSTEM WEIGHT AND XMTR SYSTEM

FABRICATION COST JOINTLY OPTIMIZED

TRANSMITTER & RECEIVER ANT GAIN OPTIMIZATION

RTG XMTR POWER SUPPLY BURDENS

DATA POINTS AT Ry = 105 0.2 x 10}, 0.3 x 104,
.« ., 107 BITS PER SECOND

PRINT SYSTEM DATA AND CONSTANTS

PLOT OPTIMUM SYSTEM PARAMETERS
TOTAL COST, AND TRANSMITTER
OPTIMUM WEIGHT

END OF COPTRAN INSTRUCTIONS

TRANSMITTER ANTENNA EFFICIENCY

REVISED TRANSMITTER BURDENS

NAME DATE
COPTRAN INSTRUCTIONS AND DATA
INSTRUCTION :
TYPE 1234656|789101112/131415161718t92021222324
1 1 {s|P|XMITIR
2 2lEJAR|CIVIR
3 3 {R|A|NMAIR
4 slrjapg1|3|cC -
5 5 |B|K|GlalL{T
6 8 |piciM|/ (M|
6 7 {R|A|D{HIOM
7 8 [XMWT|O|P
7 9 [x|MIF(ClolP
8 10 |G|T [G|r|O[P
9 1" [NX|P[Wsia
10 12 {R B [F|R|Q|0
10 13 IR[BIL IN[T|0
10 14 [RB{F|L|N|T
11 15 |PR |TD|A|T
12 18 |P|L|T|o|B|T
12 17 |P|L|T|C|s
12 18 |P|LlTlwa
13 19 |E[(N|D| 1jN|5
20
DATA 21 [R[E]O|T e|6]0
DATA 22 [K|P|T 96 (e
DATA 23 |K(wiT MK
DATA 24 |k NAL
DATA 26 K 5|el6 E|~03
1

*See TABLE IV-I

234567 8910111213141656181718192021 222324
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PROBLEM EXAMPLE D {continued}

>

REVISED TRANSMITTER BURDENS

GAIN FOR 64 METER FIXED RECEIVER ANT. DIAM.
I KW STOP ON XMTR POWER

1 MILLIRADIAN FIXED RECEIVER FIELD ON VIEW
INCREMENT SN FROM 20 TO 50

IN STEPF SIZES OF 15

END OF COPTRAN DATA
END OF CASES

NAME DATE
COPTRAN INSTRUCTIONS AND DATA
INSTRUCTION
TYPE 1234567 8 9101112131415161718[192021222324
DATA 1 [KiE |25
DATA 2 |C[X 8|e|7[5{0] IE
DATA 3|C|H {87 E|+|0
DATA 4 |W|KIP *|5
DATA 5 W KIH o0
DATA 8 |G| T lje
DATA 7|H|T l|e
DATA 8|lJ|7T l{e
DATA 8 |G| R 1(e|9 E
DATA ' 10 |P|TIB lfe B
DATA " |TIHERM lle |-
INCREMENT 12 | N| CIRM|NIT 1|5
SET 138N Ole
W1 NA|LIE Ole
14 15 1EIN|D|D|A|T
15 16 |E|N[D|ClA|S
17
18
19
20
21
22
23
24
25

*See TABLE IV-1

12345678 9101112131415161718192021222324




SPACECRAFT TRANSHITYER
EARTH REGEIVER

MARS RANGE (1.E8 KH)
TRANSHISS]ON WAVELENGTH | AHERA = 13 CH

GALACTIC AACKGROUAND
PCH PHASE MODULAT]ON

RADIO HOHOUYNE DETECTION
TBANSHIYTER WEIGHT OPTIMIZATION

THANSMITTER FASBHICATION COUST OPTIMIZATLION
TRANSHITTER ANTENMA GA[N AND RECEIVER ANTENNA GAIN OPTIMIZATION

sne COPTRAN PROGRAM sus

€Ly

SPXMTR

EARCYR

RAHMAR

LAML3C

BKGALT

PCH/PH

RADHOM

XHHTOP

XHECOP

GTGROP

NXPHSA

RBFRQU

RBINTO

RBF IN7

PRIDAT

PLTOPT

PLTES

PLTHA

ENDINS

RHOT F.600
KPT 96.0
KHT 0.800E=-B1
KH N.4640
KX B.560E=-D2
KE 1.250
CX 0.875E 04
CH D.6BBE 04
WKP 2.50
HKH De

GT 1.00
HT 1.400
JT 1.40
GRH B.190E 07
[31] 0.100E 94
THERH D.100E-82
NCRHNT 15.0
SN 20.0
FINALE 50.0

ENDDAT 0.




FL-F

SYSTEH BURDENS DATA

TRANSHMITTEK HTHT 520.0-0000 HOT r.01350 CKT S¢00.00 HKT [N HT 1.08 NT 1.,06500
ANTENNA ! _
RECEIVYER HTHR 0.06600 HOR 0. CKR LS HEKR 0. HR 1.435 NR 0,
ANTENHA ~
TRANSHITIER  RAT 71000.  KWAT  0.75050  KPGT  10.00000 AT 140000,  WBY 16,000 @f §,30000
ACOUISITION
AND TRACK
SYSTEM
RECE1VER KAR C 0. KWAR 0. KPOR 0. CAR 0, _ WBR 0. oR 0,
ACUVISTTION
AND THACK
SYSTEA v ;
TRARSRITTER — RPT  96.00007  KAT 9.08000 KA T 45000 KX 00560 KE 9.25000  CKP  17500.00

CxH 23800, uKP 2,500 WEH 0. JT 1.000 G 1.00000 __ HT 1,08080
HODULATTION KFH 0. KM 0. KPH i CKR 04 LA e
EQUIPHENT
DEWOOULATION  KFO D, 00, KPD T TKD 5. WKD 5.
EQUIPHENT
TRANSMITTER KST 3000.000 KHST 0.,700000 CKE Qe WEE [
FOWER SUPPLY
RECEIVER KSR 25.000  FWSR 0. TXF 10000, WKF s
POMER SUPPLY
BOOSTER KSA 1640.000 KSR 1640.000
BURDENS -

C‘I.l'I.‘“.'"‘G“IlllﬂIQI.III‘QIQ‘lli"'l'i..I‘IG.'II&'Q'Q."'Q"Q'*‘I'..II'...‘Il..'.I..’."'I.I'.'.'Ql"'."I."'I..'.D.".'.'l
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SYSTEM PHYSIGAL DATA

R 0-]0000F 34 [ AMBRA 0,313000F 02 S/HW 0.,20000E 02 C/N Q. USARED B Tau~T 0.75000F OC
TAU-# 0:35000EF DG . TAU-4 0.95000F 00 TE 0,27000E 02 ETA D¢ Ry Be LMBD=-1 0,
a8 0. RHO-T 0,60000F g0 RHO-R D,A0QCVE 0

..lllillIll'l"ll.llliﬂ&ilIOlIOIllQ.IlﬂllliilIiﬂIIIIIQIII“Q!.I'IIIQ'Q!I.'Ilil'lili’!iiilﬂﬂl.&lﬂ#l'ﬂIlﬂliltllil"ICiill'Qil""

A I Iy s R R R e s R A A A A R s s R R LA LA Al AA Ll iald

S{SNAL-TO-HOISE RATIO CONSTANTS

K XS KN 0. KH [ KR 0+B9534E=07 KS [H

AR NG PR RN B RN R AR E B R A BN A R AR R B R B R RN R SRR DN F R RN RN NN AN RN AN N R AN SRR B R AN RN RS RN IR RN S U R A AR SRR RN N NG IR R RSB ANARERS

RASRFERE RN AR E R R R RS AR AR PR RN RN R A AR BB R RN SRR AR RR AR AR RN E R IR AN RN RS AR ARA B RN RN R AR TR A A SR A AR RGU AR EFIRHBRRABRRRERDANERN

SYSTEM BURDEN CONSTANTS

KHT 0. KNT o, [{'} 0.71000E U5 KHR 0y KNR 0. K@R 0,

Kg7 06.96000E D2 KHT U,13120€ 03 KdT 0.16621F 05

BERRRE RN R AR R AR RN R R R R RN P RN R RN F RN R RSN E RS R HE SRR RN AN AR AR AR ERRRERR R AR RRARA RIS BHESANRFNRTRARPRR RSB RA S ER B RORO AR

SRR RRR AP AR AR SRR R BB R E PR R R AT H R AR AR AR R AR A RS E R U AR RN R RSB R PR BR R REB R RSB R NG ERER I NI BB E B RGN AR HRGBERA R RN AREREANGIREDRRRAEI AR

PARAMETER CONSTRAINTS -

[ 0. GT1 ¢.17400E 03 DRI [ GR1 0.19000F 07 PTI1 0.50000E 93 THERI 0,10000E~D2
DIM 0. 8TH 0. DRH 0. GRH 0.,19660E 67 PTM 2. THERH 1.,10060E~02
[ k1] 0 GTB ¢.34800E 03 DRE 0. GRB G.19000E 07 PTB 0.10000E 04 THERB 0410000E=02

I L Y I e T e e T Y Y R R S Y P T
.
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SPACECRAFT TRANSMITTER
EARTH RECEIVER

HARS HANGE (1.E8 KH) .
TRANSHISSI0ON WAVELENGTH LAMBDA = 15 CH

GALAGITC BACKGROURND
PCH PHASE MODULATION

RADIOG HOHQOYNE DETECTION
TRANSHITTER WEIGHT CPTIMIZATION

TRANSHITTER FABRICATION COST OPTIMIZATION
TRANSHITTER ANTENNA GAIN AND RECEFVER ANTENNA GAJN ORTIMIZATION

#se COPTRAH PROGRAM »=as

6L-%

SPXMTR

EARCVR

RANHAR

LAM13C

BEGALT

PCH/PH

RADHOH

XHHTOP

XNFCOP

GTGROP

NXPHSA

RHFRQU

RBINTO

RBF N7

PRTDAT

PLTOPT

PLIES

PLTHA

EHDINS

RHOT D.600
KPY 96,0
KHT 0.800E-01
K4 1,460
KX U.560E=02
KE 01,250
cX 0.875F 04
CH D+ 688E D4
WKP 2.50
WEKH 0+

6T 1.00
HT - 1.08
JT 1.08
GRH 0.190E 07
PTB D.100E 04
THER#H 0, 100F=02
NCRMNT 15.0
SN 20,10
FINALE 50.0

ENDDAT 0.
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SYSTEHM BURDENS DATA

520.00000

TRANSHITTER HTHT HDT D.01350 CKT 5000.00 WKT 0, MY 1.00 NT 1,00000

ANTENNA

RECE 1 VER HIHR $.,06600 HIR 0. CKkR O HKR 0, HR 1.35 NR O

AHTENNA ¢

TRANSMITTER KAT 71000. KWAT t.75080 KpPaT 1g.00000 CAT 140000, HBTY 10.000 QT 0,30000

ACOUISITION

AND TRACK

SYSTEN

RECEIYER KAR 0. KHAR 0. KPOR 0. GAR O, WBR 0, oR Oe

ACUUISITION

AND TRACK

SYSTEH

TRANSHITTER KPT 96,00000 KHT u.08000 KH 0.46000 KX 0.,005606  KE 0,25000 CKP 17500.00
CKH 23800, WKP 2,501 HKH 0, JT 1.000 GY 1.00000 HT 1,00000

HODULATION KEM 11 KM 0. KPM 0. CKH 0, HEH 0.

EQUIPHENT

DEMODULATION KFD 0. KD KPD 0. CKD B WKD 0.

EQUIPHENT

TRANSMITIER KST Joog.000 KHST 0.700000 CKE 0. WKE [

POHER SUPPLY

RECEIVER KSR 25.000 KHSR CKF 10000, HKF K

POWER SUPPLY

BOOSTER KSA 1640.0400 KSH 1640.000

BURDENS

.‘ﬂ.l'll..lIi.'lllﬁ&ll.'llliiIlIllII'DIIQI‘IIII{I'ﬂ-lililli‘*l..liliI‘.IIIII'IIIO'D'“.'ll‘l'ﬂl.I'I.'.‘ll.l"."l"'.llII.‘Q.Q"II.
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SYSTEM PHYSICAL DATA

R D.100C0F 14 LAMBDA (.13000E 02 S/N 0.35000E 02 GC/H 0. USBRED 0. TAU-T 0,75000€E 0C
TAU-R 0.35000E 00 TAp=A 0.950008 0D YE 0.27000E 02 ETA O« ’L 0. LMBD-I 0.
aB 0. RHO=T £,60000€ 00 RHO=R 0.806000E OO

BER ARG RGBSR E R R AN SRR R F SRR R NS NAR R RSEBNER O RSN SR R RN AN R R R R BN RA TR B AR AR AR RIS E NN IR RS SN NS SR SNSRI RN ENEA

I'II"II'I.'I-.IIl."Ilb.‘ll|.'III'I'IIGIII.III"I.III'.IIG“"DQ‘IIIGIIIIQIGIIII"I..'.I’.‘.!".".l"lIII‘II.II.‘....'I.ll..ll...

S1GNAL=~TO-NOJSE RATIO CONSTANTS

K 0. KH 0. KM 0. KR 0.51162E~0D7 KS 0.

BREAAF RN BB AN BB R AR R R S N E R R R RN AR RS A S R RN R R RN R R RN RN RIS BB RN R AR F RN R A E R PR N SRR N R RN R A RN RN B N U RPN BB R TN RTINS RTERRRS

I s T Ty sy s sy s ey ey ey Ny R X I X ARl b idls At iiilids

SYSTEM BURDEN CONSTANTS

KHT 0 KNT 0, Kor 0+71000E 05 KHR 0. KNR 0. KQRr 0,

el D.%6000E 02 KHT 0.13120E 03 KJT 0.145621E 05

BN RN U R R RN E R R R R AR SRS A A E R R R RN AR AR R NN R AR AR SRR AR R R R ERRB U RN R B RS R P R AR RAR R RN R R R AR R B R R RN RS RTNA A RAREREBNEREBABDEREN

'I‘II.I“I.'Q‘.I‘*I"'l"i‘l*llll‘i..I‘i.l"l'lﬂ'..'III..I’."."‘III‘I'.GI*"II.-'-I.."'Q..".'II'.II‘*'."’QI"**.‘....".'...II'..

PARAMETER CONSTRAINTS

[} 0s GTJ 0.17400E 03 DRI 0. GRI 0.19006E 07 PT! 0.50000& 03 THERI 0410000E~02
BTH 0. GTH 0. DAM 0. GRH 0,19000E 07 PTIM 0. THERM 0,10000F-02
1R ¢:] 0. GTR 0.34800E 03 NRB 0. GRB 0,19000F 07 PTe 0.10000E ¢4 THERB b,10000E-02

..III'II.IID.‘GI!‘“.Illililhi"QiII‘III-QIII.lI‘l!IIIII.III.."'IIQ“"".*IQIll"ll..l‘llIIIII'I..QI'.IIICII.’III““*.'I.III.II...'
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$8-¥%

SPAGECRAFT TRANSMITTER
EARTH RECEIVER

HARS RANDE (1,E8 KH)
TRANSHISSION WAVELENGYH JAMBNA = 13 CH

GALACTIC BACKGROUND
PCH PHASE MWODULATIOM

RADID HOMODYNE DETECTION
n

TRANSHETTER FABRICATION COST OPTIMIZATION
TRANSHITTER ANTENMA GATH AND RECEIVER ANTENNA GAJM OPT{HIZATION

sas COPTRAN PHUGRAM wue

SPXMIR
EARCVA

RANMAR

LAM13C

BKGALT

PCH/PH

RADHOM N
XHHTOP

XHF COP

BIGROP

HXPWSA

RBF RQD

RAINTO

RAF IN7

PRIDAT

FLTOPT

PLTCS

PLTHA

ENDINS

RHOT 0-600

KPT 96.0

KWT T-BO0E-01

KH 0.4560

KX D+ 560E=D2

KE 0.250

CX 0.875E 04

CH 0.6B8E 04

WKP 2.50

HKH 0.

6T 1.00

HT 1,00 ‘
7 1.00 |
GRH D 19CE 07

PTE - b.100E 04
THERM 8.100E-02
NGRHNT 15.0

SH 20.0
FINALE 50,0

ENDDAT [
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SYSTEM BURDENS DATA

TRANSHITTER HTHT 520.000090 HRT t.01350 CKT 5000.00 KT [ MT 1.00 NT 1.00000

ANTENNA

RECEIVER HTHR 6.06600 HDR 0. CKR 0. HKR 0a MR 1.35 NR 0.

ANTENMNA

TRANSHITTER KAT 71000. KHAT 0.75000 KPOT  :10.000D0 GCAT 140900, WBT 10.000 0T 0.30000

ACOQUISTTION

AND TRACK

SYSTEM

RECEIVER KAR a. KHAR 0. KPQR 0. CAR 0, HBR 0. R . 0.

ACOUISITEION

AND TRACK

SYSTEH

TRANSHITTER KPT 95.00000 KHT 0D.08080 KH 0.45000 KX 0.00560 KE 0.25000 CKP 17500.00
CKH 23600, HKP 2.504 HKH 0. JT i.000 BT 1.00009 HY i.00000

HOBULATION KFHM 0. KH 0. KPH 0. CKH 0 HEM O

EQUIPHENT

DEMODULATION KFD 0. KD KPD [ ckD Gy NKD 0.

EQUIPHENT

TRANSHITTER KST J000.000 KWST 0.700080 CKE 0. HKE 0.

POHER SUPPLY

RECETVER KSR 25.000 KH5# TKF 10000, HRE [ D)

PONER SUPPLY

BOOSTER KSA 1640.000 K5EB 1640.000

BURDENS

Il‘li.llll'ﬂ“‘.l‘ii!.llll.IIIGIII'."QIQ‘*IQQ'III.IIl..ll'.ilII{".I'IIllllll&ﬂllll"'ﬂl"Illlll.lI.II‘IIGIIDI’.I.III..CI..'.H
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SYSfEH PHYSTCAL DaTa

R 0.10000E 14 LAMBDA 0.13000E 02 S/N 0.50000E 02 C/H 0 USBREQ 0. TAU-T 0,75000£ 00
TAU-R G.35000E 00 TAU-A 0,95000€ 00 TE D.27000E 02 ETA 0. RL 0. LHBD-1 0,
1 :] 0. RHO-T 0,60000E 00 RHO-R 0.6C000E DO

S
AR S AR R B SRR N AR R R AR PR R SRR R AR A RN AR R RS RN BB RN TR RGN AR NN NN RN R NSRRI RN AR RN ARRFRARAS AR RGN RRG IR R BN ANERIR RS

[y R Y e F R Y E R R YR F RN RN NSNS F ARSI SRS ER RS SRS SRR RS R R R RS RS LT SRR R ARl L el s dd

SIGHNAL-TO-NDISE RATIO CONSTANTS

K 0 KN 0, KM [ KR 0.35614E~07 KS 0.

I R Y I R R s R R I R N N N R X Ny YR Y Y R E Y R Y E Y Y N F R R NN RS Y RY SRR RS RS S XS RSN RS ZZSNS SRS L2222 222 2220 2 1 4

Sy R e s R s s s R R R R R R L LR R L L R bttt odalodeiehatiniuieind

SYSTEM BURDER CONSTANTS

KMT | KNT 0, KaT 0.71000E 05 KHR 0. KNR [0S KarR [

KGT 0.96300E 02 K#T 0.13120E 03 KJT 0.16621E 05

I.lllll.ll.lll‘.l‘.lIl.l.!‘lﬂl"lQI'IQIIIIIC'll-lilll‘.l.llllllll!lllllll.llIIII..'.IIIIII'.I.I.II..l.‘I'IAI.."."'..Gﬂf...li“'*ﬁ

BB B RSN B RN R R R R R RS AR R AR B RS AR N S R R R RS F RN R AR AR SR AR AR R E RN RN AR AR B S B RGR U RN H R ER RN RA R AN ARSI A AR RRENRARARE B R E DR O N

PARAMETER CONSTRAINTS

DTI Oe GT1] 0.17400E 03 DRI [ - BRI 0. I0000k 67 PYI 9750000 05  THEWT b.INGN0E-0Z
DTH 0. GTH 0. - NRH G. - BRH 0.1%000E G7 PTM 0. THERH 0.10000E-02
bT8 t. [chy:] 0,34800E 03 DREB 0. GRB 0.i9000 0F FrB 0.10000E 04 THERE U, I0008E~02

I M I T Iy e e e e e e e e Y R P R T R Y Y )
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Example E. Mars Spacecrait Transmitter to Earth Receiver Link
13 cm wavelength
PCM phase shift keying
Thermal noise limited operation
Transmiitter system weight and_ fabrication cost jointly
optimized. - .
Parameters to be optimized:
a. Transmitter antenna diameter‘
b. Transmitter power
Fixed parameters:
a. Receiver antenna diameter at 64 meters
b. Receiver field of view of 1 milliradian
Parameter stops: ‘
a. Transmitter power at 1 kw
Data values:
a. Signal-to-noise ratio: 20, 30, 40, 50
b. . Transmitter antenna efficienty = 60 percent

¢. " Revised transmitter burdens (1980 estimates)
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NAME

DATE

INSTRUCTION
TYPE

1

o = =1 OO R W

26-%
o o w

—
[==]

WORTH
SET

11

12

13
DATA
DATA
DATA
DATA

PROBLEM

EXAMPLE E

COPTRAN INSTRUCTIONS AND DATA

12345 8|78 9101t12h314151617 18192020 222324

t |slpiXIMTIR

2 |EAIRIC VIR

3 |RIANIMAR

4|LjaMl3]c

5 | BIKIG|lalLIT

¢ | Plc M /| PiM

7 |RlA[D[H oM

8 ixIMWTHoP

# | xiMF|clop

10 |g|T|GR|OP

1 INXIPlWs |a

2 Ir| BiFIRIOlO

3 |r|BlI [MITIO

HIr[B|FI IN]7

8 {wio |RiT[H

16 wla

7 |piLiTiW T

B |pR|TIWTH

% lpRiTDAIT

2 |piLiTloPiT

2 lpiniDl N

22 |R[H|O|T .16

3 |ke|T 96].

2 lxw|T .|oi8

8 K ale
12345678 0101112131415161718192021227324

SPACECRAFT TRANSMITTER
EARTH RECEIVER
MARS RANGE
13 CM TRANSMISSION WAVELENGTH
GALACTIC BACKGROUND
PCM PHASE SHIFT KEYING
COHERENT RADIO HOMOD YNE DETECTION
XMTR SYSTEM WEIGHT AND XMTR SYSTEM
FABRICATION COST JOINTLY OPTIMIZED
XMTR AND RECEIVER ANTENNA GAIN OPTIMIZATION
RTG XMTR POWER SUPPLY BURDENS
DATA POINTS AT Ry = 100, 0.2 101, 0.3 x 10!
, 10" BITS PER SECOND

PLOT AND PRINT THE WORTH VALUES
oF WA FOR THE SET OF CASES
TO BE RUN

PRINT SYSTEM DATA'AND CONSTANTS
PLOT OPTIMUM SYSTEM PARAMETERS
END OF COCPTRAN INSTRUCTIONS
TRANSMITTER ANTENNA EFFICIENCY

REVISED TRANSMITTER BURDENS
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NAME

DATE

INSTRUCTION

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

INCREMEN'T
SET

14
15

O O WO M e W N -

BE T 2]z (3000

PROBLEM

EXAMPLE E {continued)

COPTRAN INSTRUCTIONS AND DATA

3466|788 8101112031416161718

192021222324

[ T ey
A Mok N - O

17
18
19

21

23
24

5

6

E

0

2

E

HRREEE

oo | =) |t
O |ce jwn lun

ey
= [ b e | [ [on |0

L

W (w =

2
o>
[
5]
=)

=]
[w]
>
E]

Zi2/PEIO0EBERAR [P RE LM ]EN ]

122345678 9101112131415361718182021222324

REVISED TRANSMITTER BURDENS

INCREMENT S/N FROM 20 TC 50
IN STEP SIZES OF 10

END OF COPTRAN DATA
END OF CASES
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SPACECRAFT TRAMSR;TTER
RTH-REL

l.'l"l'.'!u R 1 1

MARS RiNaE (uea KM}

GALAETIC BACKGAD o
 BCRoBNAGE NoRUCARYON_ .
RADIO HOMOOYKE DETECTION -

—3RA BM‘F“ IGHT- nu'rdu!'.u'r!mu

TRANSMITIER FABRICATION COST OPTIHM . : .
———Juikﬂgﬂi;i FAR o & R lz;I;chNM‘ SAIN-OMTINIZATION

g —FOPTRAN-PROGRAM 8t e & 1 -

nbvu?ﬂ

BARCYR
—RANMAR —

RBINTO
— BBF NI . .

WORTH
U

PLTWIH : '
— RPRIWIH : :

PRTDAT

BRNDINS

e Bt e e e e

RPT 9@ ‘ ) '

RUT +8 —_— ——————
v

KH 46 ) . . '
K e . 086 ~Emg2. . o e e e e e e

KE 25
U -+ SN VS U - 1 R — [, .- -
tH §+88 EQ3
LI -0
R, 3 pEUPUPS PSS VU SUR — - S — e -
HT i . \
s S ——— e 8 me e it e o e e asae—a ———
GRM 1+9 E 06
Y] +30—E 08 e —_— - e e
THERN -30 E-OE
~-NCRENT—— .~ 18+ - . N . c— -
SN 20e
FINACE 50¢ " e s TN T T T T rTmmTmImaases ke e il
KNDDRT--- -
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SYSIEH BURDENS UATA
TRANSHITTER HTHT 520.00000 HNT U.01350 CKT 5000.00 WKT [ HT 1.00 HT 1.00000
ANTENNA
RECE { YER HiHE 0.,06601 HNR 0. CKR 0. HKR 0. HR 1.35 NR [\
ANTENNA
TRANSHITTER KaT 7lv00. KWAT n.75000 KPol ln.00000 CAT 140000, WBT 10,000 QT 0,30000
ACQUISITION
AND THACK
SYSTkM
HECE] VER KAR 0. KWAR s KPOR [11PS CAR 2, HBR g, QR 0.
ACQUISITION
AND THRACK
5YSTEHM
TRAHSHITTER KPT 96.40004 KWT uv.08000 KH g.46000 KX 0.00560 KE 0.25000 CKP 17500.00
(H.1:] 23800, HKP 2.500 WEH [ JT 1.000 GT 1.00000 HT 1.00000
HOUULATTON KFH [ 2 KM 0. KfH Do CKH (1Y HEH 0.
EQUIPHENT
DEMODULATION KFD n. KB KPD Q. CKD 0. WED S
EQUIPHENT
IRAHMSHITIER KST 3000.000 KWST N.7gq0u00 CKE 0. HKE U.
POHER SHPPLY
RECE|YER KSR 25.000 KHSR CKF 10000. WKF O
POWEH SUPPLY
BOOSTER K54 1640. 000 KSB 1640,.000
'BURDENS

l.llbﬂIlIIII.I"I'.GIII'II'.II‘ﬂ'.‘“ﬂIﬁﬂll“.IIll‘IIIII.‘I"l'II’f.ﬂ."*Q'I"'.‘"".'"".".".'l'il.'I'.".ﬂ'l’l."...."..|..“|'
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SYSIER PRYSICAL DATA . e

R B,100U0F 14 _|AMBDA U,130ulk 0P S/N N.29000k 02 C/N 0. UsBREU 0. TAU-T  0.75000E 00 _
TAl=R 0, 35000F DO TAN=A LOGI0NE 00 Tk N 27800k 02 Eta O RL 0. EMBO=Y 0.
] N.x RHO-1 U.60WN0E 0n  PHO=R _ ,.3RA00& 0N

."II‘I!IlI‘I'III.“l!‘II"IIHGIGID:I!il.Hiﬂﬂ&"HHQ"II.I.“'.DQHIII!III'IIlﬂHIQIlI."IlII‘.Iﬂ“I'.iIIIIi'IIIIIIl!IiIIllﬂl.I"II

lllll'OIl'lllllil'.lllh‘lﬂlli3'6l'I!ﬁ:i'.'ﬂﬂ"IIllliiQI.i‘lldlllIQIIl'iﬂllilllll'l.l".lﬂ'IlliI'I{t.IQL'HttPII'.QI!!A,QIIII:L!L

SIGHAL~TO-NOJSE RATIU CONSTANTS

K 0. KN u. KH 0 . WK M-89534E-07 XS [N ) TTTTTTTtTTTTT T

'..'il'Iiﬂ"l'ﬂlI'NIIDG'CIIQQ‘IIIQ'.ﬁH’IIIlﬂFﬁ.llllll.lll'...l"I'..{.iIIIIBI.IIII."'IIII"IIII‘.Ili"l.'lﬂ'l"".l"'ll.IIQ.I

I'.II’IDIlllilllﬂ"ibllﬂllllil‘ﬂBSISﬂi‘&ﬁﬂ.lI5“!‘IIII'IIIQ'“IIIﬁ.B'III"IIiil'bil"'.ll'llﬂllﬁliﬂG.IIII'III".I'I’."."I"‘II!

' SYSTEM BURPFM CUNSTANTS

Knl 0. KNT 0. KBT  0.71000k U5 KWW 0. KNR 0. KQR U, -

KG1 0496000 07  KHT U.13170F 03 KJT  D.16621E 05 ; )

"'.'*"IIIIIﬂIll.il'iﬂllilﬂﬂ'i'ﬂﬂlﬂlII"‘HEﬂl'..l'iﬂil'll"ﬁll{I!.IIlﬂiII‘BQIl‘.l'I.'l."!'IillIIIQHll*‘III.I".I.'II.I‘I.I‘II

GG"I‘IIIIGIQI"IIIIIBIIIGIIID'll‘l5I!II'QI..ll'il.I'llil““'IQGI‘I‘.DIIII"‘III.I.I..".I‘IIQQ"II‘IIIC'III.IGQ"I."IO.'I..ll

PARAHETER CONGERAFNTS

DTl 0. GTI 0.17400F 03 DRI 0. GBI 0.19000F 07 PBTI 0.50000F 03 THERI  0.10000E-08"
IAL] 2. GIH n. DEH 0. . G 0.19000E 0/ PIH 0. THERM _ 0,10000E-D2
DB 0. 678 b.34B00F 03 DRA 0. Y] 0-19000E 07 PIB 0.10000E 04 THERB  0.i0000E-02

I.ll&'Ill!I'l"&H".‘QIUIIillﬂillﬂﬂuhI*ll.'blﬂlllll'I.IIOI‘.II'IIIIIGII'..G.]'Il'IlI'li‘IIIIGIIIi&'Il‘.‘Cll""""ﬂll.'lil'ﬂll
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SPACECRAPT TRANSHITTAR
MARS RANGE (3+88 KM)
GALAETIC BACKGRO(ND

— BCH RHASE—MABULATION
RADID HOWODYNE OATECTIBN
TER-WEJERT_ORT

'3V *ION
T Ty

——TRAN ELERT—OFTINIZATHO —
TRANSMITIER WAHRICATION COST oPriullegon
——FRANEMEH 3 ¥

REBINEO
§BFIR7 ' ,
MORTY

PLTWEH

9 E Qb

BYH 40 £ ok
T AR 34

THERM 430 E=02

= FINAGE 5g+ - : : —_—
_ —BNDBAT—————— : . .




SYSTEM BURDENS DATA

66-%

TRANSHITTER HTHT 520,0000N HDT 0.01350 CKT 5000.00 HKT 0, HT 1.00 NT 1.00000

ANTENNA

RECEIVER HTHR 0,06600 HOR 0. CKR 0. -HKR 0, HR 1.35 NR 0

ANTENNA :

TRANSHITTER KAT 71000. KNAT a.75000 KraT 1in.00000 CAT 140004, HBT 10.000 QT 6.30000

ACQUISITION

AND TRACK

SYSYEM

RECE | VER KAR Do KNAR 0. KPOR O. CAR 0. HBR 0, ° orR 0

ACQUISITION

AND_ TRACK

SYSTEN N - ]

TRANSHITTER KPT 26, 00000 KHT 0.08000 KH 0.46000 KX 0.00560 KE 0.2%000 CKP 17500.,00
CKH 23800 HKP 2.500 HEH 0. JT 1.000 iedd 1.00000 HT 1.00000

MODULATION KEM 0, Kit 0. KPM De CKH 0. HEM 0.

EQUIPHENY

DEHODULATEON KFD B KD 0, KPD 0. CKD [N HKD [

EQUIPHENT

TRANSHITIER KST 3000.000 KHST 0.700000 CKE 0. HKE 0.

POHER SUPPLY

RECEIVER KSR “ 25.000 KHSR 0. CKF 10000. HKF Do

PONER SUPPLY :

BOOSIER KSA 1640.000 KSB 1640.000

BURDENS

ERE ARG BN RN R R RN RS R R AR R R R R H RSN R P AR R R AR R R AR AN AR B P RN CA RN R RSB EBE R R AR RRNE AR R AR ERAARE R R AR P HA RS RREERAEARIREIRARERS
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SYSTEM PHYSICAL DATA

B 0,10000F 14 1 AMBDA _0,13C00F 02 S/N 0.30000E 02 C/N 0= USBAREQ 0, T4U-T 0,75000FE 00
TAU-R B.35000F 10 TAU~A 0.95000F 00 TE 0.27000F 02 ETA 0 RL 1) LHBD=-1 @B.
QB 0. RHO-T 0,60000F_ 00  RHO-R 0.80000E oOQ

3
.'.‘G'III.l.'l.ll'.l.ﬂ-'ll"lﬂl’lll‘llllIQ'iIIﬂ"III..III.IIIII"II'IG"‘.’..'Il*".‘.'."".I"I'ii.‘ﬁ"l.I.I‘I..'I""II‘.I.'.II.'I

L I I XN Y Y Y I E Yy XYY YIS YTITY ) ARG RE AR U B S AN AR AR B RS E RN NGB R ARSI R I RN R SR RN SRR AR A RSN S B AR B S FR RN F R BN NSRS HBERENER IR R UG RERRERN

SIGHAL-TO-NG]ISE HAYIO CQNSTANTS

K 0. " KN 9. KH 4. KR 0.59689E~07 [ $] 0.

I'Il."'Ill’.llll'l'Il’!I'*ﬂlﬂIll-‘|"'ﬁ“l..'l'!.lI'illIlG‘I'IQIIIII..‘III..*""‘.I"'..l!.‘!.lII.IIIll'l'.'l'l.".."I.'.'..I'..

‘.'I.."IIIlI'IIIiI'Ili.lIlIrl'.ﬂ'l'.ll"ll"I‘."Il.l|I!l"I‘&lDII'."IIQI“""".I"I'Iﬂl'll.."'.".D.II.I'II'III..'I.‘II'IDIII
e rr———— e ————, e T R R e SRR RNEEARRARANEDY

SYSTEM BURDEN COMSTANTS

KMl ¢. KNT 0. KaT 0.71000E 05 KHR 0. KNR 0.
KG I n.96000E 02 KHT 0,13120F 03 KJT 0.16621E 05

KQR [

.

"".'!'l.'I’.'l"‘.II‘-'II'Irl'II.'.4"'*""."IIIﬂl'ﬂII.‘.QII'ﬂiﬂI.III'G.III.'Il.‘“'.Ilﬂ.ll&lIII-‘|!ﬂ’.."ﬂ!‘QQ“"'."Q""-".

SRERGHEN L A s s s Ay Ny Ly Y A N i s T T s YN I SR e s I r s I I ey

PARMAMETER CONSTRATINTS

o7l . BTI 0,17400F 03 DRI t. GR1 0.19000E 07 PT] 0.50000E 03 THERI 0.10000E-02
DTH 0. GTH 0, DRM 0. GRH 0,19000F 07 PTM 0. THERH 0.10000E-02
bia n. GTB 0.34800E 03 DRA LS GRB ¢.19000E 07 PIB 0.10000F 04 THERDY 0.,10000E~02

.'.'I'IlII!'I“.I*I.IQIIGI.II‘ll!'IH-“Il'ﬂll.‘ﬂ.ll'i!i'II.I'l.ﬂ'ﬂI'I'ﬁ"'IGIIII'II'G'II'IIII'{.ll‘ﬂ'lIlﬁ"II.lI"*‘.'."I..IIQQI
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——SPACHCRAF T--TRANSHT TTBR- e e
EARTR RELEIVER

4423 KM}
TRANSMISSION WAVELENATH LAMBDA » 13 N
——GALAET {6 BACKBROPND-- - oo m oo em
PCH PHASE MODULATION
—RAD10-RAMOCYRE--D

TEGHON — oo o 2

YRANSMITIER WEIGHT aprlnxznrxnu
TENA QAN ANG ReCE Vs Bnt
TRANYMITTER ENTENNA BAYN AND RECE|VER. fENNA GAIN OPTIMIZATHON

[E——

sx% COPTRAN PREGTAM wed

SPXMIR
Y7 | ——

BANM!R

t‘AMt r‘

BKGAGT

HPM ll!M

BADHHH
—— MNP

XMFCHP
R

NXPWGA

RBFREO

Y-RIVL Tal

LA Rd

AL
RX +356 Ewg2

71 M
k=3
.

NCRMNT 10+
- 8N 20+

—HEINy
- ENDDRT
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SYSTER BURDENS DATA
TRANSHITIER  HYHT 520.00000 HBT U.01350 CKT 5000.00 WKT 0, HT 1.00 AT 1.00000
ANTENNA
RECEIVER HTHRE 1.06600 HOR s LKR O HKR a, MR 1.35 HR B
ANTENNA
TRANSHITIER  KAT 71000, KHAT 0.75000 KPOT  10.00000 CAT 140000, WBT 10.700 T 6.30000
ACGUIS|YION
AND TRACK
SYSTEM
RECE[VER kAR 0. KHA#R 0. KPORR 0. CAR 0. WBR 0. oR ¢,
ACOUISITION
AND_JRAGK
SYSTEM
IRANSHITIER  KPT  94.U0000 KN 1 0.068000 KH 1.46000 KX 0.U0560 KE 0.25000 CKP 17500.00
CKH 238480. HKP 2.500 HkH 0. JT 1.080 GT 1.000800 HT 1.00000
HODULATION KEM 9. KH 0. KEH 0. KN o, MEH 0.
EQUIPHENT
DEHOUULATION  KFD 1, KD KPD 0. cKD 0. WKD 0.
EQUIPHENT
IRANSHITIER  KST  3000.000 KWST  0.700000 CKE 0. WKE 0.
POWER SUPPLY
RECE| VER KSR Z5.000 KHER CKF 1ro00. WkF D
POMER_SYUPPLY
BOOSTER XSA 1640000 KSh 1640.000 —
BURDENS

T T T T T T T T T T T T I T T T e e e e e e ey e e R R R R R R R R R R AR R R A R N RS A A S AR Al LA
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¥0I-%

) ) HYSTER PRYSICAL DATA

R 0.104000F 14 | AMBBA  N.i300ueE N2 S/H NedundliE U2 C/N 0. USAREY N, _ TAU=T_ _0.75000€ 00
JAU-R 0.35000F 00 TAl-A D.950R0F 00 FE N.2/000c U2 L4 0. RL | LMBO-~1 O,
oy Ns __RHDP-1 . 600008 fU  RHU-R n.alo0de G0 e e e e

!'.II'IIGCH‘IIG‘“III!IGIIQElllllPI.REulliﬂIﬁIBIIillIIGb&llillliellI'll"l.i“"i.ll""*'lI'IIﬂ.'I'ﬂl.l'Il!!'l""'l"""l'.'t’ .

BENAEPUN AR GBS E NG IUD I NO NI RIETE RN RO R R BB B R BRI NS N F IR R RS BN R RN R E RN U N TR RN R RN NSRRI RN RRRRERS

: SIGHAL=TU-NUTSE kAT iD CONSTANTS

K M. KN U. KH n. Kk Ne44767E-07 KS 0.

AR AR R R RN R R NN A NN AR R N T A R R AR B R RO TR R TR O N AR RN DR P NN A RN RN R O N RN RGN R R N R R RS RN BN SR NA NN RA PR E BN RN O RNy

'...l."IIlﬁ"lll'lli}‘.l"lﬁﬂllﬁﬂ'ﬁﬂli'il‘ﬂlhllﬂlllilﬂlll'lllﬂﬂIIIﬂDII‘&lIII'l'.ii'I‘I‘O'l’.""ll!lll'ﬂlI."Q""l‘lﬂ"ﬁ'l‘.'

SY4TEH BURUEN CUumnSIANTS

KMT 0. KNT U. . Ru1 N.7LN00E 0% KMK 0. hNR 0. N KOR 0.

KG1 t.96000E 07 KHI 1.3131207 93 KJ1 0.16621L 0%

."""'ill'ﬂ“ill'l'llﬂilliﬂﬁllﬂil!ﬂﬂ}llllGIDSlIIIHﬂllllii"ﬂ‘HﬂI'IIIIQI'.I“‘H.'.'I.'IIIIﬂ'ﬂl""‘l""lll."...'.."ﬂ'..'....

I'IG.Il.llll.‘iil.l'ﬁ!ﬂl.l.ﬂﬂBI!H!ID‘ﬂ"lli'iSilDllﬂlII‘I""IIII.ﬂ'IIIIIIIﬂllﬂl.ll'lllllllfdilllﬂIIll".II.IQ“'III..D"’Q.."

PARAMETEH GOMSIRAINTS °

BT . N GTI 0.17400F 03  NR] n. GKI 0.19000F 07 PIT 0.50000k 03 THER! ~ 0.10000E-02
DAY, 0. GTH u. DRH LIRS * _GRM 0.19000E 07 PTH 0. THERH 0.10000E-02
D1B fi. GTB i.54800E 03 DRB n. GRB 0.1900CE D/ PTB 0.10000F 04 THERB U.10060E-02

l"'lll'IIIICIIIII.‘Illilﬂliﬂllllliﬁﬂ}Illliﬂl‘iﬁllliﬂllll'ﬂll5I.IIlIIilIIIIIIHIIIIlllﬂ'li‘.Il‘I“Iﬂ.{Q'Illﬁ"l‘.'l“l"..l.‘..l
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— ——GRACACBART- TRANGMITTER.- - . . . - .

EARTR RELEIVER
ANG

TRANSM]ISSION HiVELENETh LAMBDA -. 15 EH
~——GAALTIC- BACKGROUND -

PCHM SHASE MODUKATION
e —RADL0 -ROMODYRE-DETECTION. - e e -l

. IRANSMITTER WEIGHT OPYIH!ZATIUN
BRICATLOR-COST--OPTEMI2ATL0R
TRANZMITIER KNTENNA BAIN AND RECEIVER BNTENNA GAIN OBTIMIZATEON

4% LOPTRAN PROGRAM goe

SPXMTR
—EARCYR——- - - — - - . =
RANMAR
———e AN e e - - - e —
BKGALT
PEH M -
RADHEM
——-xMu-r-;P——-—-—--—--—- Bk dmim e e e eee e o em emam
AMFCHP
—_— BTGRP — ——— . o e . - -
NXPWEA
RBFRH{O
RBINTO e e e .- -
RBFIN7
He{:l‘rl_l A ma e e . - - - L -
WA
PLTHEH
PRTWIH
e PRTPAT— e e e - rr—-
FLTOPT
ANDINS - - - -
RHOT 808
RFF S8+
KWT *0B
GH [y Y - - - .- — - —_ —_—
KX 86 EeQ?
%E +A5 e e m——— s s e
|4 8+75 E 93
EH £e38—E—43
b‘{KP 2430
HiCH. L —————— - _ ———
GT i
HT. £ 3 B L e - -
1) 1
GPH 3.0 £ :A
pPTB 110 E O
—— 3 HERM—— - ——s 1 5.—Ex(2 e e —
NCRHMNT 10 .
- 8N 2ge "o * == - -
—FINAGE-— G- ’

——  BNDDAT
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SYSIEM BURDENS DATA

TRANSHITIER HTHT 520,00000 Wi T D.01350 CKT S060.00 WKT 0y M .00 WY 1.00000
ANTEHNA R
KECEIVER HIHR n.06600 HOR . GKR 0. HKR 0. MR 1.35 NR 0.
ANTENNA
TRANSHITTER KAT 7i000. KWAT u.75000 KPQT 10-[]'[![!00 CAT 140000, WBT 10.000 QT 0.30000
ACQUiS|T)ON —_— -
AND [RACK
SYSTEN
RECE | ViR KAR 199 KHAR LIS KPOR 0. CAR O HER 0. QR 0.
ACQUISLITION
AND [HACK
SYSTEM
TRANSHMITTER KPT 96.00000 KHT 6.06000 KH 0.46000 KX 0.00560 KE 1.25000 CKP 17500.00

CkH 25800, HKp 2,500 WKH 0. Jt 1.000 61 1.00000 HT 1.06000
MODUIAT]ON KEH i KH . KPH e CKM 0. WKH 0.
EQUIPHENT
GEHODULATION KFD . KD KPD 0. CKD 0. HKD 0. ~
EQUIPHENT
THANSHMITIER KST Jn00.0040 KHS T 1,700000 CKiF D HKE 1«
POMEN SUPPLY
KEGE ] YER KSR 25.000 KHSR * CKF 10000, HKF 0«
PDHER SUPPLY
BOOSIER KSA 1640.000 KSH i640.010
BURDEWS

IR XY TSR RN NI S SS SRR FEE SRR R AL AR RS LR 20

ARRREREREERERNARA P HETARERE R I'iID'QD'QI'I'I.I.IDI'I"Iﬁll!I'ﬂ'5"""'.'1"""‘.".!
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SYSTEM PHYSICAL DATA

R 0.10000F 14 | AMBDA 0.13000F 02  S/N 0.50000F 02 C/N (1Y USBRREQ 90, TAU-T 0.75000E 00
JAU=R 0,35000F DO _ TAl-A 0.95000F #in_ IE 0.,27000E 02 ETA 0. Ry, 0. LHBD=-1 0,
Q8 D, RHO-T 0.60000F pA__ RHO=R D.B80000F B¢
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SIGNAL-TO-NOTSE RATIO CONSTANTS

K 0. KN o, KM 0. KR D.358BL4E~07 KS 0.
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SYSTEH BURDEN CONSTANYS

KHT 0. KNT 0. Kar 0.71000E 05 KHR 0. KNR 0. KaR 0.

KGT 0.96000E 02 KHT 0.131708& 03 KJT 0.16621E 05
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PARAMETER CONSTRAINTS

DTl 0. GT] 0.17400E a3 DRI 0. GR1 0+1%000E 07 PTI 0.50000E 03 THERI 0.10000E~02
DIH Ds GTH i, NRH 0. GHM 0.19000E 07 PiM 0. THERH 0.10000E-02
0T 0 GTB U.3480D0E 03 DRA 0. GRA D.19000E D7 PTB 0.30000E 04 THERB 0,10000E~02

LA R Y T T e L L I, IIoOymmrmmIIIOOOTmTTITTT T T T




[ -} =
W oW
Siabos (REA )
s eas
- i
nqp -3-

i

4-109




0Ti-%

HORIH PARAMETER = WA

#se  HORTH VALUES wx« -
R3 2«1 3-1 =1 3-2 4-2 4-3

0.100000E 04 0.575438E 00 0,106403E 01 0.149650F 01 0.48B597E ¢0 $.921066E 00 1.43246%E 00
G.200007E 01 0.824754E 010 0.192360E 91 0.214121E 01 0.69B846E (0 U,131645E 01 0.617607E 00
D.300001F 01 0.101604E 0i 0.187596E U1 " 06.263532E 01 0.B59919E 00 0.161928E 01 0.759361E 010
0.400000E 0} 0.117712E 031 0,217264E 01 0,305132E 01 D.995515E 00 0,187420E 01 - D.87B6B2E 00
0.500000E 01 0.131085E 01 §,243367E 01 0.341734E 01 0-111482F 013 0.209851E 01 0.983686F 00
0.600000E 01 0.244693E 01 0.266954E I 0.,374808E 01 0.122261E 01 0.240115E N1 0.107854F 01 - N
0.700000E 01 0-156459E 031 N.288624E 01 0.405194E 01 0.132165E 01 0.248736E 01 0.116570E 01 ‘
G.B00000E 01 0.167403E 01 0.3067B1E 01 G.433461E 01 0.141378E 01 0.266058E 01 0.12467%E 01
0.900D0GE D9 0.,177676E 01 0.427703&_ D01 0.459995E 01 0.150027E D1 0.282319E 01 0.132292€ 01
0.100000E 02 0.187389E 01 0,345592E U1 0.485082€ 01 0.158204E 01 B.297693E 01 0.139489E 01
0.2U0P06E 02 0.265662E 0% 0,489779E 01 0.687299E 01 0.224117E 01 0.421637E 01 0.197519E 01
0.300000E 02 0.325617E b1 0,600236E 01 0.842226E 01 0.274619E n1 0.516609€ 01 0.241990E o1
0,400000k 02 0.376221E D1 0,693290F 01 N972750E 01 0.317%68E D1 0.5%6629E 1 0.279461¢F 01
0.500016E 02 0.420618E 01 0.775203F 01 0.108766E 02 0.3545B85€ ol 0.667047E 01 0.312461E 01
0-600000E 02 D.460787E D3 0.849792E u1 0.119156E 02 0.388506E 01 0.730795E 01 0.342290E 01
0.700000E 02 0.497738E 01 0.917380E 01 0.128709E 02 0.419643E 01 0.789457E 01, D.369714E 0
0.80000nE D2 0.532124E N1 G,.980744E 01 0.,137598E 02 0.44B620E 01 01.8438568E g1 0.395238E 01
u.900n0tE 02 6.564415E 01 0.104n25€ 0?2 D.145946E 02 0.475832E 01 0.895040E 01 0.419207€ 01
0-100000E D3 0.594953E 1 G.1N9552E 02 0.153B40E 02 0.501567E 01 0.943443E 01 0.441876E 01
0.200005E 03 0.841356E 01 0.1550160E 02 t,217541F 02 0.709241E 01 G.133405E 02 0.624810E 01
0.300000E 03 0.1N3034E 02 0.189887E 02 0.266400F 02 0.868531E 01 0,163366E 02 0.765133€ 01
0.400000E 03 0.118963E n2 0,219244E 02 0.307566E 02 0.1002B1E 02 0.1BB623E 02 0.883421€ 01
G.500000E 03 0.132996E 02 0.245106E 02 0.343879E 02 0,112109E 92 0.210882E 02 01.987729E 01
B.600000E 03 0.145682E n2 0.26848%9E 02 D.407890E 02 0.122807E 02 0,262207E 02 0.139401E 2
D.700000E 03 0,157347E 02 0.3507018E 02 0.478282E 02 0.149671E 02 0.320935E 02 0.171264E 02
0.800001E 03 0.16820B6E 02 4.356541E 02 0.552272E 02 0.188333E 02 0.384064E 02 0.195731E 02
0.900001E 03 0.16AB08E 02 0.409n05E 0P 0.629202F 02 0.220197E 02 0.440394E g2 0.220197E 02
0.100000E 04 0.219267E 02 0,463930E 02 0.7C¢B594E 02 0.244663E D2 0.489326F 02 0.244663E 02
0.200000€ 04 0.489326FE 02 U0,978453E D2 N,146796E 03 0.489326E 02 0.978653E 02 0,489326E 02
0.500000E 04 0.733990E n2 0.146798E 13 6.220197E 03 0.733990€ 02 0.146798E 03 0.733990E 02
0.400000F 04 0.978653F 02 8,195731E 03 0.293596E 03 0.978653E 02 0.195731E 04 0.978653E 02
0.500000E 04 0.122332E 03 0.244463E 03 0.366995E 03 0.122332E 03 0,244663E n3 0.122332E 03
0.600000E 04 0.146798E 03 0,293596F 03 0.440394E 03 0.14679BE 03 0.2935%6E 03 B-146798E 03
0+700000E 04 0+171264E 03 0,34252BF 03 F.513793E 03 0.171264E 03 0.,342528E 03 0.171264E 03
D.A0000DE 04 0:196751E_NJ D,391463E 03 0.587192€ 03 D.195731E 03 0.391461E 03 D.195731f 03
0.900000E 04 0.22n197E 03 U,440394E 03 N.660591E 04 0.220197E 03 G.440394E 03 0.220197E 03
0,100000E 05 0.244663E 03 1.469%926E 03 0.733990E 03 D.244663E D3 0.4B9326E 03 0.244663E 03
0,200000E 05 0.489326E 03 0,.%76653E 03 0.146798E 04 0.489326E 03 0.978653E 03 0.489326E 03
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4.5 Library of Nominal System Burdens Data for COPTRAN

The following pages contain listings of the nominal Systern Burdens Data
used in the COPTRAN program. {See Table IV-I, instruction No. 9.} Each
of those detailed listings is summarized by a single COPTRAN instruction

mnermonic,

4.5.1 Assigned Nominal System Burden Mnemonics
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NXANTA

KTHT
KDT
EKT
WKT
MT
NT

NXANTC

KTHT
KDT
CKY
WKT
MT
NT

NXANTD

KTHT
K0T
CKT
WKT
MT
NT

NXANTF

KTHT
KDT
CKT
WKT
MT
NT

NXANTG

KTHT
KDT
EKT
WKT
MT
NT

14
e
20+
25
2
2

14
1
20»
25
2
2

1%
1
20
25
2
e

167
4e32
Ge
Ge
Ze
o

5e2
je35
Se
Qe
1
1

E-02
E+03

E-p2
E+03

E-p2
E+Q3

E=04%
E+03

E+02
E-p2
E+03

XMTR ANT

CONSTANT
CONSTANT
XMTR ANT
XMTR ANT
EXPONENT
EXPONENT

XMTR ANT

CENSTANT
CONSTANT
¥MTR ANT
XMTR ANT
EXPONENT
EXPONENT

XMTR ANT

CONSTANT
CONSTANT
XMTR ANT
X¥MTR ANT
EXPONENT
EXPONENT

XMTR ANT

CONSTANT
CONSTANT
XMTR ANT
XMTR ANT
EXPONENT
EXPONENT

XMTR ANT

CONSTANT
CONSTANT
XMTR ANT
XMTR ANT
EXPONENT
EXPONENT

BURDENS, 0+51, SPACECRAFT

RELATING XMTR ANT FAB CBST T8 XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T3 XMTR ANT DIAMETER
FABR COST INDEPENDENT OF XMTR ANT DIAMETER
WEIGHT INDESPENDENT #F XMTR ANT DIAMETER
RELATING XMTR ANT FAB \COST T3 XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T2 XMTR ANT DIAMETER

BURDENS, 0«24%s SPACECRAFT

RELATING XMTR ANT FAB CSST To XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T3 XMTR ANT DIAMETER
FAB- COST INDEPENDENT OF XMTR ANT DIAMETER
WEIGHT "INDERENDENT O8F XMTR ANT DIAMETER
RELATING XMTR ANT FAB C8ST T8 XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT Ta XMTR ANT DIAMETER

BURDENS, 10+6s SPACECRAFT

RELATING XMTR ANT FAB CBST TO XMTR ANT BIAMETER
RELATING XMTR ANT WEIGHT T9 XMTR ANT DIAMETER
FAB CBST INDEPENDENT OF XMTR ANT DIAMETER
WEIGHT INDEPENDENT HF XMTR ANT DIAMETER
RELATING XMTR ANT FAB CS5ST T8 XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T3 XMTR ANT DIAMETER

BURDENS, 13C*, DIAMETER BURDENS, SPACECRAFT

RELATING XMTR ANT FAB C8ST 70 XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT TO XMTR ANT DIAMETER
FAR CBST INDEPENDENT BF XMTR ANT DIAMETER
WEIGHT INDEPENDENT 6F XMTR ANT DIAMETER
RELATING XMTR ANT FAB C6ST TO XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T# XMTR ANT DIAMETER

BURDENS, 13CMsGAIN BURDENS, SPACECRAFT

RELATING XMTR ANT FAB CaST T XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T3 XMTR ANT DIAMETER
FAB CBST INDEPENDENT 8F XMTR ANT DIAMETER
WEIGHT INDEPENDENT BF XMTR ANT DIAMETER
RELATING XMTR ANT FAB CAST T8 XMTR ANT DIAMETER
RELATING XMTR ANT WEIGHT T3 XMTR ANT DIAMETER
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NRANTA

KTHR
KOR
CKR
WKR
MR
NR

NRANTE

KTHR
kDR
CKR
WKR
MR
NR

NRANTC

KTHR
KDR
EKR
WKR
MR
NR

NRANTD

KTHR
KDR
FKR
WKR
MR
NR

NRANTE

KTHR
KDR
CKR
WKR
MR
NR

8475
+023
25+ E+03
20
2
2

875
+ 023
25 E+03
20
2
e

&+75
+023
25 E+03
200
2
2e

§e75
«0R3
25« E+03
20+
2w
Z

RCVR ANT

CONSTANT
CONSTANT
RCVR ANT
RCVR ANT
EXPONENT
EXPONENT

RCVR ANT

CONSTANT
CONSTANT
RCVR ANT
RCYR ANT
EXPANENT
EXPONENT

RCVR ANT

CONSTANT
CONSTANT
RCVR ANT
RCVR ANT
EXPONENT
EXPONENT

RCVR ANT

CONSTANT
CONSTANT
RCVR ANT
RCVR ANT
EXPONENT
EXPONENT

RCVR ANT

CONSTANT
CONSTANT
RCVR ANT
RCVR ANT
EXPONENT
EXPONENT

BURDENS, 0«51+ OPT DIRECT DETECTION,; EARTH
RELATING RCVR ANT FAB CS9ST 10 RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT 75 RCVR ANT DIAMETER
FAB CBST InNREPENDENT OF RCVR ANT DIAMETER
WEIGHT INDEPENDENT OF RCVR ANT DIAMETER
RELATING RCYR ANT FAB CAST TO RCVR ANT WIAMETER

RELATING RCYR ANT WEIGHT T9 RCVR ANT DIAMETER

BURDENS, 051, OPT HET OR H8M DETECTION$ EARTH
RELATING RCVR ANT FAB COST T8 RCVR ANT UIAMETER
RELATING RCVR ANT WEIGHT fo RCYR ANT DIAMETER
FAB COST INDEPENDENT OF RCVR ANT BIAMETER
WEIGHT INDEPENDENT 8F RCVR ANT DIAMETER
RELATING RCVR ANT FAR BST T8 RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT T2 RCVR ANT DIAMETER

BURDENS, 0.R%4s OPT BIRECT DETECTION. EARTH

RELATING RCVR ANT FAB CAST 7O RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT TO RCVR ANT DIAMETER
FAB COST INDEPENDENT OF RCVR ANT DIAMETER
WEIGHT INDEPENDENY OF RCVR ANT DIAMETER
RELATING RCVR ANT FAB COST T8 RCVR ANT BDIAMETER
RELATING RCVR ANT WEIGHT T3 RCVR ANT DIAMETER

BURDENS, 10.65 OPT DIRECT DETECTIOGN, EARTR
RELATING RCVR ANT FAB COST TO RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT T6 RCvR ANT DIAMETER
FAR cBST INCEPENDENT OF RCVE ANT DIAMETER
WEIGHT INDEPEMDENT OF RCVR ANT DIAMETER
RELATING RCVR ANT FAB C5ST 10 RCVR ANT DIAMBTER
RELATING RCVR ANT WEIGHT T9 RCYR ANT DIBAMETER

BURDENSs 10+6s 8PT HET 8R 4oM DETECTIONs EARTH

RELATING RCYR ANT FAB c08ST 10 RCVR ANT DIAMETER
RELATING RCVR ANT wWEIGHT T8 RCVR ANT DIAMETER
FAB CBST INDEPENDENT 8F RCVR ANT DIAMETER
WEIGHT INDEPENDENT OF RCVR ANT DIAMETER .
RELATING RCVR ANT FAB COST TO RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT t9 RCVR aNt DIAMETER
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NRANTF

KTHR
KDR
CKR
WKR
MR
NR

NRANTG

KTHR
KDR
CKR
WKR
MR
NR

6+l E-04
+0

Qe
0

247
o0,

06 E~-p2

135

RCVR ANT

CONSTANT
CONSTANT
RCVR ANT
RCVR ANT
EXPINENT
EXPONENT

RCVR ANT

CONSTANT
CONSTANT
RCVYR ANT
RCVR ANT
ExPONENT
EXPONENT

BURDENS, 13C,DIAMETER BJRDENS,EARTH

RELATING RCVR ANT FAB €£0ST 10 RCVR AMT DIAMETER
RELATING RCVR ANT WEIGHT 13 RCyR ANT DIAMETER
FAB COST INTEPENDENT OF RCVR ANT DIAMETER
WEIGHT IrDFRENDENT 8F RCVR ANT DIAMETER
RELATING BCVR ANT FAB CAST TO RCVR ANT DIAMETER
RELATING RCYR ANT WEIGHT T3 RCVR ANT DIAMETER

BURDENS, 13C%sGAIN BURDENS,EARTH

RELATING RCVR ANT FAB CRST 10 RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT T9 RCYR ANT DIAMETER
FAB COST INDEPENDENT OF RCVR ANT DIAMETER
WEIGHT INDEPENDENT OF RCVR ANT DIAMETER
RELATING RCVR ANT FAB CAST TO RCVR ANT DIAMETER
RELATING RCVR ANT WEIGHT T3 RCVR ANT DIAMETER

4-122



NXACTA

KAT
KWAT
RPAT
EAT
WBT
ar

NXACEB

RAT
KWAT
RPQT
EAT
WBT
QT

NXACTC

KAT
KWAT
KPQT
EAT
waT
QT

71
i 5
48
b
Se

3

« 71
«75
10-
o4
10
*3

'71
+75
10
o1y
10
3

E+05

. E+p6

E+05

E+pé

F+05

E+Q&

XMTR ACQ AND TRACK BURDENS,OBTICAL FREQUENCY3SPAEECREFT

CONSTANT RELATING XMTR TRACK EQUIP FAB COST TO XMTR HEAM-
CONSTANT RELATING XMTR TRACK EQUIP WEIGHT T8 XMTR ANT §T
CGNSTANT RELATING XMTR ACQ=-TRAGK EQUIP PWR REQ TE® HEIGHT
XMTR ACG-TRALK gQuUIP FAB COST INDEPENDENT OF XMTR BERM
XMTR ACQ=TRAEK £QUIP WEIGHT INDEPENDENT G8F XMTR BEAM
EXPONENT RELATING XMTR TRACK EQUIP FAB CBST 10 XMTR 8EAM

XMTR‘ACG AND TRACK BURDENS,RADI® FREQUENCY,SPACE;DIAM

CONSTANT RELATING XMTR TRACK EQUIP FAB COST 10 XMTR BEAM
CONSTANT RELATING XMTR TRACK EQUIP WEIGHT TO XMTR ANT WT
CONSTANT RELATING XMTR ALp-TRAGK EQUIP PWR RER TO WETGHT
XMTR ACR-TRACK EQUIP FAR CUST INDEPENDENT OF XMTR BEAM
XMTR ACQR-TRACK gQUIP WEIGHT INDEPENDENT OF XMTR BEAM
EXPONENT RELATING XMTR TRACK EQUIP FAB c0ST 10 XMTR BEAM

XMTR ACO AND TRAEK BURDENS,RABI® FREQUENCY,SPACE3GAIR

CONSTANT RELATING XMTR TRACK EBUIP FaB cOST 10 XMTR gEAM
CONSTANT RELATING XMTR TRACK EQUIP WEIGHT T& XMTR ANT BT
CONSTANT RELATING ¥MTR ACQ-TRACK EQUIP PWR REG TO WESGHT
XMTR ACR=TRACK EQUIP FAR C0S? INDEPENDENT OF XMTR BEAM
XMTR ACQR=TRACK EQUIP WEIGHT $NUEPENDENT OF XMTR BEAM
EXPONENT RELATING XMTR TRACK EQUIP FAB COST TO XMTRE EEAM

4-123



NRACTA

KAR
KWAR
KPGQR
EAR
WBR
QR

NRACTB

KAR
KWAR
KPGR
EAR
WBR
ar

NRACTC

KAR
KWAR
RPQR
EAR
WER
QR

71
7
48
2
50
+3

o0
0
Q0
0
oG
o0

o0
0
0
0
0
«Q

E+p5

E+«Q6

RCYR ACQ AND TRACK BURDENS,8BTICAL FREQUENCYJFEARTH

CONSTANT RELATING RCVR TRACK EQUIP FAB ccS¥ 10 REVR BEAHM
CONSTANT RELATING RCVR TRACK EQUIP WEIGHT T8 RCVE ANT HT
CONSTANT RELATING XMTR ALG-TRACK EQUIP PWR REQ T8 WEIGHT
RCVR ACQR-TRACK EQUIP FAB coS} INDEPENDENT OF RCVR BEAM ~
RCVR ACE-TRACK EQUIP WEIGHT INDEPENDENT OF RCVR BEAM

EXPONENT RELATING RCVR TRACK EQUIP FAB COST TO REVR BEAM

RCYR ACO AND TRACK BURDENS,RADI® FREQUENCY,EARTH;DIAH

CONSTANT RELATING RCYR TRACK EGUIP FAB C0SYT 10 RLVRE BEAM
CONSTANT RELATING RCYR TRACK EQUIP WEIGHT TG RCVR ANT WT
CONSTANT RELATING XMTR ACQ=-TRACK EQUIP PWR REQ T® WETGHT -
RCVR ACE-TRAEK gQUIP FAB COST INDEPENDENT 8F RCVR BEAM
RCVR ACQ-TRACK EQUIP WEIGHT INBEPENDENT OF RCVR BEAM
EXPONENT RELATING RCVR TRACK EGUIP FAB COST T8 REVR BEAM

RCYR ACO AND TRAEK BURDENS,RADID FRERUENCYEARTH)GAIN

CONSTANT RELATING RCVR TRACK EQUIP FAB COST 70 REVR BEAM
CONSTANT RELATING RCVR TRACK EQUIP WEIGHT T8 RCVR ANT WT
CONSTANT RELATING XMTR ACQ-TRACK EQUIP PWR REQ TO WEIGHT
RCYR ACQ-TRAEK EQUIP FAB COST INDEPENDENT OF RCVR BEAM
RCVR ACQ@-TRACK EQUIP WEIGHT [NDEPENDENT 8F RCVR BEAM
EXPONENT RELATING RCVR TRACK EQUIP FAB coST To REZVR BEAM
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NMODEA

KFM
KM

KPM
EKM
WKM

NMODEB

KFM
KM

KPM
KM
HKM

NMoDaC

RFM
KM

KPM
EKM
WKM

NMODED

KFM
KM

KPM
EKM
HKHM

NMODEE

KFM
K

KPM
LKM
WKM

7+5
S
B
75
B

745
B
B
7458
Be

5

«3
S
15
10

5

+3
S
15»
1Qs

0
0
«0
«0
«0

E~-05
E-Q8

E+(3

E=Qp5S
E=08

E+p3

E-p3
Ené

E+p3

E-03
E=-p6

E+03

MODULATIBN EQUIP BURDENS, 0.31s CW LASERs SPACECRAFT

CONSTANT RELATING MOD EQUIP FAB COST TO INFORMATION RATE
CONSTANT RELATING MBD EQUIP HEIGHT TO INFORMATION RATE
CONSTANT RELATING MOD EQUIP PWR REQ TO EQUIP WEIGHT

MBD EQUIF FAB (08T INDEPENDENT 8F INFORMATION RATE

MOD EQUIP -WEIGHT INDEPENDENT G6F INFORMATION RATE

MODULATION £QUIP BURDENS, 0«84, CW LASER, SPACECRAFT

CONSTANT RELATING MBD EQUIP FAB COST TO INFORMATION RATE
CONSTANT RELATING MOD EQUIP WEIGHT T® INFORMATION RATE
CONSTANT RELATING MOD EqUIP BWR REG 16 EQUIP WEIGHT

MOD EBUIP FAB [O8ST INDEPENDENT OF INFORMATION RATE

MOD EQUIP WETGHT INDEPENDENT OF INFORMATION RATE

MODULATIWN £QUIP BURDENS, 0a.84s PULSED LASERS SPACECRAFT

CONSTANT RELATING MBD EQUIP FAB COST T8 INFORMATION RATE
CONSTANT RELATING MOD EquUIP WEIGHT TH INFORMATION RATE
CONSTANT RELATING MOD FQUIP PWR REQ 16 EQUIP WEIGHT

MBD EQUIP FAR CBST INDEPENDENT OF INFORMATION RATE

MBD EQUIP WETGHT INDEPENMDENT GF INFORMATION RATE

MBDULATIBN EQUIP BURDENS, 10462 CW LASER, SPACECRAFT

CONSTANT RELATING MOD EQUIF FAB COST TO INFORMATION RATE
CONSTANT RELATING M89 EQUIP WEIGHT TH INFORMATION RATE
CONSTANT RELATING MOD EQUIP PWR RE@ 10 EQUIP WEIGHT

MBD EQUIF FAB (BST INDEPENDENT OF INFORMATION RATE

MBD EQUIP WEIGHT INDEPENDENT OF INFORMATION RATE

MODULATIHN EQUIP BURDENS; 13CMs SPACECRAFT

CONSTANT RELATING MOD EQUIP #AB cOST TO INFORMARTION RATE
CONSTANT RELATING MOD EGUIP WEIGHT T8 INFORMATION RATE
CONSTANT RELATING MGD EQUIP PWR REQ T0 EQUIP WEIGHT

MBD EQUIP FAR BST INDEPENDENT BF INFORMATION RATE

MOD EQUIF WEIGHT INDEPENDENT OF INFORMATION RATE
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NMODEF

KFM
KM

KPH
KM
WKM

NMODRG

KFM
KM

KPM
EKM
WKM

NMODEH

KFHM
KM

KPM
CKM
WKM

NMODEI

KFM
KM

KPM
ExM
WKM

NMODEW

KFM
KM

RPM
EKM
WKM

7+5
Sa
Se
745
S

745
He
(=]
7+5
He

+5

+3
Be
15
1Q.

5

*3
Be
15
10

+0
«0
+0
«0
«0

E=-05
E~Q8

E+03

E=p5
E-Q8

E+03

E=(3
E=(6

E+03

E=03
ErqQ6

E+03

_MBDULATIBN EQUIP BURDENS, 0.51s CW LASERs EARTH

CONSTANT RELATING MOD EQUIP FAB COST TO INFORMATION RATE
CONSTANT RELATING MOD EQUIP WEIGHT TO INFORMATIOGN RATE
CONSTANT RELATING MGD EQUIP PWR REQ TO EQUIP -WEIGHT

MOD EQUIF FAB COST INDEPENDERT 6F INFORMATION RATE

MOD EQUIE WEIGHT INDEPENDENT OF INFORMATION RATE

MODULATION EQUIP BURDENSs Qe84s CW LASERs, EARTH

CONSTANT RELATING MGD EQUIP FAB COST TO INFORMATION RATE
CONSTANT RELATING MOD EQUIP WEIGHT T& INFORMATION RATE
CONSTANT RELATING MOD EQUIP PWR REQ T8 EQUIP WEIGHT

MOD EQUIP FAB (0ST INDEPENDENT OF INFORMATION RATE

MOD EGUIP WEIGHT INDEPENDENT GF INFORMATION -RATE

MODULATION EQUIP BURDENS, 0.84s PULSED LASER; EARTH

CONSTANT RELATING MO3D EQUIP FAH COST TO INFORMATION RATE
CONSTANT RELATING MOD EQUIP WEIGHT TD INFORMATIDN RATE
CGNSTANT RELATING MOD EQUIP PWR REQ@ TO EQUIP WEIGHT

MOD EQUIP :FAB COST INDEPENDENT OF INFORMATION RATE

MOD EQUIP WEIGHT INDEPENDENT OF INFORMATION RATE

MEGDULATION EQUIP BURDENS, 10.6» CW LASER, EARTH

CONSTANT RELATING MOD EqQUIP FAB COST 7O INFORMATION RATE
CONSTANT RELATING MDD EQUIP WEIGHT TB INFORMATIOR RATE
CONSTANT RELATING MOD EQUIP PWR REG TOU EQUIP WEIGHT

MOD EQUIP FAB GOST INDEPENDENT OF INFORMATION RATE

MOD EGUIF WEIGHT IMDEPENHENT OF INFORMATIGN RATE

MODULATION EGUIP BURDENS3 13[Mr EARTH

CONSTANT RELATING HMOD EQUIP HAB  COST TO INFORMATION RATE
CONSTANT RELATING MOD EQUIP WEIGHT TO INFORMATION RATE
CONSTANT RELATEING MOD EQUIP BEWR REQ YO EGQUIP WEIBHT

MER EGUIP FAR OST INDEPENDENT OF INFORMATION RATE

MBD EQUIP WETGHT INDEPENDENT GF INFORMATION RATE
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NBMBDA

KFD
KD

KPD
kD
WKD

NOMOBB

KFD
KD

KPD
€KD
WKD

NDMoBC

KFD
KD

KPR
€KD
WKD

NDMOBE

KFD
KD

KPD
EKD
WKD

NOMOpF

KFD
KD

KPD
cKD
WKD

o1
o2
3323
27+5
55

vl
2
333
2745
55

0
0
o0
«Q
«0

5+3

101

333
15
30

£-05
E-n7

E+03

E=03
En06

£+03

E-03
E-n6

E+33

£-05
E-07

E+03

DEMBDULATION EQUIP BURDENS, OPTICAL BIR DET, EARTH

CONSTANT RELATING DEMOD goulp 'FAB COST TO INFD RATE
CONSTANT RELATING DEOD EQUIP WEIGHT TO INFORMATION RATE
CONSTANT RELATING De~0D EQUIP PWR REG TO EQUIP WEIGHT
DEMOD EGUIP FAB COST INDEPENDENT OF INFORMATION RATE
DEMAD E£GUIP WEIGHT INDEPENDERNT GF INFORMATION RATE

DEMBDULATION EQUIP BURDENS, BPTICAL HET DET, EARTH

CONSTANT RELATING DEMED FQUIP FAR C3ST TO INFD RATE
CBNSTANT RELATING DEMOD EQUIP WEIGHT TGO INFGRMATION RATE
CONSTANT RELATING DEMBD EQUIP PWR RER TO EQUIP WEIGHT
DEMOBD £oUlP FAR COST INDEPENDENT OF INFORMATION RATE
DEMAD EQUIP WEISHT INDEPENDENT 8F INFORMATION RATE

DEMODULATION EQUIPMENT BURDENS, GPTICAL HOM DET, EARTH

CONSTANT RELATING DEMOD EQUIR FAB COST T8 INFE@ RATE
CONSTANT RELATING DEYBD EQUIP WEIGHT TO INFORMATIOGN RATE
CONSTANT RELATING DEYOD EQUIP PWR REQ TO EQUIP WEIGHT
DEMBD EQUIP FAR COST INDEPENDENT OF INFSRMATION RATE
DEMOD EGYIP REIGHT TNDEPENDFNT OF INFORMATION RATE

DEMBRULATION EQGUIPMENT BURDENS, §3CM RADIJ HOM DET,EARTH

CONSTANT RELATING DE™MOD EQUIP FAB COST T8 INFO RATE
CONSTANT RELATING DEMBD EQUIP WEIGHT TO INFORMATION RATE
CONSTANT RELATING DEYED EQUIP PWR RE® TO EQUIP WEIGHT
DEMAD EQUIP FAB €OST INDEFPENDENT OF INFERMATION RATE
DEMBD EQUIP WEIGHT INDEPENDERNT OF INFORMATION RATE

DEMOPULATION EQUIPMENT BURDENS, 8PTICAL DIRECT DET,SFACE

CONSTANT RELATING DEMED EQUIP FAB COST TO INF& RATE
CONSTANT RELATING DEMOD EQUIP WEIGHT TO INFORMATION RATE
CONSTANT RELATING DEMED EFQUIP PWR REQ TO EQUIP WEIGHT
DEMED EQUIP FAB CEST INDEPENRENT OF INFORMATION RATE
DEMOD EGUIP WEIGHT INDEPENDENT OF INFORMATION RATE
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NDMapG

KFD
KD

KPD
CKD
WKD

NDMBPH

KFD
KD

KPD
EXD
WKD

NDMBD 1

RFD
rD

KPD
LKD
WKD

NOMEepJ

KFD
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WKD

sl £-03
2 E-06
3433
278 E+03
55

el E=-Q3

o2 E-q6
333 .
275 E+03
55

+0
+0
0
«0
0

«0
0
0
0
«0

DEMODULATION EQUIPMENT BURDERS. quICAL HET DET, sSPAEZE

CONSTANT RELATING DEMBD BQUIP FAB COST- 7O INFO RATE
CONSTANT RELATING DEMOD EQUIP WEIGHT TO INFORMATION RATE
CANSTANT RELATING DEMBD EQUIP PWR REQ T8 EQUIP WEIGHT
DEMBD EQUIP FAB COST INDEPENDENT OF INFORMATION RATE
DEMGD EQUIP WEIGHT INDEPENDENT OF INFORMATIOGN RATE

DEMODULATIGN EQUIPMENT BURDENS, BPTICAL HOM DET, SPALE

CONSTANT RELATING DEMOD EQUIE FAB COST TO INFO RATE
CONSTANT RELATING DEMOD EQUIP WEIGHT TO INFORMATIGN RATE
CONSTANT RELATING DEMDBD EQUIP PWR RE@ TG0 EQUIP WEIGHT
DEMoD EGYIP FAB COST INDEPENDENT OF INFGRMATIOGN RATE
DEMOD EQUIP WEIGHT INDEPENDENT OF INFORMATION RATE

DEMODULATION EQUIPMENT BURDERS, 13CH RADIO DIR DET,SPACE

CONSTANT RELATING DEMBD EQUIP FAB COST 70 INFO RATE
CONSTANT RELATING DEMBD EQUIP WEIGHT TO INFORMATION RATE
CONSTANT RELATING DEMOD EQUIP PWR REG TG EQUIP WEIGHT
DEMOD EQUIP FAR COST INDEPENDENT OF INFORMATICN RATE
DEMOD EGUIP WEIGHT INDEPENDENT OF INFORMATIGN RATE

DEMODULATION EQUIPMENT BURDENS, 13CM RADIO HOM DET,SPACE

CONSTANT RELATING DEMOD EQUIR FAB CSST 7O INFO RATE
CONSTANT RELATING DEMOD EQUIP WEIGHT TO INFORMATION RATE
CONSTANT RELATING DEMOD EQUIP PWR REQ TO EQUIP WEIGH?
DEMSD EQUIP FAB COST INDEPENDENT OF INFBRMATIGN RATE
DEMOD EQUIP WEIGHT IADEPENDENT OF INFORMATION RATE
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NXPWSA

KST
KWST
CKE
WKE

NXPwSB

KST
KAST
CKE
WKE

NXPrgC

KST
KWST
CKE
WKE

NXPwsD

KST
KWST
EKE
WKE

NXPWSE

KST
KWST
CKE
WKE

NXPWSF

KST
KUST
CKE
WKE

3 £+03
-7

O»

Qe

e E+p2
2628
12 E+06
40Q

112.
o111

[sX]

Qe

25

10 E+03
«Q

166
+187

O»

Qe

38
0k

jX]

Qe

XMTR PBWER SUPPLY BURDENSsRTG,SPACECRAFTY

CONSTANT RELATING XMTR PWR SUPPLY FAB €8ST T8 PWR RE@
CONSTANT RELATING XMTR PWR SUPPLY WEIGHT TGO PWR REQ.
XMTR PWR SUPPLY FAB CCST INDEPENDENT OF PYR REQ

XMTR PwR SUPPLY WEIGHT INDEPENDENT 8F PWR REQ

r
XMTR POWER SUPPLY BURDENS,REACTORsSPACECRAFT

CANSTANT RELATING XMTR pPWR SUPPLY FAR COST TO PWR RES
CANSTANT RELATING XMTR PWR SUPPLY WEIGHT 7O PUR RER
X#4TR PWR SUPPLY FAB COST INDEPEMNDENT OF PWR REQ

XMTR PWR SUPPLY WEIGHT INDERENDENT OF PWR REQR

XMTR POWLR SUPPLY BUZDENS,SOLAR CELL,SPACECRAFT,MARS

CONSTANT RELATING XMTR PWR SUPPLY FAB COST TO0 PWR REQ
CONSTANT RELATING XMTR PWR SUPPLY WEIGHT TO PKR REQ
XMTR PWR SUPPLY FAB COST INDEPENDENT OF PhR REQ

¥MTR PWR SUPPLY WEIGHT INDEPENDENMT OF PWR REQ

XMTR POwWER SUPPLY BURDENS,GENERATOR,EARTH

CONSTANT RELATING XMTR PWR SUPPLY FAB COST T8 PWR RE@
CONSTANT RELATING XMTR PWR SUPPLY FAB CGST TG PWR REQ
XMTR PwR SUPPLY FAB CO8ST INDEPENDENT OF PWR REQ

¥XMTR PwWR SUPPLY WEIGHT INDEPENDENT 3F PWR REQ

XMTR POWER SUPPLY BURDENS,SSLEAR CELL,SPACECRAFT,SAT

CONSTANT RELATING XMTR PWR SUPPLY FAB COST TO PWR REQ
CONSTANT RELATING XMTR PWR SUPPLY WEIGHT TO PWR REQ
XMTR PwR SUPPLY FAB CBST INDEPENDENT OF PWR REQ

XMTR PWR SUPPLY WEIGHT INDEPENDENT OF PWR REG

XMTR PBWER SUPPLY BURDENS,SOLAR CELL,SPACECRAFT,VENUS
CONSTANT RELATING XMTR PWR SUPPLY FAB C@ST TO PWR REQ
CONSTANT RELATING XMTR PWR SUPPLY WEIGHT T8 PWR REQ

XMTR PWR SUPPLY FAB (COST INDEPENDENT OF PWR REG
XMTR PWR SUPPLY WEIGHT INDEPENDENT G6F PWR REQ
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NXPASG

KST
KWST
CKE
WKE

43

Os
Qe

XMTR PAWER SUPPLY BURDENS,SOLAR CELL,SPACECRAFT,MERCURY

CINSTANT RELATING XMTR pWR SUPPLY FAB CG6ST TO PWR REQ
COMSTANT RELATING XMTR PWR SUPPLY WEIGHT T8 PwR REQ
XMTR PaR SUPPLY FABR COST INDEPENDENT GF PAR REQ

XMTR PR SUPPLY WEIGHT INDEPENDENT OF PWR REQ
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NRPWSA

KSR
KWSR
EKF
WKF

NRPWGE

KSR
KWSR
CKF
WKF

NRPwWsC
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KWSR
CKF
WKF

NRP 4D

KSR
KWSR
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WKF

NRPWSE
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KHWSR
EKF
WKF

NRPwWSF

KSR
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3
7

Qs

Qe

S
* 625
12
400

112,
s11

Ce

.O.

25

i0-

166+
137

Qe

Os

38
-0’{.

Qe

E+Q3

E+02
E+p6

E+p3

RCVR POWER "SUPPLY BURDENSsRTGsSPACECRAFT

CONSTANT RELATIANG RCYR PWR SUPPLY FAR L£OST TO PWR REDR
CANSTANT RELATING RCVR PWR SUPPLY WEIGHT T8 PWR REQ.
RCVR PWR SUPPLY FAB C3ST INDEPENDENT BF PWR REQ

RCVR PwR SUPPLY WEIGHT INDEPENDENT 3F PWR RFQ

RCVR P3WeR SUPPLY BURDENS,REACTOR,SPACECRAFT

CONSTANT RELATING RCVR PWR SUPPLY FAB COST TO PWR REG
CONSTANT RELATING RCVR PWR SUPPLY WEIGHT T8 PWR REQ.
RCVR PwR SUPPLY FAB COST INDEPENDENT SF PWR REQ

RCVR PwR SUPPLY WEIGHT INDEPENDENT 3F PWR REQ

RCVR POWER SUPPLY BURDENS,SOLAR CELL,SPACECRAFT,MARS

CONSTANT RELATING RCVR PWR SUPPLY FAB C8ST TO PWR REQ
CONSTANT RELATING RCVR PWR SUPPLY WEIGHT TO PWR REQ.
RCVR PWR SUPPLY FAB COST INDEPENDENT OF PWR RE®Q

RCVR PwR SUPPLY WEIGHT INDEPENDENT 3F PWR RED

RCVR POWER SUPPLY BURDENS,GENERATBR,EARTH

CONSTANT RELATING RCVR PWR SUPPLY FA3 CUST TO PWR REQ
CANSTANT RELATING RCVR PWR SUPPLY WEIGHT TO PWR REQR.
RCVR PWR SUPPLY FAB COST INDEPENDENT OF PWR REQ

RCYR PWR SUPPLY WEIGAT INDEPENDENT JF PWR REQ

RCVR POWER SUPPLY BURDENS,SOLAR CELL,SPACECRAFT,SAT

CAONSTANT RELATING RCVR PWR SUPPLY FAR COST TO PWR REQ
CONSTANT RELATING RCVR PWR SUPPLY WEIGHT T8 PWR REQ.
RCVR PWR SUPPLY FAB COST INDEPENDENT OF PWR REQ

RCVR PwR SUPPLY WEIGHT [NDEPENDENWT gF PWR REQ

RCVR POWER SUPPLY BURDENS,SB[LAR CELLsSPACECRAFT,VENUS
CONSTANT RELATING RCVR PWR SUPPLY FAB COST TO PWR RE@
CONSTANT RELATING RCyR PWR SUPPLY WEIGHT TO PWR_REQ.

RCYR PwR SUPPLY FAB COST INDEPENDENT JF PWR REQ
RCYR PWR SUPPLY WEIGHT INDEPENDENT §F PWR RER
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NRPWGG

KSR.
KWSR
CKF
WKF

43
<04

141

Qe

RCVR POWER SUPPLY BURDEANS,SALAR CELL»SPACECRAFT,MERCURY

CONSTANT RELATING RCVR PWR SUPPLY FAZ COST TO PWR REQ
CONSTANT RELATING RCVR PWR SUPPLY WEIGHT T8 PWR REQ.
RCVR PwWR SUPPLY FAB COST INDEPENDENT 9F PWR REQ

RCVR PWR SUPPLY WEIGHT INDEPENDENT aF PuWR REQ
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NXMTRA

KPT
KWT
KH
(44
KE
EKP
EKH
WKP
WKH
a7
HT-
JT

NXMTRB

KPT
KHT
KH
KX
KE
CKP
ExH
WKP
WKH
GT
AT
JT

NXMTRE

KPT
KWT
KH
KX
KE
EKP
EkH
WKP
HWiKH
aT
HY
4T

150+
51
+58
7
+00%
35
138
40
QOr»
i
i
)

150,
51
Oe
[oF]
«001%
3.5
[aX]
40
Qe
i»
1
1

143
o
197
2+5

2
138
25

Qe

1

1

1

E=p2

E+03
£+03

E+Q3

E-g2.

E+03
E+D3

XMTR BURDENS,0s51 »SPACECRAFYT

CONSTANT RELATING XMTR FAB COST TG ¥MTR PWR

CONSTANT RELATING XMTR WEIGHT TO XMTR PWR

CONSTANT RELATING XMTR HEAT EX FAB COST TO XMTR PWR DIS
CONSTANT RELATING XMTR HEAT EX WEIGHT TG0 XMTR PWP D!S
XMTR PwR EFFICIENCY

XMTR FAB COST INDEPENDENT OF XMTR PWR

XMTR HEAT E£X FAn COST INDEPENDENT OF XMTR PWR

XMTR WEIgHT INPEPENDENT 6F XMTR PYR

XMTR HEAT EX WEIGHT INDEFENDENT gF XMTR PWR

EXPONENT RELATING XMTR FAB COST TO xMTR PHWR

EXPONENT RELATING XMTR WEIGH? TO XMTR PWR

EXPONENT RELATING XMTR PWR S{JP=-HEAT EX BURD 10 XMTR PWR

XMTR BURBENSs0+51 SEARTH

CONSTANT RELATING XMTR FAB CNST TO XMTR PHR

CONSTANT RELATING XMTR WEIGHT TO XMTR PUWR )
CONSTANT RELATING XMTR MEAT EX FAB CO®ST TO XMTR PWR DIS
CONSTANT RELATING XMTR HEAT EX WEIGHT TO XMTR PWP DIS

* AMTR PWR EFFICIENCY

XMIR FAB COST INDEPENDENT OF XPTR PWEB .

XMTR HEAT EX F4a COST INDEPENDENT BF XMTR PWR

XMTR WEIGHT INDEPENDENT BF XMTR PWR

XMTR HEAT EX WEIGHT INDEPENDENT 8F XMTR PWR

EXPONENT RELATING XMTR FAB COST TO XMTR PHR

EXPGNENT RELATING XMTR weIGHT 10 XMTR PWR

EXPONENT RELATING XMTR PWR SUP~HEAT EX BURD TG XMTR PWR

XMTR BURBENS,10+6 2SPACECRAFT

CONSTANT RELATING XMTR FAB CPST TO XMTR PHWR

CONSTANT RELATING XMTR WEIGHT T0 XMTR PWR

CONSTANT RELATING XMTR HBAT X FAB COST TO XMTR PWR DIS
CONSTANT RELATING XMTR HEAT EX WEIGHT TO XMTR PwF BIS
XMTR PWR EFFICIENCY

XMTR FAB COST INDEPENDENT OF XMTR PUR

XMTR HEA1 Ex FAp COST INDEPENDENT OF XMTR BHWR

XMTR WEIGHT INPERENDENT BF XHTR PWR

XMTR HEAT EX WEIGHT INDEPENDENT BF XMTR PWR

EXPBNENT RELATING XMTR FAB COST T0 XMTR PWR

EXPONENT RELATING XMTR WEIGH? T8 XMTB PWR

EXPONENT RELATING XMTR PWR SUP<HEAT EX BURD 10 XMTR PWR

4-133


http:BURVENS,0.51

NXMTRF

KPT
KWT
KH.
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CKP
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WKP
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2
Qs
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e
Qe
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" Qe
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S
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1
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E+33

E-02

E+03
E+Q3

E+03

XMTR BURBENS, 106 +EARTH

CONSTANT RELATING XMTR FAB COST 1O XMTR PHWR.
CONSTANT RELATING XMTR wEIGHT TO XMTR PWR

CONSTANT RELATING XMTR HEAT £X FAB COST T9 XMTR PWR DIS
CONSTANT RELATING XMTR HEAT EX WEIGHT 70 XMTR PWP DIS
XMTR PvR EFFICIENCY

XMTR FAB COST INDEPENDENT OF XMTR PWR

XMTR HEAT EX FA3 COST INDEPENDENT OF XMTR PHR

XMTR WEIGHT INDEPENDENT BF XMTR PWR

XMTR HEAT EX WEIGHT INDEPENDENT gF XMTR PHR

EXPOGNENT RELATING XMTR FAB COST 70 XMTR PWR

EXPEGNENT RELATING XMTR WEIGHT T8 XMTR PWR )
EXPONENT RELATING XMTR PWR SUP=HEAT EX BURD TO XMTR PWR

XMTR BURBENS, 13CMsSPACECRAFT

CONSTANT RELATING XMTR FAB COST T8 xMTR PHWR

CONSTANT RELATING XMTR WEIGHT T XMTR PWR

CONSTANT RELATING XMTR HEAT EX FAB COST T0 XMTR PWR DIS
CONSTANT RELATING XMTR HEAT EX WEIGHT T8 XMTRAPWP DIS
XMTR PWR EFFICIENCY

XMTR FAB COST INDEPENDENT OF XMTR PWR

¥MTR HEAT EX FAB COST INDEPENDENT @F XMTR PWR

XMTR WEIQRT INPEPENDENT OF xHTR PHWR

XMTR HEAT EX WEIGHT INDEPENDENT OF XMTR PWR

EXPONENT RELATING XMTR FAB COST TO XMTR PHR

EXPONENT RELATING XMTR wEiIGHT TO XMTE PWR

EXPONENT RELATING XMTR PWR SUP-HEAT EX BURD TOB XMTR PWR

XMTR BURBENS, 13CMsEARTH

CONSTANT RELATING XMTR FAB COST TO XMTR PWR
CONSTANT RELATING XMTR WEIGHT TO XMTR PWR

CONSTANT RELATING XMTR HEAT EX FAB COST TO XMTR PWR RIS
CONSTANT RELATING XMTR HEAT EX WEIGHT TO XMTR PWP DIS
XMTR PWR EFFICIENCY

XMTR FAB COST INDEPENDENT OF XMTR PKWR

XMTR HEAT EX FA3 COST INPEPENDENT OF XMTR PWR

XMTR WEIGHT INDERPENDENT OF XMTR PHWR

XMTR HEA? EX WEIGHT INDEPENDENT OF XMTR PWR

EXPANENT RELATING XMTR FAB CBST T8 XMTR PWR

EXPONENT RELATING XMTR WEIGH? TO XMTBR PWR

EXPONENT RELATING XMTR PWR SUP=HEAT EX BURD TG XMTR PWR
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4.5.2 Complete listing of COPTRAN burden memories.

IMPLEMENTED
NXANTA XMTR ANT BURDENS, 051, SPACECRAFT YES
NXANTB XMTR ANT BURDENS (EXTRA) NO
NXANTC XMTR ANT BURDENS, 0.84, SPACECRAFT YES
NXANTD XMTR ANT BURDENS, 10.6, SPACECRAFT YES
NXANTE XMTR ANT BURDENS, 10.6, HETERODYNE DETECTION, SPAGECRAFT YES
NXANTF XMTR ANT BURDENS, 13CM, DIAMETER BURDENS, SPACECRAFT YES
NXANTG XMTR ANT BURDENS, 13CM, GAIN BURDENS, SPACECRAFT ‘ YES
NXANTH XMTR ANT BURDENS, {(EXTRA) NO
NXANTI XMTR ANT BURDENS, (EXTRA) NO
NXANTJ XMTR ANT BURDENS, (EXTRA) NO
NXANTK XMTR ANT BURDENS, {EXTRA) NO
NXANTL XMTR ANT BURDENS, (EXTRA) NO
NXANTM XMTR ANT BURDENS, (EXTRA) - NO
NXANTN XMTR ANT BURDENS, (EXTRA) NO
NXANTO XMTR ANT BURDENS, {(EXTRA) NO
NXANTP XMTR ANT BURDENS, (EXTRA) NO
NXANTQ XMTR ANT BURDENS, (EXTRA} NO
NXANTR XMTR ANT BURDENS, (EXTRA) NO
NXANTS XMTR ANT BURDENS, (EXTRA) NO
NXANTT XMTR ANT BURDENS, (EXTRA) NO
NRANTA RCVR ANT BURDENS, 0.51, OPT DIRECT DETECTION, EARTH YES
NRANTB RCVR ANT BURDENS, 0.51, OPT HET OR HOM DET, EARTH YES
NRANTC RCVR ANT BURDENS, 0.84, OPT DIRECT DETECTION, EARTH YES
NRANTD RCVR ANT BURDENS, 10.6, OPT DIRECT DETECTION, EARTH YES
NRANTE RCVR ANT BURDENS, 10.6, OPT HET OR HOM DET, EARTH _ ~ YES
NRANTF RCVR ANT BURDENS, 13CM, DIAMETER BURDENS, EARTH YES
NRANTG RCVR ANT BURDENS, 13CM, GAIN BURDENS, EARTH YES
NRANTH RCVR ANT BURDENS, (EXTRA) NO
NRANTI RCVR ANT BURDENS, (EXTRA) NO
NRANTJ RCVR ANT BURDENS, (EXTRA) NO
NRANTK RCVR ANT BURDENS, (EXTRA) NO
NRANTL RCVR ANT BURDENS, (EXTRA) NO
NRANTM RCVR ANT BURDENS, {(EXTRA} , NO
NRANTN RCVR ANT BURDENS, {(EXTRA) NO
NRANTO RCVR ANT BURDENS, (EXTRA) NO
NRANTP RCVR ANT BURDENS, {EXTRA) NO
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NRANTQ
NRANTR
NRANTS
NRANTT
NXACTA
NXACTB
NXACTC
NXACTD
NXACTE
NXACTF
NXACTG
NXACTH
NXACTI

NXACTJ -

NXACTK
NXACTL
NXACTM
NXACTN
NXACTO
NXACTP
NXACTQ
NXACTR
NXACTS

NXACTT -

NRACTA
NRACTB
NRACTC

NRACTD-

NRACTE
NRACTF
NRACTG
NRACTH
NRACTI

NRACTS

NRACTIK -

NRACTL
NRACTM

RCVR ANT BURDENS, (EXTRA)
RCVR ANT BURDENS, {(EXTRA)
RCVR ANT BURDENS, (EXTRA)
RCVR ANT BURDENS, (EXTRA)

XMTR ACQ AND TRACK BURDENS, OPTICAL FREQUENCY, SPACECRAFT
XMTR ACQ AND-TRACK BURDENS, RADIO FREQUENCY, SPACE, DIAM
XMTR ACQO AND TRACK BURDENS, RADIO FREQUENCY, SPACE, GAIN

XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, {(EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, {EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)}
XMTR ACQ AND TRACK BURDENS, {EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)}
XMTR ACC AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, (EXTRA)
XMTR ACQ AND TRACK BURDENS, {EXTRA)}
XMTR ACQ AND TRACK BURDENS, (EXTRA}
XMTR ACQ AND TRACK BURDENS, {EXTRA)}
XMTR ACQ AND TRACK BURDENS, (EXTRA)

RCVR ACQ AND TRACK BURDENS, OPTICAL FREQUENCY, EARTH
RCVR ACQ AND TRACK BURDENS, RADIO FREQUENCY, EARTH, DIAM
RCVR ACQ AND TRACK BURDENS, RADIO FREQUENCY, EARTH, GAIN

RCVR ACQ AND TRACK BURDENS, (EXTRA)
RCVR ACQO AND TRACK BURDENS, (EXTRA)}
RCVR ACQ AND TRACK BURDENS, {EXTRA)}
RCVR ACQO AND TRACK BURDENS,(EXTRA)
RCVR ACQO AND TRACK BURDENS, (EXTRA)
RCVR ACQ AND TRACK BURDENS, (EXTRA)
RCVR ACQ AND TRACK BURDENS, (EXTRA)
RCVR ACQ AND TRACK BURDENS, (EXTRA)
RCVR ACQ AND TRACK BURDENS, (EXTRA}
RCVR ACQ AND TRACK BURDENS, (EXTRA)
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NRACTN
NRACTO
NRACTP
NRACTQ
NRACTR
NRACTS
NRACTT
NMODEA
NMODEB
NMODEC
NMODED
NMODEE
NMODEF
NMODEG
NMODEH
NMODEI
NMODE.J
NMODEK
NMODEL
NMODEM
NMODEN
NMODEO
NMODEP
NMODEQ
NMODER
NMODES
NMODET
NDMODA
NDMODB
NDMODC
NDMODD
NDMODE
NDMODF
NDMODG
NDMODH
NDMODI
NDMODJ

RCVR ACQ AND TRACK BURDENS, (EXTRA}

RCVR ACO AND TRACK BURDENS, (EXTRA}

RCVR ACQ AND TRACK BURDENS, (EXTRA)

RCVR ACQ AND TRACK BURDENS, (EXTRA)

RCVR ACQ AND TRACK BURDENS, (EXTRA)

RCVR ACQ AND TRACK BURDENS, (EXTRA)

RCVR ACO AND TRACK BURDENS, (EXTRA)

MODULATION EQUIP BURDENS, 0.51, CW LASER, SPACECRAFT
MODULATION EQUIP BURDENS, 0.84, CW LASER, SPACECRAFT
MODULATION EQUIP BURDENS, 0.84, PULSED LASER, SPACECRAFT
MODULATION EQUIP BURDENS, 10.6, CW LASER,SPACECRAFT
MODULATION EQUIP BURDENS, 13CM, SPACECRAFT

MODULATION EQUIP BURDENS, 0.51; CW LASER, EARTH
MODULATION EQUIP BURDENS, 0.84, CW LASER, EARTH
MODULATION EQUIP BURDENS, 0.89, PULSED LASER, EARTH
MODULATION EQUIP BURDENS, 10.6, CW LASER, EARTH
MODULATION EQUIP BURDENS, 13CM, EARTH

MODULATION EQUIP BURDENS, (EXTRA)

MODULATICN EQUIP BUi’iDENS, {EXTRA)

MODULATION EQUIP BURDENS, (EXTRA}

MODULATION EQUIP BURDENS, (EXTRA)

MODULATION EQUP BURDENS, (EXTRAY}

MODULATION EQUIP BURDENS, {EXTRA]}

MODULATICN EQUIP BURDENS, (EXTRA)

MODULATION EQUIP BURDENS, (EXTRA}

MODULATION EQUIP BURDENS, {EXTRA}

MODULATION EQUIP BURDENS, (EXTRA}

DEMODULATION EQUIPMENT BURDENS, OPTICAL DIR DET, EARTH
DEMODULATION EQUIPMENT BURDENS, OPTICAL HET DET, EARTH
DEMODULATION EQUIPMENT BURDENS, OPTICAL HOM DET, EARTH
DEMODULATION EQUIPMENT BURDENS, (EXTRA)

DEMODULATION EQUIPMENT BURDENS, 13CM RADIO, HOM DET, EARTH
DEMODULATION EQUIPMENT BURDENS, OPTICAL DIRECT DET, SPACE
DEMODULATION EQUIPMENT BURDENS, OPT!CAL HET DET, SPACE
DEMODULATION EQUIPMENT BURDENS, OPTICAL HOMDET, SPACE
DEMODULATION EQUIPMENT BURDENS, 13CM RADIO, DIR DET, SPACE
DEMODULATION EQUIPMENT BURDENS, 13CM RADIO, HOM DET, SPACE
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NDMODK
NDMODL
NDMODM
NDMODN
NDMODO
NDMODP
NDMODQ
NDMODR
NDMODS
NDMODT
NXPWSA
NXPWSB
NXPWSC
NXPWSD
NXPWSE
NXPWSF
NXPWSG
NXPWSH
NXPWSI
NXPWSJ
NXPWSK
NXPWSL
NXPWSM
NXPWSN
NXPWSO
NXPWSP
NXPWSQ
NXPWSR
NXPWSS
NXPWST
NRPWSA
NRPWSB
NRPWSC
NRPWSD
NRPWSE
NRPWSF
NRPWSG

DEMODULATION EQUIP BURDENS, {(EXTRA)
DEMODULATION EQUIP BURDENS, {EXTRA)
DEMODULATION EQUIP BURDENS, {(EXTRA)
DEMODULATION EQUIP BURDENS, (EXTRA)
DEMODULATION EQUIP BURDENS, (EXTRA)
DEMODULATION EQUIP BURDENS, {EXTRA}

DEMOBDULATION EQUIP BURDENS, (EXTRA)
DEMODULATION EQUIP BURDENS, (EXTRA)

DEMODULATION EQUIP BURDENS, {EXTRA)
DEMODULATION EQUIP BURDENS, (EXTRA)

XMTR POWER SUPPLY BURDENS, RTG, SPACECRAFT

XMTR POWER SUPPLY BURDENS, REACTOR, SPACECRAFT

XMTR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, MARS
XMTR POWER SUPPLY BURDENS, GENERATOR, EARTH

XMTR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, SAT
XMTR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, VENUS
XMTR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, MERCURY
XMTR POWER SUPPLY BURDENS, (EXTRA}

XMTR POWER SUPPLY BURDENS, (EXTRA]

XMTR POWER SUPPLY BURDENS, (EXTRA]

XMTR POWER SUPPLY BURDENS, (EXTRA]

XMTR POWER SUPPLY BURDENS, (EXTRA]

XMTR POWER SUPPLY BURDENS, (EXTRA]

XMTR POWER SUPPLY BURDENS, {EXTRA]

XMTR POWER SUPPLY BURDENS, (EXTRA)

XMTR POWER SUPPLY BURDENS, (EXTRA]

XMTR POWER SUPPLY BURDENS, (EXTRA)

XMTR POWER SUPPLY BURDENS, (EXTRA)

XMTR POWER SUPPLY BURDENS, (EXTRA)

XMTR POWER SUPPLY BURDENS, {EXTRA]

RCVR POWER SUPPLY BURDENS, RTG, SPACECRAFT

RCVR POWER SUPPLY BURDENS, REACTOR, SPACECRAFT

RCVR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, MARS
RCVR POWER SUPPLY BURDENS, GENERATOR, EARTH

RCVR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, SAT
RCVR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, VENUS
RCYVR POWER SUPPLY BURDENS, SOLAR CELL, SPACECRAFT, MERCURY
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NRPWSH
NRPWSI
NRPWSJ
NRPWSK
NRPWSL
NRPWSM
NRPWSN
NRPWSQ
NRPWSP
NRPWSO
NRPWSR
NRPWSS
NRPWST
NXMTRA
NXMTRB
NXMTRC
NXMTRD
NXMTRE
NXMTRF
NXMTRG
NXMTRH
NXMTRI
NXMTRJ
NAMTRK
NXMTRL
NXMTRM
NXMTRN
NXMTRO
NXMTRP
NXMTRQ
NXMTRR
NXMTRS
NXMTRT

RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA]
RCVR POWER SUPPLY BURDENS, (EXTRA]
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA]
RCVR POWER SUPPLY BURDENS, (EXTRA]
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA)
RCVR POWER SUPPLY BURDENS, (EXTRA)
XMTR BURDENS, 0.51, SPACECRAFT
XMTR BURDENS, 0.51, EARTH

XMTR BURDENS, (EXTRA)

XMTR BURDENS, 0.84, (EXTRA)

XMTR BURDENS, 10.6, SPACECRAFT
XMTR BURDENS, 10.6, EARTH

XMTR BURDENS, 13CM, SPACECRAFT
XMTR BURDENS, 12CM, EARTH

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, {(EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA}

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)

XMTR BURDENS, (EXTRA)
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4.5.3 MNEMONIC assignment procedure. — In order to supply values for

those burdens sets for which no values presently exist (See 4.5.2), the fol-
lowing procedure should be followed using as an example an unassigned burden

Mnemonic, NXANTE,

1. Select that set for which no values are presently supplied, e.g.,
NXANTE

2. In the nominal value data deck, locate the data values associated with
the NXANT — (transmitter antenna)} burdens set.

3. Locate the specific set associated with the particular burdens set
desired. In this case, E is the set desired. Since, in the trans-
mitter antenna burdens there are six values for each set, the E set
is the fifth set, or the 26th, 27th, 28th, 29th and 30th data values.

The location in the table is given by

Nl’ NZ’ e s Nmzk- (m-1}+1, k.- (m-1}+2, ... , k- m
where
k corresponds to the burden set desired A=>1, B=>2, . . ., etc.

m is the number of values per set.
4. Add the values desired into the burden set located in 3. above.

In this way, burdens values may be added or altered as desired.
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:. 6 Automatic COPTRAN Burden Data Selection Logic

Automatic burden data selection by the COPTRAN program is made

according to the selection tables in the following sections.

This selection

will always be made unless other specific instructions or data are included.

In such a case, the specific instructions or data over-ride the automatic

selection logic.

4.6.1 Nominal Systems Burdens Selection Logic

TRANSMITTER
ANTENNA
13 ecm 13 cm
Diameter Gain
0.51p 0.84p 10.6 Burdens Burdens
TSpacecl_‘aft NXANTA | NXANTC | NXANTD | NXANTF | NXANTG
ransmitter
RECEIVER
ANTENNA
13 em 13 cm
Diameter Gain
0.51p 0.84qu 10.6p Burdens Burdens
DDi:ec_t NRANTA | NRANTC |NRANTD
etection
Ear‘th NRANTFE NRANTG
Receiver
Het, or Hom. NRANTSB b4 NRANTE
Detection

X - Forbidden combination
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TRANSMITTER ACQUISITION
AND TRACK SYSTEM

Optical Radio Freq. Radio Freq.
Frequency Diam. Burdens Gain Burdens
Spacecrait - NXACTA NXACTB NXACTC
Transmitter
RECEIVER ACQUISITION
AND TRACK SYSTEM
Optihcal Radio Freq. Radio Freq.
Frequency Diam. Burdens Gain Burdens
poarth NRACTA NRACTB NRACTGC
eceiver ’ .
MODULATION
EQUIPMENT - SPACE
0.51n 0.84p 10.6p 13 em
PCM/AM NMODEA NMODEB NMODED NMODEE
PCM/PL NMODEA NMODEB NMODED X
PCM/FM NMODEA NMODEB NMODED NMODEE
PCM/PM NMODEA | NMODEB NMODED NOMDEE
PPM/AM NMODEA NMODEC NMODED X

X - Forbidden combination
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MODULATION
EQUIPMENT - EARTH

0.51p 0. 84p 10.6p 13 em
PCM/AM NMGCDEF NMODEG NMODEI NMODET
PCM/PL NMODEF NMODEG NMODEIL X
PCM/FM NMODEF NMODEG NMODEI NMODET
PCM/PM NMCDEF NMODEG NMODET NMODET
PPM/AM NMODEFR NMODEH NMODEI X
X - Forbidden combination
DEMODULATION
EQUIPMENT - EARTH
Optical Direct Detection Qptical Heterodyne Detection Optical Homodyne Detection ];{:ar(::st Hol:na::l;ne
0 5l 0 84p 10 6 051y 0 S4p 10 éu 0 5l 0.84p 10 &y Deiection | Deinchion
PCM/AM NDMODA| NDMODA | NDMODA X X X X X X X NDMODE
PCM/PL NDMODA | NDMODA | NDMODA - X X X X X X X X
PCM/FM X X X NDMODB | NDMODB | NDPMODB x X X X NDMODE
PCM/PM X X X X X X NDMODG | NOMODC | NDMODC X NDMODE
PPM/AM NDMODA| NDMODA | NDMODA X x X X X X X X
X - Forbidden combination
DEMODULATION
EQUIPMENT - SPACE
Optical Direct Detection Optical Heteredyne Detection Optical Homodyne Detection S:_i‘:t Hol::;ic;;ne
051, 0 84p 10 6 0 51 0.84p 10.6p | 051 0 8ip 10 6 Detection | Defecthon
PCM/AM NDMODF| NDMODF| NDMODF X X X X X X NDMODI NDMODJ
PCM/PL NDMODF| NDMODF| NDMODF X X X X X X X X
PCM/FM X X X NDMODG | NDMODG | NDMODG X X X NDMODI NIMODJ
PCM/PM X X X S{ X X NDMODH| NDMODH| NDMODH NDMODI NDMODJ
PPM/AM NDMODF | NDMODF{ NDMODF X X X X X X X X

X - Forbidden combination
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PHI-¥

TRANSMITTER SYSTEM
POWER SUPPLY

NRPWSB

‘Earth
Spacecraft Transmitter Transmitter .
Solar Solar Solar Solar
Cell Cell Cell Cell
RTG Reactor Mars Satellite Venus Mercury Generator
NXPWSA | NXPWSB | NXPWSC| NXPWSE | NXPWSF| NXPWSG NXPWSD
RECEIVER SYSTEM
POWER SUPPLY
. . Earth
Spacecraft Receiver Transmitter
Solar Solar Solar Solar
Cell Cell Cell Cell
RTG Reactor Mars Satellite Venus Mercury Generator
NRPWSA NRPWSC| NRPWSE | NRPWSF| NRPWSG NRPWSD'




TRANSMITTER

0.51p 0.84p 10.6p 13 em
Spacecraft
Transmitter NXMTRA X NXMTRE NXMTRG
Earth
Transmitter NXMTRB X ‘ NXMTRF NXMTRH
4.6.2 System Physical Data Selection Logic
R, transmission range
] 13
RANMAR 1.0 X 10 cm
RANJUP 7.5 X 1013 cm
RANSAT 3.6 X107 ¢m
A, transmission wavelength
LAMO51 0.51 x10™% cm
LAMO84 0.84 x 10™% cm
LAMI106 10.6 x107* cm
LAMI3C 13 cm
S/N, signal-to-noise power ratio
OPTDIR OCPTHET QOPTHOM RADHET RADHOM
PCM/AM 26 30 15 20 15.
PCM/PL 12 X X X X
PCM/FM X 15 X 19 15
PCM/PM X X 7 X 8
PCM/AM 15 X X 25 X

X - Forbidden Combination
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C/N, carrier-to-background radiation power ratio

u

PCM/IM
PCM/PL
PPM/IM

OPTDIR

6
3
1

s, T)REQ’ required signal photoelectron count

per time pexiod T

PCM/IM
PCM/PL
PPM/IM

OPTDIR

30
15
20

Tes transmitter system transmissivity

LAMOSI LAMO84 LAMIOE LAMI3C

PCM/AM 8 .8 8 .75
PCM/IM 8 . 8 8 .75
PCM/PL 8 .8 8 .75
PCM/FM 8 .8 8 .75
PCM/PM 8 .8 8 .75
PPM/IM 8 .8 8 .75

Tr’ receiver system transmissivity

LAMO5!L LAMO84 LAMILO6 LAMI3C
OPTDIR LT .7 .7 X
OPTHET or . C -
OPTHOM .6 .6 .6 X
RADHET or’ .
RADDIR, X X X .35

X — Forbidden Combination
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Ta.’ atmospheric transmissivity

LAMO51 LAMOB84 LAMI06 LAMI3C

SPXMTR and SPRCVR .8 .8 .8 . 95

SPXMTR and EARCVR or 3 8 8 95
- EAXMTR and SPRCVR ) ) ’ )

EAXMTR and EARCVR . 8 . 8 . 8 .95

Prs transmitter antenna aperture efficiency
LAMOSI 0.98
L.AMOS84 0.98
LAMI106 . 0.98
LAMI3C 0.60

PR receiver antenna aperture efficiency

LAMOS!1 0.98
LAMOB4 0.98
LAMIO6 0.98
LAMI3C 0. 80

TE’ receiver equivalent temperature

LAMI3C LAMO084 or LAMIO06
BKGALT 27 X
OPTDIR X 300

7, detector quantumn efficiency

LAMOSL
LLAMOS84
LAMI106

X — Forbidden Combination
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RL’ receiver output load resistance

RL = 100 o.hms

)\i, optical filter bandwidth

ki = 10-3 microns

QB, background radiation photon spectral radiance
LAMO51

BKMARS X

BXKJUPT X

BKMOON X

BKERTH X

-17

BKDSKY .2 %X 10

BKNSKY .75 X 10”

BKGALT 0.

dTB" transmitter antenna diameter stop
LAMO51 LAMOB4 LAMIO6 LAMI3C

SPXMTR 10 16 100 100
EAXMTR 10 16 210 1000

GTB’ transmitter antenna gain stop

LAMI3C
SPXMTR 348
EAXMTR 34,800

X — Forbidden Combination
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d receiver antenna diameter stop

RB’
LAMO51} LAMO0S84 | LAMIOG6 | LAMI3C
SPRCVR and QPTDIR 100 100 100 X
SPRCVR and either OPTHET or 10 16 100 X
OPTHOM ) :
SFPRCVR and either RADDIR or X X X 1000
RADHOM
EARCVR and CPTDIR 1000 1000 1000 1000
EARCVR and either OPTHET or 10 16 100 X
OPTHOM
EARCVR and either RADDIR or X X X 6400
RADHOM
GRB’ receiver antenna gain stop
LAMI3C
SPRCVR 46, 500
EARCVR 1, 900, 000
PTB,-transmitter power stop
LAMO51 LAMO84 LAMI106 LAMI3C
SPXMTR 50 5 500 1,000
EAXMTR 100 25 1000 10, 000
SRB’ receiver field of view stop
. LAMO51 I.AMOS4 LAMIOG LAMI3C
SPRCVR 107 1072 107° 1074
EARCVR 1072 1072 107° 1074

X — Forbidden Combination
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4.7 COPTRAN Coding Sheets and Data Forms

The following pages contain the blank sheels and forms which may be used
in the preparation of COPTRAN programs. The sheets are: the COPTRAN
Coding Sheet A, the COPTRAN Coding Sheet ‘B, the COPTRAN Cociing Sheet C,
the System Burdens Data Sheet, the System Physical Data Sheet, and the
System Parameter Constraints Sheet,

The COPTRAN Coding Sheet Ais generally the only coding sheet needed.
Its usage is described in Section 4.3.1 and 4.3.3, where it is noted that the
COPTRAN Instruction mnemonics and the COPTRAN Data may be tabulated on
this form. COPTRAN Coding Sﬂeets B and G, described in Section 4. 3.5; , are
used if many of the Systems Burdens Data values and the System Physical
Data values are to be changed. COPTRAN Coding Sheets B and C list all the
labels and indicate where the decimal point is to be placed, saving some

effort in preparation.

The Systems Burdens Data Sheet, the Systems FPhysical Data Sheet, and
the Systems Parameter Consiraints Sheets are provided to enable the user to
consider more conveniently changes he may wish to make. Their use is not

required in any part of the COPTRAN program.
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NAME

COPTRAN CODING SHEET A

DATE

PROBLEM

COPTRAN INSTRUCTIONS AND DATA

123456{7 8 9101112(131415161718{192021222324

123 456|780101112131415161718(192021222324
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1234567 8 8101112131415161718102021222324

123456878 9101112131416161718192021222324
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NAME

" COPTRAN CODING SHEET B

DATE PROBLIM __
SYSTEM BURDENS DATA SYSTEM BURDENS DATA
123 458|738 910711120131415161718[192021 2223 24} 12345678 9101112131415181718192021222324

1|x|TH[T . 1 |x[rHiR .
2 |KiD|T - 2 |KiD|R .
3|CIK[T . 3|CIKR .
4 [WKIT . 4 |Wi KR .
5 M|T . 5 [M|R .
8 [N|T . 6 [N|R .
7 7

8 |KIA|T . B IK|A|R .
SIKIWAIT . 8 [K|WA R .
10 |KlP T . 10 |K|PiQ|R .
M ICIAIT . H |CIAR .
12 {wB|T . 12 |W B[R .
13|alT . 13 |Q|R .
14 14

15 |[K|F M . 16 |K|F [D .
16 KM . 16 |K|D .
17 {K|P [m . 17 |Ki{P [D .
18 |C(KM . 18iC|K|D .
19 |Wi KM . 18 |W|K|D .
20 20

2 |K|S[T . 21 K|S |R .
22 | K|w SIT . 22 |K|W|SR .
BI|ICIKIE . iclklF .
24 |W|XE . 24 |wikIF .
5 26

12345678 9101112131415161718192021222324
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esi-¥

NAME

COPTRAN CODING SHEET C

DATE __________ PROBLEM
SYSTEM BURDENS DATA SYSTEM PHYSICAL DATA
123 4586(78 6101112131416161718[192021222324 12345678 9101112)1314161617184192021222324
1 |KIP|T . 1|R .
2 [kiwlT . 2{t[aM|8|D]A )
3 |K|H . 3IS|N .
4 {KiX o 41CiN .
5 | K|E . 5|U{S|BIR|E|Q .
6 |ClK(P . 8{TIA|UIT .
7 |C|KiH . 7|T]A|U|R .
8 [wW(K|P . 8{T|A|U|A .
9 W KH . ST|E .
10 jG|T . 10|E|IT|A .
11 |H|T . 1M|R|L .
12 [T . 12| L|IM|B|D|I .
13 13{QjB .
14 |K|S [A . 14
15 |K|s |B . 15
16 16
17 17
18 18
19 19
20 20
21 2
22 22
23 2:;
24 24
25 25

12345678 90101112131415161718192021222324

12345678 9101112131415161718

192021222324



SYSTEM BURDENS DATA

TRANSMITTER LOCATION: DATE:
RECEIVER LOCATION:
TRANSMISSION WAVELENGTH:

COMPONENT |PARAMETER | UNIT |VALUE|USE| COMPONENT |PARAMETER| UNIT |VALUE|USE
TRANSMITTER | Kéy s/ TF | MODULATION KFm $/BIT TF
ANTENNA Kar LB/ Tw | EQUIPMENT KM | LB/BIT ™

CKT s TF Ky WATT/LE TWE
WKT LB ™ CKM $ TF
ngp - TF WKM LB W
. np - TW | DEMODULATION| Krp S/BIT RF
RECEIVER Kgr s/ R | EQUIPMENT Kp LB/BIT RW
ANTENNA Kam i "W Kpp | WATT/LB Rkwr
CKR 3 RF CKD § '| RF
WKR LB RW WKD LB RW
mg —_— RF | TRANSMITTER KsT $/WATT TF
ng - Rw | TOVER Kwgy | LB/WATT ™
TRANSMITTER |  KAT 8/ TF - CkE~ |8 TF
SYSTEM Kpgr | WATT/LB TWF| RECEIVER KSR S$/WATT RF
CAT $ F gg;ﬁf; Kwgg | LB/WATT RW
wpT LB W CKF $ RF
i ~~ TF WKE |LB RW
RECEIVER KAR §/ RF | TRANSMITTER Kpp s/ TF
ANDTRACK | KWaR _|LE R S e M B L
SYSTEM Kpgr WATT/LB RWF Ky S/WATT TF
CAR ‘s RF Kx LB/WATT TW
WeR LB RW ke - TWF
dig —— RF CKp TF
GENERAL Ksa $/LB ™ CKH TF
KsB $/LB RW WKp LB W
WK LB T™w
& - TF
ht - W
IT - TWF
Use Code: TW — Data for transmitter weight optimization
TF = Data for transmitter fabrication cost optimization

RW — Data for receiver weight optimization
RFF = Data for receiver fabrication cost optimization

TWF — Data for transmitter weight and fabrication cost optimization
RWF — Data for receiver weight and fabrication cost optimization
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SYSTEM PHYSICAL DATA

column.

¥

TRANSMITTER LOCATION: DATE:
RECEIVER LOCATION: .
PROGRAM
fall JLTR Y M 4T
o|0|0|0
Wi |4 M | PARAMETER NAME UNITS VALUE
il R R Range cm
A | k| ] A Transmission cm
wavelength
| * 5/N Signal-to-noise
power ratio .
* C/N Signal to background
radiation power
ratio
% (L.ls ,n) Required signal
> Req. lphotoelectron count
per decision interval
Ol I IR T Transmitter
transmissivity
Fof oA ] 1 Receiver
T P
transmissivity
W R k] T Atmospheric
transtmissivity
Ol ol B e, Transmitter antenna
aperture efficiency
| A k| pr Receiver antenna
aperture efficiency
¥ T Recewver °K
E
temperature
wpa) ! Detector quantum
efficiency
* RL Receiver output ohms
load resistance
= Xi Optical filter micron
bandwidth
e QB Photon spectral photons per cm?
radiance micron steradian
Rule: Parameter may be set equal to zero if asterisk is absent in program
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SYSTEM PARAMETER CONSTRAINTS

!

PARAMETER UNITS INITIAL FIXED . STOP
Transmitter antenna cm dT1 dTM dTB
diameter
Transmitter antenna - GTI GTM ‘ GTB
gain
Receiver antenna cm dRr1 drM ’ drg
diameter
Receiver antenna - Gri GrRM GRB
gain
Transmitter power watt . PTI Prm P7g
Receiver field of rad. Or1 Orm OrB
view
Rules: .

1. If a parameter is to be fixed, set the stop and initial vaiues ot the parameter to.its fixed value
2, If a parameter is not to be fixed, set the fixed value equal to zero, and set the initial value to one haif the stop value.

3. If a parameter is not to be optimized, nor fixed, its values may be set to zero.
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