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INTRODUCTION

Bt

This report gives the results of a.design study of a spread spec-

B

trum transponder for use on the HEAO-C satellite. The transponder per- Z

forms the functions of code turn-around for ground range and range-rate

- -
o P T

I T T T W TS

determination, ground command receiver, and telemetry data transmitter.

By BE

The spacecraft transponder and associated communication system components
will allow the HEAO-C satellite to utilize the Tracking and Data Relay
Satellite System (TDRSS) subnet of the post 1978 STDN.

Use of thé TDRSS by HEAO-C is being considered for the following

reasons:

B 3% ®

< (1) The ground site subnet of the post 1978 STDN will include
. only six-to eight sites.

'? i (2) Reduction in the HEAO-C tape recorder requirement to only

LW 15 percent of an orbit recorded when out of view of the

o TDRSS.

§§ W (3) Allows high real-time data rate transmission.

I b (4) Near-continuous monitoring and near-instantaneous access

; ;ﬁ ~ leading to rea}-time command and control.

?;”f In TDRSS terminology, HEAO is a medium data rate user. As such,

{ - depending on mission requirements, it could operate as a multiple access
? £ : or S-band single-access user. The transponder is designed to allow the

use of either of these modes of operation under control of ground command.
kThis will allow for the greatest freedom in TDRSS scheduling, allow for

growth in the HEAO experimental package, and still guarantee the most

economical use of the TDRSS subnet capabilities.
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The transponder design includes an eleventh order gold code gen-
erator operating at .6 M CHIP/SEC (MA) or 6 M CHIP/SEC (SSA) along
witn carrier and code-delay-lock loops for code acquisition and coher-
ent despreading. The return telemetry data is coded‘by a k=7, V=3
convolutional encoder. This allows a 6db coding-gain. -

Associated communication systems components have been specified

by a previous report, and will be only briefly described in this report.

Section 2 is a description of the present TDRSS subnet from the
point of view of the user's interface. Seciion 3 islﬁ general descrip-
tion of the HEAO-C-TDRSS systemr¢onfiguration. Sections 4, 5, 6, 7,
and 8 describe components of the HEAO-C transponder incliuding the gold-
code generator, convolutional encoder, and carrier and code delay-lock
toops. | |

Section 9 is a summary of the total spread spectrum transponder

system, and section 10 is a list of reference literature.
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3 I - 2. TDRSS SUBNET DESCRIPTION

This section gives a description of the TDRSS subnet as it affects

i | the HEAO-C as a system user. The transponder desian allows ground com-

E; Q§~ mand programming. as a MA or SSA user, so each of these TDRSS support

é? - features will be described. This material is from the June 10, 1974
e TORSS Users' Guide (X-805-74-176). |

? ffk The Tracking and Data Relay Sate]]ife System (TDRSS) concept con-

| i: N sists of two geosynchronous reiay saté11ites, 130 degrees apart in

i mi‘ longitude and a ground tefmina] centrally located in the continental

if qﬁz United States. Additionally, thebsystém;includes tvio spare satellites:
?E %;‘ one in orbit, and one in configuration for a rapid replacement Taunch.

j; The payload of each Tracking and Data Relay Satellite (TDRS) is the

o telecommunications service system which relays communication signals
between low earth-orbiting user spacecraft and the TDRSS ground termi-
‘nal. A "bent-pipe Concept is used in the design of the telecomaunica-
tions.servicensystemv(i.e;, all communication signals received at the
TDRS are trabé]ated'in frequency and retransmitted).

The telecommunications link from the ground terminal to the TDRS
to the user is'cailéﬁ the forwgrd 15nk and will be used to carry user
commandidata,ﬂtraékfhg signa]s;_ahd voice transmissions. The 1ink from
the user fo the TDRS to the ground terminal is called the return Tink

and will be used to carry user telemetry data, return tracking éigna]s,

2-1
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v ;: and voice. Both the forward and return links consists of a space-to-
| T space link between the TDRS and the user, and a space-to-ground 1ink
Ef*“ between the TDRS and the TDRSS ground terminal.
l%f}i Each TDRS provides the fo]]owing two types of space-to-space com-
) il munication Tinks:

a. Multiple-access System. One 10-element S-band phased array

antenna system to support the forward Tink (command 1ink) of 20

users (time shared), and one 30-element S-band phaséd array an-

P i

tenna to support the return Tink of 20 users simultaneously. The ;

spacecraft supported by this system are called Multiple-access (MA)

e

users.

i b. Single-access System. Two 3.8 meter parabolic antennas, each

—

operating at both S- and Ku-band. This configuration‘is called a

sing]eéaccess system because each antenna will normally support one

PR

user at a time. However, each antenna can support two users simul- :j

it

taneously (one.at S-band and one at Kufband) provided both users

are within the beamwidth of the antenna. The user spacecraft sup-

=

ported by this system are called Single-access (SA) S- or Ku-band
users.

The two-satellite TDRSS concept is illustrated in figure 2-1. The

general TDRSS Frequency plan (TDRSS to user) is an follows:

ot i By b

i FORWARD
:  2287.5 MHZ - MULTIPLE ACCESS | | 1
! (2) 2200 TO 2300 MHZ SINGLE ACCESS . - :
B (3) 14.6 TO 15.25 GHZ SINGLE ACCESS

£ RETURN T

E:j[ (1) 2106.4 MHZ - MULTIPLE ACCESS | §;
L (2) 2025 TO 2120 MHZ SINGLE ACCESS L g
3 (3) 13.4 TO 14.05 GHZ SINGLE ACCESS '
fo |

LE

pod
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SHUTTLE

SA USER
(KU-BAND)

GROUND STATION
(conus)

Figure 2-1 Two-satellite TDRSS Concept
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g ﬁk The elements of the TDRSS described by support mede are as follows:
b L 3.3 MULTIPLE-ACCESS SYSTEM
C 3.3.1 FORWARD (COUMAND) LINK
. ; I} a. Antenna - 10-element phased array, 23-dB
i - . gain, single steered beam per TDRS.
© ]; b. Frequency - 2106.4 MHz, all users on same K
P i
SR P frequency. !
. c. Bandwidth - 5 MHz.
o %
A d. TDRSS signal EIRP* - 34 dBw peak. %
P ]i e. Duty factor - Continuous. :
Lo i
5 1& f. User command - - Time shared between users. ;
. - g. Command rate - 100 to 1000 b/s. §
a J; h. Modulation - PN spread spectrum. PSK (£90°), 3
O biphase. i
% 35 i. Operation - A1l users on same comand frequency, i
ool users separated by user unique codes. ;
{ beam steered to desired user for %
[ oo duration of command and/or tracking
i ]% sequence.
} 3w
1. j. Code type - Gold, length to be defined (= 2000
T — bits/code).
:l 2
4 *EIRP in direction of user.
Y I 3.3.2 RETURN (TELEMETRY) LINK
%3 ‘ a. Antenna - 30-element phased array (gain‘28
dB).
;" b. Frequency - 2287.5 MHz (all users on same
v frequency). o o
¢. Bandwidth = 5 MHz. g
= d. Array beam forming - A1ﬁ7e1ement combining/beam forming o
o , ‘performed at ground terminal. Separ- 1
b ate array beam formed for each user -
§oE R : ‘ ‘ simultaneously. e L 3%
|
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ﬂ i e. Return link signal - Code division nmultiplex/PRil spread
S characteristics spectrum modulation (tentative value
- 3.0 Mch/s). PSK (*90°), biphase.
. 5 f. Maximum single user - 48 kb/s.
T telemetry rate
S
R g. Average user telemetry - Eacn user's supportable data rate is
S rate= 10 kb/s a function of the number, EIRP, and
; - data rates of the other simultane-
; “i ously-supported users.
é : h. Support duration/user - Continuous when in view of either
:? TDRS (at least 85 percent of each
’ U low earth orbit).
;‘d_,,#" . :
: '% i. Data handling - Data returned to user in real time.
{ - j. Code type - Gold, length to be determined
: g (= 2000 bits).
? ;o SINGLE-ACCESS SERVICE
| - GENERAL
o Each single-access system can operate at S-band (command and teleme-
S T
g o try), Ku-band (command and telemetry), or both simultaneously. There
g o~ are two single-aecess systems: per TDRS.
s S-BAND SINGLE-ACCESS SERVICE

Forward (Command) Link

a.

Antenna

Antenna gain

Frequency
TDRS signal EIRP
Bandwidth

Duty factor

3.8-meter 'dihmeter parabolic re-
flector.

35.4 dB.

2025 to 2120 MHz. Each user at a
separate frequency.

43.4 dBw peak normal; 46.0 dBw
pe?k high power.

20'MHz narrowband, tunable over
100-MHz band.

Scheduled as required on a contin-
uous basis.

2-5




g. Modulation

h. Desired useh 1.D.

Return (Telemetry) Link

a. Antenna

b. Antenna gain

c. Frequency

d. Bandwidth
e. Telemetry data rate
f. Spectrum spreading

g. Modulation

PN spread spectrum. PSK (%90°),
biphase.

By beam pointing and frequency.

3.8-meter diameter parabolic re-
flector.

36 dB.

2300 MHz, users separated by
frequency.

10 MHz.

Up to 5 Mb/s.

Not required by TDRSS.

PSK (+900) biphase (other modula-
tion schemes available because TDRS
is a bent pipe and IF outputs from

the receiver are available at the
ground station).

The required forward 1link ﬁN spectrum spreading is as follows:

EIRP FLUX DENSITY
MA 34 dbw - 154 dbw/MZ/4KHZ
~ SSA 43.4 dbw - 154 dbw/M2/4KHZ

The implied required chip rates (minimum) are:

MA - .6M CHIPS/SEC
SSA- 6.0 M CHIPS/SEC

2-6
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g ¢§ 3. TORSS-HEAO-C SYSTEM CONFIGURATION j
‘ ~ . i}
¥ The telecommunication requirements of the HEAO-C satellite for the 1
. 7]
; two TDRS system are assumed as follows: E
3 7 LOW RATE MODE 2 TORS
i’“' 7 Forward Link: 1 kbps Cormand Channel
o 2 Return Link: 6.4 kbps Real time telemétny
c -0 TR 3.2 kbps Recorded data !
{ e
9.6 kbps TOTAL DATA RATE .
e HIGH RATE MODE
i j Eg Forward Link: 1 kbps Command Channel
: §‘ Return Link: 1256 kbps Real time experimental
Yy data ;
(I
} i lew
é Power link margin is specified as 6db for a telemetry BER of 1
I part in 10°.
. The Tow ratélmodesrepresents minimum requirements and could be
5 e serviced by the MA mode of the TDRS. The high rate mode would réquire
; ™ the SSA mode of the TDRS, and a]lows for growth in the HEAO-C experi-
?; f o ment package. | |
i The forward TDRS-HEAO-C 1ink (command channel) is selected to
| e i .
| ;ﬁ have no error control coding. This avoids the implementation of a
ié»:; decoding algorithm in the spacecraft. Power 1ink margin is specified ;
ﬁ ﬁ; as 10db for a telementry BER of 1 part in 106. ?
g | L |
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Tables 3-1 and 3-2 are the forward link power budgets for the
TDRS-HEAO-C 1ink. They are for the multiple-access S-band case and the

i ‘Y.LL‘A’-"‘.‘.:;

& single-access S-band case.

I
i B

The forward acquisition sequenze is divided into two subsequences.

They are:

i

(1) Acquisition on low gain antenna (HEAO-C) and reception
of high gain antenna pointing commands. j

(2) Acquisition on high gain antenna (HEAO-C) and reception
of spacecraft commands. :
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ji Table 3—1. Calculation for Multiple-access Forward Link, S-band
| BER | 1078
§ 5] TDRS Antenna Gain (dB) 23.0
! ; TDRS Transmit Power (dBw) 13.0 f /
» RF Transmit Loss (dB) -1.0
Transmitted EIRP (dBw) Peak (S*N) |  35.0
:;TDRS Transponder Loss (db) -1.0 . ,‘;
Peak Signal EIRP (dBw) 34.0
Antenna Pointing Loss (dB) 0.0 f
| Signal EIRP (dBw) 380 ==%
Space Loss (db) -191.6 |
User Antenna Gain (dB) Gy LE
Polarization Loss (dB) -0.5 B |
Frgs_- Signal Power Out of User {dBw) -158.1 + G, |
Ts (Antenha Output) (°K) 824
Te (dB) | 29.2 | .
KTg (dBw/Hz) o L1994
| Ps/kTs (dB-tiz) o ‘ 4.3 + 6y
Demodulation/Bit Sync Loss (dB) -1.5
Demodulation Loss (PN) (dB) | -0
Residual Carrier Loss (dB) : 0.0
-Required Ep/M, (dB-Hz) ( APSK) 10.8 -
ESystem Margin (dB) -M
| Achievable Data Rate (dB) ;
, ~/‘} Coding Gain 1 &
ol | Achtevable Data Rate (de) N 28.0-MGc+Gy
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-E; Table 3-2. Calculation for Single-access Forward Link, S-band
i BER 108 |
B | TORS Antenna Gain (dB) 35.4 |
b TDRS Transmit Power (dBw) 11.5 .
o %] RF Transmit Loss (dB) 2.0 a
ok Transmitted EIRP (dBw) Peak (S+N) 44.9 ,
B TORS Transponder Loss (dB) -1.0 j
g Peak Signal EIRP (dBw) 43.9 B
R Antenna Pointing Loss (dB) -0.5 ’
. § a Signal EIRP (dBw) 43.4*%
= EI
e lj space Loss (dB) | -191.6 .
| User Antenna Gain (dB) o Gu' o k ?
f; Polarization Loss (dB) -0.5 :
Ps - Signal Power Out of User (dBw) | -148.7 + G,
= T, (Antenna output) (°K) . 824
f T (dB) | ] 29.2
A KT (dBu/Hz) | ~199.4 =
l} iPs/KTs (dB-Hz) | 50.7 + Gu ‘
'@ Demod/Bit Sync Loss (dB) . 115 ' i
) Modulation Loss (PN) (dB) ' é -1.0
{§ Residual Carrier Loss (dB) 0.0
';5 Required Eb/No (dB-Hz) ( PSK) 10.8
= System Margin (dB) = ' n , £
; .!; .> Achievable Data Rate (dB) 34.4-M4qu | o ;? g
A Theoretical FEC Gain R=3, K=7 (dB) Ge S sk
| ;é - Achieyab]e Dgta Rate (dB) 34.4-114Gc+Gu g
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"’5* ' The achievable data rates during the two acquisition phases are
) r;;;
{ ' summarized by table 3-3 ' ‘

e

i l MA HEAO-C (FORMARD)

SO R MARGIN G Gu DATE RATE
1 B

SENE l PHASE 1 8 0 0 100 BPS
gk-,,” H

S ' PHASE 2 10 : 0 20 6.3 KBPS
B, | ~ "SSA HEAO«C (FORWARD)

] MARGIN Ge G DATA RATE
e 8 | 0 0 436 BPS
R a 10 0 20 27.5 KBPS i
A i
' 7 : . Table 3-3 Achievable Data Rates by Acquisition Phase, MA and SSA:

: ] The data rates during the two stage acquisition for both the MA

- - and SSA cases are selected as:

] PHASE 1 - 100 BPS ANTENNA COMMANDS

S PHASE 2 - 1KBPS SPACECRAFT COMMANDS

L i Tables 3-4 and 3-5 are the return link power budgets for the TDRS- |
5 HEAO-C 1ink. They are for the multiple-access S-band case and the single-
f;: : ; access S-band case. The return link (telemetry data) is selected to have ;
err;or: control coding. The code se]ected is a K=7, V=3 convolutional en-
i coding/soft-decision viterbi decoding. Power link margin is specified = 3
k or +6db for a ‘telemetry BER of 1 part in 105, S




AU sEE T

—
T W

L g P .
i Wil W  Uae

R
N——

=

T T I T g

Table 3-4. Calculation for Multiple-access Return Link, S-band

BER
User EIRP (dBW)

107°

EIRP

. Space Loss (dB)

Polarization Loss (dB)
TDRS Antenna Gain @ +13°(dB)
Ps‘at Output of Antenna (dBW)

-192.2
-1.0

28.0

-165.2 + EIRP

T (antepna output terminals) (°k)

T (dué to direct o}her user interference)
KT, + T,) (dBW)

PS/K(TS +T5)

Transponder Loss (dB)
Demodulation LdSs (dB)

PN Loss (dB)

AGIPA Loss (dB)

System Margin (dB)

Required E /N, (107°BER), aPSK
Achievable Data Rate (dB)

824
255

-198.3
+33,1 + EIRP
2.0

-1.5

-1.0

-0.5

-M

-9.9
18.2-M+EIRP

—— —

FEC Gain, R = 3, K = 7 (dB)

“Achievable Data Rate (dB)

6.0

24, 2-M+EIRP

13-6
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Table 3-5. Calculation for Single-access Return Link, S-band-

BER
User EIRP

107°
EIRP

Space Loss (dB)

Pointing Loss (dB)

Pol. Loss (dB)

P at Output of Antenna (dBW)
- TDRS Antenna Gain (dB)

-192.2

-0.5

-0.5

-157.2 + EIRP
36.0 (50%)

T; (because of direct other
user interference) (%K)

Ts (Antenna Output Terminals) (OK)
KTg at Output of Antenna

824
-199.4

Ps/KT
Transponder Loss (dB)
Demodulation Loss (dB)
PN Loss (dB)

Residual Carrier Loss (dB)

AGIPA Loss (dB)

System Margin (dB)

Required Ep/Ng, aPSK
Achievable Data Rate (dB)

42.2 + EIRP
-2.0
-1.5
0.0

0.0
0.0

=M

-9.9

' 25.8 + EIRP-H

FEC Gain, R =2, K =7 (dB)
Achievable Data Rate (dB)

6.0
31.0 + EIRP-M

3-7
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§ ‘*] " The HEAO-C return link EIRP is selected to be 24.8 dbw with the
o antenna system selected previously (FINAL REPORT NGR-01-001-021). The
o ] achievable data rates are summarized in table 3-6.
U
.
N jjl ' ' MA HEAO-C (RETURN) 3
L %
] MARGIN - _ EIRP _DATA RATE.
i 6 db 24.8 dbw 19.9 KBPS 1
i SSA HEAO-C (RETURN)
| .
MARGIN EIRP _ __DATA RATF -
O 6 24.8 dbw 229 KBPS
| The power link budgets shows that the multiple-access mode is
i sufficient for the low-rate HEAO-C with a growth factor of two. The
f S-band single access mode is required for the high rate HEAO-C with
a growth factor of two.
s
= . i . st
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4. GOLD-CODE GENERATOR

The HEAO-C transponder will require an eleventh order gold code

generator. ‘This is required for the multiple-access mode and is se- B
lected for the single-access mode to provide range and range-rate data i‘
to the ground HEAO control.

This section gives the gold-code selection procedure, the results ;§§

for synthesis of eleventh order codes, and a design of the generator.

Gold codes are a particular type of a larger group of sequences

called non-maximum length. A seqdénce generating structure is de-

scribed by its characteristic polynomial, and characteristic polyn- 1*

nonials can be divided into subgroups as shown in figure 4-1.

S e s e

Siiarmeayd

POLYNOMIALS
IRREDUCIBLE
- PRIMITIVE
i
!
Figure 4-1 Classification of PoTynomials E?
4-1 EEC '




If the polynomial (desgribihg a generating structure) is factorable,
then the sequence depends on initial conditions and in general the-sequénces
- produced (Non ML) depends on initial conditions, and the sequences have ‘ {
different lengths. |
If the polynomial is irreducable then all sequences out are of the ' '“'i

same length. Example: l+xtxZtx+x" gives three sequences of period 5. b

E' If the polynomial is prime (irreducable) and primitive (maximal)

s

T then the sequences generated are maximum length.

Irreducible polynomials are tabulated in several coding references

hi including Peterson's book on error correcting codes.
If the polynomial factors into two primitive irreducible polynomials,
I

of same order, n, then it gives 2"+1 codes of lenath 2"-1 and is a can-

;1 didate gold code generator, also it gives codes of length 2(2"-1).
‘ - If the polynomial factors into two primitive irreducible polynomials
whose code lengths are re]afi&e]y prime, then it gives 1 code of length

(2".1) (2"*-1) and is a hybrid-sum sequence.

If the polynomial factors into primitive irreducible po]yndmials or

irreducible polynomials whose'code lengths are not relatively prime, then

‘ it.giVes non-ML sequences of different lengths with initial condition

dependence.
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There also exist the reverse code polynomials.

| —ee - - ’ :
&
a I
ﬁéi Examples of the different types of polynomials are as follows:
v PRIMITIVE: x%4x3+1
5 IRREDUCIBLE (NOT PRIMITIVE): x%+x3+x2+xt]
* NOT IRREDUCIBLE: xB4x3+xZx+l=(x#+x3+1) (x24x+1) NON-MAXIMAL
:7; x7+x5+x4+x2+1=(x4+x3+1) (x3+x2+1) HYBRID-SUM CODE
“
S x104x4x74x+1=(x54x4+x34x+1) (x5+x3+1) GOLD CODE
;,'~ As an example of the listing of irreducible polynomials, the ir-
&&; reducible polynomials of order 6 from Peterson are:
. Polynomial (OCTAL) Binary Polynomial
103 * 110000100  1+x+x6
127 111010100  I+x+x2+x%+xb
147 111001100 1+x+x2+x5+xb
111 100100100 1+x3+x
015 101100000 1+x2+x3
‘ 155  * 101101100 1+x2+x3+x5+x6
| 007 111000000 1+x+x
1
§ *PRIMITIVE

(ot shown by Peterson).

Polynomial (OCTAL) Binary Polynomial
141 * 100001100 1+x9+x6
1 165 101011100 1+x2+ﬁ4+§5+é5
5;* 163  * 110011100 T+xxHxO+x
% 111 100100100 14x3+x6
013 110100000 1+x+x3
133 * 110110100 1+x+x3+x4+x6
007 111000000 1+x+X

Gold codes are useful in communications systems with multiple users

on the same channel. With gold codes, user seperation can be achieved
with code division multiplexing. Figure 4-2 illustrates a multi-station
communication system as is the case in the multiple access mode of the

"TORSS.

b 4
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~ FIGURE 4-2 MULTI-STATION COMMUNICATIONS
The use of gold codes (Pseudo-Orthogonal Codes) allows effective
code division multiplexing by minimizing code cross-correlation.
As a review of correlation of codes consider the two sequences:
(@) 1116100
(b) 1001011
Define correlation as eab (2) = Ha - Nd (4-1)
“ where Na: No. of agreements
Nd: No. of disagreements
% : Phase shift
4-4
N g
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For the codes shown,the cross-correlation as a function of code

woo
i

phase difference is:

'

el
£

-

st et

eab (
eab (
eab (
eab (
eab (
gab (
eab (

-5
+3
+3
-1
+3
-1
-1

i

by e e+

Ay e
e
DO RWN - O
Nt st st gt N ot ot
Wuwowow oo

FAE
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The following transformation in the "logical 1" and "logical 0"

digits of the code can be made:

-1

Qe+l

o g e =

e

sl B

S
S R T, ,\wf{""‘j;r'x. =

.
o

i e i

With this transfonnation, the cross-correlation can be expressed.

eab 12) = 'zl a(k)b (k+e) (a-2)
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- For the example given the cross-correlation function is shown {
. in figure 4-3: o
o “
;.'__,94 L 4

8ab

. g - - .
[ ® - N

| i l\L T L |
10 T W i L ‘

%!

Figure 4-3 Example code cross-correlation

The code cross-correlation unbalance is calculated by integrating

over all possible code cross phase positions.

R

1
b =1
c fabr (%) (4-3)

LU T |
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: f?[% :i Now a phase coded spread spectrum signal can be represented as:
=) s(t) + aofo(x) + a,fo(1-8) + azfy(r- 24) + . (4-4)
o ] = I agfy(t-id)
i 1=-00
. é§
g Where f is the general representation of the carrier waveform
; and the "a" terms are the code digits. A matched filter receiver for
? j this particular waveform can be formed as illustrated in figure 4-4. :
o i
JEE S
g ) l
) e
" ]
g .

ouTPUT

—
Figure 4-4 Matched’fiiter receiver for spread spectrum waveform:

4-7




The receiver has impulse response

h(t) = b(n-1) a(&-a) + b(n-2) §(t-22) +

h(t) = ’ b(n-1-k) &{t-a{k+1}) (4-5)
k=0 .
The receiver output for a general signal input (a{t} ) is
o . :
0(t) = S; s(T)h (v-T) dT (4-6)

How subst1tude h(t-1) and s(T) 1nto (4-6)

i

0(t) = S 5 E aj fo (r-ia) Z (n-1-k) 6(t-T-A{k+1}) dT (4-7)
- {?-a

Hlow performing the integration over T, solving for §(0) condition,

T=T'A(k+1)g (4'8)

and obtain

a n=1
ji;-—— j:) - ag fo (t-a{k+i+l} ) b(n-1-k)
i=-a k=0
let
£= k+itl (4~10)
then
0(<) = ::> :>> a(g-k-l) f (t-ag) b{n-1-k) _ (4 11 -
now let T g=-w k=0 :
c=n-lk | | (4-12)
then o
0(q) = ::> ::} a(gre-n) b(z) fo (t-AE) - (4-13)

C:-.,

Now, the period of the code is n, so the waveform s(r) is cyc11c over n,

S ; ag +2) b(c) fo (5-0) | (4-18)

T-= /=0
ie

(2-9)
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now n-1

E ,a(E+C). b(z) = 6ab (&) (4-15)

which is the cross-correlation function.

then a
o() = E eab (&) fo (t-aE) (4-16)
;: -0l .

and the output of the matched filter receiver depends on the cross-
correlation between codes "a" and "b".

If "a" and "b" are the same ML sequence, the output is small except
when &=0, org is an. integer multiple of n where )

n=2" -1 (4-17)
and where N is the ordef df the code. For example if =12, W=4095 and
Oy (7) = 4095 f (t-A¢) | (4-13)
now if "a" and "b" are not the same ML sequence 6ab (&) can be large. For
the éase N = 12 for "a" and "b", but "a" and "b" not both same sequence,
ea5 (&) can be as large as 1400. This is a large cross correlation for
codes that are to be used in code division multipiexﬁng. Now consider

codes generated from multiple polynomials as shown in figure 4-5.

SR
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POLYNOMIAL

1+x+x3:

il

— 3
1+x2+x3: E__..[ 2 | .[ 3 |

il
E, peipes-§

Figure 4-5 Multiple pdlynomia]s generating structure. An équivalent

generating structure can be found as shown in figure 4-6.

By

4
= =

(1+x+x3)‘(1+x2+x3)uf 1ex+x2x34xbexSex6 (4-19)

LE :"The output sequence depends on initial conditions. Figure 4-6

equivalent generating structure. Now consider the example shown in

SRUOHUPIOMPRES SUPSS ——

SiapzIT
g e

figure 4-7.
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FIGURE 4-7 CODE GENERATING STRUCTURE

If the shift register polynomial has (1+x) as a factor, then if it
generates sequence "a" it will also generate 3 (the compliment of "a").
This is obvious because (1+x) will genérate a "1" or "0" all the time
dependigng on initial conditions.

“If‘ sequences "a" and "b" can be generated in a shift register, then
a®b c‘an also be generated.

la »a (initial conditions Ia generates a)
Ib »b  (initial conditions Ib generates b)

Then Ila@Ib+ae&b
Now further consider the cross correlation between two seguences of
period n:

Na=-Nd
Na+Nd

pab (z)
n

4-11
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where n=2"-1 or
oab (&) = n-2nd

vhere Nd is the "llamming distance."

412

R

(4-20)
(4-21)
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The question in optimizing a multiple access code division mutiples
system is "How do you pick pairs of ML codes with minimum eab (g)"?
Consider the basic theorem from error correcting code study.

Theorem: Let X be any primitive 2N-1 root of unity. Let fj be the
minimal polynomial of &.

Let N
gk(x) + 1+ x(2-1) | (4-22)
f1(x) x fa(x) xfy (x) + ... £, (x)

where there are no repeats in the f terms then

a, be V(gk) 2> atbll>k '
where

V (f): The set of all sequences jlatbil = Nd: The
hamming distance

& ' is a coset group, i is the lable from the table f{ (x) is the polynomial
with lable 1. The table below gfves an example of coset groups and equiv-
alent lables (5th degree)

1 2 4 8 16
3 6 12 24 17
5 10 20 9 18 MOD 31
15 30 29 27 23
7 14 28 25 19
11 22 13 26 21
As an example of the use of the theorem for 5th degree codes select

k=5 (arbitrary):r_Then

1+X31 = 1+x31 : (4-23) .
P1P2P3P4P5 P1P3P5'“”’ : S
Where repeats from the coset group table have been eliminated.
IF abe v(1+x31 ) Natbil = Nd>5 "
P1P3Ps

4-13
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The hamming distance is greater than S{VASa second example select

k=30. Then

930 (x) = 1) = ! (4-24)
fifo T3 F1f3fsfifisfs
Where all coset repeats are eliminated (4-25)
930(x) = 1+x
because _
- 31

(F1f3fsf  Figfs) (14x) = 14x (4-26)
a,be (1+x)  wtatb1>30 |
Since a: sequéhce of 31 “1"

~b: sequence of 31 "0"
it is seen that Nd = 31>30 P : (4-27)

The maximum value of the code cross-correlation function can be

boundéd by use of the following theorem:

Theorem: If a,be V(g,) |eab|<k2N-1-2k

Proof: If a,be V (gk)

then a+be V (g,)  (because I3 +a, Ib »b, Ia+Ib »atb) __ -

and a+be V (g,) (because (1+x) is a factor of gk(x))

from the first theorem

Ha+b it >k v | Ioatb >k
or l :

Hoath It = ( (2"-13 - watbn) sk x
a+b <(2N41) -k M a+b 1 >k

k< ; {latbil <(2N-1) -k

2k >-2 qjathil . >-2(2"-1) + 2 o
(21 —2ky <(2Me1)-2 gatbp <(2M-1)-2k)
O0R

1(2"-1) -2.wa+bh | <2N-1-2k
OR '

leab] 2"

-1-2k o ' : (4-28)
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This theorem gives the method for selecting g which generates
sequences a, b, v»» such that the cross-correlation function is
bounded.

As an example consider the case N=5, ZN-1=31, k=4, for this case

| eab| < 31-8%23

and
g4 - 1_x31 = 1+x31 .
P,PoPsPs Py(x) P3(x)
= () PIPSPSPIsPIPl o (14x) PPy oPoPy
| P13
= (1+x) (1+x+x2+x4+x5) (14x3+x5) (1+x+x@ex3+x8) (Lxtx +xt4x5)

A polynomial of degree 21, as a second example consider the case
N=5, k=6:

leab| < 31-12+19
g6 = Ltx31 = (14x) PPgPcPicPoP1y = (i#x) P PPy,

PiPsPs P1P3Ps

A 16th order polynomial, as a third example consider the code =5, k=10:
leab| < 31-20+11 |

= (1#x) PyPoPPPy4 P = 7 (1+x) P

- PyPoP3P4PsPEPIPsPoPYg

910 11715

where coset repeats in thé denomination have been eliminated. Actually
|ea5|§9 for this case because |0ab| cannot be an even number for odd
code lengths.

e now have a procedure for selecting polynomials with bounded cross-

correlation, that is:

4-15
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gy = (1+x) Py PP, PPy
p

P2 ve.p

‘% 3;1 (1) Form

1
the (1+x) Factor just produces compliment sequences

3

P R

(2) Take k as large as possible leaving one pair in the numerator *

T
I | 990 = () PpyPys !
1 EE v

|

: (3) Then |eab| is optimally bounded. For example vﬁ
|eab] <11 (actually [eab| <9 since sab is not even) ‘o
3 If we let T
¥ y‘ a: P11
' Then |oab| <11 | yg
( § The value of k such that one pair is letf gives minimum cross j 1

correlation. The pair of remaining polynomials are the prefered
pair. ‘ '

This is the basis of gold codes, developed by Robert Gold. The

following theorem is the form usually seen 1in discussions of gold codes.

e
g

;
1
B

Theorem Let:f1 (x) be a primitive polynomial of degree H
Let xl‘(The 1 is the labiej be a root bf f1 (x)
Let f, (x) be the irreducible polynomial such that
Zﬂ%l-+1 is the root of f2 (x) for N-odd
Zﬂ%g—+1 is the root of f, (x) for N-even
Then if a and b are sequences such that

a: generated by fl(x)

b: generated by f, (x) %g ;

~ Then .
, N+ .

i leab| < 25=+1 N - 0dd

ﬁt C 2 H%§-+ 1 . N - Even

R

4
L
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For example consider the polynomial

K
i [2¢ . ..
A g fy (x) = 14x%4x” | '. 3
' 4
" 2L v1 =5 i
f5 (x) = 1+x+x2+x4+xb ; i
3

If a: f (x)
b: fs (x)

e

SRR Ve

.,E‘,ﬁ‘
&

Then |eab| < 9

If it were required to use label 7 from the 5th degree coset group

éf that could be done as follows:
B 7 (1,5) + (7,35) > (7,4) » (7,1) *’;
: and polynomials with 5th degree coset lables 1 and 7 become the preferred -
J pair. Other possible preferredpairs of this degree are:
 (1,5) + (3,15)
| (1,5) +(11,55) » (11,24) » (11,3)
(1,5) ~(15,75) » (15,13) » (15,11)
There are 2N+1 diffefent codes in the psendo orthogonal code group
for a preferred pairLOf'po1ynomi,]$”of degfee N.
To illustrate gold code ckbss correlation for the 5th degree.preferred
pair flifIS a demonstration system was cons;ructed. How
fllfls = (x5+x4+x3+x+1) (x5+x3+1) = x10+ x9+x7+x+1
and the generating structure is shown in figure 4-3. {
P

4-17
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Figure 4-8 Generating structure for 5th degree preferred pair with
coset‘Tables 11 and 15

Two of the generators of the form shown in figure 4-8 were con-
tructed along with a cross-correlator. Each generator wasdriven by a
separate clock signal in the system shown in figure 4-9,

CLOCK A
GOLD CODE
GENERATOR A L
S CORRELATOR —>
GOLD CODE . f
GENERATOR B

1

CLOCK B

Figure 4-9 Gold Code genefators‘énd correlator
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Figure 4-10 is a photograph of an oscilloscope trace of the output
of the correlator, and shows an example cross-correlation trace (lower)
with a code auto-correlation trace (upper). The auto-correlation func-
tion has peak value of 31 (degree 5 code). The gold cross-correlation

is bounded by

|eabl < 9 and |eaa[MAX = 10.7 db
8ab |MAX

and, as seen in the trace, actually takes an the values 7,-1, and -9.

Figure 4-10 gold code auto and cross correlation waveforms.

The results shown in figure 4-10 for the cross-correlation between
5th order gold codes can be compared to the cross-correlation between
maximum length 5th order sequences. Figure 4-10B shows the calculated
cross-corralation for the codes (5,3,0) and (5,2,0). These are mirror
image n-sequences. The cross-correlation advantage of the Gold code is
1.7db. More pronounced cross-correlation or code interference advan-
tages are found for higher order gold codes. For example for 12th order
codes |8ab|MAX can be as large 1400 for "a" and "b" being ML codes. The
equivalent gold family has |eab|MAX < 129 which gives a cross.correlation

advantage of 20.7db.
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crosscorrelation
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R U

SLift Agree::ents Disagreeraents A-5
0 i7 17 15 14 15 3 -1
1 18 18 13 13 18 3 =b
2 19 17 . 12 14 16 3 -7
3 20 11 17 20 14 -9 3
4 21 17 17 14 14 3 3
5 22 19 17 12 14 7 3
6 23 11 11 20 20 -9 -9
7T 24 19 19 12 12 7 7
8§ 25 19 15 12 16 T -1
9 25 21 17 10 14 11 3
10 27 15 13 16 18 -1 =5
11 28 15 12 16 20 -1 -9
12 29 17 12 14 19 ° 3 -7
13 3 15 17 ¢ 16 14 -1 3
14 31 13 17 18 14 -5 3
15 17 ‘ 14 3
16 11 - 20 -9
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TDRS user guidelines have specifed that multiple access users will
share the TDRS MA channel by code division multiplexing, and that SSA
channels will be PN spread spectrum at least on the forward link. In
the case of the MA channel the code family for code division multiplex-
ing has been selected as a Gold code group. Each MA user will be
assigned a unique member of this family. TDRS user guidelines suggest
that this code will be approximately 2000 bits in length. For the
purpoSe of this design study, an 11th order gold code generator was
selected. This generating structure is capable of producing a family
of 2049 pseudo-orthogonal codes of 1engfh 2047 bits. The gold Eodes

in the family will have cross correlation limited by |eab| < Zﬂ%l +1 =65

and a jamming immunity to other MA channel user of 20 log (2047/65)= 30db.

There are 176 primitive eleventh degree polynomials. The size of
the coset table would be 11x176 members. The lables for the preferred
pair of polynomials can be calculated by using the previous theorem. A

preferred pairwould be primitive polynomials with labes 1 and ZN%1-+1,

or lables 1 and 33. The primitive polynomials for these two coset lables

are:

1 . xlax®e1 (4005 OCTAL)

33:  x a0 exBa®ixdex®s 1 (7335 ocTAL)

The characteristic polynomial for the code generating structure is
x22+x21+x20+x18+x17+x15+x14+x12+x11+x10+x8+x2+x5+x3+ 1
and the particular gold code generated would depend on initial loading
of the generating register.

The gold code generator design is composed of the following parts:

(1) Generating register

(2) Code feedback logic

(3) Initial Toader
(4) Code generation monitor

4-21
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The genergting register includes twenty-two storage stages, and the code
feedback logic is designed to implement the given characteristic polyno-
mial. Since the gold‘code generated depends on initial loading of the
register, and since a unique gold code will be assigned in the MA user
configuration, an initial loader will load a word into the register to

insure the generation of the proper code. A code generation monitor -

will track the code being generated and make sure the proper gold code
is being generated during operation of the,tranéponder.

Figure 4-11 is an overall block diagram of thé gold code generation.

The operation of the code initial loading and reload logic is as follows:
Initial Load

1. SET + 2047 TO ALL ZERO WORD !
2. SET GENERATING REGISTER TO INITIAL CODE WORD S 1
3. START GENERATOR

Reload

1. HALT GENERATOR

2. SET : 2047 TO ALL ZERO WORD

3. SET GENERATING REGISTER TO INITIAL CODE WORD
4, START GENERATOR

The reload sequence is initialized by the occurrenceof two = 2047
count pulses in the sequence with no code word correlation pulse occur-

ing during this period.

4-22
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4 Fﬂ ERERL GENERATING REGISTER 20(21 [22
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R & CODE WORD CORRELATOR
] Ei

ORD CORRELATION RELOAD COMMAND
£ PULSE

__.’

CODE OUTPUT

RELOAD LOGIC

¢+ 2047

COUNT
PULSE

RESET

CLOCK
FIGURE 4-11 GOLD-CODE GENERATOR
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Figure 4-12 A and 4-12 B are the electrical schematics of the

code feedback logic and the generating register. The unit uses in- g

T
e

ternal feedback which limits the gate delay problem that would exists

if the characteristic polynomial x22+x21+x20+x18+x15+x14+x12+x11+x10+ i

x7+x5+x3+1 were implemented with external configuration, This would result L4

T .

in eleven (11) gate delays in the feedback logic.
Figure 4-13 is the code word correlator and initial loader. Figure ﬁ'

4-14 is the + 2047 network and the reload logic. The following symbols

[

e a we

“
B, ‘

used in the drawings are defined as follows:
. F - CLOCK LINE

C - GENERATOR RUN COMMAND LINE _
GENERATOR RELOAD COMMAND LINE "

GENERATOR RELOAD LINES TO BE CONNECTED TO T OR U LOAD LINES
DEPENDING ON WORD TO BE LOADED

—
'

- INTERNAL FEEDBACK LINE

.if‘",wi\’i"; L ———
(=}
!

WORD CORRELATION PULSE LINE
- 2047 COUNT PULSE LINE

=) - © (o]
]

- RELOAD COMMAND LINE

T

The C-line is connected to the U-line and the D-line is connected
to the T-Tine.
| The reload and interna1 feedback feature make this generator de-
sign safe for the high spread transponder for spectrum spreading and

range and range-rate tracking.
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Fig. 4=12A Code Feedback Logic and
) Generating Register

[V

en

17

T S

Ck

e i ot v

- G222

Ve

) Vee




; !
. ,
' .
] I N , ~ Y I f
: | - e .

]“ cK ) cK ‘
M \ !
P | | 10 © e |®

'
e
1)
N
o
Q
L)

. ‘ ==
I N

i
i
O-Wv

.
O~\W—

“a @ ) Q @ —0 Q — @ o
-

- @ SSSRS e S O o HSS U

§

FOLDOUT FRAME !




v o = o o

S Pig. 4-12B Code Feedback Logic and
t Genseating Register

—
cK py . R &ﬁ

» E
D 8 1® 7 6 :
~ ") S L /s ]
{ ) D Q@ - ® S > Q ®
T"‘\ ) ‘ [ e |
i \\ __\
7 L Gle , Gl )__4 Gi2 | |
m—_ oA ] - »._____..__._./ . | -.-_._._____// :
T“ : ; - y " iara e Aekeansas - are
; T

( S |
’.F

i

i

{

\\

S v‘v‘r
n

cr . Kk B cr

e pTI T g T

(o]

P

W

o

o

()

Q

o
@ A

FOLDOUT Fravd) A

Vee Ve e




P

e

o

&

i
L
!

|

;,E 4 ; . : : . |
I ~ FOLDOUT FRAME -

}

R/

&
!

M

S Hihastin 44V B e ittt B bt T S

0. S.




- - > -

Fig. 413 Code Word Correlator
Losgor and |

Initial




) 4

DATE

CHKD. BY

DATE

SUBJECT

cK

Of

K

w

CcK @

o\

<K




K

20

Fig. 414

]

i
[l

17 .
]

Network for 32047

jo

CK

T0 RESET
STAGEs |- 1|
TTO SET
STAGE ]

?

]

fi

i‘

B

ot
1 {

A



PPN YR PR RS

5. CONVOLUTIONAL EHCODER DESIGN AND DECODER ALGORITHM

(a) Error Control Coding O

A previous study of possible coding schemes for digital data in a B

satellite relay communications 1ink has concluded that convolutional

encoding in conjunction with soft-decision Viterbi decoding gives -

favorable performance gain with minimum increased hardware complexity.
Figure 5-1 is a result of a computer simulation of a rate 1/3,

> ré :

constraint length 7 convolutional coding scheme with a 3-bit soft de-

cision Viterbi decoder. As can be seen from the figure, at a bit error

5

rate of 1077, a G db coding gain results with coded ideal coherent PSK

as compared with uncoded ideal coherent PSK. Figure 5-2 is a diagram

o r .
. i
.
Ca i e L L , i
M e D e o e i

of a rate 1/3, constraint length 7 convo]&tiénal encoder.

i

SHIFT REGISTER

532%5_9__,[‘;* 2 | 3 516 | 7
beevsdd

‘#“‘“ ~

o e W

- MODULO - 2
COMBINER
{
(0} X l
H [ COMMUTATOR . ~ CODED
' ~ ' MESSAGE

Figure 5-2 K=7, V=3 Convolutional Encoder
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Eb/N o ENERGY PER BIT SINGLE-
' SIDED NOISE SPECTRAL
DENSITY, DB

: =

IDEAL COHERENT
PSK (UNCODED)

IDEAL COHERENT
PSK (CODED)

Figure 5-1 - Simulation results for K=7, V=13
convolutional encoding/soft-decision Viterbi

decoding
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The modulo=2 combiner forms a modulo-2 combination of selected
register stages to form each of the three commutator nodes.

This can be expressed as.

o | Oy = (84,821, 87400 (>-1)
;! and

I Ci = Z g,ix, MOD-2 (5-2)
Q/ﬁ-?' j=1 I

} 3 where Xj is the contents of the jth shift register stage and 8jf is

0 or 1 depending upon whether the jth stage contributes, modulo-2,

Wi

L e J

ok g o g

to theiith commutator pole.

The operation of the encoder is as follows: The binary message )
may be much larger than the constraint length. The first bit of the
message 1s switched into the shift register, whose other stages are
logical zero, and a complete cyclé of the commutator is made. The
next bit of the sequence is switched into the register, the initial

bit shifted to register stage-two and another symchronous cycle of the

commutator is made. Using the synchronousshift and cycle procedure
the message sequence is encoded. At the end of the binary message
seven zeros are attached, and when they are shifted into the register
and accompanying code generated by the commutator, the shift register

is in the all zero state once more. For an L = bit message ,

L = 3(1#6) (5-3) !

bits from the coded message. |
Decoding may be accomplished by sequential or Viterbi algorithms,

The sequential decoding method may be described as a tree searching

procedure, the exact details depending upon which particular algorithm
' ‘ 5-3
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15 being used. The decoding procedure is best described by example,
K= 7 is large for the purpose of an example, so a K= 4, V=13
example 1s given.

The tree structure for a K= 4, V= 3 truncated ccde is shown

in figure 5-4. The encoder for the code is shown in figure 5-3.

BINARY

MESSAGE 1 ) 3 4

E.@ | moputo - 2

COMBINER

COMMUTATOR

CODED
> MESSAGE

Ll

Figure 5-3 Encoder for tree structure of figure 5-4, K=4, V=3,

5-4
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As an example assume the messagé
X=(1011) . (5-4)
is to be transmitted. The encoder of figure 5-3 provides the coded
messagesp
Y=(111,010,110,110), ’ (5=5)
Assuming the channel introduces the noise |
N=(100,101,000,010), ‘ (5-6)
the received code is

R=(011,111,110,100). ' ' (5-7)
The sequential decoder will form the quantity

where 1 represents the ith three bit sequence, w represents the

weight function, and di is called the Tiamming distance. The decoder

makes each decision at each mode of the code tree based on minimizing

the Hamming distance. However the decisiomsare tentative, and if the
decoder finds in successive steps that it has probably made a wrong
bi; decision it 1is abig to backtrack and try another branch of the
code tree. | | N

In the example, 'the decoded message would begin

C=11.. (5-9) -

the initial decision for the second bit being made in error. Proceeding

down the error branch however significantly iarge values of d1 are
encountsred. Backtracking and trying the
c=10.. SR . (5-10)

branch gives significantly smaller values of di on successive steps.

5-6
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The decoder algorithm is based ;n monitoring the'stati;tical
éroperties of the sum of di as the decoder proceeds into the code
tree. If the sum of the d, terms approaches a buildup rate of v
then the decoder declares an error and backtracks to a new branch.

| Expected buildup of the di sum»for the correct branch is PV
where P is the channel transision probability for the binary symmetric
The branch decisioncriteron is buildup somewhere between

channel.

V/2 and PV, The decoder keeps track cf the branches it has explored

and avoids needless retracing of any branch.
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{ - i The design selected for the HEAO-C transponder error control
f 1@» ' 3 coding is the rate 1/3, constraint length 7 convolutional encoder
! '? (K=7, Vv=3). The‘equations for the three commutator nodes are: '
G, = (1,0,0,0,0,0,0) (5-11)
G, = (1,0,1,1,0,1,1) (5-12) "
‘ i
£ 2
G3 (1,1,0,0,1,1,1) (5-13) :
The encoder consists of the following components:
(1) Input storage buffer
(2) Word counter
(3) Timing and control circuit
(4) Encoding register
(5) Half-adder circuits :
(6) Three node commutator
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Figure 5-5 is the overall block diagram of the encoder-. The data

 to be encoded is assumed to be organized in data frames of 64 data

words, 32 bits being the length of each word. The G4th word is a frame-

synchronization word. The 2048 frame bits of data are encoded into 7488

bits ror the coded data frame. The data word is organized by the en-

coder into the form shown in figure 5-6.

25-BIT DATA 7-BIT ZERO STRING

The
(1)

(2)

(3)

(4)

~~
(&3]
~

(32-BIT)
FIGURE 5-6 DATA WORD

operation of the encoding is as follows:

Input data is directed into a serial-in, serial-out buffer
register.

The word counter allows 32 bits of data to be encoded, then
indicates end-of-data-word to the timing and control circuit.

The timing and control circuit inserts a 7-bit all zero string

at the end of the 25 bits of data into the generating register.

The half-adders form three nodes as shown by equations 5-11,-
5-12, and 5-13.

Under the control of the timing and control circuit the three
node commutator samples the three nodes and places the result-
ing digital sequence on the output line.
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6. GENERATION OF HIGH-SPEED MAXIMUM LENGTH DIGITAL SEQUENCES

This section is the result of a study of sampled maximum length
digital sequences. The purpose of the study was to establish the
mathematical basis for the design of a high speed digital PSEUDORANDOM
SEQUENCE GENERATOR FOR USE IN A SPREAD SPECTRUM TRANSPONDER SYSTEM.
The propoced procedure for generating the high speed ML sequence in-
volves sampling several slower speed ML generations. Figure 6-1

illustrates the sequence generator.

ML GENERATOR #1

MI, GENERATOR # 2

OUTPUT DATA STREAM

ML GENERATOR # K

- e

Figure 6-1 HIGH SPEED SEQUENCE GENERATOR

If there are KfML generators‘forming the sequence genérdtor where
K=2, an integer, then the commutation rate should be K times the clock
rate of ML generators. Each generator is sampled once during a clock
interval, and‘theroutput data stream would consist of K digits during
the c]ock-ihterva1. The advantaéeiof thfs configuration is that a
higher speed digital bit stream can be generated with ML sequence
generators operating with a clock-frequency that is only a fraction of

the data-rate.
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Specifically, if the data-rate is F_, bits/sec, the required clock-

B
rate is FB/K. For example, if it is desired to operate with a data
rate of 40 x 106 Bits/sec, and assuming K=4 (four ML generators)
then the generator clock rates would be 10 MHZ, This allows the use
of less-expensive, more-reliable digital components from lower speed
logic familieso The only component required to operate at the 40 MHZ
rate is the commutating switche

One important technical consideration involved in the high
speed sequence generator is the phasing of the maximum length sequence

generators, shown in figure 1, to provide the desired output data

stream,

Sequence Generator Phasing

The phasing problem can be stated: 'what initial phasing of the
K ML-generators shown in figureél is required to provide the ML-
sequence in the output data stream when the sampling procedure is
useds!  The rule with K ML-generators for phasing the ith generator
relative to the first generator is

1l Advance by (i-l1) [(Ir&-l)/K]bits

or
2. Delay by (i-1) [L-(L+1)/K] Bits
The rationale for the above choice of phase relation is as follows:

Sampling a ML sequence provides a shifted version of the same sequence
if the sampling rate is an integer power of two.

Consider the synthesized sequence as being reconstructed from K, K-
sampled versons of itself, -

‘Consecutive digits in a cCmponent sequence must be separated by
'K digits in the composite ML sequence,

Consecutive d1g1ts in the composite ML, sequence must be. separated by
(L+1) /K b1ts in the component sequence.

Arranging K,K-sampled sequence§, each advanced by (I+1)/K bits

relative to its adjacent sequence, and sampling from each as shown
in figureél, must yield the same ML sequence.
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A phase advance of (I41)/K bits in a ML

sequence is i
a delay of [L-(L+1)/K] bits. q e is equivalent to

abcdefg «———3» acegbdf

same
sequence

acegbdf} abcdefgabcdefg

bdfaceg
ALY

]
i
acegbdf } —
bdfaceg abcdefgabcdefg

Lt}
5 N

i
acegbdf r
bdfaceg} abcdefgabcedefg

As an example consider the ML sequence abcdefg. Sampling every
other bit yields acegbdf which must be a shifted version of the same
sequence. Advancing this sequencing by (L+1)/K = 8/2 = 4 bits
yields bdfaceg. Synthesizing by sampling,in-turn,from the two
sequence yields abcdefabcdef, which is the original ML sequence
repeated twice.

As a practical illustration consider the ML sequence generator
with the chafacﬁeristic polynomial

c@=1+a+& (1)

The sequence generated by this ML generator is S(&), where

1 S(z)

CICH R (2)
and where
L=2N-1 (3)

for an Ne-stage shift-register generator., For the generator in question

248 | ()

S(2) =1+2 +&
which represents the sequence 1110100, Forming .S*'G) by advancing the
phase by

(L+1)/K = 4 for K = 2 | (5)

and sampling in turn from S(Z) and S (&) yields

e i L
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SEQUENCE: 1110100

SEQUENCE
Advanced

11101001110100

by 4 BITS: 1001110

as expecteds

1110100
1010011
1001110
0111010

Performing the similar analysis for K = 4 yields

1110100111010011101001110100,

The eutput for the sampling generator is

s2@@) + & (s@)ab=1)/2y2 = s5(2) MOD 2L (6)
For K=2
or
s5(2) = s%(2)(1+") - MOD 2L (7)

The sequence can also be expressed as

ss(&) = (1+&)%/(c%(a) MOD 2L (8)

In general, for K component generators

K R
ss@) = Y &=t sKa)g(i-1)(KL-L-1)

or

(i=-1). L
s8(2) =Z“% —Llld)

=1 (9)

X 5 (i=1) (KL-Le1)

*z) | MOD KL (10)

i=1

The synthesized sequence can be expressed as a shifted version of

the original ML sequences,

ss(@) = &+l s (@)

for the case K=2, or in general,

$S(&) = ,gxs(a)zggi-l)x,

MOD 2L (11)
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or X L . L
ss(a) = EoLEn) ﬁ S(-1) 6-5
¢@) £ MOD KL,  (13)

Equating (9) and (12) yields
K

1 - (“L-Iy K
sK(z)E g-1E )= zxs(z)zz(i-l)la
i= MOD KL, (1)

i=1

) | ;
K (i-l)(KL-L) .
S(R)Y & 2 -1)L

( IZ; + 2% s(&) 2 2L _ MOD KL.  (15)

For the case K=2 this reduces to

or

s%(2)(1+a") + &"s(a)(1+ak) = 0 MOD 2L,  (16)

Simplification of (15) yields

sK'l(z) +25=0 MOD KL, (17=A)

which must be satisfied by the sequence.
Equation (17-A) holds because

T MOD KL, (17.-m)
and o
S\ -(i-1)L K (1-1)L MOD KL
3z = Yttt . (17-C)
i=1 =1

If equation. (17) describes the sequence generated by S(Z) then

G(R) ‘ s¥l@) +2%)  MOD KL.
Now

sl@) 4+ 2% @ ab®l 4 el

G(2) ca) | MOD K&,  (18)

or

cX(z) | D IR T S A . MOD KL.  (19)

For the example: k |

G(z) = 1 + 242> (20)
and

K =2 (21)

EE—
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66 i
yields ;
i
X=0 i
and (22) %
(+g™ K‘1+ 2 l@y 2+ z3+z7_ 2 !

G (z) l'f\'Z.z-l"Zé MOD 14, (23)

A similar example for

G(Z) =1+ zz +-Z3
where
S(z)=1+zz+z3+z4

represents the sequence 1011100,
A sampling arrangement for K=2, requires a delay = (L-1)/2=3,
shown below

1011100
1001011

observe for this case X=4,

11001011100101

and

(1+\ZI‘)K'1 XK1y _1+ 2t + 2°

6 !
cX(z) l+2+2 Mop 14. (2h4)

An algorithm to calculate X is as follows:

1. Startlng with the all zero (N-1) - tube generate the
sequence, S(z), with the characteristics equation G(z).

2. Generate S (Z) From S(Z) Or G (Z).

3. Find X such that (14&")% ! + 2% 1(2) forms a recursive
relatlon that holds over the all zero 2(N-1) - tuple of
sK¢z).

Sample calculations are shown below For K=2,

Sampfe 1:

| ‘? | GZ) =1 +~zz» + z3 (25)

g 00101110010111
| 1

¢0 00 10 00.10 10 10 00 0O 10 00 10 10 10

7 4 2,.3 4..6

1+a’ 2t ) =1+ 8% = i) - (26)

it
)




canvearr=ggas =

from sampling a sequence at a rate

r = 28 (29)

. e - ]

k:; \l - Sample 2 %

. 6@ =1+8+2 (27)

, |

o -

,l 00111010011101 i

3;;." ?o 00 10 %010001000001010100010 g

i . - !

| B 3 !

B 1+2 +2° ) = 2w’y = 2c?(@) (28) 1

£ '] ]

5;.%] A similar problem involves the phase of the sequence resulting f
|

with g an interger. For example,

6(z) = 1 + g2+’ (30)

yields the sequence

1011100.
Sampling this sequence with r=2 yields
1110010
which is a phase shift corresponding to Zs.
As another example
Ga) =1+4a+a (31)

yvields the sequeﬁce

b 1110100,

1

\ Sampling the sequence with r=2 yields
L 1110100

|

which is a phase shift corresponding to z°.

A procedure for détermining the phase shift can be found if an

e T

expression of the form S(&) can be found for the sequence formed

FLEp

as a result of sampling, and

B : S i - SR AT
C - T R T RG] ]

£(2) = &"5(2) MOD L. (32)

If an ML sequencé is sampled at a rate of

g
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r=2 (33)
. ] . L+l ,
then an adjacent bit will be sampled G—E-) bits after the
sampled bit in the sequence formed from sampling. Extending this

analysis, a sampled sequence can be expressed as

=
[}
()

£@ = Y 2@ 5(z))(H1)72

L+l
MOD 2 (34)

M-l

i=0

or alternately

L1
2. . .
£(2) =§ : at@~2i g(z)) (141)/2 L,
(=~)L
(35)
For example, the sequence with characteristic equation '
G(2) = 142248 (36)
and
s(@) =1 +a% +2° + 2% 1011100 (37)
with ;
sl’(z) ~1+2% 212 4 zlé MOD 28 (38)
2 @)% @) = 2 + P+d+? MOD 28 - (39)
2223yt (z) = aa 4?2408 MOD 28 (40)
and 3 44 7..15,.19,,23 |
z2°(@)*s7 (@) = 2/ e MOD 28 (L1)
yields from equation (30) .
£(2) = lﬂﬂzﬂ5+z7+z8+z9+zl2+‘Zl4ﬂ15ﬂ16+€19+221
+ 522,423,526
MOD 28 : (L2)

v

e

&




or

1110010111001011100101110010.

6-9

Reference Sequences:
1011100 = 378(8) 1110010 = ZSS(Z) 1001011 = 235(2)

Sum Sequence:

1000000010001000100000000000 = [278(8)]4 MOD 28
010001000100000000000100 0000 = [zss(z)]“ MOD 28
0010000000000010000000100010 = [::;33(3)]4 MOD 28
0000000100000001000100010000 = [zS(z)]“ MOD 28
1 110010111001011100101110010 = £(Z) | MOD 28

0101110=25(&X)

Table 1 Formation of synthesized sequence for the case

G(z) =1+ 82+Z3

The table above also illustrates the result of equation (30) ,

Now from eguation (37).

1*-72-1 L-1 :
gt [ s(z)IL-ZF1 = 2%s(a) - zib L+
7 Z MOD ==L
i=o i=o

or the sequence must satisfy

Ll L.l LA Ll
2 2 if L-2iq 2 . .x 2 il
[s(@)] < Zz[z 1°+a > 2t =0
i=o o i=o

and

G(Z)

(Lk3)

(44)

(L5)

i i arni
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i Also, g &L L L=l
e [s@] 2 3 @22 4+ &att
. ’ i=o i=o N
G(Z)
Lo
L-1 L-1
! i L%—IZZ: i 7 5 22 iL /[ecay](Lt1/2
ob [1+2"] g'[al~2] 4 7% “(2) at
1 For example if
e 6(Z) = 1+z+e? (47)
] S(2) = 1+ : 110 (48)
: L =3 , (4.2)
( g and
g X=2: 101 (50)
. | for
R | r=2 | (51)
; Evaluating the terms in (LL1) yields: |
" L-1
a L 2 3
~ (1+8°) =1+2 (52)
N :
1
i L-1 1
i = L |
! E girg=217 2 - 2 :zi[33'21]2 —1+2  MOD 2L (53)
@ i=o i=o
-
' ’g [c@)]?=c@=1+a+a - | (54)
S Lt
iz [6@]?% =[e@]?=1+a2+a* (55)
15 “Equation ()46) becomes

TR W o
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(1423 (142°) + 22(14are’ ) (1+23) = (3420 (1+a2+zh)

YA
12+ 1+z2+z4

6-11

= 1+

(56)

Notice that MOD (L+l) L, or MOD 6, arithmetic was not used in

2
(56) .
As a second example, if

G(Z)=1+ZZ+Z3

s(g) =1 +a> +2 +2*: 1011100
L=7

and
X

1l

5

Corresponding to the sequence 1110010 formed by sampling.

Evaluating the terms in (41)

L-1
2
ey = e’y =1+ a7 + et g
L-1
2 L3
, , 2 , ,
2 zi (ZL-Zl) - 2 :21(27-2‘1)4
i=o i=o
- 1_’_.1,47_*‘214_!1221
L-1
2
(G(Z)) = (1+€2+'23)3 = 1+€2+23+24+vz7-i-\28-|€9
L1
2 3
E ZiLzz ;217 _ 1+Z7'*E14+~221
i=o i=o

(57)
(58)
(59)

(60)

(61)

(64)

WP SO SNSHETR e .g i adt. ks




and L4l

[e@)] % = (1+22+2°)" = 1428412

Equation (41) becomes

7,,14,,.21 7,,14,.21 3,.4,.7

(142”2 %422y (14a” 42 el Y1 (et e 128 e’ ) (14e

6-12

(65)

14+€21

) =

1+Z8+212

(et ey (e Bra%ra e ey | (1 4a7 gl %!

1+€8+212

(1+ZS+29)

) #
(66)

Notice for these two examples, (46) reduces to finding X such that

L1 L1
™) 2+ 2¥eE@) 2
Ll
[e(a)] 2

is a rational fraction.

As ‘another example, consider

G(g) = 1+z+z3

S(2) = 1+z+a>+a: 1110100
L=7

and
X=0

Corresponding to the sequence 110100 formed by sampling.

Evaluating the terms in (46)
L-1

[e@)] 2 = (+ae’)’ = 1+a+a?e>+e0+a"+a°

L+1
4,12

and N
(G(Z) = 142 +&

Equation (46) becomes

2,,5,,6,.,7..9

(o
14+ a2ty (14a 42 +2°) (14a+z a7+ +2”)
Z 12 —

(1+2 '4+2~%)

144221

(67)

(68)
(69)
(70)

(71)

(72)

(73)

(74)

i
‘ i
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Now if X=0 this becomes
e+t 4e?y (@) (1tare e +e g 4220
1+ 412
(12 42 42?1y (2) (1a+e®) . (75)
The algorithm for finding the shift X for a sampling rate S=2 ,i -
E
(corresponding to sampling every other bit) is to find an integer X |
such that L-1 L-1
(+e") % + X (o)) 2
(6(2)) 2 §
is rational., j‘
Now for the general case 3
;
5=2" (76) ;
$an integer,
the generalizati‘on'of (43) becomes
o L+ Lt
2 :zi[zL'Sl(S(Z)] 3 = Z¥s(2) ;S: 't L+l
et ey MOD ==L (77)
For example with :
o(2) = 1+2>+a’ (78)
and 9 3 4
S(2) = 148°+2 4+ : 1011100 (79)
Sampling at the rate
S=4 (80)
yields o
4, 6
1100101: 14tz +2
or
X=4, (81)
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Equation (77) becomes
1 1
E zi[z7'4i][3(z)jz _ zxs(z)z g71
i=o0 i=o

Evaluating the term in (82),

2@ =1+z+a*+a°

1
| E PIE Ry
i=o

Substituting into (82)"

(e 428y (1+e]) = 212y (142”)  MoD(7)2
or 4, 6 4 2,.3..4
(14e+He 27 ) =2 (1+H"+H"+H ) MOD(7)

Equation (77) reduces in general to
Ll _
[s(@)] 5 =a"s@) MOD L

in general
L+1

or ) -——S—
G(Z)l_,((S(Z)) © + 2%s(2))

and L4+ a

‘G(Z)l((S(z))‘ S+ 2%

(82)

(83)

(8lL)

(85)

(86)

(87)

(88)
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Now _I:‘i'l -1 L-S+1 L-5+1
[s@] 5+ _ e 5+ @@ °
G(2) REi2g (89)
(6@ s
and the fraction in the latter portion of {(89) must be rational.
For example,
G(Z)=1+ZZ+23 (90)
S=4
e + g¥c@) o 1ta*® _ |
(6(2))? 142%+2® (91)

The table below is intended to summarize the use of equation (89)

for several example sequences.

B

T T PR A

| ’ G(a) : T s X Ratio From (89)
L 2
1+2+a 3 2 2 1
l 1+ 22 +2° 7 2 5 (1+2°+2°)
a 1+ 22 +2° 7 4 4 1
- 3 8
_ 1+2+& 7 2 0 Z2(1+2+2°)
| 142 +2 7 4 0 z
= 4
| ‘] 1+2+% 15 2 8 —
| j 1+2+2* | 15 | & |12 .
1+z+a* 15 | 8 |14 1+a+e 04210
1 +20 +at 15 2 9 —
1+ 20+ & 15 4 6 1420+22+2 0g gl T g2 g2 4e??
1+ 2t 15 8 |12 | 1+28+2®
ekt v o it AL = - o s s — I “’\‘;
. e . A B
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Breadboard Circuit

A breadboard circuit was assembled to demonstrate the feasibility

of using the sampling technique for generating high speed-sequences.

A (44,3,0) ML code was selected for the demonstration, and the circuit
designed to generate and sample this sequence is shown in figure 6-2.

The phasing function for the given code is

P=(i=1) (i+l) =(i-1) (16)
4

7 = -(i-1)®)  (92)

The set of sampled sequences are
3
Sz

Sz =8
52712

where Sis the sequence at stage 1 of the generating register shown in
figuréﬁ—Z. The technique for generating the sequence shown in figure 6-
2 utilizes a technique for minimizing the number of stéges required

by the generating registere. This method is useful when L is

relatively small, The single register method rsaquires

N = (K-1) (141 (93)
3

stagey while the separaﬁe register method requires
N = Kn

stageg, where n is the order of the code.
For the éonfiguration of figure 2
N =12,

while for separate generating registers
N =16

For a cage where K = 16,
N =15

for the single register generator, and -~
N = 64

for the separate register generator.
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Figures 6-3, Ly and 5 are photographs of an oscilloscope display of
sequences generated by the circuit shown in figure §-2,In each case
the upper trace is the low-speed sequence generated by the feedback
shift register, and the lower trace is the high-speed sequence
generated by the sampling technique. The rate of the low speed

sequence corresponds to a 245 M BITS/SEC clock, and the rate of the

high speed sequence corresponds to a 10 M BITS/SEC clock

Figure 6-3

Sequence 0 ,
Trace scilloscope

Verticle Scale:

i it B Sca1e5 V/DIV

¢ 1uSEC/DIV

Figure 6-4

Sequence Oscilloscope
Trace

yerpicle Scale 5V/D1V
Horizontal Scale « "HM3EC/DIV

Figure 6-5

Sequence Oscilloscoje

Trace

Ver?icle Scale 5V/DIV
Horizontal Scale .2u3EC/DIV




6-B 250 M BIT/SEC SEQUENCE GENERATOR
USING EMITTER-COUPLED-LOGIC

The next step in the development of high speed pseudo-random coders for ’

space application  was the construction of a 250 M BIT/SEC sequence

generator. This unit was designed to utilize the sequence multiplexing

" technique as was the previous demonstration breadboarde The coder was

designed with emitter-coupled-logic to obtain the sequence speed of 250

M BiT/SEC. The coder was configured with two (4,3,0) ML code generators
designed with the MECL 10k logic family. These generators, operating at
125 MHz are multiplexed to 250 MHz. The X2 multiplexer inclﬁdes MECL 10k
components and one MECL IIIcomponent.

The‘coder, designed for evaluation purposes, uses MECL 10k components
with their controllededge speeds so that wire-wraping could be used in the
breadboard., The faster edge speeds of the MECL IIJlogic ‘prohilliits.wire-
wrap, and controlled impedance lines must be used.

Figure -6 is the electrical schematic c;f the 250 M BIT/SEC coder. The

fundamental sequence generator includes the first Mc 10141 four - bit

universal shift register and the Mc 10107 2-input exclusive-or/exclusive-nor,

The MC 10131 type-D master~slave flip-flop and the second MC 10141 provide

five clock periods ofrs,equence delay for the multiplex operation. The MC=

10104 Quad 2-input AND gate chip provides a ldgical AND .'of“ each stage of the

sequence generator and gives an indication of the all-l condition of that

register. This provides a synchronization pulse once each repetition of the

code sequences
The MC-10216 triple line receiver is configured to operate as a clock

génerator. The second MC 10104 and the MC 1690 UHF prescaler type D

6-19
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flip~-flop perform the multiplexing operation operation of the two 125 MBIT/SEC
sequences to provide the 250 M BIT/SEC sequence outpute.

The phasing function for the x2-Mux operation for the (4,3,0) code is

(D @ D) -UaDA8) L qay,

The set of sampled sequences are:

P =

-8

S is the sequence out of stage 1 of the first MC 10141 and Sz-8 is
the sequence out of the fourth stage of the second MC 10141,

The clock (MC 10216) provides four clock phases for the multiplex
operatione 'fhese are labled CK, EI-(-, CKQ, and &5. The third and fourth AND
gates of the MC 10104 form CK*S and CK * Sz-s. The outputs of these two
AND gates are combined using the '"wired-or" capability of the MECL 10 K
family to provide

K * §+CK * 5270

At the input to the MC 1690.

The first two AND gates Of the MC 10104 in the multiplexer and the OR
gate internal to the MC 1690 form an exclusive-or operation between CK and CKQ.
This :effectively gives a frequency doubling operation. If CK is at a 125
MHz r‘ate, CK@CKQ is at a 250 MHz rate. The 250MHz synthetic clock exists
only internal to the MC1690 chipe. It does not exist on the wire-wrap board.

Figure 6-7 shows the waveforms .of the sequence generated by the
circuit for two basic clock rates. 1In this figure the lower trace is the
basic sequence and‘ the upper trace is the composit high rate sequence
resulting fro1rr>1k the multiplex operation. At the time ‘t;f this writing the unit =

has been operated at a composit 200 M BIT/SEC ratees It is expécted that the

full k250 M BIT/SEC rate will soon be achieved.

6-21
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110 MHz (4,3,0) Code
20 nsec/div. 4 .5 V/div,

175 Milz and 87.5 MHz (4,3,0) Code
20 nsec/div. , 1V/div,

200 MHz and 100 MHz (4%,3,0) Cede
20 nsec/div. , 1V/div,

Fig. 6-7

Code Generator Waveforms
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Important MECL, 10K and MECL JII family characteristics are shown in the
"' Table »
MECL 10K MFCL II1
Gate propagation Delay 2 ns 1 ns
¥ Gate edge speed 3¢5 ns 1 ns
Flip-flop toggle speed 125 MHz 500 MHz
Wired=-wrap capibility Yes No
Table 6~2 MECL 10K and MECL III Family Characteristics
From the table it is seen that a 500 MHz coder could be designed using

a x4 multiplexing procedure, with four 125 MHz sequences multiplexed : r

to 500 MHz, The four basic sequence generatorS could be constructed with

MECL, 10K components with the multiplexer beingméonstructed with MEC], JIJ components., "j
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‘ MOMENT (i) SC (ithCENTRAL MOMENT) ;
1 1 0
2 M 1
: X i
I 4 M+12M(M~1)
; 5 0 5

e

1
.

i - o . .

" 7 Statistical Evaluation of i,
Candidate Code Sequences j
|

* o

7A Amplitude Moments

rr The statistical properties of candidate code sequences for use in a

k‘:\m ) ’ 3
o spread spectrum transponder can be based upon the calculation of the 1
P amplitude moments of the filtered sequences., The expected value of the i
oot

first five central moments of a random sequence are:

T N
E ,‘I{

i

N
..

In the above table M is the impulse response of the filter measured

ascle

in bit periods of the sequence,

The central moments of a filtered pseudorandom digital seqdence can be
calculated from the sequence characteristic polynomial. 1t is assumed that the
characteristic polynomial of the code sequence in question factors into
primitive irreducible polynomials of order such that their code lengths are
relatively prime. Making the following definitions:

Brf The number of trinomials of pover
less than or equal to M-1 that .
have the ¥ characteristic polynomial
as-a factor. ‘

Eb’ " The number of quadrinomials of power less
than or equal to M-1 that have the ¥
characteristic polynomial as a factor.

FX ! The number of peritanomials of power less
than or equal to M-1 that have the ¥

characteristic polynomial as a factor,
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The approximation for the first five central moments ar

APPROXIMATIONS FOR THE FIRST FIVE CENTRAL MOMENTS

‘.3 3! il[ L

Moment (i) Approximation for Sci
1 0
-2 M

'Y-
' | Z ;
4 M+ 12M M-1) + 41 E (- 1) n
k k
5 10M31 B L (-1) n L
‘ 'y;l[y Y Jr=1 Y

k
+ 5! F L (-
Zl

k
n*/n L
y=1 ¥

where L= JI L

The approximations hold foi: the
k

» and when no common
Y=1

case M < LY for all y, M<< L

trinomials, quadrinomials, and

By
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pentanomials of order M-1 or less contain the sequence characteristic
polynomials as factors for each maximum-length sequence comprising the

sum sequence.

A test involving the formation of a weighted sum of the difference
in the first N moments for the sum sequence and a random sequence may

[ 4
be used to evaluate sequences from sum generators. This can be expres-

sed as

; N i 1
TM) = 12_:1 w, (87, - 8.0 » (1)

where Sc: is the ith-central moment for weights of M-tuples from a

i

random sequence, w, is a weighting factor, and Sc is the ith-central

i

moment for weights of M-tuples from a pseudorandom sequence.

Using the results fromthetable,equation (2) becomes

1 | s |
TAD = 2 | B, 3!

“ L ‘Y-l :
=1 Y
+w (M3 B +51 FylL ¥l .
5 Y 'l A | - (2)

For a particular selection of the weighting functions, the smaller the

value:of T(M), the better the sequence approximates a random sequence.

The weighting values can be selected to place emphasis on a

e

e e
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particular aspect of the distribution of M-tuple weights. For example,

the term

Kk
B L, (-1)
" Yz’:l[{ 1/Y=1 Y

indicates the relative symmetry or skewing of the distribution. The

[ 4
term

Y=1 =] Y

k k
wg > [(10M3' BY + 5! F ) LY (-1) ?Y

indicates skewing of the distribution with more emphasis on the shape -
of the distribution of M-tuple weights beyond the variance of the

distribution. The term

- k
4! E (-1)
R Yz:'l[ . ?Yd Y

indicates the kurtosis of the distribution of M-tuple weights. Assuming

w4 > 0, positive values of this term indicate a leptokurtic distribution,

and negative values of the term indicate a platykurtic distribution.
If 'k Is odd the dfstribution is leptokurtic, and if k is even the

distributfon is platykurtic.

A computer algorithm for evaluatig the sequence test parameter,
T(M), has been developed. The algorithm calculates BY’ the number of

trinomials of order M-1 or less that contains the yth-sequence char-

" acteristic polynomial or a factor; EY,‘the number of quadrinomials of

order M-1 or luss that contains the yth-sequence characteristic'poly-‘

i
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nomial or a factor; and KY, the number of pentanomials of order M-l or

less that contains the yth-sequence characteristic polynomial or a

factor.

Lindholm developed an efficient algorithm for calculating BY, and

the algorithm developed for EY and EY ar: esseniially extensions of

Lindholm's method [16]. c

~

If a sequence is generated by an n-stage register, and the sequence
is a maximum-lgngth type, then any 2n-1 digité of the sequence can define
the particular stages that contribute‘to the feedback. This is‘equival-
ent to golving -1 simultaneous equations, since for a maximum-length
-sequence the last stage is always fed back. If the sequence character-

istic polynomial is a factor of a trinomial of the form

-

g(x) = 1 + x97¢ 4 @ (3)

’

then the seqﬁence satisfies the recursive relation
X1 % *{-c*1-q ()

when the sequence is from the set {-1, +1}.

One particular content vector in a maximum-length sequence 1is
xl =1, X, = 1, ce- xn_i = 11 xn,= -1l. Using this ;optent vector as a
starting point, the next M-l content vectors are calculated using the
sequence rtecursive relation, Then M + n digits of the sequence are

known. TheSe digits can be represented as ‘ —

ST

b 1’.1’ Lo X e 1 ®a 420 " ™M1 (5)
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Becaugse the tuple
(xlv"z» s xn-l) = (1, 1, *-* 1), (6)
and if the sequence characteristic polynomial is a factor of
Lea e | (D
then the tuple f,
[ 4 T
v
'Y X ) 'YK j
g1 %2 " X anl) Cewr w0 T % 4 po)) |
= (1, 1, 1, *** 1, 1) . (8)
P e %
If Xd is a vector representing the tuple (xd +1° %3+ 2° X, 4 n-l)’ ‘j
and similarly for Xo» the relation f%

* * )

. dec =T (9)
dan be expressed where I is the‘idéntity matrix of oider n-1, and

id and ﬁc are (n-1) by (n-1) ﬁaﬁriﬁes¢with the elements of Xd and X,
respectively on the main diagonal, with all other elements equal to
zero. Extending this procedure to quadrinomials and pentanomials

that contain the sequence characteristic polynomial as factors the

required vector relations are

k & k

x@?cxe =1 (10)
and

A kK K ’ . o .

dechX£ = I, : o (11)

By finding tuples for which these éﬁuations hold using the first M + n

digits after the state vector (1, 1, 1, *++ ~1), all trinomials,
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quadrinomials, and pentanomials that contain the sequence character-~

istic polynomial as a factor are yielded.

The computer program POLTE 1 was written to solve for the vector

relations in equation (9) , (10) , and (11), The results from this

program can be used to evaluate T(M) from equation (2).. The
procedure is as follows: .
(a) Select M, the size of the M-tuple
(b) Select k‘sequences to form the sum sequence
(c) Using the computerized algorithm, calculate BY,EY, and EY
) Selec; the set of weightings, Wy depending on the character-
istics of the distribution of M-tuple wéights that are

critical

(e) Evaluate T(w) from equatfon (1),

w

This procedure can be used to evaluate candidate designs for

pseudorandom sequence generators of the type ynder study,

An indication of the reduction {: the amount of célcﬁlations
required to evaluate the statistics of a filtered hybrid-sum sequence
as compared td a filtered maximummlength seqﬁence can be determined as
follows: The limit ratio of the number of pseudorandom sequences

gtatistically evaluated compared to the amount of calculations required

7-7

:’

e T N R z
il e

T e R

o e s




*

ol ‘ [ N T e T “wv-'T:—*——wv'—-“'v"w ST Mrv 1'—“

I S - - . ‘

is ‘

k n'
- om 2t
Re =1 n ., (12) ]

K n
b 4

2,

i=1

p

- BN

where the upper limit of equation (12) is used. For k=1 the ratio is
unity, but as k increases the ratio tends to increase as previously
illustrated. This means the hybrid-sum sequence generator configur-

ations can potentially provide many pseudorandom digital sequences

with a minimum number of calculations required.

As an example of the potentigl increase in computational efficiency
using the hybrid-sum approach, assﬁme the computer algoritﬁm was
efficignt enough so that each moment could be calculated in 1 second.

It would then require over 12 days of computer time to completely
aﬁalyze the statistics of‘éll p0351b1e maximumrlength'gequences from a
23-gtage register. If, however, the sequence group is established
ffom the hybrid sum of sequences from 11~ and 12-stage registers, then

the analysis of sequences, which are approximately 99.9 percent as long

as. the maximum-length sequences from the 23-stage register, can be
accomplished at a rate 120 times faster than the analysis in the E : v

maximum-length case, The more maximum..length sequences that form the

hybrid-sum sequence, the greater the efficiency in forming the sequences

in this manner. . : E?,:

As an illustration of the theory presented, a comparison is made




wwg . ) . 'l“.
LT
xﬂlﬁ ) .
- of the statistics of a filtered maximum-length sequence from the 11-
1'5;!'
i - stage generator, and a filtered hybrid-sum sequence from a 5- and 6~
Y | ,
| i stage generator. The filter impulse-response length is assumed to be
% ¥ ; : .
I i 20 digital clock periods. The ll-stage maximum-length sequence
i ‘ ‘ ,
f’ ai generator is described by the polynomial (11, 9, 0), and the hybrid-
: ‘1 sum generator by the pair of polynomiais:(S, 2, 0) and (6, 1, 0).
e " '
: 1o Evaluation of equation (2) with
b1 a w, equal to 1,
g_ i t{ . w, equal to 2, and
| j ) wg equal to O
f i* ;[ gives an indication of the skewing of the amplitude distribution of

i? I - ' filtered pseudorandom sequences. Using the results of POLTE 1 given

in Appendix B, this parameter is evaluated as follows:

FILTERED MAXIMUM-LENGTH SEQUENCE (11, 9, 0)

T(M=20, vy = 1, w, = 0, wg = 0) = 54, (13)

3
indicating dominate positive skewing.

FiLTERED HYBRID-SUM SEQUENCE (5, 2, 0) + (6, 1, 0)

oy

Lo . T(M=20, w, = 1, w, = 0, wg = 0) = -8, (1k)

fndicating slight negative skewing.

A computer program was written to evaluate the distribution of

weights of the filtered éé4uence for both the maximum-length -sequence

and the hybrid-sum sequence directly, ; ’b Figure 7-1 is
the result for the maximum-length sequence. The weight distribution

skews to the positive side and is a poor approximation to the normal

o e——— -
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distribution. Figure7-2is the result for thekhybfid-sum sequence, and
shows very little skewing tendency.

This remaining portion of this section contains examplé results of the
computer program POLTE 1, The program was run for three irreducible poly-.

nomials of order 11, 6, and 5. The results of POLTE 1 can be used to

. S S W R

evaluate the statistics of filtered, pseudorandom digital sequences using

equation (2).

The procedure for evaluating equation (2) using ;he results from
POLTE 1 is as follows:
For a given irreducible polynomial that generates a maximum-length
sequehce the polynomiai representation is printed in binary and oétalr

forms For example,

.
s b ik R oo
& s R SR N AR TR | A e
ad wee SN W

; POLYNOMI AL 110000100000

OCTAL 0103
represents the polynomial
x6 + #5 + 1.
Following the polynomial octal form, the representations of the
trinomials, quadrinomials, and pentanomials that contain the chéracter-

istic polynomial as a factor are printed. For example,

(75 55 1, 0)

represents the polynomial

x7 + x5 + x4+ 1.
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: I’i RESULTS
400
| I 360 7’X
320
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240
[ \
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p 200
I \
S
§ 160 ] ‘\
5 120 [
B
U / \
T ol /
o % N
N
40 \
/ \
0 [ [
-20 -16 -12 -8 -4 0 4 8 12 16 20

OUTPUT AMPLITUDE

SEQUENCE LENGTH = 2047
IMPULSE-RESPONSE PERIOD = 20

Figure 7-1 --Maximum-length sequence (11, 9, 0)
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20 -16 -12 -8 -4 0 - & 8 12
‘ OUTPUT AMPLITUDE

SEQUENCE LENGTH = 1953
INPULSE-RESPONSE PERIOD = 20

Figure 7-2--Hybr1d-sumk sequence (5,2,0)+(6,1,0)
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" This quadrinomial contains the characteristic polynomial,
x7+x5+x+1= (x6+x5+1) (x + 1) (mod-2). (15)

For a filter impulse-response period M, the parameters B_, Ey’
and FY are respectively, thée number of trinomials, quadrinomials,
and pentanomials of order M-l or less of the form

.
xP (xd + x% + 1)
§
xP (xd+x°+xb+1)
and
e O N T )
that cbntain the yth.characteristic polynomial as a factor. In the
above polynomials,p can range from 0 to M-1-d. Therefore, for each
basic polynomial of the forms
xd + x° + 1,
xd + x° + xb + 1,
or
xd+xc-ifxb+xa+l
thét contains the sequence characteristic polynomial as a factor, there
aré M-d product polynomials that also contain the sequence character-
istic polynomial as a factor.

The algorithm in the computer program POLTE 1 detects the number
‘of basic polynomials that contains the sequence characteristic equation
as a factor. The parameters BY’ Ey, and FY are calculated from
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the results of POLTE 1 by forming the sums -

Dy

B = El' M-d) : (16)

D, M-1 - |
E, = 1-21 (M-d, )-£ 121 (M-1) (17)

and
Dy
Y 1=
are the number of trinomials, quadrinomials, and

where D D2, and D

1’ 3
pentanomials of order M-l or less that are detected for the yth-
component sequeﬁée.By the program POLTE 1. If the characteristic
equation of the yth sequence is a trinomial, f = 1; £ = 0 other-

wise. ~

The program POLTE 1 was used to evaluate the parameter, Q{, for

Amaximum-length sequences (11, 9, 0), (6, 1, 0), and (5, 2, 0), where

M was equal to 20. The results are given in Table below ,

POLTE 1 FOR THREE MAXIMUM-LENGTH SEQUENCES‘

SEQUENCE i B

(1, 9, 0) 9

66, 1, 0) 22

s, 2, 0) . 38

Fo=) @ed), | (18)
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These vaiues were previously used to evaluate the statistics of the
maximum-length sequence (11, 9, 0) and the hybrid-sum sequence
(6, 1, 0) + (5, 2, 0)o

POLTE 1 was used to calculate B)’ the number of trinomials of
power less than or equal to M-1 that have the Yth characteristic
polynomial as a factor, and Ex s the number bf quadrinomials of power
less than or equal to M-1 that have the ¥th characteristic polynomial
as a fact:dr, for several Codes. These included (5, 3, 0), (5, 4, 3,
1, 0) (5, 4, 3, 24 0), (6, 5, 3, 2, o)land (11, 9, 0)s  Figures

7-3 and 7-4 contain the results of these calculations.
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}; E The non-random characteristics of a sequence that has significant
j: ~E skewing tendency was illustrated by experimentation. The arrangement
: } is shown in figure 7-4B, and includes a eighteen stage sequence gener-
" Qi ator and a low-pass filter with adjustable cut-off frequency. ;
é o " 1
i
] i
-
' -i‘k |
™ 18 STAGE PN LOW PASS FILTER p
N SEQUENCE GEHERATOR - IMPULSE RESPONSE: W s B
o | : 4
3 J!l‘ '7-
; . 1
, " CODE LENGTH: 262143 ;
e : i
| T FIGURE 7-4B CODE EVALUATION EXPERIMENTAL ARRANGEMENT E
: whi R
lf The code generated is described by the trinomial characteristic
equation (18,11,0). Since the characteristic polynomial is a trinomial, |
], it will bea factor of many trinomials of order M>18. The experiment
1 was run with impulse response length M equal to 20 and 500. Figure
o 7-4C shows the results of the experiment .
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TR,

M= 20
M = 500
L = 262143

FIGURE 7-4C Results of Filtering the (18,11,0) code with Low-Pass
Filters with Inpulse Response Lenth M = 20 and M = 500

For the case M = 500, the pulses in the positive direction only
indicate positive shewing of the amplitude density function, and would
be indicated by the program POLTE 1 by a large value of qr. For the
case M = 20, the amplitude density function is approximately normally

distributed.
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7B Statistical Method for the Analysis of the
Phase Distribution of Harmonic Components
of Potential Spread-Spectrum Radar Codes
The computer program POLTE 1 can be ‘usea to evaluate the statistical
- propeirties of pseudorandom codes for potential transponder application.
T
:i :
#¥ POLTE 1 calculates the third, forth, and fifth central moments of a ;A

filtered sequence ‘where the filter impulse response period is M. The
algorithm requires that an array of size M be generated (M bits from the

sequence) and a search algorithm operater on this array. The number of

iterations required are

THIRP MOMENT : . (K-1)
K=N
) m
FOURTH MOMENT: 1/2 ¢ (K-1) (K-2)
_ K=N '
T m .
FIFTH MOMENT: 1/4 (k-1) (K-=2) (K-3)
K=N

For large values of M this requires a potential large number of
iterations. In the above equations N is the order of the cod=. In the

case of candidate codes where Mislarge and L is relatively small a more

efficient evaluation technique is to perform a statistical analysis of

the phase distribution of harmonic components of potential spread

spectrum codes. The phase of the « th harmonic of a PR code is

m
21 sin (20=g) (Ag-A-g)
1 L B ¢Y

© () TAN™ !
| Ag *ﬁl COS (2219) (ag-a-g)




where L is the sequence length, and

m=id | (@)

Ag is 'the gth member of the A- array, the sequence itself.

The phase distribution statistics for a filter passing H harmonics

of the code can be évaluated by evaluating.

f‘” }g‘ (®t@) =%_ ?;g(«) (3)
[g " vhere

.

< TR (4)

This is a first order evaluation based on the first moment of the

phase distribution. Futher evaluation can be made by calculating

and (83(@))y

(6% @),

In general .
| T — (5)
H o I sin ((gwcg)) Pg n | ,.

. - : -] g=1
(6" (x) —%— L TAN ‘

)
H ax=] m
Aot 3 cos((21r¢g) g '
o=l I

v where
o , 6)
; P _=A_- A-g (
g g
Sg = Ag + A'g (7)

3 7
where Ag is from 2-1, 13
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To show the utility of the method a few examples will be given,
Figure7-1®shows the sequential output of a filtered sequence for
M = 50, H= 40. As can be seen the output SKews to the positive side,
and the distribution function of figure?-2Bshows the skewing effect,
FigureJ3Band figure¥4@are similiar illustrations for M = 70, H= 30, 1In
each case the skewing is caused by a pulse embeded in the ocutput that
otherwise appears random. POLTE 1 detects this problem for the (11, 9, 0)
code because it finds many trinomials of order less than or equal to
M-1 that contain the sequence characteristic equation as a factor. However,
for M = 70 the iterations required for POLTE 1 to evaluate the statistics
are larée.
Figure‘7~5ﬂshdws the results of equation (1) for «¢ 300, The phase
compémenti—; appear ﬁo be distributed in a random manner except for values
of <20, Figurel6Bshows the distribution of phase for ¥ = 80, H = 25,
As can be seen there are no phase components betweer + 1 and = +x radians
The sum of a pulse and random nol se would tend to form a phase
distribution as; shown in figure]6Bsince the harmonic components of a pulse
are co-phased.
Figurel-/Band?8Bgive the output distribution for M = 20, H = 100, and
M= 40, H = 50 for the hybird-sum code (5, 2, 0) + (6, 1, 0). Figurer98
and}-10Bgive the sequential output and distribution for M = 80, H= 25,
The sequeﬁce appears random and does not suffer the problems of the ‘.(,11,'
9, 0) code. Figure?llBis ‘the phase distribution of.the first 200 harmonics
of (55 2, 0) 4+ (65, 1, 0). Figures1—128and'l-l3ashow the phase distribution for
M= 80, H=25 and M = 40, H= 50,

For comparison; figurell4Banil-150give the output distribution for M = 20,
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H = 100, and M = 40, H= 50 for the hybrid-sum code (5, 4, 2, 1, 0) + (6,
1, 0)e. Figuré?16land717bgive the sequential output and distribution for
M = 80, H= 25, The sequence ShowS a pulse form in figure}-168and skewing
in figurel-17P, Figurel-188is the phase distribution of the first 200
harmonics of (5, 4, 2, 1, 0) + (é, 1, 0)s Figuresy198and720Bshow the phase
density for M= 80, H= 25 and M = 40, H= 50, 1In figuréFl19Bthere are
no phase components distributed between 0 and -1 radiaus. This distribution
and the affect Oh the cutput are simiiar to the (11, 9, 0) code case.

A procedure for evaluation of the pseudorandomnesS of codes based
upon their phase moments can be provided by the calculation of these phase
moments and comparing to expected phase ﬁoments. The phase probability
density for a random set of spectral lines is uniform between -Yfanddf\

The phase moments for this random set of spectral lines are:

MOMENT EXPECTED VALUE
1 5, 0
2 /3 = 3.28987
3 5 0
4 ™/5 = 19.5234
5 0

The comparison of calculated phase moments for a pérticular sequence
and value of H (harmonics passed by the filter) provides a measure of the
pseudo-random quality of the sequence,

A computer program was prepared to perform the calculation of the first
four phase momentss This program is called PHASE 1 and calculates the
moments as a function of the number of spectral lines within the filter
bandwidthe As an example of the use of PHASE 1,phase moments were
calqulatéd for the filtered sequence described by the polynomial (8, 7,

6, 1, 0)s Figurel2l shows the plot of the first four phase moments as a

function of He
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: 8. CODE AHD CARRIER PHASE LOCK LOOPS

© This section gives the results of the design of the spectrum

spreading delay lock code loop and carrier phase lock Toops for use

[

in the‘HEAO-C transponder. The code lock loop tracks the TDRSS~HEAQ-C
T forward l1ink spread speftrum modulation, and modulates the return link
éA . signal to provide range and.range-raté tfacking. The code lock Toop
. E : also provides a coherent reference signal to perform the cqrrelation

function-in the command receiver.

A simplified block diagram of a candidate HEAO-C PN"transponder is

shown in figure 8-1. The PN generator code output is shown as a'single

Vo g
[ ]

signal, but actually early/late gate signals are included in the design

3 to implement a delay-lock-loop system.

preEa
Rt

ey
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T FIGURE 8-1 | Complete PN Transponder ]

RS Figure 8-2 is a further simplified block diagram of the PN 5

¢

P transponder including a symbolic representation of the signals.

:  = The definition of the symbols are as follows:

CA: Carrier
CL: Clock
PN: Code

8-2




£-8

CA4

T — — \ - T s
*
! s
et AT SR e § AP A e el A e e e 2
}i
iz X Wi Fomemererird [ LN Pt X et ] e Y [ vy Bl Lo T e
fSatiast W Krwyeeg % i B i <& wrtsmscnes [S—— | PT— N R s o [ . -

es——

Transponder _ .

Clock -

Phase Lock
‘Loop

CL

Input - :

PARCL®CA1  CL®CAJ - CL®cCA4

Second
1F '

Carrier

Phase Lock. ?

Loop

CA i

PN
Generator

XJ

Transponder Output ' i o ' CAS
PN@CL“@CAS - T

s
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‘,[ Figure 8-3 and 8-4 are alternate designs ¢7 the IFV- code delay

. E lock loops. Early -_late PN code signals, delayed by half a clock

period provide the local code reference to paralled I and Q processors.

¢1, and ¢2 are clock phases separated by 90°, and provide the half-

clock delay for the late gate. | |

) Figure 8-5 is the final difference amplifier, loop filter, and i
¢ clock VCO. The form of the loop filter implies a high gain second order B
?””’? g tracking loop. Fundamental loop characteristics such as capture range,

loop bandwidth, capture time, and transient response are controlled

primariTyAby the loop filter. The loop phase transfer function is

- |
} 6o (s) = Ke F (s) ky | (1) ;
8i (s) S + K¢ Kg Ky/N b
: . where - é
o K¢ = Phase Detecter Gain 4
= F (s) = Filter Transfer Function i
- Kv = VCO Gain
: N = Integer Division
The filter shown in figure 8-5 has transfer function of the form
i = 1+R»oCS
1? ,F(S) = 14R) , (2)
s RyCS
LTl where Ry is the filter input resistor, Ry is the feedback resistor, and
o C is the feedback capacitor. With F (s) as shown in (1) , (2) becomes
CoEm 6o (s) = N (14T,5) (3)
©oLE | 81 (5] ST + ToS5+1

Ke Ky




-

where
and
T, =R, C (5) |
The loop natural frequency and damping factor, two particularly

important parameters when considering loop dynamic characteristics, are:.

wy, = Ko Kv_ (6)
n
NT1
and
E = K¢ KV T2 : :
NT1 —_— - (7)
2 _

Loop acquisition time is an important consideration for space spread
spectrum transponders. For the case of a second order high gain loop with
g = .707, the pull in t{me is given by the approximation

T 4.2 gAf)z“ SEC (8)

xR - o

where BL is the loop bandwidth and Af is the offset. Since for the
doppler offset frequencier in question for the TDRS-HEAO-C application
Af can be large compared to BL’ Tp
tion aiding such as a sweep search. With the sweep search,the loop ring
up time multiplied by the number of doppler cells to be séarched gives

L

as time required for a Sweep doppler search. For the eleventh order

" gold codes there are 2047 range cells to be searched. The total acqui-

sition could be as large as

8-5

would be excessive without some acquisi-
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= 2047 Af (10)

Ty
(B)?

but the average acquisition time would be

Te = 2047  Af ‘ (11
T 2 (B )

Figure 8-6 is the design for the mixer drivers for the alternate

code delay lock loop designs.
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. 9, TOTAL SPREAD SPECTRUM TRANSPONDER SYSTEM ‘ | i
i |
. R 1
o 3 The block diagram of the tota] transponder system is shown in 1
i figure 9-1. The antenna system that would meet the HEAQ-C-TDRESS re- ‘ ﬁ
?E quirements has been described in a previous report on this study (FINAL ;
REPORT NASA GRANT NCR-01-001-021) and that description will be &
o f
. given here.
The proposed phased array antenna for the HEAQ-C-TDRS return link
will be a command pointing type with pointing commands formulated and
f '5 communicated from the ground. An example of a phased array airborne
'? steerable antenna system that would be appf?ﬁab]e for this application
; was developed by Texas Instruments Incorporated for NASA under contract
: = NAS8-24847. The antenna is an 128-element spiral array and achieved
> the performance parameters listed below.
: ;' Subsystem Performance | Value
Antenna (2232 MHz)
Boresight gain (dB) 23.9
60-degree scan gain (dB) 20.3
Boresight axial ratio (dB) 0.3
60-degree scan axial ratio (dB) 2.0
Height (pounds) 6.48
. Boresight sidelobe level (dB) 19.5
= 60-degree scan sidelobe level (dB) 9.0
S Module
Noise figure (dB) 6.0
A Receive gain (dB) 24 b
o Diplexer isolation (dB) 35 o
T Peak phase shifter phase error (degrees) ‘10
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1 Module Value
. RMS phase shifter phase error (degrees) 5.2
e Phase shifter amplitude error (dB) 0.5
b s Phase linearity (degrees) 5
g Power output (dBW) 0.5
| Transmit gain (dB) 19.0
| Transmit efficiency (percent) 25
Weight (pounds) 0.275
3
; TransmitiMan1fo1d (128-E1ement) .
. Peak phase error (degrees) $5.25 i
1{ Peak amplitude variation (dB) 0.6 i
£l Peak output VSWR (Rat1o 1) 1.65 |
Loss (dB) 3.2 {
F Weight (pounds) 6.48 j
) ' i
; These performance parameters were used in the TDRS-HEAO-C power :
P
tg budget ca]cu]at1ons :
1ﬁ The block diagram of the HEAO-C communications system with error -
Ef control coding and phased array antenna implementations is shown in |

5

figure 9-2.

T pRERTY
oy e

The TDRS-HEAO-C forward link is estabiished on the Tow gain (near

%g' isotropic) antenna. Pointing cohtro] commands are coded and the return?-
if forward links are established with the phased array.

i% ‘ The current HEAO-C, NON-TDRS communication system block diagram

575 is shown in figure 9-3. o

;;i Typical user characterstics for‘link budget ca1culétfons were:

SINGLE-ACCESS AND MULTIPLE- ACCESS S~BAND

Ts C(%k) 824
| KTs (dbw/HZ 199.4
1 Ts (db) - 29.4

e This implies a pre-amp noise figure of 4.6 db.
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This noise figure can be achieved with a low noise solid-state

pre-amplifier. Typical of such an amplifier is the WJ-5004-323 manu-

factured by the latkins-Johnson Company.

unit are:

The specificaticns for this

MODEL ----- 1J-5004-325
FREQUENCY RANGE ----- 2-4 GHZ
HOISE FIGURE ----- 4.5db MAX, 3.8db TYP
SMALL SIGNAL GAIN ----- 35db MIM
POWER OUTPUT ----- +7dbm MIM
PRIMARY POWER ----- +#15 VOLTS DC ( 19 REG) 110 MA
SIZE ----- 2.5X1.3X3.5 INCHES
HEIGHT ----- 8 0Z
VSHR (5006) ----- IN 2db (5002) OUT 2db (5002)
TVP. INTERCEPT ----- +17 dbm
POINT FOR IM
PRODUCTS  (dbm)
TEMP —---- 540 ¢- +719%
ENVIRONMENT ----- MIL-E-5400, CLASS 2
MIL-E-16400, CLASS 2

The amplifier outline drawing is shown in figure 9-4.

RF COIMECTOR -

12} REDUIRED

D, {95 2205

- 2505

LOUNTIL G -t

o b
ol 2,48]
0510w 352w

0-30 This 15 SERT 0 25 DEEP

4y PLALeS

Figure 9-4 Pre Amplifier Package
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NAS8-26272 71704/00 419 PAGES UNCLASSIFIED CUCUMENT NASA +
CONTR. :

HIGH ENERGY ASTRCNOMY OBSERVATORY. VOLUME 2, APPENDIX - CESIGN
DEFINITION/ ENGINEERINCG ANALYSIS FINAL REPORT

(HEAD SPACECRAFT CESIGN ANC SYSTEMS ENGINEERING STUDY =~ VvOLe. 2,
APPENDIX)

GRUMMAN AEROSPACE CORP.y BETHPACGEy NoVYe

/*HEAQ/ *SPACECRAFT CESIGN/*SYSTEMS ENGINEERING/ ATTITUDE CONTROL/
CATA PROCESSING/ GROUND SUPPGRT EQUIPMENT/ TELECCMMUNICATIGN/
TELEMETRY/ WEIGHT (MASS)

13W70717 150-22-132

FIGH RELIABILITY CCNTROL SYSTEMS FOR ANTENNAS

RAUMANN, N. A, 301-G€2-€579

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. GODCARD SPACE FLIGHT
CENTER, GREENBELT, MD.

CCNCENTRATION OF CATA ACWQUISITICN RESPONSIBILITIES AND INCREASING
DATA FANDWIDTHS RESULTING FRCM RFECLCTION IN THE NUMBER OF NETWORK
STATICMS ARE PLACING GREATER LCADS CN THE NETWORK LINKS. THUS, THE CCST
CF LINK DCWN TIME IS INCREASEC, REQUIRING A CORRESPCNDING INCREASE IN
LINK RELIABILITY. THE ANTENNA CCNTRCOL SYSTEM IS CNE GF THE FEW

. COMPONENTS T) WHICH RECUNCANCY CANNOT BE ECCNOMICALLY APPLIED. IN

ACDITICNy LINK DOWN TIME DUE TO ALIGNMENT REQUIREMENTS AND ROUTINE

MAINTENANCE HAS TO BFE MINIMIZEC. AT THE SAME TIME A REDUCTICAN IN
MAINTENANCE AND DOPERATION (M AND C) MANPOWER IS HIGHLY DESIRABLE. ABCVE
GBJECTIVES ARE MET BY THE TASKS IN THIS RTOP. THE COMPUTER CCNTRCLLED
ANTENNA SYSTEM HAS DEMCNSTRATEL A PCTENTIAL FOR MARKEL REDUCTICN IN (M

- AND O) MANPOWEZR ANC THE FUNCTIONS UF SEVERAL EQUIPMENTS HAVE BEEN

SUCCESSFULLY INTEGRATELC. THIS SYSTEM IS OPERATING EXPERINMENTALLY AT TkE
NETWORK TEST AND TRAINING FACILITY (NTTF) AND PROTOTYPE CESIGN HAS
REGUN FOR FY 73 OPERATION. IT wWwILL SUPPORY THE STADAL SYSTEM AT NTTF TO
BF INSTALLED IN THE SAME TIME FRAME, THE ACOUSTICAL ANALYSIS EQUIPMENT
FOF DETECTING AND IDENTIFYING INCIPIENT FAILURES IN HYDRAULIC AND ‘
MECHANTICAL SYSTEMS IS BEING GR HAS BEEN INSTALLED CN TEN NETWORK

" ANTENNAS. IN ADDITICN TO DIRECT SUPPORT TU THE NETWURK, THESE

CINSTALLATIONS WILL PROVIDE FIELD CATA FOR FURTHER EVALUATICN AND

ANALYSTS TECHNIQUE CEVELOPMENT UNDER THIS RTOP. STUDY EFFOKTS IN
PRCGRFSS wILL DEFINS ThE DESIGN CHARACTERISTICS FOR A HIGH ACCURACY
CCNTROL SYSTE™ wHYCH IS REQUIRED FOR FUTURE ANTENNAS CPERATING IN T+E

. KU-BAND SUCH AS THE GROUND STATION IN SUPFCRT GF THE TRACKING AND DATA

RELAY SATELLITE (TCRS).
/ ANTENNAS/ DATA ACQUISITICN/ GRCUND STATICNS/ SERVOMECHANISMS/ TCR
SATELLITES/ TELECOMMUNICATION
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T73W70709 150-22-20
TRACKING AND DATA RELAY SATELLITE TECHNCLOGY DEVELUPMENT
CLARK, G. Q. 301-982-€221

NATIONAL AERONAUTICS AND SPACE ADMINISTRATICN. GOCDARD SPACE FLIGHT

FENTER, GREENBELT, MC,
THE TWO OBJECTIVES ARE (1) TC PROVIDE FCR THE DEFINITICN OF A

- TRACKING AND CATA RELAY SATELLITE SYSTEM TG BE USED FUR SUPFCRT CF NASA |

MISSIONS, AND (2) TC PROVICE FOR THE CRDERLY DEVELOPMENT OF THE
TECHNCL OGY REQUIRED FOR IMPLENMENTING A FIRST-GENERATION TDRSS BY 1977.

_ VARIDUS STUDIES WILL BE PERFORMED TU ESTABLISH THE CRITERIA FOR A

TDRSSy WHILE CTHER STUDIES WILL LCCK FOR SCLUTICNS TC PROBLEMS INHERENY
IN THE SYSTEMe IN ADDITION, TECHNCLCGY WILL BF OEVELOPED AS REQUIRED
FOrF & FIRST-GENERATION TCRSS.

/ DATA TRANSMISSION/ SATELLITE NETWORKS/ SATELLITE TRACKING/ TODR
SATELLITES/ TELECOMMUNICATION

713470539 164-21-55
TRACKING AND DATA RELAY SATELLITE TECHNOLOGY D:VELDPM&NT
CLARK, Go Qo 301-9€2-€331

NATIONAL AERONAUTICS ANC SPACE ACMINISTRATION. GODDARD SPACE FLIGHT -

. CENTER, GREENBELT, MD.

THE TwWO NBJECYIVES ARE 1) TO PRCVIDE FQR THE DEFINITION O A
TRACKING AND CATA RELAY SATELLITE SYSTEM TO BE USED FOR SUPPGRY CF NASA

. MISSIONS, AND 2) YC PRCVIDE FOR THE ORCERLY DEVELOPMENT GF TkE

TECHNCLOGY REQUIREC FIR IMPLEMENTING A FIRST GENERATION TDRSS BY 1577,
VARINUS STUDIES WILL BE PERFCRMEC TC ESTABLISH THE CRITERIA FOR A TDRSS

_WHILE OTFER STUDIES WILL LECK FOR SCLUTICNS TN PROBLEMS INHERENT IN THE

SYSTEM. IN ADDITICN, TECHNOLCGY WILL BE DEVELOPED AS REJUIRED FOR A

FIRST-GENFERATION TODRSS.
/ DATA TRANSMISSION/ SATELLITE NETWORKS/ TDR SATELLITES/

" TELECOMMUNICATINAN/ TRACKING NETWORKS

73N22821%#  ISSUE 13  PAGE 1562 CATEGORY 31  NASA-CR-130217
SC-73-SA-0018-2-V0OL=-2  NAS5=-217C5  73/04/00 251 PAGES  UNCLASSIFIED

" GCCUMENT

TRACKING AND DATA RELAY SATSLLITE SYSTEM CONFIGURATION AND TRADECFF
STUD¥Y.  VOLUME 2 PART 2 TELECCMMUNICATICNS DESIGN .

(DESIGN AND DEVELOPMENT OF TELECCMMUNICATICNS EQUIPMENT FOR USE WITH
TRACKING AND CATA RELAY SATELLITE SYSTEM -« VOLe. 2)  FINAL KEPORT

A/HILL, T. E.

NORTH AMERICAN ROCKWELL CCRP.y, DCWNEY, CALIF, (SPACE OlIv.)
IVATLONTIS HC $14.75 ]

- /*COMMUNICATICN EQUIPMENT/*SATELLITE TRANSMISSION/*¥TOR

O SATELLITES/*TELECOMMUNICATION/ SQULIFMENT SPECIFICATICNS/ SATELLITE

CONFIGURATIONS/ SPACE COMMUNICATICN/ SYSTEMS ENGINEERING
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NASS=21T704 73704701 165 PACES UNCLASSIFIED DUCUMENT o -

TRACKING AND DATA RELAY SATELLITE SYSTEM CONFIGURATION AND TRADEOFF
STUDY. VOLUME 4 SPACE SHUTTLE LAUNCHED TDRSS. PART 2 FINAL
FEPORT, 22 AUGUST 1672 - 1 APRIL 1973

(CONFIGURATION CATA ANC DESIGN INFORMATICN FOR SPACE SHUTTLE LAUNCH
OF TRACKING AND CATA RELAY SATELLITE SYSTEM - VOL. &)

HUGHES AIRCRAFT (CO.s» EL SEGUNDC, CALIF. {SPACE AND CCMMUNICATICNS
GROUP.) AVATIL.NTIS HC $11.75

/*RADI(O RELAY SYSTEMS/*SATELLITE TRANSMISSICN/*SPACE SHUTTLES/*TDR
SATELLITES/ DATA TRANSMISSION/ SATELLITE NETWORKS/ SYSTEMS ANALYSIS/
TFLECCMMUNTCATION '

73N22801*# ISSUE 13 PAGE 1579 CATEGCGRY 31 NASA-CR-130221
NaS5=-21704 73/06/701 247 PAGES UNCLASSIFIED DCCUMENT

TRACKING AND CATA RFELAY SATSLLITE SYSTEM CONFIGURATION AND TRADEQFF
STURY. VALUME 3 ATLAS CENTAUR LAUNCHED TDRSS. PART 2 FINAL
KEPORT, 22 AUGUST 1672 - 1 APRIL 1673

(DATA AND CESIGN INFCRMATICN FOR ATLAS CENTAUR LAUNCHED
CONFIGURATION 0OF TRACKING AND CATA RELAY SATELLITE SYSTEM - VOL. 3)

FUGHES AIRCRAFT Cle.y EL SEGUNDO, CALIF. (SPACE CCMMUNICATICNS
GROUP,) AVATIL.NTIS HC $14.50 '

/*ATLAS CENTAUR LAUNCH VERICLE/*RADIO RELAY SYSTEMS/*SATELLITE
TRANSMISSININ/*TDR SATELLITES/ CATA TRANSMISSION/ SATELLITE AETWORKS/
SYSTEMS ANALYSIS/ TFLECOMMUNICATICN :

T3N22800% # ISSUE 13 PAGE 1576 CATEGURY 31 NASA-CR-130220
NAS5<21704 73/04/01 305 PACGES UNCLASSIFIED DOCUMENT
TRACKING AND DATA RELAY SATZLLITS SYSTEM CONFIGURATICN AND TRADEOQOFF

S STUDY.  VOLUME 2 DELTA 2914 LAUNCHED TDRSS, CONFIGUKATIUN 2. PART 2

FINAL REPORT, 22 AUGUST 1972 -1 APRIL 1673
(CONFIGURATIIN CATA AND DESIGN DEVFLOPMENT FCR DELYTA 2914 LAUNCHEC
TRACKING AMLC CATA RELAY SATELLITE SYSTEM - VCL. 2) :
FUGHES AIRCRAFT COe.y EL SEGUNCC, CALIF. (SPACE COMMUNICATICNS

GROUP ) AVATL .NTIS HC $17.25

/*DELTA LAUNCH VEHICLE/*RACIC RELAY SYSTEMS/*SATELLITE
TRARZMISSIIN/*TDR SATSLLITES/ CATA TRANSMISSION/ SATELLITE NETWORKS/

. SYSTHMS ANALYSIS/ TELECCMMUNICATICN
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71610462%  CATEGNRY 9  GSFC-11422  71/11/0C  UNCLASSIFIEC DOCUMERT
DOMESTIC o

RADIATION DIFFRACTICN CALCULATICN PROGRAN /DIFF2/

(COMPUTER PROGRAM CCMPUTES MAXINUM POSSIBLE STRENGTH UF INTERFERENCE
PATTEPN SEMT FROM HIGH ALTITUDE TRACKING AND CATA RELAY SATELLITE TC
LOW ALTITUDE USER SATELLITE.)

/*ANTENNAS/*CARTESIAN CUJRDINATES/#*COMPUTER PRIGRAMS/*UIFFRACTICN
PATTERNS/#ELECTROMAGNETIC RACIATICN/*FIELD STRENGTH/*FORTRAN/*IBM 360
(OMPUTER/*SATELLITE CONFIGURATIONS/#SIGNAL REFLECTION/*TOK

SATELLITES

TiIM10166 [SSUE & PAGE 32 CATECORY 7 GSC-11422 IBM 250
71/C9/C00 1 PAGES FORTRAN 1,6€5 CARDS UNCLASSIFIED DOCUMENT
RACTATINN DIFFRACTICN CALCULATICN PROGRAN, DIFFZ '
(CALCULATICN OF DIFFRACTICN TAKING PLACE CN SURFACE UF SPHERICAL
EARTH WHEN ELECTRO-MAGNETIC RAYS FRCM TDR SATELLIT: KEFLECTED BY EARTH

SURFACE)
PROGRAMMING METHODS, INCe,y, SILVER SPRING, MD. PRICE FROGRAM

$25C+00/D0C UMENTATICN $11.50
/*ELECTROMAGNETIC RACIATICN/*TDR SATELLITES/*WAVE CIFFRACTICN/
DIFFRACTION PATTERNS/ EARTH SURFACE/ FORTRAN/ FRESNEL REGION/ IBM 360

COMPUTER

72X10394% 4 ISsuE 3 PAGE 72 CATEGORY 11 NASA=CR-127512
JPL =760-40 69/09/30 531 PAGES UNCLASSIFIED DUCUMENT GCVT.+
CONTR,

TRACKING AND DATA RELAY SATELLITE NETWCRK (TCRSN) _
(TECHNICAL AND COST CATA CN TRACKING AND CATA RELAY SATELLITE
NETWCRK AND FEASIBILITY OF TELECCMMUNICATICNS SYSTEM) FINAL STUDY

FCPLRT
A/DIETL, M. Go A/COMP,
JET PROPULSICN LABey CALIF. INST, OF TECH.y» PASADENA,
- SPONSOREL 8Y NASA
/*COST ANALYSIS/*CATA ACQUISITICN/*TDR
SATELLITES/*TELSCCMMUNICATION/ PRCJECT PLANNING/ RANGE ANL RAMGE RATE

TRACKING/ VERY HIGH FRFQUENCIESk

72X10380%# ISSue 3 PAGE €9 CATEGIRY 7 NASA=CR-122413 c5L~-SRE1
NAS5-20228 72/03/09 BT PACES UNCLASSIFIED DOCUMENT GCVT.+ CCNTR,
~ THE EFFSCTS OF MULTIPATH ANC RFI UN THE TDRSS CULMMANC ANC TELEMETRY

LINKS o ‘
(MULTIPATH AND RADIC FREQUENCY INTERFERENCE EFFECTS CN TCR SATELLITE
COMNMANC AND TELEMETRY LINKS) ‘ S

EINAL REPORT

A/JENNY, Jeo3 B/SHAFT, P.

ESL] INC.' SUNNYVALE' CALIF.
/*MULTIPATH TRANSMISSICN/*RADIC FREQL:ENCY INTERFERENCE/*TOR

SATELLITES/*TELEMETRY/ ANTENNA RACIATICN PATTERNS/ SATELLITE ANTENNAS/
VERY HIGH FREQUENCIES ORIGINAL PAGE IS
OF POOR QUALITY
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_TIX1COB76% 4 ISSut 3 PAGE 1C7 CATYGORY 7 NASA-CR=1187C& ESL-TM215
NASSE-205125 71/03/18 712 PAGES UNCLASSIFIED DOCUMENT COVTa+
COMTR.
B THE EFFECTS UF MULTIPATH ANC RFI ON THE TRACKING AND DATA RELAY
j SATELLITE SYSTEM
{~ g (EFFECTS O MULTIPATH AND RF1 MOCELING UGN TOR SATELLITE SYSTEM)
L» A/JEMNY' JQ AI; B/hEISSI So Jo
' /*MULTIPATH TRANSMISSICN/*RACTIO FREQUENCY INT:=RFERENCE/*TDR
SATELLITES/ DATA PRCCESSING/ 18M 36C COMPUTER/ MATHEMATICAL MCDELS/
RAGIC WAVES/Z WAVE SCATTERING

; ; T4W70727  310-3C-35 -
e 8 NETWORK UTILIZATICN AND SFUTTLE STUDIES 167$-1550
o UVAASy C. M. 301~9€2-2357

NATIONAL  AFRONAUTICS AND SPACFE ACMINISTRATIGN. ‘GODDCARD SPACE FLIGHKT
CENTER; GREENBELT, MD,
- THE OBJECTIVES ARE TC PERFORM ACVANCED SYSTEM PLANNING TC FORMULATE
" AND DEVELOP CCMPARATIVE MODELS OF NETWCRK SUPPORT CAPABILITIES AND
i Lo NETWORK RESOURCSS THAT WILL BE REQLIRED TO PRGVIDE GROULND SUPPCRT CF
- SHUTTLF AND SHUTTLE LAUNCHEC PAYLCADS IN THE 1679-1990 TIME FRAME, THE
NETWORK RESOURCES WOULLC INCLUDE A TRACKING AND CATA RELAY SATELLITE
(TDRS) SYSTEM PLUS 8 TC 11 GRCUND STATIONS FCR SUPPURTING SHUTTLE
% CRBITER, SNRTIE LABS, SPAGE TUGS, AND PAYLUADS INJECTED INTC
T SYNCHROMOUS ORBIT AND BEYCND CR CPBITS ABGVE 350 NeMIe WITH THE SPACE
‘ S TUGy AS WELL AS PAYLCACS LAUNCHEC VIA CCNVENTICNAL DELTA BOCSTERS |
| Lo CURING THE INTERIM PHASE-OVER PERICD T3 SHUTTLE LAUNCHES. THE PLANNIANG §
<ol MODEL wILL INDETIFY SYSTEM CAPABILITIES, CPERATIONAL PHILOSCPHY, AND _
: MEW TECHNAOLOGY ASSOCIATED WITH THE NEW GENERATION OF SPACECRAFT AND
1 SHUTTLF LAUNCHED VEHICLES IN SUFFICIEMT DETAIL TO DEFINE HARCWARE
§_ SYSTEM REQUIRFMENTS FOR THE GRCUNC SUPPORT NETWORK. THE APPRCACH WILL
BE TO INVESTIGATE SUPPCRT REQUIRENMEANTS OF FUTURE MANNEC AND UNMANNFD
- MISSICNS SUCH AS SKUTTLE, LARGE SPACE TELESCOPE, SPACE
b STATIONS/PLATFORMS, TDRS, EARTF C(BSERVATCRY SATELLITE, HIGH ENERGY
v ASTRGNOMY NBSERVATGRY, CRBITING SCLAR OBSERVATORY, EARTH RESCURCES
TECHNOLOGY SATELLITE, SYNCHRONOUS EARTH OBSERVATICONAL SATELLITE, ETC.
i _ THESE ARE PRESENTLY BEING PRCGRAMMEC FOR THE 1979-1990 TIME FRAME AND
P DEFINE THE IMPACT OF THESE SUPPORT REQUIREMENTS ON NETWORK RECEIVING _ :
AND TRANSMITTING SYSTEMS, THE NETWCRK CCNTROL CENTERS, AND REMOTE SITE =
S et _ COMPUTER AND CATA HANCLING SYSTEMS. 3
¥ / DATA SYSTEMS/ GROUND SUPPORT EQUIPMENT/ SPACE SHUTTLES/ SYSTEMS
ENGINSERING/ TCR SATELLITES/ TRACKING NETWORKS

. GE IS
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T4WT70725 310-3C-21
ADVANCED NZTWORK PLANNING
UNDZRWUNDy Co He 3C1=-6€82-2357

NATTIONAL ATRCNAUTICS ANC SPACE ACMINISTRATION, GODDARD SPACE FLIGHT

CENTER, GREENBELTy MD.

THIS TASK ADDRESSES THE TCTAL SCOPE (OF PRUBLFMS wHICH ARE RELATED TC
THF TECHNTIC AL INTEGRATICN OF THE STACAN AND THE MSFN INTGC THE STDON AND

THE OEVELDPMEINT IF PLANS, PRCGRAMS, AND TECHNIQUES REQUIREDL TO UPDATE
THE NETWNRK. THIS TASK WILL EMPHASIZE THOSE AREAS WHICH MAXIMIZE THE
EFFECTIVENESS 0OF THE SUPPCRT PRNOVIDED AND INCKEASE THE COST
EFFECTIVENFSS OF THE TOTAL NETWORK. AUVANCEC AND STATE COF THE ART
TFCHNIQUES WILL BE IDENTIFIED AND THEIR POTENTIAL IMPACT UPCN TrE
NETWNRK wILL BEZ EVALUATED ALCNG WITEH THEIR MISSIGN SUPPORT
CAPABILITIZS. SPECIFIC OBJECTIVES CF THIS TASK WHICH WILL AFFECT ALL
ELEMENTS 0OF THE NETWORK, INCLUCING RENMJITE SITES AND CATA HANCLING
SYSTEMS, AKE IDENTIFIED IN THE FCLLCWING BROAC AREAS (1) INTEGRATICN
CF NSFN AND STADAN NETWGRKS, (2) TCRS IMPACT CN THE NETWORK, (3)
ADVANCED NETWORK SYSTEM SUPPORT/CCST TRADE-OFF DATA, (4) ADVANCED

. TELECCMMUNICATIONS SYSTEMS, ANC (%) TRACKING COVERAGE MODELING.

/ CATA SYSTEMS/ MANNED SPACE FLIGHT NETWORK/ RESUURCES MANAGEMENT/
STACAN (SATELLITE TRACKING NETWORK)/ TOR SATELLITES

o
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T4WT70720 310-2C-32
HFIGH RELIASILITY CONTROL SYSTENMS FOR ANTZMNAS

NATTONAL AERJNAUTICS AND SPACE ACMINISTRATICN. GUDDARLU SPACE FLICHT
CENTER, GRFENBELT, MD. ‘

CCNCENTRATION QF CATA ACQUISITICN RESPONSIBILITIES AND IACKEASING
JATA PANDWIDTHS RESULTING FRCM RECUCTICN IN THE NUMBER OF NETWIRK
STATIONS ARE PLACING GREATER L0OADS CN THE NETWCRK LINKS. THLS, THE CCST
CF LINK DOWN TIME IS INCREASEC, REGQUIRING A CCRRESFCNDING TNCREASE IN
LINK RELIABILITYe. THE ANTENNA CCNTRCL SYSTEM IS ONE OF THE FEW
COCMPONENTS TO WHICH RTCUNCANCY CANNCT BE ECCNCMICALLY APPLIEC. IN
ACDITION, LINK DOwWN TIME DUZ TO ALICNMENT REQUIREMENTS AND RCUTINE
MAINTENANCE HAS TO BE MINIMIZEC. AT THE SAME TIME A RECUCTICN IN

MATNTENANCE AND DPERATION (M AND C) MANPOWER IS HIGHLY DESIRABLE. ABCVE

NBJECTIVES ARE MET BY THE TASKS IN THIS RTOP. THE COMPUTER CCNTRCLLED

_ ANTENNA SYSTEM HAS DEMCNSTRATYEC A POTENTIAL FOR MARKED REDUCTIGN IN (WM

AND Q) MANPOWER AND THE FUNCTICNS OF SEVERAL EQUIPMENTS HAVE BEEN
SUCCESSFULLY INTEGRATEC. THIS SYSTEM IS OPERATING EXPERIMENTALLY AT TrE
NETWORK TEST AND TRAINING FACILITY (NTTF) AND IT wILL SUPPORT T+E
STACAC SYSTEM, THE ACOUSTICAL ANALYSIS EQUIFMENT FUR DETECTING AND
IDENTIFYING INCIPIENT FAILURES IN FYDRAULIC AND MECHANICAL SYSTEMS HAS
BEEN INSTALLFD ON TEN NETWCRK AONTENNAS. IN ADDITIGN TO DIRECTYT SUPPORT
TO THE NETWORK, THESE INSTALLATIONS WILL PRCVIDZE FIELD DATA FOR FURTHER
EVALUATION AND ANALYSIS TELCHNIQUE DEVELOPMENT UNDER THIS RTCP. STUDY
EFFORTS IN PROGRESS WILL DEFINE THE DESIGN CHARACTERISTICS FCR A HIGH
ACCURACY CONTROL SYSTEM WHICH IS REQUIRED FOR FUTURE ANTENNAS OPERATING
IN THE KU-BAND SUCH AS THE GRCUND STATICN IN SUPPURT OF THE TRACKING

AND CATA RELAY SATELLITE (TDRS).

/ ANTENNAS/ AUTOMATIC CONTROL/ SATELLITE TRACKING/ SERVCMECHANISMS/
SUPERHIGH FRFQUENCIES/ TCR SATELLITES

) - PAGE 4  (ITEM 8 JF 29)
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1WT0T719 310-20-31
A GRCUND ANTENNA FOR WIDEEAND CATA TRANSMISSIUN SYSTEMS
DODy Le Re 3C1-982-£131¢6

NATIONAL AERONAUTICS AND SPACE ACMINISTRATION, .GUCDARE SPACE FLIGHT
CENTER, GPFENBELT, MDe.

FUTURE ADVANCED SPACECRAFT SYSTEMS WILL TRANSMIT CATA TO THE GRUUNC
AT RATES MUCH HIGHER THAN THAT OF CURKENT OPERATIONAL SYSTENMS. THE
EARTH OBSEKVATION SATFLLITE (EOS) wILL TRAANSMIT HIGH RESOLUTICN COLOR
TV EITHFR DIRECTLY TO A GRCUNC STATICN GR VIA A TRACKING ANC DATA RELAY
SATELLITE (TDRS), THF TDRS WILL TRANSMIT SIGNALS FROM EUS AND CTHER
SATELLITES WHICH REQUIRED TOTAL TCRS BANDWIDTHS APPRUOACHING 1 GHZ.
EXISTING NASA GROUND STATIONS ARE NCT EQUIPPED FOR SUCH DATA RATES.
FUTURE WIDEBAND COMMUNICATION BY TCRS, ECS AND OTHER PROJECTS, REQUIRE
USE OF FREQUENCIES AT WHICH THE NECESSARY BANDWIDTH CAN BE ALLOCATED. 2
WIDEBAND (APPROXIMATELY 1 CGHZ) SYSTEM REQUIRES A HIGH PERFUCRMANCE

_ GROUND ANTENNA SYSTEM. EMPHASIS ON CVERALL SYSTEM EFFICIENCY WILL BE

ESSENTIAL TO AN ECCNOMICALLY FEASIBLE GROUND STATICN. IN PARTICULAR,
TECENIQUES AND COMFGNENTS WILL BE CEVELOPED WHICH YIELD RIGH EFFICIENCY
ANTENNA SYSTEMS, FFED SYSTEMS, AND LOw NOISE PREAMPLIFIERS. IN
ADDITION, DICHRQOIC SUBREFLECTOR TECHNIQUES PERMITTING SIMULTANEQOUS AND
EFFICIENT OPERATION OF AN ANTENNA AT DIFFERENT FREQUENCIES WITHCUT
DEGRADATION OF OVERALL PERFORMANCE CR FLEXIBILITY WILL BE REFINEC.
ANALYTICAL PROCEDURES AND CESIGN TCCLS WILL BE FURTHER DEVELCPED TO
SUPPORT THE SPECIFIC REQUIREMENTS OF THESE ACVANCED ANTENNA SYSTEMS ANC
THE GENERAL ANTENNA CEVFLOPMENT PRCGRAM,

/ ANTENNAS/ DATA TRANSMISSICN/ PARAMETRIC AMPLIFIERS/ TODR
SATELLITES/ WICEBANC CCMMUNICATION

T4WT70716 310-20-290

TRACKING AND DATA RELAY SATELLITE TECHNUOLOGY DeEVELOPMENT

CLARKYy Geo Qe 301-982-€221

NATIONAL AERIJNAUTICS ANC SPACE ACMINISTRATION. GUDDARDC SPACE FLIGKT
CEMTERy GRFENBELT, MD.

THE Twd OBJECTIVES. ARE (1) TQ PRGVIDE FOR THE SIMULATICN AND
PRELIMINARY DESIGN OF A TRACKING AND DATA RELAY SATELLITE SYSTEM TC BE
CEVSLCPMENT NFE THF TECHNOLCGY REGQGUIRED FUOR 'IMPLEMENTING A :
FIRST-GENERATIJIN TORSS BY 1677, VARIQOUS STUDIES, SIMULATIONS, AND MCODEL
FABRICATIONS wIltL B8E PERFURMED TG FSTABLISH THE PARAMETERS FCR A TDRSS,
WHILF CQTHER STUDIES WILL IDENTIFY AND PRCVIDE SCLUTICNS TCO PRCBLEMS
INHERENT IN THE SYSTEM, IN ADODITICN, TECHANCLOGY WILL BE DEVELCOPEL AS
REQUIRED FOR A FIRST-(GENERATICN TLCRSS.

/ STMULATION/ SYSTIMS ENGINEERING/Z TDR SATELLITES

T T e T Y-
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T3IWT0T717 150-22-32
HIGH REL IABILITY CCNTROL SYSTENMS FUR ANTENNAS
RAUMANN, N. A, 301-C£2-€579

NATIONAL AERONAUTICS ANC SPACE ACMINISTRATION. GUDDARC SPACE FLIGHT
CENTER, GREENBELT, MD.

CONCENTRATION CF CATA ACQUISITICN KESPCNSIBILITIES ANC INCPEASING
DAT A BANDWIDTHS RESULTING FRCM RECUCTICN IN THE NUMBER OF NETWCRK
STATIONS ARE PLACING CGREATER LOADS CN THE NETWORK LINKS. THUS, THE CCST
CF LINK DCWN TIME IS INCREASEC, REQULIKING A COKRESPCNDING INCREASE 1IN
LINK RELTABILITY. THE ANTENNA CONTRCL SYSTEM IS CNE OF THE FEW
COMPCNENTS TO WHICH REDUNCANCY CANNCT BE ECONOMICALLY APPLIED. IN
ADDITION, LINK DOWN TIME OUE TO ALICNMENT REQUIREMENTS AND. RCUTINE
MATNTENANCE HAS TO BE MINIMIZED, AT ThE SAME TIME A REDUCTICN IN

- MAINTENANCE AND OPERATICN (M AND O) MANPCWER IS HIGHLY DESIRABLE. ABCVE

OBJECTIVES ARE MET BY THE TASKS IN THIS RTOP., THE COMPUTER CCNTRCLLEC
ANTENNA SYSTEM HAS CEMCNSTRATEC A PCTENTIAL FOR MARKED REDUCTIGN IN (M
AND 0O) MANPOWER ANC THE FUNCTICNS OF SEVERAL EQUIPMENTS HAVE BEEN
SUCCESSFULLY INTFGRATEC, THIS SYSTEM 135 OPERATING EXPERINMENTALLY AT THE
NETWORK TEST AND TRAINING FACILITY (NTTF) AND PROTOTYPE DESIGN HAS
BEGUN FOR FY 73 OPERATION. IT WILL SUPPORT THE STADAC SYSTENM AT NTTF TC
BE INSTALLED IN THE SAME TIME FRAME. THE ACOULSTICAL ANALYSIS EQUIPMENT
FOP DETECTING AND IDENTIFYING INCIPIENT FAILURES IN HYDRAULIC AND
MECHANIC AL SYSTEMS IS BEING OR HAS BEEN INSTALLED CN TEN NETWCRK
ANTENNAS. IN ADDITICN 7O DIRECT SUPPORT TO THE NETWORK, THESE
INSTALLATIONS WILL PRQOVIDEZ FIELD CATA FOR FURTHER EVALUATICN AND
ANALYSIS TECHNIQUE CEVELGPMENT UNCER THIS RTOP. STuUDY EFFORTS IN
PROGRESS WILL DEFINE THE DESICN CHARACTERISTICS FOR A HIGH ACCURACY

_ CONTROL SYSTEM WHICH IS REQUIRED FOR FUTURE ANTENNAS OPERATING IN TrE

KU=-B8AND SUCH AS THE GRCUND STATION IN SUPPORT 0OF THE TRACKING AND DATA

RELAY SATELLITE (TCRS).
/ ANTENNAS/ DATA ACQUISITION/ GRCUND STATICNS/ SERVOMECHANISMS/ TCR

SATELLITES/ TELECOMMUNICATION

73W70709 : 150-22-20
TRACKING AND DATA RELAY SATELLITF TECHNOLOGY DEVELUPMENT
CLARK, Ga e ‘ 301-9E2-€221

NATIINAL AERONAULTICS AND SPACE ADMINISTRATICN. GUDDARD SPACE FLIGHT
CENTFR, GRFENBFLT, MD.

THE TwWwQ GBJECTIVES ARZ (1) TC PROVIDE FOR THE JEFINITICN OF A
TRACKING AND DATA RELAY SATSLLITE SYSTEM TC BT USED FOR SUPFCRT CF NASA
MISSIONS, AND (2) TC PRCVIDE FQR THE CRNDERLY CEVELJIPMENT OF THE
TECHNOLCGY REQUIREL FOR IMPLEMENTING & FIRST-GENERATIULN TDKSS 8Y 1977.
VARIOUS STUDI=S WILL BF PTRFORMED T0O ESTABLISH THE CKITERIA FOR A
JDRSS, WHILE COTHER STUCIES WILL LCCK FOR SNOLUTICNS TO PROBLEMS INFERENT
IN THE SYSTEM. IN ACDITICN, TECHNCLCGY wWwILL BE CEVELOPED AS RFQUIRED
FOR A FIRST=GENERATICN TCRSS.

/ DATA TRANSMISSION/ SATELLITE NETWORKS/ SATELLITE TRACKING/ TOR

L SATZLLITES/ TELECOMMUNICATIGN
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T3WT70539 ‘ 16€4-21-55

TRACKING AND DATA RELAY SATELLITE TECHNOLOGY DEVELGPMENT !
CLARKy Geo Qo 301-982-¢122) '

NATIINAL AERINAUTICS AND SPACE ADMINISTKATICN. GUDCARC SPACFE FLIGHT
CENTER, GREENBELT, MDD,

THE TWU O8JECTIVES ARE 1) TO PECVIDE FOK THE DEFINITICN CF A
TRACKING AND CATA RELAY SATELLITF SYSTEM YO BF USED FUK SUPFCRY CF NaSa
MISSTONS, AND 2) TO PRCVIODF FCR THE ORDERLY DEVELUPMENT OF THE
TECHNGLIGY REQUIRFD FOR IMPLEMENTING A FIRST GENERATION TDKSS BY 1977,
VARIOUS STUDIES WILL BE PSRFCRMEDR TC ISTABLISH THE CRITERIA FMNR A TDRSS
wWHILE OTHER STUDIES WILL LCCK FOR SCLUTICNS TC PROBLEMS INHERENT IN THE
SYSTEM. IN ADCITICON, TECHNOLLCGY hILL ©BE DEVELOPEZD AS REJQUIREC FOR A
FIFST-GENERATION TDRSS.

/ CATA TRANSMISSICN/ SATELLITE NETWCRKS/ TCR SATELLITES/
TELECCMMUNICATICN/ TRACKING NETWORKS

728 27523x ISSue 12 PAGE 187C CATEGORY 20 72/04/00 & PAGES

. UNCLASSIFIZD RNCUMENT

ATS F£0 PICNRER APPLICATICN CF SPACE TECHNILDGY.

(SPLCF TECHNOLOGY APPLICATIGN TG ATS F AND G PRJIGRAM, DISCUSSING
FIGH PCOWER REQUIREMENTS, PARAPOLIC ANTENNA DESIGN, TRACKING ACCURACY
AND GRCUND STATICN SIMPLIFICATICN) : :

A/GFRAWIN, H. A/(NASA, GCDCARD SPACE FLIGHT CENTEK, GREENBELT, M[.)

JOUFNAL OF ENVIRCNMENTAL SCIENCES, VOL. 15, MAR.~APRes 1972y Pa

/7*APPLICATIONS TECHNOLOGY SATFLLITES/*SATELLITE

_ ANTENNAS/*SPACRCRAFT CESIGN/*TECHNCLUGY UTILIZATIUN/ ANTENNA DESIGN/

DIRECTINNAL ANTENNAS/ GROUND STATICNS/ PARABGCLIC ANTENNAS/ PChER GAIN/
SYNCHRONDOUS SATELLITES/ TDR SATELLITES

T2NT0656% NASA=-TM=-X-567552 63/11/00 387 PAGES UNCLASSIFIED

. DCCUMENT

GSFC-MAPK 1 TRACKING AND CATA RELAY SATELLITE (TDRS) SYSTEM CONCEPT,

VCOLUME 1
NATIONAL AERONAUTICS AND SPACE ACMINISTRATICNS GOGCARC SFACE FLIGHT

"CENTE®, GREENBELT, MC.

/%COST EFFECTIVENESS/*RZAL TIME QPFRATICN/*TDR SATELLITES/ GRCUNC
STATICNS

PACE 7 (ITeMS  Ya= 0 In 5 1%
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TIN2BRES®E  1SSUF 19 PAGE 2345  C/TEGCGRY 31 NASA-CR-133973
S[-73-5A-0C36-5  NAS9-12909  73/CE/C0 11T PAGES LNCLASSIFIEC
(LCCUMENT . :

GECSYNCHRINOUS PLATFORM NEF INITICN STUDY. VOLUME 6 ° LECSYNCHFONUbS
PLATFCRM SYNTHESTS . :

(PLATFGRM CONFIGURATICNS, SUPPGRT SUBSYSTEMS, MISSICN EGLIPMENT, AND
SERVICING CONCEPTS CGEMFRATED IN GECSYNCHRUNCUS PLATFCARM DEFINITICN
STUDY) |

ROCKWELL INTZRNATICNAL CORP.y CCWNEYs CALIF.  (SPACE DIVa)
AVATLGNTIS  HO $18,00 :

/#SPACE PRNGRAMS/*STABILIZED PLATFURMS/*SYNCHRUNUOUS
SATELLITES/*SYSTEMS ENCINEERING/ SPACE MAINTENANCE/ SPACECKAFT
ELECTRONIC EQUIPMENT/ SPACECRAFT MCCULFS/ SPACECRAFT PGWER SUPPLIES/
TCE SATELLITES

7302784 1% TSSuUs 18 PAGE 221N CATEGORY 7 713/00/6U 6 FAGES
UMCLASSTFIFD LIOCUMENT
ACAPTIVE GROUND IMPLEMENTED. PHASE ARRAY -
(ACAPTIVE PHASED ANTENMA ARRAY SIMULATICN FOR UPTIMAL DESIGN CF
TRACKING CATA KELAY SATELLITE VERY HIGH FRECUENCY BEAM)
A/SPEARINGy Re Eo '
NATIONAL AERONALTICS AND SPACE ACMINISTRATIDN. GODDARD SFACE FLIGHT
CENTFR, GRFEENBELT, MC. :
IN ITS SIGNIFICANT ACCCMPLISHMENTS "IN TFCHNCL.y 1572 P 103-1CE
(St € N73-27814 13-34) '
/®*ANTENMNA ARRAYS/*CATA LINKS/*SIGNAL TC NOISE wATICS/%*TCR
SATELLITES/ COMPUTERILZLED SIMULATICAN/ GROUND BASTD CONTRCL/ PHASED
ARRAYS/ 2an]n FREQUENCY INTERFERENCE

723Nz2322%4  1SSUS 13 PAGE 1582  CATEGORY 21 NASA-CR-13C218
SC-73-54-2718-3-V0L=3  NAS5-21705  73/C4/00 132 PAGES  UNCLASSIFIED
CCCUMENT | .

TRACKING AND CATA RELAY SATELLITE SYSTEM CONFIGURATICN AND TRADZCFF
STUCYe VILUME 3 PART 2 SPACECRAFT CESIGA

(CESTGN, DEVEL!IPMENT, AND CHARACTEKISTICS OF SPACECRAFT SYSTENS ANL

VEOUIPMFNT USFD WITH TRACKING AND CATA RELAY SATELLITE SYSTEM - V(L. 2)

FINAL REPORT
A/HILLy To E.
NCRTH AMERICAN ROCKWELL CCRP.; CCWNEY, CALIF, (SPACE DIvV.)
AVRETLWNTIS HE 58,75
/*SATELLITE DESICN/*SPACEFRAFT COMMUNICATION/ *=S5PACECRLET
STRUCTURES/*TDR SATELLITES/ CATA TRANSMISSICN/ GROUND SUPPCKT
QU IPMENT/ SPACE CCMMUNICATICN/ SYSTEMS ENGINEERING
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L S0=73-SA=0018-2-V0L =2
S CCCUMENT ,
TRACKING AND CATA RELAY SATELLITE SYSTEM CONFIGURATICN AND TRADSCFF

PAGF 15€2 CATEGURY 31 NASA-CR-130217

TINZ22EB21 %4 I[SSuf 13
NA55-217C5 73/C4/00 251 PAGES UNCLASSIFILD

STUDY. VWELUME 2 PART 2 TELECOMMULNICATIONS CESIGN
(CESIGN AND DEVFLOPMENT OF TELECCMMUNTICATICNS EGUIPMENT FCR USE WITH

TRACKING AND CATA RELAV,SATFLLITE SYSTEM =~ VCL. 2) FINAL REPCRT

A/HILLy Te o
NCKTH AMER ICAN RDCKMELL CORPa.y DCWNEY, CALIF. (SPACE Div,e)
AVAILWNTIS HC $14475
E TRANSMISSION/*TDkK

JACOMMUNICATION EQUIPMENT/*SATELLITE

SATELLITES/*TELFCOMMUNICATIION/ EQUIPMENT SPECIFICATICAS/ SATELLITE
CCNFIGURATIUNS/ SPACE COMMUNICATICN/ SYSTEMS ENGIANZERING

NASA-CR-~13021¢

ISsue 13 PAGE 1882  CATZGCRY 31
LNCLASS!FIED

TAN2Z2RZO%
NAS5-217C5 73/C£/00 170 PAGES

SD=73-54~-0918~1~VOL =1
DOCUMENT
TRACKING AND DATA RELAY SATELLITE SYSTEM CLNFIBURATILN ANC TRADECFF

STUDY., VOLUME 1 STUDY SUMMARY
{DESIGN, DEVELGPMENT, AND CHARACTYEKISTICS NF TRACKING ANC CATA RELAY

SATELLITE SYSTEZM - VOLe 1) FINAL REPORT

A/HILL,y To Fo
NORTH AMERTCAN ROCKWELL CCRP., DEWNEY, CALIF. { SPACE D1IV.)

AVATLWNTIS HC $10.50
/SATELLITE CONFIGURATIUNS/*SATELLITE TRANSVISSICN/*TDK SATELLITES/

CATA TRANSMISSION/ GROUND SUPPCRY EQUIPMENT/ RELIABILITY ANALYSIS/
SATELLITE NRATITS/ SPACE COMMUNICATICN/ SYSTENMS ENGINEERING

TIN228BU2*K ISSUE 13 PAGE 1580 = CATEGORY 31 NASA-CR~-130222
NASE-21704 73/24/01 165 PAGRS UNCLASSIFIED DOCUMENT

TRACKING ANN OATA RELAY SATELLITE SYSTEM CUONFIGURATICN AND TRADECFF
STUCY. VOLUME ¢ SPACE SHUTTLE LAUNCHED TDRSS. PART 2 FINAL
FEPORT, 22 AJGUST 1572 - 1 APRIL--1673

(CGNFIGURATION CATA AND ODESIGN INFORMATICN FOR SPACE SHUTTLE LAUNCH

. OF TRACKING AND DATA RELAY SATELLITE SYSTEM ~ VCL. 4)
HUGHES AIRCRAFT (0.4 EL SEGUNDC, CALIF. (SPACE AND COMMUNICATICNS

GROUP,) AVATLWNTIS HZ $11.75
/*¥RADIN RELAY SYSTEMS/*SATELLITE TRANSMISSIUN/*SPACE SHLTTLES/*TCR

N SATELLITES/ DATA TRANSMISSION/ SATELLITE NETWORKS/ SYSTEMS ANALYSIS/
TELECCMMUNICAT ION
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TIN22RO1*# [SSUF 13 PAGE 1579 CaTEGCRY 31 NASA-CR-130221
NASS=-21704 73/06/01 247 PAGES UNCLASSIFIED DUCUMENT

TRACKING AND CATA RELAY SATELLITFE SYSTEM CONFIGURATICN AND TRADECFF
STUNY. VOLUME 3 ATLAS CENTAUR LAUNCHED TDRSS. PART 2 FINAL
REPNRT, 22 AUGUST 1672 - L APRIL 1673

(DATA AND DESIGN INFORMATICN FGR ATLAS CENTAUR LAUNCHED
CONT“IGURATION OF TRACKING AND CATA RELAY SATELLITE SYSTVEM - VCL. 3)

FUGHES AIRCRAFT (O.y EL SEGUNEC, CALIF. (SPACE CCMMUNICATICAS
GROUP.) AVAILSNTIS HC $14.5C

/*ATLAS CENTAUR LAUNCH VEHICLE/*RADIO RELAY SYSTEMS/*SATELLITE

TRANSMISSION/*TDR SATELLITES/ CATA TRANSMISSION/ SATELLITE NETWCRKS/
SYSTEMS ANALYSIS/ TELECOMMUNICATICA

73N22800% # ISSUE 13 PAGT 1578 CATEGCRY 31 NASA-CR-120220
NASE-21704 73/04/01 305 PAGES UNCLASSIFIED OCCUMENT

TRACKING AND DATA RELAY SATELLITE SYSTEM CONFIGURATICN AND TRADECFF
STUDY. VDLUME 2 DELTA 2614 LAUNCHEC TDRSS, CCNFIGURATION 2. PART 2
FINAL REPORT, 22 AUGUST 1972 - 1 APRIL 1673

(CCNFIGURATION DATA AND OESIGN CEVCLUPMENT FCR DELTA 2914 LAUNCHEL
TRACKING AND DATA RELAY SATELLITE SYSTEM - VOL. 2)

FUGHES BAIRCRAFT CO.y EL SEGUNDC, CALIF. (SPACE CUMMUNICATICNS
GROUP.) AVAILWNTIS HC $17.25

/¥DELTL LAUNCH VEHICLE/*RADIC RELAY SYSTEMS/*SATELLITE

TRANSMISSTIAON/*TOR SATELLITES/ DATA TRANSMISSION/ SATELLITz NETWCRKS/
SYSTFMS ANALYSIS/ TELECOMMUNICATICN

T3IN227S9%# ISSUE 13 PAGE 1576 CATEGCRY 31 NASA-CR-130216
NASS=-217C4 73/04/01 8O PAGES UNCLASSIFIEDN DUCUMENT
TRACKING AND DATA RELAY SATELLITE SYSTEM CONFIGURATIGN AND TRACECFF
STUDY. VOLUMZ 1 SUMMARY. PART 2 FINAL,REPWRT, 22 AUGULST 1¢72 -1
APRIL 1973 ‘
; (CEVELOPMFNT OF TRACKING AND CATA RELAY SATELLITE SYSTEM CCNCEPT FCR
SERVICE OF LOW, MEDIUM, ANC HIGH CATA RATE USER SPACECRAFT = V(L. 1)
FUGHES AIRCKAFT CD., EL SEGUNDC, CALIF. (SPACE AND CCMMUNICATICAS
GROUP.) AVATLWNTIS HC $€.00
/*LATA TRANSMISSICN/*RADIO RELAY SYSTEMS/*SATELLITE
TRANSMISSION/*TDR SATELLITES/ SATELLITE NETWORKS/ SYSTEMS ANALYSIS/
. TELECCMMUNICATICN

_ T3N20185%# ISSuUE 11 PAGE 1255 CATEGORY 7 NASA-CR-130173
ASAC-PR2CG0Z2-6 NASS- 20110 711/C1/+CC 143 PAGES UNCLASSIFIEC
COCUMENT
A CHANNEL SIMULATOR CESIGN STUCY
(PROPAGATION PATH STMULATCR FOR CHANNEL BETWEEN TRKACKING AND CATA
REL AY SATELLITE ANC USER SPACECRAFT) FINAL REPUKT, JUN. - DEC. 1S7C
A/DEVITCy De Mes B/GOUTMANN, Mo Me; C/HARPER, Ko Ceo. o
MAGNAVOX COey SILVER SPRINGy MD. (GOVERNMENT AND INDLSTRIAL DIVel
AVATILWNTIS HC $S.25
- /*CHANNELS/*TDR SATELLITES/*WAVE PROPAGATION/ EARTH CRBITS/
 INDEPENDENT VARIABLES

PAGE 1C (ITEMS 22- 25 OF 36)
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T3IN1T191*# ISSUE 8 PAGE BHS8 CATEGORY 9 NASA-CK-130170 R-4403
NASS-20330 12/37715 248 PAGES ULNCLASSIFIED COCUMENT,

TDRS MULTIMODE TRANSPCNDSR PRCGRAM, PHASE 1 C=SIGN

(MULT IMODE TRANSPONCERS ©0R TRACKING AND CATA RELAY SATELLITES)
FINAL KEPNRT, 1 MAR, - 15 JUL. 1972

A/CNOSSENy, Re S

MAGNAVOX RESEARCH LABS.y TORRANCE, CALIF. AVAILNTIS HC $14.50

/*MOCULATICN/*RACIC FREQUENCY INTERFERENCE/*TDR
SATELLITES/*TRANSPCNDERS/*VERY HIGH FREQUENCIES/ AIRBCRNE EQUIPMENT/
ENGINEERING DRAWINGS/ REAL TIME CPERATICN

T3N1484 3% 4 ISSUE 5 PAGE 566 CATEGORY 30 NASA-TM=X-6613¢
X=551-72-372 72/CS/CC 52 PACES UNCLASSIFIED UUGCUMENT c
CNE WAY AND TWD WAY VHF RANGING SYSTEM PERFCRMANCE FOR TRACKING ANC
CATA RELAY APPLICATIONS
(CNF WAY AND TwO WAY VHF RANGING SYSTEM PERFORMANCE FGR TRACKING AND
CATA RtiLAY APPLICATICNS)
A/BRYAN, Je We; B/FILIPPI, Co Ao B/(MAGNAVOX CCa)
NATIONAL AERONAUTICS ANC SPACE ACMINISTRATIANG. GJDDARC SPACE FLIGHT

CENTER, GREENBELT, MD. AVAIL.NTIS  HC $4.75
SUBMITTED FOR PUBLICATICN
/*RANGEFINDING/*TDR SATELLITES/*VERY HIGH FREQUENCIES/ MATHEMATICAL :

MODELS/ RANGE AND RANGE RATE TRACKING/ ROOT-MEAN-SQUARE ERRCRS

T2N32181%4 ISSUE 23 PAGE 2058 CAYEGCRY 7 MASA-CR~-130056 G-1€1-5

- NAS5-1C797 70/C7/00 12 PAGES UNCLASSIFIED DCCUMENT--
MULTIPATH ERRAORS IN RANGE RATE MEASUREMENT BY A TORS/VHF = GRARR
(RANGE RATE ERRORS DUE TO MULTIPATH REFLECTICN FOR TDR SATELLITE)

- A/SOHN, S. Je
TELEDYNE ADCCM, CAMBRIDGE, MASS. AVAILLNTIS HC $3.0C
/*MULTIPATH TRANSMISSION/*RANGE AND RANGE RATE TRACKING/*TDR

. SATELLITES/ ERROR ANALYSIS/ OCEANS/ SPECULAR REFLECTION/ WATER

WAVES

T2N32180%*4 ISSuUL 23 PAGE 3(59 CATEGORY 7 NASA-CR-130C57 G-161=S
NAS5-10797 70/04/23 29 PAGES UNCLASSTFIED DOCUMENT :

MODIFICATIONS OF THE WICEBAND FM TORS SYSTEM

(BROADBAND FM SCHEME AND MOCIFICATION FOR TDR SATELLITE)

A/WACHSMAN, R, H,

TELEDYNE ACCCOM, CAMBRIDGE, MASS. AVAILWNTIS HC $3.50

/*BROADC BAND/*FREQUENCY MOOULATICN/*TDR SATELLITES/ MULTIPATH
TRANSMISSION/ RADIO FREQUENCY INTERFERENCE/ SPACECRAFT
- COMMUNICATION

i aitdaei iy
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T2N32179% 4 1SSUE 23 PAGE 3CHY CATEGARY 7 NASA-Cr=1424R) G=161-2
MASS~10797 69/12/2¢ 31 PAGES UNCLASSIFIFD DCCUMENT

MULTIPATH PERFORMANCE JF A TDRS SYSTEM EMPLOYING WIDLBAND FM VKHF
SIGNALS

(APPROXIMATION CF FFFECTS CF SPFCULAR RUFLFCTIUON MULTIPATE CN TDR
SATELLITE T0O USER LINK)

A/SOHNy Se Joi B/GHAIS, A. Fo

TELEDYNE ADCOM, CAMBRIDJGE, MASH,. AVATL.NTIS HC $3.7%

/*SPACHCRAFT COMMUNICATICN/=SPECULLR REFLECTIUN/®TCR SATLLLITES/
BRIJACBAND/ DATA PROCESSING/ FREQUENCY MODULATICN/ MULTIPATH
TRANSMISSION

T2M32178% 4 ISSUL 23 PAGE 3CSS CATEGUORY 7 NASA-CR=-13G055 G-1€1-F
NAS5-10797 70/11/060 339 PAGES UNCLASSIFIED DOCUMENT
MULTIPATH SIGNAL MOCFL DEVELCFMENT
(DEVELCOPMENT ANC USE OF MATHEMATICAL MODELS OF SIGNALS FROM TOR
SATELLITE) FINAL SUMMARY REPORT
A/GHAISy A, Fo3 B/WACHSMAN, Re Fo.
TELEDYNE ACCCM, CAMBRIDCE, MASS. AVATLWNTIS HC $4.CC
/*MATHEMATICAL MODELS/*TCR SATELLITES/ STIGNAL PKCCESSING/
SPACECRAFT COMMUNICATICN

CT2N32177%x4 ISSUE 23 PAGE 3C56 CATEGORY 7 NASA~-CR~130C54 G-161-4

'

¥

{

f

NAS5-10797  70/C7/CC 15 PAGES  UNCLASSIFIED DCCUMENT

MULTIPATH ERROR IN RANGE RATE MEASUREMENT BY
PLL-TRANSPCNDER/GRARR/TDRS

(RANGE RATE ERRORS OUE TO SPECULAR AND CIFFLSE MULTIPATH FOR TDR
SATELLITE)

A/SUHN, Se Je

TELEDYNE ADCOM, CAMBRIDGE, MASS. AVAIL.NTIS  HC $3.0C

/*MULTIPATH TRANSMISSICN/*RANGE AND RANGE RATE TRACKING/*SPECULAR
REFLECTION/*¥TDR SATELLITES/ ERROR ANALYSIS/ PHASE LCCKED SYSTEMS/
TRANSPONDERS/ WAVE SCATTERING

72N 28231 %4 ISSUE 19 PAGF 2535 CATEGCRY 9§  NASA-CR-130C97
ASAQ-PR2C026-4  NASS5-20209 71712762 183 PAGES UNCLASSIFIED
DOCUMENT : : } '

A PSEUDO-NOISE TRANSPONDER DESIGN FOR LOW CATA RATE USERS CF THE
TRACKING AND CATA RCELAY SATELLITE SYSTEM

(DESIGN AND OEVELOPMENT 7IF PSEUDC-NOISE TRANSPONDER FCR LCh DATA
RATF USERS OF TRACKING AND DATA RELAY SATELLITE SYSTEM) FINAL REPOFT

A/BIRCH, Jo N. _ L

MAGNAVIX COey SILVER SPRING, MD. (GOVERNMENT AND INDUSTRIAL DIV.)

AVAIL .NTIS HC $11.25

/*ELECTFONIC EQUIFMENT/*SPACE CCMMUNICATICN/*TDR
SATELLITES/*TRANSPCNDERS/ ANTENNA RADIATION PATTEKNS/ CATA
TRANSMISSINN/ FQUIPMENT SPEC IFICATICNS

ORICINAL PAGE IS
CEIOOR QUALITY

PAGE 12 (ITE¥S 30- 33 uF 29)
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72N25772%K  ISSUE 16 PAGE 2202  CATEGGRY 7 72/00/0C 5 PAGES
UNCLASSIFISD UNCUMENT

KU=3AND HIGH GAIN ANTENNA

(FOUR ELEMENT ANTENNA ARRAY AS GROUMD SUPPOXT FUKR SUPERMIGH
FREQUENCY DOWNLINK FRCM SATELLITE)

A/DEERKNSKI, Le Fa |

NATIONAL AFRONAUTICS AND SPACE ACMINISTRATION. GODDARD SPACE FLIGHT

" CENTER, GREENBEZLT, MC. AVALLONTIS HC $3.C0

IN ITS SIGNIFICANT ACCCYPLISHMENTS IN TECHNCL., GSFC, 167C P
74-78 (SEE N72-257%5 1€-30)

/*ANTENNA ARRAYS/*SATELLITE TRANSMISSICN/*SUPERHIGH
FREQUENCTIES/*TDR SATELLITES/ GRCUNC SUPPORT SYSTEMS/ NULTICHANNEL
COMMUNICATION

T2N22306%*# ISSUfF 13 PAGE 1730 CATEGORY 11 PAPER~T8 72/G60/00
10 PAGES UNCLASSIFIED DOCUMENT

STADAN AND CATA RELAY SATELLITE SIMULATICN (EMPHASIS CN THL
SCHEDULER)

(TWO COMPUTER PRCGRAMS TO )IMULATE OPERATICN OF STADAN AND DATA
RELAY SATELLITES)

A/KERNEy Bos; B/SHUSTERMANN, Ne.; C/PEASE, P. A/{(OPERATICNS RES.,

INC.); B/(OPERATICNS RES. INC.)
NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. GUDDARD SFACE FLIGHT

~CENTER, GREENBELT, MD. AVAILJ.NTIS 5 SOD $4.50 AS NAS 1-21 298

IN ITS SPACE SIMULATICN P 896-508 (SEE N72-2225C 13~11)
/*COMPUTER PROGRAMS/*COMPUTERIZSD SIMULATION/*STADAN (SATELLITE

. TRACKING NETWORK)/*TDR SATELLITES/ CCNFERENCES/ DATA SYSTEMS/ GROUND

STATIONS/ RADIC RELAY SYSTEMS/ SCHEOUL NG/ TELEMETRY

© T2N1208A%H TSSYE 3 PAGE 301 CATEGORY 7 NASA-CR~122295 ESL-TM239

NAS5-20228 71/C8/1G 99 PAGES UNCLASSIFIED DCCUMENT
CCMMUNICATINON PERFORMANCE CVER THE TDRS MULTIPATH/INTERFERENCE

" CHANNEL

(MCCELS APPLIED TU PREVICT COMMUNICATICN SYSTEM PERFORMANCE FCR
ATFCRAFT/TDRS AND METECROLIGICAL SATELLITE/TDRS RELAY)

AJJESNYy Je 5 B/GAUSHELLy Des C/SHAFT, P.

FSLy INCey SUNNYVALF, CALIF. (ELECTROMAGNETIC SY%TLMb LABS.)

AVPAILNTIS
/¥PERFNRMANCE PREDICTION/*SPACE COMMUNICATION/*TDR SATELLITES/

AIF CRAFT/ MCESTECROLOGICAL SATELLITES/ RADIO FREQUENCY INTERFFR‘NCE/ VEFY

FIGH FREQUENCIES
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_T2N12082%4  I1SSUe '3 PAGR 201 CATLODKY 7 NASLI=Cr=12229C 5=181-F
NAS5-20225  71/07/C0 211 PACSS  UNCLASSIFICD CUCUMINT .

DESIGN AND PERFORMANCE EVALUATICN ©F A WINEBAND FM SPREAC-SPECTRUM
. MULTIPLE-ACCESS SYSTEM,

(DESIGN AND EVALUATION OF wICEBAND FM SPREAC-SPECTRUM MULTIPLE
ACCESS SYSTEM WHICH PERFORMS ‘TRACKING AND CCMMUNICATIGNS FUNCTICNS CF
| TOR SATELLITE SYSTEM)  FINAL REPCRT, MAR. - JULe 1971
Fo A/WACHSMAN, R. H.; B/GHAIS, A. F.

Lo ADCOM, INCe, CAMBRICGE, MASS. AVAILNTIS
/*FREQUENCY MODULATICN/*MULTIPATH TRANSMISSION/*TDR SATELLITES/

" BROACEAND/ PHASE LOCKEC SYSTEMS/ RACIO FREQUENCY INTERFEKENCE/ SIGNAL
TC NOISE RATIOS

| ‘

g TIN15377#%  ISSUE 5  PAGE 772  CATEGORY 31  NASA-TM-Xx-65408
: - X=751-70-445 70/10/CC 10 PAGES  UNCLASSIFIED OCCUMENT
LINEAR REPEATER CESIGN FOR THE GSFC MARK 1 TRACKING AND CATA RELAY
SATELLITE
T (LINEAR REPEATER [CESIGN FOR TRACKING AND CATA RELAY SATELLITE
o ‘lﬁ SYSTEM) |
. A/HEFFERNAN, P. J. :
T : NATIONAL AZRONAUTICS AND SPACE ADMINISTRATION, LEWIS RESEARCH
’t CENTER, CLFVELAND, QHIC. AVAIL JNTIS ‘
i PRESENTED AT ThHE UMR-MERVIN Jo. KELLY CCMMUN. CONF.y ROLLA, MCay
5-7 0CT. 1970
/*RACID TELEMETRY/*REPEATERS/*SATELLITE NETWURKS/%SYNCHRCNCLS
SATELLITES/ CCMMUNICATION SATELLITES/ CONFERENCES/ LINEAR CIRCUITS/
NETWORK ANALYSIS/ RADIC FRFILENCY INTERFERENCE/ TDR SATELLITES/ VERY
FIGF FREQUENCIES

i

e el

, TIN14597%4  ISSUE 5  PAGE 77C  CATEGORY 31  NaSA-TM=-X-65¢00
X-751-70-361  70/1C/0C 14 PAGES  UNCLASSIFIED UOCUMENT
ﬂ? THE ATS-F/NIMBUS-E TRACKING ANC CATA RELAY EXPERIMENT
(ATS=F NIMBUS E TRACKING 8ND CATA RELAY LXPFRIM&NT)
A/HEFFERNAN, P. Jo3 B/PICKARD, k. He.
m: NATINMNAL AZRONAUTICS AND SPACE AFMINISTPATIUN.‘UDDDARF SPACE FLIGHT
CENTER, GRFENBELT, MD. AVAIL.NTIS
PRESENTZD AT ThHE TTHF ANN. AIAA MEETING AND TECH. DISPLAY,
I - HOUSTCN, TEX., NCT. 1870 o
; /%ATS &/%*DATA TRANSMISSICN/*MISSION PLANNING/*NIMBLS 5
SATELLITE/%SATELLITE NETWIRKS/#SATELLITE TRACKING/ EXPERIMENTAL CESICGN/
. PADIO PELAY SYSTEMS/ RAONGE AND KANGE KATE TRACKING/ RELAY SATELLITES/
SYNCHRONDUS SATELLITES/ TOR SATELLITES

Q PAGE 14 (ITEMS  37- 39 CF  39)
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TI1ME1388% I15SUE ¢4 PAGE 16C CATEGURY 30 E~-MSF-=310660 UNIVAC
1108 72/06/22 1 PAGES FCRTRAN 1V UNCLASSIFIED DOCUMENT

SATELLITE TRACKING PROGRAWM

(N-SUBSATELLITE TRACKING PRCGRAM DEALING WITH PROPOSED HEAQ-C
TRAJECTCRIFES, TRACKING STATICN CONFIGURATICN PERFORMANCE, AND DATA
MARNAGEMENT)

A/ROBERT SON

NATIONAL AERONAUTICS ANC SPACE ACMINISTRATION. MARSHALL SPACE FLIGHT
CENTER, HUNTSVILLFE, ALA. TCTAL CCST $1+,057.00 ;

NedAo MAN-MONTHS/MACHINE HOURS 0e5/1.0 N.A. ?

SHARING STATUS YES

/*DATA MANAGEMENT/*HEAO/*SATELLITE TRACKING/*TRACKING STATICNS/
EQUATIONS 0OF MOTION/ FCRTRAN/ RUNCE~KUTTA METHOD/ TRAJECTORY ANALYSIS/
UMIVAC 1108 CCMPUTER

71MS1162% ISSUE 2 PAGE 122  CATEGOFR 21 E-MSF~301200 IBM 7094
71/09/13 1 PAGES FORTRAN TV3 MARV U iCLASSIFIED UOCUMENT

HIGH ENERGY ASTRCNCMY UBSERVATCRY (rEAr) SIMULATICN

(CLOSED LNOP PERFORMANCE SIMULATICN OF ATTITUDE SENSING AND CCNTFOL
SYSTEM FOR HIGH ENFRGY ASTPONCMY CHSERVATIRY)

A/FUBERTSON

NATIONAL ASRONAUTICS AND SPACE ADMINISTRATION. MARSHALL SPACE FLIGHT
CENTER, HUNTSVILLE, ALA.  TCTAL CCST $16,823.00

Nob o MAN=MONTHS/MACHINE HIURS  ©.5/13C.0 MAY 1971 SHARING
STATUS  YES ‘ .

[#ATTITUDE CONTRCL/*CCMPULTERIZEC SIMULATICN/*FEECBACK
CIMNTROL/*HEAD/ FORTRAN/ IRM 7CS4 CCMPUTFR/ MAGNETIC FIELDS/ ‘
MATHEMATICAL MUDELS g

T3X786G6* NASA-CR~=-124336 LNSC-AGEG2T76-REV~1 NAS8-26492 71/05/21
<37 PAGES UNCLASSIFIED DUCUMENT GIivT.+ CONTR,
FIGH ENERGY ASTRONCMY OJBSERVATORY, MISSICNS A AND B, PHASE C/D.
APRENDIX 7 NRBIT ADJLST STAGE CATA :
AJEVERSON, Co T,
LOCKHEED MISSILES AND SPACS CO.y SUNNYVALE, CALIF
/*HEAQ/*SPACECRAFT COMPUNENTS/*SPACECRAFT DESIGN/ EWUIPNME
SPECIFICATIONS/ SPACECRAFRT CCONFIGURATIONS/ SYSTENMS ANALYSIS

TIXT86G5% NASA-TM=X=-69513 68/C0/00 61 PAGES UNCLASSIFIED ;
CCCUMENT NASA :
HIGH ENGRGY ASTRCNCMY DBSERVATCRY, PhASE C/D. STATEMENT CF WORK FCR
MISSIONS A ANLC 3
NATTONAL AERONAUTICS AND SPACE ACMINISTRATICN. MARSHALL SPACE FLIGHT
CeNTER, HUNTSVILLE, ALA.

/*HEAC/ESPACECKAFT CCMPONENTS/*SPACECRAFT
CONFIGURATIONS/®SPACECRAFT ELECTRCNIC FQUIPMENT/ GRUUND SUPPORT
CTQUIPMENT/ QUALITY CCNTROL/ RELIABILITY ANALYSTIS/ SYSTEMS
ANALYSTS

PAGC 1 (ITEMS 1- ¢ OF  u7)
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— T3X73681# AD~-303080L GIDEP—347.€5.00.00-S€-45 APL~CP-001 71/06/00

138 PAGES UNCLASSIFIED DOCUMENT GOVTe AGCY.
MAGNETIC ATTITUDE CCNTROL SYSTEM FUR HEAO FINAL REPORT
A/MOBLEY, Fo Fe; B/TOSSMAN, B. E.
APPLTIED PHYSICS LABes JCHNS HOPKINS UNIVe, SILVER SPRING, MDe
/¥ATTITUDE CONTROL/*REAC/*MAGNETIC CCNTFROL/*SCIENTIFIC SATELLITES/
GANMMA RAYS/ MAPPING/ ORBITAL MECHANICS/ X RAYS

T3XT70691% NASA-CR~130446 CAL-1173 NGR-33-C08~158 72/12/00 23
PAGES UNCLASSIFIED DCCUMENT NASA

MOSAIC CRYSTAL DEVICES FOR STELLAR AND SOLAR X RAY SPECTRCSCOPY AND
PCLARIMETRY SEMIANNUAL STATUS REPORT, 1 MAY - 31 0OCT. 1972

A/NCVICK, Re; B/ANGEL, Jo R. Pe; C/WEISSKOPF, M. Ce; OC/WOLFF, R.
Sa

COLUMBIA UNIV.y, NEW YORK. (ASTROPHYSICS LAB,.)

/¥PROTOELECTRICITY/*POLARIMETRY /%X RAY ASTRONCMY/*X RAY INSPECTICN/

i CRYSTALS/ GRAPHITE/ REAG/ RHCDIUNM

73X700509= NASA-CR~-12G608 T¥-223~1¢4 NAS8-2E€32

72/10/35 182 PAGES UNCLASSIFIED OOCUMENTY NASA

MAGNETIC TAPE RFCCRDER/REPROCUCER FOR THE HIGH ENEKGY ASTRCNCNICAL
CBSERVATORY PRIIGRAM FINAL REPORT

LEACH CORP.y AZUSA, CALIF. (CCNTROLS DIV,

/=HEAQ/*TAPE RECORCERS/ NMATHEMATICAL MODELS/ STRESS ANALYSIS/
SYSTEMS ENGINEERING/ TRADEQFFS

72X79346% NASA-TM=-X~£8584 SR~4 72/08/115 26 PAGES UNCLASSIFIED
DOCUMENT NAS A

FIGH ENERGY ASTRCNUMICAL CBSERVATORY (HFAO) EXPERIM&NT ACR=6 MASS.
PRGPERTIES (MSFC RESPONSIBILITY)

NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. MARSHALL SPACE FLIGHT
CFNTER, HUNTSVILLE, ALA. ,

/*XHEAQ/*MASS/*WEIGHT ANALYSIS/ TABLES (DATA)

12XT734 7% NASA-CR=127140 NAST7-811 72/05/25 48 PAGES
UNCLASSIFIED D ICUMENT NASA
SUBMITTAL OF DATA FINAL FLIGKT REPORT, HEQS- AZ
MCOUKNFLL-DIJUGLAS ASTRONALTICS CCey HUNTINGTON BEACH, CALIF,
/¥HEAQ/*TELEMETRY/ GRAPHS: (CHARTS) po

,72X77108¥ NASA-TM=-X-68495 71/0C/00 278 PAGES UNCLASSIFIED

COCUMENT NASA
HARCWART DEVELOPMENT PROPCSAL FCR THE HIGH ENERGY C(CSMIC RAY

. EXPERIMENT

A/JOPMESy J« Fe; B/BALASUBRAHMANYAN, V. Kei C/BUWEN, T.;
D/FUGGETT, Re Wei  E/PARNELLs To Ae3 o F/PINKAUy K C/(ARIZ. UNIVe)s

_C/tLA. STATE UNIV.):  F/(MAX PLANCK INST.)

NATIONAL AERUNAUTICS ANC SPACE ACMIMISTRATIONS. GODUARC SPACE FLIGHT
CENTER, GREENBELT, MD.
/*COSMIC RAYS/*FEAC/ MISSICN PLANMING

PaGE 2 (IT%NMS 5- 19 OF  8©T7)
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72X76683% NASA-TM=X-€8424 1-565-71-63-REV 71/07/00 40 PAGES
UNCLASSIFIED DOCUMENT NASA -

GODDARD SPACE FLIGHY CENTER SUPPCRT PLAN FOR HEAQ DATA PRDCESSING
AND MISSICN CONTRCL

NATIONAL AERONAUTICS AND SPACE ACDMINISTRATION. GODDARD SPACE FLIGHT
CENTER, GREENBELT, MD,

/*HEAD/*MISSICN PLANNING/*SATELLITE CONFIGURATICONS/ DATA
ACQUISITION/ DATA PROCESSING/ URBIT CALCULATICN/ SATELLITE CRBITS

T2X716672% NASA-CR=-126733 LMSC-AGR9CC3 71/04/15 255 PAGES
UNCLASSIFIED DOCUMENT NASA

SUMMARY CATA PACKACE FUR THE FEAQ ADJUST STAGE AND ASSOCIATED
HLFCWARE CEFINITICN

LOCKHEED MISSILES AND SPACE COey» SUNNYVALE, CALIF. (SPACE SYSTENS
CIVed

SPONSORED HY NASA

/*HEAC/*SPACECRAFT CCHAPONENTS/ ENGINEERING DRAWINGS/ GRAPHS

(CHARTS)/ PAYLOADS

T2XT76231* NASA-CR=-12¢€576 NASB-28347 72/02/11 76 PAGES
UNCLASSIFIED DOCUMENT NAS4
FEAQ-A PRELIMINARY CYNAMIC LOAD ANALYSIS
A/BROWNE, Re A,
TPW SYSTEMS GRCUP, REDINDC BEACH, CALIF,.
/EENVIRCAIMENTAL TESTS/*HEAQ/*VIERATIGCN/ ACCELERATICN (PHYSICS)/
MOISE (SOUNDY/ SHOCK

T3X10321%# ISSUE 7 CATEGCRY 9 NASA-TM-X-66249 X-T11-73-137
13/C5/G0 G PAGELS UNCLASSTIFIED CCCUMENT GOVYs+ CCNTR.

A SEVEMN-CHANNEL SCOPE SWITCH ANC MULLTIPLEXER

(CESIGN AND UEVELDOPMENT OF SEVEN CHANNEL QOSCILLUSCOPE SWITCH AND
MULTIPLEXER FIJR HIGH ENERGY ASTRCANCNY OBSERVATDRICS)

A/GAPRAHA, Ne M,

NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. GODDARC SPACE FLIGHT
CENTFE, GREENBFLT, MD.

/=ASTRUNIMICAL OBQERVATQRIES/*FEAO/*MULTIPLEXING/*OSCILLCSCOPES/
ELECTRCNIC EQUIPMENT/ EQUIVALENT CIRCUITS/ NETWORK ANALYSIS

PAGE E (ITEMS 11— 14 OF 387)
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f . 12X10365%# [SSue 3 PAGE 72 CATEGURY 11 NASA-CR-123658
i NS 3=-28347 72/94/CT  1C6 PAGES UNCLASSIFIED DUCUMENT NASA +

ey

o CONTR.
S PREL IMINARY DEFINITION STLOY OF HEAD MISSION A EXPERIMENT INTERFACE
S (SPACECRAFT INTERFACE SIMULATCR FOR VERIFICATIUN GF MECHANICAL,
? .7 LLECTRICAL, AND FLUIC INTERFACES BETWESN HEAQ SPACECKAFT AND
L L, TXPERIMENTS)  FINAL REPORT
! A/BELLOy Le Me; B/FURMAN, I. Le; C/JONES, Ae Wei O/KIRBY, Do C.j

3 b F/LINDNERy Je Wes F/MCYy, He Lae; C/STEVENSCNy Ceo UGes H/WALKERy Jeo ka3
ﬁ Dol 1/A400DSy Re We .

} i TRA SYSTEMS GROUP, REDONDC BEACH, CALIF.

- /EEXPER IMENTATICN/ *HEAN/ *SIMULATORS/ CHECKOUT/ GRUUND SULPPORT

& EQUIPMENT/ VIBRATICON

1

MCC-G2543-VOL-4~RZV-A MSFC-DRL-220 MA-CT78-Ul-VOL-4 NASB=-26790
ﬁ 71/12/00 187 PAGES UNCLASSIFIED COCUMENT GOVT. AGCY.
Lo f[ SHUTTLE NDRBITAL APPLICATICNS AND ReGQUIREMENTS (SDAK). VCLUME 4
i ]

% 72X10141*¢4 Issuc 1 PAGE 25 CATEGURY 130 NASA-CR-123521
o

SYSTEM ANALYSIS-MISSICN ODPERATICNS
(MISSION, OPERATIONALy AND SYSTEMS ANALYSES FOR SELECTED SORTIE ANC
LtUTCMATED SPACE SHUTTLE MISSICNS) FINAL REPCKT
MC D INNELL=DOUGLAS ASTRONALTICS CCey HUNTINGTCN BEACH, CALIF.;
MARTIN MARIETTA CORPe.y CENVFR,y, CCLCe; THRhy INCe, CLEVELANDy OhICa;
INTERNATIONAL BUSINESS MACHINES CORP.y, ARMCNKy NoYs
PREPARED IN CCOPFRATICN WITH MARTIN-MARIETTA CORP.y DENVER, COLCa,
TFwy INC.y CLEVELAND, CHI'Jy ANC IBM CUORPay ARNMONK, No Yo
/*MISSICN FPLANNING/*SPACE SHULTTLES/%SYSTEMS ANALYSIS/ Htal/
FAYLOADS/ SPACE STATIGNS

| —

72X10125%# ISSufr 1 PAGE 22 CATEGORY 30 B7T1-11013 CASE=-236
NASW-&1T7 T1/11/716 1€ PAGES UNCLASSIFIED DOCUMENT olVTe AGCY.
USE OF THE SHUTTLE SORTIF MODE FCR COSMIC RAY ASTRUNOMY
(SPACE SHUTTLE SORTIE MODE FOR CCSMIC RAY ASTRONUMY EXPERIMENTS)
A/BPIGGSy Ge Ao
BELLCOMM,y INCaey WASHINGTCN, Dl.C. '
/=ASTRINOMY/*CUSMIC RAYS/*SPACE SHUTTLES/ EARTH ORBITS/ FLUX
(RATE)/ FEAQ/ SPECTRCMETERS

71 X10655%H# ISSUF 2 PAGL 151 CATEGORY 21 HMA=2065-19TRw=VCL=-3L
CRD-CM=-0508~VOL-3L NASA-CR-119807 CRL-182-VCL-3L NASB=-26273
71/04/23 102 PAGES UNCLASSTIFIED COCUMENT NASA + CUNTK. :

HEAD HIGH ENERGY ASTRONCMY OBSERVATURY. VLLUN: 3L - CCNFIGURAT!CA
; _ MANAGEMENT REQUIREMENTS FINAL REPCRT
a (CCNFIGURATION MANAGEMENT CF HEAQ HARDWARE AAD SOFTWARE = VCL. 3L)
' TRW SYSTEMS GROUP, REDONDC BEACK, CALIF. :
v - /*COMPUTER PROGRAMS/*HEACQ/*MANACEMENT PLANNING/*PROJECT
}1 MANAGEMENT/*SPACECRAFT CCNFIGURATICNS/ MANAGEMENT METHOOS/

CRGANIZATIONS/ POLICIES

S PN
{
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TIX10694* 4 [SSUE 3 PAGE 180 CATcGCRY 31 HAA-2065~-10TRW=-VCL =31
CRD=-SA-015A-V3L-3] NASA-CR-L1GE817 CRL=-1R2-vaL-31 NASB-26273
71/04/23 59 PAGES UNCLASSIFIED DOCUMENT NASA + CUNTR.

HEAG HIGH ENERGY ASTRONCMY CBSFRVATUPY. VOLUME 31 - SYSTEM SAFETY
REQUIREMENTS COCUMENT  FINAL REPQRT

(HEAD SYSTEM SAFETY FNGINEFRING TO IDENTIFY SAFLETY HAZARCS DUPRING
CONCEPTUAL AND CESIGN PHASES - VOLe 31)

TRW SYSTEMS GRUL:UP, REDONDC BEACK, CALIF,

/*HAZARCS/*HEAQ/*SAFETY MANAGEMENT/ EDUCATICN/ SAFETY FACTCRS/

. SYSTEMS ENGINEERIMCG/ WARNING SYSTEMS

T1X106G3%4 ISSUE 3 PAGE 150 CATEGURY 21 HMA~2065=15TR w=-VCL~-3H
LRO=-LS5-090A-v0OL~3H NASA-CR-116G81¢ DRL-182-VvOL=-3H NASB-26273
71/236/23 190 PAGES UNCLASSIFIED COCUMENT NASA + CONTR.

HEAD HIGH ENZRGY ASTRONCMY OBSERVATURYe VOLUME 3H = LCGISTIC SUFRPCKT
FEGUTREMENTS COCUMENT  FINAL REPORT :

(LDGISTICS REQUIREMENTS TC SUPPIRT HFAD PRCJCCT THRUUGH CCEVELCPMENT,
TES Ty END OPERATION PHASES - VCLe. 3F)

TRw SYSTEMS GRUOUP, REDUONDIC BEACF, CALIF.

/*HEAC/*LOGISTICS/ LOGISTICS MANAGEMENT/ MAINTAINABILITY/ SPARE
PARTS/ SUPPORT SYSTEMS/ TEST EQUIPMENT/ TRANSPORTATION

T1X1C692%4 ISSUE 3 PAGE 150 CATEGORY 31 HMA=2065~14TRw=-VCL =30
LRL=-TM-144R-V0L~-3G NASA-CR-11S€2C DRL=-182-V0OL=3G NASB=-26272
71/04/23 374 PAGES UNCLASSIFIRED DUCUMENT NASA +: CONTR,

FEAD HIGH EMERGY ASTRONOMY OBSERVATUKYe VOLUME 3G - PRELIMINARY
MANUFACTURING REQUIREMENTS/PLAN FINAL REPORT

(PRELIMINARY MANUFACTURING AND FABRICATICN REQUIREMENTS PLAN FCR

CHEAQ SPACECFAFT EQUIPMENT AND GRCUNE EQUIPMENT - vGL. 306)

TRW SYSTEMS GRCUP, REDONDC RBEACE, CALIF.
/*FABRICATION/*GRCUND SUPPORT
EQUIPMENT/*HEAD/*MANUFACTURING/*SPACECRAFT CCMPCNENTS/ DOCUNENTS/
PRCDUCTION ENGINEERING/ PRCJECT PLANNING

71510661 %4 [SSuUE 3 PAGE 15Q CATEGORY 31 HMA=2065~13TRh=-VCL-3F
ORD-MD-010B-VOL=-3F NASA-CR-119€24 DRL-182-VOL-3F NASB=-26273 '
71/04/23 183 PAGES UNCLASSIFIED COCUMENT NASA + CONTR,

REAQ HIGH ENERGY ASTRONCMY OBSERVATORY. VOLUME 3F. - OPERATICNS
REQUIREMENT DUCUMENT FINAL REPQORT

(GROUND OPERATICNAL SUPPORT bYSTEM TO OPERATE HEAQ IN ORBIT AND TC

" PROCESS DATA - VOL. 3F)

TRW SYSTEMS GROUP, REDONDC BEACk, CALIF.
/*CATA PROCESSING/*GROUND NDPERATICNAL SUPPORT SYSTEM/*HEAQ/
" COMPUTER PROGRAMS/ GROUND SUFPORT EQUIPMENT/ 0G0/ TRACKING NETWORKS/
TRACKING STATIONS
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. DRD-SE-242-V0OL-38 HMA-ZOéSgTRh-VUL-3B DRL-182-VCL-3B NAS8-262173

_ TASKS FPEQUIREN FOR PHASE C AND O OF HEAO PROGRAM - VOL. 38B) 1

T e e e

T1X106G0%#4 ISSUE 3 PAGE 150 CATEGORY 31 HMA~2065-12TRwW=VOL-3E
CFC-RA-146A-VL-3F NASA-CR-11G£23 [ORL-182-V0OL~-3C NASB=262712
71/04/23% 157 PAGES UNCLASSIFIED COCUMENT NASA ¢ CECNTR.

HFAQ FIGH ENERGY ASTROICMY O3SERVATCORY. VOLUME 3E = PRELIMINARY
CUALITY PROGRAM REWUIREMENTS/PLAN FINAL REPORT

(PRELIMINARY QUALITY REQUIREMENTS PLAN FOR HEAJ PRCOGRAM - VCL. 3E)

TRW SYSTEMS GROUP, REDCNDC BEACH, CALIF.

/*¥HE AD/ #MANAGEMENT PLANNING/*QUALITY CCNTROL/ COST EFFECTIVENESS/
PROJECT MANAGEMENT/ SYSTEMS ENCINEERING

TIX10689%g ISSUE 3 PAGE 149 CATEGORY 21 HMA=2065-11TRWw-VCL~-3D »
CRD-RPA-145A-VOL=-3D NASA-CR-116822 DRL-182-vOL=-3D NASB=-262173
71704723 110 PAGES UNCLASSIFIFD COCUMENT MASA + CUONTR.

FEAD HIGH ENERGY ASTRONCMY (OBSSRVATORY. VCLUME 3D - PRELIMINARY
RELIABILITY PROGRAM RFQUIREMENTS PLAN FINAL REPOKT ’

(REQUIREMENTS FOR RELTABILITY ASSURANCE PROGRAM FOR HEAQ SPACECRAFT
- VCL. 3D)

TR¥ SYSTEMS GRCOUP, REDONDC BEACKH, CALIF.

/EHEAC/*QUALITY CONTROL/#RELTABILITY ENGINETRING/ CCMPUNENT -
RELTABILITY/ CNST EFFECTIVENESS/ SPACZCRAFT CCMPONENMTS

TLX106t8*4 ISSUE 3 PAGE 143 CATEGORY 31 HMA4=-2065~-10TRW-VCL=~3C
CED-TM-1463A-y7L-3C NASA-CR-116821 CRL-182-v0OL-3C NASB-26213 '
T1/04/23 3466 PAGES UNCLASSIFIED TOCUMENT NASA + CONTR.

FEAC HIGH ENERGY ASTRONCMY 0OBSERVATORY. VOLUME 3C -~ PRELIMINARY TEST
REWUIREMENT S/ PLAN FINAL REPORT

(POGLICIES AND NBJECTIVES CF YEAG TEST PROGRAM FOR PHAS: C/D - vCle.
2C)
TRW SYSTEMS GROUPs REDONDC BEACH, CALIF.

/*HEAQ/*POLICIES/*TESTS/ CCMPLTER PROGRAMS/ PROJECT

PLANNING

TIX1C68T*4# ISSUE 2 PAGE 149 CATEGORY 31 NASA-CR-1198169

71/04/23 248 PAGES
UNCLASSI FIED DOCUMENT NASA + CCNTR,
HEAD HIGH ENERGY ASTRONCMY OBSERVATORY. VOLUME 3B - ENGINEERING AND

DEVELOPMENT REQUIREMENTS FINAL REPCRT
(SYSTEMS SNGINEERING, CESICN ENGINEERING, AND SUPPORTING ENGINEERING

TRW SYSTEMS GROUP, REDONDC BEACH, CALIF.
/*HEAQ/*SPACECRAFT CESIGN/*SYSTEMS ENGINEERING/ ELECTRONIC
EQUIPMENT/ LOW COST/ RESEARCH AND CEVELCPMENT/ SAFETY
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TLX10686%4 ISSut 3 PAGE 149 CATEGORY 31 NASA-CR-119806
DRD=-MA-0R3D-VOL-3A +M2-20653TRW-VIL-3A DRL-182-VOL-3A NASB=-262T73
T1/04/23 198 PAGES UNCLASSIFIEC COCUMENTY NASA + CONTR,

FEAD HIGH ENSRGY ASTRGONCMY OBSERVATURYe VCLUME 3A - PROGRAM
MANAGEMENT REWQUIREMENTS FINAL REPCRT

(PRCJECT AND DATA MANAGEMENT REQUIKEMENTS FOR HEAOQ PRCGCRAM - VGL.
3p)

TRW SYSTEMS GROUP, REDCINCC 3EACH, CALIF.

/*DATA MANAGEMENT/*HEAC/*PRJIJECT MANAGEMENT/ MANAGEMENT PLANNING/
SPACECRAFT COMPONENTS/ SYSTEMS ENGINEERING

71X1C685%¢# ISSUE 3 PAGE 149 CATEGORY 31
HMA-2065-5TRW-V-2-SECT-6/7/8/3 NASA-CR-11G8(U9
CRL-182-VOL~-2-SECT-6/7/8/9 NASB8-2¢€273 71/04/23 68 PAGES
UNCLASSIFIED DOCUMENT NASA + CCNTR,

FEAN HIGH ENERGY ASTRONCMY OBSERVATURYe VOLUME 2 - TECHNICAL
CESCPRIPTIAN/DESIGN CEFINITICN AND ENGINEERING. StCTIGN 6 - RELIABILITY
ASSESSMENT. SECTION 7 - FISH RISK AND LONG LEAC ITEMS. SeCTICN 8 -

© COST ANALYSIS AND TRADEOFFS DATA. SECTION S - SUPPURTING KESEARCH AND

TECENOLOGY
(SUBSYSTEM RELTABILITY, HICH RISK/LUNG LEAD ITEMS, TRADECFFS, COST

" ANALYSIS, AND SUPPORTING RESEARCH AND CEVELCPMENT - VOL. 2 - SECTS.

6-9)
TRW SYSTEMS GROUP, REDCNDQO BEACH, CALIF,

/*COMPONENT RELIABILITY/*C0OST ANALYSIS/*HEAQ/*RESEARCH AND
DEVELOPMENT /*SPACECRAFT COMPCNENTS/*TRADEDFFS/ ATTITUDE (INCLINATICN)/
PROPULSION/ RELIABILITY ENGIN‘ERING/ SYSTEMS ENGINEEKING/
TELECCMMUNICATION

T 71X106864%# ISSUE 3 PAGE 149 CATEGORY 21 NASA-CR~-119805

HMA -2065=TTRW=-VOL=2-SECT=5/5/7 DRL-182-VOL-2-SECT-5/5/17 NASB=-262T73

. T1/04/23 441 PAGES UNCLASSIFIED COCUMENT @ NASA + CONTR.

HEAQO HIGH ENERGY ASTRQNCMY OBSERVATORY. VOLUME 2, APPENDICES -
SECTIONS 5.5 THROUGH 7 FINAL REPORT '

(HEAO PHASE B SPACECRAFT CESIGN AND SYSTEMS ENbINEERING STUDY - VCL.

2 - APPENDIXES 5.5 THROUGH .71}
TRW SYSTEMS GROUP, REDONDC BEACH, CALIF.
/*HEAO/*SPACECRAFT CESIGN/*SYSTEMS ENGINEERING/ ATTITUDE CCNTRCL/

" FAILURE ANALYSIS/ METAL OXIDE SEMICCNDUCTORS/ SAFETY/ SPACECRAFT

COMPONENTS/ SPECIFICATICONS/ TAPE RECORDERS/ TELEMETRY

PAGE 7  (ITEMS 27- 29 9F 87)
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. T1X10683x# ISSUE 3 PAGE 148 CATEGORY 31 NASA-CR-115811

HMA<2065-6TRW=-VNIL=2=-SECT-1/5/4 DRL-182-VUOL~-2-SECT-1/5/4 NASB-262T73
71/04/23 518 PAGES UNCLASSIFIED COCUMENT NASA ¢ CUNTR.

HEAG HIGH ENERGY ASTRUNCMY GBSFRVATORY. VOLUME 2, APPENDICSES -
SECTIONS 1 THROUGH Se4  FINAL REPCKT

(HEAOQ PHAST 8 SPACFCRAFT CESIGN AND SYSTEMS ENGINEERING STUDY = VCL.
¢ — APPENLCIXES 1 THROUCH t.4)

TRW SYSTEMS GRGUP, REDONDC BEACh, CALIF.

/*HEAO/ *SPACECRAFT CESIGN/*SYSTEMS ENGINEFKING/ ARRAYS/ ELECTRIC
BATTERIES/ ELECTROMAGNETIC CCMPATIBILITY/ SOLAR CELLS/ TELENMCTRY/
TEMPERATURE CCNTROL

71X10682%4 ISSUE 3 PAGE 148 CATEGORY 231 N&SA=-CR=-119808
HMA -2065-4TRW=VOL-2-SECT-5 DRL-182-VOL=-2-SECT~5 NAS3=-26273 T1/04/723
665 PAGES UNCLASSIFIED POCUMENT NASA + CONTR.
HEAQ HIGH ENERGY ASTRONCMY CBSERVATORY. VOLUME 2 - TECHNICAL
DESCRIPTION/DESIGN DEFINITION AND ENGINEERINGe. SECTICN § - SUBSYSTEV

. DEFINITION FINAL REPORT

(SPACECRAFT SUBSYSTEMS ANLC CCMPCNENTS FCR HEAO - VOlLe 2, SECT. 5)

TRW SYSTEMS GROUPs REDINDC BzACH, CALIF.

/*HEAQ/ *SPACECRAFT COMPONENTS/ ATTITUDE CCNTKCL/ DATA SYSTEMS/
ELECTRIC POWER TRANSMISSICN/ PROPULSION/ SPACECRAFT POWER SUPPLIES/
TELECCMMUNICATION/ TEMPERATURE CCNTROL

T1X10681%# ISSUE 3 PAGE 148 CATEGORY 31 . NASA-CR-119815

_ HMA=-2065-3TRW=-VOL~-2~SECT-3/4 DRL-182-VOL-2-SECT-3-SECT-4 NASB=-26273
71704723 350 PAGES UNCLASSIFIEC COCUMENT NASA + CCNTR.

HEAO HIGH ENERGY ASTRONCMY OBSFRVATORY., VOLUME 2 - TECHNICAL

DESCRIPTION/DESIGN DEFINITION AND ENGINEERING. SECTION 3 - MISSICN AND

OPERATIGNS ANALYSIS SECTION 4 - TECHNICAL DESIGN/SYSTEM INTECRATICN
FINAL REPORT

(MISSION AND OPERATICNS ANALYSIS, SYSTEM CESIGN AND ANALYSIS, LAUNCH

" VEHICLE, GROUND SUPPORT EQUIPMENT, AND OPERATICNS PLANNING =~ VOL 2,

SECTS. 4 AND 5) ,

TRW SYSTEMS GROUP, REDONDC BEACH, CALIF.

/*GRCUND SUPPORT EQUIPMENT/*HEAC/*LAUNCH VEHICLES/*MISSICN
PLANNING/%SYSTEMS ANALYSIS/*SYSTENMS ENGINEERING/ ATTITUDE CCNTRCL/

. CPERATIONAL PROBLEMS/ TRADEDFFS

Pace @ (ITFMS 30— 32 JF  47)
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_ T1X1C6BO*# ISSUE 3 PAGE 148 CATEGURY 31 NASA~CR~11581¢«
HML <2065 -2TRW=-VOL ~2-SECT-1/2 DRL-182~-vOL=-2-SECT-1-SECT~2 NASB=262173
71/04/23 440 PAGES UNCLASSIFIEC COCUMENT NASA + CUNTR.
HEAO HIGH ENERGY ASTRONCMY UBSERVATORY. VOLUME 2 - TECHNICAL
DESCRIPTION/DESIGN DEFINITION AND ENGINEERING. SECTICON 1 -
INTRODUCTION AND SUMMARY, SECTICN 2 - EXPERIMENT REWUIREMENTS FINAL i
REPCRT
(TECHNICAL ODESCRIPTION, DESIGN DEFINITICN, AND EXPEKIVMENT
REQUIREMENTS FOR HEAD - VOL. 2, SECT. 1 ANC 2)
TRW SYSTEMS GRCUP, REDONDC BEACH, CALIF.
/*EXPERIMENTAL CESIGN/*HEAC/*SPACECRAFT CESIGN/*SYSTEMS
: : ENGINEERING/ COSMIC RAYS/ GAMMA RAYS/ PAYLOADS/ RELIABILITY ;
j ; ENGINEERING/ SYSTEMS ANALYSIS/ X RAYS

CTIX10679%# ISSUE 3 PAGE 143 CATEGORY 21
HMA~2065=1TTRW-SECT~1~SECT-2 NASA-CR-116816 DRL-FA-021A-SECT-1-SECT-2
TRW=-14997-6001-R0~00~-SECT-1/2 hEAC-372Z NASB=-26273 71/01/15 188

_ PAGES UNCLASSIFIEC DCCUMENT NASA + CONTR.

HEAD HIGH ENERGY ASTRONCMY OBSERVATURY. FACILITIES REQUIREMENTS
COCUMENT., SECTION I - FACILITIES LTILIZATION PLAN., SECTICN 2 - FACILITY
~ BUCGETARY DOCUMENT

f (FACILITIES UTILIZATION PLAN, BLDGETARY AND CRITICAL FACILITIES

b ' PLANNING DOCUMENTS FOR KEAOQ PRCJECT - SEC. 1 AND 2)

A TRW SYSTEMS GROUP, REDONDO BEACH, CALIF.

/*BUDGETING/*GROUND SUPPCRT EQUIPMENT/*HEAQ/*PROJECT PLANNING/*TEST

FACILITIES/ MANAGEMENT PLANNING/ SCHEDULES/ SYSTEMS

ENG INEERING

fovke i .

71X1067B%#%  ISSUE 3  PAGE 148  CATEGORY 21  NASA-CR=-119812
HMA=2065-1TRA-VOL-1 ORL-182-VOL-1-1TEM=2  NAS8-26273  71/04/23 %4
PAGES  UNCLASSIFISD DOCUMENT  NASA + CONTR.
FEAQ HIGH ENERGY ASTRONCMY OBSERVATORY. VOLUME 1 - EXECUTIVE SUMMARY
‘ FINAL REPART
b (PROJECT PLANNING AND SPACECRAFT DESIGN QF HIGH ENERGY ASTRCACMY
{ _ GESERVATNRY - VUL, 1y, SXECUTIVE SUMMARY)
-k ‘TPw SYSTEMS CRQUP, REDONDGC REACK, CALIF.
/*HEAG/*PROJECT PLANNING/*SPACECRAFT DESIGN/*SYSTEMS ENGINFERING/
, FNVIRCNMENTAL CONTRCL/Z GROUND SUPPCRT EQUIPMENT/ MISSTON PLANNING/
o PROJECT MANAGEMENT

TIXL06T72%# ISSuUt 3 PAGE 147 CATEZGORY 31 NASA-CR=-113382%

‘f_é DRD -MA-DR2D-U2-VOL -3 HMA~2055-5GAC~-VOL~3 DRL=-182-VOL-3 MA~0OB3IR-V(CL=-3

o MASB=262T2 TY/0£/00 337 PAGES UNCLASSIFIED DOCUMENT NASA +

it COMTR .

ik HIGH ENERGY ASTRONCMY DBSERVATDRY. VOLUMF 3 - PRUGRAM REQUIRENMENTS
/PLANS

(PROGFAM REQUIREMENT PLANS FOR +EAQ SPACECRAFT FPROGRAM - VCL. 3)
~ GRUMMAN AEROSPACE CORP., BETHPAGE, N.Y.

/*HEAC/ANASA PROGKAMS/*PRCJECT PLANNING/ COSTS/ LOGISTICS/ PROJECT
MENAGEMENT/ QUALLTY CONTROL/ RELIABILITY ENGINEERING/ SAFETY/ TEST
FACILITIES ORI aats, po,
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TIX106T1*4 ISSUE 3 PAGE 147 CATEGORY 31 NASA-CR-119828
DRC-MA-082-U2-VIL=-2-AFP HMA-Z0%5-4GAC-VOL=-2-APP DRL=182-VOL~2-AFF
NAS 8-26272 71/04/00 419 PAGES UNCLASSIFIED DOCUMENT NASA +
CCNTR.

FIGH ENERGY ASTRONCMY UBSERVATGRY. VOLUME 2, APPENDIX - DESIGN
CEFINITION/ ENGINEERING ANALYSIS FINAL REPURT

(HEAQ SPACECRAFT CESIGN AND SYSTEMS ENGINEERING STUDY = VOLe 24
APPENDIX)

GRUNMAN AEROSPACE CCRP., BETFPACE, NaY.

/*HEAQ/*SPACECRAFT CESIGN/*SYSTEMS ENGINEERING/ ATTITUDE CCNTRGCL/
CATA PROCESSING/ GRCUND SUPPORT EGUIPMENT/ $ELECCMMUNICATICN/
TELEMETRY/ WEIGHT (MASS)

T1X10670%4 ISSUE 3 PAGE 147 CATEGORY 31 NASA-CR=-119827

. DRD=-MA-082~-U2-VOL-2-PT-2 HMA-2(G55-3GAC-VOL~-2-PT-2 DRL-182-VOL-2-PT=-2

NASB-262T72 71704/00 €04 PAGES UNCLASSIFIED DOCUMENT NASA +
CONTR,

HFIGH ENERGY ASTRCNCMY OBSERVATORY. VOLUME 2, PART 2 - DESIGN
DEFINITIGN/ ENGINEERING ANALYSIS FINAL REPCRY

(HZAO SPACECRAFT STRUCTURAL ANC ENGINEERING DESIGN CRITERIA - VCLe.
29 PART 2)

GRUMMAN AEROSPACE CCRPey BETHPACE, NoY.

/¥HEAD/%SPACECRAFT CESIGN/*STRUCTURAL DCESIGN/%SYSTEMS ENGINEERING/
LAUNCH VEHICLES/ PAYLOADS/ STRUCTULRAL MEMBERS/ WEIGHT (MASS)

T1X10669%# I[SSUF 13 PAGE 147 CATEGORY 31 NASA=CR=-119825
DR =M£=-082-U2-VOL-2-PT-1 HMA-2055-2CAC-VOL=-2=-PT-1 DRL-182-VCL=-2-PT-1
NASB8-262T72 71/04/00 371 PAGES UNCLASSIFIED DOCUMENT NASA +

. CONTR,

HIGH ENCRGY ASTRCNCMY OBSERVATORY. VOLUME 2, PART 1 - DESIGN
DEFINITIGN/ ENGINEERINC ANALYSIS FINAL REPORT
(TECHNICAL ANALYSIS AND CETAILEC DESIGN CATA FUR HEAOQ - VCLe. 29 PART
1)
GRUMMAN AERQSPACE CCRPey BETHPACGE, N.Y,.
/*HEAC/*SPACECRAFT CESIGN/*SYSTEMS ENGINEERING/ COST ANALYSIS/
PEOJECT PLANNING/ SERVICE LIFE/ SPECIFICATIONS

7T1X10668%# ISSUE - 3 PAGE 147 CATEGORY 31 NASA~CR=-119826 :
LRO=-MA-082-U2-VL~1 HMA-2085-1CAC DRL-182-V0OL-1 NASB-26272 71/04/00
6 PAGES UNCLASSIFIED DOCUMENT NASA + CONTR,

HIGH ENER5Y ASTRCNCMY OBSERVATORY. VOLUME 1 - EXECUTIVE SUMMARY
FINAL REPOKT

(SPACECR AFT DESIGN AND MISSION EXPSRIMENTS FOR hIGH ENERGY ASTRCNCMY
CBSERVATORY PROGRAM = VOL. 1y EXECULTIVE SUMMARY) -

GRUMMAN AERNDSPACE CCRP+y BETHPAGE, NoY.

/*HEAQ/*MISSTON PLANNING/*SPACECRAFT BESIGN/ CCST RECUCTICON/ GAMMA

" RAYS/ TECHNOLOGY UTILIZATION/ TRADECFFS/ X RAYS
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« T1X1C470% [SSUE 2 PAGE G4 CATEGGRY 31 NASA-CR=-10306¢

-’

SMSC-PD=-1087-VOL-1 NASB8-20166 70/01/C0 327 PAGES UNCLASSIFIED
COCUMENT GOVT. AGCY.

FEASIBILITY STUDY OF A HIGF ENERGY ASTRONCMY OBSERVATORY /HEAC/
SPACECRAFT. VOLUME 1 - SUMMARY REFORT

(CONCEPTUAL CESIGN COF HIGH ENERGY ASTRCNCMY OBSERVATORY SPACECRAFT
- ANC SUBSYSTEMS - vOL. 1)

A/DUFFIE, Jo Mo B/WATSON, Re Cey JRo  (AAED, ABED.)

BROWN ENGINEERING CCes» INCaoy FUNTSVILLE, ALA, (SCIENCE AND

- ENGINEERING GROUP,)

/*HEAQ/ *SPACECRAFT CCMPONENTS/*SPACECRAFT DESIGN/ ASTRCACMY/
ATTITUDE COCNTROL/ ELECTRCMAGNETIC RADIATION/ GROUND BASEC CCNTRCOL/ LIFE
(DURABILITY)/ SPACECRAFT CCMMUNICATION/ TEMPERATURE CCNTROL/ WEIGHT
(MASS)

TIX1C1lGT*4 ISSUF 1 PAGE 44 CATEGORY 31 NALA-CR=103GC2
RED=-PD-1250 NAS8-260C3 7C/11/0C 99 PAGFES UNCLASSIFIEC COCUMENT
GOVT. AGCY.

EFFFCTS OF THE MAGNETIC SPECTRLMETER EXPERIMENT UN HEAU=-B AND HEAC-C
SPACECFAFT SUMMARY REPCRT

{EFFECTS NF MAGNETIC SPECTRCMETLR EXPERIMENT Cw UPEKATICN (F HEAC-G
AND HEAO-D SPACECRAFT)

A/DUFFIEy Jo Me; B/ROSNERy He Rei C/SCARBORUUGH, Jo M.

TELEDYNE BRUWN ENCGINFERING, HUNTSVILLE, AL2. (RESEARCH AND
ENG INEERING DFPT,)

/¥HEAQ/ *MAGNETIC SPECTRUSCCPY/*SPACECKAFT PERFCRMANCE/ FIELD CCILS/
GECMAGNETISM/ MAGNETIC MCHMENTS/ MAGNETIC SHIELDING/

TOR QUE
14 AT0651 188-46-64
ASTROPHYSICAL INVESTIGATICNS CN THE SPACE <HLTTL5
0PP, A. G 202-755-36C¢

NATIONAL AERONAUTICS AND SPACE ADMINISTRATIPNp WASHINGTCN,y DeCo

THE SPACE SHUTTLE REPRESENTS THE NEXT MAJOF DEVELULPMENT CF A FLIGHKT
CPPDRTUNITY IN HIGH ENERGY ASTROPHYSICS BEYOND HEAQ. THE CCNCFPTS ANC
PLEAMET ERS FOR THE NEXT CENERATICN CF SPACECRAFT INSTRUMENTATION HAVE
BFGUN TOU EVOLVE FRCM THE SPACE SHLTTLE WORKING GRUUP. MNST QCF THE
INSTRUNMEANTATICN EXISTS IN CONCEPTUAL FORM CNLY. IN OKDER T(O ASSURE THAT
THE INSTRUMENTS ARE CEVELOPEC AND TESTED ON A TIMi 5CALE CCMMENSURATE
WITH THE FLIGHT SCHECULES OF THE SKLTTLE, IT IS NECESSAKY T( BEGIN AT
THIS TIME THE SUPPORT CF SEVERAL INVESTIGATORS WHJ ARE INTERESTED IN
CAPRYING OUT SUCH INVESTICATICNS CN THE SHUTTLE. THZ FUNDS FPRCVIDEC
UNDER THIS RTOP WILL SUPPORT THE DEVELCPMENT OF VERY HIGH ENERGY

. CHARGED PARTICLE DETECTORS, LARGE CAMMA RAY DETECTURS AND THE STUDY (F

»w£, 

DISCIPLINE UNTQUE REQUIREMENTS,y WHICH MIGHT BE PLACED CWN A SHUTTLE
FACILITY.

/ ASTROPHYSICS/ GAMMA RAYS/ FEAQO/ RADIATICN COUNTEFS/ KACIATICN
CETECTORS/ SATELLITE-BCRNE INSTRUMENTS/ SPACE SHUTTLES

PAGE 11 (ITEMS 41- 43 0F 437)
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73A43116 ISSUE 22 PAGE 2S04 CATEGCRY 29 73/06/00 7 PAGES IN
FRENCH UNCLASSTFIED COCUMENT
THE ORIGIN OF COSMIC RACIATION

(GALACTIC NUCLEI, PULSARS AND SUPERNOVAE AS SOURCES OF PRIMARY
COSMIC RAYS FRCM GROUNC BASEC AND SATELLITE OBSERVATIONS, RELATING
CHEMICAL COMPOSITICN TO QRIGIN)

A/AUDOUZE, Jeo3 B/MENEGUZZI, M.
LA RECHERCFE, VOL. 4y JUNE 1672, P. 546-555., IN FRENCH.

/*CHEMICAL COMPOSITICN/*GALACTIC NUCLEI/*PRIMARY COSMIC
PAYS/*PULSARS/*SUPERNOVAE/ ABUNCANCE/ ENERGY SPECTRA/ HEAQ/ HEAVY ICNS/
HIGH ENEFRGY ELECTRCNS/ PARTICLE ACCELERATICN/ PROTIN ENERGY/ SATELLITE
CBSERVATICN

T3A254963% ISSUE 11 PAGE 13¢¢ CATEGORY 14 NASB8-26841 73/02/00
& PAGES UNCLASSIFIED COCUMENT :

A POSITTON-SENSITIVE X-RAY DETRECTOR FOR THE HEAU-A SATELLITE.

A/HELD, De3 B/WEISSKOPF, Mo C. B/Z(CCLUMBIA UNIVERSITY,; NEW YCRK,
MNeYe)

(IEFEy AEC, AND NASA, NUTLEAR SCIENCE SYMPOSIUM, 1G6TH, MIAMI, FLA.,
CECe 6-8, 1972.) IEEE TPANSACTIIONS CN NUCLEAR SCIENCE, VOL. NS-20, FEBe.
1973, P. 140-1¢4,

/*HEAC/ *PROPORTIONAL COUNTERS/*RACIATICN DETECTORS/*SATELLITE~BCRNE
INSTRUMENTS /%X RAYS/ ENERGY DISTRIBLTICN/ POSITICN INDICATORS/ SIGNAL
PROCESSING/ TELEMETRY

73A18Q16% ISSUE 6 PAGE 743 CATEGGRY 29 72/01/25 17 PAGES
UNCLASSIFIZD ONCUMENT

HIGH-ENERCY RADIATICNS FRCM™ SPACE.

(HIGH EMSRGY ASTROMCMY RESEARCH IN SPACE, DISCUSSING HEAC A ANC B,

" UV ASTRONOMY, X RAY ASTRCNOMY, GAMMA RAYS, CCSMIC RAYS, HOT STARS,

STELLAR EMERGY SOURCES AND RLEMENTARY PARTICLES)
A/STUFLINGER,y £ 43 /CAILEY, C. B/(NASA, MARSHALL SPACE FLIGHT

" CENTER, HUNTSVILLS, ALA4)

(NZW YORK ACADEFMY IF SCIZNCES, CONFERENCE NN PLANETOLOGY AND SPACE
MISSICN PLANNING, 3RDy NEW YCRK, N.Y.y OCT. 28-30, 1670.) NEW YORK
ACACEMY OF SCIENCESy ANNALS, V. 187y JAN. 25, 1672y P. 234-250.

/¥COSMIC RAYS/*GAMMA RAYS/*HEAC/*SPACEBCRNE ASTRONCMY/*X RAY
ESTRUONOMY/ ZLEMENTARY PARTICLES/ ENFKGY SCOUKCES/ HOT STARS/ STELLAR
SPECTRA/ ULTRAVIODLET SPECTRA
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. 73443116 ISSUE 22 PAGE 2904 CATEGCRY 29 73/06/00 7 PAGES IN
FRENCH UNCLASSIFIED COCUMENT
THE ORIGIN OF COSMIC RACIATION o
- (GALACTIC NUCLEI, PULSARS AND SUPERNOVAE AS SUURCES OF PRIMARY
COSMIC RAYS-FRCM GRQUNC BASELC AND SATELLITE OBSERVATIONS, RELATING
CHEMICAL COMPOSITICN TO GRIGIN)I
A/AUDDUZE, Jo.3 B/MENEGUZZI, M. : L
LA RECHERCFE, VOLe 4y JUNE 1572, P. 546-555. [IN FRENCH.
/*CHEMICAL COMPOSITICN/*CALACTIC NUCLEI/#*PRIMARY CGSMIC
RAYS/*PULSARS/*SUPERNOVAE/ ABUNCANCE/ ENERGY SPECTRA/ HEAO/ HEAVY ICNS/
HIGH EMERGY ELECTRCNS/ PARTICLE ACCELERATICN/ PROTON ENERGY/ SATELLITE

- CBSERVATICN
§ o . ,
: 73A25G63% ISSUE 11 PAGE 12¢¢ CATEGORY 1¢é NAS8-25841 73/02/00
i & PAGES UNCLASSIFIED COCUMENT
1 A POSITTON-SENSITIVE X-RAY DETECTOR FOR THE HEAO-A SATELLITE.
Y A/HELD, Des; B/WEISSKOPF, M. C. B/(CCLUMBIA UNIVERSITY, NEW YORK,
¢ ) N.Yo) : ' T
‘ (IEFE, AEC, AND NASA, NUCLEAR SCIENCE SYMPOSIUM, 1STH, MIAMI, FLA.,
CECe 6-8,y 1972.) IEEE TRANSACTIONS CN NUCLEAR SCIENCE, VOLe NS-20, FEB.
1973, P, 140-l¢4s,
/*HEAC/ *PROPNDRTIONAL COUNTERS/*RADIATICN DETECTORS/*SATELLITE<BGRNE
INSTRUMENTS /%X RAYS/ SNERGY DISTRIBLTICN/ POSITION INDICATORS/ SIGNAL
_ PROCESSING/ TELEMETRY
73A18016% ISSUE 6 PAGE 743 CATEGURY 29 72/01/25 17 PAGES
UNCLASSIFIZD DOCUMENT
HIGH-ENERCY RADIATICNS FRCM SPACE.
. (HIGH ENSRGY ASTROMCMY RESFARCH IN SPACF, DISCUSSING HEAC A AND B,
UV ASTRNNOMY, X RAY ASTRCNOMY, GAMMA RAYS, CCSMIC RAYS, HOT STARS,
STELLAR ENERGY SOURCES AND FLEMENTARY PARTICLES)
. A/STURLINGFR, £+ B/CAILEY, C. B/Z(NASA, MARSHALL SPACE FLIGHT
CENMTER, HUNTSVILLE, ALAL) - '
(NEW YORK ACADFMY OF SCIEZNCES, CONFERENCE 0ON PLANETOLOGY AND SPACE
_ MISSICN PLANNING. 3RDy NEW YCRKs NeYey OCTe 28-30, 1S70.) NEW YORK
ACACEMY OF SCIENCFS, ANNALS, VOlL. 187, JANs 25, 1672, Pe 234-250.
/*¥COSMIC RAYS/*GAMMA RAYS/*FEAC/%*SPACEBCRNE ASTRONCMY/*X RAY
LSTRONOMY/ ESLSMENTARY PARTICLES/ ENERGY SOUKCES/ HOT STARS/ STELLAR
SPECTRA/ ULTRAVIOLET SPECTRA ' ‘
e
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. T2£16932¢4 ISSUE 5 PAGE 610 CATEGORY 29 Al AA PAPER 73-197

737C1/60 10 PAGES UNCLASSIFIED COCUMENT

HFIGH ENFRGY ASTRCONOMY /DRYDEN LECTURE/.

(HIGH ENERGY /X RAY, GAMMA RAY AND CUSMIC RAY/ ASTRCNCMY RESFARCH
IMPACT ON ASTROPHYSICAL AND CCSMCLEGICAL MCDELS)

A/FRIEDMAN, H,. A/{UeSe NAVY, NAVAL RESEARCH LABCRATCRY,
WASHINGTON, DJC.) MEMBERSy $1.57; NCAMEMBERS, $2.00 s

AMEFTCAN INSTITUTE CF AERCNAUTICS AND ASTRCNAUTICS, AEROSFACE
SCIENCES MEFTINGy 11THy WASHINGTCN, DeCey JAN. 10-12, 1973, 10 Pe

/*ASTRONDMICAL MODELS/*ASTRIPHYSICS/*COSMIC RAYS/*CCSMCLOGCY/*GAMMA
RAYS/%X RAY ASTROMOMY/ CIFFUSE RACTATIUCN/ GALACTIC CLUSTERS/ HEAC/
NEUTRON STARS/ QU# SARS/ RACIATICN SCURCES/ RACIO GALAXIES/ SPACEBORNE
ASTRONUMY/ SUPERNCVAE

T3£11203 ISSuUz 1 PAGE 112 CATEGORY 31 T1/00/00 20 PAGES
UNCLASSIFIED COCUMENT :

SPACE ASTRCONOMY-CEVELOPMERATS IN THE SIXTIES TC SCIENTIFIC
ACHIEVEMENTS IN THE SEVENTIES,

A/STAMONSy €, P A/(GRUMMAN AERQSPACE CORP., BETHPAGE, N.Ye)

IN " INTERNATIONAL SYMPOSILM TN SPACE TECHNOLCGY AND SCIGENCE, SGTH,
TOKYCy JAPAN, MAY 17-22, 1671, PROCEELINGS. (A73-11101 01-31) TGKY(C,
AGNE PUBLISFKFING, INC.y 1571, P. 1C3G-1058. '

/*HEAQ/*QAN/*SPACEBCRNE ASTRCNCNY/*SPACEECRARNE TELESCCPES/
ATMOSPHERIC ATTENUATICON/ CCSMIC RAYS/ GAMMA RAYS/ NASA PROGRAMS/ SPACE
SHUTTLES/ ULTRAVIOLET SPECTRCSCOPY/ X RAY ASTRCNCMY

T2A455L0% ISSUE 24 PAGFE 34C4 CATEGORY 14 NASS-T8CL 72/00/00
10 PAGES UMCLASSIFIELC DOCUMENT

HIGH ENERGY PARTICLE ASTRCONCMY, ,

(CHARGED AND NEUTRAL COSMIC RAYS RADICACTIVE 'ISJTUPEZ AND MCMENTUM
DISTRIBUTINN MEASURING TECHNIQUES IN HIGH ENERGY PARTICLE ASTRUNOMY
CBSERVATORIES /FHEACY) ,

A/BUFFINGTONy Aej; B/MULLERy Rs As; C/SMITH,y L. He3 D/SMOCT,y Ge Fe

D/(CALIFORNIA, UNIVERSITY, BERKELEY, CALIF.) :

IN 2STRCNCMY FROM A SPACE PLATFCRM; PRCCEEDINGS UF THE SYMPCSIUM,
PHI LADELPHIA, PAs, CECEMBER 27, 28, 1971. (AT72-45526 24=30) TARZANA,
CALIFey AMERICAN ASTRONAUTICAL SCCIETY; UNIVELTY, INCey 1972, P.

289 -29&., oo

/*CHARGED PARTICLES/*COSMIC RAYS/*HEAO/*NEUTRAL
PARTICLES/*RADIQACTIVE ISOTIPZS/*SPACEBGRNE ASTRONOMY/ ANTIMATTER/
GAMMA RAYS/ HIGH ENERGY INTERACTICAS/ MCMENTUM/ PARTICLE ENERGY/
PROPORTIONAL COUNTERS/ RADIATICN MEASUREMENT/ RELATIVISTIC PARTICLES

PAGE 13 (ITEMS 47- 49 OF B87)
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. 12845539 ISSUE 24  PAGE 3446 CATEGORY 30 72/00/00 34 PAGES

UNCLASSIFIED COCUMENT
X-RAY ASTRCNOMY - RESULTS AND INSTRUMENTS,
(NASA X RAY SATELLITE UHURU ANC FEAQ-C INSTRUMz=NTS AND OBSERVATICAAL

" DATA CN SUPERNOVA RENMNANTSy PULSARS, EXTARS QUASARS, RACIU GALAXIES AND

GALACTIC CLUSTERS)

A/GURSKY,y H. A/(AVERTICAN SCIENCE AND ENGINEERINGy INCey CAMBRIDGE,
MASS.) ‘

IN ASTRONIIMY FKCM A SPACE PLATFCRM; PRCCEEDINGS UF TRE SYMPCSIUM,
PHI LADFLPHI A, PA.,, CECEMBEP 27, 28, 1971. (AT72-45526 24-30) TARZANA,
CALIFe, AMERICAN ASTRCNAUTICAL SCCIETY; UNIVELT, INCey 1972y P.
c55-288, :

/*HERO/*SATELLITE CBSERVATION/*SATELLITE-BORNE
INSTRUMENTS /*SPACEECPNE ASTRONCMY/*#CUHURU SATELLITE/*X RAY ASTRONCMY/
COSMOLOGY/ DIFFUSE RACTIATIGON/ CALACTIC CLUSTERS/ MILKY WAY GALAXY/ NASA
PROGRAMS/ PULSARS/ QUASARS/ RADIC CALAXIES/ SUPFRNCVAE/ X RAY
TELESCOPES

T2£45538=% ISSUE 24 PAGE 3453 CATEGORY 21} NASB-26842 72/00/C0
41 PAGE UNCLASSIFIED DUCUMENT o
' THE HICH ENERGY ASTPCNCMICAL CRSERVATARY.

{HEAC SATELLITE TO CARRY INSTRUMENTS REQUIRED IwW HIGH ENERGY
ASTROPHYSICS MISSIONSe DISCUSSING CBSERVATICNAL OBJECTIVES,
COCMFIGURATION AND EXPERIMENTS)

A/PETERSON, Lo E. ~ A/(CALIFORNIA, UNIVERSITY, LA JOLLA, CALIF.)

IN  ASTPONOMY FRCM A SPACE PLATFORM; PRCCEEDINGS UF THE SYMPCSITUMN,
PHI LADZLPHIA, PA,, CECEMBER 27, 28, 1571. (AT2-%45526 24-30) TARZANA,
CALIFey AMERICAN ASTRCNAUTICAL STCIETY; UNIVELT, INC., 1572, P.
2132-253,

/HREXPERIMENTAL DESIGN/*HEAC/*MISSICN PLANNING/*SATELLITE
CONFIGURATIONS/#SATELLITE-BORNE INSTRUMENTS/*SPACEBORNE ASTRONIMY/
ASTROPHYSICS/ COSMIC RAYS/ GAMMA RAYS/ HIGH ENERGY INTERACTICNS/
PELATIVISTIC PARTICLES/ SATELLITE CESIGN/ X RAYS

72245536 ISSuUE 24 PAGE 3446 . (CATEGCORY 30 72/00/00 8 PAGES
UNCLASSTFIED COCUMENT

UNUSUAL DIIBJECTS ANC HIGH ENERGY ASTRONUMY.

(RAGIATION PRESSURE SUPPURTED STARS, DEGENERATE DwARFS, NEUTRCN

 STARS ANC BLACK HOLES HIGK EAERGY CBSSRVATIONS FRCM SPACE PLATFCRMS)

A/OSTRIKER, Jo P. ; |
IN ASTRONIMY FRCM A SPACE PLATECRM; PRCCEEDINGS CF THE SYMPOSIUN,

. PHI LADELPHIA, PA., CECEMBER 27, 28, 1971, (A72-45526 24-30) TARZANE,

CALIF., AMFRICAN ASTRGNAUTICAL'SCFIFTY: UNTVELTy INC.y 1972, P.
189-196.

/*BLACK HOLES (ASTRONFMY!/*DNARF STARS/*hEAO/*NtUTR]h
STARS/*SPACEBORNE ASTRCNCMY/*X RAY ASTRONCMY/ GRAVITATIGNAL CFLLAPSE/
RADTATICN PRESSURE/ SPACEBORNE TELESCOPES/ ULTRAVIOLET RADIATION/ X RAY
TELESCOPES

PAGCE 14 (ITEMS 59— 532 OF 387)
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T2A4645202% 4 ISSUE 24 PAGE 2403 CATEGORY 14
UNCLASSIFIfED COCUMENT
PRECISTIN X-RAY TELESCOPES CN HFEAQD-C,.
A/7OATLEY, Co Co A/(NASA, MARSFALL SPACE FLIGHT CiNTER,
ALA,)

INTEPNATINNAL ASTRINAUTICAL FECERATICN, INTFRNATICNAL ASTRCNAUTICAL
COMGRESS,y 23RDy VIENNA, AUSTRIA, NCT., 8-15, 1972, PAPER. 32 P.

/HHEAC/ *HIGH RESOLUTICN/*SATELLITE-BORNE INSTRUMENTS/*SPACEBORNE
TELESCOPES/*X PAY ASTRCNCMY/*X RAY TELESCOPES/ ASTRUNOMICAL MAPS/ CRAB
NEBULA/ ENERGY SPECTRA/ INSTRUMENT ERRORS/ MISSIUN PLANNING/ MOUNTING/

OPTICAL EQUIPMENT/ FCINTING CCNTRCL SYSTEMS/ SCANNING/ TRANSIENT
RESPONSFE

72/10/00 32 PAGES

FUNTSVILLE

T2A337324 ISSUE 16 PAGE 2447 CATEGCRY 29 71/00/00 18 PAGES
UNC LASSTIFIED COCUMENT

THE HEAO SATELLITE PROPCSAL ON CHEMICAL AND ISOTOPIC CGMFOSITICN CF
PRIMARY COSMIC RAYS.

(FEAQ FXPERIMENT PROPOSAL FOR BE TU SN FLUX AND ENERGY SFECTRA AhC
Bt TO FE ISOTOPIC CCMPCSITION GF GALACTIC PRIMARY COSMIC RAYS) .

A/KOCHy Lo A/ (COMMISSARIAT A L*ENERGIE ATCMIQUE, CENTRE D'ETUCES
NUCLEAIRES DE SACLAYy GIF-SULR-YVETTE, CSSCNNE, FRANCE)

IN ISOTnPIC COMPGSITION CF THE PRIMARY COSMIC RACIATICN;
PROCFEDINGS JF THE SYMPOSIUM, LYNGBY, CENMARK, MAKCH 23-25, 1971.
(A72-23726 16-29) LYNGBY, DEANMARK, CANISH SPACE RESEARCH INSTITUTE,
1971y Pe 99-114; DISCUSSICN, P. 11¢-11¢€.

/XENERGY SPECTRA/#CALACTIC RACIATICN/%*HEAC/*1SCTOPE
CFFECT/=PARTICLE FLUX DENSITY/*PRIMARY CGSMIC R4aYS/ CHEMICAL

COMPCSITICN/ CONFERENCES/ INTERNATICNAL COOPERATICN/ NASA PROGRANMS/
SATELLITE-BOINE INSTRUMENTS

72425682 ISSuE 11 PAGE 1€30  CATEGORY 14 72702730 11 PAGES

. UNCLASSIFIZD CNCUMENT

ACVANCED X-RAY UBSERVATDR!ES.

(LAFGE GRAZING INCIDENCE X RAY TELESCOPE MIRRORS FOR FEAC-C MISSICN

GBS ERVATIONSy NOTING SINGLE STARS RESOLUTICN IN CLUSTERS AND GALAXIES
STubY)

A/GURSKY sy He A/ (AMERICAN SCIENCF AND ENGINEERING, INC., CAMBRIDCE,
MAS S.) N

(SYMPOSIUM ON ACVANCED ELECTRCNIC SYSTEMS FOR ASTKONCMY, SANTA CRUZ,

CALIF.y AUG. 31-SEPT. 2y 1671.) ASTRCNIMICAL SOCIETY OF “THE PACIFIC,
PUBLICATICNS, VOL. 84, FEB. 1S72, P, $9-1009.

/*GALAXIES/%HFAD/*STAR CLUSTERS/%X KAY TELESCUPES/ APOLLC TELESCCPE
MOUNT/ CONFERENCES/ COSMIC RAYS/ HICH RESCLUTION/ IMAGE INTENSIFIFRS/
~ LUMINOSITY/ MIRRORS/ PFOTGCNS/ PROPCRTICONAL CCUNTERS
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T2A 21215 ISSUF &R PAGE 1227 CATEGORY 29 72/02/14 3 PAGES
UNCLASSIFIZD DOCUMENT

HIGH ENEFRGY GAMMA RACIATICN FRCM THE REGICN OF CYGNUS- CASSIOPEIA.

(HIGH ENERGY GAMMA RACTIATICN INTENSITY FRCM GALACTIC PLANE IN
CYGNUS-CASSIOPEIA REGICN, USINGC BALLOON-BORNE TELESCOPE) !

A/BFOWNING, Re3 B/RAMSDEN, Dej: C/WRIGHT, Pe Je C/(SCLTHANMPTCN,
UNTVERSITY, SOUTHAMPTCN, ENGLAND) :

NATURE PHYSICAL SCIENCE, VCL. 23%, FEB. 14, 1672, P. 128-13C.
RES EARCH SUPPORTED BY THE SCTENCE RESEARCH CCUNCIL.

/P ALLCCN SOUNCING/*GALACTIC RACTIATION/*GAMMA RAYS/*RADIANT FLUX

DENSITY/ CASSINPEIA CONSTELLATICN/ CYGNUS CCNSTELLATICN/ HEAC/ X RAY
TELESCOPES

72A17891 ISSUE 6 PAGE E73 CATEGURY 29 72/02/Cl1 8 PAGES
UNCLASSTFIE D DOCUMENTY C '

POSSIBLE 0OBSE RVbTICN OF hIGF ENERGY GAMMA RAYS FRCM THE. CYGNUS
KEG ICN.

(HIGH ENERGY GAMMA RAYS FRCM CYGALS REGICNy USING BALLCCN FLIGHT
MEA SUREMENTS WITH SPARK CHAMBFR TELESCOPE)

A/NIEL, Me; B/VEDRENNEZ, Ge.3 C/BOUIGUE, R. B/( TOULCUSE,
UNIVERSITE, TOULOUSE, FRAVCE); C/(TOULQUSE, CBSERVATOLRE, TCULCULSE.,
FRANCE)

ASTROPHYSICAL JOURNAL, VCL. 171, FEB. 1y 1972, PT. 1, P. 529-536.

/*¥EALLOCN SOUNDING/*#CYGNUS CCNSTELLATICN/*EXTRATERRESTRIAL
RAD IATION/*GAMMA RAYS/ HEAG/ PARTICLE TELESCCPES/ SPARK CHAMBERS

72A15773# ISSUE S PAGE 712 ‘CATEGORY 320 72/01/00 5 PAGES:

-

-

UNCLASSIFIED DOCUMENT
RECENT PROGRESS AND FUTURE PRGSPECTS IN HIGH-ENERGY ASTRGNOMY.
(HIGH ENERGY X RAY AND GAMMA RAY ASTRCUNCMY FOR GALACTIC AND
EXTRAGALACTIC OBSERVATIONSs NOTING SAS SATELLITE AND HEAC PRCGRAM)
A/FRIEDMAN, H. A/{U.Se NAVY, £, O. HULBURT CENTER FCR SFACE
RESEARCH, WASHINGTON,y DeC.) _
ASTRONAUTICS ANC AERONAUTICS, VCL, 10y JAN. 1972, P. 24-28.
/*GAMMA RAYS/*HEAO/*SMALL ASTRCANOMY SATELLITES/*X RAY ASTRONCMY/
BACKGROUND RACIATICON/ EXTRATERRESTRIAL RADIATION/ GALACTIC RADIATICN/
RADIATION SOURCES/ SATELLITE CBSERVATICN/ SPACE SHUTTLES

T3N268T5# ISSUE 17 PAGE 2C86 CATEGORY 30 AC-T760364 AR-1
- NO0OOl4-67-A-0285-0016 NRL PRCJ. 0C173 72/01/31 33 PAGES ’
UNCLASSIFIED DOCUMENT B

DEFINITION STUDY CF X=RAY BACKCRCUND EXPERIMENT ON hEAOD- A

(X RAY BACKGROUND EXPERINENT CA FEAD-A) ANNUAL REPORT, 1 FEB. 1¢71
- 31 JAN. 1972 :

A/BLAKEs Re Le : - S

CHICAGO UNIV., ILL. (LABs FOR ASTROPHYSICS AND SPACE RESEARCH.)
AVATILNTIS

/*HEAQ/*X RAYS/ AEROSPACE ENVIRCNMFNTS/ RADIATION MEASURING

« INSTRUMENTS/ SYSTEMS ENGINEERING

FACF 1¢ (ITTMS 5&- B¢ JF - 87)
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T3N26873 ISsut 17 PAGT 2C8&5 CATEGORY 14 73/0/C0 2 PAGES

" UNCLASSIFI=D DOCUMENT

THE HEA(O-C SOFT X-RAY TELESCOPF
(HEAD=C SNFT X RAY TELFSCCPE)
A/SANFORDy Pas W ‘
UNIVERSITY CJLbLey LCNDCN (ENGLANC). {MULLARD SPACE SCIENCE LAB.)
IN ESRN . X-RAY ASTRCNCMY IN THE NEAR FUTURE P 181-182 (SEE
N73-25855 17-30)
/EASTRONOMICAL TELESCOPES/*HFAC/*SATELLITE-BOKNE INSTRUMENTS/*X RAY
ASTRCNOMY/ EXPERIMENTAL DESICN/ PERFORMANCE PRECICTICN/ RESEARCH AND
DEVELOPMENT/ X RAY SPECTRGSCCPY

T13N26872 ISSuE 17 PAGE 2CES CATEGORY 14 13/02/00 10 PAGES
UNCLASSIFIED COCUMENT

THE HEAD=-C (LIXT) MISSICN

(HEAD-C X RAY FOCUSING TFLESCCPES FOR SPECTROMETRIC AND PGLARIZATICN
STUDIES)

A/GIACCONI, Re

AMERICAN SCIENCE ANC ENGINEERING, INC., CAMBRIDGE, MASS.

IN ESRO  X=RAY ASTRONCMY IN THE NEAR FUTURE P 171-180 (SEE
N73-25855 17-30)

/*ASTRONOMICAL SPECTROSCCPY/*ASTRCNCMICAL TELESCOPES/*HEAU/*IMAGING
TECHNIQUES/*SATELLITE-EORNE INSTRUMENTS/ CRYSTAL OPTICS/ EXPERIMENTAL

- DESIGN/ POLARIZATICN/ PROPCRTICNAL COUNTERS/ X RAY ASTRONOMY/ X RAY

SOURCES

73N26871% ISSUE 17 PAGE 2C85 CATEGORY 14  73/02/00 7 PAGES
UNC LASSTFIED COCUMENT - |
HEAD-B X-RAY EXPERIMENTS. NON-DISPERSIVE SPECTROSCOPY
(HEAO=-B COSMIC RAY EXPERIMENT FCR DIFFUSE SKY BRIGHTNESS
DETERMINATION)
A/BOLDT, E. A. | :
NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. GODDARD SPACE FLIGHT
CENTER, GREENBELT, MD. |
(IN ESRO_ X-RAY ASTRONOMY IN THE NEAR FUTURE P 163-16S (SEE
N73-26855 17-30)
/%*ASTRONOMICAL SPECTROSCCPY/%CCSMIC RAYS/*HEAO/%SATELLITE-BORNE
INSTRUMENTS /%SKY BRIGHTNESS/ EXPERIMENTAL CESIGN/ PROPCRTICNAL

" COUNTERS/ X RAY ASTRCNCMY/ X RAY SCLRCES
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T3IN26RTO* ISSUE 17 PAGE 2CF§5 CATEGCRY 1% NAS8-27405

NGk =33-308-1)32 73/702/+/00 8 PLCES UNCLASSIFIED DOCUMENT
BRAGG CRYSTAL SPECTROMETER FOR FEAD=-8 X~-FAY ASTRONCMY EXFERIMENT
(HFAO-8 BRAGG CRYSTAL SPECTRCMETFR FCR STELLAR X RAY SPECTRAL

 ANALYSIS)

A/ANGELy Jo Re Peo; B/WOOCCATE, Be E.
COLUMBIA UNIVes NEW YORK. (CCLUMBIA ASTROPHYSICS LAB.)
IN SSRO X=RAY ASTRONOMY IN TRE NEAR FUTURE P 155-162 (SEE
N73-26855 17-30)
/*HEAQ/ *SATELL ITE-BORNE INSTRUNENTS/*SPECTRUM ANALYSIS/*X RAY
SPECTRA/*X RAY SPECTROSCOPY/ BRAGC ANGLE/ CRYSTAL CPTICS/ X RAY
ASTRGNCMY

73N26867  ISSUZ 17  PAGE 2CE5  CATEGORY 14  73/02/00 12 PAGES
UNCLASSIFIED DOCUMENT

INTEGRATED MODULATICN COLLIMATCK EXPERIMENT CN HEAO-A FOR
CBSERVATION OF X-RAY SCURCES IN THE ENERGY RANGE 1-15 KEV

(HEAO-A INTEGRATED MODULATICN CCLLIMATOR EXPERIMENT FCR DETERMINING
ANGULAR SIZES AND CELESTIAL FCSITICN OF X PAY SOURCES)

A/SPACA, G.

MASSACHUSETTS INST. GF TECk., CAMBRIDGE.

IN ESRO  X-RAY ASTRONOMY IN THE NEAR FUTURE P 115-126 (SEE
N73-26855 17~30) ,

/%COLLIMATORS/*HEAG/*X RAY ASTRCNOMY/*X RAY SOURCES/ CRAB NEBULA/
EXPERIMENTAL DESIGN/ MCDULATICN/ FCSITIGN (LOCATION)/ SATELLITE-BORNE
INSTRUMENTS/ SIZE DETERMINATICN/ SKY RADIATICN

73N26866 ISSUE 17  PAGE 2CE€5 CATEGORY 14 73/02/7/00 4 PAGES
UNCLASSIFIED COCUMENT :

DESCRIPTION OF NRL HEAQ-A EXPERIMENT

(HEAO~A EXPERIMENTAL DESIGN AND EQUIPMENT FOR MAPPING CELESTIAL X

. RAY SNOURCES AND SPECTRAL ANALYSIS CVER (0.2 TO 150 KEV)

A/SHULMAN, S. D
NAVAL RESEARCH LAB.y WASHINGTGN,y DeCo
IN ESRO X-RAY ASTRONGMY IN THE NEAR FUTURE P 111-114 (SEE

N73-26855 17-30)

/=EXPERIMENTAL CESIGN/*HEAD/*SATELLITE-BORNE INSTKUMENTS/*SPECTRUM
ANALYSIS/ %X RAY SOURCES/ CRYSTAL CPTICS/ PERFCRMANCE PREDICTION/
PROPORTIONAL CNUNTERS/ SCINTILLATICN COUNTERS/ SKY RADIATION/ X RAY
ASTRONOMY
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13N 26855 # ISSUE 17 PAGE 2CE4 CATEGORY 30 & SKC-SP=-87 73/02/00

" 193 PAGES  UNCLASSIFIED DCCUMENT

X=RAY ASTRONOMY IN THE NEAR FUTURE
(CONFERENCE ON X RAY EXPERIMENTS CH30ARD OIFFEKENT ASTRCACMICAL

" COSERVATORIES FOR GALACTIC ANC EXTRAGALACTIC X RAY SOURCEC PCSITICN AND

SIZE OETERMINATION)
EUROPEAN SPACE RESEARCH UPCANIZATIﬂNv PARIS (FRANCE). AVAILANTIS

HC $11.75
COLLOQ. HELD AT FRASCATI, ITALY, MAY 1972

/*ASTRINIMICAL CBSERVATORIES/*CONFERENCES/*SATELLITE

" CBSERVATION/*SATELLITE-BORNE INSTRUNENTS/%X RAY ASTRCNCMY/*X RAY

SQURCES/ ASTRCNOMICAL NETHERLANDS SATELLITE/ HEAO/ QGAOQ/ CSO/ SMALL
ASTRONOMY SATELLITES

T3N26B1 6% # ISSUE 15 PAGE 1828 CATEGORY 26 NASA-TN-D-7317 M-453

73/06/00 26 PAGES UNCLASSIFIEC COCUMENT
MEASUREMENTS OF THE PERFORMANCE CF MULTIWIRE PROPORTICNAL CHAMBERS

(ENGINEERING SPECIFICATICNS FCR PROPORTIONAL COUNTER HODCSCOPE TC 8E

FLCWN ON HEAQ A MISSICN)
A/AUSTIN, R. We; B/EGLITISy A.3 C/GREGORY, Jeo Ce; D/METIGER, S

A.; E/PARNELL, Te Aeo; F/RUTLEDGE, He Fo; G/SELIG, We; H/CUMINGS, N.
Pe B8/(ALA. UNIVe, HUNTSVILLE); C/(ALA, UNIV., HUNTSVILLE)

NATIONAL AERONAUTICS AND SPACE ACMINISTRATIONs MARSHALL SPACE FLIGHTY
CENTER, HUNTSVILLE, ALA.; ALABAMA INIV.y, HUNTSVILLE. AVATLGNTIS

HC $3.C0
WASHINGTON PREPAREC BY ALA, UNIVey, HUNTSVILLE

/*¥HEAD/*HODOSCOPES /*PROPCRTICNAL COUNTERS/ CATHUODES/ EQUIFEMENT
SPECIFICATIONS/ WIRE

[SSuE 13 PAGF 1533  CATEGCRY 14 NASA=-THM=X=64T41

73/06/13 92 PAGES UNCLASSIFIED CCCUMENT
SCINTILLATOR HANLCBOUK wITH EMPHASIS CN CESIUM IODIDE
(HAMDBCNK CN SCINTILLATICN COULNTFRS WITH EMPHASIS GN CESIUM 10BIDE
SCINTILLATORS FIR FEAQ EXPERIMENTS)
A/TIDDy Jo Le; B/LCABBS, Jo Rey C/LEVINE, No
NATIONAL AFRONAUTICS AND SPACE ACMINISTRATICN,
CENTER, HULMNTSVILLE, ALA. AVATL ONTIS HC $6.75
/¥CESTUM LIDIDES/*HEAD/*SCINTILLATICN CCUNTER

PHCSPH(RS/ RACTATICN DETECTORS

MAKSHALL SPACE FLIGHT

S/ PARTICLES/
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< I3N20718%# ISSUE ‘11 PAGE 1221 CATEGURY 21 NASA-TM=-X=-64727
12/Q87/17 138 PAGES UNCLASSIFIED COCUMENT

A COMPARISON OF CMG STEERING LAWS FUOR HIGH ENERGY ASTRUNGMY
. OBSERVATORIES (+EAQS)

(EVALUATION OF CCNTROL MOMENT CYRO STEERING LANS FUR LSE CN HEAD
SPACECRAFT)

A/CAVIS, B. G.

NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. MARSHALL SPACE FLIGHT
CENTERy HUNTSVILLE, ALA, AVAIL LNTIS HC $9.C0

/*¥CONTROL MOMENT GYROSCOPES/#CCNTROL THEORY/*GIMBALS/*HEAO/

ATTITUDE CONTRCL/ CCNTROL SINULATICN/ LAWS/ MAGNETIC CCNTROL/
PERFORMANCE PREDICTICN

73M1942 4% # ISSUE 10 PAGE 1158 CATEGORY 14 NASA-CR-124001
ASE -3066 NAS8-2T7765 12710712 2€2 PAGES UNCLASSIFIED COCUMENT
LOXT MIRROR [ESIGN STUDY
{LARGE ORBITING X RAY TELESCOPE WITH HIGH RESOLUTION MIRRCR DESIGN)
-~ FINAL REPORT
A/VANSPEYBROECK, L.; B/ANTRIM, w.; C/BCYDy Des D/GIACCCNI, R
E/SINNAMON, G.; F/STILLE, F. :
AMERICAN SCIENCE ANC ENGINEERINCy INCoy CAMBRIUGE, MASS.
AVAIL.NTIS HC $15.25
/*HEAD/ *HIGH RESOLUTION/*DAQ/*PARABCLCID MIRRORS/*X RAY TELESCCPES/
SPECIFICATIONS/ SYSTEMS ENGINEERING/ X RAY SCATTERING

T3NYTTRG*H# ISSUC 8 PAGE SEt1 CATEGORY 26 NASA-TM-X-66173
X=766-73-1 73/01/CC 27 PACES UNCLASSIFIED DOCUMENT
OPTICAL TRANSMISSICN MEASUREMFATS (ON MCNOCRYSTALLINE AND
. PCLYCRYSTALLINE CESIUM I0DIDE
(OPTICAL TRANSMISSICN MEASUREMENTS OF SINGLE CRYSTAL AND PCLYCRYSTAL
CsI)
. A/VIERMANN, WNe § B/ARENS, Jo Feo3 C/SIMON, M, C/7/i{NvAX FLANCK INST.
FUER EXTRATERRESTRISCHE PHYS,)
NATIONAL AERCMAUTICS ANC SPACE ACMINISTRATION. GUDCARC SPACE FLIGHT
. CENTER, GREENBELT, MD. AVATL.NTIS HC $3.50
SUBMITTED FOR PUBLICATICN
/*CESTUM TO0DIDES/*LIGHT TRANSMISSICN/*PCLYCRYSTALS/*SINGLE
CRYSTALS/ ALPHA PARTICLES/ CCSMIC FAYS/ HEAO/
FROTONS

T2N33809%# ISSUE 24 PAGE 2270 CATEGORY 29 72/C6/00 7 PAGES
UNCLASSIFIFD DOCUMENT ,

COSMIC RAY. CHARGE AND ENERGY SPECTRA ABUVE 1C GEV

(BALLCOM OBSSRVATICNS OF CCMPCSITION- AND ENERGY SPECTRA CF COSMIC
RAYS ABOVE 1.6 NJ)

A/ORMES, Je Fo ‘ .

NATIONAL ‘AERONAUTICS AND SPACE APMINISTRATICN. GODDARD SPACE FLIGHT
CENTER, GREENBELT, MD.

IN ITS SIGNISICANT ACCFMPLISFNFATS IN SCley 1971 P 139-145 (SEE

N72-33780.24~-30)
‘ /*8ALLCCN QDUNDING/*CHSMIC RAYS/*:NERGY SPEuTRA/ ELECTROANS/ FEAC/
LIGHT ELEMENTS/ PROTCNS
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T2N28665% # ISSUE 19 PAGE 2591 CATEGORY 21 NASA=-TM=X-64680
72/03/06 46 PAGES UNCLASSIFIED DCCUMENT .
HFIGH ENERGY ASTRONCMY OBSERVATORY STAR TRACKZR SEARCH PRCGRAM
(DEVELOPMENT ANC EVALUATICN OF STAR TRACKER FOR USE WITH HIGH ENERGY
ASTRONOMY OBSERVATORY)
BA/WEILERy We Jeo
- NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. MARSHALL SPACE FLIGHT
CENTER, HUNTSVILLE, ALA. AVAIL .ANTIS HC $4.50
/*ATTITUDE CONTROL/*GUICANCE SENSORS/*HEAC/*STAk TRACKERS/ COMPUTER
_. PROGRAMS/ EVALUATICN/ PERFCRNMANCE PREDICTICN

T2N27815%4% ISSUE 18 PAGE 2478 CATEGORY 28 NASA~-TH=-X=-64660
71/12/31 &8 PAGES UNCLASSIFIEC DCCUMENT '

A DESCRIPTION (OF THE THRUSTER ATTITUDE CONTROL SIMULATICN AND ITS
APPLICATICN T2 THE FEAC-C STLCY

(THRUSTFR ATTITUDE CONTRAL SIMULATICN FCP DESIGNING AND EVALUATINC
REACTION CONTROL SYSTEM)

A/BRANDON, L. B

NATIONAL AERINAUTICS AND SPACE ACMINISTRATIYIN. MAKSHALL SPACE FLIGHT
CENTER, HUNTSVILLY, ALA, AVAILWATIS HC $4450

/*COMPUTER PROGRAMS/*COMPUTERIZED SIMULATICN/=REACTICN
CONTROL/*THRUST VECTOR CCNTRCL/ CIGITAL CLCMPUTERS/ GRAVITATIONAL
FIELDS/ HEAD

T2N21284% 4 ISSUF 12 PAGZ 1£91 CATEGCKRY 11 NASAL-TM-X-64652-VCL-3
72/01/C2 4S8 PAGES UNCLASSIFIED DUCUMENT
HIGH ENERGY ASTRCNCMY OBSERVATCRY, MISSION C, PHASE A. VCLUME 3
EPPENDICES ;
(SUPPORT ING TECHNICAL CATA, ANLC ALTERNATE EXPERIMENTS AND SPACECRAFT
CONMFIGURATICNS FIOF FEAD-C) FINAL KEPORT
NATIONAL ASRONAUTICS ANC SPACE ARDMINISTRATION. MARSHALL SPACE FLIGHT
CENTER, HUNTSVILLE, ALA. AVAILWANTIS HC $9.CU/MF $0.65
/*EXPERIMENTAL DESICN/*HEAO/*NMISSION PLAMNING/*SPACECRAFT
CONFIGURATIONS/ RELIABILITY ANALYSIS/ SPACECRAFT CCNTRCL/ SPACECRAFT
POWER SUPPLIES/ UNMANNEDL SPACTCRAFT/ X RAY TFLESCOUPES

T72N21283%#4 ISSUE 12 PAGE 1591 CATEGORY 11 NASA-TM=X-64652-V0L=-2
72/31/C0 724 PAGES UNCLASSIFIED DOCUMENT
FIGH ENERGY ASTRCNCMY OBSERVATCRY, MISSICN C, PHASE A. VCLUME 2
FRKELIMINARY ANALYSES ANC CCNCEPTUAL DESIGN
(ANALYSTS AND CCNCEPTUAL CESIGN CF BASELINE MISSICN AND SPACECRAFT.
FOR HEAD-C) FINAL REPCRT
_ NATIINAL AEROUNAUTICS AND SPACE ACMINISTRATION. MARSHALL SPACE FLIGHT
CONTER,y HUMTSVILLE, ALA. AVAILNTIS HC $5.CO/MF $C.595
' /*HEAU/*MISSION PLANNING/*SCIENTIFIC SATELLITES/*SPACECRAFT
. CONFIGURATICNS/ EXPERINENTAL DESICN/ UNMANNED SPACECRAFT/ X RAY
- TELESCOPES
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- T2N21282%# ISSUE 12 PAGE 1591 CATECORY 11 NASA=TM=X-64652-VCL-1

72/01/00 110 PAGES UNCLASSIFIEC DOCUMENT
FIGH ENERGY ASTRONCMY OBSERVATORY. MI*SlON Cy PHASE A. VCLUME 1

. FXECUTIVE ZUMMARY
(SUMMARY OF PHASE A OF HICH ENERGY ASTRCNOMY UBSERVATURV MISSICN-C)

FINAL REPORT
NATIONAL AERONAUTICS AND SPACE ADMINISTRATIONe MARSHALL SPACE FLIGHT

" CENTER, HUNTSVILLE, ALA. AVAIL LNTIS

/*HEAD/*MISSTION PLANNING/*SCIENTIFIC SATELLITES/*SPACECRAFT
CONFIGURATICNS/ EXPERIMENTAL CESICN/ UNMANNED SPACECRAFT/ X RAY

TELESCOPES

T2M188I6H# ISSUE 9 PAGE 1254 CATEGCRY 29 71/08/00 18 PAGES

UNCLASSIFIED DOCUMENT
THE HEAO SATZLULITE PROPCSAL ON CHEMICAL AND ISUTOPIC CUOMFPOSITICN CF

" PRIMARY COSMIC RAYS

(HEAD EXPERIMENTAL CESICN FCR STLDY OF CHEMICAL COMPGSITION AND

CISQTOPIC SEPARATION IN PRIMARY COSMIC RAY ANUCLEI)

A/KOCH, L.

COMMISSARIAT A L*ENERGIE ATCMIQUE, SACLAY (FRANCE). (CENTRE
CYFTUDES NUCLEAIRES.) . -AVATLWNTIS
IN DANISH SPACH RES. INST, ISCTOPIC COMPQOSITION OF THE PRIMARY
COSMIC RADIATION P S9-116 (SEE N72-18769 C6-29)

/*CHEMICAL COMPOSITION/*+EAQ/*ISOTOPE SEPARATICON/*PRIMARY CCSMIC
RAYS/ CERENKIV CIOUNTERS/ CCNFERENCES/ EXPERIMENTAL DESIGN/ FEAVY
MUCLET/ PARTICLE FLUX DENSITY/ PARTICLE TRAJECTORIES/ SPARK

FTHAMBERS

T2N12875%4 Issue 3 PAGE 413 CATEGORY 31 NASA=TM-X-67401
70/C0/CC 42 PAGES UNCLASSIFIEC DCCUMENT

PAYLOAD IMPACT OF SPACE SHUTTLE AND TUG

(ECONOMICAL TRANSPORTATIUN OF SPACE SHUTTLES AND TUGS TO SPACE

C STATIONS)

A/NEWELL y He Eo
NATIONAL AFRONAUTICS ANC SPACE ACMINISTRATION, WASHINGTCAN, DeCe

AVBAILNTIS
PPESEMTED AT THE ELDI/NASA SPACE TRANSPORATICN SYSTENS BRIEFIANG,

. BUNNy 7-8 JUL. 19370

/¥PAYLIADS /%3P ACE SFUTTLES/ASPACE TUGS/ ATLAS CENTAUR LAUNCH
VERICLF/ CONFERENCES/ CGNVAIR 88C AIRCRAFT/ CCST REDUCTICN/ HEAC/

_ INTELSAT SATELLITFS/ OAC/ SPACECRAFT RECOVERY/ TIKQOS OPERATICNAL

SATELLITE SYSTEM
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_ T1N230724 ISSUE 20 CATEGGRY 30 7C/11/00 B8 PAGES UNCLASSIFIEC

- LCCUMENT ,

Lo OBJECTIVES 0OF FUTURE GAMMA-RAY MISSICNS. PART 3 - APPROVED ANC

| ™ PLANNED SATELLITE INVESTIGATICNS

- (SAS=B, TD-1, AND FFAD SPACE PRCGRAM FOR FXP‘RIMENTS ON GAMMA RAYS)

By A/MANNO, V.

L EURNPEAM SPACE RESEARCH AND TECHAOLOGY CENTFR. NOCRDWIJK
(NETHERLANDS) . AVATLWNTIS  AVAIL~- NTIS

IN ESRO  GAMMA-RAY ASTRUPRYS. CCLLIQ. NCV. 1970 P 61-68 /SEE

_ N71-33057 20-30/
/*GAMMA RAYS/*HEAC/*SAS~-B/*S5PACE PRCGRAMS/#TD-1 SATELLITE/

B

i EXPERIMENTAL DESIGN/ GALACTIC RACTATICN/ SPACEBORNE ASTRCNCNY/ SPARK
¢ .0 _ CHAMBERS

§(r’

b

B 71 71N33067# ISSUS 20  CATEGORY 30  ESRO-SP-58  70/11/00 1CT7 PAGES
Loy UNCLASSIFIED CNCUMENT

£ GAMMA-RAY ASTROPHYSICS

i (EUROPEAN SPACE PROGRAM ON GAMMA RAY ASTRCANOMY - CCNFERENCE)

B EURNPEAN SPACE RESEARCH ORGANIZATIUN, PARIS (FKANCE). AVATLW.NTIS
b . BVAIL- NTIS

g PROC. JF THE ESRO COLLCGey NCORDWIJK, NETHey 1-2 JUNey 1970

E 3 /*CONFERENCES/*C0OS=B SATELLITE/#EURCPEAN SPACE PRUGRAMS/%GANMA

3 RAYS/*SPACEBUORNE ASTRCNOMY/ CGALACTIC RKADIATICN/ HEAO/ RADIATICN
CETECTORS/ SAS-8/ TL-1 SATELLITE

9 vyt

Pt

TIN2BL16TH [SSUE 16 PAGE 2574 CATEGORY 29 RM=507 71/06/00 15

PAGES UNCLASSIFIED CCCUMENT
ACTIVATICN OF THE CSI/TL/ TASC CRYSTALS IN THE HIGH ENERGY ASTRUINCMY

CBSERVATORY /HEAD/ EXPERIMENT PACKAGE

(HEAQ CSITL CRYSTAL ACTIVATION FCR MEASUREMENT OF GALACTIC GAMMA AND
COSMIC PARTICLF ENERGY SPECTRA) 1

A/STAUBCRy Mo Co :

GRUMMAN AERNSPACE CORP.y BETHPAGE, NeYe (NUCLEAR AND RACIATICN
PHYSICS SECTION.I AVAILWNTIS AVAIL-  NTIS

/*CESIUM TIIJDIDES/*COSMIC RAY SHUWERS/*ENERCY SPECTRA/*GAMMA
RAYS/*HEAOQ/*THALLIUNM CCMPOUNES/ CESIUM 134/ CRYSTALS/ IODINE ISUTCPES/
NFUTRON ABSORBERS/ PROTON ENERGY/ FROTCN FLUX DENSITY :

T TIN264CO*4d ISSUE 14 PAGE 2339 CATEGCRY 30 NASA-CR~-103125

[ e AAS8-24668  T1/03/00 129 PAGES  UNCLASSIFIED DOCUMENT
EL ASTKONOMICAL X-RAY PCLARIMETRY PROGRAM- DEFINITION PHASE STUDY
pNE FINAL REPORT

(MOSAIC CRYSTAL CEVELOPMENT ANC APPLICATICNS IN- X RAY PGLARIMETERS
: AND SPECTROMETERS FOR FEAD)
L A/NOVICK, R,

L COLUMBIA UNIV., NEW YORK.  (ASTROPHYSICS LABa)

AVAILNTIS  AVAIL- NTIS ,
/*HEAC/*POLARIMETERS/%X RAY ASTRCNCMY/*X RAY SPECTROSCOPY/
CRYSTALS/ GRAPHITE/ LITHIUM chaxan/ MOSAICS/ SULFICES/ TUNGSTEN

- CONMPCUNDS
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TIN22178%# ISSUE 11 P&GE 1831 CATEGORY 31 NASA-TN=X=€£4576
71703725 24 PAGES UNCLASSIFIEC DCCUMENT
NATURAL ENVIRONMENT CRITERIA FCR THE NASA HIGH ENERGY ASTRUNCMY

_ CBSERVATORY /KHEAD/

(PRELAUNCH,y LAUNCH, AND INFLIGHT EARTH ORBITAL ENVIRCNMENT DATA FCK
HEAC SPACECRAFT)
NATIONAL AERONAUTICS AND SPACE ACMINISTRATION. MARSHALL SPACE FLIGHT
CENTER, HUNTSVILLE, ALA, AVAIL .NTIS
/*AEROSPACE ENVIRCNMENTS/*ATMCSPHERIC CCMPOSITION/*FLIGHT
CONDITIONS/*HEAD/ EARTH ORBITS/ GECMAGNETISM/ ICGNUOSPHERIC CCMPOSITICAN/
METECROIDS/ SOLAR CYCLES/ SOLEZR RACIATICN

TINLT4L 6% # ISSUE 7 PAGE 1C57 CATEGURY 21 NASA-CR-103025
S2pP=-2-396 NASA ORCER H=65027A 7C/11/00 135 PAGES UNCLASSIFIED
COCUMENT e

MAGNETIC ATTITUDE CCNTROL 5YSTEM FOR HEAC FINAL REPORT

(DEVELOPMENY OF MAGNETIC ATTITULDE CCNTRCL SYSTEM FOR HIGH ENERGY
FSTRONCMY OBSERVATCRY SATELLITE) _

A/MOBLEYy Fo Fe3 B/TOSSMAN, B. E. (AAED, ABED.)

APPLIED PHYSICS LABey JORNS HOPKINS UNIVe, SILVER SPRING, MD.
(SPACE DEVELOPMENT DEPT.) AVATIL.NTIS

/¥ATTITUDE CCONTROL/*HEAO/%*MACNETIC CONTROL/%SATELLITE

CONTROL/*SATELLITE CESIGN/ EQUIPMENT SPECIFICATIONS/ RADIATICN
MEASURING INSTRUMENTS/ SYSTEMS ENGINEERING :

TIN16602%# ISSUE 6  PAGE ¢42 CATEGORY 29 NASA=TM-X=-565431
X-661-T7T1-1 71/01/00 232 PAGES UNCLASSIFIED DOCUMENT

COMPOSITION AND SPECTRA OF HIGF ENERGY CCOSMIC RAYS. A PRCPOSAL FCR
AN TRBITING LABORATORY FOR THE HEAC

(DESIGN OF EXPFRIMENTS AND SYSTEMS FOR HEAD TO DETERMINE CCMPCSITICN
AND SPECTRA OF HIGE ENERGY CCSMIC RAYS)

A/BALASUBRAHMANYAN, V. Kea; B/BCWENy Te; C/HUGGETTy Re he;
D/ORMES, Jeo Feo; E/PARNELL, To A.; F/PINKAU, Ka (AB/ARIZ. UNIV./
AC/LA, STATE UNIV./ AF/MAX PLANCK INST./)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, GOCDARD SPACE FLIGHKT
CENTE2, GREENBELTY, MD, AVATIL.NTIS

SUBMITTED FOR PUBLICATICN

/*#COSMIC RAYS/*ENERGY SPECTRA/*EXPERIMENTAL DESIGN/*HEAC/*SYSTENS
EMCINEERING/ PARTICLE ENERGCY/ PARTICLE TRAJECTCRIES/ RADIATICN
CrUNTERS/ SPARK CHAMBERS/ SPECTRCMETERS
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1 5 _71n15318%4 ISSUT 5 PAGE 771  CATEGORY 31  NASA-CR-1U2682
% : SE-MSFC-1257  NAS8-26C03  7C/11/CC 542 PAGES  UNCLASSIFIEQ DOCUMENT
oo B CONC EPTUAL ZESIGN OF A SPACECRAFT FIR THE HIGH ENERGY ASTRCNCMY
N t _ CRSERVATOPY /HEAU/ MISSICH C  SUMMARY REPCRT
b (DESCRIBING CONCEPTUAL DESTGN FCR HIGH ENERGY ASTRCNCMY CBSERVATORY
; ' SPACECRAFT AND MAJOR SYSTEMS)
o B . . A/DUFFIF, J. M.  (AAEC.)
| TELEDYNf BROWN ENGINEERING, HUNTSVILLE, ALA.  (SCIENCE AND
‘- ENGINEERING DIV.) AVAILWNTIS e
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