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From: . Director, Program C 
To: Director, National Reconnaissance Office 

IM REPLY RSF'ER TO 

OP-923E/rh 
BYE 66449/70 

5 NOV 1970 

Subj: Program C 7107 Budgetary Status; information concerning 

Encl: (.1) Revisions in Mission 7107, Budgetary and Technical 
' 

1. On 26 October 1970, Program C presented to staff members of 
the NRO a briefing on POPPY mission 7107 status-, including 
budget deficits, and a proposal for the R&D payload associated 
with this mission. 

2. In accordance with your request, this presentation has been 
reduced to writing, and is forwarded as enclosure (1). 

t. J.HA.RBFINGER, II 

l11111111111111111111111111111 
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Subj: Revisions in Mission 7107,· Budgetary and Technical 

Ref: (a) Director Program C ltr to DRNO of 4 May 70, 

Encl: 

(b) Director Program C proposal to Dir. NRO of 17 
Aug 70, BYE-66387-70 

(c) Director Program C Memo to DNRO of 27 Oct 70, 
BYE-66442-70 

(l) Reproduction of sixteen (16) Viewg?aphs used 
26 Oct 70 briefing 

( 2) Briefing Hand-Out (Table # 1) ·at 26 Oct 70 NRO 
briefing 

at 

( 3) Table A, Last four months of FY-70 7106 & 7107 

1. Background: 

The major emphasis of the Briefing given to the National 
Reconnaissance Office Staff by a Program C briefing team on 
26 October were; 

a. The technical aspects of the R&D spacecraft proposed 
for Mission 7107 to extend the ocean surveillance ca ability 

b. The changes in the architecture of Mission 7107 and in 
particular, those changes which would enhance the operational 
capability of Mission 7107 against the Ocean Surveillance 
requirements. 

c. The general cost revisions for FY-71 NRL Budgetary 
estimates provided in reference (a). 

The paper of reference (c) is in answer to the informal questions 
of the NRO Comptroller dated 14 .Sep 70, which relates to some 
of the material given in this briefing. These related areas 
will be identified in this paper for clarity. In order that 
each of the major parts of the briefing of 26 Oct may receive 
adequate supporting documentation they will be treated in the 
same sequence used in the briefing and in the same depth of 
discussion. Th~ briefing was given in order to focus on the 
most important Mission~Impacting items evident to the Program C 
Team at this critical point in the mission execution schedule. 
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2. Technical Aspects of the R&D spacecraft: 

Chart #1 of enclosure (1) summarizes some information on the 
ocean surveillance requirements stated in reference (b). It 
illustrates the fact that rather routine combinations of weighting 
factors cause the ocean surveillance requirement to become more 
stringent that the USIB requirement, and thf ra11tine requirement 
is for location to an accuracy of less than L I and a reporting 
time of less thanl !With the augmentation to the POPPY 
sites of·the SEL Systems 86 comnnt,r the reporting time require-
ment will be achieved. Thel ___ ~_routine accuracy and -the 
highest priority accuracy is achieved by· the existing poppy===~ 
system over most of the 3500N.M. horizon to horizon swath width 
for those intercepts lasting approximatel~ lor longer. 

The second chart, #2 of enclosure (1), lis~s the radars in 
two categories. The distinction was made between the radar which 
a ship routinely must use for maintaining a defensive alert 
toward hostile ships and planes and those radars which are used 
in battle conditions. While individual radars might operate in 
both categories such as~-~-~ the weighting of collection 
priority should ·first be against the primary radar and supple­
mented by the secondary radar. The current_POPPY system collects 
and locates almost all of the Primary and Secondary radars. For 
example, the first shifborne taraets the system operated against, 
in earlv 1968 were theL lboth are 

I I The emission control 
exercised ·on these radars prevents their use in the tracking role 
that has been so successful operationally against Primary surface 

The R&D spacecraft is a first step in meeting 
the Navy Ocean Surveillance requirement for locating ships to 
better than l0N.M. accuracy, with al ~eporting 
time, to a 95.4% or greater probability of interce t. The R&D 

be im 1 mented ·to develo a intercept 

The next chart #°4 of enclosure· (1) shows the pictorial 
representation of the different approaches. The top part of the 
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chart shojs the intercept circles of the POPPY D and the 
I ~systems. 

The Chart at the bottom shows the accuracy of location as arunction of the distance off the orbit track. The 
system meets the accuracy requirements over most of the 

- - .:::. , 
' 

cept area except for that are, close to the flight ·line. 
This is the area where a[system supplements the lac __ ~· 
caoabili t of the POPP • • • 

e ocean survei ance accuracy requirement over a 
width. This is where the suer· r he 

s stem is evident. 

The next chart #6, of enclosure (1), shows the specific band 
and design goals for the Mission 7107 R&D Spacecraft. which need 
to be tested in order that it may be~I ________________ _ 

3. Changes to Mission 7107: 

The next chart #7, of enclosure (1) highlights both planned 
and proposed features· of the Ocean Surveillance augmentation 
effort. 
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Chart #8 of enclosure (1) lists specific changes proposed 
for Mission 7107. Some of these changes are directly applicable 
in support of Ocean Surveillance·. The X-Band Comb-Filter consists 
of 20 contiguous filters, each with a 20 MHz band width. A 
separate command is required for each filter. This feature 
provides a means to de-clutter x-band. I !coverage in all of 
the primary spacecraft in L-Band, S-Band, c-Band and X-Band 
allows geopositioning in the frequency bands of the major ship 
radars so that the rotal Weapon-System can be simultaneously 
intercepted by Missi.cm 7107. The upper band edge of the Band #8 
filter to be used in the 7107A & B spacecraft is being raised 4-0, 
MHz to rµatch the frequency of the I I emitter and provide • 
in thisL !the ability to intercept this emitter in 
one collection band. 

The proposed frequency coverage for the ELINT systems of 
Mission 7107 are shown in the Chart #9 of enclosure (1). 

4. Cost Revisions to reference (a): 

The cost details for the Mission 7107 budget revision are 
shown in enclosure (2) and are provided with the following 
additional clarification: 

Column #1 7106 Failure Analysis: 

·The differences are shown b~ line item, between what 
had been estimated in reference (a) for Missi0n 7106 during the 
last four months of FY-70, and what was actually experienced. 
The increased expenditure on 7106 was a direct result of the 
failure analysis of 7106 • requiring mo·re resources than had been 
estimated. Enclosure (3) shows, by line item, how ~he funds 
were actually expended between Mission 7106 and 7107 during this 
last four month period of FY-70. The previous estimate, of 
reference (a), is also listed for convenience. Note the dif­
ference between 7106-experienced and 7106-estimates is shown in 
Column Jl of enclosure (2). There are several significant 
differences: 

Items I-G and II-C: NRL SALARIES & OVERHEAD, shows 
a large re-distribution toward 7106, from 7107, reflecting the 
heavier sustained burden imposed by the· failure analysis on the 
distribution of NRL personnel effort. All of the other increases 
in th.e. 7106 are.a (I-E, -H, II-A, --D and III-A) represent purchase 
of additional test equipment components, materials and environ­
mental tests associated with the 7106 failure analysis. 
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Item I-D CONTROL SYSTEMS, representes components for 
the 7107 command system. Since the 7106 command system was under 
investigation, many procurements for command system components 
for Mission 7107 were necessarily delayed. The remainder of the 
redistribution in 7107 (Items I-A, -B, -H, II-D and Carryover) 
are further reflection of" the fact that the people at NRL were 
heavily committed on 7106 and were not able to work on 7107 at 
the speed and intensity estimated in reference (a). 

Column #2 PRICE ESCALATION: 

Figures listed in this column of· enclosure (2) show the 
difference between what the line items had been estimated to cost 
and what they actually cost. ·Some outstanding examples of these 
increases are: 

Command Receivers - up 64% 
Gravity Gradient Dampers - up 54% 
Batteries - up-54% 

These high percentage increases are quite common in the 
aerospace industry where the escalation seems to be even worse 
than in other sectors of the•economy. The Program C technical 
team could not evaluate the magnitude of this price escalation 
until the last few months when they started to "test the market 
place" in depth. 

Column #3 RECOMMENDED REDUNDANCY: 

After completing the 7106 failure analysis, Program C 
recommends that the redundancy and redesign be included in the 
command system, power supply, ELINT systems and in other critical 
areas of the system design so as to attempt to preclude the same 
type of failures which have occured in Mission 7106. The $45K -
item in Item I-G is for per-diem labor from the NRL Engineering 
Services Division to assist the regular POPPY ream·in implementing 
these improvements in redundancy into-the systems of Mission 7107. 

Column #4 INCREASED OPERATIONAL REQUIREMENTS: 

This column of enclosure ( 2) .. requires further explanation 
and therefore several additional viewgraphs were developed for 
that purpose for the 26 October NRO briefing and are provideq as 
Charts #10 & 11 of enclosure (1). 
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I. PAYLOAD: 

A. Electronic Equipment. 

\ 

J 

This i tern is detailed in ~hart -#10 -]of enclosure (1) into the 
following four separate.categories: ..-

(1) Band Extension ............................. $220K 

These costs are being experienced ~n order to 
complete the. frequency coverage for. Mission. 7107 from 154 Mhz 
to 18.0 GHz by the addition of three (3)·General Search (non­
geoposition capable) bands from 10.5 to 12.5 GHz, from 15.1 to 
16.0 GHz and from 16.0 to 17.0 GHz. Each of these collection 
systems embraces a wider RF spectrum than have been incorporated 
in this part of the Spectrum before; thus requiring considerable 
development effort and time. These three bands have the lowest 
priority in the procurement of ELINT components for Mission 7107 
and therefore tenatively included on the basis of being available 
for inclusion in the spacecraft testing and production schedule. 

(2) ~I ------~reasurement Impr?vements •••••••• $155K 

These costs are invisioned to provide the improve­
ments in the spacecraft ELINT Systems in.support of greater 
calibration uniformity in thel I of 
Mission 7107. This is to be accomplished by use or improved 

Another area of payloas improvement planned for 
Mission 7107 is in t~e area of utilizi~g greater Frequency 
resolution in the collection systems between 9,200 and 9,400 
MHz (X-Band) in the 7107 A & B spacecraft. This innovation has 
great potential for reduction of the data density down to a 
manageable amount in this very dense part of the radar spectrum. 
This is achieved by using a series of vary narrow (20 MHZ) 
contiguous filters with complete command flexibility, both to 
eliminate undesired signals and to select the most important 
signals from the background. Note that this last item was 
included in reference (c). 
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(3) Ku Band Geopositioning .................... $40K 

This improvement in the Mission 7107 operational 
capability is in direct response to a request by both the NSA 
and the NRO staff in support of thel I It merely 
adds one additional collection system to the Ku Band coverage 
approved for reference. (a). This new band is a spare from 
Mission 7106 and does not require development, only a slight 
adjustment of the pass band characteristic so that it will 
cover J4:~ to 15.1 GHz and be flown in 7107 C •& D. Thus the 
lor geopositioning coverage· in Ku band will cover not 
only the 14.5 to 14.9 GHz region proposed in reference (a) but 
will be extended to include the 14.8 to 15.1 GHz region also. 

(4) Ranging system ............................ $80K 

The most important error· source resulting from the 
use of t~e present ephemeris data is the calcul~tion ~ 
linear distance between the spacecraft for use in theL_J 

:
ocati :n tecbni 011P T1?,is e_ xpenditure is for an electronic 

I Jranging system which will accurately and 
irect y measure this distance and thus eliminate this presently 

significant error source. 

B. Control Systems. 

(1) Enlarged command system ................... $45 .K 

A much expanded command system is needed to 
operate the 7107 spacecraft because of additions such as the 
third transmitter, greater tasking flexibility on the parametric 
measurement options, and increased redundancy. This cost of 
$45K is essentially to double the number of commands from 80 to 
160 discrete commands for each of the spacecraft of Mission 7107. 

C. NRL 

(1) Salaries & Overhead ....................... $44.SK 

Once again this is the cost of Per Diem labor in 
the NRL Engineerihg Services Division to·assist the permanent 
POPPY team in providing some parts of the improved syste~s 
described in Column #4. 
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II. GROUND STATION: 
~- ---- -- -- - - ·--..., 

This item is detailed in Chart #11/of enclosure (1) into the 
L---,.,~----- ------ J 

following categories 

A. Electronics. 

(1) QC Analysis ............................... $126K 

This item is in direct response to the operational 
requirement to screen each magnetic tape at the collection site 
prior to selecting certain ones for forwarding back to NSA for 
further analysis. It.is imperative that all sites make their 
measurements alike and with the same resolution. Therefore a 
New-Quality Control (QC) Analysis complex has been under prep­
aration at NRL. The prototype of this complex has been shipped 
tol ~or further evaluation and operational shake-down 
prior to finalizing the design and documentation. These.funds 

::
e rea11 ire: to 11nda:e :ho or complex at each of the II • 

I lwill utilize the majori~the 
Equipmen now on an with several small units to be produced 

at the NRL Electronic Model shops and some repackaging to· 
streamline the operation of these system and eliminate cabling 
changes during their useage. 

(2) Syst~m Calibration ...... : ...... ~ .......... $25K 

These costs are directed toward the improvement in 
the measurement and calibration of thel Jin each of the 
receiver channels prior to data callee ion. in or er to improve 
the geopositioning accuracy it is essential that the instrumental 
error be determined accurately and indepehdant of the site noise 
~nvironment; such a teshnique is provid~d by this improved 
calibration system. 

B. Antenna. 

(1) System Calibration ........................ $20K 

Th~s improvement will perm.it test signals -~o be fed 
into the system via radiation from a small remote test antenna. 
Thus the calibration data will include the effects of the receiving 
antennas as well as the other system components. 

c. NRL Salaries and Overhead. 
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(1) Per-Diem labor ............................. $30K 

This labor charge is directly applicable to the NRL 
Engineering Services Division for assistance to the permanent 
POPPY Team in providing the labor to implement the improvements 
in the ground station electronic systems. 

D. A--TO-.D Systems. 

(1) ~I ~~~-~-~IA/DDS •••••••••• o •• -·- ••••••• • $140.6K 

This item is one that relates to referenc<r (c) a-9ci. 
is necessary for the operational implementation of thel~---~j 

site as a POPPY collection site. No A/DDS system was 
'--------,--~~ 

installed nor :rogramed for the site at\-----~so there is-none 
available forl I The omission of the A/DDS was an 
oversite in re erence CbJ, the paper which proposed the "Augmen-
tatil:n :f Proararo!C for Ocean Surveillance". The procurement of 
the•~--~~--~----~A/DDS should proceed in FY-71 so as to be· 
ava1 ab e to expe ite the development of the advanced Priority 
or Perishable Date-Extractor (PDE). 

(2) Development of Advanced PDE with PRF 
Selection ..................... ~ ........... $185. OK 

This item also was given in reference (c) as an item 
for the augmentation of Program C in support of Ocean Surveillance 
The original PDE is capable of selecting the data from one 
specific spacecraft collection-band and makes it available to 
the computer for analysis. The development of this advanced PDE 
with PRF selection is required in order to select certain emitter 
families within the specific spacecraft-collection band to be· 
further sorted so that the computer will be relieved of the time 
consuming PRF selection. This instrument will for the most part 
be schematically ahead of the Analog to Digital Data System 
(A/DDS) but with m'any diverse interfaces with it. It is re com-· 

mended that the development of this instrument be undertaken on 
a priority basis and that it be accompanied with the A/DDS 
production·fo~-~-----~ The PDE prop9sed in reference (b) 
will not become obsolescent br this device, just enhanced by the 
capability for performance.of~ I 
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III SERVICES: 

B. Computer Services. 

(1) Ephemeris (NWL) ........................... $65K 

Continuing analytical investigations in the general 
area of ephemeris data utilization has led to several potentially 
significant improvements in the accuracy of emitter location by 

~----~I method. These investigations, being•carried out by 
highly competent and. experienced personnel at the Naval Weapons 
Lab., require an additional $65K to carr-y out the next phase. 

Generall 

Column #5 BASIC 7107 COST INCREASE: 

Shown in len~l_~:;,~re_ J2_)! is the sum total .of Columns 2, 3, 
and 4 and as such represents the basic 7107 cost increase. 

Column #6 ORIGINAL ESTIMATE 7107 (16 Month period): 

This is the sum of the last 4 months of FY-70 plus the 
12 months of FY-7l as originally estimated in reference (a). 
Therefore adding Column #5.to Column #6 results in Column #7 
which-is the new estimate (without the R&D spacecraft) foi Mission 
7107 in the 16 month period. 

Column #8 R&D PAYLOAD: 

This deals with the cost of the R&D payload that has 
been previously q~_~c_us_s_ed in __ tb_i_.§> paper and further amplified in 
reference (c) . 1_9]'laE"~~- ~2- an?_ 13} of enclosure (1) were developed 
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to show greater det~il Qn t~e individual line items of Column 
#8. Referring to[Chart #12; 

I. PAYLOAD: 

A. Electronic Equipment. 

(1) Downward Looking DF ............... ; ....... $255.K 

This is the estimated cost of·the receivers, 
antennas and onboara !processing equipment associated with the • 

(2) L, S, & X-Band .......... ~ ........ . $80K 

This is the cost of refurbishing spare components 
from Mission 7105 ahd 7106. These units are included in the 
R&D spacecraft for the purpose of supplementing the standard 
I ~apability of the primary Ocean Surveillance collection of 
Mission 7107. 

(3) S-Band Comb-Filter ........................ $75.K 

characteristics. The S-Band Comb Filter will provide another 
identifying parameter (Radio Frequency) as ·a substitute for the 
Scan characteristic as a sorting criteria. 

(4) Hi-Accuracy Attitude Sensing .............. $170.K 

The need for high accuracy attitude sensing for a 
spacecraft doing any type of DF location is obvious. The 
approach to be used here to sense YAW and PITCH is u•nique and 
potentially very accurate. It relies on reflecting a light 
beam off the 7107D spacecraft which is several hundred miles 
away from the R&D Spacecraft, and is always precisely "on. the 
flight line". 

(5) Basic TM/DL Data .......................... $205.K 

This is all of the standard electronic systems 
required on an operational POPPY spacecraft such as transmitters, 
telemetry, encoders, sensors and memories, etc. 
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B. Stablization Systems .. --
(1) Hi-Accuracy Attitude Controls ............. $265.K 

This is a Reaction Wheel system which has an infrared· 
horizon sensor attached to it. The IR sensor detects pitch errors 
and feeds this error signal through a speed control circuit in 
such a way as to minimize-the.pitch error. This type of system 
is potentially accurate to fractions of a degree as required for 
the DF system. 

{2) Electric ARC Thruster ...... • ............... $105.K 

This type of microthruster eliminates the one 
component of the·present ammonia-vapor microthruster which has 
been the most unreliable; i.e., low leak-rate valves. In the 
electric arc thruster a capacitor bank is discharged across the 
end of a metal wire {the_fuel). thus e~pelling metal molecules 
which are accelerated in a magnetic field. This system is 
potentially very· accurate, predicitable-, controllable and fail­
safe (it can not leak). 

(3) Gravity Gradient Boom and Dampers ......... $40.K 

Required, with the reaction wheel to form the 
attitude control system. 

c. Control Systems. 

(1) Stored Command System ..................... $135.K 

This system represents a significant advance in the 
POPPY Program. This first·developmental system will be able to 
operate the R&D Spacecraft through all of its desired operational 
modes for a period in excess of twelve hours. This type of 
system provides considerlble flexibility in the operational 

. I - . . 
;-·-... -- - . - ·-. . 1 . . 

\Chart #13 fof enclosure (1) gives some further detail on the 
'r·emain·a-er J of the i ter_ns listed in Column # 8 ..• specifically: 

II. GROUND STATION SYSTEMS FOR R&D SPACECRAFT: 

A. Monitor and Record Command Status .............. $232.K 

This cost is• for the development of the ground station 

'rOJ.3 SECRET 
HANDLE VIA BYEMAN CONTROL SYSTEM 

Page1.2of H 
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HANDLE VIA BYEMAN CONTROL SYSTEM 

hardware and softwar.e to accomplish the monitoring and recording 
as well as the generation of the stored commands. 

III. FACILITIES AT NRL FOR R&D SPACECRAFT: 

A. Anechoic Chamber modifications ................. $230K 

The most important part of a successfu 
'--=---------~ 

system is the accurately measured and documented antenna patterns 
I I The present NRL·anechoic chamber needs 
to be modified and improved to adequately perform these measure­
ments. At present,· the chamber "distorts" 
meas red 

B. Magneti~ and Optical Alighme~t ................. $60.K 

In order to align this highly accurate antenna system with 
the even more accurate attitude sensors, a magnetic and optical 
alignment facility, which NRL- presently does not have, is required. 

. , 
·'._Charts #14, 15 and 16/ of enclosure (1) ar_e provided to summarize 
the financlar status ~of Mission 710 7. Chart # 14 simply shows the 
percentage of each of the five (5) items whi~h added together 
constitute the deficit (without the R&D Spacecraft) of $2,815.8 K. 
The only one of the five items which has not been previously 
discussed is the $98.8K. These funds were withheld, or deferred, 
from the Mission 7107 financial approval by the NRO. The reason 
for the deferral apparently was because it was noted thit item 
II-C (NRL SALARIES & OVERHEAD) had increased in the reference (a) 
estimate for FY-71 by approximately 32% over the amount for FY-70. 
However the total NRL. Salary and Overhead .figure for both Payload 
and Ground station (I-G and II-C) had only increased 11% resulting 
mainly from a substantial Civil Service raise. The remainder of 
the increase in the Ground Station personnel costs is in reality 
a reassignment of some personnel who in FY-70 had worked on the 
Payload and in FY-71 would be working in the-Ground Station area. 
Referring to the line items- of Chart #15 of enclosure (1), a 
direct comparison can be made with enclosure (2) and (3) as 
follows: 

Line 1 is Column #6 of enclosure (2) 
Line 2 is Column #2 of enclo~ure (2) 
Line 3 is Column #3 of enclosure (2) 
Line 4 is Column #4 of enclosure (2) 

Approved for Release: 2024/06/12 C05026166 
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Line 5 is Column #7 of enclosure (2) 
Line 6 is Column #8 of enclosure (2) 
Line 7 is Column #9 of enclosure (2) 
Line 8 is Second Column of enclosure (3) 
Line 9 is Column #1 of enclosure (2) 
Line 10 is Fourth Column of enclosure (3) 

·.·n:.,; 
~ ~-} ''. 

Line 11 is the 7107 portion of the MIPR #FY-7616-71-0031. 
This is in the amount requested for 7107 in FY-71 as per refer­
ence (a) minus the $98.BK whic~ w~s withheld pending further 
justification. , 

Chart #16 of enclosure (1) is the deficit both with and 
without the R&D Spacecraft for Mission 7107. 

'f'OP SECRE'f' 
HANDLE VIA BYEMAN CONTROL SYSTEM 

·; -0.r.'. ;;£ .. i-: ·r,\ ;F('.::!Vl!U\I 
c:·:i_\•','4:: .. :. r:··:-.:~.·t::iVl ONL.Y. 
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__ PRiMARY RADARS __ 

All Surface Search 
a .. Ci rculcirly 
b.H~oh Power ;;,I 

______ ~_o_S_e_condary Radars .. 

etc. . I 

'All have various roles 
a~ Sector Scanners 
b. Low & High Power 
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of Program Augmentation 
Ocean Surveillance: 

for 

1 .. improvemen'-ts· in Spacecraft t:l,OT solely 
for Ocean Surveillance but enhance total 
. . ,.. 
r ?"•'1 !"'j Cl r, •,,~ 0 ·i- , • .., ,,.. 0 ('f -r a ll".'1 • 
~ ;J.; : '-' i:.. I \-.JI ~ II • 

A- Increased timliness of. response to 
user. 

B-
r-u 

use 
em~tter now matched 

of 7107A/8., 
to 

2~ SEL-36 Systems for Pacifib can both 
be programmed for FY-73, 6 mo~ apart., 

3o I I will remain t::irime1rily 
cl n i n -F 1 ·i g ht Ev al u at i on s i t e .. Sorn e 
Operational Commands can origln~te 
here 9 but not all visible. 

should. have i-Cs own inter-· 
capability to be selfsupporting,_ 
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D PAYLOAD FOR M~SSION 7107 

Equipment 
D o ttJ n w a'r d Look inCi· DC' 

i .. 0 0 

('·· 2 r- ,... 0 
1 ""lQ" '-;) v o ' 

L,S i & X-Band r. n 0 • " OU" 

c: - Q a.,., ,...1 Cornb-F 
. 1 -·~ c r 75 0 0 r, 

'-' [) 'I I u Q _ lv • 0 " 
4. Hi-Accur. Attitude Sensingl70.0 

;( 
G\ 

5. Bas~c. TM/DL Data ... o .20500 
-----$785:0-K 

8. Stabilization Systems 
1 .. Hi-Accu~.Attitude Control$265 .. 0 K 
2. Electr~c ARC Thruster ... 0105.,0 
3 .. Gravity Gradient Bbom 

and Dampers ...... ~ ~ ., 40~0 
- - - - - ~; 1:- 1 o: 6- t< 

Control Systems 
Command System. • $135 .. 0 t< 
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