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ABSTRACT

A summary of the significant progress and activity is presented on the

development of DOPLOC, a dark satellite tracking system, over the period

from 1 July 1959 to 1 July 1960. A resume is given of the program adminis-

tration and project assignment chronology. A description of the Scanning

DOPLOC System, including cost estimates for various combinations of antenna

"types is presented. An analysis of the proposals submitted by eleven con-

tractors and the basis for the choice of two acceptable proposals is given.

The activity in the development of mathematical processes for determining

the orbital parameters from DOPLOC data and its successful application to

measured data is discussed. It is noteworthy that twenty completely inde-

pendent, single pass, satellite orbital solutions have been obtained. Studies

supporting the development of the Scanning DOPLOC Svstem are discussed briefly.

i Experimental use of the field station facilities for the tracking of non-
radiating satellites is described and sample data are shown to illustrate the

system performance. A compilation of the satellites tracked by reflection
summarizes pertinent tracking data including signal duration, signal strength

I .and effective reflection cross section. A discussion is presented of observed
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reflection arose section variations. Evidence of ion trails of seyeral -

minutes duration after the passage of 1958 Delta (Sputnik I) i. noted.

Tracking effdrts on radiating satellites are sumarized. as used in connection

with the 4esign and developent of DOPLOC system aomponents and data processing,
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SECTION I

A. Program Administration

At a conference held at Advanced Research Projects Agency (ARPA),

Washington, D. C., on 19 August 1959, the Ballistic Research Laboratories

(=RL) were requested to submit an outline of a program for reorienting

ARPA Order 8-58 (DOPIDC Passive Satellite Detection Fence) toward the

development of a second generation satellite tracking system with particular

emphasis on the application of such a system to the problem of anti-

satellite defense. Under the proposed revised program, BRL was to be

relieved of all routine operational responsibility for the interim fence
relative to satellite tracking for the purpose of furnishing data to the

using agencies. The existing field facilities were to be retained by BRL

as operational research tools. At the above-mentioned conference, ARPA

approved immediate implementation of the work plan outlined in the Second

Semi-Annual Technical Summary Report (BRL Memorandum Report No. 1220)

including the installation of a4 x 40 degree scanning beam antenna system.

By November 1959, specifications for the scanning DOPLOC system were

prepared and submitted to contractors. Firm bids were received and evalu-

ated and a final choice of systems was recommended to ARPA for implementation.

Initial operation of the system was scheduled for September 1960 based on

letting of contracts by January 1960.

Although not formally changing the original ARPA Order 8-58, in

November 1959 ARPA advised BRL that responsibility for the dark satellite

fence was being assigned to the Navy and that BRL would be given responsi-

bility for the conduct of R&D leading toward second generation dark satellite

tracking systems. At ARPA' s request, BRL submitted a proposed program of

9



I
R&D, 1 including cost estimates for the implementation of a scaled down

version of the scanning DOPLOC system to. confirm experimentally the

feasibility of the techniques previously proposed.
d

In January 1960, ARPA advised BRL that the DOPLOC satellite tracking

system was not required to meet ARPA mission responsibilities and that the 3

DOPLOC program pertaining to the dark fence and anti-satellite defense

would be dropped entirely. BRL was requested to submit another proposal

for a program that would make use of, BRL talents in support of ARPA

programs. As a result of several conferences called by ARPA, pertaining to

problem areas in the satellite tracking, anti-satellite defense and
navigational satellite fields, BRL submitted a program2 of research and

development for a precision tracking system to act as a standard of com-

parison for all types of tracking instrumentation systems. In view of the

many types of satellite and missile tracking systems that were being

developed under ARPA sponsorship, at costs large compared to the cost of

the precision standard of comparison proposed the need for an adequate method

for evaluating the performance characteristics of these systems became clear.

Neither ARPA nor any other DOD or civilian agency was sponsoring the develop-

ment of a tracking instrumentation standard. The proposed program therefore

would have filled a serious gap in the tracking research and development

program of they United States.

In March 1960, ARPA again informally adviL.ed BRL that they might be

given the go ahead on a research and development program on a scaled down

DOPLOC system.

ARPA Order 8-60, amnendment No. 5, dated 13 April 1960 informed the

Director, BRL that the DOPLOC system would not meet the limediate objectives

of the satellite detection and tracking program assigned to ARPA and that

further research on. the DOPLOC system would not be required. Amnaedmant No. 5

½14L Letter to ARPA Attn: Commander Holmes, dated 19 Nov 59,
"Subject: 'Second Generation DOPLOC R&D Program

P2" oposal for Precision Tracking Instrumentation System"
SiXbmitted to ARPA by BRL lo Mar 60.

10I



also requested that EEL submit to ARPA a plan for termination of the

project. Such a plan was forwarded to ARPA.by letter dated 29 April 1960,
Subject: "Schedule for Closing out ARPA Order 8-58 in Accordance With ARPA

"Order 8-60, Ammendment No. 5, dated 13 April 1960." By letter dated 17 June

-1960 AMPA Order 8-60, Amendment No. 6 was issued approving the above plan.
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SETION II

A. Summary of Previous d~twihAmra1I60d

The second semi-annual technical dtuokaq leport, ERL Memorandum Report

No. 1220 for the period 1 January 1959 to 30 June 1959, was submitted to

ARPA early in August. This report recorded thd §+Atus of, and results obtain-

ed with, the interim fence; reported significant progress toward obtaining a

solution for orbit parameters from Doppler data only, and proposed an ulti-

mate Doppler tracking system for nonradiating satellites. Based on the

concept of the requirement for a system that would detect, track, and provide

data for orbital computation and cataloging of satellites over the United

States, the proposed system was the result of an extensive engineering study

and provided complete volume detection coverage of the space above the

United States to an altitude of approximately 2000 miles, and employed a

minimum number of relatively low cost installations. It was proposed to

obtain the volume detection coverage by widely spaced station pairs consisting

of receiving and transmitting stations, employing scanne4, coplanar, fan-

shaped antennas. In order to test the feasibility of the proposed system,

and to accomplish any required re-engineering on a low cost basis, this report

proposed the installation of a one or two base line scale model of the ulti-

mate system concept. In addition, a twelve month work program was outlined.

This program was devoted to theoretical studies and .experimental investi-

gations to confirm or negate the practicability of the proposed ultimate

system. Special attention was to be given to the followiAg.areas;

* a. Optimization of fan beam antenna designs.

b. High power transmitter studies.

.c. Narrow-band frequency measuring systems.

do Data handling techniques.

e. •Orbit computations.

2
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V B. Scanning DOPLOC Proposal

The original specifications for a dark satellite fence as prepared

by an ARPA Ad Hoc Committee, called for a system capable of detection,

tracking, and orbit computation, within one orbitalperiod, for Al- objects

having effective reflection cross sections greater than 0.1 square meters

at all altitudes between 100 and 2000 statute miles with a reasonably high

multiple target handling capability. Based on these specifications, ERL

outlined the R&D program that resulted in the submission to ARPA, in August

1959, of the scanning DOPLOC concept; a system which would fully meet the

ARPA detection and tracking specifications, would permit computation of

orbits of detected objectsv within a few minutes (or seconds, depending upon

the type of computer used) after the satellite pass and would be capable of

handling 20 to 100 satellites simultaneously. The theory, leading step by

step to a logical choice of final system design parameters, was reviewed

and it was shown that the scanning DOPLOC system could be implemented with
existing state-of-the-art techniques.

By letter dated 19 November 1959, subject: "Second Generation DOPLOC

R&D Program," BRL submitted to ARPA a proposal covering a program of research

and development work designed to validate the conclusions stated in E3RL

Memorandum Report No. 1220, July 1959, and to test the performance of the

proposed scanning beam DOPLOC system through the installation and operation

of a scaled down model.

The scanning DOPLOC system as proposed in BRL Memorandum Report No. 1220
is based on the use of the bi-static, continuous wave reflection principle

and utilizes for the basic detection and tracking unit a high power radio

transmitter and a high gain, narrow-banld radio receiver, each coupled to

high gain antennas driven through synchronizing equipment. Thin fan shaped,
coplanar beams are scanned about the axis formed by a straight line between
the stations to cover a space volume consisting of a half cylinder whose

length is equal to the distance between the stations and a radius of 2000
miles. Computed parameters, based on the radar equation and verified by



experience with the interim fence equipment, indicate that this system

would detect and track objects having one tenth square meter effective

cross-sectional area over an altitude range of approximately 150 to 1500

and possible 2000 miles when a two million watt output power is used at

the transaitting antenna. Engineering considerations indicate that such 4

a system is entirely feasible employing existing state-of-the-art equipmeut,
and when compared to the cost of monostatic pulse radar equipment requirea

to provide the same coverage with less system data accuracy., is much less

expensive in terms of Ioth equipment installation and operation costs.

Since the receiving and transmitting stations can be placed 1000 miles "part,

only a few pairs of stations strategically located could provide complete

coverage for either the complete space volume above the United States or if
located in a different pattern, the periphery of North America.

Since one of the goals of the proposed reoriented DOPLOC program is

the demonstration of the technical feasibility of the concept of determining

orbit parameters by passive continuous wave Doppler techniques, it is

proposed to instrument two 700-mile base lines with scale models of the

ultimate equipment. One of the base lines would be chosen to utilize the

Aberdeen Proving Ground station as the principle research receiving station,

using present equipment augmented with equipment from White Sands. Missile

Range receiving station. A transLitting station with two 100 kW transmitters

and scanning antennas would be located at Camp Blanding near Jacksonville,

Florida. With one antenna beamed toward-Aberdeen, Maryland and one toward

,Forrest City, Arkansas, two base lines at approximately right angles to

each other would provide geometrically strong data for orbit computation and

would permit utilizing most effectively the technical skill of the BRL

personnel without extensive travel and lost time in setting up experiments

at remote field stations. A second major advantage to be derived from the

installation of the scaled down system results from its relatively low cost

and the short time required to arrive at an operational status.

iI
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Although the original plan recommended placing three DOPLOC stations in

a two base line configuration in the southeastern section of the United "

States, to permit more rapid and efficient conduct of a second generation

"satellite tracking R&D program, the same system could be installed in the

south central United States to completely fill the gap that exists in the

interim dark satellipe fence between White Sands Missile Range and Forrest

City, Arkansas. This installation would permit the simultaneous conduct of

research and development leading toward second generation systems, greater

rangeh on smaller targets and faster time response with application for anti-

satellite defense as well.

The scaled down system would employ 100 kilowatt radio transmitters,
Ii. x 40 degree scanning beai' a±ennas and base lines of approximately T00

miles. Low altituicoverva:'ge would extend down to approximately 125 miles

above the surface ok tke elath whie the high altitude limit would be about! ~650 miles. Such a system wo• pr o..,
65 me` uc ae adequate detection capability to

thoroughly explore the comput.ionai techniques and would permit the test

and .development of any improved techniques found necessary to adapt the

DOPLOC concept to the scanning beam meko8alss.

The scanning DOPLOC system Offers significant improvement over fixed

beam systems in detection capability. Instead of relying on having all

factors affecting detection suitable during the short period of time that a

satellite falls vithin a severely restricied angular segment of detection

volume, the DOPLOC system continuously s"irýs a 1600'sector of space Volume

and makes repeated observations of every o ect in the scanned volume. With

the a priori knowledge that satellites must follow closely the classical

laws Of orbital motion, the multiplicity of DOPLOO observations on each

"satellite pass greatly simplifies the pr6blem of distinguishing between

satellites and other sources of reflected signals such as meteor trails,

aircraft, ionospheric clouds, etc. In addition, it is this multiplicity of
observations during a single pass which gives the DOPLOC system the capability

of determining orbital parameters without watting several hours for the

"satellite to complete one or more revolutions along its orbital path.
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The cost of a DOPLOC type of system is quite modest, due in large
part to its simplicity and the techniques used to conserve illuminating

transmitter power. During the past several months, at ARPA request, a

number of estimates have been submitted covering the costs of a variety

of DOPLOC system configurations, including supporting services for a

period of 18 months. Part of the cost variation is related to the extent

of the proposed installation and the rema.nder is due to the particular

choice of alternate techniques available to achieve the desired results.

Seven programs are briefly summarized in Table I. The lower cost programs

provide a scaled down version of the full scale system, yielding detection

. capabilities to altitudes of about 650 n4les. The systems employing

mechanically rotated scanning beams are less costly than those employing

electronic scanning techniques, but are less desirable from the standpoint

of an operational system and may have less potential for successful scaling

to the full scale system. The cost figures presented in Table I for

Programs I through IV are based on the results of an extensive analysis of

the engineering proposals submitted by twelve teams of this Country's

leading contractors in the field of high powered transmitters and high gain

antenna systems. The costs of Programs V through VII providing for full

scale system, are estimates based on discussions with the same contractor

groups mentioned above.

C., Anti-Satellite Defense Application

The application of DOPLOC to the anti-satellite defense role offers

advantages of large volume coverage, high inherent detection probability

and low false alarm rate, good multiple target discrimination, short data

handling time, and accurate orbit solution with minimum observational data.

It appears that considerable advantage could be gained if the receiver

station could operate near or coincident with the transmitter for orbit

determination when only the approaching portion is measured as in a satellite

defense situation. Advantages would be gained from utilizing additional

data, such as range measurements by a pulse or cw modulation phase measure-

meint technique and angle measurements by the phase-lock interferometer

technique developed at SML.

16t1
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fI
D. Sumar

The Ballistic Research Laboratories are firmly convinced, based on

the combined Judgments of its technical personnel, who performed the

feasibility studies, and leading electronic contractors, that a scaled

down scanning DOPLOC system can be put into operation in nine months after

equipment contracts are let, which will provide the DOD with a first pass

capability of satellite detecting, tracking, and establishing orbit para-

meters. This system will assure the DOD of early warning of any new

satellites which may be launched and which are both large enough and low

enough to have useful riconnaissance capabilities. The most desirable scaled

down system (Program IV) can be installed and operated through July 1961, for

a total cost of $5,639,826. The full scale systems, providing the DOD with

a capability of determining the orbits of any reconnaissance satellites

that might, and probably will, be launched by an enemy up to altitudes of

2000 miles, can be installed in 12 months and operated for 6 months for a

cost of $10,000,000 to $40,000,000 depending upon the extent of coverage

desired. These costs are modest compared to the costs of exotic radars and

other systems having the same capabilities. As a by-product the DOPLOC system

will also provide precision tracking data on satellites launched for either

military or civilian scientific purposes to ranges greatly in excess of

2000 miles.

Io
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SECTION III

IMPLEMENTATION OF SCANNING DOPLOC SYSTEM

A. Requests for Proposals from Industry

Following the preparation of a performance specificationI, a briefing

was held by BRL and the local procurement office on 16 September 1959 to

acquaint prospective bidders with the requirements of the proposed scaled

down DOPLOC system and to solicit bids covering the furnishing and instal-

lation of one and two base line systems as described in the abstract of

the proposal to ARPA. The basic bid covered the supplying of the Camp

Blanding-Aberdeen base line, less the receiving equipment. This included

a prefabricated instrument shelter at Camp Blanding, a transmitter- two

scanning beam antennas, and the antenna synchronizing equipment. As an

alternate bid, proposals were requested covering the basic bid, and in
addition, a second transmitter housed in the common instrument shelter and

two scanning antennas with synchronizing equipment for the Camp Blending-

Forrest City base line. Approximately 25 contractor facilities were repre-

sented at the briefing. From the twenty-five facilities attending the

briefing, twelve proposals, some of which were Joint efforts, were received.

Three principal types of antenna systems were proposed. Prices ranged from

less than a million dollars per base line to approximately five million per

* base line. In general the lowest priced systems used rotating fixed linear

arrays. Other systems were based on reflecting type, horn fed antennas

scanned by organ pipe scanners, or modified Wullenweber type antennas fed

with organ pipe scanners or electronic scanning systems. Technical evalu-

ations have been made and BRL is ready to release contract information to

the Contracting Officer.

S"supplemental Information to Oral Briefing Pertaining to Requirements.
for Scanning Antenna Systems" (Confidential), BRL Specification No.

S16-9-59, dated 16 September 1959.

19
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B. Summary of Bids

In response to the briefing held on 16 September 1959, at the BallistiE

Research Laboratories, twelve bid proposals ý,are received between 26 October

and 1 December 1959. A list of the companies who attended the briefing

and/or expressed interest in bidding is given in Appendix I.' The proposals

included the transmitter with building and antennas with synchronizing

equipment for one or two base lines at 150 mc and 216 mc. One bid was re-

ceived for a study of the scanning antenna problem only.

Six of the proposals contained antenna designs based on scanning the

fan beam by rotating the antenna array structure. Seven of the proposals

contained antenna designs based on stationary antenna.structures with the

beam scanned by electrical or electronic methods (one company bid on both

types). Table II contains a list of the proposals in order of cost for a

two base line installation.

C. Analysis of Proposals

Proposals were requested for two frequencies, 150 mc and 216 mc since;

at that time, the FCC had indicated that either of these frequencies might

be assigned. It was also considered of value to know the relative cost of

the DOPLOC system at what might be considered the lowest and highest

practical operation frequencies. At the lower frequency (150 mc) the track-

ing range is greatest but the antenna size is larger. At the higher frequen-

cy (21 6 mc) the antenna size is reduced by a factor of 1.5 but the tracking

range is reduced and twice the transmitter power is required compared with

that required at 150 mc to maintain a 2000 mile altitude tracking cap-

bility. Fortunately the FCC has authorized the use of 150.79 mc for DOPLOC

dark satellite tracking, thus permitting operation at the most desirable

frequency. Therefore, in subsequent discussions only the systems proposals

for 150 mc operation will be considered. It is of interest to note that the

216 mc systems antenna and 100 kw transmitter cost estimates were only

between 5 and 8 percent lower than the 150 mc systems. Considering that

20I
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increased transmitter power would be required at 216 mc to obtain the

desired range, the higher frequency system would actually be more expensive

to install.

Very detailed reviews and analyses have been made of the technical and

economic aspects of all of the proposals received. In several cases oral

technical presentations have been heard from some of the companies for

additional information or clarification of material in their proposals.

Several of the companies did considerable work on the antenna design

problems after submitting their proposals and provided valuable basic'

information on fan beam forming and scanning. Some of the analyses of

phased array beam forming with a circular array have constituted quite basic

and original work not previously available.

During the study and analysis of the proposals, a very important

disclosure was made regarding what now appears to be a theoretical limi-

tation on the use of a circular array or Wullenweber type antenna for the

proposed DOPLOC system where the wide dimension of the fan beam must be

tilted away from the plane of the array. This produced a provocative and

controversial situation where those companies who had proposed circular

arrays were certain they would work based on extrapolations of their limited

preliminary design studies. of the 4 x 40 degree system. A further study,

made locally and by several of the companies, of the problem for the

1.4 x 40 degree antenna for the "ultimate" system, disclosed thp)t the pattern

in the plane perpendicular to the circular array breaks up at low elevation

angles and becomes too narrow. The beam cross-section also degenerates

from an ellipse into a "bow tie" shape. The effect of this pattern degra-

dation on the system is that of seriously reducing its coverage volume. It

is interesting and coincidental that a circular array can be designed to

give a pattern wbosenarrow dimension is 4 degrees and whose wide dimension is

40 degrees and with the lobe tilted off from the array plane by about 35

degrees from the vertical without serious beam degradation, but when a

larger circular array design is attempted for a narrow dimension of 1.4

S22



A degrees, the pattern in the wide plane breaks up badly when the beam is

tilted 35 degrees off from the vertical. The break point in beam width

appears to be about 4 degrees for cases where the structure size must be

held to a minimum. The critical factor in the design is the ratio of the

arc length excited to the diameter of the array. A circular array could be

designed to produce the 1.4 degree beam but would have to be of the order

of 800 to 1000 feet high. Special designs were submitted by some companies

which proposed to minimize this beam degradation with narrow fan beams by

programming in two dimensions the amplitude and phase distribution along

the arc of a circular array. However, the feed distribution system required

would be very complex and considerable additional design studies would 1e

necessary to insure performance under field conditions.

In general, the circular array design proposals were characterized

by considerable complexity, high cost and new component development re-

quirements. Based on these factors, along with the apparent inability to

scale the 4 x 40 degree design up to the 1.4 x 40 degree design without

pattern degradation, the conclusion was reached that the circular array

was not suitable for this application.

D. Selection of Antenna System

The choice of acceptable proposals was reduced to the following three:

1. All Products Company, $787,552 for one base line, $1,417,634 for

two base lines, fixed price. This was the lowest price bid received for a

rotating antenna based on sound but economical antenna engineering.

2. Radiation., Incorporated, $1,314,740 for one base line, $2,100,000

for two base lines, fixed price. This was the next lowest price bid for a

rotating antenna. The antenna design is electrically identical with the

All Products antenna but structurally heavier.

t 3. Melpar, Incorporated, $1,850,000 for one base line, $3,055,000

for two base lines, cost plus fixed fee. A mechanically fixed electrically

scanned antenna design with very attractive features, which make it well

I 23



suited to the DOPLOC fan beam scanning application, was proposed by

Melpar, Scanning is accomplished with an organ pipe scanner feeding a
number of horns which sequentially illuminatea curved reflector. The

antenna is called the Omega scanning antenna which is illustrative of the

shape of the reflector.
T anen d mLkt' 'pi, ;

The antenna design that meets DOPLOC specifications most economically
is based on the rotating array structure proposed by the All Products

Company. A linear array of radiating elements mounted on a boom generates

the fan beam which is scanned by rotating the boom. Structural analysis
.,L t [jilt [ .

of the boom and support tower for the interim 4 x 40 degree pattern show
'I ~ I l(~'-,

that it is entirely practical to rotate the antenna array at a rate of
2 rpm in winds up to' 80 mph and maintain a nondegraded fan beam coplanar

with a similar antenna located 1000 miles away. The servo control system

required to synchronize the antennas is not complex and the motor to rotate

the boom is reasonable in size. However, it is not certain that a mechani-

cal system is practical for a 1 x 40 degree beam pattern.

Considering rotating type systems only, the lowest price of $1,417,634

(fixed price) for a two base line 100 kw transmitter-antenna system was

submitted by the All Products Company, Mineral Wells, Texas. A careful

scrutiny of the All Products proposal and discussions with their technical

personnel in considerable design detail could show no major flaw or serious

omission in their system design, company capability or financial status.
LI,

This was the only company to agree readily to a fixed price contract with a

penalty clause.

E. Description of All Products Company Antenna System

The All Products Company proposal for the 4 x 40 degree antenna consists

of a linear array of Yagi antennas mounted on a rotating boom 73 feet long

(Figure 1). Sixteen Yagis, each with seven elements, are used to form the

4 x 40 degree fan beam. Each Yagi is eight feet long and has a support

mast of 2 3/8 inches diameter. Two arrays, pointed 120 degrees apart, are

mounted on the boom to provide continuous scanning of the fan beam with'
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cdrttinuous rotation of the boom. )One arrayisokIttddiAto the feed line

when, its beam approaches 10 degrees above th6 hoiizon,t then, after scanning

to within 10 degrees of the opposite horizon, it Ua.wltabhkd off and the

other array switched on. Four scans per minute are made with a rotational

rate of 2 rpm. All polarizations (circular right or lefthand and linear

vertical or horizontal) are provided byirrhe use of crossed Yagzi elements and
theldesired polarization is selected by changing °feed connections to the

Yagis. Polarization diversity can be provided by use of separate feed lines

from each array through a double concentric rotating. Joint. The gain of

each fan beam is 22 db over isotropic and side lobes will be 12 db down

from the main lobe. Effects of the ground on the pattern have been calcu-

lated and shown to be negligible. Deflection of the boom, computed to be

less than 0.5 degree under a 60 mph wind, will introduce negligible pattern

distortion. Maximum deflection of the Yagis, considering wind gusts and

vibration, has been computed to be 1 degree for 60 mph winds, which changes

the gain of the antenna by a factor of only 0. 999k (.0078 db). The phase

front of the pattern is not expected to be altered appreciably by any

possible motion of the Yagis since that motion can only be in the plane of

constant phase.

Synchronization of the transmitting and receiving antenna beams, is

accomplished by a servo motor-controlled drive system which is synchronized

to a precision frequency standard at each station. A General Electric

system: is proposed for this application. The rotation of the fan beams will

be maintained in synchronism under winds up to 80 mph with a position and

rate servo system which controls a 15 horsepower main drive motor and a

smaller auxiliary correction motor. Provisions are also made for manual

control of the antenna and an indicator is provided for reading angular

position to. better than 1 degree.

,The four-legged tower supporting the antenna boom and motor drive system

,Vill also serve as corners for the transmitter building. The maximum

d•eflection of the tower is computed to be 0.1 degree with 125 mph winds.
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A four story building, 40 x 40 x 40 feet, is proposed and is considered

large enough to house a 2 megawatt transmitter if such is required at

a later date.

The proposed 100 kw transmitter will be designed and built by the

Multronics Company, Sarasota, Florida. A Pete Sultzer type precision

frequency oscillator will be employed. The final amplifier stage will be

two groups of six RCA 6166 tetrodes, air cooled. Transmitter noise over

a 6 mc bandwidth will be at least 70 db down.

Preliminary estimates for a megawatt transmitter have also been made

by the Multronics Company. Using the RCA 2346 tube, the cost is estimated

to be about $800,000 for a megawatt and $1,500,000 for 1.5 megawatts, with

a six-month delivery. All Products Company has a design concept for an

antenna that will handle 2 megawatts and the cost of this antenna has been.

W estimated to be only $30,000 more than the Yagi design.

In summary, the All Products proposal appears to be a satisfactory

and economical solution to the interim DOPLOC scanning antenna and trans-

mitter problem.

F. Description of Melpar, Incorporated Antenna System

The proposal from Melpar, Incorporated, Fairfax, Virginia, was the

only fixed structure antenna design that could be expected to fully meet

the specifications of proper fan beam pattern shape for the interim and the

"ultimate" DOPLOC system with an acceptable degree of complexity and

reliability. Figure 2 shows the antenna, consisting of two complex curved

surfaces arranged back-to-back. Each curved surface is illuminated by a

set of horns to produce an eighty-degree scan from 10 degrees above the

horizon to the vertical. The horns are fed in sequence from an organ pipe

scanner. One set of horns and its reflector scans from 10 degrees above the

horizon up to the vertical. The power is then fed to the other set of horns

and the scan is continued from the vertical down to the opposite horizon.

Thus, a basically new approach to the scann~ing antenna problem was made where,

• ?7
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instead of feeding a large number of radiating elements located on the

periphery of a circle, only a relatively small number of elements are fed.

and the curved reflecting surfaces form the narrow beam. The resultant

reduction in complexity is considerable and a much desired degree of

S" versatility is gained in control of beam pattern shape and polarization.

The Omega scanning antenna also provides the capability of achieving

accurate angular information and added gain over a simple 4 x 40 degree fan

beam. It is possible to incorporate a monopulse type receiving antenna

feed configuration in the Omega scanning feed by the use of sum and difference

feed channel. A sum and difference beam can be achieved by the use of aj

switching network in the receiving commutator. This would give immediate

readout of the angular position in both planes without interfering with the

antenna pattern or equipment used to obtain Doppler information. Added gain

can be achieved by dividing the receiving pattern in the broad plane into a

number of narrow beams. The multiple narrow beams together would cover the

same volume as the single 4 x 40 degree beam. The gain of the system would

be increased by the number of beams used. For example, four 4 x 10 degree

beams would produce 6 db gain over a single 4 x 40 degree beam. Separate

receivers would be required for each beam; however the cost would not increase

linearly since the feed elements could be any simple type antenna such as a

dipole. Separate commutators would be required for each beam but a common

drive mechanism and angular indicator could be used.

Melpar has done a considerable amount of proprietary work on the basic

design of this antenna. A number of radiation patterns have been measured

with a scale model, -which is quite simple to do with the reflector type

design but almost impossible with the Wullenweber design. These patterns

show that good pattern shape, high gain and acceptable side lobes are

obtained over the entire 160 degree scan angle for both the interim and

"ultimate" system.

2
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G. Recommendation for Interim DOPLOC Antenna System

It is the recommendation that one base line of the Al1l Products

rotating antenna systems be installed at the Forrest City-Camp Blanding

sites and that one base line of. the Melpar fixed antenna system be

installed at the Aberdeen Proving Ground-Camp Blanding sites. This

arrangement vill permit comparison of the rotating and the fixed antennas

with respect to their operability, reliability, and feasibility for appli-

cation to the "ultimate" system.

'0
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SECTION IV

ORBIT COMPUTATION

A. Introduction

This portion of the report presents the development of mathematical

processes to determine orbital parameters of uncooperative (radio-silent)

satellites from data obtained by the DOPLOC stations. In addition to the

efforts of BRL on the overall problem, specific portions of the problem

have been assigned to two contractors, the Western Development Laboratories

of the Philco Corporation and the General Electric Company.

Both of these companies originally were assigned the task of developing

a secondary type of solution which would provide a systematic means of

making initial approximations of the position and velocity components.

These in turn would be utilized as input data for the BRL-devised system,

i.e. primary solution, for determining accurate orbital parameters by a

method employing differential corrections.

Philco is. continuing the task as originally assigned but the solution

devised by General Electric offers promise of being applicable to the

primary as well as the secondary problem and General Electric is investigating

this phase.

During the period covered by this report, BRL has obtained twenty

completely independent single pass satellite orbital solutions using DOPL0C

field station data only.

B. Patton's (BRL) Method

The unqualified success of Patton' s method of obtaining orbital para-

meters quickly and accurately from DOPLOC single pass data only has been

demonstrated. Numerous convergent solutions have been obtained with actual

field data from a system consisting of the transmitter at Fort Si-11 and -a

* single receiver at Forrest City. This system complex provides a base line of
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434 miles. In addition, the method has been modified to accept data that.

has been obtained by tracking a transmitter carried in the satellite.

Receivers were available at both Forrest City and Aberdeen Proving Ground

for this mode of operation, providing a base line of 863 miles. Results will

be presented for both passive and active tracking. In addition, the orbital

parameters published by Space Track have been converted to the epoch times of

the DOPLOC reductions and are included for comparison.

Of primary importance to the success of the method is the capability of

establishing a compatible set of initial-approximations for position and

velocity with sufficient accuracy to permit convergence of the computing

process. Several successful procedures for this phase of the problem have

been developed but discussion will be confined to the method most suitable

for the three fixed-beam mode of operation. However, reliable methods have.

been developed for the other modes of operation as well.

Satisfactory initial approximations for the three beam system are

rather quickly and easily obtained by assuming circular motion and using a

chart of the type presented in Figure 3. Constant contour lines have been

computed and drawn for the Doppler frequency and the first time derivative

of the frequency in the vertical plane which contains both the transmitter

and receiver. These contours vary with inclination so that a number of charts

are required for orbits of various inclinations. To obtain initial approxi-

mations for the computation, the following operations are performed:

a. Assume an inclination. Accuracy is not essential at this stage

since the estimate may be in error by 15 degrees or more without preventing

convergence.

b. Enter the chart with the measured frequency and the first deri-

vative of the frequency for the center of the vertical beam of the interim

DOPLOC System.

c. Determine position within the plane and then in the three di-

mensional coordinate system.



:-C4
Too'--- Rpi . ..... no

"'T 
tý

TlIqf

.4 . ...... ...

tF --77: -f4+44-
H

71 ......... -4 +4- 4
:p

I I I T I I I I I T I I I

-11 Ft-

Tl-

------- ;7, tq- -7 T

I T
t

7-r

;i-

mm 7:
40WO - .- rT- TF --400

ýr 7

VT . .... ..

:14

:to: :TT .....

tt t". wo
-------- --

TT

+ +4

7'! 1
2w

7,;.f

100

ROT $ILL so 100 aw 300
smiom RA, MILES

Fig. 3 33



d. Finally, velocity components are approximated. These should be

consistent with the assumption of circular motion, the height determined

in c, and the assumed inclination.

These results constitute the initial approximations which are required by

the computing method.

The initial successful reduction for the Fort Sill, Forrest City system

was achieved for Revolution 9937 of Sputnik III. The DOPLOC observations,

as well as the results, are presented in Figure 4. Measurements were recorded

for 28 seconds in the south antenna beam, 7 seconds in the center beam, and

12 seconds in the north beam with two gaps in the data of 75 seconds each.

Thus, observations were recorded for a total of 47 seconds witLin a time

interval of 3 minutes and 17 seconds. Using the method described above to

obtain initial approximations, convergence was achieved on the first pass

through the computing machine in three iterations. It will be noted in the

comparison of DOPLOC and Space Track results that there is good agreement in

a, e, i, and Q, particularly for the latter two. This is characteristic of

the single pass solution when the eccentricity is small and the computational

input is limited to Doppler frequency. Since the orbit is very close to being

circular, both a and o are difficult for either the DOPLOC System or Space

Track to determine accurately. However, as a result of the small eccentricity,

(w + a) is a good approximation of the angular distance along the orbit from

the equator to the position of the satellite at epoch time and as such,

provides a basis of comparison between the two systems. A comparison of this

quantity is included in Figure 4. To summarize, when limited to single pass,

single-receiver observations, the DOPLOC System provides an excellent de-

termination of the orientation of the orbital plane, a good determination of

the shape of the orbit, and a fair to poor determination of the orientation

of the ellipse within the orbital plane.

Therefore, only a, e, i, and 0 will be considered in presenting the

remaining DOPLOC reductions. The observations recorded for the Fort Sill,

Forrest City complex are plotted in Figure'5 for six revolutions of
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Discoverer XI including 172, the last known revolution of this satellite.

The DOPLOC determined position for this pass indicated an altitude of 77

miles as the satellite crossed the base line 64 miles west of Forrest City.

A comparison of the DOPLOC reductions with the Space Track results for these

observations is presented in Figures 6 through 9. In addition, DOPLOC

reductions have been included for three revolutions wherein the receivers at

Forrest City and Aberdeen Proving Ground tracked the air-borne transmitter in

the satellite. In Figures 10 through 13, a similar comparison is presented

for six separate passes of Transit lB. Here again, all observations consist

of data obtained by receivers at Forrest City and Aberdeen Proving Ground

while tracking the on-board transmitter.

Finally, in Figure 14, results are tabulated for a reduction based on

only seven frequency observations. These have been extracted from the

Complete set of observations previously presented for Sputnik III. They were

pelected to serve as a crude example of the type of reduction required for

the proposed DOPLOC oscillating-beam system. The example shows that the

method is quite feasible for use with periodic discreet measurements of

frequency. Of course, the proposed system would normally yield several more

observations than were available in the example.

C. Philco Corporation Contract

As stated above, the Western Development Laboratories of the Philco

Corporation, working under contract No. DA-O4-200-21X4992. 509-ORD-1002, have

been assisting with a portion of this work. This contract was initially

negotiated for a total of $32,.400 and covered the period 1 July 1959 to 30

September 1959. Supplemental Agreement No. 1 provided for a "no additional

cost" extension through 30 November 1959, and Supplemental Agreement No. 2

extended the time to 31 January 1960 at in increase of $14,919. Supplemental

Agreement No. 3 provided for a "no additional cost" extension through April

196o.
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Under the above contract the Western Development Laboratories agreed

to furnish personnel and computing services and have directed efforts

toward the investigation of partial solutions of orbiting satellites as

computed from data obtained from the BRL-ARPA DOPLOC satellite tracking

system. More specifically Western Development has directed its efforts

toward devising a system for determining first approximations of the velocity

and position components which in turn can be used as a starting point for

the BRL primary solution to obtain detailed orbital parameters.

In pursuing this problem, Western Development has made a number of

simplifying assumptions without restricting the direction of the satellitý

path relative to the system geometry., These assumptions include the use

of a nonrotating earth, the elimination of ionospheric effects, and the

assumption of a circular orbit. Both active and passive satellites have

been considered, and techniques to simplify the complexity of inactive cases

to the relative simplicity of an active case have been investigated. The

geometry under consideration has been chosen with BRL applications in mind,

but is not limited to the originally proposed White Sands Missile Range -

Fort Sill - Forrest City system.

The Philco system is distinct from the oscillating beam system and is

"intended primarily as a back-up for other methods. While the BRL and

General Electric methods require less specialized geometry and lea instru-

mentation, it is felt unwise to limit investigations to methods for a single

type of system which has not been completely tested as yet.

The original Phtlco solution required two transmitters and four receivers.

However, changes in the method have reduced the requirements to one transmitter

and four receivers. Ideally, four readings would be sufficient to determine

the four initial slant ranges, but in order to linearize the equations,

fourteen readings are required. The geometric conditions relating the slant

ranges from any point in space to the four receivers may be expressed as a

7
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third order polynomial. If fourteen reading's are available,, the slant range

to each receiver can be expressed in terms of the original' slant range and

the change in slant range, the latter to be determined front the Doppler

observations. Thus fourteen additional third-degree equations are obtained.

These may be combined with the original equations in such a way as to yield

a system of fourteen linear equations in fourteen unknowns, four of which

are the desired initial ranges. From the latter and the observed frequencies,

it is relatively simple to determine initial estimates of the position and

velocity vectors.

Currently an error analysis is being performed to determine the strength

of the solution as a function of position and velocity. This analysis assumes

a circular orbit and fixed antenna beams. Equations have been developed to

perform this evaluation, and the problem is being progranued for input to the

Philco Transac S-2000 computer. The results will be plotted to present the

error propagation in position and velocity as a function of position. The

second contract extension was negotiated to allow time and funds for this

evaluation.

-D. General Electric Company.Contract

The General Electric Company, under contract number DA-36-O4-5o9-ORD

3046RD, has also been assigncd tasks relative to the overall problem. This

contract, effective for a three-month period beginning 3 September 1959, was

negotiated for $40,706 and under it General Electric is 'to provide engineering,

mathematical, and supporting services.

The original assignment to General Electric was the development of a

method for obtaining a secondary solution which would provide first approxi-

mations of position and velocity to be used as input for the EEL primary

solution.

Using a technique of the statistical theory of multivariate functions, a

program has been written for determining the location of the orbital elements

by minimizing the sum of the squares of the errors between Doppler observations

r4
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and Doppler functions computed from assumed orbital elements. This method

uses a definite search pattern from the initial assumed position to establish

a new approximation to the location of a minimum.

The approach to the problem taken by General Electric offers-promise of

, providing a primary as well as secondary solution and on this basis a contract

extension has been initiated to provide time for a complete evaluation of the

solution. In addition, a second contract in the amount of $80,000 has been

awarded General Electric to further pursue this work.

The method of solution under investigation was developed by Mr. E. R.

Lancaster of the General Electric Company and has become known as the

Lancaster Method. In general, it consists of a procedure for determining

the minimum of a multivariate function. A special application has been de-

veloped for the reduction of DOPLOC satellite data. The method provides for

a series of improvements to approximations for the position and velocity

vectors of the satellite at a time which corresponds to the initiation of

tracking. As in a least squares type of solution, the function which is

minimized is the sum of the squares of the residuals. Let this function be

represented by F. The residuals are defined to be the differences between the

measured Doppler frequencies and those which are computed for the assumed

initial position and velocity vectors while constraining the satellite to

elliptic motion. However, the method of determining the minimum differs

from the least squares procedure in that a complete second degree polynomial

in the six variables, which determine the position and velocity vectors, is'

fitted to the function F in the neighborhood of the assumed position in six

dimensional space. Then the minimum of the fitted surface is determined by

equating to zero the partial derivatives of F with respect to the position

and velocity components and solving the resulting system of six equations to

obtain an improved estimate of the initial position and velocity. The process

is repeated until convergence is achieved. In the fitting procedure, the

polynomial and the function are forced to correspond at 27 points, the number

I
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of coefficients in a complete second degree polynomial in six variables.

A definite search pattern is employed to determine these 27 points which,

of course, are in the vicinity of the assumed position in six dimensional

space.

Current work consists primarily of analytical investigation of the

computer program for the purpose of speeding convergence and enlarging the
volume in which convergence may be assured. In addition, the propagation

of error into the orbital parameters will be analyzed and evaluated.

50
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SECTION VI SUPPMTING STUDIES

A. Scanning Antenna Coverage

A study was conducted to determine the number of satellite passes

across each of the two proposed base lines and the length of time that the

satellite would be in the antenna beam during each pass. This was ac-

complished by using a map of the United States and representing the 4 x 40

degree antenna patterns as two space volumes, each having a width of 800

miles, a height of 400 miles and a length equal to the distance between the

stations. This distance for the Aberdeen - Camp Blanding base line is 730

miles, while for the Forrest City - Camp Blending base line is 610 miles.

Using satellite predictions furnished by Space Track Control Center,
each satellite was examined during the period indicated and the total number

of passes crossing each base line was recorded. The length of time-in-beam

for each pass was calculated utilizing the sub-satellite trace and assuming

a nominal satellite velocity of 5 miles per second. A tabulation of results

is shown in Table III and a graphical representation is displayed in Figures

15 through 20.

It can be seen from these data that, of the two proposed base lines,

the Aberdeen base line is the most promising, both from the standpoint of

total number of passes and from"the time-in-beam of these passes. The longer

base line accounts for the larger total number of passes, while the geo-

graphical location of Aberdeen and Camp Blending is such that a satellite

having an orbital inclination of from 50 to 90 degrees crosses the pattern

in a near diagonal and, therefore, is within the beam a greater length of

time.' The data also show it will be necessary to increase the antenna scan

rate from 15 seconds to 7-1/2 seconds per scan to make p•ssible 10-20 DOPLOC

hits per pass for the majority of passes crossing the base line.

II.
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Table I17

1. Base Line

Aberdeen Proving Ground, Md. - Camp Blanding, Fla. (APG)

Forrest City, Ark. - Camp Blanding, Fla. (FCY)

Overlap - Area encompassed by both of the above patterns

2. Satellites and Period Examined

1958 Delta, 1 May 59 - 1 Dec 59

1958 Epsilon, 1 May 59 - 23 Oct 59 (decay)

1959 Epsilon, 13 Aug 59 (launch) - 23 Sep 59 (decay)

1959 Zeta, 19 Aug 59 (launch) - 20 Oct 59 (decay)

1959 Iota, 13 Oct 59 (launch) - 1 Dec 59

1959 Kappa, 7 Nov 59 (launch) - 26 Nov 59 (decay)

3. Altitude Distribution

APG FCY Overlap

* Total Passes 814 750 447
Passes below 401 miles 400 377 221

Percentage of total below 401 miles 49.1 50.3 49.4

4. Time-in-Beam Distribution

For APG base line 53.0% of the passes are in the beam from 150-179 sec's.

For FCY baseline 54.6% of the passes are in the beam from 120-164 sees.

For overlap pattern 39.8% of the passes are in the beam from 120-164 sees.

B. DOPLOC Filters

The scanning beam concept requires that Doppler frequency measurements

be made in periods of 0.1 to 1.0 second for satellite detection. New tech-

niques have been or are being developed to meet these needs of scanning the

Doppler frequency spectrum with the required narrow band filter and measuring

the frequency in very short time intervals. Two techniques are being explored.

i58I



One developed at BRL is the comb filter. Unitized, transistorized printed

circuit filters have been designed, tested, and found to be practical in a

multi-comb filter circuit. It is proposed to expand the size of the comb

filter to provide a filter giving complete coverage of the Doppler spectrum

with 3 to 10 cps filter bandwidth. The second technique, using the circu-

lating memory filter (CMF) developed for the ORDIR radar by Columbia

University, has been studied with a view toward application to the DOPLOC

problem and found to be theoretically sound. Specifications have been

prepared and negotiations initiated for procurement of one or two CMF' a for

use with the scanning system. In addition, work underway through contract

with Interstate Engineering Corporation to develop an improved phase-locked

tracking filter was initiated but has been stopped, pending overall program

direction from ARPA.

BRL Comb Filter - BRL has developed a new tracking filter system, termed

the "comb Filter," to replace the Interstate Electronics Corporation's Model

IV tracking filter and the BRL .Automatic Lock-On (ALO) now in use.

Briefly, the new comb filter system consists of 180 printed circuit,.

transistorized filters each with a bandwidth that can' be set between 3 and

10 cps,. The center frequency of each filter is tuned 20 cps away from the

center frequency of adjacent filters. The 180 filters cover a total fre-

quency range of 3600 cps and the system can be switched to cover any 3600

cps band. Signals with a minimum duration of 0.1 second can be measured and

analog recording is accomplished by means of a 200-channel chart recorder.

Each filter controls an individual recording pen and the remaining 20 pens

are utilized for timing reference marks and other functions. Each pen

commences to write when a signal enters the frequency range of its particular

filter and continues to write as long as the signal remains within the fre-

quency range of that filter. Additional circuitry provides for rapid fault

isolation and frequency calibration of the system in the field, by digitally

displaying the actual individual filter frequency and the desired filter

frequency simultaneously at the rate of 30 readouts per minute, thus enabling
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the operator to detect and correct filter drift while the system is

performing. The complete comb filter system, including test and calibration

equipment, will be mounted in two standard 19-inch relay racks.

Advantages of the new comb filter system over the present trackingVt

filter and automatic lock on (ALO) system include the following:

The present system can sense and record only one signal at a time

.(where two signals are present simultaneously the ALO will lock-on the

stronger), whereas the comb filter system can sense and record as many as

18 signals of varying strength simultaneously.

The ALO scans a 4 10 band in 0.4 second and the center frequencies of

the filters are spaced 100 cps apart. The new system combines 20 cps center-

to-center filter spacing and continuous operation of all 180 filters over a

3600 cps band, thus reducing the frequency range through which a signal can

pass undetected as well as reducing signal acquisition time.

A strong spurious signal locks the ALO and, by doing so, prevents a true

signal from being sensed anywhere else in the entire 4 kc band as long as the

spurious signal is present. The comb filter system, sensing a spurious

signal as strong as 1:1 S/N, locks only a 200 cps band (10 individual filters)

while the other 170 filters remain available to sense a true signal.

Techniques and machinery have been developed for rapid, efficient pro-

duction of the printed circuit filter boards. A printed circuit etcher,

which holds 8 filter boards: and etches and washes them in 2-1/2 minutes, was

built to speed the etching process. A rapid silk screen printer (120 boards

per hour), utilizing a photo-sensitive emulsion and a simple inked drawing,

produces perfect registry between printed component designation and component

mounting holes in the board. Dip soldering of the boards is accomplished

using a soldering machine that incorporates a solder pump to create a wave

of molten solder. The boards are passed through the crest of the wave and

soe&wis deposited on the circuit without subjecting,the board to prolonged

high temperature.
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The overall comb filter system, including test and adjustment, has

been completed. The required 180 filter boards have been built and

assembled and individually tested. The fault isolation and frequency

calibration circuitry has been constructed and testing completed. Instal-

lation and operation of the complete system will be at the Forrest City

receiving site.

Circulating Memory Tracking Filter (Columbia University) - In July 1959,

Columbia University was requested to present a description of their circu-

lating memory filter and digital readout to enable BRL to evaluate the system

for possible use with the DOPLOC system. The main points discussed were the

complexity &nd reliability of the circuitry, the equivalent bandwidth, the

signal-to-noise ratio capability, the reaction of the system to sliding

frequency, the total frequency band coverage and the time required to obtain
S~a frequency measurement. Input and terminal equipment to be comrpatible with

present field equipment was also discussed.

After several joint conferences to determine the system best suited to,

DOPLOQ requirements, Columbia prepared preliminary specifications for the

Circulating Memory Filter and Digital Readout. These specifications, sub-

mitted to BRL in August 1959, called for a 12 kc frequency range covered in

three 4 kc steps, each step requiring 0.1 second to observe and readout the

value of frequency. The nominal filter bandwidth was designated as 10 cycles

with continuous control to 50 cycles.

During the period these specifications were being prepared, however,

several significant changes were made in the basic DOPLOC system and require-

ments. The decision was made to change the r.f. carrier frequency from the

present 108 mc/s to 150.79 mc/s, and the allowable frequency readout time

was reduced to a minimum. In addition, the Ballistic Research Laboratories'

personnel decided that the digital readout system that Columbia had initially

proposed would be too easily saturated, and that more flexible and efficient

readout circuitry could be produced locally.
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In view of these changes, Columbia was asked to alter the original

specifications to meet these new requirements and to delete the digital

readout completely. The revised specifications were submitted in September

1959 and resulted in a new filter range of 24 cc to be covered in 12 kc/s

steps with each step requiring 0.1 second for readout. All other filter

characteristics remain unchanged. A brief review of the revised specifi-

cations is presented belov:

The Circulating Memory Filter (CMF) shall have a frequency range of
i0,994 6 Ito lloo6 E-0 kc with the exact frequency to be determined by the

minimum overlap necessary to insure coverage of the 24 kc band in two steps.

Input resistance will be 100 t 2 ohms and the self-generated noise will be
such that if 1.0 mv rms noise voltage is applied to the input, the output
shall increase by no less than 3.0 db. Coherent integration time will be

variable from 20 to 110 msec in approximately 1 msec steps. The COF will
begin integration of an input voltage in 1.0 msec (max.) after receiving the

start command, a 5 volt positive pulse, 1-3 microsec duration, 0.5 microsec
risetime. For inputs from 10-40 db the output-input comparison will be

linear within 5 per cent, and above 40 db the AGC output shall not exceed

55 db. Video outputs shall be provided for entire integration time, gated

video during display period and gated video during the 13 channel display
times (12 signal channels and 1 calibration channel). A continuously variable

threshold level will be provided from 15-35 db and nominally set at 24.4 db.

The CF will supply both positive-going and negative-going outputs in the
form of a positive 2 volt pulse, 0.2-3.0 microsec duration, 0.05 microsec
risetime (max.). The equipment will be operated on 105-120 VAC,50-60 Cps
power.

Interstate Electronics Corporation Tracking Filter - In June 1959 a

contract was negotiated with Interstate Electronics Corporation, Anaheim,

California, calling for a research program leading to the development of an
improved phase-lock tracking filter and satellite acquisition system. Phase

I of this contract required a feasibility study, Phase 11 the design and
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development and Phase III the fabrication and delivery of two tracking

filters and acquisition systems. In mid-November 1959 the Phase I report'

was submitted to BRL and an extract is presented below.

For passive satellite detection the proposed system is made of three

basic filter units, each consisting of two mixers, two band rejection filters,

a local oscillator and a bank of 267 narrow-band filters with detectors and

gate circuits. The narrow-band filters have a 10 cps bandwidth and the center

frequencies of adjacent filters are spaced 30 cps apart. When a signal

appears in the band, the proper gate is opened for an adjustable period (0.1

to 1 second) after which the signal is fed to a frequency counter. With the

three basic units (801 filters) connected in parallel, a Doppler signal can

be detected in any 8 kc band from 0 to 200 kc in 0.1 second, while connecting
them in series permits detection in any 24 kc band from 0 to 200 kc in 0.3

second.

An important feature of the system is apparent if a signal should drop

out during the counting period. Under this condition it is still possible to

accurately ascertain the signal frequency, because once the gate has been

opened, only the frequency components corresponding to the pass band of the

filter are transmitted. Thus, once the detector has "decided" that a signal

is present, the system allows accurate measurement of the resonant frequency

of the gated filter. In a severe case where a signal-opens the appropriate

gate and then immediately drops out, calculations show that an integration

period of only 0.1 second will produce an rms frequency measurement accurate

to 3.2 cps. Consideration is given to the false-alarm rate and missed signal

probability of the proposed system. Based on preliminary tests and available

literature, it is anticipated that the false-alarm rate will be a maximum of

four false alarms per hour for 801 filters and the probability of missing a

signal will be 1 in 50.

For active satellite tracking it is necessary to detect the Doppler signal

and then lock the tracking filter onto the incoming signal. The active signal

detection system is identical with the passive detection system; however,
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after the signal has been detected, it is used to servo the tracking filter

to the same frequency as the input Doppler. The proposed tracking filter

will be a more sophisticated version of the current Model IV, and new features

include a tracking range of 100 to 200,000 cps, a maximum lock-on time of 0.5

second in an 8 kc range, a continuously variable bandwidth ranging from 3 to

300 cps, an automatic sweep for locating a Doppler signal and an automatic

memory circuit which will eliminate the null meter.

Interstate concludes that both systems are entirely feasible and proposes,

as a part of the early work during Phase II, the construction and test of

approximately 50 filters, in order to optimize system design and more accurately

predict acquisition and detection performance i.e., long-term false-alarm rate

and missed signal probability.

Due to budgetary limitations, the Ballistic Research Laboratories have

canceled the remaining portions of this contract.

C. Experimental Verificati6n of Threshold Levels for Noisy Signals

In the reception of satellite signals one of the basic problems is the

extraction of signal from the noise. When using narrow beaT4 filters as the

means of improving the S/N ratio the problem resolves itself into setting the

proper threshold level. This level must be a compromise among three things;

the minimum usable signal, the number of false alarms, and the number of misses.

Figure 21 is a pictorial display to aid in describing these terms. The

threshold level is a level above which the signal must rise before it is recog-

ilized. The mimimum detectable signal is then the same as the threshold level.

When the noise spikes are large enough to appear above the threshold level

these spikes are called false alarms. When signal and noise are present and

equal to or above the threshold and the noise spikes go below the threshold

these intervals are called misses. As shown in Figure 21 as the minimum usable

signal is raised above the threshold by 2 to 4 db, the number of misses will

decrease for a given noise level. However maintaining a fixed S/N ratio an

6
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the signal level is increased 2 to 4 db, the noise is also increased the

same amount. The problem then is to determine what S/N ratio and signal lev•el

give the best compromise between the ntmber of false alarms and the number of

misses.

Tests were made experimentally to determine the correlation between these

parameters so that a compromise solution could be obtained. Figure 22 is a

block diagram of the circuit used in the tests. Two sets of tests were run.

One, to find the number of false alarms versus S/N ratio with the signal at

threshold, 2 and 4 db above threshold. Two, to find the number of misses

versus signal to noise ratio with the signal at threshold, 2 and 4 db above

threshold.

The tests were made in the following manner. The threshold of the filter'

was set to 4 volts. The oscillator level was adjusted until the filter

output was 4.1 volts. This input level was then recorded and the oscillator

signal removed. Based on the bandwidth reduction for the noise the input

noise level was calculated that would give 3, 5, 7, 10, and 13 db S/N output

ratio from the filter if the measured signal was applied. Each noise level

was then applied and a two minute continuous recording was made of the filter

output. The pulses above the threshold were then counted and plotted as the

average number per 10 second interval, as shown in Figure 23. The number of

false alarms that can be allowed is mainly a function of the saturation capa-

bility of the readout-system.

In the second test the noise and signal were applied simultaneously and

the noise varied to obtain the desired S/N ratio. The number of pulses extend-

iing below the threshold were then counted. However in plotting the number of

midses it is important to evaluate their detrimental effect upon the received

signal. In our particular case the received signal is 0.1 of a second in

duration and will occur once every 10 seconds. If we then assume that any

noise spike can be 0.1 second or longer and completely eliminate the signal,

then we are interested in the probability of a noise pulse ,ocourring in any
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0.1 second period in the total 10 second interval. Since 0.1 second repre-

sents 1/100 of the total interval, the plot shows 1/100 of the total number

of misses. This plot is shown in Figure 24.

Finding the best compromise threshold is now the next step. Assume we

are trying to find a 0.1 second duration signal, in a 10 kc bandwidth, which

occurred once every ten seconds. If we allow even one pulse per 10 cycle

bandwidth every 10 seconds this gives a total of 1000 extra pulses per data

point. This would be an almost impossible sorting problem. If we then assume

we will work with essentially zero false alarms we then turn to the number

of misses possible when there are zero false alarms. In Figure 23, at a

S/N ratio of 7 db on the 0 db signal curve, there are zero false alarms.

Carrying this to Figure 24 at 7 db S/N and 0 db signal we have a probability

of 0.5, which would indicate that we would lose every other signal point.

This is not acceptable. Again in Figure 23 at 10 db S/N ratio and 2 db above

minimum signal, we have zero false alarms. In Figure 24 at 10 db S/N and

2 db above minimum we have a probability of 0.15. This means we would miss

one out of every six data points.

The conclusions drawn from these tests indicate we must work somewhere

between 10 db S/N, at 2 db above minimum, and 13 db S/N, at 4 db above minimum,

if we are to approach optimum conditions.

D. Stanford Research Institute Contract

Under Contract DA-04-200-ORD-674, Stanford Research Institute conducted

a brief investigation of the design of a ground-based fan beam antenna with

a 4 x .0 degree beamwidth. The design objective was to obtain the required

beamwidth and pattern shape with the minimum height structure. Results show

that with dipole radiating elements, the greatest gain per unit array length

is obtained with a dipole to dipole spacing of 5/8 wave length. A total array

length of 11.9 wave lengths is required for a 4 degree beamwidth. If the

elements that make up the array have more directivity than a half wave length

dipole (for example, a Yagi antenna), it is possible to form the 4 degree
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beam with fewer fed elements and an array length 0.9 wave lengths shorter.

No reflecting screen would be necessary with the Yagi elements; therefore, a

considerable reduction in weight and antenna feed cables is realized compared

with using dipoles.

A study was made of the antenna coverage required for the simultaneous

detection of satellites at more than one receiving station, using a single,

common, illuminating transmitter. The conclusion reached was that it is a

very inefficient use of transmitter power and difficult, if not impossible,

to design an antenna system for the simultaneous tracking of a satellite at

more than one receiving site using a single transmitting antenna. An exception

is the case where the two receiving sites are in line with the transmitter,

preferably on the same side of it. Consequently, all subsequent system designs

have been based on a separate transmitting antenna for each receiving site.

The effects of varying the overall DOPLOC system sensitivity, antenna

gain and pattern shape on detectable meteor rates has been investigated.

Expressions relating expected meteor rates with antenna gain, system sensi-

tivity, and bandwidth have been derived and reported in the Bi-Monthly project

report. A reasonably good estimate of the number of trail echoes t3 be

detected by a system with specified parameters can be made. However, the

ratio of trail to head' (Doppler) echoes for a given set of parameters is not

yet understood sufficiently to make an estimate of head echo number with a high

degree of confidence. The factors which determine the head echo rate are

being investigated.

Studies previously made on the design and adaption of corner reflector

antennas to the DOPLOC system have been completed and a report has been pre-

pared. The report is entitled, Corner-Reflector Antenna Studies, Technical

Memorandum 1, Contract DA-04-200-ORD-674, September 1959, by W. E. Scharfman,

Stanford Research Institute, Menlo Park, California. The corner reflector

has the desirable property of very convenient polarization change, from

circular to linear, with the rotation of the feed dipole and the basic antenna

configuration lends itself to a multibeam design which was once considered for

large volume coverage.
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A summary of the analysis of the frequency shift and frequency spectrum

of the received signal as it moves across the main beam and side lobes of a

high gain receiving antenna is being made. Curves of frequency shift and rate

of change of frequency for a 4 degree and 1 degree beamwidth antenna scanned

at a rate of 15 degrees per second have been prepared. The receiver band width

required to pass the resultant information rates imposed by the moving satel-

lite and the moving antenna can be determined from these results.

Calculations were made of the patterns produced by a Wullenweber array

that is excited unsymmetrically about the beam direction. Specifically the

narrowing of the broad plane pattern was investigated.

E. Cosmic Noise and Interference at New DOPLOC Frequency

Early in November, BRL received a frequency allocation at 150.79 mega-

cycles per second for use with the scanning beam DOPLOC system. Using a dipole

antenna, a preamplifier, a sensitive receiver and a decibel meter, a study was

made of the interference occurring over the frequency band of 148-153 mc/s.

Graphic recordings of signal level were also made.. Taxi service dispatch

signals were observed at 149-153 mc/s. Except for cosmic and receiver noise

the band from 150-151 md/s was clear. Calibrating the db meter to an arbitrary

scale reading of 10 when the preamplifier was terminated with 50 ohms showed

a cosmic noise ranging from 0.5 to 1.75 db above the reference point. Starting

at 0800 hours local time the noise gradually increased to a peak at around

1200 hours and then decreased toward evening. Using the same equipment and

reference point but tuned to 108 mc/s the noise level ranged from 1.5 db to

3 db above the reference with a similar amplitude distribution as a function

of time between 0800 and 1630 hours. No local interference was observed except

when vehicles passed within about 200 yards of the antenna.

I
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SECTION VI

KEXPERNPTAL USE OF FIED FACILITIES

A. Field Station Operation Schedule

Following permission from ARPA to discontinue routine twenty-four

hour operation, the station personnel complement was reduced from 15 men

per station to seven men per station and a basic eight hour work day was

adopted on or about 1 October 1959. The actual hours of operation were

chosen to adapt the work schedule to the times of most frequent predicted

passes. The selection of shift hours was done in the interest of obtaining

a maximum amount of data and the most dependable equipment operation. This

has resulted in a nominal eight-hour work day, 5 days per week per man, at

the Forrest City receiving station and at the Fort Sill transmitting station.

The receiving station at the White Sands Missile Range was deactivated and

closed down on 1 October 1959. The equipment from this station is being

shipped to the Ballistic Research Laboratory for use in the local station

and other sites selected for the proposed scanning system.

B. Experimental Techniques and Results

The flexible schedule by which the field stations have been operated

has provided data from known satellites, unidentified flying objects (tROls),

meteors and cosmic noise which has served as the basis of the design para-

meters used in the advanced DOPLOC scanning system proposal. All of the data

on known satellites and UFOV s has been sent to Space Track via the direct

teletype service from BRL. Since the stations are not operated 24 hours a

day and the interim DOPLOC system.now in operation does not have the trans-

mitter power or antenna gain to give its full range capability, the data

obtained to. date does not constitute a complete tracking record of all of the

objects known to be in orbit. However, within the capabilities of the equip-

ment currently in use, a very effective dark sate4ite detection technique

has evolved from the extensive field tracking experience and laboratory

studies. Many satellites and UFO' s have been successfully detected by the

DOPLOC technique and their time of crossing, altitude, east-west position an4
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effective reflection cross-section' determined from single pass data from

the single receiving station now in operation. The information on satellite,

crossing time and position has been forwarded to Space Track in each case for

inclusion in their orbital prediction computation program.

The system used for dark satellite detection and location consists of

the 50 kw, 108 mc transmitter at Fort Sill, Oklahoma, vertically directed fan

I beam antennas at the transmitting and receiving station, a bank of audio

frequency filters, a phase-lock tracking filter and analog and digital doppler

Sfrequency recorders. A doppler signal response in one of the fixed filters

activates a control circuit which pulls the tracking filter frequency over

to the signal frequency and causes a phase lock to it. The tracking filter

then tracks the doppler signal continuously as the satellite passes through

the antenna beam. The narrow dimension of the antenna beam for transmitting

and receiving is.8 degrees, at 3 db down, which results in signal durationsI of 3 to 11 seconds depending upon the satellite altitude and orbital incli-

nation.

,The forms in which DOPLOC. doppler data are currently recorded for satel-

lite detection are shown in Figure 25. A record of 59 Kappa, Discoverer VII=,

is shown. An explanation of this record and the Automatic Lock-On (ALO)

system by which it was obtained follows. The upper portion of the chart is

a record of the tracking filter output frequency. The short, evenly spaced,

marks indicate the successive frequencies at which the tracking filter is

set while the receiving system is in the search mode• The tracking filter

is stepped in 1 ke intervals to maintain a frequency midway in the 1 kc

spectrum to which the comb filters are set. This is done to minimize the

time required to pull the tracking filter to a signal frequency detected in

one of the fixed filters. The comb filter bank consists of ten filters, each

with 20 cps bandwidth, spaced 100 cps apart. The filter bank "looks" at a

frequency spectrum 1 kc wide for 0.1 second after which it is switched up

1 kc by a heterodyne method and the process continues, either until the

full sweep spectrum has been covered or a signal is detected. Figure 25

shows the output of the tracking filter when a 12 kc scan is used. The 12

steps from 2500 to 13,500 kc to which the tracking filter is positioned

7
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requires 1.2 seconds of time. The AID has also been operated with a reduced
Cscan range of 4 kc and recently at only 2 kc to reduce the scan time and

"frequency holes" in order to increase the probability of the doppler fre-

quency matching a fixed filter frequency. Figure 26 pictorially displays

the first 2 kc of the total 12 kc (2 - 14 kd) frequency scan of the original

ALO. In the first 0.1 second the range 2 to 3 kc is scanned, in the second

0.1 second the 3 to 4 kc range is scanned. This continues until the 13 to

14 kc range is scanned 1.2 seconds later. The process is then repeated for

the 2 kc - 3 kc range for the 0.1 second interval from 1.2 - 1.3 seconds,

etc. The dark blocks represent the 20 .cps bandwidth fixed filters separated
2

by 100 cps. As noted, a doppler signal chsanging at a 30 cps rate could be

detected at a frequency Just past the band of the first fixed filter. The

signal with such a frequency slope would not be detected on the repeat scans

at 1.2, 2.4, 3.6 or 4.8 seconds and conceivably would take considerable time
2

to be detected. However a signal with a 120 cps slope would be detected

on the second scan at 2.4 seconds. Thus it can be seen that the dead bands

between the fixed filters considerably lengthen the time to acquire the signal.

This limitation can be overcome by either scanning at a more rapid rate

or adding more fixed filters to fill the dead space. The crossed blocks

indicate earlier detection of the signal by decreasing the extent of scan by
2

a factor of 3. Here we note that the 30 cps slope signal is detected 2.8
2

seconds after the start of the search interval and the 120 cps slope

signal is detected in .8 seconds. Thus the former signal which was missed

entirely by the 12 kc scan is detected in 2.8 seconds with the 4 kc scan

while the latter signal is detected 1.6 seconds earlier, thereby increasing-

both the probability of detection and the duration of the detected signal.

Figure 27 indicates in section C (comb filters) the improvement obtained

by adding more filters to comb filter. Here 10 cps wide, fixed filters, are

spaced 20 cps apart. The comb filter is not electronically scanned but the

shift of the signal frequency accomplishes the scanning. Here we see that

the 30 cps2 slope signal is detected in 0.5 seconds and the 120 cps2 signal

is detected in 0.1 seconds. A and B in Figure 27 are identical to Figure 26

explained above and are added for comparison purposes only.
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The faster scan (0.4 second) filter is being used in the field in
preference to the slower (1.2 second) scan fil~er. The comb filter with.

its much greater probability of detection is presently going into operation.

The initiation of phase-locked tracking is accomplished very quickly when

a signal frequency is detected in one of the fixed filters. The control

circuit pulls the tracking filter frequency over to the received signal

frequency in about 10 milliseconds and within 80 to 90 milliseconds all

transients have subsided and phased-locked tracking begins.. Figure 25

shows this transition from step scan to continuous tracking at 17:14:58Z

time. On the fifth scan step a signal beginning at 6910 cps was detected

and tracked for 6 seconds. Concurrently the digital counter and printer

was started and the time period of 1000 cycles of the doppler printed at
one second intervals on paper tape. The doppler period count, corresponding

to the analog doppler frequency record, is shown at the top left of Figure
25. The right five digits constitute the count. The doppler frequency in

cycles per second is 10' times the reciprocal of the count. A doppler

frequency record readable to 0.1 cps is obtained in this manner.

With the use of a family of curves relating doppler frequency and rate

of change of frequency to the altitude and distance east of the transmitter,

the location of the satellite as it crosses the great circle between the

stations can be determined. Figure 3 is a family of such curves for satel-

lite orbits of 80 degrees inclination. The doppler frequency at the midpoint

of the record is taken as the frequency at the time of great circle crossing.
By locating the intersection of the curve representing this frequency with.

the curve corresponding to the rate of change of frequency the location of

the satellite is determined. For example the record in Figure 25 has a

center frequency of 7190 cps and a slope of 114 cps 2 . These values located

oil Figure 3 give an altitude of 137 miles and a horizontal distance of 335

miles east of Fort Bill at a time of 17:004: 58Z. Space Track predictions
were 115 miles altitude, 314 miles east of Fort Sill at 17: 06: OMZ. The
agreement is very good and well within the accuracy of Space Track pre-

dictions. Analog data reduction techniques such as this one are being used

for obtaining the initial point for orbit computations fro DOILOC data.
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In addition to the satellite doppler frequency record on Figure 25,

other short, frequency lines of about 1 second duration are evident. These

are spurious responses due to strong noise pulses or meteor head echoes.
It is significant to note that such a spurious frequency signal occurred

Just a few tenths of a second prior to the satellite doppler signal reception

and the system was able to respond with full sensitivity to the desired

signal. The spurious signals from meteors are identified by their short time

duration and steep slopes.

The lower part of the chart in Figure 25 is a record of the AmC voltage

from the tracking filter. While in the search mode, the AGC is shorted,

giving the clean, straight line at 2mm deflection. When a signal is tracked,

the AGC voltage first decreases, due to an initial threshold voltage of

opposite polarity existing on the AGC line, causing a deflection toward zero

on the chart, then as the signal amplitude increases further, the AGO

voltages increases as shown by the scale calibration. The chart is calibrated

in power input level (in dbw) to the receiver input terminals and also is

calibrated in relative signal in terms of the signal-to-noise ratio at the

output of the receiver, i.e., in db below 1:1 S/N at the receiver output.

With a 10 cps bandwidth, the tracking filter can track signals that are 26 db

down in. the noise from the 16 kc bandwidth receiver.

The signal strength record of 59 Kappa in Figure 25 shows a maximum

signal of -161 dbw which is 2 db down in the noise at the receiver output.

The rather narrow, peaked signal response curve with the slight dip on the

leading portion is signature information indicating considerable Attitude

change during the 6 second passage time through the antenna beam. The

effective peak cross section of 59 Kappa was calculated to be 23 square

meters from this record. A statistical analysis of signal strength vs. time
shows that for 50% of the time the signal was down 6 db or less from the

peak value, A plot of received signal strength vs. percent of time is shown

in Figure 28 for this pass. This type of analysis and presentation of re-

ceived signal magnitude has provided very useful and realistic values on

which to base system design parameters.

I
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I
The rather detailed treatment of this one pass of 59 Kappa has been

given to illustrate something of the detailed nature, quantity and quality

of information that is provided by the DOPLOC dark satellite tracking

technique from a single pass recorded'by a single receiving station.

A tabulation of the satellite passes recorded and analyzed between 1

July 1959 and I July 1960 is shown in Table IV. Figure 29 shows the alti-

tude and horizontal range at which these satellites crossed the great circle

between the Fort Sill transmitter and Forrest City receiver. Not every

satellite known to pass between the transmitter and receiver has been detected,

apparently because of insufficient reflected signal due to the attitude it

assumed at the time the antenna beam was traversed. This assumption is

borne out in the case of two 58 Delta passes, revolutions 8643 and 9255, that
were in the approximate same location relative to the ground stations but

presented effective' reflection cross-sections that differed by a factor of

7. All other conditions in the system were known to be the same, hence only

the satellite attitude and its environment remains as the factor that could

cause this difference. This is similar to the glint problem with microwave

radar although at 108 'm only a few nulls and maxima are obtained from satel-

lites with dimensions of those now in orbit. Measured cross-sections reported

by the M.I.T. 1 ' 2 on satellites tracked by the Millstone Radar show nulls 10

to kO db down from peak signals when using linear polarization. Peak cross-

sections of several satellites and time variation values are shown in Table V.
TABLE V

Approx. % of time.cross
Peak Cross Section section is greater than

Object _ Mwre Meters 10 square meters

5T Alpha I 120 No data
Beta 350 40
Delta I 1i00 24;2,7

58 Delta II 26 17
59 Oamma 3 0
12 foot balloon 25 "Scintillating"

""Earth atellite Observations Made with the Millstone Hill RAdp",
M.I.T. Lincoln Laboratories, Group Report 314-1,25 ovyember 1958,
by Gordon Pettengillp and Leon G. Kraft, Jr.

*Correspondeno, Dr. Sebring, and L. 0. .Waft of MX4.T. with KNemeth
Rioher of BWL, 27 November 1959.
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The optimum polarization for the highest detection probability would

be circular polarization for transmitting and polarization diversity for

reception. Either orthogonal linear polarization or right and left hand

polarization as a pair could be used for diversity reception. The capability

or using these polarization combinations has been incl.-ded in the scanning

DOPLOC system.

An immediate step can be taken to markedly increase the sensitivity and

detection probability of the existing DOPLOC facility by the installation of

antennas at the transmitter and receiver which have a 4 x 40 degree fan beam

pattern and orthogonal and/or circular polarization. Objects with a reflec-

tion cross-section area 1/16 the size of those currently tracked could be

Sdetected and tracked due to the increased antenna gain of 12 db. The de-

tection probability would also be increased by the use of the circularly

polarized transmitting antenna since it would insure illumination of the

satellite regardless of its attitude. Purchase negotations were initiated for

these antennas but have been stopped pending program orientation.

The previous discussion of experimental results has been largely on data

obtained with the vertically directed center antennas. Figure 30 shows a

doppler record of a satellite received with the north antenna and later in

the center antenna. The doppler frequency has a low value and is nearly

constant during the transit through the north antenna since it is directed

20 degrees above the horizon and the doppler is at the flat portion of the

"S" curve. The region between the signal in the north and the center antenna

is of interest in this record since it represents a period of unusually high

spurious signal activity. The short, steep slope frequency marks are typical

of meteor head echoes which can be seen to be readil7 distinguished from the

satellite record by either their steep slope or their very short AGO record

duration (one second or less). Two of the slopes are of opposite sign to

those of the satellite record due to their extremely high velocity placing

the doppler frequency on the opposite side of the heterodyne frequency.

Reflections from meteor trails, which are large ionized columns moving at

very low velocities, are recorded as a nearly constant frequency, called

'8
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"flats", which are close to or equal to the bias frequency. They have

been observed to last from 2 to 45 seconds. Figure 31 shows an interesting

example of a simultaneous meteor trail and satellite pass. Revolution 8386

of 1958 Delta is shown coming in 3 seconds after the meteor trail started.

This is a demonstration of the ability of the DOPLOC system to detect and

track a satellite in the presence of a large, interfering signal.

An analog record of reflected signal strength and Doppler frequency

obtained from a satellite passing through the three antenna beams is shown

in Figure 32. This record depicts the step-scan frequency search, lock-on,

and continuous track sequence as the satellite passed through the north

antenna beam, center beam and south beam. This record is of particular

interest since it is the last passage of 1960 Delta, Discoverer XI, over the

Northern Hemisphere before burning up in the Southern Hemisphere on this

revolution.

A provocative situation exists in connection with 1958 Delta and ion
trail observations. The station operators have noted in quite a number of

instances that a strong, constant doppler frequency is observed just at or

after 1958 Delta is predicted to be in the antenna beam. A preliminary

survey has indeed disclosed that for the 10 minute period after predicted

pass time for 1958 Delta, considerably more "flats" were recorded than in a

randomly selected 10 minute period during the day. There also is a slightly

greater tendency for "flats" associated with passes below 500 miles altitude.

Figure 33 shows a compilation of "flats" observed after predicted satellite

pass times. The length of the bar is proportional to the duration of the

signal and the time along the abscissa is the time after predicted satellite

time. Figure 34 shows a similar graph for a randomly selected 10 minute

period. The larger number of "flats" in Figure 3ý is quite striking., Figure

35 shows a typical record of a flat occurring immediately after a 1958 Delta

pass. It is not certain at this time whether there is a statistically sound

correlation between the passage of 1958 Delta and the ion clouds observed.

Perhaps it has been fortuitous that pass times have been at times of high

meteor activity. However, similar observations have been reported by Roberts

9
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i

and Kirchner, W, August 1959, P. 4, and Krause of Ohio Stat UViversity.

Research Foundation. Equivalent radar cross-section areas of ++he Lon alou4p

occurring after 1958 Delta low altitude passes vary from 1.7 to i1•,600
square meters. Of 32 records examined to date, 9 shoW cross-eoctions

sreater then 100 square meters, 10 preatar than 50 square motors, anL
16 -pmter than 10 square =tars.
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SECTION VII

ACTIVE TRACKDIG EFFORT

A. Utilization of Data

In addition to the passive satellite tracking operations conducted at

the BRL-ARPA DOPLOC stations during the period of July 1960 through December

1960, there has been a considerable amount of activity in the tracking of

both active satellites and space probes. The major portion of this active

tracking has been carried out at the BBL-APG station located on Spesutia

Island at Aberdeen Proving Ground, Maryland. In addition to passive tracking,

the station at Forrest City, Arkansas has also participated in active tracking

of certain satellites. A detailed description of active tracking operations

is included in part C of this section.

The primary uses to which data obtained by active tracking have been put
are as follows:

a. Checking the quality of Doppler data obtained by the DOPOC system.

b. Developing orbit computation techniques (as reported in Section IV

of this report).

c. Improving overall system sensitivity and frequency coverage by the

use of improved antennas, pre-amplifiers and r.f. receivers.

d. Improving and extending data handling techniques- including the

automatic plotting of data from ptunched paper tape.

The secondary use of active tracking operations has been the furnishing

of Doppler data on specific request to outside agencies, including Space Track

Control Center at Cambridge, Massachusetts, WASA, and the Army Ballistic
Missile Agency at Huntsville, Alabama. Information necessary for setting up

the station receiving equipment prior to a launching or a tracking operation

has been forwarded to BRL by classified teletype. In certain instances, tle

type of equipment required for a specific mission has not been readily avail&-

ble, because of the various transmitter frequencies now being used on differ-
ent types of satellites. Over the past twelve-month perio4, the necessary

receiving equipment has either been built or procured to allow complete radio

97.
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iI
I frequency coverage over the range of 55 mc. to 970 mc. at the BRL-APG

station. In addition to this equipment, special receivers have been built

to operate phase-coherently at 20 me. and 40 mc. and modifications have been

made to existing gear to operate at 37 mo * for BRL ionosphere probe measure-

ments.

B. Quick-Look Activity

Active tracking operations at the receiving stations have been of two

I basic types, although the same general instrumentation has been used for each.

The first type is classified as a "Quick-Look" operation and, as the name

implies, it serves to furnish information to the requesting agency as rapidly

Sas possible following a satellite launching. Direct communication via

commercial teletype allowed transmission of Doppler data vs. time within a

few minutes of signal reception. These data have been most helpful in the

determination of rocket stage operation and of satellite orbiting. The BRL-

APG station is in a good geographical location for covering the launch phase

of missiles fired in an easterly or north-easterly direction from the Atlantic

Missile Range. Signals at this station are obtained within approximately two

and one-half minutes after lift-off and remain at a sufficiently high level

to obtain data at separation of the various rocket stages. Although the

Forrest City Station is physically farther away from the Florida launch sitej,

successful launch data has been obtained from it also.

The second type of tracking operation is classified as the routine

tracking of satellites and probes as they orbit within range of the stations

for the purpose of obtaining the Doppler "S" curve and trajectory data.

A brief summary of active tracking operations for the period 1 July 1959 -

1 July 1960 is shown in Table VI.
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II
TABE VI

I
Name No. of Revolutions Number of Simul-S• Tracked APG*. - IFCY** taneous-Tracks at

.I two stations

Sputnik III, 1958 Delta 6 12 3
Explorer VI, 1959 Delta 18 15 12

Discoverer V, 1959 Epsilon 3 2l 2

Discoverer VI, 1959 Zeta 15 8 2

SExplorer VII, 1959 Iota .11 1 1
Discoverer VII, 1959 Kappa 3 0 0

Discoverer VIII, 1959 Lambda 3 0 0
MidaI 1 1 0 0SPioneer V,'1960 Alpha 3

Juno 1! 1 0 0

Tiros 1, 1960 Beta 2 18 .,:.A 4

Transit IB,,1960 Ge 2 39 19 19
Discoverer XI, 1960 Delta, 4 3 3
Echo 1 1 1 1
Sputnik IV, 196o Epsilon 8 3 3
Midas II, 196o Zeta 2 0 0
Bhotput I 1 0 0

Transit 2, 196o ita 1 3 3 3

Totals: 130 71 53

I

I * Aberdeen Proving Ground, Marland

SForrest City, Arkansas

I
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8=TION VIII

AC1UrQJ1EDa2MT5

This report was prepared by members of the staff of the Electronic

Measurements ,Branch, Ballistlo Measrements Laboratory of the Ballistli

Research Laboratories.

L. G. 6

1
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Appendix I

COMPANIES REPRESENTED AT BRIEFl14G
AT BALLISTIC RESEARCH LABORATORIES
ABERIEEN PROVING GROUND, MARYLAND

16 September 1959

Adams-Russell Co., Inc. D. A. Kennedy & Company
200 Sixth Street Route 5A
Cambridge 42, Massachusetts Cohassit, Massachusetts

'ATTN: Mr. Gerald J. Adams
Electronic Communications, Inc.

Aero-Geo Astro Company 1501 72nd Street, North
Alexandria, Virginia St. Petersburg 10, Florida

Airborne Instruments Lab., Inc. Fairchild Aircraft
160 Old Country Road Hagerstown, Maryland
Mineola, New York
Ad o CTechnical Appliance Corp.
Andrew-Alf ord Consolidated 1fg. Co. 1 Taco Street
299 Atlantic Avenue Sherburne, New York
Boston 10, Massachusetts

Gates Radio Corp.
Aircraft Armaments - 1705 Taylor Avenue
Cockeysville, Maryland 2090 Barnes Avenue

Bronx 62, New York
All Products
714 Jackson Street General Electric Co.
Dallas, Texas 777 14th Street, N.W.
ATTN: Commdr. Rivers, Washington, D.C.
Insp. Naval Material ATTN: Mr. H. N. McIntyre

Avco Research Laboratory Levinthal Elec. Co.
1329 Arlington Street Stanford Industrial Park
Cincinnati, Ohio Palo Alto, California

Bendix Aviation Lenkurt Electric Co.
Bendix Radio Division 1105 County Road
E. Joppa Road San Carlos, California
Baltimore 4, Maryland ATTN: J. A. Stewart, Ron. Staff

Blaw-Knox Co. Lenkurt Electric Co.
Blaw-Knox Equipment Division 425 13th Street, N.W.
Pittsbur&i 58, Pennsylvania Washington 3, D.C.
ATTN: Mr. Raymond D. Levith

Melpar, Inc.
Collins Radio Company 3000 Arlington Blvd.
855 35th Street, N.W. Falls Church, Virginia
Cedar Rapids, Iowa

Page Communications Engineers
Continental Electric Mfg. Co. 710 14th Street, N.W.
4212 S. Buckner Street Washington 3, D.C.
Dallas, Texas,
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Radiation, Inc.
P.O Box 37
Melbourne, Florida

RCA
lMissile Electronics & Controls Dept.
Burlington, Mass.

Ramo-Woolridge Corp.
Antenna Design Dept.
Inglewood, California

Scanwell Labs Inc.
6601 Scanwell Lane
Springfield, Virginia

Sylvania Electric
Waltham Labs
100 First Street
Waltham, Mass.

Vitro Labs
New Projects Office
1400 Georgia Avenue
Silver Springs, Maryland
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Bedford, Massachusetts Attn.-- Mr. KeX
Attn: RDZSES

Mr. Carl Sletten 1 Jet Propulsion laboratory
4800 Oak Grove Drive
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