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CHAPTER 1
INTRODUCTION
SIS
DELLASSIFIED

The present Project Vanguard IGY Satellite Program is expected to be completed
during the latter half of 1958. Many of the experiments to be conducted in these satel-
lites will furnpish basic information which can be vsed in programs for meeting urgent
military and operational satellite needs. None of the Vanguard IGY satellites will, how-
ever, include any military equipment, per se.

Recent thinking, stimulated in part by the Soviet satellites, has brought into focus
the fact that there are a number of very important military and operational applications
of satellites which must be exploited if the Nation’s relative military position is not to
be seriously impaired.

Almost all of the military and operational objectives can be achieved by means of
satellite payloads of the order of 300 pounds.

A program for developing and operating military and operational satellite systems
will involve the following major phases:

1. Launching vehicle development,

2. Launching operations,

3. Satellite tracking,

4, Satellite orbit determination, and

\/ 5. Military and operational satellite development
This report accordingly -begins with a discussion of the development and uses of military
and operational satellite systems. Related uses of the satellite launching vehicle systems
for lunar missions and for other purposes are also discussed. Launching vehicle systemy
capable of meeting the needs of the military and operational satellite programs in the
immediate future are discussed in-Ghaptes4: Certain aspects of the launching operation

problem are also discussed‘t,ha:.e.

. T T T
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Satellite radio tracking and satellite orbit determination can be accomplished by
means of the systems now established for Project Vanguard satellites. The locations of
radio tracking stations for the military and operational satellite systems would probably
be diffcrent in some cases, however. It now appears, for example, that it would be wise
to establish radio tracking stations on American Samoa and Antarctica in order to provide
the important southern hemisphere coverage from U.S. bases.

The present report deals in detail with the portions of this program which would
represent the next steps beyond the present Vanguard program, namely the programs
built around the Improved Vanguard and the Thor-Vanguard satellite launching vehicle
combinations.

The program recommended for the period immediately beyond the present Vanguard
program is summarized in Tables 1 through 5. It involves three steps:

(1) The use of twelve improved Vanguard satellite launching vehicles for launching
satellites in the 50-pound class.

(2) The use of twenty-four satellite launching vehicles involving combinations of
Thor and Vanguard stages, for larger satellites in the 300-pound class, and

(3) A series of larger launching vehicles capable of placing payloads ranging from
1500 pounds to the order of 3 tons in orbit,

It appears that the steps beyond these will require the use of a propulsion unit with
a thrust of the order of a million pounds. Accordingly, a program for developing such a

propulsion system capability should be gotten underway at once.
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TABLE 1
Proposed Satellite and Space Vehicle Pregrams for the
Next Steps Beyond the Present Vanguard Program

) Satellite Payload (Ib} e _—
Vehicle 90° | 30° i i Purpose
Orbit|Orbit Lunar { of Vehicles | Launching
Improved Vanguard 35 55 12 Nov. 58 Navigation
Reconnalssance
Biological
Scientific
Thor-Vanguard 350 | 475 | 50 24 Jan. 59 Moon
Navigation
Reconnaissance
Biological
Scientific
1500-1b Payload 1500 6 Mid 59 all above
Vehicle + Manned
TABLE 2
Possible Launching Schedules
r Schedule
| Vedele T 1959 1960 1961
' ND|[JFMAMJJASOND|JFMAMIJASONDI|JFMA
e - - =dliat ioa B
(Cape
Improved Canav-
Vanguard eral) {Camp Cooke)
) (S T 3 U ¢ ) E O (s e O (O
Thor- {Cape Canaveral) {Camp Cooke]}
Vanguard 1 1 il 1 I | : OO N O T A 1 O T A IR e 4 U I DA |
1500-1b
Payload
Vehicle . | i 1 1 1

g
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TABLE 3

Proposed Uses of Improved Vanguard Vehicles

12 Satellites

Nov. 1958 to Feb. 1952 - Cape Canaveral
May 1859 to Dec. 1959 - Camp Cooke

Cape Canaveral

Biological and Scientific
Satellite Development and Scientific

Camp Cocke

Electronic Intelligence
Navigation and Scientific
Weather Studies and Scientific
Atomic Test Surveillance

Missile Test Surveillance (Infrared & Optical)

Total

TABLE 4

[3-N o~

2
2
1
2
¥

12

Proposed Uses of Thor-Vanguard Vehicles

Purpose

Moon

Biological

Satellite Development
Recovery, etc.

Weather and Scientific
Studies

Reconnaissance
Atomic Test
Missile Test
TV

Navigation, Communication
Reconnaissance (Dark)
Radloactivity
Electronic
TV

Polar Navigation, Communications
Weather and Sclentific Studies
(announced)

Total

Thor-Vanguard
B Satellites

Jan. 1959 to QOct. 1959

Improved Thor-Vanguard
16 Satellites
Jan. 1960 to Apr. 1961

Cape Canaveral Camp Coocke
1 2
1 2
1 2
1 2
2 4
1 2
1 2
B 16



DECLASSIFIED

TABLE 5
Proposed Uses of 1500-Pound Payload Vehicles

1500-1b Payload Vehicle
6 Satellites
Mid 1959 and 1960

Cape Canaveral or Camp Cooke

Biological & Recovery 2
Moon 2
Reconnaissance 2

The following individuals maae major contributions to the sections indicated, under
the guidance of Project Vanguard Director Dr. John P. Hagen.
Navigation: J. P. Hagen
J. T. Mengel
R. H. Wilson, Ir.

Nuclear Weapons Test Reconnaissance:

Thermal Radiation

Reconnaissance: H. 5. Stewart
D. F. Hansen
Neutron Reconnaissance: W. R. Faust
Radioactivity Sampling: T. Hanscome
Electronic Intelligence Reconnaissance: H. O. Lorenzen
L. A. Gebhard
Communication: C. B. Davis
Infra'-Red Reconnaissance Studies: J. A. Sanderson

Optical Detection of Ballistic Missiles: A. Boggess, lli,
J. E. Kupperian
J. E. Milligan

Night Cloud Cover: R. Tousey
Magnetic Field Surveys: J. Heppner
Ionosphere Studies: J. T. Mengel
8 T WE ey s rie AN
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Hydrogen Densities in Space:

Solar Ultraviolet Studies:

12-Fool Sphere:

Ionic Composition and Temperature:

Cosmic Rays:

Atmospheric and Particle Studies:

Radio Astronomy Studies:

Satellite Charge & Interplanetary
Electric Field:

Artificial Charging Mechanism:

Biological:

Electron Temperature:
Dark Satellite:
Gyroscopic Stabilization:
Satellite Recovery:
Satellite Systems:

Pioneering Lunar Vehicle:

T. A. Chubb
H. Friedman
J. Kupperian

H. Friedman
R. Tousey

W. O’Sullivan (NACA)
J. T. Mengel

L. Winkler

K. Squires

J. W. Siry

R. L. Easton

C. A. Pearse
W. H. Bennett

M. Shapiro

H. E. Newell, Ir.
J. W. Townsend, Jr.

E. F. McClain, Jr.

J. F. Clark
P. R. Malmberg

CAPT N. L. Barr (BuMed)
J. W. Siry

L. R. Davis

L. F. Drummeter, Jr.
C. H. Looney, Jr.

K. Squires

J. W. Siry

J. P. Heppner

F. H. Ferguson

M. T. Mengel

F. 1. Friel
J. W. Siry

DECLASSIFIED
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Satellite Launching Vehicle: C. Doll
LTIG M. Lecar

M. W. Rosen
J. W. Siry
R. B. Snodgrass

The material in this report was coordinated and compiled by Dr. J. W. Siry and

Mr. K. Squires.

10
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CHAPTER 2

MILITARY, OPERATIONAL, AND
SCIENTIFIC SATELLITE SYSTEMS

2.1 MILITARY AND OPERATIONAL SYSTEMS

2.1.1 INTRODUCTION (NN DZ/LAS5SIFIED

This chapter contains discussions of various types of satellite systems. The different
uses are discussed in terms of military and operational applications of satellites, support-
ing researches, scientific research, and satellite development. This division i somewhat
arlibrary; certain of its developments might logically be included in more than one cate-
gory. The arrangement adopted here does, however, call attention to several fundamental
problems of satellite technology.

The time estimates made in the following sections are, in most cases, made without
the benefit of detailed analyses. They are in many cases, however, made by individuals or
teams which have had long experience, approximately a decade in many cases, in the
interrelated fields of which they speak. This is true of all of the major programs proposed
in the sections on military applications and supporting research, and of most of the scien-
tific research programs proposed.

This means, for example, that the nuclear reconnaissance equipments proposed could
be tested and checked out at the AEC’s proving grounds in the atomic weapons test series
by the NRL groups which normally participate in these tests and which formulated the
proposals of this report. Similar observations apply to the navigation, electronic intelli-
gence, infrared, and optical programs proposed here. Each of the estimates is made

subject to the assignment of appropriate priorities.

11
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2.1.2 NAVIGATION SYSTEMS

2.1.2.1 Principles of Radio Navigation

2.1.2.1.1 The Theory of Radic Navigation by Means of Artificial
Earth Satellites (HID DEC-RSSIFIED

The theory of the determination of the position of an observer by means of zenith
distance observations of artificial satellites is presented in this section. The principal
advantage of radic navigation by means of satellites lies in the fact that it enables one to
take advantage of present-day techniques for measuring time with high accuracy. Accu~
rate measurements of time can, to a certain degree, compensate for less accurate meas-
urements of position.

It is assumed in the following discussion that the latitudes, -, , longitudes, Z,, and

is
heights, L, of the satellite, for i - 1,2,-- are known from ephemerides. These quantities
for i - 1.2 are indicated in Fig. 1. In that figure, R denotes an appropriate value of the
earth’s radius, 0 denotes the cbservers’s location, the subscript o denotes gquantities
associated with the observer’s position. It follows that from consideration of the triangle

C.s5,.0 that

R

el s ol
1

T o2y - oay.

It is seen with the aid of Fig. 2, that the following relations hold:

cos !”2 - cos Fl cos E‘Pl
cos ¢, =+ - -
1 sin £ sin aPy
sin iy = Sin &, cos "\Pl
cos 7, =
1 COS &y sin éPl ’
. e -
3 i =%

12 Spweiipinns it i TR,
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Fig. 2 - Earth-surface geometry of navigation problem
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It follows from consideration of the triangle NF,0.P; | that the obgerver's latitude is given

by:

in & ~ s » o ;2 i g
sin « sin py €os £ 4 cos 2 Sin fl €Os v,

It then follows that

cos £ - sin 4 Sin @&
ind  sin g

=P 1

Tos AL 1

cos e"o cos ._,*]
The observer’s longitude can then be determined using this result together with the

satellite’s longitude, £,, which can be obtained from the ephemerides.

2.1.2.1.2 The Navigaticnal Fix Derived From Sumner Lines —
of Position Based on Satellite Observations (B DELLASS IFIED

A method of finding an observer”s position by computational methods associated with
the determination of Sumner lines of position is presented in this section.

When a satellite’s latitude _, longitude £, , and height h are known, the Sumner line
of position corresponding to an observed elevation angle v may be determined as follows.

If his given in statute miles, the satellite’s ground range d°on a spherical earth is

given by

doe = cos-1 [m-—-ragﬁ? Jcos g =& (1)

Assuming a convenient latitude ¢ of the cbserver within a degree of so of the true, the

corresponding satellite-observer difference in longitude (£ -{_) is given exactly by

cos d® - sin “"n sin &y
{(£-2,) = cos”t (2)
Mg €OS ¢ ©OS &
Also, the satellite’s azimuth A is given by
A = sin-! [sin(*f.o'-{s}cos a, €os de]. (3)

14 Ot e e 11
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Solutions to Eqs. (2) and (3) are tabulated in Hydrographic Office Publication No. 214, to an

accuracy of about 0.1° without interpolation. Quick approximate graphical soluticns to

Egs. (1), (2), and (3) may be found using nomograms published in Annals of the International

Geophysical Year, Vol. 1V, Rockets and Satellites, L. V. Berkner, Editor; London Perga-

mon Press, 1957,

The resulting Sumner line of position, which may be assumed straight on 2 plane earth,
is then drawn through the assumed position of the observer, perpendicular to the azimuth
line. The intersecticn of two Sumner lines of position gives a navigational fix of the
observer. As a check and for increased accuracy, usually three or more lines of position
are determined and the mean of intersection points is taken as the fix.

The error &1 in the paraliel position of the Sumner line is related to the elevation

error A° by

3960
( 50 + h o )
Mo - S0 - Ao (4)

|/ L - 3960 con o
3260 - h

This has an obvious maximum of &I °~ -~ at + "0 for any h, which maximum is also
constant for all values of + when h is very large. For smaller values of +, the minimum

e occurs for -+ =90° and is given by

3960
ie - —_— e - -
i (3960 - h 1) B ®)

Thus, for instance, for h =396 miles and an elevation error a¢ =1/3 minute of arc, the
minimum, ad°, for observation at the zenith would be -0.033 nautical mile or about 200
feet. This minimum error would increase approximately in proportion to h, while the
maximum error in ade of -0.333 nautical mile or 2000 feet would be the same for any

value of h. Also, for sightings near the zenith, the assumed position of the observer

N .
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must be moved closer to the true, in order that the assumption of straight Sumner lines
may remain a valid approximation.

For an assumed latitude of the observer within a degree or so of the true, the effect
of the corresponding error in azimuth is relatively negligible.

The error in longitude of a fix contributed by any Sumner line of position is af = Ad°
cos : sinA, and In latitude is A: = /~I1° cos A, where A is the azimuth. Hence the probable

error in iongitude of a fix derived from n Sumner lines of position is given by

Fi's b 3 5
1 L SIn Ak cos -f

At - 0.6745 1/ %= (6)
n (n-1)
The probable error in latitude of a fix derived from n Sumner lines of position is
n
- ,'\._'Ia cos Ak 2
A - 0.6745 . )]

nin-1)

Thus for ten observations near the zenith for which the error »d° = 200 feet as above, the

corresponding error A; of the fix would be about 45 feet.

2.1.2.2 Radio Navigation System
2.1.2.2.1 A 300-Mc Navigation System (ENEEE DE(LASSIFIED

An observable body in the heavens whose time and position were precisely predictable
would be a direct aid to navigation. The establishment of a satellite in an orbit sufficiently
high to preclude rapid loss of its energy to the upper atmosphere and thus to assure a
reasonable lifetime, would provide such a body. A radioc transmitter in this satellite would
provide a means of tracking it accurately and measuring its times of passage, as is pre-
sently contemplated with the Minitrack system. For application to Naval problems, a

two-phase program is proposed:

16 =S L
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For immediate application by surface ships the present type of Minitrack system,
operated at a frequency three to four times higher than at present, would provide tracking
accuracies many times greater than those now obtainable. The use of a satellite frans-
mitter with a higher power output and 2 solar-cell power supply would permit the use on
shipboard of relatively small antenna arrays, of the order of 5 by 5 feet, on baselines of
not more than 50 feet, with an unlimited operating lifetime. If the satellite altitude were
500 miles this system would permit ship location to within less than 1/4 nautical mile.
The system, employing transistorized satellite transmitters, could be produced using
available techniques and components. It would weigh about 24 pounds and could be applied
to the location of submarines without surfacing, since it could be used to chart specific
ocean bottom features and to locate sono-beacens as future submarine position-finding

points. Such a system could be readied in about a year at a cost of about a million dollars.

2.1.2.2.2 An X-Band Navigation System (N DECLASSIFIED

For later application to submarines, the use of a modified Minitrack system at or
near the X band (10,000 Mc) is proposed. This proposal is similar to the proposal of
Reference (1), which includes the use of the moon as a reflection target for alignment of
the X-band receivers, and also as an auxiliary navigation source. Both of these systems
would provide data cutputs in the form desired for immediate computation or navibation.
The present Minitrack system data outputs are available in both digital and analog form,;
either form can easily be converted in real time to any other form required, within the

accuracy of the basic system.

R S A
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2.1.3 RECONNAISSANCE SYSTEMS
2.1.3.1 Nuclear Weapons Test Reconnaissance
2.1.3.1.1 Thermal Radiation Reconnaissance (EEmmmmm))C(LASS/ F) ED

The following study is limited to techniques which can be used within two years of

this date and which involve satellites in the 50-pound or 300-pound class.

The simplest question on nuclear weapons testing which a satellite can answer is
whether a weapon has been detonated within its field of view.

The second question that might be answered is the time of firing.

The third question is the location of the detonation. Detonation location assumes a
stabllized satellite whose reference frame i8 in known orientation to that of the earth.
The error associated with the weapon test detection equipment, per se, is of the order
of 1,000 yards.

The {orth question is the yield of the burst. The most promising technique for
measuring the yield of the burst is to take the record of radiant power as a function of
time and determine the yield from the time of the minimum of such a curve, cr the time of
the second maximum. The yield of a surface burst can be determined with an accuracy
of a few percent. If a stabilized satellite is used, such measurements can be made by day
or by night.

The fifth question that might be answered is the height of the burst. Several tech-
niques may be used for this. The most promising is the same as that described for the
yield measurement. The shape of the power curve from a detonation is dependent on the
altitude of the burst. Between a surface burst and a 100,000-f{oot burst the amount of
energy in the first maximum differs by at least a factor of ten, and the time of the second
maximum in the 100,000-foot burst decreases to approximately 80 percent of the surface
time, while the minimum time is approximately unchanged. Other techniques for deter-
mining the burst altitude include observation of the light ifrom the detonation separately in

the visible and the ultraviolet regions. If ultraviolet light is observed it may be concluded
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that the detonation tock place above the ozone layer which is at approximately 30 kilo-
meters. Similar techniques utilizing the attenuation of gamma rays and neutrons by air
have been considered. The power curve method is considered most certain.

For detonations with high yield-to-mass ratios, the power curve is modifiedina
recognizable way during the developrent of the first maximum. It is believed that if a
clean power curve were obtained, some information on the yield-to-mass ratio would be
available.

The measurement of radial power as a function of time i8 basic in connection with
many of the questions discussed above. This measurement is discussed in more detail
in the following paragraphs.

During the detonation of a nuclear weapon, the light history is very sensitive to the
weapon’s yield and to the altitude of the burst, and can serve as a key to some construction
characteristics. Typical radial phenomena as a function of time, interpreted in terms of the
light output, are shown in Fig. 3. The three initial {lashes of light diverging from the point
of detonation at zero time are due to gamma rays, 14-mev neutrons, and thermal neutrons.
In a conventional shot, the fireball is seen to grow by radiative diffusion processes start-

ing essentially at zero time and growing with great rapidity to a radius of approximately

TELLER LISHT

EISEION ] SPECTEUM
(2.5 #HEV-0)
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T~ 5000k TINE (g sEC)

Fig. 3 - Radial phenomena of a nuclear deionation
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10 meters, whereafter the growth rate decreases. At a time of approximately 20-30 usec
the hydrogenamic expansion gets underway and thereafter the fireball growth is due to
shock running in the air.

When the detonation has an extremely high yield-to-mass ratio, the case temperature
can be so great that x-rays from the case render the air around the point of detonation
opaque and slightly luminous to radii of the order of 20 meters. All phenomena occurring
within this radius are blacked out by the absorbing air and the whole appearance of the
fireball development up to times, for kiloton weapons, of the order of 150 usec is modified.
For megaton weapons, this time may be as great as 25 milliseconds and can wipe out the
entire first maximum. Thelight history evaluated in terms of intensity as a function of
time is shown in Fig. 4. The figure is drawn for a 20-kiloton detonation and the changes
in the general shape of the curve with increased yleld are indicated. Note that t_  repre-
sents the light due to air fluorescence from the gamma and neutron irradiation of the air.
t, represents a transition from the radiative expansion phase to the hydrodynamic, and
this time (5 sensitive to the yield and the mass of the weapon fired. ¢t  represents the time

when the fireball burns through the opaque air generated by x-rays for those cases where
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Fig. 4 - Light history of a 20-kiloton nuclear detonation
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the yield-to-mase ratio 18 favorable, and this time is sensitive to the yield-to-mass ratio
and to the case design of the weapon. The times of the maxima and the minimum, t,, t,,
and t;, vary proportionally to the square root of the yleld. The time ¢, is essentially
insensitive to the altitude of the burst. The time t, decreases as the altitude of the burst
increages and the ratio t,/t; can be used as an index to the altitude of the burst. The
ratio of the area under the first maximum to the area under the second maximum increases
in a sensitive way with altitude.

Knowledge of the curve of radiant power as a function of time, therefore, can be inter-
preted to give the yield and altitude of the weapon fired, and diagnostic information about
the design of the weapon.

To illustrate the type of instrumentation necessary for obtalning yield and height-of-
burst information, the design of a possible satellite will be outlined in which the radiant
power as a function of time could be recorded with time resolution of 107 seconds, and
this information could be broadcast on command of a ground station.

The reflected sunlight from the earth’s surface seen by the satellite will be roughly
100 times the peak flux from a 20-kiloton detonation 1,000 miles away. Therefore, the
detector must discriminate the detonation light from light due to the large low-brightness
earth surface. This is done by a light-modulating system described below. Geometrically,
the satellite takes the form of a cylinder, which must be Iaunched with its spin orientation
tangent to the surface of the earth in the region of interest (Figs. 5 and 6).

Located centrally inside the satellite is a wide-field-of-view phot._ell capable of
“geeing” to the horizon of the earth in all directions. The outer shell of the cylinder is of
a banded window construction, i.e., consists of alternate bands of transparent and opaque
material, perhaps 300 in number. Light received {from any small source within the
detection sensitivity of the photocell is then chopped at 300 times the spin frequency of
the cylinder, whereas light from an extended source (the earth’s albedo) is essentially

unmodulated, With a spin frequency of about 67 cps a chopping rate of 20,000 pps is

- R S S,
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Fig. 5 - Light modulation technique of thermal radiation reconnaissance satellite
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Fig. 6 - Internal arrangement of thermal radiation reconnaissance satellite
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accomplished, leading to a time resolution capability of about 10~* seconds. By standard
techniques the modulated photocell signal is amplified and stored on a2 memory device in

a transponder unit (Fig. 7). When the transponder is keyed by a suitable signal, the stored
information is played back and transmitted to the ground receiving station. Upon eom-
pletion of a preset number of playbacks the stored information {8 wiped out and the memory

device reset for a new run.

\%
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Fig. 7 - Data system for thermal radiation reconnaissance satellite

In this system the sun is a “small” source and consequently produces a modulated
output signal in addition to saturating the photocell-amplifier combination. The peak light
flux incident cn the satellite from a 20-kiloton detonation 1,000 miles away will be of the
order of 10 times the steady solar illumination. Consequently, the photoceli’s field of
view must be shielded from direct sunlight. This could be achieved by using fixed shields
in a satellite launched to behave like the moon, that is, to keep one face constantly pre-
sented to the earth. Since this seems quite difficult, an alternate system is described
here. In this system the shielding is accomplished by a stabilized sunshield inside the
cylinder. To stabilize and orient the sunshield, a near-fractionless (because of the lack

of any weight) synchronous motor with the sunshield connected to the armature is used.
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The synchronous motor is powered by solar cells mounted externally to the cylinder.
Two rows of cells are mounted in such a fashion on the cylinder that their electrical out-
put {converted {rom sunlight) is modulated by the rotation of the satellite and the phase is

always such as to orient the sunshield in the proper direction by means of the synchronous

motor.

In the absence of the sun, the sunshield will drifi randomly. One must then either
accept a small probability of ol;scuration of a nuclear signal or provide thermocouple
detection of the earth’s radiation, giving the possibility of lock-in of the sunshield away
from the direction of the earth.

A somewhat similar system can be used to obtain the diagnostic information included
in the interval {from 10" to 10~ seconds, after a detonation. This is not included in the
proposal outlined here. However, some aspects of the system are obvious, including:
elimination of the light modulator, use of a photocell capacity-coupled to its preamplifier,
am or [m modulation of the transmitter carrier to convey the essentially video photocell
signal, and preservation of the sunshield described above.

It is estimated that the development of such a satellite would take approximately
1-1/2 years. Further time could be required for check-outs in the atomic weapons test
series and in flights. It is estimated that a satellite of the type described above could be
built to weigh about 300 pounds. If solar power supplies are available it may be possible
to package the units in a 40-pound satellite.
2.1.3.1.2 Neutron Reconnaissance (B DEC\ ASSIFIED

A satellite may serve as an instrumentation station for the long-range detection and
diagnostic interpretation of a nuclear explosion in {ree space. The absence of the attenu-
ating effects of air permits extremely long ranges to be achieved with relatively small

effort.
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Consider a satellite at a distance of 10,000 miles (1.6 x 10° em) from a 100-kiloton
fusion explosion. If it is assumed that 50 percent of the yield goes into 14-mev neutrons

then the number of neutrons incident per unit area at 10,000 miles is

gy = 100 4.18 <102 jcules 103 mev | 1 i 1
4: (1.6 © 109)2 Kileton 1.6 joule 2 14 mev
2.0 “ 106 newt rons (1}
em?

This flux is easily detectable and actually is sufficiently high that “time of flight” obser-
vations (the Tenex experiment) may be made of the neutrons to determine the neturon

spectrum which characterizes the type of weapon.

If o is the distance between weapon and detector, then neutrons of energy £ make the

transit within a time

0.3 sec . {2)

However, all neutrons released by the weapon do not have the same energy but are spread

over an interval -F, so that there is a corresponding spread t in the arrival time at the

detector:
At AF

il SRR 0 3

t 2F (3

From weapon data it is found that the spread in neutron energy around 14 mev is about
300 kev, although this figure varies {from weapon to weapon. From Eq. (3) the time spread

in neutron arrival time is found to be

0.
t = (0.3) (2 “3“) = 3.3 x 1073 scc. (4}

If it is assumed that all the neutrons are distributed over the time interval 5t then the

neutron flux is the order of 10° neutron/em® per second.
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The neutrons may pe detected by means of a plastic scintillator, photomultiplier, and
amplifiers. Signals from the amplifiers can be telemetered back to earth for oscilio-
graphic recording. It is estimated that the neutron flux calculated above, incident upon
a 1,000-cm® scintillator, would produce 2 1-milliampere peak current at the photomulti-
plier collector, or of the order of 10 voits across a 10,000-ohm load. A signal of this
magnitude is easily amplified to sufficiently high levels for telemetering and oscillographic
recording. The recordings will indicate the energy of the neutrons (from time of flight)
and the temperature at which the nuclear reaction occurred (from time smearing). Thus,
several important weapon characteristics can be obtained {from satellite observations at
great distances from the explosions.

It is estimated that the equipment for this experiment could be readied in about a
year. A 300-pound satellite would be more than adequate. The experiment may be com-

patible with a 40-pound satellite, if solar power supplies are available.

2.1.3.1.3 Radioactivity Reconnaissance _Dé’ﬂ/?}fl’:&/ff)

An item of deep concern to the AEC and to the services, because of its restrictive
effect on weapons testing, is the accumulation in the upper air of radicactive decay pro-
ducts from the detonation of nuclear weapons. The AEC estimates this concentration,
and limits weapons testing to keep it below an arbitrary safety level.

It is desirable to measure this concentration in the upper air for radioactivity survey
purposes. Such measurements made on a day-to-day (or orbit-to-orbit) basis could be used
for reconnaissance of weapons testing by other nations. These measurements would be
extremely important in connection with the detection of nuclear weapons tests conducted
by other nations at very high altitudes, i.e., at and above 100,000 feet. Nuclear weapons
tests at these altitudes may prove to be exceedingly difficult to detect by other means.

The satellite used for this purpose should be in a polar orbit, in order to scan both
hemispheres, and at as low an altitude as is compatlble with the total time desired for the

meas.rement. Since fairly long periods of measurement may be required, a 300-pound

26
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satellite seems desirable, in order that it may accommodate a large supply of power. The
use of solar cells may make it possible to conduct these measurements in 40-pound
satellites.

The satellite instrumentation {Fig. 8) should be designed to make at least four measure-
ments per revolution. Thus, if the period were 90 minutes there would be 32 measurements
to be recorded in a twelve-hour period. If the satellite can be received on either north-
south or south-north transits, this 1s adequate for complete data. If the quarter-period
measurement cycle were 22.5 minutes, the instrument program would be, generally,

21.5 minutes for sample collection, and 1 minute for data recording. During the 21.5-minute
collection time the only power consumption would be by the timing clock.

The data recording cycle consists of the following actions:

1. The radioactive sample is transferred to the detector which reads a counting
rate proportional to the activity on the sample. (The sample transfer activates the record-
ing equipment.)

2. The counting rate is transferred to a “hold” circuit.

3. The voltage, proportional to the counting rate, is applied to a subcarrier
oscillator (VCO).

4. VCO frequency from before to after application of the signal voltage is
recorded on tape.

5. At completion of a recording cycle, the timer stops the recording equipment,
and collection of another sample begins.

When the satellite passes home station, it performs the read-out cycle on command.
This cyecle consists of the following actions:

1. Transmitter warm-up.

2. Second command starts playback cycle, perhaps with recorder running with
playback speed 8-10 times the recording speed.

3. Tape signals modulate telemetering transmitter.

27 RNt s e S,
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4. Ground station records telemeter video output on standard tape, perhaps
for playback at reduced speed.
5. Final command erases tape and recycles.

The techniques of radioactive particle collection have been worked out for applications
at sea level. The NRL air particle sampler for atomic submarines is an example of such
a detector. Particle samples have been coilected from rockets. A combination of these
techniques could be used to collect the sample. Sample coliection must be made at ambient
pressure, and if the electronics require pressurization the count must be made at ambient
pressure. Thus, the sampling process must be outside the pressurized volume. Since the
radioactive particles probably will be charged because of g and o emissions, they will be
attracted or repelled, depending on the satellite’s charge relative to the particles. For
this reason, eiffective collection will require a method of adjusting satellite potential, and
possibly a re-entrant volume in which an electric field can be maintained to aid collection
of the particles.

The calibration of the collection system presents a unique problem. It will probably
be necessary to calibrate in the laboratory at the lowest feasible pressures in large-
volume vacuum systems where the particle velocity 1s small relative to those associated
with the satellites. |

In order to reduce background radiation counts, a thin plastic {luor should be used as
a detector of the g-activity of the particles.  The scintillations would be detected by a
miniature photomultiplier. The counting rate meter following the photomultiplier should
have a fairly long time constant in order to handle small rates. A second identical detector
system with no samples would be required to measure the cosmic ray background rate
during the time the sample is counted.

Since long recording times and short read-cut times are reguired, a two-speed or
an intermittent tape system {8 applicable. Electronic binary storage is also a possibility,

but the complexity might lead to greater weight than that of the recorder. If the tape system
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is found to be suitable, the count rate signals would be used to modulate the lowest RDB
subcarrier oscillators (VCO). The first five RDB bands lie below 1500 kc. A tape speed
of 1 inch per second is suificient to record these frequencies. The lowest-frequency sub-
carrier (400 cps) has a rise-time limitation cf about -0.1 second, so that about one second
must Dbe allowed to record its information. If the first five VCO’s are used, one VCO can
serve as a frequency standard (1,300 cps) and can be used to compensate tape speed
fluctuations. The other four can be used to extend the dynamic range of the system by
using two or more channels with different sensitivities for each detector. Additional chan-
nels can be provided by duplicating the VCOQ’s, using multitrack tape and commutating the
tracks at playback.

At a tape speed of one inch per second about one inch of tape is used for each measure-
ment. Thus, about a 50-inch tape loop is required if read-out can be effected once every
12 hours.

The tape drive mechanisin will be designed to start and stop in a small function of a
second (less than 0.1 second).

The program control will start the tape, apply CO’s signals, apply signal to VCO's
at proper time intervals, and then stop the tape recorder.

At a command signal from ground station, the tape will be played back continuously
to the transmitter in standard f{ashion. The playback can be repeated several times and
restored to record condition by another command. The tape is erased by the last com-
mand. The ground station might require a tracking antenna in order to maintain the
telemeter link for a long enough period to get several playbacks. Alternatively, playback
can be effected at 10 times the record speed, with the receiving tape operated at the same
ratio so that standard discriminator data reduction can be used.

The internal program will have to be set in terms of a predetermined period for the
satellite. If the satellite period varies from that planned, it should be possible to cor-

relate data and satellite position after the fact by observing the satellite transits at the home
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The internal program will be contrelled by a sequence cam on a clock such that the
cam makes one revolution in each quarter of an orbital period. This cycle runs con-
tinuously and is pre-empted by command signals from the ground station.

Assuming availability of marpower, preparation would require about a year, with pos-

sibilities of another year required before routinely successful flights could be made.

DECLASSIFIED

31 WA TR e TR,

e



DECLASSIFIED
T,

2.1.3.2 Electronic Intelligence Reconnaissance Satellite (il D=4LASSIFIED

2.1.3.2.1 An Initial Electronic Intelligence Reconnaissance Satellite (R DECLASSIFIED

To satisfy an urgent operational requirement for electronic intelligence, a satellite
vehicle appears to be the only satisfactory means available in the near future. A particu-
larly important and long-sought target is out of range for ground-based sites and conven-
tional airborne platforms.

A satellite payload capability of the order of five to ten pounds apparently will be
sufficient to carry the equipment required to assure detection of a prime target. This
payload is based on an operating period of three weeks.

The reception of the intelligence can be accomplished at existing sites with a mini-
mum of cost.

To be effective the satellite must, of course, have an orbit that passes over the target
or at least comes within line-of-sight of it. The target of prime importance is in the
Moscow complex. Therefore, the orbit must approach a latitude of 45 degrees.

Present capabilities of the Cape Canaveral range may deter the launching of vehicles
on orbits of the required inclination, although 45-degree orbits might be achievable if the
need is sufficiently great. The planned new test range in the western U. 8. is to provide
the capability of launching at any inclination.

The orbits of 1957 Alpha and Beta are considered ideal for reconnaissance satellites
since they cover practically all of the inhabited world. The reception of the intelligence
transmission from the proposed satellite could be accomplished from several sites. A
most important fact is: these receiving sites are already existent and would require a
minimum of additional equipment and manpower.

The proposed system is as simple as possible in order to be reliable, economical,
and expedient. It consists only of proved circuits that are now being employed successfully

and require no research work.
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The system utilizes a microwave antenna, a bandpass filter, a crystal detector, a
simple videoc amplifier, a pulse stretcher circuit, a modulator, a tiny transmitter, and a
telemetering antenna. Most of these components are now available in countermeasures

equipment. A system diagram appears in Fig. 8.
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Fig. 9 - Satellite elcctronic reconnaissance system

Present crystal video systems have sensitivities several orders better than that
required for this application. The satellite would have several microwave horns or spiral
antennas oriented so that complete spherical coverage would be insured. These devices
weigh but a few ounces each and it is felt that adequate coverage would be obtained by four
antennas.

The bandpass filter limits the acceptance of the receiver to the irequency of the tar-
get. The bandwidth of this filter is designed to limit the data rate and, therefore, the
required telemeter power by being narrow enough to eliminate essentially all signals
except those particularly of interest. These devices are readily obtainable with the
proper electrical characteristics at weights of but a few ounces.

The video detectoi' and amplifier have been developed with transistor circuitry and
the techriques of miniaturization. Present designs with bandwidths of 1 Mc are adequate
to handle the expected signals. The power requirement for this device is approximately
100 milliwatts. The weight is about 4 ounces.

The pulse stretcher is a device that limits the information rate by compressing the
bandwidth. It is useful in this system to conserve transmitter power by eliminating the

redundancy of the target signal. The characteristics of this device are such thai iiv
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original bandwidth of approximately 1 Mc is reduced to about 150 cps. These circuits
have been successfully utilized for years to compress radar bandwidths to that of the
human ear. Circuit-wise, the pulse stretcher consists of one transistor, one crystal
diode,andan RC network. The power consumption is on the order of 1 milliwatt and the
weight is about 1 ounce.

The modulator in the proposed system is a transistor circuit utilized to control the
transmitter output in accordance with the intelligence derived by the receiver. The use
of this device will limit the transmitter emission to those periods when the desired tar-
get signal is being received, and so conserve battery power. The complete modulator
would weigh about 1 ounce and would require an average power of about 1 milliwatt.

The transmitter will send intelligence to the monitor stations when the desired target
signal is being received by the satellite. It will consist of a piezoelectric oscillator for
frequency stability, one frequency multiplier, and an output stage. The frequency of opera-
tion is chosen to be slightly below 100 Mc. This frequency will also assure line-of-sight
propagation even from above the ionosphere at almost grazing incidence. This choice of
frequency also allows high-efficlency transmitters utilizing transistors tc be employed.
Careful calculations involving fading show that for 80-percent reliability, a peak power
of 100 milliwatts will be sufficient. Assuming a maximum 10-percent duty cycle and
operation for cnly 25 percent of the time, i.e., only when near the Moscow area, and allow-
ing for test interrogation from U. S. bases, an average power output of 2-1/2 milliwatts
is required. The transmitter weight would be on the order of 8 ounces.

The transmitting antenna would be essentially the same as that designed for the Van-
guard operation. The medification from 108 Mc to, say, 99 Mc would be simple.

The total power requirement for the proposed satellite is on the order of 100 milli-
watts. For an assumed efficiency of 50 percent, on the basis of Vanguard information the
battery would weigh about 4 pounds for an active life of 3 weeks. The possibility exists

that with further development of the video amplifier a considerable saving may be effected.
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The total payvload of the satellite will be on the order of 5 pounds. This is possible
since the latest transistors and techniques are to be employed. Such a payload, accord-
ingly, is compatible with a 40-pound satellite.

In conclusion, it is possible with well-known proved circuits and available components
to build an Electronic Intelligence Reconnaissance Satellite capable of telemetering infor-
mation from and about the Moscow defense complex to existing U, S. stations. The {irst
device would operate on selected prime targets, would weigh less than 5 pounds, and would
have an operational life of 3 weeks. This proposed system is feasible because of its sim-
plicity, light weight, and availability.

It is estimated that a satellite of the type described above could be readied for flight
testing within about a year, assuming that appropriate priorities would be assigned.
Equipment for succeeding vehicles could be readied at the rate of about one per month.

The project outlined would require the highest possible security control and safe-
guards. This project has been discussed in detail with the cognizant personnel in the
Office of the Director of Naval Intelligence. The requirements for such a program have
been discussed and are being made the subject of official correspondence. This program

would have one of the highest priorities assigned by the intelligence communities.

2.1.3.2.2 Electronic Intelligence Reconnaissance Satellite Systems -DEQLR&SIF IED

The objective of this satellite would be to provide general coverage of the Soviet
Union electronics installations.

In the early launchings the satellites would provide general coverage of a simple type
essentially yielding only area deployment information. Later, morc complicated satellites
would be launched to provide specific information on selected intelligence targets.

A simple approach would be employed on the first satellites. The approach would
become more and more complicated as the load-carrying capacity increased. When pay-
loads of several hundred pounds become available, complete intercept systems incorpora-

ting complete signal analysis functions can be provided.
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desired, or concentration on any specific frequency band. The selection could be arranged
on a time cycle basis considered most effective.

The receiver would function to intercept signals and to receive instructions from a
command {ransmitter alternately.

The selection of the “intercept” or the “interrogation” function of the receiver would
be controlled on a timed basis from information exi-ting in the memory. Prior to launch-
ing, initial timing instructions based on satellite launching perfor mance would be placed
in the memory. Subsequently, these instructions would be modified as indicated by infor-
mation on the satellite’s orbit obtained by tracking it. The timing would be so controlled
that instructions could be recelved by the satellite only when it is within range ¢f the com-
mand transmitter. Since the satellite would encircle the earth at fairly constant intervals
changing very slowly it would be possible to adjust the timing quite accurately. A high
radio frequency with line-of-sight transmission limitations would be chosen for the com-
mand transmissions. Thus a potential enemy would have no opportunity of observing the
satellite transmissions while it was over territory under his contrel. Coding the informa-
tion might provide further security where enemy agents might seek to obtain access to it
through clandestine observations in friendly territory.

Through the tracking operation the position of the satellite over the earth at any par-
ticular moment will be known with fair accuracy. Even though intercepted signals will be
somewhat modulated as a result of rotation of the satellite, considerable information rela-
tive to the locations of the sources of the signals should be obtained from variations of
their amplitudes on a time basis.

A precedent and perhaps international policy has now been established for having a
satellite pass over nations other than the launching nation. Subsequently planned military
launchings will not be announced and hence will make satellites less conspicuous. Thus
additional satellites for intelligencetollection purposes will have good cover. The pro-
posed Electronic Reconnalssance Satellite will be a passive device over potential enemy

territory. It will emit tracking signals only when in range of strategically located tracking
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stations, Information transmission periods might be even more limited. Thus a potential
enemy could not track the satellite by radic. It would be very difficult for the enemy to
detect it visually without previous knowledge of its orbit. Radar detection would also not
be very effective.

Explosive charges could be arranged to assure destruction of the satellite upon its
return to earth either after performing its mission or in case of launching failure, A
potential enemy thus could learn little about it through possible recovery of its parts.

The project outlined would require the highest possible security control and safeguards.
This project has been discussed in detail with the cognizant personnel in the Office of the
Director of Naval Intelligence. The requirements for such a program have been discussed
and are being made the subject of official correspondence. This program would have one

of the highest priorities assigned by the intelligence communities.
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2.1.4 COMMUNICATION SATELLITES

2.1.4.1 Introductlo_ DECLASSIFIE D

A satellite might be employed as a repeater to provide a communication circuit over

a distance of 2,000 or 3,000 miles.

Communications with submerged submarines are especially important. This is par-
ticularly true of atomic submarines which are capable of launching Polaris missiles carry-
ing nuclear warheads. It is highly desirable that these submarines be capable of operating
without the need for breaking the surface at all, even for the purpose of receiving orders
to fire their Polaris missiles. Studies of this problem are now in progress.

2.1.4.2 The Application of Earth Satellites to the Pclaris Command
Problem in the Arctic

2.1.4.2.1 Introduction (M) DELLASSIFIED

The application of satellites to the solution of the vital Polaris Command communica-

tion problem has been suggested. The following treatment examines some of the factors
involved in designing and utilizing such a circuit.
Certain basic assumptions are taken, as follows:

(a) Practicable orbits by 1960 will have heights of 150-400 miles above the
earth’s surface.

(b) Polar orbits and highly inclined orbits are feasible.

(c) Satellite useful payloads will approximate 300 pounds.

(d) Polaris areas of initial prime interest are within the Barents Sea north of
Scandinavia lying between 70° - 80° N latitude and 15° - 60°E longitude.

(e} Prime dependence is to be on communication from the continental U, §. That
s, a system completely dependent for its operation on terminals within foreign and, at
present, friendly countries, or on terminals located in U. S. terrifories, cannot be tolerated.

(f) Circuit delay must be minimized. Thirty minutes is an absolute maximum
which must be reduced as the state of the art permits.

(g) Certainty of communication is of paramount importance.
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2.1.4.2,2 Choice of Frequency of Transmission- DECL?\"SSlFlEb

The height at which the satellite travels requires that signals from it traverse most
of the “effective” icnosphere. All radic waves are subjected to some alteration in passing
into or through the ionosphere. These effects include changes in direction, intensity,
splitting and polarization and produce signal distortions and variable coverage. The effects
are frequency-dependent and their magnitudes are varied by natural phenomena chiefly
associated with changes in solar radiation. In general, the effect of the ionosphere on the
propagation of radio waves decreases with increased frequency and may be assumed small
above about 80-100 Mc. Since ionospheric influences are not completely predictable, and
since areas of acceptable circuit coverage may consequently expand, contract, or have
gaps, it is considered that a {requency of operation of 100 Mec or above would prove most
acceptable for this service. Antenna considerations on the ground make it desirable to
choose a frequency near 100 Mc. Experience with Vanguard telemetering at 108 Mc will
provide an invaluable guide to the suitability of the 100-Mc range for communication
purposes.

Some suggestions for operation at very low frequencies have been made. These are
based on the desire to communicate with completely submerged submarines. Frequencies
suitable for this use lie below 150 kc. A brief and incomplete qualitative examination of
the possibilities does not indicate a hopeful situation. Refraction and absorption effects
may present very serious obstacles to the use of this {requency range from satellites.

It is believed that sufficient data exists to calculate tentative quantitative information, and
this should be done to settle the matter more conclusively. The provision of suitable
satellite antennas in this frequency range would present some difficulty, but it probably

can be accomplished at least in the upper part of the range.

2.1.4.2.3 Cholce of Orbits (RN DEC\PSSIF IED
~*By assumption (d) in section 2.1.4.2.1, the area of interest lies entirely within the

Arctic Circle, hence highly inclined orbits (reaching about 75°N latitude) or polar orbits

0 SECRET RESTRIOTED DATA
DECLASSIFIED



DECLASSIFIED
SECRET RETRICTED DATA

only will be useful. {Consideration of equatorial satellites having the same period of rota-
tion as the daily rotation of the earth is eliminated by assumption (a).} At 300 miles alti-
tude, the optical range is about 1800 miles, and at 400 miles it is 1800 miles. If useful
ranges are assumed to be those where the satellite reaches at least 10 degrees above the
horizon, these ranges are reduced to about 960 and 1150 miles, respectively. Thus,ignor-
ing refraction, a useful range of about 1000 statute miles is assumed. The Scandinavian
peninsula reaches to within about 1300 miles of the Pole, and other borders of the Arctic
Ocean along the Eurasian continent are about equally distant. Hence, a strictly polar orbit
cannot quite cover the entire Arctic at every passage. Observation uf the Vanguard telem-
etering transmission can be used to check this tentative conclusion.

Use of the satellite as a repeater from which a message is transmitted as soon as
recelved gives a total range of about 2000 miles. This range is inadequate to permit this
mode of operation from the U. S. to the Polaris submarine, since the range reqguired for
this service approximates twice this distance. However, this mode might be useful for
the less vital return circuit from the submarine to shore points or ships within reach.
From the continental U. S., it appears that only the mode of operation in which the satellite
stores and retransmits the message is workable. By this method, the satellite would be
“loaded” as it passes the U, S., and it then would retransmit the message continuously for
a period long enough to assure its receipt in the polar area. Assuming 4 loading zone
stretching from 1000 miles east of Boston to 1000 miles west of Seattle, a total span of
85 degrees of longitude is covered. Hence, if delays of several hours are to be avoided,

a satellite must be available at every 90 degrees. If a polar satellite would cover the
entire Arctic, two satellites would suffice, but delays of nearly 3 hours might be encoun-
tered. This would occur when only a southward-bound satellite is available to the loading
zone and it has left the loading zone just before the command message is decided upon.

An entire revolution is then required before the message can be loaded and almost another
before it is retransmitted in the Arctic. This time can be cut almost in half by using

counter -rotating satellites in each orbit, a total of four.
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The use of inclined orbits means that more than two pairs of satellites must be used
to insure coverage of the Arctic. Three pairs of 120 degrees will barely suffice and would
permit maximum delays of about 1 hour and 40 minutes. With the conditions stated, these
paths will pass less than 4 degrees from the Pole.

It is obvious from the foregoing discussion that the question of permissible orbits for
solution of the communication problem posed lncludes also guestions on maximum reliable
range of transmission for which definite answers cannot now be offered. Therefore, it is

important that these data be obtained during the Vanguard tests.

2.1.4.2.4 Transmitter Power -DEC,LI% (FIED

The required transmitter power is dependent cn several factors, such as practicable
antenna gains, path attenuation, receiver sensitivity, ambient noise, and bandwidth. The
following tabulation assumes a power output of 1 watt, a bandwidth of 10 ke, a receiver
noise factor of § db, omnidirective antennas, thermal noise only, and free-space path

attenuation. Three frequencies are included for purposes of comparison.

20 Mec 100 Mc 400 Mc

Transmitter output {1 w) 0 dbw 0 dbw 0 dbw
Gain of antennas 0 0 0

Path loss {2000 miles) 129 db 142.8 db 154.8 db

(1000 miles) 123 db 136.8 db 148.8 db

{500 miles) 117 db 130.8 db 142.8 db

Ktb noise at 10-kc bandwidth -183.5 dbw -163.5 dbw -163.5 dbw

Receiver N. F. 5.0 db 5.0 db 5.0 db
Minimum Detectable Signal -158.5dbw -158.5 dbw -158.5 dbw
(C/N = 0 db)
Carrier/Noise (2000 miles) 29.5db 15.7 3.7
(1000 miles) 35.5 21.7 8.7
(500 miles) 41.5 27.7 15.7

@ —
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These data indicate that 1 watt, depending on the modulation chosen and types of fading,
absorption, and noise encountered, would probably be satisfactory to 1000 miles at 100 Mc
and useable at greater ranges with more frequent message error. Some decrease in band-
width may be possible, depending on message complexity and length as well as the minimum
time the satellite is above the horizon and receivable. Total doppler shift caused by satel-
lite motion is a maximum of about 5400 cps at 100 Mc, and the bandwidth chosen must
accommodate this plus the modulation, or provision must be made for doppler correction

in the submarine, an undesirable complication if it can be avoided. The doppler at 400 Mc
is about 22 k¢ maximum, hence the tabulated data given above for 400 Mc would reguire

either partial compensation for doppler or correction by at least 3.5 db.

2.1.4.2.5 Security (SRURED DCLLASSIFIED

Assumption (g) of section 2,1.4.2.1 states that certainty of communication {s paramount.
An important element affecting this is the enemy’s ability and opportunity to undertake
jamming and spoofing. Conventional jamming may take the form of interfering with sub-
marine reception by flying jammer transmitters over the Arctic areas known to be of
interest. These might be borne by planes or high-altitude balloons. The only basic
defenses against this type of interference are to change frequency - considered imprac-
ticable with present satellite limitations - to increase the transmitter power, or to use
directional antennas aboard the submarine. This latter course appears to be the only
feasible one.

Another type of Jamming might be to jam the satellite receiver at the time of loading.
This must be done from ships, bases, or planes within range of the satellite. Unfortunately,
in assuming a loading zone reaching 1000 miles east from Boston, a similar jamming zone
exists an additional 1000 miles to the east for the same satellite at the same time. This
area includes some portions of Europe and European coastal waters. Again, the only real
defense lies in increased transmitter power, this time of the shore-based terminal, Direc-

ticnal transmitting antennas are indicated.
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Spoofing, or the insertion of false or altered messages by the enemy, can take two
forms in the system outlined. He can load the satellite before it reaches the U. S. loading
zone, making it impossible to enter a correct message when the loading zone is reached.

I only northward-traveling satellites are utilized by the U. 8., the false loading would have
to be accomplished in the Western Hemisphere, south of the U. S. The enemy may also load
other northbound satellites passing over his own territory to cause confusion. The defense
against this type of attack would appear to lie in providing the satellite receiver with enough
intelligence to tell a false from a true message. No security system of this sort exists, as
far as is known, but some thought has been given to the same problem for another project,

and it is believed that a method can be devised based on storing “unlocking” codes in the

satellite which must be received correctly before a message is accepted for retransmission.

2.1.4.2.6 Receivers -ﬁECL ASSIFIED

It does not appear that the design of a satellite receiver would be difficult. The
requirements for sensitivity are moderate since suseeptibility fo jamming will increasc
with sensitivity and shore-based loading transmitters can be powerful. As additional com-
plications can be accepted at these terminals, correction for doppler can be introduced to
narrow the required bandwidth and further reduce jamming effectiveness. In this case,
a return circuit from the submarine to the USA would probably require a second receiver
in the satellite. The Faraday rotation of polarization caused by passage of the wave through
the lonosphere in the presence of the earth’s magnetic field is of considerable magnitude

at 100 Mc. Provision for accepting such signals must be included in antenna and receiver

designs. This problem does not differ from that already faced by Vanguard.

2.1.4.2.7 Power Suppli.es-])ECLHif ;,C}ED

Vanguard experience will provide a guide to the direction of power -supply development.
At present, silver-cell batteries are obtainable that produce 30 watt-hours per pound of
weight, and claims as high as 90 watt-hours per pound have been published. Solar cells

plus batteries are, of course, attractive, but their effectiveness and life in the satellite
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environment are unknown and unproved. Since the receivers of the satellite must operate
continuously, a low-drain design is essential if a reasonable life is to be obtained. The
coding elements must similarly be activated at all times. Storage and transmitter units
are intermittent in operation and less critical. The necessity for low drain is apparent

if one considers that 250 pounds of 30 watt-hours-per-pound batteries would last just a
month with 10 watts continuous drain. Although no accurate prediction of life can be made
at present, it is belleved that several months operation could be attained with a conven-

tional battery power source.

2.1.4.2.8 Conclusion (i DECLASS IF ED

The use of satellites to relay information and orders to submarines in the Arctic is
considered feasible. Further experimental information is required before the minimum
number of satellites can be established. For {ull coverage of the Arctic, maximum circuit
delays will be about 100 minutes, and with certain assumptions as to range of transmission,
six satellites in almost polar orbits would be required. Favorable experimental evidence
would reduce this to four, but unfavorable results would require an increase, Reduction
of maximum circuit delays to appreciably less than 100 minutes would also require a sub-
stantial increase in the number. A mode of operation can be devised to minimize enemy
interference with the circuit. No insurmountable technical difficulties are foreseen, pro-
viding satellites of adequate size can be placed in the proper orbits. Further study of the
mode of operation, orbits, potentiality of lower frequencies and other factors are con-
sidered necessary, and experimental evidence obtained from Vanguard operation must be

obtained before final predictions as to reliability, security, and cost can be made.
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2.2 SUPPORTING RESEARCH
2.2.1 INFRARED RECONNAISSANCE STUDIES (SN DECLASSIF ED

It seems probable that an infrared detector, or a set of them, sensitive in the wave-
length band 0.5 to 3 microns, would detect the flame of a large rocket at a distance of
several hundred miles at night. Daylight detection would be less certain of success because
of the strong background of reflected and scattered sunlight, which also would limit detection
of the {lame by visible light devices.

The spectral region from 0.5 to 3 microns is tentatively chosen because a large
fraction of flame radiation lies within this band and because photoconductive PbS cells of
adequately high sensitivity and of short time constant (~2 x 10~* sec) are readily available.
Furthermore, thereis a wealth of industrial engineering experience in the construction of

systems utilizing these cells, e.g., the SIDEWINDER system.

2.2,1.1 Radiant Intensity of Rocket Enginos (R DECLPSS/F/ED

The first problem is to estimate the available flux of radiation reaching the satellite
from the rocket. There are few data; only recently have intensive measurement programs
been initiated on missiles in flight. It is likely, therefore, that not all available data are
reported here, and it is also likely that the amount of information available will increase
rapidly in the near future.

Butler and Harvey (2) of NRL measured radiation from a V-2 rocket flame in 19486,
using a2 captured German PbS cell. This rocket burned alcohol with liquid oxygen; the
thrust was 55,000 pounds. The signal was strong and fairly constant in intensity from
launch point 10 miles from the detector until burnout at a rocket height of 19 miles and
a slant range to the detector of 21 miles. The flux of radiation to which the PbS cell
responded was 4 pw/cm?.

Curcio and Butler (3) measured the temperature of a 220-pounc-thrust acid-aniline
rocket flame from visible-light spectra and found that the flame radiates in the visible

like a grey body at about 2780°K with a low emissivity, about 0.008.
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Measurements of total radiaticn in the band from 0.4 to 15 microns were com-
patible with values computed for a true temperature T = 2760°K assuming constant
emissivity E = 0.008 throughout the infrared spectrum.

Curcio and Sanderson (4) extended these measurements on 220-pound and 440-pound-
thrust engines, obtalning T = 2712°K and E =0.0055, in the visible spectrum, in general
agreement with the earlier measurements. They computed a near-infrared spectrum
from these values and found it in {air agreement with a spectrum measured by Wolfe (5).
They used their own and Wolfe’s results to estimate that, as an example of several such
estimates, a lead sulfide detection system with 12-inch-diameter mirror should detect a
1,000-pound-thrust acid-analine flame through a horizontal range of 81 miles at altitude
20,000 feet, with a signal-to-noise ratio of 9.

More recently a series of tests on the detection of Corporal acid-analine flames
(understood to have a 26,000-pound thrust) was conducted under the sponsorship of the
White Sands Signal Corps Agency. This was called Project Terrycloth (6}, Four lead
sulfide devices with optical systems 8 to 12 inches in diameter were used at a distance
of 120 miles. Eight rounds were fired, all at night. Strong signals were obtained in most
cases. The instrument sensitivity was not stated, and quantitative data cannot be derived
from the results.

In a few cases certain instruments were located 220 miles away, and in some cases
these also detected the rocket flame. In other cases, the rocket probably did not cross
the field of view of the instrument.

In the same operation R. M. Talley (7] of the Naval Ordnance Laboratory measured
the infrared emission spectra of the flames, using a novel rapid-scan spectrometer. He
found that more than 75 percent of the radiation lies in the region of the spectrum detect-
able with lead sulfide cells, l.e., in the 0.7- to 2.7-micron band. The values of spectral
flux density at a horizontal distance of 8.2 km (3.85 miles) from the launch point are shown

in Fig. 10 together with a relative response curve of PbS. The curve shown applied
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Fig. 10 - Spectral flux density from corporal flame at 3.85 milca

remarkably well both to plus 6 seconds and plus 22 seconds after ignition, and the report
states that the spectral intensity remained essentially constant up to burncut at 54 seconds.
Trajectory data and slant ranges were not stated; but the observation is in qualitative agree-
ment with the measurements of Butler and Harvey that the V-2 signal remained constant
until burnout at 19 miles altitude. It would be expected that the signal would decrease

with the inverse sguare of the distance, and Butler and Harvey suggested that the con-
stancy of signal as the rocket rose and the slant path increased may have resulted some-
how from reduced attenuation by water vapor in the slant path.

Yates and Taylor (8) have measured the infrared emission spectra of jet aircraft
with thrusts In the region from 6250 to 7800 pounds (FOF-8 and FJ3, respectively), and
they have also used PbS radiometers filtered to respond between 2.0 and 2.8 microns and
lead telluride (PbTe) radiometers filtered to respond between 3.7 and 5.2 microns, to

measure signals from aircraft in flight. They found the signals 10 times stronger in the
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PbTe radiometer, owing to the strong 4.4-micron emission band of COz in these engines.
This would be the case also for kerosene, gasoline, or alcohol rocket engines viewed at
high altitudes. However, PbTe cells require cooling with liquid nitrogen. Photoconductive
cells sensitive to longer wavelengths are not yet adequately developed or available. The
PbS cell is therefore considered to be the most practical detector for immediate use.
Some of the results listed above can be scaled up to provide inexact estimates of the
flux of radiation from a missile flame burning, say, 5 or 10 miles above the ground.
Attenuation of the signal by water vapor and carbon dioxide may then be ignored within the
limits of accuracy of the computation. If, furthermore, the radiant output is assumed to
be proportional to the engine thrust, all engines measured can be scaled up to an arbitrary
size, say 200,000-pound thrust. Then the flux density of radiation to which a lead sulfide
cell will respond at distanceof 300 miles can be computed; the results are shown in Table 6.
TABLE 8

Computed Flux Density at 300 Miles When Engine
is Scaled up to 200,000-Pound Thrust

Flux Density

Vehicle (watts/cm?)
V-2 (aleohol-oxygen) (Ref, 2) 4.9 x 10-®
Acid-aniline (Ref. 4) 6 x10°°
Corporal (acid aniline) (Ref. 7) 1 x10*

The main value of these estimates is that they lie within the range of flux densities of
radiation detectable with existing lead sulfide systems. The warning must be given that
estimates such as these almost invariably prove more optimistic than the results achieved
in practice, However, they may be applied to a proven PbS system, the SIDEWINDER
homing head. Some of its characteristics have been deseribed by Biberman, Chapman,
and Schade (9). The system utilizes an optical mirror of focal length 8.8 cm and effective
aperture f:1.13. Bench tests for acceptance of the units requires a signal-to-noise ratio
of 3 to 1 and cell signal of 200 microvolts peak-to-peak for a radiant flux density of
4 x 107° watts/cm2. This input signal and voltage would provide several volts output, using
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the SIDEWINDER amplifier. Therefore, it appears probable that a system no larger
or more sensitive than the SIDEWINDER system would detect a 200,000-pound-thrust
engine at 300 miles, at night,

It may be remarked that while the SIDEWINDER system is neither the biggest nor the
most sensitive PbS system that has been built, it is surely about the most successful.
There does not seem to be justification for extrapolating expectations too far in terms
of “equipment refinement.” The SIDEWINDER system is reasonably refined.

It is possible that NOTS, Inyokern, already has tested SIDEWINDER performance
against big missiles and that estimates of detection capabilities superior in accuracy to
those given in this paper may already be available. Time has not permitted an investi-
gation of this point.

This paper has not considered the intricate problems of orientation {nformation,
information storage and playback, etc. The following scanning considerations are cited

however since they are of interest here.

2.2.1.2 Scanning Considerations (FEEEEN eC WSS IFIED
In Fig. 11, if R = 3950 miles and h = 300 miles, then the slant distance to the horizon

S, 18 1570 miles, ¢ 18 68°, and 4 is 22°. The length of arc, ab , {rom horizon to
herizon is 2Rs. = 3350 miles.

A satellite with a rotational period equal to its period of revolution and with its spin
axis perpendicular to the plane of its orbit would always face the earth. At a speed of
25,500 fps in the orbit, a line of sight to earth would move at 4.5 mi/sec over the face
of the earth. To allow, say, 1 millisecond on-target time for a point source, which would
be adeguate for a PbS cell, the minimum {ield of view in the direction of motion would
subtend 4.5 x 10"? miles = 24 feet. Since a rocket flame is very much longer than this
{(about 50 feet for the 40-foot Viking at take-off), a larger projected field of view would
be required to allow for full exposure on rockets already tipped from the vertical when

sighted. A field of view subtending 500 feet at the surface would be only 6.8 seconds of
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Fig. 11

arc in width. Practically, larger fields of view probably would be used. Location of the
target rocket in the nadir of the satellite could be quite accurate with narrow field of view,
provided that the field of view, traversing the surface of the earth at 4.5 mi/sec, crossed
the launching point sometime during the burning period of the rocket engine. The chance
of such a coincidence would be small, Widening the field of view to cover a longer arc on
the earth in the direction of travel is feasible. A Schmidt or Maksutov optical system with
a line of multiple PbS strips on its focal surface is indicated. Such systems enjoy the
quality of good images over a field of view of about 40 degrees.

A schematic but inaccurate diagram of the system is shown in Fig. 12. If 40 indi-
vidual PbS cells were mounted in the north-south line of motion of a polar satellite, each
subtending one degree, the instantaneous field of view of the control cells would be 5 miles
wide directly under the satellite; the terminal cells, 20 degrees to the north and south of

the nadir, respectively, would view areas on the earth about 110 miles to the north and
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to the south, The array would thus cover 220 miles, more or leas, in instantaneous view
with 5 miles resolution in the nadir and poorer resolution toward the edges of the field

because of the curvature of the earth.
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Fig, 12 - Optical system for
rocket flame detection

A similar array of cells along the east—-west line would sweep out a path of surveillance
220 miles wide at a rate of 4.5 mi/sec. A number of satellites would be required for con-
stant surveillance, and only those viewing a rocket fired at night would be lkely to identify
a rocket launching.

A second scanning system could employ a normal rotational frequency of 3 revolutions
per second, or 1080 degrees per second. Again, the favorable orientation of spin axis
would be perpendicular to the plane of the orbit. In this case, the line of sight sweeps the
earth in the nadir at 5400 mi/sec, and it sweeps from horizon to horizon (a to b, Fig. 11),
in 136°/1080° = 0.126 sec. Three detectors 120 degrees apart in the satellite would

I
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guarantee a continuous scan of the arc sb in the plane of the orbit. Two 40-degree fields
of view at right angles would cover about 2000 miles in the north-south and in the east-

west directions.

The further study of the use of satellites for infrared reconnaissance could well
begin with an attempt to verify the basic capability. This might be done by means of a set
of lead sulfide-cells installed in the satellite for viewing of our missile test ranges at
AFMTC, Cape Canaveral, Florida; White Sands Proving Ground, New Mexico; and
NAMTC, Pt. Mugu, California. Such an experiment could yield important test data. It
might prove feasible to schedule the firing of certain of the rockets launched at these

ranges in order to have them conicide with the satellite passage.
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2.2.2 OPTICAL DETECTION OF SUPERSONIC VEHICLES
ABOVE THE ATMOSPHERE (UNC LASSIFIED)

Radiations in the far ultraviolet ars expected from supersonic objects moving above
the stratosphere. These radiations are produced by the primary atmospheric constituents,
N and O. They result from two mechanisms, shock excitation and enhanced recombination
of solar-ionized N and O, Both of these mechanisms can be expected to produce strong
line emissions in the far ultraviolet region, e.g., NI 1243A, 13104, 13114, etc. and OI
1302A, 13054, 1308A, ete.

Rocket surveys of atmospheric emissions encountered above 75 km indicate strong
line and scattering emissions in the visible, near ultraviolet and far ultraviclet. Visible,
near ultravioclet and infrared radiations have been anticipated from past ground observation
of airglow and auroral spectra. The prinecipal far-ultraviolet emission has been identified
with solar system Lyman-alpha (1215.7A) radiation scattered by atmospheric atomic
hydrogen. It is suggested that atmospheric ultraviolet emission excited by a missile could
most easily be detected in the 1225A to 1350A band, which offers the lowest atmospheric
background. The measured value of background flux is less than 3 x 10™° ergs/(sec-cm?-
steradian) at White Sands Proving Ground; it can be ascribed to fluorescence induced in
the atmosphere by cosmic rays. The absence of the strong OI transitions yielding the
1300A lines is striking.

From these observations, significant advantages for the detection of ballistic guided
missiles at these wavelengths at night are apparent,

1. There is low atmospheric background, less than 3 x 10™° ergs/(cm?®-sec-steradian).

2. Reliable high-sensitivity detectors are currently in use.

3. Jamming is difficult at these wavelengths.

4, Ground interference is eliminated by atmospheric absorption.

5. Object discrimination may be possible due {o excitation mechanism.

An examination of the details of the excitation mechanism strongly indicate that the

surveillance platform must have an altitude in excess of 300 miles. Furthermore, esti-

mates of the height of the observed missile may be made by the characteristics of the
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observed signal. Below 80 km, sources are rapidly attenuated by atmospheric absorption.
Between 80 and 130 km, shock excitation at these wavelengths is produced. This phenom-
enon has been detected during Aerobee rocket flights. Above 130 km, enhanced recombi-
nation of atmospheric N* and O+ and other local surface eifects become the dominant
mechanisms,

The promising possibilities offered by ultraviolet detection strongly indicate the need
for continued and expanded rocket and satellite experimentation in this fleld. The basic
feasibility of a ballistic missile detection system relying upon this phenomenon can be

determined by a flight test as soon as a test vehicle can be made available.
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2.2.3 NIGHT CLOUD COVER, THE NIGHT AIRGLOW,
AND THE AURORA (UNCLASSIFIED)

A satellite can easily be equipped to provide a worldwide survey of certain emissions
in the night airglow. The results would be of great interest to meteorologists and upper
atmosphere physicists. In addition, there is the possibility of using the night airglow
around the horizon as a means for establishing the vertical, during darkness, and check-
ing the vertical cetting of a gyro.

The airglow is known usually to present rather large variations in time and space,
and bright bands and patches sometimes travel across the sky. The changing sky pattern
of airglow brightness has been studied from the ground by Roach, among others (10}). The
explanation for the variations is not obvious, but it appears to be connected with air move-
ment and pressure changes in the upper atmosphere. From NRL rocket work, it is known
that the 5577A line of OI in the green arises near 100 km (11). The Na D-lines arise near
85 km, and radiation from 2500-2800A from O, in the Herzberg bands exists near 100 km
(12). The 5577A line and the Herzberg bands are believed to be produced by the following
collision processes,

5577TA: 0+04+0 O, + 0*

Herzberg bands: C+0+M 0,*+M
Both these reactions must be rather sensitive to pressure. The variations in the green
line must somehow be related to airflow in the 100-km reglon, which may be sufficient to
alter the above reaction.

Assuming that the pattern of emission is related to the circulation pattern at the par-
ticular level, it may then be possible to use the different airglow lines as tracers for the
circulation at different altitudes. For example, the 5577A line should arise a little higher
in the atmosphere than the Herzberg bands, since the third body in the former process is
0 and in the latter it may be eigher O, or N,.

In addition to the airglow, in the case of a polar orbit the photometers would measure

the distribution of the polar aurora and provide a possibility of correlating the aurorae
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borealis and australis. This would be of great interest in connection with the process of
excitation of the aurora.

The experiment would also give a measure of cloud cover at night, which would com-
plement the data obtained by a day cloud-cover experiment, such as is planned in the
Vanguard program.

1t would be most important to attempt to correlate the results of the airglow and
auroral experiments with observations made from the ground. During the IGY, there is
set up a moderate-sized network of airglow monitoring stations, together with many sta-
tions for observing the aurora borealis (13). The entire airglow and aurora program
would be unclassified, excepting probably observations made near the bright ring of air-
glow around the horizon, of the type that would bear upon the usefulness of the airglow
for exact determination of the vertical.

In a 40-pound satellite, the experiment would consist of two photometers, each having
a photomultiplier tube (RCA 1P21), an interference filter of approximately 20A bandwidth,
and a lens, probably of 2 inches diameter. The outputs would be telemetered at as rapid
a rate as the telemeter system would permit. One filter would pass the green line of
atomic oxygen (OI) emitted in the night airglow near the 100-kilometer level, and also the
green line in the case of a polar orbit; the other filter would pass a narrow band (20A) of
the background light from stars and airglow near 5400A. Use of the 5400A photometer
would make it possible to distinguish between an increase in signal due to clouds and a
true increase in 5577A line emission, and to correct the 5577A photometer for airglow
continuum radiation.

Transistorized power supplies for the photomultiplier dynodes are available, but
electron-tube amplifiers requiring batteries for filaments will be necessary to reduce
the high photomultiplier output impedance to the relatively low input impedance of the
telemeter,

The two photometers would be mounted on the equator of the satellite, close together

so as to view the same area simultaneously. I the satellite were pressurized, two
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windews of glass or quartz giving about a 2-inch-diameter viewing area would be required.
Since the photometers would be very sensitive, a means would be provided to protect the
photomultiplier tubes during the sunlit portion of the satellite’s orbit. The volume occu-
pled by the photometers would be approximately 3 x 6 x 8 inches, and their weight would
be about 2-1/2 pounds. Power for the photometers would be obtained from mercury bat-
teries that would occupy about 100 cubic inches and would weigh approximately 10 pounds,
In order to obtain the most data, which should be as complete and as easy to reduce
as possible, the satellite should be launched so that its spin axis would lie in the orbital
plane and be oriented parallel to a tangent to the earth at midnight, as in Fig. 13, This
orbit restriction would still allow a reasonable tolerance on the firing time, The satellite
itself should rotate about an axis in its orbital plane at from 4 to 10 revolutions per minute,

in order to scan the sky at a reasonably slow rate,

PHOTOMETER

FIELD >{g@
'

F%‘ .‘z-“.

Fig. 13 - Orientation of satellite spin axis
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For a 300-pound satellite, it is assumed that more weight and space would be allo-
cated to each experiment, The oxygen green line at 5577A would be monitored, along with
the 5400A background region, as in the 40-pound satellite. In addition, the Na-D emission
would be measured with a single photometer, and the ultraviolet in two wavelength bands
between 3000 and 2000A. Another photometer would have a filter passing the red oxygen
line at 6300A. And yet another, probably having a lead sulphide detector; would monitor
the intense OH emission arising in a layer thought to be about 70 km above the earth’s
surface.

In the 40-pound satellite, the field of view of the photometers would be about 4 degrees.
This would not provide sufficient resolution to determine the sharpness of the horizon from
the point of view of indicating the vertical. Much narrower field photometers could be
flown in the 300-pound satellite, and this would be the experiment more directly related to
the problem of the vertical, The weight of the larger experiment might be 100 pounds.

The experiments would require about one year of preparation, with the full time ser-

vices of 5 highly qualified scientists and 8 engineers.
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2.2,4 THE DETERMINATION OF THE VERTICAL (UNCLASSIFIED)

Location of the vertical may be possible from a satellite by optical methods., The
idea is to use the bright ring of light that will be presented by the horizon close above the
earth’s surface. The problem is to find a wavelength for which the ring is narrowest and
least susceptible to local variations in height due to weather or terrain below. At night,
some airglow radiation might be used, By day, the 2500-2800A region, arising from air
scattering above the ozone layer, might prove to be satisfactory. There are many prob-
lems, and only after a good deal of research would it be possible to estimate the accuracy
attainable with suck a system. The basic research which must precede the development

of such a system is included in the discussion of the preceding section.
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2.3 SCIENTIFIC RESEARCH
2.3.1 GEOPHYSICS
2.3.1.1 Magnetic Field Measurements from a Polar-Orbit Satellite (Unclassified)

The objectives of these measurements would be to obtain a complete map of the
earth’s main magnetic field, and the space distribution and length of auroral zone electric
currents and disturbance currents in middle and low latitudes. The primary reason for
pursuing these objectives are as follows.

The accuracy with which the magnitude of the magnetic field {8 known at all but
selected locations on and above the earth, exclusive of local anomalies, is at best 1 per-
cent. There are vast areas of the earth’s surface where measurements of the field are
extremely sparse. This 1-percent accuracy imposes a limitation on many practical uses
of the earth’s field. By means of “continuous” satellite measurements with an alkali vapor
magnetometer, a complete mapping of the earth’s field is possible. The accuracy of the
map so obtained would be determined primarily by the accuracy of orbit locations vs time
determinations. The error in field measurements would be less than 31 gamma (10°%
gauss). This accuracy would also lead to exact determinations of secular variations, if the
experiment is repeated at intervals of several or more years.

Measurements obtained in high latitudes would permit continuous observations of the
strength and distribution of aurcral zone electric currents. This information would check
and greatly expand the information obtained from the Fort Churchill rocket firings.
Similarly, the measurements in middle and low latitudes would supplement the information
to be cobtained from the Project Vanguard magnetic field satellite.

The alkali vapor resonance magnetometer proposed by Varian Associates Inc. 1s
ideally suited for these measurem - ‘ts. This magnetometer measures the absolute total
scalar field independent of orientation, as does the proton precessional magnetometer. The
principal advantage of the alkali vapor magnetometer in this application is that the power

requirements are greatly reduced. A satellite alkali vapor magnetometer would probably
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weigh 1 pound and dissipate 1 watt of power. Reasonably small areas of solar cells would
supply this power, and about 1 pound of batteries would be sufficient for power storage over
the dark section of the orbit. Although intermittent measurement with data storage is
feasible, it may be desirable to telemeter the signal continuously and make full use of
recordings by radio amateurs. An alternative is to program the telemetering time and use
increased power for reception at distant stations; this would be particularly advantageous

if frequencies such as 20 Mc were used. As was shown by the first Soviet satellite, any

one station would then receive about 20 percent of the measurements.

2.3.1.2 The Study of the Upper Ionosphere by Means of a
Dual- Frequency Minitrack Satellite (Unclassified)

In the interest of obtaining additional ionospheric data, the use of a 40-Mc transmitter,
in addition to the 108-Mc tracking transmitter, is proposed for one or more satellites.
The general nature of the experiment i8 similar to that of the experiment described in
Ref. 14. The use of the 40-Mc transmitter would provide data with 7.4 times the iono-
spheric effect of the data from the 108-Mc transmitter, and the 108-Mc transmitter would
provide normal orbit determ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>