
































:gsion of the orbital plane about the polar

also affects the area of coverage of the sat-

:.  Other factors to be considered are the
amweunt of -rotation of the earth during an orbital
period, the width of the visibility belt, and the
width of the belt in which the azimuth changes by
more than 90°,

Figures 6 and 7, which were prepared by use of
formulas (9) and (10) of Appendix 1, show the pe-
riod T and tangential velocity V respectively asa
function of altitude h, assuming circular orbits.
Fi 2 8, prepared from formulas (3) and (5) of
Arp, dix 2 gives the percentage of theareaof the
earth from which a satellite at a given altitude k&
is visible both from a single point of its trajec-
tory and from one complete transit of its circu-
lar orbit. Figure 9 shows the width of the visi-
bility belt (using formula (4) Appendix 2), the
width of the belt in which the azimuth changes
more than Y0°, and the earth's rotation dJuring
one orbital period.

Figure 10 gives the rate of rotation of the or-
bital plane in degrees per day for inclinations of
15°, 45°, and 75° as a functionof altitude k. For-
mula (7), Appendix 2, was used in preparing this
figure. In Figure 11, the arc A MzA' is the arc
width of visibility from the sarellite § at altitude
h, with subsatellite point Mg. The total visibil-
ity from the point § is the area swept out by the
arc A Mg A' as it revolves about Mg, The rotal
visibility for one transit of the satellite in its
orbit is the zone swept out by the arc A Mg A'
as the satellite traverses its orbit, the points A
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FIG, 7.—Circular orbits.
Tangential velocity V as a function of :

and A' describing small circles on"
shown. The inclination { is the ang
orbital plane makes with the earth'se
At the present state of developme
sumed that electronic radiation fron
lite will be the medium of locating -
from navigating vehicles on the ea;
ordinary celestial navigation instrum
optical sextants cannot be used.

DISCUSSION OF CIRCULAR ORBITS AND
SATELLITE REQU.REMENTS

From satellite orbit information amassed since
the launching of Vanguard |, it is known that the
air is denser at high altirudes than the presatel-
lite empirical estimates indicated. Henceinorder
for orbits 10 be reasonably free from air resist-
ance perturbations, the height k should probably
be no less than about 300 miles. The effects of
the earth’s asymmetric gravity field on the orbit
decrease with altitude (the chief effect is tocause
the plane of the orbit to rotate about the earth’s
rotational axis—see Fig. 10). DBur at great alti-
tudes the influence of the moon's attraction will
complicate computation of ephemerides.!! Thus,
an optimum altitude h probably exists for mini-
mizing the two chiefl orbit perturbing forces.

Recent studies of solar radiation pressure re-
veal that for a satellite of higharea to mass ratio
the height & can be reduced (from this force) 1 to
2 km. per day, reducing the satellite lifetime

LlSecular perturbations due to the sun and moon e
orbit of an artifictal earth satellite, C. C. Dea..wn,
ABMA, Redstone Areenal, Ala., Report RDSP-TR-5-59,
Novy. 1959,
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FIG. 11.-The arc 4 Mg A’ is the arc of
the point S of the orbit. The area of visi
point § is the spherical cap generated by r
A Mg A' about O My as axis. The area
single transit ot the orbit is thespherical
by the arc A M A’ as the satellite traver
altitude k.
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recent satellite launchings, indicate this to be a
transient handicap. Since the success of the Dop-
pler technique depends on accurate detection of
small shifts in radio frequencies transmitted by
the satellite, ionospheric interference cannot be
tolerated. The solution here seems io be both
higher frequencies (line of sight transmission)
and several simultaneous frequencies (harmoni-
cally related) transmitted from the satellite. Ex-
cessive rotation of the satellite must be damped,
since the resulting modulations of the satellite
transmission would affect the Doppler frequency
shift.

THE TRANSIT NAVIGATIONAL SATELLITE
SYSTEM

The Bureau of Weapons, Department of the
Navy, through Advanced Research Projects Agen-
cy (ARPA), Department of Defense, and the Ap-
plied Physics Laboratory, The Johns Hopkins
University, initiated a developmental program for
a navigational satellite using the Doppler shift
technique. This program is now completcly the
responsibility of the Navy. The program is ac-
tually aimed at two compatible simultanecus re-
ceiving systems, that is one transmitting system
for the satellite and two receiving systems for
navigating vehicles to allow navigation within a
nautical mile with the less accurate receiving
equipment, and positioning to within a tenth of a
mile with the accurate receiving equipment.

Present plans call for the satellite to transmit
not only a very stable constant unmodulated fre-
quency signal for utilizing the Doppler principle
but also to transmit its instantaneous orbital po-
sition (at intervals of one minute). That is, the
parameters from which the orbital data needed at
the time of observation can be computed. Also to
be included in the final version is an accurate
clock (the satellite will transmit universal time}).
To make this possible the Navy will rnaintain, ini-
tially and during the rescarch and development
phases, a chain of tracking stations around the
earth which feed their data into a central comput-
ing center, which in turn will transmit tothe sat-
ellite the orbital correction data for retransmis-
sion to navigating vehicles (see fig. 15). The fi-

peraticnal navig n system will1  require

ing stations around the earth but only on the
ot American Continent.  The satellite will al-
ways transmit the most accurate data available
to the greatest number of meaningful significant
figures. At present the Navy has 7 tracking sta-
tions in operation; these are located at the Ap-

' o ) ratory, Silver Spring, Md.;

i, University of Washington;
dexico; Argentia, Newfound-
:raft Establishment, Lasham

Hants, England; and San Jose dos C
Brazil.15

The precise receiving equipment will
maximum accuracy of the parameters as
mitted by the satellite. In addition to t
sensitive receiver, frequency control,
clectronic high speed computer will be r
aboard ship. The less accurate equipmen
will not use all the inherent accuracy of |
ellite transmission) will not requireanele
high speed computer; only a slide rule
computer will be needed.

The development is being conducted
phases. The first phase is the feasibilit
Transit I-B, see figure 16, which was p.
orbit on April 13, 1960, is one of this
Apogee at launch was about 750 miles,

230 miles, inclination about 51°, and peri
96 minutes. It carries transmitters of fc
quencies—54, 162, 216, and 324 megacy
study ionospheric effects on transmiss
also carries an infrared scanner (see fig
developed by the Naval Ordnance Tesr St
measure the earth’s albedo (reflecting po
infrared radiation. Instrumentation fo.
scientific experiments is also being ca:

Transit 11-A, placed in orbit on June 2:
is similar to Transit I-B, figure 16. lt weighs
223 pounds; its orbit has a perigee of abour 400
miles, apogee of 660 miles, period of 102 minutes,
and inclinationof 7%, Shortly after it had achieved
orbit, a spring mechanism released a smaller
42-pound satellite, developed by the Naval Re-
search Laboratory for measuring solar radiation,
which has an 108 megacycle transmitter for tele-
metering this information back to earth {see fig.
17). Transit lI-A, in addition to the transmitters
as carried by Transit [-B, is carrying for Canada
a receiver to study background radio noises from
the galaxies. It is also carrying an electronic
or digital clock.

The second stage of the development will be
for evaluation of engineering design data; " :
third stage will be for prototype operationatl s... -
ellites; the fourth and final stage will be tt  >p-
erational transit satellites.

In the final system, it is hoped to have f
fully instrumented satellites, two at inclinati...s
of 6775, two at 22?5, with the orbital planes of
each pair 180° apart.!? The planned orbits are
circular at an altitude of 500 miles to minimize
air resistance and gravitational effects and to keep

'SAviation Week, Apr. 18, 1960, pages 29-31; see also
U.5.C. & 6.8, Tech. bull. No. 11, page 33.

184 piation Week, Mar. 28, 1960, page 26,

17 4 stromautics, June 1960, page 104.
























