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Instrumentation is described which will be used for performing a
millimeter wave propagation experiment from the fifth Applications
Technology Satellite (ATS—E). Wideband signals near 15.3 and 31.65 GHz
will be transmitted Between the spacecraft and several gro ‘d stations,
énd attenuation and phase distortion effects caused by the atmosphere
and meteorological phenomena (including rainfall) will be measured at
the receiving terminals. The oYerall objective is to obtain propagation
data at varied ground locations for a wide variety of weather conditions,
incluéing seasonal variétions. The 15.3 GHz spacecraft signal is to be
provided by a very stable solid stafe source which produces a total output
power of approximately 200 milliwatts and which can be phase modulated at

" a raterof 0.1, 1, 10, or 50 MHz, producing a carrier and two significant
sidebands nearly equal in level to thé carrier. The 31.65 GHz ground
transmitters will provide 100 to 200 watts 6utput and will be capable of
being modulated at 1, 10, or 50 MHz to provide two significant sidebands
in addition to the carrier. The spacecraft receiver utilizes a super-
heterodyne system which emplo&s dual mixers for redundancy. The receiver
outputvis fed through a signal processor which perforus meas;rements on

the phase and amplitude of the received.signals. ‘ //C?
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The satellite is to be placed at a stationary location above the
Pacific Ocean in a synchronous orbit., The spacecraft antennas will have
beamwidths of approximately 20 degrees, sufficient to subtend the full
earth, including allowances for the librations of the gravity-gradient

stabilization system.
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Millimeter wave frequencies offer a proﬁising area for future space com-
munication and data links because of such advantages as: wide bandwidth capa-
bilities, plaéma penetrétion capability, reduced spectrum crowding, potential
for private or secure links, high-gain/small-aperture antenna characteristics,
and reduced size and weight of cdmponents.

The propagation parameters of interest’in earth-space millimeter wave
linké include atmospheric absorption, refraction, dispersion, fading, and
noise considerations. Associated with these parameters is the propagation
medium bandwidth limitation, which is of paramount interest for very wideband
communication systems. The propagation characteristics in the millimeter band
are significantly different than at lower frequencies, primarily because of
oxygen and water vapor absorption. Figure 1 illustrates this effect for
various elevation angles and for frequencies up to 100 GHz.

The National Aeronautics and Space Administration (NASA-GSFC) plans to
conduct a millimeter wave propagation experiment from the fifth Applications
Technology Satellite (ATS-E), for which a launch date in the first quarter of
1969 is planned. The objective of the experiment is to statistically deter-
mine the propagation parameters that are important in characterizing widebana
earth-space communication or data links at Ku and Ka bands. This objective

will be accomplished by transmitting signals (at 15.3 and 31.65 GHz) between
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a synchronous altitude satellite and various earth terminals over a period
long enough to include seasonal changes. Correlating the measured propa-
gation effects with wegther conditions derived from radiometric and radar
measurements will permit the performance of future liﬁks to be predicted
under various weather conditions.

The ATS-E spacecraft will be gravity~-gradient stabilized so that the
millimeter wa&e horn antennas are always pointed toward the earth. Each
horn will have a beamwidth of 20 degrees whiéh is sufficient to subtend the
entire earth (including allowanéés for satellite instabilities) from syn-
chronous altitude. Present plans are for a stationary synchronous satellite
Alocation of 150 degrees west longitude.

The millimeter wave equipment to be used in the satellite is shown in
Figure 2a (a 15.3 GHz down-link and a 31.65 GHz up-linkj. To complete
the propagation test links, certain millimeter wave ground stations will be
equipped with 15.3 GHz receivers and 31.65 GHz transmitters, as shown in
Figure 2b. Several sites in the United States will be used, including
locations in California, Texas, and Ohio. In addition, a transportable
station is planned for use in Hawaii. All of the participating ground
stations will be able to receive the 15.3 GHz signals simultaneously, since
the transmitter will be in the satellite. However, for the 31.65 GHz up-
link the ground stations must transmit sequentially.\

The experiment will provide information on the coherence bandwidth of
the atmospheric medium by transmitting a phase modulated c;rrier, from the
satellite. A phase modulation index of 1..43 is employed which provides egual
carrier and first sideband amplitudes, with little power wasted in higher order

.

sidebands., Modulation rates of 100kHz, 1l MHz, 10 MHz, or 50 MHz may be chosen
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-resulting in a carrier and two sidebands al any one time. An up-converter
modulation technique (excluding the 100 kHz modulation rate) will/be used in

the up-link transmitter. At the 50 MHz modulation raﬁf, the sideband separa-
tion will be 100 MHz so that wideband channel characteristics can be determined.
" In addition, the unmodulated éarrier (CW signal) Qin be transmitted if an in-
creased SNR is desifed. Propagation ?arameters will be determined by measuring
the individuéi signal amplitudes and the difference in the phaée differentials
between each sideband and the carrier. Phase locked tracking receivers will be
used for both the up-link and the down-link with narrow individual channel
.bandwidths. Ground commands, via the ATS telemetry link (i.e., from the Mojave,
California, telemetry station) will select the modulation rate (or no modulation)
for the 15.3 GHz down-link. The ground receiver-signal processor will separate
the carrier and éidebands, perform amplitude and phase measurements, and pro-
vide outputs to the data reduction equipment (down-link). Up-link measuremenfs
made by the spacecraft receiver-signal processor will be sent to the ground

via the ATS telemetry link.

The up-link superheterodyne receiver derives its local.oscillator power
from the down-link transmitter (see Figure 2a). A portion of the transmitter
power is coupled off and multiplied to twice the down~link frequency. The
resulting 30.6 GHz LO is used to drive a balanced mixer (see Figure 3) which
converts the 31.65 GHz up-link signal to an IF of 1.05 GHz. A balanced
mixer is used for redundancy to impfove reliability rather than to improve
the noise figure. (A single-ended mixer could provide good noise figures at

a microwave IF).
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The entire spacecraft millimeter wave package, including antennas,
Ku-band transmitter, Ka-band receiver and signal processor, weighs about -
20 pounds, consumes about 30 watts, and is less than one cubic foot in |
volume. Figure 4 is a photograph of the engineering dgdel. An all solid-

- state transmit;er is used which provides 200 milliwatts of CW power at
Ku-band and 60 milliwatts per spectral line when phase quulated. A down=-
link system dynamic range of over 20 dB is expected. Because the all

solid~state transmitter represents state-of-the-art equipment, an alternate

transmitter has also been developed using a klystron, solid-state power

supply, and employing injection-locking for stabilization. .Should unfore- . .

seen problems develop with the solid-state transmitter, the klystron
transmitter will be substituted before the satellite is launched.

The up-link will employ 100 to 200 watt ground transmitters, permitting
a dynamic range of over 40 &B at Ka-band. Both the up—iink and down-link
power levels should permit adequate measurements during even heavy rainfall

conditions.
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Monitor Signals

4‘ Modulation Signals

Commands . : %7
ATS 35l signal 31.65 GHz | LO | 15.3 GHz
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Data i 32 GHz J\
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Figure 2a. ATS-E Millimeter Wave Satellite Equipment.
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Figure 2b. Typical Millimeter Wave Ground Terminal Equipment
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ruotograph of Satellite Eqﬁipment
fpr ‘the Mlllimter-‘ﬂave Experiment
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