‘/Ab'stxa._'c:t: The analytical study was performed tp determine the
tradeoffs effecting the selection of the optimum operating frequency

for the lunar based Active Seismic Mortar Experiment, With constraints
on the receiver sensitivity and receiving antenna and transmitting
antenna physical dimensions, an operating frequency of 100 mc is
recommended on the basis of the best required transmitter power and
impedance match combination,
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Summary:

To evaluate the parameters effecting the required transmitted
‘power Pt for the grenade transmitter in the Active Seismic experiment,
two antenna configurations were considered for a range of frequencies of
~ 1-100 mc. The first antenna configuration considered a short dipole
- antenna for the grenade transmitter and a short vertical whip antenna for
the receiver, Curves were generated for this configuration for distances
of 1/2 km, 1 km and 1 I/2 km. The second antenna configuration consisted
of a short dipole at the transmitter and a 1/4 wave-end fed vertical antenna
at the receiver., For the latter case, curves were generated for a distance
of 1 km only. See Figure 1 for the curves of the four cases described above.

The second part of the study was to determine the input impedance
of the receiving antenna (2). The assumption was made that the input impedance
of a monopole of length h, mounted vertically over a perfectly conducting
ground plate*, is one-half the input impedance of a dipole of length 1 = 2h
~in free space. Therefore, to analytically determine the input impedance of
the monopole, the more readily obtainable quantity of the dipole impedance
in free space can be used, see Figure 2,

Table I summarizes the results for two frequencies, 30 Mhz and
100 Mhz. The table shows that for a short dipole, 1 <K(A (or Lnax 3’\/10).
a transmitter power 18 db greater is required for an operating frequency of
100 Mhz compared to the transmitter power required at 30 Mhz. The
antenna input impedance is a function of the antenna dimensions and will be
the same for any frequency if the antenna has the same length and radius
measurements, relative to a wave length,

* NOTE: To approximate a perfectly conducting ground plane for a short
antenna, a ground screen with dimensions A/z can be ysed.
For the 1/4 wave antenna, the ground screen dimensions should be X,




To obtain seismic data from a mortar launched grenade on the lunar
ce, it is necessary to perform a link analysis to determine the required
smitter power and operating frequency with constraints on the antenna
3 and receiver sensitivity, The antenna physical lengths are three feet
he receiving antenna and less than 4 inches for the transmitting antenna.
1e physical lengths of the antennas suggests a configuration consisting of
lementary dipole (1€ A /10) for the transmitting antenna and either a
ort vertical whip antenna (A /10 for f®* 30 mc) or a A /4 end-fed wave antenna
erating at 100 mc, for the receiving antenna.

A second consideration in determmxng the proper antenna configuration
the antenna input impedance, For antenna dimensions, length and radius
the element, that are comparable with respect to a wavelength, the input
mpedance of the antenna is the same regardless of the operating frequency.
‘or example, Table la shows that the input impedance for a short vertical
/hip antenna is (4+ j350) ohms for both 30 mc and 100 mc, whereas, Table Ib
ndicates that for a quarter wave antenna, the input impedance is 36,5 ohms
or both frequencies. However, a Af4 antenna operating at 30 mc is eight feet
ong compared to a 3 foot length for a quarterwave antenna operating at 100 mc.,
ince the physical length of the antenna is constrained to 3 feet, a short whip
ntenna can be used for an operating frequency of 30 mc or a A/4 monopole can
used operating at a frequency of 100 mc.

As shown in Figure 1, the required transmitter power Py decreases
s the operating frequency decreases, However, the optimum antenna
ength for proper impedance matching is Al4, which is prohibitive for low
requencies e,g. less than 100 mc, Therefore, the optimum link configuration
ould be a Af4 wave monopole, mounted on a ground screen, with an operating
frequency of 100 mc. -

alculations:

For determining the system losses for a lunar based point-to-point
communications system, the following effecte were considered, (1) ground
ave attenuation due to a homogeneous ground or a stratified ground,
{2) change in permittivity and conductivzty, (3) antenna eff.ecta. (4) noise
ffects and (5) distance.

The temperature in each case is assumed to be 288° K, which
orresponds to 62.5°F or a little below room temperature, The parameters
1at were used to determine the various system losses, see reference (1),

are defined as follows:

s = GOM Mhos/m

A =2 wavelength

O = gurface canductivity
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~ Table 2a: System losses for df,o" (Krn) 1,0 ‘1‘07?:4;‘ ‘1‘3‘2,*’(:0 786: h=X /16,

vertical polarization and homogeneous ground
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