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SUMMARY    Demands on the use of that portion of the radio spectrum from 225 MHz
to 400 MHz for military tactical operations have made it necessary to vacate the VHF
telemetry band from 215 MHz to 260 MHz by I January 1970 and to convert such
operations to UHF telemetry bands from 1435 MHz to 1540 MHz and 2200 MHz to
2300 MHz. The environmental, physical, and practical limitations imposed on telemetry
system performance when operation is moved from VHF to UHF are described in this
paper. The topics which are discussed include path loss, multipath, flame plasma effects,
expected Doppler shift and Doppler rates, natural noise limitation, UHF transmitter
power and stability, receiving system noise figures, airborne antennas and ground
antennas. UHF telemetry operation in support of missions for aircraft, ballistic, orbital,
and deep-space vehicles is evaluated mainly through a comparison with similar
operations at VHF. The results of this study show that there are no technological factors
which limit the instrumentation of an adequate UHF conversion.

PROPAGATION CHARACTERISTICS    There are slow changes in most
propagation characteristics with a shift from VHF to UHF. Generally, the changes are
not drastic, and no unusual propagation anomalies appear at UHF that were not present
at VHF.

SPACE ATTENUATION    At UHF, space attenuation or path loss is increased 16 db
from P-band to L-band and 19 db from P-band to S-band. This increase is a direct
consequence of the decrease in the effective area of an omnidirectional antenna with an
increase in frequency. The effective area of an omnidirectional antenna is inversely
proportional to frequency squared. The increase in space attenuation incurred with the
frequency shift is exactly offset by receiving antenna gain when the effective area of the
receiving antenna remains constant. However, the reason for expressing space
attenuation as a separate parameter in the first place is to separate the effect from the
gain of the antenna. Antenna gain does not necessarily compensate for the difference in
space loss in all cases and should properly be entered as a separate parameter in any
power budget.



ATMOSPHERIC ATTENUATION    The earth’s atmosphere is both an attenuator and
a source of electromagnetic radiation. Radiation passing through the atmosphere
interacts with molecules of air and water vapor and is absorbed and reradiated. The
atmosphere, except under severe weather conditions, may generally be considered in a
quasi-stationary thermal equilibrium. In an equilibrium state, the rate of absorption and
radiation must be equal. If a fraction of the incident radiation is absorbed in traversing a
body in thermal equilibrium, the amount of energy radiated is the same fraction of the
amount of energy that would be radiated by a black body at the same temperature. This
fundamental relation is known as Kirchhoff’s law and is valid not only for the total
radiation at all frequencies, but also for the radiation in any differential frequency band.

Atmospheric absorption by oxygen and water vapor is difficult to calculate. One means
of calculating atmospheric absorption that is satisfactory for a general discussion is to
consider a model atmosphere of uniform light, density, and temperature. This method of
calculation takes into account the variation in atmospheric absorption with angular
elevation due to a change in path length through the atmosphere. If the model
atmosphere has a height of 10 km, a temperature of 290E K, and sea level pressure and
density throughout, the approximation to the real atmosphere is reasonably good.

Atmospheric attenuation increases with frequency between VHF and UHF, but not
significantly. Figure 1 is a plot of path length and attenuation for the UHF telemetry
bands through a 10 km atmosphere as a function of elevation angle. The attenuation is
almost equal for 1.4 GHz and 2.3 GHz so a single curve for an attenuation of 0.006
db/km is plotted. This is representative of the entire S-band as well as 1.4 GHz. The
greatest path length occurs when 2 is zero, in which case the path length through a
10-km atmosphere is 357 km. This gives a maximum attenuation of 2.1 db. The
attenuation for a 5-degree elevation angle is down to 0.63 db and the attenuation is
essentially negligible as far as signal loss is concerned for elevation angles greater than 5
degrees.

Atmospheric attenuation in db per km is best determined empirically. Figure 2 is a plot
of atmospheric attenuation due to oxygen and water vapor adapted from curves given by
Perlman, Kelley and Russell for a mean between summer and winter conditions of
temperature and humidity at sea level for a temperate latitude.

Attenuation due to rain and fog increases with frequency as the H2O curve in Figure 2,
but is so low at S-band that it is of no special consequence.

PLASMA EFFECTS AT UHF    Transmission through a plasma is slightly improved at
UHF but regions of re-entry blackout still occur as shown in Figure 3.2 Where plasma is
considered a part of the transmission medium, this improvement amounts to from one to



several db in situations where the plasma attenuation is from 5 to 500 db. This
improvement is usually inconsequential. Multipath due to reflections from a plasma,
particularly an exhaust plume, tend to reduce coverage because more nulls in the
resulting interference pattern occur at UHF than at VHF. The degree to which this effect
reduces the margin on a power budget depends on the type of receiving antenna used.
However, to retain the same degree of coverage at UHF as was obtained at VHF, this
increase in margin can nominally be set at -3 db.

MULTIPATH    Ground multipath also reduces coverage at UHF in some situations. In
this case as with reflections from a plasma, the reduction is felt where broadbeam
receiving antennas are used and where there is no compensation for the effect of having
a greater number of nulls in the interference pattern. While the depth of nulls can be
slightly less at grazing angles greater than 3E due to lower reflection coefficients at UHF
in this region, the margin on a power budget is unchanged where narrowbearn antennas
compensate for the greater number of nulls, and can be increased as much as 3 db where
broadbeam antennas do not.

The primary cause of multipath effects is reception of reflected waves from the ground
due to lack of sufficient antenna directivity and the existence of side lobes in the antenna
pattern. Accordingly, the multipath problem is most severe when the antenna is tracking
a satellite or aircraft at low elevation angles where it “sees” the ground through its finite
beamwidth and through side lobes. The switch to UHF, with the correspondingly
narrower antenna beamwidths and angular compression of the side lobes, will be helpful
in reducing the minimum elevation angle at which multipath problems occur. However,
the degree of coverage and severity of the problem within the minimum elevation angle
for UHF is comparable to the same situation at VHF. Where broadbeam antennas are
used that do not realize narrower beamwidths at UHF, multipath effects are worse.

Close to the horizon where multipath is most likely to be a problem, fade rates for both
orbiting space vehicles and aircraft are usually quite low. For an orbiting vehicle, the
fade rate is on the order of 1 Hz or less at the horizon for an operating frequency of 2.3
GHz.

Fade rates for aircraft in level flight close to the horizon are also low, but because
widebeam ground antennas are usually used for aircraft, multipath problems can occur at
high elevation angles where fade rates can be several kHz. Table I contains fade rates as
a function of antenna elevation angle for an antenna 100 feet high that is tracking an
aircraft which is traveling:

1) At 1600 mph in level flight
2) At 1000 feet over a smooth, flat earth
3) In a straight-line path directly over the antenna



The operating frequency is 2.3 GHz.

Other flight configurations give different multipath fade rates.

Table I. Multipath Fade Rates3

Fade rates for aircraft traveling at slower speeds are proportionally lower.

There is no reason to suspect that multipath will be any more, or any less, a problem at
UHF than it is at VHF. At UHF, the effects are sharper and more rapid, but the general
nature of the problem is unchanged. Time delays for a given grazing angle are the same
in both bands, and depths of fades should be approximately the same for the same orders
of nulls at VHF and UHF. That is, the first null in a pattern at UHF should be about as
deep as the first null in the corresponding pattern at VHF. However, the UHF null will
occur at 1/10 the grazing angle.

DOPPLER AND DOPPLER RATES    Both Doppler and Doppler rate increase by a
factor of ten in the shift to UHF. This increase does not affect telemetry receiver
sensitivity when acquisition has been made, but it can reduce tracking receiver
sensitivity as much as 5 db. The greatest Doppler shift occurs for orbiting vehicles, with
the lower orbits producing the greatest shift. The maximum Doppler shift at 2.3 GHz
varies from +58 to -58 kHz with a possible correction of ± 3.6 kHz due to the earth’s
rotation for a 100-nm orbit. The AFC capability of the receiver must therefore have a
peak-to-peak dynamic range of 116 kHz to compensate. At 1550 MHz, this is reduced by
a factor of 0.7. Any additional frequency stresses, such as transmitter and receiver local
oscillator shift, must be added to the frequency stress caused by Doppler.

The maximum Doppler rate is 2450 Hz for a 100-nm orbit at 2.3 GHz. AFC correction
must have a dynamic response this high to follow changes in the Doppler shift. Again, at
1550 MHz, this is reduced by a factor of 0.7. For other than overhead passes, the
maximum Doppler shift and Doppler rates are reduced.



Doppler shift for aircraft is lower than the maximum that can be expected for orbiting
vehicles, but the Doppler rate for aircraft can be comparable to or even greater than the
Doppler rate for orbiting vehicles. A supersonic aircraft traveling at altitudes under 2000
ft. can match or exceed the maximum Doppler rate of an orbiting vehicle in a 100-nm
orbit. General-purpose receivers should be designed to respond to at least the maximum
Doppler rates that would be encountered in orbital missions.

ENVIRONMENTAL NOISE    Natural and man-made noise is generally less at UHF
than at VHF. The decrease in man-made noise with the shift in frequency can be
significant if it is present in any significant amounts prior to the shift. The decrease in
natural noise can also be significant. The decrease in the average values of antenna noise
temperature range from 150E K to 300E K in the shift to UHF, but this doesn’t tell the
whole story. Galactic noise, which dominates the noise contribution at VHF, can vary an
order of magnitude with a maximum as much as five times the average. The difference
between maximum values at VHF and UHF can be as much as 1500E K. Receiver
sensitivity is almost always determined by internal receiver noise, rather than external
noise. However, if internal and external noise are taken as a whole, the effect of reducing
the external noise temperature an average of 300E K is equivalent to improving the
receiver noise figure one unit. The number of db improvement which results is a function
of the antenna and receiver noise temperatures. A one unit improvement in noise figure
has the effect of reducing the required input signal strength to the receiver by a factor of
F/F-1, where F is the system noise figure. The improvement in db is 10 logF - 10 log
(F-1). For F = 4 db, this is 2.2 db; for F = 6 db, it is 1.25 db; and for F = 8 db, it is 0.8 db.
Since realistic values of F fall in the 4 to 8 db range for UHF receivers, an improvement
on the order of 1 to 2 db can be expected.

Figure 4 is a plot of the theoretical antenna noise temperatures of paraboloidal reflecting
antennas in P-, L -,and S -band as a function of elevation angle and illumination edge
taper.3 A 10- or 12-db edge taper can usually be assumed for most large reflecting
antennas. These curves take into account noise contributions from the ground, the
atmosphere, and galactic sources assuming a mean galactic brightness temperature over
the whole sky. A two-level antenna model was assumed for the calculations.

The difference in mean antenna noise temperature between 1485 MHz and 2250 MHz is
slight, and for all practical purposes should not be a determining factor in using one band
rather than the other, even though the noise temperature at S-band is lower than at
L-band. In both UHF telemetry bands, the noise contribution from the ground is greater
than that from the sky, so that any means of reducing receiving antenna back and
sidelobes without a great sacrifice in system gain should improve receiving system
sensitivity. In the SHF and VHF bands above and below UHF, the sky is hotter than the
ground. In SHF, this is due to atmospheric absorption; and in VHF, it is due to galactic
background noise. Thus, above and below the UHF band, side- and back-lobes do not



degrade the noise performance of the system, though they may still be undesirable
because of multipath and RF1. At UHF frequencies, side- and back-lobes are undesirable
on all counts and are best suppressed where practicable.

The theoretical mean antenna noise temperature, from all natural sources in both UHF
bands, varies between 35E K and 200E K. This is in good agreement with experimental
rpeasurements taken on a variety of antennas operating in the UHF band.4 Since ground
noise is the primary contributor at UHF frequencies, it is expected that the characteristic
order of magnitude variation in galactic background noise between galactic pole and
galactic center would not force antenna noise temperature outside the region between
35EK and 200EK.

TRANSMITTER POWER AND STABILITY    The changeover from VHF to UHF
increases the operating frequency by a factor of approximately 10 with an increase by
only a factor of 2 (0.5 MHz to 1.0 MHz) in the minimum assigned channel bandwidth.
This requires the center frequency stability for UHF transmitters to be superior to their
VHF counterparts by a factor of five in order to maintain equivalent drift tolerances.
Generally, such stringent tolerances are not met at UHF. For all practical purposes, UHF
transmitters are limited in power and either stability or deviation bandwidths, and carrier
stabilities of 0.002% or better are not easily achieved even with state-of-the-art
transmitters. Practical solid-state UHF transmitters are currently limited to 5 watts or less
with stabilities of 0.002% at best. State-of-the-art solid-state transmitters under
development early in 1966 were claimed to have had between 0.002% and 0.001%
stability, up to 5 watts CW power output, and carrier deviations up to ± 1. 5 MHz.

Output power levels can be increased by using linear RIP amplifiers. There is usually
improved efficiency with their use because, with any significant gain, the DC-to-RF
conversion efficiency is determined by the efficiency of the amplifier rather than the
efficiency of the basic transmitter. With few exceptions, basic solid-state UHF
transmitters have efficiencies less than 10% while the efficiencies of the power
amplifiers are typically on the order of 25 to 30% . Typical amplifiers have RF output
power levels of 20 watts and gains of from 10 to 13 db. RF amplifiers are used less than
their advantages might suggest because of the size and weight they add to equipment
packages.

Where only a basic transmitter is used, power levels for UHF transmitters are generally
down about 3 db from a comparable VHF transmitter of similar size and weight because
of lower efficiency at UHF.

RECEIVER NOISE    The noise figure of a receiving system is primarily determined by
the first low-noise preamplifier. The noise figure varies widely, depending on the active
element used in the first preamplifier. The tendency is for achievable system noise



figures to increase with increases in operating frequency. Increased line losses as well as
an increase in the noise figure of the preamplifier contribute to this. However, with
certain devices and equipment configurations, the increase is nominal and noise
performance can be better or worse depending on the skill of the designer and equipment
manufacturer. Conventional tube-type preamplifiers are too noisy for satisfactory use at
UHF. Microwave tubes such as traveling-wave tubes and backward wave amplifiers
operate at UHF with noise figures in the 4- to 10-db range and are generally about I db
higher than comparable devices operating at VHF. Tunnel-diode amplifiers can be
expected to operate about as quietly at UHF as at VHF and, with noise figures from 3 to
5 db, are substantially better than transistors which have 6- to 13-db noise figures at L-
band. Cooled and uncooled parametric amplifiers operate as quietly at UHF as
corresponding paramps at VHF, in some cases even better for cooled paramps. Ultra
low-noise preamplifiers using cooled masers are not practical for range use.

Receiver-system noise figures at UHF should be about the same to a little higher than
receiwr- system noise figures at VHF. Table II is a list comparing the noise figures of
various types of RF preamplifiers.
 

Table II Comparison of RF Preamplifiers3

GROUND ANTENNAS    Antenna efficiency suffers with an increase in frequency. For
example, in order for a large antenna with a 60-foot diameter to realize the same
effective area at UHF as a 60-foot antenna at VHF, all the mechanical tolerances must be
improved by a factor of ten, all electrical components such as the feed and any
transmission line between the feed and the first amplifier must operate with the same
efficiency as their VHF counterparts, and even the conductivity of the dish surface must
be improved to obtain comparable operation. To obtain the same degree of efficiency at
UHF as was obtained at VHF without changing the physical dimensions involves a
considerable amount of added cost up to a point where the same degree of efficiency
cannot be obtained at any cost when the antenna is large.



The factors that limit antenna size are cost, mechanical tolerances, beamwidth
requirements for acquisition, and required tracking rates. The tradeoffs are:

1) Mechanical accuracy is obtained by making the structure more massive and rigid.
2) The increased mass limits the tracking rates that can be obtained.
3) If efficiency is high enough so that a 19-db increase in gain is realized with a shift

to UHF, beamwidths decrease by a factor of ten placing greater demands on
tracking accuracies and acquisition techniques.

Ultimately there is a limit reached where mechanical tolerances and tracking capabilities
cannot be maintained at a reasonable cost.

The effect of surface tolerances in the dish of a large paraboloid and an increase in
frequency are shown in Figure 5 with a normalized plot of dish gain as a function of
frequency.3 Here, gain is normalized to 0 db, at a normalized design frequency of one.
The two straight lines are the theoretical maximum gain of the antenna- and the gain of
an antenna operating at 50-percent efficiency, 3 db below the theoretical maximum. The
curve shows the net gain when the degradation, D, due to the surface tolerances is added
to the -3 db line. A design tolerance at fd of 8/32 is assumed. As frequency is increased,
D increases in magnitude until, at a frequency fo = 5 fd , the normalized gain starts to
decrease with increasing frequency. The maximum achievable gain possible for any
antenna with an rms tolerance of 8 /32 at fd is 9 db above the maximum achieveable gain
at fd, and occurs at approximately fo = 5 fd if it can be reached. If the frequency is
increased to fo = 10fd) the net gain is about equal to the design gain at fd, which means a
degradation of . 20 db.

What this means in terms of the UHF conversion is that a dish designed for use at VHF
must have rms surface tolerances on the order of 8/80 or better at VHF to operate with
any reasonable efficiency at UHF. To relate design tolerances other than 8/32 to the
normalized gain curve requires only a shifting of the two axes. The scale is not changed.

The surface material covering the dish is an important consideration. lf the disk is solid,
the dish gain versus frequency behaves as described above, with a gain at fo = 10 fd

approximately equal to the disk gain at fd. If the dish is a wire mesh with a grid greater
than 8/20 at the design frequency, at some frequency less than fo = 10 fd, the grid will
become greater than 8/2. The dish will appear electrically transparent rather than
electrically solid as it does with grids less then 8/2, and it will be completely useless. For
grid dimensions comparable to half a wavelength, the disk is very inefficient; even if the
grid is less than 8/2, the surface appears very coarse as the grid approaches 8/2.
Therefore, wire mesh dishes, unless they are specifically designed for use at UHF or
higher frequencies and have a very fine grid, are generally unsuitable for conversion.



The efficiency gained in decreasing the frequency from the design frequency is slight.
For tolerances of 8/32, the amount of gain to be picked up is less than 0.2 db.

Operation at UHF with a 19-db increase in gain can be realized where tracking and
acquisition requirements permit, and it is cost-effective to build the more expensive,
higher quality antenna to do so. VHF antennas can be built large enough so that it is
impossible to match their efficiency with a UHF antenna the same size for any
reasonable cost. The breakpoint probably occurs for antennas with a diameter between
60 and 85 feet. Tracking and acquisition requirements can limit the increase in gain with
a shift to UHF anywhere between 0 and 19 db.

The system limitation imposed by a required amount of coverage for tracking and
acquisition is conveniently presented graphically. Minimum required coverage
determines the minimum necessary beamwidth of the antenna. What this must be
depends on the amount of information available for acquiring and, when acquisition is
not the limiting factor, the quality of the mount and tracking system. Gain as a function
of required beamwidth is shown in Figure 6. The usable antenna gain lies between 3 and
6 db below the theoretical maximum. Because of coverage requirements, and in many
applications, large paraboloids are not suitable and an increase in gain is not realized
with a shift to UHF.

VEHICLE ANTENNAS    The type of coverage provided on vehicle antennas varies
with the type of mission. With omnidirectional coverage, there is a loss of 3 db in the
shift to UHF because of the difficulty in designing omnidirectional antennas above
1 GHz.

No antenna configuration can provide true omnidirectional coverage, the actual coverage
provided is based on a measure of the minimum gain exceeded over 95 percent of a total
antenna pattern. This minimum gain has been found to work best in calculating power
budgets. A contour plot of gain is made over the entire antenna pattern, and the minimum
gain exceeded over 95 percent of the pattern is, assessed from this plot. Typically, this
will range from -10 to -15 db at VHF telemetry frequencies. At the UHF telemetry
frequencies, due to the increase number of nulls in the antenna pattern, typical values are
-3 db lower.

For deep-space missions using high-gain steerable antennas, cornparable-sized antennas
can be operated with 19 db more gain at UHF than at VHF. Any increase or decrease in
gain between -3 and + 19 db can therefore be realized with the shift to UHF depending
on the antenna used and the nature of the mission.



A COMPARISON OF UHF AND VHF POWER BUDGETS    The relative difference
in db between a UHF and VHF power budget can be computed without having to specify
in detail the characteristics of a particular link, if the relative difference between each
UHF and VHF component of the link is known. This approach has the advantage of
separating the essential differences in operation caused by a shift in frequency bands
from differences caused by variations in particular equipment types and configurations.
Also there are so many possible combinations of components available that exploration
of every possibility would only lead to confusion.

Power budgets are developed by manipulation of the range equation. The range equation
is essentially embodied in the equation for freespace attenuation.

(1)

This is the range equation for a transmitted power PT and a received power PA when both
the transmitting antenna and the receiving antenna are isotropic radiators. To convert this
to a more general form requires only multiplication by the actual transmitting and
receiving antenna gains, GT and GR.

(2)

This is a one-way range equation for transmission over a one-way communication link of
range R. S replaces PA since it is the received signal power at the receiving antenna
output terminals. This equation can be solved with any single parameter a de I pendent
variable. For example, the maximum range Rmax over which a link can be operated when
all other parameters have been established is

(3)

Equation (2) could equally well be solved for any of the parameters as unknown when all
the others are known.

The first parameter that might be established for use in Equation (2) is the requirement
for the received power. The receiver requires a certain minimum power to exceed a
detection threshold. The detection threshold can vary depending on the nature of the
detector and the modulation scheme, but for the sake of illustration, any reasonable value
may be taken. The output signal-to-noise-ratio from the receiver is given by



(4)

where B is the bandwidth, TA the antenna noise temperature, TE the receiver noise
temperature, and K is Boltzman’s constant. For operation, it is required that (S/N)out $
(S/N )D. This constraint solved for S is

(5)

In both the VHF band and UHF band, receiver internal noise usually limits receiver
sensitivity. It is more convenient if the term, (TA + TE), could be expressed in a
reasonable way using just F, the receiver noise figure. This can be done where receiver
noise is the limiting factor. The average antenna noise temperature, TA, at VHF varies
about 350E K to 400EK. For most practical applications, this is close enough to To =
290EK to express Equation (5) accurately as

(6)

This follows since Te = To (F-1). For TA.To, TA + Te. To +To (F-1)=To F.

In the UHF band, TA is usually around 50EK and is small enough to be ignored. In this
case

(7)

When the UHF and VHF bandwidths B are identical, Equations (6) and (7) illustrate the
validity of the statement that the reduction in external noise in the shift to UHF is
equivalent to reducing the receiver noise figure by one.

There are actually two possiblities here. Either Equations (6) and (7), establish a required
value for S, on the basis of available range equipment and a desired telemetry format for
a particular application, or a substitution is made for S in the range equation to introduce
the additional independent variables (S/N)D, B, and F. The former is the most common
for range telemetry. The latter is used for special applications where it is essential to
consider B an independent variable. Where there is a question as to which approach
should be taken, a first cut would be to assume maximum available values for PT, GR ,
GT, and R to see if S is sufficient for detection by range equipments.

On the range, the object is usually to determine beforehand whether or not continuous
coverage can be established over a telemetry link using available equipment. If it can
not, it is more essential that this situation be known than whether or not the situation can



be easily corrected. To draw up a schedule for such a test of coverage, write the range
equation in terms of db.

LF is the path loss in db. The number of db used for the safety margin may be derived
from a gross rule of thumb, or it may be carefully compiled from the individual effects. It
is usually determined more on the basis of engineering practice and experience than
anything else because it is difficult or impossible to assess in detail complex effects such
as multipath fades and other incidental losses that can occur. This is so even though the
effects responsible for the losses can be listed separately.

If a separate schedule is drawn up for two identical missions, one using VHF telemetry
and the other using UHF telemetry, subtracting one schedule from the other produces a
difference schedule in which each entry is now a difference rather than an absolute
value. This is far easier to work with, because it relieves the burden of having to place
absolute numerical values on a relatively large number of variables in many different
situations. In most cases, while the variables change over a wide range, the difference
values remain constant. Once the difference schedule has been established, the net
difference in db can be used to evaluate a new margin appropriate to the situation at
UHF. The sum of these differences is the amount the operating range has been altered in
the shift to UHF. This is the approach that will be used in the next section to evaluate the
effect the shift to UHF has on coverage in the various mission phases.

BALLISTIC VEHICLE SUPPORT    A ballistic mission consists of a launch phase, a
re-entry phase, and a period of transition between the two. Tracking rates may be high,
and range requirements are less than orbital missions. Where the range is short, as in the
type of tests that might be staged at WSMR, broadbearn rather than high-gain antennas
might be used. Referring to the summary of effects in the previous section, the following
difference schedule is appropriate for f = 2.3 GHz.

Effect Margin Adjustment(db) Comments
Path loss -19                --
Atmospheric attenuation - 0 on the minus side but

negligible
Multipath 0 to -3 0 db if a narrowbeam ground

antenna is used, -3 db if a
broad-beam ground antenna
is used.



Plasma effects 0 to -3 -3 db applies only to the
launch phase and only when
a broadbeam ground antenna
is used.

Transmitter 0 to -3 -3 db is appropriate only
where maximum basic
transmitter power is
required. 3-db loss not
especially critical for
ballistic missions.

Receiver +1 to +2 varies depending on receiver
noise figure.

Ground antenna +19 to 0 +19 for narrowbeam antenna
Vehicle antenna -3 omnidirectional coverage

would be used.

Using broadbeam ground antennas that do not realize a +19-db increase in gain with the
frequency shift, the operating range at UHF is decreased compared to VHF. The decrease
is:

Broadbeam Ground Antenna

* Blackout occurs at both UHF and VHF.

The losses incurred by not increasing the ground antenna gain to compensate for the path
loss are large. The effective range Rmax is reduced by a factor of 16 to 25.

If narrowbeam ground antennas are used that compensate for the path loss, the situation
is much more favorable.



Narrowbeam Ground Antenna

For this situation, the reduction in effective range Rmax at UHF is negligible.

ORBITAL VEHICLE SUPPORT     The situation encountered in the launch and re-
entry phase of an orbital mission is identical to that just discussed for the ballistic
Mission. The blackout that can occur during a near-earth maneuver in orbit is about the
same at both VHF and UHF. All effects of interest are therefore contained in a difference
schedule appropriate to a vehicle in orbit. More than likely, a high-gain tracking antenna
on the ground would be used in an effort to recover the increased path loss at UHF. If the
orbiting vehicle is stabilized, there is a possibility of improvement using a directional
Antenna rather than a omnidirectional antenna. The following schedule assumes the use
of a high-gain tracking antenna on the ground.

Effect Margin Adjustment(db) Comments

Path loss  -19

Atmospheric attenuation
Multipath  0
Plasma

Transmitter -3 The decrease in basic
transmitter efficiency is an

Receiver +1 to +2 important consideration
for an orbital mission.

Ground antenna +19
Vehicle antenna - 3 for an omni

0 to +19 for a high-gain steerable
antenna

When the vehicle has an omnidirectional antenna, the shift to UHF involves additional
losses or margin adjustments of -4 to -5 db. This means tha the maximum effective range
Rmax is reduced by a factor of 1.4 to 1.5 or about 30 per cent. However operating with a



high-gain steerable antenna from a stabilized vehicle can afford as much as an 18-db
increase over that obtained with an antenna of comparable size at VHF. This increases
the maximum effective range by a factor of 8.5

DEEP-SPACE AND LUNAR VEHICLE SUPPORT    There is a definite advantage to
operating at UHF for missions where the range is extremely great. The design procedures
used for a deep-space link exploit every possible means of reaching a required input
signal-to-noise level. Such systems use coded formats with slow bit rates and narrow
bandwidths to gain signal-to-noise improvements. Such operation falls outside the usual
class of range telemetry systems. The advantage to UHF is twofold.

1) External noise is a minimum, for the UHF band is in the so-called “cosmic
window.”

2) Operation in this band offers a possible 18-db increase over operation at VHF
using a high-gain steerable antenna for systems with the same format and
bandwidth. The difference schedule for this situation is identical to the schedule
for the orbital vehicle using a high-gain antenna.

AIRCRAFT SUPPORT     The difference schedule for aircraft is the same as that for
ballistic mission with the entry for plasma effects removed. The margin adjustment for
broadbeam ground antennas and omnidirectional aircraft antennas is from -23 to -24 db.

Since an aircraft flies in a fairly stable attitude, except while maneuvering, there is a
possibility of using steerable antennas or even fixed antennas that improve on the gain
over an omnidirectional one. This can add as much as 19 db to the difference schedule,
though it is unlikely this much would ever be used.

The basic situation is this. With relatively short ranges involved for aircraft, there is far
more latitude in the combinations of equipment that can be used. If no attempt is made to
compensate for the increase in path loss, the difference schedule may be reduced as
much as 24 db. However, for specific situations, this may not be bad. On the other hand,
it is possible to reduce this loss using high-gain antennas on the ground or in the plane or
both. The maximum improvement is the same as that obtained for a deep-space vehicle,
19 db. Certainly, operation at UHF should pose no insurmountable problems with
aircraft.
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Figure 1 - Path Length through a 10-Kilometer Atmosphere
as a Function of Elevation Angle.



Figure 2 - Atmospheric Attenuation Due to O2 and H2O in db per km.



Figure 3 - Radio Blackout Regions.

Figure 4a - Antenna Noise Temperature: P-Band.



Figure 4b - Antenna Noise Temperature: L-Band.



Figure 4c - Antenna Noise Temperature: S-Band



Figure 5 - Normalized Dish Gain vs. Frequency.

Figure 6 - Usable Antenna Gain as a Function of Beamwidth.


