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Only two of these noise factors are functions of target range. Servo noise is obviously
independent of range. Receiver noise increases with the square of the range (due to the
inverse fourth-power law for echo power received) up to the point where maximum receiver
gain is reached. Amplitude noise, since it is interpreted by the radar as amplitude modula-
tion of the mean signal level, is independent of range if a good automatic gain control (AGC)
system is used. Angle noise is a function of the linear dimension of the target and therefore
varies inversely with range, as long as the target subtended angle is small compared with the
beamwidth of the antenna. Since these factors are uncorrelated, the total output noise
(angular dispersion) in a given tracking system adds in mean square fashion (Figure 1),
Curve A is the total output noise for a sequential lobing system. Curve B is the output noise
for a monopulse system, assuming that amplitude noise is larger than servo noise. If the
reverse is true, the improvement of monopulse over sequential will be negligible.
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Figure 1 - Dispersion vs. range functions

Figure 1 shows only the general shapes of the dispersion-vs-range functions. In
order to make use of such a function for prediction of system performance, it is necessary
to determine the absolute magnitude of at least one point on each characteristic. In the
case of external noise there is evidence that the absolute magnitude is also a function of
target type, maneuverability, air turbulence, angle of view, etc. Thus a large quantity of
experimental data must be obtained and analyzed to have quantitative data with reasonable
reliability.

METHODS OF MEASUREMENT

The basic approach to the problem is to determine the magnitude of each noise component
by establishing a condition of operation which reduces the effects of the other components to
a negligible quantity. Having determined these magnitudes the performance of a system whose
basic parameters have been established may be predicted, or, what is more important, the

basic parameters may be selected to-provide an optimum design.
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and from the average echo level. Unity sinusoidal modulation is defined as the condition
where the average echo level is equal to the peak of the sinusoidal modulating function.

For angle noise, the ordinates A;,, are in yards at the target per Jcps, obtained from the
analyzer indication and bandwidth, and from the calibration of the radar in yards at the tar-
get per volt output.

The output angular dispersion due to the servo, ogep, has no easily calculable depend-
ence on radar parameters, The output angular dispersion due to receiver noise is:

Toc = kBR?VB /AP, , (1)

where k is a constant depending on the receiver noise factor, B the antenna beamwidth,

R the range, 8 the servo bandwidth, A the equivalent target reflecting area, and P, the
transmitted power, The output angular dispersion due to amplitude noise, for a sequential
radar, is:

Camp = 0.85 B A mp VB, (2)

where Agmp is evaluated at the lobing frequency and is assumed constant over the range
1B, and where the antenna pattern is assumed parabolic with crossover at 3 db (two-way
pattern). The dispersion due to angle noise is:

o= Aang VB/R, (3)

ang

where A, . is assumed constant over the range g.

g

DATA

Figure 2 is the spectrum of receiver noise, entirely flat as would be expected. A
spectrum of amplitude noise from a fixed target, shown in Figure 3, is quite noise-free;
most of the magnitude at low frequencies is due to the tape splice. All spectra here have
amplitude-frequency coordinates; power is the square of the ordinates. The values below
10 cps for amplitude noise and below 1/3 cps for angle noise are not significant since this
is beyond the limit of analyzer operation.

Considerable data have been taken on one plane, an R4D. Angle and amplitude noise
have been measured for three aspects: 0, 90, and 180 degrees. The aspect is defined as
the angle between the radar line of sight and the longitudinal axis of the plane, a direct
approach course being 0 degrees. The spectra taken at any one aspect are quite consistent,

Figures 4, 5, and 6 are representative spectra of amglitude noise at various aspects
for the R4D, all plotted to the same scale, In Figure 4 (0°), propeller modulation at about
65 cps and its harmonics are superposed on a low-level continuous spectrum. This periodic
modulation is absent in the other samples, but the continuous spectrum remains. In Figure
5 (90°), the continuous spectrum has much higher amplitude at low frequencies. These
results are consistent with the clear view of the propellers at 0°, with the shielding of the
propellers by plane parts at other aspects, and with the asymmetry of the planeat 90°,
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100 CPS

Figure 5 - Spectrum of amplitude noise from R4D at 900

Figure 4 - Spectrum of amplitude noise from R4D at 0°
Figure 6 - Spectrum of amplitude noise from R4D at 180°
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TABLE 1
Aspect Aang Oang Aamp Samp Ry
(deg) (mils) (mils) (yds)
0 (continuous) 3.7 2600/R 5.7x107° 0.1 26 x10°
0 (periodic) 3.1 2600/R 5.7x1072 1.0 2.6x10°
90 7.7 5500/R 5.0x1072 0.9 6.1x10°
180 4.5 3200/R 1.1x1072 0.2 16 x10°

Figures 10, 11, and 12 are the time functions of angle noise, corresponding to the
spectra of Figures 7, 8, and 9, The ordinates are in yards at the target for an 8-cps band-
width, one small division being approximately 3 yards, and the abscissae are 1/5 second
approximately. At this bandwidth, the apparent center of reflection varies over more than
the linear dimensions of the plane, There are occasional periods of as much as a second
when the apparent center is nearly stationary as much as 10 yards off the average.

DISCUSSION

In Table 1 is calculated the range R, at which the output angular dispersions result-
ing from amplitude noise equal those from angle noise. The radar is assumed to have an
antenna beamwidth of 30 mils and a lobing frequency of 30 cps. If it is assumed that the
angle noise spectrum is flat over the range 8 and the amplitude noise flat over 30 8,
this cross-over range is independent of the servo bandwidth and can be calculated for any
other sequential radar from Equations (2) and (3).

At ranges less than R,, input angle noise produces greater output noise than does input
amplitude noise, and the monopulse radar gives no improvement in tracking over a sequential
radar. Beyond R,, the monopulse radar improves tracking until receiver and servo noise
become limiting factors.

In a sequential radar, there is some gain by using-a high lobing frequency, as is appar-
ent in Figures 4 and 5, although a moderate increase in frequency would reduce the effects
of the continuous spectra markedly, and a method of scrambling the lobing sequence would
reduce the effects of the periodic spectra.

It should be emphasized that the data here is from one plane only, and that results ob-
tained from tests with other planes might be quite different. Measurements now proceeding
on several other types of planes will allow reliable conclusions to be made. Because of the
complexity. of the apparatus, accuracy of measurement is difficult to estimate. The spectrum
amplitudes are reproducible within 20%, and absolute accuracy is probably within a factor
of 2. Improved methods of calibration will eliminate some of this uncertainty,

A qualitative interpretation of the low-angle tracking problem may be made in terms
of amplitude and angle noise. Surface reflection effectively places an image of the target
at an equal distance below the surface, If the total subtended angle between the target and
image is less than the radar beamwidth, the signal return is the vector sum of the signals
from each. Since the reflection coefficient is a random variable, the magnitude of amplitude
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