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2 Claims.

1 ,

The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
~ me of any royalty thereon.

This invention relates to improvements in me-

chanical calculating devices.
* Heretofore, the vertical polar diagram of a
radar system gt a particular site could only be ob-
tained by computation from data procured by
actual calibration flights, there being no calculat-
ing device available for such a purpose. It is
therefore an object of this invention to provide a
mechanical device which may be used to compute
the vertical polar diagram to be used as a first
approximation for an ideal radar- system site
until actual calibration flights can be made.

It is g further object of this invention to pro-
vide a device which will enable the vertical polar
diagram of a radar station to be simply and easily
calculated.

Tt is a further object of this invention to pro-
vide a device that will enable the angle of eleva-
tion for all maxima and minima of the lobe pat-
terns of the vertical polar diagram up to and
including the five lobes of the radar stations an-
tenna system to be quickly and easily determined.

A further object of this invention is to provide
a device which will quickly and easily enable the
calculation of the spatial configuration in a ver-
tical plane for a given signal to noise ratio of the
range of a given radar system. .

1t is still another object of this invention to
provide a calculating device that will permit de-
termination of limits of the elliptical area in
which ground reflection actually takes place in
the operation of a radar system.

These and other objects are attained by the
novel arrangement and construction of parts
hereinafter described and illustrated in the ac-
companying drawing, forming a part hereof, and
in which:

Figure 1 is a plan view of the computing device.

Fig. 2 is a lobe pattern of a radar station.

Fig. 3 is a diagram of lobe plotting.

.. Fig. 4 is a dagram showing elliptical area re-
flection.

In general,. the calculator is made up of three
concentric dises I, 2, 3 mounted upon a common
pivot 4 together with a transparent rotating arm
5. The three discs are of different sizes so that
the largest disc has two scales exposed, the middle
disc has two scales exposed, and the topmost disc
has its entire surface exposed. All three discs,
as well as the transparent rotating arm, are so
mounted as to permit motion independently of
each other,

In all radar systems using ground reflections
to increase the signal field strength, path phase
differences between the direct. ray and the re-
flected ray will cause the vertical polar diagram
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to' show the characteristic pattern of lobes and
minima. The equation for the angles at which
maxima and minima occur is:

sin ——ﬂ
TR

where a=angle of elevation.
n=integer.
r=wavelength.
h=effective height of antenna.
For low angle coverage where the sin of an

angle is approximately equal to the angle the
equation is modified to:.

_.14,100n
. L
where d¢=angle of elevation.

n=integer.
f=frequency in megacycles/sec.
h—=effective height of antenna,

The factors affecting lobe angles and lobe pat-
terns are the surface from which the reflection
takes place, and the mean antenna height above
the, surface. The energy reflected from the
ground is not reflected from a point on the
ground, but from an elliptical area on the
ground. The limits of this area are given as Pn
and Ps in the following discussion on various types
of sites; Pn always being the distance from the
antenna to the near part of the reflecting area,
and Pt always being the distance to the far part
of the reflecting surface. Pr is the assumed re-
flection point of the energy. Energy from the
radar has two paths to reach the plane, one by
the direct air path, the other, reflected from the
ground. This reflected energy may add or sub-
tract from the energy traveling directly to the
plane, thus producing lobes and nulls.

a. The equations previously given assume that
reflection occurs at a single point. Actually the
reflection area is an ellipse with its major axis in
the direction of propagation.

‘When:

Pn=distance from radar antenna to near edge
of area.

Pr=distance from radar antenna to far edge.

P.—distance from radar antenna to assumed re-
flection point.

Then:

”
P,-==4‘)-\‘

The largest disc has two scales A and B marked
thereon. .Scale A consists of two direct reading
frequency sections; one from 100 to 110 mega-
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cycles per second and another from 190 to 215
megacycles per second. The B scale is drawn
completely around the periphery of the disc | and
is a logarithmic scale. The second disc 2 is
smaller and has drawn thereon three scales Ci,
C: and D. C; is drawn to represent logarithms
of squares and scale Ces, directly below Ci, is
drawn to the squares of the figures on Ci. Scale
D is a duplicate of scale B above described. The
smallest disc 3 has ten equidistant concentric
circles 8 inscribed thereon, and plotted on these
circles are the first five lobes of a polar lobe dia-
gram using the equation: Range equals range
(max) X sin (90N)°, The maximum points are
designated Mi, Mz, M3, My, and Ms. The null
points are designated N1, Ne, N3, Ny, and N5, All
of the discs may be rotated independently of each
other (see Fig. 1).

The operation of the calculator in the several
cases is as follows:

a. Angle of elevation of maxima.and minima

1. For radar units operating in the frequency
range 190-215 megacycles per second, and from
100-110 megacycles per second, the calculator is
used by setting the arm so that the hair line on
the rotating arm is directly over the known fre-
quency on scale A, and then rotating the inter-
mediate disk until the effective height of the an-
tenna on scale D is also under the hair line. The
angle of elevation of the first lobe is then indi-
cated on scale B by the pointer drawn at posi-
tion 1.0 on scale Ci.

Example—A radar unit on level ground oper-
ating at 212 megacycles per second with an ef-
fective height of 12 feet. Set the hair line on the
rotating arm to 121 (scale A). Rotate the in-
termediate disc until 12 (scale D) falls under the
hair line. The arrow at 1.0 on scale C; indicates
an angle of 5.55 degrees for the first lobe. The
scale showing the radio frequencies is calibrated
by hangd on the chart. The position of the scale
is determined by direct observations at the vari-
ous frequencies and is not a logarithmic scale,

2. For radar sets operating on frequencies not
in the ranges listed above use must be made of the
formula:

__14,000n
o= fh

Let n=1 and use the scales B and D as regular
slide rule scales to solve the equation. Greater
accuracy will be obtained by first multiplying fre-
aquency and height, then dividing by 14,100 and
then getting the reciprocal.

3. After obtaining the angle of elevation of the
first lobe, without changing the other discs, ro-
tate the smallest disc until the point M; is di-
rectly under the hair line, Rotating the arm to
positions Ni, Na, N3, and Ns, will enable the angle
of minimga to be read on scale B. Rotating the
arm to positions Mi, Ma, Mz, Mz, and Ms; will
enable the angles of elevation of the first, second,
etc., lobe to be read on scale B.

b. Spatial configuration in a vertical plane of the
range of the set for a given signal to
noise ratio

After determining the angle of elevation, a
vertical polar diagram can be drawn when the
maximum range is known (see Fig, 3). With
the calculated angle of elevation for the first
lobe (scale B), and the position M; under the hair
- line, the percentage of the maximum range for
the set.at other angles may be determined by ro-
tating the arm to the desired angle and reading
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the percentage directly from the intersection
of the hair line and the graph on the inner disc,
The concentric circles on the inner disc are
graduated in percentage. The first five lohes can
be plotted directly by this method.

Ezample—Using 5.55° as the angle of maxi-
mum radiation for the first Iobe, the following
results can be read:

Per cent
3.6° 6.6° e i 90
3.04° 1 et e 80
2.57° 165 e 70
2.17° 8.16° e 60
1.72° 84° e 50
1.40° 815 e e 40
1.006° 9.08° e 30
676° 9.4° e 20
0.T6° e 10

The second lobe gives:
Per cent
138 16,38 90
13.2 170 80
127 175 e 70
12.25 180 . ——— 60
11,93 184 o e 50
11.55 18.8 e 40
11.2 191 e 30
10.86 1942 20
10.43 197 e 10

¢. Conversion of given signal to noise ratios ob-
served at definite ranges to other signals to
noise ratios at corresponding ranges

A calibrating plane flown to determine the
actual vertical polar diagram for a radar unit will
give varying signalto noise ratios depending on its
position in the lobes. Each vertical polar dia-
gram is-drawn for a definite ratio. A plane fly-
ing at a constant height through the lobe will
twice show the desired sighal to noise ratio. As
it files through the lobe the ratio will increase
to-.a maximum and then decreases. The ratios
may be used to extrapolate to give additional
points for the vertical polar diagram by using
scales B and C. Use scale B as a range scale in
miles, and the appropriate ‘'C scale as a signal
to noise ratic scale. Scale C; will be used for
linear detector receivers and C: for square law de-
tector receivers. Rotate the arm so that the ob-
served range on the B scale is directly under the
hair line, rotate the intermediate disc until the
proper observed ratio is also under the hair line.
Rotate'the arm to the desired signal to noise ratio
and read off the range at which it should be ob-
served on scale B.

Example—A station received a target at 35
miles with a signal to noise ratio of 5:1. Put 35
on the B scale and 5 on the C; scale in line. Then
the following ranges and signal to noise .ratios
should be expected:

Ratio

1= b 00 W 00
s
o
S

d. Limits of reflecting area

‘Using the equations in paragraph 3b, and the
scales B and D as in linear slide rules, the re-
flection points may be calculated.
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Ezxample—Using the frequency 212 mega-
cycles/sec. and height 12 feet:

Pn=21.7 feet
Py="T730 feet
Pr=125 feet

e. Handy circular slide rule

Scales B and D are equivalent to similar scales
in a slide rule. Multiplication and division of
square roots can be done by using scale Ci and
fourth roots by using scale Caz.

I claim:

1. A device for calculating the vertical polar
diagram of a radar station, comprising a first
disc having a first direct frequency scale section
of a predetermined range of frequencies and a
second direct frequency scale section of a differ-
ent range of frequencies, and g logarithmic scale
drawn completely around the periphery of the
first disc, a second disc, of less diameter than the
first disc, said second disc having a first scale
drawn about its periphery to represent loga-
rithms of squares and a second scale drawn to
the squares of the first scale and a third scale
similar to the logarithmic scale on the first disc,
a third disc of less diameter than the second disc
and having ten equidistant concentric circles in-
scribed thereon, said third disc having the first
five lobes of a polar lobe diagram plotted over the
concentric circles, and a rotating arm, sald discs
and arm being rotatable about a common pivot.
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2. A device for calculating a vertical polar
diagram of a radar station, comprising a first
disc having a first direct frequency scale section
of a predetermined range of frequencies and a
second direct frequency scale section of a differ-
ent range of frequencies, and a logarithmic scale
drawn completely aroud the periphery of the first
disc, a second disc of less diameter than said
first disc, said second disc having a first scale
drawn about its periphery to represent loga-
rithms of squares and a second scale drawn to
the squares of the first scale and a third scale
similar to the logarithmic scale on said first disc,
a third disc of less diameter than said second
disc and having a. plurality of equidistant con-
centric circles inscribed thereon, said concentric
circles having plotted thereon a plurality of lobes
of a polar lobe diagram.
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