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6-2 Kraus, RADIO ASTRONOMY, 2nd ed.

6-2 Beam Width, Beam Solid Angle, Directivity, and Effective
Aperture A useful numerical specification of the pattern can be made
in terms of the angular width of the main lobe at a particular level. The
angle at the half-power level or half-power beam width (HPBW) is the one

most commonly used. The beam width between first nulls (BWEN) or the’

beam widths at —10 or —20 dB below the pattern maximum are also useful.

Another significant way of describing the pattern is in terms of solid
angle. Let the relative antenna power pattern as a function of angle be
given by P(0,¢) [= E(6,6)E*(0,4), where E(0,¢) is the far-field pattern]
and its maximum value by P(8,¢)maxt. Then (Kraus, 1950),

Q= \ P.(0,¢) dQ ‘ (6-1)

where Q4

P.(6,¢)

beam solid angle, rad?
= P(0,4)/P(0,6)msx = normalized antenna power pattern,
dimensionless .
dQ = elemental solid angle (= sin 6 df d¢), rad?
The beam solid angle 2,4 is the angle through which all the power from a
transmitting antenna would stream if the power (per unit solid angle) were
constant over this angle and .equal to the maximum value.. This is sug-
gested in Fig. 6-2,
In (6-1) the integration is carried out over a solid angle of 4x. If the
integration is restricted to the main lobe, as bounded by the first minimum,
the main-beam solid angle is obtained.] Thus,

Qe = \ P.(6,¢) do (6-2)

where @y = main-beam or main-lobe solid angle, rad?’
It follows that the minor-lobe solid angle Q. is given by the difference of
the (total) beam solid angle and the main-beam solid angle. That is,

U = Uy — Qu (6-3)

If the antenna has no minor lobes (2, = 0), we have Q4 = Qu.
t E*(8,4) is the complex conjugate of E(9,4). P(0,4) is proportional to the Poynting
vector S(0,0) = E(6,6)E*(0,4)/Z, where Z = intrinsic impedance of the medium.
1 ©4, the beam solid angle, should not be confused with Qu, the solid angle of the main
lobe or 'main beam. 4 is the solid angle of the entire antenna pattern, so that pattern
solid angle might be a more appropriate name for 4. However, beam solid angle has
been in wide use for many years for Q4. ’

In patterns for which no clearly defined minimum exists the extent of the main
lobe may be somewhat indefinite, and an arbitrary level such as —20 dB can be used to
delineate it.

Radio-Telescope Antennas

Another important antenna parameter is the directivity, which m
be defined as the ratio of the maximum radiation intensity (antenna tran
mitting) to the average radiation intensity, or

 UO,8) e
D=0

where U(f,$)masx = maximum radiation intensity, watts sr~!
Ua.v; = average radiation intensity, watts sr—!

Fig. 6-2. Relation of beam solid angle to antenna
pattern.

divided by 4, and the total power is equal to the radiation Ewmsm \
U(,4) integrated over 47x. Hence,

D = QAQ‘QYH»N — %ﬁqAavﬁanu
[fves) an
4r

W/Ax

or

D=
e

Since the radiation intensity is proportional to the Huowz\s:m vector, w
note from (6-1) that (6-6) can be expressed as

L (6-7

\\Pe $)da
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