






































Fig. 9.11 Plane radiator. Source 1 rep-
resents the contributions from the top
half, source 2 those from the bottom
half.

476  Interference and Diffraction

Angular width of beam. At a distant field point that is not quite in the
direction of the beam, one does not have completely constructive interfer-
ence. To see where we get the first zero in the interference pattern, let us
divide the radiator into two halves, a top and a bottom. Then we approxi-
mate the radiator by two coherent point (or line) sources, one at the
middle of the top half and one at the middle of the bottom half. These
sources have lateral separation +D. Their first interference zero (the first
zero on either side of the principal maximum along the beam direction)
occurs for a path-length difference of half a wavelength, i.e., when (4D) sin @
is #A. For small angles we take sin # = 6, and thus we get

Half angular width to first zero = % (41)

This is shown in Fig. 9.11.

Where does the next maximum occur? If points 1 and 2 of Fig. 9.11
really were point (or line) sources, the next maximum would occur when
the path length from source 2 to the field point exceeded that from source
1 by one wavelength. Indeed the top half and bottom half are in phase
then, but they each contribute zero! That is because if you divide the top
and bottom halves themselves into halves, so that the entire radiator is
divided into four quarters, then the contribution of the first quarter is 180
deg out of phase with that of the second and cancels it; that of the third
is 180 deg out of phase with that of the fourth and cancelsit. Thus the first
subsidiary maximum actually comes not when we have two halves with
contributions differing in phase by 27 (since then we have four quarters
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with contributions differing in phase between successive quarters by =)
but rather when we have three thirds of the radiator with adjacent thirds
differing in phase by 7 from one another. Two of the thirds cancel one
another, but the third third remains. Thus the amplitude for the first sub-
sidiary maximum is smaller than that of the principal maximum by at least
a factor of ¥ (it is actually smaller by more than that because of phase dif-
ferences within the one-third contribution that is left). We see that the
subsidiary maxima have small amplitude compared with the central maxi-
mum that gives the “beam’ direction. When we study the exact pattem,
we will find that the half angular width to the first zero is equal to the full
angular width at about half maximum intensity, which is how we have de-
fined the angular width of the beam in Eq. (39). Thus we have derived
Eq. (39), roughly. (The exact result is given in Fig. 9.14, Sec. 9.6.)

Application: Laser beam versus flashlight beam

Suppose you have a diffraction-limited laser beam of diameter D = 2 mm,
with wavelength 6000 A. How much does the beam diameter increase in
a distance of 50 ft? The angular spread of the beam is

A __6x107%cm

M~ —=

~ ~4 rad.
7] 5 ~ 3 x 107*rad

The angular spread times the distance L = 50 ft = 1500 cm gives a spatial
spread of W = (1500)(3 x 1074) = 0.5 cm = 5 mm. (This can be nicely
demonstrated in the classroom with a laser.) If you have a “penlight” type
of flashlight with a beam of diameter 2 mm at the flashlight formed by a
“point” filament at the focus of a lens, how small would the filament have
to be for the flashlight beam to be diffraction-limited? If the filament is
not a point, then different parts of the filament give “independent” beams.
The angular spread due to the finite size of the filament turns out to be
approximately the width of the filament divided by the focal length f:

Ax
A= —=—.
f

If we want to obtain a diffraction-limited (rather than filament-size-limited)
flashlight beam that starts at a 2-mm width, then we want A due to the
filament to be less than the diffraction width, which is about 3 X 1074 rad
according to our calculation above. For a typical penlight, the filament is
about 0.5 cm from the lens; i.e., f = 0.5 cm. Thus the filament must have
transverse dimension Ax given by

Ax < £A0 = (0.5)(3 X 1074) = 1.5 X 107* cm.

Such a small filament is hard to make.



