
PHYSICS 831 PLAN 

1. TOPICS: 

A. Review of basic relations on fields, potentials, sources 
(Revision of undergraduate material and familiarity with notation) 

B. Radiation from single charges 
Lienard-Wiechert potentials, fields of moving charges, velocity fields, 

ionization by fast particles, virtual photons, radiation from accelerated 

particles at low velocities, Larmor's Formula, Thomson cross-section, damping and 
radiation reaction, forced oscillators, Rayleigh scattering, directivity and 
polarization of Thomson scattering, radiation at large velocities (Lienard's 
Formula). 

C. Radiation from ensembles 
Multipole expansion, dipole approximation, magnetic dipole and electric 

quadrupole radiation, radiation from identical particles. 

D. Radiation from antennas 
Formulation of antenna problems, Schelkunoff Vector, linear antennas, radiation 

resistance, measures of directivity, loop antenna 

E. Scalar diffraction theory 
Fields as sources of radiation, Kirchhoff formulation, Fresnel and Fraunhofer 

diffraction, angular and spatial spectra of radiation, array theory, applications 
of Fourier Transform relationships in image processing, vector theory (brief). 

F. Propagation in material media 
Free electron theory, plasma effects in metals and gases, anisotropic media, 

magnetoionic theory and Faraday effect. 

G. Other topics if time permits (usually doesn't). 

2. BOOKS: 

No book exactly parallels the course. Those using electromagnetics in their 
research, or taking 832* later, may wish to purchase Jackson, "Classical 
Electrodynamics" (Wiley). It's a good reference book but not so great to learn 
the subject from. On Reserve for 831* in the Physics Library are: 

Jackson - Classical Electrodynamics 
Marion - Classical Electromagnetic Radiation 
Panofsky and Phillips - Classical Electricity and Magnetism 
Papas - Theory of Electromagnetic Wave Propagation 
Ramo, Whinnery and van Duzer - Fields and Waves in Communications Electronics 
These will all be referred to from time to time in class. The last is an 

undergraduate engineering book, strong on antennas, etc. You may well be able to 
get by without a text by using these Reserve books in the Library. 

A.H.Bridle Sept 82 
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(b) 

Fig. 11.9 Fields of a uniformly moving charged particle. (a) Fields at the observation 
point Pin Fig. 11.8 as a function of time. (b) Lines of etc trio force for a oarti~le at rest 
and in motion ( =3). 

instantaneous present position of the charge in the laboratory. From (11.152) we 
see that E,/E2= -vt/b. Reference to Fig. 11.8 shows that the electric field is thus 
directed along n, a unit radial vector from the charge's present position to the 
observation point, just as for a static Coulomb field. By expressing the 
denominator in (11.152) in terms of r, the radial distance from the present 
position to the observer, and the angle es= cos' (n • v) shown in Fig. 11.8, we 
obtain the electric field in terms of the charge's present position: 

E= r'y2(l arsine
(11.154) 

The field is radial, but the lines of force are isotropically distributed only for 
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Figm 4.24, (a) The Cornu spiral. The scale of w is marked on the curve.

U1) = UO - (C(t) + iS(v) 
+iL 

U° 
= 1 + . C (vz) + IS(v2)  + 'h + ' 

I Cw•~ 

(a) 

(4.49) 

which is a function of only the one variable v2. This variable specifies 
the position of the diffracting edge. If the receiving point P is exactly 
at the geometrical shadow edge, then v2 = 0. We have then U~, = 
U°/(I + 1) (' + 'hi) = hU°: Hence the amplitude at the shadow 
edge is one-half, and the intensity is one-fourth the unobstructed value. 
A plot of Ip = J UP j2 as given by Fquation (4.49) is shown in Figure 

• 

Figure 4.24. (b) 
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We choose coordinates as indicated in figure 4.26. The dilrractirig -
aperture lies in the .y plane, and the diffraction pattern appears in 
the X I plane, which is the tiwal plane of the focusing legs. According 
to elementary geometrical optics, all ray's leaving the difmicting aper 
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d 

i 

w 

(Rayleigh distance) 

Fig. 16.1. Transition from Fresnel to Fraunhofer diffraction. A portion of a 
wave W p;iars through a slit, width d. Intensity diNLrihutions across the 
wave are shown for planes P, (close to the slit). 1 2 (lust inside the Rayleigh 

distance). and P., (beyond the Rayleigh distance). 

(1) Different parts of the aperture may he at considerably different 
distances from P: this variation may have a significant effect on wave 
amplitude as well as phase. 

(ii) The line to 1' from different parts of the aperture may make con-
siderably diferent angles with the normal to the surface of the aperture: 
this also may have a significant elkct on amplitude. 

These factors can be incorporated into a general diffraction integral 
through the Kirchhoff theory (Section 16.6). For the simplest case of a 
distant point source of illumination, r„ from the aperture, the wave 
amplitude at the aperture can he written as .•I„explikr„1'r• . The dif-
fracted wave amplitude A)I') at P is given by the integral 

ik t xptikr„) r exp(ikr•) 
. 1(I') - 1„ J (1 cosy)du t16.2) 
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Fourier Optics 1. Spatial Freyueni'r Filtering ap9 

(a) (b) (C) 

Fig. 6.14. (a) Low-pass filter. (h) high-pats titter, .(e) band-pass filter. 

1. Binw.r Filters. These are the simplest kind of fi lters: stops and slits 
are examples of this class of filters. The transmittance of such filters is either 
unity or zero. They can be further subdivided into the following categories: 

a. Low-Pass Filters. These filters pass only the low frequencies. 
i.e., those frequency components lying near the axis (see Fig. 6.14a). These 
find application in fi ltering high-frequency noise. Thus for example, if one 
looks closely at printed photographs in a newspaper, one can see numerous 
dots to be printed on the image (see Fig. 6.15a). The dot structure in the 
photograph can be removed by placing a circular aperture centered around 
zero frequency in the Fourier transform plane as shown in Fig. 6.13. The 
circular aperture acts as a low-pass fi lter and the high spatial frequencies 
associated with the dot structure are filtered out. On the other hand. the 
spatial frequencies associated with the object arc concentrated around 

a b 

Fig. 6.15. Halftone dot structure removal using a low-pass filter (after Phillips. 
Photograph courtesy of Dr. R. A. Phillips. 
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218 ('Iropter h Fourier Optics i 

Fig. 6.'O. Identification of fingerprints by cress-axrelat ion icchniyuc 
taller Tsujiuchi ('I aL. 4971). 

graphically prepared filter corresponding to the letter P is placed in plane 
PZ (see Fig. 6.17), then in . plane P3 one obtains the intensity distribution 
shown in Fig. 6.19. The presence of a bright spot on the lower right corner 
(which represents a high correlation) indicates that the letter P appears in 
the corresponding position in plane P,. The .convolution (which appears 
in the upper portion of the figure) and the cross-correlation with the letters 
Q and W produce a smear. The central poi'tIIon corresponds to the fi rst 
two terms on the right-hand side of Eq. (6.520). In a similar manner, the 
correlation technique can be applied to fingerprint identification. Figure 
6.20 shows the output of the correlator when the fi ngerprint obtained from 
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