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OPTICS 462 Problem Set 10 —BroeApri-26-2666

Nicholas George

1. Magnetic Dipole: Consider an infinitesimal current loop I, of radius a < 4.
Find the radiation field E, for this “small loop antenna.”

2. Consider a larger radius loop antenna with a current 7,¢”. Find the vector
potential A(r) in the far-zone (approximate solution).

3. Electric Dipole: Consider this fundamental radiating structure [Hertz, 1893]
with a dipole moment p given by
p=gLe”
or the current density
J(r)=ZIL6(r)
Complete the details of the lecture derivation as follows:

(a) Find the radiation form for the electric field vector.
(b) Find the exact solution for the electric field vector E(r).

4. For an open-circuited transmission line of length L and characteristic
impedance 7,

(a) Write the transmission line equations, and
(b) Write an expression for the current as a function of L,

5. Derive the equation for the standing wave of current in a long thin wire, i.e.,
I(z)=Ipsink(L -|zl).

Contributions to this result are attributed to Pocklington(1897) and J. Labus(1933).

The “picture” by Schelkunoff is that arising from problem 4.

6. Make computer plots of the radiation patterns for center driven thin-wire
antennas of lengths ki=7x/2; 7;37/2.

7. A monochromatic plane wave is incident at an angle Q on a closely-spaced
(A/4 or less) array of half-wave dipoles, as shown. The incident electromagnetic
wave is polarized along the z-axis, and it is scattered by the thin, perfectly
conducting wires also oriented along the z-axis.

(a) Calculate the scattered radiation in the farfield at P, neglecting any interaction
between the dipoles that are a number r, per unit length for a length L.

(b)Plot the scattered farfield radiation in the x-y plane at z=0 when Q= 20° and
L=404.
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8. Considering radiation into the right-half-space, you are to summarize the
solutions of the Rayleigh-Sommerfeld-Smythe derivation, providing the derivation

for E,(x,y,z).

9. Also for the R-S-S derivation, (a) write the Green’s function G; that was used in the

derivation and (b) show the details for the computation of aaG £,
74

10. The original derivation of a vector form for the radiation from “apertures in
plane conducting screens” by W. R. Smythe, Phys. Rev. 72, 1066 (1947) is given
in the third edition of his book. While not covering this derivation in class, you may
read it in SM 12.18. The result in an exp(jax) formulism is given by

1 e P
E(r) =—e’“”VxI(an')—dx'dy',
2r % r

in which E' is the aperture field, r is the same as our R inclass,and S is k.
Find the component value E_,E ,E, for comparison to R-S-S formulas.

11. Find an expression for the on-axis field strength at arbitrary z when a
perfectly-conducting, thin circular disc is placed in the plane at z=0. Consider a
normally incident plane wave. Hint: See Applied Optics 26, 2360 (1987) R.
English and N. George. Compare your result for small z to that obtained using the
approximate Fresnel-zone forms.
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