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CH 2

1. Show how to go from the integral form to the differential form of Maxwell’s four
equations.
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CH 2

2. Calculate the electrical force of attraction between a positive and negative charge
separated by a distance of 5.3 x 10~ m (the average distance between an electron
in its ground state and the nucleus). How does this force compare to the gravita-
tional force an electron would experience at sea level?
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3. Show that the function E = Ege™"*:2=%" i5 a solution to Maxwell’s wave equa-
tion (eqn. 2.26), assuming that ¢ = 1/(pgeg) 2.
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CH2
4. Consider two waves, having slightly different angular frequencies w; and w, and

wave numbers ky and k», of the form
E1 — Eloe—i(klz—wlr) and E2 — Ege—i(kgz—wzl‘)’
where Elo_ = EJ. Assume their “difference” wave numbers and frequencies can
be written as
Ak:kl—kz and Aa):a)l—a)z.
Show that the sum of these two waves leads to a slowly varying amplitude func-

tion associated with the difference frequencies and wave numbers multiplied by a

term associated with the actual frequencies and wave numbers. Hint: Reduce the
sum to the product of two cosine functions.
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5. Show that the group velocity and the phase velocity are equal when there is no

dispersion and are different when dispersion is present. Hinz: Begin with the def-
initions of group and phase velocity.
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CHZ
6. Obtain (2.101) from (2.90) and (2.95).
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CH 2.
7. Express (2.102) and (2.103) in terms of frequency (instead of angular frequency)

and 7 (instead of y).
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CH 2
8. For amedium (such as a gas) of low density and with a single resonance frequency,
show that, if the imaginary part « of the complex index of refraction is signifi-
cantly smaller than the real part n, then for values of w far from w the expressions
for n and « can be expressed as follows:
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CH 2
9. Assume that a dielectric material has a single resonance frequency at vy =
3 x 10" Hz, the polarization decay time is t

= 2 x 1077 s, and the density
of polarizable charges is 5 x 102° m~>. Determine the full width at half maximum

(FWHM) of the absorption resonance in the material and determine the maximum
numerical value of «.
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LH 2

10. A species of atomic weight 60 is doped into an Al,O5 crystal at a concentration of
0.1% by weight (cf. Section 5.3). The combined material is found to have an ab-

sorbing feature that peaks at 750 nm and a damping constant of 10 s™. Assume
that each atom of the species contributes to the macroscopic polarization associ-

ated with that absorbing feature. Make a plot of n and « versus wavelength in the
wavelength region of the absorbing feature.
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10 (cont)
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LH 2
11. Show that, for a low-density medium such as a gas (as 1in Problem 8), the maxi-

mum and minimum values of n are located at frequencies that correspond to the
half-maximum values of . Hint: Assume that in this frequency region y2w? >

(w§ — @*)? near resonance. \
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CH 2.

12. Inregions of the spectrum where the absorption is small, 1 can be expressed as

(CU% . 0)2)2 + waZ

Convert this equation to wavelength A instead of angular frequency w. Show that
it is of the form
* =17 = —C(? = 1P,

Use the following index data for crown glass in the expression just displayed to
plot (n* — 1)~! versus A2 and obtain the values of C , N, and A,.
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CHE
13. Two electromagnetic waves in the blue spectral region (450 nm) are separated in

frequency by 1 MHz and in wavelength by 1 pm. What is the group velocity of
this wave combination?
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14. Two electromagnetic waves of nearly the same (600-nm) Wavelength are mea-
sured on a spectrum analyzer to have a frequency difference of 1.0 x 10® Hz.
While traveling through a dispersive medium, an interferometer is used to mea-
sure their wavelength difference of 0.0010 nm. What is the group velocity of the

wave combination in that medium?
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15. Determine what emission frequency width would be required to have a temporal
coherence length of 10 m at a source wavelength of 488 nm.
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CH Z
16. If a photographic film has a minimum resolution of 10 pm, what minimum feature

size could be observed at a distance of 2 m without observing coherent effects?
(Assume the minimum feature size is equal to the minimum resolution.)
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