


(25 Pts)
2. A plane electromagnetic wave in vacuum propagates in the y-direction, and has a magnetic

field in the x-direction that is given by By(y,t) = By, cos(ky — wt) .
(9) a. Using the vector differential form of the Maxwell Equations, find the direction of the

wave’s electric field, and show that its magnitude is E (y,t) = Ep cos(ky = wt) where
you must find E,, in terms of B, . Be sure to identify the speed of light in terms of the

constants that appear in the Maxwell Equations.
(8) b. Prove that the energy densities of the wave’s magnetic and electric fields are equal.

(8) c. Find the dlrectlon and the time-averaged value of the Poynting Flux.

2) 0§ //WJ Jr/LZo s
VXB’/bgo x.L 7

wxr %gz % ¥ ’%k' "‘(@ ks%(ky UtD
= Bkl (JQLL/LZ.}
o Ui «\%,L or 2-dcedlan L
/E, /‘ ks%(k./ &J’t> /C e ¥\
i f}%’“—kws(kj/uh)) %}J’ R lﬁy o)

= /‘ *b Cosoiyfaft> 05(?’wt>

E - @m(kf@w

D Ue 16E> > L6, B o (,],w{) 5 %o /L Bcos’LE
e 7/“*(6%05“‘/ WA /4 = Us e

x %

';::;
NG
3
g
N




(25 Pts) -
3. A thin bi-convex (double convex) lens and a thin bi-concave (double concave) lens are made
from glass with an index of refraction n, = 1.5. The lenses have spherically curved surfaces
with radii of curvature of magnitude R. The bi-convex lens is placed a distance 2§ to the left
of the bi-concave lens. An object O in air (n; = 1.0) is placed at a distance R/2 §6'the |eft of
the bi-convex lens as shown. A person P. in air is located to the right of the |
observes the image formed by the system. 3 — : -
(5) a.Show that the focal lengths of the two
lenses are equal in magnitude, but are
of opposite sign.
(10) b. For the bi-convex lens acting alone,

Avdle

draw the principle rays and find the o “n
location of the image of the object. —RK— /!‘2&
Is the image real or virtual? J\ﬂk Pls

(10) c. Now draw the principle rays and find
the location of the image produced by 1?) |e—2— )
the bi-concave lens that is observed by P. /
Is the image real or virtual? Upright or \ T : i j l ¢ ,f‘
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4, Two long, narrow slits are separated by a distance d , and are illuminated by a coherent
light source with wavelength A . The bottom slit is covered by a thin glass plate with
thickness t << d and index of refraction n . In the direction specified by the angle 0 ,
the slits illuminate a very distant screen as shown,

(8) a, Assuming that light goes through
the glass plate at nearly normal Aer
incidence, prove that the phase
difference between light from the
top and bottom slits is given by

bir [

Ap = kdsind + kt(n-1)

(7) b. For fixed 0, prove that the minimum ]
thickness t,,;, for which a maximum
that would have appeared in the absence
of the glass plate is changed into a Serees
/l'\/ minimum is tpm = A/[2(n = 1)),
(10) c. For the value of t,,,, prove that the intensity on the screen is given by

I = 41, smz(———”";'"”)

where you must determine /. You must derive this result from first principles and not
simply quote some rized formula. v [ v W O
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