PHYSICS 262
Exam 1

Required Questions

Please answer the following three questions, Kach question is worth five
points. Partial credit will be awarded for any attempted problem.,

1. A plane wave with Fy = 650 N/C is propagating in the +y-direction. If
the frequency is 7 x 10* Hz, write the equations (including dlrectmn

for the plane wave’s electric and magnetic fields. £
M% N +7 3 2‘ REs &sCK;’“M) % =1 EDC""CQ"“"‘TD —
EosGsoNle, Bo= Eofy = DM = Qx> ’F" CO =orf = —ZTF(‘7xto‘/Hz 4 ‘/xuy

% lod(s

>\_: S _ Axwh

£

= 4. 29xw07] m, K== 2T e |7 %00 vl forn

7*Cb“/€> t.29%5
=) L:-.) = \2 (oS0 Gos (l-‘f7xu§7*‘f—‘(&colrt)
-

B =7 (5?-17)(00-")005 (’-‘f7’<\§/—-‘f-'7‘&l0‘% >

2. A 50mW (mili-Watt) green laser pointer, A = 532 nm, creates a 10 mm-
radius circular dot. What is the amplitude of the electric and magnetic
fields assuming the laser creates a plane wave and that all of the laser’s

power is in the plane wave?
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3. On January 23,‘ 2011, the Voyager I spacecraft was 17.242 x 10% km
from Earth. How long (in hours) does it take a radio signal from Voy-
ager I to reach Earth?

Voyager 1 is fitted with a 23 Watt radio transmitter. Assuming the
dispersion of Voyager I's emitted radio waves is only 1 x 107%, what is
the intensity of the signal when it reaches earth? HINT: Let’s define
the dispersion to be the fraction of the entire 4mr? surface area over

which the signal is transmitted.
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Challenge Questions

Please answer ONE of the following two questions. This question is worth

ten points.

1. Find the charge density, p, associated with the following electric field
equation where both py and 7y are constant.
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2. A very simple antenna is a loop of wire, Changing magnetic flux (pro-
vided by our wave) will induce a voltage in the coil. The induced

voltage in the coil, ¢, is given by Faraday’s law (which regrettably will
. (l(I)B

have to be the integral version here) ¢ = —<2£.

Assume we have a plane wave with amplitude By = 1 x 10787 and
frequency f = 1.0 x 10° Hz. Moreover, our antenna is oriented for

maximum flux, 7.e., the flux is simply given by
Op = /ded,y

where B = Bgcos (kz — wt) . Finally, let’s make our integration as easy
as possible by assuming our loop is a square in the z —y plane with
sides of length | = 3m. So we need to integrate over the following area: .

Y

W% .

Find the loop’s induced voltage as a function of time . What is the

maximum induced voltage?
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