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I. Representations of electromagnetic waves

A. Shown below are mathematical and pictorial representations of an clectromagnetic plane
wave propagating through empty space. The electric field is parallel to the z-axis; the
magnetic field is parallel to the y-axis. (%, y, and z are unit vectors along the +x, +y, and +z-
directions.)

E(x,y,z,t)=E,sin(kx + ot) Z B(x,y,z,t)= B, sin(kx + wt) §
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1. In which direction is the wave propagating? Explain how you can tell from the
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2. The points 1 4 in the diagram above lie in the x—z plane.

For the instant shown, rank these points according to the magnitude of the electric field.
If the electric field is zero at any point, state that exphcltly 5\ ~ N o~ L /\ e
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Is your ranking consistent with the mat matlcal eXpression for the elec ﬁeld shown
above? If not, resolve any inconsistencies. (For example, how, if at all, does changmg
the value of z affect the value of E (x,y,2,t)? ) C D \ | 5 ,ﬂ\r ~A< ANy X An C:! {‘

&.'\""\ \ -

1

e ok bhe electvic field onlyy Cef )
The yalve s Jc \= 2= c\ \o@ ault
=0 [ anuy %\\Q(\ wnskank ntime =2 and 3511 20007 the
For the instant shown, Tank points /-4 according to the magmtud)e of the magnetic field. <2 \/\3 5% U3 |JE
Check that your ranking is consistent with the expression for the magnetic field, " ST
B(x,y, z,t), above. . \ — 0 A
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In the diagram at right, the
four points labeled “x” are y
all located in a plane

parallel to the yz plane. T 'm\
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Justify the use of the term plane wave for this electromagnetic wave. ,C—// (( C,OY\5K& V\‘&
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In a region that does not contain current-carrying wires, the magnetic field is found to be
B (x,y,2,t)=B,sin(kx - wt)Z.
Show that in such a region it is not be possible to hav;_ an electric field that is equal to zerp for S';111
xandz. (Hmt Set i, = 0 in Ampere’s law: \Oece D oY cenk Carraing uM d 75
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and consider the quantity f B- dl evaluated around the loop 5— 6— 7— 8— 5 in the x~z plane,
shown below.)
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Consider the following electromagnetic wave:
Zr _!

E(x,y,z,t) = E,sin(kx — o)

¢ /A’ \M;//%L' B(x,y,z,t) = By sin(kx - wt)Z
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In class yesterday, we applled Faraday’s law ¢CE dl = _fso;ﬂdA
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to the curve/surface 3=2=3=# and found that: E ot

We assumed that the curve C had sides of length Ax and Ay.
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Following a similar procedure apply Ampere’s law: ¢CB' dl=p,l+ .“ogofs o dA

RTS3 dB, &E
to curve 5=6=2-8 and show that: E =M€y — i B

Hint: for an imaginary surface bounded by a closed loop, it is customary to use the right hand rule to determine
the direction of the normal that is bounded by that surface Pay close attention to signs, and the dlrectlon of the

magnetic field along that loop. ' § % é Q %% b(ﬁ'm Ez—/ \XS A‘Z_
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" Take the partial derivative of both sides of equation A with respect to x, then interchange the order of the }
space and time derivatives on the right: 7 ? .
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Now substitute the expression for dB,/dXinto the resulting equation to eliminate B, what do you get?
What is the speed of Ilght? -
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lf you have time, apply a sumllar procedure to eliminate E from the equatlon Do you gg’aa%n;ar result?
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