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Problem #1
/ Phys270

L. [10 pts| Laboratory scientists have created the electric and magnetic fields shown
o . . . . 6

below: the electric field points downward and to the right with magnitude 1.0 x 10

V/m, and the magnetic field is into the page with magnitude 1.0 T. These fields are

also observed by scientists that zoom through these fields in a rocket traveling in the
25 : 6 R :

x-cirection at a speed of 1.0 x 10" m/s. [For the pedantic reader, assume the rocket
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1s made ol msulating material.|
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a. [0 pts] According to the scientists inside the rocket, what is the magnetic
held expressed as a vector in x, y, and z components?
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b. |5 pts] According to the scientists inside the rocket, what is the electric field
expressed as a vector n x, y, and z components?
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2. 120 pts] A current To is present in the two circularly arced wire segments ol radius
R depicted below as thick black lines. One are subtends an angle ol /2, and the
other subtends and angle of /4. The lead wires point radially outward from pomt P,

the location of the center of the two arced wire segments, Pay special attention (o (he ®
dweetion of the current in the tvo arcs. Derive from the Biot-Savart [aw the /

magnitude and direction of the magnetic lield at the point P,
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3130 pts] A solenoid with N turns, length L, and radius R has a current

[=10 ( 1+ /1) where tand Ioare both positive constants and ¢ is time.

a8 pis] Derive an expression for the magnetic field inside the solenoid at a
vachius of rwhere r<Roat time (=0, Make sure you draw your Amperian loop on
e dingram Grvhich depicts a cross sectional view ol a solenoid with the current
represented as m and out of the page) and describe in detail the mtegration
around the loop to derive the B-field.
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. 12 pis] Draw the direction of the magnetic field inside the solenoid at time (=0

on the diagram above which depicts a cross sectional view of the solenoid.
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Problem #3 Continued ----

c L ES s What is the magnitude of the electric field at radius r<R inside the
sarie solenoid at some arbitrary time >0 A
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15 post Draw the direction of the electrie field at point P (at radius 1) on the

i
+ \/“___.—._*— v - . . .
diagrarm beTow depicting a bottom view of a solenoid with the current moving
clockwise. Ixplam your l(,d\()lllll”
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LATLS pts] An clectromagnetic plane wave with wavelength A and period T travels n
the +z-dircetion in vacuum where the clectric field is polarized in the x-direction an
has an amplitude 1o, :
a3 pts] Write a vector expression of the electric field for arbitrary time (
and position z.
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b. 13 pts]Write a vector expression of the magnetic field for arbitrary time (

and position z. . : = &,
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¢ 4opts] What is the magnitude and direction of the electric field vector at
position x=0.8 A, y=0.9 A, and 7= 0.1 A at ime (=0.3 T
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d. 15 pis] Assume that the above wave 1s incident on a perfectly absorbing
circular plate of radius R orjented parallel to the x-y plane. Derive an
expression lor the total energy absorbed over a time mterval equal to 10
ertods, =10.0 T,
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