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PHYS 2135 Exam il
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Name: Section:

1200

For questions 1-5, select the best answer. For problems 6-9, solutions must begin with
an Official Starting Equation, when appropriate. Work must be shown to receive credit.
Calculators are not allowed. Use appropriate units. Provide answers in terms of given
variable and fundamental constants.

(8)

(8)

D 1. An electron is initially moving away from a long Vi
straight wire that is carrying a current as illustrated. é I
Determine the initial direction of the magnetic force acting _0>
on the electron.
[A] To the right [B] Up [C]  Out of the page
[D] Tothe left [E] Down [F] Into the page

2. The illustration shows a cross-section of a solenoid with the 8 g
direction of current. Circle the direction of the magnetic field at the = &
center of the solenoid. () (X

O, )
© X @ ' — «
A 3. Along straight wire carries a current I,. A conducting
loop near the wire is moved with constant velocity v as [ 0? v
illustrated. The induced current in the loop is ...
[A] Zero
[B] Down
[C] Up
[D]  Clockwise
[E] Counter-Clockwise
D 4. Light originating in air enters a block as shown.
Determine nz the index of refraction of the block. Air | 602
1
Al np=
B] ny=2 Block
€] np=2 30°
D] nz=+3
FREE 5.

(8)_FREE
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(10)

(10)

(10)

(10)

A nuclei with positive charge q; and velocity

v, = v,j passes through the point (-2a, 0, 0) at
a given instant in time just as a charged particle
q, with velocity v, = v,i passes through the
origin (0, 0, 0). z is out of the page.

a. Determine the magnetic field produced
by g, at the origin at this instant.

B _ Mo GaViXPy

17 an 12

B _ Mo q1v1(JXD)
B, =——7-—
41 4a?

b. Determine the magnetic field produced by q,
at the location of g, at this instant.

T _ Mo q2V2Xx7;

27 4 1?2

B _ Ho q2v2(ix-1)
By = ez
41 4a

C. Determine the magnetic force q,exerts on g,
at this instant.

Fi; = q2V; X By

= Ay Hod1V1 o 7
Fi; = qav,T X Tena? (k)
d. Determine the magnetic force g,exerts on q,

at this instant. (Hint: Do not assume it is
equal and opposite to the answer to part c.)

Fy1 = q1V1 X B,

= Hoq1V1

kLY
1™ 16ma? (=)
§2 = O

Boo= H09192V1V2
27 16na?
ﬁ21 = O
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7. An infinitely long straight wire of radius a carries a
uniform current I, into the page as illustrated.

(15) a. Use Ampere’s Law to derive the magnitude of
the magnetic field at point P, a distance b from
the center of the wire.

¢§ - dS = polen

B(ZT[T) = ﬂo]o B= %

(5) b. Select the direction of the magnetic field at point P.

o e () 4 - -

(15) c. Use Ampere’s Law to derive the magnitude of the magnetic field inside
the wire at a distance r < a from the center of the wire.

¢B -ds = Holenc B = HoloT
2mwa?

B(2mr) = poly (Z_Z)

(5) d. Sketch the magnetic field at a distance r < a from the center of the wire.
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(10)

A rectangular conducting loop with sides of length a and b and total resistance R
is pulled through a region of constant magnetic field Bout (inside the dashed box).
The loop is pulled so that it maintains a constant velocity v. The diagram shows

the loop at 3 different times.

a. At which of the three times is the
magnetic flux through the loop the

OOOOOOOOO

greatest and what is the value of

1
1
1
Mooc
1

| - coopod,
the magnetic flux at that time? aI - > - > |
(0¥o}¢ Fa¥aRol o¥oXo A
OO0OOOOOOOO |
Bout !
————————————— ol B — 0
(I)B == Bab
(20) b. What is the magnitude and direction (circle ~
correct direction) of the induced current in Att=t,, I = %
the loop at each time? You must justify your
answers for the directions of the induced CCW None Up Down
current. Provide answers in terms of given
quantities.
cw ccwNone) Up Down
&y = Bax
Att =t ] =22
|£|=|du% =Ba%=Bav K
CW@ None Up Down
1=t
R
(10) c. What is the magnitude and direction of the
magnetic force on the loop at each time? Att=t, F= Blatv (<)
Provide answers in terms of given quantities. K
F=ILxB Att =t, F =
F =IaB -
Att =ty F =222 ()
Bav
F=(5)aB
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(10)

(15)

(15)

The James Webb Space Telescope (JWST) observes signals from very early
Universe at the L2 point, 1.6 million km away from the earth. JWST sends the
signals through a 24GHz frequency channel to NASA’s dish antenna with
diameter of 32m on the earth. The average total power received at the antenna is
4 x 10713 watts. [1GHz = 1 X 10°Hz]

a. What is the wavelength of the radiation JWST sends?

A =c A= 00125m
1=S- 3x108m/s :
f 24%10°/s
b. Determine the power which JSWT radiates, assuming that the radiation is
uniformly transmitted by JWST.
Pr_  _ Pant p= 161 kW
At Aant !
1
p. — PaneAr _ Pane(4mR?)
T'™ Ame ~ m(D/2)?
p. — (4x10™1 W)am(1.6x10°m)”
T = n(32m/2)2
C. Find the force exerted by the radiation on the antenna when the radiation
is absorbed by the antenna. Set the answer for b) as P, the distance
between the earth and L2 as R, and the antenna diameter as D. Give a
symbolic answer.
F I F = PD?
yywin (Praa) = - ~ 16cR?

ot () ()

= () () /40

41TR?2 c




