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Printed Name Nine-digit GT ID

signature

Spring 2021 PHYS 2212 G Test 04

* Put nothing other than your name and nine-digit GT ID in the blocks above. Print
clearly so that OCR software can properly identify you. Sign your name on the line Test Form:
immediately below your printed name.

* Free-response problems are numbered I-III. Show all your work clearly, including all 4A
steps and logic. Write darkly. Blue or black ink is recommended. Do not make any
erasures in your free-response work. Cross out anything you do not want evaluated.
Box your answer.

*  Multiple-choice questions are numbered 1-6. For each, select the answer most nearly correct, circle it on
your test, and fill the bubble for your answer on this front page.

» Initial the odd pages in the top margin, in case the pages of your quiz get separated.

* A standard formula sheet is provided as the cover page for this test. Please remove it from the test before
you submit it to the proctor.

» Ifthe page for a free-response problem has insufficient space for your work, ask a proctor for an additional
sheet. If you wish this work to be evaluated, put your name on the sheet and make a note on the problem
page, so graders know where to find your work. Place any added pages at the back of your test, when
submitting your exam.

* You may use a calculator that cannot store letters, but no other aids or electronic devices.

* Scores will be posted when your test has been graded. Test grades become final when the next is given.
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Form 4A

Question value 8 points

(01) A small circular wire loop carrying current /, is placed near a very long
straight wire, in the orientation shown at right. The long wire carries a
rightward current [, If the loop is released and allowed to move freely,

wou may assuine mat the W y
comparison to the distance from loop to wire. -é ~ Jre -Cof"M) 2*3("”2
(a) The loop will move in a straight line, in the positive y-direction. y
(b) The loop will rotate around the negative y-axis. }
L(‘E)'—l'h?rmp'Wﬂl rotate around the negative z-axis- LOO '
(d) The loop will not move. P
(e) The loop will rotate around the negative x-axis.
(f) The loop will move in a straight line, in the negative y-direction. / b
— - ‘-@
\ OO torgue ow loop > T=M>E
™ A
—t5 A e
‘5/ @ @ ® Q A = ( A
Sep ! *Hu o‘wl q\oou Wk Et&ﬁa(; pege < <+6k> /AG i
¢ rargh] wire @ arall poinls ) -

Question value 8 points

(02) The figure below shows an end-on view of a bar of length L that lies along the z-
axis. It is pulled at constant speed v in the positive x-direction through a uniform
magnetic field of magnitude B, that lies in the xy-plane oriented at an angle 8
relative to the y-axis. What is the induced emf across the length of the bar?

(a) & = vBL cos 0 with the back of the bar being at high potential.
“(6) & = vBLcos 8 with the front of the bar being at high potential.

to—<€="TBLSin 0 with the back of the bar being at nigh potemtiat.

(d) €& = vBL with the front of the bar being at high potential.

() & = vBLsin 6 with the front of the bar being at high potential.

(f) € = vBL with the back of the bar being at high potential.

Mo*’-?ouq,l ahc : g = \Gx—élL = VB.LL 4 _‘;
‘ bsind ﬂ) where P;l_ = componeaT o
= Q cesO

- =VBL 056 \
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Form 4A

(03)

Question value 8 points
A long straight wire having radius R carries a non-uniform current density, given by the expression J(r) = A - r? where 4 is
a positive constant and r is the radial distance from the center of the wire. What is the magnetic field strength at the surface

of the wire? | .C .
LoAR? o095~ 52¢"Toml wew o+ WMle
0

@ B= 2 P {O.&‘,’\Aa* *L;"V) (\T'\{) O'C f‘&A:US r
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® B= quR SDTdfd wmed“ﬂrvuz(n wire <6 L= Srcb NG

R 3
Mugenes Lar Cen (sag a@?a—.lza; r=RL ! = 27A Sv rﬁ\f‘

(04)

é@A.F = Mo £Tlunsv5(4
(5.

awp R

- 3 ] < T
= 2 AR B-= Mo AR \ — y
o R =M, e Y

Question value 8 points

You have designed a 4.0 GHz microprocessor “clock” based on a simple LC oscillator circuit. Your design specs call for an
inductance $$LS$$ = 0.25 nH, but a careless co-worker accidentally transcribes the value as “0.52 nH” when sending the
design off to the manufacturer. What will be the actual frequency of thew manufactured processor clock?

(- MWQM{UM/ of osaudaﬁj w = \Y—ul'_c’

(b) 3.3 GHz
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Form 4A

The next two questions involve the following situation:

A copper ring is dropped vertically through a region containing a uniform
magnetic field directed into the page. (The field is ZERO outside the shaded
region.) The ring enters the region at A and departs at C.

Question value 4 points B

(5.1) What is the direction of the induced current in the ring at positions A, B, and C? NS 28
(a) 1, is counter-clockwise, I is clMe, I is counter-clockwise. AR ARE A
(b) 1, is clockwise, Iy is co ockwise, I is clockwise. X X X
(c) 1, is clockwise, Iy is zero, I is counter-clockwise. : ‘3 :
(d) 14 is clockwise, Iy is cw, I is clockwise. C (U v 3\
(e) I,is counter-clockwise, I is zero, I is clockwise.

Topl Sf(ux ‘Luio pag ,Q—\.pw&(, laoﬂ ) ‘mcrecg‘mj - crml'( -QJX &o+ o~ - Pe§0

M\\M(( ¢ Qux = (9(»9"“64.1'.‘ (MQ "M.ldcj corrent™

= Twdue |cew coerent

(ootfoum - Flux o prag 35 decredsing =5 creske Elux Twho 9e5Q

> Ywdoce 1€

Question value 4 points
(5.2) What is the direction of the magnetic force on the ring at positions A, B, and C?

[

ﬁA is upward, ﬁB is zero, ﬁc is upwarﬂ Ti‘tﬂ)l‘ ‘09‘) a5 mo\Lauﬁu(.ci‘

(b)
(©)
(d)
(e)

F, is upward, Fy is d td, F is upward. ,
ﬁA is downward, ﬁB is zero, ﬁc is downward. —_—_b !
ﬁA is rightward, ﬁB is zero, ﬁc is leftward.

F, is downward, Fy is Md, F, is downward.

rikedd ks
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Form 4A

The following problem will be hand-graded. Show all supporting work for this problem.

(6) (20 points) At a particular moment in time, a proton is located on the positive y- Ay
axis at a distance 3d from the origin, and is moving with speed v in the positive i
z-direction. At the same moment, an electron is located on the positive x-axis at pt
a distance 4d from the origin, moving in the positive y-direction with the same v
speed v >
3d ~ )
Determine the magnetic force on the electron. Be sure to specify magnitude and | N <
direction. ! ;
b 4d e
‘:;o\é due to pm'(‘ov\ .ci" (OCG{“bb e'c e(eci‘ 'On i
= J (3a)% ad)T = B4 2
N d A N
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Form 4A

The following problem will be hand-graded. Show all supporting work for this problem.

(7) (20 points) A rectangular loop of wire of dimensions a X 2a A A A
hangs vertically in Earth’s gravitational field, from a horizontal ‘B
axle along one of the long sides of the loop. The loop has a total -
mass m and carries a steady current /. When placed in a vertical
magnetic field, the loop is observed to tilt upwards, and hang at
a fixed angle 6 from true vertical.

axlc”,—
—’—

o

Determine the magnitude of the magnetic field. D
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Form 4A

The following problem will be hand-graded. Show all supporting work for this problem. Ao -ﬂ“ \'t—‘(::;ﬁb)
(08) (20 points) A solenoid of diameter D and length L has a total of N windings. a —‘b\ ~
A copper ring of radius a > D/2 is aligned coaxially with the solenoid. A "'CB
time-dependent current flows through the solenoid, given by the expression a I(t)
I(t) = A — Bt?, where 4 and B are positive constants. The solenoid is would \ A
such that a positive value of I(t) produces a leftward magnetic field. ( ))) ) ) ) )) D
! \J

Determine the induced electric field (magnitude AND direction) in the copper

ring at the labelled point P, at the exact moment the current in the solenoid is L
Zero.
- P
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