Physics 171.106
Midterm Exam 2

April 13", 2005
Answer all four problems. Be sure that you pace yourself so that you have enough time

to work on each problem. Note that the problems have equal weight. Partial credit will
be given, so be sure to show your work as clearly as possible. Good luck!

List of potentially useful formulae
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Ohm's Law: J=oE (aka.V=IR) Biot-Savart Law: dB=1
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Problem 1 (25 points}

Consider an infinitely long coaxial cable, as shown in the figure below. The inner
conductor of the cable is a solid cylinder of radius a. The outer conductor is a thin
cylindrical shell of radius b. A current { flows through the inner conductor and returns in
the opposite direction through the outer conductor as shown. The current in the inner
conductor is distributed with a uniform current density. Similarly, the current in the outer
conductor is distributed as a uniform “sheet” density on the shell. What is the
magnitude of the magnetic field in the three regions r<a, a<r<b, andr> b?

face view side view



Problem 2 (25 points)

Consider a wire loop bent into the shape of concentric semicircles, as shown in the
picture below. The inner and outer radii of the semicircles are r, and r,, respectively. A
current 1 flows in the loop in the direction shown by the arrows. Determine the
magnitude and direction of the magnetic field at the point P at the center of the
semicircles.




Problem 3 (25 points)

Consider the circuit in the picture below. All of the resistors have an equal value R.

Initially, the capacitor C is uncharged. At time t = 0, the switch is closed.

(a) In the instant after the switch is closed, what is the current flowing through the

battery?

(b} At a very, very long time after the switch is closed, what is the current flowing

through the battery? How much charge is on the capacitor at this late time?

(c) Imagine that after the switch has been left closed for a long time, it is reopened

at atime t,. Find the charge on the capacitor as a function of time after t,.
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Problem 4 (25 points)

Consider a circular loop of wire in a uniform magnetic field of size B oriented
perpendicular to the loop, as shown below. (The magnetic field in the picture is coming
out of the page.) The loop is made of a special material such that the radius of the loop
increases linearly with time as r = ry(1+at), where tis time and o is a numerical

constant. Because the loop grows thinner as it expands, its resistance increases
linearly with time as well: R = Ry(1+at). Note that the numerical constant o is the same

in both expressions.
(a) Determine the electromotive force that is generated in the loop as a function of
time. How would your answer change if instead the field were oriented in the
plane of the loop (i.e., in the plane of the page)?

(b) Does the current that is induced in the loop flow clockwise or counter-clockwise,
as viewed in the picture below? Why?

(¢) How much power is dissipated in the loop as a function of time?




(M)

\\-..

(70 106 Melys IE

Va lU\'hde >

@‘7 Sw»«md’wh , Le M.aj.«‘a"\‘g {\‘aﬁﬁ Pa\fd)%
L Majmei’hdp }'L\“){' &Q@fﬂ/ma{i Wi«} nha

#17/05

/\ ra
| A {9' et o by

- T o
=) 5 AMP—GH’H Lowo &\?w:ﬂ-\ = ZZ Lencloyeot
¢




=T 40 e

/'/ ,‘me.ﬁ'\k@ d @ = Lfl
, . PR o
O @-—%v—wk\ @\ Eor sejmawto (D a2 @/ &G_QH/‘ = JdA ¥ ¢
P ’ O{’G{_) Py AM)A;‘:KF:f'AQ
T For Seﬁr‘v’«m 2 / 44 L=
. T
— T rdb IF,LJ_@ /\3 -
BN TLE Rt PR
0 ¢4 0 b
o B ( Lo \ A (Muw; Sieechi
€= = o )8 fotnn gt

de oy pmneed

(/\&Ar/t [u\,‘e \



[fjb\f QF{‘“Q!’" hf\-& S'(JJHLL(\ l'}, (_,((J)wc,»ﬂl T\A C(ﬂ&,(fﬁg fa
Ne c;;.i:):.‘.rﬂke@‘d(' . /\tC}{l':;aL‘v] g/tchj) S Cend lcj,/]‘uﬁﬁ’ (e

u’u\hraa v{m(o OCr2ss C,mlocu_i”wf", LA s Caxe éch-é

@) ‘iS 14 Qéﬁ,{u:(h) ‘Suf" \llC.Q gﬂ)l’lcﬁ'\é’) @ é @

o) | \ S
_ | S T
=) (. i i 72 |

[EPST————

,,,‘._‘,1{

- B \ &
- I/LE‘\){- - ' glj

o mm——

A(\-cr i \J“cn? ldwwl \'\M ,(,Lwa{ um.” ‘/\auc Lwl\é’c {f’o’ g+ h-&
(,a‘pml{“w bo foo Pa;ﬂ" {Laced. ) ug\k'?;a{ Q{Keji/) L1 rost

e C_P//)é(flﬂr’ iy &y andd Myre Carront ﬂmi&o
“ /

h/l/‘)"')L‘ é/bric.i\ @ T. Pa oot

[

) € }

=) - ,,,{_.f—-—» _ [_,__._,ﬁi
—I; /zh,.f— ” JZ

eéf ﬂn.@_ Q/L\‘M’a( A h'\.e (.ﬁ/)ﬁ(l/‘]j/‘ i Q':_ C &

6



(C\ e .0 Sw\'}d/\ Us alpa/\m.(?J ‘hﬂ; Circoad [UUl‘S 'I(C(J

ka( 6,6 § Laud
_db
— 2" (A (e I - -""L
C = d
A &
QU‘ Q + - " ""“": - 0
(L §
{
: ~ &
L_M_MJ - e i
%ﬂ”’mi h O €
Lt Q o \\_',Q LA il\m,ﬂ L(Amégjt i Wiardh A (‘_ ér)
}“Mmb,«w”dw ......
— - (-4 Tec
==~ Céae
st}

sy P P R SR AR AT

/



4) . Flox T ~
( (0\§ ox &= %E'CQC"" Emr B gﬂfam((*’mt}l’
b - LR L@ T el HS/]

S L

re @0 » o o
oo s g g s Tor 0 ()

Ldt%‘—\ \V‘LQ? L? (,'?/\‘L"s LQW

(E\ $ine e H‘f)?‘f \S \Jcreaxsiul
smE  wll 147M fus

(IN Carfen] Geatr e 47 N

[acresi€

t}

s R e



