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Problem 7.2 A capacitor C has been charged up to potential Vy: at time t = 0, it 1s
connected to a resistor R, and begins to discharge (Fig. 7.5a).

(a) Determine the charge on the capacitor as a function of time, Q(f). What 1s the
current through the resistor, /(1)?

y-m=2,9_;_V__ 9

C’ dt R RC
t t t

- Q(l‘)=Q(0)€_E = CVOe_E :>I(t)=—de§t) = I;g e_E

(b) What was the original energy stored in the capacitor (Eq. 2.55)? By integrating
Eq. 7.7, confirm that the heat delivered to the resistor is equal to the energy lost
by the capacitor.

(Eq. 2.55)W = %CVz = %CV(%

2t

o o0 Vi ¢ —~ . Vi( R 1
(Bq.7.7)P=1"R=> | Pdi=| 1*Rdt==0[ "¢ RCr==0 (— Cj(—l)z—CVoz
0 0 R do R 2 2
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Problem 7.2
Now imagine charging up the capacitor, by connecting it (and the resistor) to

a battery of voltage V), at time t = 0 (Fig. 7.5b).

(¢) Again, determine Q(t) and I (1).

V0:g+IR, d—Q:]:i(VO_gj:CVO_Q: dQ _ df
C dt R C RC CVy-Q RC
t

t
= —In(C¥, —Q):RLCJrconst.: 0(t) = CVy - 4e RC =V, (1—e E):>1(t)= dQt) _

(d) Find the total energy output of the battery (f Vol dt). Determine the heat de-
livered to the resistor. What is the final energy stored in the capacitor? What
fraction of the work done by the battery shows up as energy in the capacitor?
[Notice that the answer is independent of R!]

. P2 oo 2
(Battery)P:]V:jo IthzT‘}jo e RCd=—2-(-RC)(-1)=CV§

Heat = EC V02 , since the current / keep the same.

R 1 1
Therefore the fianl energy stored in C 1s C V02 -—C V02 =—C V02
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Problem 7.6 A rectangular loop of wire 1s situated so that one end (height /) is
between the plates of a parallel-plate capacitor (Fig. 7.9), oriented parallel to the
field E. The other end is way outside, where the field 1s essentially zero. What
is the emf in this loop? If the total resistance 1s R, what current flows? Explain.
[Warning: This is a trick question, so be careful; if you have invented a perpetual
motion machine, there’s probably something wrong with it.]

P h o ideally
0, considering fringing field
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Problem 7.8 A square loop of wire (side @) lies on a table, a distance s from a very
long straight wire, which carries a current /., as shown in Fig. 7.18.

(a) Find the flux of B through the loop.

s+ta /,101 , ,_ Ola S+a
Flux = IB -da = j j Y ds'dl e In . FIGURE 7.18

(b) If someone now pulls the loop directly away from the wire, at speed v, what
emf 1s generated? In what direction (clockwise or counterclockwise) does the

current flow?

ds

—_— =Y

dt

v __d(FluX) _ Mpla d (lns—l—aj _ Myla V/S—V(S+a)/s _ Hola sv—sv+av _ ,uolazv
dt 2 dt S 2 s+als 27 2 +sa 27zs(s+a)

(¢c) What if the loop 1s pulled to the right at speed v?

V=0
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Problem 7.11 A square loop is cut out of a thick sheet of aluminum. It 1s then placed

so that the top portion 1s in a uniform magnetic field B, and is allowed to fall under
gravity (Fig. 7.20). (In the diagram, shading indicates the field region: B points into
the page.) If the magnetic field 1s 1 T (a pretty standard laboratory field), find the

terminal velocity of the loop (in m/s). Find the velocity of the loop as a function of
time. How long does it take (in seconds) to reach, say, 90% of the terminal velocity?
What would happen if you cut a tiny slit in the ring, breaking the circuit? [Note:
The dimensions of the loop cancel out; determine the actual numbers, in the units

indicated. |

mg —Fp =ma, |Fg|= [I1xBldI = IBL V=%jB-da=BLv=IR

BL R
— mg —IBL = mg ——LBL=0= v, =&
R B*I?
~(BL)*t
(BL)2 1% dv  dv (BL)2 v g R
- > mg————=-m -———=g—— V(f)z |- m =
R dt ~ dt mR (BL)? ImR
~B”togy,
t . —mR R
fgo%Z>V( )—0.9: — mR :>f90% = Z/ZZ 11’1(01)2 n; 2ln(10)
Vi . B~ L | BL |
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Problem 7.18 A square loop, side a, resistance R, lies a distance s from an infinite -
straight wire that carries current / (Fig. 7.29). Now someone cuts the wire, so [/

drops to zero. In what direction does the induced current in the square loop flow, :
, ) L . : : . . v _
and what total charge passes a given point in the loop during the time this current 7
flows? If you don’t like the scissors model, turn the current down gradually:
1(f) — (I —an)l, forO <t <1/a,
0=1 o, fort > 1/a. FIGURE 7.29
counterclockwise
dQ
V=I,6 R=——R
loop dt
dO 1 1 I . d sta pyl d al +
=——— =——|B-da=- j( Ho ,(pj-da:—— al ,(a)ds’:— (,uo In aj
dt dt dtJ\ 2rxs dtds 2rs dt\ 2rx S
a +a dI
__Ho In s+da
2 s dt
1 0 a. s+ al . s+
:Q:-j S L P ) o el W B
RJI  2rm S 2R S

Electromagnetism Chap.7 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring



Problem 7.24 Find the self-inductance per unit length of a long solenoid, of radius
R, carrying n turns per unit length.

D e urm = _[ B-da = (uynl )(7R?) = @ ety = (12071 )(7R?)(n) = LI = L = pon R

Problem 7.27 A capacitor C 1s charged up to a voltage V and connected to an
inductor L, as shown schematically in Fig. 7.39. At time ¢ = 0, the switch § 1is
closed. Find the current in the circuit as a function of time. How does your answer
change 1f a resistor R is included in series with C and L?

e=2, v, __Lﬂz_Li(_d_Q)

C dt dt dt
=1t

VC+VL:0:2+deQ Q Q O:>Q(t)— (m+em):VCcos

C dt dt dﬁ JLC
Ve =—IR = RdQ

dt
VC+VL+VR:O:2+ id—Q+RdQ a0 RdQ Q_dQ+2a—Q+a)OQ 0

C dt dt dt d¢2 L dt LC dr? dt

, 2
= 0(t) = Qoe_“t cos(t\/a)g——az) = VCe_g_L cos(t\/Llc —(2RLJ J
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Problem 7.28 Find the energy stored in a section of length [ of a long solenoid
(radius R, current /, n turns per unit length), (a) using Eq. 7.30 (you found L in
Prob. 7.24); (b) using Eq. 7.31 (we worked out A in Ex. 5.12); (c) using Eq. 7.35;
(d) using Eq. 7.34 (take as your volume the cylindrical tube from radius ¢ < R out
to radius b > R).

(2)(7.30)W :%le :%(,uonzﬂRz)Iz <1 N

solenoid edge

R.Y, . IR
(b)(7.31)W:%Jc_f)A-dlzésﬁA-ldzzlcﬁ(”on (Pj'(I(P)dl’x(nl):%'uOZ (ZﬂR)x(nl)=%ﬂo7rl(an)2

1

1 1
(c)(7.35)W=2— B%dr zz—j j Onl 27rSdeZ=—(,uOnl)2 (7ZR21)=—,uo7zl(nIR)2
:UO all space 2 1y 21y 2

(7340 =—— UBzdr jv (AxB)dr [ B2dr ch (AxB)- da}
Ho
:ﬁ I j ponl ) * 2sdsdz — _[ j ( Honla Onl(pxz] (- adgodzé)]

]
:%_(ﬂonl)zﬂ(Rz—az)l+ ,uon2 2 l}
1

2
= — IUO 72'1 (n I R ) Electromagnetism Chap.7 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring
Ref: http://www.enigmatic-consulting.com/Communications_articles/EnMnofields/No _time.html
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Problem 7.31 Suppose the circuit in Fig. 7.41 has been connected for a long time
when suddenly, at time f = 0, switch § is thrown from A to B, bypassing the battery. L

(a) What is the current at any subsequent time 7? T
R
(b) What is the total energy delivered to the resistor?
(c) Show that this is equal to the energy originally stored in the inductor. FIGURE 7.41
Rt
dl VO B
a)V; +Vp=0=—L——-IR=>[=—¢ L
@V, +Vg ” »
Ve 2L (WY
bYWy (t =) = J‘Pdt _leRdt =0 ¢ L dtzi—z—(—oj
R JO R 2R 2\ R

L, 1.1 %
(c)WL(t—O)—zLI —2L(Rj
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Problem 7.40 Sea water at frequency v = 4 x 10® Hz has permittivity € = 81e.
permeability pt = o, and resistivity p = 0.23 € - m. What is the ratio of conduc-
tion current to displacement current? [Hint: Consider a parallel-plate capacitor im-
mersed in sea water and driven by a voltage Vj cos (2 vr).]

-
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Problem 7.42 A rare case in which the electrostatic field E for a circuit can actually
be calculated is the following:*® Imagine an infinitely long cylindrical sheet, of
uniform resistivity and radius a. A slot (corresponding to the battery) 1s maintained
IEI +Vy/2, at ¢ = £} and a steady current flows over the surface, as indicated in
Fig. 7.51. According to Ohm’s law, then,

Voo

V(r:r,qb}=¥, (—m < ¢ < +m). g

FIGURE 7.51

(a) Use separation of variables in cylindrical coordinates to determine V (s, ¢) in-
side and outside the cylinder. [Answer: (Vy/m) tan='[(s sin¢)/(a + s cos ¢)],
(s <a); (Vp/m)tan"[(asing)/(s +acosd)], (s > a)]

(b) Find the surface charge density on the cylinder. [Answer: (exVy/ma) tan(¢/2)]

e

Vg (5,0) = Zskbk sin(kg) s<a
Prob. 3.24- k=;

Vout (S,(D)zzs_kdk sin(kgo) S>a

L k=1
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Problem 7.42
(a) Use separation of variables in cylindrical coordinates to determine V (s, ¢) in-

side and outside the cylinder. [Answer: (Vy/m) tan![(s sin¢) /(a + 5 cos ¢)], » /\ ”
(s < a); (Vo/m)tan~![(asing) /(s +acosp)], (s > a)] »%U
(b) Find the surface charge density on the cylinder. [Answer: (exVy/ma) tan(¢/2)] : FIGURE 751
OO Fourier's Trick TV
s=a=V,,; = . Z by, sin ( = kbk5kkf - —j ﬂsm(k'(o) do
k=1
1 Vy| — d T 1 1V V4 1 T
= afp =—-0 —¢cos(k¢) +j —cos(kgo)dgo :>akbk -—_0 —¢cos(k go) +—sm(k(p)
w2r| k —r Y7k w2r| k s k? _r
k
Vi Vi Vi
T2 k T a
( a1 o
V., (S,go):——oz —(——j sin(kg) s<a
i k\ a
= B
Vool 1( a
Vout (S,§0)=——OZ _(__) Sln(k§0) S >a
L T k\ s
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Problem 7.42
(a) Use separation of variables in cylindrical coordinates to determine V (s, ¢) in-

side and outside the cylinder. [Answer: (Vy/m) tan='[(s sin¢)/(a + s cos ¢)],

(s <a): (Vo/m)tan"[(asing)/(s +acosd)], (s > a)] ‘/\/\J/

(b) Find the surface charge density on the cylinder. [Answer: (exVy/ma) tan(¢/2)] FIGURE 751
k ' k
VO = 1 ( Sj ik VO 1 ( S
Vi sin( &k =——Im —| = " |} =——Im —| —=¢€'?
Zl: ( j ( CD)} T ;{k a T kzz; k\ a

= Lo i{l(—x)"} = Y01 i (—1)”“£} Yo —Im{In(1+x)} = Yo Im<1n(l+iel¢)[

—(1+£e_’¢ﬂ 1 S0 _ 5 —l(ﬂj
Vi _
a _ 20 4an! 2i\a a

s )
d Re{1+£el¢} " l{(1+iei¢)+(l+ieﬂ¢ﬂ d l(2+£ei¢+£ei§”j
a 2 a a 2 a a

Vi _1 Ssin

V. iSin(D 1% ssin Vln (S,¢)=—Otan 1 N COi s<a
— — T ar+s
=0 tan~1 4@ =0 tan~! P =< 7 , 4
T S T a -+ S cos ~1 asin
l+—cosg ¢ Voui (S,go):—otan 1 P s>a
a Electroma ] : i i e%z- § +'ﬁl COS ¢
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Problem 7.42
(a) Use separation of variables in cylindrical coordinates to determine V (s, ¢) in-

side and outside the cylinder. [Answer: (Vy/m) tan='[(s sin¢)/(a + s cos ¢)],
(s <a); (Vp/m)tan"[(asing)/(s +acosd)], (s > a)]

(b) Find the surface charge density on the cylinder. [Answer: (exVy/ma) tan(¢/2)]

+1/2

7 N
ZKL/V

FIGURE 7.51

O'(go) _ oV, s B ov;, dtan” ! x _ 1
Ol s =g 05 |s—g Oox 1+ x?
( 1 asin @ 1 sin @ $ SN @ COS @ |
—&nlVe — — —
= 7(; 0<1 asin @ 2 (S+aCOS(p)2 [4 ssin @ 2| at+scosy (a+scosgp)2 >
s+acose ey a+scos o s
( 1 asin @ asin @ \
_—% . 2| 2 2
T <1 asin @ (a+acosgp) (a+acosg0) (
i a+acose )
_ gOVO 2a Sin(D _ gOVO 2a sin(p _ EoVO Sil’l@ _ gOVO tanﬂ

7 (a+acos go)z +(asin go)z

T 2a%+24° COS @

ra l+cosp  rma
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Problem 7.53 The current in a long solenoid is increasing linearly with time, so the
flux 1s proportional to f: ® = «f. Two voltmeters are connected to diametrically op-
posite points (A and B), together with resistors (R; and R3), as shown in Fig. 7.55.
What is the reading on each voltmeter? Assume that these are ideal voltmeters
that draw negligible current (they have huge internal resistance), and that a volt-
meter registers|— f; E -dl |between the terminals and through the meter. [Answer:
Vi=aR/(R + Ry); V, =—aR,/(R; + R,). Notice that V| # V,, even though
they are connected to the same points!*]

|4 :d_cI) —ag=1= K - % counterclockwise
dt R R +R,
( R
Vi = IR, _ %
R +R,
— R
Vy =—IR, __4n
R+ Ry

"

Electromagnetism Chap.7 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Spring

b

® n3

*

ey ]

FIGUR

=

7.55



Problem 7.57 Two coils are wrapped around a cylindrical form in such a way that
the same flux passes through every turn of both coils. (In practice this is achieved by
inserting an iron core through the cylinder: this has the effect of concentrating the
flux.) The primary coil has N; turns and the secondary has N> (Fig. 7.57). If the
current / in the primary 1s changing, show that the emf in the secondary is given by

EE_NQ_

2 _ 2 7.67

where & is the (back) emf of the primary. [This is a primitive transformer—a
device for raising or lowering the emf of an alternating current source. By choosing
the appropriate number of turns, any desired secondary emf can be obtained. If you
think this violates the conservation of energy, study Prob. 7.58.]

d®y _d®, _ Vi _ Nid®/dt _ N,
dt dt Vo, N,d®,/dt N,

Primary
(N, turns)
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