1. (15%)A copper wire of cross-sectional area 2.00 X 107° m? and length
4.00 m has a current of 2.00 A uniformly distributed across that area. (a)
(5%)What is the magnitude of the electric field along the wire? (b) (10%)How
much electrical energy is transferred to thermal energy in 30 min? (Resistivity of
copper is 1.69 X 1078 Q - m)
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Solution:
(@) ~E=p]

~|E| = plJ] = (169 x 1078 Q- m) (;oorom

— -2
—2.00><10_6m2) = 1.69 x 1072V/m(N/C)
(5%)

4m

(b) = R

p% = (1.69 X 1078Q - m)( —) =0.0338 Q. (5%)

2.00X10~6m?2

» P =i2R = (2.00 A)?(0.0338 Q) = 0.135 W.

Assuming a steady rate, the thermal energy generated in 30 minutes is
(0.135]/s)(30 X 60s) = 2.43 x 10?%]. (5%)



2. ( 15%)In Fig.1, the resistances are R; = 1.0 Q and R, = 2.0 Q, and the ideal
batteries have emfs §;= 2.0 V and &,=£:=4.0 V. What are the (a) magnitude and (b)
direction (up or down) of the current in battery 1, the (c¢) magnitude and (d)

direction of the current in battery 2, and the (e) What is the potential difference V,

R p R
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.ii% %R‘z %Egii__
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Solution:
(a) We note that the Ry resistors occur in series pairs, contributing net resistance 2R;

in each branch where they appear. Since & = & and R, = 2R;, from symmetry we
know that the currents through & and & are the same: i, = i3 = i. Therefore, the

current through & is i; = 2i. Then from V, — V, = 6 — iR, = & + (2R1)(2i) we get

&6 __A0V-20V oo
4R +R, 4(1.0Q)+2.00

Therefore, the current through & is i; = 2i = 0.67 A.

(b) The direction of iy is downward.

(c) The current through & is i = 0.33 A.

(d) The direction of i, is upward.

(€) Vy—Vp =—iRy + & =—(0.333 A)(2.0 Q) + 4.0V =3.3 V.



3. (5%)Switch S in Figure is closed at time t = 0, to begin charging an initially
uncharged capacitor of capacitance C = 20.0 uF through a resistor of resistance
R = 20.0Q. At what time is the potential across the capacitor equal to half of the

potential across the resistor?
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Solution:

The potential across the capacitor equals to half of the potential across the resistor

1
o EVR = VC

Charging a Capacitor O

-.'q:Cg(l—eF;éj —_%3 C

@B @

—t —t
Vq =2V, = gefc ZZg(l—eRCJ

-t -t -t -t
=1 zz(l—eRCJ: eRc=2-2eRc
-t -t

—3eRC=2 = eR°=§

—t 2 t 3
= —=In—=—=In—
RC 3 RC 2

=>t= RCln% =(20Q)(20F)(0.405)=1.62x10""s



4. (15%)A singly charged ion of mass m is accelerated from rest by a potential
difference AV. It is then deflected by a uniform magnetic field (perpendicular to
the ion’s velocity) into a semicircle of radius R. Now a doubly charged ion of
mass m’ is accelerated through the same potential difference and deflected by the
same magnetic field into a semicircle of radius R’ = 2R. What is the ratio of the

masses of the ions?
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Solution:

%mv2 =q(aV)>v=

2q(A V)
mv_TNT W gy
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5. (15%)A nonconducting sphere has mass 80.0 g and radius 20.0 cm. A flat
compact coil of wire with 5 turns is wrapped tightly around it, with each turn
concentric with the sphere. As shown in Fig.3, the sphere is placed on an inclined
plane that slopes downward to the left, making an angle 6 with the horizontal, so
that the coil is parallel to the inclined plane. A uniform magnetic field of 0.350 T
vertically upward exists in the region of the sphere. What current in the coil will

enable the sphere to rest in equilibrium on the inclined plane?

%%%%%%%%%%%%%%
Solution: P29.53 e
The sphere is in translational equilibrium, thus
fs —Mgsin0 = 0(3%) (1)
The sphere is in rotational equilibrium. If torques are taken about the center of
the sphere, the magnetic field produces a clockwise torque of magnitude uB sin 6,
and the frictional force a counterclockwise torque of magnitude f;R, where R is the
radius of the sphere. Thus:
fsR—uBsin8 = 0( 8%) (2)
From (1): fy — Mg sin 8 = 0. Substituting this in (2) and canceling out sin 6,

one obtains

uB = MgR 3)
_ 2 (90 . _ Mg oy _ (0.08kg)(9.80 m/s?)
Now u = NInR*. (2%) Thus (3) gives I = P (2%) = (0350 D02

0.713 A.

The current must be counterclockwise as seen from above.




6. (15%)Fig.6 shows a cross section of a hollow cylindrical conductor of radii a and
b, carrying a uniformly distributed current 1i. (a) (8%) Show that the magnetic
field magnitude B(r) for the radial distance r intherange b < r < a is given
by

Ui r? — b?

B= 2n(a?—b%) r

(b) (7%)Show that when r = a, this equation gives the magnetic field magnitude
B at the surface of a long straight wire carrying current i; when r = b, it gives
zero magnetic field; and when b = 0, it gives the magnetic field inside a solid
conductor of radius a carrying current i.

Fig. 6.

Solution:
(a) For the circular path L of radius r concentric with the conductor

— 5 _ . _ . n.(.rZ_bZ)
¢L B -ds = 2mrB = polenc = Hol Zaz—p2)

Thus, B = 2oL (7=%) 5oz

2nr a?-b?
(b) At r = a, the magnetic field strength is
ot (a®=b?)  pqi
2m(a?—=b?%) a ~ 2ma
At r = b,B x r? — b? = 0. Finally, forb =0

fol 12 poir

2ma? r  2ma?

(7%)



7. (15%)The conducting bar illustrated in Fig.4 moves on two
frictionless, parallel rails in the presence of a uniform magnetic
field direction into the page. The bar has mass m and length L. 7
The bar is given an initial velocity v; to the right and is
released at t = 0. According to the Faraday's law, the velocity
of the bar might change with time. Please find the velocity of

the bar as a function of time.
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Solution:
Rk

(a) Use Newton's laws to find the velocity as a function of time

Apply Newton's second law F, = ma = m% = —]LB( 5%)

substitute] = 222 (3%)
- dv B?L?
"Mae TRV

L o _(BE dt:.dev— B ftdt 4%
v\ mR w Vo \mR/JJ (4%)
vdv (BZL2

> —=-

mR

t v BZLZ
f dt = In (—) = t
v V 0 Vg mR
B2L2

= v(t) = vl-e_<W)t( 3%)

(b) Use energy approach to find the velocity as a function of time

The power entering the resistor equals to that leaving the bar

d /1
I?R = ——(—va) (5%)

dt \2
substitute | = 2= (3%) BT _ —mv &
R R dt
() g [ () [
v mR v V mR ) J,
v B?1?
:ln(v—t) = _<mR)t

B2L2

v(t) = vie_<W)t( 3%)



8. (15%)In Fig.5. A long solenoid of radius R; has n; turns of

wire per unit length and carries a time-varying current that / ini:;_»t-ll-]a;in
varies sinusoidally as | = lxcos ot, where |y, is the ~ R

maximum current and o is the angular frequency of the / T \
alternating current current. ""‘-\,_ "'\\ y

(a) Determine the magnitude of the induced electric field »
outside the solenoid at a distance r > R from its long
central axis. | I €OS @1 l

(b) What is the magnitude of the induced electric field inside

the solenoid, a distance r from its axis?

Solution:

() $E-di=—""2(5%)

@, = BR?(2%)

ddg d dB
———=——(BnR*) = —nR* —
dt dt ( ) dt
B = puonyl = ponql, g, COs ot
Aoy
— F = —nRZ,uOnllmax E (cos wt) = nRZ,uOnllmax wsin wt

3€E -ds = EQ2nr) = mR?*ugn, Iy 4, wsin wt

Nilpax@R? .
E= %sm wt( 3%)

(b) @y = Brr?(2%)

dd, d dB

—_—_— = B 2 = — 2__—
dt g (Brr?) = —mrt
ddp

d .
T —Tzn,uonllmax = (cos wt) = T‘Znuonllmax wsin wt

= EQnr) = nr?pugng Ly, wsin wt

I .
E = Mr sin wt( 3%)



9. (15%)A long coaxial cable (Fig. 7) consist of two concentric cylinders with radii
a and b. Its central conductor carries a uniform current |, the outer conductor
providing the return path. (a) Calculate the energy stored in the magnetic field for
alength ¢ ofsuch a cable. (b) What is the self-inductance of a length ¢ of
coaxial cable?

%%%%%%%%%6%%%6%%6%%%6%%6%6%%6%%6%6%%6%%6%6%%6%%%6% %%
Solution:

JHCREA TR
- 1 g2y, (3%) (1)

dr EVIIAREL 5, oo [RAFT | 2 fi]

I§=,L;;Ir (ﬁﬁgjﬁijmj) (r<a)(2%)

:ﬂLL GRS ) (a<r<b ) (2%)

2z
=0 (r>b)
VA ALY I/J’?EI%EEEL% dz =2zridr
()=t
a1 ulr, Mol o
W, =| (° )27 £d+j (5) 2zredr
2 r
,uol Mopa s p170 o]
~ jordr+ LFdF
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