PHYSICS 231 - Solution Key to the Sample Final Exam

la. No. By Gauss’s Law,
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regardless of the shape of the surface.

1b. Inserting the dielectric increases the capacitaiice< KC, > Cj). The voltage remains the
same, because we keep the capacitor connected to the battery.

The charge increases:
Q' =CV=KCV=KQ>Q

and so does the energy:
U' = %CW = %KC‘OV2 =KU>U

lc. LetV,, be the voltage of the terminals. To maKg < 0, connect the battery in series to another
battery of emfe’ and negligible internal resistance with positive terminals connected to each
other. Then/,;, = —-&'.

1d. The power isP = V?/R, so the 25 W bulb has bigger resistance. If they are connected in
series, they share the same current, so each gets gower>2R. The 25 W bulb gets more
power (8 times more) than the 200 W bulb and burns.

le. We have
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1f. The electrons oscillate in the wire and never go anywhere. However, the power is not trans-
mitted by the electrons. In a circuit the electrons feel an electric force because of the potential,
regardless of where they are, and as a result they get kinetic energy. They move very slowly, but

they start to move almost instantaneously after the switch is closed. The power they get travels
to them from the source through the wire at about the speed of light.

Therefore,

2a. From Gauss’s Law, because of spherical symmetry,

E’: Ef : E = Qenc _ ernc
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Atr =6cm, Qe = ¢1, SO

kg, 8.988 x 109 x 5 x 10~ \
_ M — 1.95 x 10* N/C
2 0.062 x /

At r = 18 cm, we are inside the conductor, so

E=0N/C



2b.

4a.

4b.

At r =90 cm,Q.ne = q1 + g2, SO

kg 8.988 x 107 x (=5 +4) x 107°
r2 0.902 /¢

To makeFE = 0 in the shell, we need chargey; = +5 nC on the inner surface of the shell (at
r = r9). The remaindelry, — (—q;) = 4 — 5 = —1 nC resides on the outer surface of the shell
(atr = r3).

. Consider the two points on the coil on which thiefield is shown in the figure.B has two

components. Thg-components give rise to two forces which cancel each other (because the
current is in opposite directions at the two points).

B, creates a force in the-direction. As we move along the wire, the current remains perpen-
dicular to the magnetic field, so the total force is

F=1ILB,
wherelL is the total length of the wire,
L=Nrnd=50xmx0.02=3.14m
Also B, = Bsind, so
F=1ILBsinf =1.5x3.14 x 0.3sin50° = 1.08 N
in they-direction.

We have amR? — L circuit of total resistancé, + R, SO

E L
=g r=e") =5 TH
(i) Att=0,I=0A.
(i) Att=0.05s,
=20 (1 - e*%XO'OE’) —0.142 A
60 + 200
(i) Att — oo, P
1= Rt R =0.154 A
The voltage acrosi, is V,. = &, so the current througR, is
E 40
I:E:@:Q%?A
at all times.

Sinceb andc are short-circuitedR and L form a circuit with current
I = Toe R/T

wherel, = 0.154 A (found above).
At the junctione, I = I; + I, wherel, is the current through switch,.



(i) Att=0,1=0.667A, I, =0.154Aandl, =1 — I, = 0.513 A.
(i) Att=0.1s,1=0.667A,

I, = 0.154e 3 %01 = 0.003 A

and/l, = 0.667 — 0.003 = 0.664 A.
(i) Att— oo, I =0.667A, I, =0andl, = I = 0.667 A.

5a. We are given/yz = 120 V and
w=2rf=2mx60=2377rad/s

The amplitude of the current is

The current id = I cos(wt).

5b.
X, =wL=377x0.1=377Q

5c. For the inductor, the amplitude of the voltage is
Vo= 10X, =24x377=90V

We also haves = 90°, so

Vi, = Vi cos (wt + g) = —Vposin(wt) = —(90 V) sin[(377 rad/s)t]



