Exam 2, Physics 208

Dr.Saslow, 7/02/04, Sects.301-305 Sedtion:
Don’t waste time on problems you aren’t sure of. Be clear and concise. A
cluttered response will not get full credit. _

1. (8 pts) Let Fr = 4x -2, with E, in volts/m and z in m. If V=0atz=0, find Vi{x).
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/ 2. (8 pts) A charge g > 01is uniformly dlstnbuted over a rod of length a placed on the
r-axis with its right end at the origin. Find the voltage at x on the positive r-axis.
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3. (8 pts) A fixed point charge Q is at the origin. Att=20a charge g with mass m is
at ¢ = a with leftward velocity vy that satisfies kQq/a = 3mve (a) Find b/a, where
b < a is the position where ¢ turns around and starts to move rightward. (b) Find
the velocity veo of g at large distances fr()m the origin, in “the Form \}mj N, T---.
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4. (8 pts) Derive the capacitance of a sphere of radius R. Explain your reasoning.
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5. Consider three capacitors. C; = 10 uF and G2 = 20 uF are in parallel, and C = 20 uF
is in series with them. V3, =10V and% =-5V.

a. (8 pts) Find the charge and voltage difference for each capacitor. Find Vp.

1 A A= =N, = (5
Cs

. N_hgq":h? | . 3

o CoAy IR SR T = = japt
B .g ,,f {/% ") o “‘*’::‘"f" bi% :??{}5 i {gﬁq éi’-\( H

G o leey) = TR @Y

‘ 0 = po o= | SORE '

e T R i

o e gM’”{ ol Ll «si““f o \; :%\;; %g¢:§§% u:’f; e “u

L"[:r By = 2= g SOV Ten AT ST
c _ g B

. e T - N . o 3 AVl ::égf\f%
AXG= AN, =N N é‘«»{*}?)w {;p , 50 @5 {;g 51";_%:‘{5} f“{*’% ol
o B = AL AV = 20l6) 212G
b. (8 pts) If, using insulating gloves, C3 is disconnected and then placed in parallel
with ¢ and Cs, find the new charge and voltage difference for each capacitor.
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6. A parallel plate capacitor has electrical energy 7.2 X 10|‘-5 ergs when connected fo a
6 V battery. It is now disconnecte

d from the battery. A slab of dielectric constant
x — 4 and nearly the same thickness as the capacitor is slid into the capacitor. -
a. (2 pts) What 1s the voltage difference now?
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b. (2 pts) What is the electrical energy now?

Ui AT o VAT AN ;?\Ea
g o ! e > fa] g ARt
ivgw = {»fé@i\é e

L3 kY o i {:F f}f&?f""‘zg % R §\W{E§“/ v
WO N ey oo O ) AT e 3 I epdS
sy L g - - - 5
L o/ UK /}, i~ M vau 5‘& j
c. (4 pts) Was the dielectric attracted, repelled, or did it feel no force when it was
part way in the capacitor, and why? (No reason, no credit.)
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7. (8 pts) You are given a voltaic cell with internal resistance of 4 {2. When shorted, it
briefly produces a current of 0.15 A. | '
a. (4 pts) Find its emf and the rate at which it energy discharged.y
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b. (4 pts) There is a certain load resistance for which this voltaic cell will provide
maximum power to load. Find that resistance and that maximum power.
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c. (4pts) A 100% efficient flashlight bulb produces 0.9 W when used with the AA
cell. If its resistance R is much larger than the cell’s internal resistance, find R

and the efficiency at which the battery produc
i }

es useful power.
i ¢ E ] - ’
; Al % %ﬁz;‘"& "é\. >

En %‘E&*’sw;ﬁu‘)? s, i{(:_%%fg
iﬁ% “Hhen ander <horhs

) %ﬁ‘%“&é}a{h LY ey r : mx;"‘
i &
N . {? L F
23 £ 3 {‘"} ?’m % 7
~, : %\3 - & a2 W
%‘)v TR R *

¢ Z
o A /. g
N g oo £ £ .
hij et/ e I "J:“ s f*?é‘ T
LT
- * %@EL - L . *’é‘\é}
s 3 .7 N :
o
R o~ = -
- O
— AL 0 M;ﬁ}
e ey i o
b ;7 i LTEh . 3



. » \{{Jggﬁ el }{i{@f

8. (6 pts) A sluiceway has length 80 m and cross-section 5 m?. Fish move thrqugh it
with average velocity 0.4 m/s, with each taking up a volume of 2 m®. Find the rate
at which the fish pass through the exit. If they each carry a charge of 1078 C, find
the electric current passing through the exit.
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9. A voltaic cell has internal resistance r = 0.25 and open circuit voltages across the
left and right electrodes of 0.2 V and 1.4 V, for a net emf of £ =1.2 V. It is in series
with a resistor B = 0.55 Q. Let V, = 0.3 V. The connecting wires have zero resistance.

a. (8 pts) Find the current, the voltage drops across the resistances, and sketch the

ltage around the circuit. = - U e
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b. (2 pts) If the voltaic cell discharges in 50 minutes, find its initial “charge” and
its initial energy.

10. (8 pts) Find the unknown currents, the unknown resistance, and the unknown emf for

the circuit in the figure. " s . o,
- (A)(6R) = I, R = 4 (R)
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11 (12 pts) For the circuit beiow take & = 8V, & = 11 V,E& =14V, ry = ' 0.01 Q)
ro = 0.04 ©, 73 =0.020, R=0.03 Q. (I] Indicate and 1&bei the directions of posztwe

currents and indicate the positive side of the voltage AV across R.'(2) Analyze the 1
circuit using Kirchoft’s rules. (3) Solve for the voltage across R. (4) Find the current 4
through R and the currents provided by each of the batteries. .
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12. The capacitor is uncharged 1n1t1a11y The switch is then closed at t = O Let £=8 V
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a. (8 pts) Find I, Ql, I 1 a.nd I just after the swmch is closed. E}tpiam
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b. (6pts) Find I, @1, I1, and I a long time after the swztch is closed Explam
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