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February 421 2006

Physics 241 — Iixam #1

This exam consists of 13 problems on 9 pages. Please check that you have them all.

Bach problem is worth 12 points except #13 which is worth § points. The maximum score
possible is 150.

All of the formulas that you will need are given below. You may also use a calculator.
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1. Six electrons are placed on a metal splicre. If the potential of the sphere i =35 V,
what is the radius of the sphere?

&
(a) 4.6 x 107 m l/:- ’7{2 _4)
(b) 9.0x 107° m a;) (é)("/féf'w
(¢) 41x10"% m /Lﬁ* _ (q::’io’,___——-—;——"‘"”
Cd) 25x10°my /L™ y - -5

(¢) 5.0x 1071 m
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2. Two thin insulating shells have radii B = 0.50 m and Ry = 1.5 m. Both shells are
charged uniformly: the outer shell has a total charge +3.5 C, while the inner shell
carries an unknown amount of charge. If the electric field outside the bigger shell is
zero, what is the electric potential difference between the two shells?

] Iy - L L
72*( /?2, s a’wd‘?(-g,ﬁ)(&§ !.r-) T, = 1/2 X’UN
”,,.-——(-a'}—ﬁ-.&-x..lﬂ__m V. with _the inner shell at a lower potential —::"."::;‘T:ﬁ_ |

& (b} 4.2 x 109 V with the inner shell at a lower potentia

c) B4x1l with the inner shell at a lower potentia

8.4 x 109 V with the i hell 1 ial
(d) 3.2 x 10!® V with the inner shell at a lower potential
(e) 6.3 x 10'° V with the inner shell at a higher potential



3. 'A hollow mctal sphere has a total charge of zcro. A point charge ¢ sits inside the
hollow cegion, slightly away from the center of the sphere as shown below. Wlhat is
the charge induced on the outer surface of the metal sphere?

(b) —@Q
(c) +Q/2
{d) —2Q

(e) zero

- '}'
4. Two infinite uniformly charged planes are separated by a distance L. The planéon\/
the left has a charge per unit area of —30, and is at V = 0. The plane on the right
has a charge per unit area +o0. What is the potential of the plane on the right?
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5. Three point charges are arranged as shown below. What is the clectric field at the
origin?
X
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(a) —0.71kQ/L*? along x Li A *
—0.71kQ/L? along y

+0.20kQ/L? along

+0.29kQ/L? along y y
(c) +0.50kQ/L? along x T

+0.50k@Q/L? along y
(d) +kQ/L? along z

+kQ/L? along ¥
(e) +(0.71)kQ/L? along z ' }2
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6. A point charge Q) is located as shown on the z axis a distance of 1.5 m from the origin.
A second point charge 5@ is located as shown an unknown distance L from the origin.
The electric field at the origin is zero. Find L.

Q 5Q
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1.5m L 4
(a) L=23m
(by L=45m A& - i%_.(.-E-Q)
(¢) L=75m (}TE)L /_,L
(d) L=15m L:Q,E,)J?
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7. Five clectrons are equally spaced around a semicircle of radius £ = 0.15 1n as showi,

What is the electric potential at the origin?
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(a) ~3.2x 1077V ——®
(b) +32x 1078V ‘
¢y —48x 1078V
(d) —-9.6x 108V e

(e) zero

)/Zk;"" SH-e)

/2

ni“r

8. Consider the circuit shown below, with By = 1.0 kQ, R; = 1.5 k§}, Ry = 2.5 k0,
Ry =20k, Vi =55V and V; = 3.5 V. What is the current through resistor R,?
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(a) 0.29 mA o -é/:;- 72;& ﬁ?
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(d) 2.3 mA Y, 5,57 2 N
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9. Consider the circuit shown below, with 77) = 3.0 kQ, By = 2.0k, ¢ = 5.0 ¢FF and a
battery voltage is Vi, = 90 V. The switch is initially opeu for a very long time. The
switclt is then closed atv ¢t = 0. What is the current through resistor £¥; the instant

after the switch is closed?
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(a) 1.8 mA
(b) zero

(¢) 7.9 mA
(d) 3.0mA
{e) 9.0 mA

10. Consider again the circuit in Problem 9 above. After the switch is closed for a very
long time, what is the charge on the capacitoc?

(a) 1.8 x 1075 C -t = O AN p =0
x 1075 C % oo B ﬁl
(b) 3.7 x 10 M Lot e 'fﬁﬂw\{

(c) zero
(d) 2.7 x 1075 C

(e) 4.5x10°° C Vbtf 7.0 . /‘QMA
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11. An electran moves a distance of 7.5 w1 through a region where the electric field £ is
coustant and parallel to the displacemnent. The clectron’s potential encrgy increases
by 9.5 x 107 J. What is the magnitude of £?

Ab{' 20

T JELUS 0.077%

00 V/m 3 / 0.9
(c) 0.59 V/m /E/ - / /é)fw

(d) 6.20 V/m
(e} 1.2 x 1072 V/m

12. Three identical capacitors are connected as shown. If the equivalent capacitance of
this combination is 37 uF, find C. C

P!
et

(c) 74 uF c+ 3 -
(d) 12 uF
- 29.F
= 25
H,.-::_‘__,,



Note: Problem 13 is worth 6 points.

13. In class we did a demonstration with a capacitor with nmiovable plates and an air gap.
We observed how the voltage across the capacitor varied as the plate separation d was
changed. Which of the following statements best describes this experiment?

(a) Inserting a dielectric between the plates increases the capacitance.
{b) The voltage difference depends on the charge on the capacitor.

(¢) The RC time constant does not depend ou the plate spacing.

@ e voltage decreases as the plate separation is decreased, because the capacitance
fets bigger as d is made smaller.

(e) Capacitors with movable plates are designed to torment students.

The End



