PHY 2049 Exam #1 Solutions — Fall 2012

1. Two identical conducting spheres A and B cangyal charge Q. They are separated by a
distance much larger than their diameters. A tidehtical conducting sphere C carries charge
2Q. Sphere C is first touched to A, then to B, aindlly removed. As a result, the electrostatic
force between A and B, which was origindlybecomes:

Solution:

After C touches A,Q, = Q¢; Q1+ Qc=3Q= Q4 =0Q¢ = %.
5Q 5Q

Then C touches BRz = Q'¢; Qg +Q'c = =0 =0Q'c =~
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2. In the figure shown, what is the magnitude efrlet electric force (in N) exerted on charge q
by charges gand @, given that g= 3 nm and g= 6 nm?
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Solution:
The x and y components of Coulomb force g

24ke? “10 2ke? -10
== 154X 107N; B, =~ = 051 x 107N
2 1

The net force i = \/F2 + F? = 1.6 X 1071°N.

3. Four charges are at the corners of a square Bxéind C on opposite



corners. Charges A and D, on the other two corners, have equal

+
charge, while both B and C have a charge of +1.0 C. What is the charge A Bg*1 Coul
on A so that the force on B is zero?

Solution: N D
+1 Cou

Let the side of the square to be a. The Coulomie®on charge C
A and Dadd up to a force along the diagonal direction.tRemel
force on B to be zero, we need
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2 cos 45° > > =
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Solving for Q, we have = ——2%— = —0.35C.

4 cos45°

4. Two charges,icgnd g lie a distance d = 3 cm apart on tl-axis. Charge gs located at the
origin and g is located at x = 3 cm. At what position on tl-axis (in cm) is the magnitude
the electric field equal to zero?
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Solution:

The electric field can only vanish between the two positive charges. The fields from two charges must

have the same magnitude
k(2e) _ k(4e)

x2  (d-x)?

Solve for x, we find x=1.24 cm.

5. The diagrams below depict four different chargériiistions. The charged particles are
the same distance from the origin. The electaldfat the origir
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A) is zero for situation 4



6. Three large parallel charged insulating sheate Itharge per unit area®f= 2 pC/n?, o,=
-4 uC/n’, o3. What is the charge density of sheet 3, in ordetife electric field to be zero in
the region between sheets 2 and 37?

Solution:

In the region between sheets 2 and 3, the eldilitis given byE = 2%1 to— 2%3 In order
0 0 0
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for the electric field to be zero, we hawg= 0;+0, = -2 ”—CZ
m

7. A conducting sphere of radius 1 cm is surrounaed conducting spherical shell of inner
radius 3 cm and outer radius 4cm. If the electaldfat r=2 cm is going outwards with
magnitude 300 V/cm and at r=5 cm is also going auts with magnitude 300 V/cm. What is
the net charge on conducting spherical shell?

Solution:

Make a Gauss surface consists of sphere of ragit® e¢m and sphere of radiys* 5 cm with
the conducting spherical shell inside the Gausaser Apply Gauss’ law, we have

nghell — fﬁ . dA) = 47'[7"22E2 - 47Tr:L2E1
0

Using the data of the problemg@=7 nC. Alternatively, using shell theorem, we have

_ Qsphere . E, = Qsphere + Qshell
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Solve them to find charges«Q=7 nC.

8. Choose the INCORRECT statement:

A) According to Gauss' law, if a closed surfaceleses no charge, then the electric field must
vanish everywhere on the surface

9. ChargeQ is distributed uniformly throughout an insulatisyghere of radiuR. The magnitude
of the electric field at a pointR23 from the center is:

Solution:

Applying Gauss’ law to a spherical surface of radifr<R), we have
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10. A 3.5-cm radius hemisphere contains a totaigdof 6.6x 10 C. The flux through the
rounded portion of the surface is 80" N Cm?/C. The flux through the flat base is:

Solution:

Applying Gauss’ law to surface of the hemisphere have

Q_ E-dﬁ:j E-d/f+J E-dA
&o base top
L . Q - . 66%x1077 . ,Nm?
f E-dA=——f E-dA=—_12—9.8><10 =-23x%x10 g
base & top 8.85x 10 c

11. Two conducting spheres are far apart. The smgjtleere carries a total charge of Q. The
larger sphere has a radius three times that dfrttadler sphere and is neutral. After the two
spheres are connected by a conducting wire, thggeba@n the smaller and larger spheres,
respectively, are:

Solution:

The charge Q will be shared between the two splserdisat the potentials on them, (&hd \%)
become equal (with difference of potentials becanzero, there will be no current through the
wire connecting the two spheres). The charge aeduiy the larger sphere will be g, the charge
left on the smaller sphere will be Q-q.



V, = Qr_q k+%k = Qr_q k (since distance D between the spheres is vegg)ar
V, = Q-9 k+ﬂk:ﬂk (since distance D between the spheres is vegg)ar
D 3 P w
RequireV, =V,
—Q -9 k= ﬂ k
r 3r
From where:

=231Q (charge on the larger sphere)

Q-g= %Q (charge on the smaller sphere)

12. A particle with a charge of 5:510°°C is fixed at the origin. A particle with a chargle-2.3
x 10°°C is moved fronx = 3.5 cm on the axis toy = 4.3 cm on thg axis. The change in
potential energy of the two-particle system is:

Solution:

Potential energy at the beginningj:= % k

1
rf
wherer, andr, are distances between charges at the beginningtahd end.

Potential energy at the end;

From where:
( )
AU =U, -U, z%kkri'% = 6.0x10° J
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13. In separate experiments, four different partickeshestart from far away with the same speed
and impinge directly on a gold nucleus. The maasescharges of the particles are

particle 1: massy, chargeyo

particle 2: massrf, charge 8o
particle 3: massrf,, chargegy/2
particle 4. masay/2, charge &

Rank the particles according to the distance afedbapproach to the gold nucleus, from
smallest to largest.



Solution:

Potential energy at the beginningj:= Q—ng =0 (particles are far apart)

rn\/2
Kinetic energy at the beginningE, = —

Potential energy at the end; Qq

Kinetic energy at the beginningEf =0

From energy conservation:

r:2Q—i<EI(1
v:m

Ranking of the closest approach to the gold nud@mmes from g/m:

- particle 3 has the smallest g/m = Mg/m, and, hence, comes the closest

- particle 4 has the largest g/m &#/m, and, hence, comes the last in ranking

- particles 1 and 2 have equal g/mAq, and, hence, come tie in between particles 3 and 4

14. Two conducting spheres have radiRpfandR;. If they are far apart the capacitance is
proportional to:

Solution:

The capacitance between two objects is, by desmitC = Q /AV, where Q and —Q are charges
placed on the two objects aA¥ is the difference of potentials between the twgeots
produced by the two charges.

V, = (Rgl _S -Q k (since distance D between the spheres is vegg)ar
_Q,.Q _Q . . .
V, = R kK+—= k —k (since distance D between the spheres is vagg)lar
av =2k [ QkJ - k2R
R RR,
c-Q_RR 1

AV R+R k

15. What is the equivalent capacitance of the caatlmn shown?
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Solution:

The top two capacitors are connected in series:

1/C=1/12 + 1/24 . From where€8 pF

Next step: 8 and 1@F capacitors are connected in parallel C = 8 + PR gF



The last step: the two 3F capacitors are connected in series. The equivedgracitance is 10
MF.

16. An air-filled parallel-plate capacitor has @aeitance of 3 pF. The plate separation is then
tripled and a wax dielectric is inserted, compleféling the space between the plates. As a
result, the capacitance becomes 6 pF. The diatemiristant of the wax is:

Solution:

Initial capacitanc&, = %

Ac .k

Final capacitanc€, =

G,
From wherex = 33 =6

17. A certain wire has resistance R. Another wofeéhe same material, has half the length and
half the diameter of the first wire. The resistantéhe second wire is:

Solution:



Resistance of the first wife = p%

(L/2) . L _
=2p— =2R
a2y P

mZ

Resistance of the second wite= p

18. A certain resistor dissipates 0.5 W when cotatko a 3 V potential difference. When
connected to a 1 V potential difference, this tesiwill dissipate:

Solution:

2
PowerdessipatedvhenresistorRisconnectedoV, =3V : W, = \%

2

Fromhere:R = Vi
Wl
. : _ Vv, A
Powerdessipatethy thesameesistorR connectedoV, =1V : W, =—= =W, = =
R \'A

0056W

19. In the figure shown, what is the current thiotlye 5Q resistor?

Solution:



Junction rule for currents: i =i, +i,
Potential rule for the loop No.1: -100-3+8-100 +5=0
Potential rule for the loop No.2:  —20, —5[1, -100-3+8-3[1, =0

From where one can find that: i,=0, i=i;,=05A

20. A 15Q resistor and a 1j6F capacitor are connected in series to a 12 Viyatte
Att = 0.6 ms after the connection is made, what isthieent in the circuit?

Solution:

EMF

i(0)="%

e'™ =0.066 A



