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Multiple Choice

1. (3 marks) We place a point charge Q at the center of a cube of side L and another charge
Q (the same) at the center of a sphere of radius L. Which ghject (cube or sphere) will
have a larger electric flux passing through it? b = @ Same for cube
a) Cube € C. amd 4Pk¢r¢_

b) Sphere
€) Same electric flux passes through both
d) Cannot be determined

2. (2 marks) What is the direction of the electric field inside a positively charged solid
conductor that is in static equilibrium?
a) The electric field points towards the positive charges sitting on the surface
The electric field is zero
c) The electric field is going out of the charges sitting on the surface

3. (5 marks) Two capacitors C; and C, are fully charged separately using batteries AV; and
AV, (AV; > AV,), having charges Q4 and Q,, respectively. We then disconnect them from
their circuits and connect them together with the same polarity (positive plate to positive
plate, and negative plate to negative plate). Note that in this new configuration we only
have these two capacitors and no batteries. In this configuration, the capacitors will have
charges Q'; and Q', and potential differences across them AV'; and AV',. Which one is

true comparing Q; + Q to Q'; + Q' and AV] to AV}? E A= BV:

a) Qi1 +Q;>Q';+Q';and AV] > AV, ' "_}_ plutes are

b) Q;+0Q,<Q;+Q,andAV, <AV, , o :l = conneced

) Q+0Q;>Q1+Q,amdav] <ay; @@a=@tla il BT
1D Q +Q, =Q4 +Q;and AV] = AV; conservation of Tt

) Q+Q;=Q1+Q,andAV] >Av;  Chage




4. (5 marks) What happens to the charge and the potential difference across a fully charged
capacitor which is disconnected from the battery, if we place a dielectric with k > 1 in

between its plates? @ down’t change « Cons. of charge
. . -
a) Q %ncreases and AV increases AV decreme « E doe, Work to twn
b) Q increases and AV decreases . £
. . dipote moments =
¢) Q remains the same and AV increases
d) Q decreases and AV decreases 3""3! dlect
e) @emains the same and AV decreases
5. (5 marks) An insulating spherical shell of charge ¢ = —1 puC Cross-sectional view

(uniform volume charge distribution p) is placed inside a
conducting spherical shell with charge Q = +3 pC. What is the
charge on the outer surface of the conducting shell?

Conducting /'«

(&) +2uC E imside Conductor=-
B) +3uC Y R
. = =— = ln b 4 umer
¢) —luc €.d4 € = Qnner -‘”/‘C -
0 e Con 3 Quuter = +2Mc G5 aussian
e) 0 mer +Qouter = + /UC - Geuter = +3 U L e

6. (5 marks) If the potential difference between points a and b
1s 120 V, what is the charge stored on the 4 uF capacitor?

a) 120 uC AV acrmss 4 HF c4/>acn‘ar A%
480 uC

@30;1’6{ @ =CoV-= (th)(}aov) 430/1c

d) 1550 uC

4.0 uF

7. (5 marks) In the figure, Ry, = 1 Qand R, = 2 2, and
the ideal batteries have emfs of &g = 2V and ¢, = & =
4 V. What is the current passing through &;? Note that the
red arrows do not necessary show the correct direction of

the currents in the batteries. , . /
a) 0.66 A kirchhoffs rule

b) 1A
) 12A

@ 0.33 A




8. (5 marks) In the figure below, the rod is uniformly charged with linear
charge density +A. What is the electric potential at point P?

3R — 3R-X
b) k,A(2In(3) + m) J1 Veod = f:ke,l d" = kedOn(3)
@ koA (ln(S) + g) 7 L of my ﬂ R
d) 0 dv= ke B Vg o K [dy - e ose AR 0
Veod = ke A ()

Long Answer

Instruction:
You MUST submit your detailed solution, written on a white sheet of paper, through COLE.

9. (10 marks) In the circuit, £ = 1.2 kV, C = 6.5 mF,

R=R,=R3=1 MQ. With C completely uncharged, R S

switch S is suddenly closed (at #=0). Determine: + 2?5 Rﬁ% s
(a) at t=0, the current [; in resistor 1, current I> in | )
resistor 2, and current /3 in resistor 3? T

(b) As t - oo (when the capacitor is fully charged),

what are /;, I2, and /3? Describe your answer.

(c) If we open switch S when the capacitor is fully charged, how long will it take for the
current in resistors 2 and 3 to reach half its maximum value.

10. (10 marks) A particle of mass m and charge g is dropped from the height of h towards a
point charge @, which lies on the ground. What will be the minimum distance between
the charges? Treat the charges as particles (zero dimension).

Note: Provide your answer symbolically (in terms of m, q, Q, h, g, k.).

Formula you may need

e=16x10"19C 1m (mili) = 1073 lp=10"°
- 7] 2
=k, 227 E=1 ke =9x10% 22
q Cc
2 -
€ =885x10"12"— K =_mp? AV = — [E.d8
Nm ZAU N .
V=Sk? av =22 ¢z = [E.dd ="
r q ! €o
- Q 4 "
=2 C = keo % Up =%
AV = IR R=p - P = AVI (P = power)




CZ

U, = mgy €, = 8.85 x 10712 ~—

Parallel configuration: Cog=C1 +C3 + - e I
Req R1 Rz

Series configuration: Cieq = cil + clz + - Reg =Ry + Ry + -

t
Current in RC cireuit: ~ 1(£) = nax (1= €77),  T=RC

¢
I(t) = Ipgre °

2 2
Ue =2 =2c(av)? R== p=RI> =51



9. (10 marks) In the circuit, e= 1.2 kV, C = 6.5 mF, Ri=R>=R3=1 MQ. With
C completely uncharged, switch S is suddenly closed(at r=0). Determine:

(a) at t=0, the current/; in resistor 1, current /> in resistor 2,and current /3 in
resistor 3?

(b) As t — oo (when the capacitor is fully charged), what are 1;, I>, and 15?
Describe your answer.

(c) If we open switch S when the capacitor is fully charged, how long will it
take for the current in resistors 2 and 3 to reach half its maximum value.

R s ]
=4 R, %?[j
ki T 1

a) I mmdléliﬁv after the Switch 15 clused, Ca.)w.cr'/ar

15 empty of charge amd adz a a V_[/_l’e~
Rl Req
Jr“”"‘t £

fk; Ry —?
k/ kzk; ' Re1 k,-tk

Ez-tk3 kq-/s‘M—”—

|
]
-— | =
0 v
x [*
S IS
Y
]
9
x
°4
>

M > R
Rz 3

Aince R> and Rs are connected
n Pamlle?(AVlevs) amd R.=Rz :

I,- I3= 3/..(37)(1(;4/4) = ‘4)('0-4./4]




.

{b) As L 0, The c«Pacﬂor Tdlly chargey and
@ acts as an /hﬁn/éed? Garge  resistor

Is :o o — ’V"z’:ﬂ ]

& < %Rz - 1 |
3 -4 — " = Rl‘l’Ra-=J-x106_n_.
TI= £ - l'QXlg = 6x10 A B

Snee R, and R, are Conngcted n Serien:
/I;‘I.‘:.- 6)(!0—4/}( 6
c) When we open S, The leac/ébk dicharges

AM—

% -J— A’.z-rRs

Rz ¢ = E;D' &1 = aXlo _/L
_{:/

1= 5 Tn > 5 Fiux = Tiex © /Z-:Rc@

)‘7 - Y = On(l)= -2n)— t=T @n(a)= Rcln(2)

2
)

L= [a)(loé)(é.s‘xh;';)(o.éq) o 7x15 s /




1V. \1U miai I\D} N Pdl UILVIVU Ul 111Aadd 1711 allu Ulldlgc (x[ 1 UIUPPCU 11Ul1l uiv llclgllt vl
h towards a point charge @, which lies on the ground. What will be the
minimum distance between the charges? Treat the charges as particles (zero
dimension).

Note: Provide your answer symbolically (in terms of m, q,Q, h, g, k,).
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