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⋄ Answer all the questions.
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itly and 
learly.
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1. A) A non-uniform positive line 
harge of length L = 1.0 m is put

along the x-axis as shown in the �gure, where x0 = 2.0 m. The

linear 
harge density is given by λ(x) = 4x3 C/m4
.

i Find the total 
harge on the rod.

ii Find the magnitude and dire
tion of the

total ele
tri
 �eld, E, 
reated by the line


harge at the origin by using integration.

1



B) A parallel plate 
apa
itor has the surfa
e area A and the plate to

plate distan
e d and air �lled between the plates (see the Figure

(a)). It has the 
apa
itan
e C0 and it is initially 
harged to q0.
Then the region under the area A/4 and the area 3A/4 are �lled

with diele
tri
s κ1 = 8 and κ2 = 4 respe
tively as seen in the

Figure (b).

i Find the new 
apa
itan
e in terms of C0.

ii Find the the new ele
trostati
 energy, U ,
of the diele
tri
 
apa
itor in terms of U0

if U0 is the energy stored in the air �lled


apa
itor.

2



2. In Figure, four parti
les form a square. The parti
les have 
harges

q1 = 100 nC, q2 = −100 nC, q3 = 200 nC, q4 = −200 nC, and
distan
e a = 5.0 cm.

i What are the x and y 
om-

ponents of the net ele
trostati


for
e on parti
le 3?

ii If the 
harges were q1 = q4 = Q
and q2 = q3 = q. What is Q/q
if the net ele
trostati
 for
e on

parti
les 1 and 4 is zero?

3



3. A proton moves at 4.5× 105 m/s in the horizontal dire
tion. It enters

a uniform verti
al ele
tri
 �eld with a magnitude of 9.6× 103 N/C.

Ignoring any gravitational e�e
ts, �nd

i the time required for the proton to travel

5 
m horizontally,

ii the verti
al displa
ement during that

time,

iii the horizontal and verti
al 
omponents

of the velo
ity after the proton has trav-

eled 5 
m horizontally.

4



4. Consider a 
losed triangular box resting within a horizontal ele
tri


�eld of magnitude E = 7.80×104 N/C as shown in �gure given below.

Cal
ulate the ele
tri
 �ux

through

i the in
lined surfa
e.

ii the entire surfa
e of the

box.

5



5. Two non-
ondu
tive rods are lo
ated on x-axis. The �rst rod has a

length of 10 cm and the se
ond one has a length 20 cm. A 
harge of

q = −5× 10−15 C is uniformly distributed along the ea
h length. The

distan
e between the 
entres of the rods is 40 cm. Find themagnitude

of the ele
tri
 potential at the middle of the distan
e between the


entres of the rods. (Hints:

∫
dx/(A − x) = −ln|A − x| + C and∫

dx/(x−A) = ln| −A + x|+ C)

6
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1. A) In �gure given below, parti
le 1 of 
harge q1 = 4e is above a �oor

by distan
e d1 = 2.00 mm and parti
le 2 of 
harge q2 = 6e is on

the �oor, at distan
e d2 = 6.00 mm horizontally from parti
le 1.

What is the x 
omponent of the ele
tro-

stati
 for
e on parti
le 2 due to parti
le

1?

1



B) An ele
trometer is a devi
e used to measure stati
 
harge-an un-

known 
harge is pla
ed on the plates of the meter's 
apa
itor, and

the potential di�eren
e is measured. What minimum 
harge 
an

be measured by an ele
trometer with a 
apa
itan
e of 50 pF and

a voltage sensitivity of 0.15 V ?

2



2. At some instant the velo
ity 
omponents of an ele
tron moving between

two 
harged parallel plates are vx = 3 × 105 m/s and vy = 5.0 ×
103 m/s. Suppose the ele
tri
 �eld between the plates is given by

~E = (180N/C)ĵ. In unit-ve
tor notation, what are

i the ele
tron's a

eleration in that �eld

ii the ele
tron's velo
ity when its x 
oordinate has 
hanged by 2.4


m?

3



3. Two non-
ondu
tive rods are lo
ated on x-axis. The �rst rod has a

length of 10 cm and the se
ond one has a length 20 cm. A 
harge of

q = −5× 10−15 C is uniformly distributed along the ea
h length. The

distan
e between the 
entres of the rods is 40 cm. Find themagnitude

of the ele
tri
 potential at the middle of the distan
e between the


entres of the rods. (Hints:

∫
dx/(A − x) = −ln|A − x| + C and∫

dx/(x−A) = ln| −A + x|+ C)

4



4. Figure shows a spheri
al shell with uniform volume 
harge density ρ =
1.56× 10−9 C/m3

, inner radius a = 10 cm, and outer radius b = 2.00a.

What is the magnitude of the

ele
tri
 �eld at radial distan
es

i r = 1.5a

ii r = 3.00b

Hints: Use Gauss' Law. Volume of the spheri
al shell:

4

3
π(b3 − a3).

5



5. Four 
apa
itors are 
onne
ted as shown in Figure.

i Find the equivalent 
apa
itan
e between points

a and b.

ii Cal
ulate the 
harge on ea
h 
apa
itor if∆Vab =
15.0 V .

6
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1. A) In Figure, four parti
les form a square. The parti
les have 
harges

q1 = 100 nC, q2 = −100 nC, q3 = 200 nC, q4 = −200 nC, and
distan
e a = 5.0 cm.

i What are the x and y 
om-

ponents of the net ele
trostati


for
e on parti
le 3?

ii If the 
harges were q1 = q4 = Q
and q2 = q3 = q. What is Q/q
if the net ele
trostati
 for
e on

parti
les 1 and 4 is zero?

1



B) The density of 
ondu
tion ele
trons in aluminum is 2.1×1029 m−3
.

What is the drift velo
ity in an aluminum 
ondu
tor that has a

2.0 µm by 3.0 µm re
tangular 
ross se
tion and when a 32.0 mA


urrent �ows through the 
ondu
tor?

2



2. At some instant the velo
ity 
omponents of an ele
tron moving between

two 
harged parallel plates are vx = 3 × 105 m/s and vy = 5.0 ×
103 m/s. Suppose the ele
tri
 �eld between the plates is given by

~E = (180N/C)ĵ. In unit-ve
tor notation, what are

i the ele
tron's a

eleration in that �eld

ii the ele
tron's velo
ity when its x 
oordinate has 
hanged by 2.4


m?

3



3. A small, non
ondu
ting ball of mass m = 2 × 10−6 kg and 
harge

q = 4.0 × 10−8 C (distributed uniformly through its volume) hangs

from an insulating thread that makes an angle θ = 60◦ with a verti
al,

uniformly 
harged non
ondu
ting sheet (shown in 
ross se
tion).

Considering the gravitational for
e on the ball

and assuming the sheet extends far verti-


ally and into and out of the page, 
al
ulate

the surfa
e 
harge density σ of the sheet.

(Hint: The ball is in equilibrium (sta-

tionary).)

4



4. Two very thin non-
ondu
ting rods are pla
ed together as shown. Both

rods have lengths of L and they 
arry uniform 
harges of +q and −q
over their lengths. Find the potential at point P at a distan
e a and

d from the positively and negatively 
harged rods as shown. Don't

perform integration.

5



5. The parallel plate 
apa
itors in the given 
ir
uit have the same plate

area A and plate separation d. The 
apa
itan
e of the air-�lled 
apa
-

itor is C1 = 6.0µ F . A diele
tri
 slab of diele
tri
 
onstant κ = 2.0
is pla
ed between the plates of the se
ond 
apa
itor as shown. The

voltage a
ross the 
ombination of 
apa
itors is ∆V = 20 V and the


apa
itors are fully 
harged.

i Find the equivalent 
apa
itan
e of the


ombination of 
apa
itors.

ii Cal
ulate the energy stored in ea
h 
a-

pa
itor.

iii Cal
ulate the ele
tri
 �eld in the se
ond


apa
itor if the area of the 
apa
itor is

100 cm2
.

6
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1. A) In �gure, all four parti
les are �xed in the xy−plane, and q1 =
−3.20 × 10−19 C, q2 = +3.20 × 10−19 C, q3 = +6.40 × 10−19 C,
q4 = +3.20 × 10−19 C, θ1 = 35.0◦, d1 = 3.00 cm and d2 = d3 =
2.00 cm.

What are the magnitude and dire
tion of the

net ele
trostati
 for
e on parti
le 4 due to the

other three parti
les?

1



B) The density of 
ondu
tion ele
trons in aluminum is 2.1×1029 m−3
.

What is the drift velo
ity in an aluminum 
ondu
tor that has a

2.0 µm by 3.0 µm re
tangular 
ross se
tion and when a 32.0 mA


urrent �ows through the 
ondu
tor?

2



2. Semi
ir
ular wire shown in �gure below has a non-uniform 
harge dis-

tribution λ(θ) = λ0Cosθ.

Find the ele
tri
 �eld at point P in unit ve
tor

notation and in terms of total 
harge Q.

(Hint:

∫
Cos2axdx = x/2 + Sin2ax/4a)

3



3. Figure shows a spheri
al shell with uniform volume 
harge density ρ =
(1.56×10−9 C/m3

, inner radius a = 10 cm, and outer radius b = 2.00a.

What is the magnitude of the

ele
tri
 �eld at radial distan
es

i r = 1.5a

ii r = 3.00b

Hints: Use Gauss' Law. Volume of the spheri
al shell:

4

3
π(b3 − a3).

4



4. The ele
tri
 potential at points in an xy plane is given by V = 4x2−2y3.
In unit ve
tor notations, what is the ele
tri
 �eld at point (1m, 2m)?

5



5. In �gure below, the parallel plate 
apa
itor of plate area 2×10−2 m2
is

�lled with two diele
tri
 slabs , ea
h with thi
kness 2.00 mm. One slab

has diele
tri
 
onstant 3.00, and the other, 4.00 . How mu
h 
harge

does the 7.00V battery store on the 
apa
itor?

6
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1. A) A point 
harge q1 = 8 nC is at the origin and a se
ond point 
harge

q2 = 12 nC is on the x-axis at x=4 m. Find the net ele
tri
 for
e

they exert on q3 = −5 nC lo
ated on the y-axis at y=3.0 m in

ve
tor notation, magnitude and angle.

1



B) Semi
ir
ular wire shown in �gure below has a non-uniform 
harge

distribution λ(θ) = λ0Cosθ.

Find the ele
tri
 �eld at point P in unit ve
tor

notation and in terms of total 
harge Q.

(Hint:

∫
Cos2axdx = x/2 + Sin2ax/4a)

2



2. A proton moves at 4.5× 105 m/s in the horizontal dire
tion. It enters

a uniform verti
al ele
tri
 �eld with a magnitude of 9.6× 103 N/C.

Ignoring any gravitational e�e
ts, �nd

i the time required for the proton to travel

5 
m horizontally,

ii the verti
al displa
ement during that

time,

iii the horizontal and verti
al 
omponents

of the velo
ity after the proton has trav-

eled 5 
m horizontally.

3



3. Figure below shows a se
tion of a 
ondu
ting rod of radius R1 =
1.30 mm and length L = 11.00 m inside a thin-walled 
oaxial 
on-

du
ting 
ylindri
al shell of radius R2 = 10.0R1 and the (same) length

L. The net 
harge on the rod is Q1 = +3.40 × 10−12 C; that on the

shell is Q2 = −2.00Q1

i What are the magnitudeE and dire
tion

(radially inward or outward) of the ele
-

tri
 �eld at radial distan
e r = 2.00R2?

ii What are E and the dire
tion at r =
5.00R1?

iii What is the 
harge on the interior and

exterior surfa
e of the shell?

4



4. An ele
tri
 dipole of two opposite 
harges of magnitude q = 1.50 µC,
separated by a distan
e d = 1.20 cm is pla
ed near an in�nitely large

plane of 
harge of uniform 
harge density σ = 1.77 µC/m2
. The axis of

the ele
tri
 dipole makes an angle of ϕ = 37◦ with the plane, as shown

in the �gure.

i Find the magnitude of the ele
tri
 �eld due to

the plane. Show its dire
tion on the �gure.

ii Cal
ulate the magnitude of the ele
tri
 dipole

moment. Show its dire
tion on the �gure.

iii Cal
ulate the magnitude of the torque a
ting

on the ele
tri
 dipole. Show its dire
tion on the

�gure.

iv How mu
h work must be done by an external

agent to turn the ele
tri
 dipole by 90◦ in 
lo
k-

wise dire
tion?

5



5. Four 
apa
itors are 
onne
ted as shown in Figure.

i Find the equivalent 
apa
itan
e between points

a and b.

ii Cal
ulate the 
harge on ea
h 
apa
itor if∆Vab =
15.0 V .

6
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1. A) In Figure, four parti
les form a square.

The parti
les have 
harges q1 = −q2 =
100 nC and q3 = −q4 = 200 nC, and
distan
e a = 5.0 cm. What are the x
and y 
omponents of the net ele
tro-

stati
 for
e on parti
le 3?

1



B) In Figure (a), parti
le 1 (of 
harge q1) and parti
le 2 (of 
harge

q2) are �xed in pla
e on an x-axis, 8.00 cm apart. Parti
le 3 (of


harge q3 = +8.00× 10−19 C) is to be pla
ed on the line between

parti
les 1 and 2 so that they produ
e a net ele
trostati
 for
e

F3,net on it.

Figure (b) gives the x 
omponent of that

for
e versus the 
oordinate x at whi
h par-

ti
le 3 is pla
ed.The s
ale of the x axis is

set by xs = 8.0 cm.

i What is the sign of 
harge q1?

ii What is the ratio q2/q1?

2



2. In the �gure below, a non
ondu
ting rod of length L = 8.15 cm has a


harge q = −4.23 fC uniformly distributed along its length.

i What is the linear 
harge density of the

rod?

ii What are the magnitude and dire
tion

(relative to the +x-axis) of the ele
tri


�eld produ
ed at point P , at distan
e

a = 12.0 cm from the rod?

iii What is the ele
tri
 �eld magnitude pro-

du
ed at distan
e a = 50.0 cm by the

rod?

iv What is the ele
tri
 �eld magnitude pro-

du
ed at distan
e a = 50.0 cm by

a parti
le of 
harge q = −4.23 fC that

repla
es the rod?

3



3. An in�nitely long 
ylindri
al insulating shell of inner radius a and outer

radius b has a uniform volume 
harge density ρ. A line of uniform linear


harge density λ, is pla
ed along the axis of the shell. Determine the

ele
tri
 �eld in the following regions:

i r < a

ii a < r < b

iii r > b

4



4. Two very thin non-
ondu
ting rods are pla
ed together as shown. Both

rods have lengths of L and they 
arry uniform 
harges of +q and −q
over their lengths. Find the potential at point P at a distan
e a and

d from the positively and negatively 
harged rods as shown. Don't

perform integration.

5



5. For the system of 
apa
itors shown in Figure,

�nd

i the equivalent 
apa
itan
e of the

system,

ii the potential a
ross ea
h 
apa
itor,

iii the 
harge on ea
h 
apa
itor.

6


