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1. A) In the figure below, a central particle of charge —2¢ is surrounded
by a square array of charged particles, separated by either distance
d or d/2 along the perimeter of the square.
7
+2¢ ol +4q
B d i What are the magnitude and direction
of the net electrostatic force on the cen-
-5q¢ ¢-3¢q . .
tral particle due to the other particles?
_9g (Hint: Some forces on the central
+3¢1 . particle cancel each other!)
ii What is the work you need to apply to
_Sql °-H . . .
bring central particle to its place from
infinity?
+4q - +2¢
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B) A proton moves at 4.50 x 10° m/s in the horizontal direction. It
enters a uniform vertical electric field with a magnitude of 9.60 x
10® N/C.

Ignoring any gravitational effects, find

i the time required for the proton to travel
5.00 cm horizontally,

.. . . . \4
ii the vertical displacement during that @&——
time,

iii the horizontal and vertical components
of the velocity after the proton has trav-
eled 5.00 cm horizontally.
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2. A positive point charge q;=8 nC is on the x-axis at x;= -1 m, a second
positive point charge ;=12 nC is on the x-axis at xo=3 m. Find the

net electric field (a) at point A on the x-axis at x=6 m, and (b) at
point B on the x-axis at x—=2 m.
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3. A small, nonconducting ball of mass m = 2 x 107% kg and charge
q = 4.0 x 1078 C (distributed uniformly through its volume) hangs
from an insulating thread that makes an angle § = 30° with a vertical,
uniformly charged nonconducting sheet (shown in cross section).

+
T

Considering the gravitational force on the ball
and assuming the sheet extends far verti-
cally and into and out of the page, calculate
the surface charge density o of the sheet.
Hint: The ball is in equilibrium (station-

ary).
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4. The electric potential at any point on the central axis of a uniformly
charged disk is

P

<

o

Vo2 (vATR )
260

Starting with this expression, derive an ex-

pression for the electric field at any point

on the axis of the disk.

/‘)7;1 /—50/71/{ on The anes quaéj;é—-—)i—éékéég/a%

Fo-3V .

&

22

"'_._—.

((£L+K2j/2 )]

="0‘- ,/ * l-//& ..]'k
ZCI@M) 2e -1 @

2'5 ({— \/221%2] @




5. For the system of capacitors shown in Figure;

3.00 uF 6.00 uF

c
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2.00 «F 4.00 uF
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Find

i the equivalent capacitance of the

system,

ii the charge on each capacitor,

iii the potential across each capacitor.
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1. A) A non-uniform positive line charge of length L = 1.0 m is put
along the z-axis as shown in the figure, where ¢y = 2.0 m. The
linear charge density is given by \(z) = 423 C'/m?.

y i Find the total charge on the rod.
A=ax3

ii Find the magnitude and direction of the
x  total electric field, E, created by the line
charge at the origin by using integration.
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B) A parallel plate capacitor has the surface area A and the plate to
plate distance d and air filled between the plates (see the Figure
(a)). It has the capacitance Cy and it is initially charged to go.
Then the region under the area A/4 and the area 3A /4 are filled
with dielectrics k1 = 8 and ko = 4 respectively as seen in the

Figure (b).

i Find the new capacitance in terms of Cj.

A | % Al4 | 30y N .
- ii Find the the new electrostatic energy, U,

5“ ar |’) |K|| K, |ia‘ . . . .
of the dielectric capacitor in terms of Uy
{!, “!, if Uy is the energy stored in the air filled
capacitor.
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2. In Figure, four particles form a square. The particles have charges
g1 = 100 nC, ¢ = —100 nC, g3 = 200 nC, g4 = —200 nC, and
distance a = 5.0 cm.

1 & |9 i What are the x and y com-
ponents of the net electrostatic
force on particle 37

ii If the charges were ¢ = ¢4 = Q)
and ¢ = g3 = q. What is Q/q
if the net electrostatic force on

Ty o7 I particles 1 and 4 is zero?
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3. A proton moves at 4.5 X 10° m/s in the horizontal direction. It enters
a uniform vertical electric field with a magnitude of 9.6 x 10* N/C.

Ignoring any gravitational effects, find

i the time required for the proton to travel
5 cm horizontally, E

.. i . . \4
ii the vertical displacement during that @&——
time,

iii the horizontal and vertical components
of the velocity after the proton has trav-
eled 5 cm horizontally.

tHﬁ =y X JJ/S L E= ‘.}L"Kff-f"\r}"‘(
=\l + -0 (ﬂfﬁgtcﬁ,om&d

o *cZ & axzf' e aﬂt<,

q& = ma | _ |
AL~y Ab=SH0 frl Il RID S = s

’ ) oy = \L;.‘_ -\ O |
At & SR ;w/ A
-r() e s = £ c(—D L pE. (/éx/ﬁ )/"J &LCL‘KQL?-J/J: 2
W) ey = /-‘@ > ,-;5, (D ( 7.67X/(C [) ;
ke g : il - :
Y=Yz :lz},&g LT~ oy = .h z:;’z‘ z’(; z/xmng,ﬁ}rm/a )
::§-63¢</Om=‘;- 5 i

giw’f i) 7 10 & ) 1028

i) G =W, = ¢ sao s
Yy = Lﬁ}fgé: zl_;t"



4. Consider a closed triangular box resting within a horizontal electric
field of magnitude F = 7.80 x 10* N/C as shown in figure given below.

Calculate the electric flux
B through

i the inclined surface.

ii the entire surface of the
box.
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5. Two non-conductive rods are located on z-axis. The first rod has a
length of 10 ¢m and the second one has a length 20 ¢m. A charge of
g = —5x 107 O is uniformly distributed along the each length. The
distance between the centres of the rods is 40 cm. Find the magnitude
of the electric potential at the middle of the distance between the
centres of the rods. (Hints: [dz/(A —z) = —InJ]A — z| + C and
[dx/(x —A)=In|— A+ z|+C)
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1. A) In figure given below, particle 1 of charge ¢; = 4e is above a floor
by distance d; = 2.00 mm and particle 2 of charge ¢o = 6e is on
the floor, at distance dy = 6.00 mm horizontally from particle 1.

T 1 What is the x component of the electro-
d, static force on particle 2 due to particle
| 2 17
- —x

2| A ) ad A
192]19)) R §92 =2 =

i |
Bpr? e M I

o
~
i
x
&
plf
e fi
tq
(S
S

= (@xzcﬁﬁ % (6xto™m



B) An electrometer is a device used to measure static charge-an un-
known charge is placed on the plates of the meter’s capacitor, and
the potential difference is measured. What minimum charge can
be measured by an electrometer with a capacitance of 50 pF and
a voltage sensitivity of 0.15 V7
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2. At some instant the velocity components of an electron moving between
two charged parallel plates are v, = 3 x 10° m/s and v, = 5.0 x
10® m/s. Suppose the electric field between the plates is given by
E = (180N/C)j. In unit-vector notation, what are

i the electron’s acceleration in that field

ii the electron’s velocity when its x coordinate has changed by 2.4
cm?
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o = 2990 N (D OD

2= 7. 288457
SRS ﬂmﬁ% (F)= 63 /é'xm’m,.(jJ_}
'ﬂ) Ax= -, 0224 X/6 1 €10 maﬁ@ath@

% d&. By at
(D L%v’- D L 9 D _pt
<. s %
~ &f‘}ﬁg—’?“ $xl0 = > g_fxfom/ @M"”d‘}/z)(j”m’) w
=> lzmo‘%_/gw.z;zw%/:?) @ o




3. Two non-conductive rods are located on z-axis. The first rod has a
length of 10 ¢m and the second one has a length 20 ¢m. A charge of
g = —5x 107 O is uniformly distributed along the each length. The
distance between the centres of the rods is 40 cm. Find the magnitude
of the electric potential at the middle of the distance between the
centres of the rods. (Hints: [dz/(A —z) = —In|]A — z| + C and
[dx/(x —A)=In|— A+ z|+C)
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4. Figure shows a spherical shell with uniform volume charge density p =
1.56 x 1072 C'/m3, inner radius a = 10 ¢m, and outer radius b = 2.00a.

What is the magnitude of the

: < electric field at radial distances
N N ir=15a
¥ 5 ii = 3.00b

Hints: Use Gauss’ Law. Volume of the spherical shell: $7(b* — a®).
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5. Four capacitors are connected as shown in Figure.

i1
1 1 i Find the equivalent capacitance between points
15.0 3.00 db
2 uF uF b a and b.
.00 20.0 ii Calculate the charge on each capacitor if AV,, =
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1. A) In Figure, four particles form a square. The particles have charges
q1 = 100 nC, g = —100 nC, g3 = 200 nC, g4 = —200 nC, and
distance a = 5.0 cm.

1 & |9 i What are the x and y com-
ponents of the net electrostatic
force on particle 37

ii If the charges were ¢ = ¢4 = Q)
and ¢ = g3 = q. What is Q/q
if the net electrostatic force on

Ty o7 I particles 1 and 4 is zero?
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B) The density of conduction electrons in aluminum is 2.1 x 102 m 3.

What is the drift velocity in an aluminum conductor that has a
2.0 pm by 3.0 um rectangular cross section and when a 32.0 mA
current flows through the conductor?
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2. At some instant the velocity components of an electron moving between
two charged parallel plates are v, = 3 x 10° m/s and v, = 5.0 x
10® m/s. Suppose the electric field between the plates is given by
E = (180N/C)j. In unit-vector notation, what are

i the electron’s acceleration in that field

ii the electron’s velocity when its x coordinate has changed by 2.4
cm?
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o = 2990 N (D OD

2= 7. 288457
SRS ﬂmﬁ% (F)= 63 /é'xm’m,.(jJ_}
'ﬂ) Ax= -, 0224 X/6 1 €10 maﬁ@ath@

% d&. By at
(D L%v’- D L 9 D _pt
<. s %
~ &f‘}ﬁg—’?“ $xl0 = > g_fxfom/ @M"”d‘}/z)(j”m’) w
=> lzmo‘%_/gw.z;zw%/:?) @ o




3. A small, nonconducting ball of mass m = 2 x 107% kg and charge
q = 4.0 x 1078 C (distributed uniformly through its volume) hangs
from an insulating thread that makes an angle § = 60° with a vertical,
uniformly charged nonconducting sheet (shown in cross section).

+
T

Considering the gravitational force on the ball
and assuming the sheet extends far verti-
cally and into and out of the page, calculate
the surface charge density o of the sheet.
(Hint: The ball is in equilibrium (sta-
tionary).)

4 m, q
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4. Two very thin non-conducting rods are placed together as shown. Both
rods have lengths of L and they carry uniform charges of +¢ and —¢q
over their lengths. Find the potential at point P at a distance a and
d from the positively and negatively charged rods as shown. Don’t
perform integration.

P
R T o R e P
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5. The parallel plate capacitors in the given circuit have the same plate
area A and plate separation d. The capacitance of the air-filled capac-
itor is C7 = 6.0u F. A dielectric slab of dielectric constant x = 2.0
is placed between the plates of the second capacitor as shown. The
voltage across the combination of capacitors is AV = 20 V and the
capacitors are fully charged.

Cy G i Find the equivalent capacitance of the
I I Ilﬂl combination of capacitors.

ii Calculate the energy stored in each ca-
pacitor.

l. iii Calculate the electric field in the second
I capacitor if the area of the capacitor is
100 cm?.
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1. A) In figure, all four particles are fixed in the xy—plane, and ¢; =
—-320x 1079 C, ¢ = +3.20 x 1071 C, g3 = +6.40 x 107 C,
= 4320 x 107 C, 6, = 35.0°, d; = 3.00 cm and dy = d3 =

2.00 ecm.

y
49

d, What are the magnitude and direction of the
4 net electrostatic force on particle 4 due to the

o\ d 3 * other three particles?
4,
.’I
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B) The density of conduction electrons in aluminum is 2.1 x 102 m 3.

What is the drift velocity in an aluminum conductor that has a
2.0 pm by 3.0 um rectangular cross section and when a 32.0 mA
current flows through the conductor?
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2. Semicircular wire shown in figure below has a non-uniform charge dis-

tribution A\(0) = A\gCos0.

Find the electric field at point P in unit vector P

notation and in terms of total charge Q. ”
(Hint: [ Cos*axdx = x/2 + Sin2ax/4a) % g




3. Figure shows a spherical shell with uniform volume charge density p =
(1.56 x 1072 C'/m?, inner radius a = 10 ¢m, and outer radius b = 2.00a.

What is the magnitude of the

: < electric field at radial distances
N N ir=15a
¥ 5 ii = 3.00b

Hints: Use Gauss’ Law. Volume of the spherical shell: $7(b* — a®).
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4. The electric potential at points in an xy plane is given by V' = 422 —2¢3.
In unit vector notations, what is the electric field at point (1m, 2m)?

\/ P
i J",Lf. L,III J= 42 —.?‘J.I Iﬂ. é—P _ 3,
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5. In figure below, the parallel plate capacitor of plate area 2 x 1072 m? is
filled with two dielectric slabs , each with thickness 2.00 mm. One slab
has dielectric constant 3.00, and the other, 4.00 . How much charge
does the 7.00V battery store on the capacitor?
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1. A) A point charge ¢g; = 8 nC'is at the origin and a second point charge
¢2 = 12 nC' is on the x-axis at x=4 m. Find the net electric force
they exert on q3 = —5 nC located on the y-axis at y—=3.0 m in
vector notation, magnitude and angle.
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B) Semicircular wire shown in figure below has a non-uniform charge

distribution A(f) = A\gCosb.

Find the electric field at point P in unit vector P

notation and in terms of total charge Q. ”
(Hint: [ Cos*axdx = /2 + Sin2ax/4a) % g




2. A proton moves at 4.5 X 10° m/s in the horizontal direction. It enters
a uniform vertical electric field with a magnitude of 9.6 x 10* N/C.

Ignoring any gravitational effects, find

i the time required for the proton to travel
5 cm horizontally, E

.. i . . \4
ii the vertical displacement during that @&——
time,

iii the horizontal and vertical components
of the velocity after the proton has trav-
eled 5 cm horizontally.
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3. Figure below shows a section of a conducting rod of radius R; =
1.30 mm and length L = 11.00 m inside a thin-walled coaxial con-
ducting cylindrical shell of radius Ry = 10.0R; and the (same) length
L. The net charge on the rod is Q; = +3.40 x 10~'2 C; that on the
shell is Qo = —2.000Q¢

i What are the magnitude £/ and direction
(radially inward or outward) of the elec-
tric field at radial distance r = 2.00R5?

ii What are E and the direction at r =
5.00R,?

iii What is the charge on the interior and
exterior surface of the shell?
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4. An electric dipole of two opposite charges of magnitude ¢ = 1.50 uC,
separated by a distance d = 1.20 ¢m is placed near an infinitely large
plane of charge of uniform charge density o = 1.77 uC'/m?. The axis of
the electric dipole makes an angle of ¢ = 37° with the plane, as shown
in the figure.

i Find the magnitude of the electric field due to

+
2 the plane. Show its direction on the figure.

’ ii Calculate the magnitude of the electric dipole
+ moment. Show its direction on the figure.

iii Calculate the magnitude of the torque acting
- on the electric dipole. Show its direction on the
figure.

+ + + + + + + +
[=9

iv. How much work must be done by an external
agent to turn the electric dipole by 90° in clock-
wise direction?
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5. Four capacitors are connected as shown in Figure.

i1
1 1 i Find the equivalent capacitance between points
15.0 3.00 db
2 uF uF b a and b.
.00 20.0 ii Calculate the charge on each capacitor if AV,, =
SIS EX N
= X . 3 ) B
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1. A) In Figure, four particles form a square.

The particles have charges ¢ = —qs =
100 nC' and ¢3 = —q4 = 200 nC, and
a a distance a = 5.0 ecm. What are the x
and y components of the net electro-
static force on particle 37
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B) In Figure (a), particle 1 (of charge ¢;) and particle 2 (of charge
q2) are fixed in place on an x-axis, 8.00 cm apart. Particle 3 (of
charge g3 = +8.00 x 10712 C) is to be placed on the line between
particles 1 and 2 so that they produce a net electrostatic force
Fy e on it.

L 1]
*®

Figure (b) gives the 2 component of that
(@) force versus the coordinate x at which par-
ticle 3 is placed.The scale of the z axis is
set by s = 8.0 cm.

i What is the sign of charge ¢;?
X (cm)
ii What is the ratio go/q;7
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2. In the figure below, a nonconducting rod of length L = 8.15 em has a
charge ¢ = —4.23 fC uniformly distributed along its length.

i What is the linear charge density of the
rod?

ii. What are the magnitude and direction
(relative to the +z-axis) of the electric
field produced at point P, at distance
a = 12.0 ¢m from the rod?

=== :'J| * {ii What is the electric field magnitude pro-
- L —.-—a—-| duced at distance a = 50.0 ¢m by the
rod?
iv. What is the electric field magnitude pro-
duced at distance a = 50.0 ¢m by
a particle of charge ¢ = —4.23 fC' that
replaces the rod?
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3. An infinitely long cylindrical insulating shell of inner radius a and outer
radius b has a uniform volume charge density p. A line of uniform linear
charge density ), is placed along the axis of the shell. Determine the
electric field in the following regions:

ir<a

Ha<r<b

iii r>0
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4. Two very thin non-conducting rods are placed together as shown. Both
rods have lengths of L and they carry uniform charges of +¢ and —¢q
over their lengths. Find the potential at point P at a distance a and
d from the positively and negatively charged rods as shown. Don’t
perform integration.
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5. For the system of capacitors shown in Figure,

3.00 uF 6.00 uF

c

"

2.00 «F 4.00 uF

an i

d
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find

i the equivalent capacitance of the

system,

ii the potential across each capacitor,

iii the charge on each capacitor.
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