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PART A (Blue answerbook)

1. Find the electric field at a distance z above the center of the charge distribution shown in the

ﬁgurebeiodeJ_Al( % rodad ) Lio]

Umform surface- chdrge

2. Using Gauss’s law, .ﬁnd the electric field inside a sphere which carries a charge density

proportional to the distance from the origin, p = Ar, for some arbitrary constant A, ) :]
3. A sphere of radius R carries a polanzahon Cio _]
T M=kt

where £ is a constant  and T s the vector from the center.

a) Calculate the bound charges o, and p,.
b) Find the field inside and outside the sphere.




4. The space between the plates of a parallel-plate capacitor {see Figure below) is filled with two
slabs of linear dielectric material. Each slab has thickness s, so that the total distance between
the plates is 2s. Slab 1 has a dielectric constant of 2, and slab 2 kas a dielectric constant of 1.5
The free charge density on the top plate iscand on the hottom plate is -o.
a) Find the electric displacement I8 in each slab. [_; o)
b) Find the electric field Bin each slab.
¢) Find the polarization® in each slab. '
d) Find the potential difference between the plates.
¢) Find the locatior and amount of all bound charge.

izl §
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PART B (Green answerbook)

3. Find the magnetic field at point P for the steady current configurations shown in figure below

" is]

6. Two long coaxial solenoids each carry current I, but in opposite directions, as shown in figure
below. The inner solenoid (radius a) has n, turns per unit length, and the outer one (radivs b)
has n,. Find B in each of the three regions: (i) inside the inner solenoid, (if) between them,

and (iii) outside both. '
P ~ [1o]

gnetization M = ks” 8, where k is a constant, s
is the distance from the axis, and,@ is the azimuthal unit vector. Find the magnetic field due
to M for points inside and outside the cylinder. Lfﬁj

8. A long copper rod of radius R carries a uniformly distributed (free) current I (ﬁguré below).

‘Find H inside and outside the rod. . D 5 _]

s




10.

11,

PART C (Brown answerbook)

A metal bar of mass m slides frictionlessly on two parallel conducting rails a distance { apart
(figure below). A resistor R is connected across the rails and a uniform maguetic field B,
pointing into the page, fills the entire region. E{ )

A
B
(a) If the bar moves to the right at speed v, what is the current in the resistor? In what

direction does it flow?
(b) What is the magnetic force on the bar? In what direction?
{c) If the bar starts out with speed v, at time t = 0, and is left to slide, what is its speed at a

later time t?

Find the self inductance of a toroidal coil with rectangular cross-section (inner radius a, outer

radius b, height h), which carries a total of N turns, L o)
(2) A sodium surface is illuminated with light of wavelength 300 nm. The work function for
sodium metal is 2.46 eV. Find . D b]

1) ~The max kinetic energy of the ejected photoelectrons
ii) The cutoff wavelength for sodinm.

(b) X-rays of wavelength A, = 0.2000 nm are scattered from an electron at an angle of 45° to

the incident beam. Calculate the new wavelength.

. Assume that the uncertéinty in position of an object is Ax=1.5x 10" m.

(8) Determine the minimum uncertainty in the momentym. Find the corresponding minimum
uncertainty in speed of the object, if the object is D 0_]

(i) An electron _
(if) Aball of mass 2.2 x 107 kg {Take AxAp = h/2x}
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1. A proton is fired into a uniform magnetic field B, of magnitude 0.500T, at a speed of

300my/s at an angle of 30° to B. Find the acceleration of the proton and radius of the
circular path. [6]
2. A long horizontal straight wire of length L carries a current I from left to right.
Using Biot-Savart Law, calculate the magnetic field at a distance z above the end of
the wire. (6]
3. Along wire carrying a current / runs along the x-axis and takes a circular detour (in
the x-y plane) of radius ¢ centered on the origin as shown in the figure. Find the
magnetic field vector (magnitude and direction) at point P which lies on the z-axis at z

=+qa. [12]

z
=]

BN

X

4. Consider a hypothetical situation, where a cylinder of radius a having magnetization
(A/s) ¢ where A is a constant and s is the distance from the axis. Calculate (with

proper direction)

a) Volume current density

b) Surface current density

¢) Magnetic field inside the wire
d) Magnetic field outside the wire [3x4=12]

5. A 25cm long solenoid has 10 tumns per unit length. Each tum carries a current 0.5 A
Initially it is empty (vacuum).




a) What is the auxiliary field inside the solenoid?

b) When it is filled with a linear media, the field becomes 1.4 T. What is the relative
permeability of the material

¢) What is the Magnetization of the material?

d) If the number density of atoms in the material is 8.49 x 10 atoms/m’, find the

average magnetic moment of the atoms. [3x4=12]

. A conducting circular loop of area 2.5x10° m? is placed perpendicular to a magnetic
field which varies as B = 0.20 Sin (50 nt) T. (a) Find the charge flowing through any
cross-section of the conducting wire during the time t = 0 to t = 40ms. (b) If the
resistance of the loop is 10€, find the thermal energy developed in the loop in this

period. [12]
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1. Two point charges of magnitude 3.0 nC and 6.0 nC are separated by a distance of 0.30m.
Find the magnitude of the ¢lectric force each exerts on the other, [5]

2. A ring of radius a has a uniform positive charge per unit length, with a total charge Q.
Calculate the electric field at a point P on the axis of the ring at a distance x from the

center of the ring, [10]
3. A hollow spherical shell carries charge density
f=A/r2 ? 1n the region agrh
a. Find electric field in the region i) r<a, ii) a<r<b, iii) I>b el
b. Find the total energy stored in the spherical shell [6]

4. a) Find the capacitance of two congcentric spherical metal shells with radii a and b (b>a).




b) The plates of a spherical capacitor have radii 38.0 mm and 40.0 mm. Calculate its

capacitance. What must be the plate area of a parallel-plate capacitor with the same plate

separation and capacitance? [5+5+5]

5. Inthe following figure, a dipole is placed between two plates of a capacitor that carries a
charge of 20C on each plate that has a dimensions L=2.5cm and B~1.5cm and the
separation of0 .75cm between the plates. The charge on the dipole is 2C each separated
by 0.25 em. Calculate the torque experienced by the dipole. [6]

6. A sphere of radius carries a polarization P (r) = Py r £ o where P, and €, are constants
and r is the vector from the center. Calculate the bound surface and volume charge.

densities and the total bound charge : - 9]
7. A spherical conductor, of radius a, carries a charge Q. It is surrounded by linear dielectric
material out to a radius b. If the polarization of the material is given as P=k/r* £} find the
electric field in the regions (using Electric Displacement vector). [15]
i r<a

ii. berra

. r=b
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Q1.  The figure below, depicting a positively charged particle deflected upward a distance d in a
region of length L. Uniform magnetic and electric fields are contained in the region specified by the
box. The magnetic field is directed perpendicular to the plane of the page and i is directed into the page.
The slectric field is directed down the page.

+ 4 ..
L sf f i ¥ _f }

bbb § b3 i.

_________________________ P~

Which of the following statement(s) is (are) true?
I. The electric field does positive work.

TI. The electric field does no work.

IIL The electric field does negative work,

IV. The speed of the particle is such that v> E/B .
V. The speed of the particle is such that v=E/B .

V1 The speed of the particle is such that v< E/B .

Q2. Suppose you have enough lincar diclectric material of dielectric constant, g, to half-fill a
parallel plate capacitor (as shown in the figure below). The plates have a length L and width w and
are separated by a distance d

Does the capacitance increase or decrease?




Q3.  Consider four equal currents going into or out of the page as indicated in the figure below.
Rank the line integral of the magnetic field [B-dl (from greatest to least) taken in the clockwise
direction,

(@A=B=C=D

®A>C>B>D

(cD>B>C=>A

dB=C>D>A

€ A>D>C=B

T A,

. e

T Empii’;;

Q4. The figure below shows two long wires carrying equal currents [y and I; flowing in opposite
directions. Which arrow correctly represents the direction of the magnetic field at the origin of the
coordinate system defined in the figure? Point P is located at an equal distance d from each wire.

Jef
B p
® s
s

Q5. A uniform current ‘T’ flows on the surface of a cylindrical wire of radius ‘a’. Calculate the

surface current density. a
Ans: @

— > T )




Q6. A negative charge —q is moving parallel to a long straight wire carrying a constant current as
illustrated in the figure below. Which arrow correctly describes the direction of the magnetic force

experienced by the charge?
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Q7. The figure below shows four differen.t sets of wires that cross each other without actually
touching. The magnitude of the current is the same in all four cases, and the directions of current flow
are as indicated. For which configuration will the magnetic field at the center of the square formed by

the wires be equal to zero?
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Q1.  The figure below, depicting a negatively charged particle deflected upward a distance din a
region of length L. Uniform magnetic and electric fields are contained in the region specified by the
box. The magnetic field is directed perpendicular to the plane of the page and is directed out the page.

The electric field is directed down the page.
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Which of the following statement(s) is (are) true?
~~+"The electric field does positive work.

II. The electric field does no work.

III. The electric field does negative work.

[V. The speed of the particle is such that v> E/B .

V. The speed of the particle is such that v=E/B .
\_~1"The speed of the particle is such that v<E/B .

Q2.  Suppose you have enough lincar diclectric material of dielectric constant, er, to half-fill a

paraltel plate capacitor (as shown in the figure below)

a) By what fraction does the capacitance change?
b) Does the capacitance increase or decrease? — \@ {' indegled




Q3.  Consider four equal currents going into or out of the page as indicated in the figure below,
Rank the line integral of the magnetic field [B-dl (from greatest to least) taken in the clockwise
direction.
@A=B=C=D
(b)) A; C>B>D
{©)D>B>C>A
{MB= D>A
() A>D>C=B

e A
TP Ao,

- i 'E.'f"§

Q4. A rectangular loop of wire of length | and width w carrying current I is placed in a uniform
magnetic field ~B as shown in the figure below. The magnetic field is parallel to the plane containing
the loop. Which of the following statement(s) is (are) correct?

-

o

it

I. The current loop experiences a net force.
s _JI-The current loop experiences no net force.

II1. The magnetic dipole moment of the current loop, m, points into the page.
P The magnetic dipole moment of the current loop, m, points out of the page.

V. The current loop experiences no net torque.
\)ﬂﬁ?e current loop experiences a net torgue.

Q5 A uniform current ‘I’ flows through the volume of a cylindrical wire of radius ‘a’. Calculate

the volume current density, X @ _ T )
Ans: -
Jo= L
Fa*




Q6. A negative charge —q is moving parallel to a long straight wire carrying a constant current as

illustrated
in the figure below. Which arrow correctly describes the direction of the magnetic force experienced

by the charge?

E

¢n1 (Riinto the pape)

iy (Bjous of the pags)

Q7. The figure below shows four different sets of wires that cross each other without actually

fouching.
The magnitude of the current is the same in all four cases, and the directions of current flow are as

indicated. For which configuration will the magnetic field at the center of the square formed by the
wires be egual to zero?
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Q1. Find ¥. V for the following vector field

V= +2)(x+y) X +@+xD) 42 J +F+ V) @) 2

Q2. Is this a possible efeciric field? Show mathematically: K =k (xy X*2vz ) +3xz 2 )




Q3. Suppose the electric field in some region is found o be E -,——}'ci“3 P , in spherical coordinates (k is some

constant). Find the charge density p.

Q4. Rank in order, from largest to smallest, the electric field strengths B, to E. at these five points near an

infinite plane of charge.

x

|
!

1. E,=E,=E,=E4=E,
2. E,>E,>E,>E,>E,
3. By=E,=Ey=E.>k,
4 E,»E,=E.>Fy=E,
5. B.>Ey>E, > Iy > E,
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Q5. ‘The arrows here depict the Eleelric Flux. This box contains

e ne st

_,{

g 1 £ D e S, v (A TAng 2 e, B

1. a net positive charge.
. no net charge.
. anet negative charge.

. a positive charge.

Lt st o

. anegative charge.




Q6. These are two-dimensional cross sections through three-dimensional closed spheres and a cube. Rank

order, from largest to smallest, the electric fluxes F, to F, through surfaces a to .

A 18 e id} {e1

Copyright O 2 Pearsun Bducation. fne., poblisbing sz Addison Wesley

1 @,> 0, >0y > Dy > D,
. Dy =B, > O, =D, = By
D> D> Dy > B, > D,
Dy > D, > D> D, > Dy
D= B> D> D, = Dy

3]

h = W

Q7. Two spherical cavities, of 1adii @ and 5, are hollowed out from the interior of a (neutral) conducting
sphere of radius R, At the center of each cavity a point charge {s placed - call these charges g, and g, .

(a) Find the surface charges g, , oy, and oz?

(b) What is the field outside the conductor?

{c) What is the field within each cavity?




