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* This paper consist of three Sections, A, B and C

* Answer all sections in separate booklets provided
(Sec A — Blue, Sec B — Green, Sec C —Red )

* Answer all questions sequentially
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SECTION A
Q1. Calculate the electric field at point P ( magnitude and direction) at a distance Z above
one end of a straight line segment of length L which carries a uniform line charge
density A. [10]
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Q2. Charges 2 x 10 Cand 1x 10 C are placed at corners of A and B of a square of side
5cm. as shown in figure. How much work will be done against the electric field in
moving a charge of 1 x 10 C from C to D. [10]
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Q3. A thick spherical shell ( inner radius a, outer radius b) is made of linear dielectric
material with polarization P (r) = k/r  where k is a constant and r is the distance from
the center. There is no free charge in the sphere.

a) Calculate the bound charges oy, and pp.

b) Find D and E inside and outside the sphere. [4+6]

Q4. Find the capacitance per unit length of two coaxial metal cylindrical tubes of radii a
and b. [10]

SECTION B

Q5. Find the magnetic field at point P on the axis of a tightly wound solenoid (helicél
coil) consisting of n turns per unit length wrapped around a cylindrical tube of radius
a and carrying current I . Consider the turns to be essentially circular. [10]
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Q6. A large thick slab extending from z = -a to z = +a carries a uniform volume
‘current J=J . Find the magnetic field , as a function of z, inside the slab. What is
the magnetic field outside the slab? [5+5]




Q7.An infinite long cylinder, of radius R carries a magnetization parallel to the axis, M=
ks z where k is a constant and s is the distance from the axis. There is no free current
anywhere. (a) Locate all the bound currents (b) Calculate magnetic filed inside at any

point r. ‘ [5+5]

Q8. An infinite solenoid ( n turns per unit length, current I ) is filled with linear material

of susceptibility xn . Find the magnetic field inside the solenoid. [10]
SECTION C

Q9. i) A toroid having a 5.2 cm square cross-section and an inside radius of 15.3 cm
has 536 turns of wire and carries a current of 810 mA. Calculate the magnetic flux
through a cross-section (a single turn) and energy stored in the toroid. [2+3]

ii) If this toroid is surrounded by another toroid of 6.0 cm square cross-section
and inner radius 14.9 ¢m having 1020 turns of wire. What would be the emf, £, induced
in the outer toroid if the current in the inner toroid changes from 810 mA to 700 mA in

2.3 secs. ) [53]

Q10. When light of wavelength 254 nm falls on Cesium, the required stopping potential
is 3V. If a light of 436 nm is used, what is the stopping potential. Determine the cutoff
frequency for Cesium. [6+4]

Q11. A 0.45 nm X-ray photon is deflected through a 23° angle after scattéring from a free
electron i) What is the kinetic energy of the recoiling electron? ii) What is its speed.
[6+4]
Q12. Assuming Planck’s constant is 0.60J.s, what would be the uncertainty in the
- position of a 0.50 kg baseball moving at 20m/s with an uncertainty in velocity of 1.2m/s?
( Take Uncertainty relation - > h/2m) [10]
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1. The diagram below shows three capacitors of capacitance ('}, C; and Cs connected in
parallel to a potential difference V.
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(a) Write down expressions for the following:
(i) C;interms of V and Q;
(i1) C; in terms of V and O,
(iii) C3in terms of V and QO3
(iv) C in terms of V and Q form fig. b
(b) What is the total charge Q of all three capacitors in terms of Q;, 0> and 05?
(c) Using your answers to (a) and (b), obtain an expression for C (fotal capacitance)
in terms of Cy, C; and Cs. (4+3+3=10)

2. The capacitance of an empty capacitor is 1.2uF. The capacitor is connected to a 12V
battery and charged up. With the capacitor connected to the battery, a slab of dielectric
material is inserted between the plates. As a result, 2.6 x 10 C of additional charge
flows on the plates. What is the dielectric constant of the material. (10)

3. A sphere of radius R is made of linear dielectric material with polarization P(r)=Ar*
where A is constant and r is the distance from the center. There is no free charge. Find
(a) All the bound charges densities
(b) Sum of all the bound charges
(¢) D and E inside and outside the sphere
(d) Electrical susceptibility of the material (4 x5=20)

PTO.




4. In the following setup of velocity selector and mass spectrometer. Two regions are
shown. In region I where a positive ion of charge 3.2 x 10" C is made to pass through a
region of Electric field and magnetic field such that the particle moves ahead undeflected.
a) If the electric field direction is as shown and magnitude is 4.8 x 10° N/C,
calculate the magnitude and direction of magnetic field applied in the region.
After the particle moves through this region, it enters Region II which has a magnetic
field of 2 T coming out of the paper such that the ion moves in a radius of 2 cm.
b) What is the direction in which the particle would move (draw it in the answer

book)?
c) What is the mass of theion? (5+2+5=12)
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5. In the following setup which shows a conductor carrying current I, calculate the
magnetic field at point P. 8
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1. a)Find the divergence for the following vector field v, ~
v=(+ D)+ )X+ E ) (YD) T + &Y @ +x) 2
b) Find the curl at a point (1,1, 2) for the following vector field v,
v=yZ X +x§ (5+5)

2. a) Figure shows two charged objects A and B. Each contribute as follows to the
net electric field at point P: Ex = 3.00 N/C directed to the right and Eg = 2.00
N/C directed downward. Thus Ex and Ep are perpendicular. What is the net
electric field at P and angle 6. G+5)

b) There is an isolated point charge of q; =+15uC in a vacuum at the left in

figure shown. Determine the force experienced by charge q2 = +0.80 uC..
(5)
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linder of length L and radius b has its axis coincident with x-axis. The electric

3. Acy
field in this region is E=200"7 . Find the flux through (a) the left end of the cylinder
(b) the right end (c) the cylindrical wall (d) the closed surface area of the cylinder
(10)

4.. A hollow spherical shell carries charge density p = k /1 in the region a <r <b. Find
the electric field in the three regions (i) r<a (i) a<r<b (@) r> b (15)

b

5. A rod of length L ‘has a uniform linear charge density A. Calculate the potential at
point P a distance x from the right end of the rod. : (15)
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A
1. An infinitely long cylinder of radius R carries a magnetization M = ks Z, where k
is a constant, s is the distance from the axis and there is no free current anywhere.
Find the magnetic field inside and outside the cylinder by locating all the bound
currents. use (9xv = (V- Vi, b)) (10)
2. A toroid has a mean radius R equal to 10/xr cm and a total of 200 turns of wire
carrying a current of 1.0A. , If the magnetization M is 2.8 x 10% A/m. Find the
susceptibility of the material. (5)

Yo




BITS Pilani , Dubai
Dubai International Academic City

Quiz I1

Section IX Date: 24.03.2009
Etudent Name: ID NO:

1. A long straight wire, carrying uniform line charge A is surrounded by rubber
insulation out to a radius a. Find the electric displacement by applying a gaussian
surface of radius s and length L.
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2. What is the capacitance of the capacitor?

A
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3. A circular coil of radius 1.5cm carries a current of 1.5A. If the coil has 25turns,
find the magnetic field at the centre. (given po=4mx 10 TTm/A)
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1. It requires 50puJ of work to carry a 2uC charge from point R to S. what is the
potential difference between the points. Which point is at higher potential (5)

2. A capacitor is charged with 9.6nC and has a 120V potential difference between its
terminals. Compute its capacitance and the energy stored in it.. )]

3. A certain parallel plate capacitor consists of two plates each with area 200cm?,
separated by a 0.4cm air gap. a) Compute its capacitance b) If the capacitor is
connected across a 500V source what are the charge on it, the energy stored in it .

)
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2. Calculate the capacitance of a spherical capacitor that has a sphere of radius a

QUIZI SECV
Name:

ID:

1. In the following situation a neutral metal block of crossectional area A is

placed in a field that is originating from Q charges. Calculate the charge
densities o, and c,. What would be the electric field inside the block and

outside at point P? [6]
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and charge q at the center surrounded by a spherical shell of radius b. Hence
Calculate the capacitance of Earth that has the radius R= 6400 km. [9]
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QUIZ 1 SECIV
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ID:

1. In the following situation a neutral metal sphere has two cavities cut in it. The

cavities have radii a and b. A q charge is placed as shown. Show the charges
on the big sphere and hence calculate the charge densities o, and 6,. What
would be the electric field inside the big sphere and outside at point P?[8]

2. Calculate the capacitance of a parallel plate capacitor that has a charge density
c and area of the plate is A. Calculate by deducing the potential difference
between the plates that are separated by a distance d. [7]
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1 A sphere of radius R carries a polarization of P (r)= k r where k is a constant and r is the vector
from the center. Calculate the bound charges. ( & ven Vv = '/yz o, (Y “&)) %)

2 A dielectric slab of thickness b is inserted between the plates of a parallel plate capacitor of plate
separation d air filled with thickness x. All plates have an area A. Show that the capacitance C is
given by

C=k, g,A/k.d - b (ke-1) 5)

3. A current I is uniformly distributed over a wire of circular cross section with radius a. find the
volume current density J and suppose the current density in the wire is proportional to the distance
from the axis J = ks (for some constant k). Find the total current in the wire. . )
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1. Three capacitors of equal capacitance have a net capacitance C; when connected
in series and a net capacitance C, when connected in parallel. What is the ratio of

C/C,. (5)

2. A parallel plate capacitor of capacity of 100uF is charged by a battery of 50 volts.
The battery remains connected and if the plates are brought closer so that the
distance between them becomes half the original distance. What is the additional

energy supplied by the battery to the capacitor in Joules. &)

3. A charged sphere of diameter 4cm has a charge density of 10™ C/cm?. What is the
work done in joules when a charge of 40 x 10”°C is moved from infinity to a point
which is at a distance of 2cm from the surface of the sphere. (5)
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QUIZ1 SECII

Name:

ID:

1. In the following situation a charged metal sphere with Q charges has three
cavities cut in it. The cavities have radii a, b and c. The cavity with radius ¢
has q charges placed at its center. Calculate the charge densities o, 6, and o..¢. 672
What would be the electric field inside the block and outside at point P?[8]
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2. Calculate the capacitance of a cylindrical capacitor that has a rod of radius a
and charge q at the center surrounded by a cylindrical shell of radius b. [7]
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1. A thick spherical shell (inner radius a and outer radius b) is made of dielectric
material with a frozen in polarization P(r) = k/r T where k is a constant and r is
the distance from the centre. Locate all the bound charges (5)

[iven "v= L cr* v
&g

xlé

2. A parallel plate capacitor having plate area 100cm?” and separation 1.00mm holds
a charge of 0.12uC when connected to a 120V battery. Find the dielectric constant
of the material filling the gap. (&p = 82-88 x6 ' Flen ) ®

3. Figure shows two long straight wires carrying electric currents in opposite
directions. The separation between the wire is 5.0cm. Find the magnetic field at a
point P midway between the wires. C Po . 4T xio 7T ) (s)
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