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Part A

Answer all questions

(1.

).

€)2

Q)

)

oV n SV

The figure shows a tube connects two glass bulbs of volume V and 2 V. An ideal
gas fills both bulbs. The first bulb is maintained at temperature T and the second,
at 3 T. The ratio of masses of the gas in the two bulbs is,

6] 3:2 () 2:3 @Gii) 1:3 (@Gv) 3:1 (V) 1:1

P — V diagrams of an ideal gas at two
temperatures T, and T, are shown in the

figure. Which one is the correct option?

M) T>T, @) T,<T, Gi) T,=T,
(iv) T,=2T, (iv) 2T =T,

Two rods of length L; and L, with coefficients of linear expansion o; and o are
connected in series. What is their equivalent coefficient of linear expansion?

() Pﬁﬁ—i& (i) -L-E%%-LL—& (i) o, +a, (iv) Lo, +L,a,
H 2 1 2

(v) none of the above

When a solid ball is heated, the largest percentage change will take place in,
(1) density (i1) diameter (ii1) surface area (iv) volume
(v) radius

Two liquids A and B are at 30 °C and 20 °C , respectively. When they are mixed
in equal masses, the temperature of the mixture is found to be 26 °C. The ratio of
their specific heats is,

(i) 4:3 (i) 3:4 (i) 2:3 (iv) 3:2 (v) none of the above



(6) A copper block of mass 2.5 kg is heated to 500 °C and then placed on an ice
block. If the specific heat capacity of copper is 400 J kg™ °C"" and specific the

latent heat of ice is 3.35x10° J kg™, the maximum amount of ice that can melt is

approximately.
(1) 1.0kg (i) 1.5kg (i) 20kg (iv) 3.0 kg (v) 2.5kg

(7 A block body at a high temperature T K radiates energy at the rate of E Wm™ .
When the temperature falls to %K , the radiated energy in Wm™ will be,

@) % (ii) 123- | (iii) 2E (iv) 4E V) %

(8) A steady current is flowing in a conductor of non-uniform cross-section. The
charge passing through any cross-section per unit time is,
(1) directly proportional to the area of cross-section
(i)  inversely proportional to the area of cross-section
(iii)  proportional to the square of the area of cross-section
(iv)  independent from the area of cross-section
(v) none of the above

9) The current through the battery in the given circuit is,

| |
(1) —EA (i1) I—S—A

1 1
i LA W) LA
(111) 0 (iv) s

30Q 30Q

1
v) — A
AMN ()30

30 Q

(10)  Five resistances are connected as shown in the given figure below. The effective
resistance between the points A and B is,

. 10 ... 20
20 310 (1)—3—Q (11) ~3—Q
A 34 5 (i) 15Q  (v) 6Q (5 7Q
40 60




€3y

(12)

(13)

In a meter bridge, the gaps are closed by two resistances P and Q and the balance
point is obtained at 40 cm. When Q is shunted by a resistance of 20 Q, the
balanced point shifts to 50 cm. The values of P and Q are,

P Q
4——40cm
|1
II
6 lgQ,SQ (i1) EQJOQ (iii) IOQ,—Z—Q—Q
3 3 3
@iv) 5Q, ? Q (v) none of the above

Three resistors of 2 Q, 3 Q and 5 Q are connected in parallel across a battery of 10
V and of negligible internal resistance. The potential difference across the 3 Q2
resistor is,

2V (i) 3V (iii)) 9V (iv) 10V v) 5V

2A IA

2A 1.3A

2A

The figure shows the currents in a part of an electrical circuit. The current I is,
@ 1.7A (i) 3.7A (i) 1.3A  (iv) 0.1 A (v) 0.7A



(14)

(15)

(16)

(17)

(18)

A potential difference of 220 V is maintained across a 1200  rheostat AB. The
voltmeter @ has a resistance of 6000 Q and point C is at one — fourth of the

~distance from A to B. The reading of the voltmeter is,

G 30V (i) 40V (i) 50V (iv) 60V (v) 220V

A voltmeter of resistance 1000 Q gives full-scale deflection when a current of
100 m A flows through it. The shunt resistance required across it to enable it to be
used as an ammeter reading 1 A at full-scale deflection is,

() 10,000Q (i) 9000 Q (iii) 222Q  (iv) 111Q  (v) 1000 Q

A force of 0.01 N is exerted on a charge of 1.2x107° Cat a certain point. The
electric field at that point is,

() 53x10° NC™ (i) 83x10°NC™' (iii) 5.3x10>* NC™

(iv) 8.3x10°NC™' (v) 53x10° NC™

A and B are two points in an electric field. If the work done in carrying 4.0
coulomb of electric charge from A to B is 16.0 J, the potential difference between
A and B is,

(i) zero (i) 2.0V (i) 4.0V (v) 160V (v) 8.0V

Two point charges +2 C and +6 C repel each other with a force of 12 N. Ifa
charge of -2 C is given to each of these charges, the force will now be,

(1) zero (ii) 8 N —attractive (iii) 8 N —repulsive

(1v) none of the above (v) 1 N —attractive



005681

(19)  Which of the following graphs represents the relationship between the force
between two point charges and the distance between them?

Force
Force
Force

B i > : >
Distance » Distance Distance

@) (i) (ii1)

Force
Force

-
Distance

Distance
(iv) v)

(20) Two charged conducting spheres of radii R; and R, separated by a large distance,
are connected by a long wire. The ratio of charges on them is,
. K, .. R, ... R} .. R}
) — i) —= il v
()RZ ()Rl ()R22 ()Rf

(v) none of the above

(21) Inthe given circuit the potential difference across the 2 p F capacitor is,

3puF
11
1
6uF 2pF
| | | |
1 1
3uF
f
il
¥
|I
70V
(1) 10V (i) 25V (i) 45V (iv) 60V (v) 35V




(22)

(23)

(24)

(25)

00568

An electron is injected into a uniform magnetic field with components of velocity
parallel to and normal to the field direction. The path of the electron is a.

(1) helix (ii) circle (ii1) parabola (iv) straight line

(v) none of the above

A horizontal wire of length 10 cm and mass 0.3 g carries a current of 5 A. The
magnitude of the magnetic field which can support the weight of the wire is

(g=10ms™?)
() 3x107° T (i) 6x10° T (i) 3x10™* T (iv) 6x107* T (v) 2x10° T

A straight conductor, carrying a current I, is split into a circular loop of radius r as

.shown in the figure. The magnetic field at the centre O of the circle, in tesla

)
NG

O R
2r 2nr Tr

-V
Y

(iv) zero (v) none of the above

Two long straight wires, each carrying a current I, are separated by a distance r. If
the currents are in opposite directions, then the strength of the magnetic field at
any point midway between the two wires is,

[T

®

(i1) 21,1 (iii) Kol (iv) zero (v) none of the above
r r 2mr -



Answer only four(04) questions

PartB

(Q.1) The temperature of a body is its degree of hotness or coldness. Thus, temperature
is a measure of how hot or cold a body is, and should not be confused with the
amount of heat it contains.

Q2)

@

(i)

(iii)
(iv)
v)

(vi)

What is meant by thermometric property?

(05 marks)
What qualities make a particular property suitable for use in a practical
thermometer?

; (10 marks)

List four (04) thermometric properties which are used in thermometry.

(10 marks)
Explain what is meant by a fixed point and by the triple point of water.

(10 marks)
Compare the advantages and disadvantages of the constant-volume gas
thermometer with the mercury in glass thermometer.

(05 marks)

A particular resistance thermometer has a resistance of 30.00 Q at the ice
point, 41.58 Q at the steam point and 34.59 Q when immersed in a boiling
liquid. A constant volume-gas thermometer gives readings of
1.333x10° Pa, 1.821 x 10° Pa and 1.528x10° Pa at the same three

temperatures. Calculate the temperature at which the liquid is boiling;

(a) on the scale of the gas thermometer,
(b) on the scale of the resistance thermometer
(10 marks)

Thermal conduction is the process by which heat flows from the hotter regions of
a substance to the colder regions without there being any net movement of the
substance itself.

@)

(i)

(iii)

What is meant by “A steady state condition of a substance”, with respect
to heat conduction?
(05 marks)

Explain what is meant by temperature gradient?
(05 marks)

Sketch graphs to illustrate the temperature distribution along a metal bar
heated at one end when the bar is,
(a) Lagged, and (05 marks)
(b) Unlagged. (05 marks)

In each case assume that temperature equilibrium has been reached.



_ ()

Q3). ®
(i)

(iii)

- 21 > | - / B

The diagram shows a perfectly lagged composite bar PQR, both
components having the same cross-sectional area. The material of QR has
twice the thermal conductivity of PQ. Assuming that there is a steady
flow of heat along the bar and that the end P and R are at temperatures

6,and 0, respectively (6,>6,), sketch a graph showing the variation of

temperature along the length PR and account for its shape. Calculate the
temperature midway between Q and R when 6, =100 °C and 6, =0 °C.
(30 marks)

Write down the coulomb’s law for two point charges.

(05 marks)
An electric field exists in a region, if electrical forces are exerted on
charged bodies in that region.

(a) Define electric field intensity or electric field strength (E) at a point
in an electric field. What is the unit of E? :
(05 marks)
(b) Hence find out an expression for electric field intensity at a
distance r form a point charge Q.
(05 marks)
(c) Sketch the variation of the above expression with the distance r.
(05 marks)

(a) Define electric potential at a point in an electric field. What is the
unit of electric potential?
(05 marks)
(b) Write down an expression for electric potential at a distance r from
a point charge Q.
(05 marks)
(c) Sketch the variation of the above expression with the distance r.
(05 marks)



(iv)  An electric field is established between two parallel plates are shown
below.

0056

+1000 V
c 40 gm A
30 cm
50 cm B
ov

The plates are 50 cm apart and a potential difference of 1000 V is applied
between them.

A point charge of value + 1.0 p C is held at point A. It is moved first to B
then to C and finally back to A. The distances are shown in the diagram.

Calculate;

(a) the force experienced by the charge at A,

(b) the force experienced by the charge at B,

(©) the energy involved in moving the charge from A to B.

(d) the energy required to move the charge from C to A.

(e) the net energy needed to move the charge along the route ABCA.

(15 marks)

10
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(Q.4) Hans Christian Oersted discovered that a wire carrying an electric current has an
associated magnetic field. For a straight wire the field lines are a series of
concentric circles centred on the wire as shown below.

A |

Fig. (1)
(1) State the law used to find the magnitude of the magnetic field at a point in
a distance r from the conductor.
(05 marks)
(ii) State the rule used to find the direction of the field. -
(05 marks)

(iii)  Copy the Fig. (1) to your answer sheet and mark the direction of the
magnetic field in it.
(05 marks)

(iv)  Write down an expression for the magnetic field B at a distance r from a

long straight wire carrying a current L
(05 marks)

v) State the rule used to find the direction of the magnetic force acting on
current carrying conductor placed perpendicular to a uniform magnetic

field.
(05 marks)

(vi)  Write down an expression for the magnetic force on a straight wire of
length / placed perpendicular to a uniform magnetic field B and carrying a

current I.
(05 marks)

11



(Q5)

00568Y

(vii) The diagram shows a uniform magnetic flux density B in the plane of the
paper.. Q and R mark the points where two long, straight and parallel wires
carry the same current, I, in the same direction and perpendicular to the
paper. The line through QR is at right angles to the direction of B.

TH

P is a point where the resultant magnetic flux density is zero, ie. it is a
neutral point. P is closer to R than to Q.

(a) Explain whether the direction of the current I is into or out of the
paper and sketch a diagram which shows the directions of the
different magnetic flux densities present at P.

(b) If T increased slightly, will the neutral point at P move towards Q or
towards R?

(©) There is a second neutral point on the line through QR. State
whether it is to the left of Q, between Q and R or to the right of R.
(20 marks)

The potentiometer circuit is shown in the following Figure. Terminals X and Y
are connected across the potential difference being measured in the same way as
those of a moving coil voltmeter would be. If the positive terminal of the driver
cell is connected to X, then X must be connected to the positive side of the
potential difference being measured. The potentiometer is said to be balanced
when the jockey (sliding contact) is at such a position on AB that there is no
current through the galvanometer.

| I“/Driver cell
I |

A
Y
O

- IQ B AB is a length of uniform

resistance wire

Sensitive centre zero
l galvanometer

X <«4—— pDbeing —* Y
Measured (V)

Figure |

12
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(1) At balance

(a) What is [g? (05 marks)
(b) Whatis I,? (05 marks)
(¢) What is I? (05 marks)

(d) What is the relation-ship between the potentials X and A (05 marks)
(e) What is the relation-ship between the potentials Y and C (05 marks)
(f) What is the relation-ship between potential difference between
XY and AC? (05 marks)
(g) Hence or other-wise obtain an expression for V; in terms of current,
balanced length and resistance per unit length of AB, r. (05 marks)

(i) A series circuit is formed consisting of a battery with considerable internal

resistance and two resistors of resistance 10 Q and 990 Q respectively.

The potential difference across the 10 Q resistor is balanced against the

potential drop across 71.5 cm of uniform potential wire carrying a steady

current. When the resistors in the circuit are replaced by two others of

resistance 1 Q and 99 Q respectively, the length of the same potentiometer

wire carrying the same current required to balance the potential difference

across 1 Q resistor is 50.0 cm. Calculate the internal resistance of the
battery.

(15 marks)

(Q.6). An EMF is induced in a coil in a magnetic field whenever the flux (¢) through the
coil changes. The effect is called electro-magnetic induction and if the coil forms
part of a closed circuit the induced EMF causes a current to flow in the circuit.

(1) State the Faraday’s law about the electro-magnetic induction.
(05 arks)

(i1) State the Lenz’s law about the electro-magnetic induction.
(05marks)

(iii)  Using the above two laws, construct a formula for the induced EMF in a
conductor.
(05 marks)

(iv) A horizontal square wire frame ABCD of side d, moves with velocity v
parallel to side AB, DC from a field-free region into a region of uniform
magnetic field of flux density B. The boundaries of the field are parallel to
the side BC, AD of the frame and the field is directed vertically
downward. Write down expressions for the electro-motive force induced
in the frame:

(a) When side BC has entered the field but side AD has not.
(b) When the frame is entirely within the field region.
(©) When side BC has left the field but side AD has not.

13
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l
' X X
I
e | x X
I
| X X
l
D C ox X
l
I X X

)

For each position derive an expression for the magnitude and direction of
the current in the frame and the resultant force acting on the frame due to
the current. The total resistance of the wire frame is R, and its self
inductance may be neglected.

(15 marks)

A coil of 100 turns each of cross-sectional area 3.0x10™ m’ is placed
with its plane perpendicular to a uniform magnetic field of flux density B.
The terminals of the coil are connected together. B increases steady with
time from zero to 0.2 T in 2.0 ms. It then remains constant for 0.1 ms and
decreases uniformly to zero in 1.0 ms.

(a) (1) Calculate the maximum flux through one turn of the coil.
(ii) Calculate the EMF (Electro-motive force) induced in the
coil during the first 2.0 ms.
(iii)  Sketch a graph to show how the EMF induced in the coil
varies with time during the 4.0 ms. Give numerical values
on both axes.

(b) In a sketch show two turns of the coil, the magnetic field B and the

direction of the induced current when B is decreasing.
(20 marks)

14
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