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Answer All Questions

Questions No. 1: (13 Marks)

I-a) Write down the dimensions of the following physical quantities:, (i) Force (ii) Strain (jii)

Wavelength. (3 Degrees)

[-b) Plot the kinetic energy, potential energy and total energy of simple harmonic motion versus the
distance, x from the equilibrium position. (2 Degrees)

1-¢) A metal wire of length 120 cm and cross sectional area 2 mm? is pulled by a tension of 100 N. If
the deformation is entirely elastic and found to be 0.6 mm, (i) what is the tensile stress in the wire?

(ii) Calculate the elastic modulus of such metal. (4 Degrees)

1-d) A mass is attached to a spring of constant 100 N/m. It is stretched by 4 cm and then released to
oscillate as a simple harmonic motion. Find the following at a distance 3 cm from the equilibrium
position: (i) the potential energy, (ii) the total energy, and (iii) the kinetic energy. (4 Degrees)

Questions No. 2: (12 Marks)

2-a) A transverse travelling wave is represented by the equation, y = 0.06 sin (0.5 x — 40 t), where, y
and x are in meters and t is in seconds, Find the followings: (i) The amplitude (ii) The wavelength

(iii) The time period (iv) The speed of the wave. (4 Degrees)

2-b) A speaker emits 0.4 W acoustic power. Assume it behaves as a point source that emits
uniformly in all directions. At what distance from the source will the intensity level is 70 dB? Take

the intensity of the least audible sound, I, = 1072 W/m? (4 Degrees)

2-¢) A car travels down a road at a speed of 30 m/s. It is emitting sound at a frequency of 500 Hz.

What frequency heard by a man standing on the side of the road in the two cases; (i) approaching and

(i) receding. Take the velocity of sound in air 340 m/s. (4 Degrees)
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Questions No. 3: (13 Marks)

3-a) Write down the basic idea for making the following thermometers: (i) Lliquid

thermometer (ii) Resistance thermometer (iii) Constant volume gas thermometer (3 Degrees)
3-b) Draw the heating curve for water. (2 Degrees)

3-¢) What mass of steam initially at 120 °C is required to warm 500 g of water (by mixing the steam
with water) from 25 °C to 50 °C? Take the specific heat for water is 4186 J/Kg°C, and for steam
2010 J/Kg®C and the latent heat of vaporization for water is 2.26x10° J/Kg. (4 Degrees)

3-d) A long thin steel wire is fixed from its ends on two fixed points separated by a distance equals
the wire length at a temperature of 25 °C. What is type and magnitude of the stress developed in the
wire if the temperature changes to two cases:, (i) 5 °C and (ii) 40 °C. Take the thermal expansion
cocfficient for steel, 12x10° °C™" and Young's modulus is 2x10"" Pa. (4 Degrees)

Questions No. 4: (12 Marks)

4-a) A box with a total surface area 0.2 m* and a wall of thickness 6 mm is made of an insulating
material. A 30-W electric heater inside the box maintains the average temperature of the inside
surface of the box is 20 °C above the outside surface. (i) What is the thermal conductivity of the
insulating material? (ii) If the temperature of the surrounding atmosphere outside the box is 25 °C,
find the temperature of the outside surface of the box. Take the Stefan's constant, ¢ = 5.67x10°®
W/m’K* and the emissivity of the outside surface of the box is 0.8. (5 Degrees)

4-b) One mole of an ideal gas is kept at 40 °C while is taken through an expansion from 5 liters to 20

liters. (i) Calculate the work done by the gas. (ii) Find the heat transferred to the gas (iii) What is the

change in its internal energy? Take R = 8.31 J/mole K. (4 Degrees)

4-c) A Carnot engine absorbs 5 KJ of heat and expels 3 KJ of heat to a cold reservoir at 40 °C each

cycle. (i) Calculate the efficiency of the engine. (ii) What is temperature of the hot reservoir?

(3 Degrees) ‘j
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Total Marks: 50
Answer of question 1 [13 marks]

1.a- | degrees]

(i) The dimensions of force s, [M][L][T]™
(11) Th: dimensions of strain is, dimensionless
(ii1) The dimension of wavelength is, [L]

K, U
U\ JETTR TS :
1.b- [ degrees] y S N
/ \
/ \
/ LY
K/ N
/ \ . X
A 0 +A
1-c- 1 degrees]
(i) T' e stress o =F/A=100/(2x10°) =5x10"Pa
(i1) e strain g=AL/L =0.06/120= 5x10"

The tensile modulus E=0c/e = 5%107/5%10* m =1x10'" Pa

1.d- 4 degrees]
(i) Te potential energy
(i1) The total energy

’ (i) "T'he kinetic energy K=E-U=0.08-0.045=0.035]

U=0.5kx*=0.5x100%(0.03)*> =0.045J
E=0.5k A>=0.5x100%(0.04)* =0.08 J

ol
Ans'ver of question 2 [12 marks]
2.a- 4 degrees]
o The given equation: y =0.06 sin (0.5 x—401)
The standard equation: y=Asinkkx—-ot) . 7
Al By “omparing the two equations, therefore, (i) The amplitude, A = 0.06 m, (ii)) the wgvelength
A=k =2m/0.5 = 12.566 m, (iii) the time period T = 2n/e =2m/40 = 0.157 s, and (iv) the
spesd of wave, v =a/k =40/0.5= 280 m/s
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2.b~ 1} degrees)

The atensity levels, p= lOlOg[—; =10 or 102 =10

. : . =5 7l
Ther | the intensity [=107 W/m

[_Power or R = } 04
Bt 47R> Vazxio® = 642m

/it

2.c- [+ degrees]

I.r
(i) 1" Approaching Ji=71s V_v then, f, =
vy
V 340
o f = e = 500—2"—
(11) ¢ = Js v+ v, then, I 300340+30

Answer of question 3 [13 marks]

3.a- (2 degrees]

=548.39 Mz

=459.46 Hz

(i) The basic idea for making liquid thermometer is changing the volume of liquid with

chari;;ing the temperature

(i1) The basic idea for making resistance thermometer is changing the electric resistance of a

conductor with changing the temperature

(ii) The basic idea for making constant volume gas thermometer is changing the pressure of a

gas : constant volume with changing the temperature.

T(0)
120
3.b- |2 degrees] 100 /b
80
60 ice +water water
40 + vapar
20 ice; water vapor
8 \
-20
Heat (J)

3.c- [« degrees]
Heat lost by steam = Heat gained by water

m, ¢. ATs+ my L, + mye AT = m,,c,AT,,
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M2010(120 - 100) + 2.26x10° + 4186(100 — 50)] = (300/1000)(4186)(50 - 25)
solving for m,, therefore, m, = 0.02085 Kg =20.85 ¢
3.d- [ degrees)

(1) A15°C

The (vpe of stress is tensile thermal stress because the temperature decreases while the wire is
fixed from its two ends.

The thagnitude of stress: 6 = a E AT = 12x10° x 2x10" x (25-5) = 4.8x10" Pa

(11) A 40 °C There is no stress

Ansvier of question 4 [12 marks]

4.a- [ degrees]

The rate of heat transferred through the box's walls is:

W 20
=KA— 4 30=02xKx - 0
q 7 or 2 S 6x10° Then K =0.045 W/m°C

The ate of heat radiation is: P = O'AE[T4 - T:]
or  30=5.67x10%x0.2x0.8x |1 —(25+273.15)' ]
T is 11e temperature of the outside surface of the box T =325.38 K =52.23 °C

4.b- |4 degrees]

(i) For isothermal process,

w = nRT In(va/vy) = 1x8.31x(40+273.15) In(20/5) = 3607.5 J
(i) O = w =3607.5J
(iit) AU = 0 for isothermal process

4.c- [ degrees]

(i) T e efficiency 77 =1- o =l-— -4
t Qh N}

. L _9
(i)  The temperature of the hot reservoir can be given by the equation:

P s 1)1 8
th Q/l
Tn = (40+273.15) x5/3 =521.92 K =248.77 °C
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