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The heat and Thermodynamics
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Question 1 [14 Marks)

a) Draw only the heating curve of water. .. e cllph JilS ao ki au )l [3 points}
b) Write down the basic idea only for making the following thermometers; v S jot 5 55 ks 5
(i) constant-volume gas thermometer, (ii) resistance thermometer and (iii) thermocouple

thermometer. [3 points]
c) Write down one advantage only for the following thermometers; L « & s - S0 55 samty 50 50
(1) constant-volume gas thermometer and (ii) liquid thermometer. [2 points]

d) Draw the following processes on PV diagram and then express the work done, w, on each.
(12} JSh et Alalaall S 2yl (1) Constant-pressure process, (ii) Constant-volume process and
(ii1) Isothermal process. [6 points]

Question 2 [18 Marks]

a) A 250 g of ice at -10°C is added to 2 kg of water at 30°C. What is the final equilibrium
temperature of the system? Take the specific heat, for ice is 2100 J/Kg°C and for water
4186 J/Kg°C and the latent heat of fusion for ice is 3.337x10° J/Kg. [6 points]
b) A glass window has total surface area 5 m* and thickness 6 mm. Find the quantity of heat
lost through the window per day if the temperature difference between its faces is 20°C.
Take the thermal conductivity for glass is 0.8 W/mC. [6 points]
¢) A long-thin wire of steel was stretched by a tensile stress to fix it at 20°C between two rigid
points separated by a distance shorter than its free length by 0.012%. (i) Find the
temperature at which the wire should be released from the stress. (ii) What is the type and
magnitude of the stress developed in the wire if the temperature changes to the 15°C. Take
for steel, the expansion coefficient o =12x 10° C' and E=2x10"! Pa. [6 points]

Question 3 [18 Marks]

a) Find the equilibrium temperature of the pavement at noon if it absorbs sun radiation by rate
of 300 W per square meter. Consider the pavement behaves like black body and the average
atmospheric temperature is 30°C. Take Stefan's constant 5.67x10® W/m’K®. (6 points)
b) An ideal gas with an initial volume of 2 liters and an initial pressure of 1.5 MPa expands to
final volume of 1 m®. The relationship between pressure and volume during the expansion
is PV = cnst. Determine, (i) the value of the constant in SI units, (ii) the work done, w and
(1i1) the heat, Q. [6 points]

¢) A Carnot engine takes 5000 J of heat and produces 1500 J of work during each cycle. If the
temperature of its cold reservoir is 50 °C, find (i) the efficiency, (ii) the heat expelled to the
cold reservoir in each cycle and (iii) the temperature of its hot reservoir. [6_points]
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- Mechanical properties of matter , Oscillations & Waves

Question (4) (20 Marks)

s) An expression of buoyant force is Fp = P gV, where p (density) and g (gravity). Is V
volume or velocity? Prove. 6 points

b) An Aluminum bar have a length of 3.0m and a diameter 25 mm. (i)What force is
required to compress the bar 1.2mm? (ii) Calculate the lateral strain. (iii) Calculate
the safety factor if the working stress is 200 MPa. (iv) Calculate the strain when the
stress equal 500 x10° Pa. [0, =440 MPa, E=6.9x10" Pa, G = 2.6 x10'° Pa 8 points

¢) Sketch: (i) The variation of the kinetic energy, potential energy, and total energy as a
function of position for simple harmonic motion. (ii) The variation of under damped,
over damped, and critical damped displacement with time. 6 points

Question (5) (16 Marks)

a) A 3-Kg mass attached to a spring with k=140 N/m is oscillating in an oil, which damps
the oscillations. (i) If the damping constant of the oil is b=10kg/s, how long will it take
the amplitude of the oscillation to decrease to 1% of its original value? (ii) What is the
frequency of this damped oscillation? 6 points

b) A mass m=1 kg in a spring-mass system with k= 1 N/m is observed to be moving.
Suppose the initial conditions are such that at time t=0, the mass is at x=0.5m and
moving to the right with a speed of 1m/s. (i) Determine the equation of the motion (ii)
Find the position of the mass at t =4 sec. 6 points

¢ In a factory, three machines produce noise with intensity levels of 85.0 dB, 90.0 dB,
and 93.0 dB. When all three are running, what is the intensity level? 4 points

Question (6) (14 Marks)

a) Two overlapping waves travel in opposite directions, each with a speed of 40 cm/s.
They have the same amplitude of 2 cm and a frequency of 8 Hz. (i) Write the wave
function for the resulting standing wave. (ii) What is the distance between adjacent
nodes? (iii) What is the maximum displacement of a particle at x = 0.5cm? 6 points

b) A source and an observer are each traveling at 0.5 times the speed of sound. The
source emits sound waves at 1.0 kHz. Find the observed frequency if the source and
observer are moving away from each other. 4 points

c) The density of a sample of air is 1.205 kg/m>, and the bulk modulus is 1.42x10°N/m.
(i) Find the speed of sound in the air sample. (ii) Find the temperature of the air
sample. 4 points

With my best wishes
Dr. Mervat Abo-ElRhier
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