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Answer All Questions

Questions No. 1: (12 Marks)

I-a) Write down the basic idea for making the following thermometers: (i) Constant volume

gas thermometer (ii) Bimetallic thermometer (iii) Resistance thermometer (3_Degrees)
1-b) Draw the heating curve of water. (2 Degrees)

1-¢) Express only without proving the work done by an ideal gas during the following processes:
(el ot J&I Jads 2dsladl 3€1) () Constant volume process (i) Constant pressure process (iii) Isothermal

Process (3 Degrees)

1-d) A steel rod is fixed from its two ends at 25 °C. If its temperature is deceased to =15 °C, what is
type and magnitude of the stress developed in the rod. Take the thermal expansion coefficient for

steel is 12x10° °C™" and Young’s modulus 2x10" Pa. (4 Degrees)

Questions No. 2: (13 Marks)

2-a) A metal rod is 10 cm long and cross sectional area 3 cm’. One end is in contact with steam at
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100 °C while the other end contacts a block of ice at 0 °C. In a time 15 minutes 250 g of ice melts.
Calculate the thermal conductivity of the metal. Consider heat flows only from end to end. Take the _>
: latent heat of fusion of ice is 3.334x10° J/Kg. (3 Degrees)

2-b) Calculate the net power radiated by a hot object, at 100 °C and of total surface is 2 m?, to its

surrounding which is at 30 °C. Take the Stefan constant, ¢ = 5.76x10”° W/m?K* and its emissivity

close to unity. (3 Degrees)

2-c) An ideal gas is taken through a Carnot cycle. If the gas absorbs 1000 J of heat fromn a reservoir
at 200 °C and rejects a quantity of heat into a reservoir at 30 °C, find, (i) the efficiency, (ii) the work
done by the gas and (iii) the heat expelled to the cold reservoir. (5 Degrees)

Professor Dr. Moheb Ibrahim Abo Elmaaty

T

ifzﬁaggs

Scanned by CamScanner



Mechanical properties of metals and waves (1* rerm)

Question 3: (12 marks)

(a) A massive object of m = 5 kg oscillates with simple harmonic motion. Its position as a
function of time varies according to the equation: X(t) = 2 sin [(n/2) t + ©/6) m. (i) What is the
position and velocity of the object at t = ( §? (ii) What is the maximum kinetic energy of the

object? (iii) If the object is then oscillating in an oil with damping constant b = 10 kg/s, find the
amplitude after 1.5 s.

(6 marks)
(b) The following data for the length of rubber are obtained as a function of the load ( mass )
suspended from the end of the strip ( 3.0 mm x 3.0 mm cross section )&

Load, kg 0.0 0.2 04 06 08 1.0

Length,em 15.0 16.8 18.6 207 23.4 26.4

(i) Draw the stress-strain curve,

(ii) Determine the approximate value of yield strength.
(iii) Determine the percent elongation.

(6 marks)
Question 4: (13 marks)

(a) A standing wave is described by the following equation:
Y(x,t) = (2.0 cm) [sin (20 m™) x] cos (150 t). (i) What is the position of the 3™ antinodes?

(ii) Write the equations of the two waves that make this standing wave. (iii) Find the amplitude

at x= 15cm (6 marks)

(b) A person in a parked car (&s\) sounds the horn. The frequency of the horn's sound is 290 Hz.

A driver in an approaching car measures the frequency of the sound coming from the parked car

to be 316.0 Hz. What is the speed of the approaching car? ( Vioung = 343 m/sec) (4 marks)

(c) The explosion of a firecracker (Js&l wyw) in the air at a height of 40 m produces a 100 dB

sound level at the ground below. What is the instantaneous total radiated power, assuming that it
radiates as a point source. (3 marks)
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Answer of question 1 [12 marks]

1.a- [3 degrees)
(i) The basic idea for making constant volume gas thermometer is changing the pressure of a
gas at constant volume with changing the temperature

(ii) The basic idea for making bimetallic thermometer is that different metals expand with
different rates by changing the temperature.

s

(iii) The basic idea for making resistance thermometer is changing the electric resistance of a
conductor with changing the temperature.

T ("0

120
1.b- [2 degrees] 100 /1/
80

60 ice +water | water

40 + vapar
20 ice; water vapor
0

\

-20 /),

Heat (J)

1.c- [3 degrees]
(i) Constant volume process w=0 v
(ii) Constant pressure process w=P (V,-V))

w= nRTlnﬁ

1

(iii) Isothermal process

1.d- [4 degrees]
The type is tensile thermal stress because the temperature decreases while its ends are fixed.
The magnitude o=aE AT =12x10°x 2x10" x (25 - (-15)) = 9.6x10” Pa

Answer of question 2 [13 marks)

2.a- [5 degrees]
The quantity of heat required to convert 250 g of ice into water at 0 °C is:
Q= my L= (250/1000) x 3.334x10°> = 83350 J

- The rate of heat transfer through the rod is: H= Q/t =83350/(15x60) =92.611 W
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AT . HL  92611x0.1
f{ = K4 — !\ — =
H=RA==or &= AT = 3x107 x(100-0)

= 308.7 W/mK

2.b- {3 degrees)

The netl power radiated is P=e 6 A (T' - T." ) = 1 x 5.76x10™ x 2x[(100+273)" - (30+273)")

=1259 W
2.¢- |5 degrees]
) % X 30+ 273
(i) The efficiency Ti:l—EZI-M =0.3594

w
Gy 7 ="Q‘" or w=nxQ, =03594x1000 =3594]
h

(11)  The heat expelled: = Qp—w =1000-359.4 =640.61

Pl
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Model answer

Mechanical properties and waves (physics part2)

2015-2016 (1* Term BCE- CIE- MTE- BME)

Question 3: (12 marks)

(a) A massive object of m = 5 kg oscillates with simple harmonic motion. Its position as a
function of time varies according to the equation: X(t) = 2 sin [(7/2) t + 7/6) m. (i) What is the
position and velocity of the object at t = 0 s? (ii) What is the maximum kinetic energy of the
object? (iii) If the object is then oscillating in an oil with damping constant b = 10 kg/s, find the
amplitude after 1.5 s. : (6 marks)

(i)X(O)=2xsinm/6=10m
V(0) = 2x /2 cos m/6 = 2.72 m/s
(i Vmex =0 Az2xm/2 =17
KE=vmV?=24677J

(iii) A= A, e V2" = 2 x e 129 = 0.446m

(b) The following data for the length of rubber are obtained as a function of the load (\mass )

suspended from the end of the strip ( 3.0 mm x 3.0 mm cross section ) :

Load, kg 00 02 04 06 08 1.0
Length,ecm 15.0 16.8 18.6 20.7 234 264

(i) Draw the stress-strain curve. (ii) Determine the approximate value of yicld strength.
(iii) Determine the percent elongation. (6 marks)
5*;8? 0.0 0.22 044 | 065 0.87 1.08
X
Strain 0.0 0.12 0.24 0.38 0.56 0.76

(ii) From the curve, Yield strength = 0.58x10° Pa

(i) The percent elongation = 0.76 x 100 = 76%

Question 4: (13 marks)

(a) A standing wave is described by the following equation:

Y(x,t) = (2.0 cm) [sin (20 m™") x] cos (150 t). (i) What is the position of the 3 antinodes?

Scanned by CamScanner



Scanned by CamScanner

NEEE RN

- I A
SRR

-t - EREEEEREERE
- -t bt H
i
Cor T
Thfe ] T
Fo4.54 Sak o4 5 1+ t HH




Lot {& SERT S

(i) Write the equations of the two waves that make this standing wave. (iii) Find the amplitude

at x= 15em (6 marks)

(i) The position of 3™ antinodes is 5A/4

K =20 = 2n/K » A=2n/20=0314m
3" antinodes at 5 x 0.314 /4 = 0.3925 m
(i) y: = 1.0 cm sin (20 m™ x - 1501) , y2 = 1.0 cm sin (20 m™ x + 150t)

(iii) Ax = 2.0 cm sin (20x0.15) = 0.2822 cm

(b) A person in a parked car (<) sounds the horn.-The frequency of the horn's sound is 290 Hz.

A driver in an approaching car measures the frequency of the sound coming from the parked car
to be 316.0 Hz. What is the speed of the approaching car? ( Vsouna = 343 m/sec) (4 marks)

/1 f S L
=8 = V:SI/S for * = o=
316 290 S <:%
27 o
343 + VL 343

VL = 30.75 m/s

(c) The explosion of a firecracker (Ja&! <s=) in the air at a height of 40 m produces a 100 dB
sound level at the ground below. What is the instantaneous total radiated power, assuming that it

radiates as a point source. (3 marks)
B=100 = 10 log I/102, I =107 W/m?
I = Power/4 mR?,  Power =10%x 4 x m x (40)? = 201.06 W
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