Mansoura University Exam. Of Physics Date: 23-1 - 2011
Faculty of Engineering For Preparatory year Time: 3 hrs
Engineering Mathematics and Physics Department Full mark : 100
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Mechanical properties of matter and waves

Question |
a- When an object falls through air, there is a drag force that depends on the product of

lhc cross sectional area ( A ) of the object and the square of its velocity ( V?), that is,

‘i = C A V%, where C is a constant. Determine the dlmcnsmns of C s ( 4 marks )
= yp-||_ — _‘;__r_l

b- The stress-strain curve for quartzite is shown in the Fig. £ s | Z &
What are i) the Young's modulus , L7
ii ) the approximate yield strength for this material, ol L1 1
iii) the percent elongation, and v ) the type of this material.  * "o "™ (8 marks)
c- A 3.0 kg object on a frictionless horizontal surface oscillates at the end of a spring
with an amplitude of 4.5 cm.Its total mechanical energy is 1.4 J. What are i ) the force

constant of the spring, ii ) the periodic time, and iii ) the maximum velocity. ( 6 marks )

Question 2

a- A 50 g block is attached to a vertical spring whose stiffness constant is 4 N/m. The

block is released at the position where the spring is unextended ( Ui s ).

i ) Write the displacement equation. ii ) What is the maximum extension of the spring ?
( 4 marks )

b- Two waves arriving at a point are described by Y =( 6 m ) sin [(n/15)X — (n/.005)t ]

(X and Y in (m) and t in (s) ) and differ in phase by 60-. Write the equation of the
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'
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resultant wave at this point. (4 marks )
c- State : i ) Superposition principle, and ii ) Hook's law { 6 marks )
Question 3

a- A car moving at 40 m/s and a truck moving at 15 m/s travel along the same straight
road. The car's horn has a natural frequency of 400 Hz. What is the frequency observed
by the truck driver as the car passes the truck, assuming that the car and truck are
traveling in opposite directions. { 6 marks )
b- A man strikes one end of a thin rod with a hammer. A woman, at the other end with
her ear close to the rod, hears the sound of the blow twice ( &), with a 0.12s intervals
between them. What is the length of the rod? ( The speed of sound in air = 340 m/s, and the
speed of the sound in the rod is 15 times the speed in air). {6 marks )
c- A point source emits 30 W of sound isotropically. A small mlcmph{}ne 200 m from
the source intercepts ( Jiis; Jthe sound in an area of 0.75 em’.

Calculate i) the sound intensity there, and ii) the power intercepted by the microphone.

( 6 marks )
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Eeop =2x10" Pa gy = 12x107° °C™, Coyp = 380 J/kg °C, (R=18.31 J/mol.K).
C.= 4200 J/kg °C, Cie=2100J/kg °C, Ly = 3.3x10°J/kg, L, =2.2x10°V/kg, C, =2000 J/kg °C

Qusation 4-a- Plot the temperature versus energy added when 1 g of ice, initially at -30°C, is

converied to steam al 12070, wielie po j ebiiag pu g {5 muarks)

4-b- A copper telephone wire has essentially no sag between poles 50 m apart on a day
when the temperature is 20°C. What is the length of the wire on a summer day when 7=
45°C? What is the length of the wire on a winter day when 7= 0.0°C? Calculate the type
and the magnitude of the stress at each case, {5 marks)

4-¢c- Find the change in volume of a copper cube of 5-cm side when it is heated from
20°Cto 150°C {5 marks)

ion 5-a- i-How does a bimetal thermometer work?

ii-What does Absolute Zero mean?
iii-What is the difference between temperature and amount of heat energy?
iv-How did Fahrenheit determine 100 degrees? (5 marks)

5-b- A heavy copper pot of mass 2 kg is at a temperature of 110°C. You pour 0.2 kg of ice
at -15°C into the pot. Find the final temperature of the pot and its contents. (/0 marks)

5.c-Two rods of the same length (L=40 cm) and same diameter (d=8 cm) are made from
different materials (k; =50 WmK, ks = 200 W/mK). The rods are to connect two regions
of different temperature (T, = 70 °C, T. = 30°C). They can be connected in series, or in
parallel. In which case is the rate of energy transfer by heat larger, when the rods are in
series or when they are in parallel?= JS 5 kU5 Sl a3 iy {5 marks)

jon 6-a-Define. Good reflector, Heat convection, First law of thermodynamics,
Third law of thermodynamics. (5 marks}

6-b- Three moles of helium are imitially at 30°C, and a pressure of | am. What is the

work done by the gas if the volume is doubled (i) at constant pressure, (ii) isothermally?
{5 marks)

6-c- A Carnot engine takes in 2000 J of heat and produces 800 .J of work during each
cycle. If the temperature of its cold reservoir is 0.0°C, what is the temperature of its hot
reservoir? What is the efficiency of this engine? | {5 marks)

Figure Pr. 5-c
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