University of Ruhuna
Bachelor of Science (General) Degree Level | (Semester 1) Examination

July - 2016

gubject: Physics

Course Unit: PHY1114 Time - 03 hours

Answer SIX (06) Questions only.

Answer at least 01 (ONE) question from part B.

All symbols have their usual meaning
(G=6.67x10" kg .m’/s’, g = 9.8 m.5?

Part A

a) Consider a lift with passengers moving in upward direction. The total mass of the
lift and the passengers is 1500 kg. The variation of the speed of the lift with time is
shown in the following graph.
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i. Calculate the tension of the rope pulling the lift upward at time ¢
equal to 1 sec, 6 sec and 11 sec, respectively.
ii. What is the height to which the lift takes the passengers?

iii. Find the average speed for the entire motion.
’ | (15 marks]

b) A large mass M and a small mass m hang at two ends of a string that passes
through a smooth tube as shown in the figure. The mass m moves around a circular
path which lies in the horizontal plane. The length of the string from the mass m to
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, is the angle this string makes wit the
the top of the tube is / and 0 is g - .Flnd

veniCa[ .
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2. What is meant by the center of mass reference frame of a system of particles?
s collides (head on collision) with anothe;

A particle of mass m, moving with velocity U,
mass m; moving mass of with velocity i, (!172|( Iz?

i.
ii.
iii.

Consider the target object
the following parts

iv.

\2
vi.

Write down the velocity of the C
Find the velocity of each mass re
Hence show that the tota] momentum is zero in the C.OM. frame.

,| ) in the same direction.

e ) o Uy
nm; n; ‘
‘0. M. frame of the above system.
ference to the C.O.M. frame.

|

(my) which is at rest (2 = 0) before the collision for answering

y of m; after the collision in C.0. M..frame.
velocities of m, & m; reference to the lab frame.

to the target object (m3) by the mass m, in this
fiergy gain by the target object is equal to the

Write down the velogit
After the collision find the
What is the energy given
collision and show that the ¢

energy given by m,,
Hence find the fractional energy loss of the mass m;, ]
[All parts carry equal marks
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a) The carth is rotating about its axis with co

of an air parcel directed from North Po| nstant angular speed w. Consider motion
the earth. ole to equator with a velocity of vg relative to

i.  The true acceleration of the parcel is given by
ar =ap +20 x7, +5><(6><F)
Give the meanings of each term in the above equation.

ii.  Hence find the effective force on the

air pa 1
frame. parcel, with respect to the earth

.--‘ D' s . .
iil .1sc.uss all terms in the €xpression for the force on the air parcel and the
significance of each term.

[10 marks]

b) An object is falling from rest towards the center of the earth radially from a height

of 100 m above a point on the equator of the earth. Calculate the horizontal

displacement of the object due to the coriolis force. Indicate the direction of
displacement. _

(Solar days/year =365.5, Sidereal days/year =366.5, Radius of the earth =6.38x10°m

i

ii.

Solar day 24 hrs.)
[15 marks]
What is meant by a conservative force?
[02 marks]
Which of the following forces are conservative?
Wind resistance on a moving car,
Force exerted by a linear spring obeying Hooke's law,
Forces given by,
F = y3i + 3xy?%]
F=xi+xyj
[06 marks]

i,

Write down the relationship between a conservative force and the associated

otential,
potentia [02 marks]
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v.

b)

d)

Using the above relationship derive an expression for the

A g’a"i‘aliona[
V(r), at a distance r (= Rg) from the center of the earth iy t

i .o €S of the, " enig
earth and the gravitational constant G. Ry is radius of the earth, Masg Of
Sketch V(r) as a function of .

(09 Marks)
Explain the followings.
a) Formation of the sun.
b) Formation of black holes
¢) Formation of white dwarfs.
[06 Marks)

Introducing all parameters state Bernoulli’s theorem.
This theorem is a result of 3 conservation of law. Explain briefly.

Explain the following phenomena using Bernoulli’s theorem. o mats
Lifting of airplane,
Swinging of a cricket ball,
Mechanism of a spray gun.
Using a cylindrical shape for rocket buljet.
[05 marks]

A fluid flows through a horizontal pipe of v

. - arying cross section. Assuming the
flow is streamline and applying Bernou]jj’

[09 mar ks]
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a) A body falls freely to the ground fro

b) A monkey sitling on a tree falls free]

locity or movi . > When the train is stationary, moving with constant
ve y ving with constant acceleration along a horizontal track.

|05 marks]

y at the same instant when a gun is fired at the

monkey. Would the bullet hits the monkey while in free fall?

Prove your answer.
| (08 marks]
Define work.

Explain positive, negative and zero work with examples.
, [02 marks]

d) A body of mass 2 kg is placed on an inclined plane of 30° to the horizontal. The

a)

body moves 2 m along the plane under an applied horizontal force of 70 N alone
the plane. The coefficient of kinetic friction between the object and the plane is
0.1.
Compute,
i. work done by the applied force.
ii. work done by the frictional force.
iii. work done by the net force along the plane on the body.
iv. the speed of the body after moving 2 m using energy relations.
[10 marks]

By applying Newton’s second law for rotational motion, show that the period of a

. i L
simple pendulum of mass m and length L can be given as T=27 \/; . State all

assumptions made. (07 marks]
marks
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b) 2

’

Figure(1)

Consider the simple pendulum shown in Figure(l). The total length [, of t
3

pendulum string is 1.2 7. But the nail on the wall restricts its motio

N 1o right side

by reducing its length to L= 0.3 m. Calculate the period of small oscillations of

the pendulum,

[06 marks)

c)

Y

[12 marks]
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8. a) The equation  of a transyerse wave

b)

d)

on a string is given by

7
y= (0.!20) sm(EJH 47”} (All quantities are given in SI units).

i. Calculate the wavelength, period ang speed of propagation of this wave.

ii. Determine the transverse speed and acceleration at ¢ = 0.2sec for the point on
the string located at x=1.6m_

[07 marks]

In a cathode ray oscilloscope, the motion of an electron under two mutually

perpendicular electric fields is given by the following simple harmonic motions.
' x =4 coswt

y=4 cos(w{ +§J

: Itant path of the electron.
Find the resu p —

Two strings of lincar mass densities mi; and my( >my ) are joined together form ?ne
end and stretched between two fixed point under the same tensmx? T. fI ha
transverse wave pulse incident from less dense medium discuss the motion of the

it hi vy of dia by drawing suitable figures.
pulse after it hits the boundary of the two media by g 08 marki]

mber of identical strands twisted together. At one point,
A is made up of a number of identic - .

h s lsbecomespfrayed so that only a single strand continues (See Figure(3) ).
the rope )

i i he Single
Ihe rope 18 he 1 wav amplllude lcm 1S Sent fl‘ t
p 1 ld Lmdel‘ 1Cn510n and ‘a (4 Of - om |

i 9
How many stands are there in the rope:

_——

Figure(3)

[08 marks]
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b)

d)

What is meant by resonance?

[05 marks]

Fifty tuning forks are arranged in the order of increasing frequency and any two
successive forks give 5 beats per second when sounded together. If the frequency
of the last fork is twice as much as the first, find the frequency of the first fork.

(06 marks)

A 25 cm long tube with one open end resonates at fundamental mode with a

tuning
fork when fi

lled with Oxygen. Find the length of the tube that would resonate at
the same mode for the same tuning fork when filled with Hydrogen. Velocities of

sound in Oxygen and Hydrogen are 320 m.s™ and 1280 .5~ respectively.
[06 marks]
Phase velocity ¥,

. (kd)
csin =
by ¥, = P! where c is a constant. Show that the group velocity is equal to

2

of a transverse wave in a crystal of atomic separation 4 is given

kd
€ Cos—.
2

[08 marks]
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