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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
December, 2022
PHYSICS
BPHE-101/PHE-O1 : ELEMENTARY MECHANICS
&

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES

Instructions :

(i) Students registered for both BPHE-101/PHE-01
and BPHE-102/PHE-02 courses should answer
both the question papers in two separate answer
books entering their enrolment number, course
code and course title clearly on both the answer
books.

(i1) Students who have registered
BPHE-101/PHE-01 or  BPHE-102/PHE- 02
should answer the relevant question paper after
entering their enrolment number, course code
and course title on the answer book.
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BPHE-101/PHE-01

BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
December, 2022

BPHE-101/PHE-01 : ELEMENTARY MECHANICS

Time : 1 é hours Maximum Marks : 25

Note : Attempt all questions. The marks for each question
are indicated against it. Symbols have their usual

meaning. You may use a calculator.

Answer any five questions from the following : 5x5=25

1. An object of mass 20 kg has to be pushed up an
inclined plane with a constant velocity. The
plane makes an angle of 45° with the horizontal.
What is the force needed to push it given that
the coefficient of kinetic friction between the
plane and the object is 0-2 ? Draw the free-body

diagram. Take g = 10 ms™2. 4+1

BPHE-101/PHE-01 2



2. A girl of mass 50 kg rides a bicycle of mass 30 kg
at a steady speed of 3:0 ms™!. What power does
she have to supply to maintain this speed if she
is travelling :
(a) onlevel ground ?
(b) going up an incline of 30° ?
It is given that the force of friction is 25 N in each
case. Take g = 10 ms2. 243

3. Write down the expression for the potential
energy of a simple harmonic oscillator.
Determine the equilibrium position of the

system. Is the equilibrium stable ? Explain. 1+2+2

4. A girl of mass 30 kg stands at the edge of a
merry-go-round at rest. The moment of inertia
of the merry-go-round is 400 kgm? and
its radius is 5:0m. The girl then starts

walking anti-clockwise around the edge of the

merry-go-round at a constant speed of 2:0 ms™1.

In what direction and with what angular speed
will the merry-go-round rotate ? 5

5. A satellite of mass 1500 kg is orbiting the
earth in an orbit with the semi-major axis
a = 7000 km. Given that the apogee distance is
8400 km, calculate the total mechanical energy
of the planet and the eccentricity and shape of
its orbit. Take G = 6-67 x 10711 Nm?2 kg2 and
Mg, = 6:00 x 10%* kg. 242+1
BPHE-101/PHE-01 3 P.T.O.



6. Particles of mass 20 kg, 1-0 kg, 3-0 kg and
5-0 kg are placed at the four corners A, B, C
and D, respectively, of a rectangle having sides
AB =10:0 cm and AD = 6-0 cm. Locate the centre
of mass of the system. 5

7. Two objects of mass m and 3m undergo an
elastic collision. Before the collision, the velocity
of the mass m is Vlj\ and the velocity of the
mass 3m is —VO{\ - 1VOJ/'\. After the collision,
the mass 3m comes to rest and the velocity of the
mass m is V'1/1\ Determine vy, vi and the

velocity of the centre of mass. 3+2

8. (a) What are non-inertial frames of reference ?
A girl of mass M stands in a lift which is
moving up with an acceleration of 6:0 ms2.
What is the inertial force acting on the
girl 2 What is the apparent weight of the
girl ? Take g = 10 ms2. 1+1+1

(b) Two forces _E:l and F; produce the same
impulse. If F; is exerted for 5 ms, for how
long) is f; exerted, given tha_t) the magnitude
of Fy is three times that of F; ? 2
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BPHE-102/PHE-02

BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination
December, 2022

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES

Time : 1 é hours Maximum Marks : 25

Note: Attempt All questions. Internal choices are given.
The marks for each question are indicated against
it. Symbols have their usual meaning. You may use
a calculator.

1. Attempt any three parts : 3xb=15

(a) Explain the phenomenon of beats. An
ambulance blowing a siren of frequency
700 Hz is travelling towards a vertical
reflecting wall with a speed of 7-2 km h™1,
Calculate the number of beats heard per
second by the driver of the ambulance. Take

the speed of sound as 340 ms™1.

(b) How is a compound pendulum different from
a simple pendulum ? Obtain an expression

for the time period of a compound pendulum.

BPHE-102/PHE-02 8



(c) Consider two identical spring-mass systems

connected by a spring of spring constant k’.

(i) Depict their equilibrium and

instantaneous configurations.

(i1) Write down the equations of motion of
these masses when they execute

longitudinal oscillations.

(d) An open pipe is closed at one end and it is
found that the frequency of the third
harmonic of the closed pipe exceeds the
fundamental frequency of the open pipe
by 100 Hz. Calculate the fundamental
frequency of the open pipe.

(e) The average intensity of light reaching the
surface of Earth from the Sun is 1300 Wm™2.
It is produced by fusion of hydrogen nuclei.
It is given that the total power generated in
the Sun by fusion is equal to the power
received per unit area of the Earth’s surface
multiplied by the surface area of a sphere of
radius equal to the distance of the Earth and
the Sun. Calculate the mass of hydrogen
consumed per unit time into radiant energy.
Take the distance between the Sun and the
Earth as 1-5 x 108 km.

IBPHE-102/PHE-02 9 P.T.O.



2. Attempt any two parts :

(a)

(b)

(c)

BPHE-102/PHE-02

Write the equation of damped oscillations. If

its solution is of the form
x = age Pt cos(wgt + ¢)

and f = 1 Hz, its amplitude of vibration is
halved in 5 s. Obtain the equation in terms

of the values of b and wy.

Define phase velocity and group velocity.
The phase velocity of a wave propagating in
a medium is given by

2 b

VP=a7»+x

Where A is wavelength and a and b are
constants. For what value of A will group

velocity be equal to phase velocity ?

A transverse wave travelling in the +ve
x-direction is represented as

y(x, t) = 0-02 sin(2t — 3x) m.
Calculate the velocity of the wave. Also
obtain the maximum values of particle

velocity and acceleration.

10

2x5=10
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