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2025

PHYSICS — MINOR
Paper : MN-1
(Basic Physics - I)

Full Marks : 75

Candidates are required to give their answers in their own words
as far as practicable.
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[ English Version ]
The figures in the margin indicate full marks.

1. Answer any five questions :
(a) Determine any vector perpendicular to the plane formed by A=2i- 6]A‘ ~3k and B'=4i+ 3f ~k.
3
(b) Using Stoke’s law, prove that V x g(p =0. 3

(c) Define conservative force field. The potential energy of a particle moving in a conservative force
field is ¥ (x, y) = kxy3, where k is a constant. Determine the force acting on the particle. 3

(d) Find the integrating factor for : & + 2 y =sinx. 3

dx x

(e) Write down the expressions of unit vectors ¢, and ép in polar coordinates (7, 6) in terms of i,7].
What is the difference between the unit vectors in Polar and Cartesian coordinates? 1+1+1

() What do you mean by central force field? Give two examples. 3
(g) Show that, the work done in moving a particle is equal to its change in kinetic energy. 3
(h) State the Equation of Continuity in fluid flow. Mention its physical significance. 3

Answer any five questions taking at least one question from each Group.

Group - A

In(l1+x)-x

2. (a) Evaluate : lim 3

x—>0 x

(b) Find the Taylor series for f(x) = cos x centered at x = .

(c) Draw the graph of y = |x|. Write the domain and range of the above function.

2 2 .
(d) Solve : (yzexy + 4x3)dx + (nye"y - 3y2)dy =0. 3+3+(1+1)+4

3. (a) Find m so that the vectors 2i - 4f +5k;i- mf+ kand 3i+ 2;— Sk are co-planar.
(b) Find the unit normal to the surface x3z2 = 4 at (-1, -1, 2).
(c) State divergence theorem of vector. Show that the vector field
1% =(x+3y);+(y —2z)lAc+(x—22)lAc

is solenoidal.

(d) Show that #;,dﬁ =3V, where V is a volume enclosed by the surface S. 3+3+HQ2+2)+2
S
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Write down Stoke’s Theorem in the context of integration of a vector field 4.

Establish whether a vector field F = ( y? cosx + z° ); + (2ysinx —4)}' + (3x22 +2)I€ is rotational

or irrotational.
Draw a spherical polar coordinate system (r, 6, ¢). Indicate the range of each coordinates.

Write down the expression of volume element in spherical polar coordinates (, 8, ¢). Hence derive
the volume of a sphere of radius a. 2+2+(2+2)+(1+3)

Group -B
State and prove the Law of Conservation of Linear Momentum for a system of particles.

A billiard ball moving at 5 m/s strikes a stationary ball of the same mass. After the collision, the
first ball moves at 4.33 m/s at an angle of 30° with respect to the original line of motion. Assuming
an elastic collision (and ignoring friction and rotational motion), find the velocity of the struck ball’s.

Write down Galilean transformation relations between two inertial frames S and S’, where S is
moving along the common x - x' axis with respect to S with a constant velocity. Show that
Newton’s second law of motion is invariant under Galilean transformation. (1+3)+4+(2+2)

Prove that, the total kinetic energy of a system of particles is equal to the kinetic energy of motion
of the center of mass plus the kinetic energy of motion of the system about the center of mass.

A body of mass ‘m’ moves in x-y- plane with the position vector given by 7 =i acoswt + }'b sin wt,
show that the motion of the particle is simple harmonic.

A body of mass 10 gm moves with S.H.M. of amplitude 24 cm and period 4s. The displacement
is +24 ¢cm, when ¢ = 0. Find—

(i) the position of the body when ¢ = 0.5s.
(i) the magnitude and direction of the force acting on the body when ¢ = 0.5s.

(iii) the minimum time required for the body to move from its initial position to the point where,
x=-12cm.

(iv) the maximum kinetic energy of the body. 4-2+(142+2+1)

2 4
Consider a potential field given by U/ (x) = - x? + X Find out the stable and unstable equilibrium
4

points.

The angular momentum of a particle is L = (3t)f - (t3 )} + 2k kg-m/s . Find the torque acting on

the particle at # = 3 seconds.
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Two rotating bodies 4 and B of moment of inertia I, and Iy respectively (I, > Ip) have equal
angular momentum. Which one will have greater kinetic energy?

Find the work done in moving a particle once around a circle C in the xy-plane with its center
at the origin, its radius 3 units and the force field is given by

F= (2x—y);+(x+y)f+(3x— 2y) k. 4+2+3+2
Show that, central force field is conservative.

Show that the angular momentum remains conserved for a particle moving under central force
field.

The trajectory of a particle moving under a central force field is given by r=r, e @®
(ro» o const.). Find out the expression of the central force.

Find the expression for the gravitational field due to a uniform thin spherical shell of mass M for
points both inside and outside the sphere. 2+2+4+4
State Bernoulli’s principle.

(i) Establish Euler’s equation for an ideal fluid moving in the presence of gravity.

(i) Hence, show that in a fluid at rest, the pressure difference between two points inside the fluid,
separated by a vertical height 4 is hpg, where p is the density of the fluid and g is
acceleration due to gravity.

What are streamlines? Explain why two streamlines can never intersect. 2+(4+3)+(1+2)



