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PHYSICS — MDC
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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The figures in the margin indicate full marks.

Answer any five questions : 3x5

2
(a) Evaluate lim _;i____%?__ .
=>-5x"+2x-15

d
(b) What is the integrating factor for the differential equation é*‘y =x?

(c) Find the unit vector perpendicular to the vectors 4=7+2j—k and B=2{+2j] +k.

1

(d) If ¢(x9yaz):m—?, What 1S V(I)?

(e) Write down the expression for 7 and § in terms of i and 7. Hence, show that % = %é (Symbols

have their usual meanings).

(f) Show that for a conservative force field, the work done along a closed path is zero.

Please Turn Over

(5358)



(DGrd Sm.)-Physics-MDCMN-1/CCF) (4)

(5358)

(g) State Kepler’s law for planetary motion.

(h) Establish Stoke’s law for a sphere moving through a fluid from dimensional analysis.
Answer any five questions, taking at least one question from each Group.

Group - A

(a) Plot the function f(x)= L] VS X.
x_

(b) Given f(x, y) = x3 + x2y + xy? + 33, show that x%+yg-y]::3f(x,y).

(c) Write down the Taylor series of f(x)= —1—2- about the point x = 1.
X

dy 5-3x"y . .
(d) Examine whether the differential equation :lxX = ;x 4 is exact and solve the equation.
x

2+2+4-+(1+3)

(a) Find the unit normal on the surfaces x2 + 2 +2z2=9 and z=x2 + y2— 3 and hence, find the angle
between the surfaces at the point (2, -1, 2).

(b) In what direction from (3, 1, -2) is the magnitude of the directional derivative of ¢ = x2y2z*
maximum? Find this maximum magnitude.

(c) State Gauss’ divergence theorem. (2+2+2)+4+2

(a) Show that the vector field given by,

A=3x"yi +(x* =2y2°) ]+ (3% - 2y22)12
is irrotational but not solenoidal everywhere.

Also, find ¢(x, y, z) such that V= 4.

(b) Draw a spherical polar coordinate system (r, 6, ¢). Write down the relation between Cartesian
coordinates (x, y, z) and spherical polar coordinate (r, 6, ¢). (2+2+2)+(3+3)

Group - B
(a) State and prove the principle of conservation of angular momentum for a single of particle.

(b) Find the torque acting on a body with angular momentum L = 6¢% —(2¢+1) +(12¢° —8t2)I€ at
t = lsec. A



(5) (DGrd Sm.)-Physics-MDCMN-1/CCF)

(c) A ball of mass m, is having a perfectly elastic head on collision with another ball of mass m,, which
is stationary. Find the change in kinetic energy of the ball of mass m;.

(d) Find out the angle between the force acting and the momentum of a body if the momentum is

p=12cosot+ j2sinot . 4+2+4+2

(a) Find out the work done by the force F= (5xy -6x2)i +(2y - 4x)j' in moving a body along the curve
y =x3 from the point (0, 0) to (2, 8).

(b) What do you mean by centre of mass? Write down its expression. Show that the centre of mass
for a system of particles are unique.

(c) Three equal masses are placed at the three vertices of an equilateral triangle. Find the centre of
mass. 4+(2+3)+3
(a) Define point of stable equilibrium and point of unstable equilibrium. The potential function of a
particle is given by U(x) = x* — 4x3 — 8x% + 48x. Find the points of stable and unstable equilibrium.

(b) Consider a particle moving in simple harmonic motion. Deduce the expression for the kinetic energy
and the potential energy at any point of the motion. Show that the total energy is conserved. Draw
the kinetic energy and potential energy curves with respect to the position of the particle.

(2+2+2)+(2+2+1+1)

(a) Define central force. Show that it is conservative in nature.

(b) Show that angular momentum remain conserved for a particle moving under central force field.

(c) Show that the areal velocity of a particle moving under central force field is constant.

(d) Write down the Gauss’ law of Gravitation in integral form.

(e) Find the gravitation field at any point inside a uniform solid sphere of mass M.  (1+2)+2+2+2+3

(a) Define streamline motion.
(b) What is Reynold’s number?
(¢) Establish Euler’s equation for an ideal fluid moving in the presence of gravity.

(d) Water is passing through the combination of two tubes of cross-section o, and a.p connected in
series. Find out the ratio of the velocities at the two points 4 and B. Hence, find the ratio of the
pressures at those points.

B *B 242+4+4
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