P - III (1+1+1) H/21(N)
2021
MATHEMATICS (Honours)
Paper Code : VII-A & B
(New Syllabus)

Important Instructions
for Multiple Choice Question (MCQ)

® Write Subject Name and Code, Registration number, Session and Roll
number in the space provided on the Answer Script.

Example : Such as for Paper III-A (MCQ) and III-B (Descriptive).
Subject Code : |III|A |& |B

Subject Name :

® Candidates are required to attempt all questions (MCQ). Below each
question, four alternatives are given [i.e. (A), (B), (C), (D)]. Only one
of these alternatives is ‘CORRECT” answer. The candidate has to write
the Correct Alternative [ie. (A)/(B)/(C)/(D)] against each Question No.
in the Answer Script.

Example — If alternative A of 1 is correct, then write :
1. — A

® There is no negative marking for wrong answer.
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Paper Code : VII - A

Full Marks : 20 Time : Thirty Minutes
Choose the correct answer.
Each question carries 2 marks.

Notations and symbols have their usual meanings.

1. Let ? = xi+ 2-yj' + 3211‘, S be the surface of the sphere 2 + 3%+ 22 =1
and 7 be the inward unit normal vector to S. Then [[ F -ndS is equal
s

to

4
—47
8
—87

o Qw

2. Let C be the circle 2% + y* = 1 taken in the anti-clockwise sense. Then
the value of the integral [ [(2zy® + y)dz + (3zy* + 2z)dy] is
cY
A1
B. m/2
C.r
D. 0
3. The work done by the force ? = dyi — 3xyj + 22k in moving a particle
over the circular path 22 +y? = 1, z = 0 from (1,0,0) to (0,1,0) is
A m+1
B. —m-1
G =1
D.7—-1
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4. The number of degrees of freedom of a rigid body is

A9
B. 3
C. 6
D.1

[l

A uniform solid cylinder rolls down along an inclined plane, inclined at
an angle a with the horizon, rough enough to prevent any sliding. For
pure rolling, we must have
2
A. p> ztana
B. u> %tan o
1
C. p>Ztana
2 :
D. p> ztana

6. The minimum force P required to drag a heavy body of weight W along
a rough horizontal plane is (Given: pu is the coefficient of friction, A is
the angle of friction)

A. P=Wsin A

B. P=WcosX
C. P=Wtan\
D. P=WsecA

7. A uniform cubical box of edge a is placed on the top of a fixed sphere.
Then the least radius of the sphere for which the equilibrium is stable
is

v Qw >

;g &le D Wi
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8. The co-ordinates (Z,7) of c.g. of a circular arc making an angle 2« at

10.

the centre are

A. (e )
B. (gaszla G)
0 2(11"0&{1)

C. (
(0 2 ata,noc)

The moment of inertia of a hollow sphere (i.e. thin spherical shell) of
mass M and radius a about any diameter is

A. 2Ma?

B. %M a’

C. IMa?

I3 %M a’

If K is the radius of gyration of a rigid body of mass M about an axis,
then the kinetic energy of the rigid body rotating with constant angular
velocity about the axis is

A IMK*w

B. MK?w
C. MK%.,?
D %M K%u?
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P -III (1+1+1) H/21(N)
2021
MATHEMATICS (Honours)
Paper Code : VII - B
(New Syllabus)
Full Marks : 80 Time : Three Hours Thirty Minutes
The figures in the margin indicate full marks.

Notations and symbols have their usual meanings.

Group-A
(10 Marks)

Answer any two questions.
1. Verify Green’s theorem for
f (32 — 8y*)dx + (4y — G:I:y)dy] ,

%,

where C' is the boundary of the region bounded by x = 0,y = 0 and

z+y=1. 0

2. Use divergence theorem to evaluate

fﬁ-d?,

where S is the surface of the sphere z? + y? + 2? = a? and X
1+ y*) + 2°k.

ot |l

3. Evaluate the surface integral

f (F - 2)dS,

g

where ?’ =zl —yj + (2% — 1):@ and S is the cylinder formed by z = 0,

z2=122+9y* =4 5
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. Verify Stokes’ theorem for F = (y — 2z +2)i + (yz + 4)] — xzk, where
S is the surface of the cube z =0, y =0, 2 =0,z =2,y =2, 2 = 2
above the zy-plane. D

Group-B
(25 Marks)

Answer question no. 5 and any three from the rest.

. Answer any one question 4dx1=4

(a) Three forces P, @, R act along the sides of a triangle formed by
the lines x +y =1, y —x = 1, y = 2. Find the equation of the
line of action of their resultant.

(b) A heavy elastic string whose natural length is 27a is placed round
a smooth cone whose axis is vertical and whose semi-vertical angle
is a. If W is the weight and A is the modulus of elasticity of string,
prove that it will be in equilibrium when in form of a circle whose
radius is a (1 4+ 35 cot ).

. A solid homogeneous hemisphere rests on a rough horizontal plane and

against a rough vertical wall, the coefficients of friction being p and p/

respectively. Show that the least angle that the base of the hemisphere

. . . —1  8u 144’
can make with the vertical is cos (j’—m) 7
. A solid hemisphere rests on a plane inclined to the horizon at an angle
a < sin~'3/8, and the plane is rough enough to prevent any sliding.
Find the position of equilibrium and show that it is stable. 7

. Two equal fogces2 act 2along the generators of the same system of the
hyperboloid % — 7z = 1 and cut the plane z = 0 at the extremities
of perpendicular diameters of the circle 2% + y* = a?; show that the

pitch of the equivalent wrench is ,121% 7
). Find the position of the c.g. of an octant of the ellipsoid j_—i+g—§+zc—§ =1
bounded by the principal planes when the density at a point (z,y, 2)
is kxy, where k is a constant. 7
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10.

1.1

12.

13.

14.

A solid hemisphere is supported by a string fixed to a point on its rim
and to a point on a smooth vertical wall with which the curved surface
of the hemisphere is in contact. If 8 and ¢ are the inclinations of the
string and the plane base of the hemisphere to the vertical, then prove
that tan ¢ = % + tané. T

Group-C
(25 Marks)

Answer question no. 11 and any three from the rest.
Answer any one question 4wl =4
(a) Prove that the sum of moment of inertia of a rigid body about
any three perpendicular lines is constant.
(b) Prove that the moment of momentum of a body moving in two

dimensions about the origin is Mvp + M k2%.

A rod of length 2a revolves with uniform angular velocity w about a
vertical axis through a smooth joint at one extremity of the rod so that
it describes a cone of semi-vertical angle o, show that w? = —34_

dacosa”
Prove also that the direction of reaction at the hinge makes with the
vertical an angle tan~!(2 tan ). 4+3

An elliptic lamina can rotate about a horizontal axis passing through a
focus and perpendicular to its plane. If the eccentricity of the ellipse is
%, then show that the centre of oscillation will be at the other focus.

7

A circular homogeneous plate is projected up a rough inclined plane
with velocity V' with no rotation, the plane of the plate being in the
plane of greatest slope. Show that the plate stops sliding after a time
YT where pu is the coefficient of friction and « is the inclina-
tion of the plane with the horizon. 7

. Two equal uniform rods AB and AC are freely jointed at A. They are

placed on a table so as to be at right angles. The rod AC'is struck by a
blow at C' in a direction perpendicular to AC. Show that the resulting
velocities of the middle points of AB and AC are in the ratio 2:7. 7
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16.

il

18.

19.

20.

A rough cylinder, of mass M, is capable of motion about its axis which
is horizontal; a particle of mass m is placed on it vertically above the
axis and the system is slightly disturbed. Show that the particle will
slip on the cylinder when it has moved through an angle # given by
(M + 6m) cos — M sin @ = dmy. 7

Group-D
(20 Marks)

Answer question no. 17 and any fwo from the rest.

Answer any one question Bxl=25

(a) Prove that the pressure at a point in a fluid in equilibrium is the
same in all directions.

(b) A circular tube is half full of liquid and is made to revolve round
a vertical tangent line with angular velocity w. If a is the radius
of the tube, then prove that the diameter passing through the

3 s g 8 % o 2
free surfaces of the liquid is inclined at an angle tan‘%%) to the
horizon.
A closed right circular cylinder is very nearly filled with water and is

made to rotate about its axis which is vertical. If the angular velocity
is @, then show that the whole thrust on the base is half as much
again when the liquid is at rest, where h is the height and a is the
radius of the cylinder. T

A vertical circular cylinder of height 2h and radius r, closed at the
top, is just filled by equal volumes of two liquids of densities p and
o, (6 > p). If the axis gradually inclined to the vertical, then show
that the pressure at the lowest point of the base will never exceed
glp+a)(r? + )2, 7

A semi-circular lamina is completely immersed in water with its plane
vertical, so that the extremity A of its bounding diameter is in the
surface, and the diameter makes with its surface an angle a. If F is
the centre of pressure and ¢ is the angle between AE and the diameter,

L dn+l6tana
then prove that tan ¢ = {Fr=—tne, H
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21. A cylindrical piece of wood of length [ and sectional area « is floating
with its axis vertical in a cylindrical vessel of sectional area A which
contains water. Prove that the work done in slowly pressing down the

wood until it is completely immersed is gl*a(1 — %)M; where p
and o are the densities of water and wood respectively. T
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