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MATHEMATICS
- (General)

Paper : 5.1
-(Statics and Dynamics)
Full Marks — 80
~Time — Three hours

The figures in the margin indicate full marks
» for the questions.

Answer either in- English.or in Assamese.
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1. Answer the following questions :. . 1x10=10
wore fEl ey Sew v e

(a) A line perpendicular to the lines of action of
two equal and like parallel forces meet their
lines of action at A and B respectively. Write

down the position of the point of action of
their resultant,
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What is the resultant of a force and a couple ?
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A system of coplanar forces reduces to a

couple and K is the algebraic sum of the -

moments of the forces about any point in
their plane. What is the value of K ?
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What is the position of the centre of grawty
of a thin uniform rod ?
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Define limiting friction.
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Define simple harmonic motion.

T e sifey el fra

73(Sem5)MAT1  (2)



(g) If the velocities of the particles P and Q be
v, and v, in directions making angles 6 and
) respectlvely with the x-axis, write down the
veloc1ty of P relative to Q.
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(h) A partlcle is moving in a plane curve. If
(1, 8) be the position of the particle at any
time t, write down the transverse component
of the velocity of the particle at that time.

Bl TE qulE AR IFE e IR
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(i) If u be the velocity of prOJectlon and o be

- the angle of pro_]ectlon ‘of 'a particle, then
write down the expression for the greatest
height. , .
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() State the principle of consertvation‘ of energy.
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2. Answer the following questions : 2x5=10

()

Two men have to carry a stone of weight
77 kg on a light plank. If the stone be placed

. on the plank at a point dividing it in the ratio

3 : 4, find the weights which each of the two
men ‘have to bear;

WW&W 77kgx‘awﬁam=t°nm
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(b)

(c)

Define the laws of limiting friction.

5 THeig @R R

If A and p be the angle of friction and cone
of friction, show that p = tan A.

A SR pmw’q et S T @emsm
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If the time ¢ be regarded as a function of the
velomty v, prove that the rate of decrease of

acceleration is given by f3 y 2 ——, [ being the

\Y
acceleratlon
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(¢) A bullet of mass m moving with a velocity
u strikes a block of mass M which is free
to move in the direction of motion of the
bullet and is embedded in it. Show that a

portion Mim of the' kinetic gnergy is lost.
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3. Answer the following.;questidns s 5%4=20

(a) State and prove the necessary and sufficient
conditions for the equilibrium of a system of
coplanar forces acting on a rigid body.
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A beam whose centre of gravity divides it
into two portions a and b is placed inside
a smooth sphere. Show that if 0 be its
inclination to the horizon in the position of
equilibrium and 2o be the angle subtended

- by the beam at the centre of the sphere, then

tana )

tan9=b_
. b+a-
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- tanB = b—atana
b+a

A uniform- ladder rests in equilibrium with
one end on a rough floor, whose co-efficient
of friction is p and with the other end against
a smooth ' vertical wall; show that its

1nc1mat10n ‘to the vertical is tan™ (2p).
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:n““ tan' (2p))
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(c)

A particle ‘oscillating harmonically in a
straight line has velocities v, v, and
accelerations £, [, in two of its positions on

" the path. If d be the distance between the

(d

two positions, show that

2 2
Vl _Vv) .

d=
f,+1,
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A partlcle is prolected with initial velocity u -
making an angle o w1th the horlzontal I‘ Find

ithe timé of flight. "

:V,‘Wﬁﬁﬁ%amﬁawﬁﬁaﬁaiﬁ@u |
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Or/ﬂﬁm

A partlcle is. pro_]ected at an angle a to the

* horizon so as to clear. two walls of equal

" height ¢ it a distance 2a from each other.

Show that the range is equal to 2a cot-i,
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4. Answer either (a) and (b) or (c) and (d):
5+5=10

(2) =% (b) 7EA (c) W® (d) I T& ¢

(a) Find the centre of gravity of a uniform
lamina bounded by the parabola y* = 4ax anq
a double ordinate x = h.

y? = 4ax wf4qe e fRift x=hg T
CFIS Oy Sfersdl |

(b) Weights 1, 5, 3, 4, 2 and 6 kg are placed
respectively at the angular points of a regular
hexagon in order. Prove that the centre of the
hexagon coincides with the centre of gravity
of the system.

ﬁﬁmwﬁmﬁ%ﬁ@l 5.3,4,2
IF 6 kg @ FRTOIE W R o4 514
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(c) Find the position of centre of gravity of a
system of particles lying in a vertical plane.

Q3 Ty eee A7/ [N IFF AR
Wmﬁcﬁwu

(d A uniform wire is bent in the form of a
triangle with sides a, b, c. Prove that the
distance of the centre of gravity of the whole

b+c c+a a+b
: b —

tﬂ@jﬁW@?a,b,caﬁﬁW oo wiwiRe
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from sides are as

B

b+c c+a _a+b
- a .. b T [

5. Answer (a) or (b):
. (a) @A (b)I TeY TS

"(a) Draw a neat diagrafn of the first system of
pulleys. Find its mechanical advantage when,

amﬁmaﬁaamﬁﬁxﬁﬁawnw |
A R t‘s‘%\ear mﬁm— '

(1) the welght of the pulleys are neglected ;
 5ORA- 8T Wiy |- 5
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the weight of the pulleys are not
neglected. L - 2+4+4=10

e eTq weiy 9 A5 |

In a block and tacldé the velocity ratio
is 8:1. The friction is such that’ only
55% of the force apphed can be usefully

‘employed Find what force will raise 66

kg by its use., S 5

@Bl I 9@ G (block and tackle)
@monrss 1|aﬁzﬁrwwﬂam
TAle T @R @ 55% R IS
ﬁmii?ﬁﬁﬁﬁliﬂﬁw&kgm
It s oA <1 et FRR AR ¢

In the second system of pulleys it ig
found that a weight of w. lbs supports a
weight W lbs and a weight w' Ibs
supports a weight of W' 1bs. Find the
number of pulleys in the two blocks and
the welght of the lower block. 5

RSt e aftrc%«sum— Tl T A w
Ibs wwm 351 ezl IR W Ibs wom o
W' Ibs e&g 75 dcaet IR W' Ibs @
e 1R 1 qealdt 3o o el TRt

UIF O 399 oo el 3 |
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6. Answer either (a) and (b) or (c) and (d):
5+5=10
(a) =% (b) WZ]A (c) =% (d) I Ty 39 ¢

(a) Find the radial and cross-radial acceleration
of a particle moving in a curve.
ANOHTE QI TCHFE A T Bl IFF AR
SN (radial) =% o8& (cross-radlal) i
- R =

(b) A particle starts, with a velocity  and moves
under a retardation p times the distance
described. Show that the distance traversed

u
before it comes to rest is \/—

mwﬁwﬁmwwpmaﬁﬁ

w?lﬂ@umﬂﬁﬁ%wwlmm Q@ I
gl
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“ (©). Show that’ the equatlon of motion of a
R part1c1e Wthh travels along a plane curve

N w1th veloc1ty and acceleratlon 3 is .
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(d)

where v = || and § and 0 are unit vectors
along the tangent and inward drawn normal
to the path at any time t and R is the radius
of curvature of the path.
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To a cyclist travelling at the rate of 8 kms
per hour due east, the wind appears to come
from the north-east ; but when he travels due
north-east at the same speed, it appears to
come from the north. Find the directjon and

“the velocity of the wind.

8 R ot =7 wiwet ot 2ot Sizges SIS
IS M T&R-o7 TR ~i_1 Tz IR 4B @
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" 7. Answer either (2) and (b) or (c) and (d):
5+5=10

(2) SIF (b) N (c) W® (d) SHT T&T T 2

(a) A gun of mass M fires a shell of mass m
_horizontally and the energy of explosion is
such as would be sufficient to project the
shell vertically to a height 4. Show that the

velocity of recoil is

2m2gh |
M(m+M)

@a‘ﬁmm@@%hmmﬁw
s/ Rres *fFE m ST oA GORF M ]

maﬁawwmwwlwqw
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2m’ 25h
M(m + M)

(b) Let two simooth spheres of masses m, and
- m, moving'‘Wwith velocities u, and u, along
thelr line of centres come into d1rect colhslon
and v, and v, ‘be their velocities immediately
after 1mpact.\ If e be the co-efficient of
restitution between the spheres, show that the

loss of kinetic energy ‘is

1 m,m ' 2
E.m,:-niz (1732)(“1“12)
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A body moving along a straight line, splits
into two parts of masses m, and m, by an
internal explosion which generates a kinetic
énergy-,E. Show that if after explosion the
parts: move in the same line as before, their

‘ 1 1
relative speed is JZE(E+m—z) )

,W@ﬁ%ﬁﬂaﬂjwaﬁawﬁq
RtpRem w® m, 1% m, o) I A9 O -
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(d) Three balls of masses m, m" and M
respectively are in straight line, the two last
being at rest ; the first, moving in the straight
line with velocity u, strikes the second which
afterwards strikes the third. Show that the
velocity of the third ball after impact is

mm’ (1 +¢)?
(M+m')(m+m')

= e being the co-efficient of restitution.

m, m’ % M S59 {$H6l 61 GO AFIEUS
Ty, TS 1FF H! 6 FIRIS WCR; AN
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o mm’ (1 +¢)?
M+m')(m+ mf)
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