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MATHEMATICS
( General )

Paper : 5.1
( Statics and Dynamics )

Full Marks : 80
Time : 3 hours

The figures in the margin indicate full marks
Jfor the questions

Answer either in English or in Assamese

1. Answer the following questions : 1x10=10
oS fig) oAy TeT 9 -

fa) If a system of coplanar forces is in
equilibrium, then what is the algebraic
sum of the moments of the forces about
any point in the plane?

T @1 AR o AR W SRES AT,
o8 e R e 7 Meows o
s A8 o R 2

20A/163 ( Turn Over )



(2)

() What is the resultant of a force and a

)

(d)

(e)
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couple?

1 391 W Bl TR o7 £ 2

A system of coplanar forces acting on a
rigid body is such that the algebraic
sum of their moments about each of any
three non-collinear points in their are

Separately zero. Will the system of forces
be in equilibrium?

W T ot eome Reder o s

Define limiting friction.
VI R ww) fargg |

Wha.t is the position of the centre of
gravity of a thin uniform rod?
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Define simple harmonje motion.
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(3)

If the velocities of the particles P and Q
be u and v in the directions making
angles a and B with the X-axis, write
down the relative velocity of P with
respect to Q.

PYURF Q TN PR @ u IF v fed
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A particle is moving in a plane curve.
Write down the relation between its
angular velocity and linear velocity.

b1 IFFIR. GO AR IFE S IR wqKw)

TR @ Q91 9F (IRT @R T o
foran
Write down . the expressions for

tangential and normal components of
acceleration of a particle moving along
a plane curve.
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If a particle moves under the action of a
conservative system of forces, then what
is the sum of its KE and PE?
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2. Answer the following questions :

(4)

o7 Wl P AT ey oyt

(@)

(b)

(c)

(d)
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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, then find the weights
which each of the two men has to bear.

T TR I 77 kg S PR a3 o1
TR ©/® & WA wen ) P 5,
TR 3 : 4 e Rew 7 Regs AR,
aﬁwmmﬁwiﬂmmﬁ«fﬂw'
Define coefficient of fri
friction.
wwme‘mm«wﬁm

Prove that the CG of a body is unique.
mqﬁxﬁmﬂmwﬁwiﬁ e 41 |

?hzzt‘::lef fnoves along a straight line.
where x(i)s ?houon jbfling x = Acos(nt + k)
any time 1. 1‘: Position of the particle at

ow that the acceleration is
rigin and varies as the

ction and angle of

distance
W TR X=Acosint+k) AR
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2x5=10

(e)

3. Answer the following questions :

(5)

A motorcar weighing 10 quintals and
travelling at 12 metres/sec is brought to
rest in 18 metres by the application of
its brakes. Find the work done by the
force of resistance due to brakes.

12 5[/ 52 @51S ¢l 4R 10 TXB SFTE &
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State and prove the necessary and
sufficient conditions for the equilibrium
of a system of coplanar forces acting on
a rigid body.

1 7 Fred eome fewe GBSl =
AT TORER AAEN WF /g v6mz
forr e e 4 1

Or / o<1

A uniform beam of length 2a rests in
equilibrium against a smooth vertical wall
and over a smooth peg at a distance h
from the wall. If 8 be the inclination of

the beam to the vertical wall, show that

sin3 B=E.

a
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(b)
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(6)
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a

A uniform ladder is in equilibrium with
one end resting on the ground and the
other against a vertical wall. If the
ground and the wall be both rough, the
coefficient of friction being p and p’
restpectively and if the ladder be on the
point of slipping at both ends, then
prove that the inclination of the ladder
to the horizon is given by 6, where

oo RS 13 foreed
° AP TS Ty T @IZIBO, TS
tane=(_1-uu’
2p
Or / ey

im: . .
amplitude q ang Ple harmonic motion of

atadistance xfmpenod T, the velocity V

: m the centre is given b
the relation v272 =4n2(g2 _ 13 given Y

( Continued) ' 2047164

(c)

(d)

(7)

CSA @ 9B W ANePT A T R,
a RER &% @31 [l x [T TR @AM VR
TEeq T o 7 V2T2 =4n?(a? - ).

A particle is projected in a direction
making an angle 6 with the horizon. If it
passes through the points (x, y;) and
(x3, y,) referred to horizontal and
vertical axes through the point of
projection, then prove that

tan 0 = (x3y, - x7ys) / X1 %2(x2 = %1)

TISRFT 7S 970K O (FITS 1 T AT
TN | Aol R Mo @1 Sl o
T WF RF (i, yy) TE (X, Ya) R
WOR WCed I SRR S @, 240 I
@

tan @ = (x3y, - x{y,) / X1 %5 (x3 — 1)

If R is the range of a projectile on a
horizontal plane and h is the maximum
height for a given angle of projection,
then show that the maximum range
with the same velocity of projection is

R2

2h+—
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4. Answer either (a) or (b) :
(@) SR (b) 3 Teq 791 ;

@ @)
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A particle starts with a velocity u
anfi moves under a retardation
U times the distance described. Find
the distance traversed before it
comes to rest.

<1 TEFIR ST Ty VA9 p @9 TN
W u @R S Ry T@ ) RA

O MR oS @ems A
o 3R, Py 1| B

Define impulse of a force. If an

Impulse I changes the velocity of 2
particle of mass m fr

(i)

(9)

Qmww@ﬂ?mmb’
41b, 61b, 21b, 7 Ib =¥ 3 1b &R
WWmeMIM‘I
SR e I/

A uniform wire is bent in the form
of a triangle with sides a, b, c. Prove
that the distances of the centre of
gravity of the whole from sides are as
b+c c+a, a+b
a b ¢
I qoE & oR (R a, b, ¢ T
@b fagw @R R, g o I A

om V, to Vo, FHRT e A (e
prove that the gain is 1 S : ™
) b+c cta, a+
51V +V,) a b ¢
GIHT o

R el | 3R e 391 14
m SRR T b o vy3 @ v,

S. Answer either (a) or (b) :
;'I:?fﬂ F, 0N T g s AR

(@) 5@ (b) 7 e 1.
(@) Draw a neat diagram of the first

system of pulleys. Find its mechanical
advantage when—

() the weights of the pulleys €

1
51("1 +V,)

Wei
6 ﬁights Proportional to 5 1b, 4 Ibs

b, 71b and 3 1b are placed

€ angular po; neglected;
he; _ points of regular " ot
th:;g ogéélfen in order. Show that (i) the weights of the pulleys ar;+2+4=10
hexagon_ ® the centre of the 5 neglected.
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(10 )
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(ii) R oo Sy T =

f)

(@)

A first system of pulleys consists of
4 movable pulleys each of weight
81b and the string passing round
the topmost pulley passes over 2
fixed pulley. With what force must 2
man of weight 220 b pull at the
free-end of the string in order to
balance himself suspended from
the lowgst pulley?

AT AT 2P re 451 e A
T VA R S o e €
8% 1 Thew wRDR oA AT
O R weRy B eoEf R !
220°MM0 o W e SREER 1O
EAMUGE: DR N ey
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In the secop
18 found ¢,
Supports a
weight 1’ b

d system of pulleys, it
at a weight of wlbs
weight Wibs and 2

Ss ight of
W' Ibs. Fing Upports a weig!

leys
in the ty, the number of pulley

( Continued!

blocks and the weight of
ock.

.

(11)
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6. Answer either (aj or (b) :
(@) S (b)3 e T -

(a)
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() Find the radial and cross-radial

. . o in
acceleration of a particle moving
a curve.

TR (RIA TR S F91 Ol TN

- S (radial) e e (cross-radial)

(i)

TR ey 1 1

A particle of mass m is acted onﬂl:i'
a force mu(x+a* /x3) towards

a
origin. If it starts from rest.ta.t,
distance a, then show that ; "
arrive at the origin in time & /4v#-

m S TGN B oS T L Iﬁ;';
mu(x +a* / x3) 3g R R AR
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(b)
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(12)

(i) To a cyclist travelling at the rate of

(@)

8 km 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 direction and the velocity
of the wind.

8 RR. @I 7 Fw1 ot w9 v
AR GO T TBI-) TR o1 TO%
P o @ iy Re of @fon o
R T IA @ FE, cofeH
TR e TR [T P 4 @ el |
TORF Q1 A et Refy 31 |

A.particle is moving in a parabola
with uniform angular velocity about
the focus. Prove that its normal
acceleration at any point is propor-

.uonal to the radius of curvature of
its path at that point.

T TRW G wfigERR q9e AR
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7. Answer either (a) or (b) :

| (@) BT ()3 Teq 1

(a)

L

fi) A shell of mass m is projected from

(@)

a gun of mass M by an explosion
which generates a kinetic energy E.
Show that the velocity of recoil of
the gun is
2mE
M(M+m)

M s b T o1 RewEr T
m e @R qowd N LA W T
E +foiR bsa 1 1 (RSl &8 TTF0N
STt YfRredl 39

2mE
M(M+m)

Let two smooth spheres of t.n.asses
m; and m, moving with velocities u;
and u, along their line of cent_red
come into direct collision a0
V; and V, be their velocities
immediately after the impact. If e
be the coefficient of restitution
between the spheres, show that the
loss of kinetic energy is

1(_mm, (1_32)(u1—u2)2
2\ m +my

5
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( 14 )

m, F m, [ T " o v, 9=
u, QR S IR Pier Moriws bR
R PR | (e Pige Pres @
FE OV, AR V,, U PR TRA
AGE BMF e T AT T A
TR ZPR R 9

1{ mm, 2., 2
= -e“)u, —u
2( i 2)(1 )y —u,)

A sphere impinges directly on an
equal sphere at rest. If the
coefficient of restitution be e, then
show that their velocities after
impact are (1 - e, (1 +e).

& S @ b1 R s o1 T

CTIF AorFeis P | aficg eronesa
BWF e |, o myen @ FwA

ree Priee @i (L-e), (L+e).

Three balls of magses m, my, My
respectively are in straight line, the
last two 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 ig

mlm2 (1 + 8)2
(M3 +m,) (my +m,)
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mymy(L+e)>
(mg +my)(my +my)
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