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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
for the questions

Answer either in English or in Assamese

1. Answer the following questions : 1x10=10

weTe TRl 2PeaRs TSl 9

(a) 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?
i @B AR I AT AW HLES AT,
(o8 e R @ [/ TA® TN
R el e 2

(b) What is the resultant of the like parallel
forces P, P, Ps, ... acting on a body?
a5 @ eoe RE B, Py, P, ... WA
S A A T 2
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(d)

(e)

i

(9)

(h)
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(2)

What is the resultant of a couple and a
force in the same plane?

QT AAGeH < oA HF b1 @9 o1 2
Define coefficient of friction.

T @R vgeE fa |

Define limiting friction.

59 e Sigea fora |

What is dynamical friction?

sif&=e wxer 6 2

Write down the radial and cross-radial
components of velocities of a particle
moving on a plane curve at any point
(r, 8) on it.

G NeE q@E &fE 3 I/ GOA (7, 6)
sEHe Ay (radial) WF &% (cross-
radial) @sP7E 7141 |

A particle moves on a straight line
towards a fixed point O with an
acceleration proportional to its distance
from O. If x is the distance of the particle
at time t from O, then write down its
equation of motion.

«5l FHFMT GUF SR @R @A @b [AE
R O i, O RFR <M1 A% STHEATSS el
5% 93 | I B @0 59 ¢S O Regm /1 =%
x W, (08 TR e e fordn |

( Continued )

(i)

0

2. Answer the following questions :

( 3)

If u be the velocity of projection and o be
the angle of projection of a particle, then
write down the expression for the
greatest height.

b1 ISV ATHA @9 u E ATHY @ o T
TR SfiTey SwoE awrEi B |

If a particle moves under the action of a
conservative system of forces, then what
is the sum of its KE and PE?

It «O1 IWSIT ST 9 AR ASES G
TR, (O3 [WR Afefe e Ffeafes @eme
=9

woTe 2R Teq 59

(@)

(b)

8A/158

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 have to bear.
7& TR GpFA 77 kg SO e @9 oo
TER 8RS (& FOAR #Mesl | e G, T
3:4 e e w1 R aRke, afdem
Tree2 92 IR TN G AT 41 |

Write down the laws of limiting friction.

I e TR o |

( Turn Over )

2x5=10




(c)

(d)

(e)

3. Answer the following questions :

(4)

Write down the expressions for tangential
and normal components of acceleration
of a moving particle along a plane curve.

SAGHTE (FICH] IFCA S I 9Bl TFPIR =i

w1 wfSergs e TR ToeprR forst |

A particle moves along a straight line the
law of motion being x = Acos(nt+k),
where x is the position of the particle at
any time t. Show that the acceleration is
directed to the origin and varies as the
distance. ;

9B T@FIT x = Acos(nt +k) HINEPIR 7@
@e S T, TS x 27 t TES IFFIDN
SREA | (TYSAT (¥ TEPUBR T A FRY

SR F TARTI 91 TR EL TS |

Explain the principle of conservation of
linear momentum.

tafke S WA 0! I 9 |

were i 2 Tes 99 :

(@)
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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.

a1 7o e erme e @b e 39
A LR AR S e 76z i
RIS RISl

{ Continued )
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(b)

(c)
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(5)

Or / 991

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 ® be the inclination of
the beam to the vertical wall, then show

thal minod =it
a

2a (7 TN WS GOFE G5 T4 I Terd (@
G oS WA SR WE AeTE o1 P 401
e e wer | b F Ty (REE WY A
HF FSCH Vg (WER S 0 (T PR,

9eq @, sin® 0 = z
a

Show that the least force which will move
a weight W along rough horizontal plane
is Wsin A, where A is the angle of friction.

(RS @ 93 AFPRT 420 oA W TS
I8 b1 T FRAA FrgEaE Hwe I Wsina,

T8 A 2F 9 @9 |

Show that in a simple harmonic motion
of amplitude a and period T, the velocity
V at a distance x from the centre is given
by the relation

V2712 =4n?(@? - x?)

e (@ <51 AWepy ofe T REEE, a
fwR WF (FEA [ x [Age WH @71V
Teq o[ oo 29

V272 =4n?(@? - x?)
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(6)

(d) A particle is projected with initial velocity

u making an angle a with the horizontal.
Find the velocity and direction of motion
at a given height.
SEPHR TS o @19 FACF <O FAR u =i
@R Aol T A | 9 (e Twere R
@9l e aifed o fafa a1
Or / o[l
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
2h+‘r—?i
8h
GOl HCHAR HAEHE AN R WE Q@A 4TS
ATF (P19 NI ICETH TH©l h 2TE (YA @
Cf% G ATEA @R M0 TA® AR 2R

4, Answer either (a) or (b) :
(a) ST (b)T TS 9

(@)

8A/158

(i) Find the centre of gravity of a
uniform lamina bounded by the
parabola y2 =4ax and a doubie-
ordinate x = h.

y2=4ax wf§ge e At x=h ¢
15 (FES ST SeSd] |

10

( Continued )

(b)

( & ]

(ii) Find the centre of gravity of the
sector of the circle x? + y2 =49 lying
in the first quadrant.

x? +y? =49 &9 4 S I 99T
SEEH e F40 1

(i Weights proportional to 51b, 4 1b,
6 1b, 2 1b, 7 1b and 3 b are placed at
the angular points of a regular
hexagon taken in crder. Show that

their centre of gravity is the centre
of the hexagon.

b1 SEY FogEd @ RaEe 5 b,
41b, 61b, 21b, 71b T 3 1b &
TAFAET oo SFerd 90 (g | 29
T @ YOPEH (T WF 98 (TN
SRR M I |

(i) Find the centre of gravity of a sector

of a circle of radius a, subtending an
angle 20 at the centre.

a IS J8IY OIR (FHS 200 (I T
GO SR [ 40

5. Answer either (a) or (b) :
(a) ST (b)F TSI F91

(@)

8A/158

Draw a neat diagram of the first system

of pulleys. Find its mechanical advantage

when—

(i) the weights of the pulleys are
neglected;

{ii) the weights of the pulleys are not
neglected.

10

2+4+4=10
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(b)
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( 8)

o SRR FRRER 9B AfREE Ba w1 =H
e AR Tfrear, @fea—

(i) vIRT e Ty FA;
(i) T GHA AR FN T |

()

(1)

In a machine, establish the relation

Mechanical advantage =
( Velocity ratio x Efficiency )

951 IF] CFAS
e AR = ( @S x TF )
SohT AfSoR 40|

A first system of pulleys consists of
4 movable pulleys, each of weight
4 kg and the string passing round
the topmost pulley passes over a
fixed pulley. With what force must a
man of weight 59 kg pull at the free
end of the string in order to balance
himself suspended from the lowest
pulley?

o AT IPRE 45 g FRI M
5o e WE oferdl TR € 4 kg
TweT SRR it R SHeE &
o3 @B eodft tr! 59 kg S
TR o SRTEE Y@ TS 3@ aw
e fgeT 5999 [ eaf i 2

5

( Continued )

(9)

6. Answer either (a) or (b) :
(a) &%_T (b)3 &I 91 :

(a)

8A/158

(i) The components of velocity of a

()

particle along and perpendicular to
the radius vector from a fixed origin
are Ar2 and pu8? respectively. Show
that

@|>

L
=—+C
2r?

Also prove that the
acceleration is

radial

2}\'21'3 ‘&
'

gb ofSNE @I ICIEE AF A
TNt T Ar2 S ub?; (3T @
l:.&_.ﬁ.c
8 2r?

21 0 (AP €19
2323 wL—L-Qe—“

"
A particle moves in a path so that its
acceleration is always directed to a
fixed point and is equal to
w/ {distance)z. Discuss the motion of
the particle.

<51 IFFAR. G S IR A TFFIR
w19 b1 A8 Ry e s geem AT
u/ (9)? | TR ofS R 73

10
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(b)

(i

(1)

( 10 )

Find the radiél and cross-radial
accelerations of a particle moving on
a curve.

SASAR (Pl A NS 1 951 TR
SR w1 ot gRpTR e 9 |

A particle of mass m is acted on by a
4

force mp.(x +a—3] towards the origin.
X

If it starts from rest at a distance g,
then show that it will arrive at the

origin in time —_
4
m T4 TFSN GOR ¢S, TR frre
i
m[“%]wﬁm@ﬁmwﬁa
X .
Ege [WIIOE HaewE o[ e 9,

mmﬁ@m?ﬁﬁww
AR |

7. Answer either (a) or (b) :
(a) ST (b)F Teq 91 :

(@)

8A/158

(i)

If an impulsive force I changes the
velocity of a particle of mass m from
Vi to V;, then prove the KE gained is
LI, +Vy)

10

5

( Continued )

(b)

8A/158

(i)

( 11 )

Tfi Sl 39 1 @ 9B m SIRFEES T
@9 V{3 R/ V, 0o ARees I, (90% 291
M @ R @ afefes kw27
LIV, +Vy).

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):(L+e).

&7 TS 41 GO (IETS W 9Bl A
e eerwerd Y | IR gereE
QT e T, COf¥ (& @ AR
PPree 2w @ (1-e): (L +e).

A shell of mass M is moving with
velocity V. An internal explosion
generates an amount of energy E
and breaks the shell into two
portions whose masses are in the
ratio my;:m,. The fragments
continue to move in the original line
of motion of the shell. Show that
their velocities are

- 2m,E S 2mE
my M my M

M =39 &5 @B V @od oifs IR s |
951 wede Rrwm E_*r% T SR
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( 12 )

SR T e fee IRCET wrE S
@ A my my. S TR

SRR e A free2 sifs R Al |
orgedl @ Bieed (3
V4 ZmQEWV_F 2mE
mlM sz

(iij Two smooth spheres of masses T
and m, moving with velocities Uy
and u, along their line of centres
come into direct collision and V; and
V, be their velocities immediately
after impact. If e be the coefficient of
restitution between the spheres,
then show that the loss of kinetic
energy is

Lz g -e?) -ug)
m1+m2
ml\TngW@Tﬁﬂ'ﬁCﬂWulw

u, I 5 ofd PEey sfege bR
WW\{WW%WM
WVIWVZWWWW
BT e T o T4 @ et 2P
sffqsiel 24

l_’Lﬂl?—(l —62}(1!1 —u2)2
2 my +My

* kK
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