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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
: Jor the questions

Answer either in English or in Assamese

1. Answer the following questions : 1x10=10
SIS WA 2R el 9

(@) What is the position of the point of
~ action of the resultant of two equal

like parallel forces acting on a rigid
body?

o1 7 PreT eome R 1 SR R
TR T & IC e a1 Reqm o R 2

() What is the whole effect of a couple
acting on a body? ’

1 7 eome fFmNe wRW GBI
aifSfer & 2
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(2)

(c) A system of coplanar forces reduces to
a couple and R is the algebraic sum
of the moments of the forces about
any point in their plane. What is the
value of R?

951 STTSRRE I AMA GO FPRALA FBRS W
SIF R oo [ QAT b1 Ry e
Briee Taamed wefIow S R RI 7w 2

(d) Define coefficient of friction.
T @ I A |

(e) Write the definition of force of friction.
T F9 e o o

() Define angle of friction.
o IR e e |

(g9 Write down the expressions for
radial and cross-radial accelerations
of a particle moving in a plane curve
at any point (r, 6) on it.

AR (R IFE S T 3@ @B
e R I R (r, O S (radial) W
& (cross-radial) 939 ferar |

(h) A particle moves in a straight line
so that its acceleration ijg always
directed to a fixed point and ig equal to
u/(distance)®. Write down its equation
of motion.
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(3)

<GBl IFIUNL GO SR G S I
S IR W4 <o) [Affg R fere @ e

Cw®E R p/(79)3 ) WR AR e

o ’

If u be the velocity of projection and a be

the angle of projection of a particle,
write down the expression for the time
of flight.

9ol IFITR 2% AT u F ATHFA @1 o
T TR S o |

State the principle of conservation of
energy.

A SETFIMeTOR OGB! for |

2. Answer the following questions : ~ 2x5=10
o7 il PR Tes 40 :

(@)

A9/240

Two men are carrying a straight uniform
bar 6 metres long and weighing 30 kg.
One man supports it at a distance of
1 metre from one end, and the other
man at a distance of 2 metres from the
other end. What weight does each man
bear?

& TR 30 kg ¢&[ 6 bR Axer 5w 7e
qTT FHAR AR | GO 7S GRS GO1 [ {0
1 o o WS WO 19 oM 2 R
T© 4R A, afewe R es 3= FR3 9

( Turn Over )




(4)

(b) Write the laws of statical friction.
g ¥ PR o

(c) A point moves in a circle of radius r
with a speed v. Prove that its angular
velocity is £.

7 AT BT 38© 961 R v BRI 1fS ¢ |
o1 91 (¥ (FF CTF W T @ L.

(d) A particle moves in a straight line
according to the law v? = ax? +2bx +c,
where x is the distance from fixed point
on the line. Find its acceleration.

g1 @R v =ax? +2bx+c TR
RIS M FE, IS x @YOPR S[TS
o1 @B FfE R o/ TR @g | TR W
g F91 1

(e) 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

of the

in it. Show that a portion
M+m

Kinetic energy is lost.

mWﬁ“‘ﬁugzzgqh M = Pia @
o et | 3 g s geerca oo
23 ~1cq SIF G PP fege G 7,

m‘ﬁ@@mﬁwwmml
m

A9/240 ( Continued )



3. Answer the following questions :

(5)

oS fHar AR Teg 97 ¢

(a)

A9/240

Prove that any system of coplanar forces
acting on a rigid body can ultimately
be reduced either to a single force or
to a single couple unless the system
is in equilibrium.

b1 7% Pred eme fFme sweRly 39 gas
O SRS b1 351 LT ITAS RS IRY

R & &9 91, IR 9 NRNE RS
AT |

Or/ aqar

A beam whose centre of gravity divides
it into two portions a and b is placed
inside a smooth hollow sphere. Show
that if @ be its inclination to the horizon
in the position of equilibrium and 20
be the angle subtended by the beam
at the centre of the sphere, then

tan@ = b—atana.

b+a
o1 A& PR e ote 9o %o T3
(TR T/ OR (3R W a 9F b Wl e
Ree IRE | TS wev SeRe 7o
0 (I FRE AT T (FH7S 20, @F TER

ﬂﬁﬂﬁ,Gﬁﬁmlﬂtan9=mgi%tana.
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(b)

A9/240

- tanda

(6)

A uniform rod rests on two rough pegs
A and B. AB is inclined at an angle a
to the horizontal and the coefficients
of friction are u; and j, respectively.
If the rod is in limiting equilibrium
and the centre of the rod divides AB
into two parts a and b, prove that
tanc = WP H28
a+b

AT I 7@ o 4251 46 A UIF BI @[S

e | ABG SR AMS o (FIT IR WK,
ulwpzmAWme‘q BT | IM
7o 54N RES AF TF WYOER (FHR
ABT q S b 761 SIS Sl IF, AT 1 &
_b+poa
" a+b

Or / 91

Define simple harmonic motion (SHM).
The position of a particle moving
in a straight line is given by
x =acosnt+bsinnt. Prove that it
executes SHM and amplitude is
va? +b>.

Wﬁﬂﬁ"’fﬁﬁﬁ@lﬁmlmmﬁf
@Bl IWIITR SEEE x =acosnt + bsin nt.
o ¥4 @ 2 @ W M @ e REE

Jaz +b2.
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(7)

(c) A particle describing an SHM in a
straight line has velocities v, v, and v,
at distances. x;, x, and x3 respectively
from the centre of the path, prove that

x5 ~v3) +x3 w3 - o)+ x5 f -vd) =0
@ TePT S 1 | PR Ao T
o [E X5, Xg T x3© @ TN Uy, Vg
E vy T, I T

xt w3 —v3) + x5 w3 - v + x3wE -v3) =0

(d) If R be the horizontal range and h the

greatest height of a projectile, prove that
initial velocity is

2 1/2
2g h+R_
16h

9Bl SCFR SR PR R W% S S
h 2T, a9 F91 @A R 4T @9l

1/2
2
2g h+R_

16h

4. Answer either (a) or (b) : 10
(@) ST (b)3 Teq 391 :
(@) (i) Find the CG2 of the area of the
2
. X< Y° .
ellipse ?+b7 =1 lying in the first
quadrant. )
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(8)

x2 y2

S+ =1 Toged W IS I
a2 b

CHI] OR_E AT T4

(i) Find the position of centre of gravity -
(CG) of a system of particles lying
in a vertical plane. 5

g3 Ty TEe o RENW IR
SCFHET T T 01

(b)) () Find the centre of gravity of

' a uniform triangular ‘lamina and
hence show that it is the same as
that of three equal particles placed
at the vertices. 5

b1 N fageR oRcem w9 e

orgea @ % fgedR MRy Rt 31
BT I S| PR SRFHS I | ’

(i) The 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 CG
of the system. 5

<51 3 FopeR (FfIe R7EaRe 1, 5, 3,
4, 2 F 6 kg S\ FRAFOIT I 2R |
AT I @ TOP (T T SHAPEHN
SREE fife T |
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(9)

5.. Answer either (a) or (b) : 10
* (a) AT (b) I TR 1 :

(a)

(b)

A9/240

Define machine and mechanical
advantage, velocity ratio and efficiency
of a machine. In a machine, establish
the relation

mechanical advantage
=(velocity ratio x efficiency)

- 4+6=10
T3 WIF IF AT R, @A o reR
el i | 961 IF Crae—

TEE ARG = (RIS x wwer) SpoRecs
oS 31

() Draw a neat diagram of the third
system of pulleys. If there are n
pulleys of which the upper one
is fixed and remaining (n-1) are
movable, find the mechanical
advantage when weights of the
pullies are neglected. 5

TOR FAF AR b1 g o i |
1t ATATC n RIF KA AT T
Twed I B WF IR (n - 1) ey
59l T IR T, (o A e
- ey R, TR AR ARy Pefy w11
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( 10 )

(i) In a block and tackle, the velocity
ratio is 8: 1. The friction is such that
only 55% of the force applied can be
usefully employed. Find what force
will raise 66 kg by its use. 5
a5 7% 99 (OFe (block and tackle)d
@AFPTS 8: 11 UEhre ol T A0
ol 91 9O 9 55% (3 TARASKE
forcasl SR AR | 2R 2R 66 kg ©F
wifeacet R RN 9 ercas) ke =i ?

6. Answer either (a) or (b) :
(@) %A1 () TET 0

(a) (i) Obtain ) the  expressions  for
tangential and normal components
of acceleration of a particle moving
along a plane curve. 5
See® (P e oS T GO1 TFFAR
(e S o fre g e
Tfered |
(i) A particle starts from rest at
a distance a from a fixed point O
and moves Wth an acceleration
proportional to its distance from O,
away from it. Find the position of
the particles at any time t. S

<51 f[fe 9 O3 “Fi a © Bq s@E[E
WW&W%W?OWW
OR e LS FqeqE O Regor o[l
Sedce AW | T S FHFACOR  SRE
foefa <40 |

A9 /240
/ ( Continued )

10




(b)

U

(@)

(11)

A particle starts with a velocity u
and moves under a retardation p
times the distance described. Show
that the distance traversed before
it comes to rest is u//u.

<1 TR ST 91 7JEE p 8 TGN
TS u @RI A =S T | (IS

@ IFFMDT u/ . [T ST FI] LS -

@I

The velocities of a particle along
and perpendicular to the radius
vector are Ar and p8 respectively.
Show that the acceleration along
and perpendicular to the radius
vector are lzr—p,zez/r and
MO (A +pu/r) respectively.

BT IFFIE TART SF FICHT S @
SF XAR TR Q9 INGFE Ar STF pb.,

(S @ FRY S IO @R @
UFE W GRS W NN qY@
Ar-p2e2/r ue MOA+u/r) 1

7. Answer either (a) or (b) :
(a) F%AT (b) I TSI 791 :

(a)

A9/240

)

A sphere impinges directly on
an equal sphere at rest. If the
coefficient of restitution is e, prove
that a fraction %(l—e"’) of the

original kinetic energy is lost by the
impact.

10

S
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(b)

(i@

(i)

(i)

A9—9000/240

(12 )

39 SRErS 4T BT CAEFE S GO1 TH
T COIRTF ASTFOIA L1 WA | AR
BT e T, AN T @ o MR
%a—ez)wmﬂmﬁaiml

Define impulse of a force. Prove
that the impulse of a force is equal
to the change in momentum due
to the application of the force.

369 SR TS [ o 1 @ @
<GB A9, JEACH! AT FIR FoTo S
SIS AIRTGR 3 |

A shot of mass m penetrates
a thickness S of a fixed plate of

mass M. Show that if M is free
to move, the thickness penetrated

. S
is 1+%.

m o9 S Wbl BIREe ¥ M w1
el 939 S TR &7 IR oI I/
g | M TERT Teerd wHed FRT
o[ILF I W, (9B (YA A ferhid

WW(—E——]WC@?WI
1+ :

Define work, power and energy with
units.

Gz, I, L O *Req gy gy |

* Kk %
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