3 (Sem-5) MAT 1

2018

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
TS Al ARy e 9

(a) What is the position of the point of
action of the resultant of two equal
like parallel forces acting on a rigid
body?

91 7% PreT eoRe e o1 TR TRl
TG 9914 G e 1 791 g wagw 2

(b) What is the whole effect of a couple
acting on a body?
<1 ey e fETe TRU PR AW
sifSférm & 2
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(c)

(d

(e)

(g)

(h)

A9/240

(2)

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?

BT SRR 37 AR B FPRWA FoIERS
% AR See R @Al qB1 {7 Feeww
Priet IER FeaeH s R RI T 2

Define coefficient of friction.
T QIR A el |

Write the definition of force of friction.
w1 391 A fordn o

Define angle of friction.
< IR e o o

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 (I IFA A TN TR R
iR R i Req (r, O SR (radial) =F
€% (cross-radial) T4 form 1

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

( Continued )

i)

0)

(3)

9Bl TEFNE IOF FTRLS G SIS I
WS TWFIR W9 <961 e R fore @@ o
TR ARTT p/ (7R3 TR R AR
o

If u be the velocity of projection and & be
the angle of projection of a particle,
write down the expression for the time
of flight.

9Bl IFFIR ATF @ u I ATFI (Il o
376 2AR RGPS B0 1

State the principle of conservation of
energy.

& AFHIRNeTOR SGLo! ford |

2. Answer the following questions : - 2x5=10
TS {1 2pefcIe e 90

(@) Two men are carrying a straight uniform

A9/240

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?

7& Tz 30 kg 651 6 fI6R Twet s we
T SRR TR | GO T8 TF Bl YT o[
1 0" oIF W& Sl T3]3 o[l 2 fbR
79 (R e, dfsa Ram eum a2 3R 7
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(c)

(d

(e)
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(4)

Write the laws of statical friction.
e T{em TR o |

A point moves in a circle of radius r
with a speed v. Prove that its angular
velocity is Z.

r TIPIEE <51 3ES b1 REa v =R of I3 |
ol 91 (4 (T WA (A @ 2.

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.

a1 e v2 =ax? +2bx+c PR
RS S W@, T x [@IEER 8RS
o b1 ffE R o WA [ WR @
a1

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

. M
in it. Show that a portion of the
M+m

kinetic energy is lost.

m S 99 9Bl u @I 1 M R e o
1 WA | R Pradh @fR frre gesa s
R *Mica = @A PSR fews oz m,

(@ (&dl @ fefes Mﬂfmwmmﬂmn

( Continued )

3. Answer the following questions :

(5)

- o7 frar opearee el 9

{a) Prove that any system of coplanar forces

A9/240

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.

<51 7 Pre3 eRe frmfe swofy = g
O SRS B 39 WA IS ARTS FRI
R e e T, ez = ARG AIRETS
qCE |

Or / w1

A beam whose centre of gravity divides
it into two portions a and b is placed
inside a smooth hollow sphere. Show
that if 8 be its inclination to the horizon
in the position of equilibrium and 2«
be the angle subtended by the beam
at the centre of the sphere, then
tanO = 2_—a-tanoz.
b+a

951 s FRART TP et o 7o 99

(TR IW O (T2 VR a 9F b [ 5©

Ree wfice | TS weoce wpfiv e

6 19 TR AP TP (FFS 20, F1l @R
b-

A, (i36a A tanb=""Zan .
b+a
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(6)

(b) A uniform rod rests on two rough pegs
A and B. AB is inclined at an angle o
to the horizontal and the coefficients
of friction are p, and p, respectively.
If the rod is in limiting equilibrium
and the centre of the rod divides AB
into two parts a and b, prove that
tang = Wb+ Ly

a+b
T I we HB1 3251 b A OF B @oR© (3
WIR | ABQA S3RFI 7S o (FIT IR ONE,
By OF p, FE A WE BT T @NF 0 W
TSTE BIY ARES MF AE FGCER (FHR
ABT q 9F b o1 S Sl FI, 4994 F A
tano < M1B*H2a

a+b

Or / 9331

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

Jaz +b2.

9 e A g o | TREIRE e
951 IFIR SEEH X = acosnt + bsin nt.
oI 9 @ % A T M I we RaR

w/a2 +b2.

A9/240 { Continued )

(7))

(¢) A particle describing an SHM in a
straight line has velocities v;, v, and v3
at distances x;, x, and xj3 respectively
from the centre of the path, prove that

xlz(vg —v§)+x§(v§ -v12)+x§(v,2 —v%) =0

1A e S T FAF BR AT FH

[ m xl, Xa I x3’@ @i 3 Ul, Uy

F vy TE, 409 A

xf w3 -v3)+ x3w3 - vf)+ x3 -v3) =0
({d) If R be the horizontal range and h the

greatest height of a projectile, prove that
initial velocity is

1/2
R2

2g| n+ R

[ g[ +16h]]

<1 ACHIAR SPRT AR R wIF dw Tl
h ', o409 I @ O] ATHF Q91

] 1/2
2
29 h+R_
16h

4. Answer either (a) or (b) : 10
(a) S (b) 3 T&I 91
() () Find the CG of the area of the
ellipse ::—z +%; =1 lying in the first
quadrant. 5
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(@)

k)

(i)
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(8)

2 2
X +Y -1 TRE aw vIS W
a®? b2

(5 SRE A 11

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

9 Ty Wewe @ Rgam @R
SREET ¥W AT 11

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.

<1 T faped oREFE P T W@
ST @ % fIpeor TRy Rt 301
fofA01 ST S PR ST S |

The weights 1, S, 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.

B T Foper (T Reqae 1, 5, 3,
4, 2 9% 6 kg 95 FFORE W (AR |
M9 T (T TP (FH AT GHAILHH
SR fafer 7

{ Continued )

(9)

S. Answer either (a) or (b) :
(a) ST (b) T T=S 91 :

(a) Define

advantage, velocity ratio and efficiency

of a machine. In a machine, establish
the relation

(b)

A9/240

machine and mechanical

mechanical advantage

= (velocity ratio x efficiency)

4+6=10
QT TH/ TR RY, @IS IF THFoR
K@ o | b1 AR CHae—

IMAF RN = (@IS x 7FFer) TR
afSom F1 1 '

(i) 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.

T T ANAR 9B g B S o
M HNMAGE n MIF A AT TS

Twen 530! B W I (n - 1) WIT
599 @968 FRA I3, (S(3 DI SFA
Sy FReE, TR IGE R fiefg w40 1
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(i)

(10)

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.

<1 7F 9® (6T (block and tackle)d
QAFATS 8:11 ATAOS I WR I
A7 Q) PR @FLE 55% R IYRYSE
fia BT IR | WA TS 66 kg =
Rata R «ReR F@ et FR A 2

6. Answer either (a) or (b) :
(a) 3T (b) T &I T ¢

(a)

A9/240

fi

(i)

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

eAR (Al IFE S TN 9B TR
s qF SfoaEd e T Tefiee
Sforear |

A particle starts from rest at
a distance a from a fixed point O
and moves with an acceleration
proportional to its distance from O,
away from it. Find the position of
the particles at any time ¢.

<1 ffie R 03 [l o 7Y &7 wwwm
o[ T iR S w8 IR O R -
OR R TS s O RR w1
Sireqtsl A | t TS IWINOR SHEH
fdfa 711

{ Continued )

5

10

|
5 |

M) @)

(i)

(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/ /.

b1 FEFIR ST T TR . 89 IR
SHTS u QUIA S AR W | (s
@ IFIMDT u/ . T AT TR LS
A

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 A%r-p26%/r and
UO(A +p/r) respectively.

BT IR AR, SF SO SN @
F TR IR Q9 INEE Ar S po.
(RS @ TR WE FID @R @
T WR T TR TH I
A2r-pn202/r 9 uo (A +p/r) 1

7. Answer either (a) or (b) :
(@) ST (b) 9 T T

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

original kinetic energy is lost by the
impact.

10

5
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( 12 )

i3 SEETS 471 GBI (NAFT A GO =
TR OIS ASFHOd L AT | OIS
NF e TT, o I @ T T
1(1- €?) =t siewfe e = |

(i) 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.

TR SRR e 1 4wt @ |
«BR HI9, IACHI AT FIR FA©
SR ARTETT S |

(b) (i) 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
4

(%)
is — |
1+5% 5

m SR &fe b Faewe & M W
TE G S [ (%7 ¥R ORI
A@ | M Te Y@@ THI FH
T I W, (5@ (Yl @ BRI

W(——S—}m =% FRA )
1+3

(i) Define work, power and energy with
units. 5

TR, I, NG w1F AR A i |

* * %
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