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
for the questions

Answer either in English or in Assamese

1. Answer the following questions : 1x10=10

Sorw 1 ePAR] Oel 41 ¢

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

@1 T 197 eoRe ferme o1 e SR
A o9 o7 3¢ fer 1 Re o 62

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

o1 o7 oS e gu GO S
eifSferm & 2
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(c)

@

(e)

(9)

)
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(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 961 AR 51 TRAL TS
F AR TS R (AT 461 g T
Py TERT oS e R. RI M 2

Define coefficient of friction.
T @ g o

Write the definition of force of friction.
9 Fepe ge o

Define angle of friction.

T 1o A faam

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.

e FRAI IFE S T @A Gl
sif¥oias R @ R (7, 65 SR (radial) w1
&% (cross-radial) T4 farsi |

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

of motion.

( Continued )




(3)

9ol TWIFINR GUF FEEAC Gl M I@

S IFFIR W b1 e R fere = e
WR ARTT p/ ()3 | WR AR AR
faran

() If ube the velocity of projection and a be
the angle of projection of a particle,
write down the expression for the time
of flight.

91 IEFIR ATH @A u T ATFT @19
T WR S ot |

() State the principle of consérvation of
energy.

R SRR Tl B |

2. Answer the following questions : 2x5=10
were il 2T Tl 3/

(a) 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?

7o TR 30 kg @51 6 fo@ %E N we
9Tl AR WK | GO 7Y TR GO [T O/
1 bR o Sy St T R 2 RER
w«ﬁﬂrﬁrca,ﬁﬁamﬁmemwasﬁm

A9/240 ( Turn Over )




(4)

- (b) Write the laws of statical friction.

CafoT T TR o |

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

rm«aﬁwaﬁﬁﬁcﬁ v TR ofS T |
I T (@ (FH ICCH TR (AT @ L.

(d A particle moves in a stra.tght line
according to the law v2 =ax? +2bx +c,
where x is the distance from fixed point
on the line. Find its acceleration.

1 @z v2 =ax? +2bx+c PR
RIS A TR, TS x FIOEE €{S
o1 o1 e R o TR [{Y 1 WR w® 9@
Refa 11 :

" (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

kinetic energy is lost.

m S @ 961 u @RI ¢ M =[] e K
1 T | A Prech @R e qEei veme
WWW@%@I@WW@WW,

mmear@erﬁf%w S 3T Al |

M+m
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3. Answer the following questions : 5x4=20
oo g ePIAR] Tl 91 ¢

(a) 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.
<1 75 Pred oS fraRie THeaE I A
O ST 1 3 WL TS ARTS IR
AR 3ot e T4, fice @ SNAICH AVRES
YT |

Or / oAl
A beam whose centre of gravity divides
it into two portions a and b is placed
inside a smooth hollow sphere. Show
that if 0 be its inclination to the horizon
in the position of equilibrium and 2a
be the angle subtended by the beam
at the centre of the sphere, then
b-a

tan®=——tana.
b+a

o1 AT o (I et «oE e I
(=% T4 SR (T WF a AF b P LTS
e IR | AVRES T SFPRII TS

8 ¢11 IR WP (TFRR (TS 20 (I SR

b-a
Sl @ tan 6 = —— tanao.
ifed, Y T
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(6)

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

' tana =u_lbiglq.

a+b

O I 7o B! 4261 6 A WF BI €O (I

R | ABG SRR ATS o (FIT IR W,
W, OTF p, T A WF BI G aaee | 3R

USR5 RTINS AT SF TGTEE (FHL

ABT a SF b 01 SI5® 1% F¢F, 4911 I A
1b+p¢2a.

a+b

Or/ a1

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

9o TeET AT g T | SieaRe s

«bl IFINMN SREF  x = acosnt + bsinnt.
oMY FN A X G S I W R

Va2 +p2.
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(c) A particle describing an SHM in a
straight line has velocities v, v, and v3
at distances x;, X, and xj respectively
from the centre of the path, prove that

xR w3 -vd) +x3wd - o)+ x30f -v3) =0

@ Pt S TN TP BR AR TR

R Q@AY X, Xo TF x3% QU vy, Uy

I vy T, o970 A

xR w3 -vd) +x303 - o) +x30f -v3) =0
(d) If R be the horizontal range and h the

greatest height of a projectile, prove that
initial velocity is

R2 1/2
2 —_
[ g(h+16h]]

1 TR SR ARPR R S i el
h T, o N (@ OF ACF 3

2 \11/2
2g h+5-—
16h

4. Answer either (a) or (b) : 10
(a) TAT (b) T T/ 1
(@ () Find the CG of the area of the
ellipse §;+%; =1 lying in the first
quadrant. ' 5
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(8)

x?  y?
“o+Z-=1 TRE] AW HIFe W
a® b?

CHIY O[T ey 411

(@) Find the position of centre of gravity
(CG) of a system of particles lying
in a vertical plane. 5
9 Ty Seee 9 RgNE IR
SCFES. T A 0

(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

91 Y fogee oReE Ry 39 wie |
(ST @ % fapmooR MRy Rfte I ‘,
OB S S99 PR SRCFHS A |

(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

<1 7 TG P R 1, 5, 3,
4, 2 W1¥ 6 kg S Sfigera 931 xR |
SR fifer I |
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5. Answer either (a) or (b) : 10
(a) ¥ (b) T TET 791

(a) 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

@ WF T T Ry, QIS W e
g fiEn | 9o I CEge—

R R = (RIPITS x Fwer) TR
2SR I :

(b) (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. 5

T T AN b1 “iR%T g ST |
I ATADO n MIF =AU A IS
Twod TR0 BT T IR (n - 1) RHF
54l 63 IR KA, (OB BIA S&H
e FReA, TR T R Ry a1
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(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. 5
<51 7% 9@ B3I (block and tackle)d
@IS 8:11 eADre 4P TR A
AT F91 99 (P99 55% (R IIRISEA
s 3RT R | T TFS 66 kg =T
Tiate R “ARIR 39 ercaner 3R AR 2

6. Answer either (a) or (b) : - 10
(a) 2T (b) T &&T 91 ¢

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

AR (I IFAE S F91 9Bl IR
e F ey e el S
ferea |

(i) 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 t. S

951 @ Y 0T Rl a 7age &7 wRER
[ I GOR S wRE IR 0 R o

mmmm@wmoﬁjcﬁaw
SSIA TW | ¢ TS TFNDR SEH

fada 311
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(b) () 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. 5

BT TR ST TN THT p @ TR
WS u IR M SRS T 1 (ryeq
@ TFFMD u/ i [ STy 9] “N1ze
@

(@) The velocities of a particle along
and perpendicular to the radius
vector are Ar and pé respectively.
Show that the acceleration along
and perpendicular to the radius
vector are A.2r—p.2(-)2/r and
WO +u/r) respectively. 5
BT FET AR, S FHT AR @
SIF WA TR @ TG Ar W 6.
CRSA @ TFRT qF FNCH @R @
UF WH TR R YW [
Ar-pu20%/r 9% uO +p/r) |

7. Answer either (a) or (b) : 10
(a) 591 (b)T &I 3|7

() () 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. 5
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g SES A GBI CNETFS S o1 S
T (T AOPFOIA L T | ATISA
2NF e T, AN I A T AR
%a-ez)wmﬂ#@ﬁﬂ%’zﬂl

(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.

o SRR e | oW ¥ A I
BRI, IEACH! AW IR FoT8 R
SRR ~IRTER HH |

(b)) () 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
1S .
(“%] 5
m s S (B BIRES & M K]
Tel G S [@Y H FR CMR IR

AR | W TR [EO@ T FRS
AF TN W, (W @SN @ SRR

W[li;]m o IR
*tu

(ij) Define work, power and energy with
units.

~ 5
GFFR, I, I o =y Fige |

* % %
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