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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 |
TS il 2RIARR TSl 1

(aA) What is the whole effect of a couple
acting on a body?
1 Frer eoRe fFaRie TRA BRI
sifeferm 2

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

51 75 Pret evme RFRE 101 TR TR
SIS o] o Jee fer 91 R wamw [ o
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(2)

A system of coplanar forces acting on
a rigid body are such that the algebraic
sum of their moments about each of
any three non-collinear points in their
plane are separately zero. Will the
system of forces be in equilibrium?

b T o7 eo]e e 9B et 34
ATA A @A ITAR TG T (T
I R e RS R St Bk
e eI TR e e 1 @
STCHT STHRETS AIIC ?

What is the position of CG of a uniform
rod?

BT TN 7eT SRIFHA ST 3 2

Write the definition of force of friction.

T o3 1 forn 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.

TSR N IFWE W qmeq A
A4y R e R% (r, 95 =3y (radlal)
uF fofs (cross-radial) a9 for4t |
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(3)

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

P ER Q M PR @ u e vl fied
X-5FE A FA o WF B @9 FREA Q
AT P Seofes Q¢ foran o

A particle is moving in a plane curve.
Write down the relation between its
angular velocity and linear velocity.

<1 IJFAR B TSN IR S IR =M= |
W@ﬁ?‘@ﬂwm@ﬂ?ﬂlﬁﬂ“’l@
foram

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.

9Bl IR &47% Q9 u SF AT @1 o
T TR T o 1

State the principle of conservation of
linear momentum.

G ST SAIFATNOR TG o o
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2. Answer the following questions :

(4)

OO A1 PR Teq 9

(a} Two men are carrying a straight uniform

(b)

(c)

(d)

A7/69

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?

T AR 30 kg S&{ 6 fioR Twe 5w v
O AR R | T RUTE B I O
1 fom o e e 19 o 2 e

 Rete R aRe, afvwe R ew T

Fq?

Define coefficient of friction and angle
of friction.

7 BN SF TG (FIR 5T Bt |

Prove that the CG of a body is unique.
I 01 e Sace SfRew It o 741 |

A particle moves in a straight
line according to the law
v2 =6a(xsin x +cosx), where x is its
distance from a fixed point on the line.
Find its acceleration.

( Continue? }_

2)(5:-‘10

(e)

3. Answer the following questions :

(S)

9Bl L v2 = 6a(xsin x +cosx) FRAPR
SREACTITS oMfS FH, TS x (FACFH SRS 4
b1 78 R <[ TR R | WR )9 A
R

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

AT 9 (@ I 9GBR KA, 6 AT TS
(T4 SREMH RIS T |

ors a1 2R et 39 ¢

(a) Prove that any system of coplanar forces

A7/69

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.

91 7% Pre eoRe fFfie seRin 397 aad)
R SIS BT I WG BT TS RS
T AR om0, Acr @ AaSich
SRS YL |

Or /713

Prove that if three coplanar forces acting
upon a rigid body keep it in equilibrium,
they must meet at a point or be paralle].

( Turn Oyper )
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(b)

(c)
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(6)

T fof0 e 3= fem +R 9B T HeT
AWRES IACY, (B 499 T @ I foA0!
b1 frpe fifere = 91 Frke swRm = |

A uniform ladder rests in limiting
equilibrium with one end on a rough
floor, whose coefficient of friction
is p and with the other end against
a smooth vertical wall, show that its
inclination to the vertical is tan~!(2u).

BT AT TR 51 T 4201 TReAS ARE A
T 99 as Torg oarre ANfd 53 STMRES
TRR | I A=51 RAR T @R u W, O°F
ST @ 5 FPRES FEACCA Terg (T
75/ tan " (2u) @19 FRI |

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 its amplitude is

Ja? +b2.

e e %9 viseE fd | Seayre e
I IOl IFFTH LA x = acosnt + bsin nt.
A9 T @ R A9 SepT AfS IR W [WHR

8™ Va2 +b2.

( Continued }

(7))

{d) A point moves in a circle of radius r with

A7/69

a speed v. Prove that its angular velocity

about the centre is uniform and is equal

to —lf.

-
r IPIR GO J@e Wbl R v T vee
FE | NG [ @ @FF MACT TR GO @

W S 27 WA |
r

Or /7131

A particle is projected from. a point O
So as to pass through two given points
in the same vertical plane with O,
at heights hy and h, above O, and at
horizontal distances d; and d, from O
on the same side. Show that the range

of projection is
tan-1].9ha —d3hy
dyd, (d, - d,)
O RT3 A1 1 TN TR oATHA T4 T
T TFFIT O R WA @RI 99 FooR
Oﬁ"‘ﬁ"ﬁlmthWWOﬁ‘ﬁ
I d) WIF d, WERT [/ES A= [
R o o 2 T onew @ e atR

&THY FIR I
tan-] dihy -d2h,
dd, d, -d,)

(mm O1sor




(8)

4, Answer either (a) or (b) :

(a) TR (b) I T 91 :
(a) (i] Find the CG of the area of the
) X2 y2
ellipse 5t = 1 lying in the first
a® b2
quadrant.

(b)

A7/69

@)

()

xy__
7;2-_1_@1@5@5’3@@

CPII SR g 41 1

Find the CG of the sector of the
circle x2 +y2 = a? lying in the first
quadrant.

x? +y? =a? J&T AW v'FS 4F 49T
SREEH Ay 731 |

Show that the CG of a triangular
lamina is the same as that of three

particles of equal mass placed at
the vertices.

IS @ <ol Rigeefs v o
F fagetn TRy RRte 7 W
39 fofh1 39" ST W3z |

( Continued §

(9)

(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
centre of gravity of the system.

BT Y THPR (e RERe 1, 5, 3,
4, 2 WF 6 kg & FRFOE I3 (X2 |
oI 9 (A TOGH (FH UF STIVR
SR fafe Tm |

S. Answer either (a) or (b} :
{a) 93 (b)I TG 91 :

(@)

A7/69

(i) Draw a neat diagram of the third

system of pulleys. If there are
n-pulleys of which the topmost one
is fixed and remaining (n 1) are
movable, then find the mechanical
advantage when the weights of
the pulleys are neglected.

O FPF AT B RER oI <
M ATRE© nRYF WA WE TS
Twer SEA0 B uF I (0 - 1) W
53 61 TR VI, (O0® TR 65w
Ww,mﬂmiﬁmﬁ‘faw|
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(b}
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(10)

(i) A first system of pulleys consists
of 4 movable pulleys each of weight
8 Ib and the string passing round
the topmost pulley passes over
a fixed pulley. With what force must
a man of weight 220 lb pull at the
free end of the string in order to
balance himself suspended from
the lowest pulley? 5

AT YT FNFS GBS 4B FREI TR
R TIA TRR JF Al TFIN G
8 %o | Twey TIALHR et TRl
SReE 37 5 9B eeidf (R |
220 “[i®% ST TR I ORCFH &
TS & 790 et 3R Mged 97 =R/
&R 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

T3 W T AT JRY, @IS TF THEON
e A | 9B T4 CRao—

R R = (RIS x TFeT) !
2ifefa ¥ 1
( Continued )

(11)

6. Answer either (a) or (b} :
(a) %77 ()T &&T 39 ¢

(@ (i)

(i)

A7/69

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

TAGAR (I TG S T4 961 IFFIR
e UF Aoase e TR Selied
fered |

A particle moves in a straight line
with an acceleration £ directed
X

towards a fixed point on the line,
where p is a constant and x is the
distance from the point. If it starts
from rest at a distance a from the
point, prove that it will be at
a distance ¢ from the point after

ime 22 [3
a time 2\/:. 5
01 JIGFIR GO SREIEIS, (@AIOER
RS 271 <1 fiffe Ry SRl W La

S I, T p 9l FF TF x RPEHR

M wWel I RER M a &y
TPIOT RIRER [ IS I, 2w

‘W@i%}\[gmﬁ@ﬁwwg

tchacicket
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(b)
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(i)

(@)

(12 )

A person travels towards east at
the rate of 4 km per hour, and
observes that the wind seems to
blow directly from the north; he
then doubles his speed and the
wind appears to come from the
north-east. Determine the direction
and velocity of wind.

e W2 9% 4 Rf. wfa <P
TR F IO AN A Tadd [l &Y
@ A @8 o B 1Rt IR
uR IO Ted-o[ PR R S @A
o{[cat | Ford et = ot FRefg w1

A particle is moving in a parabola
with uniform angular velocity about
the focus, prove that its normal
any point is
radius of

acceleration at
proportional to the
curvature of its path at that point.

<51 TEHIR, GBI TRIEIR AYS TR A

A TERT @e A IR OSWR!

o T @ e fee TR WA
ot o1 Ry SERIPIR TS |

( Continued}
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(13 )

7. Answer either (a) or (b) :
(a) I (b)T TG I :

(@) ()

(i)

A7/69

A shot of mass m penetrates
a thickness S of a fixed plate of
mass M. Show that if the plate
is free to move, the thickness
penetrated by the shot is S /(1 + ).

m SR BN bR RIRES @ M TN
TE 9 S {E o7 IR CTR IR
M1 M TEI [FOA TR I
AR, (R ST @ BAOKI TSR
S/(1+%)W®W$ﬁﬁl

A sphere impinges directly on

an equal sphere which is at rest.
If the coefficient of restitution is e,

prove that a fraction —;-(1 -e2) of the

original kinetic energy is lost due
to the impact.

FAREe ¥ GOl IS A GO E
CTETCE oPFelcd YR | ASNaSq S
e T, 4N9 T A T fifex
11 - e?) o e Fore e =
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(b)
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()

(i)

(14 )

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 1 951 TR9 [ ReeraE a@ b
m S @A ATFA I T I} TS E
sfonfes TeT T 1 (yeA @ IROR
ereTor Yfredr o

2mE
M(M+m)

Three balls of masses m;, m,y, mj
are in a 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. Find the velocity
of the third ball after impact.

( Continued)
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(15)

WF RIS 1 0 TR R my,
m,, my; ¥ (AT I [P R
TR | AYWORA u @ATS SRAIICICEI
oS IR RS Pam we "G
TR (Pam | T Pree vom
FAOR Q9 Bferear |
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