3 (Sem-5) MAT 1

2014

MATHEMATICS

( General )

Paper : 5.1
{ Statics and Dynamics }

Full Marks : 80

Time : 3 hours

The figures in the margin indicate full marks
for the guestions

i Answer either in English or in Assamese

" 1. Answer the following questions : 1x10=10

wers fral eaRs Tes 341

{a) Is there any single-force of which the
effect on a body will be equivalent to the
joint effect of two equal and unlike
parallel forces?
G BT FE A T (AT B TEH 8URS
AfSfem @OE T fFEe B AN HE
AfSYR ST IR AfSfema Ty ?
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(b) “The whole effect of a couple acting on a TSR a5t R (r, ) © < (radial)
rigid body is to produce rotation without afer1xq R et @ ial) T;iﬂ Bl
imparting to it any motion of % 54 (cross-radi
translation.”
Is the above statement true?

What is the amplitude of a simple
1]

harmonic motion?

<01 TR 51 e et sifeq Rew 2
TR afefem 2w @ GRF e omm - by the relative velocity
" o sy ¢ 5 What do You meah y ther p()mt
T PR goam | . (@ f a point P with respect to ano
ofa
SIS TRSCHT To1gsy 9 Q? @ o R
P ﬁﬁﬁ oA
(c) A system of coplanar forces acting on a Q ﬁﬁ i
rigid body are such that the algebraic &1 ? st of
. : ! v - A - - in a circu
sum of their moments .abogt eac}} of a@; (h} A particle is moving relation between
three non-collinear pomts in their plane adius a. Write down the - ity
are separately zero. Will the system of l;he angular velocity and linear veﬂf_ o
forces be in equilibrium? v 951 ISR I MO
. TEE. a IPEE 9
m@ﬁr@aemfmﬁaaﬁrm@%@w @!m@ﬁamwaﬁ?ﬁ@ﬂmw
glefret W A I AT o (31 K\sﬁfém‘
WE R e Ry R SMeoes Hgeg |

FEes oSy sy SlGel

, i d a be
QA =y | (i) If u be the velocity c_)f pr?(;ctgzlﬁii g
_ - of projection 0 !
IS ANHICHT 5 TRETS AfF0 2 th‘?t:%gol‘i; tllie expression for the time of
wri
(d) Give the definition of friction. flight. s @ a
R e o | e “Wgw
5\’@, W m’w ﬁmﬁ i f
(e) Write down the expressions for radial inciple of conservation o
and cross-radial accelerations of g () State the pntum
particle moving in g plane curve at any linear momen A
point (r, 6) on it.

4R ST Ao Sgo! o |
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2. Answer the following questions -

(4)

TS gl epycares Sag w1 -

(@) Two men are carrying a straight uniform

(b)

(c)

(@)

A15—1000+1300/125

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?

& R 30 e, ST 6 bR Tee Ty ey

AT AR W0 | e mewER o

L ROR W e e AR o

iﬁqﬁﬁﬁmaﬁw,mmmw
)

Write the laws of statical friction.
Cofo T3 g o |
Define coefficient of friction and angle of

friction.

T QI S T I et B |

A particle moves along a straight line, the
law of meotion being x = A cos (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.

CIE B X = A cos (nt + k) ﬁzmrgiﬁ
RECIRI® oS T T x 57 ¢ S TN
W'@@mﬁmquvmw@
SIS S ARG 1 T T T |

2x5=10

( Continued )

(e)

3. (a)

A15—1000/125

(S

A motorcar, weighing 10 quintals and
travelling at 12 metres/sec, is brought to
rest in 18 metres by the application of its
brakes. Find the work done by the force
of resistance due to brakes.

12 6/ b2 @S ¢ A7 10 F35e Goe e

oA Q3 @99 SRS 18 o™ 7awe 39i2 i
0= | @99 eifocail o9 w5 IR e 4 o

Prove that any system of coplanar forces
acting at different points of a rigid body
can be reduced to a single-force through
any given point and a single-couple.
a0 T @, 96l 7 Pres edme e [
I G5 AN & AT B 2vE Ry
fF= b1 3 W b1 At e $fa
o1 1

Or / 231

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 6 be the inclination of
the beam to the vertical, show that

sin3e=%.

2a R N we qURR G5 I P Ty (AT
QY TS A SR, WIS THTE @b P
YAE h T TGOS ToTg (RIS 19T O (Pl P
21fpCe, mviemczrsm%:%.
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(b)

()

(@)
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(6)

A uniform ladder is in equilibrium with
one end resting on the ground and the
other against a vertical wall. If the
ground and the wall be both rough, the
coefficient of friction being p and u’
respectively and if the ladder be on the
point of slipping at both ends, prove that
the inclination of the ladder to the
horizon is given by 6, where

L
2u

tan 6 =

BT ] ST b1 T Mo® W SCHT T 93
oty TS S wice | 3 T W @@ TerER
25! 27 W PRed T QRS TN p W p
=7, (ors o 41 @, 5% R 3o 12 39 Preca
Cofoq1 STl TS ST TR (FIG 6, T

=
2u

tan 6 =

Prove that the periodic time of a simple
harmonic motion is independent of the
amplitude.

o N @, e e afed el ReEe
@9[qe S e w2y |
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

( Continued ) Al15—1000/125

(7))

h% and h, above O, and at horizontal
d}stances d, and d, from O on the same
side. Show that the angle of projection is

tan™! _—__dlghQ - dyhy

O R% *[1 @Bl I GeMeq ATHA T e
S FFD! O R oI @A 937 Ao
O RWa “@1 h; WIF h, Twere wF O R
AT d) AF d, PR €9 45 701 {99
ACECT A9 (R T | (7YSq @ IBICMDR ATHA
I T

dyd; (d; - dy)

Or / 31

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.

HIPNT AAS o (Pl FAF @1 FAFT w =
Q@I ATl Fq 2 | G5 e THee R
@9 == sife et fefg e o
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4. Answer either (a) and (b) or (c) and (d) :
(@) ST (b) TV (c) S (d) T TSI 41 :

(@)

(b)

()

(d)

A15—1000/125

Find the centre of gravity of the plane
lamina bounded by the parabola y2 =4ax

and its latus rectum lying in the first
quadrant.

y? =4ax wRge WF W Aoy s
TP A 556 A ST SREEFH el 90 |

Find the centre of gravity of the sector of
the circle x? +y? =49 lying in the first

quadrant.
x2 +y? =49 BT AN TS AT Y4 TRAFH
foref =41 |

Find the centre of gravity of the area of

x2  y?
the ellipse =— +Z- =1 lying in the first
2 2
a b
quadrant.
X2 y? '
R Ly ToRGE HIRA CFEF AU 5'IFO
a b

] S SHEH T F9 |

Find the centre of 'gravity of the
homogeneous arc of a quadrant of the
: 2 positive

circle x +y2 =6t in the

quadrant.

5

( Continued )

(9)

x% +y? = a® I99 A PR TS B'TS A

DO SR Tl 47 |

5. Answer either (a) and (b) or (c) and (d) :
(a) S (b) T390 (c) = (d) T Teq 941 :

(a) In a machine, establish the relation

Mechanical adxfantage = (Velocity ratio x

(b)

(¢

Al5—1000/125

Efficiency)
9Bl T CFTS
ifEe AR = (@ERPTS X )
ARG 2fSerE 4 |

In a block and tackle, the velocity ratio is
8 : 1. The friction is such that only 55%
of the force applied can be wusefully
employed. Find what force will raise
66 kg by its use.

@bl 7@ €9 (G (block and tackle)
RAFPT® 8 @ 1. ANSCHT® AP T AR LAl
9 (P9 55% (2 IARASE s IR
AT 1 2N RRS 66 &%, 9 wfedts b
IR I AT FRI AP

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 the weights of the
pulleys are neglected.

5

5
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TOE e e B cifTgE foa w1 Am
ANEAETS n AS 5541 AT TS THOH B!
&9 W A1) (n — 1) MRS 5] A9 I A,
(O3 HFA ST T FECE, TR e AR
fefg a1 1

A first system of pulleys consists of 4
movable pulleys each of weight 8 1b and
the string passing round the topmost
pulley passes over a fixed pulley. With
what force must a man of weight 220 1b
pull at the free end of the string in order
to balance himself suspended from the
lowest pulley?

AN AT FE OIS 451 FEHI A 5B
ez SF ARGl TR SE 8 ISy | TwHwy
BFAIGE 8O (@l ST T eel bR
a1 220 B8 SEAY VR GEC
SRTER IF Jqo & @ acael fee e
I “[1 ey A 2

6. Answer either (a) and (b) or (c) and (d) :

(a) = (b) T3 (c) = (d) I Teq 1

(a) Obtain the expressions for tangential and

A15—1000/125

normal components of acceleration of a
particle moving along a plane curve.

FTGHE (I I 5IfS 91 b1 IBFAR =o¥F
I Sfeegd e $399 Tenes Sferet |

( Continued )

(11 )

(b) A particle of mass m is acted on by a force

(c)

A15—1000/125

3

4
a
mp.[x+—} towards the origin. If it

x

starts from rest at a distance a, show that

it will arrive at the origin in time

N

m S IR BR eFe, WiRE e
4

mu[x+%)ﬁ?ﬂfﬂ7¢ﬁ%lﬂﬁa@@@
X

TEPNCIE ZRE -1 aifS 33, coeg g

mimwwﬁﬁﬂﬁl

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.

o TR NS 4 5. wfec s o s
HIF IO CAI (A TBIF 2191 =3 @ AAICe |
(98 Cofem TS 789 FRe e qor Tea-o1-
PR3 [T 12 @ HAICeT | TerR T e (@9 efy
341
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(12 )

(d) The velocities of a particle along and

perpendicular to the radius vector from a
fixed origin are Ar and u6; find the path
and show that the acceleration, along
and perpendicular to the radius vector
are

2n2

32y B Y and ue(}\.-t-&)
r r

A FEART MCACH B TFFIR ARY
PNCHT FRCTN (<1 ST T AFOR (91 TG
Ar SIF U6, IAGE SfoF F91 49 [efq Fa1
E TS @ PIRY OF FUCH RN @

HFE TF FIMS 9] T I
202

A2r M 8 RS u(—)(}»+9—)

£

r

7. Answer either (a) and (b) or (c) and (d) :
(@) = (b) 12T (c) ST (d) 9 Tq 41 :

(a) 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 =39 961 IR {1 ROPRR 241 @B m o9
& e F A I[ TS E oifenfe Teq
2% | (YT (T IO Srorels YfFnear @l
2mE
M(M + m)

( Continued )

(13 )

(b) A ball impinges directly upon another

()

A15—1000+1300/125

ball at rest, and is itself reduced to rest
by impact; if half of the initial kinetic
energy is destroyed by the collision, find
the coefficient of restitution.

FIgEe 9 @Bl T O G5 0 AGTTOIE
AR e FiRed Fero 3 e fFEee o; Al
Ry wow oA afenfeR e we =W,
ST QT G |

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 m, : m,. The fragments continue
to move in the original line of motion of
the shell. Show that their velocities are

V+ e ot and V - 2mE
my M mqy M

M99 @& @B V @l e R Wiz | @bl
wEdel Rewaed E e Sesma o) 9RIoR 761
e oe FReE W o PR S A
my i m,. SRY O} BAGR LS afex e}
afe i Al | orear @@ B @t

Ve [22E gy (2
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(d) Three balls of masses m,, m,, m3 arein 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. S

| OCF FRACEITS A [0 98 O my, my, my
WE T 39 70! BARES W | AW BRI u
@S FEEROEE i iR fTSmER YA
F CROE R Pre pomcR R |
FRqre] foree $Oi JEIhR @9 Sferedt |
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