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CHAPTER

Basics of Vectors

11 VECTORS AND SCALARS

Many physical quantities are completely described by a numerical value alone and are added according
to the ordinary rules of algebra. As an example the mass of a system is described by saying that it is 5 kg. If two
bodies one having a mass of 5 kg and the other having a mass of 2 kg are added together to make a composite
system, the total mass of the system becomes 5 kg + 2 kg = 7 kg. Such quantities are called scalars.

So, a scalar is any positive or negative physical quantity that can be completely specified by its magnitude.
Other examples of scalar quantities are length, mass and time.

While the complete description of certain physical quantities requires a
numerical value as well as a direction in space. Velocity of a particle is an

example of this kind. The magnitude of velocity is represented by a number

Resultant

such as 5 m/s and tells us how fast a particle is moving. But the description of velocity

Second

velocity becomes complete only when the direction of velocity is also specified. velocity

We can represent this velocity by drawing a line parallel to the velocity and

putting an arrow showing the direction of velocity.

First velocity
Further, if a particle is given two velocities simultaneously, its resultant velocity is different from the two
velocities and is obtained by using a special rule known as triangle law.

The physical quantities which have magnitude and direction and which can be added according to the
laws of vector addition are called vector quantities. Other examples of vector quantities are force, linear momentum,
electric field, magnetic field etc.

1.2 EQUALITY OF VECTORS

Two vectors (representing two values of the same physical quantity) are called equal if their magnitudes
and directions are same. Thus, a parallel translation of a vector does not bring about any change in it.

MRDE ERSYH www.madeeasypublications.org SOMJ hﬁignﬁfi ME



Mechanical POSTAL
9 | Engineering ook packace PR MADE ERSY

1.3 ADDITION OF VECTORS

The triangle rule of vector addition is already described above. If &
and p are two vectors to be added, a diagram is drawn in which the tail of b
coincides with the head of 3. The vector joining the tail of & with the head of b

is the vector sum of & and b.
Figure shows the construction. The same rule may be stated in a slightly
different way by parallelogram law.

a
In parallelogram law we draw vectors & and b with both the tails coinciding as shown in figure. Taking
these two as the adjacent sides we complete the parallelogram. The diagonal through the common tails gives the
sum of the two vectors.

Suppose the magnitude of &= a and that of p = p . If the angle between & and b is®, itis easy to see
from figure that
AD? = (AB + BE) + (DE)? P
(a + bcosB)? + (bsing)?
a° + 2ab cosl + b?

Thus, the magnitude of 3 + p is

Ja? + b2 +2abcos

DE bsind

[ts angle with 3 is here tang = —=—"—"7"—
gewrh a lsaw ’ “= AE " a+bcosé

Special cases:
(a) When two vectors are acting in same direction,

then, 0=0
‘é’Lb‘ = Ja®+b*+2ab=a+b
and T o111\
= 2tbcos0°
= o=0

Thus, the magnitude of sum of vectors g and b is equal to the sum of magnitudes of two vectors acting

in same direction and their resultant acts in direction of 3 and p.

(b) When two vectors acts in opposite directions:

Then, 0 = 180°
‘é’+b = Ja®+b*-2ab=a-b
and I b xsin(180°) _
a+bxcos(180°)
= o = 0°0r180°

—

Thus, the magnitude of sum of the vectors & and (- b)) is equal to the difference of magnitudes of two
vectors and their resultant acts in direction of bigger vector.

MBDE ERSY www.madeeasypublications.org Solve;{ hﬁiﬁﬂfi ME
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A particle whose speed is 25 m/sec moves along
the line from A(2, 1) to B(9, 25). The velocity vector
of the particle in the form aiA+bjA' is

(a) (77 +7])mis (o) (77 +24]))m/s

(©) (24? +12f)m/s (d) (24? +7]’)m/s

A particle moves along a path ABCD as shown
in the figure. The magnitude of net displacement
of the particle from Ato D is

(@) 9.26m
(c) 10.42m

(b) 13.37m
(d) 8.38m

If (é+5) is perpendicular to b and d@+2b is

perpendicular to &. If ‘é‘ =aand ‘5‘ = b, then

(@ a=b
(c) b=2a

(b) a=2b
d) a=bV2

Two forces are acting on a body, /31 = 2?+3f

and it does 8J of work, F, =3 +5] and it does

-4J of work on body. The magnitude of
displacement traversed by the body is

(@) 57.27m (b) 30.53m
(c) 54.40m (d) 61.06m

ANSWER KEY

soon pacwace JAA

MRDE ERSYH

HINTS & EXPLANATIONS

(b)

Velocity vector is given by the product of
magnitude of velocity (speed) multiplied by the
unit vector along velocity.

Unit vector along velocity,

AB  (9-2)i +(25-1)]

/ZE:

‘ZE;‘ NI
V= ‘V‘ATE=25(7;;524;J

= (7i+24])m/s
(b)

The displacement of the particle from Ato D is

given by AD
/\D

AD = JAF% 4 DF? = \[(AB+ BFY +(DE+ EF

= J(3+6c0s45°)° + (7 + Bsin4se)’

= J(7.24 +(11.24)°

= /52.41+126.33 =/178.74
- 13.37m

www.madeeasypublications.org
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(d)
Fromthe given conditions, (é + 5) is perpendicular

to b, therefore their dot product is zero.

(§+5)5 =0
)
a-b+‘b‘ =0
3-b+b> =0 (i)
Similarly,
(6+2b)d =0
-2 -
|d" +2d-b =0
a>+23-b =0 (i)
From equations (i) and (ii), we get
2
& _
2
a= +2b

Neglecting negative sign as magnitude cannot

be negative, therefore a = Jab.

soon pacwace PAA
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(d)
Let the displacement of the body is given by

r=xi+y

work done by first force,

1

Wi=F-r=8

(2f+3]')-(xi+ vi) =8

2x+3y =8 (D)
Work done by second force,

W,=F,-F =4

(3?+ 5]‘)~(xi + y/) =4

3x +5y=-4 )
Solving (i) and (ii) equation, we get
x =52 y=-32
7 = 52/ -32)
7| = (52)° +(-32)° = /3728
=61.06m

MRDE ERSY
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CHAPTER

Rotational Motion

10.1 INTRODUCTION

Consider a pulley fixed at a well on which a rope is wound with one end attached to the bucket. When the
bucket is released, pulley starts rotating. If we take pulley as a system. The centre of mass of pulley is at its centre
which remains at rest but the other particles move and are accelerated. So, the pulley is said to be in rotational motion.

10.2 ROTATIONAL KINEMATICS

Consider arigid body rotating about a given fixed axis. Suppose the angular position of the body at any
time tis 6. During a time Af, it further rotates A0, so its angular position becomes 6 + A6.

So, the average velocity during time interval Atis given by

AO
wavg = E
and the instantaneous angular velocity at any time tis given by
_ o
= G

If the body rotates through equal angles in equal time intervals, then we can say that it rotates with
uniform angular velocity. In this case,

o= —— = Constant
So, 0=t
If itis not the case, then the body is said to be rotationally accelerated and its angular acceleration will be
_ do_ i(@) _de
~dt di\dt) o
But if angular acceleration is constant, then,m = ® + ait
1 0
= O, +—ot
0 ol +5
o = 02+ 200

Where , is angular velocity at time t =0

MRDE ERSY www.madeeasypublications.org Theory with | ME
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EXAMPLE : 10.1 A wheel rotates with a constant acceleration of 4 rad/s?. If the wheel starts from
rest, the revolutions made by it in the first 20 seconds are:
(a) 176 (b) 156
(c) 128 (d) 64
Solution: (¢)
The angular displacement in the first 20 seconds is given by
9 = mot+%at2 :O+%><4><2O2 =800 rad
As the wheel turns by 2r radians in each revolution, the number of revolutions in 20
seconds is
n= @: 127.32 = 128 revolutions
2n
EXAMPLE : 10.2 The wheel of a motor, accelerated uniformly from rest, rotates through 5 radians

during the first second. Find the angle rotated during the next second.
(@) Srad (b) 15rad
(c) 20rad (d) 10rad

Solution: (b)
As the angular acceleration is constant, we have,

1 1
9 = mot+§at2:§at2 (o =0)

y

Thus, 5rad = 5><oc><(1)2
o = 10rad/s?

The angle rotated during the first two seconds is

- l><oc><z‘2:l><10><22:20rad
2 2

Thus, the angle rotated during the 2nd second is = 20 - 5 = 15 radians

10.3 RELATION BETWEEN LINEAR MOTION AND ROTATIONAL MOTION
OF A PARTICLE ON A BODY

P
Let 7 is the position vector of a particle P experiencing the force, I F

then torque by force F about O

’
-
/
r
-

T =FxF

But if there are more than one forces acting on a body, then total O
torque on body about a given axis is

-

T = AxF+nxF+..

MRDE ERSY
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The motor of an engine is rotating about its axis with
an angular velocity of 100 rev/minutes. It comes to
rest in 15 seconds, after being switched off.
Assuming constant angular deceleration, the number
of revolutions made by it before coming to rest is
(@ 125 (b) 25

(c) 6.25 (d) 18.75

Four particles each of mass m are kept at the
four corners of a square of edge a. What is the
moment of inertia of the system about a line
perpendicular to the plane of the square and
passing through the centre of the square?

(b) 2J2ma?
@) 4J2 ma?

(@) 2 ma?

(c) 4 ma®

Two uniform rods having mass m each and length
[ are joined at a right angle as shown in figure.
What is the moment of inertia of this system
about an axis passing through point P and
perpendicular to the plane of the system?

} I | P
/
8 o
(@) gml (b) 3 mP
S
© Zm d) 2 mP

A uniform rod of mass mand length L can rotate
freely on a smooth horizontal plane about a
vertical axis hinged at point H. A point mass
having same mass m coming with an initial
speed u perpendicular to the rod, strikes the rod
inelastically at its free end. The angular velocity
of the rod just after the collision is:

soon pacwace PAA

Q.5

Q.6

Q.7

Engineering Mechanics

Rotational Motion 1 53
m, L
H !
iu
m
U u
@ 31 ®) 5
2u 3u
© 3/ @ 5

A uniform sphere of mass 200 gms rolls without
slipping on a plane surface so that its centre
moves at a speed of 2 cm/sec. What is the kinetic
energy of the sphere?
(a) 1.2x107°J
c) 28 x10°%J

(b) 3.6x105J
(d) 5.6x10°J

A cylinder is released from rest from the top of
an incline of inclination ® and length 1. If the
cylinder rolls without slipping, what will be its
speed when it reaches the bottom?

4gisin® 29/sin®
@ 6) {5

2glsin® [glsin®
5 @ 3

A cylinder of Mand radius rshown in figure slips
on a rough horizontal plane. At some instant, it
has translational velocity v, and rotational velocity

(©)

about the centre \;_0 . What will be the translational
r

velocity of the cylinder after it starts pure rolling?

MRDE ERSY
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Putting this value of time (t) in equation (ii), we

v, 2ft
ol = o, + or T Mr get
. . v,  2f _v,M
Pure rolling will start then vl = ?JFMXF
) = ro(f
W) = el vV,
of 2 3 6
e i) = r(v—°+—t)
2r Mr 8. (b)
2ft T = mgx£
W) = 2 +58 (i) >
2 M 5
_oml
Finding the value of tfrom equation (i) and (ii), I = 3
Vo_if 7 ol _moL 3 _ 159
M 2 M IO 2 mL2 L
Yo _ 3, EEEE
2 M
VM
t= o ... (iii)

4) CONVENTIONAL BRAIN TEASERS

Q.1 Auniform cylinder of radius ‘¥ and mass ‘m’ can rotate freely about a fixed
horizontal axis. A thin cord of length ‘7 and mass ‘m," is wound on the
cylinder in a single layer. Find the angular acceleration of the cylinder as a
function of the length x of the hanging part of the card. The wound part of
the cord is supposed to have its centre of gravity on the cylinder axis as
shown in figure. T

Solution:
Figure below shown the free body diagram of the cylinder and hanging part of the cord. l

IT

-
my, xg

e

If ocis the angular acceleration of the cylinder, then from 1 = Ia, we have,

2
P | ) o

MBDE ERSY www.madeeasypublications.org Solve;{ hﬁ?&ﬁfi ME
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Net moment of inertia,
;oo g . 2MR® MR® _ 16MR®-3MR® _ 13MR°
S 2T 3 8 24 24
Q.3 Thearrangement shown in figure consists of two identical, uniform, solid cylinder each of mass mon which

two light threads are wound symmetrically. Find the tensions on each thread in the process of motion. The
friction in the axle of the upper cylinder is assumed to be absent.

Solution:
Let the lower cylinder go down by x when the upper cylinder A rotates through 6 and the lower one rotates
through ©’. Since both cylinders unwind themselves, therefore,

x = RO +06) —
Difference this equation twice, we get
a = Ro +a)
Where, a = Downward acceleration of B —
H 1\ o
o = Angular acceleration of A A 1
o’ = Angular acceleration of B
47
Considering rotational motion of A, T = 2TR=mRPa = a = —= 27
2 mR mg
1 AT 27
Considering rotational motion of B, 1t = 2IR= Em/?2(x’ = o = R
Considering downward motion of B, B
mg-2T = ma
mg-2T = mR (o + o)
mR  mR
107 = mg
mg
= 10
EEEN
MBDE ERSY www.madeeasypublications.org Theory with | ME
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