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VECTORS AND
EQUILIBRIUM

LEARNING OBJECTIVES

At the end of this chapter the students will be able to:

Understand the definition of scalars and vectors.

Understand and use rectangular coordinate system.

Understand the idea of unit vector, null vector and position vector.
Represent a vector as two perpendicular components (rectangular components).
Understand multiplication of vectors and solve problems.

Define the moment of force or torque.

Appreciate the use of the torque due to a force.

Appreciate the applications of the principle of moments.

0.1 Define scalars and vectors. Give examples.

SCALAR QUANTITIES

Those physical quantities which are completely described by magnitude with proper units are
called scalar quantities. e.g. time, current, speed etc. Scalars are added, subtracted, divided and
multiplied by ordinary arithmetic rules.

VECTOR QUANTITIES

Those physical quantities which are completely described by magnitude with proper units as well
as direction are called vector quantities. e.g. force, torque etc. Vectors are not added, subtracted, divided
and multiplied by ordinary arithmetic rules but it can be used as vector addition, vector multiplication
and vector subtraction.

0.2 Describe how a vector quantity is represented?

ik REPRESENTATION OF A VECTOR
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A vector is usually represented by a bold face letter that is A or by a letter with an arrow drawn

) .
above or below it thatis A or A.

The magnitude of a vector is denoted by | A | (modulus) or A.

\ 4

(i) By Graphically = =3 B

A vector is represented graphically by a directed line segment y
with an arrow-head in the direction of the vector. The length of the line
segment, according to the suitable scale, corresponds to the magnitude
of the vector. The length of the line is called its magnitude and arrow ,

L .= X X
head indicates the direction. O
Fig. (i)
y
Q.3 Describe the rectangular coordinate system.
) RECTANGULAR COORDINATE SYSTEM 0 s Ha b)
) 3
Two reference lines drawn at right angles as shown in figure.
They are known as coordinate axes and their point of intersection is 5 o X
known as origin. This system of coordinate axes is called Cartesian or
rectangular coordinate system.
’ Fig. (i)

One of the lines is named as x-axis, and the other the y-axis.
Usually the x-axis is taken as the horizontal axis, with the positive -
direction to the right, and the y-axis as the vertical axis with the positive
direction upward.

The direction of a vector in a plane is denoted by the angle O Y
which representative line of the vector makes with positive x-axis in
the anti-clockwise direction as shown in Fig. (ii).

The direction of a vector in space requires another axis which is z
at right angle to both x and y axes, as shown in figure which is called

zZ-axis. Ha b o

The direction of a vector in space is specified by the three
angles which the representative line of the vector makes with x, y and z - Yy
axes respectively as shown in figure. The point P of a vector A is thus
denoted by three coordinates (a, b, c). X [ed

0.4 Explain the following terms:
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(iii) Vector subtraction (iv) Multiplication of a vector
(v) Unit vector (vi) Null vector

(vii) Equal vector

ADDITION OF VECTORS

. > > e
Consider two vectors A and B as shown in Fig. (i).

w]

>

Their sum 1s obtained by drawing, their representative lines
in such a way that tail of vector B coincides with the head of Fig. (i)

> > >
vector A . Now if we join the tail of A to the head of B as E%}
shown in Fig. (i1).

T
If we join the tail of first vector with the head of last _A} T x®

vector, it will represent the vector sum A + B in magnitude and
direction. This is known as head to tail rule of vector addition. Fig. (ii)

Similarly the sum ]_3) + A 1is represented by doted lines as shown B

R+B=B+A

So the vector addition is said to be commutative. It means
that when vectors are added, the result is same for any order of B Fig. (iii)
addition.

RESULTANT VECTOR

which would have the same effect as all the original vectors taken N
together. A (-B)

VECTOR SUBTRACTION

The resultant of number of vectors is that single vector E"
_)

A

The subtraction of a vector is equal to the addition of
the same vector with its direction reversed. To subtract vector E

from vector A reverse the direction of g and add itto A as
shown in figure.

MULTIPLICATION OF A VECTOR BY A SCALAR
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The product of a vector A and a number n > 0 is
. — ‘ o -
defined to be a new vector n A having the same direction as A —
—> —2A
. . . . . A
but a magnitude n times the magnitude of A as shown in figure.

If the vector is multiplied by a negative number, then its direction is reversed.

For Example

When velocity (vector) is multiplied by scalar i.e. mass m, the product is a new vector quantity
called momentum having same dimensions as product of mass and velocity.



[CHAPTER 2] VECTORS AND EQUILIBRIUM 35

UNIT VECTOR

A unit vector in a given direction is a vector with magnitude A ‘ K|
one in that direction. - A
It is used to represent the direction of a vector. A
. : s A C A
A unit vector in the direction of A is written as A. l
— A
As A =AA
A R
ATA

The direction along x, y and z axes is represented by unit
AN M
vectors 1, ] and k respectively. Two of the more frequently used unit

vectors are:

A ~
(i)  The vector r which represents the direction of the vector r r
as shown. L

M A
(i1) The vector n which represents the direction of a normal ’I‘”
drawn on a surface as shown.

NULL VECTORS

It is a vector of zero magnitude and arbitrary direction.

For example, sum of a vector and its negative vector 1s a null vector.
> D —>
A + (— A ) =0
EQUAL VECTORS

— - . . A L
Two vectors A and B are said to be equal if they have the same magnitude and direction,
regardless of the position of their initial points.

This means that parallel vectors of the same magnitude are equal to cach other.

0.5 Define rectangular components of a vector. How will you find resultant vector of
the rectangular components are given?

L™ RECTANGULAR COMPONENTS OF A VECTOR

The Sp]]ttlné up of a vector into its parts is called the resolution of a vector. Usually a vector can

! T T .S R R S [ R S T Y . ST 2 % & b Y T . R R

L.
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Explanation

. > - . . . L
Consider a vector A represented by OP making an angle 0 with x-axis. Draw projection OM

—
of vector OP on x-axis and projection ON of vector OP on y-axis as shown in figure Projection OM

A
being along x-direction is represented by Ay 1 and projection ON = MP along y-direction is

)
represented by A, j.

By head to tail rule b
BN Aa Nf o P
A = A1+ Ay :
’ —> I
A A S Aj A 'Aj
Here A1 and A,j are the components of A. Since these b
components are at right angle to each other, hence, are called !
rectangular components. 0 M
L : i O A ™
Considering the right angle triangle OPM A
Base ~ cosO ‘ "H—OM
Hypotenuse <989V = €088 = op
Ay
A cos 0
Ay = AcosB

. . el
It is the magnitude of x-component of vector A.

Perpendicular

Now Hypotenuse sin 0
A
A sin O
Ay = Asin0

. : . L=
It is the magnitude of y-component of A.

Determination of a Vector from its Rectangular Components

M M
If rectangular components A, i and A, j vectors are given. Then we can find the magnitude
and direction of the vector.

Using Pythagorean theorem. y Ax?

(H) = (B) + (P)’ i

Al = AL+ A iR 2

. ’ Aj 2 Aj
The magnitude of resultant

A = AL+ A, 0 §
The direction of resultant © A:i\ i

A
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A,
- | Ay
0 = tan ( A, ]

0.6 Define position vector.

i) POSITION VECTOR

It is a vector that describes the location of a particle with y
respect to the origin. It is represented by a straight line drawn in a
such a way that its tail coincides with the origin and the head with
point P (a, b) as shown in figure. The projection of position
vector r on the x and y-axes are the coordinates a and b and they r
are rectangular components of the vector r.

> A oA :
r =aitb]j o) a ’ X

and r =-ja+b’
. . o b N
In three dimension r = ai+bj+ck
r =1/a”+b +c¢”

Q.7 Explain the addition of vectors by rectangular components.

7 VECTOR ADDITION BY RECTANGULAR COMPONENTS

L > _
Consider two vectors A and g which are represented by
Y

two directed lines OM and ON respectively. The ﬁ 1s added to

— : o
A by head to tail rule as shown in figure. The resultant vector

o, —57
>

= B ; - SR
R = A + B is given in direction and magnitude by the OP. ;:l 'R,
R — : : XS
Resolving A, B and R vector into their rectangular . A
components. : ’l 5
Oe— —>é :R =
. - = = R s S e S >|
In the figure, Ay, By and R are the x—components of =

= , ) N _
the vectors A, B, R and their magnitude arc given by the lines
0Q, MS, OR respectively.

From figure:
OR 0Q + QR
QR = MS

D e MYNfTY L ANADCO
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s
R, = R.i=Ai+B.i

A A
Ri1 = (A, + By 1

Equation (i) means that the sum of the magnitude of x—components of two vectors, which are to
be added 1s equal to the x—component of the resultant.

Similarly RP = RS+SP

RS = QM

RP = QM +SP

R, = A,+B, ... (i)
e

Equation (i1) means that the sum of the magnitudes of y-components of two vectors is equal to
the magnitude of y-component of the resultant.

. A A . - . >
Since Ry i and Ry j are rectangular components of the R. Do You Know?

> n 7
R =Ri+Ryj  ......... (111)

Putting the values of R, and R,.

> Mo sx
R = (A\+B\)i+(Ay+B))J
Its magnitude is
R = J(Ax+ By + (A, + By
For direction
_ by
tan@ = R,
R
_ Ry
0 = tan (Rx
G(ABy
0 = tan A, +B, The Chinese acrobats in this

incredible balancing act are in
equilibrium,

. - . - =
Similarly for any number of coplanar vectors A, B, ? .........

R = \J(Ax+By+Cy+...) + (Ay + By + Cy +...)°

.4’m+&+g+m)
Ll (AX+BK+CK+

0

Important Steps for Vector Addition by Rectangular Components
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(11) Find x-components , Ry of the resultant vector by adding the x—components of all the
vectors.

(111) Find y-components , R, of the resultant vector by adding the y—components of all the

veclors.,
N n I
(iv) Find magnitude of resultant vector R using E"— gyx *
y ,
R = /R +R;
i R — Rx +
(v)  Find the direction of resultant vector by using Ry - Rx -
m v
_ pan-l [
0 tan LRX
—3
Where 0 is the angle, which resultant vector makes with positive
x-axis. Irrespective of sign of Ry and R, determine the value of ¢
P
R
o[ D
d tan t R,

.. . = L
(i) Ifboth Ry, Ry are + ve then R lies in first quadrant.

0 = 0
. - . . = SR . 0
() If Ryis —ve and R, i1s +ve then R lies in second N
quadrant. 2> ¥
R
0 = 180" -¢

. - .. .
(111) If Ry, Ry bothare —ve then R lies in third quadrant.

— 0 :
0 180°+ ¢ —R

R
.. . . . -2 . . n
(iv) If Ryis +tve and Ry is —ve then R lies in fourth
quadrant.
0 = 360° ¢
~ - — - . “ 2 : . = -
Note: 10 is angle between A and B, then their resultant is: the aisle of abumpy-ridingbus?
Ans. We should keep our legs|
— 2 2 apart so that when we bend, ©
R +/A? + B® + 2AB cos 0 . e :
within live of action and il
PRODUCT OF TWO VECTORS remaininstableequilibrium

There are two types of vector multiplication.
(1)  Scalar Product

(11)  Vector Product



[CHAPTER 2] VECTORS AND EQUILIBRIUM 40
SCALAR OR DOT-PRODUCT

When the product of two vectors results into a scalar quantity then the product is called scalar
product. The scalar product between two vectors can be expressed as by putting a dot () between the

- o
vectors and can be written as A . B. So this product is also called dot product.

Examples

(1) W = ? . ? where work is a scalar quantity because it is the dot product of two vectors force
and displacement.

(11) P = ? : V}, where power is a vector because it is the dot product of two vectors force and
velocity.

Explanation

L - :
Consider A and B are the two vectors having 0 angle between them, then the scalar product
can be written as:

X.f}}:ABcosﬁ

: . . -
Now draw perpendicular from head of ﬁ on A. Also draw a

_ . .=
perpendicular from head of A on E

A _B> = ABcos 0
= A (B cos ) iz B
Bcos A
. S ( . Bon %)
= Magnitude of A times \ Projection of on A )
Similarly
- >
B.A= BAcosH
= B(Acos0)

Magnitude of B times ( Projection of A on

: o . . -
Magnitude of B ( Magnitude of component of

Characteristics of Scalar Product

Following are the characteristics of scalar product:

. . P -
1. Scalar product is commutative (change of order of vectors has no effect) i.e., A . Ti) — TB) . AL
Proof
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A.B =ABcos® ... (1)
B : A = BA cos 0
Since AB = BA
—> _
B.A =ABcos® . (2)
From equations (1) and (2).
i
A.B=B.A
& The scalar product of two mutually perpendicular vector is zeroi.e.,, A . B =0.
. 4
Now R}_B> = ABcos0
But 0 = 90° B
- ;
A.B = ABcos 90"
90°
= AB(0) \‘
- » -
A.B =0 A
In case of unit vector
/_\ /\ ny
1.] =0
/} 2
1. k =0 'y
A
k.i =0
AN A i
i = ]3] cos 90 P
= 1x1x0 k
=0 -
3. The scalar product of two parallel vectors is equal to the product of their magnitudes i.e.,
X.8 = AB.
—>

Now A.B = ABcosH

But 0 = 0° because the vectors are parallel

As _1‘3&)_]5’;> = ABcos9 A >
_)
-5 5 o L »
A.B = ABcos0
= ABx1

= AB
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6.

In the case of unit vectors

MM

FATAY AA
i.i=1,j.j=1k.k=1

For anti—parallel vectors

re. B = 180"
As XE} = ABcos 180°
= AB(-1)
A B = -AB

ey M Fa¥ M
P = i eoso
= Ix1xl1

= 1

}.
A

B

ry

- -
The self scalar product of a A is equal to square of its magnitude i.e. A . :\) = AL

- -
As A.B = ABcos0
_)
Put B -A
_)
A.A = AA cos0°
= A’x1
= A2

=2 . .
Scalar product of two vectors A and Tl) in terms of their
rectangular components.

— A A A
Let A = Ad+Aj+AKk
— A A A
B = By +Byj +Bk

Their scalar product can be written as

A.B=(Ai+Aj+Ak). (B i+Byj+B,k)

M

noA Ao A
= AByi1.1+ABy1.]J+AB, 1.k
Ao A
+AyByj) 1 +AByj. ] +AB,
A A I /'\
+A;Byk.1+A,Byk.j+A,B,
= AyBy (1) + A By (0)+ A B, (0)
+A, B (0)+A,B, (1) +A,B,(0)
+A; By (0) + A; By (0) + A, B, (1)

> 2
A.B = A/B,+A,B,+A,B,

Scalar product holds distributive law, i.e.,

o e e
A D L My — A 10 L. A a

What Sheould You Do?

You are falling off the edge. What
should you do to avoid falling?

AnS. In order to avoid falling we
should bend in backward direction
so that our centre of gravity will
remain within line of action and
we will remain In stable equilibrium.
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— —
A .mn B

B
= mA .nB

0.9 Define vector product. Also explain the characteristic of vector product.
I3 VECTOR OR CROSS PRODUCT

When the product of two vectors results into a vector quantity, then the product is called vector
product. The vector product between two vectors can be expressed as by putting a cross (x) and can be

- >
written as A x B. So this product is also called cross product.

Examples

(1) T = r X F where torque is a vector because it is a cross product of moment arm and force.

—> - = ‘ . .
(11) L = r X p where angular momentum is a vector because it is the cross-product of

perpendicular distance and momentum.

(111) ? = q (V X B )where force 1s a vector because it is the cross-product of velocity and
magnetic field.
Explanation

Consider A and E are the two vectors making an angle 0 with each other, then their vector
product is

> o LA A
AXB = ABsinOn
A - - . F . ‘.
Where n is a unit vector perpendicular to the plane containing A B=C
> >
A and B.
r.
% _> i Fas n T J =g
AXB = ABsinOn B
-5 > ) A
’AXBl=ABsmB|n| o
= ABsin9x1 :
= ABsin0

The direction of A X B is obtained by the right hand rule.
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=7

Right Hand Rule Y

. . — —> ) .
Join the tails of two vectors A and B which determine the

wl

.. . . -
plane containing them. Rotate first vector in the plane, ( A ) towards

= :
the second vector (B w through the smaller of the two possible
angles. Hold the right hand in such a way that thumb should be erect ,

- . . . . .
and fingers should be curl along the direction of rotation of A, then

ml

thumb points toward the direction of A X B .

Characteristics of Cross Product
Following are the characteristics of cross product:

1. Vector product is non-commutative i.e.

— - >
AXB %2 BXA -

(=n)

AxB =-BxA

- = -
As by right hand-rule A X B is out of the paper and B X A is into the paper i.e., they have

same magnitude but opposite in direction, therefore

A X ﬁ - B x
2. Cross product of two perpendicular vectors has maximum magnitude i.e.
N A ¥
AxB = ABn
»
- A B
As Ax§=ABsmn
A Y
= ABsin 90° n 900
Ne \ -
= ABn » "
A
In case of unit vector ‘
AN A .
1xj) =k k
Aon A
I xk =1

e e X}

7, > >

- — _——

I [ Il

| | —_

- > ~>
\
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3.

4.

_>
The cross product of two parallel vector is null vector i.e. A X ﬁ = T))

—_ > S
As Ax B = ABsinOn

But 0 = 0° because the vectors are parallel
—> . o

As AXB = ABsinOn
- , A
AXxB = ABsin0°n

X

_/‘\ M
= AB(0)n = 0n

AxB =0

In case of unit vector
ixi=0
ixi- T
ixk - 7

For anti-parallel vectors

0 = 180°
AxEB = ABsin180°n
- AB(0)n
M
= 0On
AXB -0

Self vector product is equal to a null vector.

KXX = AAsinODS

A2 (0)n

AN

= 0On

2 . .
Cross product of two vectors A and T?.) in terms of their rectangular components.

-

ﬁ.ﬁ- N
AL\ _E
}’lﬁf
A\ E
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>l

x

W
I

(Ai+Aj+AKk)x(Bi+B,j+B,k)

Fay

Ao AN A
= AByiXi+AByixj+AB,ixk
AA A A A A
+AyBy X1 +A By X)) +AB,j xk
Fa¥ /:\ P /\ N s
+A,Bikxi+A,Bykxj+A,B kxk
’ ’ M
— AB (0 +AB, (k) +AB,(-])
M gAY
“AB (k) +A B0 +AB, (1)
A Pl
AB (j) +AB,(~7)+A,B,©0)
A A A A A A
— AxByk - AB,j A Bik+A,B,i+A,ByjA,Byi
N | A A A
AXxB = (AyB,—A,B,) i + (A, By~ A B,) | + (A B,— A, By k
A
—> 1}
or Axf})= Ay Ay A,
B, B, B,

Ay A,
B, B,

o

-

A A,
By« B.

M

A A

B, B,

RxB =i

A A Pl
= i (AB,~ ABy)— j (AB,— ABy) + k (AB, — A,B,)

M A i
= | (A)-Bz - Asz) - ] [-1(A. By - AB,)] +k (AxBy - A}"Bx)
= T(AB,  A,B,) + j (ABy~ AB,) + k (ABy — A,By)
6. The magnitude of A X is equal to the area of the parallelogram formed with A and
ﬁ) as two adjacent sides i.e.

I 1_51) X E)| = Area of parallelogram

Solution
As AxB = ABsin0n
| xBl = ABsine ... (i)
Consider AORS
g; = sin©

RS = ORsin0
PY — Ranb
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Multiply and divide by 2

| 2« B

Db

(OP) (RS)

§

=2 (% (Base) (Height) )

= 2 [Area of AOPR]
= Areca of AOPR + Area of APQR

| X X _B)‘ = Area of parallelogram

7. Vector product is distributive, i.e.,
i e
Ax(B+C)=AxB+AxC
8. Vector product is associative, i.e.,
- - - -
mn(A x B) =mn A x B
- >
=mA xnB
— —
= Axmn B

0.10 Explain torque. Also calculate the torque due to a free F acting on the rigid
body.

TORQUE (MOMENT OF FORCE)

The turning effect of a force is called its torque and is equal to the product of Force and the
perpendicular distance from its line of action to the pivot which is the point around which the body
rotates. This perpendicular distance between line of action of force and pivot is called moment arm.

Magnitude of the Torque is represented by “17 is given by
T = [F

Torque depends upon two factors:

(1) Force

(11) Moment arm

When the line of action of the applied force passed through the

) It is easier still if the spanner has a
pivot, then long handle.

Momentarm / = ()

-
Il

0 (F)
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ST unit of torque is “Nm™.

Dimensions
[t] = Nm F = ma
= kgm/s’xm N = kgm/s’
= kg m®/ s*
= ML*/ T
= [ML* T

Torque Due to a Force _F) Acting on a Rigid Body

Under the action of a force, if distance between the points of the body remains same such a body
is called rigid body.

Let the force ? acts on a rigid body at point P whose position vector relative to pivot O is
r. The force can be resolved into two rectangular components i.e., F sin ©® perpendicular to r
and F cos O in the direction of r as shown in Fig. (i). The torque due to F cos 0 is zero as its line of

action of force passes through pivot O. Therefore torque due to ? is equal to the torque due to F sin
0. As

T = Moment arm X F K 4
Ny
T = rFsin0 o

Alternatively the moment arm “/” is equal to the magnitude of

the component of 1 perpendicular to the line of action F as shown
in Fig. (i1).

As T = [F
T = rsinO F
T = rFsin®

> .
Where 0 is the angle between r and ? From equations (1)
and (2) torque can also be define as

Definition
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. —> - .
The vector product of position vector r and the force ? is also
called torque.

—>
T

TxF

i s
= rFsinBn

where r F sin 0 is the magnitude of torque. The direction of torque

—>
T

M . o —
represented by n is perpendicular to the plane containing r and ?
given by right hand rule.

Note: Torque is a vector quantity.

If r and ? are in same direction, then torque will be minimum

(0).

If r and ?are in opposite direction, then torque will be
minimum (0).

If r and ? are perpendicular to each other, then torque will be
maximum (rF).

Just as force determines the linear acceleration produced in a
body, the torque acting on a body determines its angular acceleration.
Torque is the analogous of force for rotational motion. If the body is at
rest or rotating with uniform angular velocity, the angular acceleration
will be zero. In this case the torque acting on the body will be zero.

Peint te Ponder

| -4 A
il

A

Do you think the rider in the above
figure is really in danger? What if
people below were removed?
Ans. There is no danger for the
rider in the above figure because
he is in stable equilibrium and no
change if the people below were
removed.

Can You Do?

Stand with one arm and the side
of one foot pressed against a wall.
Can you raise the other leg side
ways? If not, then why not?

Ans. Yes.

Q.11 Define equilibrium. Also state the conditions of equilibrium.

EQUILIBRIUM

If a body, under the action of a number of forces, is at rest or moving with uniform velocity, it is

said to be in equilibrium.
1. Static Equilibrium

If a body is at rest, it is said to be in Static Equilibrium. For example book lying on the table.

2. Dynamic Equilibrium

If a body 1s moving with uniform velocity, or rotating with uniform angular velocity, it is said to

be in Dynamic Equilibrium. For example jumping of paratrooper.
First Condition of Equilibrium

The vector sum of all the forces actine on a bodyv must be egual to zero.
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ST =

In case of coplanar forces, the resultant force ?x is equal to
sum of x—directed forces acting on the body. Therefore

) A

Similarly for y—directed forces, the resultant ?\ should be
zero. Therefore
_}
ST, =

Second Condition of Equilibrium

Let two equal and opposite forces are acting on body as shown
in figure.

Although, the first condition of equilibrium is satisfied, yet it
may rotate having clockwise turning eftect.

Thus for a body in equilibrium, the vector sum of all the torques
acting on it about arbitrary axis should be zero. This is known as
second condition of equilibrium. Mathematically

_>
ZT=T)>

Requirements for a body to be in complete equilibrium are
(i) > F =
.€e. 2 ?x - _0)

>F, = 0

and E? =

When first condition is satisfied, there is no linear acceleration
and body will be in translation equilibrium (linear equilibrium).

When second condition is satisfied that is no angular
acceleration and the body will be in rotational a equilibrium.

For a body to be in complete equilibrium, both conditions
should be satisfied, i.e., both linear acceleration and angular
acceleration should be zero.

=l

—3
0

L J

.
*

Interesting Application

A concurrent force system in
equilibrium. The tension applied
can be adjusted as desired.

d
F

—
F

Can You Do?

With your nose touching the end
of the door, put your feet astride
the door and try to rise up on your
toes.
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SOLVED EXAMPLES

\EXAMPLE 2.1|

The position of two aeroplanes at any instant are represented by points A (2,3,4) and B
(5,6,7) from an origin ‘O’ in km as shown in the figure.

(a) What are their position vectors.

(b) Calculate the distance between two aeroplanes. B (5,6.7)
Data

Position of two acroplanes are

A(2,3,4) and B(5,6,7)
To Find A(2,3,4)

Distance between two aeroplanes AB = 7 ©(0.00)

SOLUTION

Position vector of aeroplane A is

> A A A
OA = 2i+3j+4k
and that of B 1s
—>
OB = (5,6,7)-1(0,0,0)
Y A M
= 51i+6] +7k
By head to tail rule
—_ - —
OA +AB= OB
— —_— —
AB = OB -0A
A A A A A I
= 51+6)+7k-21-3)-4k
= 37 +3] +3k

.. Distance between two aeroplanes is

AB = /(3 +(3)+(3)

= 9+9+9
= ~[27

\I‘
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Distance between two aeroplanes = AB = 5.2 km

EXAMPLE 2.2

Two forces of magnitudes 10N and 20N act on a body in directions making angles 30°
and 60° with x-axis respectively. Find the resultant force.

Data
First force = F, = 10N
Second force = F; = 20N
First angle = 0, = 30°
Second angle = 6, = 60°
To Find
Resultant force = ? =?
SOLUTION

Resolving F; and F; into its components
Fix = F;cos 30"
= 10 x0.866
= 8.66 N
Fiy, = F;sin30°
= 10x0.5
= 5N
F»x = F,cos 60°
= 20x0.5
= 10N
Fo, = F,sin 60°
= 20 x0.866
= 1732 N
Now Fy = Fix+Fx
= 8.66 + 10
= 18.66 N
Also F, = FiytFy
= 5+17.32

— O Y N
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F

For direction using

¢

Putting values

¢

¢

Since F, and F

0
0
Result

Resultant force

EXAMPLE 2.3

\J(18.66)” + (22.32)°
~[348.19 + 498.18

/84637

29N

F,
sl =%
tan F,

1 22.32

18.66
tan"' 1.196
50°

tan

are positive hence resultant lies in first quadrant.

¢
50°

F = 29N

Find the angle between two forces of equal magnitude when the magnitude of their

resultant is also equal to the magnitude of either of these forces.

Data

Angle between two forces F) and F, 6 = ?

Such that

Also
SOLUTION

Using

F
R

\JF; +F>+2F, F>cos 0
F, =R = F

= AJF°+F +2FFcos 0

= J2F + 2 F cos 0
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F°' = 2F (1 +cos0)
1 = 2(1 +cosB)
1
5 = | +cos0
1
cos O = 5~ 1
1
2
.
_ -1 _ 1
3] = Co8 ( > )
0 = 120"
EXAMPLE 2.4

M A
A force F=2i + 3] units, has its point of application moved from point A(1, 3) to the point
B(5, 7). Find the work done.

Data

_)
F

21+3)

Distance covered from

To Find
Work done

SOLUTION

Using

Now using

A(1,3) to B (5,7)

AN

W

=9

A oA
(X2 =X 1+(y2—¥1) ]

G-1)i+7-3)]

4 +4)

- >
F.d

A
s I |

A
4

Y (A5 4
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Result

Work done = W= 20 Joule

EXAMPLE 2.5|

- A A A — A A A
Find the projection of vector A =21i —8j + k in the direction of vector B =3 i -4 - 12k.
Data

—> A AA
A = 21-8j+k
- AA A
B = 31-4)-12k
To Find
o o> —
Projection of A along B = Acosf =7
\SOLUTION|
, - -
Using A.B = ABcosb
- o
Acosp o A-B
cos® = —p
ALoA LA A A
(21 -8j3+k).3i-4]-12k)
NBY +(=4) + (- 12)
_ _6+32-12
9+ 16+ 144
_ 26
\/169
_ 26
13
=2
Result
—> —
Projection of A along B = Acos = 2
EXAMPLE 2.6

_>
The line of action of a force F passes through a point P of a body whose position vector

A A A N —> A A A . .
inmetreis i—-2j+k.If F=2i-3j+4k (in Newton) determine the torque about the point
A % Y
‘A’ whose position vector (in metre)is 2i + j + k.
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Data [ ?
- AALA
r, = 1-2j+k >
— A A A 0] L P
F =2i-37+4k(N)
To Find ?:
—
T about A = ?
A (Pivot)
SOLUTION
- ALA A
ro. = 2i+j)+k

By head to tail rule

—> - -
ry = r+r
— - -
r = I'1— I3
Putting values
- AN AL A A A
r = (1-2)j+k)-21+j+k)
AALN A A
= 1-2j+tk-21-j-k
o g
= —-1-3]
Now using
- - =
= r XF
A A
N 1 7k
T =] -1 -3 0
2 -3 4
) M M
=1 (-1240)-j(-4-0)+k(3+6)
M AN A
= ~121+4j)+9k(Nm)
Result
— AL b N
T about A = —121+4)+9k(Nm)
EXAMPLE 2.7

A load is suspended by two cords as shown in the figure. Determine the maximum load that

P Aol nd TV svvirn e T evasnnns lhoernin lrfon v cvdnermeie ool dle v v ovnerd sn

el 20 ENNT
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Data
Force = F = 50N
To Find
Maximum load = W= ?
\SOLUTION|
Resolving T, and T into its components
. st ., e ~ A R T_/"
Using 17 condition of equilibrium  T,Sin20"
. = 20" .
Now using * »
T.Cos60 1 T,C0s20
2F, =0 and 2FEc =0 W
T, sin60” + T>sin20°-W = 0 T>cos 20° — T; cos 60° = 0
50 (0.866) + 26.6 (0.34) = W T = 1.88°T>
W = 52N Since T, =T,
. T, has maximum stress.
T, = 50N
then T, = 266N
Result
Maximum load = W = 52 N
EXAMPLE 2.8|

A uniform beam of 200N is supported horizontally as shown. If the breaking stress of the
rope is 400N how far can the man of weight 400N walk from point A on the beam as shown in

figure?

Data
Weight of beam = 200 N
Breaking stress of rope = 400N
Distance of man from point A = d = ?
Weight of man = 400N

To Find

Distance = d = 7
SOLUTION

Taking point A as pivot

Using y1 = 0
400x6—-400xd-200x3 = 0
2400 —400d - 600 = 0
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Result
Distance = d = 4.5m

EXAMPLE 2.9

A body weighing 300N is standing at the edge of a uniform diving board 4.0m in length.
The weight of the board is 200N. Find the forces exerted by pedestals on the board.

Data

aia A D { 5
Weight of boy = 300N |
Length of board = 4m

Weight of board = 200N

To Find
Forces exerted by pedestals on board = ?
SOLUTION
Let R; and R, are the reaction forces exerted by the R,
pedestals on the board. A little consideration will show that R, is in R,
the wrong direction because the board must be actually pressed down 1'.QT“¥ ..... 3.0m__,
in order to keep it in equilibrium. We will see that this assumption will —= C B
be automatically corrected by calculations. 1.0m l
Now applying condition of equilibrium 200N
300N
ZF, =10
R[ + Rg = 200+ 300
Ry +R, = 500N ......... (1)

Now applying £ t = 0 about point D.
—R; xAD-300xDB-200xDC = 0
-Ryx1-300x3-200x1 =6
—R;—=900-200 = 0
~R; = 1100
R, = —1100N

Negative sign shows R is directed downward.

= Putting value of R, in equation (1).
— 1100 + R, = 500
R, = 500+ 1100
= 1600 N
[Ri, = —1100N = 1.1 KN|
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Force exerted by pedestals on board = R; = 1.1 KN
= R, = 1.6KN

The negative sign tR| shows that it is directed downward.
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Each question has four possible answers, encircled the correct answer:
1. A scalar quantity can be described by:

(a) Magnitude (b) Unit
(c) Magnitude and unit (d) Number
2, A vector quantity can be described by magnitude, unit and:
(a) Direction (b) Rotation
(¢) Dimension (d) Unit vector
3. Which one of the following is a vector quantity:
(a) Energy (b) Power
(¢) Work (d) Momentum
4. Which one of the following is a scalar quantity:
(a) Mass (b) Displacement
(c) Force (d) Torque
5. Two lines are drawn at right angle to each other are known as:
(a) Coordinate axis (b) xy-axis
(c) Components (d) Cartesian axis
6. A vector which gives the direction of a given vector is called:
(a) Unit vector (b) Position vector
(c) Null vector (d) Negative vector
7. When a vector is divided by its magnitude we get:
(a) Null vector (b) Unit vector
(¢) Zero vector (d) Position vector
8. Pick out the scalar quantity among the following:
(a) Force (b) Torque
(¢) Time (d) Velocity
9. Pick out the vector quantity among the following:
(a) Power (b) Energy
(c) Force (d) Mass
10. The magnitude of a null vector is:
(@) One (b) Zero

(c) Double (d) Negative
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11.  Null vector is a vector having zero magnitude and:

(a) Arbitrary direction (b) No direction
(¢) Specific direction (d) Opposite direction
12.  Unit vector of a vector X describes:
(a) Direction of a given vector (b) Magnitude of a given vector
(c) Shape of a given vector (d) All of above

13.  The unit vector of among vector is determined:
(a) By multiplying the vector with its own magnitude
(b) By dividing the vector with its own magnitude
(¢) Both (a) and (b)
(d) None of these
14.  Unit vector is used to specify:
(a) Direction of a vector (b) Position of a vector
(¢) Magnitude of a vector (d) Dimension of a vector

15.  An example of a scalar quantity:

(a) Displacement (b) Acceleration
(¢) Force (d) Speed
16.  An example of a vector quantity:
(a) Speed (b) Work
(¢) Acceleration (d) Mass
17. A vector which has magnitude one is called:
(a) Null vector (b) Unit vector
(¢) Resultant vector (d) Position vector

18. A vector which has zero magnitude is called:
(a) Null vector (b) Unit vector
(¢) Resultant vector (d) Position vector

19.  The sum of two or more vectors is equal to a single vector which is called:
(a) Component of vector (b) Product vector

(c) Null vector (d) Resultant vector
% . . . . . . .
20.  When a vector A is multiplied by a number n, then its magnitude is given by:
—> >
(@) nx[A] (b) [nAl

ﬁ
(¢c) nx A (d) None of these
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21.

29.9

-
When a vector A is multiplied by a negative number then its direction:
(a) Remains same (b) Changed by 180°
(c) Does not change (d) None of these

_)
When a vector A is multiplied by a positive number then its direction:

(a) Remains same (b) Changed by 180°

(¢) Does not change (d) None of these

The splitting up of a vector into its components is called:

(a) Sum of vector (b) Subtraction of a vector
(c) Resolution of a vector (d) None of these

The angle between two rectangular components is:

(a) 60° (b) 90°

(c) 180° d 270°

The resultant of two anti-parallel vectors X and ]_3) is:

(a) X + ]_3> (b) X — ]_3>

(¢) Zero (d) None of these
Two vectors having same magnitude and direction are called:
(a) Equal vectors (b) Unequal vectors
(¢) Null vectors (d) None of these
The sum of two equal and opposite vectors is a vector called:

(a) Equal vector (b) Null vector
(¢) Position vector (d) Unit vector

_)
The magnitude of resultant of a vector A is given by:

(@) \JA+A, ) VAt Ay

(¢) A,z( + Ai (d) None of these

What is the resultant of 3N and 4N forces acting at right angle to each other:

(a) 90N (b) SN

(¢ 7N d IN

If a force of 10 N makes an angle of 30° with x-axis, its x-component is given by:
(a) 86.6N (b) 0.866 N

(c) 8.66 N (d) None of these

Two forces of 10 N and 7 N respectively are acting to an object. The minimum value of their
resultant is:

(a ON () 10N
(¢c) 7N (d 3N
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32.  Two forces act together on a body, the magnitude of their resultant is greatest when the angle
between the forces is:

(a) 45° (b) 60°
(¢ 0° (d) 180°
33.  The position vector in xy-plane is written as:
> AA A T
(a) r =xi1+ty] (b) r =yi+tzk
—> A A
(¢c) r=yj+zk (d) None of these
34.  The position vector in xz-plane 1s written as:
—> A A —> A A
(a) r=x1i+ty] (b) r=yj+tzk
—> A A
(¢) r =xi+zk (d) None of these
35.  The position vector in yz-plane is given by:
—> A A —> A A
(a) r =xi+zk (b) r =xi+ty]j
—> A A —> A A A
(¢ r=yj+zk d r=xityj+zk
36.9 Ifaforce of 50 N is acting along x-axis, then its component along y-axis will be:
(a) The same (b) Zero
(c) Half magnitude (d) None of these
37.9 A force of 10 N is acting along z-axis, its component along x-axis and y-axis is:
(a) 5N,8N (b) 3N,4N
(¢) 5Neach (d) Zero

38. If two vectors of magnitude F; and F, act on a body at an angle 6, the magnitude of their
resultant is:

(@) \/F +F, (b) \/F;+F;+2F/F,

(©) \/F} +F +2FF; cos 0 @) F +F>+2FF, cos 0

—> A A A
39.  The magnitude of a vector A = Ax1 + Ayj + Ak is given by:

(a) Ax + Ay + Az (b) AX cos 0
(¢) \/ A,z( + Ai + Aﬁ (d) None of these
ﬁ . . . . .
40. Ifavector A makes an angle 0 with x-axis, the magnitude of its, x-component is:
(a) Ay=Asmn0 (b) A,=Acos9
(c) Both (a) and (b) (d) None of these
%
41. Ifavector A makes an angle 0 with x-axis, the magnitude of its y-component is:
(a) Ay=Asin0 (b) Ay=Acos9

(c) Both (a) and (b) (d) None of these
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42.9

43.9

49.9

The reverse process of vector addition is called:

(a) Subtraction of a vector (b) Addition of a vector
(c) Negative of a vector (d) Resolution of a vector
The expression _r> = a/i\ + bj\ s for:

(a) Unit vector (b) Position vector

(¢) Null vector (d) Negative vector

_>
The direction of a resultant vector R is given by:

(a) O=tan' (%j () O6=tan" Gi—:)
(¢) O=sin"’ (%ﬂ (d) None of these
If both the components of a vector are negative then vector is in:
(a) 1% quadrant (b) 2" quadrant
(¢) 3" quadrant (d) 4™ quadrant
The scalar product is also known as:

(a) Vector product (b) Dot product
(¢) Vector sum (d) Scalar sum

> -
The scalar product of A and B is given by:

- —> - =
(a) AxB b)) A.B
- —>
(c) A-B (d AB
- . ﬁ % . -
The projection of vector A onB is given by:
A.B A.B
(2) N (b) _
| B |
3> >
AB cos 0 g 2B
© cos C) Acos 0
% . .
The self scalar product of A is given by:
@) A (b) A
(¢ A’ @ A

— —
If A and B are anti-parallel then their scalar product is:
(a) ABcos© (b) —-AB
(¢ —ABcos6 (d) Zero
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51.  The scalar product of two similar unit vector is:
(a) One (b) Zero
(¢) Twice (d) Negative
52. If X . _B) = _B> : X this is called:
(a) Commutative law (b) Associative law
(¢) Distributive law (d) None of these
53.  If the multiplication of two vectors results into a vector quantity then the product is called:
(a) Dot product (b) Vector product
(¢) Scalar product (d) None of these
54.  If the multiplication of two vectors result into a scalar quantity then the product is called:
(a) Vector product (b) Cross product
(¢) Scalar product (d) None of these
55. If X X _B) points along positive z-axis, then vector X and gwill lie in:
(a) zx-plane (b) xy-plane
(¢) yz-plane (d) None of these

— - L - o
56.  Iftwo vectors A and B are non-parallel vectors then the direction of A x B is along:

(a) y-axis (b) z-axis
(¢) x-axis (d) None of these
57. Select the correct answer:
AoA A A
(a 1.j=k b)) 1.;7=0
AAA AA
(¢c) 1.3=-k d 1.;3=1
58. Select the correct one:
- - - - - 2> 12> -
(a A.B=-B.A (b) A.B=§B.A
- 2> 2> >
(co¢ A.B=B.A (d) None of these
59.  Which of the following unit vectors represent the direction of normal drawn on a specific
surface:
A A
(@ (b) 1
A A
(¢) n d k
A A A A — A AA . - —
60. IfA=2i+4j+5kand B =-2i+2j + k. What will be the value of A . B:
@ 9 b) -9

() 5 (d) 10
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> A AN A
61. If A =2i+2j +k then the value of B is:

A A A A A A

2i+2j+k 2i+2]'+k
(a) < (b) 9

2i+2] +k

+2j +
(¢) 143‘]— (d) None of these
62.  The scalar product of two vectors is zero when:

(a) They are equal vectors (b) They are in the same direction
(c) They are at right angle (d) None of these

— —
63.  Ifthe vectors A and B are parallel to each other then:

- - - o
(a) A.B=AB (b) A.B=+AB
- = - o
(co0 A.B=0 (d A.B=ABcos6
—> A A A - A A A - =
64. If A =Asi+Ayj+Akand B =Bi + Byj + B,k then the value of A . B is:
(a) AB+AB,+ABy (b) ABx+A;B,+A,B,
(0 AB+AB,+AB, (d) None of these

65.  The scalar product of two vectors will be negative if:
(a) They are at right angle to each other (b) They are parallel
(¢) They are anti-parallel (d) None of these

A A

LN B 5,
66.9 The dot product of i.i=j.j=k.kis equal to:

(@ 0 (b) 1
() -1 d 2
67.  The dot product of /1\ : 3\ = 3\ : 1/2= 1A< : /1\ is equal to:
(@ O (b) 1
(c) -1 d 2

— —
68.  The vector product of two vectors A and B is given by:

(a) ABsin0 (b) ABsin0n
—> s A
(c) ABsin© (d ABn
69.  Vector product does not hold:
(a) Commutative law (b) Associative law
(¢) Distributive law (d) None of these

70.  The direction of vector product is:
(a) Parallel to plane (b) Perpendicular to plane
(¢) Anti-parallel (d) Along the plane
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71.

Self cross-product of a vector is equal to:

(a) Zero (b) One
(c) Double (d) Negative
AN AN AN
The cross product of unit vectors 1 xi=jxj=kxkis
A
(a) One (b) 1
© k @) Zero

- - _
If A x B =0 then the angle between the vectors is:
(a) 60° (b) 90°
() 270° (d) 180°

The magnitude of _A> X _B) is equal to area of:

(a) Triangle (b) Circle

(¢) Parallelogram (d) Rectangle

The cross product of two vectors will be negative when:

(a) They are anti-parallel (b) They are parallel
(¢) They are rotated through an angle 0f270°(d) None of these

— —
The cross product of two parallel vectors A and B is equal to:

(a) ABsinfn (b) AB sin 6
(¢ AB (d) Zero
Select the correct one:

- > —> o - > o >
(a) A.B=-A.B (b)) AxB=#BxA

=

(c) A X B B x A (d) None of these
The cross product of /1\ X 3\ is equal to:

A A
(a) k b) -k

- 2
(© k d i

A

The cross product of j x 1 is equal to:

A A
(@) k b)) -k

— A
© k d i
Select the correct one:

A A A A A

(a) _]Xk i (b)) jxk=-i

AAA AAA
(¢ jxk=] (d jxk=k
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81.

The turning effect of a force is called its moment or:

(a) Momentum (b) Inertia

(¢) Torque (d) Impulse

The perpendicular distance from the line of action to the pivot is called:
(a) Displacement (b) Momentum

(¢) Moment distance (d) Moment arm
The SI unit of torque is:

(a) N.m’ () N.m

(© Nm’ @ Nm

The expression for torque is given by:

(a) rFcos© (b) rFsin® n

(¢c) rFsin® (d) rFcosO n
Torque acting on a body determines its:

(a) Velocity (b) Momentum

(c) Force (d) Angular momentum
When line of action of applied force passes through the pivot point then torque will be:
(a) Maximum (b) Constant

(¢) Negative (d) Zero

The direction of torque _1:> = _r) X ? is determined by:

(a) Head to tail rule (b) Right hand rule
(¢) Left hand rule (d) None of these
Conventionally anti-clock wise torque is taken as:

(a) Zero (b) Negative

(¢) Positive (d) None of these
Conventionally clockwise torque is taken as:

(a) Zero (b) Negative

(¢) Positive (d) None of these
Torque is also called as:

(a) Moment of inertia (b) Moment arm

(¢) Moment of force (d) Angular velocity
The dimension of torque are:

(a) [ML'T”] (b) [MLT ]

© [ML'T] d [MLT]
Torque =— x Force:

(a) Velocity (b) Momentum

(¢) Arm of the weight (d) Moment arm
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93.  Let torque = ? = _r> X ? then direction of torque is:
g -
(a) In the direction F (b) In the direction of r
(c) Normal to the plane (d) None of these
94. Two equal and opposite forces acting on a body form a:
(a) Momentum (b) Torque
(¢) Couple (d) None of these
95.  The point at which the whole weight of the body acts is called:
(a) Torque (b) Centre of gravity
(¢) Centre of mass (d) Centre of the body

96.  The centre of gravity of a uniform body is:
(a) At the axis of rotation of the body (b) Atits centre
(¢) Atits one end (d) None of these
97.  The centre of gravity of a triangular plate is:
(a) At the axis of rotation of the body (b) Atits centre
(¢) At the intersections of medians (d) None of these

98. Ifabody is at rest or moving with uniform velocity then it is said to be in:

(a) Torque (b) Equilibrium
(c) Both (a) and (b) (d) None of these
. — -
99.  Torque has zero value if angle between r and F:
(a) 60° (b) 45°
() 90° d o0°
. . % _) .
100. The torque has maximum value if angle between r and F is:
(a) 60° (b) 45°
(c) 90° d o0°
101. A body will be in translational equilibrium if:
— —
(@ XF =0 (b) Xt =0
_)
() 2F,=0 (d) None of these

102. The condition of complete equilibrium is satisfied if:
(a) Vector sum of all the torques is zero  (b) Vector sum of all forces and torques is zero
(¢) Vector sum of all the forces is zero ~ (d) None of these
VAN VAN A

103.9 i.(j x k) is equal to:

A

(@) k (b) 2
(c) 1 d o0
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104.9

105.9

106.

107.

108.

109.

110.

111.

112.

113.

If |§ + B| = |5 - B| then angle between a and b is:

(a) 90° (b) 0°
(c) 180° (d) 45°
> A A A
If A=2i+j+2kthen|A |is:
(a) zero (b)
(© 5 @a 9
In rotational motion the analogue of force is:
(a) Moment arm (b) Torque
(¢) Moment of inertia (d) None of these

The component of 9/i\ + 173\ along z-axis is:
(a) Zero (b) 18
(c) 26 d 11

- 2> oS> o — -
If|A + B|=|A — B], angle between A and B is:

(a) 0° (b) 90°
(¢) 60° (d) 180°
A A A A A A . .
If vectors 21 +4j — 7k and 21 + 6j + gk are perpendiculars then value of q is:
(a) 4 (b) 7
(c) 8 d) 10
The resultant of two vectors of magnitude 2 and 3 is 1. The angle between them is:
(a) 90° (b) 180°
(¢ 0° (d) None of these
AN
i—j—3kl=
@ /5 ®) 7
© 11 d 13
Resultant of two vectors of magnitude 24 and 7 is 25. The angle between them is:
(a) 90° (b) 180°
(¢) 360° d) 270°

- - - - — =¥
If|A x B|=\/§(A . B). Angle between A and B is:

@ 3 ®) 7
T I
© % @ 3
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NN N A N N
114. If P =31 +4j -2k, Q =41 — 3j + 2k. Unit vector in the direction of P + Q is:
7’.\ + 7
A A
(@) 7i+] ) 5
1 A A A
(¢) 29 (21 — 145 —25k) (d) None of these
115. Area of parallelogram =
- - - -
(a A.B b)) AxB
- -
(c) |A x Bj (d) None of these
116. If the resultant of two vectors each of magnitude F is also of magnitude F, the angle between
them is:
(a) 60° (b) 90°
(c) 180° (d 120°

117. The resultant of two forces 3N and 4N making an angle 60° with each other is:

(@ 5 (b) 7
© 6.1 @ 1
118. Which diagram correctly shows the addition of 4N and 3N vectors?
(a) ' (b) T
! 3N ) 3N
AN - AN -
(c) (d)
5 3N S 3N
AN - AN -
119. What is the resultant forces in diagram shown? s > ST
i N
(a) Zero «— >
P~

(b) 6N to left
(c) 6N toright
(d) 11N toright
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120. A 9N force and a 12N force acting at right angles
as shown in figure. Which of the following
diagrams shows resultant force?

(a) ()
21N 10.5N
© @ =
15N

— —>
121. If position vector r and force F are in same direction then torque will be:

2

(a) Maximum (b) Minimum

(¢c) Same (d) None of these
122. If a vector is multiplied by a scalar then new quantity is:

(a) Scalar (b) Vector

(c) Both (a), (b) (d) None of these

- —
123. If O is angle between A and B then their resultant:

(a) AT+B? (b) /A”+B”+2AB cos

(¢) JA?-B? (d) ~/A’+B’-ABsin0
124. Scalar product of two vectors obey ... law:

(a) Commutative (b) Distributive

(c) Associative d Al

- - - -
125. The angle between A x B and B x A is:
(@) 0° (b) 180°
(c) 90° (d) 45°

— —
126. If A and B are parallel to each other then:

> o > o
(a A.B=0 b A.B=l1
- - - -
(c¢ A.B=AB (d A xB=AB
127. The magnitude of vector product of two vectors is \/§ times then scalar product. Angle between
vectors is:
T T
@ 5 ®) &

w3
13

(c) (d)
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128.

129.

130.

131.

132.

133.

134.

The magnitude of the resultant of two forces is 10 N. One of the forces is of magnitude 10\/5 N.
It makes an angle of 45° with resultant. The magnitude of other force is:

(a) 10N (b) 10\2N
(¢ 100N @ 10°N

A girl can throw a ball horizontally with a velocity 6 ms™". If she throws the ball at that speed
while moving in a car at a speed of 8 ms™' in a direction at right angles to the motion of the car,
then the resultant velocity, in magnitude is:

(a) 2ms" (b) 4ms’
(¢) 6ms’ (@ 10ms™

Two forces of magnitudes 8 N and 15 N act at a point. If the resultant force is 17 N, then the
angle between the forces has to be:

(a) 60° (b) 45°
() 90° d 30°

- AN A NonLA
A vector A is added to the sum of two vectors 31 —2j — 2k and 2i — j + 3k such that the

_>
resultant is a unit vector along z-axis. The value of A is:

AN AN
(a) -51+3; (b) 51-3;

AA AN A
(¢ i-k d k+i-j

A person travels 4 km east, then 4 km south and finally travels in such away that his journey
terminates 8 km directly east of the starting point. What is the magnitude of the displacement
during the third leg of the journey?

4
(a) 4km (b) \/Ekm
(©) 4/2km (d 16km

The vector sum of N coplanar forces each of magnitude F, when each force is making an angle

2
of ﬁn with that preceding it, is:

NF
(@ F b)) >
(¢) NF (d) Zero
% . . . . . . . % .
A vector F; is along the positive direction of x-axis. Its vector product with another vector F; is
_>

zero. Now, F; is possibly equal to:

A AA
(@ 3j () -17.5(1+))

© 11G+k @ -2i
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135. The resultant of three vectors whose magnitudes are 3 units in east, 12 units in north and 4 units
vertically upwards is:

(a) /24 (b) 13
(c) 265 d 19
136. If the magnitudes of the vectors X, _B> and E) are 3, 4 and 5 units respectively and if X ¥ _B) = E),
then the angle between _B> and 8 is:
(a) w2 (b) arccos (0.8)
(c¢) arctan (0.75) d w4

. . . pg £ 4 A, — A A A
137. The point of application of the applied force F =51 — 3j + 2k is moved from r; =21 + 7k + 4k

— A N A . .
to r, =51 +2j + 3k. The work done by the applied force is:
(a) -22 units (b) O units
(¢) —79.5 units (d) -9.8 units

AN A A
138. 1f0.61 +0.4j + ck represents a unit vector, then c is:

(a) 0.8 (b) +0.48
(c) 0.52 (d) Zero
. AN A .
139. Given|a.b|["—|axb| =c. What is value of c?
(a) absinB (b) ab cos’ O
(c) sin20 (d) cos260

140.

141.

- 2> = - . - —>
If P.Q=|P x Q|. What is angle between P and Q?

(a) 30°
(©) 60°
> o> o o
FAxB=BxC-=
_)
(@) A=0
- -
¢ B+C=0

(b) 45°
d) 90°

-
(b) A+B=0

- > =
d A+B+C=0
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I[CHAPTER 2] VECTORS AND EQUILIBRIUM
SHORT QUESTIONS

2.1 Define the terms (i) unit vector (ii) Position vector (iii) Components of a vector.

Ans. (i) Unit Vector: A vector whose magnitude is one called unit vector. It is used to find the
direction of a vector. The formula for the unit vector is

_)
A A
|A |

(ii) Position Vector: It is a vector that describe the location of a particle with respect to origin.

_>
The position vector r of point P(a, b) in x-y plane is given by
— A A A
a = ai+bj+ck
/\ . . . . - . . ‘% - . .
where k is the unit vector along z-axis. In three dimension, the position and r from origin will
—> A A A
r = ai+bj+ck
B % . . .
where 1, j and k are the unit vectors along x, y and z-axis respectively.

(iii) Component of a Vector: The part of a vector effective in a particular direction is called
the components of a vector. Usually a vector has two or more components, one along x-
axis 1s called horizontal component and other along y-axis is called vertical component.

2.2 The vector sum of three vectors gives a zero resultant. What can be the orientation of the
vectors?

Ans. The resultant of three vectors of equal magnitudes is equal to zero if they are represented by the

- > -
three adjacent sides of a triangle as shown. If we have three vectors A, B and C. By using head
_ - - -
to tail rule where — C 1is the resultant of A and B.
Hence
— - -
_ — —>
-C = A+B e B
_)
- 5 > =
A+B+C =0
Thus the vector sum of three vectors is zero. = >
A

23 Vector A lies in the xy-plane. For what orientation will both of its rectangular components
be negative. For what orientation will its components have opposite signs?

= AY
Ans. Case-I: If a vector A lies in third quadrant then both of its

rectangular components A, and A, will be negative as shown.

- X €— >X
Case-II: If a vector A lies in second and fourth quadrant then F—>
both of it, rectangular components A, and Ay have in opposite LA
sign as shown.

___________ vy
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Ans.

Ans.

Ans.

X'<€

vy vy

If one of the rectangular components of a vector is not zero, can its magnitude be zero?
Explains.

No, its magnitude cannot be zero because, the magnitude of vector contains the sum of square of
its components. So if one of the components of a vector is not zero and even if they have the
opposite signs then the magnitude of a vector cannot be zero. According to formula

2 2
A = \JAL+A,
If Ay =0
Then A = ‘\/A,zﬁ—O2
A =JA
A = Ay
A =0

So if one of the rectangular components of a vector is not zero then its magnitude cannot be zero.
Can a vector have a component greater than the vector’s magnitude?

(1) No, the magnitude of a vector cannot have a component greater than its magnitude because
the components of a vector is always less in magnitude of resultant vector. Only in case of
equilateral triangle, they are equal.

(i) Yes, the statement is correct if we do not take the case of rectangular component. So a
vector has a component greater than vector magnitude.

Can the magnitude of a vector have a negative value?
No, the magnitude of a vector cannot have a negative value. The magnitude of a vector always

_)
has a positive value. For example, if we have a vector —3 A, where 3 is the magnitude of a vector
and the negative sign shows its direction.

(OR)

. 9 .
As magnitude of A is

A = \JA+A

Hence magnitude of a vector cannot have a negative value. e.g.,
If Ay, = -5 and My = 2

then A (=52 + (2)?
= [25+4
= 29
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2.7

Ans.

Ans.

Ans.

2.10

Ans.

2.11

Ans.

- > -
If A+ B = 0, what can you say about the components of the two vectors?
- o -
If A+B =0
— —>
A = -B
In case of rectangular components
ALoA LN AN A
A+ Ay +Ak = —(Bxi+Byj+Bk)
ALA LA ALA A
A1 +Ay)+Ak = -Bii—-Byj-Bk
; ; wo /N
Comparing the coefficients of 1, j and k
Ay = —-By
A, = -B,
A, = -B,

So it means that if the sum of the two vectors is zero then their rectangular components will be of
the same magnitude but in opposite direction.

Under what circumstances would a vector have components that are equal in magnitude?

._)
If 0 be the angle which vector A makes with horizontal line having components Ay and A, then

tan@ = %ﬁ
0 = tan ' (%3
According to question ya \
Ay = Ay >
then 0 = tan’’ [%‘y[) 6 A
6 = tan' (1) A >X
6 = 45°

—)
So, if A makes an angle of 45° with x-axis then its both components will be equal in magnitude.
Is it possible to add a vector quantity to a scalar quantity? Explain.

No, a vector quantity cannot be added to a scalar quantity because scalar has only magnitude
while vector has both the magnitude and direction. So they cannot be added to each other.

Can you add zero to a null vector?
No, zero is not added to a null vector because zero is a scalar and null vector is a vector quantity.
Two vectors have unequal magnitudes. Can their sum be zero? Explain.

No, the sum of two vectors of unequal magnitude cannot be zero. It is only possible when two
vectors have same magnitude and in opposite direction.
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2.12

Ans.

2.13

Ans.

Show that the sum and difference of two perpendicular vectors of equal lengths are also
perpendicular and of the same length.

— —
Consider two vectors A and B having equal magnitudes as shown. From head to tail rule,

> - - -
A + B and A — B are the resultant having same magnitude because they are the hypotenuse of

right angled triangle.
Since in AOPQ
/ZPOQ = ZQPO
= 45°

\P

_)
and magnitude of R will be

_)
R| = \/A’+B’

and in AOQR
ZROQ = ZORQ = 45°
So /ZPOQ + ZROQ = 45°+45°
= 90°

- - - - . _
Hence the resultants A + B and A — B are perpendicular to each other and they are in equal

length.

How would the two vectors of the same magnitude have to be oriented, if they were to be
combined to give a resultant equal to a vector of the same magnitude.

—> -
If two vectors A and B make an angle of 120°. Then their

- —>
resultant would have the same magnitude as that of A and B.
We know that: Sox 5 o7

-
A

125

X

_>
IR| = +JA?+B?+2AB + cos 0
According to given condition A =B =R.

R = /R*+R*+2R%cos 0
R? = 2R*>+2R%cos 0
R?2-2R?> = 2R%cos0
—R? 1
RZ = cosO = c:os(9=—2

4 1)
0 = CO0S (—2

0 = 120°
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2.14

Ans.

2.15

Ans.

2.16

Ans.

The two vectors to be combined have magnitudes 60 N and 35 N. Pick the correct answer
from those given below and tell why is it the only one of the three that is correct.

(i) 100N (il) 70N (iii) 20N

When 60 N and 35 N forces are in same direction then maximum resultant is
= 60+35 = 95N

When 60 N and 35 N forces are in opposite direction then minimum resultant is
= 60-35 = 25N

Hence the range of the force is 25 N — 95 N then (i1) 70 N is correct.

Suppose the sides of a closed polygon represent vector arranged head to tail? What is the
sum of these vectors?

We know that if the vectors are arranged by head to tail rule, B’

which makes a closed polygon then its resultant is zero N

because there is no place to draw resultant. Consider =

-S> 2> > D> — _

A, B, C, D, E and F are the vectors which are arranged by

head to tail rule then their resultant is zero i.e., [_:’
- 2> 2> 2 o> o —
A+B+C+D+E+F =0 A

Identify the correct answer:

(i) Two ships X and Y are traveling in different directions at equal speeds. The actual
direction of motion of X is due north but to an observer on Y, the apparent direction
of motion of X is north-east. The actual direction of motion of Y as observed from the
shore will be.

(a) East (b) West (¢) South-east (d) South-west

(i) A horizontal force F is applied to a small object P of
mass m at rest on a smooth plane inclined at an angle F e
0 to the horizontal as shown in figure. The magnitude >

of the resultant force acting up and along the surface

of the plane, on the object is: =
(a) F cos O — mg sin O (b) Fsin 0 — mg cos ©

(¢) Fcos0+mgcos0 (d) F sin O + mg sin 0

(¢) mgtan0

(1)  We know that the ship x is moving towards North from shore and according to observer on
ship y, the ship x is moving towards north-east direction so ship y is approaching towards
the line of motion of ship x. Thus the motion of ship y is towards west so (b) 1s correct.

(11) Now the horizontal force F and weight mg of the body R

Q
can be resolved into its rectangular components as <<<5? \Fs‘ne
shown. The force acting up along the plane of the > 0 3
surface is L,

égg’ O " ngase
o \

Wk’
nmgsino

= FcosO—-mgsin6

So (a) is correct. ~
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— — -> -
2.17 If all the components of the vectors, A; and A, were reversed, how would this alter A; x A,?

— —
Ans. The vectors A; and A; can be resolved into its rectangular components i.c.,
—> A A A
A = Al tAy) T ALK

—> A A A
A, = Ay + Azy_] + Ak

A AN A

1 j k
- >
ArxAy = A Aly Ay,
A2x A2y AZZ
On reversing the components
—> A A A
A = Al —Ay) - Ak
—> A A A
Ay = —Aji—Ay) —-Ayk
AoA A
i j k
- >
So ArxAy = | “A —Ay -Ap
—AZX _A2y '_A2Z
Taking (-1) as common from R; and R,
AooA A
i j k
- -
AirxAy = () | A Ay Ay,
A2x A2y AZZ
AN~ A
1 ] k
- >
A xAy = A Aly Ay,
A2x A2y A2z

- -
Hence if the components of the vectors are reversed then there is no effect on A; x Ao.

- -
2.18 Name the three different conditions that could make A; x A, =0.
Ans. We know that

- —> ) A
Ay x Ay = AA,sinOn

Therefore the required three conditions are
_ _ - o e S
(1)  Either A; or A is null vector i.e., |Ai| = |Az| = 0.

- —>
A1><A2= 0
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2.19

Ans.

2.20

Ans.

(i)

S . A
Aj and A, are parallel i.e., 6 = 0°. _—
> > A _ _—
A xAy = AIA,sin0°n sin0° =0 A,
- -
A1 X Az =0
%
T 4 — ; s Aq
(ii1)) A; and A, are antiparallel i.e., 6 = 180° _
> - _ A B —
A1 x Ay = AjA;sin 180°n ;’2
—> = _
= A;xA;y=0 .+ sin 180° = 0

Identify true or false statements and explain the reason:

(2)
(b)

(a)

(b)

A body in equilibrium implies that it is not moving nor rotating.
If coplanar forces acting on a body form a closed polygon, then the body is said to be
in equilibrium.
This statement is false because the body is said to be in equilibrium if it is moving with
constant velocity or rotating with constant angular velocity.

(OR)

This statement is true because when a body is not moving nor rotating then it is in static
equilibrium.

This statement is true because when coplanar forces (vectors) acting on a body in the form

- -
of a closed polygon then > F = 0 i.e., 1* condition of equilibrium, is satisfied so the body
is in translational equilibrium.

(OR)

This statement is false because there may be any torque due to these forces i.e., 2™
condition of equilibrium is not satisfied so the body is not in complete equilibrium.

A picture is suspended from a wall by two strings. Show by diagram the configuration of
the strings for which the tension in the settings will be minimum.

Let we suspend the picture from the wall by two strings as _—_ ""g”’”” '””””g” S
shown in figure. T, sin 04 XT, T,A AT, sino
Let T; and T, be the tension in string from figure.
Along x-axis

T,cos©O= T,cos 0 5 0
= T, =T =T T, cos 6 T, cos 6
Along y-axis

YW

T;sin@+Tysinh = w

TsinO+Tsin® = w Ty =Ty = Ts
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2.21

Ans.

W
~ 2sin®

T

For minimum tension sin 0 should have max. value and max. value of sin 6 = 1.

= sin@ = 1

S]n e — Sln 900 LLLLLLLLL LIS L L L2 L0800 07

0 = 90°

. : : T il

So for minimum tension O should be 90° as shown in figure.
From figure

2T = w Picture

W
W

So only in this case, the tension in both the string will be
minimum.

Can a body rotate about its centre of gravity under the action of its weight?

No, a body cannot rotate about its centre of gravity under the action of weight because the line of
action of force (weight) passes through its center of gravity (pivot) i.e., movement arm r = 0.

So T = rF
T = (0O F
T =0

So the torque is zero.
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PROBLEMS WITH SOLUTIONS

PROBLEM 2.1

_)
Suppose, in a rectangular coordinates system, a vector A has its tail at the point P(—2, -3)
and its tip at Q(3, 9). Determine the distance between these two points?

Data
The given points are

P(-2,-3) and Q(3,9)

To Find
Distance between PandQ = r = ?
SOLUTION
. - A
Position vectorofa = 1 = -21-3j
‘165 — A A
Position vector ofb = r, = 31+9;j
— - >
= A = n1n-r1

A A AA
= 31+9) —(-21-3))

A A A A
= 31 +9j +2i +3]

—> A A
A =5i+125 Ll (1)
. _-) .
The magnitude of A is:
A = \/(5)2 + (12)2

= /25 + 144
= /169

= 13 units
Result
Distance between Pand Q = r = 13 units
PROBLEM 2.2

A certain corner of a room is selected as the origin of the rectangular coordinate system. If
an insect is crawling on an adjacent wall at a point having coordinates (2, 1), where the units are
in meters? What is the distance of the insect from this corner of the room?
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Data

In a coordinate system, the given point is (2, 1)
To Find

Distance of insect from the corner of room = r = ?
SOLUTION

Let the corner of the room whose coordinate are (0, 0)

The position vector is

— P £
r = 21+1j

._)
The magnitude of position vector r is

Tl = N@rFQy
N e
-3

T = 224 m
Result
Distance of insect = r = 2.24m
PROBLEM 2.3

—_ A A
What is the unit vector in the vector A =4i +3j?

Data

The given vector is

—> A A
A = 4i1+3j
To Find
Unit vector = 1& = 7
SOLUTION
By formula
%
Ao A
| A
A A
_ 4i + 3]
\/412+-32
AN VAN
4i +3j

(0, 0)
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AN
A 4i + 3]
A —_
5
Result
41 +3]
A
Unit vector = A = 145‘1
PROBLEM 2.4
e < A A - A A
Two particles are located at r;y = 3i +7j and r, = =21 + 3] respectively. Find both the
- -
magnitude of vector (r; — r;) and its orientation with respect to the x-axis.
Data

The position vectors are

— N N
T = 31"1‘7_]
—> A A
> = —21+3J
To Find
. - >
Magnitude of vector = 1, — 11 = ?
Direction =0 = ?
SOLUTION
As we know that
- - AN A A
rn—1 = -21+3]-031+7))

NLUNN A

= 21+3)-31-17]
AN

= =51 —4j

511 = NESF+ (4
SN X ES TNy

- >
| I —1n | = 64
Orientation w.r.t. x-axis:
— (y-component)
¢ =1tm X-component

4
= tan (E)

6 = 39°
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_>
As both components are —ive so (r» — 11 ) lies in 3™ quadrant.

= 0 = 180+ ¢
= 180+ 39
0 = 219°
Result
- >

Magnitude of vector 1 — 11 = 6.4

Orientation = 0 = 219°
PROBLEM 2.5

- - A A - =
If a B is added to vector A, the result is 6i + j. If B is subtracted from A, the result is

A

A —
—4i +7j. What is the magnitude of vector A ?
Data

- -
If B isadded to A

A A

-> -
A+ B = 61+]

= —>
If B is subtracted from A

- —> A A
A-B = —4i+7]

To Find

_)
Magnitude of vector A = ?

SOLUTION)|

- —> AA

Then A+B = 61+]
- —> A A
A-B = —4i+7]
—> A A
2A = 2i+8]
- nA
2A = 2(i+4j)
—> A A
A = i +4j

%
Magnitude of vector A = /(1)" + (4)
= \JT+16
—_— \/1_’7

= 412
Result

%
Magnitude of vector A 4.12
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PROBLEM 2.6

- A A —> A A
Given that A =2i +3j and B =3i — 4], find the magnitude and direction of

> o> o I =
(a) C=A+B (b) D=3A-2B
Data
The given vectors are
—> A A
A = 2i+3]
—> A A
B = 31-4j
To Find
_ > -
(a) Magnitudeof C = A+ B = ?
_)
Direction of C = 2
. — - -
(b) Magnitudeof D = 3A -2B = ?
_)
Direction of D = ?
SOLUTION
— - -
(a) Now C = A+B

Putting the values

= NN N A
= 21+3)+3)—-4;

C
g NN
C = 51—
_>

Magnitude of C = \/(5)* + (-1)?

= \25+1

é‘

= 5.1
For direction, tan ¢ = C
C where C, = -1
— (Y y
) = tan (C C.—5
1
— =L[ =
So 0} = tan ( 5)
) = 11°

Since Cy is positive and C, is negative.
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-2 . . th
So C liesin 4" quadrant.

N

N

11°

v

0l

0 = 360°-11°

0 = 349°

— e
(b) Now D = 3A-2B

N N N N
3(21 +3j5)-2(31—-4j)
A A A A
= 51+9j—-61+8§j

A
= 17;

_>
So the magnitude of D = /(17)*

= 17
_)
And the direction of D is
D where D, = 17
_ 1Dy y
0 tan (DJ D, = 0
17
_ (A7
0 = tan (0)
= tan | ()
0 = 9(0°
Result
_ -
(a) Magnitude of vector C = 5.0
9
Direction of vector C = 0 = 349°
_ -
(b) Magnitude of vector D = 17
RN
Direction of vector D = 06 = 90°

PROBLEM 2.7

- A A - A A
Find the angle between two vectors A =5i + j and B =2i +4j.
Data

The given vectors are
—* AN
A = 51+]
= A
B = 21+4

To Find
Angle between the vectors = 0

Il
-3
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(N.UTION
As we know that
%
A . = ABcos 0
A.B
cosO = A.B ...... (1)
2 nA A
where A = (51 +j).(21 +4j)
s A o B 5B
= 10(1.1)+20(.j)+2(7 .1)+4( .])
. AA AN A A
Since 1.1 =3j.] =k.k =1
ASAN A A AA
and i.] =j.k=%k.1 =0
__)
So A . = 10+4 = 14
: - 72
The magnitude of vector A = /5 +1
= 4/25+1
- \/2_6
A =51
_ -
The magnitude of vector B = \/22 + 47
= \J4+16
— \/2_0
B =45
Putting the value in eq. (i)
o - 14
ST 7 (5.1)4.5)
cos® = 0.61
0 = cos ' (0.61)
0 = 52°
Rult
Angle between vectors = 0 = 52°
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PROBLEM 2.8

A AN
Find the work done when the point of application of the force 3i +2j moves in a straight

line from the point (2, —1) to the point (6, 4).
Data

— A A
Force = F = 31+2j
and the given points are A(2, —1), B(6, 4).

To Find
Work done = W= ?
SOLUTION
By formula
- —
W = F.d

_)
Where d is distance between two given points

._>
So Coordinates d = (6,4)—(2,-1)

= (6-2,4+1)
= (4,95
2 AR
Now d = 4i+5j

AN A A
Therefore W = (31 +2j).4i+5))

noA noA
= 121 .1)+10( . j)

= 12+ 10
= 22 Joule
Result
Workdone = W = 22]
PROBLEM 2.9

A A A A A A A A A
Show that the three vectors i + j +k,2i —3j + kand 4i + j — 5 k are mutually perpendicular.
Data

The given vectors are

—> A A A
A = i+j+k
—> A AA
B =2i-3j+k
—> AA A
C =4i+j-5k
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To Find
Are the vectors mutually perpendicular = ?
SOLUTION)|
- 2> 2> - —
If A.B=B.C=C. A =0 so the vectors are mutual perpendicular.
- —> AA A A AA
Thus A.B = (i+j+k).(Q2i-3j+k)
AA AA AA
= 2(1.1)=-3(.j)+1(k.k)
=2-3+1
- -
A.B =0
=2 2 AN AL A A A
and B.C = (2i-3j+tk).(4i+j-5k)
A AA AA
= 8(1.1)—-3( .j))—-5k.k)
= 8§—-3-5
- -
B.C =0
—F = AA A AA A
C.A = (4i+j-35k).(i+j+k)
AN AA AA
= 4(.1)+1(G.j)-5Kk.k)
= 4+1-5
- -
C.A =0
- - - - - -
Hence A.B =B.A =C.A =0
Result
So the given three vectors are mutually perpendicular.
PROBLEM 2.10

— A A A - A A - -
Given that A =i —-2j +3k and B =31 — 4Kk, find the length of the projection of A on B.
Data

The given vectors are

—> A A A
A =1-2+3k
—> A A
B = 31-4k
To Find
o - -
Projectionof Aon B = Acos0 = ?
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.SOLUTION
By formula
X . _B) = ABcos©
- >
AcosH = A].3 B

- = A A A A A
Now A.B = (i-2j+3k).(3i-4k)
AA A A
= 3(1.1)-12(k.k
= 3=12
= -9

And magnitude of vector ]_3)
\9 + 16
= 25

=35

B

I

Il

Putting in above equation

-9
AcosB = 3

Result

o - > 9
Projectionof Aon B = AcosO = -3

LPROBLEM 2.11

- > -
Vector A, B and C are 4 unit north, 3 unit west and 8 unit east, respectively. Describe

- = > = -2 =
carefully(a) Ax B (b) Ax C (¢) BxC.
Data

The given vectors are

4 units north

3 units west

al wl =l

& units east
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To Find
- -
(a) AxB =7
- -
(b) AxC =7
- -
(c) BxC =727
-
SOLUTION A
- > A
(a) As A xB = ABsinfn —% s
B C
- - ) A < >
A xB = (4)(3)sin90°n
= 12 units vertically upward according to right hand rule
- = . A
(b) AxC = ACsinOn
A
= (4)(8) sin 90° n
= 32 units vertically downward
- . A
(©) B xC = BCsinOn
= (3)(8) sin 180° n
= 24(0)n
- 2> -
BxC =0
Result
- - _ _
(a) A x B = 12 units vertically upward
- > . .
(b) A x C = 32 units vertically downward
- =2 -
(c) B x C = 0 (Null vector)
PROBLEM 2.12
> - —
The torque or turning effect of force about a given point is given by r x F where r is the
R - A A A
vector from the given point to the point of application of F. Consider a force F = -3i + j +k

A A

A
acting on the point 7i + 3j + k (m). What is the torque in Nm about the origin?
Data

—> AA A
Force = F = -3i+j+5k

%

r

AN A
= 71+3j+k

Position vector



[CHAPTER 2] VECTORS AND EQUILIBRIUM

To Find
_ - - -
Torqueacting = t = r xF =7
SOLUTION)|
- - -
As T = r1rxF
AN VASAN
i j k
_.)
T = 7 31
-3 1 5
Al 31 Al 71 Al T3
= i -] +k
15 -3 5 -3 1
A A A
= 1(15-1)-3(35+3)+k(7+9)
7 A A
= 141 -38; + 16k
Result

5 - i ‘) £
Torque acting = t = 141 —38j + 16k (Nm)

PROBLEM 2.13

- A A
The line of action of force F = i —2j, passes through the point whose position vector is

A A -
(—j + k). Find (a) the moment of F about the origin (b) the moment of F about the point of which

A A
the position vector is i + k.

Data
—> A A
Force = F = 1-2j
s - NN
Position vector = r = —j+k
To Find
. . ﬁ
(a) Moment of force about origin = © = ?
AA —>
(b) Moment of force about 1 +k = 1 = ?
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SOLUTION

(a) First for the moment of force about origin is

— - o
T = r x F
A AN A
1 ] k
= 0 -11
1 -2 0
Al -1 1 Al 01 Al 0 —1
= 1 -] +k
-2 0 1 0 1 -2

— T0+2) -] O0-1)+k(0+1)

AAA
T = 2i+j+k

(b) The moment of force about /1\ + 12 18

— - -
T = r x F
—> A A AA
So r" = (-j+k)-(+k)
A A A A
= —-j+k-1i-k
A A
N AN VAN
1 ] k
So T = 1-1-10
1 20
Al -10 Al =120 Al -1 -1
= 1 —j +k
-2 0 1 0 1 -2
A A A
= 10)-jO0O)+k2+1)
AN A
= 01—-05 +3k
—> A
T =3k
Result
—> AA A
(a) Moment of force aboutorigin = © = 2i+j+k
AA —> A
(b) Moment of forceabouti +k = v = 3k
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PROBLEM 2.14

The magnitude of dot and cross products of two vectors are 6\/:_3 and 6 respectively. Find
the angle between the vector.

Data
. - -
Magnitude of dot product = A.B = 6\/3
- -
Magnitude of vector product = |A x B| =6
To Find
Angle between the vectors =0 =7?
SOLUTION
- - _
As A.B = ABcos6 . (1)
- - .
|AxB|= ABsm06 . (11)

Divide eq. (ii) by (i)

- - _
|AxB| ABsin

- - AB cos 0
A.B

B s
6’\/§ = tan
1

tan® = \/§
e
0 = tan [\ﬁj

6 = 30°
Result
Angle between vectors = 0 = 30°
PROBLEM 2.15

A load of 10N is suspended from a clothes line. This distorts the line so that it makes an
angle of 15° with the horizontal at each end. Find the tension in the clothes line.

Data

Load = W= 10N T Sin 1574
Angle with horizontal= 6 = 15° < R
To Find T Cos 15° l T Cos 15°

Tension in the string = T = ?
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SOLUTION

According to 1* condition of equilibrium.

Now using 2F, =0 and 2Fx = 0
So T;sin0+T,sin0—Load = 0 T, cos 15° =T, cos 15° = 0
2T sin © = Load Ty cos 15° = T, cos 15°
T = 2Lsoi—?f6 T, =T,
5
“ 02588 - b ==
T = 193N
Result
Tensionin string = T = 193N
PROBLEM 2.16
A tractor of weight 15000N crosses a single span
bridge of weight 8000 N and of length 21m. The span bridge is Eayalyy=
supported half a metre from either end. The bridge is «— TDwva>

supported half a metre from either end. The tractors front >

wheels take 1/3 of the total weight of the tractor, and
the rear wheels are 3m behind the front wheels. Calculate the force on the bridge supports when the
rear wheels are at the middle of the bridge span.

Data
Weight of tractor = W; = 15000 N
Weight of bridge = W, = 8000N
Length of bridge =1 = 2lm
Length of tractor = I = 30m
Weight of front wheels = W3 = % x 15000
= 5000 N
Weight of rear wheels = W, = 15000 — 5000
= 10000 N
To Find
Forces on the bridge supports

F1 = 9

and F, =2
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SOLUTION

By using 1% condition of equilibrium I 20m 2
SFy = 0 e &
& A
F; + F, — 5000 — 8000 — 10000 =0 3.0 i 10m—>//?m
F;+F, = 23000N ... (i) 2
According to 2™ condition of equilibrium v ¥ W, = 8000N
St =0 Ws =5000N- § v/ = 10000N
Suppose the point B is the point of rotation therefore
Torque of Force F, =1 = F;x0
=0
Torque of Force F, = T = F,x20
Torque of Force Wy and Wy = 13 = —18000 x 10
Torque of Force W3 =1 = =5000x 7
Then Ttntntwu =0

0+ F, x 20 - 180000 - 35000 = 0
20F, = 215000

B - 215000
20

F, = 10750N

F, = 10750 x 10°N

F, = 10.75KN

Putting in eq. (i)
F;+10750 = 23000

F; = 23000 - 10750
= 12250 N
Fi = 1225x10°N
= 1225 KN
Result
Force on the bridge supports
F, = 12.25KN and F, = 10.75 KN
PROBLEM 2.17

A spherical ball of weight SON is to be lifted over the step as
shown in the figure.

Calculate the minimum force needed just to lift it above the
floor.
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Data
Weight of the spherical ball= W= 50N
Radius of the spherical ball = r = 20 cm

= 02m
Height of the step = h = 5cm
= 0.05m
To Find
Minimum force required to lift the ball = F = ?
SOLUTION
Now consider the triangle AOCD is right angled triangle, .
by Pythagorean theorem < E A
(OC)> = (ODY +(CD)? 250m 0T
(CD)> = (OC) - (ODY sSal e
- 07 - (157 son] CINC 1P
= 13.2cm W=50N
CD = 0.13m
By using 2™ condition of equilibrium
2T =0
So -WxCD+FxCB =0
-50x0.13+Fx025 =0
025F = 6.5
.65
0.25
F = 26N
Result

Minimum force required to leftball = F = 26 N

PROBLEM 2.18

\_—

A uniform sphere of weight 10 N is held by a string attached to a
frictionless wall so that the string makes an angle of 30° with the wall. Find
the tension in the string and the force exerted on the sphere by the wall.

Data
Weight of the sphere = W= 100N

Angle of string with wall 9 = 30°
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" To Find

(a) Tension in the string =T =29
( b) Force exerted by the wall = F = ?
| SOLUTION

(a) Let F be the force exerted on sphere by wall, T is the tension in string
and W is the weight of the sphere.

By using 1% condition of equilibrium

2F, = 0 and 2F =0

So F-TsinO =0
F = Tsin®
and Tcos@-W =0
TcosO = W
T = W
cos 0
_ 100 100
cos 30 0.866
T = 11.55N
and F = Tsin 0O
= 11.55sin 30°
F = 58N
1 Result
(a) Tension in the string =T = 11.55N
( b)  Forceexerted bythewall = F = 58N




