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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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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- > -
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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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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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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(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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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.



