Chapter 2 (I Year Physics) Vectors and Equilibrium

IMPORTANT QUESTIONS WITH ANSWERS

Q # 1. Differentiate among scalars and vectors.

Scalars Vectors

(i) The physical quantities that are completely) The physical quantities that are completely
described by magnitude with proper unit are  described by magnitude with proper unit and
called scalars. direction are called vectors.

(i) Mass, length, time and speed are examples (@ Displacement, velocity, acceleration, force and

scalars. momentum are examples of vectors.

Q # 2. What do you know about rectangular coordinag system? Describe its significance.

Ans. The lines which are drawn perpendicular to eattteroare called coordinate axis and a system of
coordinate axis is called the rectangular or Catesoordinate system. A coordinate system is tsetkscribe

the location of a body with respect to a refergomiat, called origin.

Q # 3. Describe the Head to Tail rule.

Ans. The vectors can be added graphically by head taubs. According to this rule, the addition of two

vectorsA andB consists of following steps:

(i) Place the tail of vectd® on the head of vectet.

(i) Draw a vector from the tail of vectéy to the head of vector x>
B, called the resultant vector. L B

Q # 4. What do you know about the Resultant Vector?

Ans. The vector which has the ‘same effect as that of n

component vectors is called resultant vector. Glarsiour vectorg\, B, C andD are added by head to tail rule

andR is their resultant vector, as shown in the figure.

The vectoR has the same effect as the combined effect obre« D
A, B, C andD. hn/
Q # 5. Define following ‘
@ =
(i) Negative of a Vector iy
The vector which has the same magnitude as thagaibrA, but
opposite in direction is called negative of vedor B
(i) Vector Subtraction
Subtraction of a vector is equivalent to the additbf one vector B
into negative of second vector. Consider two vexcfoandB. In
order to subtracB from A, the negative of vectd® is added to .
vectorA by head to tail rule. n
The resultan€ is given by C=A-B

C=A-B=A+(-B)
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(i) Equal Vector
Two vectors are said to be equdiéfythave same magnitude and direction.

(iv) Null Vector

A vector of zero magnitude and adbitrdirection is called null vector.

(v) Component of a Vector

A component of a vector is its effeetvalue in a specific direction.

(vi) Rectangular Component
The components of a vector which are perpendidalaach other are called rectangular components.

(vii)  Position Vector
The position vector describes the location of anpaiith respect to origin. In two dimension, the
position vector ' of point P (a, b) is describe as
r =ai+ b
The magnitude of this position vector will be
r=+a?+b?
In three dimensional Cartesian coordinate systhenposition vecton” of point
P (a, b, c) is describe as
r = ai+ bj + ck

The magnitude of this position vector will be

r=+a?+b? +c?

Q # 6. Discuss the different cases of multiplicatioof a vector by a scalar (number).

Case -1
If any scalam > 0 is multiplied by a vectorA’, then the magnitude of the resultanfA’ will become
n times (nA|) but the direction remains same as thah of
Case-2
If any scalarn <0 is multiplied by vector, then the magnitude of tiesultant vector will become n

times and the direction will reverse.

Q # 7. What do you about Unit Vector? Describe itsignificance.

Ans. A vector having the unit magnitude is called thét wector. It is used to indicate the directionafy
vector. The unit vector in the direction of vecfois expressed as
-2
|Al
whereA is the unit vector in the direction of vectarand|A| is its magnitude. In space, the direction of x, y

and z-axis are represented by unit vectgrandk, respectively.
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Q # 8. Find out the rectangular component of a veot.

Ans. Consider a vectoh, represented by a lir@P which makes an angkwith the x-axis.

We want to find out rectangular components of veétoFor

this, we draw a perpendicular from poift on x-axis. Projectior0M
being along x-direction is representedAy and projectiolP along = b ————————— - P
y -direction represented by,j . By head to tail rule: A /
. A
P NIy S— 0 yd .
4
For x component — ) v
_ 0 A, M
oM A, ‘
€050 = — = —
op A

= A, = Acosb

o _PH_4,
sin =55 =2
zA},:AsinH

Putting values ofl, and4,, in eq. (1), we get
A = AcosO 1+ Asinb j

Q # 9. Determine a vector from its rectangular compnent.

Ans. LetA, andA, are the rectangular components of veétavhich is represented by a liG® as shown in

the figure below

We want to determine the magnitude and directiomextor A with

X-axis.
Magnitude P
The magnitude of vectoh can be find using Pythagorear | - 7
Theorem. In triangl®MP A/ A,
(P 2= (OM)* + (FIP): A
AZ =Ax2 + Ayz T' A Al :,bl_ X

A= /sz + A)°

This expression gives the magnitude of resultant
Direction

In right angle triangl®@M P

MP
tanf = —
oM
A
tand = -2
Ay
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A
an a,

This expression gives the direction of the vectawith respect to x-axis.

Q # 10. Describe the vector addition in terms of i@angular components.

Ans. Consider two vectord andB represented by line@M andMP, respectively . By head to tail rule, the

resultant vector is given by

R=A+B
LetR, andR, are the rectangular components of resulte
vectorR along x and y-axis respectively, then we can write
R=R1+R,] = e 1) R
From figure,
OR = 0Q +0QR
R,=A,+B, e 2)
Also, R;
RP = RS + SP
R,=A,+B, = e (3)

Putting values oR, andR,, in eq. (1), we get

R=RI1+R,]

R= (A, +B)i+ (4,+B))]
Which is the expression of resultant in terms ofaegular components.
Magnitude of Resultant

The magnitude of resultant can be expressed as

R = /sz + R)?

Putting the values dt,and R,,,

R = J(Ax +B)? + (4, +B,)’
Direction

The direction of resultant can be find out usingression,

R
0 =t -1 (—y>
an R

X
A, +B
6 = tan™? (—y y)
A, + B,
Generalization
If R is the resultant vector of a large number of coatavectors represented ByB, C, ... ... , then the

expression for the magnitude of resultant will beeo

R = J(Ax+Bx+Cx+"')2 + (Ay+By+Cy+~'-)2

The direction of resultant vectBrwith x-axis can be find out using expression
Ay, + B, +Cy + )
Ay + B, +Cp + -

6 = tan_1<
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Q # 11. Differentiate among scalar and vector prodtt.

Scalar Product Vectors Product

(i) When two vectors are multiplied to give a scalaargity,

—~

)  When two vectors are multiplied to give a vectonmfity,

then the product of vectors is called the scalardot then the product of vectors is called the vectorcarss
product. The scalar product of two vectdksand B is product. The vector product of two vectaAsand B is
written asA. B and is defined as written as A x B and is defined as

A.B = ABcos6 A X B = ABsinf i
whereA andB are the magnitudes of vectdrandB and whereA andB are the magnitudes of vectdrandB and
6 is the angle between them. 6 is the angle between them amil is the unit vector

perpendicular to the plane containiAgndB.

(i) The work dond/V is the dot product of forcB and (i) The turning effect of force is called the torqued ais
displacemendl is an example of scalar product. determined from the vector product of folE@and position
Mathematically, it is written as vectorr. Mathematically, it is written as

W =F.d = Fdcosf Torquet =r X F

Q # 12. Show that the scalar product is commutative

Consider two vectorA andB. Place the both vector tail to tail'as shown ig. k&)

\
|
B B | \\
g - ] N
X H ~
Bcos@
Fig. @) Fig. (b) Fig. (©)

Then, from Fig. (b)
A.B = (Magnitude of A)(Projection of B on A)

OR

A.B = (Magnitude of A)Componet of B in the direction of A)

A.B = (A)(BcosfB) = ABcos0 Q)
Similarly, from Fig. (c)

B.A = (B )(Acos0) = BAcos6 = ABcos0 (2)
Thus, from eq. (1) and (2)

A.B=B.A

Hence, the scalar product is commutative.

Q # 13. Show that the vector product is non-commutave.
Consider two vectorA andB. Place the both vectd andB tail to tail to define the plane @& andB.
The direction of the vector product will be perpienthr to the plane oA andB and can be determined using

right hand rule
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A XBAQ.
N

Fig. (a)

By applying the right hand rule on the vector
clear that product vectofs x B andB x A are anti-parall

AXB +# BxXA

Hence, the vector product is not commutative

Q # 14. Compare the main characteristics of scaland

S BxA
Fig. (b)

pretdofA x B andB X A [Fig.(a) and Fig. (b)]it is

el to each other i.e.,

vector product.

Scalar Product

Vector Product

(i) Scalar product is commutative.
That is, for vectora andB, A.B = B.A
(i) Scalar product of two mutually perpendicular vestisr
zero.
» If the two vectors ard andB mutually perpendicular
to each other, then
A.B = ABcos90° =0
(i) The scalar product of two parallel vectors is edaahe
product of their magnitudes.
> If the two vectors ard andB parallel to each othe
then A.B = ABcos 0° = AB
> If the two vectors ard and B anti-parallel to each

other, themA.B = ABcos 180° = —AB

(iv) The self scalar product of vectaris equal to the square (iv)

of its magnitudesA. A ='AAcos 0° = A?

(v) Scalar product of vectorA and B in terms of their
rectangular components will be
AB=(A,1+A4,j+A4,k).(B,1+B,j+B,k)
A.B=A, B, +A,B, + A,B,
(vi) The angle between these vector can be find ou
putting the value ofA. B in above equation
A.B = ABcos = A, B, + A B, + A,B,

A, B, +AyB, + A,B,
AB

cosf =

(i) Vector product is non-commutative.
That is, for vectora andB, AXB # Bx A
(i)  Vector product of two mutually perpendiculactars
has maximum magnitude.
»  If the two vectors ard andB mutually perpendicula
to each other, then
AXB=ABsin90°fh = AB
(i) The vector product of two parallel and anti-pafta
vectors is the null vector.
» If the two vectors ard andB parallel to each othe
thenA x B=ABsin0°fi=0
» If the two vectors aréd and B anti-parallel to each
other, them X B = ABsin 180°11 = 0
The self vector product of vecte is the null vector.
AXA=AAsin0°n =0
(v) Vector product of vectordd and B in terms of their
rectangular components will be

AxB=(A,i+4,j+4,k)x(B,i+B,j+B,k)

AxB=(A,B,—A,B,)i+ (4, B, —AB) j
+ (A, B, —A,B, )k
by R T
AxB= |A, A, A4,
B, B, B,

(vi) The magnitude ofAXx B is equal to the area ¢

parallelogram formed witA andB as two adjacent sides
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Q # 15. Describe the right hand rule.
According to right hand rule, the right hand isgald on the first vector and fingers
are curled towards the second vector, keepinghthmlb erect. The erected thumb will give

the direction of product vector.
Q # 16. Define the term ‘torque’.

Ans. The turning effect of a force is called torqueeThrque t’ acting on a body under the
action of force F’ is described as

T=rXF
Wherer is the position vector of point of applicationfofce with respect to pivot point ‘O’.
Anticlockwise torque is taken as positive, while
the clockwise torque is considered as negative

Fsin @

Q # 17. Derive the expression for torque

produce in a rigid body under action of any -
L O

force. | —
o ST / m Fcos@
— 1 Y )
Ans. Let the force F' acts on rigid body at SN / Line of
6 ’ action
point whose position vector relative to pivot ‘C O
isr. ’

We want to find out the expression torque abouhfp@’ acting on the rigid body due to
force F'.

The force F’ makes an angled’ with horizontal, therefore, it can be resolveduvo
rectangular components i.eFcos®’ and ‘Fsin®’. The torque due toFcos®’ about point
‘O’ is zero as its line of action posses througis fhoint. Therefore, theF'sin®’ component
of forces is responsible for producing torque ia tlody about point ‘O’.

Now the torque,
T = (Force)(Moment Arm)
T = (Fsin®)(r)
T =rFsin®
T=rXF

This is the required expression of torque.
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Q # 18. Define the term “equilibrium”. Write down different types of equilibrium.
Ans. A body is said to be in state of equilibrium tifi$ at rest or moving with uniform
velocity. There are two types of equilibrium.
(1) Static Equilibrium
If a body is at rest, then it is said to be inistaguilibrium.
(i) Dynamic Equilibrium
If the body is moving with uniform velocity, then is said to be in.dynamic

equilibrium.

Q # 19. Write down different conditions of equililsium.
Ans. There are two conditions of equilibrium.
First Condition of Equilibrium
The vector sum of all forces acting on any objeastibe zero. Mathematically,

D F=0

In case of coplanar forces, this conditions is egped usually in terms of x and y
components of forces. Hence, thiecbndition of equilibrium for coplanar forces wile
YF=0%XF =0
When the first condition of equilibrium is satisfiehere will be no linear acceleration
and body will be in translational equilibrium.
Second Condition of Equilibrium

The vector sum of all torque actingamy object must be zero. Mathematically,

Y =0

When the second condition of equilibrium is sagidfithere is no angular acceleration

and body will be in rotational equilibrium.

Q # 20. State the complete requirement for a bodytbe in equilibrium?

Ans. A body will be in the state of complete equilibri, when the sum of all the forces and

torques acting on the body will be equal to zeratiMmatically, it is described as
(i) XF=0 i.e. YFK=0XF,=0
(i) Xt=0
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EXERCISE (SHORT QUESTIONS)

Q # 1. Define the terms (i) Unit Vector (ii) Posithn Vector (iii) Component of a Vector.
(viii) Unit Vector
A vector having the unit magnitude is called timét vector. It is used to indicate the directafrany

vector. The unit vector in the direction of vecfois expressed as

A=A

Al
whereA is the unit vector in the direction of vectdrand|A| is its magnitude.
(ix) Position Vector
The position vector describes the location gfoint with respect to origin. In two dimension, the

position vector ' of point P (a, b) is describe as

r=al+bj
The magnitude of this position vector will be

r=a? + b2
In three dimensional Cartesian coordinate systeenpbsition vector” of point
P (a,b,c) is describe as

r = ai + bj + ck
The magnitude of this position vector will be

r=J@ it
(x) Component of a Vector

A component of a vector is its effeetvalue in a specific direction.

Q # 2. The vector sum of three vectors gives a zeresultant. What can be the orientation of the vears?
Ans. If the three vectors are such that they can beesgmted by the sides of a triangle taken in cyamlder,
then the vector sum of three vectors will be zero. R

Let three vectord\, B and C are the three vectors acting along the sides

triangleOPQ as shown in the figure.

As the head o€ coincides with the tail oA, so by head to tail rule, ; “
the resultant of these three vectors will be zero.
Q # 3. Vector A lies in xy plane. For what orientation will both d its p A » 0
rectangular components be negative? For what compents will its
components have opposite signs?
Ans. i) When the vector lies in"3quadrant, then both of its f
rectangular components of vector will negative. Ax negative Ay positive

ii) The components of a vector have opposite sign w Ay positive Ay positive
the vector lies in™® or 4" quadrant. ¥ Zx — A, positive )

If A, andA, are the rectangular components of vedor A, negative Ay negative

then rectangular components of vectors in diffecgradrants will ;’

be:
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Q # 4. If one of the rectangular components of a etor is not zero, can its magnitude be zero? Explai

Ans. If one of the components is not zero, then the made of vector can't be zero. A, andA, are the

rectangular components of vectorthen its magnitude will be:

Magnitude of A = A = [A,% + A,?
_ _ 2 _
If A, =0, thend = [02+4,% =4,

If A, =0,thend = [A,*>+02=A4,
Q # 5. Can a vector have a component greater thahe vector's magnitude?

:

Ans. The magnitude of the component of a vector can megegreater than the vector's magnitude becawse th
component of a vector is its effective value inpedfic direction. The maximum value of magnitude o
component can be equal to the magnitude of thexect

Q # 6. Can the magnitude of a vector have a negatiwalue?

Ans. No, the magnitude of a vector cannot be negatigeabise the magnitude of vecfoican be described by

the formula:

Magnitude ofA = A = /sz +4,°

Where A, and 4, are the rectangular components Af As the squares of real quantities always gives th

positive values. Therefore, the magnitude of dorewill always be positive.

Q#7.IfA + B = 0, what can you say about the components of the twectors.
Ans.Giventhatt A + B=0
= A =-B

These vectors can be expressed in terms of rede@ar@pmponents,

Ad+ Ay = —(Bi+ Byj)

A+ A= —-Bi-B,)j
Comparing the coefficients of unit vectdrandj, we get:

A, = =By andA, = -B,

Hence the components of both vectors are equahgmitude but opposite in direction.

Q # 8. Under what circumstances would a vector haveomponents that are equal in magnitude?
Ans. The components of a vector will have equal mageitudien it makes an angle of 45° with x-axis. If a
vectorA makes an angle of 45°, then its rectangular compisnwill be:
A, =Acos45°=0.707 A
A, = Asin45° = 0.707 A
Q # 9. Is it possible to add a vector quantity to &ector quantity to a scalar quantity?
Ans. No it is not possible to add a vector quantity tecalar quantity because the physical quantitiesaafe

nature can be added. Vectors and scalars arediffphysical quantities. It means that vectorstzaadded to

vectors and scalars are added in scalars, bukttters can’t be added to scalar.
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Q # 10. Can you add zero to a null vector?

Ans. No, zero can’t be added to a null vector becauseigea scalar and scalars can't be added to \eddmly

the physical quantities of same nature can be added
Q # 11. Two vectors have unequal magnitudes. Canein sum be zero? Explain.

Ans. No, the sum of two vectors having unequal magnguzi’t be zero. The sum of two vectors will beozer
only when their magnitudes are equal and theyragpposite direction.

Q # 12. Show that the sum and the difference of twperpendicular vectors of equal lengths are also
perpendicular and of same length.

Ans. Consider two vectora and B of equal magnitude which are perpendicular R=A+B
each other. The sum and the difference of bothovedaives the resultalt andR’,
respectively, and are described below:

R=A+B=A41+Bj

R =A-B=4i-Bj

Magnitude olR = R = VA2 + B2 =~ e @
Magnitude oR’' = R' = VA2 + B2 =~ ceeeeeeeeeen Q)

From (1) and (2), it is clear that the sum and dHference of two perpendicular vectors of equabnitaude
have the same lengths. Now taking dot producR@ndR’, we get:
R.R' = (41+ Bj).(A1 - Bj) = A%> — B? “|Al=|B] =A=B
R.R=42-4%2=0
As R.R' =0, therefore, the sum and the difference of two eedicular vectors of equal magnitude are
perpendicular to each other.
Q # 13. How would the two vector same magnitude havto be oriented, if they were to be combined to
give a resultant equal to a vector of same magnite®
Ans. The two vectors of equal magnitudes are combinggivi® a resultant vector of same magnitude whepn the
act at an angle df20° with'each other.
Consider two vectorsA and B of equal magnitude which makes a
angle of120° with each other. Both vectors are added by heaalltaule to give R B
resultantR as shown in the figure below:

) L 120°
From figure it is clear that

R=A+Band &
IR| = |A| = |B|
Q # 14. The two vectors to be combined have magnita 60 N and 35 N. Pick the correct answer from
those given below and tell why is it the only onef the three that is correct.
(i) 100 N (i) 70N (i) 20N
Ans. The correct answer is 70 N.
1. The resultant of two vectors has maximum magnituden they act in same direction. Thus if both

vectors are parallel, then the magnitude of resultall be:60 N + 35 N =95 N.
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2. The resultant of two vectors has minimum magnitudien they act in opposite direction. Thus if both
vectors are anti-parallel, then the magnitude sdiltant is60 N — 35 N = 25 N.
Hence the sum can't be less thza:iN and more tha®5 N. Therefore, the only possible value for
correct answer i80 N.
Q # 15. Suppose the sides of a closed polygon reg@et vector arranged head to tail. What is the surof
these vectors?
Ans. If there are five vectors A, B, C, D and E whicle acting along the
sides of close polygon as shown in the figure:
As the tail of the first vector meets with the heddast vector, so
by head to tail rule:
A+B+C+D+E=0

Hence the sum of vectors arranged along the sideslygon will be zero.

Q # 16. Identify the correct answer.
(i) Two ships X and Y are travelling in different direcion at equal speeds. The actual direction of X is
due to north but to an observer on Y, the apparentdirection of motion X is north-east. The actual
direction of motion of Y as observed from the shorevill be
(A) East (B) West (C) South-east - (D) South-West
Ans. The correct answer is (B) West
(i) The horizontal force F is applied to a small objecP of mass m at rest on a smooth plane inclined at
an angle @ to the horizontal as shown in the figure
below. The magnitude of the resultant force actingip R
and along the surface of the plane, on the objec i

(@) Fcos® — mgsin 0 F

(b) Fsin® — mgcos 6 N 6

(c) F cos 0 + mg sin 6

(d) F sin 0 + mg cos 0

(e) mg tan@ l 77¥1g cos8
Ans. The forces acting up and along the surface of plane mg

F cos 8 — mg sin 0, therefore the correct option is (a)
Q # 17. If all the components of the vectordy; and A, were reversed, how would this alteA; X A,.
Ans. If all the components of the vectahg and A, are reversed, then both vectors will be represessedy ;
and —A,; respectively. Therefore,
—A; X —A, =A; XA,

Hence the vector product of two vectors will remanchanged even when the components of the veaters
reversed.
Q # 18. Name the three different conditions that add makesA; x A, =0
Ans. The conditions that could make tAg x A, = O are as follows:

> If A, is the null vector

> If A, is the null vector

> If the vectorsA; andA, are parallel or anti-parallel with each other.
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Q # 19. Identify true or false statements and expia the reason.
(&) A body in equilibrium implies that it is neither moving nor rotating.
(b) If the coplanar forces acting on a body form a clas polygon, then the body is said to be in
equilibrium.
Ans. i) Statement (a) is false. Because a body may be uititlggum if it is moving or rotating with uniform
velocity.
i) Statement (b) is correct. Since the vector sunildfa forces acting on the body along close potygo
zero, then the first condition of equilibrium wile satisfied and the body will be in state of afiilim.
Q # 20. A picture is suspended from a wall by twotsngs. Show by diagram the configuration of the
strings for which the tension in the string is minmum.

Ans. Consider a picture of weight w is suspended bysdtrimgs as shown in the figure.

From figure,
2T sin@ =W
w

=T= 2sin @

Case 1:For 6 =0°

Tsing Tsing

w w
== =0
2sin0° 0
Case 2:For 6 = 45°
I'=2sinas = 07W
Case 3:For 8 = 90°
T=c—"x=05W l
2sin90 W

Hence it is clear that the tension will be minimfond = 90°

Q # 21. Can a body rotate about its center of gratyi under the action of its weight?

Ans. No a body can't rotate about the center of grauitder the action of its weight. The whole weighthuf
body acts on the center of gravity. The torque tdugeight will be zero because the moment armiie zethis

case. Hence, a body cannot rotate about centernwity under the action of its weight.
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