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What are Physical Quantities? Describe the Types on the basis of direction
Physical Quantities: All measurable quantities are called Physical Quantities. E.g length, temperature etc.

Types: There are two types of Physical quantities on the basis of direction

Scalar Quantities Vector Quantities
The quantities which have only magnitude and no The quantities which have magnitude as well as
direction are called scalar quantities. direction are called vector quantities
For example mass, density, temperature etc. For example force, velocity, acceleration etc

What are the Methods For Representation Of Vector?
There are two methods for representation of vector quantity

Symbolic Representation Graphical Representation
It 1s represented by bold face letter. Like A,B It 1s also It 1s represented by a straight line with an arrow head at
represented by a letter with arrow head above or below | its one end. The length of line show magnitude and
it like A, and magnitude is represented by light face arrow show direction of vector. Like
letter A or |A| — elC

Explain Rectangular co-ordinate system

Rectangular co-ordinate system: Two lines drawn perpendicular to each other are called co-ordinate axis and
system of co-ordinate axis is called rectangular co-ordinate system:

Horizontal line (axis) 1s called X-axis and vertical line (Ax 4 }:aﬂed Y -axis.

Origin: The point of intersection of two axis 1s called opgi@md line right to and above origin 1s taken as positive
and line left and below origin 1s taken as negatlve

Two dimensional co-ordinate system: Such a %%?m/ﬁa there are two perpendicular lines 1s called two

dimensional (\fk\j
The direction of vector in plane 1s represented by angle which the vector makes with positive x-axis in anti-clock

direction @

Three dimensional co-ordinate. SySterr such a system 1n there are three perpendicular lines 1s called three
dimensional co-ordinate syst ection of vector in space 1s represented by three angle with the vector makes
with X,y,z axis.
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How two vectors are added (Explain head to tail rule of vector addition). OR Prove that A+B=B+A

Such a graphical method to add two vectors 1s called head to tail rule. There are following steps of vector addition by
head to tail rule
1.  Draw a representative lines vector A&B

i1.  Join the tail of Vector B with head of vector A

i11.  Now join the tail of vector A with head of B which gives resultant vector R.
As the vector sum A+B and B+A has the same results so A+B=B+A

B Resultant vector: Sum of two or more vector

Result into a single vector 1s called resultant vector.

Nr%
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Vector Subtraction OR How Two Vectors Are Subtracted? =% pakcity.or :j,}
The subtraction of a vector 1s equivalent to the addition of same vector with its direction reversed.

A
Z2A
-2A

Subtraction Multiplication

What is the Multiplication Of Vector

When a vector A 1s multiplied by a positive number n>0 then its magnitude 1s nA and in case of negative number
direction 1s reversed.

What is Unit Vector? Write its formula.
A vector whose magnitude is one and used to show the direction of given vector 1s called unit vector. Its formula 1s

A==Z. unit vector along X-axis is i, along Y-axis is ;] and along Z-axis is k.

4]
What is Null Vector Or Zero Vector?

A vector having zero magnitude and arbitrary direction is called null vector. A+ (—A) =0 For example of position
vector origin 1s null vector.

What are Equal Vectors?
Two vectors are said to be equal if they have same magnitude and same direction regardless of 1nitial position.

What is Position Vector? Write its formula.

The vector which locates the position of particle with respect to o ;@1{1 1s called position vector. r = a +b. And

. Q /

magnitude ‘F‘ —vJa® +b* in three dimensional ¥ = d. k and magmtude‘r‘ Ja® +b* +c? .
Q\
K&

What are Rectangnleﬁ‘)éomponents Of A Vector? Explain.
Component of a vector: The effective vgr ssof a vector in given direction is component of a vector.
Rectangular components of a vectoriFThe components of vector which are perpendicular to each other are called
rectangular components of vecto \‘)

Explanation: Let us consider a-vector A makes an angle © with x-axis. Draw a projection OM of vector OP on x-
axis and projection ON )of vector OP on y-axis as shown 1n figure. Y
Using head to tail rule OP=OM+MP A= Axi + Ay}
X- Component of vector: In right angle triangle OPM (Co0s60 = %

CosO = %x Ax = ACosO -------- (1)
Y- Component of vector: In same triangle Sinf = g
Sing == Ay = ASIinG - (2) "
Vector and its magnitude: Squaring and adding both equation or applying Pythagoras theorem
OP>=OM?+MP? AP=AZx+A%y A =JAx® + Ay’
Direction of vector: The direction of vector can be found by dividing eq (2) by eq (1)

Asmnf A A A
Asme ="A—y' — Tan9=-A—y :>(9—tan1(Ay .
COS X X X -
This method is also called composition of vector :-%pakmty.org %D
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Write a note on Vector addition by rectangular components

Let us consider two vectors 4 and B represented by lines OM and ON, using head to tail rule the resultant R=A+B.

Step01: To find x and y components of all given vectors: To resolve the vector R A and B into rectangular
components, draw perpendiculars MQ and PR from points “M” and “P”” on x-axis.
Step 02: To find the resultant of X-components: As horizontal line X-axis

OR=0Q+QR OR=0Q+MS (As QR=MS) v -
RX=AX+BX ----mmmmmmmemmeee (1) o
Step 03: To find the resultant of Y-components: As Vertical components are |
PR=RS+SP PR=MQ+SP (As RS=MQ)
Ry=Ay+By ---------mmom- (2)

Now we can find resultant of Resultant vector R by adding (1) and (2)

R=Ri+R,j R
R = (Ax + Bx)i +(Ay + By) ] '
Step 04: To find the magnitude of Resultant vector R: Magnitude can be found
By taking the magnitude of R or using Pythagoras theorem.
R = (Ax + Bx)? + (Ay + By)? X

—

R|=(Ax + Bx)? + (Ay + By)’

Step 03: To find the Direction of Resultant vector R: The direction can be found by

Tan0=| | - 9=Tan| XY | =  g=Tan[2YFBY
Rx Rx X+ Bx

For any number of coplanar vectors Magnitude can be wri

IR‘ = (Ax +Bx+Cx+..)" +(Ay+ By +Cy + Q§\ @Dlrectlon can be written as

Ay+By+Cy+....
Ax+Bx+Cx +....

This 15@\!80@1& reverse process of vector addition.

NS>

6’=Tanl[

Determination of Angle by rectan mponents

First Quadrant: Rx=+ and Ry A\ angle ©=¢ 2" Quadrant: Rx=-, Ry=+ angle ©=180°-¢
Third Quadrant: Rx=- and Ry<:angle ©=180°+¢ 4" Quadrant: Rx=+, Ry=- angle ©=360°-¢

N

&
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Q. What is Scalar/Dot product? Explain its characteristics.
Definition: If the product of two vectors result into a scalar quantity then this product is called scalar product.

Mathematically it can be written as A.B :| A ‘ ‘§ ‘cose=ABcosG,

Physical]zfl} .§=Magnitude of Vector A (Projection of B on A)=A(BcosO)= ABcos©O shown in fig
Example: Work 1s an example which is scalar product of force and displacement W=F.d=FdCosO

Characteristics: S : )
PN . e oo c%pakmty.org
(1) Scalar product is commutative A.B=B.A , as ABcosO=BAco0sO
(2) Scalar product of two perpendicular vector 1s zero, 1.e¢ ©=90°, A.§:ABcos90°:0, where 1n case of unit
vectors

A A

i.i=11)cos90° =0 Insamecase j.k =0andk.i=0
3) Scalar product of two parallel 1s equal to the product of their magnitudes 1.e O0=0°,A.B=ABcos0°=AB, in

case of unit vector 1.1 =(1)(1)cos0° = (1)(1)(1)=1 Insame case j.j=land kk =1

4) Scalar product for two anti-parallel vector ©=180°, A.B=ABcos180°=-AB

5) Self product of a vector A is equal to square of its magnitude A. A.A=AAcos0°=A2 (1) =A2
6) In case of rectangular components, a

A = AX{+A){}+AZE, B :Bxi+Byj+lez
A.B = (Axi + Ayj+ AzK)(Bxi + Byj + Bzk)
AB cos 0 = AxBx + AyBy + AzBz

AxBx + AyBy + AzBz
AB

Cosf =

. COS_I(AxBx + AyBy + AzBZj

e

.

—
Q‘/&g_} )
<

©

Ao
What is Vector/Cro ﬁii(\ﬁict? Explain its characteristics

</
P

Definition: If the product of two vectors reguﬁéi"ﬁ%o a vector quantity then this product 1s called vector or cross
product. AxB=ABsinefi.In this case A&&ﬁé\éﬁ?e magnitude and 7 give direction, which is found by right hand rule

Right Hand Rule: Rotate the fing rs@érﬁur right hand through some possible angle then erect thumb will show
the direction of vector product. g\ O\

Example: (1) Torquer =rFsmébn. (2) Angular momentum L=F*P=rPsinOn
Characteristics: Properties of Vector/ cross product are as follows.
(1) Vector product 1s not commutative asAx B = BxA but AxB=-BxA

(2) Vector product of two mutually perpendicular vector has maximum value 0=90°, AxB=ABsine90°i= ABfi,

ij =k, jxﬁ =1 , kxi = ], where 1n reverse jxi = —E, Ex} £ i : ix k = —3
Proof :ixj = (1)(1)sin90° k = (N(1)(Dk = k

(3) Vector/Cross product two parallel or anti-parallel vector 1s null vector 1.e. ©=0°,180°,AxB=ABsine0°fi= 0

~ ”~, A A

ixi = jxj=kxk =0 as ixi = (1)(1)sin0° =0 "

(4) Cross product in terms of rectangular components 1s expressed in determinant form T AXB
n

unit vector case

i ]k
L J JAy A7 JAx A7 AJAx Ay B
AxB=|Ax Ay Az=1 — ] k |

By Bz| |Bx Bz Bx By B
Bx By Bz 4-,l\‘/
0
AxB = (AyBz- AzBy) + (AzBx- AxBz)j + (AxBy — AyBx)k

(5) The magnitude of AxB is equal to area of parallelogram with two A and B adjacent sides.
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What Is Torque? Calculate The Torque Acting On Rigid Body.

<
” . . . o c%pakmty org %o
Definition: The turning effect produced in a body about axis of rotation 1s called torque.
Equation: 7 =7*F =rFsinOn Its ST unit is Nm Dimension [ML*T]

Moment Arm: The perpendicular distance from axis of rotation to line of action of force is called moment arm. The
nut 1s easier to turn with moment arm of large value.
Example: Tightening and loosening of nut with a spanner.

Torque on rigid body: Consider force F is acting on rigid body at point P whose position vector relative to axis of
rotation is 7. the Force can be resolved into two rectangular components.

(1) Fsin© is perpendicular to 7
(11) FcosO is along the direction of 7 ( Torque due to this components is zero as it passes from axis of
rotation)

The torque 1s produced due to Fsin© only about O, which 1s given by
t=r(Fsin0) =rFsin® in vector form T = rFsin0f or T =xF ....... ()

Similarly 1f we resolve the position vector r into 1ts components,
Then only component which produce torque 1s rsin©

—

T = F(rsin0) = rFsin® in vector form Tt = rFsinbr or Tt =rxF ....... (b)

Important points about torque:
» Torque is count part of force for rotational motion

» Torque is also called moment of force
» Torque determine angular acceleration in body
» Clock wise torque is taken negative and anti-clock wise torque is taken positive.

What is Equilibrium of forces? Define its types and cgm@\ipns

>~
Equilibrium: A body is said to be 1n equilibrium 1 d‘(% trest or moving with uniform velocity under the action of

number of forces.

Types of Equilibrium: There are two types of @quilibrium

Static Equilibrium: If a body is at rest, it 1s said to be in static equilibrium for example book lying on a table.
Dynamics Equilibrium: If a body 1s with uniform velocity, it 1s said to be in dynamic equilibrium. For
example A car moving with unifor

Conditions of Equilibrium:

City.
ife two conditions of equilibrium

First condition: Sum o ¢ forces acting on a body is equal to zero LF = 0

2" condition: Sum offorques acting on a body is equal to zero 27 =0

Translational Equilibrium: When first condition of equilibrium 1is satisfied and body has zero linear acceleration
then 1s 1n translational equilibrium.

Rotational Equilibrium: When 2™ condition of equilibrium is satisfied and body has zero angular acceleration
then it 1s 1n rotational equilibrium.

Complete Equilibrium: When both conditions of equilibrium are satistied then 1t 1s said to be in complete
equilibrium.

Why do you keep your legs far apart when you have to stand in the aisle of a bumpy riding bus?

When you stand in the aisle of a bumpy riding bus, you are in unstable position and you may fall. To make you stable
you keep your legs far apart.
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Exercise short questions u%pakcity.org@o

1: Define the terms (1) unit vector (i1) Position vector and (iii) Components of a vector?

Unit vector: A vector whose magnitude 1s one and used to show the direction of given vector 1s called unit vector. Its

A
formulais A = —.

A
Position vector: The vector which locates the position of particle with respect to origin 1s called position vector.

r=da. +bn_ And magnitude ¥ = \/az +b*
r J

Components of vector: The effective values of a vector 1n a given direction are components of a vector.
2. The vector sum of three vectors gives a zero resultant. What can be the orientation of the vectors?

If the three vectors are represented by the sides of triangle joined by head to tail rule at angle of 60°, there sum will be

zero as shown 1n figure. A

A+B+C=0 s \
P —_ 0

3) 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?

When the vector lies in 3rd quadrant, then both of its rectangular components of vector will negative.

il) The components of a vector have opposite sign when the vector lies in 2nd or 4th quadrant.

4) If one of the components of a vector is not zero, can its magnitude be zero? Explain.

No, its magnitude cannot be zero. As we know that magnitude of A 1s \/ Ax” + Ay~ which shows that magnitude of

vector will be zero only when all of its rectangular components are zero.

5) Can a vector have a component greater than the vector’s magnitude?

No, the component of a vector can never be greater than the vectpr*smagnitude because the component of a vector 1s
1ts effective value 1n a specific direction and 1t 1s the part of y
6) Can the magnitude of a vector have a negative va%jo

nitude of A is \/ Ax” + Ay~ which shows that square of

No, its magnitude can never be zero. As we know

real values 1s always positive. C ‘\fk@
7) If A + B =0, what can you say about O\g’ﬁfnponents of the two vectors?
APB=0=A=-B
&

In terms of rectangular componerﬁt&\ | i ~ .
\WMAXx: + Ayj = —(Bxi + Byy)

Ax=-Bx, Ay=-B ¢ the components of both vectors are equal in magnitude but opposite in direction.

8) Under what circu ces would a vector have components that are equal in magnitude?

AXx = Ay = Acosh = Asmb = snd =]

It is possible only when the vector makes angle of 45° with x-axis. cosO
tan0 =1=>0 =tan"' (1) =45°
9) Is it possible to add a vector quantity to a scalar quantity? Explain.
No 1t 1s not possible to add a vector to a scalar quantity because both are different quantities as scalars have only

magnitude while vector quantities have both magnitude as well direction so cannot added be add to each other.
10) Can you add zero to a null vector?

No it 1s not possible to add zero to a null vector because zero 1s scalar and null vector 1s vector and scalar 1s not added

to vector quantity due to different quantities.

11) Two vectors have unequal magnitudes. Can their sum be zero? Explain.

No, the sum of two vectors having unequal magnitudes can’t be zero. The sum of two vectors will be zero only when
their magnitudes are equal and they act in opposite direction.
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12) 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 of equal A=B magnitude which are perpendicular to each other

u@pakcity.orggo

(A+B).(A-B)=A*-B*=A*-A°=0, when dot product of two vectors is zero then they are perpendicular.

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

It 1s possible only when the angle b/w two vectors 1s 120°. If the two vectors are shown by two sides of equilateral
triangle then third side shows their resultant A=B=R.

below and tell why it is the only one of the three that is c \.563100N (i1)70N (111)20N.
The correct answer 1s 70 N.

14)The two vectors to be combined have magnitudes 60N an /.@N . Pick the correct answer from those given
O

Sum of two vector i1s maximum when they are parall f&é\a{@h other as 60+35=95 N, sum of two vector 1s minimum

when opposite as 60+(-35)=25N, this shows that fresultant is from 25 N to 95 N so correct answer is 70 N

15) Suppose the sides of a closed polygon r\cgg& t vector-arranged head to tail. What is the sum of these

vectors? \

Sum of these vectors will be zero, 1n t@@the head of last vector coincides with tail of first vector as

A+B+C+D+E+F=0 |
S\\ O . /\
{ ( 7
//
E \ / B
\ A

16)Identify the correct answer:
1)The actual direction of motion will be due to west
11) Fcose-mgsine 1s correct answer by converting into rectangular components along the inclined plane

17)If all the components of the vectors A1CmdA 2 were reversed, how would this alter A1 X A2 7

It would not be changed when all the components of a vector were reversed.
-A1X-A2: A1XA2

18) Name the three different conditions that could make A1 X A2 = 0.

This is zero when
1.  Ajor Azis anull vector

ii. A;and A; are parallel vector(e=0°) As A;*A,sin0°=0)

1. A and A; are anti-parallel (6=180°) As A;*A;sin180°=(0
19) Identity true of false statements and explain the reason. (a) A body in equilibrium 1mplies that 1s not moving nor
rotating. (b)If coplanar forces acting on a body form a closed polygon, then the body 1s said to be in equilibrium.
a) This statement 1s false because in dynamic equilibrium body may move or rotate with uniform velocity.
b) This statement 1s true only as first condition if satisfied body is said to be in translational equilibrium.
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20) A picture is suspended from a wall by two strings. Show by diagram the configuration of the strings for
which the tension in the strings will be minimum.

It picture 1s suspended trom wall by two strings and tension 1s resolved into its rectangular components then

Tsine + Tsine =W, 2Tsine=W T = W/2sine, tension will be minimum 1if Sine 1s maximum so at 90° tension will
be minimum.

21) Can a body rotate about its center of gravity under the action of its weight?

No, A body cannot rotate about its center of gravity under the action of its weight because 1n this case line of action of
force passes through axis of rotation so moment arm 1s zero and : force = Os o torque acting on it 1s zero.

Numerical problems

2.1: Suppose, in a rectangular coordinate system, a vector A has its at the point P (-2, -3) and its tip at Q
(3,9). Determine the distance between these two points.

Sol : Points P((-2,-3) and Q(3,9), 1, = i - 33 , L, = 31 + 93, d=

d=7F —F =@GBi+9))-(2i-3j) = @i +2i)+ (9j+ 3j) =51 +12]
d=+/x>+y? =+/5% +12% = /25 + 144 = /169 =13 units

2.2: A certain corner of a room is selected as the origin of a rectangular coordinate system, If an insect is
sitting 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 the room?

Sol : Points P((2,1)and O(0,0), T =2i+] d=2

d=~22+1> =4 +1=+/5 = 2.24 units
2.3: What is the unit vector in the direction of the vector A = 41 +37.

SOl:A=4—1—I—3JA=? <P/\/\
A:é.: A 4i+3] _ 4i+3] _4i43) 41—1—3]
A \/A2+A2 \/42+32 \/16+9%\§Z§ 5
X y I/
»«(
2.4: Two particles are located at 7; = lIr q and Py = 21 =} 3 ] respectively. Find both the magnitude of

the vector (7, 7;) and its orlentatl&‘ﬁ h respect to the x-axis.
3 _oF i g |\ ¢

Sol:, r,=31+7] ,1, = z-r-—‘7

L, — T =(-2i+3j)-3i —31)+ (3] = 7)) = =51 +-4]
=\/X +y? =4/(-5)* +(—4)* =+/25+16 = 41 = 6.4 units

~

4 |
0 =tan” (-—5) = 38.6°, Asin 3rd quad so angle =180° +38.6° =218.6" ~ 219°
2.5: If a vector ‘B’ is added to vector A, the result is 6; + } f ‘B’ is subtracted from A, the result is

— 45 .y 7} . What is the magnitude of vector ‘A’?
A+B=6i+], A-B=—4i+7] A=2
(A+B)+(A-B)=(6i+])+(—4i+7j) = 2i +8]
PA=21+8] = A=1+4]

A=JAZ+A =V +4 =116 =417 = 4.1
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2.6: Given that A =27 + 3} and B =3 — 4} , find the magnitude and angle of (a) C=A+B, and (b) D=3A-
2B.

Sol(a):C=A+B =C=(i+3j)+(3i-4j)=5i-]

|("i| =J(5) +(=1)> =4/25+1 =+/26 =5.1 D%pakcity,orgga

L. -1 . L
Direction = @ = tan” (?) =11° As g lies in fourth quad so orintation 360° -11° = 349°

(b)) D=3A-2B =D =32i+3))—2@3Bi-4)) = (61 +9))-(6i+8j) =0i+17]
C|= ) +17)* =4/0+289 =17

L. 0 T
Direction = @ = tan™ (ﬁ) =90° As @ lies in First quad

2.7: Find the angle between the two vectors, A=5 + j and B=2i +4].
Givendata:A=5{+j,E = 2i+43 angle =0 =7
Using equation of scalar product for two vectors ABcosO = AxBx + AyBy

AxBx + AyBy S)2)+(1)4) 10+ 4 14
cosO = = — -
AB (\/52 +12)(\/22 +47) \/26 [hog 5.1%4.5
0 =cos™ ( . ) —=>0=52°

5.1%4.5
2.8: Find the work done when the point of application of t@@e 35 + 2} moves in a straight line from the
point (2,-1) to the point (6, 4). p
Given data : F = 3i + 23, point(2,-1) 1, = 2i - 3(&@\@%%), I, = 61 + 4} W=7
N
d=17, % = (61 +4)-Qi-D=4i+5 ~1(C

\

. = = = o \
W=Fd=0G1+2)).(41+5))=12 +@@%/
Q) A

2.9: Show that the three vecto&s{ BN K, Di - 33' +k and 4i + ; —5k are mutually perpendicular.
Given Data: A =1+ j+Kk @ 1-31+k,C=4i + j -5k
are perpendicular if if A.B=ABCo0s90° =0=A.B=0
AB=(@G+j+k).(2i-3j+k)=2-3+1=3-3=0
AC=(+j+k).(4i +]-5k)=4+1-5=5-5=0
B.C=(2i-3j+k).(4i + j—5k)=8—-3-5=8-8=0
Hence provethat given three vectors are mutually perpendicular
2.10: Given that A=/ — 2} +3k and B =3 — 4k , find the projection of A on B.
Given Data: A =1 — 23 +3k,B=3i —4k Projection of Aon B = Acosf ="
AB  AxBx+AyBy + AzBz _ (D(3)+(-2)(0)+(3)(—4) -9

As A.B = ABcos@ = Acosf = 7
B B J3)? +07 +(—4)> 5

We know that twov
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2.11: Vectors A, B and C are 4 units north, 3 units west and 8 units east, respectively. Describe carefully (a)
AxB (b) AxC (¢) BxC
Given Data: A = 4 unit North, B = 3 units west, C = 8 unit east, AxB = 2 AxC = 7BxC = 9

AxB = ABsind i = (4)(3)sin90° =12 units vertically upward (Using Right hand rule) u%pakcny org %c,
AXC = ACsin0 f = (4)(8)sin90” = 32 units vertically downward(using right hand rule)

BxC = BCsinf n = (3)(8)sin0” =0
2.12: The torque or turning effect of force about a given point is given by 7 X I where ‘r’ is the vector from

the given point to the point of application of F. Consider a force F = 3] + ] + 5k (Newton) acting on the
point 7i + 3} + lg(m) . What is the torque in Nm about the origin?

Given Data:liz—3i+j+5lz 71+3]+ktorque F="
i ]k
O ¢3 % 7 1 A7 3 2 A -
=TrXF=|7 3 1|=i — ] +k =1(15-1)— j(B85—(-3))+ k(7 —-(-9))
=3 D -3 1
-3 1 5 - - - - - -
7 =14i —38] +16k

2.13: The line of action of force, [ = ; — 2}: , passes through a point whose position vector is (— } =} k)
.Find (a)the moment of F about the origin, (b) the moment of F about the point of which the position vector is

i +k .
GivenData:IE:f—Zj, i’:—j+1:;t0rque:“’:? Q\J
LYk ©
L - -1 1] 40 1 QQO 1
()T=TxF=[0 -1 I|= .3 8| —] Qgg _1(0 (-2)= j(0-1) +k(0-(-1)) = 2i + j+ k
1 =2 0 (\fkk/ 2
(b) first of all tofind r, @?@8 (1+k)—-—]+k—1—k——1 J SO ?z—A—B andﬁ‘zf—Zj
i 12 @ S
i=7xF VPN I =8 B e i(0-0)— j(0-0)+k(2-(-1)) = 3k
T=TIrXr= = =1
i §_-2 0 J_1 [l LU, S ‘

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

Given Data : ABcosO = 6+/3, ABsin =6 angle =0 =7
dividing both equations, ABsmnb 0 smB = — — tan @ = 1
ABcos0 6\/_ cos® /3 J3
1
0 =tan" (—) = 30°
V3

2.15: A load of 10.0N is suspended from a clothes line. This distorts the line so makes an angle of 15°¢ with

the horizontal at each end. Find the tension in the clothes line.
Given Data : Weight = W

AsTension due to X - componentsis zero as Z Fx =0

Tsin@ +Tsinféd =W —=2Tsinfd =W

Along Y —axis

T =

14

sing  2sinl5°

10

=19.3N

=10 N, Angle =0

=15",T =
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Questions Option A Option B Option C Option D
1) The magnitude of cross product and dot 45° 90° 180° Zero
product are equal at angle of
A.B=AxB.. ABcose=ABsine, sine/cos=1, tane=1 6=45°
2) | Magnitude of rectangular components are 45° 90° 180° Zero
equal at angle of
3) 1N AxkMN)=" 1 0 J I
(*xkM)=1" so 1".1'=1
4) Projection of B along A is written as A.B A A.B/B A.B/A
5) | A force of 10N acting on 30" with y axis SN 8.66N 10N Zero
then magnitude of X-component will be
F=10 N, angle with y axis 1s 30° then with x-axis will be 60° so Fx=Fcose=10cos60°=5N
0) The resultant of two force SN and 10N 4N 6N 9N 13N
cannot be?
Max ans 1s 5+10=15 N and min ans=10-5=5 N, ans range 1s 5-15
7) Resultant of two forces 30N and 40N SON 30N 40N 70N
acting at angle of 90° 1s Apply F;;";zfﬁijlfhemm
8) The unit vector along y axis 1s " i? k# y»A
9) It the angle between two vectors ot 6 12 24 48
magnitude 12 and 4 1s 60", then dot
product
A.B=ABcose= (12)(4)cos60°=48(0.5)=24
10) | Resultant magnitude of 6N force acting on 6N SN 10N 14N
right angle with force of 8N " ﬂﬁgféf;]‘:g“g’ffgjjh
11)| A body is 1n a static equilibrium when it 1s Rest /Q(Q { Moving with Movingr with All of these
at Q\, uniform variable
velocity velocity
12)| If body is at rest or rotating with uniform X N@a\mmum Zero Negative Positive
angular velocity then torque will /p% -
13) The magnitude of vector can never(bgl.> \_/ Positive Negative Both A&B None of these
14) The vector in space has compoﬂﬁ/i@> 7 Two Three Four One
15) Dot product of vector A with itself is A 2A A’ 0
16) | A body will be in translati [<equilibrium XF=0 2.t=0 Both A&B None of these
if
17) | Two forces of 10 Nfand 20 N act on a body 2598 N 12.5N 30.98 N 36.36 N
in direction making-angle 30°, Resultant of
X-component 18
18) If second condition of equilibrium 1s Translational Rotational Dynamic Complete
satistied then body will be 1n equilibrium equilibrium equilibrium equilibrium
19) The magnitude of resultant of two A \V2A A A’
perpendicular vector of magnitude A will 0 i i
be? theorem to get result
20) Name the quantity which is vector? Speed Force Temperature Density
21) | A force 21 + j has moved its point of -10 -18 +18 +10
application from (2,3) to (6,5). What 1s work )
done? _ . *
W=F.d, d=r2-r1=(6i+5j)-(2i+3j)=4i+2j, W=(2i+j).(4i+2j)=8+2=10J W
22) | If a force of 10N acting on y axis then its x 8.66 N 5N 0N 10N
component will be
For Fx=Fco0so6=10c0s90°=0 as w.r.t X component angle is 90° w.r.t y axis
23) The direction of torque is along Position vector Force Parallel to Perpendicular
plane contain to plane
rand F contain r&F
24) | The magnitude of cross and dot product are6 0 30° 45° 60°

and 6+v/3then what is angle b/w them
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See solution of numerical 2.14

47+

Two vector of 60N and 35N combined
then correct answer will be

15N

20N

70N

100N

Apply Pythagoras theorem to get result , also 1ts max ans=60+35=95N and min ans=60-35=25N, 1ts ans range 95-25 so

48+ | A single vector having the same ettfect as Resultant Equal vector Unit vector Position vector
all the original vectors taken together vector
called
49+ | Unit vector in the direction of vector 21 — 4;
will be: 20 — 4j 4 - 2f i—2]j L - 2]
V6 V10 V7
J5
A:\/22+(—4) =720 =/4*5 =245, A—2l A2 172 :
25 25 J5 u@;pakmty.orggo
4:+ | The angle of A=Axi-Ayj with x-axis in 0° and 90° 90° and 180° 180° and | 270° and 360°
b/w 270°
As resultant lies in 4" quadrant so angle is b/w 270° and 360°
4+ If the resultant of two vectors each of 60° 30° 90° 120°
magnitude F 1s also of magnitude F, the
angle between them will be ?
See solution of exp 2.3 for explanation
52+ | If [A+BI=|A-Bl then angle between A&B 1s 90° 0 180° 45°
Sum and difference of equal vectors are perpendicular to each other
53+ | If the force of magnitude 8 N acts on a body | Fx= 33 / Fx= 43 Fx=4\3 X =0
in direction making an angle 30°, its X and Y
components will be: By = (Q>\’ FY =3 Fy=4 Fy= 473
F=8N, Fx=Fcose=8c0s30°=8v/3/2=4+/3 Fy—Fsme—sngb@S(l/z)
54+ If A=2i and B=3i+4jthen A B [\ 0 0 14 6
Q 4@—(21) (31-I—4J) 6(1,1)=6
550 Angle between Ax and Az is~\ - 90° 180° 270° 360°
56+ | If Fx=2N and Fy=2N then F alongX“axis 0° 90° 45° 60°
57, | The scalar product of 1 and <1’§ C\E/ Zero 1 90° -1
sg. | Aforce of 15N mak ‘Barle)e of 90° with | 15N ON 100 N 15N
_|_
X-ax1s, 1ts y compo twill be
50. If vector A%Mong x-axis then its A sin© A c0sO A tan© Zero
component along y-axis will be?
5:+ | The result of 120 N and 20 N forces cannot 141 N 100 N 101 N 130 N
When a vector is multiplied by -1 then its 90 120° 360° 180°
234 direction is changed by?
40) | If F=21+3j and d=41+4j then work will be? 12] 20J 32] 40J
41) If the two unit vectors perpendicular to 1 V2 4 3
each other are added, magnitude of
resultant
By Pythagoras theorem magnitude \/ 17 +1° = \/5
42) If the magnitude of then angle between 30° 45" 60° 90°
A.B = 1 AB
2  AandBis
A.B=ABcose=ABco0s60°=1/2 AB as Cos 60°=1/2 or 0.5
43) | Torque of force t=rxF then r and F are at 0° 90° 45° 60"
angle of
44) When a vector A is added to negative 2A A 0 Null vector
vector-A then resultant will be
45) A body will be in complete equilibrium First condition 21 condition Both A&B None of these

when 1t satisfies
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46) | If we double the moment arm the value of Two times Three times | Four times Half

torque becomes
47) | The position vector r in Xz plane R yi-‘ + 7k yi-‘ + ¥k y} 3
48) The resultant of two forces 3N and 4N SN 6N IN N

acting at right angle to each other
Apply Pythagoras theorem
49) | What is angle between two vectors A=51+] 66° 520 25° 33°
and B=21+4;
See solution of numerical no 2.7 to get the result
50) The vector product rxdp/dt is F I torque Momentum
51) 1-3-3kI=? \/g JE '\/ﬁ ﬁ
Apply formula of magnitude V(a>+b>+c?) put a=1 b=-1 c=-3 to get the result
52) If position vector r and F are in same Maximum Minimum Zero Same
direction then torque will be
53) | Torque has zero value if angle between r 0° 90° 45° 60°
and F 1s
34) The cross product k” x j» it A KA it
55) The cross product i x k” in N KA -i?
56) For maximum torque, the angle between 0 90° 45° 60°
r&F is

57) | If the scalar product of two vectors is 2v/3 120° 30° 60° 180°

and magnitude of their vector product is 2,

the angle b/w them 1is
ABcosd =243, ABSing=2, 2B _ 2.0 L g ant )2 30
ABcosd @g/ = V3 J3
58) | The resultant of two forces 30 N and 40 N m\m\ﬁ 40 N 70N 10N
acting parallel to each other i1s: P (\{iif‘
For parallel forces, forces are sum up so 30+40=70N>
9 { N = = O — =

59) | Which is correct formula’ ﬂ¢>}\/ ply - — rFind o F r— Foos 0
60) | A force of 100 N is acting or}\y%nr 60O 50N 60N 70N 86.6 N

with y axis then its hOI’lZ onent | :

will be ;%WM%Q_
F= 100 N, angle with y\_gﬁm 60° then with x-axis will be 30° so Fx=Fcose=100c0s30°=86.6N §
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