JR-PHYSICS(TG) * S-Material /12 3. MOTION IN A PLANE

[S——

( 1 SAQ = 4 MARKS)

3. MOTION IN R PLANE

. Scalars & Vectors - Types of Vectors - Resolution of a vector
-Scalar & vector product - Triangle & Parallelogram law
- Relative velocity - Projectile Motion . Circular motion

1.1

1.2

3.2

3.3

3.4

3.5

T2 SMART SYNOPSIS &5

Scalar : A physical quantity which has only magnitude but no direction, is called a scalar.

Ex : Distance, Mass, Speed, Time, Work etc. [VSAQ]
Vector : A physical quantity which has both magnitude and direction and obeys law of vector
addition is called a vector. [VSAQ]

Ex : Displacement, Weight, Velocity, Acceleration, Force, Momentum, Torque etc
Geometrical representation of vectors :
Geometrically, a vector is represented by a directed line segment :

If the vector AB is denoted by @ then
(i) A is called the initial point of the vector 3 A

)|
oo}

(i1) B is called the terminal point of the vector g ¥
(iii) The magnitude of 3 is the length AB.It is written as |AB| or AB or | Q|
(iv)The direction of 3 is from the initial point A to the terminal point B.

Types of vectors :

Equality of vectors: [VSAQ]
Two vectors are said to be equal if they have
the same magnitude & direction.

The units of equal vectors are also equal.

o || QI

Negative of a vector : [VSAQ]

Let @ be a vector then the vector having =

magnitude as that of @ and direction opposite to that of 3 is called

negative of @ and it is denoted by -3. -a
Zero vector (Null vector):

A vector of zero magnitude and arbitrary direction is called a zero vector, it is denoted by Qor O.

Significance: A null vector represents a point at rest. [VSAQ]

Unit vector: [VSAQ]
A vector of magnitude one unit is called a unit vector.

If 3 is a non-zero vector then the unit vector in the direction of @ is denoted by a.

| ool

The unit vector in the direction of the non-zero vector 3 is a =

=

Position vector :
If O is a point of reference and P is a point in space then the
vector OP is called the position vector of P with reference to O.
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4 .1 Addition of vectors :

To add two vectors @, keep the initial point of the second vector [ at the final point of the first

vector g .Then draw an arrow from the initial point of g to the final point of the second vector p.

This new arrow represents the resultant vector E:, which is the sum of the two vectors3,b.

Laws of vector addition :

(i) Vector addition obeys Commutative Law

(if) Vector addition obeys Associative Law
(iii) Vector addition obeys Distributive Law k(@+ B) = ka+ kb | where k is scalar.

Resolution of a vector in a plane into two rectangular components: [VSAQ]
Consider a vector A = Axi_ + Ay] making an angle 6 with the X-axis. Y
This vector A can be resolved into two rectangular components. B C

Horizontal component of A along X- axis is A, =Acos6. Ay] A

Vertical component of A along Y- axis is Ay =Asin6.

Magnitude of the vector A is |A | /A2 + A2

A
S = . . _Dy
Direction of the vector A is given by tan8= A Y
X

Resolution of a vector in space into three rectangular components:

Consider a vector A = Axi_"‘Ay]"' Ak -

This vector A can be resolved into three rectangular components

A, Ay, A, along X, Y, Z axes. - i
Magnitude of the vector A is |A |= \/A)Z( +A)2/ +A§ 7 K

Scalar product of vectors: If @and bare two vectors which include an angle 0 with each

other then their scalar product is given by ab=abcosh. Itis a scalar quantity. [SAQ]
If A=Ayi+Ayj+Azkand B=Byi+Byj+B,k then AB=ABy +A By +A,B,
Properties of the Scalar Product: (i) ab=pa (i) a(b+c)=ab+ac

Vector product of vectors: If @and bare two vectors which include an angle 0 with each

other then their vector product is given by axb=|a||b|sin®f, Nis the unit normal vector

Properties of the Vector Product: (i) axbx=bxa but axb=—(bxa) [SAQ]

(i) ax(b+7t)=(axb)+(axc)
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Triangle law of vectors : If two vectors are represented in magnitude oL
. : : : W2

and direction by the two sides of a triangle taken in an order, then RS b

their resultant is represented by the third side taken in the reverse a

order. [VSAQ]

Parallelogram law of vectors : If two vectors are represented in magnitude and direction by
the two adjacent sides of a parallelogram drawn from a point then their resultant is represented
by the diagonal passing through the same point. [SAQ]

Let 0 be the angle between the P, (_Q vectors and R be the resultant vector.

Let the resultant vector R makes an angle oo with p then

} Qsinod
(i) R=/P?+Q?+2PQcosh (i) “:Tanl[m

Relative velocity in two dimensions:

Suppose two objects A and B are moving with velocities V, and Vg. Vi
Then, velocity of object A relative to B is Vag =V, — Vg 5
Velocity of object B relative to A is Vga =Vg —Va R |V

Here Vpg =—Vpa, but  |Vag [ Vg |

Note: Rain-umbrella : If velocity of rain is V, and velocity of wind V,,, then

Resultant R = \/r2 + VW2 and tanf=—"

Projectile Motion:

Projectile and Trajectory : A ‘body projected in to air’ with some initial velocity making an

oblique angle (0) to the horizontal, is called a projectile and its path is called Trajectory.
Note : The path of a projectile is a Parabola. [SAQ]

Note: Equation of trajectory is y = (tan0)x — 9 X2 , ( a parabola) [VSAQ]
2 2
2u©cos” 0
Ex: The ‘sixer’ hit by a batsman in the cricket game, a Javelin throw by an athlete.
Circular Motion (the following concepts comes again in chapter 6):
Uniform circular motion : If a particle moves along a circle with constant speed, then it is

said to be in uniform circular motion.
Period of revolution (T) is the time taken for one revolution.
Frequency of revolution (n) is the number of revolutions per second.

Angular displacement (0) is the angle described by the radius vector at the centre, in a

given interval of time.  SI unit : radian.
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Angular velocity () is the rate of angular displacement.  SI unit : rad s~

0 %
Formula: c0=? (or) (0=? [-v=ro] (or) ®=2mn  nis frequency.

Angular acceleration (o) is the rate of angular velocity . SI unit : rad s—2
Centrifugal force(CFF) is the outward tangential force
experienced by a particle in circular motion .

Ex: Sparks of Bhoochakra/ Vishnuchakra ( Diwali crackers)

Centripetal force ( CPF) is the inward force directed towards
the centre along the radius . It maintains the body to move in a circular path.
Ex: Force towards centre in whirlpool of seas.

Centripetal acceleration (a,) is the linear acceleration directed towards the centre along

2
. . \'
the radius of the circle. Formulas: a =T (or) a. = w?r [~ v=row]|

For better concept clarity refer PHYSI BEATS P.No: 261

Jmp. Formulae

10.

12.

13.

Ifﬂ:AXi+ij+AZk then |K|:\/A)2(+A§+A§

If K:Axi_+Ay]+AZR and B=B,i+ By]+ B,k then AB=A,B, +AyBy +AzB;

= ino
Resultant vector R = \/pz +Q? + 2PQcosd ; o.=Tan 1[ Qsin )

P+Qcos6
If P,Q are perpendicular vectors then R =./P? + Q2

Velocity of projectile v = 4 [V)Z( + V)zl
Rain-umbrella : R= \/Vrz + VW2 and tan@= Yw

Vy
using .
= Time of descent

Time of ascent t =

: 2612
u“sin“o
2using [SAQ] 9. Maximum height Nmax = 2q
. 2
§ u
Range R = u'sin20 ; 10. Rpyax =E’ (- B=45°)
g

Velocityv:%; acceleration a=% 12. m=9 (or) w=¥ (or) ®=2mn
t

Time of flight T =2t =

[SAQ]

V2

Linear Velocity v=ro 14. a; = - (or) ac = ro? [-o= ?]
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