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KINEMATICS

Study of motion of objects without taking into account

FRAME OF REFERENCE

)

, Which is changing its position with respect to another body
The person observing motion is known as observer. The observer for
its own clock to measure time and a point in the space attached with

ordinate axes. These two things (the time measured by the clock and
known as reference frame.

for motion to be observed there must be body
and a person who is observing motion.
the purpose of investigation must have
the coordinate system) are collectively
[n this way, motion of the moving body is expressed in terms of

MOTION & REST

If a body changes its position with time, it is said to be moving otherwise it is at rest. Motion/rest is always
relative to the observer.

its position coordinates changing with time.

Motion/rest is a combined property of the object under study and the observer. There is no meaning of rest or
motion without the observer or frame of reference.

To locate the position of a particle we need a reference frame. A commonly used reference frame is cartesian
coordinate system or x-y-z coordinate system.

The coordinates (x, y, z) of the particle specify the position of the particle with respect to origin of that frame.

If all the three coordinates of the particle remain unchanged as time passes it means the particle is at rest w.r.t.
this frame.

If only one coordinate changes with time, motion is one dimensional (1 - D) or straight line motion.

If only two coordinates change with time, motion is two dimensional (2 - D) or motion in a plane. If all three
coordinates change with time, motion is three dimensional (3 - D) or motion in space.

The reference frame is chosen according to problem.
If frame is not mentioned, then ground is taken as reference frame.

DISTANCE & DISPLACEMENT

DiStance i 93 T g . P e g A g T Ty
Distance is total length of path covered by the particle, in definite time interval. f .' ‘:__'_;_.T.E..'...;___‘ ind i
Let a body moves from A to B via C. The length of path ACB is called the EA _‘ : '- '.  RN ) s.,. B!
distance travelled by the body. _ B T T e R B et

| -
But overall, body is displaced from A to B. A vector from A to B, i.e. AB is its displacement vector or

displacement that is the minimum distance and directed from initial position to final position.

""r""I"l'g-l'-"llullllrll Wk i T :“ ekl el Bhe £ i W™

Displacement in terms of position vector

Let a body be displaced from A(x,, v, z,) to B(x,, v, z,)
then its displacement is given by vector AB.

From AOAB T, +Ar =1, or Ar =13 — 1,

TES TR TN S e Y SRR P W, [y gy =y T
_ e - . ¥ : .
'} I"- i
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positions.

tive values but displacement may be positive e,
© For a moving body, distance cannot have zero or nega .

zero. — infinite paths are possible betw%n ki .

° Infinite distances are possible between TwWO fixed points f |
points. | e

© Only single value of displacement is possible betweenl two fixed P

¢ If motion is in straight line without change in direction then

distance = | displacement | = magnitude of displacement.
o

' : never greater than distance.
Magnitude of displacement may be equal or less than distance but 1

i.e., distance> |displacement]|

—— | VT 11 10)1 |

Illustration 1.

A particle starts from the origin, goes along the X-axis upto the point (20m, 0) and then returns along the same

line to the point (~20m, 0). Find the distance and displacement of the particle during the trip.
Solution

Distance = |OAI| + |ACI

> — >

| 0(0,0) A(20,0)
=20 +40=60m

Displacement = OA + AC

= 201 + (-401) = (-207)m

IMlustration 2.

A car moves from O to D along the path
OABCD shown in fig.

What is distance travelled and its net displacement ?
Solution

_}

OA

o

Distance AB

-3

+ IBC

-+

-}-

cb|
) , s
=8+4+4+1 =17 km |

Displacement = O_}A+ PTB+ B_FC+ CAD

37°
= 81+ (-4]) +(~4i) + =4 - 3;

=> | displacement | = ,/(4)2 +(3)2 =5
So, Displacement =5km, 37°S of E
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Displacement EB = 68—- C;A = (10j - 1.0}' )m

ABl = 1102 +10% = 1042 m

OA 10 |
From AOBC tanf = b_g = -i—(-)- =1 — 0 = 45°

Angle between displacement vector JC and J;-axis = 90° + 45° = 135°

\ ‘ 1 ' 1
. t Distance of path AB = 1 (circumference) = Z(ZnR) m = (5n) m

3 th llustration 4.
e - :
e On an open gro'und a motorist follows a track that turns to his left by an angle of 60°
Starting ftrom a gwe_n turn, specify the displacement of the motorist at the third, sixth and ei
the magnitude of displacement with the total path length covered by the motorist in each case.

after every 500 m.
ghth turn. Compar

Solution

At Ill turn

) . =5 5 =
.T | Displacement| = |OA+ AB +BCl=10Cl|
| = 500 cos 60° + 500 + 500 cos 60°

=500x-%—+500+500x% - 1000 m

N =

[

/ ! - !_:f So | Displacement | = 1000 m from O to C
I '
r | ) - 3 | | Displacement| 1000 _2
g Distance = 500 + 500 + 500 = 1500 m ~ T Distance 1500 3
/ At VI turn
;F initial and final positions are same so | displacement | = 0 and distance = 500 x 6 = 3000 m
E‘ IDisplacement| = 0 _ I
" Distance 3000
At VIII turn

60E) = 1000 xcos 30° = 1000x%§— = 5003 m

| Displacement | = 2(500)cos[—é—
. _ IDisplacement| _ 50073 _ _«,@
ol B 900 B Distance 4000

Distance o

83
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Pre-Medical

dius
1. A particle moves on a circular path of ra

displacement in 2 min 20 s.

tart f
Three girls skating on a circular ice ground O_fnra(:llifferent path
a point QQ diametrically opposite to P fOll? ” ugal to the actual
placement for each ? For which girl is this eq

2.

3

!
int is 'P'. If wheel starts rolling witp,
A wheel of radius 'R’ is placed on ground and its contact point is P 0

. int P.
and completes half a revolution, find the dlsplacemeﬂt of po..

\

q.

|
b |
- A man moves 4 m al

ong east direction, then 3m along north direction, after that h
a h

e Climbs up a pgle . |
eight 12m. Find the distance covered by him and his displacement.
5.

A person moves on a semicircular track of radius 40 m. If he starts at one end of the track and

reaches the other end, find the distance covered and magnitude of displacement of the person.

o

e-’-n.-...

_ due east and 20m due south to reach a cafe from his home. |
A) What distance he has to walk to reach the cafe ? (B) What is his displacement from his home to the ey !

,]
with respect to time is called speed. It is a scalar quantity

Dimension - [MOLIT-1) | S |

Unit : m/s (S.I.), cm/s (C.G.S))

Note : For a moving
Uniform speed

Time
Non-uniform (variable) speed

In non-uniform speed particle covers unequal distanceg in equal interya| ft
S OI time.

Average speed : The avera

_ ge speed of 3 i : ‘s
distance travelled to the time taken. - e for g S1Ven ‘interva] of time’ is defined as the ratio of ot i
Average speed = —2tal distance travelled As |
Time taken | “e. v, =E{ i
84 e
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GOLDEN KEY POINTS

| afld When a pzlartxn?le moves with different uniform speeds v, v,, v, ......v, in different time i
. al‘ld : respectively, 1ts average speed over the total time of journey is gi:fen as o Slesialy t ty, t,, et
Cofy Q .
the d?‘ - _ Total distance covered s, +5, +5, +......+5 Vit + Vb, + vt
. av— re —" — n,_ g PP
N Total time elapsed tl +- tz n t3 3+ = - 1 1t _+: 2+t 13_ Sedives
| MSIS n 1 2 4 T i
[ft,=t, =t; =.....=t_then
vy = VitVetus 4oty
av n (Arithmetic mean of speeds)
en a particle describes di i .
o Wh P different distances S15 S35 83,5 cunen. S, with speeds Vi»V,, VsV respectively
: Sl then the average speed of particle over the total distance will be given as
Rip
Y Total distan
! v, = = ta]lsFance covered _ 5 +8;, +8; +...... +S_ __SitS,+S;+......+s5,
otal time elapsed L+t +t, +.+t S5i.8% S, L 50
Vi Vi VY, Vi
If s, =s, =s;=.....=s_then
B - n
Vav ~ 1 1 1 7 (Harmonic mean of speeds)
—+—+—+...... + —
vV, V, v, v_
Instantaneous speed
It is the speed of a particle at a particular instant of time.
d v=lIi .
Cafe? | Instantaneou§ spee = lim A dt
— 4.2 Velocity

The rate of change of position i.e. rate of displacement with time is called velocity.
It is a vector quantity | o
Dimension : [MCLT]

Unit : m/s (S.I.), cm/s (C.G.S.)

GOLDEN KEY POINTS |8

0 Velocity may be positive, negative or zero.
o Direction of velocity (instantaneous) is always in the direction of change in position.
0

Speedometer measures the instantaneous speed of a vehicle.

Uniform velocity | | | B
A patrticle is said to have uniform velocity, if magnitude as well as direction of its velocity remain same. This is

:
§ possible only when it moves in a straight line without reversing its direction.
:

Non-uniform velocity

A particle is said to have non-uniform velocity, if both either magnitude or direction of velocity change.

Average velocity -
It is defined as the ratio of displacement to time taken by the body

Its direction is along the displacement.

85




: 1 e i.e. veloC!
If velocity is continuously changing with time

Iv (':it

<V >,= _[dt

o If velocity is continuously changing
average velocity :-
Iu ds

jds

o Average speed > | Average velocity |

<V> =

Instantaneous velocity
It is the velocity of a particle at a particular instant of time.
- Ar dr
Instantaneous velocity V = lim — = -
elocity T SV

GOLDEN KEY POINTS

The direction of instantaneous velocity is always tangential to the path followed by the particle.

o *Whe(r; a particle is moving on any path, the magnitude of instantaneous velocity is equal to the instantaneoy
speed.
o A particle may have constant speed but variable velocity.

Example : When a particle is performing uniform circular motion then for every instant of its circular motionis
speed remains constant but velocity changes at every instant.

® ° When particle moves with uniform velocity then its instan
average speed and magnitude of average velocity are al| equal.

el e _
Illustration 5. IHUStI'at

Solution
S+ S 2s 2V1V
Vau F—— t t = — = 1 2
1+t S S v+,
' Vi Vo

Note :- Here v, is the harmonic mean of tw speeds

B i ———— - o

- _— e —

Il

So

I



Distance
time = 8

BEGINNER'S BOX-4

A particle starts from rest, moves wj : .
| | | with constant acceleration for 15s. If it covers s, distance in first 5s then
distance s, in next 10s, then find the relation between s, & s
. - 2- .
The engine of a train passes an electric pole with a velocity 'u’ and the last compartment of the train crosses the

same pole with a velocity v. Then find the velocity with which the mid-point of the train passes the pole. Assume

acceleration to be uniform.

For Bird, speed =

A bullet losses 1/n of its velocity in passing through a plank. What is the least number of planks required
to stop the bullet ? (Assuming constant retardation) |

A car moving along a straight highway with speed 126 km h-! is brought to a halt within a distance of 200m. What
is the retardation of the car (assumed uniform) and how long does it take for the car to stop?

A car is moving with speed u. Driver of the car sees red traffic light. His reaction time is t, then find out
the distance travelled by the car after the instant when the driver decided to apply brakes. Assume uniform

retardation ‘a’ after applying brakes.
If a body starts from rest and travels 120cm in the 6" second then what is the acceleration ?

GRAPHICAL SECTION
Position - time graph
T 1 Slope of this graph represents instantaneous velocity.
X 3 5 :
2
4 .+ tan@ = d_wp_bm = velocity
time |
t
(i) (i) I
0
t —>» { —>
0 = (° 0 = constant
tan® = tan0°® = O | tan® = constant

velocity = constant

velocity = (
i.e. the body is in uniform motion

l.e. body is at rest.

01




(iv) 0 —
(iii) 0 = time
' 0 is NI Ging with time
0 is decreasing with tin:le | . tan® 1S mCl:E g with time
- tan® is decreasing with .tlme_ . velocity i inCr s
-, velocity is decreasing with time 5 non uniform M

i e. non uniform motion

o> 90°
7 T = —Ve
| \tzaellloecity _ —ve but constant
; i.e. uniform motion
t —> g
' ' nce
AAredl of Xt grapn = J «dt = No physical significa
Velocity time graph

Slope of this graph represents acceleration.

velocity

. tan = — acceleration
time
vl ]
(i) ) v
0
T t —

6 =0°
tanf = tan0° = (
acceleration = acceleration = constant
l.e. v = constant or uniform motion i.e. uniformly accelerated motion

’ T

A%

0 = constant
tan® = constant

(iii) A ' @
t —»

0 is decreasing with ti t=—>
Wil tine 6 is increas; TIRE
. tan@ is decreasing with time Sing with time

. . tan0 is in ' TUIE
. acceleration is decreasing with time : lCreasmg with tlme

l.e. acceleration goes on decreasing
with time but it is not retardation

easin
with time 2
(v)
T 6 > 9Q°
' tanf = —Ve
0 ?CCE]eraﬁOH =

t —>

Area of v-t graph = I v dt

B -

m- e e e L e e E aaee i e R R ——

L — iy o e i ool g g’ T - —
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- Acceleration-time grap}, Physics

B—p

t—>

i.e. uniformly

InCreasing acceleration

Explanation :
simultaneously.

Case- II

Speed

Explanation : Speed or distance can never be negative.

Case - III
| v a
— >t L—, » { LLt

$

:

;

§

g

:
;
0
:
E Explanation : It is not possible to change any quantity without consuming time i.e. time can't be constant.




useful in problem solving in Physics. In this chapter we study Elementary Algebra, Trigonometry,

Coordinate Geometry and Calculus (differentiation and integration).

1. TRI GONOMETRY
1.1 Angle

Consider a revolving line OP.
Suppose that it revolves in anticlockwise direction starting from its initial position OX .

The angle is defined as the amount of revolution that the revolving line makes with its

initial position.

From fig. the angle covered by the revolving line OP is 6 = ZPOX

The angle
is taken positive if it is traced by the revolving line in anticlockwise direction and
is 'takeng negative if it is covered in clockwise direction.

1° = 60’ (minute)
1" = 60" (second)

1 right angle = 90° (degrees) also 1 right angle = g rad (radian)

One radian is the angle subtended at the centre of a circle by an arc of the circle, whose length is equal to the

180

1"

radius of tﬁe circle. 1 rad = ~ 57.3°

o
To convert an angle from degree to radian multiply it by 180°

180°

T

To convert an angle from radian to degree multiply it by

_ Tllustrations

Illustration 1.
A circular arc is of length 7 cm. Find angle subtended by it at the centre in radian and degree.

6
| T Ccm
6'5'!27
Solution
0 = E:- = g zz = Zrad=30° As 1rad = 18:0 So 0 = —z—x 18n0° = 30°
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i : ake?
IHUSt":JLO“ z'clock <hows 4 o'clock, how much angle do its minute and hour needies I
en ; o
3) ZZ rad (4) 160

TC
(1) 120° (2) 3 red 3

Solution

Ans. (1,3)

B 21
From diagram angle 6 = 4 x 30° = 120° = 3 rad

1.2 Trigonometrical ratios (or T ratios)

Let two fixed lines XOX' and YOY' intersect at right angles to each other at point O.
Then,

()  Point O is called origin.
(ii) XOX' is known as X-axis and YOY' as Y-axis.

(i)  Portions XOY, YOX, XOY" and Y'OX are called |, II, lll and IV quadrant respectwely
Consider that the revolving line OP has traced out angle 6 (in I quadrant)

in anticlockwise direction.From P, draw perpendicular PM on OX. Then, side
OP (in front of right angle) is called hypotenuse,side MP (in front of angle 6) is

called opposite side or perpendicular and side OM (making angle 6 with
hypotenuse) is called adjacent side or base.

R .r_....“‘-. ?##ﬁdm-—rrﬂhmnﬁ -—

The three sides of a right angled triangle are connected to each other through
six different ratios, called trigonometric ratios or simply T-ratios :

perpendicular  MP
hypotenuse - OP COs O =

m-m-;é;:..-.i-i.'jlm -lr-“ul-n-.l-’--ﬁmﬁm ..I_..,i._....,.,.' h_-"‘;‘. "y " L' 'l

base B _QM
hypotenuse OP

sSin 0 =

perpendicular MP

__ perpendicu base OM
tan 0 = - P11« SN L o
_ base ~ OM , Got O perpendicular MP
ot B = _}}ypotgngse_ OpP hypotenuse @~ QP
base OM cosecC 9 = : == =
perpendicular MP
It can be easily proved that :
1 1
0 = = 1
cosec Sin® sec 0 oSO cot 0 = jt_a_n_é
sin“0 + cos?0 = 1 1 + tan?0 = sec? 1 + cot?8 = cosec20
——-__—____
[llustrations —o—ou
Illustration 3. | .
- S;ven sin 8 = 3/5. Find all the other T-ratios, if 0 lies in the first quadrant.
. 3 '
lnAOMP,sm9='5— SO MP=3andOP =5
OM = 5P —(3F = v25-9 = g — 4
OP 5 OM 4
OM q OP
cotf= —= — - _9
MP 3 SECG———P&—Z COS€C9=%=%

|
1
5
$
:
|
%

g
;
z
S
<
E
2
o
2
g
:
3

i

3
:
.
2
E

o<
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1.3 Four Quadrants and ASTC Rule*

In first quadrant, all trigonometric ratios are positive.

In second quadrant, only sin® and cosec are positive.

In third quadrant, only tan6 and cot0 are positive.

e ——— e . i

In fourth quadrant, only cosB and sec8 are positive

B e e T —
-

|* Remember as Add Sl.;éar To Coffee or After School To College. i

| 1.4 Trigonometrical Ratios of General Angles (Reduction Forinulae)

| |

| (i) Trigonometric function of an angle (2nn + 6) where n=0, 1, 2, 3,.... will be remain same.

| sin(2nm +0) = sind - cos(2nn+0) = cos | tan(2nm+6)=tan®

| n

| i

| (i)  Trigonometric function of an angle (?"‘ 9) will remain same if n is even and sign of trigonometric

function will be according to value of that function in quadrant.

sin(m—0) = + sin® cos(n—8) = —cosh | tan(n—0)= —tan®
sin(n+0)= —sinO cos(n+6)= —cosh tan(n+0)= +tan®
sin(2n—0)= —sin® cos(2n—06)= +cosO | | tan(2n—0)= —tan®

| nm
(i) Trigonometric function of an angle ["2—4' 9] will be changed into co-function if n is odd and sign of

trigonometric function will be according to value of that function in quadrant.

Siﬂ[E‘+ 9) = +C059 COS(-T—E+ B] = —sinH tan(£+ 9) = —cotBH
2 2 2

T
in[®_0) = +cosB T oo Z_ol=
sm(2 ] COS . cos(z ] = +sin® tan[2 ] +cot®

(ivy  Trigonometric function of an angle —0 (negativé angles)

sm(—B) = —5ino CDS(—B) = 4+c0sB tan(—B) = —tano

0 T T AR ATV P A NAnNYR) AT WWI:_UI '\W\UI 'BAISIC M.ATH [N H-{T\Dl 'T"‘EORY.P&
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Sin (3600 - 0) = --Sln B
cos (360° - 9) = Cos §

Illustration 4. |

E)irc:gst 1(1_86V03%U9 ° (ii) tan 210° . (iii) sin 300° . (iv) cos 120°

Solution

()  cos(-609=cos60°= 7

1

(i) tan 210°= tan (180° + 30°) = tan 30° = \/g

/3
2

(i) sin 300° = sin (270° + 30 = —cos 30° = —

1
2

' BEGINNER'S BOX-1
1.  Find the values of :

(i) tan (=309 (i) sin 120° (iii) sin 135° (iv) cos 150° (v) sin 270° (vi) cos 270°

(iv) cos 120°= cos (180° - 60° = — cosb60° = —

2. If sech =-g-and 0 <0 <. Find all the other T-ratios.

1.5 A few important trigonometric formulae

sin (A + B) = sin A COS B + cos A sm B 0 | cos (A + B) cos A cos B sm nA -« sm Bl

sm(A B)-smAcosB cos AsmB cos(A B) cosArcﬁsB+51ﬁAs.1ﬁB -.
1 tan( A v, B),"" 1tanA + tanB B : S tan ( A B) & fanA tan B .

.sm2A 2smAcosA cos.?.A coszA sm2A

s T TS e By g e R & NNt L ek L AN T = FRE

1-tan? R COSZA 20052A 1 1 2sin?A |

ir.
| i f B L 8
, s i J _.l-" B .rl"g . r" 1 ‘- . o

™ s N w 5 i ] ] + i L bl £
= &N I_ ¢ W . i ik . P L i r o -
= X [ i '

1 SEAT et Vo, i AR
+ cos A 2 cos 7 1 — cos A 231112_.

mn2A#

Lo W o o o o o o W o o =




M

CRIR AT HNIDDKTLIEOY

S TE RS FEVW =W es W

P y
As  sin0 = T and P<H so =1=<sin0<1

cosO—EandBSH SO -1 <cos0<1

As H

As tanO=g SO - < tan 0 < w0

Remember: _\[32 42 < asind +bcosO < Ja2 + b2

1.7 Small Angle Approximation
If 0 is small (say < 59 then sinf = 0, cosf ~ 1 & tan0 = 0. Here 0 must be in radlans

[1lustrations

Illustration 5. n
Find the approximate values of (i) sin1° (ii) tan2° (iii) cos1

Solution
ﬂ 0 n R n 'R N ]
(i) Sinlﬂ = Sin(lu X 18'“00] = Sin[]_;tO] 18 (") tan2 = tan[z 180“] = tan[go] —'—"90 (lll) cosle~1

COORDINATE GEOMETRY

To specify the position of a point in space, we use right handed rectangular axes coordinate system. This system
consists of (i) origin (ii) axis or axes. If a point is known to be on a given line or in a particular direction, only one
coordinate is necessary to specify its position, if it is in a plane, two coordinates are required, if it is in space

2.

three coordinates are needed.

e Origin
This is any fixed point which is convenient to you. All measurements are o taken w.r.t. this fixed point.

e Axis or Axes
Any fixed direction passing through origin and convenient to you can be taken as an axis. If the position of a

point or position of all the points under consideration always happen to be in a particular direction, then only
one axis is required. This is generally called the x-axis. If the positions of all the points under consideration are

always in a plane, two perpendicular axes are required. These are generally called x and y-axis. If the points are
distributed in a space, three perpendicular axes are taken which are called x, y and z-axis.

2.1 Position of a point in xy plane'
The position of a point is specified by its distances from origin along (or parallel to) x and y-axis as shown in

figure. Here x-coordinate and y-coordinate is called abscissa and ordinate respectively.

4 .

vy "
- o8
—

e . d ﬂv
L4 - LA | ™
{ s . % i ‘
L | .-f 4 : ‘i ) . - &
- . ) .
* ks - . — ] 1 ] - - — ) T - ST — ...-—-I.

ln - r — " -"Et-r-fﬁq—‘-__-___-—_‘_._"-
— - 1 E— T mm R TS e R Tl S e e e -
g i v e ——
i

p " I T — . ] _ . ¥ . i
-+ Y4l I.__; 'r‘-irr T..1 1 |": " i LR, Il’ . ik
20 - ] "
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2.2 Distance Formula

2
— X ) + (92 & yl)
is given by d = (Xz 1
The distance between two points (x,, y,) and (x,, y,) is given oy

Note : In spaced =

2.3 Slope of a Line d B(x., v,) is denoted G
The slope of a line joining two points A(x,, y,) an 27 72 J-:
by m and is given by T
— " :’F |
m =‘A'}—, =2~ _ tan 0 [If both axes have identical scales] e i A
Here 6 is the angle made by line with positive x-axis. e T s i T

Slope of a line is a quantitative measure of inclination.

For point (2, 14) find abscissa and ordinate. Also find distance from y and x-axis.
Solution |

Abscissa = x-coordinate = 2 = distance from y-axis.

Ordinate = y-coordinate = 14 — distance from x-axis.

Mustration 7.

Find value of a

if distance between the points (-9 cm), a cm) and (3 cm, '3c:m) is 13 cm.
Solution '

By using distance fOrthlla d= (x2 - X )2 + (y2 -V, )2 = 13 = [3 = ("9)]2 + [ 3- a]z .

= 182 =127 4 (3-af2= (3-a)2 = 132 122 _ 57 (3-a) =+5 = a=-2cmor 8 cm

| (3) -2, 2) ' (4).(-2, =
Solution | |

Distance between two points (
positive value of 3.

2. Calculate the distance between two points (0, -1, 1) and (3, 3, 13).

8, ~4)and (0, ) is 10. All the v

alues are in the Same unit of length. Find the

3.  Calculate slope of shown line
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Fanction

Constant: A quantif
. t }l ll}ll‘ l'll' U' ' ' ‘
llH.'III“lU. '”lt' l”'t'!'llll lrave ll“i rémains ““{Ih”“”mlth”“'” llhllhmrmllr‘nlr 'ri
e dractions ke o ele are all constanty eatoperations, 1s called a constant
i i F 4 ' '

Varlable: A quantliiy
' ' » Whilch can pal
‘ ol I'l“‘ ‘ll'l" { I TRrFLl P .
ontad as x. V. 2. alc. rent values, 1s called a varlable quantity. A varlable is usually y
‘ 215 usually repre-

PFunction: A quanitity v sy ¢
¢ y | fl'-l“i'll \ ; |
+ ainale definite vahie of v. The : |Illlt._.|'|tlll ol o varlable x, If corresponding to any glven value of 3
. ~The phrase 'y 1s function of %' 15 re presented l f ( ? SRS S
: lhrepresented ag gy oss f (%

l-'q ) l'}(illllllll' (. Hl'ild"l' “I 1 Y, I+ 1 “
| ' ‘ (| "":“{]ll fjr ”“f V'I"'Ii"ll)]" y ' I .l , ’, /
Il 3 = |, then Vo (1) " , | X which s glven by v s 3x% 4 7% + 2
| (D 4 7(1) 4 2 w12 andwhen x = 2, y = 3(2)% 4 7(2) + 2 = 28

Therelore, when the value of varls
R1IRIE rlable % 1a ¢h.
o cach value of x, we qel a "ll;t I:- ll rfx " changed, the value of the function y also changes but corresponds
wedebasingle delinlte value of y, Hence, y w 3x% 4 7y 4 2 represents a functi .p(;n "
' E v IACT b 5 a lunclion or x.

|y
4.2 Physical meaning of - 4
(I
(1) The ratlo of small change in the |
Aange > lunction v and the vari:
- ) Vi  Ci ; )
Eo—— ariable x is called the average rate of change of y
[For example, If a body covers a small distance As in small time At. then
1
As

averaqge veloclty c .— -

average v lO)¢ [y ol the hody. Vo At

Also, If the velocity of a body changes by a small amount Av in small time At, then average acceleration
’

of the body, a_, - .
of the body, a_ AL
- A
()  WhenAx >0 ['he limiting value of £y is Lim ay dy
AX ax-0 Ax  dx

It 1s called the Instantaneous rate of change of y w.r.t. x.
The differentiation of a function w.r.t. a variable Implies the Instantaneous rate of change of the function

w.r l. that varfable.

Like wise, Instantaneous velocity of the body V = Lim-és— - EE
. At-0 At dt -
. A
and Instantaneous acceleration of the body a = Lim = = dv
At-0 At dt
Theorems of differentiation
1 If tant . (c) = 0
. = constant, s ok
C nsiarl d){ C
‘ _ dy d du
9. ym=cu, whereclsa constant and u is a function of x, —=— (cu)=c
dx dx dx
_ d du dv dw
3. = U 4- v+ w, where, u, v and w are functions of x, Y e (UvEW = —+ — £ —
Y= Ug Vit ™ dx(i:’c)dxidx ™
dv du
4. = u v where u and v are functions of x, dy_ 4 ) =u— +vo
7 ' dx dx () = Uy *Vix
u du_, &
b, y= —, where uand v are functions of x, dy _ _(.]_(.‘i) ~ __d-i—z—d—x-
v dx  dx\v v
0. y = X" n real number, _C_Ié"_ = .f:!.. (") = nx"?
dx dx




Illustration 9.

_ 32 4 -1/2 _ 3 -2
Find (—jz,when (i) y = \[; i)y = x>+ x*+ 7 i) e 2T AR .
Solution
1

d d d 1/2 __.1 1_1__}-_1-/2=

(i) v =\/£:> a}%=a-;(ﬂ/;) ='a'£(x/) ""é'xz = 2X 2,\/;
d d d
([y=x5+x4+7 — % _ddx (x5 + x4 +7) = E}(-.(;‘;5) + -a;(x“) + 8;(7)
| =5 x4 + 4x3 + 0 = 5x* + 4x°
d d
(i) y = x2 + 4x-12 — 3x-2 ~ % B % (x2 + 4x71/2 - 3x?) = _dd; (x?) + 5~ (Ax7%) — 5 (3x7)
d d d
. (x?) + 4'&; (x71/2) —35;{' (x?) = 2x + 4[_%] X2 -3(-2)x-3

= 2X — 2x%2 4+ 6x3

Il
BEGINNER'S BOX-3
_, dy
1. Find a-x— for the following : P
(i) y = x772

(ii) y = x3 (iii) y = x (ivV)y =x54+ x3 +4x172 4 7

(V) v = 5x* + 6x372 4+ Oy

(Ui)y'—“-a){z'l'b}('l'c .(\.ﬂi)y=3x5—-3x_}-
* X
2. Givens=t24 5¢ 4 3, find o
dt = -
3. If s =ut L
= ut + 5 at*, where u and a are constants. Obtain the value of _@_d_s_
q. The area of a blot of ink is ' a
_ growing such that aft : :
S5 rate of increase of area at t=5 second. ; a' S Btana ey St*+7) cm?, Calculate the
. The area of a circle js iven by A = 7 r2 :
radius. g V mr°, where r is the radius. Calculate the rate of Increase of area w.r.t 33
. | _ w.rt. i
6.  Obtain the differentia] coefficient of the following : %'%
Do-BEces oL o e . =
3.4 Formulae for diff — T M £
ae 1or differential coefficie 2
functions clents of trigonometric, logarithmic and exponential gg
it
- -&c)_l{- (Sin X) = COsSs X e —(-:l-— (COS x) = —sin x d %%‘I
d dX e EX_ (tan X) = SeC2 X §
'__"(COtX)=-—c aad d d | §
dx Osec” x * 7= (secx) = sec x tan x — ‘ =
dx . ™ (cosec x) = - cosec X cot x g%
- (log x) - d ' ;é
' Ex = ® — ‘ X) — pX d Nt:ﬂ
dx X dX (e) e ® a;(_(eax):aeax Eg
~N
d

.

m |
L M
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3.5 Maximum and Minimum value of a Function

ALLEDN

Hilg,her ofrdet]; derix:'atives are used to find the maximum and minimum
values of a function. At the points of maxima and minima, first

— . V
derivative (i.e. —) be
( I ) becomes zero.

At point ‘A’ (minima) :

. f . . dz
As we see in figure, in the neighbourhood of A, slope increases so dx¥ >0.
i . dy dby
Condition for minima : |i= O_and g—x%}- >0
At point ‘B’ (maxima) : As we see in figure, in the neighbourhood of B, slope decreases so -3;% <0
- . _d_y N d?y
Condition for maxima : EX- =0 al:li:&? eﬂ
N s ———— :
[1lustrations
Illustration 10.
The minimum value of y = 5x°—-2x + 1 is
1 ' 2 4 3
Solution Ans. (3)
. - dY _ 5 5(9x) 2 1 1 d% -
For maximum,/minimum value dx e ( X) - (1)_+ 0=0=>x= 3 Now at x= T =10 which is positive

has mini | = . Therefore Y =5r1"2_2[l)+1_5‘1
so y has minimum value at X = E - ere org min 5, 5 5

INTEGRATION

In integral calculus, the differential coetticient of a function is given. We are required to find the function.

Integration is basically used for summation . " is used for summation of discrete values, while Jsign is used for

continous function.

dl
If I is integration of f(x) with respect to X then I = [f(x) dx [we can check B" f(x)] - [f(x)dx = f(x) + c

where ¢ = an arbitrary constant

d

Let us proceed to obtain intergral of x" w.r.t. X. rm (x™*1) = (n +1)x"

Since the process of integration is the reverse process of differentiation,

xn+1

n+1

| I (n +1)x"dx = x" or (n+1) j x"dx = x" = j x"dx =

The above formula holds for all values of n, except n = —1.
It is because, forn = -1, I X"dX = _[ x'dx = jldx
X

a1 . .
3 log. ¥ = ~ L —dx = log, x

Similarly, the formulae for integration of some other functions can be obtained if we kno
coefficients of various functions.

w the differential
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4.1 Few basic formulae of integraﬁon‘ |
Following are a few basic formulae of integration :

n+l

+c, Providedn# -1

L. _[x“dx=;:+1

d .
3 I sinX dx = —cosx +C ! a;(cos X)= — sin X)
d )= cos X)
3. Icosxdx=sinx+c (" a—;(smx-
d 1
4 I %dx =log, X +cC (" a;(loge X):‘;.:)
d X
. j e*dx=e"+c (. Ex-(e“)= e*)

L]

Ilustration 11.

Integrate w.r.t. x. : (i) x'/2 (ii) X7 i) x(p/q=#-1)
Solution |
P,
(i) J‘XII/de — X11/2+1 2 13/2 - -7dx X_7+1 1 i IK%dX B xq : P _q__x(p+q)/q +c
_-1_1-+1-+<:_T§x +c (ii) jx —_3-+-i-+c——gx +C (iii) P_+1 P+q
2 | q -

Illustration 12.

Evaluate I[xz — COSX + —1—] dx
X

Solution

2+1 | 3

1
| = f}{zdx—ICOSXdX-l-J- ;{-d}( = §+1—sinx+loge X + C = XS.

BEGINNER'S BOX-4

1. Evaluate the following integrals :

sin X + log: x + ¢

(i) _[ x' dx ' (ii) _[ X7 dx - (iii) _[ (3x~ +x71)dx (iv) j' ( X + _1_.)2 dx
(V) _[ [x + 9 dx (vi) _[ [%‘ +%) dX (aand b are constant) '

4.2 Definite Integrals

When a function is integrated between a lower limit and an upper limit, it is called a definite integral.

If : (f(x)) =1'(x), then

dx

I f (x)dx is called indefinite integral and jb f'(x)dx is called definite integral

a
Here, a and b are called lower and upper limits of the variable x.

After carrying out integration, the result is evaluated between upper and lower limits as explained below :

jbf'(x)dx = |f(X)l: = (b) - f(a)
10

. —

Iy




4.3 Area under a curve and definijte integration

Area of small shown darkly shaded element — ydx = f(x) dx
If we sum up all areas between x=a and x= b then

b
j' f (x)dx = shaded area between curve and x-axis.

a

- = Illustrations
Illustration 13.

5
The integral J.xzdx is equal to"
1

o | 125 124 1
(1) 3 (2) KN (3) 3 (4) 45

Solution Ans. (2)

- C

BEGINNER'S BOX-5

1.  Evaluate the following integrals

' * GMm 2 q4q, v © _y
{ o [z @ [ kI @ [Mvd o %7
| (v) Jysinxdx (v]) chosxdx (vii) Jy cos X dx

0 0 —n/

4.4 Average value of a continuous function in an interval

b b
Jydx  [ydx

Average value of a function y = {(x), over an intervala <x <bisgivenby V., =5 —= 'i;_ =
| dx

I1lustrations

INlustration 14.

The velocity-time graph of a car moving along a straight road is
shown in figure. The average velocity of the car in first 25 seconds is

OARFEAVCANY BARAE MAATVW W DLIVANL - THECOBY PAS

M Z:\NODEO2\BOAG-AH\TARGET\PHY\MODE_01\ENG\01-BASIC MATH IN PHY\O1-THEORY.P65

(1) 20 m/s (2) 14 m/s
(3) 10 m/s (4) 17.5m/s
Solution :
i 25
vt enofwt h be
- Average velocity= o _ Area of v-t graph between t=Otot=25s _ 1 [(25+ 10) i
_ 25-0 25 —2—5' 5 (20) =14 m/s
. J 11



Hustration 15. - . g
. _ in the interval 0 £ X = (4) 4
](?jtlermme the average value(cz.‘sg g 2x +3 in (3) 3 °*  Ans. (@) Mustration
Solution ‘ Solve
] % 1 Solution
Y 1 i r XZ\ 1 2 0) = 1 & 3 = 4 |
0 _loi X2 14+3x| =12+3(1)-0 -3(0) = By co
yau—1_0_£(2x+3)dx _2L2J+ X#U (1)
5. SOME STANDARD GRAPHS AND THEIR EQUATIONS
' ' Ilustration
The
In se
Solution
Whe
So
m=tan{ ‘
0>90° Ne
m = —ve Illustrati
Th
n
Solution
b
Rectangular Hyper_Eola : .
Parabola - 2
y = -kX '
_ i) Xy = constant‘ -
'[_'

Parabola

_yl ExponentiilmDecay 1. c
| Teaiy, &
Ci_rcle ;‘
- ; .. i
T T
‘\ 6.2
- Quadratic equation and its solution : |
An algebraic equation of second order (highest power of the variable is equal to 2) is called a quadratic equation. \[

Equation ax? + bx + ¢ = 0 is the general quadratic equation.
The general solution of the above quadratic equation or value of variable x is

— ¢ — = VR i
. _ ~bxb? —dac _ Xl:_b+Jb dac . —b-¥F _dac
2a on . =
b
Sum of roots = X, + X, = - and product of roots = x.x, = =
a

For real roots b? — 4ac 2 0 and for imaginary roots b2 — 4ac < 0

12 ﬁ__
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[llustration 16.
Solve the equation 2x? + 5x — 12 = (

Solution
By comparisqn with the standard quadratic equation a=2,b=5andc=-12
o OEVOF-4x2x(-12)  -5+/121 -5+11 +6 -16 3
2 x 2 4 T T g ~3g>g o x=3,-4

Illustration 17.

:]"he speed (v)‘ of a particle mf::ving along a straight line is given by v= 12 + 3t — 4 where v is in m/s and t
in seconds. Find time t at which the particle will momentarily come to rest.

; Solution

5 When particle comes to rest, v = 0.

i g -3+ 9 - a4

: So t?+3t-4=0 = t = — 2(]_3_ - ’F=10r—4
Neglect negative value of t, Hencet =1 s

Illustration 18.

| The speed (v) and time (t) for an object moving along straight line are related as t2 + 100 = 2vt where v is
in meter/second and t is in second. Find the possible positive values of v.

Solution

For possible values of v, time t must be real so from b2 — 4ac > 0
we have (—2v)? - 4(1) (100) = 0 _

. = 4v*-40020 = v -1002=>0

i = W-=-100(v+10)=>0 = ‘v 210and v<-10

Hence possible positive values of v are v > 10 m/s.

BEGINNER'S BOX-6

- E— - - -

Solve for x : (i) 10x2 - 27x + 5 = 0 (i) pgx*-P*+g)x+pgq=0

1.

2. In quadratic equation ax2? + bx + ¢ = 0, if discriminant is D = b2 — dac, then roots of the quadratic equation are :
(choose the correct alternative) |
(1) Real and distinct, it D > 0 (2) Real and equal (i.e., repeated roots), if D = 0.
(3) Non-real (i.e. imaginary), if D < 0 (4) All of the above are correct

6.2 Binomial Expression :
An algebraic expression containing two terms is called a binomial expression.

ENGAUI-BASIC MATH IN PHY\OT-THEORY.P45S

TINIARDST AT WILULE UILY

For example (a+b), (a+b)3, (2x—3y)1, [X'*‘;] etc. are binomial expressions.

Binomial Theorem

“= n n-11.1 n(n_:!'l n-21.2 = nin-1 -
(a+b) =a"+na™! + 22 a4, (RS WPl GRi FCHN

Binomial Approximation

If x is very small, compared to 1, then terms containing higher powers of X can be neglected so (1+x)"= 1 + nx

13
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[1lustrations

IHustration 19.
Calculate /g 99

Solution 2 Find 12
J0.99=(1-0.01)"2 =1 - %(0-01) ~1-0.005~0.995
6.6 Geoma
Illustration 20.
General
o ___Mo__ herem. = restmassof
The mass m of a body moving with a velocity v is given by M = v? ’
J 1- =z Sum of
— 7 -
body = 10 kg and c = speed of light = 3 x 108 m/s. Find the value of mat v = 3 %107 m/s
Solution | |
) Illustration &
. /2 ~1/2 r 1 10
v 3x107) 1 " _ _l](__}]=10+—— ~10.05 kg |
m=mo(1--g] =10[1—(3x-103) =10|1-7551 =172 \100 200 % Find th
(1) 51¢
6.3 Logarithm
Common formulae : : ~ Solution :
* log mn = log m+log n e log = =logm-logn elogm"=nlogm elog m=2.303log, ,m Flesia s
n ere c
a + a+b 1
6.4 Componendo and Dividendo Rule : If %= b then I;_Z -  Hlustration
' |
6.5 Arithmetic progression (AP) | -
. . | in
General form : a,a +d, a +2d, ..., a + (n—1)d. Here a = first term, d = common difference |
n n n | (1) oo
Sum of n terms S_ = > [a+a+(n—-1)d] = > [2a+(h—1)d] = 5 [I*t term + nt term)] |

. Solution :

Illustrations ———oueo
INustration 21. | |

| Here
Find the_sum of given Arithmetic Progression 4 + 8 + 12 +.... + 64 |
(1) 464 (2) 540 @544 @) 646 |
Solution -

= [First term + last t .
> st term] = o> 4 + 64] = 3(68) = 544

Herea =4,d =4, n = 16 So, sum =

14 . r
|
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1.  Find sum of first 50 natural numbers.

2. Find 12+ 2%+....cccvenon..n. + 102,

6.6 Geometric Progression (GP)

General form : a, ar, ar?,..., ar! Here a = first term, r = common ratio
umofnterms S_=- - For 0 <r < 1 Sum of = term S“"zl—r (v r<l & r-0)

Ilustrations —m—o——

Ilustration 22.

Find the sum of givenseries 1 + 2 + 4 + 8 +.............. + 256

(1) 510 (2) 511 (3) 512 (4) 513
Solution : | . Ané.[2]

1)(1 — 9

Herea=1,r=2,n=9( 256=28.So §, = (—3(%—_227)=29—1=512—1=511

[llustration 23.
1 1

Find 1 +—2—+Z+-;—+....Upt0 00

(1) 0o (21 (3) 2 (4) 1.925
Solution : Ans.[3]

1
Here,a=1,r= 5 So, S_ =1-Eir =—1—1—-1—=2
2

BEGINNER'S BOX-8

1. 1 1
2 _ et = i 00
Find F_ = GMm Lz 5.2 T a2 " up to ]

15
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7. GEOMETRY

7.1 Formulae for determination of area :

W Area of a square = (side)’
2. Area of rectangle = length x breadth
3. Area of a triangle = —;— (base x height)

ides x(su
Area of trapezoid = 2 (distance between parallel side )
. (r = radius)
Area enclosed by a circle = nr? |
(r = radius)

Area of a parallelogram = base X height length)

Area of curved surface of cylinder = 2mrf
i maj
Area of ellipse = w ab @and bare e

10. Surface area of a cube = 6(51::1:3)2

a4
O
6.  Surface area of a sphere = 4n r?
7
8
2,

.or and semi minor axes respective,

) =TI %+ h? = lateral area
11. Total surface area of cone = 7r> + nr/ where Tt =

7.2 Formulae for determination of volume :

ILe Volume of a rectangular slab = length breadth x height = abt

2. Volume of a cube = (side)?
i - b----------- a
4 | _ L::." g PSR B8 AT S ERUR Rl
i 1 Volume of a sphere = g'ﬂ: - (r = radius)
4. Volume of a cylinder = rt r?/¢ (r = radius and £ is length)
5. Volume of a cone = %n ?h (r = radius and h is height)
22 1
Note : 1t = - = 3.14 ; n? = 9.8776 ~ 10 and i 0.3182 ~0.3.
[1lustrations
Illustration 24.

Calculate the area enclosed by shown ellipse

Solution

Shaded area = Area of ellipse = nab
Here a=6-4=2andb=4-3=1

= Area =nt X 2 X 1 = 2r units

e i [ E—

= —

Illustration 25.

Calculate the volume of given disk.

Solution __
Volume = nR?% = (3.14) (1) (109%) = 3.14 x 10-3 2

m zwoosnzkmm.ammmwmons_m\mcwwmc'w IN PHY\O1-THEORY.P45
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1.1

ALLEDN

VECTORS

Scalar Quantities
A physical quantity which can be described completely by its magnitude only and does not require adirection is

known as a scalar quantity.
It obeys the ordinary rules of algebra.

Ex : Distance, mass, time, speed, density, volume, temperature, electric current etc

Vector Quantities
A physical quantity which requires magnitude and 2 particular direction, when it is expressed.

Ex. : Displacement, velocity, acceleration, force etc.

Vector quantities must obey the rules of vector algebra.

A vector is represented by a line headed with an arrow.
Its length is proportional to its magnitude.

—

A is a vector.

A =PQ

Magnitude of A = [A| or A
Types of vector ,

o Parallel Vectors :- | A |
~ < |

" ] -
Those vectors which have same direction are called parallel vectors. t B }

Angle between two parallel vectors is always 0°

o Equal Vectors
Vectors which have equal magnitude and same direction are called

equal vectors.

o Anti-parallel Vectors : | |
Those vectors which have opposite direction are called anti-parallel vector. | = 4

Angle between two anti—parallel vectors is always 180°

Negative (or Opposite) Vectors | |
Vectors which have equal magnitude but opposite direction -

are called negative vectors of each other.

AR and BA are negative vectors
AB = -BA

e Co-initial vector _
Co-initial vectors are those vectors which have the same initial point.

In figure a,b and ¢ are co-initial vectors.

Collinear Vectors :
The vectors lying in the same line are known as collinear vectors.

Angle between collinear vectors is either 0° or 180°.



TN Iﬁﬁ_«-]r't S THAN |

e —— e ——— e —

Example. i) > —b
(1) — — 0= 0°) ]
(i) <— —> (0=180")

2 Coplanar Vectors

Vectors located in the s
Note :- Two vectors are always coplanar.

ame plane are called coplanar vectors.

o Concurrent vectors

Those vectors which pass through a common point are called concurrent vectors

- A Ay D -'-"—I-ﬂ T At .‘
" ’ " 1I
-
1 .
1
1 ] .

s i o

In figure a,b and ¢ are concurrent vectors.

° Null or Zero Vector = |
A vector having zero magnitude is called null vector.

J‘r- ¥

Note : Sum of two vectors is always a vector so, (A)+(-A)=0 .

0 is a zero vector or null vector.

e  Unit Vector

A vector having unit magnitude is called unit vector. It is used to specify direction. A unit vector is represented

by A (Read as A cap or A hat or A caret). / 1

' vectors Vector )
(um s Magnitude of the vector

Al -V | . _

A

e —

Il

Unit vector in the direction of Ais A

:
»

T a— e — e i

i

Base Vectors

In an XYZ co-ordinate frame there are three unit vectors i : j and

k . these are used to indicate X, Y and Z directions respectively.
These three unit vectors are mutually perpendicular to each other.

TVEAVT T T IR [ o] Yo i

° Polar Vector _
Vectors which have initial point or a point of application are called

polar vectors.

Ex. : Displacement, force etc. ..-

® Axial Vector

These vectors are uséd in rotational motion to defiﬁe rotational effects.

Direction of these vectors is always along the axis of rotation in
accordance with right hand screw rule or right hand thumb ryle.

Ex. : Infinitesimal angular displacement (d6) » Angular velocity (&)

Angular momentum (j) , Angular acceleration (&) and Torque (%)
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| 1.2 Addition of two vectors
| Vector addition can be performed by using following methods
(i) Graphical methods (ii) Analytical methods

Addition of two vectors is quite different from simple algebraic sum of two numbers |

o Triangle Law of Addition of Two Vectors

. If two vectors are represented by two sides of a trian

le in S \ ! e
| given by the third side of the triangle taken in Opposg ame order then their sum or resultant vector'is

ite order of the first two vectors.
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Shift one vector B , without changing its direction, such that 1ts tail coincide with head of the other vector

A . Now complete the triangle by drawing third side, dire;:ied from tail of A

¢ : to head of B (it is in
opposite order of A and B vectors).

S =

Sum of two vectors is also called resultant vector of these two vectors. Resultant R=A+B

Length of R is the magnitude of vector sum i.e. A +B|-

~ |Rl=|A+B|= V(A +Bcos0)? + (Bsin0)? =+A? +B? + 2AB cos 0

s

Let direction of R make angle o with A : tana = A _iB-;nB 5 _1 | ﬁjmi
COS e ,_ r._:- ‘

"Beoso |

L]
i
o
f T ll
i

o Parallelogram Law of Addition of Two Vectors : If two vectors are
represented by two adjacent sides of a parallelogram which are directed

away from their common point then their sum (i.e. resultant vector) is i
given by the diagonal of the parallelogram passing away through that e 1
common point. 3
AB+AD=AC=A+B=R ‘!
B ; Bsin©® Asin® |o g
= R = /A% + B? + 2AB cos0 , tana = d tanf=—2>"7
m_s- A +Bcos6 and tanp B+ Acos0
[llustrations —mmm— o
[llustration 26. :
Two forces of magnitudes 3N and 4N respectively are acting on a body. Calculate the resultant force if the
angle between them is : |
(i) O° (ii) 180° (iii) 90°
Solution
(i) (i)
0 = 0°, both the forces are parallel, R = A + B 6 = 180°, both the forces are antiparallel R = A~B

- Net force or resultant force R =3+ 4 = 7N

. Net force or resultant f — 47—
Direction of resultant is along both the forces antiorceR =4-3=1N

Direction of net force is along larger forcei.e. along 4N.

iii) 0= 90°, both the forces are perpendicular

then R =/A? +B? +2ABcos90° =+/AZ +B% =+/32 + 42 =5N; tano = $ = a=tan”(3)=37°
Magnitude of resultant is 5N which is acting at an angle of 37° from 4N force.
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Resultant of two vectors of equal magnitude will be at their bisector.

If |A| =|B| But if | A‘ S |B| then angle B>a

[ T g, g T W g oy WP ey e

El U7 Ml SRt o g s R T

- -
o mem. R —— e e ¢ W s -'-‘

,——- ————

B T A T . T ey --.n-;mm%#m‘

R will incline more towards the vector of bigger magnitude.

o If two vectors have equal magnitude i.e. \ Al = B| = aand angle between them is 6 then resultant will be along
_ - | 0
the bisector of A and B and its magnitude is equal to 2a 008-2- {_B.: -_',:;.'{-" 2 1 R=--2acos 9 /2 g

Iﬁl = ‘A + Bl = 2acos—g-

Special Case : If 8 = 120° then R = 25 COS 1:?‘209 =2

i.e. If 6=120°then |Rl ‘A+B‘ IAI—-‘BI

If resultant of two umt vectors 1s another unit vector then the'
- OR - gy
If the angle between two urnt vectors (B) : |120° then thezr resultanhs'énother umt vector .

'IJ i ;i,.

1.3 Addition of More Than Two Vectors (Law of Polygon)

If some vectors are represented by sides of a polygon in same order, then their resultant vector is represented
by the closing side of polygon in the opposite order. R =

GOLDEN KEY POINTS

In a polygon if all the vectors taken in same order are such that the head of the last
vector coincides with the tail of the first vector then their resultant is a null vector

A+B+C+D+E=0
If n coplanar vectors of equal magnitude are arranged at equal angles of
separation then their resultant is always zero.

1.4 Subtraction of two vectors

Let A and B are two vectors. Their difference i.e. A -—E can be treated as
sum of the vector A and vector (-B).

A-B=A+(-B)

To subtract B from A , reverse the ditection of B and add to vector

A according to law of triangle.

|A-Bl=+A% +B? +2ABcos(n - 0) = JA? +B? ~2ABcos6 & tang = —2o5n9

—BcosH

where 0 is the angle between A and B .
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