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(if)

(iv)

Trigonometric function of an angle — 9 (negative angles)

sin(-@ )= —-sin@ cos(—0)=+cos tan(-Q )=—tan 0
On increasing 0 from 0° to 90°, the value of sin @ and tan 0 increases.
The value of cos § decreases when @ varies from 0° to 180°.

The value of cos 0 lies between -1 & +1, —1<cosb<+1

If  issmall (say < 5°) thensin 0 ~ 0,cos  ~1landtan® =~ 0

® ADDITION/SUBTRACTION FORMULAE FOR TRIGONOMETRIC RATIOS

O
®)

®)

O

®)

sin (A+B)=sinA cosB + cosA sinB Q sin(A-B)=sinA cosB-cosA sinB

cos(A+B)=cosA cosB —sinA sinB o cos(A-B)=cosA cosB + sinA sinB
. . 0 0

sin 20 = 2sin 0 cos O Q s1n9:2sm§cos§

c0s20=2cos’0 -1 =1-sin® 0 = cos® 0 —sin® O

2% :coszﬁ—sinZQ

c056:200529—1 =1-sin
2 2 2

® FUNCTION

O

®)

A function describing a physical process expresses an unknown physical quantity in terms of one or more
known physical quantities.

We call the unknown physical quantity as dependent variable and the known physical quantities as
independent variables.

For the sake of simplicity, we consider a function that involves a dependant variable y and only one
independent variable x. It is denoted y=f(x) and is read as y equals to f of x. Here {(x) is the value of y for
a given X.

Following are some examples of functions : y = 2x+1, y = 2x%4+3x+1, vy = sinx, v =/n
(2x+1)

Function of displacement (x) in terms of time (t): x(t)= t2+2t

Function of velocity (v) in terms of displacement (x) : v(x) = x2+3x+9

2.3.1 DIFFERENTIAL CALCULUS

40

@)

O

The purpose of differential calculus to study the change (i.e., increase or decrease) and the amount of
variation in a quantity when another quantity (on which first quantity depends) varies independently.

Average rate of change : Let a function y = f(x) be plotted as shown in figure. Average rate of change
iny w.rt. xininterval [x, x,] is

changeiny Ay vy, -y,
changeinx Ax x,-X,

Average rate of change = = slope of chord AB

Instantaneous rate of change : It is defined as the rate of change in y with x at a particular value of x.
It is measured graphically by the slope of the tangent drawn to the y-x graph at the point (x,y) and
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_ BASIC MATHEMATICS —

algebraically by the first derivative of function y =f(x).

d
Instantaneous rate of change = Y _ slope of tangent = tan @

dx
A y
(x.y)
0
> X > X
(@) (b)
o d_)t( = Rate of change of displacement x w.r.t. time t = velocity
dv . . .
o G Rate of change of velocity v w.r.t. time t = Acceleration
dp . .
o &t = Rate of change of linear momentum p w.r.t. time t = Force
0 . . .
o G Rate of change of angular displacement @ w.r.t. time t = Angular velocity
dW .
o e Rate of work done W w.r.t. time t = Power
d_v _acceleration dv dt _ acceleration
Q dx velocity ’ dx x dt velocity
® RULES FOR SIMPLE DIFFERENTIATION
n i _ i n _ n-1
@] f(x) = x ix f(x) = Ix X nx
Ex L d 3 31 _ 4.2 , d o110
amp]e, (i) x% =3xx =3x (i) x=1xx =1xx" =1
dx dx
if(x) = iconstar1t=0
o f(x) = constant dx dx
d
Example: —(5)=0
dx
d d n n-1
o) f(x) = constant x x —f(x) = —constt xx" = constt x nx
dx dx
Example: di(5x3) =5x3x x> =15x?
X
Q f(x) = sin x &sinx = COSX e f(x) = sin ax &sin ax = acosax
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O f(x) = cos x %cosx = —sinx ®) f(x) = cos ax dd—xcos ax = —asinax
d 2 d 2
o) f(x) = tan x —tanx = sec” x o) f(x) = tan ax —tanax = asec” ax
dx dx
iex —o* ieax = ae™
O fk=e dx O fix=e dx
d 1 d d d
Q f(x) = log x=Inx d—XIOQe X= X @) &[f(x) x Q(X)] = &f(x) * d—XQ(X)
d d
d d d d g(x) x ——f(x) — f(x) x ——g(x)
0 | Lt)xgh =g x i)+ fx)xg| o |l T dx
dx dx dx dx g(x) [g(x)]
Example : Find differentiation of y w.rtx. (i) y = x2 - 6x (ii) y = x> + 2¢* (ili) y = 4 In X + cos x
Solution: (i) dy =2x*1 — 6(1) =2x-6 (i) L) =5x"" +2e* = 5x* +2e*
dx dx
(iii) j—i = 4[%} + (—Sinx) = %—sinx
Example : Find first derivative of y w.r.t. x. (i) y = x%sin x (il) y =4(e*)cos x
s . L dy d 5, .o d 2 _ . 2
olution: (i) =sinXx—X° +X° x—sinX = sinX x 2X + X° x cosX = 2XsinX + X~ cosX
dx dx dx

(i) dy =4 cosx><ieX +e* xicosx = 4[cosx><e" +e" x—sinx] =4e* [cosx—sinx]
dx dx dx

sinx 4x* sinx
Example : Find differentiation of y w.rt. x. (i) y=—— (i) Y=—= (i) y =
X e CosX

d . . d
XX—SINX—-SINXX—X
dy

Solution: (i) f(x) = sinx, g(x) = x av __ dx dx _ XCOsX —sinx
dx xZ x?
X d 3 3 d X
) . dy @M ek oaixgt 12x2 -4k
(11) f(X) = 4X ) Q(X) =e dX (ex )2 eZX ex
Ao d
i) dy _ d sinx _ cosxx . sinx —sinxx  cosx _ cos? x + sin? x 1 ity
dx  dx cosx (cosx)? cos? x cos? x
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BASIC MATHEMATICS

® FUNCTION OF FUNCTION (CHAIN RULE)

d d dy d d dy
—fy) = —fly)x = —f(y) = —1f(y)x ==
™ (v) ™ (v)x dv = | v) av (y)x ™
Example : if f(x)= (x3+2x2+5)" nzl
Let x34+2x°+5=y
dopn_d o
fx) =y dx J dy 7 dx
%yz = ny'“‘1 X j—i %yz =n(x? + 2x% + 5)"! x%(xg’ +2x% +5)
iyz =n(x? + 2x% + 5" x (3x> + 4x)
dx
inx d fx) = 4 sinx? 2 2
Example : f(x) = sinx ™ (x) = 3 X = 2xx cosx? = 2x cosx
d d . .
Example : f(x) = cos ot —1(x) = —cosot = o x sinwt = —sin ot
dx dt
2 d 2 x? 2
Example : {(x) = ¢* d_xe =2xxe" _ gye*
—t
Example : q(t)=q, —qoeR CR = time constant, g, = maximum value of charge
d . d wyer]_ d d __ycr _ 1 _ycr_ 90 _-tcr
00 = gl ~a0e T | = oo a0 =0 ag e T - e
Example : f(x) = o +);2) 375 where a=+ve constant.
d d X (a2+x2)3/2><ix—x><di(a2+)<2)3/2
=y % >
2
dx dx (@* +x) [(az N XZ)MJ
LS @ P00 2 e g o
(@® +x%)? (@® +x*)?
d d d d d d
Example : f(x)=2x*+x af(x) = &f(x)x d—): = &(ZX2 +X) x d_)t( =(4x+1) il
Example : Find first derivative of y w.r.t. x.
(i)y = e (i) y = 4 sin 3x (iii) v = 4e* >
. , s dy dy dz ., i
Solution: (i) y=e™ = e wherez = —x SO &_EX&_(Q )(—1)——9 =-e
(i) y = 4 sin 3x = 4 sinz where z = 3x o % = % x % =4(cosz)(3) =12 cos 3x
) dy dy dz 2 g
_ x—2x: 2 — 2 _ = _ 7 _:4 2 —2:8 _8 X X
(iii) y = 4e 4eo? where z = x? — 2x o) i dedx (z)( X ) ( X )e
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® MAXIMUM AND MINIMUM OF A FUNCTION

Higher order derivatives are used to find the maximum and minimum values of a function. At the points of
maxima and minima, first derivative becomes zero.

uy

minima

A

2
At point ‘A’ (minima) : As we see in figure, in the neighbourhood of A, slope is increases so dTZ >0.

2 2
§=Oandﬂ>0 or %=+ve

dx dx®

Condition for minima :

2

At point ‘B’ (maxima) : As we see in figure, in the neighbourhood of B, slope is decreases so —dxg <0
dy d’y d?y
iti ima: |——=0and — <0or— =-ve
Condition for maxima : dx N o

Example : Find the minimum value of y = 5x? - 2x + 17?

d 1
Solution : For maximum/minimum value d_i =0= 5(2X) - 2(1) +0=0=>x= 5
2y 1
Now at x= 5l =10 which is positive so minima at x = 5
1 (1 4
Therefore V., 5 5 + 5

2.3.2 INTEGRATION CALCULUS

o Integration means summation or addition.

J.f(x)dx = integration of f(x) with dx
O _[th = displacement O Jadt = velocity
Q .[Pdt = work o) IFdX = work

o) J. Eds =¢ (Electric flux)

o Integration is the reverse process of differentiation.

f [fdc=gt)  then j—xgm:f(x)

Intergration
—— B
Differentiation

44 LAMPLIGHTER
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® RULES FOR SIMPLE INTEGRATION

N Xn+1
O fx)=x" n=-1 _[f(x)dx:jx dx = gl
o f(x):lzx—l J‘f(x)dx:J.ldx =log, x =lnx
X X
Xn+1
®) f(x) = constt.x" '[constt.x“dx = constt
n+1
X0+1
o) f(x) = constant .[constant-dx = J.constant-xodx = constt x = constt.x
0+1
@] f(x)= sinx Jsinxdx = —CoSX
o f(x) = cos x J.COSXdX =sinx
o f(x) = e* J-exdx =e*
. 1
o f(x) = sinax jsm axdx = S X —COS ax
1 .
Q f(x) = cos ax J.cos axdx = - x sinax
ax 1 ax
@] f(x):eax je dx=ge
1 1 1
f(x) = dx = =1 +b
o =i .[(a+bx) x = loge(a+bx)
o J' [£(x) + g(x)]dx = J.f(x)dx + j a(x)dx
Integration
Definite Integration Indefinite Integration
[When limit of Integration is taken] [When limit of Integration is not taken]

® (i) DEFINITE INTEGRATION

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

Consider a function f(x) whose integration with dx is equal to F(x) , in an interval a < x < b then

b

[f(x)dx =F(b)-F(a)

a
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Tx”dx_ 3l R E P i
Example : n+l| | h+1 n+l

X1

n/2
. n/2 T
Example : _([ sinfdx = [_COS 6]0 = K_COSEJ - (_COS 0)] = [O - (—1)] =1
by b
Example : J‘?dr = [log, r]g =[log, b-log, a] = log, .

® (ii) INDEFINITE INTEGRATION

o When there is no upper and lower limit. By help of indefinite integration we can find a function whose
derivative is known. Consider a function f(x) whose integration with dx is equal to F(x) then

If(x)dx =F(x)+C

n+1
Example: j Xdx =24 C C = constant
n+1
Example: Jcosz otedt = I%dt = %I(l + cos 2ot)dt = %[t + ix —sin 2ot + C} = %{t - sinzioat + C}
® AREA UNDER A CURVE & DEFINITE INTEGRATION
A y
y=F(x)
\
> X

Area of small shown element = ydx = f(x) dx

b
If we sum up all areas between x=a and x= b then If(x) dx = shaded area between curve and x-axis.

a

LAMPLIGHTER
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2.4 CO-ORDINATE GEOMETRY

@] Graph is diagrammatic representation of a function and allows us to visualize it, actually it is the
diagrammatic illustration of variation of a physical quantity with another physical quantity.

® SLOPE OF THE GRAPH (m)

o Slope or gradient is the steepness of the line or curve at a particular point.

Yy
(quantity)

slope of the graph at any point is, |m = tan® = ax

also, slope m = tan(180° - 0") = —tan’

If 8 <90° (acute angle), then tan® = +ve therefore, slope m = +ve .

If 6 > 90° (obtuse angle), then tan® = —ve therefore, slope m = —ve.
If © increases from 0° to 90° then slope will be positive and value of slope increases.
If 0 decreases from 180° to 90° then slope will be negative and value of slope increases.

000 O

If 0 is constant then slope will also be constant.

® AREA UNDER GRAPH

o The area under graph (+ve or —ve) gives the product of those two quantities between which the graph is
drawn.

Area under graph = xxy

47
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[ NOTE

O {4 A g graph ¥ 3 information &fR¥er @ < wa 8-

(1)
2)
(3)

X

(displacement)

Relation between two Quantities.
Variation of a 3 Quantity by its slope.
Value of another quantity by the area under graph.

A

Slope(m)= C(li—>t( =Velocity

Area = x x t=nothing

t(time)
p d
(linear Slope(m)= T:llt?_ =Force
momentum) Area = px t=nothing
t(time)
4
P Slope(m)= %Ii—
(Power)
Area = px t=Work done
t(time)
q A 4
(charge) Slope(m)= ﬁ- =Current

Area = q x t=nothing

S

time (t)

N
v Slope(m)= c(li_\: =Acceleration
loci
(velocity) Area = v x t=displacement
t(time)
N d
— aw _
W Slope(m)= at Power
(Work) Area = w e t:nothirlg
t(time)
A dP
(Pressure) dv
Area = Px V=Work dOne
Volume (V)
A
e

(magnetic flux)

Slope(m)= % = |EMF|

Area = ¢, % t=nothing

time (t)

e How 1O DRAW A GRAPH BY GIVEN INFORMATION OR EQUATION

o To draw the graph find the relation between x and y without any other variable and then :-

1

2

48

X y! = straightline X2 y!

X y? = Circleorellipse

X1

y? = Parabola
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® STRAIGHT LINE

\
General equation : v /

vy = Quantity on y - axis

x = Quantity on x - axis / T c=y-intercept
m = slope 9 |v S
¢ = interception of straight line on y - axis / X
A N
Yy
Y y=—mx
y=mx m =—ve, ¢ =0

m=+ve, c=0

v 1%
y=mx-+c
m=+ve, c= +ve )
/( - X
/ X y=mx—c
/ m=-+ve, c =—ve

v

/ Yy
\Y y=—mx—C
y=-mx +c m=-ve, C =—ve
m=—ve, c=+ve

N
N N\

A function of the form y = ax? + bx + ¢ is known as parabola. The simplest parabola has the form y = ax*
yA

v
X
N

® PARABOLA

49
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® Sine FUNCTION vV = asinx Here, ais known as the amplitude and equals to the maximum magnitude

1y of y.
a
-a
/2 T® 3w/2 2x 5w/2 3n Tn/2 4n
v
® Cosine FUNCTION Y = acos x
Aky
a
-a

4

n/2 ® 3n/2 2n 5wn/2 3mn Tn/2 4n

® EXPONENTIAL FUNCTION Behaviour of several physical phenomena is described by exponential function

to the base e. Here e is known as Euler’'s Number. e=2.718218
A y
a
y=ae
> X
® CIRCLE & ELLIPSE
XZ yZ
Circle : x? + y2 = a? Ellipse : 5+ =1
a“ b
4y Ay
a b
g X »X
0,0) a (0,0) a
50 LAMPLIGHTER
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_ MOTION IN STRAIGHT LINE AND MOTION IN PLANE —
CHAPTER 4 : MOTION IN STRAIGHT LINE AND MOTION IN A PLANE

O Kinematics is the branch of physics concerned with the motion of object without reference to the forces which
causes the motion.

QO Motion is a relative term which signifies change in position or orientation of body with time with respect to a
reference point or axis.

O The motion may be translatory motion,or rotational motion combination of bothor .

O Translatory motion, is a type of motion in which all part of body, move same distance in same direction, in
a given time.

TRANSLATORY MOTION
MOTION IN ONE DIMENSION (1-D) MOTION IN TWO DIMENSION (2-D)
(Only one coordinate change with time) OR MOTION IN A PLANE

E.g. Rectilinear motion or motion in straight line (Only two coordinates simultaneously change with time )

E.g. Projectile motion along parabola,
Circular motion, Curvilinear motion

3.1 ELEMENTS OF TRANSLATORY MOTION

® DISTANCE

Q ltis the total path length travelled by the body during a journey.

O ltis a scalar quantity, i.e. having magnitude only.

O Distance can never decrease with time.

O Distance cannot be —ve in sign.

O Distance -time graph cannot lie in negative quadrant i.e. lies only in first quadrant.

® DISPLACEMENT

O ltis the vector representing the shortest length between initial and final point for a journey.

O It starts from initial point and ends to final point.

O It may be negative with reference to its direction therefore displacement -time graph may lie in first and
fourth quadrant.

QO It may decrease with time, i.e, body is returning towards initial point.

QO Distance depends on path while displacement is independent of path but depends only on final and initial
position.

O For an instant distance and displacement are having same magnitude but for a time interval distance may
be equal to or greater than the magnitude of displacement.

distance
distance > displacement = 4displacemen P

Q If the displacement is zero for a journey the distance may or may not be zero but if the distance is zero, the
displacement will surely be zero.

O Inajourney, it is possible that displacement is zero but velocity is never zero for example, in one revolution

924

of circular motion. But in straight line motion if displacement is zero for a journey then velocity at some
instant must be zero.
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® SPEED (INSTANTANEOUS SPEED)

®)

®)
Q

®)

The rate of change of distance at any instant during a journey is called as speed (v).
_Lim Ax

dx
V= p OR |V =a50 A Unit : ms™ Dimension : [LT']

Speed is a scalar quantity i.e. having magnitude only.

It cannot be —ve in sign at all therefore speed -time graph never lies in negative quadrant, only lies in first
quadrant.

The speed may increase or decrease with time as motion is accelerated or retarded.

® AVERAGE SPEED

®)

®)
O
Q

It is the ratio of total distance to the total time for a certain journey.

total dist
Average speed(v,,) = m
total time

If average speed is zero for a journey, i.e. body is at rest and instantaneous speed is also zero.

For a journey instantaneous speed may be equal to or greater than or smaller than average speed.

If the body is moving with constant speed between any two point then instantaneous speed and average
speed will be same.

e VELOCITY (INSTANTANEOUS VELOCITY)

®)

o0

o0

The rate of change of displacement at any instant during a journey, is called as instantaneous velocity (v).

\7 _ g ‘7 _Lim A_i . _
dt OR A0 T Unit : ms

1 Dimension : [LT ]

It is a vector quantity and directed along the direction of displacement at that instant.

Velocity may be +ve or —ve in sign according to the reference of direction therefore velocity -time graph may
lie in negative quadrant.

The magnitude of velocity may increase or decrease with time as the motion is accelerated or retarded.
The value (magnitude) of instantaneous velocity is equal to instantaneous speed as for an instant distance
and displacement are same. In other words speed is the magnitude of velocity.

A body may have varying velocity without having varying speed. (If only direction changes not the magnitude
like Uniform Circular Motion)

If the speed is varying then the velocity will surely vary.

It is possible that a body is at rest but still its velocity is changing (This sentence is valid for an instant only
not for a time interval) E.g. : When a body is thrown vertically upward then at highest point for an instant
the body is at rest but the direction of velocity is changing.

® AVERAGE VELOCITY

©)

Q
O

It is the ratio of total displacement to the total time for a journey.

. total displ t
Average velocity (V) = ol cisplacemen

total time

It is a vector quantity and directed along net displacement i.e. from initial point to final point.
The value of average speed may be greater or equal to average velocity.
Total distance > Net displacement
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o0

Average speed > | Average velocity |

average speed

| average velocity |

If the average velocity for a journey is zero, then average speed may or may not be zero. If the body does not
move average velocity and average speed both will be zero and if the body reaches to its initial point after
travelling some path length, average velocity is zero but average speed is not zero.

If the average speed for a journey is zero, then average velocity is surely zero.

If the average velocity in a journey is zero, then it may be possible that instantaneous velocity is never zero.
For example during one revolution of circular motion.

In straight line motion (1-D motion), if the average velocity in a journey is zero then, the instantaneous
velocity is surely zero at some instant as the body has returned to its initial point.

NCERT EXAMPLE

Example 3.1 A car is moving along a straight line, say OP in Fig. 3.1. It moves from O to P in 18 s and returns from

Answer : Average velocity =

96

Pto Q in 6.0 s. What are the average velocity and average speed of the car in going (a) from O to P ? and
(b) from O to P and back to Q ?

displacement
time interval

+360m
18s

v:

=+20m/s

Path length  360m

Average speed = ——— il
time interval 18s

=20m/s

Thus, in this case the average speed is equal to the magnitude of the average velocity.

(b) In this case,

displacement  +240m
time interval (18 +6.0)s

Average velocity = =10m/s

Path length ~ OP+PQ (360 +120)m

Average speed = —— =
time interval At 24s

=20m/s

ACCELERATION

O

o0

Acceleration (a) is the rate of change of velocity at any instant and average acceleration (a_,) is the ratio

av

of change in velocity over time interval during a journey.

L dv AV V-V
a=— a,=—-=
dt At At

initial

Unit : m/s? Dimension : [LT?]

The acceleration is produced in a body only when net force is applied on it.

The direction of acceleration is same as direction of force and it does not depend on the direction of velocity
or motion (the direction of acceleration can be found by finding the direction of change in velocity).

The body will have non-zero acceleration only when there is change in velocity (its magnitude or direction or
both changes) and if the body is moving with constant velocity acceleration will be zero.

If the acceleration is constant, it means its magnitude as well as direction both are constant. If the acceleration
is variable it means either magnitude or direction or both are variable.

The motion is said to be retarded only when the magnitude of velocity or speed decreases.
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O If the force is applied at angle 0° or 180° with velocity (motion), the body will move on straight line

performs 1-D motion and the motion will be accelerated or retarded respectively.

Q If the force is applied perpendicular (90°) to the motion, speed or magnitude of velocity does not change
but velocity will change as the direction changes. The acceleration produced, is non-uniform (as the direction
of acceleration changes continuously). E.g. Centripetal acceleration during Uniform Circular Motion.

O If the force is applied at angle other than 0°, 180° or 90° then path of body will be PARABOLA.

- o> Accelerated motion - Retarded motion
F A —>  speed increases speed decreases
0=0° : v 6=180° v
<— F
-
- - v
-~
- -
- -
— -
—_——— OAL)_ ________
[ v a
F

<y

QO If acceleration is constant then it is possible that the direction of velocity gets reversed.
For example: During Straight line motion under gravity the acceleration is always directed towards downward
but the direction of motion gets reversed from upper to downward.

O If the acceleration is decreasing then it does not mean that motion is retarded, actually speed will be
increasing but at a lower rate.

QO ltispossible for a body to have non-zero acceleration without having varying speed, and this acceleration will
be variable like in Uniform Circular Motion.

QO If body is at rest at some instant then it may have non zero acceleration but if the body is at rest for time
interval then its acceleration will surely be zero.

QO  Acceleration may be positive or negative according to its direction.

O If the sign of acceleration and velocity are same then motion will be accelerated and if they are having
opposite sign then motion will be retarded.

If v=-+ve a=+ve Motion is accelerated
If ¥=-ve a=-ve Motion is accelerated
If v=+ve a=-ve Motion is retarded
If v=-ve a=+ve Motion is retarded

NCERT EXAMPLE

Example 3.2 The position of an object moving along x-axis is given by x = a + bt?> wherea =8.5m,b=2.5m
s—2 and t is measured in seconds. What is its velocity at t = 0 s and t = 2.0 s. What is the average velocity
betweent =2.0sandt=4.0s?

d d
Answer In notation of differential calculus, the velocity is v = d_)t( = a(a + btz) =2bt=5.0tm/s
At t=0 s, v=0m/s and att=2.0 s,
x(4.0)-x(2.0) _a+ 16b—-a-14b

=6.0xb=6.0x25=15m/s

Average velocity = 10-20 20
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3.2 MOTION IN ONE DIMENSION OR MOTION IN STRAIGHT LINE

Motion in straight line (Rectilinear Motion)

|
T 1

Uniform Velocity Accelerated Motion
Motion !
[ 1
Uniform Acceleration Variable Acceleration Motion
Motion I. Acceleration as function of time.

II. Acceleration as function of position.

III. Acceleration as function of velocity.

3.2.1 MOTION WITH UNIFORM VELOCITY (UNIFORM MOTION)

O In uniform velocity motion, a body moves with constant speed on a straight-line path without change in
direction.

QO When a particle moves with constant velocity, then the magnitude of average velocity, magnitude of
instantaneous velocity, average speed and its speed all are equal.

e FORMULAE FOR THIS MOTION

distance S
OR speed =—/— V=—
time t

displacement

<!
Il
—~+ | vl

velocity = .
ime

e NUMERICAL TIPS

O Inajourney, if the body travels with different constant speeds in different parts of journey then we have to
study those parts separately.

3.2.2 MOTION WITH UNIFORM OR CONSTANT ACCELERATION

O Motion in which acceleration remains constant in magnitude as well as direction is called uniform accelerated
motion.

O If the force acting on body is constant then acceleration will be constant, the body will be accelerated or
retarded uniformly in one dimension motion.

e FORMULAE FOR THIS MOTION

O  If the body is moving with uniform acceleration following equations of motion are used-

. 1 = - 1.
U =+ aAt S = uAt+ Za(at)f v =u? +2353 S,=u+za2n-1)
u = Initial velocity i.e. velocity at an instant from where equation is applied (say t = 0).
vV = Final velocity at an instant upto which equation is applied (say t = t).

At = Time interval for which equation is applied.
g = Displacement during the interval t = O to t = t (it is equal to distance if the body does not alter its
direction)

én = Displacement in n* second (a particular second).

3 = Acceleration produced in body.
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Q Sign convention for equations of motion: You can take any direction as positive and just opposite

direction as negative and then assign the sign to different quantities. For example we can take the sign of
(¥, 3, S) with reference to initial velocity i i.e. if these vectors are in the direction of G then their sign will be

positive and if just opposite to 1 then taken as negative. If initial velocity is zero all the vectors have positive
sign.

O MOTION IN STRAIGHT LINE UNDER GRAVITY
Suppose upward direction is +ve and downward direction is —ve .

Example I : Journey from A to B (upward journey)
u= +ve v =+ ve h = +ve a=g= —ve

1
v=u-gt h:ut—Egt2 V2=u2—2gh

Example II : Journey from B to A (downward journey)

u= -ve v =-ve h=-ve a=g= -ve
1
-V =-Uu-— gt —h = —ut —Egtz (—\/)2 = (—U)2 + 2 X (—g) X (—h)
1 .
v=u+gt h=Ut+§9t v® =u’® + 2gh

Example III : Journey from P to Q (upward motion at initial point and downward motion at final point)

u=+ve v =-ve h=-ve a=g=-ve
1
—v=u-gt ~h=ut —Egtz (~v)? = () + 2% (-g)x(-h)
h=-ut e 2 y?
v=-u+tgt =-u +§gt v® =u”+2gh
! t=0 ! -
Lo B UA
v |
t=t u =0 Cg P
B S=h 1 ‘l’ I
_ g
S=h . ‘1' A I
u g '

) (I (I11)
® NUMERICAL TIPS

O OBSERVATION 1 : If a body starts from rest i.e. the initial velocity is zero and motion is uniformly

accelerated then distance travelled in subsequent equal time interval are in the ratio 1 : 3:5:7 ........
(Glileo's law of odd number)

t t=2t t=3t
O SRan *-—-

A al
1€ »

X Xy X3

t=0 t

< |

r'y
v
r'y

XXX, = 1: 3 :5

29
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1 1
t=0to t =t X, =0+§at2 X, =§at2
1
t=0tot =2t u=0 x1+x2=0x2t+§a(2t)2
1
X TX, =4><§a’f2 X, =4%x, —%; X, = 3%,

O OBSERVATION II : If a body starts from rest and again comes to rest i.e. first accelerated and then

retarded, the distance travelled and time taken during accelerated and retarded motion has inverse relation
with the magnitude of acceleration and retardation. And if the acceleration and retardation has same
magnitude then distance travelled and time taken will be same.

t:O +al t=t1 a2 t=tl+t2
@
u=0' M * -0
X, X2
0 0 ty == 0+ 2 v
t= -t v=0+at 1= v, = 0+ 2a.x X =
1 11 a 2 1”1 2a1
0 Lo , . v?
t=t, >t=t +t =v-a,t 2 = 0=v*-2a,x 2 =
1 1 2 242 a, 282 2a2
L_a X _2 X _t _a 1 1
= = — == X oc — toc—
t, & X, @ X, t, & a a

OBSERVATION III : If a body starts with some initial velocity and a constant force in opposite direction

is applied then the body first get retarded, comes to rest and then gets accelerated in just opposite direction

with same acceleration. In this situation -

(a) The speed of body at a particular point is same while going towards stopping point and returning from
stopping point.

(b) The distance travelled in a particular time interval before stopping and after stopping will be same.

(c) The time interval from a particular point to stopping point and from stopping point to the same point, are

equal.
- «—Ford _  Stopping
u v int
~ __poin
v v=0

v—u
v=u+at at=v—-u t=

a

vZ —u?
2 _ 2 .2 2 S=
v° =u®+2aS 2a5=v° —u %
A o S (v*-u’)xa _(v+u)lv-u) y _vtu
verage velocity = t = 2ax(v-u) 2v—u) avg 2

OBSERVATION V : If the different bodies have same speed at the same level from the ground then
the final speed on reaching the ground will also be same whatever is the mass of body or path, time taken to
reach the ground may be different.

Let a three bodies are at same level,one is thrown downward with some speed and another is thrown upward
with same speed and the third is dropped then time taken by them to reach the ground will be different. The
time taken are related as:
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1 1 1
h=-ut, + Egtf .......... (i), h=ut,+ Egtg .......... (i), h= Egtz .......... (iif)

Equation (i) multiplies by t, and equation (ii) multiplied by t, and then added

1 1
ht, = —ut;t, + Egtft2 ht, = ut;t, + Egtgt1

1 1
hit; +,) =Sttt +1.) = h=Zatty

1 1
h=2gt’ = Satt, = t=\t,

NCERT EXAMPLE

Example 3.4 A ball is thrown vertically upwards with a velocity of 20 m s™! from the top of a multistorey building.
The height of the point from where the ball is thrown is 25.0 m from the ground. (a) How high will the ball rise?

and (b) how long will it be before the ball hits the ground? Take g = 10 m s
Ansuwer (a) Let us take the y-axis in the vertically upward direction with zero at the ground.
If the ball rises to height y from the point of launch, then using the equation

VO = +20m / S, a= —q = —10ms_2’ Vv = 01’1’15_1
If the ball rises to height y/from the point of launch, then using the equation

vZ =i +2a(y —y,)
weget 0 =(20)* +2(-10)(y - y,)

Solving, we get, (v —-y,) = 20m
(b) We can solve this part of the problem in two ways. Note carefully the methods used.

3.2.3 MOTION WITH VARIABLE ACCELERATION
In straight line motion acceleration may vary as a function of time, displacement or velocity.

o

Q Acceleration given as function of time : If acceleration is a given function of time say a = f(t), from

equation a = dv/dt, we have

This equation expresses v as function of time, say v = g(t).

dv = f(t)dt = [ dv = [f(t)dt
Also, v = dx/dt, we have
dx=g (t) dt = .[dx = Ig(t)dt This equation expresses position or displacement as function of time.

Acceleration as function of position : If acceleration is a given function of position say a = f(x), we

®)
have to use equation a = vdv/dx = vdv = adx therefore we have,

This equation expresses velocity as function of position v = g(x)

vdv = f(x) dx = Ivdv =j f(x)dx
101
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Also v = dx/dt, we have

dt=—= |dt=|—=|— ; ; ;
ax) _[ I ax) J. v This equation expresses relation between x and t

O Acceleration as function of velocity : If acceleration is given as function of velocity say a=f(v), by
using equation a = dv/dt and a = vdv/dx, we can obtain velocity as function of time.

dt:d—vjjdt= dv d dx= vdv I IVdV J.a(v

f(v) flv) an

3.2.4 GRAPHICAL APPROACH

® PosSITION TIME/ DISPLACEMENT TIME GRAPH
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Slope of x-t graph (m) = tan 0 = % = velocity

(I)  Position is not changing body is at rest

(IT) X = +ve

9 <90° and O is constant
slope = +ve and constant
velocity = +ve and constant

Uy

motion is uniform and unaccelerated. (a = 0)

U

() X = +ve

0>90° and 0 is constant
slope = —ve and constant
velocity = —ve and constant
motion is unaccelerated

U Ul

(V) X = —ve

0 >90° and 0 is constant
slope = —ye and constant
velocity = —ve and constant
Motion is unaccelerated

uudy

X
X = +ve
t= +ve
x=-ve
t= +ve
X
+x
t
X
X
0
t
X
0
1
X
t
0

I.ANPLIGI-ITER
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V) X = +ve

0 < 90° and 0 is increasing
slope = +ve and increasing
velocity =+ve and increasing
Motion is accelerated

LUy -

(VI) X = +ve =30 _

0 <90° and 6 is decreasing 0__
slope = + ve and decreasing
velocity = +ve and decreasing i
Motion is retarded

RO

® VELOCITY - TIME GRAPH

v = tve

Slope of the graph (m) = tan® = ccli_‘t/ = acceleration (= e

v=—ve
Area under graph = v x t = displacement t= +ve

If areas are added without sign then it gives distance also.
v

+v b

(I) a-bodyis at rest
b - body is moving with constant (+ve) velocity
c- body is moving with constant ( —ve ) velocity

v=0 t

—v c

(I v = +ve

0 <90° and 0 is constant
slope = +ve and constant 0

acceleration = +ve and constant
Motion is uniformly accelerated. v

Uy

(1) v =-ve t

0>90° and 0 is constant 0
slope = —ve and constant

acceleration = —ve and constant v
Motion is uniformly accelerated

(IV) v=+ve

Uy

0>90° and 0 is constant 0
slope = —ve and constant
acceleration = —ve and constant

U4y

Motion is uniformly retarded
V) v =-ve

0<90° and 0 is constant
= slope = +ve and constant
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(VD)

(VII)

= acceleration = +ve and constant
= Motion is uniformly retarded.

v = +ve
(0 <90°) and increasing
= slope = +ve and increasing
= a= +veand increasing
= motion is non uniformly accelerated
v = +ve
-+ 0<90° and 0 is decreasing
= slope = + ve and decreasing o__
= a=+ve and decreasing
= Motion is nonuniformly accelerated
® ACCELERATION - TIME GRAPH
a= +tve
t= +ve
a=-ve t
t= +ve
area under graph = 3 x t = ¥ — {j = change in velocity
(Il a=0 = themotion is unaccelerated a
(Il a = +veand constant = the motion is uniformly accelerated +a 1
(IlM) a =—-ve and constant = the motion is uniformly retarded I
(IV) a=+veand increasing = the motion is non-uniformly accelerated a=0 t
(V) a=-ve andincreasing = the motion in non-uniformly retarded -a I

a
a
t
t
™ )
e NOTE
v
° Slope (m) = tan6 = 9. _ 2cceleration
dx velocity
X
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