
Kinematics 

If a particle travels a distance S in time t1 to t
2

, the 

average speed is va:v = tz � t; 
Ifa particle travels a distances:, s

2
, s

3 
etc. with speeds 

1-\, v
2

, v3 etc. respectively; then. total travelled distance 
S =s 1+s2+s3+ ..... +sn 

Total rime taken of trip= + + -- --- + 
Vi V2 V,1 

VELOCITY 
@ Velocity of a body is defined as the rate of change of 

displacement of the body ,vith time 
displacement i.e,, Velocity time interval 

c Speed is a scalar quantity whereas velccicy is a vector 
quantity. 

@ Both the speed and velocity have the same unit and 
same dimensional formula [l:vl0Lr1]. 

® Average velocity : Average velocity is defined as the 
rat,o of the displacement to the time interval for which 
the motion takes place. 

• 

displacement 
i.e., Average velocity 

time taken 
Leta particle be at point A at 
time t

1 
and point B at time t

1
. 

Position vectors of A and B 
y A(t,) 

I !ff rt/ :B(rz} 

'l 
are 11 and Tz respectively. 
TI1e diSplacernent in this time 
interval is the vector 
AB - ij) . The average 
velocity in 1.hls time interval is z 

�G
'-.-----+x 

- AB I'z-� V --·-:::;:·- - ·· 
av l2-t1 !z-!1 

HereAB = OB - oA = Yi - ii= change in position vector. 
For small time interval ben.,reen t and t + ill, change in 
position is t!Y then average velocity in At time interval 

Instantaneous velocity : The velocity of a body at a 
given instant of time during motion is kn.own as 
instantaneous velocity i.e., 

I . .. fl.r dr Instantaneous ve oc1ty = 11:m 
:it---i>O 

"The magnitade of instantaneous velocity is equal to 
the instantaneous speed a t  the given instant 
The speedometer of an automobile measures the 
in.stantaneous speed of the automobile. 
The average speed of a body ls greater or equal to the 
magnitude of the average velocity over a given time 
interval. 

37 

ACCELERATION 
i e Acceleration of a body is defined as the rate of change 

I, 
of velocity of a body v;,ith time, 

change in velocity 

@ 

i.e. Acceleration time taken 
Average acceleration : Average acceleration is defined 
as the ratio of tbe change in velocity to the time interval 
duxing which the change occurs 
, • , change in velocitv i.e. Average acce1erat10n = -time intt..-xva1 � · 

1 ® In11,tantaneous aceeforatlon : Tue acceleration of a body 
at a given instant of time is knov.n as instantaneous 
acce1eration 

• 
1 

• change in velocitv i.e. Average acce,.eratmn = -· . � . 1 ' ttme mterva 
If a body is speeding up, acceleration is in the direction 
of velocity, if lts speed is decreasing, acceleration is in 
the direction opposite to that of the velocity. This 
statement is independent of the choice of the origin 
and the axis. 
T'ne zero velocity of a body at any instant does not 
necessarily imply zero acceleration at that instant 
it. body may be momentarily at rest and yet have 
non-zero acceleration. For exampleJ a body thrown up 
has zero velocity at its uppermost point bu.t the 
accelerat ion at that instant continues to  be the 
acceleration due to gravity. 

ltitfflli,i1]''' 
The relation between time t and displacementx is t = CL.:2 + 
where a and i3 are constants, find the relation between velocity 
and acceleration. 
Som ; ,,re have the relation bei.�veen time t and displaceme.nt 
x as 

t = oo;2 4 fa 
D'ffe . . . h dt 

J /3 1 renttatmg w1t respect to x: we get, 
dx 

= _a;x-+ 

dx 1 
orv=---- 1 

dt 2ax�P 2(l(X+I\ l.. 

dv d[ I � 
Now, acceleration, a - = - ---1 

dt dt 2ax+B _ 

dx i . 
.
.I = ve oc1tvv, 

dt .. J 

I a[ 1 ldx 

I
"" dx 2m:+�J dt = 

1 
� a = -2o.v". 

i ihtM®iH,il 
A bodyn10ving in a straight line with uniform acceleratir· 
describes three successive equal distances in time i:itervals 
ti ' t1 

and t
3 

respa,'tively. Show that 
1 1 l 3 

---+-=----

ti t2 t3 t1 + lz + t3 

Soln. : Let vF v
2 

and v
3 

be the initial velocities of the particle 
in the time intervals t1, t

2 
and t

3 
:respectively, and v be rhe final 

velocity of the particle in the time interval tr The particle 
moves equal distances in each time interval and let it be d. 
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Then, average velocity in the time interval t
1 

is 
d 1 
- = -(v + v )  ... (i) 
t, 2 1 2 

d 1 
Similarly, - = -( v 2 + v 3) ••• (ii) 

t2 2 
d l 
- =-(v + v) (111-·i) 
f3 2 3 

••• 

and average velocity in the time interval (t1 + t
2 

+ t3) is 
3d 1 

t + t  + t  = 2(v,
+

v) ... (iv) 
'1 2 3 

From eqn (i), (ii), (iii) and (iv) we get, 
1 1 l 1 1 1 
t-t+t  = 2d 

(v1 + vi) - 2d (v2 + V3 ) + 2d 
(v3 + v) 

I 2 3 
l 3 

= - (v1 + v) = --- (Proved). 
2d t, + t2 + t3 

Illustration " 3 ,  
At time t, positions of three particles A, B and C are as follows: 

X
A 

= 2t + 7, X
s 

= 3t2 + 2t + 6, X
e

= 5t3 + 4t 
Which of them has uniform (constant) acceleration? 

dxA d2x 
Soln. : (a) v = -dt =2 and a = --A = 0  

dt2 

The particle has no acceleration at all. 

(b) dxB 
V = -=(3X2t) + 2+ 0 =6t + 2  

dt 
d2x a= --B = 6 
dt2 

Here, acceleration is uniform. 

(c) v= dxc =5x3t2 + 4=15t2 +4 
dt 

dv d2xc a=-=--=15x2t== 30t. 
dt dt2 

Here acceleration depends upon time, so it is not uniform. 

DISPLACEMENT-TIME GRAPH 

(i) If the graph is a straight line parallel to time-axis, shown 
by line AB, it means that the body is at rest i.e. 
velocity = zero. 

j A B 
.: C 

i5 
0 

(ii) If the graph is a straight line inclined to time-axis (such 
as OC) shows that body is moving with a constant 
velocity. 

(iii) If the graph obtained is a curve like OD whose slope 
decreases with time, the velocity goes on decreasing, 
i.e., motion is retarded. 

(iv) If the graph obtained is a curve like OE whose slope 
increases with time, the velocity goes on increasing, 
i.e. motion is accelerated. 

VELOCITY-TIME GRAPH 

(i) If the graph is a straight line parallel to time axis shown 
by line AB, it means that the body is moving with a 
constant velocity or acceleration (a) is zero. 

O Time """"' 

C B 

(ii) If the graph is a straight line and inclined to the time
axis with +ve slope (line OC) it means that the body is 
moving with constant acceleration. 

(iii) If the graph obtained is a curve like OD whose slope 
decreases with time, the acceleration goes on 
decreasing. 

(iv) If the graph obtained is a curve like OE whose slope 
increases with time, the acceleration goes on increasing. 

(v) The area of velocity-time graph with time axis 
represents the displacement of that body. 

ACCELERATION-TIME GRAPH 

(i) When the graph is a straight line and parallel to time 
axis then acceleration is constant. 

(ii) When the graph is oblique straight line having positive 
slope, then acceleration is uniformly increasing. 

(iii) When the graph is an oblique straight line having 
negative slope, then. acceleration is uniformly 
decreasing. 

• For uniform motion, acceleration is zero, displacement
time graph is a straight line inclined to the time axis as 
shown in the figure (i) and velocity time graph is a 
straight line parallel to time axis as shown in figure (ii). 

Time Time 

(i) (ii) 
• For motion with uniform acceleration, displacement

time graph is a parabola as shown in figure (iii) while 
velocity-time graph is a straight line inclined to time 
axis as shown in the figure (iv). 

IL_)� 
Time Time 
(iii) (iv) 

The velocity,-time graph of the motion of a car is given below. 
Find the distance travelled by the car in the first six seconds. 
What is the deceleration of the car during the last two 
seconds? 

3 x l<l3cllll's B D 



Kinematics 

Sohi.: T'h,e area enclosed betvveen v-1 curve gives the distance 
travelled by the hody. 

Distance travelled by the car i:i the flrst six seco::ids 
= area of triangle ABC + area of rectangie BDEC 

{_, 1 4 V g 
1 sec 
�x 2 x 3 xl o3 + (6--2) x 3 x rn3 

= 3 -"' t03 + !2  x l03 = 15 x 103 cm = 150 m. 
From straight line equation, 

t' ""' U + at � 0 = 3 x 103 -,- a x 2  
-3 x 1 0.> 

a "'- ---
2 

Jndicate the veiodty (v) - time (t) graphs for a bndy: 
(i) falling under gravity. 
(ii) thrown vertically upwards till it falls back to the 
gtound after reaching the highest poi:rt. 
Soln. : (i) Veiocity h1creases from zern <.,c say u 
{ii) Velocity decreases from u to zero at the highest poie.t. 
Then it faHs under gravity to acqdre the velocity u when 
it hits the groun.d, A denm;es tlw highee:t poL11t where v = 0. 

V£. 
' "I� (0, 0) � ; ;  
r . . . .. __ :;..,; 

{ti) 

(3 41 + 51') m. 
r dx I 

Graphically represent the variation of velocity I 1 1  v;,rith 
\. r:.t / 

\1otion of a particle is defined by x 

tim.e. 

S@In. ; x = 3 ·- 4t + 5/2 

dx 
� = � 4 +  lOt dt 

o r  velccity, v = -- 4 + l Ot 
At t """ a, v c: - 4 m. 
Also v = t. It is a straight hne grapb. 
Equation of Motio11 for a Uniformly Accelerated M@thm 

(i) v = u , at l 2 s = ut + - at 
2 

where u is in.itiai velocity;. v is final veTccity, a is uniform 
acceleration, s is dis1a.i.1ce travelled in time t> sn is 
d ista11ce covered in nth second. These equations: are 
not val]d if the accelerarion is non-uniform. 

!:q>1ati1111 llf M<1fam for a freely Falli•!! Body Under Gr,,...ity 

\!) V u + gt 

(iii) v' ··• u2 + 2gh (iv) 
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iMMMi,H,ii 
From the top of a tower a stone is th:rmvn up 1-vhich reac.bes 
the ground in time t1• A second stone thrown dmvr1 with 
the same speeC reaches the g:ound b .  time ty A third 
stone released :from rest from the sa.i.ue location react.es 
the ground in time t,, S:lov;,r that tj = t1t2• 

Suln, : Let h = height of tower 
u = speed of projectioa of stone · 

1 
But h is cJso = 0 + ,:: _  gtf 

. 2 
1 1 I "' 

01" Ut2 -·- Ut1 = 2 gtJ -:; gt} 

or u (t2 , t1) ;;."" 2g (t1 + f:J U1 -· t.;.) 

or u = � -g (t1 - t,.) 
2 . -

"2 "r ti t'2 l3 V . .. 

... (i) 

A baH is droppOC on to the floor frorr. a height of i O ITL 

Ir rebounds to a height of 2.5 m. If the bdi is in co.12�act 
I ,..vith the -floor for 0.01 sec, Vv"hai is the average acceler2.tio:1 

durini c:)ntact? 

§o!n. : Under free fa!l, veiocity. v1 

V: -.;2 x 1 0 x 10 _/200 nlis 
Under ;:--ise) velocity, v1 - .J�2-x_l_O_x_2 ___ 5 = -·-.}50 r:vs 

Ch:mge in velocity = (v1 - v2) ::::.Jloo - {--./50) 
= �200 + Jso 21 wls 

V - y· ') 1 

Acceleration =-
1-. -2-=r;-

0
'
1 
= 21CO m/s2 

tune -· 
Acceleration = 2 100 m/s2• 

IMtM®WHii 
A body is  freeiy dropped from a height h above tbe ground. 
(a) Find the ratio of Gistances fallen in first cne secotd, 

first two seconds; first three secondsj etc. 
(b) Find the ratio of distances fallen in 1st second, in 2nJ 

second, in 3rd second etc. 
Som. : 

< r I 
l 

('') Ci'·-�m 0quatio= "- J o12 i· h = W + -
2
- 0t2 and u = 0 0- .i'lV " - t, ,;= 2 O'" l '  � 

l sf/ = u + -:::;· a (2n--l) where u = O. a  g 

s =!q (21;-rJ 
n . 2o 


