Kinemartics

If a particle travels a distance S in time ¢ | to &, the
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If a particle wavels a distance s, s,, =, etc. with speeds
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The displacement in this time

Velocity of a body is defimed as the rate of change of

displacement of the body with time

displacement

e inerval

Speed is a scalar guantity whereas velecity is a vector
guantity.

®oth the speed and velocity have the same umit and
same dimensional fermula {M°LT].

Average velocity : Average velocity is defined as the
ratio of the displacement to the time interval for which
the motion takes place.

ie., Velocity =

. . displacement
ie.. Avemge velocity = —————
time taken

Iztaparticlebe atpoint 4 at

time ¢, and point B at #me £,.
Position vectors of 4 and B
are # and & respectively.
interval is the vector
Zﬁ:(?ﬁw #)}. The average
velacity in this time interval is

Here AB = (}B — GA = 7, — # = change in position vector.

For smali time interval between ¢ and # + Az, change in
positionis A7 then average velocity in Af time interval
.. OF
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Instantancous velecity : The velocity of 2 body at a
given instant of {ime during motion is known as
instantaneous velocity i.e.,

. AF d7
Jasiantaneous velocity = gjz}g N
The magnitude of instantaneous velocity is egual to
the instantaneous speed at the given instant.
The speedometer of an automobile measures the
instantaneous speed of the automobile.
The average speed of a body is seater or equal to the
magnitude of the average velocity over a given time
interval.
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ACCELERATION

&  Acceleration of a body is defined as the 1ate of change
of velocity of a body with time,

change in velocity

time taken.

e  Averase acceleration : Average acceleration is defined
as the ratio of the change in velocity to the time interval
during which the change occurs

change in velocity

time interval

# Inpstantaneous acceleration : The acceleration of a body
at a given instant of time is known as instantaneous
accejeration

L.e. Acceleratien =

i.e. Average acceleration = -

change in velocity

& ifa body is speeding up. acceleration is in the dirsction
of velocity, if ite spesd is decreasing, acceleration is in
the direction opposite to that of the velocity. This
statement is independent of the choice of the origin
#nd the axis.

& The zero velocity of a body at any instant does not
necessarily imply zero acceleration at that instant.
A body may be momentarily at rest and yet have
nou-zero acceleration. For example, a body thrown up
has zero velocity at its uppermost point but the
acceleration at that instant continues to be the
acceleration due to gravity.

ie. Average acceleration =

‘The relation between time ¢ and displacement x is ¢ = ¢ix® + [z,
where ¢ and { are constants, find the relakon between velucity
and acceieration.
Soln. : e have the relation between time ¢ and displacement
X as
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Bifferentiating with respect to x, we get, = =20x+ §
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Now, acceleration, & = dv = i[—‘“i“_ [
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A body moving in a straight line with uniform accelerati~
describes three successive. cqual distances in time intervals
¢, t, and f; respecvely. Show that
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Seln. : Let v, v, and v, be the initial velocities of the particle

in the time intervals ¢,, ¢, and 7, respectively, and v be the final
velocity of the pamcie in the time interval £,. The particle
i moves egual dissences in each time interval and let it be 7.




38

Then, average velocity in the time interval ¢#, is

VELOCITY-TIME GRAPH

1 } () Ifthe graph is a straight line parallel to time axis shown

d _ .
Z = E(Vl +v,) ..(1)
L. d 1 .

Similarly, T = —2‘ (v, +vy) .-(11)

4_1 N

3 =3 (v, +v) (i)
and average velocity in the time interval (f, + ¢, + ,) is
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Fromeqn (i), (ii), (iii) and (iv) we get,
1 1 1 1 1 1
et — = — (Y, 4 V) m— (v, + V) + — (V3 + V)
PP Zd(l 2) Zd(z 3 2d
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=— W +V)=—— ).
2 d( L+ V) hth+h (Proved)

Hlustration 3

At time £ positions of three particles 4, B and C are as follows:
x,=2t+7, x3=3F+2t+6, x.=5£+ 4

Which of them has uniform (constant) acceleration? [

2

d dx

Soln. : (a) v =%:2 and a= dtzA =0 |

The particle has no acceleration at all. ’

(b) V=%=(3x2t)+2+0=6t+2 J
t
d°

a= };B =6 }
dt

Here, acceleration is uniform.

(c) xv:i’fﬁ=5x3:3+4=15r2+4
dt
) 2 v
_a =d—*2§+=15x21= 30z,
dt dt

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

DISPLACEMENT-TIME GRAPH
(i) Ifthe graphis a straight line parallel to time-axis, shown |
by line 45, it means that the body is at rest i.e. ‘

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

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

(i)

@v)

i.e. moson is accelerated.

If the graph obtamed is a curve like OF whose slope |
increases with time, the velocity goes on increasing, [

by line 4B, it means that the body is moving with a
constant velocity or acceleration (a) is zero.
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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.

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

If the graph obtained is a curve like OF whose slope
increases with time, the acceleration goes on increasing.
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.

When the graph is oblique straight line having positive

slope, then acceleration is uniformly increasing.

When the graph is an oblique straight line having

negative slope, then. acceleration is uniformly

decreasing.

e  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 (i1).
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e  For motion with uniform acceleration, displacement-
time graph is a parabola as shown in figure (iii) while
velocity-time graph is a swaight line inclined to time
axis as shown in the figure (iv).
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(iii)

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 > I0Pem/s




Rinemztics

Seln.: The ares enclosed between v-7 curve

traveiled by the body.

. TDistance travelled by the car 1z the first six secoads
= area of iriangie 4BC + area of rectangie BDEC

gives the distance
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=3x i+ 12100 =15x10°
From straight line eguation,
¥ oyt oaf

cm = 158 m,

= =3 x1¥+ax2

3 2 o .
=l 8x 300 omis® = 18w

the velecity (v} - time {7} sraphs for a body:
falling under gravity.

thrown vertically wpwards till it fzils back to the
ground afier reaching the highesi point

Selm. @ {i} Velocity increases from zeve 0 say u

(i} Velocity decreases from u 0 zero at the highest point.
Then it falis under gravity to acguire the wvelocity u when
iv hits the groand, 4 denotes the highest poimé where v = 0.
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Motion ef a particle is defined by x » (3 ~ 4+ 58 m.
- L . . dx .
Graphbically represent rhe variztien of velocity ’ T;% with
. Lot )
fime.
vime}
Soln. : x =3 - 47+ 57 + s
z_{\: 4 ‘ ///
- ——= _ 4+ 10 #5)
d @, 8l &
or velesity, v =~ 4 + 10¢ I
f R

Avr=§, 1’—“*‘7&1‘
Also v == f. It is a straight line graph.

Esuation of Motion far a Uniformly Accelerates Mation

. Loa
(i} s=ut+—at

A

iy v=u-+sat

i) - = Zas 2n~1%
where « (s initial veltcity, vis final velocity, a s unifem
acceleration, s is disiance travelled in time £, 5,

distance covered in #" second. These equations ‘are
not vaiid if the acceleraten 1s non-uniform.

, &
(iv}y s, zw-e-;

Equatiou of Motion for a Freely Falling Body Under Gravity

@) veu+ge {i3 kmurﬂ%n-é-gi'?

(i) vF=u?+ 2gh (iv) &, mw@-% e{Zn-1

!

: the ground in time

From the top of a tower a stone is thrown up which reaches
#. A second stone thrswn dewn with
the same speed reaches the ground in time £, A third

stone reicased from rest from the same locaticn reaches

the ground in time £. Show that f = iyt
Salm. @ Let £ = height of tow T
x = speed &f projection of stone
1
. A el
Ao B = e sy g8 = iy +5 85
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4 hall is dropped on to the floor fom & height of i m.
E rebounds to a height of 2.5 m. If the ball is In contact

with the fAeor for .91 sec, what is the average acceleration
during contact?
~ f
Seln. @ Under fee fall, velocity, v) = j2gh
T o~ ]
v, =2 x 10 x 16 =200 nvs
. . — [ o :
Under rise, velocity, v, = — F2xI0x 2.5 = /55 nvs
.. Change in velocity = {v; — )} =200 = {30}
= 2@0 =50 =21 mfs
vy 3
cceleration =———= = re—z 2204 m/ss?
tune  4.0]

= Acceleration = 2100 m/s°.

ahave the ground.

A body is freely

drozped from @ heishi 2

{z) Find the ratio of distances fallen in frst one second,
first two seconds, first three secends, etf.
{6} Fiad the ratio of distances fallen in i¥ secoad, in 2™

second, ip 3™ secoad etc.
Soln, : . r
At h=w o
7° I 2

(2} From sguation r= gz and u =3

{by Now from the ormuola of distance travcli ed in 7 geommd

I
s, =u+—a (Zr-1)where u=9 2=

P

S, =
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S, =—& (21}
=52



