SIMILPhysics Reference text
CHAPTER Il

MOTION IN A STRAIGHT LINE
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PRELIMINARY MATHEMATICS

Trigonometry Si M”_PhyS|CS

Trigonometrical ratios of an angle

Consider a right angled triangle ABC, the angle at
B being 90°. The angle at C is 6. The side AB opposite
to the angle 6 is called opposite side and BC is called
adjacent side and AC is the hypotenuse. From these () 9077
three sides six ratios can be formed and they are called c g
trigonometrical ratios. ~ Fig. 5

1. Sined - opposite side _ AB _ Sin g
hypotenuse  AC

adjacent side BC
2.Cosined = = =
S hypotenuse =~ AC L

opposite side  AB
adjacent side ~ BC

3. Tangentf = =Tanf = sinf/ cos o

hypotenuse  AC
opposite side  AB

4, Cosecant § = = Cosec6 = 1/sin6
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hypotenuse AC
.Secantd = — = - —
3 adjacent side  BC RSSIA = e

adjacent side  BC

6. Cotangen ophoSiEside . AB Co cosf/sinf

The value of the above ratios depend only on the angle and does not depend on the
length of the sides. The above ratios are interrelated.

1 1
C g = ——;Secl = ——; 8= 1/t
0sec Sing ec Cosd Cot 1/tan 6

and
Sin29 + Cos?6 = 1.

In the above triangle, ZA =90 — 6
B
Sin (90 — 6) = 2< = Cos6

- SIMILPhysics

The following relations are also useful.
Sin (90 4+ 6) = Cos®; Cos (90 +6) = —Sin6
Sin (180 — ) = Sin#é; Cos (180 — 8) = —Cos 6

The values of trigonometrical ratios of some important angles

Angle 0 30 45 60 90
Sine 0 % -—\% ? 1
Cosine 1 -? . -\% % 0
Tangent | 0 —Iﬁ 1 V3 |

The trigonometrical ratios of all angles can be obtained from the mathematical tables.

Calculus: (A) Differentiation

Consider a function y = f(x). Suppose x is increased by a small quantity Ax. Then
the corresponding change Ay in y will also be small. The ratio (Ay/Ax) gives the rate
of change of the function y = f(x) with respect to x. When Ax = 0, (Ay/Ax) takes
up the indeterminate form. But we can see that (Ay/Ax) may tend to a limiting value as
Ax — 0 (Ax tends to zero). This limiting value of (Ay/Ax) as Ax — 0 is the differential
coefficient or derivative of y with respect to x and is denoted by the symbol (dy/dx).

- Thps (dy/dx) = Litseo(Ay/Ax). [reads limit when Ax tend to zero (Ay/Ax)].
e derivate of y is some times denoted by y’.

i ﬁThe pr_oce_ss of finding the differential coefficient is called differentiation. (dy/dx) is
¢ first derivative of y with respect to x.
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Some basis rules in differentiation

. d
1. The derivative of a constant ¢ 1s zero; -d—;(c) =i f).

2. Product rules p ]
If y = uv, where u and v are both functions of x, then (dy/dx) = B—;(uv) =

u(dv/dx) + v(du/dx)

3. Quotient rule .
¢ If y = (u/v), where u and v are both functions of x, then

(dy/dx) = %(u/v) = [v(du/dx) — u(dv/dx)] =+ v?

wmewmsee S|M|LPHyYSICS

1. —(x") = n—| e o ey = 2
T (x") = nx ex: — (57) = 3%
d
2 a(cx”) =cnx""!'  ex: %(4,\:3) =4 x 3x% = 1247
. a(sin X) = COS X} & %(sin 6) = cos b
5. 4 (cos x) i e, (cos6) cos 6
i St = — . By = = —CO0SU.
e 0S X sin x i.e pT: CoS
5 : (tan x) sec? x or 4 (tan @) sec? @
s —_— = — —_— = — SeC
dx do

6. Logxy=1/r
dx
d X X
¥ a(e g |
8. L (x") = nx"(dx/dt): ex: 2 £ — P ihidp
Codt " de

d d d
9. E(Siﬂ 0) = cos0(d/dt); ex: E;(sin wt) = cos wt X d—r(wr) = COSw! X @ = @ COoSw

where w is a constant.
Successive differentiation

Consider the functional relation y = f(x). When y is differentiated with respect to x
once, we get the first differential of y with respect to x which is denoted by (dy/dx) or y’.
(dy/dx) may again be differentiated with respect to x. This derivative of the first derivative
is called the second derivative of y with respect to x and is denoted by (d2y/dx2) or y".

Examples:
(i) Velocity, v = (ds/dt), the first derivative of s with respect to t; acceleration, a =
y . d
t-;i(v) = (dv/dt) = B—{-(ds/dt) = (d*s/dt?), the second derivative of s with respect
!

tgf.
(ll) —-(Sin(:)f) = COSwW! X w = @ COS wt

2(ai d
Inwt :
d=(s - ) = —(wcoswt) = —w? sin wr
jra
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(B) INTEGRATION

The process of integration is just the reverse of differentiation. If i( f(O)] = ¢px)
then f(x) is called the integral of the function ¢(x) with respect to x .d;hlis is wriucn- u"
[ ¢(x)dx = f(x), reads integral ¢(x)dx equal f(x). S

Some standard results

d
1. __(xn) = nx"'l; ‘..‘/\"xu—l =xu
dx
xn+] 5 4
2 “d = . 1 = X
fx X ¥l ex(l)/xdx x"/4

(i) f4x3 =4 x x*/4 = x*

. 2 fsin9d9 = —cosf

+Jere-= GIMILPhysics

3 [(l/x)dx = Jog,x

6. fexdx = ¢

Note

It is to be noted that sign T is used for summation of discrete values, while [ is used
for summation of a continuous function. It means that the method of integration is used to
sum up the effect of a continuously varying function. For example, work done by a variable

force, W = [ Fds.
Constant of integration (C) - Indefinite integrals

d d . d
If H[f(x)] — ¢(x), then [P(x)dx = f(x). Also E[.f(x) +C] = ﬂ[f(x)l +

4
dx
frp(x)dx = f(x)+C

xn+l
Ex': fx"dx - ( )+ ¢
n+1

In all the indefinite integrals, a constant of integrals C is supposed to be present. Hence
~ we should add a constant C in the result of all indefinite integrals.

dC
I = —[f(x)] = ¢(x); where C is a constant and so dC/dx = 0.

Definite integrals

If [ f(x)dx

F(x) + C, then the value of the j =bi
L v he integral when x = b is F(b) + C and

a is F(a) + C. Hence the value of the integral when x = b minys
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. =ai Cl = F(a) + C] = F(b) — F(a). Thi
tegral when x = a is [F(b) + - is

the Va?cb(;tj}?(llll) (;fcall ed the definite integral of f(x) between the limits a and b. This is

;a::;ed(by [ fydx = [F( x)]?. Here a and b are called the limits of integration, b being
e 5 - v

the upper limit and a the lower limit. Lb f(x)dx reads integral f(x)dx between the limits

atob.
When we calculate the definite integral, the arbitrary constant of integral C gets can-

celled.
It is to be noted that |, g f(x)dx is the summation of the function of x for all values of

x froma to b.

Examples:
b _I‘"+1 b 1
. 2 _ N S bu+l _ il
(‘)j;x s |_n+l:|a 7D ]
3 FBTE 1
.. 2 g =|—| ==[3 =131= = %26 =26/3
(11)-/:Idx |.3_ 3[3 l] 3>< /
3 3 -x4-4 1 4
.. == = -[4" —0) = 256.
(u)f0 x’dx 7 4[ )

VELOCITY AND ACCELERATION

The concept of motion and rest depends on observer and object. If the position of
an object in space changes with time relative to an observer it is said to be in motion;
other-wise it is at rest.

The line joining the instantaneous positions of the particle is called its path.

Concept of point object

If the distance travelled by an object is very large compared to the size of the object, it
can be considered a point object.

For example, a train whose length is nearly a kilometre may be treated as a point object
if it travels very long distances. In describing its journey over many hours we may ignore
its length and simply think it as a point object. Even moon going round the earth is so small
in comparison with the size of the orbit that it can be considered a point object.

Motion in one, two and three dimensions

If the motion of an object is restricted 1o a straight line it is said to execute one dimen-
sional motion.

A train running aloflg a straight track or a bus on a straj ght road are examples of bodies
in one dimensional motion.
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If the motion of an object is restricted to a plane it is said 1o be In two dimen.simm}
motion.
The motion of a boat on a lake or 4 coin along a surface are examples of two dimen-
sional motion.
An object moving in space is said to be in three dimensional motion.
b

A butterfly flying in air or motion of gas molecules in space are examples of three

e SIMILPhysiCS

The length of the path traversed by a particle in a certain interval of time is called
distance travelled by that particle.
Displacement of an object is the change of position along
a particular direction and it is given by the vector drawn from
the initial position to the final position.
If the particle moves from A to B as shown in the figure I,
the distance travelled is As while displacement is Ar = ry — ;.
Regarding distance and displacement it is worth noting
that:
|. Distance is a scalar, while displacement is a vector both having the same dimension
(L) and unit (m)
2. The magnitude of the displacement of an object between two points is the shortest

distance between those two points
3. For a moving particle distance can never be zero or negative while displacement can

be zero, positive or negative
4. For a moving particle distance can never decrease with time while displacement can.

Decrease in displacement with time means, that the body is moving towards the initial
In fig 2(a), a body moves along a semicircular path of radius r along AC B. Fig 2(b) shows
a body thrown vertically upto a height h returns to the point of projection. Fig 2(c) shows
a body projected vertically up from a height h above the ground went upto an additonal
height h’ and then falling to the ground.

Fig. 6

f\ | ' 4
h
A " J ¢ §
s B ar ;
o (a) (b) (c)
stance = nr Distance = 2h Dis '
. o ta = h+2h
Displacement = 2r Displacement = () Displgcc:mcn! =-h

Fig. 7
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TRy

Speed
It is the time rate of change of pos
1 ~4 B4 \TL] - » ™, . ; _I
Speed Distance travelled, Unit: ms~';  Dimensions: LT
apee = e v
I [ime

ition. It is the distance travelled in unit time

Average speed
It is the ratio of the total distance travelled by the object to the total time taken.
total distance travelled

Average speed, UV = total time

Note:
l. If a particle travels at speeds v, and v, for intervals ¢, and 1, respectively, then,
Total distance = v, + va1; Total time =1 + 2

M. [ff] = fy=1, 'ﬁ:(v1+vz)/2
(4 + 12)

2. If a particle travS TSMITIl] P] RI and then S, with a speed v; then,
. Total dista = J) 2, Ti y&l C S
W 1. V2

g | ﬁ=(S|+Sz)/("S—I+'§)-

V| va

Average speed, U =

s IfS, =8,=38, v=2vv/(v+ )

Liplem /FM

Example

IL1. A carcovers the first half of the distance between two places at a speed of 40 km/h
and the second half at 60 km/h, What is the average speed of the car?
Let 2x be the total distance covered.
X 3x + 2x 5x X h

o Totaltime = /4 B _FEXE I
/ ~40 60 120 120 24

Total distance 2. b e ey
Total time ~ x/24 =48km/h)
Or,v =
Loy DT B/t ) = 2 x 40 x 60/(40 + 60) = 48km/h
= R% ¥ k;—‘—--————-q_,.________________ .

| Motion along a straight line

Average speed, T =

DA :
' “Origin, unit and sense of passage of time

. Vl . s
In any process involving time, some instant of ;
time along g J;

e ssage Ao
represent the pas O time is tak :
1 r N en as the L P .
may be second, minute of hour as per convenience, Events occurred gnf - The uni Of-?lnt::
efore zero time wi
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assigned a negative number of time units while those that occur after will carry a positive
anumber of time units.
. L . 1 1 1 ]
6s -4s -2s 0 2s 4s 65
Fig.8

The origin of the time-axis can be shifted to any point on the time axis. The time interval
between two points on the axis is not affected by the shift in the origin of the time axis.

Origin, unit and direction for position measurement

To represent the motion of a body along a straight line, some point O is taken as the
origin and some unit of length is chosen. At any instant ¢, the position of object is given a
real number positive or negative written as x(¢). This is called position co-ordinate.

1 1 1 | | 1 |
6m -4m 2m 0 2m 4m 6m
Fig.9 '
The distance m e thgright of igin is taken positive and distance measured to
the left of the ojgi t era ve. h ¥ S I C $
In the case of motion along a vertical line the/distance covere upwards from the origin
is taken as positive and that downwards from the origin is taken as negative.

The origin of the position axis can be shifted to any point on the axis.

Velocity
| It is the time rate of disp[acemem] it is the distance travelled in unit time in a specified
direction.
. Displacement . y : _
Velocity = E _ . Unit: ms™'; Dimensions : LT :
Time
Average velocity 1
If the displacement of a parti-  , b i ty
cle in a certain interval of time is O A E
known, the average velocity is taken | <= By oo > e
as the ratlo Of disp]accment tO the < Xy  crreseresemsecsssecssssssssssssssseness gpl

time taken. Fig. 10
Let O be the origin. At any instant 7, let the object be at A and at any time 1, let it be

at B. Let OA = x; and OB = x3.
Total displacement  x, — x, Ax

Average velocity =
Total time T -
2 —~ 1 At

Instantaneous velocity

The i i ' i
ool ;Zk:ﬁny olf a particle a_t any instant of its motion is called instantaneous velocity.
e velocity at any instant C (Fig. 5), we note a small displacement Ax in an
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: ime At, including the point C. The average velocity dur
e 1l interval of time . | g v.churin
lll:ﬁ"mtcm:f lz ZI::: At is ¥ = (Ax/At). The velocity at the instant C is, v = (Ax/ Ar),
the interv
limit when At tends to zero.

Ax

: dx
Instantaneous velocity, v = Lia, ol — | =

At )T dr

Thus instantaneous velocity is the time derivative of displacement.

Uniform velocity

A particle is said to move with uniform velocity if it makes equal displacements in
equal intervals of time, however small these %grvals are. The velo.cny of the particle wil]
be the same at every instant. The average and instantaneous velocities have the same value
in uniform motion.

Distinction between,speed and yeloci .
1. Speed is tthy CM ositR h CS‘I @@isplacement

2. Both speed and velocity have the same unit ahd dimensions
3. Speed is a scalar quantity while velocity is a vector

4. Velocity can be positive or negative but speed can only be positive
3. Speed is greater than or equal to the velocity.

Note: A particle moving with uniform veloci
moving with uniform speed need not move w
moving round a circle with uniform s
changing continuously.

y moves with uniform speed; but a particle
ith uniform velocity. For example, a particle
peed has non uniform velocity since its direction is

Position-time graph

. t
1. For a stationary object *

An object is said to be stationary if its position does not “0

- change with respect to time. Let the obj

position x(t) = x, from the ori
line parallel to the time axis.

ect be stationary at
gin. The graph is a straight

2. For a particle moving with uniform velocity

At the instant we begin observin

let the particle be at x = x; from the origin, The graph AB is a
straight line inclined to the time axis. At ; — t, let the particle
be at x; and when t = £, let it be at x, from the origin. The
velocity of the particle is given by

X2 — Xl DE _

— —

g the particle i.e.,at7 =0,

: tanc, the slope of the position-time
 —h

graph. Thus the slope of the position-time Btuph represanis the Fig. 12
velocity of the particle.
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Velocity-time graph for uniform motion

A graph drawn with velocity on the ' ]
| : y axis and time on the x-axis is called veloci
time graph. For a particle moving with uniform velocity, the graph is a straight Tin: :)leuallllyi
e

to the time axis.

Let v be the uniform velocity of the particle. The velocity
time graph helps us to calculate the displacement of the particle
in a given time interval geometrically.

Let A and B be two points on the graph corresponding to v
instants #; and t,. Then AA" = BB’ =vand A'B' =1, — t,.

vt

Displacement during the time interval f, — ¢ = Al - B
uniform velocity x time O g t t—
= v(ta—1) = AA’ x A’B’ = area of the rectangle ABB’A’ Fig. 12 A
vy ) s
Equation for unit@ rM I L P h y S i C S f '
g P

t=0 t=tl t=t2

A B C
O Xy X, X
P xo ........... >
Fig. 14

Consider a particle moving with uniform velocity v along a straight line OX with O as
origin, At = 0, let the particle be at A when x = xp. Attime ¢ = 1, let it be at x; and at
time 7 = 1, let it be at x,. Then AB = vt; and AC = vt;. Also,

and x; = X9 + v Then, x; — x; = vi, — 1) .

then, S = vt

XxX] = Xg + v
Ifxz—x|=.5' and 1, — 1) =,

Examples k

IL2. A man walks on a straight road from his home to a market 2.5km away with
a speed of 5 km/h. Finding the market closed, he instantly turns and walks back

home with a speed of 7.5 km/h. What is the (a) magnitude of average velocity and

(b) average speed of the man over the intervals of time (i) 0 to 30 minute (ii) 0 to
50 minute (iii) 0 to 40 minute? [NCERT]
¢ o 2.5km 1 _
Time taken to reach the market = e - h = 30min

2.5km 1

Time taken for return journey = m = 5 h=20min

Average velocity in 30 min = 2.5/(30/60) = 5 km/h
Average speed in 30 min = Skm/h
Average velocity in 50 min = 0, since displacement is zero in 50 min

I £ 1
\
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Average speed = (2.5 +2.5)/(50/60) = 6km/h
Displacement in 40 min = 2.5km — displacement in 10 min
10

=25 =7, — =25-125=125k
2.5 —=T5 % 0 m
A velocity = L - 1.875km/h
verage y = @0/60) ~ ©
2.5+ 1.25
Average speed = -(4—3}-5 = 5.625km/h

SIMILPhysics

In nonuniform motion of an object, the velociy is different at different instants i.e., the
velocity is a function of time. If the velocity is increasing with time, the particle is said to
be accelerated. If the velocity decreases with time; it is said to move with retardation or
deceleration.

Accelerated motion

Acceleration of an object is time rate of change of velocity.

Change in velocity

: Unit: ms ™2

Dimension = LT 2

Acceleration = -
Time
Acceleration is a vector quantity. It is positive if the velocity is increasing and negative if
the velocity is decreasing.

Average acceleration of a particle in a specified time interval is ratio of the change in
velocity to the interval of time

change in velocity v, —v; Av

Average acceleration, @ =

time interval - h—n At

Instantaneous acceleration

T’fe arccele ration of an ObjeC!_ at a given instant of time or at a given point of motion is
called its mstamfmeous acc'f.’lerarmn. It is defined as the | imiting value of average acceler-
ation in a small interval of time around that instant when the time interval approaches zero.

Instantaneous acceleration, Lra,_,o(ﬁg) . d’x
At dt — dr?

Uniform acceleration

A particle is said to move with uniform accelergyi,
amounts in equal intervals of time, however small thege

eration at every instant 1S constant.

'f if the velocity changes by eqb‘ﬂ[
intervals may be. Here the accel
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KINEMATIC EQUATIONS FOR UNIFORMLY
ACCELERATED MOTION

Consider a particle moving along a straight

line with uniform acceleration ‘a’. At the in- t=0 fa
stant ¢ = 0 let the particle be at A and its veloc- _ A B
ity be vo. Ats =1, let the particle beat Band () xx S % X
its velocity then be v,. Let the position coordi- Vo v,
nates of A and B be xj and x, respectively such .
Fig. 15
that
X — X0 = §.

1. Velocity-time relation: v, = v, +at S I M I L P h yS I CS

According to the definition of acceleration,

change in velocity v, — vy
time Tt

vy —Yv=at ;Vi=Vg+at

Acceleration, a =

2. Position-time relation: x, — x, = v, + (1/2)at*
If the velocity of a particle is constant, the displacement = velocity x time .
If it moves with uniform acceleration, the displacement is given by:
§ = average velocity x time

. . . (vo + v,)
Since acceleration is uniform, average velocity = —2-

(vo + vr)
= — X1

A | >
vo + vy + at vy + at
But v, = vy + at; S=(0 20 )xt=0—2—lxr

-8 = vot + (1/2)at?

1,
ButS=x,—x9.. X —Xo=vot+ Eat

3. Position-velocity relation: v? — v = 2aS

Acceleration = change in velocity/time; a = (v, — vg)/t ., v, = yy = at 0
Displacement, § = Average velocity x time = (vr -; Vo)t

(v + vo)t 28
2 =S ;Ur+v0=-;— (ii)

Multiplying eqns (i) and (i), v? — Ve=2aS: Or v2 — vg = 2a(x, — Xo)
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4. Distance travelled in a particular second: S, =v, + (n - 1/2)a
Consider a particle moving with uniform acceleration a. Attt = 0, let vy be the
velocity.

Distance travelled in the nth second, S, = Distance travelled in n seconds —
Distance travelled in (n — 1) seconds

1 1
ie., S, = yn+ Eanz — |vp(n — 1) + -z-a(n — 1)?

I 1
= ypn + Eanz — [vgn — vy + Ea(n2 —2n+1)]

I 1 1
= yyn + E(mz - Uoh + Yo — -ianz +an — —-a

2

|
=vy+an ——a=vy+ (n—1/2)a

SIMICPhySICS

Note: More commonly used symbols: vy = u and v, = v. Then the equations are:-

v =1u-+ at; S=ut+%at2; vV—ut=2aS; S,=u+(n-1/2)a

Examples

IL3. A car travelling at a speed 54 km/hr is brought to rest in 90s. Find the retarda-
tion and distance travelled by the car before coming to rest.

u=54km/hr=15ms™"; v=0. t=90s; a=?% S§=?

v=u+at;, 0=154+ax90; «=-15/90= '—1/6“15_2

.. Retardation = (l/ﬁ)ms_z

F - l
7 Distance travelled = ur + im2

3 F |
Zi 1
y =15x90+ 3 x —1/6 x 90% = 1350 — 675 = 675m
4. Acar starting from rest acquires a speed 25 ms~! in 10s after which it main-

: for 10s. Find _ :
tains this speed nd (a) the acceleration (b) dj elled during
acceleration (c) total distance traveleg, (b) distance trav

(a) u=0; v=25ms7\; t=10s; a=?

U=u+af: 25'—"—-0""0){10: 10a=25 2

a=25ms"

f

\'/’
4
"N,

-
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v '

1 !
(b) S=ur + Earz =0+ x25x 102 =125m _

(c) Distance travelled at constant speed =S = v x t =25 x 10 = 250m
Total distance travelled =125+4+250 =375m

@9/ A body travels 2m in the first 2s and 2.2 m in the next 4s? What will be the
velocity at the end of the seventh second from start?

Let u be the initial velocity and a the uniform acceleration.

1 |
SinccS:ur+§a12; 2=ux2+5ax22; u+a=1 (1)

1
Also, 4.2 = u x 6 + Sa x 6% wu+3a=0.7 )

“ ! .
“1// From(1)and (2),a = —0.15ms™ 2> and u =1.15ms™!

Velocity at the g LMTIEph Sb@rS

I1.6. The two ends of a train moving with constant acceleratlon pass a certain point
with velocities ¥ and v. Show that the velocity with which the middle point of

the train passes the same point is /(42 + v2)/2

Let x be the length of the train and a its acceleration.

Then, v?—u? = 2ax (1)
Let V be the velocity of the train when the midpoint of the train passes the same
point.

Then, V?—u®=2ax/2 ;V?>—u’=ax 2)
From (1) and (2), v? — u? = 2(V2 — u?); \/W

1. A body moves in a straight line along X -axis; lts distance from the origin is given
by the equation x = 8¢ — 32, where x is in metres and ¢ in seconds. Find the

displacement of the particle when its velocity is zero.

x =8 — 3% velocity u=?f- =8 — 6t
When velocity is zero: 0 =8 — 6r; r=4/3s

| Displacement in 4/3s; x =8 x4/3—-3x (4/3)* =5.33m

IL8. A body is moving along the X-axis with con-

stant acceleration of 4 ms~2. At time r = 0, t=0 t=2s

itisat x = Sm and has velocity v(0) = — . .

3ms~!. (a) Find the position and velocity at 0 Sm ™
! = 2s. (b) Where is the body when its veloc- Fig. 16
ity is Sms=19

@ v =u+at=3+4x2=]11ms2

D !
x,-—xo—ut+5a.' =3x2+§'x4><22=l4m

Xy =xo+l4=5+l4=19m
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(b) v =:1:':'2£5=U:"'3ﬂ(1: — X0)

5-9 _,

5= =3+ 2 x4x, —xg); X;—Xg=
n—-5=2 xn=7Tm

IL9. *A hundred metre sprinter increases her speed from rest uniformly at the rat,
of Ims—? upte 75m and covers the last 25m with uniform speed. How much
time does she take to cover the first half and second half of the run?

Let 1. 1> and 12 be the time taken to cover 50m, 75 m and 100 m
For accelerated motion upto 75 m
P =ut+2aS5: P=0+2x1x75 v=+150=1224ms™!
v=u+ar; 1224=0+1x1: 1L =1224s

During the last quarter she is running at constant speed

25
Time taken to cover last 25m = —— = 2.04s

12.24
Time taken to cover the whole distance = 12.24 + 2.04 = 14.28s
Time taken to cover the first half
1 1
5=u:+§a£2; 50:0-':—5 x 1 xtf; 5 =10s

Time tzken to cover the second half = 14.28 — 10 = 4.28s

Position-time graph for uniformly accelerated motion

For uniformly accelerated motions, x — ¢ graphs have parabolic shapes

x1 XT
+a -a
X9 X9
t— t—
Fig. 17
Velocity-time graph-uniformly accelerated motion vl

For uniformly accelerated motion, the velocity-time

graph is @ straig'l'l'l line inclined to the time axis. Let v; and " : .
v, be the velocities of the particle at instants 1 = ?; and Yo Al B'
1= ' ,
e 5 V2 — v BC = ) %
ACCClcfatIOH- b 1 = ‘ZE = tana Flg. 18

Thus the slope of the velocity-ime graph giveq pe o0 ateration of the particle.

Scanned by CamScanner



To show that the area enclosed by the velocity-time graph represents the displacement

The velocity-time curve for a general case is given in the V1
figure 14. As the slope of the curve changes from time to time
the acceleration is not a constant. Whatever may be the accel-
eration it can be shown that the area under the curve gives the
displacement.

Imagine the time interval to be divided into small intervals O
like ‘ab’. During such interval the velocity can be considered to _
have a constant value given by the ordinate ‘ac’ or ‘bd’. o 1
Distance covered during this interval

= v xXdt =ac x ab = area of the strip abcd

Considering similar intervals, the total displacement during the interval (1, — 1,) is equal to

the area ABB'A’. E I[ ]II E I .

Examples | o
(ms )27 !
I1.10. Fig. 15 shows the velocity time curve for a par- i ® @ |
ticle travelling along a straight line. Find the « 2 - 4 1)
distance covered in 6 s and displacement in 6. 2' ‘ \%

Distance covered = area 1 + area 2 + area 3 + area 4

1 1
=lx2x2+2x2+—xlx2+—xlx2=8m
2 2 2

Displacement = area | + area 2 + area 3 — area 4

/ 1 1
—--;-x2><2+2x2+5x1x2—5x1x2=6131__

Position-time relation: graphical proof vt C

Consider a particle moving with uniform acceleration a.
Att = 0, let the velocity be vo. Aftertimez, let v, be the velocity. On A

a velocity-time graph, AC represents the graph and BC represents u :
the velocity, v, = vy + az. Then, BD = vp and DC = at Ot 3B ts
Displacement = area under the velociy time graph = area OACB Fig. 21
= area of rectangle OADB + area of triangle ADC

1 1
=0AxOB+EADxDC=ng+-2-rxar
1
'_S=V0t+ iatz
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VERTICAL MOTION UNDER GRAVITY

SIMILPhysics

It has been found that, in the absence of air resistance, all bodies regardless of their
size, mass or position fall near the surface of the earth with constant acceleration.

:{‘h.is accelf.zrc‘zrion .is caused by the earth’s arttraction and is known as acceleration due
to gravity and is identified by the symbol '8’. Near the surface of the earth the value of g

varies slightly from place to place. It has maximum v :
' alue at the poles ;
at the equator. Its mean value is taken as 9.8 ms—2, and minimym valye

ion due to gravity o ; .

S gfm'lty 8 1s always in the same direction:
wards towards the centre o .the carth, When a body is proj ’
direction is taken as the positive direct; : Projected ve
taken negative. When a body is projecteg vertically do

as positive. Hence 8 is taken positive,

t:.e., vertically down-
rtically up, the upward
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LVANF E BWFCY 0" o &5 8 ERSTT =00

(ii) If the air resistance is not taken into account. when a body is projected upwards
the time of ascent is equal to the time of descent )

If the air resistance is neglected, the only force that acts on the body is gravitational
and the acceleration of the body is the acceleration due to gravity 2.

Let u be the velocity of projection.
Time of ascent (ty):-
Vg = U; a=-—%§. L',=0: v, = Vg +arl; O=u—gn .'_l'|=ll/g (1)
Maximum height (h):-
vo=u; v,=0 v? — vy = 2as; 0—u’=2gh;: h =u’/2g

Time of descent (£2):-

nSINHEPRYsies @

From the equations (1) and (ii), it is clear that the
descent.

me of ascent is equal to the time of

(iii) If the air resistance is taken into account, when a body is projected upwards, time
of descent is greater than the time of ascent.

Let F, be the air resistance.
Acceleration during the upward motion, a; = (mg + F;)/m

| Acceleration during the downward motion, a2 = (mg — F)/m ..a > a. If 7, and
1, are the time of ascent and time of descent, (12/13) = (@2/a)) 12> h

Examples

IL11. A body is projected vertically upwards with a velocity 49 ms~'. Find (a) the
maximum height (b) time of ascent (c) time of flight and (d) velocity when it is
at a height of 60m. [g = 9.8 ms~?]

(a) u=+49 ms: v=0 a= _98ms™ % S=?
49?

v =ul+2aS; 0=49"-2x98xS8 5= =
; TT" lhanata
j b) u=+49ms”'; v=0, a=-98 ms™% ¢ =?
% v=u+at; 0=49-98 r=§428=55
(c) u=+49ms"; a=-98ms; S-'=0; t =2
s=ur+laﬁ- 0= 49 — - 2
Sar’; = f—§x9.81; 49t =49; r1r=10s

2
d) V=u*+2aS; v =49’ —2x98 x 60 = 2404 — 1176 = 1225
v=1+1225 = £35ms™!
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I1.12. A stone is projected vertically up from the top of a
tower 73.5m with velocity 24.5ms™!. Find the time = 3
taken by the stone to reach the foot of the tower.

. . . 73.5m
Let the top of the tower be the origin of coordinate. P
Distances measured in the vertical direction of projection

is positive; opposite direction is negative. Fig. 22

v i

S=-73.5m;, u=+245ms""; a=-98ms % =2

1
S=ut + 5mz; —73.5 = 24.5t — 4.9¢2

4.9t2 —245t-73.5=0; t2—-5t—15=0
54 +/85

1=5+4/25-4x1x—15= 5 =711s
@A stone thrown vertically up from the top of a tower with a velocity 20 ms-!

STy S
Let the theVo origirl 0 Estial direction of projec-

tion is positive.

u=+20ms™"; a=-98ms% t=6s; h=? S=-—h

S=ur + %arz; S=20x6—-49 x 6> =120 - 176.4 = -56.4
Height of the tower, & = 56.4 m
I1.14. *Rain drops are falling at regular intervals of time from the roof of a building

16m high. If the first drop reaches the ground at the instant the fifth drop starts
falling, find the heights of the various drops at the instant the first drop reaches
the ground.

Let the drops fall at a regular interval of t. When the fifth drop starts falling
the time elapsed will be ¢, 2z, 3¢ and 4« for the fourth, third, second and first drops
respectively and if the distance covered are Sy, S3, S, and S, then,

1 1 1

Si=- 2:.' -2 = g 2=

I 28(41') 16><zgt. S;i=16m Co 58t 1m
1 1

S='— 2: — 2=

2 28(31) 9><zgt 9m
1 1

Ss=§8(2!‘)2 =4 x Egr2 =4m

2

The heights of various drops from the ground are 0, 7 in, 12 m, 15 m and 16 m.
I1.15. A body free'ly falling from the top of a tower describes 65.1 m in the last second
of its fall. Find the height of the tower. g = 9.8 g2
Let h be the height of the tower and ¢ the time taken to cover the whole distance.

1 1
S4="81'2 =1 x 5812 =1m

1
S:ut+§afz o h =4.9.2 (1)
Distance gravelled in (¢ — 1) seconds = (4 — 65.1) m
2
h—65.1= 4.9(:_— )*=492_98 149 2
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Subtracting (2) from (1) 65.1 = 9.8: — 4.9

7
—70: t=-—=714s
9.8 =70, 1 0.8
Height of the tower h = 4912 =49 x 7.14* =249.8 m

OR
S = un—1/Da; 65.1=@—1/298 ..1=(0/98)= 7.14's
h=49t2=49x7.1 2_-2498m

[1.16. *A balloon is rising vertically from rest on ground with C
an acceleration of 4.9 ms™2. At the end of 4 seconds, a r

stone is let fall from the balloon. How high will the B?O
stone rise and after how long will it reach the ground? ‘

g =98 ms ™
To find the height of the balloon just when the stone , I

Fig. 23

*

is dropped

- SIMiLPhysics

u
1
S=ur+§ar2= ~ x49x4*=392
To find the velocity of the balloon just when the stone is released
u=0 a=-+49ms™%; =4s; y =7
v=u+at =49 x4=19.6ms™’

When the stone is released it has the same velocity as the balloon at the time of
release. Hence it moves up initially but experiences a retardation 9.8 ms™?

For the upward motion of the stone q’
u=+19.6 ms~%: a=-9.8 ms~%: v=0; §=? : )
ﬂ ¥ =ul4+2as: 0=196"-2x98xS; S§=19.6m @}
Maximum height reached by the stone from ground level ','L“'LD

o0

=392+ 19.6 =58.8m L~

Time taken by the stone to reach the ground M
u=+196ms™"; S=-392m; a=-938 ms™%; =7

1
S =ut + Ea:z; —302 = 19.6.% t — 4.9

492 — 196t —392=0. *—4—-8=0

I_+4:I:\/16—4><1><—8_4:{:\/Z§
2 TR

IL17. A body is projected vertically up from the foot of a
tower 392 m high with a velocity 98 ms~!. At the same
instant another body is dropped from the top. Find
when and where they will meet? g = 9.8 ms—2 .

Let them meet at a height x
above the
onds after projection. ground r sec-

=546s
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For the body A

L, /
"

u = +9% ms a=-98ms " S=x; =1

S = ut + lzmz; x = 981 — 4,91 (1)
For the second body B
u=0 a=+98ms?% S=0392-x), t=1
392 — x = 4.9 (2)
Adding (1)and (2) ;392 = 981/, =48

Substituting the value of 1 in equation (1)

h=98 x4 -49 « 4% = 313.6m

SHHLPhysics

IMPORTANT POINTS

Speed is the rate of change of position. It is a scalar quantity
Velocity is the rate of displacement. It is a vector quantity

_ . . : ; change in velocity
Acceleration is the ratio of change in velocity to time =

— = (v—u)/t
Time
Equations of motion : For accelerated motion
v=u+at, s=ut+la?, v* —u*=2as, s,=u+aln - %)
I km/hr = (5/18) ms~
Conventionally the direction of initial velocity is taken positive
If vi and v, are the velocities of the body to cover first and second halves of the journey
. : Total distance ,
average velocity = - i = 2u,v2/(v1 + v2)
If'a '{qody travels with velocity v, for an interval of time 1, and with vy for an interval of
time ty, then U = (vity + va1)/ (V) + vy)

. Displacement time graph: Slope of the graph at any instant gives the velocity at that
(jnstant.

Velocity time graph: Slope of the graph at any instant gives the acceleration at that instant.
Area under velocity time graph gives displacement

Acceleration time graph: Area under the graph gives the change in velocity

For vertical projection: Time of ascent = Time of descent = u/g, neglecting air resistance
Maximum height reached = u?/?2 g

Vinw = (ds/dt); iy = (dv/dt) = (d%s/di?)

EXERCISES

A. Multiple Choice Questions (Chose the best nltemative)

is Iaccmcnl time graph of two particl . : PTAE i !
1. The disp and 60° with the time axis, P ¢ A and B are straight lines inclined 2

angle 30° : The ratio of their velocities will be
A.glzl B 13 G VET b3 E. 2:1 |
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2 Two bodies of masses m; and m; are dropped from two different heights hy and h
The ratio of the times taken by the bodies to reach the ground is :
A. hy: hy B. mi/h :ma/hy  C. YR /B2 D.hith  E hyth

3, A stone thrown vertically upward with a velocity u from the top of a tower reaches
the ground will a velocity 3u. The height of the tower is
A Gu?/g) B. (4u’/g)  C. (6u*/g)  D. Ou/g) E. W/p)

4. A body released from the top of a tower falls through the first half height of the tower
in 2 s. It will reach the ground nearly after
A. 5s B. 2.82s C. 4s D. 2435 E. 8s

5. A body starting from rest moves with constant acceleration for 20 seconds. 1If the
body travels a distance x, in the first 10 seconds and x; in the next 10 seconds, then

the relation between x; and x3 is
A. X3 = X B. x = 2).‘| C. x2 = 3X| D. x = 4x, E. none of

above

6. A particle travels g-cgrfain dist with upiform speed of 6 ms~' and an equal dis-
tance with a spee(gatIM%\iprh fse dgurncy
A. 10 ms™' g =48 ms” Ey EV E. none of the

above
7. Two bodies are thrown vertically upwards with initial velocities

the ratio of the maximum heights attained by them is
A.23 B. 111 C 49 D J2:4/3 E. 32

8. The displacement-time graph shown in the figure
represents
A. the body moving with uniform velocity
B. the body moving with uniform acceleration
C. the body moving with uniform acceleration
and then with uniform speed
D. the body moving with uniform velocity up to 5
time ¢ and then stops. .
E. none of the above Fig.25

9. A stone is dropped into a W
the velocity of sound then
A.t=.2hjg B..J&8/2h C (h/v)+ /) (h/v)  D. Zh[g+(h/v)
E. (h/v)

10. A ball is dropped from a bridge 122.5 m high. After it has fallen for 2 seconds a
second ball is thrown straight down after it. What must be the initial velocity of the
second ball, so that both the balls hit the surface of water at the same time?

A. 49 ms™! B. 26.1 ms™" C. 9.8 ms™! D. 55.5ms™! E. 24.5ms”

11. Water drops fall at regular intervals from a tap 5 m above the ground. The third drop is
leaving the tap at the instant the first touches the ground. How far above is the secon
drop at that instant? (g=10 ms~2)

A.375m B.4m C. 1.25m D. 25m E. none of the above

12. The position of a particle varies with time 7 as x = g {2 — b3, The acceleration of
particle will be zero at time ¢ equal to '

A. a/b B. 2a/3b C. a/3b D. 2a/b E. zero

in the ratio 2:3. Then

- - ——————

ell of depth A. The splash is heard after a time . If v is

the
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13.

14.

13,

16.

A body dropped from the top of a tower falls through 40 m during the last two seconds

of its fall. The height of the tower is
A. 50m B. 60 m C. 45m D. 70 m E. 65m

A particle moving with constant acceleration from A to B along a straight line with
velocities # and v at A and B. The velocity at the midpoint is

A. (u+v)/2 B. (v—u)/2 C. J(u?+v?)/2 D. (v} —u?)/2 E. zen,

The velocity of an electron starting from rest is given by v = 2r. The distance trav.

elled by the electron in 3 second is
A.9m B. 16 m C.27Tm D. 6m E. 12m

Position-time graph of a body is a straight line parallel to the time axis. What does
this imply?

A. uniform velocity B. uniform acceleration C. uniform speed

D. stationary object E. none of the above

Key to multiple choice questions

()D @C @3B @B ((GC @®©GC (HhC ®»}D 9D ((10OB

e lMICPRYsiCS

B. Very short answer questions

L.

10.
11.

12.

13.

R I I P

Distinguish between ‘speed’ and ‘velocity’.

What is a velocity—time graph?

Draw the velocity—time graph of a body thrown vertically upwards.

Define instantaneous velocity and acceleration.

Give an example for a body moving with uniform speed, but variable velocity.
Can a body have acceleration without velocity? Explain.

What is a ‘point object’?

Distinguish between ‘distance’ and ‘displacement’.

Can an object in one dimensional motion with zero speed possess non-zero velocity’
Explain.

Obtain the equation v, = v, + at.

Can an object have an eastward velocity while experiencing a westward acceleration’
Explain.

Can the speed of a particle ever be negative? If so, give an example; if not, explait
why?

Can an object be increasing in speed as its acceleration decreases? If so, give af
example; if not explain why?

14.[ Can bodies with different velocities have the same acceleration? Explain.

Y/ Hint: Yes. Ex: verticel projection.
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C. Short answer questions
1. If a body is thrown vcrtic;ally upwards and the air resistance is not negligible, is the
time of rise equal to the time of fall? If not, which is greater? Explain, why?
2. If u is the velocity of a car and a the maximum retardation possible, find the minimum
distance in which it can be stopped.
A man starts from his home at 9 AM, walks with a speed of 5 km/h on a straight
course upto his office 2.5 km away, stays at the office upto 5 PM and returns by a
three-wheeler at a speed of 25 km/h. Plot x — ¢ graph of his motion.
4, A boy standing on a stationary lift (open from above) throws a ball upward with a
speed of 49 ms~'. How much time does the ball take to return to his hand. If the lift
starts moving up with uniform speed of 5 ms~" and again he throws the ball with the

same speed, how long does the ball take to return to his hand? .
[Ans: 10s, 10 s]

Hint: As the lift moves up with uniform velocity, 5 ms~!, then the initial velocity of

the boy and the SliaMﬂIﬁL@lh itial melacity.of.ball remains the same.
Hence time is th ; ry Té

5. Show that the area under velocity-time graph represents the distance travelled.
Show that the distance travelled in the nth second by a body moving with uniform

acceleration a is S, = vo + a[n — (1/2)], where v is the velocity at r = 0.

ccelerates uniformly at 1 ms™2 on a straight road

7. A three-wheeler starts from rest, a
overed by

for 10 seconds and then moves with uniform velocity. Plot the distance ¢
the body in n'* second against n.
[Hint: S, =a(n —3) = (n — D] Ans: Straight line
8. Draw the displacement-time graph of a freely falling body.
9. Look at the following graphs (a) to (d). Show that none of them represen
mensional motion of a particle.

ts one di-
[NCERT]

gl
xt %) E‘“ 2
R At 1o W il V. W |
& t L/ X .-
= 14
(b) (c) (d)

(@
Fig. 26

Ans:

(a) A particle cannot have two different positions at the same time.

(b) A particle cannot have velocities in opposite directions at the same time.

(c) Speed is always non-negative

(d) Total path cannot decrease with time

10. ?Pwo stones are thrown up simultaneously from the edge of a cliff 200 m high with

initial velocities 15 ms~' and 30 ms™'. Show that the following graph correctly T€p-
resents the time variation of relative position of the second stone With respect to the
first. Give the equations of linear and curved paths. [NCERT)
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Ans. 1
X)Xy A
For first stone x; = 15¢ = 512 (1)
For the second stone x; = 30r — 51>  (2)
Subtracting, x, — x; = 15¢ (3)
. . . t—
This is the linear equation for the portion OA. Af- O , B
ter the first has reaches the ground, x; = —200 m e

o xz—xl =30f "'5f2+200

This represents the curved path AB.
11. The displacement of a particle is proportional to the cube of the time elapsed. How
does the acceleration of the body depend on the time elapsed?

12. The driver of a train moving at a speed v sights another train at a dis.tancc d ahead
of him moving in the same direction with a lower speed v,. He applies brakes and

gives a constarSnIrM 1 tnph h ughit there will be no collision if
d> (v — 02)2 . y C S

13. The speed time graph of a particle moving along "
a fixed direction is shown in the figure. Obtain 12ms=!f------~ :
the distance travelled by the particle from¢ =0's. f
to 10 s. What is the average speed of the particle E
over this interval? [Ans: 60 m; 6 ms™] 0 ; TR

D. Essays

1. Define uniform velocity and uniform acceleration. Derive the relation § = vpr +
1/2at%; v? — v} = 2as.

2. What is meant by velocity time-graph. Draw the velocity-time graph of a body thrown
vertically upwards. Mark on the graph '

(A) the maximum height (B) time of ascent (C) time of flight.
E. Problem
1. A particle travels half a distance at 12 km/h and the remaining half at 18 km/h. Cal-
culate the average speed.
[Ans: 14.4 km/h]

2. A particle moving with an initial velocity of 60 ms™' is brought to rest in a distance
of 120 m. Assuming the deceleration uniform, calculate the retardation and the time
interval.

_ [Ans: 15 ms™2; 4 s]

3. Starting from rCSt. from one end of a runway, a jet airliner acquires a speed of 90 ms™!
i one minute. Find (A) the acceleration (B) distance travelled and (C) speed at the
end of the first 40S-

[Ans: 1.5 ms™2%; 2700 m; 60 ms™']
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4. A uniformly : : g o
i pasi’e ;‘;‘-‘f:f;;e?n bggfn t;ﬂ:{:lli::lg?’ ::::I;ida stgnght line with initial velocity
tion and the velocity it will acquire when it has pass.sed i:i::l-aien:r:’iol::u‘ft?;?taﬁcelem-

_ . ' [Ans: 4 ms™2; 6 ms™']

@ A train starting from rest is accelerated uniformly and reaches a speed of 72 km/h in
40 s. It travels at this speed for 5 minutes and is brought to rest in 20 s subjecting it to
uniform retardation. Draw a velocity—time graph and find the total distance travelled.
[Ans: 6600 m]

6. A bullet strikes a uniform plank with a velocity of 400 ms~' and comes out with half
the velocity. What would be the velocity if the plank were only half thick.

[Ans: 316.2 ms™']

7. A train passes three points A, B, C at 24, 36, 54 km/h respectively with uniform
acceleration. If the distance AB = 2 km find the distance BC.

[Ans: 4.5 km]

‘8/3\ particle movirgr m ing velgeitylis subjected to a retardation 4 ms™=. If the
particle returns tq_the Stan; TLIEFX . zyﬂ inlitsal velocity.

Hint: u =%, a=—-4ms 't =125, 5=0 8’]08 [24 ms™']

9,/A person is running at his maximum speed of 4 ms~! to catch a train. When he is 6 m
from. the door of the train, it starts moving at a constant acceleration of 1 ms~2. How
long does he take to catch the train?

[Ans: 2s or 6]

y./ln a 100 m race which a sprinter clears in 11 s calculate his initial uniform acceleration
and its duration, if his speed remains constant at 10 ms~! thereafter.

[Ans: Sms™2; 2s)

11. A body moving with uniform acceleration has velocities 20 ms~" and 30 ms~' when

passing points P and Q in its path. Find the velocity midway between P and Q.
[Ans: 25.5 ms™']

@ stone dropped into a well hits the water surface in 4 seconds. How deep is the well
§ ;

nd with what velocity does the stone hit the water surface? e
- [Ans: 78.4 m;39.2 ms™']

height 3.6 m is found to rise up 2.5 m after re-

13 /A ball dropped on an anvil from a
h which the ball (A) strikes the anvil (B) leaves

bounding. Calculate the velocity wit

the anvil.

[Ans: 8.4 ms™'; Tms™']

4/ A stone is thrown vertically upwards with a velocity 14.7 ms~!. Calculate (A) the
greatest height (B) time taken to reach the highest point (C) time of flight (D) velocity

with which it strikes the ground. -
[Ans: 11.025m; 1.5s; 3 5; 14.7 ms™']
15. Two balls A and B are thrown simultaneously, A vertically upwards with a speed of

20 ms~! from the ground, and B vertically downwards from a height of 40 m with the

same speed and along the same line of motion. When and where will they meet?
| [Ans: 15, 15.1 m]
.I % body let fall from the top of a tower falls through 7/16 of its height during the last

| second of its fall. What is the height of the tower?
[Ans: 78.4 m]

B
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68 FUNDAMENTALS OF PHYSICS CLASS X]

' ‘_)7_/ A stone thrown vertically up went up 98 m and came down . How long was it in air9

[Ans: 8.945 N
‘ﬂbody is dropped from a point 4.9 m above a window 1.5 m high. Find the time

taken by the body to pass against the window.
[Ans; 1/7 s

19. A stone is dropped from a rising balloon when it is at a height 61.25 m above the
ground and it reaches the ground in 5 s. What was the velocity of the balloon just g
the moment the stone was dropped?

[Ans: 12.25 ms™!)

20. A parachutist bails out from an aeroplane flying horizontally and after dropping througy
a distance of 40 m, opens the parachute and decelerates at 2 ms™2. If he reaches the
ground with a speed of 2 ms™!, how long was he in air? At what height did he bai|

out from the pge'l M I L P hys i CS [Ans: 15.86's; 235 m]

21. A juggler throws balls into air. He throw$ one whenever the previous one is at its
highest point. How high do the balls rise if he throws ‘n’ balls each second? Acceler-
ation due to gravity = g. '

Hint: Time taken by each ball to reach the highest point ¢+ = (1/n) s. Then u =
g/n; S = h =?or consider the downward motion, u =0,t = 1/n, S = h =?
[Ans: h = g/2n?

@[ he position of an object moving along the x-axis is given by x = a '+ bt?, where
a=28.5m,b =25ms"2and 1 is measured in second. What is its velocity at t = 0s
and r = 2 s? What is the average velocity betweent =2 sand t = 4 s?
[NCERT]
Hint: x = a+ bt* v = (dx/dt) = 2bt
Att=05,v=0m/s;Att;25.v=2x2.5 x 2 =10 ms™!
Att =1 =28, x=x, =85+25%x2=18.5m;
Att =1 =45, x=x,=854+25%x4*=485m; .. S=x,—x;=30m
t=h—-0h=4-2=25"70=(x;—x)/(ta — 1)) =30/2 =15m/s
23. Prove that the distance transversed, during equal intervals of time, by a body falling

fro'm rest,'stt':md to one another in the same ratio as the odd numbers, begining with
unity. (This is known as Galileo’s law of odd numbers) [NCERT]

.H"""' Let 7 be the equ?,l intervals of time and S, S,, Ss, . .. be the displacements
during the first, second, third .., intervals of time. Since vo = 0; S = (1/2) at®.

soSi=(1/2)at? . (1) §, + S2 = (1/2)a(2t)? = (1/2)a x 47*

" $2=(1/2)a x 3"':2; S+ S2 + S3 = (l/2)a(31')2 —. (1/2)(! X 91'2
" §3=(1/2)a x 517, .'.S|182:Sg,:...=1'3'5‘

. A ball is thrown "c“,l"f;]a"y Pwards with a velocity of 20 ms~! from the top of #
' multistorey bulding. The height of the point from where the ball is thrown is 25.0m

from the ground-q(a) Hf“l’éﬁgh_\:i" the ball rise? (b) How long will it be in air befort
it hits the ground? (g = 10 ms™%), [NCERT]
[Ans: 45 m from the ground; 5§/
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