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? 1 Position

Any object is situated at point O and three observers from three different places are looking for same
object, then all three observers will have different observations about the position of point O and no one will be

wrong. Because they are observing the object from their different positions.
Observer ‘A’ says : Point Ois 3 maway in west direction.
Observer ‘B says : Point Ois 4 maway in south direction.

Observer 'C says : Point Ois 5 maway in east direction.

Therefore position of any point is completely expressed

by two factors: Its distance from the observer and its direction

with respect to observer.
That is why position is characterised by a vector known as position vector.

Let point Pis in a xy plane and its coordinates are (x, }). Then position vector (F) of point will be xi +yj

and if the point Pis in a space and its coordinates are (x ), 2 then position vector can be expressed as
F=xi+y]+zk.

?2 2 Rest and Motion

If a body does not change its position as time passes with respect to frame of reference, it is said to be at

rest.
And if a body changes its position as time passes with respect to frame of reference, it is said to be in motion.

Frame of Reference : It is a system to which a set of coordinates are attached and with reference to which observer

describes any event.
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A passenger standing on platform observes that tree on a platform is at rest. But when the same passenger
is passing away in a train through station, observes that tree is in motion. In both conditions observer is right.
But observations are different because in first situation observer stands on a platform, which is reference frame

at rest and in second situation observer moving in train, which is reference frame in motion.

So rest and motion are relative terms. It depends upon the frame of references.
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One dimensional Two dimensional Three dimensional

Motion of a body in a straight line is

called one dimensional motion.

Motion of body in a plane is called

two dimensional motion.

Motion of body in a space is called

three dimensional motion.

When only one coordinate of the
position of a body changes with time
then it is said to be moving one

dimensionally.

When two coordinates of the position
of a body changes with time then it is

said to be moving two dimensionally.

When all three coordinates of the
position of a body changes with time
then it is said to be moving three

dimensionally.

e.g.. Motion of car on a straight road.

Motion of freely falling body.

e.g. Motion of car on a circular turn.

Motion of billiards ball.

e.g.. Motion of flying kite.

Motion of flying insect.

2.4 Particle ar Point Mass

The smallest part of matter with zero dimension which can be described by its mass and position is defined

as a particle.
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If the size of a body is negligible in comparison to its range of motion then that body is known as a

particle.

A body (Group of particles) to be known as a particle depends upon types of motion. For example in a

planetary motion around the sun the different planets can be presumed to be the particles.

In above consideration when we treat body as particle, all parts of the body undergo same displacement

and have same velocity and acceleration.

e = ‘

(1) Distance : It is the actual path length covered by a moving particle in a given interval of time.
(i) If a particle starts from A and reach to Cthrough point Bas shown in the figure c
Then distance travelled by particle = AB+BC =7 m

4m

(ii) Distance is a scalar quantity.

(i) Dimension : [MPL'T0]

(iv) Unit : metre (S.1)

(2) Displacement : Displacement is the change in position vector /e, A vector joining initial to final position.
(i) Displacement is a vector quantity

(i) Dimension : [M L1 °]

(i) Unit : metre (S.1)

(iv) In the above figure the displacement of the particle AC = AB + BC

—| AC| =,/(AB)? +(BC)? + 2(AB)(BC)cos 90° = 5m

W) If $,,S,,54 i S, are the displacements of a body then the total (net) displacement is the vector sum

of the individuals. S =S, +S, +S; +........ +S
(3) Comparison between distance and displacement :
(i) The magnitude of displacement is equal to minimum possible distance between two positions.

So distance >|Displacement.
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(i) For a moving particle distance can never be negative or zero while displacement can be.
(zero displacement means that body after motion has came back to initial position)
i.e, Distance > 0 but Displacement > =or <0

(i) For motion between two points displacement is single valued while distance depends on actual path

and so can have many values.

(iv) For a moving particle distance can never decrease with time while displacement can. Decrease in

displacement with time means body is moving towards the initial position.

(v) In general magnitude of displacement is not equal to distance. However, it can be so if the motion is

along a straight line without change in direction.
(vi) If ¥, and Ty are the position vectors of particle initially and finally.

Then displacement of the particle

FAB =FB _FA X

and s is the distance travelled if the particle has gone through the path APA.

mple problem. n distance and displacemen

Problem 1. A man goes 10m towards North, then 20/m towards east then displacement is
[KCET (Med.) 1999; JIPMER 1999; AFMC 2003]
(@) 225m (b) 25m (c) 25.5m (d)30m

Solution: (a)  If we take east as x —axis and north as y —axis, then displacement = 207 +10]

So, magnitude of displacement =202 +10? = 105 = 225 m.

Problem 2. A body moves over one fourth of a circular arc in a circle of radius 7. The magnitude of distance travelled

and displacement will be respectively

@) %,rﬁ ) (d) ar,r

©) m,%

Solution: (a)  Let particle start from A, its position vector Iy, = ri
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After one quarter position vector fog = rj.
So displacement = rj —ri

Magnitude of displacement = r+/2.

and distance = one fourth of circumference =

Problem 3. The displacement of the point of the wheel

2 _
4

-
2

initially in contact with the ground, when the wheel roles

forward half a revolution will be (radius of the wheel is A)

(b) RVz? +4

Solution : (b)

So the displacement of the point which was initially in contact with a

ground = (R)? + (2R)?
=RVz? +4.

Horizontal distance covered by the wheel in half revolution = z*

(@ 2R (d) 2R
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2.6 Speed._and Velocity
J

(1) Speed : Rate of distance covered with time is called speed.

(i) Itis a scalar quantity having symbol v .
(i) Dimension : [ML'T1
(iii) Unit : metre/second (S..), cm/second (C.G.S.)

(iv) Types of speed :

(a) Uniform speed : When a particle covers equal distances in equal intervals of time, (no matter how small

the intervals are) then it is said to be moving with uniform speed. In given illustration motorcyclist travels equal

distance (= 5m) in each second. So we can say that particle is moving with uniform speed of 5 n//s.

i

Distance I I

5m 5m
R
Time 1sec 1sec
R

5m/ S5m/

Uniform Speed

5m Sm 5m 5m
1sec 1sec 1sec 1my/s
5m/s 5m/ 5m/ 5m/s
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(b) Non-uniform (variable) speed : In non-uniform speed particle covers unequal distances in equal

intervals of time. In the given illustration motorcyclist travels 5m in 1%t second, 8m in 2" second, 10m in 3™

second, 4min 4% second etc

Therefore its speed is different for every time interval of one second. This means particle is moving with

variable speed.

—

Distance Vs ' osm ! 10m ° 4m 6m m
—_—
Time 1sec 1sec 1sec 1sec 1sec 1 sec
D ——
Sm/ 8m/ 10m/s  4m/ 6m/ m/s

Variable Soeed

(c) Average speed : The average speed of a particle for a given ‘Interval of time’ is defined as the ratio of

distance travelled to the time taken.

Distance travelled v As
Time taken % At

Average speed =

Q 7ime average speed : When particle moves with different uniform speed v;, v,, v, .. etcin different

time intervals t;, t,, t;, ... efcrespectively, its average speed over the total time of journey is given as

_ Total distance covered  d;, +d, +d; +...... Oty Fot, gty
o Total time elapsed t+t, ity t, +t, +t +o

Special case : When particle moves with speed 1 upto half time of its total motion and in rest time it is

. . v, +V
moving with speed v then v,, = +—%
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Q Distance averaged speed : When a particle describes different distances d,, d,, dj, ... with different
time intervals t;, t,, ty, ... with speeds v,,v,,v;...... respectively then the speed of particle averaged over the
total distance can be given as

o = Total distance covered d; +d, +d; +...... _dy+d, +dg +
av - -

ime elapsed  t, +t, +t, +...... d, d d
Total time elapsed t,+t +t + O G G5

O When particle moves the first half of a distance at a speed of 11 and second half of the distance at speed 1,
then
2v,Vv,
av =
Vv, +V,
O When particle covers one-third distance at speed v, next one third at speed 15 and last one third at speed 13,
then

3V,V,V,

av
ViV, +V,Vg + V3V
(d) Instantaneous speed : It is the speed of a particle at particular instant. When we say “speed”, it usually

means instantaneous speed.

The instantaneous speed is average speed for infinitesimally small time interval (Ze, At — 0). Thus

Instantaneous speed v = lim as ds

At—0 At dt

(2) Velocity : Rate of change of position /.e. rate of displacement with time is called velocity.

(i) Itis a scalar quantity having symbol v .

(i) Dimension : [ML'T1]

(iii) Unit : metre/second (S..), cm/second (C.G.S.)

(iv) Types

(a) Uniform velocity : A particle is said to have uniform velocity, if magnitudes as well as direction of its

velocity remains same and this is possible only when the particles moves in same straight line without reversing

its direction.
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(b) Non-uniform velocity : A particle is said to have non-uniform velocity, if either of magnitude or

direction of velocity changes (or both changes).

(c) Average velocity : It is defined as the ratio of displacement to time taken by the body

Displacement =~ _ _ ArF

Average velocity = oV, =
g y Time taken &AL

(d) Instantaneous velocity : Instantaneous velocity is defined as rate of change of position vector of
particles with time at a certain instant of time.

A G [
Instantaneous velocity V = lim — = —
>0 At dt

(v) Comparison between instantaneous speed and instantaneous velocity

(a) instantaneous velocity is always tangential to the path followed by

the particle.

U3

When a stone is thrown from point O then at point of projection the 4 B L1

41

instantaneous velocity of stone is v,, at point A the instantaneous velocity o X

of stone is v,, similarly at point Band Care v, and v, respectively.
Direction of these velocities can be found out by drawing a tangent on the trajectory at a given point.
(b) A particle may have constant instantaneous speed but variable instantaneous velocity.

Example : When a particle is performing uniform circular motion then for every instant of its circular motion

its speed remains constant but velocity changes at every instant.
(c) The magnitude of instantaneous velocity is equal to the instantaneous speed.

(d) If a particle is moving with constant velocity then its average velocity and instantaneous velocity are

always equal.
(e) If displacement is given as a function of time, then time derivative of displacement will give velocity.

Let displacement X = A, — At + At

Instantaneous velocity v = (;—): = %(AO — At +A,t?)

V=-A +2A,t
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For the given value of ¢ we can find out the instantaneous velocity.
e.g. for t =0,Instantaneous velocity Vv = —A; and Instantaneous speed | V| = A,
(vi) Comparison between average speed and average velocity

(@) Average speed is scalar while average velocity is a vector both having same units (m/s) and

dimensions [LT *].
(b) Average speed or velocity depends on time interval over which it is defined.

(c) For a given time interval average velocity is single valued while average speed can have many values

depending on path followed.

(d) If after motion body comes back to its initial position then v, =0 (as AF =0) but Vy, >0 and finite

as (As > 0).

(e) For a moving body average speed can never be negative or zero (unless t — o) while average velocity

can be ie v,, >0 while v,, = or < 0.

_Sample problems based on speed and velocity

Problem 4. If a car covers 2/5%" of the total distance with v speed and 3/5%" distance with 1, then average speed is
[MP PMT 2003]
vy +U 2v,v Svv
@ <o, (b) LLtv2 g vz _SUils
2 2 Uy + U, 3v; +2v,
Solution: (d)  Average speed = Total dlsta_mce travelled _ X
Total time taken t, +1t,
< @/5x > (35 —
X 5vyv, [ - |
= = 4] b
(2/5)x  B/5)x  2v, +3v
Vi Vo
Problem 5. A car accelerated from initial position and then returned at initial point, then [AIEEE 2002]
(@) Velocity is zero but speed increases (b) Speed is zero but velocity increases
(c) Both speed and velocity increase (d) Both speed and velocity decrease

Solution: (@)  As the net displacement = 0

Hence velocity = 0 ; but speed increases.



Problem 6.

Solution : (d)

Problem17.

Solution : (d)

Problem 8.

Solution : (b)
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|/{/ole | | Average velocity | <1 = | Av.speed| >| Av.velocity |
| Average speed |

A man walks on a straight road from his home to a market 2.5 km away with a speed of 5 km/A. Finding

the market closed, he instantly turns and walks back home with a speed of 7.5 4m/A. The average speed of

the man over the interval of time 0 to 40 min. is equal to

(2) 5 kmyh (b) ? kryh © % km/h (d) ? km/h
. . . 25 1 .
Time taken in going to market = = = Ehr =30 min .

As we are told to find average speed for the interval 40 min., so remaining time for consideration of motion is 10

min.
. . . . 10
So distance travelled in remaining 10 min = 7.5 ><a =1.25km.

Total distance _ (25+1.25)km _45, . =~

Hence, average speed = -
Total time (40 /60)hr. 8

The relation 3t =+/3x +6 describes the displacement of a particle in one direction where x is in metres

and tin sec. The displacement, when velocity is zero, is
(@) 24 metres (b) 12 metres (c) 5 metres (d) Zero
3t=4/3x+6 = 3x =(3t-6) = 3x =(3t—-6) = x =3t2 —12t +12

e d—xzi(stz —12t+12) =6t —12
dt  dt

If velocity = 0 then, 6t-12 =0 =t = 2sec
Hence at t=2, x=3(2)°-12 (2) + 12 = 0 metres.

The motion of a particle is described by the equation x = a + bt> where a =15cm and b =3 cm. Its

instantaneous velocity at time 3 secwill be [AMU (Med.) 2000]
(@) 36 cmy/sec (b) 18 cm/sec (€) 16 cm/sec (d) 32 cm/sec
X =a+bt? |/=(;—)t(:0+2bt

At t=3sec v=2x3x3 =18cm/sec (As b =3cm)
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Problem 9. A train has a speed of 60 km/A for the first one hour and 40 km/h for the next half hour. Its average speed
in km/his JIPMER 1999]
(@) 50 (b) 5333 (c) 48 d) 70

Solution: (b)  Total distance travelled = 60 x1 + 40 x% =80 km and Total time taken = 1hr +%hr = %hr

.. Average speed = 80 _ 53.33 km/h

3/2

Problem10. A person completes half of its his journey with speed v, and rest half with speed v, . The average speed

of the person is [RPET 1993; MP PMT 2001]

d) v=,v 0,

@ ov= v+ 0, b) v= 20, Ly U Uy

2 v+ 0,

() v=
Uy + Ly
Solution: (b)  In this problem total distance is divided into two equal parts. So

d d

7+7
L _ O +d; _ 2 2 — = 2 _ 200y
" d71+d72 d/2+d/ I P o
v Uy o v, by b

Problem 11. A car moving on a straight road covers one third of the distance with 20 «m//rand the rest with 60 km/hr.

The average speed is [MP PMT 1999; CPMT 2002]

(@) 40 kmyhr (b) 80 kmy/hr (c 46 %km hr (d) 36 km/hr

Solution: (d)  Let total distance travelled = x and total time taken ¢ + & = X_/3 220/3
*. Average speed = X = ! =36km/hr
‘ gesp TR @k 1 2
20 60 60 180

V7 Acrcalaratinn
T XS T I iativn

The time rate of change of velocity of an object is called acceleration of the object.
(1) It is a vector quantity. It's direction is same as that of change in velocity (Not of the velocity)

(2) There are three possible ways by which change in velocity may occur

When only direction of velocity

changes

When only magnitude of velocity

changes

When both magnitude and direction

of velocity changes

Acceleration  perpendicular  to

Acceleration parallel or anti-parallel

Acceleration has two components one
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velocity to velocity is perpendicular to velocity and

another parallel or anti-parallel to

velocity

e.g. Uniform circular motion e.g. Motion under gravity e.g. Projectile motion

(3) Dimension : [ML'T?]
(4) Unit: metre/second (S.1.); cm/second’ (C.G.S))

(5) Types of acceleration :
(i) Uniform acceleration : A body is said to have uniform acceleration if magnitude and direction of the
acceleration remains constant during particle motion.
MD If a particle is moving with uniform acceleration, this does not necessarily imply that particle is
moving in straight line. e.g. Projectile motion.
(i) Non-uniform acceleration : A body is said to have non-uniform acceleration, if magnitude or direction

or both, change during motion.

. - AV V, -V
(i) Average acceleration: &,, = — =-2—21
At At

The direction of average acceleration vector is the direction of the change in velocity vector as a = %

) . . AV dv
(iv) Instantaneous acceleration = & = lim — =—
A0 At dt

(v) For a moving body there is no relation between the direction of instantaneous velocity and direction of

acceleration.
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e.g. (a) In uniform circular motion 8 = 90° always

(b) In a projectile motion @ is variable for every point of trajectory.

(vi) If a force F acts on a particle of mass m, by Newton's 2™ law, acceleration & =

3|1

— 2_. —
(vii) By definition a = d_v = d—X {AS\_/ - d_x}
dt  dt? dt

i.e, if xis given as a function of time, second time derivative of displacement gives acceleration

(viii) If velocity is given as a function of position, then by chain rule a = dv_ d_vxd_x = v.d—U asv= dx
dt dx dt dx dt

(ix) If a particle is accelerated for a time ¢ by acceleration & and for time & by acceleration a, then average

at, +a,t,

acceleration is a,, =
t,+1,

(x) If same force is applied on two bodies of different masses

m, and m, separately then it produces accelerations a, and a, = —
2
respectively. Now these bodies are attached together and forma = £ | ., <L m
combined system and same force is applied on that system so that N
a
a be the acceleration of the combined system, then £
—_— my M2
F=(m,+m,)a = FrE.E
a a a,
a,a
SO, l:i.}.i:; a:l—2
a a a, a, +a,

(xi) Acceleration can be positive, zero or negative. Positive acceleration means velocity increasing with time,

zero acceleration means velocity is uniform constant while negative acceleration (retardation) means velocity is
decreasing with time.
(xii) For motion of a body under gravity, acceleration will be equal to "¢, where g is the acceleration due to

gravity. Its normal value is 9.8 m/s* or 980 cm/s’ or 32 feet/s’.

_Sample problems based on acceleration



Problem 12.

Solution : (b)

Problem 13.

Solution : (c)

Problem14.

Solution : (c)

Problem 15.

Solution : (a)

Problem 16.

Solution : (a)
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The displacement of a particle, moving in a straight line, is given by s = 2t% + 2t +4 where s is in metres

and t in seconds. The acceleration of the particle is [CPMT 2001]

@2 m/s (b) 4 m/s (© 6 m/s (d) 8 m/s

Given s=2t% +2t+4 .. velocity () = % =4t +2 and acceleration (8) = 3—\{ =4(1)+0 =4m/s?

The position x of a particle varies with time #as x = at? —bt®.The acceleration of the particle will be zero
at time tequal to [CBSE PMT 1997; BHU 1999; DPMT 2000; KCET (Med.) 2000]

% © % (d) Zero

a
a) — b
(a) b (b)
. 2 3 . dx 2 . dv
Given x =at® —bt® .. velocity (v) = m = 2at — 3bt° and acceleration (&) :E = 2a — 6bt.

When acceleration =0 = 2a-6bt=0= t = 2a = i.
6b 3b

The displacement of the particle is given by y =a+bt +ct? —dt*. The initial velocity and acceleration are
respectively [CPMT 1999, 2003]
(@) b,-4d (b) —b,2¢c (@) b,2¢c (d) 2¢,—4d

Given y =a+bt+ct? —dt* . v= %:O+b+2Ct_4dt3

PUttiﬂg t=0, Viita = b

So initial velocity = b
Now, acceleration (&) = d—\tl =0+2c-12dt?
Putting = 0, anitial = 2€

The relation between time ¢and distance xis t = ax? + B, where a and g are constants. The retardation

is (vis the velocity) [NCERT 1982]
(a) 2av° (b) 2° © 2ap° (d) 24%v*
. o . . dt dx 1
differentiating time with respect to distance — =2ax+ 8 => v=—-=
dx dt  2ax+ g

. dv dv dx dv -V.2a
So, acceleration (9 = —=—.—=V—= ————
dt dx dt dx (2ax + ﬁ)z

=2avv? = 2aw®

If displacement of a particle is directly proportional to the square of time. Then particle is moving with

[RPET 1999]
(@) Uniform acceleration (b) Variable acceleration
() Uniform velocity (d) Variable acceleration but uniform velocity

Given that x oct? or x=Kt? (where k= constant)



100 Motion In One Dimension

Problem17.

Solution : (b)

Problem 18.

Solution : (b)

Velocity (v) = (;—)E = 2Kt and Acceleration (a) = ?j_lt) =

It is clear that velocity is time dependent and acceleration does not depend on time.

2K

So we can say that particle is moving with uniform acceleration but variable velocity.

A particle is moving eastwards with velocity of 5 77/s. In 10 sec the velocity changes to 5 m/s northwards.

The average acceleration in this time is [IIT-JEE 1982]
(a) Zero (b) 1 m/s? toward north-west
J2
(0) 1 m/s? toward north-east (d) L m/s 2 toward north-west
J2 2

AD =0, 5,

-
Au:\/uf +0? — 20,0, €0s90° =52 +5% =5,2

"
Av =52 IR Dy =5m/s
21 & ~
Average acceleration = Av_5V2 1 ez toward north- ~hoe
At 10 ‘/5 0 =5m/s

west (As clear from the figure).

A body starts from the origin and moves along the x-axis such that velocity at any instant is given by

(4t - 2t), where tis in second and velocity is in /77/s. What is the acceleration of the particle, when it is 2m

from the origin? [IIT-JEE 1982]
(@) 28 m/s? (b) 22 m/s? © 12 m/s? (d) 10 m/s?
Given that v = 4t% — 2t

x=.[udt, Xx=t*—t2+C,att=0,x=0 =C=0

When particle is 2m away from the origin

2=t —t? = t*—t?-2=0 => *-2) (t?+1)=0 = t =~/2 sec

do d
a=—

= =a(4t3 —ot)=12t2 -2 = a=12t? -2

for t = v/2 sec= a=12><(\/§)2—2: a=22 m/s?
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Problem 19. A body of mass 10 kg is moving with a constant velocity of 10 /7/s. When a constant force acts for 4 sec on

it, it moves with a velocity 2 m/secin the opposite direction. The acceleration produced in itis [MP PET 1997]
(@ 3 mis? (b) -3 mss? (© 0.3 m/s? (d) —0.3 m/s?

Solution: (b)  Let particle moves towards east and by the application of constant force it moves towards west

—_—  —

Change in velocity v, —u;
Time t

0; =+10 m/s and ¥, = -2 m/s. Acceleration =

_(2-@0) _-12
=== -

= a = -3 m/s?

2 8 Pasition Time Grnph

During motion of the particle its parameters of kinematical analysis (¢, v, a, 1) changes with time. This can

be represented on the graph.

Position time graph is plotted by taking time ¢ along x-axis and position of the particle on y-axis.

Let ABis a position-time graph for any moving particle

As Velocity = Change in position 'y, —Y; )
Y Time taken t, -t

Position

From triangle ABC tan @ = BC_AD Yo%

AC t, -t
By comparing (i) and (ii) Velocity = tané@ Time
v=tand

It is clear that slope of position-time graph represents the velocity of the particle.

Various position — time graphs and their interpretation
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0=0°s0v=0

/e, line parallel to time axis represents that the particle is at rest.

P
6=90°s50 v=o0
/e, line perpendicular to time axis represents that particle is changing its position
© r but time does not changes it means the particle possesses infinite velocity.
Practically this is not possible.
P

6 = constant so v = constant, a=0

/e, line with constant slope represents uniform velocity of the particle.

@is increasing so vis increasing, a is positive.

0

s 77 /e, line bending towards position axis represents increasing velocity of particle.
It means the particle possesses acceleration.
@is decreasing so vis decreasing, a is negative
ie, line bending towards time axis represents decreasing velocity of the particle.
It means the particle possesses retardation.

P
6 constant but > 90° so vwill be constant but negative

6
o) r ie, line with negative slope represent that particle returns towards the point of

reference. (negative displacement).
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This graph shows that at one instant the particle has two positions. Which is not

B . . : .
|Qi Straight line segments of different slopes represent that velocity of the body
T changes after certain interval of time.
—

possible.

P
@]
p[/
o

P

0

The graph shows that particle coming towards origin initially and after that it is
moving away from origin.

-

|No7te : QIf the graph is plotted between distance and time then it is always an increasing curve and it

Problem 20.

Solution : (a)

never comes back towards origin because distance never decrease with

time. Hence such type of distance time graph is valid up to point A

Distance_

only, after point A it is not valid as shown in the figure.

For two particles having displacement time graph with slopes 8, and 6 o Time =

- . v, tané,
possesses velocities v and v, respectively then -+ =——2
v, tané,

Sample problems based on position-time graph

The position of a particle moving along the x-axis at certain times is given below :

t(s) 0 1 2 3

x(m) -2 0 6 16

Which of the following describes the motion correctly
(@) Uniform, accelerated (b) Uniform, decelerated

(¢) Non-uniform, accelerated (d) There is not enough data for generalisation

. A .
Instantaneous velocity v = X)t( By using the data from the table
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Problem 21.

Solution : (a)

Problem 22.

Solution : (d)

Problem 23.

Solution : (c)

Problem 24.

_0-(-2) 6-0 16 -6

vy =2m/s ,v, =——=6m/s and v, == = 10 m/s /e. the speed is increasing at a constant

rate so motion is uniformly accelerated.

Which of the following graph represents uniform motion [DCE 1999]

(@) (b) © (d)

ST ST ST— ST

/ TN N\

t—> t— t—> r—

When distance time graph is a straight line with constant slope than motion is uniform.

The displacement-time graph for two particles A and B are straight lines inclined at angles of 30° and 60°
with the time axis. The ratio of velocities of v4: vzis [CPMT 1990; MP PET 1999; MP PET 2001]
@ 1:2 () 1:43 © J3:1 (d) 1:3

(o]
v = tan @ from displacement graph. So Va _tan30" 1/y3 = ! L

Vg tan60°_ J3 _\/§x\/§_§

From the following displacement time graph find out the velocity of a moving body

1
@ — m/s
V3 ’gT
(b) 3 m/s é
=
(© J3 m/s o 30 —
1 Displacement (meter)
d) =
(d) 3

In first instant you will apply v =tan @ and say, v =tan 30° = L mys.

J3

But it is wrong because formula v =tan € is valid when angle is measured with time axis.
Here angle is taken from displacement axis. So angle from time axis =90° —30° =60°.

Now v =tan 60° = /3

The diagram shows the displacement-time graph for a particle moving in a straight line. The average

velocity for the interval £ =0, t=5s X

201 N

10 ]
(@ 0

o t
(b) 6 ms 0l
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(© -2 ms’
(d) 2 ms™

Solution: (c)  Average velocity = Total dlspla_ceme nt _ (20)+(=20)+(-10)
Total time 5

==2m/s

Problem 25.  Figure shows the displacement time graph of a body. What is the ratio of the speed in the first second and

that in the next two seconds T 30)/
20
@ 1:2 ?o
0
(b) 1:3
(© 3:1
(d) 2:1

Solution: (d) Speed in first second = 30 and Speed in next two seconds = 15. So that ratio 2 : 1
26 Wialhavet i T e Ph

The graph is plotted by taking time ¢ along x-axis and velocity of the particle on y-axis.

Distance and displacement : The area covered between the velocity time graph and time axis gives the
displacement and distance travelled by the body for a given time inter

Then Total distance = A, |+ A, |+ A;l 1 / ;
= Addition of modulus of different area. /e. s=j| v| dt v t

Total displacement = A, + A, + A, -0

= Addition of different area considering their sign. /e. r:judt

here Ay and A, are area of triangle 1and 2 respectively and A; is the area of trapezium .

Acceleration : Let ABis a velocity-time graph for any moving particle bz
As Acceleration = Cha”‘?’e in velocity _ v, —V, 0 é] * |
Time taken t, —t, > ;
|/| 1
From triangle ABC tan @ = BC_AD Vo=V (D)
AC AC t,-t, !
o t g
By comparing (i) and (ii) Time —>

Acceleration (g) = tan 0
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It is clear that slope of velocity-time graph represents the acceleration of the particle.
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Various velocity — time graphs and their interpretation

>
7]
(]
> 0=0,a=0, v= constant
s
TEG’ ie, line parallel to time axis represents that the particle is moving with constant
velocity.
z
S
(]
>
60 =90° a=ow, v=increasing
— /e, line perpendicular to time axis represents that the particle is increasing its velocity,
Time but time does not change. It means the particle possesses infinite acceleration.
g{ Practically it is not possible.
£
()
>
—
o Time
6 =constant, so g = constant and vis increasing uniformly with time
/e, line with constant slope represents uniform acceleration of the particle.
()
= @increasing so acceleration increasing
o Tz e, line bending towards velocity axis represent the increasing acceleration in the
body.
()
>
—_—
% Time
6 decreasing so acceleration decreasing
i.e. line bending towards time axis represents the decreasing acceleration in the body
Positive constant acceleration because @is constant and < 90° but initial velocity of the
particle is negative.
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\/alAritv
—_—

Positive constant acceleration because @ is constant and < 90° but initial velocity of

Q

particle is positive.

Time

|\/o|nrif\/
Q —_—
!
3
D

Negative constant acceleration because € is constant and > 90° but initial velocity of

the particle is positive.

=
i _ | | o
g Negative constant acceleration because € is constant and > 90° but initial velocity of
f————>
10, e . .
Time the particle is zero.
£
CI'I
—
o Time
Negative constant acceleration because @ is constant and > 90° but initial velocity of

the particle is negative.

Sormle problems based on velociy-Li E

Problem?26. A ball is thrown vertically upwards. Which of the following plots represents the speed-time graph of the

ball during its flight if the air resistance is not ignored

| | ! !
@ b 7 © @
Time —> Time — > Time —> Time —>

Solution: (c) In first half of motion the acceleration is uniform & velocity gradually decreases, so slope will be negative
but for next half acceleration is positive. So slope will be positive. Thus graph 'C' is correct.
Not ignoring air resistance means upward motion will have acceleration (a + g) and the downward motion

will have (g —a).



Problem 27.

Solution : (b)

Problem 28.
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A train moves from one station to another in 2 hours time. Its speed-time graph during this motion is

shown in the figure. The maximum acceleration during the journey is [Kerala (Engg.) 2002]
100

e

3 80

N

£ 60 Y

< 40 ~

Q

-
é)_ 20 B \\
A A E
025 075 100 15 2.00
Time in hours —>
(@) 140 km h? (b) 160 km A2 (c) 100 km H (d) 120 km H
Maximum acceleration means maximum slope in speed — time graph.
that slope is for line CO. So, a,,, = slope of CDO= 00-20 _ 40 _ 160 kmh=2.
1.25-1.00 0.25
The graph of displacement v/stime is
t —
Its corresponding velocity-time graph will be [DCE 2001]
@ 0 1 © 1 @ |
V % 4
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Solution : (a)

Problem 29.

Solution : (a)

Problem 30.

Solution : (b)

Problem 31.

We know that the velocity of body is given by the slope of displacement — time graph. So it is clear that
initially slope of the graph is positive and after some time it becomes zero (corresponding to the peak of

the graph) and then it will be negative.

In the following graph, distance travelled by the body in metres is [EAMCET 1994]
(a) 200
(b) 250
0 1Io 2Io 30 d
(c) 300 Time (s) —>
(d) 400

Distance = The area under v— tgraph

S :% (30 +10)x 10 = 200 metre

For the velocity-time graph shown in figure below the distance covered by the body in last two seconds of its

motion is what fraction of the total distance covered by it in all the seven seconds  [MP PMT/PET 1998; RPET 2001]

—
Q
N

—
O
Nt

—~
@)
-

Wl WE e N

—
O
=

Distance covered in total 7 seconds = Area of trapezium ABCD = %(2 +6)x10 =40 m
Distance covered in last 2 second = area of triangle CDQ=%X 2x10 =10 m
So required fraction = n_1

40 4

The velocity time graph of a body moving in a straight line is shown in the figure. The displacement and

distance travelled by the body in 6 secare respectively
A B
(a) 8m,16 m I ‘ e
§_ 2 2 F_\ 6
(b) 16 m,8m >~ O c la
=2 D £ t(seg —>
-4




Solution : (a)

Problem 32.

Solution : (d)

Problem 33.

Solution : (a)
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() 16 m,16 m

(d) 8m,8m

Area of rectangle ABCO=4x2=8m

Area of rectangle CDEF=2 x (-2)=—-4m

Area of rectangle FGHI=2x2 =4 m

Displacement = sum of area with theirsign =8 + (-4) + 4=8m

Distance = sum of area with outsign =8 + 4+ 4 =16 m

A ball is thrown vertically upward which of the following graph represents velocity time graph of the ball

during its flight (air resistance is neglected) [CPMT 1993; AMU (Engg.) 2000]
@ > b £ © =z d) 2

G Re! 3 3

2 ) g : —_ 2 . —_ o Ti -

= Time —> = Time > Time L ime

In the positive region the velocity decreases linearly (during rise) and in negative region velocity increase
linearly (during fall) and the direction is opposite to each other during rise and fall, hence fall is shown in

the negative region.
A ball is dropped vertically from a height ¢ above the ground. It hits the ground and bounces up vertically
to a height % Neglecting subsequent motion and air resistance, its velocity v varies with the height A

above the ground as. [IIT-JEE (Screening) 2000]

(@) 4 (b) © 42 ) (d)

When ball is dropped from height d'its velocity will be zero.
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Problem 34.

Solution: (c)

Problem 35.

As ball comes downward A decreases and v increases just before the rebound from the earth

h=0and v=maximum and just after rebound velocity reduces to half and direction becomes opposite.
o . . d
As soon as the height increases its velocity decreases and becomes zero at h = 5

This interpretation is clearly shown by graph (a).

The acceleration-time graph of a body is shown below —

The most probable velocity-time graph of the body is

1% v v v

(@) (b) © (d)

From given a—t graph acceleration is increasing at constant rate

" (cjj_? =k (constant) = a =kt (by integration)

2
:d—"zkt:sdv=ktdt:>jdv=kj tdt >y = K&
dt 2

e, vis dependent on time parabolically and parabola is symmetric about v-axis.
and suddenly acceleration becomes zero. i.e. velocity becomes constant.

Hence (c) is most probable graph.

Which of the following velocity time graphs is not possible
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Solution: (d)  Particle can not possess two velocities at a single instant so graph (d) is not possible.

Problem36.  For a certain body, the velocity-time graph is shown in the figure. The ratio of applied forces for intervals

ABand BCis

Solution: (d)  Ratio of applied force = Ratio of acceleration

_8p _ tan30 21/\/5 - _13
a,. tan(120) -3

Problem37.  Velocity-time graphs of two cars which start from rest at the same time, are shown in the figure. Graph

shows, that

\/alAarit
—_—

(@) Initial velocity of A is greater than the initial velocity of B

@) t T Time

(b) Acceleration in Ais increasing at lesser rate than in 8

() Acceleration in Ais greater thanin B
(d) Acceleration in Bis greater than in A

Solution: (c) At a certain instant #slope of Ais greater than B (6, > 0g), so acceleration in Ais greater than B

Problem38.  Which one of the following graphs represent the velocity of a steel ball which fall from a height on to a

marble floor? (Here v represents the velocity of the particle and #the time)

—_

Velocit

(d) Time —

Velocity —>
Velocity —>

Time —
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Solution: (@) Initially when ball falls from a height its velocity is zero and goes on increasing when it comes down. Just
after rebound from the earth its velocity decreases in magnitude and its direction gets reversed. This

process is repeated untill ball comes to at rest. This interpretation is well explained in graph (a).

Problem39.  The adjoining curve represents the velocity-time graph of a particle, its acceleration values along OA, AB

and BCin metre/sec are respectively
§T1o
g
> 5
@ 1,0,-05 E ,
= 0 10 20 230 40
(b) 1,0,05 Time (sed —
(© 1,1,05
(d) 1,05,0
Solution: (a)  Acceleration along OA = v ;Vl = 101;0 =1m/s?

Acceleration along OB = % =0

Acceleration along BC :% =-05m/s

210 Fquations of Kinematics .

These are the various relations between ¢, v, g, tand s for the moving particle where the notations are used

as:
u = Initial velocity of the particle at time ¢ =0 sec
v = Final velocity at time ¢ sec
a = Acceleration of the particle
s = Distance travelled in time ¢ sec
s, = Distance travelled by the body in 7" sec
(1) When particle moves with zero acceleration

(i) It is a unidirectional motion with constant speed.
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(i) Magnitude of displacement is always equal to the distance travelled.
(iv=uy s=ut [As g = 0]
(2) When particle moves with constant acceleration

(i) Acceleration is said to be constant when both the magnitude and direction of acceleration remain

constant.

(i) There will be one dimensional motion if initial velocity and acceleration are parallel or anti-parallel to

each other.
(i) Equations of motion in scalar from Equation of motion in vector from
v=u+at V=U-+at
s=ut+%at2 §=Ut+%ét2
v? =u? + 2as VV 0.0 =243
s=(%)t §:%(ﬁ+\7)t
s, =u+%(2n—1) §n=U+§(2n—1)

(3) Important points for uniformly accelerated motion

(i) If a body starts from rest and moves with uniform acceleration then distance covered by the body in ¢
secis proportional to # (ie. s oc t?).

So we can say that the ratio of distance covered in 1 sec 2 secand 3 secis 1:2?:3* or1:4:9.

(i) If a body starts from rest and moves with uniform acceleration then distance covered by the body in 7th
sec is proportional to (2n-1) (se. s, «(2n-1)

So we can say that the ratio of distance covered in | seg Il secand lll secis 1:3:5.

(i) A body moving with a velocity v is stopped by application of brakes after covering a distance s. If the

same body moves with velocity nuv and same braking force is applied on it then it will come to rest after

covering a distance of r7s.

u . )
As v? =u?-2as = 0=u’—-2as = s=—, SoU?[since ais constant]

2
2a
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So we can say that if «becomes ntimes then sbecomes /7 times that of previous value.

(iv) A particle moving with uniform acceleration from A to B along a straight line has velocities v, and v,

at Aand Brespectively. If Cis the mid-point between A and Bthen velocity of the particle at Cis equal to

Problem 40.

Solution : (a)

Problem 41.

Solution : (c)

Problem 42.

[L2 42

v +v

P 2
2

A body A moves with a uniform acceleration a and zero initial velocity. Another body B starts from the

Samg/e problems based on uniform acceleration

same point moves in the same direction with a constant velocity v. The two bodies meet after a time ¢

The value of t is [MP PET 2003]
2v v v v
e b) £ i d) =

@) a (b) a © 2a @ 2a

Let they meet after time '# . Distance covered by body A = %atz; Distance covered by body 5= vt
and Lat? —vt - t=2
2

A student is standing at a distance of 50metres from the bus. As soon as the bus starts its motion with an
acceleration of 1ms, the student starts running towards the bus with a uniform velocity u. Assuming the
motion to be along a straight road, the minimum value of u, so that the students is able to catch the bus
is

[KCET 2003]

(@) 5 ms’ (b) 8 ms™ () 10 ms™ (d) 12 ms™

Let student will catch the bus after t sec So it will cover distance vt
Similarly distance travelled by the bus will be %at2 for the given condition

2
ut=50+2a2 =50+ sy, L (As a=1m/s?)
2 2 t 2

To find the minimum value of ¢, ?j—ttj =0, so we get =10 sec

then v =10 m/s.

A car, moving with a speed of 50 km/Ar, can be stopped by brakes after at least 6m. If the same car is

moving at a speed of 100 kmy/Ar, the minimum stopping distance is

(@) 6m (o) 12m () 18m (d) 24m



Solution : (d)

Problem 43.

Solution : (d)

Problem 44.

Solution : (a)

Problem 45.

Solution : (b)

Problem 46.

Solution : (a)
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2

u
v2 =u?-2as = 0=u? -2as = S=2—:>Socu2 (As a = constant)
a

2 2
S
_2:(”_2) :(@J =5, =45, =4x12 =24 m,
Sy u, 50

The velocity of a bullet is reduced from 200/m/s to 100/m/s while travelling through a wooden block of
thickness 10cm. The retardation, assuming it to be uniform, will be [AIIMS 2001]
(@ 10x10* /s (b) 12x10* ny/s (0 13.5x10% m/¢ (d) 15x10* m/s’
u=200m/s, v=100 m/s, s=0.1m

u? —v?  (200)° —(100)
2s 2x0.1

a= =15 x10%m/s?

A body A starts from rest with an acceleration a, . After 2 seconds, another body B starts from rest with an
acceleration a, . If they travel equal distances in the 5th second, after the start of A4, then the ratio a, : a,
is equal to [AIIMS 2001]
@@ 5:9 (b) 5:7 © 9:5 d 9:7

By using S, =u +%(2n —1), Distance travelled by body A in 5" second = 0 +%(2x5 -1)

Distance travelled by body B in 3 second is = 0 +a?2(2><3 -1

According to problem : 0 +%(2x5 -)=0 +a—22(2><3—1) = 93 =ba, => a_>

a
The average velocity of a body moving with uniform acceleration travelling a distance of 3.06 mis 0.34 ms™.
If the change in velocity of the body is 0.18ms™ during this time, its uniform acceleration is [EAMCET (Med.) 2000]

(@) 0.01 ms= (b) 0.02 ms™ (c) 0.03 ms™ (d) 0.04 ms=

Distance _ 3.06

— = =9sec
Average velocity 0.34

Time =

Change in velocity  0.18
Time

and Acceleration = =0.02m/s?.

A particle travels 10m in first 5 sec and 10m in next 3 sec Assuming constant acceleration what is the

distance travelled in next 2 sec
(@83 m (b)9.3 m (©)10.3 m (d) None of above

Let initial (t = 0) velocity of particle = u
for first 5 sec of motion sz =10 metre , so by using s = ut+%at2
10 =5u +%a(5)2: 2u+5a=4 o ()

for first 8 sec of motion sg = 20 metre
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Problem 47.

Solution : (c)

Problem 48.

Solution : (a)

Problem 49.

Solution : (b)

Problem 50.

20 =8u+ % a8)> = 2u+8a=>5 o (i)
o ; 7 1 )
By solving (i) and (ii) u :Em/s azgm/s

Now distance travelled by particle in total 10 sec. s, =ux10 +%a(10 )3
by substituting the value of u and a we will get s;; =28.3 m
So the distance inlast2 sec= sp— % =28.3-20 =8.3m

A body travels for 15 sec starting from rest with constant acceleration. If it travels distances S,, S, and S,

in the first five seconds, second five seconds and next five seconds respectively the relation between

S;,S8,and S35 is [AMU (Engg.) 2000]
1 1 1 1
3 5 5 3

Since the body starts from rest. Therefore u=0.

1 _, 25a
S; ==aBb)" =—
173 () 5
S, +8S, :%.—31(10)2 _Wa _ s, :mﬂ—slﬂsg
S, +S,+5; :%:;1(15)2 _a_ g A g g - @

1 1
Thus Clearly S, :ES2 :ESS

If a body having initial velocity zero is moving with uniform acceleration 8m/sec?, the distance travelled
by it in fifth second will be

(a) 36 metres (b) 40 metres (c) 100 metres (d) Zero

S :u+%a(2n—1) :0+%(8) [2 x5 —1] = 36 metres

The engine of a car produces acceleration 4m/sec? in the car, if this car pulls another car of same mass,

what will be the acceleration produced [RPET 1996]
@ 8 m& (b) 2 m/s © 4ms (d) %m /s?

F=ma a S if £= constant. Since the force is same and the effective mass of system becomes double
m

a m m a
21— a8, ="L=2ms?
a m, 2m 2

A body starts from rest. What is the ratio of the distance travelled by the body during the 4" and 3

second.
[CBSE PMT 1993]

@ 7/5 (b) 5/7 © 7/3 (d) 3/7



Motion In One Dimension 119

Solution: (@)  As S, «(2n-1), 2—4 = %

3
211 Motion of Body Linder Gravity (Free Fall)

The force of attraction of earth on bodies, is called force of gravity. Acceleration produced in the body by

the force of gravity, is called acceleration due to gravity. It is represented by the symbol g.

In the absence of air resistance, it is found that all bodies (irrespective of the size, weight or composition)
fall with the same acceleration near the surface of the earth. This motion of a body falling towards the earth

from a small altitude (A << R) is called free fall.

An ideal one-dimensional motion under gravity in which air resistance and the small changes in

acceleration with height are neglected.
(1) If a body dropped from some height (initial velocity zero)
(i) Equation of motion : Taking initial position as origin and direction of motion (/e, downward direction) as

a positive, here we have

v=0 [As body starts from rest] - E :i

a=+g [As acceleration is in the direction of motion] v =[2gh

v=gt () v
hot

h= %gtz 0 ?

v? =2gh ...(iif)

h, = %(Zn -1) (V)

(ii) Graph of distance velocity and acceleration with respect to time :

tand =g
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(iiiy As h = (1/2)gP, ie, h o« F, distance covered in time ¢ 2t 3t etc, will be in the ratio of 12 : 22 : 32, /e,

square of integers.

(iv) The distance covered in the nth sec, h, =%g(2n -1)

So distance covered in |, Il, Il sec etc, will be in the ratio of 1:3: 5, /e, odd integers only.

(2) If a body is projected vertically downward with some initial velocity

Equation of motion : v=u+gt
1
h=ut+=gt?
> g
v? =u® +2gh
h,=u+d@n-1)
2
(3) If a body is projected vertically upward

(i) Equation of motion : Taking initial position as origin and direction of motion (/.e, vertically up) as
positive

a=-g [As acceleration is downwards while motion upwards]

So, if the body is projected with velocity v and after time ¢it reaches up to height A then

v=u-gt; h=ut—%gt2; v? =u®-2gh;h, =u—%(2n—1)
(i) For maximum height v= 10
) @ v=0
So from above equation )Y
Q 2h_u
_ h ~
u= gt Y
[ 1.
=2gh
h:igtz u g
2 2
ho
and u?=2gh ~2g
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(i) Graph of distance, velocity and acceleration with respect to time (for maximum height) :

s | (29 v a|
: %) (21:1/9) o ,
: - 9
%) _y B
t

It is clear that both quantities do not depend upon the mass of the body or we can say that in absence of

air resistance, all bodies fall on the surface of the earth with the same rate.

(4) In case of motion under gravity for a given body, mass, acceleration, and mechanical energy remain

constant while speed, velocity, momentum, kinetic energy and potential energy change.

(5) The motion is independent of the mass of the body, as in any equation of motion, mass is not involved.

That is why a heavy and light body when released from the same height, reach the ground simultaneously and
with same velocity /e, t=4/(2h/g) and v =/2gh.

(6) In case of motion under gravity time taken to go up is equal to the time taken to fall down through the
same distance. Time of descent (&) = time of ascent (&) = v/g

. Total time of flight 7= # + & = %u

(7) In case of motion under gravity, the speed with which a body is projected up is equal to the speed with
which it comes back to the point of projection.

As well as the magnitude of velocity at any point on the path is same

whether the body is moving in upwards or downward direction.

<

o

,
S————

g 9

<

==y 0

(8) A ball is dropped from a building of height A and it reaches after ¢

<
___(_®

seconds on earth. From the same building if two ball are thrown (one upwards

A
D e )
Y=yl Y Ve Ve Ve

3
St
<= =
~
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and other downwards) with the same velocity ¢ and they reach the earth surface after # and & seconds

respectively then

t=.Jtt,

(9) A body is thrown vertically upwards. If air resistance is to be taken into account, then the time of ascent
is less than the time of descent. & > ¢
2

and h = u
g+a 2(g+a)

Let vis the initial velocity of body then time of ascent t, =

where g is acceleration due to gravity and a is retardation by air resistance and for upward motion both

will work vertically downward.

For downward motion @ and g will work in opposite direction because a always work in direction opposite
to motion and g always work vertically downward.

2

1 u 1 u
So h==(g-a)t? = =—(g—a)t2:> t, =
2(9 )t 2g+a) 2 2 2 TEDCED ..o
Tm ]]}ftl—ﬁ
e
Comparing fiand & we can say that & > fsince (g+ a) > (g— a) E
1m ”"?t3:\/§7\/5

(10) A particle is dropped vertically from rest from a height. The time taken | 1 | {{[]|

-

by it to fall through successive distance of 1/m each will then be in the ratio of the ” "

difference in the square roots of the integers /e

V1,2 V1), (V3 =V2)oo (V& =/3),c.

Sl prohlems hased op motion under arays

Problem 51. If a body is thrown up with the velocity of 15 m/s then maximum height attained by the body is (g = 10
my/s)



Solution : (a)

Problem 52.

Solution : (b)

Problem 53.

Solution : (a)

Problem 54.

Solution : (d)

Problem 55.
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[MP PMT 2003]
(@ M25m (b)16.2 m (245 m (d)7.62 m

u? _ 15)?

=— =11.25m
™ 29 2x10

A body falls from rest in the gravitational field of the earth. The distance travelled in the fifth second of its
motion is (g =10m/s?) [MP PET 2003]
(@) 25m (b) 45m () 90m (d) 125m

h, :%(Zn—l):hsm :%(2x5—1) =45 m,

If a ball is thrown vertically upwards with speed v, the distance covered during the last ¢ seconds of its

ascent is
[CBSE 2003]
(a) éth (b) ut - % gt? @ (u—gt)t (d) ut
If ball is thrown with velocity ¢, then time of flight = g _
g
u u h[ t sec
velocity after (a - t] sec: v=u- g[g - t] =gt r
u
So, distance in last '# sec: 0% = (gt)*> — 2(g)h. (5 - tj Se¢
1 2

h==gt". 1y

= 5 g

A man throws balls with the same speed vertically upwards one after the other at an interval of 2
seconds. What should be the speed of the throw so that more than two balls are in the sky at any
time (Given g =9.8m/s?)

(a) At least 0.8 m/s (b) Any speed less than 19.6 /m/s

(c) Only with speed 19.6 nv/s (d) More than 19.6 m/s

Interval of ball throw = 2 sec.

If we want that minimum three (more than two) ball remain in air then time of flight of first ball must be

greater than 4 sec /.e. T> 4 sec or E>4 sec=u>19.6m/s

It is clear that for u=19.6 First ball will just strike the ground (in sky), second ball will be at highest point (in
sky), and third ball will be at point of projection or on ground (not in sky).

A man drops a ball downside from the roof of a tower of height 400 meters. At the same time another ball
is thrown upside with a velocity 50 meter/sec. from the surface of the tower, then they will meet at which

height from the surface of the tower [CPMT 2003]

(@) 100 meters (b) 320 meters (c) 80 meters (d) 240 meters
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Solution : (c)

Problem 56.

Solution : (c)

Problem 57.

Solution : (b)

Problem 58.

Solution : (b)

Problem 59.

Let both balls meet at point Pafter time ¢

A
The distance travelled by ball A (h,)= 1 gt> 0) [ !
2 A

1 Pl
The distance travelled by ball 8 (h,)=ut -5 | (i) 400 m i}
h

By adding (i) and (i) h, +h, =ut = 400 (Given h=h, +h, =400.) l ! 3

t=400 /50 =8sec and h; =320 m, h, =80 m
A very large number of balls are thrown vertically upwards in quick succession in such a way that the next

ball is thrown when the previous one is at the maximum height. If the maximum height is 5m, the number

of ball thrown per minute is (take g = 10ms™2) [KCET (Med.) 2002]
(a) 120 (b) 80 (c) 60 (d) 40
Maximum height of ball = 5m, So velocity of projection = u =,/2gh =v2x10 x5=10m/s

. . . 1 .
time interval between two balls (time of ascent) = —=1sec = Emm.

u
g
So no. of ball thrown per min = 60

A particle is thrown vertically upwards. If its velocity at half of the maximum height is 10 m/s, then
maximum height attained by it is (Take g =10 m/s) [CBSE PMT 2001]

@8 m (b) 10 m 12 m (d)16 m

2

Let particle thrown with velocity v and its maximum heightis H then H = :_g

When particle is at a height H /2, then its speed is 10 m /s

2
From equation v? =u? -2gh, (10 =u? —ZQ[%j =u’ —2gZ—:> u? =200
g

2
. Maximum height H = 4 200 =10m
29 2x10

A stone is shot straight upward with a speed of 20 m/sec from a tower 200 m high. The speed with which it
strikes the ground is approximately [AMU (Engg.) 1999]
(a) 60 m/sec (b) 65 m/sec (c) 70 m/sec (d) 75 m/sec

Speed of stone in a vertically upward direction is 20 m/s. So for vertical downward motion we will consider
u=-20m/s

v2 =u? +2gh =(-20)* +2x10x 200 =V =65 m/s

A body freely falling from the rest has a velocity 'V after it falls through a height ‘A’ The distance it has to

fall down for its velocity to become double, is [BHU 1999]



Solution : (b)

Problem 60.

Solution : (b)

Problem 61.

Solution : (c)

Problem 62.

Solution : (c)
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(@) 2h (b) 4n (c) 6h (d) 8h
Let at point A initial velocity of body is equal to zero =0

For path AB: v? =0+ 2gh () ’ I ’

For path AC: (2v)> =0+2gx = 4v? =2gx ... (i) . fv

Solving (i) and (i) x =4h Ay [

A body sliding on a smooth inclined plane requires 4 second's to reach the bottom starting from rest at the
top. How much time does it take to cover one-fourth distance starting from rest at the top
@1s b)2s Q4s (d)16 s

s=la? o tays (Asa = constant)

2
t
fp Sz _ s/ L L4,
ty Sy S 2 2 2

A stone dropped from a building of height A and it reaches after ¢ seconds on earth. From the same
building if two stones are thrown (one upwards and other downwards) with the same velocity v and they

reach the earth surface after t; and t, seconds respectively, then [CPMT 1997; UPSEAT 2002; KCET (Engg./Med.) 2002]

@t=t —t, (b) t=% @ t=4tt, (d) t=tZ1t3

For first case of dropping h = %gtz.
For second case of downward throwing h = —ut, + % gt = %gt2
_ 1 2 2 .
:—utl_Eg(t -t (i)
1

For third case of upward throwing h = ut, +%gt§ = Egt2

= ut, = %g(tz -t (ii)

, , t,  t?-tf
on solving these two equations : —t—l = LS t=ut,.

2 t2—t?

By which velocity a ball be projected vertically downward so that the distance covered by it in 5th second is

twice the distance it covers in its 6th second (g =10m /s?)

(a) 58.8m/s (b) 49m/s (c) 5m/s (d)19.6m/s
By formula h, =u+%g(2n—l):u—%[2x5—l]:2{u—%[2><6—1]}

=u—-45=2xWU—-55)= u=65m/s.
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Problem 63.

Solution : (b)

Problem 64.

Solution : (c)

Problem 65.

Solution : (b)

Problem 66.

Solution : (b)

Problem 67.

Water drops fall at regular intervals from a tap which is 5 m above the ground. The third drop is leaving
the tap at the instant the first drop touches the ground. How far above the ground is the second drop at

that instant [CBSE PMT 1995]

(@) 250 m (b)3.75 m (c)4.00 m (d)1.25 m
Let the interval be #then from question
For first drop %g(Zt)2 =5 .. 0) For second drop x = %gt2 ..... (ii)

By solving (i) and (i) x = ; and hence required height /=5 —% =3.75m.

A balloon is at a height of 81 m and is ascending upwards with a velocity of 12m/s. A body of 2 kg weight
is dropped from it. If g =10m/s?, the body will reach the surface of the earth in
@15s (b) 4.025 s (545

[MP PMT 1994]
(d)6.75 s
As the balloon is going up we will take initial velocity of falling body =—-12m/s, h=8lm, g = +10m/s?

By applying h =ut+%gt2; 81 = —12t+%(10)t2 = 5t —12t-81=0

. 12 +4144 +1620 12 /1764

10 10

~ 5.4 sec.

A particle is dropped under gravity from rest from a height h(g = 9.8m/s?)and it travels a distance 94,25

in the last second, the height /s [MNR 1987]
(@) 100 m (b) 1225 m (145 m (d)1675 m

Distance travelled in n sec = %gn2 =h .. [0)

Distance travelled in n™ sec = %(Zn ~-1)= 2—2 ..... (ii)

Solving (i) and (i) we get. h =122 .5m.

A stone thrown upward with a speed v from the top of the tower reaches the ground with a velocity 3u.
The height of the tower is
(@) 3u?/g (b) 4u?/g

(c) 6u?/g (d) 9u?/g

For vertical downward motion we will consider initial velocity = — w.

2
By applying v? =u? + 2gh, (3u)? = (-u)? + 2gh= h = %

A stone dropped from the top of the tower touches the ground in 4 sec. The height of the tower is about

[MP PET 1986; AFMC 1994; CPMT 1997; BHU 1998; DPMT 1999; RPET 1999]



Solution : (a)

Problem 68.

Solution : (d)
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(@) 80 m (b) 40 m (€20 m (d) 160 m

hzigt2 :ixlo x 42 =80m.
2 2

A body is released from a great height and falls freely towards the earth. Another body is released from
the same height exactly one second later. The separation between the two bodies, two seconds after the

release of the second body is
@49 m (b)9.8 m () 19.6 m (d) 245 m

The separation between two bodies, two second after the release of second body is given by :

s= 2o 1)) = 2x98x(@2-2%) =245 m

212 Maotion With Variable Acceleration

(i) If acceleration is a function of time

a=f(t) then v=u+ I; f(t)dt and s =ut +I(I f(t)dt)dt

(ii) If acceleration is a function of distance

a= f(x) then v =u? + 2J‘X f(x)dx
Xo

(iii) If acceleration is a function of velocity

Problem 69.

Solution : (a)

Problem 70.

Solution : (c)

a=r~\ then t = Vv and X =X, + v vdv
v f(v) u f(v)

SamQ/e problems based on variable acceleration

An electron starting from rest has a velocity that increases linearly with the time that is v =kt,where

k =2m/sec?. The distance travelled in the first 3 second’s will be [NCERT 1982]

@9m (o) 16 m (27 m (d)36m

t 3 t2 3
X = I vdt :Itht:Zl:—} =9m
4 d 2 o

The acceleration of a particle is increasing linearly with time ¢as bt The particle starts from the origin with

an initial velocity v,. The distance travelled by the particle in time ¢z will be [CBSE PMT 1995]

(@) v0t+%bt2 (b) v0t+%bt3 (@) v0t+%bt3 d) v0t+%bt2

Vs tp ty
dv= jt adt _L (bt)dt

Va
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2\! 2

bt bt

2V2 :Vl"r T :V0+T
0

2
=S :.[ vodt+I bt7dt:v0t+ébt3

Problem 71. The motion of a particle is described by the equation w = at. The distance travelled by the particle in the
first 4 seconds [DCE 2000]

(@) 4a (b) 12a (©) 6a (d) 8a

Solution : (d) u=at > — = at
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