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MOTION IN ONE DIMENSION

INTRODUCTION
Motion isthe most fundamental observation about nature
at large. It turns out that everything that happens in the
world is some type of motion. To describe motion we
require terms like time interval, distance, displacement,
speed, velocity and acceleration.
To study the motion branch of physics called Mechanics
is defined. To simplify study it isfurther divided into two
sections, Kinematicsand Dynamics. Kinematic dealswith
the study of motion of objects without considering the
cause of motion, here measurement of time is essential .
Dynamics deals with the study of objects taking into
consideration and cause of their motion.
Generally motion we observe in practical life are 2 or
3-dimensional to analyse them we haveto break theminto
single dimension. Hence, we need to study one dimension
motion.
Wewill consider all object as point object for considering
onedimensiona motion. Wewill also neglect air resistance
if not specified. Inanalysing any motion consider time as
timeinterval i.e. think initial and final situation according
to timeinterval in which you have to solve the problem.

DISTANCE
The length of the actual path between initial and final
positions of a particlein agiven interval of timeiscalled
distance covered by the particle. Distance is the actual
length of the path. It is the characteristic property of any
path i.e. path is always associated when we consider
distance between two positions.
Distance between A and B while moving through path (1)
may or may not be equal to the distance between A and B
while moving through path (2).
Characteristicsof Distance:
(i) Itisascaar quantity
(i) It depends on the path
(iii) 1t never reduceswithtime. A gl B

Displacement of a particle is aposition vector of itsfinal
position w.r.t, initial position.
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Characteristicsof Displacement :

(i) Itisavector quantity.

(i) Thedisplacement of aparticle between any two points
is equal to the shortest distance between them.

(iii) Thedisplacement of an objectinagiventimeinterval
may be +ve, —ve or zero.

(iv) Theactual distancetravelled by aparticleinthegiven
interval of timeis always equal to or greater than the
magnitude of the displacement and in no casg, it is
less than the magnitude of the displacement,

i.e. Distance> | Displacement |

(v) Dimension:[M°L1T9]

(vi) Unit: InC.G S. centimeter (cm), In S.I. system meter
().

Compar ative Sudy of Displacement & distance

S.No. Displacement Distance

1. Ithassinglevaue It may have more than one
between two points value between two points

2. May be +ive, -iveor zero. Distance>0

(iv) Distance covered by aparticleisaways positive and 3. Itcandecreasewithtime It can never decrease with
can never be negative or zero. time.
(v) Dimension:[M°L1TO] 4. Itisavector quantity Itisascalar quantity.
(vi) Unit:In CGScentimeter (cm), In S.I. system meter (m).
DISPLACEMENT Examplel:

The shortest distance from the initial position to thefinal
position of the particle is called displacement. The
displacement of a particle is measured as the change in
the position of the particlein aparticular direction over a

An old person moves on a semi circular track of radius
40m during amorning walk. If he starts at one end of the
track and reaches at the other end. Find the displacement
of the person.

given time interval. It depends only on final and initial  Sol. Displacement = 2R =2 x 40 =80 meter.

positions.
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Example2: Someimportant casesrelated to aver age speed :

Sol.

Anathleteisrunning onacircular track of radius50 meter.
Calculate the displacement of the athlete after completing
5 rounds of the track.

Since final and initial positions are same hence
displacement of athletewill be Ar=r-r=0

Example3:

Sol.

A monkey is moving on circular path of radius 80 m .

Calculate the distance covered by the monkey.

Distance = Circumference of thecircle
D=2rR=D=27n x80=160% 3.14 =502.40m

Example4:

Sol.

A particle goes along a quadrant from A to B is acircle
radius 10m asshown infigure. Find thedirection and mag-
nitude of displacement and distance along path AB.

A

J

.
c -0A B

Displacement AB = OB — OA =10} 10

|AB|=+10? +10? =10V2m

FromA OBC tanez%=£=12>9=45°
’ OB 10
Angle between displacement vector 9C and x-axis
=90° +45°=135°

1 1
Distanceof pathAB = Z(circum.) = Z(ZnR) m= (51) m

SPEED

@)

(i)
(iii)
(iv)

It is the distance covered by the particle in one second. It
isascalar quantity.

Typeof speed:

Instantaneous speed : It is the speed of a particle at
particular instant of time or position.

. As ds
= lim=—=—
I nstantaneous speed A N
Total distance
Tota time

Uniform speed : If during the entire motion speed of the
body remains same, the body is said to have uniform speed.
Non-Uniform speed : If speed changes, thebody issaid to
have non-uniform speed.

Averagespeed =

Case: 1

T

X

OI X X, X3
If car covers distances X;, X,, and x5 with speeds v, v,
and v respectively in same direction then average speed

of car.
\_/—M X1 X2 X3
= T : here, th=—th=—%,t3=—"
1+l +13 v vy Vg
— X1+ Xo9+X
V=Xl X2 X3
M, 72, 73
Vi V2 V3

If car covers equal distances with different speeds then,
X1 =Xy =Xg=X

3X 3
X X X "1 i+i:v1v2+v2v3+v3v1
Vi V2 Vg3 Vi V2 V3

_ YA
V= 1V2V3

Case2: If any body travelswith speedsv;, v,, V5 during
timeintervalst,, t,, t; respectively thenthe average speed
of the body will be.

\—/ X1+X2 +X3 V1t1+V2t2 +V3t3

t1+t2+t3 t1+t2+t3
(v +Vo+V3) xt B (Vi +Vo+V3)
3xt B 3

If 4=t,=ty=t=

Example5:
The distancetravelled by aparticleintime t is given by
x = 2.5t2(m). Find the average speed of the particleduring
thetimeOto 5 sec.

Sol. Distancecovered x=2.5t2; Duringtime0to5 sec.

x=25x(5)2=25%x25=625m

X 625 625

= = =125m/s
to—t; 5-0

Average speed, V =

Example6:
A train 150 mlong is moving with a speed of 90 km/h. In
what time shall it crossabridge 850 mlong ?

Sol. Total distanceto be covered =850 + 150 = 1000 m

+ 150-»

< 850 m

v

< 1000 m »

—

Speed = 90 kmvh = 90 x (5/18) m/s= 25 m/s

Now, time= @5—405
’ 25 77
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Example7: Then distance covered T
A bicyclist istravelling along a straight road for the first S=V(t,-1y) B C
half time with speed v, and for second half time with =ABxAD=Areaof ABCD g
speed v,. What is the average speed of the bicyclist? Total distancetravelled 3
Sol. Lett bethetotal time taken then distance covered in the by particle A D
0 vt = Area of speed-time graph o) t, t Time—>
firsthalftime=v, | 5=
2 2 Example11:
Find thedistancetravelled by B
i i ime= L) _ Vet the particle during the time :
Distance covered in the next half time = v, = p g ;
2/ 2 t=0tot =3 sec. fromthe @ 4} i
vt vt figure. E |
71 72 Vg + Vs Sol. DistanceS=Areaof OAB = 2 EA
Average speed v, = P 1 1 T2 3 0
= - XxOAXxBA= 7 x3x6 =9metef.
Example8: 2 2
A person travels along a straight road due east for the . . _
first half distance with speed v, and the second half (i) If thespeed varieswiththetimethen :
distance with speed v,. What is the average speed of the ds
person? By V= =ds=vdt = Jds=[vdt or s=|vadt
Sol. Let Sbethetotal distance travelled.
. . . _Sil2_ s Example12:
Timetakenfor thefirst half distance = =y == 5 If the speed of a particleisv = 10 t2 m/s. Then find out
covered distance fromt =2 sec. tot =5 sec.
aken for th d half d Sz_ S 2 2
Time taken for the secon istance= —, T 5
| ' Voo V2 gy s=]vdt=[10t2dt =10[ tadt - E(p)s - E(E,s _23)
5 5 3 2 3
. Ss.,5 _
Total timetaken= v, 2v, =390 meter.
S Vv VELOCITY
Average speed, v, = S S - 12 Therate of change of displacement of aparticlewithtime
2y 2 itV iscalled the velocity of the particle.
vy 2vy Disol
i splacement
Example 9: i.e. Velocity = _I_Spﬁ
A manwalksat aspeed of 6 knmvhr for 1 km and 8 knvhr for ] ) Ime |r.1 ev
the next 1 km. What is his average speed for the walk of (i) Itisavector quantity N
&m (i) Thevelocity of an object can be positive, zero and
negative
Sol. Vo 2V Vp _ 2x6x8 - (i_ii) Upit: C:GS. : cgn/f, _1S.I. :m/s.
Vi + Vo 6+8 (iv) Dimension: M°L-T
Typesof velocity : () Uniform Velocity (b) Non-uniform
Example10: Velocity .(c) Avergge Velocity (d) Instantaneous velocity
The distancetravelled by aparticle S= 10t (m). Find the (€) Relativeveloci t}’ o o
value of instantaneous speed at t = 2 sec. 1 Unn‘qr m V_el ocity : A bod)_/ issaidto move W|th.un|form
velocity, if it coversequal displacementsin equal intervals
o voX_d (102) = 10(21) = 20t of time, howsoever, small these intervals may be.
dt dt When a body is moving with uniform velocity, then the

Putt=2 sec.
v =20%x2=40m/s.

Calculation of distanceby speed :
The distance may be calculated by the speed in the
following terms.

(i) Distanceby speed-timegraph : When the particlemoves
fromtime t, to t, with uniform speed V as shown in the

graph:

magnitude and direction of the velocity of the body
remains same at al points of its path.

I T Veet’
(=}
g 3
Z
O| Time — O Time —»
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2. Non-uniform Velocity : or inst. velocity at point P

The particle is said to have
non-uniform motion if it
covers unequal
displacementsin equal
intervals of time, howsoever,
small these time intervals
may be. In this type of
motion velocity does not
remain constant.

O |Displacement —»

Time —»

Average velocity : The T
average velocity of an object y A
isequal = '
to theratio of the displacement, g
tothetimeinterval for which &
themotiontakesplacei.e, &

displacement O Lot

Average velocity= Time —
ag y time taken

If theinitial and final position of aparticleare 1, and 1, at
time t; and t, respectively,

- o> -
Then Displacement A1 =1, — 1

and elapsed time At=1t,-t;

- - -
= h—n AT

. Averagevelocity Va =2+ ="—
= YT Ty At

Instantaneousvelocity : The velocity of the object at a
given instant of time or at agiven position during motion
is called instantaneous velocity.

TXZ
g
g
8
P—
a8 i At
t 5
Time —»
Graph (A)

Fromfig., the average vel ocity between pointsA and B is
N - - A_)
Xo— X
Vg =21 _ax
t,—t; At
If timeinterval issmalli.e.t,—t; = At

- - - AX _
and Xp— Xy =A X then v, - =tan 6 fromgraph (A)
Average velocity isequal to dope of straight line joining
two points on displacement time graph. If At — 0, then
average velocity becomes instantaneous velocity

- -

N

: - _ Lt Ax _dx
instantaneous velocity, V “ALSO0 AL at

ke
o

%
Point P, Ax
A C i

Displacement ——
x

/é/q--Atz---b

3 6
Time —»
Graph (B)

N
V =tan a (slope of tangent at point P, graph B)

Example13:
A car travels adistance A to B at a speed of 40 km/h and
returnsto A at a speed of 30 km/h.
(i) What isthe average speed for the whole journey?
(i) What isthe average velocity?

s
Sol. (i) LetAB =s,timetakentogofromAtoB,t; = 0 h

s
and timetakentogo fromB toA, t, = 0 h

i+i_(3+4)5_ 7s
40 30

- total timetaken=t, +t, =

120 120
Total distancetravelled=s+s=2s
Average speed
total distance travelled 2s 120x2
=7 totd timetaken 75 7 - o+3kmh
120

(i) Total displacement = zero, sincethe car returnsto the
original position.

total displacement 0

Average velocity = time taken ot 0

Example14:

A tableclock hasits minute hand 4 cmlong. Find average
vel ocity of thetip of the minute hand (&) in between 6 am.
to6.30am. and (b) 6a.m.t06.30 p.m.

Sol. (&) At 6.00a.m.thetip of the minute hand isat 12 mark
and at 6.30a.m. or 6.30 p.m. itis 180° away. Thusthe
displacement between the initial and final positions
of thetip is equal to the diameter of the clock.

Displacement=2R=2x4cm=8cm
Timetakenfrom6 a.m. to 6.30 am. is30 minutes = 1800s.
The average velocity isV ,

Displacement 8
time 1800

(b) Againtimetaken from6amto 6.30 p.m.
=12 hrs+ 30 minutes= 45000 s

_ Displacement 8
av ™ time 45000

=4.4% 103 cm/s

= 1.8x10%cm/s

[ 4
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Example15:
A manwalkson astraight road from his hometo amarket
2.5km away with a speed of 5 km/h. Finding the market
closed, he instantly turns and walks back with a speed of
7.5 km/h. What is the () magnitude of average velocity
and (b) average speed of the man, over the interval of
time(i) 0to30 min. (i) 0to 50 min (iii) 0to 40 min.

Sol. Timetaken by man to go from hishome to market,

_ distance _ 25 1
1 speed 5 2
Time taken by man to go from market to his home,

25 1
tz = —=—
75 3

Total timetaken = t; +1, =%+§=gh = 50 min.
displacement
time
distance
time

BN
(@ Average velocity Vave =

(b) Average speed Vge =
(i) O0to30min

-

5
Vae=—=
ave =5 5km/h towards market

25
Vae = m =5km/h
(i) 0to50 min
Total distancetravelled=2.5+2.5=5km.
Total displacement = zero

5
- . [ —
Vae =0 ¢ Vae = 5/6 =6 km/h
(i) 0Oto 40 min
Distance moved in 30 min (from hometo market)
=25km.
Distance moved in 10 min (from market to home)

10
withspeed 7.5 km/h=7.5 x 0 =1.25km

So displacement=2.5-1.25=1.25km
(towards market)
Digtancetravelled=2.5+1.25=3.75km

o 1.25 3.75

¥~ 40760 ' ¢~ 40/60
=5.625 km/h.(towards market)

=1.875knm/h.

Example16:
Give a position-time graph of two objects moving in the
same direction with unequal velocities.

Sol. Oisthetime of meeting of two bodiesA and B.

Example17:
Give a position-time graph of two objects moving in the
opposite direction with unequal velocities.

Sol.

T \g

O istime of meeting of two bodiesA and B.

Example18:
The position of a particle moving on x-axisis given by
3+ Bt2+Ct+D. Thenumerical valueof A, B, C, D
are 1,4, -2 and 5 respectively and S.I. unitsare used. Find
velocity of the particleat t = 4 sec.
dx d 3 2
Sol. V oo [At” + Bt“ + Ct+ D]
or V=3At?+2Bt+C
attime t=4sec.
Considering A=1,B=4,C=-2
V =3A(4)2+2B(4)+C
V =48(1) +8(4) +(-2)
V =3A(16)+8B+C=78m/s
V=48A+8B+C

Example19:

(i) With the help of given fig. find the instantaneous
velocity at point F for the object whose motion the
curve represents.

(i) Refer tofig. for the motion of an object along the
x-axis. What is the instantaneous velocity of the
object (a) at point D? (b) at point C? () at point E?

X, m
15 G
8
10 // N\
y, .
5 NP
0 "3 10 20 H ts
Sol. (i) Thetangent at Fisthe dashedlineGH. Takingtriangle
GHJ, we have
At=24-4=20s
AX=0-15=-15m
Henceslopeat Fis v —&—ﬂ— 0.75 m/s
P F= At 20s

The negative sign tells usthat the object ismoving in
the —x direction.

B
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(i) (@ PointDisamaximum of thexv/stcurve.
dx ()
Thereforev = e 0.
Without the exact equation for x as function of t
one cannot get a precise answer. The best we
can do is to draw the tangent line at point ¢ and
the dlope in the same way as in above problem.
This yields the answer

c~— dt c ~1.3m/s
(c) We proceed as in part (b), but here the tangent
line has a negative slope and the answer should
be

(b) (i)

(iii)

dx

Ve =E ~-0.13m/s

E

Example20:
The graph of particle’s motion along the x-axis is given in
fig. Estimate the (a) average velocity for theinterval from
A to C; instantaneous velocity at (b) D and at (c) A.

t(s)

- 48-0 W)

Sol. V= 0" 0.60 cm/s.

@

From the slope at each point
(b) v=-0.48cm/s.and (c) v=1.3 cm/s.

ACCELERATION
The rate of change of velocity of an object with time is
called acceleration of the object.
Let v and v’ be the velocity of the object at time t and t’
respectively, then acceleration of the body is given by

> Change in velocity '_y
Acceleration(a) = Ti?ne —— Y _ H

(i) Acceleration isavector quantity.

(i) Itispositiveif thevelocity isincreasing and isnegative
if the velocity is decreasing.

(iii) The negative acceleration is also called retardation
or deceleration.

(iv) Unit: In S.I. system ny/s?
InC.GS. system cm/s?

(v) Dimension:[MOL1T2]

& becomesVz = \_/)+A7 attimet,=t+At, then, dav =——

Typesof Acceleration :

Uniform acceleration : An object is said to be moving
withauniformaccelerationiif its velocity changes by equal
amountsin equal intervals of time.

Variable acceleration : An object is said to be moving
with a variable acceleration if its velocity changes by
unegual amountsin equal intervals of time.
AverageAcceleration : When an objectismovingwitha
variable acceleration, then the average accel eration of the
object for the given motion is defined as the ratio of the
total changein vel ocity of the object during motion to the

total timetakeni.e., T
Average Acceleration 2V
total change in velocity @
= total time taken v ]
[¢) t, t

- Time Z—P
Suppose the velocity of a particle is V1 at time t; and

- - - -
v, a timet,. Then, Changein velocity = vo—Vvq = Av
Elapsed time in changing the velocity = t, — t; = At
- o N
V2-Vi _Av 7
e
-1 At
= the slope of chord of v —t graph is average accelerition.
Note: If any body isaccelerated with acceleration & till
-

_)
Thus, aa =

time t; and acceleration a, up to time t, then average

N
accelerationwill aav ALt 3l

tl + t2
I nstantaneousAcceleration :
The acceleration of the object at agiven instant of time or
at a given point of motion, is called its instantaneous
acceleration.

Velocity <—>
w

<
-

- -
Supposethevelocity of aparticleattimet; =tis vi= Vv

N
- Av
At

If At approachesto zero then therate of change of vel ocity
will be instantaneous acceleration. Instantaneous

- -
acceleration Z- Lim Av _dv
St = —_——

T NS0 At dt

[




@ MOTION IN ONE DIMENSION}D

SOAL

ODM ADVANCED LEARNING

Instantaneous acceleration at a point is equal to slope of
tangent at that point on displacement time graph in the
graph shown above this paint is.

(5 o >

45 > d|dX| _d
As 7:d_x , therefore, @ = L ot J T a2
t
Thus, instantaneous acceleration of an object is equal to
the second time derivative of the position of the object at
the given instant.

Note:

It isnot essential that when velocity is zero acceleration
must be zero. e.g. In vertical motion at the top pointv =0
but a= 0.

Velocity —

—» Time
. . dv
(i)  Velocity may vary but I may be constant.
(iii) The acceleration may vary but v may be constant e.g. In
uniformcircular motion.
(iv) If velocity decreasesw.r.t. timethen accelerationiscalled
retardation. Retardation a= tan (x - 0) = -tan6
Example21:
An athlete takes 2 second to reach the maximum speed of
18 kmv/h from rest. What is the magnitude of his average
acc.?
Sol. Here, Initia velocityu=0,
5
max) = 18km/h = 18XE =5m/s,
t; =0sec, t, =2 sec.
_vV-u  Av 50 2
a, = tz_tl_E soaa\,—7—2.5m/
Example22:
A car startsfromrest and acquires vel ocity equal to 10 m/
s after 5 sec. Find the acceleration of the car.
Sol. Here,u=0 and v=10m/s,t=5sec

i vV—u
Usmg,a=T,

(10-0)ym/s

5s =2 m/s?

we have a=

Q3

Example23:

The displacement of aparticleisproportional to the cube
of elapsed time . How does the acceleration of the body
depend on time elapsed ?

Let x be thedisplacement at timet of an object in motion.
Then according to question, x = kt3, wherek isaconstant.

Sol.

. . dx
velocity of object, V= e 3kt2 (m/s)

dv
and acceleration of object, a= o 3k x 2t =6 kt. (m/s?)

i.e. aoct. It meansacceleration oc time.

Example24:
The position x of a particle varies with time ‘t” as
x = at? — bt3. When will the acceleration of the particle
become zero?

dx
dt dt

dv d
—_—— - 2 = —_
G dt (2at—3bts) =2a-6bt

According to question acc. = 0

Sol. v= (at2 bt3) =2at— 3bt?

acc. =

2a-6bt=0 hence B

t =

Example25:
Thevelocity of any particleisrelated with itsdisplacement

As, X =+/V+1, Calculateacceleration at x =5 cm.
Sol. =W+l x?=v+1; v=(x2-1)

Therefore

a:% —(x%-1) _2x2—x—o =2xv=2X(x2-1)

atx=5m, a—2><5(25—1)—240m/52

TRY IT YOURSEL F-1

The speed of acar as afunction of time as shownin fig.
Find the acceleration and distance travelled by the car in
8 seconds.

Q.1

N
o
1
T

=
o
1
T

Speed (m/s) —»

2 4
time(s) —»

If the displacement of aparticleis (2t2 + t + 5) meter then,

what will beacc. att =5 sec.

A car moving with avelocity of 20 ms™t isbrought to rest

in 5 seconds by applying brakes. Calculate the retardation

of the car.

o+
[o'c 1 SEUE. |

Q.2

[
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Q4

Q5
Q.6

Q.7

Q.8

Q9

A particle moves according to the equation

x =3+ 4t +6t2 + 4t3, Find itsvelocity and acceleration at all
times. When does its velocity equal 10 m/s? What is its
acceleration at that instant?

An object that negatively accelerates slows down.
Trueor False:

A personwalksalong acircular path of radius5.00 m. If the
person walks around one half of the circle, find (a) the
magnitude of the displacement vector and (b) how far the
person walked. (c) What is the magnitude of the
displacement if the person walks all the way around the
circle? B

~~~~~~
.

C d A
A sprinter runs around a 440 meter circular track in 49
seconds.
(@ What is her average speed?
(b) What is her average velocity?
A man hasto go 50 m due north, 40 m due east and 20 m
due south to reach afield.
(a) What distance he has to walk to reach the field?
(b) What is his displacement from his house to the field?
Isit possible to have zero vel ocity but non-zero accelera-
tion at any position in any motion.

Q.10 A particleismoving in east direction with speed 5 m/s after

10 sec it starts moving in north direction with same speed.
Find average acceleration.

ANSWERS
(1) (i) 80m(ii)2.5m/s? (2)4 m/s? (3)4ms32
(4) v=4+12t+12t2;a=12+24t;t=0.37s; a=21 m/s%

(5) False (6) (a) 10.0m, (b) 15.7m, (c) 0
(7) (a) 8.98ms, (b)0, (8) (& 110m, (b) 50m

9) Y 10 1 m/s?, 135°

(9) Yes, (10) N ,

MOTIONANALYSS

To start solving any motion problem, first analyse whether
motion is uniform (velocity constant) or non-uniform

. o . d
(velocity not constant). If motion is uniform use V = T

v and d should be in same direction. If motion is non-
uniform check the reason for velocity change. If velocity
is changing directionally with constant magnitude then
use vector approach. If it is changing magnitudely with
fixed direction then use kinematic equation provided
acceleration is constant. If acceleration is variable use
calculus approach. If velocity is changing magnitudely as
well asdirectionally then use vector approach with calculus.

KINEMATICEQUATIONSFORUNIFORMLYACCELERATED
MOTION

@

()

©

©)

Let G = Initia velocity (at t = 0), V = Velocity of the

particle after timet, a =Acceleration (uniform)

S = Displacement of the particleduring time't'

Acceleration, = vt;u
V=0d+at

Displacement S =Averagevelocity x time.

- (G+\7)
s=|—5) xt

[This is very useful equation, when acceleration is not
given|

R
From (i) & (ii) s=ut+§at2
[V=0O+at, —=0+at
dt

= [ds=[(a+at) dt:>§:ﬁt+%ét2]

V2 = u2 +248 0 e (IV)
dv dvds dv v
[ predprp dS'-[VdV Jads:z as+c,

2
Ats=0,v=u, u—:c
2

V2 = =
. —=as+

N

u -
7:v2 =u? +2as]

N

§, = displacement of particlein nth second

§ =5 - S§p_1= {U(n)+%an2}—{u(n—1)+%é(n—l)2}

[ u 4&»
§, =0+=-a@2n-1) ! L
2 I 1 1

t=0 t=n-1t=n

Equations (i), (iii) and (iv) are called ‘equations of motion’
and are very useful in solving the problems of motion
along a straight line with constant accel eration.

O
Note: (a) v=0+at and s:ut+Eat2 are vector
equation, while Vv.v = 0.0+ 2a.s isascaar equation.
(b) If the velocity and acceleration are collinear, we

conventionally take the direction of motion to be
positive, so equation of motion becomes.

V=u+ats=ut+ (E)atz, v2 =12+ 2as

[ 8
I'_
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If the velocity and acceleration are antiparallel then Total time, t=1t; +1t,;
body retards and equation of motion becomes - Vv \ vV 3V oy > )
1 = — —_— = — = —
V=u-at, 5:Ut—zat2, V2:u2_2as a 2a 2a 3
h= f th AOAB—ltV—lthal—éalz
= areaof the =3 =3 3 d=3

1
(©) Inequations=ut+ Eatz, uisinitial speed for time

a
interval twhilein s, =u+ 5 (2n-1), uisspeedat
t=0.

Calculation of speed and distance by acceler ation-timegr aph:
Let a particle be moving with uniform acceleration
according to following a — t graph —

\ to
dv = adt or Jdvzjadt I D <
u t]_ a

(V) =a(t)?

_

B
time ——»

v-u=a(t,-t;) A
o

Therefore difference in magnitude of velocity
(v-u)=AB xAD
v —u = Area of rectangle ABCD = area under a — t graph
Example26:
A particle has an initial velocity of 3 +4] and an
acceleration of 0.4 +0.3] . Find speed after 10s.
Sol. Using v =i+at

= V=(3+4])+(04 +03])x10 = V="7i +7]
= v=N7T?+7* =72 mis

Example27:
A lift performs the first part of its ascent with uniform
acceleration ‘a’ and the remainder with uniform retardation
2a. Prove that if h the depth of the shaft and t isthe time

1
of ascent, thenh = = at2. Use only the graphical method.

3
| A
Sol. v
t—>
O« t; :v: t, >B
\% \% \V;
a= 7 andZa:t or t;=— and t2:5

Example28:
The velocity acquired by a body moving with uniform
accelerationis20 m/sinfirst 2 secand 40 m/sinfirst 4 sec.
Calculateinitial velocity.

Vo—Vq 40-20 20
Sol. @=—-"—"7: a= =— =10 m/s?
th-tg 4-2 2
:"--\s‘ u o"--\\‘ 1 V2
e U
t=0 t,=2s t,=4s

Now, v;=u+at; =20=u+10x2 =u=0m/s

Example29:
A particle starts with a constant acceleration. At atimet
second speed isfound to be 100 m/s and one second | ater
speed becomes 150 m/s. Find acceleration of the particle.

Sol. Fromfirsteq"of motion- v=u+at
= 100=0+a or 100=at (1)
velocity after one second
V'=0+a(t+1) = 150=at+1) .. @
On subtracting eq".(1) fromeqg". (2)
a=50m/s?
Example30:

A body travelsadistance of 2min 2 secondsand 2.2 min
next 4 seconds. What will be the velocity of the body at
the end of 7" second from the start.
Sol. Here, Case(i) S=2m,t=2s
Case(ii) S=2+22=42m t=2+4=6s
Let uand abetheinitial velocity and uniform acceleration

1
of thebody. S=ut + 5 at?

. 1
Case(i),2=(ux2) + (Eaxzz)
oo 1=u+a ()}
. 1
Case (ii), 4.2:(u><6)+(§ ax 62

or 0.7=u+3a
Subtracting (ii) from (i),

..(ii)

0.3
a=-— =-0.15m/s?

From (i), u=1-a=1+0.15 or u=115m/s
For the velocity of body at the end of 7t second,
wehave u=1.15m/s ;a=-0.15m/s?2, v=2? t=T7s
As,v=u+at =1.15+(-0.15) x 7=0.1m/s

0.3=0-2a=-2a or
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Example31:

A body travel sadistance of 20 min the 71" second and 24
min 9" second. How much distance shall it travel in the
15t second ?

Sol. Here, s;=20m ; 55=24m, 5= "7?
Let u=initia velocity and a= uniform acc. of the body.
a
Distance travelled in nf second s, = u+ > (2n-1)
a
Distance travelled in 7" second s, =u+ > (2x7-1)
13a i
or 20=u+— (D)
2
a
Distance travelled in 9" second sy=u+ > (2x9-1)
17 ..
or 24=u+ > a (D)
Subtracting (i) from (i), 4=2aor a=2m/s?
Putting thisvalue of ain eq" (i)
13
20=u + > x2 or 20=u+13 or u=20-13=7m/s
distance travelled in 15t second
a 2
Sig=u+ 5 (2x15-1) =7+ 5 x29=36m
Example32:
A persontravelling at 43.2 km/h appliesthe brakes giving
a deceleration of 6 m/s? to his scooter. How far will it
travel before stopping ?
5
Sol. Here, u=43.2km/h= 43.2x B m/s
Deceleration; a=6m/s> v=0 s=?
0=(12)2-2x65s [using v2 = u? - 2as]
144
or 144=2x6s or S=——=12m
12
Example33:
A bullet going with speed 350 m/s enters in a concrete
wall and penetrates a distance of 5 cm before coming to
rest. Find deceleration.
Sol. Here, u=350m/s, s=5cm,v=0m/s,a="?

7

2 350 m/s %
u - -

2s

By using v2=u?+ 2as
weget 0=u?+2as

or u?=-2as or a=

_350x350
2x.05
Negative answer represents retardation.

or =-12.25 x 10° m/sec?

Example34:

Sal.

A driver takes 0.20 s to apply the brakes after he see a
need for it. Thisiscalled thereaction time of the driver. If
he isdriving a car at a speed of 54 km/h and the brakes
cause adeceleration of 6.0 m/s?, find the distance travelled
by the car after he see the need to put the brakes on.

5
u=54km/h =54 x I m/s = 15m/s

before applying brakes by driver, distance covered by
thecar s;= ut =15x0.2=3.0m

After applying the brakes

v=0, u=15m's, a=6m/s,s,="?

Using v2=u?-2as or 0=(152-2x6xs,

225
12s5,=-225= 52=E =18.75m

Distance travelled by the car after driver seethe need for
it $=§,+s,=3+18.75=21.75m

Example35:

Sal.

Two carstravelling towards each other on a straight road
at velocity 10m/s and 12 m/s respectively when they are
150 meter apart, both drivers apply their brakes and each
car decelerates at 2 m/s? until it stops. (&) How far apart
will the cars be after stopping. (b) Will the car collide to
another?

Hereu; =10m/s,u, =12m/s, v, =0m/s, v, =0 s,
a=-2m/s2,D=150m X
For first car v2 = u? - 2as = 0 = u,? - 2as; or s =;—1
For second car v2 = u? — 2as a
= 0=u,-2as, 2as,=u,?2 or
distance travelled by both cars

2
-9
2= 2a

2 2 2, .2
- Up Uz U +Up
—_ + =— b4 —=
E 2a 2a 2a
Now, substituting the values of u,, u, and awe get
_10°+12° 1004144 284
- 2x2 4
Thus, distance between cars after stopping
As=D-s=150-61=89m
(b) Because D > shence there will be no collision

61m

Example 36:

Sol.

A particle starts moving from the position of rest under a
constant acc. If it coversadistancex int sec, what distance
will ittravel in next t sec? 1

As acc. is constant so froms=ut + 5 at? we have

x—lat2 [u=0] €]
=5 =

Now if it travelsadistancey in next t sec.
in 2t sec total distance travelled

1
X+y=- a(2t)? (2 (t+t=21)
Dividing eq". (2) by eq" (1)
X+Yy
S Ay =
» or y=3x

[+
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Example37:

Sol.

At an instant as the traffic light turns green a car starts
‘ 2. At the same instant a truck,

travelling with a constant speed of 10 m/s, overtakes and

passes the car. (a) How far beyond the starting point will

the car overtake the truck? (b) How fast will the car be

travelling at that instant? (c) Draw g/t curves for each

vehicle.

Let the two vehicles meet after timet.

Then from 2™ eq" of motion

The distance travelled by car

S = % x2t2  [asu=0] (1)
And distance travelled by truck
s;=10xt [asa=0]
According to given problem
Sc=Sp ie t2=10t  or t=10sec.
(@ The distance travelled by the car in overtaking the
truck, so=102=100m
(b) The speed of car at t = 10 sec.
fromeq"v=u+at, or v=0+2x10=20m/s
(c) gt curvesfor car and truck,
i.e., Eq". (1) and EQ". (2), areplotted in figure

/

.....................
&\_\)8‘* 7

4 8 10
Timeinsec. —

120
100

@
o

Distance inm —p

12

Example38:

Sol.

A passenger is standing d distance away from abus. The
bus beginsto move with constant accel eration a. To catch
the bus, the passenger runs at a constant speed u towards
the bus. What must be the minimum speed of the
passenger so that he may catch the bus.

Let the passenger catch the bus after time t.

The distance travelled by the bus,

1 o
=0+ E at (1
and the distance travelled by the passenger
$=ut+0 (2
Now the passenger will catch the bus if

d+s, = (3
Substituting the values of s; and s, fromeq". (1) and eq".

2)in(3)
[uz+u? - 2ad]
a

So the passenger will catchthe busif tisredl, i.e.,
u2>2ad u>./2ad
So the minimum speed of passenger for catching the bus

is.2ad .

1 1
d+§ at2=ut|.e.§at2—ut+d=0 or t=

or

Q1

Q.2

Q3

Q4

Q.5

Q.6
Q.7

QS8

Q.9

TRY IT YOURSEI F-2

A particle starts with initia velocity 2.5 m/s along the x
direction and accelerates uniformly at the rate 50 cm/s2.
Find time taken to increase the velocity to 7.5 nv/s.
A truck starts from rest with an acceleration of 1.5 m/s?
while a car 150 meter behind starts from rest with an
acceleration of 2 m/s?. How long will it take before both
the truck and car are side by side.
A car is moving at a speed 50 km/h. Two seconds there
after itismoving at 60 kmv/h. Calculatethe accel eration of
the car.
A bullet moving with 10 m/s hits the wooden plank the
bullet is stopped when it penetrates the plank 20 cm. deep
calculate retardation of the bullet.
A particle starts from rest and travel a distance x with
uniform acceleration, then moves uniformly a distance 2x
and finally comes to rest after moving further 5x with
uniform retardation. Find the ratio of maximum speed to
average speed.
A particle starts from rest with constant acceleration
= 2m/s2. Find displacement in 5t sec.
Two trainsA and B, 100 km. apart, are travelling towards
each other with starting speeds of 50 knvhr. for both. The
trainA isaccelerating at 18 km/hr2 and B isdecelerating at
18 kmv/hr2. Find the distance from theinitial position of A
of the point when the engines cross each other.
P e
< 100km —>

A particlemoving with uniform acceleration along astraight
line passes three successive pointsA, B and C where the
distancesAB : BCis3:5& thetimetakenfromAtoB is40
<. Ifthevelocitiesat A & Care5m/s& 15 m/srespectively.
Find (a) thevelocity of the particleat B. (b) accel eration of
the particle

A particle moving with uniform acceleration from A to B
along a straight line has velocities v, and v, at A and B
respectively. If C isthe mid point between A and B then
determine the velocity of the particle at C.

Q.10 A train travelling along a straight line with constant

acceleration is observed to travel consecutive distances
of 1kmintimesof 30sand 60srespectively. Find theinitial
velocity of thetrain.

Q.11 A particleismoving in astraight linewith initial velocity u

and uniform acceleration f. If the sum of the distances
travelledint! and (t + 1)™ secondsis 100 cm, then find its
velocity after t seconds, in cn/s.

ANSWERS
(1) 10sec (2) 24.5sec (3) .39 m/s?
(4) 2500 m/s? (5) 47 (6)9m
(7) 59km. (8) 10 mV/s, (1/8) m/s?
2 2
© ;VZ (10) 3—gom/s (11) 50 cis

—
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MOTIONUNDERGRAVITY

The most important example of motion in a straight line
with constant accel eration ismotion under gravity. In case
of motion under gravity.
(1) Theacceleration isconstant, i.e.

a=g=9.8m/s? and directed vertically downwards.
(@ Themotionisinvacuum, i.e., viscousforce or thrust
of the medium has no effect on the motion.
Body falling freely under gravity :
Taking initia position as origin and downward direction
of mation as positive, we have

u=0 [asbody starts from rest]

a=+g [asacc. isinthedirection of motion]
So if the body acquires velocity v after falling a distance
hintimet, equations of motion, viz.

1
v=u+at; s=ut+ —a? and v2= U2+ 2as

2

reduces to v=qt....(1),

vZ=2gh ...(3)
These eguati ons can be used to solve most of the problems
of freely falling bodies asif.

1
h= > gt? ...(2) and

If tisgiven If hisgiven If visgiven
useed'. (1) andeq’ (2)|useeq’. (2) and eq’ (3) | useeq’ (3) and eq’ (1)
v=gt (= [2h t= é
g
1 v

and hzigtz v =J2gh hzz—g
a
[¢]
tang =
o 9
t—> t—> t—>

(i) If thebody isdropped fromaheight H, asintimetis
has fallen a distance h from its initial position, the
height of the body from the ground will be

. 1
h’=H—hW|thh=E gt?

1
(i) Ash= > gt?,i.e, hoc t2,

distancefalenintimet, 2t, 3t etc., will beintheratio
of
12:22: 32 j e, square of integers.

(iii) The distance fallen in the nh sec

_ 21 5 1 ,_1
_h(n)_h(n—l)‘ 2 g(n) D) gin-1) = > g2n-1)

So distancesfalenin I, 2nd, 3'd sec etc. will beinthe
ratioof 1:3:5 i.e, oddintegersonly.

Body projected vertically up :

Taking initial position as origin and direction of motion

(i.e., vertically up) aspositive,

herewehavev =0 [at highest point velocity = 0]
a=-g [asacc.isdownwardswhile motion upwards]

If the body is projected with velocity u and reaches the

highest point at a distance h above the ground in time t,

the equations of motion viz.,

1 2 2,2
v=u+ad, s=ut+Eat and Ve = U+ 2as

1
reducesto 0=u-—gt, h=ut- Egtzand 0=u?-2gh

Substituting the value of u from first equation in second
and rearranging these,

u=gt (D)
1
= T2
h= o 2
and u?=2gh (3

These equations can
be used to solve most 2129
of the problems of
bodies projected
vertically up as.

If tisgiven, useeq”

n - t=2u/g
(1) andeg" (2) /t u/g %
1
u=gtand h=Egt2 ®) T
if hisgiven, useeq” (2) and eq" (3)
2h
t= E ; v=.,2gh
+u
t=ul t=2ul
5 J ug g
t—>
-u
(B)
if uisgiven, useeq"(3) and eq" (1)
(]
=
+
aIO * t—>
2
u u o g
t=— ; h=— =
g 29 ]
©

=
I12
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IMPORTANT POINTS 1
1.  Incase of motion under gravity for a given body, mass, h= > g 2
accel eration, and mechanical energy remain constant while
speed, velocity, momentum, kinetic energy and potential o 9 2n-1
energy change. Divide(1) by (2), = 7 n=5sec
2. Themotion isindependent of the mass of the body, asin
any equation of motion, mass is not involved. This is . 1 25¢
: Putin(2), h= =g(5%= —m
why a heavy and lighter body when released from the P T 29 T o
same height, reach the ground simultaneously and with
o _|2h ~ Example40:
same velocity. i.e. t= 9 andv = y2gh A ball is thrown upwards from the ground with an initial
However, momentum, kinetic energy or potential energy speed of u. The ball isat a height of 80m at two times, the
depend on the mass of the body (all « mass) timeinterval being 6s. Find u. Takeg = 10 m/s%.
3. Asfromeq".(2) timetaken to reach aheight h, Sol. Here,u=um/s,a=g=-10m/s?ands=80m.
2N Substituting the values in
ty=.|— 1
. 9 , s=ut+ —at?, we have, 80 = ut—5t2
Similarly, time taken to fall down through adistance h, 2
2h Ju? -
tp = 3 P ty=tp= 2n or 5t2-ut+80=0 ort:%
g
So in case of motion under gravity time taken to go up a 7 s
height h is equal to the time taken to fall down through ang Y- Vu~-1600
the same height h. 10
4. If abody isprojected vertically up and it reaches a height
o u+vu?-1600 u-+u?-1600 _
h, then u= Zgh Itis g|Ven thaI, 10 - 10 =6
and if a body falls freely through a height h, then
\’ 2 p—
So in case of motion under gravity, the speed with which 2 _ 1600 =900
abody is projected up is equal to the speed with which it or uz - -
comes back to the point of projection. - u"=2500 or u=£50ms
Ignoring the negative sign, we have, u=50nm/s
Example39: Example41
A ball is dropped from height 'in the ast second it trav- A person sitting on the top of atall building is dropping
ds Sh Find h ballsat regular intervals of one second. Find the positions
25" ' of the 3, 4t and 5! ball when the 6th ball is being
Sol. Method | : Let ussay ball take't' sec to fall height h asit dropped. [Takeg=10m/s?]

fallg—h'lt itt Ihg—h——'tl
325 in last sec., it trave ~ 25" o5 in(t—1) sec
h_l t2 1 @_E t 12 2
5 Ot D 25—29(—) ......... 2

pivide@ by (), 2= _ 1 ye2- 20
vide2)by (1), 25="7 ~ =h=70967=""m

Method 11 : Let ussay ball taken sectofall height hlast sec
will be nf sec. (student usually think it wrongly as n — 1)
(Remember in nth sec. formulau isspeed at t = 0)

a
Snth=U+ E (2n—1)

% g
5 5 (2n-1)

Sol.

When 61" ball is being dropped, the positions of the other
(previoudy fallen) balls can be calculated by using the
time of falling of each ball till thisinstant.

For 5t ball, it was dropped just one second before. Thus

1
it hasfallen adistance= Egt2 =5m.

For 4t ball, it was dropped two second before this

1
instant. It hasfallen adistance = 5 (10) 22=20m.

For 3" ball, it was dropped two second before thisinstant.

1
It hasfallen adistance = 5 (10)32=45m.

E
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MOTIONALONGSMOOTH INCLINED PLANE

Acceleration due to gravity being a vector quantity can
beresolved, along and perpendicular to theinclined plane.
The component of g along the plane is g sin o and
perpendicular to the planeisg cos a.

The component g cos a, being perpendicular to the
direction of motion (AC), does not contribute towards
accelerating the object. Thusthe effective acceleration on
thebody isg sin a along CA.

\

(7]

AN/

Q\
a /AT ©
—5s—>

@

@

B

In applying kinematic equation , v2 = u? + 2as

wherev, u, g, s should be same direction hence, use
a=gsina aonginclined plane.

Let aparticle, didingdown CtoA, along theinclined plane
CA, acquire afinal velocity v,, covering adistance s.

(b)

Now for the dliding particle, u=0,a=gsna, Vv =V;.
[Taking the direction CtoA aspositive]
Using, v2=u?+ 2as

. h
Vi =2gsina.s=2g [;} $=2gh [If o bethe angle

. h
of inclination then, sina ZE]

S = \¢29h

Example4?2: A
Show that timeto slide along AB ‘
and AC (diameter) of circleissame.

Sol. For motionalongAC,

B
2R= L g2 jt:\/“:R ......... )
2 g C
For motion along AB,

AB = %g cosot? -

2Rcos0 = % g cosot?

t= ﬁ 2 A
g @
From (1) and (2) we can conclude the result. 0
B 9

MOTION UNDER GRAVITY IN PRESENCE OFAIR
RES STANCE

An object is thrown with speed u in upward direction
during its motion its experiences constant air resistance
R in the direction opposite to its motion.

Motion in upward direction : Total force during upward
motionmg + R

R
Hence, total acceleration, a; = 9+ ™

Timeinupward motion, t;=
g+—
m

u2

M otion in downwar d direction : Total forceduring
downward motionmg - R

Maximum height, h=

R
Hence, total acceleration, a,= g- m
Timeindownward motion (from I1nd kinematic equation)

1 R u? 1 R
h=0+—( ——)tz —=_[ __j 2
ZQmZD(Rjzgmtz
2| g+—
m

[4
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SOME IMPORTANT GRAPHSRELATEDTO MOTION

All the following graphs are drawn for one-dimensional motion with uniform velocity or with constant accel eration.

K
=

Different Case v-t graph stgraph Important Points
1. Uniformmotion v S () Slopeof stgraph
= v = constant
(i) Instgraphs=0att=0
Vv = constant
s=ut
t t
v s
2. Uniformly accelerated A A @ u=0,i.e,v=0at=0
motion with u=0and @i u=0,i.e, dopeof st
s=0att=0 graph att =0, should
v=at s=1a? be zero
2 (iii) aor dope of v-t graph
is constant
3. Uniformly accelerated v S () u=0,i.e,vordopeof
motion with u = 0 but s—tgraphatt=0isnot
s=0att=0 zero
v=u+ at (i) v or dopeof st graph
L — ut+Lat2 .graduallly goes on
2 increasing
t t
4. Uniformly accelerated v H
motion with u= 0 and () s=gat=0
s=gat=0
v=u+at
S =8y +ut + élat2
t t
\Y S
5. Uniformly retarded () Slopeof stgraphat
motiontill velocity t=0givesu
becomes zero u v=u—at s=ut —%at2 (i) Slopeof st graph at
' t =t becomes zero
' (i) In this case u can’t be
¢ R zero
to to
v () Attimet=ty,v=0o0r
6. Uniformly retarded then s (displacement) slope of st graph is
accelerated in opposite zero
direction @) In st graph slope or

velocity first decreases
then increases with
opposite sign.

=
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Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

Q.8

Q9

TRY IT YOURSELF-3

Fromthe foot of atower 90m high, astoneisthrown up so
asto reach the top of the tower. Two second later another
stoneis dropped from the top of the tower. Find when and
where two stones meet.

A stoneisdropped fromaheight h. Simultaneously another
stone is thrown up from the ground with such a velocity
that it can reach a height of 4h. Find the time after which
two stones cross each other.

A falling stone takes 0.2 seconds to fall past a window
whichis1mhigh. Fromhow far abovethetop of thewindow
was the stone dropped ?

You arethrowing aball straight upintheair. At the highest
point, the ball’s

(A) velocity and acceleration are zero.

(B) velocity isnonzero but its acceleration is zero.

(©) acceleration isnonzero, but its velocity is zero.

(D) velocity and acceleration are both nonzero.

A person standing at the edge of a cliff throws one ball
straight up and another ball straight down, each at the
same initial speed. Neglecting air resistance, which ball
hits the ground below the cliff with the greater speed:
(A) bal initially thrown upward;

(B) bal initially thrown downward;

(©) neither; they both hit at the same speed.

Two buildings stand side by side. The taller is 20 meters
higher than the shorter. Rocks are dropped from rest from
both roofs at the same time. When the rock from thetaller
building passes the top of the shorter building, the rock
fromthe shorter building will be

(A) 20 metersbelow its start point

(B) lessthan 20 meters below its start point

(©) farther than 20 meters below its start point.

A bag of sand dropped by a would be assassin from the
roof of abuilding just misses Tough Tony, a gangster 2m
tall. The missile traverses the height of Tough Tony in
0.20s, landing with athud at his feet. How high was the
building? Ignorefriction.

A person throws a ball vertically upward with an initial
velocity of 15 m/s. Calculate (i) how high it goes and (ii)
how long the ball isin air before it comesto his hand.
With what speed must a ball be thrown vertically from
ground level to riseto amaximum height of 50m ?

Q.10 A 1 kg massisfound to be moving 18 mVsup a30°incline.

How fast isthe mass moving 3 secondslater? Take g to be
10m/s?.

(A)2mi/s.
(C)6m/s.

(B) 3mys.
(D) None of the above.

Q.11 Two children on the playground, Bobby and Sandy, travel

down dlides of identical height h but different shapes as
shown. The dlides are frictionless. Assuming they start
down the dides at the sametime with zero initial velocity,
which of the following statements is true?

Bobby's ™. A
dide

(A) Bobby reachesthe bottom first with the same average
velocity as Sandy.

(B) Bobby reaches the bottom first with alarger average
acceleration than Sandy.

(C) Bobby reachesthe bottom first with the same average
acceleration as Sandy.

(D) They reach the bottom at the same time with the same
average acceleration.

Q.12 Adjacent graph showsthe variation of velocity of arocket

withtime. Find thetime of burning of fuel from the graph-

— AY
§ 1000
E| /i
> ! 120 X
10 110\;/ "
Time (sec)
(A) 10sec (B) 110 sec (C)120sec

(D) Cannot be estimated from the graph

ANSWERS
h
1) 311s 838m (2) \E—g 3) (4/5)m

@ © ®)(©) (6) (A)
(7) 61m (8)11.5m,3.06s (9)31m/s
(10) (B) (11) (B) (12) (A)

RELATIVEVELOCITY

Relative velocity of an object A with respect to another
object B, when both arein motionisthetimerate at which
object A changes its position with respect to object B.
Position of object A and B are given as

Xp =Xoa T Vat and Xg =Xpg + Vgt

Xg—=Xa = (Xo =Xoa) + (Vg —Va) t
or X=Xg+(Vg—Va)t

X—Xo

t

or =Vg—Vjp

If 7A and VB be the respective velocities of object A

and B thenrelativevelocity of Aw.r.t. Bis \7 :7 _7
AB =VA—VB
- - -

Similarly, relativevelocity of Bw.rt. A, Vga =Vg—Va

—
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SPECIAL CASES

(1) Whenthetwo objectsmovewith equal velocities:
I8 Vpa=Vg Orvg—v,a=0
It means the two objects stay at constant distance apart  (4)
during the whole journey. In this case, the position-time
graphs of two objects are parallel straight lines as shown
infigure.

—

t(s)

(2) Whenthetwo objectsmovewith unequal velocities:

(i) Whenv, >vg, thenvg - v, isnegative. This shows
that the separation between two moving objects will
go on decreasing with time. After sometime, the two
moving objectswill meet and then therelative distance
between the objects will increase with time as shown

infigure.
R
I 4
A3
ok

. 60\0\6'

Bl

x

XOB

X i Time of meeting

t(s) —»
(if) Whenvg >v, ,thenvg -V, ispositive. Thisshows
that the separation between two moving objects will
go on increasing with time as shown in figure.

T Fast object
(Ve)
X
XOB
Slow object
Xoa (V)
t —»

(3) WhentwotrainsAand B movewith samevelocity vbutin
oppositein direction :
Therelativevelocity of trainAw.r.t. train B
- - - ~ A ~
VaB =Va-Vp =V(i)-Vv(-i) =2v(i)
Relativevelocity of train B w.r.t. A

\7BA = VB- 7A =v(=i)-v(i) =2v(-i)

Thus, when two trains cross each other in opposite
directions, then each train appearsto move very fast (i.e.
double the actual speed) relative to the other.
Thebodiesmovingin directionsinclined to each other :
Relativevelocity of Aw.r.t B

- > o
VaB =Va—VB

_)
VA Q
B
0
(e} A P

—
VA

Therelative velocity of A with respect to B isgiven by the
diagonal OR of the parallelogram OPRQ' asshowninfig.

The magnitude of the relative velocity v, g is given by

Vag = \/V,ZA +v% + 2V Vg C0s (180-0)

= \/V% +v§ —2vpVvgcos 0
Let o be the angle made by v, g with v, then

B Vg Sin(180-6) vgsing
tana = e ———
Va +VgCos(180-0) v, —vgcos 6
( vgsne )
or o = tant | o

Vp —Vpg COS 6

Zo givesthe direction of the relative velocity with VA .
(i) When both the bodies are moving along parallel
straight linesin the same direction :
Then the angle between themis 6 = 0°

Vag = \/V'ZA +v% —2vpvgcos0

= \/V% +VE —2vaVg [+ cos0°=1]

= \(va ~vg)? = (Va-Vp)

Thus magnitude of relative vel ocity of A with respect
to B isequal the difference between the magnitude of
individual velocities.

(i) When two bodies are moving along parallel straight
linesinthe oppositedirectioni.e. 6 = 180°:

[4
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“ Vag = \/v}§+v%—2vAvBc0518O°

= \/V,%\+V28+2VAVB [~ cos180°=-1]

= \(va +vg)? = (Vo +Vp)

Thus magnitude of relative velocity of body A w.r.t.
body B is equal to the sum of the magnitudes of
individual velocities.

Note: When two bodiesmovein oppositedirections,
the magnitude of relative vel ocity of one with respect
to the other is equal to the sum of the magnitudes of
two velocities.

Example43:
Two trains are moving east ward with velocities 10 ms™t
and 15 ms™! on parallel tracks. Calculate the relative
velocity of dow trainw.r.t. thefast train.

Sol. v;=10ms? |, v,=15ms*t
Relative velocity of slow train w.r.t. the fast train

=v;-Vv,=10-15=-5ms!

—ve sign shows that slow train appears to move westward
w.r.t. fast train with velocity of 5 ms™.

Example44:
A police van moving on a highway with a speed of
30 km/h fires a bullet at thief’s car speeding away in the
same direction with a speed of 192 km/hr. If the muzzle
speed of the bullet is 150 ms™1, with what speed does the
bullet hit the thief’s car.

30x1000m _ 25

Sol. Speed of policevan=30km/h= = m/s
P P 3600 s 3
. 160
Speed of thief’s car = 192 km/h = 3 m/s
.. Relative speed of theif’s car w.r.t. police van
10 5 45m/s
3 3

Speed of bullet w.r.t. van =150 m/s
Speed with which bullet hits the car = 150 — 45 = 105 m/s

RAINBASED PROBLEM S
Rdativevelocity of rain w.r.t. themovingMan :

A man walking west with velocity 7m , represented by
_) B . . .
OA . Let therain be falling vertically downwards with

_)

velocity Vr , represented by OB as shown in fig.

- - -

The relative velocity of rainw.r.t. man vim = vy—vm,

%
will berepresented by diagonal OD of rectangle OBDC.

AP Co v
w —L O “m S
6 s
v Vi |
) AT o ;
= D
= 2.2 = 2,2
Vim= \/vr +Vp + 2V, Vy, cos90° = \/vr +Vn

If 0 is the angle which Vrm makes with the vertical

BD \Y;
directionthen tan6 = =
irectionthen tan6 = OB v,

Here angle 0 isfrom vertical towards west and iswritten
as0, west of vertical.

Note: Inthe above caseif the man wantsto protect himself
fromtherain, he should hold hisumbrellain thedirection
of relative velocity of rainw.r.t. mani.e. theumbrellashould

or 6 =tan™! L

. ( -1 Vm\\ .
be hold makinganangle 6 L= tan v J west of vertical.
r

Example45:
A man iswalking on alevel road at a speed of 3 km/h.
Raindropsfall vertically with a speed of 4 km/h. Find the
velocity of raindrops with respect to the men.

Sol. If we consider velocity of rain with respect to the man is
V kmvh.

: : | _
Relative velocity of man | v, = 4knvh |Rain
w.r.t. ground A/

- - -

qi/ V,, = 3km/h
—

/\\\

\
\\
W

- > o> Road

Vig=Vi—=Vg . (2)
Velocity of rainw.r.t. man _

ty V = 3kmihr

- - - —>
Vim=V;—Vm
On subtracting eq”. 1 V. = 4kmhr
fromeg". 2

- > o 4

Vim = Vyg— Vmg

[Vim E \/v,gz+vmgz :\/42 +3% =5km/hr

Direction: tan® == or 9=tant [%)

=
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RIVERPROBLEMS

1.  Minimumdistanceapproach:
c % B
A AN A
9
A
d = width of river, v, = velocity of river,
V,, = velocity of swimmer
The swimmer should swim in a direction such that
N - -
resultant v of Vi, and V; is aong AB which is the
shortest path
sind -V 2 2 . t_L
e A ot —v2
Vm — V¢
2. Minimumtimeof approach :
Time of crossing the B ,C 7
river t= 9
Vi, COSO ’ d
t=t,;, whencos 6
=+1=cos0° i.e.6=0° i
d
t P
min Vm
To cross the river in shortest time man should swim
perpendicular todirection of flow.
Man will reach Cinstead of B
vV, X = g
[tBC=x then tan6=——=— <0 !
vy, d Vm
Example46:
A ship is steaming towards east at a speed of 12 ms2.
A woman runs across the deck at aspeed of 5msinthe
direction at right angles to the direction of motion of the
shipi.e. towardsnorth. What isthe velocity of thewoman
relative to sea.
Sol. The woman has two velocities simultaneously while

running on the deck, one velocity is equal to the velocity
of shipi.e. 12 m/sdue east and other velocity is5 m/s due
north. N s
The resultant velocity of woman

B

= J122+(5)?2 =13m/s J
12m/s E

Let B bethe angle made by the resultant vel ocity with the

direction of motion of the ship (i.e. East).

_ 5sn90° 5

T 12+45c0s90 12
B =22°37" north of east.

Thus, the direction of the velocity of the woman is 22°37°

north of east.

5 m/s

. tanp = 0.4167

Example47:

Sol.

Q.1

Q.2

Q3

Q4

Q.5

Q.6

A swimmer can swimin still water at arate 4 km/h. If he
swimsinariver flowing at 3 km/h and keepshisdirection
(w.r.t. water) perpendicular to the current. Find hisvel ocity
w.r.t. the ground.

Thevelocity of the swimmer w.r.t. water VSR =4.0km/h
in the direction perpendicular to theriver. Thevelocity of

river w.r.t. thegroundis TI)RG =3.0km/halong thelength
of river. Y

Thevelocity of the swimmer ) S—
.o KVt
w.r.t. thegroundis vgz where — G
VR
- - - :
VsG =Vsr+VRG ) X
v

RG

Vag = V& + V3 = V42 + 32

=J16+9=+/25=5 km/hr

The angle 6 made with the direction of flow is
V
o=tan | R |- tan_l[ﬂ)
Vre 3

TRY IT YOURSELF-4

BallsA and B arethrown vertically upward with velocity, 5
m/sand 10 m/srespectively (9= 10 m/s?). Find separation
between them after one second.
A man standing on aroad hasto hold his umbrella at 30°
with the vertical to keep the rain away. He throws the
umbrellaand starts running at 10kmvhr. He finds that rain
drop are hitting his head vertically. Find the speed of
raindrops with respect to (a) road (b) the moving man.
Toamanwalking at therate of 3 km/hr therain appearsto
fall vertically. When he increases his speed to 6 kmvhr it
appears to meet him at an angle of 45° with vertical. Find
the speed of rain.
A man swimsat an angle 6 = 120° to the direction of water
flow with a speed v, = 5 km/hr relative to water. If the
speed of water v,,, = 3 km/hr, find the speed of the man.
A man crossestheriver in shortest time at an angle 6 = 60°
to the direction of flow of water. If the speed of water is
v,y = Skmvhr, find the speed of the man.
Two points P and Q move in same plane such that the
relative acceleration of P with respect to Q is zero. They
are moving such that the distance between them is
decreasing. Pick the correct statement for Pand Q to collide
(A) Thelinejoining P and Q should not rotate.
(B) Thelinejoining P and Q should rotate with constant
angular speed
(© Thelinejoining P and Q should rotate with variable
angular speed.
(D) All the above statements are correct.

—
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Q.7 Aneaglefliesat constant velocity horizontally acrossthe (@ From1st equation of motion,i.e., v=u+ at,

Q.8

Q9

sky, carrying aturtle in its talons. The eagle releases the
turtle while in flight. From the eagle’s perspective, the turtle
falls vertically with speed v,. From an observer on the
ground’s perspective, at a particular instant the turtle falls
at an angle with speed v,,. What is the speed of the eagle
with respect to an observer on the ground?

(A) v+ Vv, (B)vi-Vv,

© vi-v3 (D) V5 - vf

A manwho iswearing ahat of extended length of 12 cmis
running in rain falling vertically downwards with speed
10 m/s. The maximum speed with which man can run, so
that rain drops do not fall on his face (the length of his
face below the extended part of the hat is 16 cm) will be:
(A) (15/2) m/s (B) (40/3) m/s

(©)10m/s (D) zero

A trainis moving with velocity Vg = 3+ 4] relative to
the ground. A bullet isfired in the train with velocity
Vgt = 151 — 6] relative to the train. What is the bullets

velocity Vgg relative to the ground?

Q.10 Two aeroplanes fly from their respective positions A and

B starting at the same time and reach the point C
simultaneously when wind was not blowing. On a windy
day they head towards C but both reach the point D
simultaneoudly in the same time which they took to reach
C. Thenthewind isblowingin

(A) North-East direction

(B) North-West direction

N
D ‘_l‘
w E
(C) Direction making anangle
0< 0 <90with North A c S
towards West.
(D) Northdirection b

ANSWERS

(1) 5m (2) (a) 20kph, (b) 10+/3 kph
€) 3&':]—'? (4) 19 misec. (5) 8kmvhr
© (A) (7 (D) 8 (A)

9 18-2j (10) (B)

ADDITIONAL EXAMPLES

Examplel:

Sol.

A ball isprojected vertically up with aninitial speed of
20 m/s on a planet where accel eration due to gravity is
10m/s2.
(@ How long does it take to reach the highest point?
(b) How high does it rise above the point of projection?
(¢) Howlongwill ittakefor theball toreachapoint 10m
above the point of projection?
As here motion isvertically upwards,
a=-gandv=0

0=20-10t i.e. t=2sec.
(b) Using v2=u?+ 2ax
0=(20)2-2x10xh i.e.h=20m

. 1 1
(©) Using s=ut+ Eatz, 10=20t—5 x 10 x t2
e t2-4t+2=0 or t=2++/2,

i.e. t=0.59sec. or 3.41 scC.
i.e., there are two times, at which the ball passes through
h =10 m, once while going up and then coming down.

Example2:

Sol.

A ball isthrown vertically upwards from abridgewith an
initial velocity of 4.9 m/s. It strikes the water after 2 s. If
acc dueto gravity is9.8 m/s? () What isthe height of the
bridge? (b) With which velocity does the ball strike the
water?

Taking the point of projection as origin and downward
direction as positive,

1
(@ Using s=ut+ Eatzwehave

1
h=-49x2+ 5 x0.8x22=98m

(uistaken to be negative asiit is upwards.)
(b) Using v=u+at
v=-49+98x2=14.7m/s

Example3:

Sal. (@

A rocket is fired vertically up from the ground with a
resultant vertical acc. of 10 m/s2. Thefuel isfinishedin 1
minute and it continues to move up.

(8 What isthe maximum height reached ?

(b) After how much time from then will the maximum
height be reached? (Take g = 10 m/s?).

The distance travelled by the rocket during burning
interval (1 minute = 60 s) in which resultant acc. is
vertically upwards and 10 nmv/s? will be

1
h,=0x60+ P x10x602=18000m ...(1)
Velocity acquired by it is
v=0+10x 60=600 m/s (2

After one minute the rocket moves vertically up with
initial velocity of 600 m/sand continuestill height h,
till its velocity becomes zero.

0=(600)?-2gh,
or h,=18000m (3 [asg=10m/s?
Fromeg". (1) and (3) the maximum height reached by
the rocket from the ground is
H=h; +h,=18+18=36km
The time to reach maximum height after burning of
fuelis 0=600-gt or t=60s
After finishing fuel the rocket goes up for 60 s.

(b)

=
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Example4:

Sol.

A body is released from a height and falls freely towards
the earth. Exactly 1 sec later another body is released.
What is the distance between the two bodies after 2 sec
the release of the second body, if g = 9.8 m/s?.

1
The 2nd body fallsfor 2s, so h, = 5 9(2)2 (D)

while 1st hasfallenfor 2+ 1 =3 sec so

1 2
h =3 9@ (2)

-, Separation between two bodies after 2 sec the rel ease of

1
2nd body, d=h;-h, = > 9(32-22) =4.9x5=245m

Example5:

Sol.

If abody travels half itstotal path inthe last second of its
fall fromrest, find : (@) Thetime and (b) height of itsfall.
Explain the physically unacceptable solution of the
quadratic time equation. (g= 9.8 M/s?)

1
Intimet, the body fallsaheight h= > gt?
[u =0 asthe body starts from rest] (1)
Now, as the distance covered in (t—1) s is
1
h'= 2 g(t—1)2 (2
from eq"s (1) and (2) distance travelled in the last sec.

1 1
- ’: _ 2_ f— — 2
h-h > gt 5 g(t-1)

1
i.e, h-h= 5 g(2t-1)

But according to given problemas (h—h') = 2

le, = h== g(at-1
I'e'12 _29(_)

1 1
o 5 gt?=g(2t-1) [asfromeq". (1) h= > at?]

or t2-4t+2=0

[ 2
o t= —(-4)+ (;4) —-4x2 =2+ 3
hence t=0.59s or t=3.41sec.
0.59 sisphysically unacceptable asit givesthe total time
t taken by the body to reach ground lesser than one sec
while according to the given problem time of motion must
be greater than 1 s.

1
so t=3.4ls and h= 5% (9.8) x (3.41)2=57m

Example6:

Sol.

A stoneisdropped into awell and the sound of impact of
stone on the water is heard after 2.056 sec. of the release
of stonefrom thetop. If acc. dueto gravity is 980 crm/sec?
and velocity of soundinair is350 m/s, calculate the depth
of thewell.

If the depth of well is h and time taken by stone to reach
1
the bottom ist,, then h = > a2 ..()
time taken by sound to reach surface
ty=— 2
2=355 w(2)

But t; +t,=2.056 (3
Now as negative time is not physically acceptable,
sot;=2sec

1
the depth of well h= > x9.8x22=19.6m

Example7:

Sol.

Two railway tracks are parallel to North-South direction.
Train A ismoving with a speed of 40 ms™ from North to
South along one track, while train B is moving with a
speed of 30 ms™! from Southto North. Calculate(i) relative
velocity of B w.r.t. A and (ii) relative velocity of ground
W.I.t.A.
Consider the direction from North to South as positive.
" Vp= +40mstandvg =-30 mst
() Relativevelocity of B w.r.t.
A=vg-v, =-30-40=-70ms!
Thus train B appears to move from South to North
with speed of 70 m s for an observer inA.
(i) Velocity of ground, Vg = 0
.. Relativevelocity of ground w.r.t.
A = Vy—V,=0-40=-40ms™
Thus, the ground will appear to move from south to
north with speed of 40 ms1 w.r.t. A.

Example8:

Sol.

The velocity of the bullet with respect to gunis 60 m/s.
The gun is mounted on a tank moving with a speed

20 m/s with respect to the ground. If the bullet isfired in
the direction of tank’s motion than calculate velocity of
bullet with respect to the ground.

- -

Velocity of bullet wrt.tank . —yo _ v = §0--(2)

. - - -
Velocity of bullet w.r.t. ground Vg = Vg~ Vg = ?

On adding eq" (1) and eq" (2)
- - -S> -5 -
VTg+ VBT :VB_Vg = VBg

-
Vgg = 20+60=80 m/sec

——
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Example9:

Sol.

A man can swim in still water at a speed of 3 km/h. He
wantsto, cross a 500 m wide river flowing at 2 km/h. He
keeps himself always at an angle of 120° with the river
flow while swimming. (a) Find the time he takes to cross
the river. (b) At what point on the opposite bank will he
arrive.

Width of river AB=d=500m=1/2 km.

>
<V

V,,=3km/hr velocity of manin still water
V,=2km/hr velocity of river
V =resultant velocity of maninflowing river

e d ~
V:VXi+VyJ
= i °e=2-3 1—1k /h
Now,VX—Vr—Vmsm30— - XE_E m/hr

3V3

Vy =V ,c0s30° = Tkm/ hr

Displacement along Y-axis, d =Vy xt

Displacement along X -axis,

BC=V, xt :%xi :i km.

3/3 63

Example10:

Sol.

A girl standing on aroad has to hold her umbrella at 30°
with the vertical to keep the rain away. She throws the
umbrella and starts running at 10 km/h. She finds that
raindrops are hitting her head vertically. Find the speed
of raindrops with respect to (a) the road (b) the moving
girl.
Suppose the velocity of rain with respect to girl = Vg
The velocity of rain with respect to the ground =V
Thevelocity of girl with respect to ground = VGg =10km/
h
- - -
VRG VR~ VG
- - -

30°

On adding eq". (1) and eq". (3)
- - > 5> o

VRG*+VGg = VR ~Vg =VRg

4 o AB 10
(@ BytriangleAOB, sin30 =55 v

Re = o= 20 20 km/hr
sin30° 1/2
G _ cot30°

VR
(b) Now, taking Veg

V
R -3 o Vgg =103 km/h

Example11:

Sal.

Two boats A and B move in perpendicular direction to a
buoy anchored at some point O on a river. They travel
withvelocity 1.2 v, wherev isthe stream vel ocity. Boat A
moves along the river, whereas boat B moves
perpendicular toit. After traversing an equal distancefrom
O thetwo boatsreturn. Find the ratio of thetime taken by
the two boats.

Let ¢ = distance covered by the boat A along the river
aswell as by the boat B acrossthe river in one direction.
Resultant velocity of boat A with respect to the ground
when boat goes alongtheriver=1.2v +v.

Resultant velocity of boat A with respect to the ground
when the boat goes against the stream=1.2 v —v.

.. Timetaken by the boat A to cover thewholejourney is

14 14 _(12v+v+1.2v-v)

tg = =
AT 12v+v 12v-v 1.2v)% —v?
_ 24vl 5450 M
044vz v

For boat B to move from O perpendicular to the direction
of flow of stream, itsvelocity must be at an angle 6 to the
direction of the stream velocity so that the resultant
velocity is directed perpendicular to the flow of stream

[+
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: 3 1% 5 )
gt v M2 P e N
o 12v\ |V ,
AT d?x dx
No = (p—ZQX)—Z—Zq(—]
@ (b) dt dt
.. Resultant speed of boat is given by d?x d2

V =4/@.2v)% -v? = v0.44 = 0.66v

.. Timetaken by the boat B to cover thewholejourney is

L2 20 o @
BV 066v 033v

From (1) and (2), we have
ty 5450 y 0.33v

———=1.80
tB \' l

Examplel2:
Thevelocity of aparticle moving in the positive direction

of x-axisvariesas v = a/X whereo.is positive constant.
Assuming that at the moment t = 0, the particlewas|ocated
at x =0, find (i) thetime dependance of thevelocity and the
acceleration of the particle and (ii) the average vel ocity of
the particle averaged over the time that the particle takes
to cover first s metres of the path.

Sol. (i) Giventhat v=oav/x

X t
dx dx dx
— = . —:(th — = (X,dt
= w Y KX jix/x ({

2UX =at = x = (a?t? ] 4)

. dx 1 2 . d2X 15
Vel ocity, E=§a t and acceleration dt—2=—0t

(i) Timetakento cover first smetres

2.2
t 4s Vs
S:a_:tzz_:tzi
4 (lz (08

total displacement  sa
total time 2s

1
Average velocity = =5 Jsa

Example13:
A particle moves in the plane xy with constant accelera-
tion a directed along the negative y-axis. The equation of
motion of the particle has the form y = px — qx2 where p
and q are positive constants. Find the velocity of the
particle at the origin of coordinates.

dy dx dx

—=p—-0.2X

Sol. dt dat  dt

dt_2 =0 (no acceleration along x-axis) and ?;/ =-a

) V2— a Vo = a
. x—_ij X = _2q'
(a)

Further, | " o Dt y quJ

((a ap?) f 2
o2 2 ap _ la(P™+1
V= /(v vy = L2q+ ZqJ: V= { 2 }

Examplel4:
A particle start with initial velocity v and acceleration
a=kt, wherek isconstant. Find vel ocity and displacement
after timet.

dV \" t
Given: azkt:azkt —dv=ktdt= jdv:kjtdt
Vo 0

Sol.

kt? K 5
> V-Vg= —=>V=Vg+_t
2 2

. ds k k
(i) V=g~ v0+§t2 = ds= (Vg +§t2) dt

S t kt
—, [ds=[vodt+= [t
0 0 2O
3

k
= S= V0t+E§:>S= V0t+€t3

Example15:
A person moves due east at speed 6 m/s and feels the
wind isblowing to south at speed 6 n/s. (a) Find the actual
velocity of wind blow. (b) If person doubles his velocity
then find the relative vel ocity of wind blow w.r.t. man.

N
A
i Vi = 6l
Sol. () w U5 > E
- —-
Viwm = _61 Vw
S

E
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v =V. -V Examplel?:
wm w m . . . .
L o A particle moves along a straight line path such that its
Vw =VYm+ Yy, =—6j+6i ; Vv, =6i—6] magnitude of velocity isgiven by v = (3t2— 6t) m/s, where
. ) ) tisthetimeinseconds. If itisinitially located at theorigin
|V|=6v2m/s and it blowing to S-E O then determine the magnitude of particle’s average
(if) Person doublesiits velocity then v, = 19 }[/EI thy and average speed intimeinterval fromt =0to
N 4
A 3t2—6t) dt
vt {J( ) (t*-3t%)3
Sol. Av.velocity = = 7 = T =4m/s
; [ )5
—6i J‘dt
W< ‘ 255 > E 0
i _) Average speed
:-\} Viwm
—6j v 4 2 2 4
s [Iviat [13t? —6t]|dt [(et-3t2)dt+ [ (32 —6t) ot
_ _0
but actual wind velocity remain unchanged. - '[dt - 4 =2 2 2
Vo = Vyy — Vi = (61— 6]) 121 = 61 — 6] £dt {d‘

Now relative velocity of wind is 6J2 m/s to SW.
@23+ (2 -3t2)5 24

Example16: - O 4 em/s
A particle moves aong x-axis with acc. a= a, (1 - t/T)
where g, and T are constant if velocity at t =0 iszero then
find the averagevelocity fromt = O to thetimewhena=0. Example18: . _ . .
A rocketismoving in agravity free space with aconstant
dv [1 lj acceleration of 2 m/s? along + x direction (see figure).
Sal. (@) dt |+~ T Thelength of achamber insidetherocketis4 m.Aball is

thrown from the left end of the chamber in +x direction
v t t [ 2) with aspeed of 0.3 m/srelativeto therocket. At the same
= JdV = Iao (1— ?) dt=v=ag Lt ——J time, another ball is thrown in —x direction with a speed

0 0 2T of 0.2 m/s from its right end relative to the rocket. The
time in seconds when the two balls hit each other is —
dx o 2)
'-'E=V 0, .|‘dx=J-vdt:>x=.[a0Lt——J dt
0 21 0.3m/s 0.2m/s|a= 2m/82
o—» «—qg—>X
(2 3) o 1o
X = PR — ‘s a= =
= aok 2 6TJ a=0=>t p — >
2 13
aO(L_L\ Sol. 8. S_L:0.2t+%><2><t2
v velogity = dispiacement L 2 6TJ _agT
' Y= time - T 3 SZ:OBt—Ex2><t2
T2

S,+S,=4;05t=4;t=8
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QUESTION BANK

CHAPTER 3 : MOTION IN ONE DIMENSION

EXERCISE-1[LEVEL-]]

Choose onecorrect responsefor each question.
PART -1:POSITION,PATHLENGTH

AND DISPLACEMENT

The numerical ratio of distance to displacement is

(A) always equal to one

(B) always less than one

(C) always greater than one

(D) equa to or morethan one

An athlete is running on a circular track of radius 50

meter. Calculatethe displacement (in m) of the athlete

after completing 5 rounds of the track.

(A)O0 (B)50

(©)100 (D)75

A monkey is moving on circular path of radius 80m.

Calculate the distance covered by the monkey in one

round.

(A) 160.00m (B)542.40m

(C)502.40m (D) 602.40m

Which of the following statements is incorrect?

(A) Displacement is independent of the choice of
origin of theaxis.

(B) Displacement may or may not be equal to the
distance travelled.

(© When a particle returns to its starting point, its
displacement is not zero.

(D) Displacement doesnot tell the nature of the actual
motion of a particle between the points.

A drunkard walking in anarrow lane takes 5 stepsfor-

ward and 3 steps backward, followed again by 5 steps

forward and 3 steps backward, and so on. Each stepis

Imlongand requires 1s. Determine how long the drunk-

ard takestofall inapit 13 m away from the start.

(A) 29s (B) 32s

(©) 37s (D) 24s

Q1
Q.2
Q3

Q4

Q.5

PART -2: AVERAGE VEL

ANDAVERAGE SPEED
Onedrop of ail falls straight down onto the road from
the engine of amoving car every 5 s. Figure showsthe
pattern of thedrops|eft behind on the pavement. What
is the average speed of the car over this section of its
motion?

600m

(A)20m/s (B) 24 m/s

(©)30m/s (D) 100m/s

The graph accompanying this problem shows a three-
part motion. For each of the three parts, a, b, and c,
identify thedirection of the motion. A positive vel ocity
denotes motion to the right.

ITY

Q.6

Q7

Position

Time
(A) aright, b left, c right
(C) aright, b left, cleft

(B) aright, bright, cleft
(D) aleft, bright, cleft

Q.8 A jogger runs along a straight and level road for a
distance of 8.0 km and then runs back to her starting
point. The time for this round-trip is 2.0h. Which one
of the following statements is true?

(A) Her average speed is 8.0 knvh, but there is not
enough information to determine her average
velacity.

(B) Her average speed is 8.0 km/h, and her average
velocity is8.0 knmvh.

(© Her average speed is 8.0 km/h, and her average
velocity isO km/h.

(D) None of these

For Q.9-Q.13
The position versustime for a certain particle moving
along the x axisisshownin Figure.

x(m)
12 \‘

o/ N

A/ \

z 12 345 6\7 S
4 \/
-6

Q.9 Find the average velocity in the timeintervals
Oto2s.

(A)3m/s (B)4m/s

(©)5mis (D) 2m/s

Q.10 Findtheaverage velocity inthetimeintervals 0 to 4s.
(A)1.2nm/s (B)3.2m/s
(©4.2m/is (D)5.2m/s

Q.11 Findtheaveragevelocity inthetimeintervals2sto4s.
(A)-0.5m/s (B)-1.5m/s
(C)-2.5m/s (D)-3.5m/s

Q.12 Findtheaveragevelocity inthetimeintervals4sto7s
(A)-1.3mls (B)-2.5m/s
(C)-6.1m/s (D)-3.3mfs

Q.13 Findtheaveragevelocity inthetimeintervals0to8s.
(A)1m/s (B)Om/s
(©)5mis (D) 2m/s

—
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Q.14 A hicyclist is travelling along a straight road for the Q.19  Which of the following changes when a particle is
first half time with speed v, and for second half time moving with uniformvelocity?
with speed v,. What is the average speed of the (A) Position (B) Speed
bicyclist? (C) Velocity (D) Acceleration
(A) 22 B) % For Q.20-Q.21
The position of an object moving along x-axisisgiven
2ViV, by x =a+ bt2, wherea=8.5mand
(Chvny (D) None of these b=25ms2andtismeasured in seconds.
1% %2 Q.20 Theaverage velocity of the object between

Q.15

Q.16

Q.17

Q.18

Figuregivesthex-t plot of aparticlein one-dimensional
motion. Three different equal intervals of time are
shown.

Choose the correct statement —

(A) Average speed isgreatest in interval 3.

(B) Average speed isleast ininterval 2.

(C) Average speed isgreatest ininterval 1.

(D) Both (A) and (B)

Which of the following graphs represents the position
time graph of a particle moving with negative velocity?

X X
A

(A) (B)

© (D)

Lt

W

The area under velocity-time graph for a particlein a

giveninterval of time represents

(A) velocity (B) acceleration

(C) work done (D) displacement

A table clock hasits minute hand 4 cm long.

Choose the correct statement

(A) Average velocity of the tip of the minute hand in
between 6 am. to 6.30am. is4.4 x 103 cnmi's

(B) Average velocity of the tip of the minute hand in
between 6 am. t06.30 p.mis1.8 x 104 cm/s

(C) Average velocity of the tip of the minute hand in
between 6 am. t0 6.30 p.mis4.4 x 104 cm/s

(D) Both (A) and (B)

Q.21

Q.22

t=2sandt=4sis

(A)5mst (B)10ms1
(C)15mst (D) 20ms?t
The velocity of the object at t = 2sis
(A)5m/s (B) 10m/s
(©)15m/s (D) 20 m/s

A vehicletravels half the distance L with speed v, and
the other half with speed v, then its average speed is

Vi+Vy 2V +Vy
() 2 ® v
2V1V2 L (Vl + Vz)
( ) Vi+Vo VqVo
For Q.23-Q.24

Q.23

Q.24

Q.25

A particle moves according to the equation x = 10t2
where x isin metersand t isin seconds.

Find the average velocity for the time interval from
2.00st03.00s.

(A)50.0m/s (B)31.0m/s

(©)41.0m/s (D) 20.0nvs

Find the averagevel ocity for thetimeinterval from2.00
t02.10s.

(A)50.0m/s (B)31.0m/s

(©)41.0m/s (D) 20.0nvs

A cyclist moving on a circular track of radius 40m
completeshalf arevolutionin 40 s. Hisaverage vel ocity
is

(A) zero (B) 4nm/s
(©2mis (D) 8rnv/s
For Q.26-Q.27

Q.26

Q.27

A personwalksfirst at a constant speed of 5m/salong
a straight line from point A to point B and then back
alongthelinefrom B to A at aconstant speed of 3 m/s.
What is her average speed over the entire trip?

(A)1.25m/s (B)3.75m/s
(©)4.15m/s (D)5.75m/s

What is her average velocity over the entire trip?
(A)Onm/s (B) 1m/s

(©)2m/s (D) 3m/s

[+
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PART -3: INSTANTANE VELOCITY Q.33 Figure shows the x4
AND SPEED displacement (x)-time (t)
For Q.28-Q.30 graph of the particle

Q.28

Q.29

Q.30

Q.31

Q.32

A position-time graph for aparticle moving along the x
axisisshownin figure.

X[(m)
1
10\
8
FRRREA /

/
5 -

t(s

q 1121345 ¢

Find the average velocity inthetimeinterval t=1.50 s
tot=4.00s.

(A)-1.2mls (B)-2.4m/s
(C)-3.8m/s (D)-4.2m/s

Determine the instantaneous velocity at t=2.00s by
measuring the slope of the tangent line shown in the

graph.

(A)-1.2mls (B)-2.4m/s
(C)-3.8m/s (D)-4.2m/s
At what value of t isthe velocity zero?
(A) 4s (B)2s

© 6s (D) 8s

A particle moves with uniform velocity. Which of the
following statements about the motion of the particle
istrue?

(A) Its speed is zero.

(B) ltsaccelerationis zero.

(C) Its acceleration is opposite to the vel ocity.

(D) Its speed may bevariable.

With the help of given fig. find the instantaneous
velocity at point F for the object whose motion the
curve represents.

X, m
15 G
“1
10 AN
5[ N
K>,
I .
07310 20 H t,s
(A)-0.25m/s (B)-0.5m/s
(C)-0.75m/s (D)-0.1m/s

moving on the x-axis. v

(A) Theparticleisat rest. O b i

(B) The particle is continuously going along
x-direction.

(C) Thevelocity of the particle increases upto timet,
and then becomes constant.

(D) The particle moves at a constant velocity up to a
time t, and then stops.

For Q.34-Q.35

Q.34

Q.35

Q.36

Q.37

The position of aparticlemoving along thex axisvaries
in time according to the expression x =3t2, wherex is
in metersand t isin seconds.

Evauateitspositionatt =3 s

(A)7.0m (B)17.0m

(©27.0m (D)20.0m

Evaluate the limit of Ax/At as At approaches zero, to
find thevelocity att=3s.
(A)7.0m/s

(C)27.0m/s

The displacement-time
graph of a moving
particleis as shown in
the figure. The
instantaneous velocity of
the particle is negative at the point

(A)c B)e

(C)d (D)f

Look at the graphs (a) to (d) (Fig.) carefully which of
these cannot possibly represent one-dimensional
motion of aparticle.

(B) 20.0mvs
18.0m/s

d
o e

Displ acement"a

v

Time

Total path

£

length
wt
(d)

(A)ab (B)c,d
(C)ab,c (D) all of these
For Q.38-Q.40

Find theinstantaneous vel ocity of the particle described
infigure at the following times:

[4
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Q.38 t=1.0s, Q.46  Eachof thestrobe photographs(a), (b), and (c) in Figure
(A)5m/s (B)3m/s was taken of a single disk moving toward the right,
(C)0nv/s (D)4m/s which we take as the positive direction. Within each
Q.39 t=3.0s, photograph, the time interval between images is
(A)-1.5m/s (B)-3.5m/s constant.
(C)-2.5m/s (D)-4.5m/s
(A)5m/s (B)3m/s o
(C)0m/s (D)4m/s
(A)5m/s (B) 3m/s 2
Q.42 Theposition-time (x-t) graphsfor two childrenA and B ©

Q.43

Q.44

Q.45

returning from their school O to their homes P and Q
respectively are shown in Fig.

t

Choosethe INCORRECT statement —

(A) A lives closer to the school than B.
(B) A startsfrom the school earlier than B.
(C) Awalksfaster than B.

(D) A and B reach home at the sametime.

PART -4: ACCEL ERATION
Thevelocity of atrainis80.0 km/h, duewest. Oneand
a half hours later its velocity is 65.0 km/h, due west.
What is the train’s average acceleration?

(A) 10.0km/h?, duewest  (B) 43.3 km/h?, duewest

(C) 10.0km/h?, dueeast (D) 43.3 km/h2, due east

When the pilot reversesthe propeller in aboat moving

north, the boat moves with an acceleration directed

south. Assume the acceleration of the boat remains

congtant in magnitude and direction. What happens

to the boat?

(A) It eventually stops and remains stopped.

(B) It eventually stops and then speeds up in the
forward direction.

(C) It eventually stops and then speeds up in the
reverse direction.

(D) It never stops but loses speed more and more
slowly forever.

As an object moves along the x axis, many

measurements are made of its position, enough to

generate asmooth, accurate graph of x versust. Which

of the following quantities for the object cannot be

obtained from this graph alone?

(A) the velocity at any instant.

(B) the acceleration at any instant.

(C) thedisplacement during sometimeinterval

(D) the average vel ocity during some time interval

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Choose the correct option —

(A)Photograph (b) showsmotion with zero acceleration.
(B)Photograph(c) showsmotionwith positiveaccd eration.
(C) Pnotograph (a) showsmotionwith negativeaccd eration.
(D) All of these

Position-time graph for motion with zero acceleration

X X

@ |~ ®) | 7
L t

X X

© / (D)‘ >
Lt t

An athlete takes 2 second to reach the maximum speed
of 18 km/h from rest. What is the magnitude of his
average acceleration ?

(A) 1.5 m/s? (B) 2.5m/s?

(C)3.5m/s? (D) 0.5m/s?

A car gtarts from rest and acquires velocity equal to
10 m/s after 5 sec. Find the acceleration of the car.

(A) 1.5 m/s? (B) 2.5m/s?

(C)3.5m/s? (D) 2.0m/s?

The position x of a particle varies with time ‘t” as

x = at? — bt3. When will the acceleration of the particle
becomezero?

(A)t=a3b (B)t=a/2b

(C)t=ab (D) t=2alb

A 50.0-g superball traveling at 25.0 m/s bounces off a
brick wall and rebounds at 22.0 m/s. A high-speed
camerarecordsthisevent. If theball isin contact with
the wall for 3.50 ms, what is the magnitude of the
average acceleration of the ball during this time
interval?

(Note: 1ms=103s)

(A) 0.34 x 10* m/s? (B) 1.34 x 106 m/s?

(C) 217 x 10* m/s? (D) 1.34x 10* m/s?

The area under acceleration-time graph representsthe
(A) initial velocity (B) final velocity

(C) changein velocity (D) distancetravelled

=
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Q.53 Figuregivesaspeed-timegraph of aparticlein motion
along a constant direction. Three equal intervals of

time are shown.

Choose the correct statement —

(a) Average accelerationisgreatest ininterval 2

(b) Average speed is greatest in interval 2

(c) Velocity ispositive only ininterval 3

(d) Accelerationis positivein intervals 1 and 3 and
negativein interval 2

(A)ab (B)c,d

(C)b,c (D)ad

The slope of the tangent drawn on vel ocity-time graph

at any instant of time is equal to the instantaneous

(A) acceleration (B) velocity

(C) impulse (D) momentum

Given below are four curves describing variation of

velocity with time of a particle. Which one of these

describe the motion of a particle initially in positive

direction with constant negative acceleration?

V. Va

(B)

t 4t

Q.54

Q.55

(A)

Va

! ——»t
© | ™ ©)

PART -5: KINEMATIC EQUATIONSFOR
UNIFORMLYACCELERATEDMOTION
Q.56 In which one of the following situations can the

equations of kinematics not be used?

(A) When the velocity changes from moment to
moment.

(B) When the velocity remains constant.

(C) When the acceleration changes from moment to
moment.

(D) When the acceleration remains constant.

In arace two horses, Silver Bullet and Shotgun, start

from rest and each maintains a constant acceleration.

In the same el apsed time Silver Bullet runs 1.20 times

farther than Shotgun. According to the equations of

kinematics, which one of the following is true

concerning the accelerations of the horses?

(A) A5jlver Bullet = 144 aShotgun
(B) Asjlver Bullet = aShotgun

(C) Asjlver Bullet = 2.40 aShotgun
(D) A5jlver Bullet — 1.20 aShotgun

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

A skateboarder starts from rest and moves down ahill

with constant acceleration in a straight line, traveling

for 6 s. Inasecond trial, he starts from rest and moves

along the same straight line with the same accel eration

for only 2 s. How does his displacement from his starting

point in this second trial compare with that from the

first trial?

(A) one-third aslarge (B) threetimeslarger

(C) one-ninth aslarge (D) ninetimeslarger

A racing car startsfromrest at t = 0 and reachesafinal

speed v at timet. If the accel eration of thecar isconstant

during thistime, which of the following statementsare

true?

(a) The car travels adistance vt.

(b) The average speed of the car isv/2.

(c) The magnitude of the acceleration of the car isv/t.

(d) The velocity of the car remains constant.

(A)ab (B) b, c

(©ad (D)c,d

The velocity of a particle (moving with uniform

acceleration) at aninstant is10m/s. After 3sitsvel ocity

will becomes 16 m/s. The velocity at 2s, before the

given instant will be

(A)6m/s (B) 4m/s

(©)2m/s (D) 1m/s

A particle startsmoving from the position of rest under

aconstant acc. If it covers a distance x in t sec, what

distancewill it travel in next t sec?

(A)y=3x (B)y=x

©y=2x (D)y=4x

Which of the following statements is not correct?

(A) The zero velocity of abody at any instant does not
necessarily imply zero accel eration at that instant.

(B) The kinematic equation of motionsaretrue only for
motion in which the magnitude and the direction
of acceleration are constants during the course of
motion.

(C) The sign of acceleration tells us whether the
particle's speed is increasing or decreasing.

(D) All of these

Thevelacity-timegraph of aparticlein one-dimensional

motion isshowninfigure:

o ty 13 t
Which of the following formulae are correct for de-
scribing the motion of the particle over the time-inter-
va t tot,:
@x(ty) =x(ty) + Vv (ty) (t, - t)+(*A)at, - tl)z
() v(t,)=v(t) +a(t,-ty)
(©) Vaverage = (X (tp) =X (t))/(t, - ty)
(d) ayerage = (V (t) =V (t))/(t, - ty)
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€ Xx(t)=x(t)+ Vaverage (t,-t) Q.71  How much time does it take to reach the velocity

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

+(12) aaverage (t2 - tl)z
f  x(t,)-x(ty) = areaunder the v-t curve
bounded by the t-axis and the dotted line shown.
(A) (c), (d)and (f) (B) (a), (b) and (€)
(©) (b), (c) and (d) (D) (d), (e) and (f)
Stopping distance of a moving vehicle is directly
proportional to (Assume uniform retardation)
(A) sguare of theinitial velocity
(B) square of theinitial acceleration
(C) theinitial velocity
(D) theinitial acceleration
A car moving along a straight road with speed 144 km
h~1 is brought to a stop within a distance 200m. How
long doesit take for the car to stop?
(A) 5s (B) 10s
(©)15s (D) 20s
Which of the following equations does not represent
the kinematic equations of motion?
(A)v=u+at (B) S=ut + ¥2at?
(C) S=vt + Yeat? (D) v2—u2=2aS
where, u = initial velocity of abody
v = final velocity of the body
a = uniform acceleration of the body
S=distance travelled by the body intimet
A body starting from rest moves along a straight line
with a constant acceleration. The variation of speed
(v) with distance (s) is given by

Vv \
() L . ® | .

\ Vv

S (D) «l—i S

A particle startswith aconstant acceleration. At atime
t second speed is found to be 100 m/s and one second
later speed becomes 150 nv/s. Find acceleration of the
particle.
(A) 50 m/s? (B) 15 m/s?
© 30m/s? (D) 40 m/s?
A person travelling at 43.2 km/h applies the brakes
giving adeceleration of 6 m/s? to his scooter. How far
will it travel before stopping ?

(A)12m (B)18m
(©)16m (D) 24m

©

For Q.70-Q.72

Q.70

A particle startswith an initial velocity 2.5 m/s along
the positive x-direction and it accel erates uniformly at
therate 0.50 m/s.

Find the distancetravelled by it in thefirst two seconds.
(A)2.0m (B)4.0m

(©)6.0m (D)80m

7.5m/s?
(A) 2s
(©7s

(B) 55
(D) 10s

Q.72 How muchdistancewill it cover inreaching the velocity
7.5m/s?
(A)40m (B)50m
(©)30m (D)20m
Q.73 A particle starts from rest with constant acceleration
= 2m/s2. Find displacement in 5t sec.
(A)9m (B)18m
(©)25m (D)20m
PART -6: MOTION UNDER GRAVITY

Q.74

Q.75

Q.76

A juggler throws a bowling pin straight up in the air.
After the pin leaves his hand and while it isin the air,
which statement is true?

(A) The velocity of the pin is aways in the same
direction asits acceleration.

(B) Thevelocity of thepinisnever inthesamedirection
asits acceleration.

(C) Theacceleration of the piniszero.

(D) The velocity of the pinisoppositeits acceleration
on the way up.

A rocket issitting onthelaunch pad. The enginesignite,
and the rocket begins to rise straight upward, picking
up speed asit goes. At about 1000 m above the ground
the engines shut down, but the rocket continues
straight upward, losing speed as it goes. It reachesthe
top of itsflight path and then falsback to earth. Ignoring
air resistance, decide which one of the following
statements is true.

(A) All of the rocket’s motion, from the moment the
enginesignite until just before the rocket lands, is
freefall.

(B) Only part of the rocket’s motion, from just after the
engines shut down until just before it lands, is
freefall.

(C) Only the rocket’s motion while the engines are firing
isfree-fall.

(D) Only the rocket’s motion from the top of its flight
path until just before landing isfree-fall.

The top of a cliff is located a distance H above the
ground. At a distance H/2 there is a branch that juts
out from the side of the cliff, and on this branch a bird’s
nest is located. Two children throw stones at the nest
with the same initial speed, one stone straight
downward from the top of the cliff and the other stone
straight upward from the ground. In the absence of air
resistance, which stone hitsthe nest in the least amount
of time?

(A) Thereisinsufficient information for an answer.

(B) Both stones hit the nest in the same amount of
time.

(C) The stone thrown from the ground.

(D) The stone thrown from the top of the cliff.

=
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Q.77

Q.78

Q.79

Q.80

Q.81

Q.82

Q.83

Q.84

Q.85

A rock isthrown downward from the top of a40.0-m-

tall tower with an initial speed of 12m/s. Assuming

negligible air resistance, what isthe speed of the rock

just before hitting the ground?

(A) 28 m/s (B)30m/s

(C)56m/s (D) 784m/s

On another planet, amarbleisreleased fromrest at the

top of ahigh cliff. It falls 4.00 min the first 1 s of its

motion. Through what additional distance doesit fall

inthenext 1 s?

(A)4.00m (B)8.00m

(©120m (D)16.0m

A pebbleisdropped fromrest fromthetop of atall cliff

andfalls4.9 mafter 1.0 shaselapsed. How much farther

doesit drop in the next 2.0 s?

(A)9.8m (B)19.6m

(©)39m (D)44m

A cannon shell isfired straight up from the ground at

aninitial speed of 225 m/s. After how muchtimeisthe

shell at aheight of 6.20 x 102 m above the ground and

moving downward?

(A)2.96s (B)17.3s

(C)25.4s (D)43.0s

A player throwsaball vertically upwardswith vel ocity

u. At highest point,

(A) both the velocity and acceleration of the ball are
zero.

(B) thevelocity of theball isu but itsaccel eration zero.

(C) thevelocity of theball iszero but itsacceleration g.

(D) the velocity of the ball isu but its acceleration g.

Which of the following graphs representsthe vel ocity-

time variation of an object fallsfreely under gravity?

Vv Vv
A A

(A) (B)
t »{

Vv
© 2 (D)
t

A girl standing on a stationary lift (open from above)
throws a ball upwards with initial speed 50 m/s.The
time taken by the ball to return to her handsis
(Takeg=10ms2)

(A)5s (B)10s

(C)15s (D) 20s

A body falling freely under gravity passes two points
30 m apart in 1 s. From what point above the upper
point it began to fall?

(A)321m (B)16.0m

(©86m (D)4.0m

Freefall of an object invacuumisacase of motionwith
(A) uniformvelocity  (B) uniformacceleration

(C) variable acceleration (D) uniform speed

>
»

Q.86

Q.87

Q.88

Q.89

Q.90

Q.91

Q.92

The distances traversed during equal intervals of time
by abody falling from rest stand to one ancther in the
same ratio as the odd numbers beginning with unity
thatis, 1:3:5:7:. Thislaw was established

(A) Gdileo Gdlilei (B) Isaac Newton

(C) Johannes K epler (D) Albert Einstein
A player throws aball upwardswith aninitial speed of
30 m/s. How long does the ball take to return to the
player’s hands? (Take g = 10 m s~2)

(A)3s (B) 6s

(©)9s (D) 12s

A ball is dropped from height 'h' in the last

. 9h
second it travels ——. Find h.

25
(A)(252) g (B) (152)g
© (529 (D)(352) g
A body fallsfreely fromrest. It coversasmuch distance
in the last second of its motion as covered in the first
three seconds. The body has fallen for a time of —
(A)3s (B) 5s
(©7s (D) 9s
Water dropsfall at regular intervalsfrom atap whichis
5m abovethe ground. Thethird dropisleaving thetap
at the instant the first drop touches the ground. How
far above the ground is the second drop at that instant
(A)250m (B)3.75m
(©)4.00m (D)1.25m
A stone is shot straight upward with a speed of 20m/
sec from atower 200 m high. The speed with which it
strikes the ground is approximately—
(A) 60 m/sec (B) 65 m/sec
(C) 70 m/sec (D) 75 m/sec

PART - 7: REL ATIVEVELOCITY

Which one of the following represents displacement
time graph of two objects A and B moving with zero
relative velocity?

5

(A) &

N

Time

©

Displacement
o
~—
O
N
Displacement
\ w

Time

For Q.93-Q.94

Q.93

Two carsA and B are running at velocities of

60 kmh 1 and 45 kmh2.

What is the relative velocity of car A with respect to
car B, if both are moving eastward?

(A) 15kmh1 (B) 45kmh1
(C)60kmh1 (D) 105kmh1
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Q.94 Whatistherelativevelocity of acar Awithrespectto Q.96  Thevelocity of train A with respect totrain B is

car B, if car Aismoving eastward and car B ismoving
westward?

(A) 15kmh? (B) 45kmh1
(C)60kmh (D) 105kmh1

Q.95 Ajetairplanetravelling at the speed of
500km/h gjectsits products of combustion at the speed
of 1500 km h™! relative to the jet plane. What is the
speed of the combustion with respect to an observer
on the ground ?
(A)—500 kmh-1. (B)—1000 kmh1,
(C)-1500 kmh1, (D)-2000 kmhL.

For Q.96-Q.98

Two parallel rail tracks run north-south. On one track
train A moves north with aspeed of 54 km/hand onthe
other track train B moves south with a speed of
90kmvh.

Q.97

Q.98

STUDY MATERIAL : PHYSICS
(A)10m/s (B) 15m/s
(C) 25m/s (D) 40nVs

What is the velocity of a monkey running on the roof
of the train A against its motion with a velocity of 18
km/h with respect to the train A as observed by aman
standing on the ground?

(A)5m/s (B) 10m/s

(©)15m/s (D) 20 m/s

On atwo-laneroad, car A istravelling with a speed of
36 kmh. Two carsB and C approach car A in opposite
directionswith aspeed of 54 km h~1 each. At acertain
instant, when the distance AB is equal to AC, both
being 1 km, B decides to overtake A before C does.
What minimum accel eration of car B isrequired to avoid
an accident?
(A) 1 ms2
(C)3ms=2

(B)2ms=2
(D) 4ms2

EXERCISE - 2[LEVEL-2]

Choose onecorrect responsefor each question.

Q.1

Q.2

Q3

Q4

Q.5

Q.6

Theaveragevelocity of aparticle moving with constant
acceleration aand initial velocity uin astraight linein
first t secondsis

u+la u
(A) U+ ® 5

(©u+at ©) 5%

The velocity of any particle is related with its

displacement As; X = Jv+1 , calculate acceleration at

x=5cm.

(A) 140 m/s? (B) 240 m/s?

(C) 40 m/s? (D) 340 m/s?

Thedisplacement of abody isgivento be proportional

to the cube of time elapsed. The magnitude of the

acceleration of the body is

(A)increasingwithtime  (B) decreasingwithtime

(C) constant but not zero (D) zero

Thevelocity of the particleat any timetisgivenby v =

2t (3—1t) m/s. At what time is its velocity maximum?

(A)2s (B)3s

(©) (23)s (D)(3/2)s

Which of the following statements is not correct

regarding the motion of aparticlein astraight line?

(A) x-t graph is a parabola, if motion is uniformly
accelerated.

(B) v-tisadtraight lineinclined to thetimeaxis, if motion
isuniformly accelerated.

(C) x-tgraphisastraight lineinclined to thetime axisif
motion isuniform and accelerationis zero.

(D) v-t graph is a parabola if motion is uniform and
accelerationiszero.

Two towns A and B are connected by a regular bus

service with a bus leaving in either direction every T

minutes. A man cycling with a speed of 20km/h in the

direction A to B noticesthat a bus goes past him every

Q7

Q8

Q.9

Q.10

18 mininthedirection of hismotion and every 6 min. in
the opposite direction. What isthetimeperiod T of the
bus service. Assume buses ply on the road with

constant speed.
(A)5mins (B) 9mins
(C) 18 mins (D) 27 mins

A bird istossing (flying to and fro) between two cars

moving towards each other on astraight road. One car

has speed of 27 km/h while the other has the speed of

18 kmvh. Thebird starts moving from first car towards

the other and is moving with the speed of 36 km/h

when the two cars were separated by 36 km. The total

distance covered by the bird is —

(A)28.8km (B)38.8km

(©)48.8km (D)58.8km

It is a common observation that rain clouds can be at

about 1 km altitude above the ground. If arain drop

fallsfrom such aheight freely under gravity, then what

will beits speed inkm h™1?

(Takeg=10ms3?)

(A)510 (B)610

(©710 (D)910

In one dimensional motion, instantaneous speed v

satisfies0 < v < v,

(A) Thedisplacement intime T must alwaystake non-
negative values.

(B) The displacement x in time T satisfies —vyT<x<vT.

(C) The acceleration isaways anon-negative number.

(D) The motion has no turning points.

A police van moving on a highway with a speed of 30

km h~1 fires a bullet at a thief’s car speeding away in

the same direction with a speed of 192 km h™L. If the

muzzle speed of the bulletis 150 ms™1, with what speed

does the bullet hit the thief’s car ? (Obtain that speed

which is relevant for damaging the thief’s car).

(A)125m/s (B) 160m/s

(©)95m/s (D) 105m/s
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Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

A boy walks on a straight road from his hometoa Q.19 Abal Aisthrown vertically upwards with speed u. At

market 2.5 km with a speed of 5 km h™1. Finding the
market closed heinstantly turns and walks back with a
speed of 7.5 km h™1. What is the average speed and
average vel ocity of the boy betweent=0tot=50 min?
(A)0,0 (B)6kmh,0
(C)0,6kmh? (D)6kmh, 6km/h

A particlemovingwith uniform accel eration hasaverage
velocities vy, v, and v5 over the successive intervals

of timet,, t, and t; respectively. The value of 1=Va
Vo—V3
will be -
t -t L-t
(A) t2—t3 ( ) t2+t3
tl+t2 tl+t2
( )tz t3 ( ) t2+t3

An auto travelling along a straight road increases its
speed from 30.0 m/sto 50.0 m/sin adistance of 180 m.
If the acceleration is constant, how much time elapses
while the auto moves this distance?

(A)6.0s (B)4.5s

(©)36s (B)7.0s

In the given v-t graph the AV (M9

distance travelled by the 40

body in 5 sec. will be 20 —
(A)100m (B)80m (0,;)()) 1 2 3 N5

(©40m (D)20m

Which of the following statements may be correct?

(i) Average velocity is path length divided by time

interval.

(ii) In general, speed is greater than the magnitude of
the velocity.

(iii) A particlemovinginagivendirectionwith anonzero
velocity can have zero speed.

(iv) The magnitude of average velocity isthe average
speed.

(A) (i) and (iii) (B) (i) and (iv)

(©) (i), (iii) and (iv) (D) (iv)

For the one-dimensional motion, described by

Xx=t-sint

(A)x (t)>O0foradlt>0 (B)v (t)>0foralt>0

(C)a(t)y>0foradlt>0 (D) dl of these

A body A startsfrom rest with an acceleration a,. After

2 seconds, another body B starts from rest with an

acceleration a,. If they travel equal distancesinthe 5th

second, after the start of A, then the ratio a; : &, is

equal to

(A)5:9 (B)5:7

(©)9:5 (D)9:7

A busis moving with a speed of 10 m/s on a straight

road. A scooterist wishesto overtake the busin 100 s.

If the bus is at a distance of 1 km from the scooterist

with what speed should the scooterist chase the bus?

(A)40m/s (B)25m/s

(©)10m/s (D) 20 m/s

Q.20

Q.21

the same instant another ball B isreleased from rest at
height h. At timet, the speed of A relativeto B is
(A)u (B) u-2gt

(©) Ju?-2gh (D)u-—gt

Among the four graphs, there is only one graph for
which average velocity over thetimeinterval (0, T) can
vanish for a suitably chosen T. Which oneisit?

X

A) t B) /\

I of

t t
At ametro station, agirl walks up astationary escalator
intime t;. If she remains stationary on the escalator,
then the escal ator take her up intimet,. Thetimetaken
by her to walk up on the moving escalator will be

t1+ t2 tltZ
(W) 52 ®, 1
tity
( )t2+t1 (D)tl_tz
For Q.22-Q.23

Q.22

Q.23

Q.24

Q.25

Q.26

A ball isthrown vertically upwards with a velocity of
20ms1 fromthetop of amultistorey building of 25 m
high. (Takeg=10ms)

How highwill the ball rise?

(A)10m (B)15m

(©)20m (D)25m

Time taken by the ball to reach the ground is

(A)2s (B)3s

(C)5s (D) 4s

A body initially at rest is moving with uniform
acceleration a. Its velocity after n seconds is v. The
displacement of the body in last 2 second is

2v(n-1) v(n-1)

W ®
v(n+1) 2v(n+1)

©—F O)—,—

An object falling through a fluid is observed to have
acceleration given by a = g—bv where g = gravitational
acceleration and b is constant. After a long time of
release, it is observed to fall with constant speed. The
value of constant speed is

(A) g/b (B) big

(C) bg (D)b

A body coversadistance of 4min 3" second and 12m
in 5t second. If the motion is uniformly accelerated,
how far will it travel in the next 3 seconds?

(A)10m (B)30m

(©)40m (D)60m
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Q.27 A bal A is dropped from a building of height 45m. (A)12 B)9
Simultaneously another identical ball B is thrown up (©10 (D)1.8

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

with aspeed 50 m/s. Therelative speed of ball B w.r.t
ball A at any instant of timeis (Take g = 10 m/s?)
(A)Om/s (B)10m/s

(C)25mis (D) 50 m/s

Two cars A and B are travelling in the same direction
withvelocitiesv, and v, (v4 >V,). Whenthecar Aisat
adistance d ahead of the car B, the driver of the car A
applied the brake producing a uniform retardation a.
Therewill beno collision when

R 2 2

(A)d<M (B)d<u
2a 2a

2 2_2

©) d>M (D) d Vi—V2
2a 2a

Therelation 3t =~/3x + 6 descri bes the displacement
of aparticlein onedirection wherex isin metresand t
in sec. The displacement, when velocity is zero, is
(A) 24 metres (B) 12 metres

(C) 5metres (D) Zero

If the velocity of aparticleis given by

v = (180-16x) Y2 s, then its accel eration will

(A) Zero (B) 8m/s?

(C)-8m/s? (D) 4 m/s?

If acar covers 2/51 of thetotal distance with v, speed
and 3/5t" distance with v, then average speed is

1 ViV
(A) 3z ® 5=

2V1V2 5V1V2
(C) Vi+Vy (D) 3V1 + 2V2

A ball is projected upwards from a height h above the
surface of the earth with velocity v. Thetime at which
the ball strikes the ground is

v 2hg
W5

(© ;{h /1+2ngh} (D) é{h /v2+%}

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

(A) Morethan 19.6 m/s

(B) Atleast 9.8 m/s

(C) Any speed lessthan 19.6 m/s

(D) Only with speed 19.6 m/s

A particle moves in a straight line with a constant
acceleration. It changes its velocity from 10m/sto 20
m/swhile passing through adistance 135mint second.
The value of tis —

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

BallsA and B arethrown vertically upward with vel ocity,
5 m/s and 10 m/s respectively (g = 10m/s?). Find
separation between them after one second.

(A)2m (B)3m

(©)5m (D)6m

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

k = 2m/sec?. Thedistancetravelled inthefirst 3seconds
will be

(A)9m (B)16m

(©)27m (D)36m

Theinitia velocity of abody moving along a straight
lineis 7rm/s. It hasauniform acceleration of 4 m/s. The
distance covered by the body in the 5t second of its
motion is —

(A)25m (B)35m

(©)50m (D)85m

If abody starts from rest and travels 120 cm in the 6
second, then what is the acceleration

(A) 0.20 m/s? (B) 0.027 m/s?

(C) 0.218 m/s? (D) 0.03m/s?

A particle startsfromrest, accelerates at 2 m/s? for 10s
and then goes for constant speed for 30s and then
decelerates at 4 m/s? till it stops. What is the distance

travelled by it
(A)750m (B)800Om
(©)700m (D)850m

A particle moves along X-axis in such a way that its
coordinate X varieswith timet according to the equation
X = (25t + 6t2) m. Theinitia velocity of the particleis
(A)-5m/s (B) 6m/s
(C)-3mis (D)3m/s

a(m/s9)
The acceleration versus
time graph for a particle
moving along a straight
lineisshown inthe figure.
If the particle starts
from restatt =0, then its speed at t = 30 sec. will be—
(A) 20m/sec (B) 0 m/sec
(C)—40 m/sec. (D) 40 m/sec.
The v —t graph of a moving object is given in figure.
The maximum acceleration is —

t(sec)

1020 30

80
é 60 |-
E
S 2
> ' I s L L
0 .\.IO 20 30 46 5&) 60 70 80
Time (sec.)
(A) 1cm/sec? (B) 2 cm/sec?
(C) 3 cmy/sec? (D) 6 cm/sec?

—
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EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

NOTE : Theanswer toeach questionisaNUM ERICAL VAL UE.

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Snow isfalling vertically at a constant speed of 8.0 m/s.
At /A anglefrom the vertical the snowflakes appear to
tbefalling asviewed by thedriver of acar travelingon a
straight, level road with a speed of 50 kmv/h. Find the
value of A.

A body moveswith speed 10 m/sfor 10 sec, then with a
speed of 20 m/sfor distance 300m. Find itsaverage speed
(inm/sec).

Initialy car Ais10.5 mahead of car B. Both start moving
at timet = 0 in the same direction along a straight line.
The velocity time graph of two carsis shown in figure.

Find thetime (in sec) when the car B will catchthecar A

\
car B

car A

10m/s

450

t

A particle startsfromtheorigin at t = 0 and movesinthe
x-y planewith constant acceleration 'a inthey direction.
Its equation of motionisy = bx2. The x-component of

[a
itsvelocity is b Find the value of A.

A particle is moving on a straight line with a constant
retardation of 1 m/s?. Find the average speed (in m/sec)
of particlein the last two meters before it stops.

A boat travelsupstream in ariver and at t = 0 awooden
cork is thrown over the side with zero initial velocity.
After 7.5 minutes the boat turns and starts moving
downstream catches the cork when it has drifted 1 km
downstream. Find the velocity (knvhr) of water current.

Q7

QS8

Q.9

Q.10

Q.1

A particle starts moving rectilinearly at timet = 0 such
that its velocity v changes with time t according to the
equation

v =t2—t where t is in seconds and v is in m/s. The time

1
interval for which the particleretardsis A <t<1.Find

the vlaue of A.

The velocity of a particle moving in the direction of x-
axis varies as v = a.x, where o is a constant. At the
moment t=0, the particle waslocated at x = 0, then find
the value of o if the magnitude of average velocity and
average acceleration over the above internal is same.

A car starts from rest and accelerates as shown in the
accompanying diagram.

s

Acceleration (in m/s?)
BN

Time (in seconds)

At what time (in sec.) would the car be moving with the
greatest velocity

In above question, at what time (in sec.) would the car
be farthest from its original starting position.

Ariver isflowingwith avelocity of 2m/s. A boat ismoving
downstream along theriver. Velocity of the boat in still
water is 3m/s. A person standing on the boat throws a
ball (w.r.t. himsdlf) inaplane perpendicular tothedirection
of motion of the boat with 10m/s at 60° with the
horizontal. When the ball reaches highest point of its
path. The speed of ball w.r.t. man standing on boat isA
m/s
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EXERCISE -4[PREVIOUSYEARSAIEEE/JEE MAIN QUESTIONS]

Q.1  Fromabuilidingtwo ballsA and B arethrownsuchthat Q.9 A particle moves in a straight line with retardation
A isthrown upwardsand B downwards (both vertically). proportional to itsdisplacement. Itslossof kinetic energy
If v, and v are their respective velocities on reaching for any displacement x isproportional to [Al EEE-2004]
the ground, then- [AIEEE-2002] (A) x? (B) &
(A)vg>vp (©x (D) logex
(B)va=Vg Q.10 A ball is released from the topof a tower of height h
(C)vp>vp metres. It takes T seconds to reach the ground. What is
(D) their velocities depends on their masses the position of theball in T/3 second ? [AIEEE-2004]
Q.2 A body loses half of its velocity on penetrating 3cmin (A) h/9 meter from the ground
awooden block, then how much will it penetrate more (B) 7h/9 meter fromthe ground
before coming to rest- [AIEEE-2002] (C) 8n/9 meter from the ground
(A)lcm (B)2cm (D) 17h/18 meter fromthe ground
(©)3cm (D)4cm Q.11 An automobile travelling with a speed of 60kmv/h, can
Q.3 Aliftismoving down with acceleration a. A manin the braketo stop within adistance of 20m. If thecar isgoing
lift drops aball inside the lift. The acceleration of the twiceasfast, i.e. 120 km/h, the stopping distance will be
ball asobserved by themanin thelift and aman standing [AIEEE-2004]
stationary on the ground are respectively[ Al EEE-2002] (A)20m (B)40m
A)gg (B)g-a,g-a (C)60m (D)80m
(©g-ag (D)ag Q.12 Therelation between timet and distance x ist=ax2 + bx
Q.4. Speed of two identical cars are u and 4u at a specific where aand b are constants. The acceleration is
instant. The ratio of the respective distances at which [AIEEE-2005]
the two cars are stopped from that instant is - (A) -2 av3 (B) 2av?
[AIEEE-2002] (C)-2av? (D) 2bv3
A)1:1 (B)1:4 Q.13 Acar, starting from rest, accelerates at therate f through
©1:8 (D)1:16 adistance S, then continues at constant speed for time
Q.5 Acar, moving with aspeed of 50 km/hr. can be stopped t and then decelerates at the rate f/2 to come to rest. If
by brakes after at least 6 m. If the same car is moving at thetotal distancetraversedis15 S, then [AI EEE-2005]
aspeed of 100 knmv/hr, the minimum stopping distanceis- 1 1
[AIEEE-2003] (A)S=— ft2 (B)S= -, ft?
(A)24m (B)6m 72 4
©12m (D)18m 1
Q.6 The coordinates of a moving particle at any time t are (C) S=ft (D)s=¢ ft2
. _ .3 3 .
Slr\r/gl l?;/;(i;matb;nd y=Bt". The speed o{;\r;eE%aét_lgclgf;a’t]t Q.14 A particleis moving eastwards with avelocity of 5m/s.
In 10s the velocity changes to 5m/s northwards. The
A)3t /o2 + B2 B)3t2 /o2 + B2 average acceleration inthistimeis [AIEEE-2005]
(A)3t\o” +B (B)3t“ o +B (A) 2800
(C) 12 \/m (D) ya? +p? (B) 1/~/2 ms2 towards north-west
Q.7 A body is moved along a straight line by machine (C) 1/ J2 ms2 towards north-east
delivering a constant power. The distance moved by the (D) 1/2 ms2 towards north
body intimetis proportional to - [AIEEE-2003] Q.15 A particlelocated at x = 0 at time t = 0, starts moving
Eé; :13//: Eg; tj’; along the positivex-direction with avelocity v that varies
Q.8 Three forces start acting simultaneously on a particle asv = a x . The displacement of the particle varies
. . o withtimeas [AIEEE-2006]
moving with velocity v . These forces are represented (A) tV2 B) 13
in magnitude and direction by thethree sidesof atriangle (©) 12 (D)t
ABC (as shown). The particle will now move with g 16 A body isat rest at x = 0. At t = 0, it startsmoving in the
velocity JAl EEE-2003] positive x-direction with a constant acceleration. At the
(A) lessthan v sameinstant another body passes through x = 0 moving
(B) greater than v I\ in the positive x-direction with a constant speed. The
(C) | V| inthedirection of largest position of the first body is given by x; (t) after timet
forceBC L z and that of second body by x, (t) after the same time
(D) v, remaining unchanged A B interval. Which of the following graphs correctly
describes(x; — %) asafunctionof timet  [Al EEE-2008]
e
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(X — %) (X1 %2) sl 02y o220 m
? A B

A) ® (A) (B) )
6 t O t 1 t(s) 8 12t ©®

G2y [ Gezya .

(X1 = X2) (X1 — %) N -
© 1Y ©)

Q.17

Q.18

Q.19

Q.20

Q.21

©

I3

O

(D) /
5 t

A particle has an initial velocity of 3f+4] and an

acceleration of 0.4i + 0.3] . Its speed after 10sis

[AIEEE-2009]
(A) 8.5 units (B) 10 units

(C) 7+/2 units (D) 7 units

Two fixed frictionless inclined plane making an angle
30° and 60° with the vertical are shown in the figure.
Two block A and B are placed on the two planes. What
istherelativevertical acceleration of A with respectto B

[AIEEE 2010]
&
60° 30°

(A) 4.9 ms2inhorizontal direction

(B) 9.8 ms 2 invertical direction

(C) zero

(D) 4.9 ms2invertical direction

An object moving with a speed of 6.25 m/s, is deceler-

dv
ated at arate given by : P -25Jv,

where v is the instananeous speed. The time taken by

the object, to come to rest, would be—  [AIEEE 2011]
(A) 1s (B) 2s
(O 4s (D) 8s

From atower of height H, aparticleisthrown vertically
upwards with a speed u. The time taken by the particle,
to hit the ground, is n times that taken by it to reach the
highest point of its path. The relation between H, u and
nis-— [JEEMAIN 2014]
(A) 2gH = nu? (n - 2) (B)gH=(n-2)u?

(C) 2gH = nu? (D) gH = (n—2)22

Two stones are thrown up simultaneously from the edge
of acliff 240 mhighwithinitial speed of 10 nVs& 40m/s
respectively. Which of the following graph best
represents the time variation of relative position of the
second stone with respect to the first? (Assume stones
do not rebound after hitting the ground and neglect air
resistance, take g = 10 m/s?) (The figures are schematic
and not drawn to scale) [JEEMAIN 2015]

Q.22

Q.23

Q.24

Q.25

8 12 (g 8 12,y

A body isthrown vertically upwards. Which one of the
following graphs correctly represent the velocity vs
time? [JEEMAIN 2017]

!
®) th_,
AN

<—>

(D)

!
®) %
!
©) M

All the graphs below are intended to represent the same
motion. One of them doesit incorrectly. Pick it up.
[JEEMAIN2018]

position Velocity
4

(A) (B) Time

time

. distance
velocity

(C) Bl position (D) time

A particleis moving with avelocity v = K (yf + x]),

where K isa constant. The general equation for its path
is: [JEE MAIN 2019 (JAN)]
(A) xy = constant (B) y2 = x2 + constant
(C) y = X2 + constant (D) y = x + constant

Ship A is sailing towards north-east with velocity

v =30i + 50] km/hrwhere | pointseastand j, north.

Ship B isat adistance of 80 km east and 150 km north of
Ship A and issailing towardswest at 10 km/hr. A will be
at minimum distancefromB in:
[JEEMAIN2019(APRIL)]
(B)2.2hrs.
(D) 2.6 hrs.

(A)4.2hrs.
(C)3.2hrs.

=
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Q.26 A particlestartsfrom origin O fromrest and moveswith Q.27 A particleismoving along the x-axiswithits coordinate

STUDY MATERIAL : PHYSCS

auniform acceleration along the positive x-axis. |dentify
all figures that correctly represent the motion
qualitatively.
(a=acceleration, v = velocity, x = displacement, t = time)
[JEEMAIN2019(APRIL)]

with the time 't' given be x (t) = 10 + 8t — 3t2. Another
particle is moving the y-axis with its coordinate as a
function of time given by y (t) = 5 — 8t3. At t = 1s, the
speed of the second particle as measured in the frame of

thefirst particleisgivenas \/v. Thenvis .

[JEE M AIN 2020 (JAN)]
I . isdropped from the top of a 100 m high tower on
4 3 Q.28 Aball isdropped f h f 2100 m high
@2 (b)Y aplanet. In the last (1/2) s before hitting the ground, it
covers a distance of 19 m. Acceleration due to gravity
© ! © ! (in ms2) near the surface on that planet is
[JEE M AIN 2020 (JAN)]
/ Q.29 A particle starts from the origin at t = 0 with an initial
XA A A
© @ § velocity of 3.0f m/sand movesin the x-y planewith a
e " constant acceleration (6.0i +4.0j)) m / s?. The x-
coordinate of the particle at the instant when its y-
Eé)) ((Z)) ((E)) ' ((g)) Eg)) ((?))) © coordinateis32 misD meters. Thevalueof D is:
e ' [JEE M AIN 2020 (JAN)]
(A)50 B)32
(©60 (D)40

[4
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EXERCISE - 5(PREVIOUSYEARSAIPMT /NEET EXAM QUESTIONS)

Choose onecorrect responsefor each question.

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q7

Q.8

Q9

A ball isdropped from a high platform at t = O starting
from rest. After 6 seconds another ball is thrown
downwards from the same platform with a speed v. The
two ballsmeet at t = 18 s. What isthe value of v?

(Takeg=10m/s) [AIPMT (PRE) 2010]
(A) 75m/s (B)55m/s
(C)40m/s (D) 60 1m/s

A particle has initial velocity (3i+4j) and has

acceleration (0.4 +0.3]) . Its speed after 10s is —
[AIPMT (PRE) 2010]

(A) 7 units (B) 7+/2 units
(C) 8.5units (D) 10 units
A particle moves a distance x in time t according to
equation x = (t + 5)~1. The acceleration of particle is
proportional to [AIPMT (PRE) 2010]
(A) (velocity)3/2 (B) (velocity)?
(C) (velocity) 2 (D) (velocity)?3
A boy standing at the top of a tower of 20 m height
drops a stone. Assuming g = 10 ms2, the velocity with
which it hits the ground is — [AIPMT (PRE) 2011]
(A)5.0m/s (B) 10.0m/s
(©)20.0m/s (D) 40.0m/s
A body is moving with velocity 30 m/s towards east.
After 10 seconds its velocity becomes 40 m/s towards
north. The magnitude of average acceleration of the body
is— [AIPMT (PRE) 2011]
(A) 5m/s? (B) 1m/s?
(C)7m/ (D) 8 m/s?
A particle covers half of itstotal distance with speed v,
and the rest half distance with speed v, Its average
speed during the complete journey is:

[AIPMT (MAINS) 2011]

ViVo 2V1V2
( )V1+V2 ( )V1+V2
2.,2
€ =2 o) v
v12 + v% 2

A particle hasiinitial velocity (2i+3j) and acceleration
(0.31 +0.2j). Themagnitude of velocity after 10 seconds

will be: [AIPMT (MAINS) 2011]
(A) 9V2 units (B) 5J2 units
(C) 5units (D) 9 units

Themotion of aparticlealong astraight lineisdescribed
by equation : x =8 + 12t —t3, wherex isinmetreandtin
second. The retardation of the particlewhenitsvelocity
becomes zero, is: [AIPMT (PRE) 2012]
(A) 24 ms2 (B) zero

(C)6ms=2 (D) 12ms2

A stone falls freely under gravity. It covers distances

Q.10

Q.u

Q.12

Q.13

Q.14

Q.15

hy, h, and hy inthe first 5 seconds, the next 5 seconds
and the next 5 seconds respectively. The relation
between h,, h, and hy is - [NEET 2013]

(A) h, =h,=h, (B) hy =2h, =3h,
h, h
©h=2=2 (D) h, =3h; & hy=3h,

A particle is moving such that its position coordinates
(%, y) are(2m, 3m) at timet =0, (6m, 7m) attimet=2sand
(13m, 14m) at time t = 5 s. Average velocity vector

(V) fromt=0tot=>5sis— [AIPMT 2014]

) §(13?+14]) ® <(+D

s 11 -
© 2(i+j) (D) E(I +])
A ship A is moving Westwards with a speed of 10 km/h
and a ship B 100 km South of A, is moving Northwards

with aspeed of 10 kmv/h. Thetimeafter whichthe distance
between them becomes shortest, is:. [AIPM T 2015]

(A)5h (B) 5v2 h
(©)10y2h (D)Oh

A particle of unit mass undergoes one-dimensional
motion such that its velocity varies according to :

v (x) = b x2", where b and n are constants and x is the
position of the particle. The acceleration of the particle
asfunction of x, isgiven by : [AIPMT 2015]
(A) —2nb2x—4n-1 (B) —2p2x-2n+1

(C) —2nb2en+1 (D) —2nb2x—2n-1

If thevelocity of aparticleisv = At + Bt2, whereA and B
are constants, then the distance travelled by it between

1sand2sis [NEET 2016 PHASE 1]
3

(A) §A+4B (B)3A+7B
3 7 A B
“A+—B 4=

© oA t3 (D) 273

Two carsPand Q start fromapoint at the sametimeina
straight line and their positions are represented by
Xp(t) = a + bt? and x(t) = ft - 2. At what time do the
carshavethesamevelocity?  [NEET 2016 PHASE 2]
a—f a+f a+f f-
A 5 ®20-y ©Oz2arn O 20
Preeti reached the metro station and found that the
escalator was not working. She walked up the stationary
escalator in time t;. On other days, if she remains
stationary on the moving escalator, then the escalator
takes her upintimet,. Thetimetaken by her to walk up
on the moving escalator will be — [NEET 2017]

5P
th-ty

t+t
®) ® L% Oy, 2

=
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Q.16

Q.17

A toy car with charge g moves on africtionless horizontal
plane surface under the influence of a uniform electric

field E. DuetotheforceqE, itsvelocity increasesfrom

0 to 6 m/s in one second duration. At that instant the
direction of the field is reversed. The car continues to
move for two more seconds under the influence of this
field. The average velocity and the average speed of the
toy car between 0 to 3 seconds are respectively
[NEET 2018]
(A) 1nm/s, 3.5m/s (B) 1m/s, 3m/s
(C)2m/s, 4m/s (D) 1.5m/s, 3m/s
When an object is shot from the bottom of along smooth
inclined plane kept at an angle 60° with horizontal, it can
travel a distance x; along the plane. But when the

Q.18

inclination is decreased to 30° and the same object is
shot with the same velocity, it can travel x, distance.
Thenx, : x,will be: [NEET 2019]

(A) 1:4/2 (B)~2:1

() 1:3 (D)1:243
The speed of a swimmer in still water is 20 m/s. The
speed of river water is 10 m/sand isflowing due east. If
he is standing on the south bank and wishes to cross
the river along the shortest path the angle at which he
should make his strokes w.r.t. north isgiven by :
[NEET 2019]
(A) 30° west
(C) 60° west

(B)0°
(D) 45° west
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Q)

MOTION IN ONE DIMENSION

TRY IT YOURSELF-1
(i) Distancetravelled = Areaunder speed - time graph

1
= E x20x8=80m

Av_@_S

(i) ACC:E_ 8 2 =2.5m/s?
v=%=%(2t2+t+5)=4t+1m/s

dv d
and a= = (4t+1) ;a= 4 m/s? (6)

v-u
Here, u=20ms1,v=0, t=5sec. Using a= -

0-20
0-20) = —4m/s?

5
—ve acceleration is known as retardation. Thus, retardation
of the car = 4 ms2.

Herewe assumethat t isgiven in secondsand x in meters, so
that v is m/s and ais m/s%.

we havea=

v—d—x—4+12t+12t2' a—ﬂ—12+24t )
Todt R

For agiven v we have

\'
122+ 12t +4-v=0=t2+t+ =0

So the quadratic formula gives

. -1+ /1-(4-Vv)/3
B 2
and for v =10 we have

(= -1+,/1-(4-10)/3 —037s
2

wherewetakethe positive sign asusual. The acceleration at
thistimeisa= 21 m/s%.

The direction of an acceleration actually identifies for you
the direction of the change of velocity of an object. The
meaning of thisis not intuitively obvious, at |least as far as
most peopl e are concerned. The easiest way to get a handle
on it isto notice that acceleration and net force are directly
proportional to one another. The idea of a negative force
isn't mysterious. If an object is moving in the negative
direction and a force (hence acceleration) in the negative

®)

direction is applied to it, the body will speed up in the
negative direction. By the sametoken, if an object ismoving
in the negative direction and aforce (hence acceleration) in
the positive direction is applied to it, the body will slow
down. The rule of thumb is: if the net force (hence
acceleration) isin the same direction as the velocity vector
(i.e., they have the same sign), the body will speed up. If the
net force (hence accel eration) isin the opposite direction of
the velocity vector (i.e., they have different signs), the body
will slow down. In short, a hegative acceleration doesNOT
necessarily mean slowing down.
See the sketch
(@ |d|=]-10.0i|=10.0m

Since the displacement isastraight line from point A to
point C.
(b) The actua distance walked is not equal to the straight-
line displacement. The distance follows the curved path of
thesemicircle (ABC).

S= %(an) =5.00r m=15.7m

() If thecircleiscomplete, d begins and ends at point A.
Hence, |d |=0.

(a) Thetotal distancetraversed (versusthe net displacement)
divided by the elapsed time. That scalar is: s= dist/time =
(440 m)/(49 sec) =8.98 m/s.

(b) The magnitude of the average velocity is the net
displacement divided by the elapsed time. That is:

v = (net disp)/time= (0 m)/(49 sec) =0 m/s.

Making sense of this: The woman finished where she
started, so her net displacement iszero. The average velocity
tells us the constant velocity she would have to travel to
effect that displacement in 49 seconds. That velocity iszero.
Let originbe O then:

A 40m »B
N 20m
W E  BOm=-smrsmrsmsemsenenseee {®
S 5 N
© D

(a) Digance covered =OA+AB +BC=50+40+20=110m
(b) First method : Displacement OC = y/OD? + CD?

=/40% +30% =50m
Second method : Displacement

b ~ ~ ~ ~ ~
d =50j+40i - 20j =30j + 40i

.
| d |=v40% +30% =50m

B
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TRY SOLUTIONS

(9) Yes, at turning point of motion. If ball isthrown upward then
at highest point velocity will be zero but acceleration is not

zero (= g = acceleration dueto gravity).
(20) V¢ [=1V [|=5m/s
Acceleration = 0 (due to change in direction of velocity

Av. acceleration, AV =V, —V; =V +(-V)

a_\7f _\7i _5]\—5i’\ - a:_li"_i_l]*
At 10 2 2
2 2
1 (B 1
5 |= —| +| = =— m/52
t e—ﬂ— 1,0=135°
NO=Tp TR0
TRY IT YOURSEL F-2
(@] v=u+at
u=2.5m/s v=7.5m/s
a=0.5m/s
e C )—
t=0 t="?
75=25+0.5t
50=0.5t
t—@ =10sec
s =
(2) Let car overtakes after t second

Intimet distancetravelled by truck

Sp= S at? or ()

Distance covered by car when car overtakes the truck

1
%5 (2)t2  [acc. of car =2m/s?

1
or (sp+150)= > (2)t2 (2

divideeq". (2) by eq". (1)

Sr+10_2 150 _20_4
St 15 s; 15 3
or @zé—lzl or s;=450
st 3 3
distancetravelled by car = 450 + 150 = 600 meter
Now by eq" (1)

©)

(4)

©)

(6)

()

STUDY MATERIAL:PHYSCS
1 1
sT=Eat20r 450=§ x 1.5 x t2
450x 2
t2= 1; =  t=+/300x2 =24.5seC.
Therefore car will over take the truck after 24.5 sec.
5 250
= =50x—m/s=——m/s
Here, vy =50km/h X18 18
5 300
= =60x—=——m/s
and v=60km/h X18 18
300 250 50
. V-\p _ 18 18 _18 950 2
a= = ====—=139m/s
Since t 2 2 36

2
Here, vo=10m/s, v=0& s=20cm. = E:O.OZm
Using v2 - v,2 = 2ax

-100
2x0.02

0-(10)?> =2a(0.2) =

or a=-2500m/s?
Retardation = 2500 m/s?

. u+v
using, x:(—]t
d 2

1 1
X=—=Vt: 2x=vt,; SX=—vt
1, £X=Vl, 2 3

2
Average speed
_ X+2X+5X 8x B 8Xv—4v
Tttty 2x 2x 10x T 14x 7
vV VvV vV
Method | :

2 2
UsingSnth:u+E (2n—1):0+E(2><5—1):9m

(InS,th formula, uisspeed at t = 0)
1 :
Method Il : S=u'x1+ 5 a(l)> u=0+2x4=8m/s
(5" sec — timeinterval = 1 sec., u' initial speed for 51 sec)
1
S=8x1+- x2(1)2=9m

Let P be the point, where the two engines cross each other.
If t hr be the time to occur this event, then total distance
covered by the two trains should be equal to 100 km.(fig.)
i.e, AP+BP=100

. 50t+%x18t2+50t—%x18t2 =100

[+
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= 100t=100 = t=1hr. (1) First stoneisthrown so asto reach the top of the tower, so

1
X=AP=50(1) + > *18(1) = x=50+9=50km.

(8) tyg=40sec,

2 2
152=52+ 2a(8x) = ax= > > - 2%

16 16

| 3X | 5x |

| | 1

A B C

0 T 0

5m/s \Y 15m/s

v2=52+2a(3x) =25+ 6 x (200/16) =100 = v=10ms
As a=constant using, v=u + at

5 1
=5+ a=—=—-mls
10=5+ax50= 208
V2o 2
2
v3- Vi
2

9) va=vZ+2a b al = )

v¢2=vf+2a’%:v12+

?
| |
| |
C B
L N

2 2 2 2
V5tV Vi +V
V¢2 =—2 1 b v¢= 1 =2

2
1 2
(1) 1000=ux30+a(30)

LII 1km |
" 30sec |

1km |
60sec

2000 = u x 90+%a(90)2

Multiply eg. (1) by aboth side & sub. (2)

700 350
7000=180u=u =Em/5=?m/5

(11) Let distance travelled in t" second = s and in (t + 1)1
seconds = s, then

§=u+%(2t—l) and S =U+%[2(t+1)—1]
S,+S,=100
2u+%(2t—1+2t+2—1)=100 = 2u+2ft=100

=u+ft=50=v=u+ft=50cm/s

TRY IT YOURSEI F-3

(3) Using, h=ut+%gt2; h:%th

itsinitial velocity is

u=,2gH =2x10x 90 =42.5m/s
Let us take the time t = t;, when the two stones meet at a
height h above the foot of the tower. The first stone trav-

elled aheight hin the duration t, and the second stone has
fallen a distance (90 — h) intime (ty - 2).

1 .
For first stone, h=42.5t,- 5 (10) ty?

1
For second stone, 90 —h= 5 (10) (ty-2)?

Adding above two equation, 22.5t;= 70 or t;=3.11s
Thus height h is given as,

1
h=425(3.12)- 3 (10) (311)*=83.82m.

2
u
Max. height, 4h :5: u=/8gh

1 5 1 5
=_qt h—y=ut—=qt
y 29 , y 29

h=ut:>t=L: h
J8gh \8g

: h+l=%g(t+0.2)2

1, 1, 1 5 1
—gt“+1=—gt“+—-0g(0.2)  +— 2x0.2t
59 59 29( ) 5 9% 2%

—
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—> u=0
h I
1mD t At=0.2sec
1:£+O.2gt : il:2t:>t:g : hzlgi:ﬂm
5 5 5 2°25 5

O

®

©)

™

®)

(C). The ball reaches its highest point when its velocity is
zero; theacceleration of gravity isnever zero (itisalways9.8
m/s? downward).
(C). (Coordinate system: positive x-axis upwards.)

Upon its descent, the velocity of an object thrown
straight up with aninitial x-component of velocity

Vy 0 > 0 has velocity v, = -v, 4 < 0 when it passes the
point at which it was first released. Thisis exactly the same
x-component of velocity as the ball that was thrown
downward, so both ballswill hit the ground with the same x-
component of velocity. Let t; denote the time interval that
the ball thrown downwards takesto hit the ground, then the
x-component of the velocity of both balls when they hit the
ground is given by v (t;) = v, g— gt
(A). Both objects are falling with the same acceleration
(gravity), and as both are accelerating without friction and
with the sameinitial velocity, the two ought to stay the same
distance apart throughout the motion.

1
Down is positive; over hisheight s=ut + > at?

1
2m=u (0.20s) + 5 (9.81m/s?) (0.209)?;

u=9.02m/s+ (9.81 nVs?) (0.20s) = 10.98 nv's; for total fall,

v2:u2+ZasB ;

(10.98M/s)?=0+2(9.81M/s?) 55 ; S5 =6.1m
We select earth as the origin so that g = — 9.8 ms—2
(i) Atthe highest point, velocity is zero

B

=3.068
117777777

=0
77777

/77]

V2 —V§ =2gh,
Here v=0,v,=+15m/s, g=-9.8 ms™?
(0)2-(15)2=2x%(-9.8)h

—(+15)?

max. height, h = —~——*
2x(-9.8)

1
~115m ; h=Vot+§gt2,

©)

(10)

(1)

Hereh=0,vy=+15m/s, g=-9.8 ms?

1 2
0=15t—=x9.8t% ; ;_
2 $0=15t-4.912
or 0=t(15-4.9%)

15
t=0and 15-4.9t=0 or tZEZS'OGS

That there are two solution for t, 0 Sand 3.06 S. The first
solution corresponds to initial point A and second solution
correspondsto return point C. Therefore, theball isintheair
for3.06S.

At the highest point the velocity of the ball is instanta-
neously zero. Take the y-axisto be upward, setv=0in

v2 =vg2 - 2gy, and solve for v : v =+/2gy .
Substitute g = 9.8 m/s? and y = 50m to get

Vo = /2 (9.8m/s?) (50m) = 31m/s

(B).v=u-—at
v=18-10sin30°t=18-15=3m/s

(B). Both children begin with gravitational potential energy
mgh at the top of the slide, which is completely transferred
to kinetic energy at the end of the slide. Bobby’s potential
energy is transferred more quickly, however, therefore he
attains a higher average velocity and beats Sandy to the
end of thedide. Average acceleration isthe changein vel ocity
divided by thetimeinterval . Each child hasthe same change
in velocity, but Bobby observes this change over a shorter
period of time, resulting in alarger average acceleration.

(12) (A)

@

)

TRY IT YOURSEL F-4
Relative acceleration,
éBA = é‘B _é‘A = (—10)—(—10) =0
AI&), VBA ZVB—VA =10-5=5m/s

5

Asrelative acceleration is zero we can use

Sga (inlsec)= vgp xt =5x1=5m

Distance between A and B after 1 sec =5m
Given that the velocity of rain drops with respect to road is
making an angle 30° with thevertical, and the vel ocity of the
man is 10kph, also the velocity of rain dropswith respect to
mainisvertical. We have

VRm = VR~ VM
hence vg = Vg — Vi
The situation is shown in velocity triangle in figure.

—
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©)

4

©)

(6)

It shows clearly that, vg =V, cosec 6 = 10 x 2 = 20kph
and Vg, = V), c0s0=10x+/3 =10+/3 kph.

Let { and | be the unit vectors in horizontal and vertical
directions respectively.

Let velocity of rainbe v, = a+b @)

Then speed of rainwill be |v|=+/a? +b?
In the first case V,,, = velocity of man= 3f
Vem =V =V = (@=3) 1 +b]
It seems to be in vertical direction. Hence,a—3=0o0ra=3
In the second case V=6
Vi = (@—6)i +bj =3 +bj

Thisseemsto beat 45° with vertical. Hence, |b|=3
Therefore, fromeq. (i) speed of rainis

IV, | = V@)% +(3? =3J§';—T

Using relative velocity concept :

Viow = Ym — Y

Vin = Viow T Vv

= V= [Vt | = \/V§W+va+2vnw.vwcose

= Vi = /52 + 3 + 2(5) (3) cos120°

=V, = {251 9-15 = 419 m/sec.

For minimum time of crossing the man should head perpen-
dicular to the shore

Vw1 Vi

Viy 4
cosfo=— = cos60° =— = v, =8km/hr
Vm Vm

.

(A).

Q P
Q measures accel eration of P to be zero.
Qmeasuresvelocity of P i.e. Vpg tobeconstant. Hence

Q observes P to move along straight line.

For P and Q to collide Q should observe P to move
along line PQ.
Hence, PQ should not rotate.

(7) (D). Cadll the velocity of the turtle with respect to the eagle
Vo, adso known asv;.
Call thevelocity of theturtle with respect to the ground vy,
also known as v,

VEG N
Lad
> I__|_1<1
7‘@ ~N
N o 1
2 <l

You are asked to find the velocity of the eagle with respect
to the ground, V.

Analyzing the right triangle, you can use the Pythagorean
Theorem to solve for the magnitude of vgg

V16 =Vgg +VTE

- o - VIG=V2 o _ o -
Ve =Vec tVTE— 5y, V2= VBe V1

= V%=VEG+V53VEG=\’V%—V]2_
12cm

Let, velocity of man=v
then, VR/man = V (oppp;ite to man)
For the required condition ;

V
tan6 = R/M(y):E:f:V:mw:?_s
VRmx)y VvV 3 4
(9) VBG :vBT +VTG:18?—2,J\

D
(10 (B). WWA c

In absence of wind A reaches to C and in presence of
wind it reachesto D in same time so wind must deflect from
Cto D sowind blow inthedirection of CD.

Vac = Vaw +Vwe
= \7AGt = \7AWt+\7WGt

—
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CHAPTER-3:
N IN ONE DIMENSION
EXERCISE-1

(1) (D). Distance> [Displacement]

(2) (A).Since final and initial positions are same hence
displacement of athlete will be
Ar=r-r=0

(3) (C).Distance =Circumferenceof thecircle
D=2nrR=D=2x x80=160x%3.14 =502.40m

(4  (C).When a particle returns to its starting point its
displacement iszero.

(5) (C).Distancecoveredwith1step=1m
Timetaken=1s
Timetakentomovefirst5mforward=5s
Timetaken to move 3mbackward=3s
Net distance covered=5-3=2m
Net timetakento cover 2m=8s
Drunkard covers2min8s.

Drunkard covered4min16s.

Drunkard covered 6min24s.

Drunkard covered 8min 32s.

Inthe next 5 s, the drunkard will cover a distance of

5mand atotal distance of 13m and fallsinto the pit.

Net time taken by the drunkard to cover 13 m
=32+5=37s

(6) (B).Count spaces (intervals), not dots. Count 5, not 6.
Thefirst drop falls at time zero and the last drop at
5x55=25s
The average speed is 600 m/25 s= 24 n/s.

(7)  (A). Theslope of the line in aposition versus time graph
givesthe velocity of the motion. The lopefor part a
ispositive. For part b the slope is negative. For part
c the dlope is positive.

(8) (C). Theaverage speed isthe distance of 16.0km divided
by the elapsed time of 2.0 h. The average velocity is
the displacement of Okm divided by the elapsed time.
Thedisplacement is0 km, because the jogger begins
and ends at the same place.

_AXx _10m

MOTI

9) (C).V—E—E =5m/s

100 (A V—S—m =12m/

(100 (A). V=",c =12m’s
yoX2=X1_ 5m-10m

1w (©. th-t, 4s—2s =-25m/s
v Xp=X; _—-Sm-5m

12y (DO).V= t—t,  7s—4s =-3.3mls
v_x2—x1_0—0 B

(13) (B). _—tz_tl “g_o=0ms

(14) (A). Lettbethetotal timetaken then distance coveredin

_ _ vyt

thefirst half time = >

. . . t
Distance covered in the next half time = \%
V.
Vit | Vot
Average speed v, = 2 2 _Nr¥s
age sp v, = " 5

(15) (D). Interval 3 (Greatest), Interval 2 (Least)
Positive (Intervals1 & 2),
Negative (Interval 3)
The average speed of aparticleshowninthex-t graph
isobtained fromthe slope of the graphin aparticular
interval of time.
It is clear from the graph that the slope is maximum
and minimum in intervals 3 and 2 respectively.
Therefore, the average speed of the particle is the
greatestininterval 3andistheleastininterval 2. The
sign of average velocity is positive in both intervals
1 and 2 as the slope is positive in these intervals.
However, itisnegativeininterval 3 becausetheslope
is negative in thisinterval. X

(B). The position-time graph
of aparticle moving with
negative velocity is as
shown in the figure. t

(D). The area under the velocity-time graph represents
the displacement over agiventimeinterval.

(D). At 6.00 am. thetip of the minute hand isat 12 mark
and at 6.30 am. or 6.30 p.m. it is 180° away. Thusthe
displacement between the initial and final positions
of thetip isequal to the diameter of the clock.
Displacement=2R=2x4cm=8cm
Timetakenfrom 6 am. to 6.30 am. is30 minutes

=1800s.

(16)

(17)

(18)

The average velocity isV
Displacement 8
time 1800

Againtimetaken from6 amto 6.30 p.m.
=12 hrs+ 30 minutes=45000s

=4.4x 1073 cm/s

_ Displacement _ 8

Vv, = = 25000 ° 1.8x10%cm/s

a time
(A). Both speed and velocity are constant in the case of a
particle moving with uniformvel ocity.
A particle moving with uniform velocity has zero
acceleration.

(19)

_ (tea = K)i2

(20)  (C). Average velocity, V="""=—

(a+b(4)?) -(a+b(2)?)
4-2

_ (a+16b)—(a+ 4b)

- 4-2

V=

=6b=6(2.5) m/s=15m/s

—
136




YOAL
(MOTION IN ONE DIMENSION}) '£¢

ODM ADVANCED LEARNING

(21) (B).Here x=a+bt?
Where, a=8.5mand b=2.5m/s?

dx d 2
ity V=—=—(a+bt?) =2bt
Vel ocity, pran ( )

Att=2s, v=2(25ms?)(29)=10m/s
(22) (C).Timetakentotravel first half distance,

L/2 L
ti=——=—
Vl 2V1
Time taken to travel second half distance,
L/2 L
ty=——"=—
V2 2V2
L N L
Total timetaken=t, +t,= 5, "5
1727 2vy 2v,
A o] = Total distance travelled
VErage S0 = " T otal time taken
_ L B 1 _ 2V1Vy
L | 1 1] vatv
v V5 2|lv; vy

(23) (A).x=10t2:
t(s) =20 21 30
x(m)=40 4.1 0]
Ax  50m

V=—=——=500m/s
At 1.0s

_ AX 4dm
(29) (C).V=A—t=E=41.0m/S
Displacement
Time taken
_2R _2x40
t 40

(25) (C). Average velocity =

=2m/s

(26)  (B). Let d represent the distance between A and B. Let t;
be the timefor which the walker hasthe higher speed

in5.00 Vs =d/t;.

Let t, represent the longer time for the returntripin

-3.00 =—d/t,.
Then thetimes are
d d

tj=———— adtr=——
1= 500m/s) @27 300m/s)
The average speed is

Ve Total distance
~ Total time
B d+d 3 2d
B d . d ~ (8.00m/s)d
(5.00m/s) (3.00m/s) (15.0m?/s?)
2,2
V=—2(15'0m ) =3.75m/s
8.00m/s

(27) (A). She starts and finishes at the same point A. With

total displacement =0,
Average velocity = 0.

(28)

(29)

(30)
(31)

(32)

(33)

(34)

(39)
(36)

@37

(B). Att;=15s, x; =8.0m(PointA)
Att;=4.0s,x;=2.0m(Point B)

Xt =X _(20-80)m _ 6.0m

V= = = =_
t -t (4-15)s 255~ 2Ams

(C). The slope of the tangent line is found from points C
and D.
(tc=1.05,xc=9.5m) and (t5=3.5s,x5=0),
V~-3.8m/s

X|(m)

10) o\

>

()

(A). Thevelocity iszero when x isaminimum.
Thisisatt~4s.

(B). A particle moving with uniform velocity has zero
acceleration.

(C). Thetangent at F isthe dashed line GH. Taking
triangle GHJ, we have
At=24-4=20s
Ax=0-15=-15m

g_ -15m
At 20s

The negative sign tells us that the object is moving
in the —x direction.

(D). Thedisplacement-timegraphisastraightlineinclined
to time axis upto timet, indicatesauniform vel ocity.
After timet,, the displacement-timegraphisastraight
line parallel totime axisindicatesparticle at rest.

(C). At any time, t, the position is given by
x=(3.00m/s?) t2. Thus, att; =3.00's
x; =(3.00m/s?) (3.009)?=27.0m

(D). V:%:Gt- Att=3; v=18m/s

(B). The slope of the tangent at any point on the
displacement-time graph gives instantaneous
velocity at that instant. In the given graph, the slope
iS negative at point e.

(D).

(@ Thegivenx-tgraph, shownin (a), doesnot represent
one-dimensional motion of the particle. This is
because a particle cannot have two positions at the
same instant of time.

(b) Thegivenv-t graph, shownin (b), does not represent
one-dimensional motion of the particle. This is
because a particle can never have two values of
velocity at the same instant of time.

Henceslopeat Fis v = =-0.75m/s

—
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(¢) Thegivenv-tgraph, shownin(c), doesnot represent
one-dimensional motion of the particle. This is
because speed being a scalar quantity cannot be
negative.

(d) Thegivenv-tgraph, shownin (d), doesnot represent
one-dimensional motion of the particle. This is
becausethetotal path length travelled by the particle
cannot decrease with time.

particle at this point in time is simply the magnitude
(or absolute value) of the velocity at this instant in
time. The displacement occurring during a time
interval isequal to the difference in x coordinates at
thefinal andinitial timesof theinterval, Ax=x;-X;.
The average velocity during a time interval is the
slope of the straight line connecting the points on
the curve corresponding to the initial and final times

— (5 — 0) m i V= ﬂ
(38) (A).V= 0)s - 5m/s of theinterval, AL
Thus, we see how the quantities in choices (A), (C),
39 (C).V= (6-10)m —_25m/s and (D) can all be obtained from the graph. Only the
(4-2)s acceleration, choice (B), cannot be obtained fromthe
(5-5)m position vs. time graph.
(40) (C). V= m = (46) (D). (i) (b) shows equal spacing, meaning constant
nonzero velocity and constant zero accel eration. (i)
0—(-5m) (c) shows positive acceleration throughout. (iii) (@)
41) @A)V “Te-7ns +om/s shows negative (leftward) acceleration in the first
42 (© four images.
(A) Itisclear from the graph that OQ > OP. So, A lives @n ©. ;(r);i Sﬁﬁir{:\g:eleratlon, the position-time graph is &
Closer fo the school than B. (48) (B). Here, Initial velocity u=0,
X 5
o v=(vmax)=18km/h=18><E =5m/s;t; = 0=,
o t, =2 sec.
A 7K L 230 s
8 T,y T a R T 72
s £ Lot (49) (D).Here,u=0 and v=10m/s,t=5sec
.. . _ . v-u (10-0)m/s
(B) The position-time graph of A starts from the origin Using,a= — o we have a= T 5g -2 m/s?
(t=0) whilethe position-time graph of B startsfrom C
whichindicatesthat B started |ater than A after atime dx d
interval OC. So, A started earlier than B. (50) (A)v="=4 (at?~bt3) =2at-3bt?
(© The speed is represented by the steepness (or slope)
of the position-time graph. Since the position-time o= d_d (2at-3bt) = 2a—6bt
graph of Bissteeper than the position-time of graph at dt
A, therefore, we conclude that B isfaster than A. According to question acc. = 0
(D) Corresponding to both P and Q, the time interval is
the same, i.e., OD. Thisindicates that both A and B 2a-6bt=0 hence t= —-
. : 3b
reach their homes at the same time. " N
(43) (C). The average acceleration is the change in velocity (52) (). C_hoo_se the posm_ve direction to be the outward
(final velocity minus initial velocity) divided by the direction, perpendicular to thewall.
elapsed time. The changein vel ocity hasamagnitude aoAv_220m/s-(-250m/s) _ 134x 100 /2
of 15.0 kmv/h. Sincethe changein vel ocity pointsdue At 3.50x103s T
east, the direction of the average accelerationisalso  (52) (C). The area under acceleration-time graph represents
due east. the change in velocity.
(44) (C). Theobject hasaninitial positive (northward) velocity  (53) (D).
and anegative (southward) acceleration; so, agraph  (54) (A). The slope of the tangent drawn on velocity-time
of velocity Versustimeslopesdown steadilyfrom an graph at any instant of time is equa] to the
origina positive velocity. Eventually, the graph cuts instantaneous acceleration.
through zero and goes through increasing- (55) (C). Slope of velocity-time graph shows acceleration.
magnitude- negative values. (56) (C). The equations of kinematics can be used only when
(45)  (B). Inapositionvs. timegraph, the vel ocity of the object the accel eration remains constant and cannot be used
at any point in time isthe slope of the line tangent to when it changes from moment to moment.
the graph at that instant in time. The speed of the
[ 48
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(57) (D). According to one of the equation of kinematics

1
X=vgt+ 5 at?, with v = 0 /s, the displacement is

proportional to the acceleration.

(C). With original velocity zero, displacement is
proportional to the square of timein (1/2) at2. Making
the time one-third as large makes the displacement
one-ninth as large.

(B). Theinitial velocity of the car isv, =0 and the velocity
at timetisv. The constant acceleration is therefore

(58)

(59)

. b a_ﬂ_v—vo_v—o_x
gvenby @= At " t-o  t  t
and the average velocity of the car is
v+v0_v+0_x

2 2 2

V=

_ vt
Thedistancetraveledintimetis AX=V =5

Inthe special case where a= 0 (and hencev = v =0),
we see that statements (@), (b), (c), and (d) are all
correct. However, inthe genera case (a= 0) and hence
(v = 0). Only statement (b) and (c) aretrue.

(60) (A).Here,u=10m/s,t=3s,v=16m/s

v—-u 16-10
a= =

t
Now velocity at 2s, before the given instant

—2m/s?

10=u+2x2 (- v=u+at)
u=6m/s
1
(61) (A).Asacc. isconstant so froms=ut + > at? we have
1
x= 5 a? [u=0] ()
Now if it travelsadistancey in next t sec.
in 2t sec total distance travelled
1
x+y=- a(2t)? (2 (t+t=21)
Dividing eg". (2) by eq" (1)
X+
y_ 4 o y=3x
X
(62) (C). Thesign of acceleration does not tell us whether the
particle’s speed is increasing or decreasing. The sign
of acceleration depends on the choi ce of the positive
direction of the axis. For example, if the vertically
upward direction is chosen to be positive direction
of the axis, the acceleration dueto gravity isnegative.
If aparticleisfaling under gravity, thisacceleration
though negative results in increase in speed.
(63) (A). The velocity time graph is not a straight line, the

acceleration is not uniform. Hence relation (a), (b)
and (e) are not correct, but relation, (c), (d) and (f) are
correct.

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(A). Let d isthe distance travelled by the vehicle before
it stops. Here, final velocity v =0,
initial velocity=u, S=d,
Using eguation of motion
v2=u2+2aS .. (0)?=u? + 2ad
u? 2

dsz_z ;dSOCU

(B). Here, u=144 kn/h =144 x .= m/s=40mVs
v=0,S=200m
AsvZ-u2=2aS
(0)2 - (40)2= 2 x ax (200)
_ (407
2x 200

Asv=u+a
0=40-(4)(t) =>t=40/4=10s

=—4m/s?

©). S:Vt+%at2

It is not akinematic equation of motion.

All others are three kinematic equations of motion.
(C).Here, u=0 .. v2=2as

Itisaparabolaof the type y? = 4ax.

Hence, option (C) represents the correct graph.

(A). Fromfirst eq" of motion— v=u+at
= 100=0+at or 100=at....(1)
velocity after one second
V'=0+at+1)
= 150=att+1) .. @
On subtracting eq™.(1) fromeq™. (2)
a=50m/s?

5
(A).u=43.2km/h= 43.2><E m/s=12m/s

Deceleration; a=6m/s> v=0, s=?
0=(12)2-2x65s [using v2 = u? - 2as]
144

S=——=12m

or 144=2x6s or D

1
(C)- Wehave, x =ut+ 7 at?

=(2.5m/s) (29) + % (0.50 m/s?) (29)2

=50m+10m=6.0m
(D). Wehave,v=u+ at
or 7.5m/s=25m/s+(0.50m/$)t

75m/s-25m/s
t=——————=10s
or 0.50m /<2
(B). We have, v2 = U2 + 2ax

or (7.5m/s)2=(2.5m/s)?+2(0.50 m/s?) x

. (7.5m/s)?> - (25m/s)? _

50m
2x0.50m/s

—
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2

The displacement of the pebbleat t = 1.0 sis given:

2 .
(73) (A).UsingS,=u+ > (2n-1)=0 +§ (2x5-1)=9m y1 =4.9m. Thedisplacement of the pebbleat t=3.0s
] isfound from
(InS;th formula, uisspeed att = 0)
(749) (D). The b0\_/vl ing _pip h.as a constaqt downvv_ar.d Ya= Vgt + 1 a2=0+ 1 (9.8m/) (3.092=44m
acceleration whilein flight. Thevelocity of thepinis co2 2 _
directed upward on the ascending part of its flight Thedstancgfallen inthe2.0-sinterval fromt=1.0s
and is directed downward on the descending part of tot=3.0sisthen
its flight. Thus, only (D) is atrue statement. Ay=yz-y;=44m-49m =39 m.
(75) (B).Free-fall is the motion that occurs while the (80) (D). Themaximumheight (wherev = 0) reached by afreely
acceleration is solely the accel eration dueto gravity. falling object shot upward with an initial velocity
While the rocket is picking up speed in the upward Vo =+225nm/sisfound from
direction, the acceleration is not just due to gravity, V2 =v242a(ve —v) = v2 4+ 2aA
but is due to the combined effect of gravity and the f=vi+2a(y -yi) N ¥
engines. In fact, the effect of the engines is greater where we replace a with -g, the downward
than the effect of gravity. Only when the engines acceleration due to gravity.
shut down does the free-fall motion begin. Solving for Ay then gives
(76) (D). Theaccel gratiqn dueto g.ra.vi.ty poi nt; downward, in Vf2 _ Vi2 _V(Z) —(225m/9)2
the same direction astheinitial velocity of the stone AY=—F=3 Ca)  2(980m/) =258x10°m
thrown from thetop of the cliff. Therefore, thisstone o ’ ' 5
picks up speed asit approaches the nest. In contrast, Thus, the projectilewill be at the Ay =6.20 x 10_ m
the acceleration due to gravity points opposite to level twice, onceon theway upward and once.coming
the initial velocity of the stone thrown from the back down. _ _ _
ground, so that this stone loses speed as it The elapsed time when it passes this level coming
approaches the nest. The result is that, on average, dozvv_nwgrd can be found by using
the stone thrown from the top of the cliff travel sfaster Vf© = Vi< + 2a Ay again by substituting _
than the stone thrown from the ground and hits the a = —g and solving for the velocity of the object at
nest first. height (displacement from original position)
(77) (B).Usingv;2=v,2+ 2aAy, withv,=-12m/s  and Ay=+6.20x10°m
Ay=-40m: Ve TV, +2aAy
o o v2 =(225m/s)? + 2 (-9.80 m/s?)(6.20 x 102m)
Vi~ = Vi + 2aAy, v=%196m/s
v2 = (-12 m/s)? +2 (-9.80 m/s?) (-40 m) The velocity coming down is —196m/s. Using v; = v,
v=-30m/s +at, we can solve for the time the velocity takes to
(78)  (C). We take downward as the positive direction with change from + 225 m/s to ~196 mv/’s:
y=0andt=0at thetop of thecliff. Thefreely falling (o ViV (-196-225)m/s
(= L00siey < £00m Tofind s aceseraion,we & cesomist B
=1.00si =4, .Tofindi ion, w . ) .
_ Y 2 (81) (C).At the highest point velocity of the ball becomes
usey =yg+ Vot + at ; S
zero, but its acceleration is equal to g.
ave L2 ol 28y N
Yy=Yo=Ay=7 a%; a—t—z
2 (400 (82) (A).
a- % =8.00m/s? ‘
(L0Os) o 2u 2x50
The displacement of the marble (from its initia  (83) (D). t=—= =10s
position) at t = 2.00 sisfound from 9 g )
1 1 (84) (A). Suppose the body passes the upper point at t second
Ay = Eatz - E (8.00 n1/52}(2.00 S)2 =16.0m. and lower poi nt at (t + 1) s, then
1 o1 5 1
Thedistancethemarblehasfalleninthe 1.00 sinterval $-§= PL (t+1) —S9 =79 (2t+1
fromt=1.00stot=2.00sisthen 1
Ay=16.0m-4.0m=12.0m. or 30m= 2% 9.8(2t+1) - t=256s
(79) (C). We take downward as the positive direction with 1 1
y=0andt=0at thetop of thecliff. Thefreely falling S = Egt2 =5 x 9.8x (2.56)2 =32.1m
pebblethen hasvy =0anda=g=+9.8m/ s (85) (B).Freefall of an object in vacuumis a case of motion
with uniform accel eration.
[ 50
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(86) (A). The given law is known as Galileo’s law of odd
numbers. Thislaw was established by Galileo Galilei
who wasthe first to make quantitative studies of free
fall.

2u 2x30

t=—=——=065eC

(A). Let us say ball take 't' sec to fall height h asit falls
(9h/25) inlast sec., it travel
Sh 16h .

h—2—5 =75 in(t—1)sec ..

(87)
(88)

h= = g2.... (1)
@ - E 1 2 2

s =501 @
Divide(2) by (1),

16 (-1 _1 2259
% 2 :>h—2g(5) == m

(89)
(90)

(B). %9(3)2 :%(Zn—l): n=5s

(B). Timetaken by first drop to reach the ground

t‘F:t— 2><5_1
g V10 T%¢

Asthewater dropsfall at regular intervalsfromatap
therefore time difference between any two drops
=1/2sec

In this given time, distance of second drop from the

2
; (3 -
==g|=| =2=125m
tap 29 5

Its distance from the ground =5-1.25=3.75m

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

(91)

v2 = U? +2gh = (=20)% + 2x 9.8x 200 = 4320 m/ s

. v=65m/s.

(B). When velocity of A = velocity of B, then, relative
velocity iszero.
Displacement-time graphsof A and B must have same
slope (other than zero)
W——F

(92)

93 A

+ve
Velocity of car Aw.r.t. ground, v, =60km/h
Velocity of car B w.r.t. ground, vg;=45km/h
Relativevelocity of car Aw.r.t. B
VaB =VaG * Ve =Vac~ Ve (' VeB =~ VBG)
=60 km/h - 45 km/h =15 km/h
W——F
e
Velocity of car Aw.r.t. ground, v, 5 = 60 km/h
Velocity of car Bw.r.t. ground, vgg=-45km/h
Relativevelocity of car Aw.r.t. B
Vag =Vac*Ves =Vac~Veg (' Veg =~ Vag)
=60 km/h— (- 45 km/h) = 105 km/h

94 (D).

(95) (B). Speed of combustion products w.r.t.

observer on the ground = ?
Velocity of jet air planew.r.t. observer on ground
=500kmh 1

If v; and V, represent the velocities of jet and

observer respectively, then v;—vg =500 kmh™

Similarly, if v, represents the velocity of the com-
bustion products w.r.t. jet plane, then

Ve —Vj=-1500kmh*

The negative sign indicates that the combustion
products move in a direction opposite to that of jet.
Speed of combustion products w.r.t. observer
= Ve — Vg = (Ve — V) + (V] — Vo) = (~1500+500) km h™*
=-1000kmhL, N
(96) (D). Let the positive direction T*Ve
of motion be from south
to north. S
Velocity of train A with respect to ground

5
Vpg=+54km/h=+54x Em/s= +15m/s
Velocity of train B with respect to ground

5
Vg =—90 km/h =-90x 18 m/s =-25m/s

Relative velocity of train A with respecttotrain B is

Vag=Vac*Veg =Vac Ve (V" Vee=~Vag)
=+15m/s— (=25 m/s) =40 m/s

Let the velocity of the monkey with respect ground

bevye:

Relative velocity of the monkey with respect to train

@7 ®).

A, vy p=—18km/h :—18x%m/s:—5m/s
VMe=Vma FVag=-5m/s+15m/s =10 m/s

5 _
(98) (A).v,=36kmhT =36x ™ 1_1oms?

S 1 -1
= 1= —ms ~=15ms
vg=54kmh 54 x 18

Ve=-15m/s

A.ﬁVA
¢ > vy Ve €
B c

1km | 1km

Relative velocity of Bw.r.t. A,
Vga=Vg-V,y=15-10=5ms!

Relative velocity of Cw.r.t. A,

Vea =Vo—Va=-15-10=-25ms™!

1000m

25ms ™t

Timetaken by Cto cover distanceAC = 40s

=
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1)

)

©)

4

©)
(6)

(A).

(B).

(A).

(D).

D).
®B).

In order to avoid an accident, the car B accelerates
such that it overtakes car A in less than 40sec. Let
the minimum required acceleration bea. Now, for B,

1
1000=5x%x40+ Eax40x40
Onsimplification, a=1ms=2.

EXERCISE-2

Total displacement
Tota time

The average velocity, Vg =

1
Total displacement, S= ut+5at2

_ ut+ S at?
andtotal ime=t .. , __ 2 _ ., 14
& t 2
x="W+l; x?=v+1; v=(x2-1)
dv d, > ax
S92 g 20
"
=2xv=2x (x-1)

Atx=5m, a=2 x5 (25—-1) = 240 m/s?
Asxoct3

Velocity, v oc 3t2

Acceleration, aoc 6t

Given: v=2t (3—t) orv=6t—2t2

dv

P 6- 4t | At maximum velocity,
ﬂ— . 6-4t=0o0rt=(3/2
g -0 - 6-4t= ort=(3/2)s

For uniform motion with zero acceleration,

v-t graph isastraight line parallel to the time axis.

Let BusA leavestown A and bus B leavestown B at

regular intervals. Let Crepresentsthecyclistand V 4,

Vg and V. are velocities of bus A, bus B and the

cyclist respectively.

V 5o = Relativevelocity of Awirt. C=V, -V
—> V.

A—>V,
Smilarly,Vg-=Vg-V
Let T =Timeinterval at whichbusesareleaving from
town A and B.
The distance between two buses plying in the same
direction at the same constant speed will remain the
same whether measured by an observer moving at
some constant speed or by a standing observer.
The distance between two consecutive buses A for
an observer standing on ground =V 5, T
This distance as measured by the cyclist

=V T, where, T'=Timeinterval between two
consecutive buses for the cyclist = 18 minutes
Distance between two consecutive

V,«——B

B

(7

8

©)

(10)

A-busesfor thecyclist=18V 5 =18 (V5 - V()

......... )
VoT=18(VA-V e &)
Smilaly, VeT=6(Vg+Vd e 4

(A).

(A).

or

®B).

(D).

[Vec=|Vg |+ IVl because B and C are movingin
opposite directions]
Given, [V,|=Vg|=V,say and |V|=20km/hr

Equation (3) and (4) become
VT=18(V-200 ®)
VT=6(V+200 (6)

18 (V-20)=6(V +20)

18V -360=6V +120

12v=480 = V =40kmvhr
Puttingitineq. (5) weget, T=9mins.

e 3k
S

@27 km/h 18 kmvh

£
e )

5.
— +Ve

Velocity of car A, v, =+27km/h

Velocity of car B, vg =-18 km/h

Relative velocity of car A with respect to car B
=V, —Vg=+27km/h-(-18 km/h) = 45 km/h
Time taken by the two carsto meet

_ 36km

- 45km/h

Thus, distance covered by the bird
=36km/hx0.8h=28.8km

Here, u=0,g=10m/%, h=1km=1000 m
AsvZ—u2=2gh .. v2=2gh

v = /2gh = v2x10x 1000 = 100v/2m/s
:100\/§><%km/h

=360v2 km/h=510km/h
The maximum distance covered intimeT = v,T.
Therefore, for the object having one dimensional
motion the displacement x intime T satisfies
VT <x<vgT.
Speed of policevan, v,,=30km h1

_30x1000 4 25

==ms
3600 3

Speed of thief’s car, v,=192kmh!
192x1000 ;160

ms ms
3600 3

Speed of bullet, v, = speed of police van + speed
withwhich bullet isactually fired

vo =[ 24150| mst = AP et
=13 3

Relative velocity of bullet w.r.t. thief’s car,
475 160

Vit =Vp — Vi = [?—?j m571 =105 m571

—
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(11) (B). Time taken by the boy to go from his home to the 1 40
180=30x t+ = x — x t2
25km 1 2 9
market tl:wzih 20 2
Skm 180= 30t + —t2 ;18=3t+ =t2
Timetaken by the boy to return back from the market 9 9
25km 1 242, 318-0 - 2124 27t_ 162 =
to hishome, t2 Ty =§h 9! +3t-18=0 ; 2t2+27t-162=0
Total timeteken =t, +1, Solving this quadratic equation by quadratic formula,
p— 2 p— —
L h—3h =50min we gett— 27 (27" ~4(2) (-162 =45,-18
2 3 6 4
Int=0to 50 min, Total distancetravelled t can't be negative . t=45s
=25km+25km=5km (14) (A). Thedistanceis equal to total area under v-t graph
Displacement=0
(As the boy returns back home) = 202 +20x2+20x1+ 20 1+ 20x1
Average speed &
=20+40+20+10+10=100m
_ Distancetravelled _ Skm & kv Displacement
- i 5/6)h ~ itv= ——m—m—m7mMmM8
Tlmé taken (5/6) (15) (D). Averagevelocity = —— "~
Average velocity = D'_Sp'aceme"t =0 A parf[icle moving in agiven direction with non-zero
o _Timetsken . velocity cannot have zero speed.
(12) (D) Letubeinitial vel OC|ty and abeuniform acceleration. In generaL average Speed is not aquaj to magnitude
0 A B C of average velocity. However it can besoif themotion
I I f | isalong a straight line without change in direction.
u utaty utaty;tt))  utatyHotts)  (16)  (A).x=t-sint
Average velocitiesin theintervalsfromOtot;, t; to dx dv .
_u+u+aty a, x (t) >0for all valuesof t >0and v (t) canbe zerofor
1=— 5, =ursh @) onevalue of t. a(t) can zero for one value of t.
(17) (A). Timetakenby body A, t; =5s
VZ:u+at1+u+a(tl+t2):u+at1+_t2 _____ @) Acceleration of body A = &
2 Timetaken by body B, t,=5-2=3s
uta(ty+tp)+u+a(ty+ty+1ts) Accelerationof body B=a,
V3= 2 Distance covered by first body in 5th second after
its start,
a
=u+a +at,+—-tg L 3 a a
2 ® 35:u+—1(2tl—1):o+—1(2x5—1):§a1
Subtract (1) from (2), we get 2 2
a Distance covered by the second body in the 3'd
VamVi=3 (t+t) L @) second after its start,
Subtract (2) from (3), we get a a S
N Sy=ut S (2,-1) =0+ 2 (2%3-1)= 58
V3—Vyp = > (tp+tg) L 5)
5
Divide(4) by (5), weget SinceS;=S; .. %al =J% oraig= 5:9
Va-vi _hi+tp Vi—Vo _ 4Lt (18) (D).Let v be the velocity of scooter. The distance
V3—Vy, to+tg Vo—-Vz tr+ig between the scooter and the bus =1km=1000m.
(13) (B). Let abe constant acceleration of auto. The velocity of bus, v, = 10 m/s _
Here, u=30m/s, v="50 s, S=180m Ti me.taken to Qvertake the bus, t = 100 s.
AsV2— U2 = 2aS Relative velocity of the scooter w.r.t. the b_us
(50)2-(30)2=2x ax 180 =(v5-10)
(2500) - (900) =2 x a x 180 1000
1600 40 ) 1, t:V _10=1000rv=20m/s
a=————=—m/s", As S=ut+—a s ) ] o
2x180 9 2 (19) (A). Taking upwardsmation of ball A for timet, velocity is
Vp=u-gt
[ 53 ]
I—




SOAL

ODM ADVANCED LEARNING

Q.B.- SOLUTIONS

STUDY MATERIAL: PHYSCS

(20)

(21)

(22)

(23)

(24)

(25)

(B).

©).

©).

©).

(A).

A).

Taking downwards motion of ball B for timet, its
velocity isvg = gt.

Relativevelocity of Aw.r.t. B
=Vpg=Va—(-Vg)=(U-gt)-(-gt)=u

In the graph (B), for one value of displacemet, there
are two timings. As a result of it, for one time, the
average velocity ispositiveand for other timeisequal
but negative. Dueto it the average vel ocity for timings
(equal to time period) can vanish.

Let L be the length of escalator.
Velocity of girl w.r.t. escalator, v
Velocity of escalator, v, = L/t,
Velocity of girl w.r.t. ground would be

ge: L/tl

1
—_ —_ 4 —
e+Ve‘ L Ltl

g™ Vg 0
. L L L tqt
Thedesiredtimeist=—= -_12
Vg (1,1} tu+t
h &
Taking vertical upward motion of the ball upto
highest point.
+ve

Here,u=20ms!

v =0 (At highest point velocity is zero)
a=-g=-10ms2

AsvZ=u?+2aS; 0=(20)2+2 (-10) (S)
_20x20
== "
Lett, bethetimetaken by theball to reach the highest
point.

v=0,u=20m/s, a=-g=-10 m/s?,

t=t; Asv=u+a

0=20+(-10)t;or t;=2s

Taking vertical downward mation of theball fromthe
highest point to ground.
Here,u=0,a=+g=10ms>,
S=20m+25m=45m, t=t,

S 20m

1
As S= ut+Eatz 45:0%(10) 2

45x2 % _9 =3
10 10 ~ MRTS
Total time taken by the ball to reach the ground

=ty +t,=2s+3s=5s

2 _
5=

v-u v-0 v

Here a=——=——=—
t n n
Displacement in last 2 sec.

S1-Sho-2

——anz—la(n—Z)2
2 2

—2a(n-1=2Y(n-y-2 =Y
n n

Here,a=g-bv

When an object falls with constant speed v, in
accel eration becomes zero.

g-bv,=0 or v.=glb

(26) @)%:WEQX&ﬁ=4mu+%ﬁ4

(27)

(28)

(29)

(30)

(31)

(32)

s5=u+%(2x5—1)=120r u+ga:12

On solving, u=—-6 m/s, a = 4 m/s?
Distance travelled in next 3 seconds

:38_35:[_6x8+%x4x(8)2]

1
~[-6x5+ > x 4 x (5)2]=80-20=60m

(D). Here,up =0, ug =+50m/s
ar=-0,ag=-¢
Uga =Ug—Up =50 m/s—0 m/s =50 m/s
ga=ag-an=-9-(-9)=0
VBa = Uga T 3gal (Asag =0)
VBa = Upa _
Asthere is no acceleration of ball B w.r.t to ball A,
therefore the relative speed of ball B w.r.t ball A at
any instant of time remains constant ( =50 nV/s).
(C). Initial relative velocity = v, —v,,

Final relativevelocity =0

From v2 = u? — 2as
2
)
2a

If the distance between two cars is ‘s’ then collision
will takeplace. To avoid collisond > s

= 0=(v;-Vy)°—2xaxs= s=

_ 2
d> % . whered = actual initial distance
a

between two cars.
(D). 3t =v3x +6=3x = (3t—6)% = x = 3t2 12t + 12
dx
V=—=06t-12 forv=0,t=2sec.
dt
x=3(2)%-12x2+12=0

(C).v2=180-16x
Comparewith v2 = u? - 2ax ; a = — 8 m/s?

Total distancetravelled
Total time taken

(D). Average speed =

X A7

B 2X/5+3X/5 _3v1+2v2
Vi V2

(C). Since direction of v is opposite to the direction of g
and h so from equation of motion

1
h:—vt+5@Jt2 —gt2-2vt-2h=0

[ 40,2
:>t:—2Vi Av® +8gh :>t=é{l+ /1+2i2h}
v

29

—
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(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(A). Inthiscasetime of flight £y

of aball > 2x2=4sec. I I

. . 2u :

Timeof flight=—2>4 I i

9 u® { man

= uz2g [T
= u>19.6m/s(.- g=9.8m/s?)
(B). -~ Averagevelocity x time = distance

[10220) (1)=135 =t=0s

5

“”-

Relative acceleration,

dgp =8 — 8, =(-10)-(-10)=0

Also, Vgp =Vg —Vp =10-5=5m/s
Asrelative acceleration is zero we can use
Sga (inlsec)= Vgp xt =5%x1=5m
Distance between A & B after 1 sec=5m

3

3 s o |12 21 _
(A). S=[ vdt=[ ktdt —[Zkt } =~ x2x9=9m

0
(A). S =u+3[2n-1]
S = 7+ 2[2x5-1]=7+18= 25m.
5 2
a a
(C). S = u+E(2n—1):> 12= O+§(2x 6-1)

12x2 _ 0218m/e

= as=

(A). Velocity acquired by body in 10sec
v=0+2x10=20m/s
and distance travelled by itin 10 sec

Sl:%xZX(lO)z =100 m then

it moves with constant velocity (20 m/s) for 30 sec
S,=20x30=600m
After that due to retardation (4m/s?) it stops

V2 (20)?
2% 2x4

Total distancetravelled S; + S, + S;=750m
(A). Thevelocity of the particleis

& _ E(2—5t+ 6t2) = (0—5+12t)
dt dt
For initial velocity t =0, hence v =—-5m/s.
(C). For a—t curve, area under give change in velocity at t
=10sec,v=40m/s
For 10 - 30 sec, Av =-80,
Vgoeec— 40 =-80
Speed at 30 sec =—-40 m/s

=50m

(42)

@

@

©)

O

®

©)

™

(D). Maximum accel eration means maximum change in
velocity inminimumtimeinterval.
Intimeinterval t=30tot=40sec
_Av_80-20_60

=—= - —6om/sec?
At 40-30 10

EXERCISE-3
3. Relativeto the car the vel ocity of the snowflakeshasa
vertical component of 8.0 m/s and a horizontal compo-
nent of 50 km/h = 13.9 n/s. Theangle 6 fromthevertica

is given by tanezv—h:&mlszl.m. The angleis
vg 80m/s

60°.

16. Average speed = %:@:16m/s

1
21 X, =x5:105+10t= &’ p a=tan45°=1

_ 20++/400+84

2

t2-20t-21=0p t P t=21lsec.

2.y =bx?

2 2
ﬂ = ZbXd_X = ﬂ =2b (d_xj + 2bx
dt dt  gx? dt

o
dt?

a
— ohy2 v= [
a=2bve+0 = b

As
1 Vy :E; u— Initial velocity for last 2 metre

0=u2-2x1x2:u=2mfs

2
2=(¥jtjtzzs& : va\,:zzlm/s

4. For downstream relative distance travelled by cork
X4 = vt and for upstream relative distance travelled by
cork X,=v,t

75
1km=2v, x E:v, =4km/hr

2. Acceleration of the particlea=2t—1

The particle retards when acceleration is opposite to
velocity.

=a.v<0=(2t-1) (t2-t)<0=t(2t-1) (t-1)<0
Nowtisawayspositive .. (2t—1)(t—-1)<0
or2t-1<0and t-1>0=t<1l/2andt>1.

Thisis not possible

or2t-1>0&t-1<0=> 1/2<t<1

=
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8

(9) (4), (10) (8).

(1)

D)
)

3
4

©)

(6)

Givenu=ax e (@)
dx dx
E:a.x or Iszadt
Inx=at+C
ast=0,x=0=C=0
Lox=etoo 2
Again diff. eq. (1) with respect tot, we get 7
dv dv 2 at
a=—=ol—=av=a"€e
at a at av=a"e" .. (3
If T timetakento travel distnace S, then
S=e*or T= Ins
- T a ®)
©)
T T oT
. 1 1 e as
Again, Voo =—|vdt==[oeMdt=— =2
gan. Vavg TI Tja T Ins
0 0
T T aT
Aavg =lj.adt =1.[ aZetdt=2€
T o T0 T (10)
2
o“s
- = \Vi =
%9 = ns avg = Fag
as  a’S
—=—=0a=1
Ins Ins
aismaximum when v changeitssign. (11)
Areaof at-graph=0
5. 10cos60°=5m/s
EXERCISE-4
(B). Bothwill reach with same speed. (12)
(A).v2=u2+ 2as
2 a2 2
u—=u2+2a(3) ; 6a=i:azi
4 4 8
and v2=u?+ 2as
, ()
O=u +2L——Js' ; S=4cm
8
Distance travelled further=4-3=1cm.
(C).apL =85 -3 =g-a
(D). v2=u2+2as; 0=u?+ 2(-a)s
(13)
u2
s= — ; socU?
2a

(A).v2= U2+ 2as; 0= U2+ 2(-a)s

2
s= 2 sac 12

2a
So, distance travelled before coming to rest = 24m.

(B).x=at3,y=pt3

dx 2 dy 2
= =3at?, 2 =3pt
dt dt ¥

So resultant velocity v = \/(3at2)2 +(3pt?)2

a2

(B). P=Fv ; mav=P

2
vadv=IPdt; m%:Pt ; Voo \Jt
[dx = [kt ; x oc 372
(D). Netforce=0 .. V=const.

(A). According to problem, a =—kx

VZ_Z:_kX; Jvdv:—ijdx ;

So, kinetic energy o x2

VX
2 2

o 1 1
(C). Initidly s=ut + EatZ; h=0+ EgTZ

attime=T/3

2
h':0+1g[1j :E(EQTZJ; h'=D
2°\3 o\2 9

. h 8h
So height above ground = h 9" 9
(D). v2=u2+2as; 0=u?+2(-a)s
U2

S=— = Soc U2
2a

dt
(A).t=ax?+bx. So, & =2ax+b

So velocity v = a1 b

dv (28) dx ,___ 2@
a=—=-——: -
A=y (2ax +b)? dt (2ax + b)?

From equation (1), a = —2av3

—h

v={r
—
—f a=0_ R
a= 2 7 >

u=0 S

(A) time=t : 2S

x

15S >
If timetakeninfirst partist’, then

S= O+lft2
2

then distance traveled in last part would be = 2S
So the distance up to which particle move with constant
velocity =155-3S=12S

—
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(14)

(15)

(16)

(17)

(18)

(19)

(20)

So 12S=(ft)t

1 2)

Zft2| —fippp =
12[2 ftt'; 6t'=t
romequation (i), =5e) T

(B). Initial velocity v, =5i ; Final velocity v, = 5j 1)
v, -V,

r |

Average acceleration a=
(22)
_ 5i-5/ 1, s qaL L .
=—=—|(|—- - lafFE— = —
a 10 2(] i);lal \/E,dlrectlon N-W 23)

©). v=a+/x

dx X t

— —q dt- V25, _

N o at; _[X:Ox dx L:Oa dt

12 (24

X
at ; Xoct?

172

1
(A). x, =0+ —at?;

2 X2=Ut

1 2
X_—Xl—XZ_——at —ut

1
att=0,x=0and Eatz—ut=0

x—O'[—ﬂ Sloed—x—at u
T a’ P T T

So the graph of x and t

X

t

(C). V,=3+(0.4) (10) = 7 units
Vy=4+(0.3) (20) =7 units
Speed = 7./2 units
(D).mgsin6=ma ..a=gsno
where aisaong the inclined plane

. vertical component of accelerationisgsin? 0
.. relative vertical acceleration of A with respectto B is

g[Sin? 60 sin? 30] = % - 4.9 Linvertical direction

v 0 (26)
(B). | Nl —2-5{) dt . \2&\6_25 = -2.5t

6.25

26.25 = 2.5t ; t =2 seC.

(A). Timeto reach the maximum height, t; = g

If t, be the time taken to hit the ground
1 .2
~H=ut,- =gt
2 292

nu 1 n2u2

Butt, = nt, (given) = ~H= UE_E =
= 2gH=nu?(n-2)

(B). Till bothareinair (Fromt=0tot =8 sec)
AX =X, —Xq =30t = Ax oc t. When second stone hits
ground and first stoneisin air Ax decreases.

(B). During the whole journey acceleration remains
constant (a=-g) =V =Vy-gt

(D). The(A), (B) and (C) graphs can represent the motion
of aball that isthrownin vertically upward direction.
Initially speed decreases, becomes zero and then on
the return trip, speed increases. Slope of graph in
option (D) does not explainit.
dx dy

—=ky, = =kx;
B) g =k g =k

Q:M:K:ydy:xdx
dx dx/dt vy
Integrating both side, y2=x2+c¢

(D). If we take the position of ship 'A' as origin then
positions and velocities of both ships can be given

as
Va = (30i +50j) km/ hr

Vg =-10i km/hr i

10km/hr
o <——B
Ty = (80 +150) km  [sogmn | 150KM
T_i me after which 30km/hr A
distance between 5 00 i
themwill beminimum B0km
t—_Tfea VA -~ : 0]
[Van P ° where, Tga = (80i +150j) km
Vga = —10i — (30i +50j)
(~40i - 50j) km/ hr
_ (80i +150)) - (~40] —50)
| -40i — 50 |2
_ 3200+ 7500 hr 10700 hr = 2.6 hrs
4100 4100

(C). Giveninitial velocityu=0
and acceleration is constant
Attimet, v=0+at=>v=a a

A|$X=0(t)+1a[2:>)(:1at20 t
2 2

=
I57
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Let v bevelocity of aparticle after 10s.
3‘ i \ f V=U+a .. v=(3 +4])+(04i +0.3j) (10)
o 1 3iA+4]+4iA+3]:7iA+7]

o t
Graph (@) ; (b) and (d) are correct. Speed of the particle after 10s
27) 580.00 _ .
e x=10+8t—3t2 = |V]=y(7)? +(7)% = 7J/2 units
. 3 A). Distance, x = (t +5)1 N (
V, =8-6t; (Vy)iy=2i ® @ ((j )d ®
X _
y=5-8t3 A Velodity, V== (t+5) L= t+5)2 (i)
v, = —24t2; (V)i = —24]
' ' Acceleration a—d—v—i[—(t+5)’2]—2(t+5)‘3 (iii)
v =4/(24)2+(2)? = /580 : V=580 T
(28) 8. Timetotravel 81 mist sec. From equation (ii), we get _
v3¥2=_(t+5)3 ..(iv)
Timetotravel 100 mist+ = sec. Subsituting this in equation (i) we get
2 Acceleration, a = —2v3/2
1 , > or ao (velocity)32 (V)
8l=5xaxt :t=9£ 4)  (C). v=1/2gh = 2x10x 20 = 20m/s
2 I [an2 2
100:%xax(t+1 :>t+%:10\/§ 5 (A) a= VUil _V30T+40" o2
t 10
2 1 2 1 |2 S+S  2uyv
~+3 25 \/; ; a=8m/s? © (B). Va 5.5 vu+v
1, 1 ., Vi V2
X=U,t+—a,t° - y=u,t+—ayt
(29) (O X=Udraad s y= o8 @ (@) v-u+a
32:0Xt+%(4) 02 2216 : t=dsec V= (2i +3]) + (0.3 + 0.2]) x 10 =5i + 5
. |V]|=5V2
x:3><4+5><6><42:12+48:60m (8) (D).X=8+12t-t3; V=0+12-3t2=0

3t2=12;t=2sec ; a=dv/dt=0-6t
a[t=2]=-12 m/s?; Retardation = 12 m/s?
EXERCISE-5
(1)  (A). Letthetwo balls meet after t sat distancex fromthe  (9)  (C). hy = 1g (5)2,h, = 1g 10)2
platform. For thefirst ball,u=0,t=18s, g=10m/s? 2 2

_1 2 hy _hs
Usingh = ut + %gtz oox= %th = % x 10 x (18)2 and h3 =29 (19" = Mm="r=-7
......... 0] - (Xo—Xq) i+ (Y2-Y2) ]
For the second ball, u=u, t=12s, g =10 m/s? (10) (D). Vav = th—t,
x=12u+(1/2) x10x122 .. (ii) . A
From equations (i) and (ii), we get _ s~ 2):(()14_3) j_1 ;11] - %(h])
1 1 -
E><10><182=12u+5><10><(12)2 .
N(j)
or 12u=(1/2) x 10 x [(18)2-(12)4]
=(1/2) x 10 x [(18 + 12) (18— 12)]
12u=(1/2) x 10x 30 x 6 N o0k
m
1x10x30x6 1w @A) Y < 7 A
Or :T:75m/3
8 o 100 km
(20  (B).Here Initia velocity, U= 3i + 4j S Ven = 102
Acceleration, a=04i +0.3] , Time t=10s 4

[¢
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(12)

(13)

(14)

(15

(16)

Va =10(-1), Vg =10(}) ; Vg =10j+10i
100/v2 _
102

Time for shortest distance =
(A). V (X) =bx2"
asv®_ bx 2"{b (-2n) x 2"} _ o241
X
(C).v=At+Bt?
= dx/dt=At+Bt? = dx = (At + Bt?) dt
2
A2 B[ A B 3 7
= X—l:2+sl —5(4—1)+§(8—1) =EA+§B
dxp . dxq
(D) VP=?:a+2bt X VQ :F:f -2t
Vp=Vgq —a+2bt=f-2t
f-a
2(b+1)
(B). V, — velocity of Preeti ;V, — velocity of escalator

2t+2bt=f-a=t=

! — distance; t= t ot _ b
Vl+V2 £+£ tl+t2

t t

6-0 _
Acceleration, a= ——= 6 ms 2

Fort=0tot=1s, Slzéx6(1)2=3m ()

1
Fort=1stot=2s, S, = 6X1—56(1)2 =3m (i)

1
Fort=2stot=3s, S3 =0—5><6(1)2 =-3m _(iii)

Total displacement S=S; +S,+S;=3m
Average velocity= 3/3 = 1m/s,

Total distancetravelled =9m

Average speed = 9/3=3m/s

K 3
g sin60° g sin30°

2
. . u
(Stopping distance) X1 = 29sin60°

2

. . u
(Stopping distance) xz = 295n30°

Xg _sin30° _ 1x2 ~1:3

X, Sn60° 2x43
(18) (A).Vgzr=20m/s,Vp;=10m/s Vie N
~ _ _ —RG
V$:VSR+VRG A
Vs
B, W— E
ano_[Vee| 20 1 TN
Vr| 20 2
0 = 30° west s

[¢
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