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1.2

Kinematics

KINEMATICS:
Study of motion of the objects without taking into account the factors

which cause the motion or change in motion (i.e. nature of force).

Object:
Which is studied or simply the body chosen for study / observation is

called object.

Observer:

Who studies (distance, displacement, speed, velocity, acceleration or
anything) or simply who notices some change in physical quantities
is called observer.

Example: A bird is flying as shown in figure and a boy is observing the
motion of bird then bird is said to be object for observer (boy) and

boy is said to be observer for the object (bird).

Object (bird)

Ob;;r;/evr (boy)

DETECTIVE MIND

Object and observer both may be living or non-living things.
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KINEMATICS

1.3  Position vector (r):
It is a vector quantity used to show the position of an object with respect to an observer.

Nl
= =
o

™

‘ i, IS position vector of bird

w.r.t. respect observer

> Position of a point A (object) w.r.t. point B (observer) is represented as follows.

A

(Objec:)'\
Tap B

(Observer)

1.4 Concept of Point Object :
An object having its dimensions very small (negligible volume) as compared to the distances in
consideration, will be considered as a point object.

1.5 Rest & Motion:
If position of an object w.r.t. an observer changes with time the object is said to be in motion for that
observer. Also, if the position of an object w.r.t. the observer does not change with time, the object is said
to be at rest for that observer.

S
o
. (Object)
A® A
(Observer)
For example:
dr,
If _dEj[A =0 i.e. if £, doesn't change with time 'B"is said to be at rest for 'A'

d(T
and if % #0 i.e. 7, changes with time 'B'is said to be in motion for A.

\$
ot
CO(\S oB
- (Object)
A® Ina
(Observer)

> A particle at rest with respect to an observer can be in motion with respect to another observer.
> A particle in motion with respect to an observer can be at rest with respect to another observer.
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PHYSICS

DETECTIVE MIND
Rest and Motion are relative terms, there is nothing like absolute rest or absolute motion in the universe.

1.6 MACHENICS:
Study of parameters of motion (distance, displacement, speed, velocity and acceleration) is called mechanics.

Study of an object a m Study of an object in

rest is called statics. motion is called dynamics.
| Statics l DynaEics]/
Study of motion of an Study of motion of an
object excluding cause object including cause
of motion is called kinematics Kinematics l (Dynamics (kinetics) of change in motion is
called dynamics.

[Particle kinematics ] [Rigid body kinematics ]

— - I
[An object is considered J [An object is considered]

to be particle. in its original shape.

[Particle dynamics ] [Rigid body dynamics ]
[ I
An object is considered to An object is considered to )
be a particle. be in its original shape.
(will be continued in NLM) (will be discussed in rotation)
J
I I
( ) e N
N f N £
mg mg
| Block as a particle \Block in its original shape
PARTICLES KINEMATICS:
2. DISTANCE AND DISPLACEMENT :
2.1 Distance Covered :
> Itisthe length of actual path followed by the object. Let a body moves fromA | S
to Bvia C. The length of path ACB is called the distance travelled by the - ™ "o
B

body.
» Sinceitis length and negative length has no significance, it is never negative.
»  Since length a scalar, it is a scalar.
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KINEMATICS

» During a motion it never decreases but it may be constant.

» Sl unit: metre.

»  CGS unit: centimeter.

» Dimension: M°L T°

Displacement:

Curved path

It is the position vector of final position w.r.t. initial position. A

For example: A fly is flying from point A to B then its (pjtjal)

w|

displacement § can be represented as follows
B (Final)

DETECTIVE MIND
For a motion initial position i.e. position from where motion starts is one but number of final
position may be infinite as shown in below figure.

(Curved path)

t=0

A particle is moving on a curved path as shown in the above figure. The observer starts the observation of
motion of the object at t = 0 which is initial position but its final position at different time is different.
Final position of particleatt=tiisat t = ty, (i.e.s)

Final positionatt=tyisatt=1,, (i.e.s,)

and final position att =tz isatt=t;3, (i.e s, )

IE ~< SPOT LIGHT

\
> The time, t = 0 is not the time from where object starts the motion but it is the time from

where observer starts the observation of motion of the object.
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PHYSICS

23 Displacement In Terms Of Position Vector:

Let a body is displaced from A(xy, y1, 1) to B(Xz, Y2, 22) then its

S
displacement is given by vector AB = AT

FB:XZi-|-y2j-|-sz and FA:X1|+y1J+Zlk

) ) R )
AF =(x, =x,)i+(y, =y, )j+(z, -7,k /

i.e. displacement is equal to change in position vector.
2.4 How to draw displacement vector :

(observation starts) (while returning) (while going forward)

t=0

t=1t1 t=t

83

A

Straight line path

A man is walking on a straight line path and returning after some time. The observation of motion of man starts

attime t=0. So, it displacement vectoratt =t is s, but not the S3 and displacement at time t = t, is §

> Magnitude of displacement is equal to distance between initial position and final position.
> If direction of motion of changes then magnitude of displacement can never be greater than distance covered.
> if object move on straight line path and does not reverse the direction of motion. The magnitude of displacement

§

will be same as distance covered.

\

IE ~< SPOT LIGHT

> If a vector changes its direction randomly, it cannot be shown on the graph as its direction
cannot be distinguished on the graph. However, if the vector is along straight line
(unidirectional) it can be shown on the graph as its two different directions can be
distinguished on the graph with positive and negative sign.
Distance (s) Displacement (s)
It is a scalar quantity It is a vector quantity

It depends upon path followed

Distance can never be negative and zero

It may increase or remain constant

but never decrease with the time with time
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KINEMATICS

Infinite distances are possible between Only single value of displacement is possible
two fixed points because infinite between two fixed points.
paths are possible between two fixed points.

DETECTIVE MIND
Magnitude of displacement may be equal or less than distance but never be greater than distance.

L i.e., distance > |displacement| &

Distance
|displacement| —

SOLVED EXAMPLES

Example 1:

Solution:

Example 2:

Solution:

Example 3:

A particle starts from the origin, goes along the X-axis to the point (20 m, 0) and then returns
along the same line to the point (=20 m, 0). Find the distance and displacement of the particle

during the trip.

(1) 20, — 20i (2) 60, —20i (3) 40, —-10i  (4) 40, —20i
Distance = ‘ﬁ‘ +‘&‘= 20+40=60m o : N
0(0,0) A(20,0) W .
Ar = Displacement = ‘OA‘ + ‘OC‘ ® A(200) {
C(-20,0) S

= 20i +(—40j) = (-201)

@
A car moves from O to D along the path OABCD O 8km N

shown in fig. akm W >E
D

What is distance travelled and net displacement. km S
C 4km B

(1) 13km, 17km (2) 17km, 5km

(3) 14km, 8km (4) 17km, zero

Distance = ‘ﬁ‘+‘ﬁ‘+‘ﬁ‘+‘ﬁ)‘ =8+4+4+1=17km
Displacement = OA + AB+BC+CD = 8i +(—4])+(—4i)+j=41-3]
= |AF| = |displacement| = /(4 +(3) =5

So, Displacement =5 km, 37°S of E

A particle goes along a quadrant from A to B of a circle radius 10 m 4
as shown in fig. Find the magnitude of displacement and distance
along path shown AB, and angle between displacement vector AB B
and x-axis?
(1) 104/2, 5m, 45° (2) 57, 1042, 30° )
|
o A >
(3) 10, 107, 60° (4) 542, % 45°
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PHYSICS

Solution:

Example 4:

Solution:

Example 5:

Solution:

Example 6:

Displacement = AB=0B-0A =10j-10i =>|AB| = y10°+10° = 102 m
From AOBA = tanf = %= E= 1=06=45°
OB 10

5
Angle between displacement vector ABand x-axis = 90° + 45° = 135°

1 1
Distance of path AB = 2 (circumference) = 2 (2nR) m = (57) m

A body initially having position vector 7= 2i+j+4k moves to o= 6i+9j-2k, then find the
change in position vector of the body.

(1) 47 +8]j+6k (2) 21 +3j+5k

(3) 4i+8j-6k (4) 2i —3j+5k

Since = A7 = —7. = (61+9j-2K)— (2i +]+4k) =47 +8] - 6k

On an open ground a motorist follows a track that turns to his left by an angle of 60° after every 500
m. Starting from a given turn, specify the displacement of the motorist at the third, sixth and
eighth turn. Compare the magnitude of displacement with the total path length covered by the

motorist in each case.

At lll turn

e -
Displacement = OA+AB+BC=0C =500 cos 60° + 500 + 500 cos 60° = 1000 m from O to C

Distance = 500 + 500 + 500 = 1500 m >\
v 60\ ¢
Displacement _ 1000 _ 2 ] « -
Distance 1500 3
At VI turn
V,
initial and final positions are same so
displacement = 0 and distance = 500 x 6 = 3000 m 60°
Displacement 0]
p. = =0 VIX b
Distance 3000 0\ 500m | VI
At VIl turn

60° 3

Displacement = 2(500)cos (T] =1000 x cos 30° = 1000><T =500+/3m

Distance = 500 x 8 = 4000 m

Displacement _ 500/3 _ /3
Distance 4000 8

A particle moves on a circular path of radius ‘r’, It completes one revolution in 40 s. Calculate
distance and displacement in 2 min 20 s.

(1) 22r ,2r (2) 11r , 22

(3) 22r, zero (4) zero, zero
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KINEMATICS

Solution: Radius of path =r

. . . . 140 7
Time period for one revolution = 40 second total number of revolution = 4— = 5

7 4 7
Now distance covered = 27r x E =7 X r X E =22r

Displacement of particle in one revolution is zero so that displacement of particle = 2r.

Example 7: A wheel of radius ‘R’ is placed on ground and its contact point is ‘P’. If wheel rolls
down without slipping completing half a revolution, find the displacement of point
P.
(1) RYm®+2 (2) 2R P
(3) R2\2 (4) R +4
p
Solution: displacement ”
X = %(ZWR) '
Displacement = \iﬂ(nR)2 +(2R) = R\/TEZ +4
OO
SPEED AND VELOCITY :

3.1 Speed: It is the rate of change of distance covered w.r.t. to time.
It is a scalar quantity

Dimension [M°L!T?]

S.l: metre/second

C.G.S unit: cm/s

For a moving particle speed can never be negative or zero it is always positive.

V V V V V

3.2 Uniform Speed:
When a particle covers equal distances in equal intervals of time, (no matter how small the intervals are)
then it is said to be moving with uniform speed.

Distance
> Uniform speed = ——
Time
3.3 Non-Uniform (Variable) Speed:
> In non-uniform speed particle covers unequal distances in equal intervals of time.

3.4 Average Speed:

() KGS
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PHYSICS

The average speed of a particle for a given “interval of time” is defined as the ratio of total distance travelled
to the time taken.

: As
Average speed = Total Distance travelled e lv. ==

Time taken YAt
> When a particle moves with different uniform speeds vi, vy, vs ........ Vn, in same time intervals t3, ta, t3
........ tn, respectively, its average speed over the total time of journey is given as

V,+V, Vv

Vay =

(Arithmetic mean of speeds)
n

> When a particle describes same distances s, Sy, Ss..... Sn With speeds vi, vy, vs....... Vn respectively then the
average speed of particle over the total distance will be given as

Vay = (Harmonic mean of speeds)

3.5 Instantaneous Speed:

It is the speed of particle at a particular instant of time.

. As ds
Instantaneous speed v = Lim —= je [V=—
At—0 At dt

DETECTIVE MIND
Instantaneous speed is simply called speed.

o . ds
> If s is distance covered and v is instantaneous speed then v = d_ also, ds = vdt

52
t.
.. Total distance covered duringt=t;tot=1,, Ids ZLZ vdt

S1

DETECTIVE MIND
Since distance covered never decreases so its rate of change w.r.t. time is never negative and so

L speed is never negative.

> A particle travels with speed v; for first half time and with speed v, for next half time then find average
speed of the particle is arithematic mean of v; and v i.e. VitVy

3.6 Velocity:
It is rate of change of displacement with respect to time is called velocity.
» Itis avector quantity.

Dimension: [M°L'T]

S.l. unit: metre/second

C.G.S. unitcm/s

Motion of an object is reflected by its velocity.

YV V V V
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KINEMATICS

IE <. SPOT LIGHT

Displacement and position are two different vectors but change in position vector and
change in displacement vector are always same so their rate (velocity) with respect to

\
>

time is also same.

Proof:

Say a particle which has started motion from initial point 'i' on a curve path as shown in figure whose
displacement at time t=t; is § and displacement at time t; is S, and its corresponding position vector of

initial position 'i'is T,

initial
point

k

-+

position vector at time t = t; is T and position vector at time t=t,is T,

z

AS, =change in position vector between the time intervalt=t;tot =1,
AT, = change in position vector between the time intervalt =t tot=1t;

Using triangle law of vector addition in triangle OPQ

L+AT=T,

= AF=TF,—T

Again using triangle law of vector addition in triangle iPQ

S, +AS =5,

— AS=5, 5§,

In above diagram AS and AT same resultant vector in triangle OPQ and iPQ

~ KGS
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PHYSICS

3.7

3.8

3.9

3.10

So we can conclude that position vector and displacement vector are different vector if starting point of

motion and origin of position vector are different but change in position vector, AT s always equal to

change in displacement vector, AS

i.e. AT=AS

if the starting point of motion and the origin of position
vector coinside (i.e. becomes same) then position vector
and displacement vector also become equal. i.e. in above
diagramif y=0then 5, =% &3, =F,

Hence defining velocity :

y
A
_ t“x
N HEH NS = AT
Initial a
. S, = I =X
point |/~ 2 ° _palZ
»X
o]

/

z

DETECTIVE MIND

It is the rate of change of displacement or position w.r.t. time is called velocity

Uniform Velocity (Constant Velocity):

A particle is said to have uniform velocity, if magnitude as well as direction of its velocity remain same. This

is possible only when it moves in a straight line without reversing its direction.

Non-Uniform Velocity (Variable Velocity):

A particle is said to have non-uniform velocity, if both either magnitude or direction of velocity change.

Average Velocity:

It is defined as the ratio of displacement to time taken by the body

) ; As
Average velocity = M; Ve
Timetaken At

Say a particle is moving on the curve path as show in
figure which is starting motion from initial point 'i' its
displacement at time t = t1 is s; and displacement time t
=t, is s, then its average velocity during time interval
t =t; to t = to will be directed along As or Ar
. As -

av :_:>vav ||AS

At
Instantaneous Velocity:
It is the velocity of a particle at a particular instant of time.

Initial ¢
point

() KGS
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KINEMATICS

DETECTIVE MIND
Instantaneous velocity is simply called velocity.

. L . Ar dr ds
Instantaneous velocity v=Lm—=—=—
A0 At dt dt

Intanteneous velocity is always directed along tangent to the path followed by the particle.

t=t1+At Tangent

t=t,
P

IfAt—>0

Now As for time interval t = t; to t = t; + At will be so small that it will be along tangent to the path at (point P)
position of the particle at time t = t..

. h . S . ds
For 1-D motion the direction can be taken care of positive and negative signs so, v=d— can be expressed as
t

_ds

V=
dt

Magnitude of velocity is the speed i.e. Speed =|V|

. ds A f S2 2
For 1-D motion v=a:>ds =vdt. So total displacement from timet=t;tot=1t,, _[ ds :It vdt
sy t

For 1-D motion if object reverses its direction of motion velocity changes its sign and it has to be zero at
certain Instant.
Direction reversing

-V V=0

If motion is not 1-D (i.e. motion of curve path) then velocity of the particle at reversing point may or
may not be zero. For example motion on a circular path.
In 1-D motion, if velocity is given as function of time, v = f(t) then total displacement as function of time, s = f(t) will

be,v="35 = ds=f(t)dt
dt

Total displacement duringt=t;tot=1t

[Fds=["f(t)dt=]s, s, =As=]"f(t)dt

4

=
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PHYSICS

> Velocity may be positive, negative or zero.
> If velocity is continuously changing with time i.e. velocity is the function of time then time average velocity
B [vat
<V, > =
©fat
> If velocity is continuously changing with distance i.e. velocity is the function of space (distance) then space
average velocity -
Ide
<V, > =
jdx
. d
> Average speed > | Average velocity | & w >
|average velocity|
> When a particle is moving on any path, the magnitude of instantaneous velocity is equal to the
instantaneous speed.
> A particle may have constant speed but variable velocity.
When a particle is performing uniform circular motion then for every instant of its circular motion its speed
> remains constant but velocity changes at every instant.
> When particle moves with uniform velocity then its instantaneous speed, magnitude of instantaneous
velocity, average speed and magnitude of average velocity are all equal.
v=|V]|=va= |\73V|
SOLVED EXAMPLES
Example 8: If a body is moving with velocity v = t*+ 2t. Find the average velocity between 1 and 2 second.
9 27
(1) =m/s (2) —m/s
2 4
12
(3) =m/s (4) Zero
5
. 2
vdt (€ +20dt o
Solution: As < V> (average velocity) = —>— = = P m/s
29 e
1

Example 9: A particle travels first half of the total distance with speed vi. For the rest journey it travels with

speed v; for the first half of the time and with speed v; for the rest half of the time. Find average
speed for the particle during complete journey?

) 2V, (V, +Vy) 2) Vi +V, +V,
2V, +V, +V, 3
(3) 2V,V,V, (4) 3vy(V,V;)
V,+V, +V, V,+V, +V,
S
Solution: Say particle travelled S distance during the complete journey, > distance travelled with speed v,

S t t
and rest E distance travelled for time t, and ?2 time travelled with v, and next ?2 travelled with

speed vs.
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KINEMATICS

Vi V2 V3
A B c D
das = =
2 |<- >|
tag = —— tsp = t (say)
“ formme oo oh-m oo .
tec= teo= -
) S t t S
=dsp=— = Vatgc + Vatep = — =SV +V,-=—
2 2 2 2 2
=wt+vit=S =t= S
v, +V,
S 2v, (v, +v;)
Average speed = S Nt
Y A O\ 2v, +V, +Vv,
2v, Vv, +V,

Example 10:  If a particle travels the first half distance with speed v; and second half distance with speed v..
Find its average speed during the journey.

vV, +V 2v,Vv
(1) == (2) %
2 vV, +V,
v,V
(3) P (4) Jvv
v, +V, 1
. s, +S .
Solution: Vayg, = —2% = 25 = 2V - Harmonic mean of viand v,
IV s S v, +V,
7+7
Vl VZ
o
A s | S B
[ 1 ®
4..V1 .......... N ............. V 2 ......... >
s S
t,=— o S
Vl V2

(For same distances covered with different speed)

Example 11:  If a particle travels with speed v; during first half time interval and with v, speed during second
half time interval. Find its average speed during its journey.

R S T I
t t

v, +V PAYAY, ° ' ®

m === (2) = A "o B
1 2

YA
(3) ﬁ (4) v,

1 2

s, +s, (v +Vv,)t v, +v
t+t 2t
(For distances covered in equal time)

Solution: Vavg = 2 = Arithmetic mean of vy, v2
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Example 12:

Solution:

Example 13:

Solution:

Example 14:

Solution:

Example 15:

Solution:

A car moves at a velocity 2.24 km htin first minute, at 3.60 km h™ in the second minute and at
5.18 km hin the third minute. Calculate the average velocity in these three minutes.

(1) 1.33 km/h (2) 2.25 km/h (3) 3.67 km/h (4) Zero
2.24+3. i
Average velocity = *3 :O+5 8 =3.67 kmh™ (distance covered in equal time)

A bird flies due North with velocity 20 ms™ for 15 s it rests for 5 s and then flies due South with
velocity 24 ms™ for 10 s. Find the average speed and magnitude of average velocity. For the whole

trip.
(1) 18 m/s, 3 m/s (2)12 m/s, 4 m/s (3)9m/s, 2 m/s (4) 18 m/s, 2 m/s
i 20x15+24 x1 4
Average speed = M = M = 2 =18 ms!
Total time 15+5+10 30

Average Velocity = Displacement _ 60j-_ 57
Totaltime 30
Magnitude of average velocity = 12j]=2 m/s

The displacement of a point moving along a straight line is given by s = 4t? + 5t- 6. Here s is in cm
and t is in seconds calculate

(i) Initial speed of particle (ii) Speed at t = 4s
(1) 5cm/s, 37 cm/s (2) 8 cm/s, 22 cm/s (3)5cm/s, 28 cm/s (4) 8 cm/s, zero
ds

(i) Speed (v) = ™ 8t + 5, Initial speed (i.e. att=0),v=5cm/s

(i) Att=4s,v=8(4)+5=37cm/s
A cyclist moves on a circular track from A to D in time t as shown in figure. What is the average

speed and averge velocity of the cyclist.

1) =— 2) 2=, — 3) £ g) 2™ N2
()t’ ()t’\/it ()t’t ()t’t

3nr
Distance travelled in time, t = ABCD = %

2nr g 3nr r 27r 2J§r 3nr r\/E
t

distance travelled 3mr /2

Average speed = -
time taken t

() KGS
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KINEMATICS

Distancement in timet = AD = rF+r = T\E

_n2

Average velocity = B

Example 16:  The boby travels a distance s; with velocity vi and s; with v, in the same direction. Calculate the

average velocity of the body.

(1) (Sl +52)V1 V2 (2) (Sl +52)V1 V2 (3) SZ V2 +Sl Vl (4) Sl V2 +SZ Vl
Sl V2 +52 Vl SZ V2 +Sl Vl (Sl +52)V1 V2 (Sl +52)V1 V2
Solution: Time taken for distance (s1) is given by,
t1=s1/v1

vVVVYvyaHP

4.3

Time taken for distance (s,) is given by,
t2=s2/Vv2
Total distance covered =s1 +s;;
Total time taken =t; + t,

total distance

.. Average velocity = ——— > ~*
total timetaken

_ S +S, S, +5,
L+t (s /v)+(s,/s,)

— (51 +S2)V1 \P
S, V,+S, V;

ACCELERATION :

The rate of change of velocity of an object is called acceleration of the object.

It is vector quantity. It's direction is same as that of change in velocity (Not in the direction of the velocity)
Dimension : [M°LT?]

Unit : metre/second?(S.l.), cm/s*(C.G.S.)

Uniform acceleration

A body is said to have uniform acceleration if magnitude and direction of the acceleration remains constant
during motion of particle.

Non-uniform acceleration

A body is said to have non-uniform acceleration, if either magnitude or direction or both change during
motion.

When a particle moves with constant acceleration, then its path may be straight line or parabolic.

—» Constant acceleration(a) V
> a=g a=g a=g¢g

Motion ParabolicPath l
Straightpath a=zg

Average acceleration
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PHYSICS

> It is ratio of total change in velocity to the total time taken by the particle
5 AV V,-V,
TOAt At
4.4 Instantaneous acceleration(Simply callled acceleration)
> It is the acceleration of a particle at a particular instant of time.
. Av dv
=a=Lim—=—
At—o At dt
> first derivative of velocity is called instantaneous acceleration.
L odv dr dr
G-y _dF ps v=97
dt dt dt
> second derivative of position vector is called instantaneous acceleration.

by~
o » DETECTIVE MIND
ol > When a particle starts from rest and moves with constant acceleration then its path must be a
straight line.

> When a particle moves with variable velocity then acceleration must be present.
> When a particle moves continuously on a same straight line with uniform speed then
acceleration of the particle is zero.

> When a particle moves continuously on a curved path with uniform speed then acceleration
of the particle is non-zero. For example, uniform circular motion is an accelerated motion.
For a particle moving with uniform velocity acceleration must be zero.
When a particle moves with non-uniform speed then acceleration of the particle must be
non-zero.
The direction of average acceleration vector is the direction of the change in velocity vector.
Acceleration which opposes the motion of body is called retardation.
Rest is the condition when it’s velocity and acceleration both are zero.

Momentarily rest is the condition when particle reverses it’s direction and it’s velocity is
K zero and acceleration is non-zero. /

Y V¥V

YV VY

4.5 Velocity Change

Velocity Change
|

v v v

Only speed changes Only direction changes Both speed & direction changes
v and a are parallel vl a 0 is any value other than 0°,90°
or antiparallel i.e. i.e.0=90° 180° 6 € (0°, 90°)— accelerate
0=0°o0r180° direction 0 € (90°, 180°) —»
v 3 retarded direction changes
a
6=0""
(accelerated motion) or
v
P
0 =180° v
asin®
dv . dv v t . . . .
> E =aor Eza =dv=adt = I dv =IO adt| <« always applicable either a is constant or variable
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:v—u:j;adt

:Ivdv:ajtdt —=>Vv—u=at = |V=U+at| « applicable only if a is constant
u (o)

ds .
— =V
dt

3_[ds=_[0tvdt :_[Osds=.|.;(u+at)dt

:>$=v (in case of 1-D motion)

2
= 5=Ut+53t < applicable if a is constant

> A particle is moving on straight line path whose initial velocity at t=0 is u and final velocity at time t=t is v

after making displacement s then,

dv . d o :
:>d—\t/:a -%_; (v =velocity in 1-D motion)
dv d
= —Vx—S:a(here s is displacement in 1-D motion)
dt ds
ds dv dv v ou s
= " X & a= P a :>J'u vdv IO ads > 5k Always applicable either acceleration is

constant or variable

VZ

W s
:>———:.[ ads
2 2 Jo

2 2 2 2
\" u s \" u

If a = constant :———:aj ds =>———=as =|V' ~u’ =2as
2 2 o 2 g

> Displacement making by a particle in nt, second In 1-D motion : (if a = constant)
_dx
T dt
= Idx = Iv dt

= ] dx T (u+at)dt

Sn1 t=n-1

1
= Si—Sn1=u[n-n+1] + > a[n*~(n-1)3

1
=S :u+5a (n?=n%?-1+2n)

h a
Snt :U+E(2n—1) <« applicable only if 'a' is constant

> To apply the above equation we consider either of the two possible direction along line of motion to be
positive and other to be negative. The known parameter are used with proper signs while must not use by
guessing the sign of unknown parameter.
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> Sign of velocity (+ve or -ve) represents the direction of motion but sign of acceleration indicates the direction of

acceleration.
> If velocity and acceleration both are having same sign, then magnitude of velocity (i.e. speed) is increasing
and if both have opposite signs, then magnitude of velocity (i.e. speed) is decreasing.
I Speed increase Speed increase
1 1 1
Speed decrease
a 'y >V () ve—]
1 1 1
--- y ey 1 1
i —>(+)a ()ae—
! Retardation ! !
1 U L
: | Acceleration | Acceleration
(-) v I —p(+)a Speed decrease ] ]
< 1 1 1
1 1 1
"""" L Retardation ! !
1 1
> How to solve variable acceleration problems
(i) If acceleration is given as function of velocity, i.e. a = f(v) then velocity as function time will be

azd—vand a="f(v)
dt
dv
:>E—f(V)
= dv=f(v)dt

v t,
= L dv= L dt, where u is velocity at time t; and v is velocity is time t,
1

Solving this equation, we will get velocity function of time
(ii)  If acceleration is given as function of displacement, i.e. a = f(s) then velocity as function of displacement will be

a=Vd—V and a = f(s)
ds

= v(;j_sv = f(s) = LV vdv = f: f(S)dS , where u is velocity at displacement s; and v is velocity at displacement s,
Solving this equation, we will get velocity is function of displacement.
"
/) DETECTIVE MIND )
1> WhenV=f(x)=|a=v®|and V=f(t) = a= 3V
dx dt

.

5. MOTION IN STRAIGHT LINE WITH CONSTANT ACCELERATION :

Equation of motion are valid when acceleration is constant.

1
> v=u+at >s:ut+£at2 > v2-u?=2as

() KGS

= NEET|JEE



KINEMATICS

(u+v)

1 1
> s=vyt= t > s=vt—§at2 >sn—sn_1=snth=u+£a(2n-1)

> All the equation of motion can be used in 2-D motion in vector form.

5.1 Concept of Stopping Distance And Stopping Time:

> A body moving with a velocity u is stopped by application of brakes after covering a distance s. If the same body
moves with velocity nu and same braking force is applied on it then it will come to rest after covering a distance

of n?s.

2

Asvi=u’-2as = 0=u?-2as = s= socu? [since a is constant]

&S

So,we can say that if ‘u’ becomes n time then ‘s’ becomes n? times of previous value.

u
> Stoppingtime: v=u—at=0=u-at = t=-= tocu[since a is constant]
a
So, we can say that if u becomes n times then t becomes n times that of previous value.
5.2 Reaction Time:
It is the time gap between observation & execution

> During the reaction time the body travels with constant velocity.

Here
t = 0 — time of observation
t = dt — time of brake applied

(Reaction time)
=0 D= i =1t

51 rl I‘

t =t — car comes at rest

s — s topping distance

SOLVED EXAMPLES

Example 17:  Given V=ti +1*J . Find rate of change of speed.

: )1+2¥ . 154 4 t’ : )Jl+¥
1 2 3 4
1+t 1+t 1+t 1+2t
Solution: V=ti+t] = [VVE+t =t

. t? 1+2t°
Rate of change of speed = av) =1+t x1+ 1 (1+t) Y2 x 2t = V14t + = = -
dt 2 V14t W1+t

Example 18: The velocity of a particle is given by v = (2t> -4t + 3) m/s where t is time in seconds. Find its
acceleration at t = 2 second.
(1) 8 m/s? (2) 4 m/s? (3) 2 m/s? (4) Zero

dv d
Solution: Acceleration (a) = d—\t/= " (2t2—-4t+3)=4t-4
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Example 19:

Solution:

Example 20:

Solution:

Example 21:

Solution:

Example 22:

Solution:

Therefore, acceleration att=2sisequaltoa=(4x2)-4=4m/s?

(i) If s=2t3+3t2+ 2t + 8 then find time at which acceleration is zero.

(1)t=1s (2)t=0.5s

(3)t=4s (4) Acceleration can't be zero

(ii) Velocity of a particle (starting at t = 0) varies with time as v = 4t. Calculate the displacement
of particle betweent=2tot=4s

(1)12m (2) 24 m (3)36 m (4) Zero

1
(i) v= $=6t2+6t+2:>a: j—v:12t+6:0 =t= _E which is impossible.
t t

Therefore, acceleration can never be zero.
4
-- ds 27 2 2
(i) =~ D=v.s= jv dt= |4tdt = [2] =2(4)-2(2)2=32-8=24m
dt 5 2

The velocity of particle moving in the positive direction of x axis varies as v = a+/x , where ais a

positive constant. Assuming that at moment t = 0, the particle was located at the point x = 0. Find

(i) The time dependence of the velocity and the acceleration of the particle.

()voct’;acct (2)voct;aoctl (3)voct®;accte (8) v oc tV?; @ oc t712

(i) The mean velocity of the particle averaged over the time that the particle takes to cover
first s meters of the path.

S S S
(1) avs 2) a£ (3) a£ (4) a£
2 4 3
fdx | 242
) Ve adk = ook [ =afar = x=
dt o‘/; 0 &
d 2 1 d 2
Velocity v = x_2at @ a’t Acceleration (a) = LAy
dt 4 2 dt 2
(ii) Time taken to cover the first s distance
i it 4s s s av/s
X = = s= = t= | — = Vgy= - = .
aZ

A body is moving with velocity 2i +3t2j, find its average acceleration after 2 seconds.

(1) 6i+6] (2) 3i (3) 6] (4) —6i +6]

Av(Change in velocity)

As <a> (average acceleration) =
At(Total time taken)

o =2i+0j,V,  =2i+12] therefore,= AV=V, ,~V. . =0i+12] = <3>=0i+6]

initial initial
A particle is moving along a straight line OX. At a time t (in seconds) the distance x (in meters) of
particle from point O is given by x = 10 + 6t% -2t3. How long would the particle travel before its
acceleration becomes zero.
(1)4m (2) 8 m (3)16m (4)24 m

dx

Initial value of x at t =0 x; = 10m Velocity V= a= 12t — 6t?

g@ KGS
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Example 23:

Solution:

Example 24:

Solution:

Example 25:

Solution:

Example 26:

Solution:

Example 27:

Solution:

a=12-12t whena=0, t=1
xatt=1,x=10+6-2=14 Distance travelled = x;- x;=14-10 = 4m

Given V=3i+4jand a=i+]j.Find rate of change of speed?

2 4 7
(1) =m/s? (2) =m/s? (3) =m/s? (4) Zero
3 3 5
- a-v 4 7
Projection of ain the direction of v=rate of change of speed = 3-v = %: 3% = s m/s?.
Vv

A particle moves on circular path of radius 5 m with constant speed 5 m/s. Find the magnitude of
its average acceleration when it completes half revolution.

(1) g m/s? ) ) (3) % m/s? (4) Zero
T

1
Change in velocity = 2v sin 9 =2vsin ? =10 m/sec

. . mr 7wx5 10
Time takenbyit= —= —=7; aag= —
v 5 b

Two cars start off a race with velocities 2m/s and 4m/s travel in straight line with uniform accelerations
2 m/s?and 1 m/s? respectively. What is the length of the path if they reach the final point at the same
time?

(1)4m (2)8m (3)16m (4)24m

1
Since both particle reach at same position in same time t then from s :ut+5at2
st ; 1 o\t? 2
For 1% particle : s = 2(t) +5(2) =2t+t
1
For 2" particle : s :4t+5(1)t2 Equating above equation we get 4t +=2t+t> = t=4s

Substituting value of t in above equation s=4(4)+(1)(4)*=16+8=24m

A particle moves in a straight line with a uniform acceleration a. Initial velocity of the particle is
zero. Find the average velocity of the particle in first 's' distance.

as as a
= (2) Vas (3) \/; (4) \/;

1, hi]: — as
ws=—at L= = Eas Average velocity=- = |=2
t 2

t2

(7]

A train, travelling at 20km/hr is approaching a platform. A bird is sitting on a pole on the platform.
When the train is at a distance of 2 km from pole, brakes are applied which produce a uniform
deceleration in it. At that instant the bird flies towards the train at 60 km/hr and after touching
the nearest point on the train flies back to the pole and then flies towards the train and continues
repeating itself. Calculate how much distance the bird covers before the train stops ?

(1) 9 km (2) 12 km (3) 24 km (4) 64 km

For retardation of train v>= u? + 2as = 0=(20)?+2(a)(2) = a=-100 km/hr?
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Example 28:

Solution:

Example 29:

Solution:

Example 30:

Solution:

Example 31:

1
Time required to stop the trainv =u + at =0=20-100t= t= s hr
Di 1
ForBird,speed:m =sg=VvgXt=60x — =12 km.
time 5

A train starts from rest and moves with a constant acceleration of 2.0 m/s? for half a minute. The
brakes are then applied and the train comes to rest in one minute.
(i) Maximum speed attained by the train is :

(1) 24 m/s (2)32 m/s (3) 60 m/s (4)90 m/s
(i) Total distance moved by the train is :
(1) 600 m (2) 900 m (3) 1200 m (4) 2700 m
(iii) The position(s) of the train at half of the maximum speed are :
(1) 1250 m (2) 2250 m (3) 960 m (4) 3600 m
(i) maximum speed attained = v=u+at = v=2x30=60m/sec
1

(ii) distance covered in this time = S1= > x 2% (30)2=900 m

Deceleration = v=u-—at = 60=60a=a=1

1
Distance covered in deceleration time = S2=60x%x 60— 3 1x(60)>=s,=1800m

Total distance = 900 + 1800 = 2700m = 2.7 km

(iii) Position of train when speed is half
2 2

VZ=0+2 X2 X X1 =X1=225m when deceleration = =2x1xx,=x,=1350

So, distance at which speed is half = 1350 + 900 = 2250 m = 2.25 km

A driver takes 0.20 s to apply the brakes after he sees a need for it. This is called the reaction time
of the driver. If he is driving a car at a speed of 54 km/h and the brakes cause a declaration of 6.0
m/s2. Find the distance travelled by the car after he sees the need to put the brakes on.

(1)54m (2)18.6m (3)21.75m (4)32.5m
Reaction time = 0.20 sec = velocity = 54 km/hr = 15 m/sec = Acceleration = 6 m/sec?
Now distance travelled in 0.2 sec =15%x0.2=3m

Distance travelled during deceleration = 152=2 x 6 x x = x = 18.75 mTotal distance =21.75m
A bullet losses (1- 1/n) of its velocity in passing through a plank. What is the least number of
planks required to stop the bullet ? (Assuming constant retardation)

(1) — RALEL @yl " (4) —

2 2 2 2
1+(n_1j 1_(n_1j 1_(n+1] 1+(n+1j
n n n n
2

2
2
Thickness of plank = t. Now deceleration of bullet = (—j V=v2-2at=>a= — (1_[n_1j j

n 2t n
1
2
-1
(%)
n

A car start for rest and moving with constant acceleration 2 m/sec?. It covers first 100 meter

Number of planks required = a. then = 0=v?—2a (at) = a. =

distance in time t; and second 100 meter in time t, then find ratio of time t; : t,.
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(1)1:3 2)1: 2 3)1:4/2 -1 4)1: 242 -1

Solution: a=2m/sec? = For 1100 m = ty= !Zx;OO =10

=t 4ty = /zleoo 1042 =  t£=10(yi=1) =  t:t=1:({2-1)

Example 32: A car start from rest and moving with constant acceleration 5 m/sec?. The distance travelled in

the first 5 sec is x; hext 5 sec is x, and last 5 sec is x3. Then X1 : X2 : X3 is

(1)1:4:9 (2)1:1:1 (3)1:3:5 (4)2:3:5
Solution: a=5m/sec?

1 125 1 500 125 375

x1= — x5x(5)2= —/, X2= = x5x%x(10)2—x;= ——- —" = ==
2 2 2 2 2 2
1 625

X3=EXSX(15)2_X1_X2=T X1:X2:x3=1:3:5

RO

>
>

GRAPHICAL SECTION :
Graph: Relation between two variables can be expressed into two ways

y =f(x)
(i) Algecbrically or by equation y = f(x) (ii) Graphically
X
Example: y = x*find value of y of at x = + 2.
Solution: Algebraic method: yx=:2=(+2)? =4
Graphical method: By observing graph atx=+ 2 we gety=4
Graph: Geometrical representation of relation between two variables.

Distance Time-Graph:
Slope of straight line joining the distance - time graph at t = t; and t = t, gives the average rate of change
distance with respect to time i.e. speed for time interval t = t; to t = t; and slope of tangent of any point on
distance covered versus time graph gives instantaneous speed of a particle at any point t = t;.

s S

S2

S1

0 | ' t
t
t=t; t=t, ¢ ! q
-— S -—
As Sy—8; Intantaneous speed = prie tan 6
average speed = e tan 6
274

Area of distance-time graph has no physical significance.

Time can never be negative.
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S S
A A
Saf—r.__ 1.
1 1 .
(i) ! ! . (ii) 0
> >t
0 t1 t 0
As t—increases t = Increases
s — constant s — increases
Slope of s-t graph = 0 Slope is constant
i.e. speed = 0 i.e. tan6 = constant
i.e. Particle is at rest .. speed is constant
s
‘-i A
1 52
1
(iv) : (v) S1
0, /‘{ 1 >t >t
St g 0
01
. Graph not possible
As t — increases, S—Increases .
As t — increases
slope > slope
pe)art Pelary s—decreases
tan0O1)at:, >tan0z)ate,
. speed)at+, > speed)att,
i.e. slope of tangent decreases
i.e. speed decreases
s
A
S3
S2
(vi) g (viii)
L >t >
0 t 0

Graph not possible

As particle is at three

different place at one time

Graph not possible as time t
is constant but distance is

increasing.

(iii)

L%l

)

1

1
0,/ W

(vi)

t; >t

o

\

s
\

As t — increases, S—increases
slope)att, < slope)att,

tanB1)aty, <tanBz)aty,
.. speed)at 1, < speed)arr,

i.e. speed increases

(ix)

0 t t,

Graph not possible
As t — increases

s—decreases

Graph not possible as time t
is negative
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S1

Graph not possible as distance

s is negative

IE ~< SPOT LIGHT

\
> By observing distance time graph we cannot predict about the path followed by the
particles OR we cannot tell about the path that it is straight path or curve path

Displacement-Time Graph :

Slope of straight line joining the displacement - time graph at t = t; and t = t, gives the average rate of
change displacement with respect to time i.e. velocity for time interval t = t; to t = t, and slope of tangent

at any point of x —t curve gives the instantaneous velocity at any timet=t;

x(displacement) x(displacement)
X2
. /
]
t = t
t1 ty
. A - . . .
Average velocity = A—: = % =tan 0 instantaneous velocity at timet=t; = % =tana
2~ bl

Magnitude of slope of tangent at any point of x — t curve gives the instantaneous speed at that point

Area of x —t curve has no physical significance

d

dx) d’x
Rate of change of slope of x —t curve {E(EJ :F} represents acceleration at any instant.

To convert displacement—time curve into distance-time curve, we take the mirror image of section of

negative slope about an imaginary line parallel to x-axis.
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i »
>
>

(i) »
>
>

(iii) >
>
>
>
>
>
>

Distance d (m)

A
12
11}
10
9k
sl
7k
6}
Displacement s (m) sk
A
4k 4l
3F 3
21 2k
1r 5 10 15 1F 5 10 15
0 ] 1 1 0 1 1 1
1tk Ak
2k 2
3k 3k
4k -4k
o 2dfF-=--=-==—— - =
o - g
S ! &
1
B di--- L Baf---
1 1 1 ro¥ 1 1
1 1 1 %) 1 1
| 1 | [a)] 1 |
1 1 J 1 1
0 t1 t2 t4 0 t1 t ts
Time Time
the slope of x-t graph is zero T
v=0 X
so body is in rest condition
t—> n
The slope of curve is constant so
o 1 n &
= constant =tan 30° = T unit, a =0.
3
30°

So body moves with constant velocity & zero acceleration.

For the curve

As t — increases, Xx—>increases

initial slope is zeroi.e.u=0

Slope is positive throughout i.e. velocity = +ve

Magnitude of slope)a:, < Magnitude of slope)at.,

dx
— <speed
™ peed)

att, att,

dx
<_
4

= speed)
att,

at

Since, speed is increasing with time it means it is an accelerated motion

2
= acceleration = +ve i.e. a = +ve

t2

() KGS

=4, NEETI|JEE



KINEMATICS

»  So body starts from rest & moves with constant acceleration
(iv) » Forthe curve fi
» Initial slope is +ve i.e. u = +ve
1
»  Slope is +ve throughout i.e. v = +ve always .
1 1
> Magnitude of slope)at;, > Magnitude of slope)at., "2/7‘{0 't t' >t
0 1 2
dx dx
—| >|—| =speed),, >speed),,
dt att dt att ' ’
2

»  Since, speed is decreasing with time it means it is an retarded motion.
d’x

>
dt?

=—-vei.e.a=-ve

»  So body starts moving with a certain velocity is being retarded

6.4 Speed-Time Graph :
Area of speed-time graph gives total distance covered.
Area enclosed with time axis
Average speed from v-t curve can be calculated as v,, = &
Time-interval
\Y \'
A
V1_'_'_
1 1 1
1 1 1 .
(i) Lo ; (iii) (iv)
— 11 5t 1 t
o - u b .
. ] . As t —> increases
As t — increases As t — increases As t — increases
v — decreases
v —> constant v —> increases vV —zero
Att= t,v=v,
Att=t;,v=vy Att=t;,v=vy
Andatt=t,,v=v; Andatt=t,v=Vv; Andatt=t2,v=vl
v v
Vv A A Vv
A Vi = = = A
______ 1
V2 vif- - 1
1 : 1
! vi 1 ]
(v) vi|---- 1 V) : 1 (vii)
1 1 > t
5 = —bt of t ¢t ol t t
As t — increases As t — increases As t — increases As t — increases
v — increases v — increases v— decreases v — decreases
Att=0,v=0 Att=0,v=0 Att=0,v=0 Att=0,v=0
I i "'"-- SPOT LIGHT
By observing speed-time graph we cannot predict about the path followed by the particles
OR we cannot tell about the path that it is straight path or curve path
6.5 Velocity-Time Graph:

> Slope of straight line joining the velocity - time graph at t = t; and t = t, gives the average rate of change
velocity with respect to time i.e. acceleration for time interval t = t; to t = t, and slope of tangent of v-t
graph gives instantaneous acceleration at any time t = t; that point
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YV V VY V

v
\
Vi
) n
i
1B (\(-\6 t
tl tZ \\\
. Av V,—V
Average acceleration =— = 2 =tan 9
At t—ty

Here average acceleration is negative as

0 is obtuse angle so magnitude of average

. Av
acceleration=| —| =
At

V2—Vy
-t

=tanf

. dv
Instantaneous acceleration =—=tan 0

de
Here instantaneous acceleration is negative as

0 is obtuse angle so magnitude of instantaneous

. d
accelerationatt=1t; = | d—:l =tan

Area of v-t graph provides change in displacement.

Area of magnitude of v-t graph gives total distance covered.

Average velocity from v-t curve can be calculated as v,, =

Area enclosed with time axis

Time —interval

To convert v-t curve into speed-time curve, negative section of curve is made positive as speed can not be

negative.

Following Standard v-t curve represents :—-

(i)

>

(i)

(iii)

(iv)

The slope of curve is zero so
a=0& v=constant
So body moves with constant velocity.

The slope of curve is positive i.e. = +ve also slope is constant which denotes

a = constant

So body starts from rest & moves with constant acceleration.

v=0,a=0
So the body is at rest

The slope of curve is negative i.e. = —ve

So the body moving with certain velocity is retarding with constant retardation.

t—>

L
|
N
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(v) Slope is changing continuously & is always positive i.e. a= variable,
> Magnitude of slope)at:, < (Magnitude of slope)at.,

dv dv

dt dt

<

att,

Also = (acceleration),,, <(acceleration)

att,

att,

= Acceleration is increasing

> So the body is moving with variable & increasing acceleration.

(vi)  Slope is changing continuously & is always positive i.e. @ = variable,
> Magnitude of slope)at., > Magnitude of slope)at:,

dv dv

Also
dt

= (acceleration),,, >(acceleration),, < £/
2 4 »
7 >t

dt
att, /e 0 tl tZ

= Acceleration is decreasing

att,

> So the body is moving with variable & decreasing acceleration.

6.5 Acceleration-Time Graph :
> Slope of curve provides an idea about the rate by which acceleration changes but it does not represent any
physical quantity.
Area under the curve denotes change in velocity of any particle in motion
Area enclosed with time axis

> Average acceleration from the curve can be calculated as aaw. = - -
Time —interval

T TA
a a
(i) (ii)
0 = >
I t —>» t —>»
a o« t, tan 0 = constant, a oc t%i.e. uniform or constant acceleration

i.e. uniformly increasing acceleration

0
(iif) (iv)

t1— increases

a— increases

As t — increases

Magnitude of acceleration — increases

Att=0,a=0andt=1t;andt; ais negative

6.6 Following Graphs Do Not Exist In Practice:
Case-l
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t—> tt—p t—>
Explanation: In practice, at any instant body can not have two velocities or displacements or accelerations
simultaneously.
Case-ll
spee d Dlstﬂnce

.

\ >t

Explanation: Speed or distance can never be negative
X A V A a A

Case lll

> > t >t

Explanation: It is not possible to change any quantity without consuming time.

SOLVED EXAMPLES

Example 33:  For the following x — t curve calculate

(i) Displacement o
(i) Distance 40
(iii) At what time average velocity is zero. 20
(iv) Also Draw distance-time curve (in sec.) i " - >
Solution: (i) Displacement
=x—%X=0-20=-20m }E(m)
(ii) Distance
=140-20| + |40—-40| + |0—-40| =60 m 404
(iii) Average velocity is zero where particle attains its 20 E\
initial position g ti12 '
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40-20 20-0 X

= = —— = t=10sec. 4
t-8 12—t 30
(iv) Since the slope of curve is negative from
t=8tot=12s. 404
Mirrorimage ot
So distance-time curve will be drawn as 20+ "4~ betaken
48 12 >

Example 34:  For the given v —t curve calculate
(i) Displacement
(i) Average velocity

(iii) Distance 10m/s .
(iv) Acceleration —>
5 i t(sec.
(v) Speed-time graph ‘ \ (sec.)
Solution: (i) Displacement = Area, Since h 4.8 : =>v=—-"6

So Displacement

_(1 1 _
-(5X10x5j—5(3x6)-16m 10m/s

6m/s\

»
»

16
(ii) Average velocity = E= 2 m/s]

v

(iii) Distance = +

l><1O><15
2

%x3x—6‘ =34 m

(iv) acceleration = slope = v = -2 m/s?
(v) Speed-time curve will be drawn as

Example 35: A car accelerates from rest at a constant rate o for some time, after which it decelerates at a
constant rate [3, to come to rest. If the total time elapsed is t, evaluate

(i) The maximum velocity attained and
(ii) The total distance travelled.

1( o+ 1( aft’
) @B 1P 2Bty obt
aft 2\ aft o+B 2\ a+p
1( o +p’ 1( o+
5 _ab_ o w b e
(a+B)t 2{ opt (a+B)t> 4\ aft
Solution: (i) Letthe car accelerates for time t;and decelerates for time tathent=t:+t> ...... (i)
and corresponding velocity-time graph will be as shown in. fig.From the graph o = slope of
line OA = Ymax
t

v
orty= /% .. (ii)
o

and B =—slope of line OB = Ymax  or ty= Ymax ...(iii)
t

2
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Example 36:

Solution:

Example 37:

Solution:

Example 38:

Solution:

o+
From Egs. (i),(ii) and (iii) Yinax + Ymax =t or Vmax | — 5 |1 Or Vmax= apt
o B af a+f

1 1 1( apt’
(i) Total distance = area under v-t graph = — Xt X Vmax= — xt x apt , Distance = — b
2 2 o+ 2{ o+

Note: This problem can also be solved by using equations of motion (v = u + at, etc.).
Velocity-time graph of a particle moving in a straight line is shown. Find out the displacement of particle.

v(m/s)
A
20 C
A B
10
DL

o g 4 oy
(1)80m (2) 120 m
(3)60 m (4)90 m
Displacement = area under velocity-time graph.

1

Hence, soa= E x2x10=10m =>54=2%x10=20m;v=+ve,a=0

10+20
2

or soas=10+20=30m, v =+ve,a =+ve = Spgc= zx( j=30m

20+0
2

or soasc=30+30 =60 m and scp = 2><[ j= 20m, v = +ve, a = —-ve

or Soascp=60+20=80m
Velocity time graph for a particle moving in a line is given. Calculate the displacement of the
particle and distance travelled in first 4 seconds.

v(m/s)
' N
2
\ N |
» t(sec)
° 3 6
—2
(1)0,2m (2)2m,4m (3)0,4m (4)4m,4m

Take the area above time axis as positive and area below time axis negative then displacement = (2-2)
m = 0 while for distance take all areas as positive the distance covered s = (2 + 2)m =4m

The acceleration of a particle starts traveling along a straight line is shown in figure. The maximum
speed of the particleis :

+51
a—z
(ms™) 4 812 16 t(s)
-5+
(1) 60 m/s (2) 40 m/s (3)30 m/s (4) 50 m/s

Particle will accelerate upto t = 8 sec as acceleration is positive till t = 8 sec
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8

Av = Iadt=area under a—tcurve = %X4x5+4x5=30
0
Vi—Vi=30 = v— 0 =30 = {Vmax = Vs = 30 m/s}

Example 39: A particle starts from rest and undergoes an acceleration as shown in figure. The velocity-time

graph from figure will have a shape.
a(ms?)

v V Vv v
(1) ’v’t (2) lAt 3) Fﬁt (4) %t

Solution: Till t = 2 s, there is constant acceleration a m/s? and after that there is constant deceleration —a
m/s? (same magnitude). So velocity first increase from 0 to maximum and finally becomes zero.
Vv
t
OO

7.1

MOTION UNDER GRAVITY (FREE FALL) :
Acceleration produced in a body by the force of gravity, is called acceleration due to gravity. It is
represented by the symbol g.

Value of g =9.8 m/s? = 980 cm/s? = 32 ft/s?

In the absence of air, it is found that all bodies (irrespective of the size, weight or composition) fall with the
same acceleration near the surface of the earth. This motion of a body falling towards the earth from a
small altitude (h<<earth's radius) is called motion under gravity. Free fall means acceleration of body is
equal to acceleration due to gravity.

If A Body Is Projected Vertically Upward:

Positive / Negative directions are a matter of choice. You may take another choice v
Taking initial positions as origin and initial direction of motion (i.e. vertically up)

as a positive, a=-g @
So, if a body is projected with velocity u and after time t it reaches a height h then
For maximum height(H),v=0

So from above equationu=gt;

It is called time of ascent (t1) = u/g
In case of motion under gravity, time taken to go up is equal to the time taken to fall down through the
same distance.

Time of ascent (t1) = Time of descent (t;) = u/g
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7.2

7.3

7.4

7.5

2
Total time of flight T=t1 +t> = Moand w= 2gH = H=L

g 2g
2H

max

g
If A Body Is Projected Vertically Downward With Some Initial Velocity From Some Height:
Taking initial position as origin and direction of motion (i.e., downward direction)as a positive, we have

from s = vt — at? = t(Time of ascent) =

1 []*
V=u+gt, h=Ut+§ | lu
nl l—
vZ=u?+2gh, hnm =u+ % (2n-1) [
I

If A Body Is Dropped From Some Height (Initial Velocity Zero): T e
Taking initial position as origin and direction of motion (i.e. downward direction) as a 1* u-o
positive, here we have x [
u=0 [As body starts from rest] h | |

1 =
a=+g so v=gt, h= - gt v =2gh l | l

2 TR -.\.'.l'\.-'-.‘-‘.\‘.'-.‘-'-.'\.‘.'-.

if a body is projected vertically upward with some initial velocity
from a certain height:

v=—-u+gt
! 2
H=-ut+ -gt
2
v2=u?+ 2gH

hnth = —U+ g (2n-1)
2

application of equation of motion in motion under gravity : v=0
Taking initial position as origin and upward direction as negative. ’ T A
1
v=—u+gt;H=—ut+Egt2:>v2=u2+2gh;nth=—u+%(Zn-l) Tu + h
2 O | T
Maximum height attained by the body mx=H+h=H+ L | H
2g | ; ma
u’ | l&)
Distance travelled by the body H+2h=H+ . H | v
8
1 1 | :
Time taken by the bOdy to reach the ground H=-ut+ Egtz = Egtz_ TELRSNS \\\{\ \\\\\i\\\\\\\::\\\\\\\\\\

ut—-H=0=gt’—2ut-2H=0

After solving this equation we get the result.

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

The magnitude of velocity at any point on the path is same whether the body is moving in upward or
downward direction.

Graph of displacement, velocity and acceleration with respect to time.

(For a body projected vertically upward)
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A
§ QuZIZg)
+VA +ah

g @ulg

>t —u -9

(u/g)

> As h=(1/2) gt? i.e. h oc t?, distance covered in time t, 2t, 3t, etc., will be in the ratio of 12: 22: 32, j.e. square
of consecutive integers. (in case of free fall, from rest)

> The motion is independent of the mass of body, as mass is not involved in any equation of motion. It is due
to this reason that a heavy and light body when released from the same height, reach the ground
simultaneously and with same velocity

ie., t= (Z_hJ and V=4/2gh

g

> The distance covered in the n" second, (For a body dropped from some height)
1
hn = Eg(Zn—l)

> Graph of distance, velocity and acceleration with respect to time :
(For a body dropped from some height)

X \Y aA
Jg—
tan6 =g
>t & >t >t

> If various particles are thrown with same initial speed but in different directions then.

They strike the ground with same speed at different times irrespective of their initial direction of velocities.
Time would be least for particle E which was thrown vertically downward.

Time would be maximum for particle A which was thrown vertically upward.

A ball is dropped from a building of height h and it reaches ground after time t.

From the same building if two balls are thrown (one upwards and other downwards) with the same speed

YV V V VY

u and they reach the ground after t; and t, seconds respectively then t = 4ftlt2
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7.6 AirDrag:

ou=0
g¢ h g¢

¢ airresistance 4 T airresistance
Lo u

4 s

S a

> A body is thrown vertically upwards, if constant Air resistance is to be taken into account :
For upward motion :-
Net acceleration anet = g + a (downwards)
If maximum height attained by the particle is 'H' then

2H 2H
Tascent = 4| = lascent=

Ayet g+a

For downward motion : -

2H
Net acceleration anet = g - a (downwards) So tgescent = 4| AlSO tdescent > tascent

> For downwards motion a and g will work in opposite directions because a always acts in direction opposite
to motion and g always acts vertically downwards.

SOLVED EXAMPLES

Example 40: A ball is projected vertically up with an initial speed of 20 m/s on a planet where acceleration due to
gravity is 10 m/s2 (i) How long does it take to reach its highest point ? (ii) How high does it rise above
the point of projection ? (iii) How long will it take for the ball to reach a point 10 m above the point of
projection ?

Solution: As here motion is vertically upwards, a=g and v=0
(i) From 1st equation of motion, i.e., v=u + at, 0=20-10t, ji.e.,t=2s
(ii) From 3rd equation of motion, i.e., v2 = u? + 2as, 0=(20)2-2x10xh, ie,h=20m
1
(iii) From 2nd equation of motion, i.e., s = ut +5 at’, 10=20t- (ljx 10 x t?
2
e, t?—4t+2=0 or t=2+.>2, i.e.,,t=059s0r3.41s

i.e., there are two such times, as the ball passes twice through h = 10 m once when going up and
once when coming down.
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Example 41:

Solution:

Example 42:

Solution:

Example 43:

Solution:

Example 44:

A juggler throws balls into air. He throws one wherever the previous one is at its highest point.
How high do the balls rise if he throws n balls each sec ? Acceleration due to gravity is g.

As the juggler is throwing n balls each second and 2nd when the first is at its highest point, so time
taken by one ball to reach of highest point,

t=(1/n)s and as at highest point v = 0, from 1st equation of motion,
0=u-(g)(1/n),i.e.,,u=(g/n) ... (i)

Now from 3rd equation of motion, i.e.,

8 g

vi=u’+2as, = 0=u%-2gh,i.e., h=(u?/2g) orh= o [as from Eqn.(l),u=—}
n n

A pebble is released from rest at a certain height and falls freely, reaching an impact speed of 4
m/s at the floor. Next, the pebble is thrown down with an initial speed of 3 m/s from the same
height. What is its speed at the floor ?

(1)3m/s (2) 5m/s (3)8m/s (4)12 m/s
16
1tcase vZ=u?+2gh = 16=0+2x10xh = h=5m
nd 2 2 2 16 2 2
2" casev’=u’+2gh = v=9+2x10x5 = vi=9+16 =>v?=25[v=5m/s]

A ball is thrown upwards from the top of a tower 40 m high with a velocity of 10 m/s, find the
time when it strikes the ground (g = 10 m/s?)

(1)1s (2)2s (3)3s (4)4s

In the problem u=+10m/s,

a=—10m/s* and s=—40m

(at the point where ball strikes the ground

+ve

u:lOm/sl %

[
||

[ h

[

a=-10m/s’

. ] 1
Substituting in s =ut+ E at?

—40=10t-5t?0r 5t>—=10t—40=0
or t°-2t-8=0

Solving this we have t =4 s and — 2 s. Taking the positive valuet =4 s.

A body is dropped from a height h above the ground. Find the ratio of distances fallen in first one
second, first two seconds, first three seconds, also find the ratio of distances fallen in 15t second,

in 2" second, in 3" second etc.
(1)1:3:5;1:1:1 (2)1:4:9;1:3:5 (3)1:3:5;1:4:9 (4)1:12:2;1:3:5
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Solution:

Example 45:

Solution:

Example 46:

Solution:

. L 1
From second equation of motion, i.e. h = > gt?

1
Now from the expression of distance travelled in n second s, = u + E a(2n-1)
1
Hereu=0,a=g So, Sn = E g(2n-1)

1 1 1
Therefore S1: Sy : Szevveeennnns :Eg(ZX1—1):Eg(zxz—l):Eg(ZXB—l):1:3:5 ..........

A rocket is fired vertically up from the ground with a resultant vertical acceleration of 10 m/s2.

The fuel is finished in 1 minute and it continues to move up.

(i) What is the maximum height reached ?

(1) 18 km (2) 36 km (3) 72 km (4) 108 km

(ii) After the fuel is finished, calculate the time for which it continues its upwards motion.
(Take g = 10 m/s?)

(1) 60s (2)120s (3) 240 s (4) 180 s

(i) The distance travelled by the rocket during burning interval (1minute = 60s) in which resultant
acceleration is vertically upwards and 10 m/s? will be hy = 0 x 60 + (1/2) x 10 x 602= 1800 m =
18 km and velocity acquired by it will be v =0 +10 x 60 = 600 m/s

Now after 1 minute the rocket moves vertically up with initial velocity of 600 m/s and
acceleration due to gravity opposes its motion. So, it will go to a height h, from this point, till
its velocity becomes zero,

such that 0 = (600)? — 2gh, or h, = 18000 m = 18 km [g = 10 ms™?]
max height =36 km

(ii) As after burning of fuel the initial velocity 600 m/s and gravity opposes the motion of rocket,
so from 1% equation of motion time taken by it till its velocity v=10

v=u+at=0=600-10t = t =60 sec

A block slides down a smooth inclined plane when released from the top, while another falls freely

from the same point. Which one of them will strike the ground: (i) earlier (ii) with greater speed?

In case of sliding motion on an inclined plane.

h=sin9 = s=_L, a=gsind ﬁ@
s sinB h
\/Z 2 h 1 [n :
ts: -~ XTI —
a gsin® sinB sinB\ g
Vs = {/2as = ?nginex _he = \IZgh = v,
sin
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2h
In case of free fall te= ,|— and ve= «/Zgh =Vs=Vp
g

(i) - sinB <1, te< ts, i.e.,falling body reaches the ground first.

(ii) ve=vs i.e., both reach the ground with same speed.

Example 47: A particle is thrown vertically upward with the velocity of 15 m/s against gravity and air resistance
of 5 m/s?. Find the time of flight and maximum height attained.

(1) v/3's,15m 2) N2+Ds,15m (3) (\V3+1) s, 30m (4) («/§+1)s,%m

Solution: vi=u’+2ah = 0=15°-2x(g+a)h = h= 15x15 = {h :gm}
2(15) max T o

2h 2h
tascent = 4|7 = " =1sec = tdescent= |7 = 2x15 = \ESEC
g+a 2x15 g—a 2x5

Time of f|lght =T = tascent + tdescent = (1 +\/§ )SEC
OO

8. GENERAL TWO DIMENTION (2-D) MOTION:
General two-dimensional motion is the motion where two of the three co-ordinates' changes with time to
deal with such motion we consider the motion to be the superposition of two 1-D motion occurring
simultaneously along two axes (say x axis and y axis) respectively. Here time is the connecting thread of
two 1-D motions. Also all the concepts 1-D motion are applicable as they are, while motion along either
axis is dealt but we use component of velocity in place of velocity and component of acceleration in place
of acceleration.

(0,y

(x,0)

- 2% ~
Example: I =at’l +2btj, aand b are positive constant.

(a) Find equation of trajectory (relation between x and y) i.e. y (x)
(b) Time dependence of angle between V and 3 (acceleration)
Solution: (a) To find the equation of trajectory

(i) Write equation of displacement along y axis as function at time,t.
(ii) Write equation of displacement along x axis as function of time,t.
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(iii) Find the value of time,t from one equation and put the value of time in another equation.
F=at’i+2bt] = xi+yj =at’i +2bt]
Motion along y axis A

y:-zbt:st=ib (1)

Motion along x axis
» X

2
y a
- 2 - _ - 2
X = at :>X—a(_2b] = X= (Ejy \4'I'rajectorv

(b) V=2ati~2b] and a=%=2a?+o]

. . dv 3 ) dv
Motion along x axis ax = d—x = 2a and motion along y axis ay = S Y =0
t t

a=2ai
Say angle between 3 & v is O
cosp V2 (2ati - 2bj)-(2ai +0j) = [ &%
e N @ RN s 7
sty + @) || flzay +(0 | Vaeem 2t +b

Example: A particle moves in xy plane with velocity V=ai+bxj where a and b are constants. At intial
moment of time (at t = 0) the particle was located at x =y = 0 find equation of trajectory of the particle.

Solution: V=ai+bxj=v,i+v, j=ai+bxj

. q dx X t X
Motion along x axis = v, :a:d—:a:'[o dx:joadt:x=at:>t:—
t a

abt?

Motion along y axis — v, =bat= J.Oydy :J.Otbatdt =>y=

ab( x b=
So equation of trajectoryis Y=—| — | =VY=| — |X
2\a 2a

Example: A balloon start moving a constant velocity vo (ascending rate) d, wind the ballon acquires a
horizontal velocity component vx = ay when a is positive constant and y is hight of ascent find dependence
of horizontal drift on hight of ascent

. : . d t

Solution: Motion along y axis—> v, =V, Y :jydy :I vdt=y=vit = t= LA y

dt 9 0 v, A

. . dx x t av,t’ . Eya
Motion along x axis— v, =—=ay:>I dx:f av tdt=x= , putting value of t v
dt 0 0 2
. . aVO y2 a 2 » X
we get equation of trajectory > X=——X—=X=| — |y >
2 v, 2v,

PROJECTILE MOTION :

Assumption:

Horizontal and verticall is defined with respect to the earth surface
Horizontal: Parallel to earth surface

Vertical: Perpendicular to earth surface

() KGS

=/ NEET|JEE



KINEMATICS

Horizontal Vertical

Earth's surface Earth's surface

[Parallel to inclined  [Perpendicular to inclined
plane but not horizontallplane but not verticall]

IE ~< SPOT LIGHT

\

> Horizontal and vertical are not universal direction as horizontal direction for one observer
standin at the pole is verticall for other observer standing at equator. Here we will talk
about small range distance so for all observer horizontal and verticall will be same.

J
When a body is projected such that velocity of projection is not parallel to the force (6 other then 0° and
180°), then it moves along a curved path. If force on the body is constant then curved path of the body is
parabolic This motion is studied under projectile motion.

(i) A particle thrown in the space which moves under the effect of gravity only is called a "projectile".

(ii)  Any particle under the influence of the only force "gravity" (mé) will have an acceleration equals "g"
vertically downwards near the earth surface.
(iii)  Value of "g" near earth's surface is g=10m /s> or 9.8m /s> or 980cm /s or 32feet /s>

(iii)  Itis an example of motion with constant (or uniform) acceleration. Thus, equations of motion can be used
to analysis projectile motion.

(iv)  If a particle posse a uniform acceleration in a directions oblique to its initial velocity, the resultant path will
be parabolic. Let X-axis is along the ground and Y-axis is along the vertical, then path of projectile projected
at an angle 6 from the ground is as shown.

DETECTIVE MIND

Projectile motion may be 1-D motion (it is projected vertically upward) or 2-D motion (if it is
projected at some angle with the horizontal except 90°)

Y
i VVA}' """ Y v, =0
1 i V', =ucoso
> T D
© :
ulz,i 8
—»> O
P S
I
= =
‘@
]
I
3
Y A
»> X
(0,0) u, =ucos6

Types of Projectile

(i) Ground to Ground or Level to level Projectile
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(ii) Hight to Ground Projectile

(iii) Ground to Hight Projectile

10. GROUND TO GROUND PROJECTION :
Projectile motion can be considered as two mutually perpendicular motions, which are independent of each

other i.e. Projectile motion = Horizontal motion + Vertical motion

10.1 Horizontal Motion:
Initial velocity in horizontal direction = ux= u cosb
Acceleration along horizontal direction = ax =0. (Neglect air resistance)

Therefore, horizontal velocity remains unchanged.

A\ 4

At any instant horizontal velocity ux = u cos6
> At time t, x coordinate or displacement along X-direction is

X=Ut = X = (u cosB)t

10.2 Vertical Motion:
It is motion under the effect of gravity
Initial velocity in vertical direction uy = u sin0
Acceleration along vertical direction=ay,=-g

> At time t, vertical speed vy = u, - gt = usin® — gt
> In time t, displacement in vertical direction or "height" of the particle above the ground

1 ) 1
y = uyt - > gt? = (usin®) t — > gt?
10.3 Net Motion:
Net initial velocity = = uy i + uy] =ucosOi +u sinO]
Direction of u can be explained in terms of angle 0 it makes with the horizontal
Net acceleration :E:ax?-l-ayj:—g] (direction of g is downwards)

10.4 Coordinates of Particle At Time T:
Let (x, y) are coordinates of particle at general time t, then
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1
X = Ut andy=uyt-5 gt?

Net displacement in t time = «,XZ +y2

10.5 Velocity Of Particle At Time T :

=v i+ J=uc i+ (uy—gt) ) =ucosf | + (usind —gt) ]

magnitude of velocity |v| = ./vi +v?

If angle made by velocity with the ground is a, then
v, u,—sgt gt
tana=— = = tana = tan6 -
v, u, ucos0 ucos 0

10.6 Change In Velocity And Momentum Of Projectile :

usinf—gt _

When particle returns to ground again at B point, its y coordinate Y
is zero and the magnitude of its velocity is u at angle 0 with

ground. Total angular change = 260

Initial velocity Uy =ucos0i+usin0j

Final velocity U =ucosfi—usin®j
Total change in velocity | AV |=2usin®, Total change in momentum
| AP |=m| AV |=2usin© . change in speed =0
10.7 Time Of Flight (T):
At time T particle will be at ground again, i.e. displacement along Y-axis becomes zero.

1 1 5 :
.'.y=uyt——gt2 -'-0=UyT——gT2 or T= i=2usm9
2 2 g g
Time of ascent = Time of descent = T_Y _usin
2 8 g

at time 3 particle attains maximum height of its trajectory.

10.8 Maximum Height (H):
At maximum height, vertical component of velocity becomes zero. At this instant y coordinate is maximum
2 2 .2
22 2 u, u-sin“0
vvo=u,—-2gy v0=uj-2gy  —H= Y=—"—
y y y max 28 2
10.9 Horizontal Range Or Range (R):
It is the displacement of particle along X-direction during its complete flight.
2u, —R= 2u,u, _ 2(ucosB)(usin®) _ u’sin20
g g g g
10.10 Maximum Horizontal Range (R,ax):

= X = Uxt - R=uxT= uy

If value of 6 isincreased from 6 = 0° to 90°, then range increases from 0 = 0° to 45° but it decreases beyond
45°, Thus range is maximum at 6 = 45°
u® sin2(452) s R = u

g g

For maximum range, 6 = 45° and Rmax =
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10.11 Comparison Of Two Projectiles Of Equal Range:
When two projectiles are thrown with equal speed at angles 6 and
(90°-0) with horizontal then their ranges are equal but maximum
heights attained are different and time of flights are also different.

2 .
Atangle O,R = U sin20

g
—0),R'= u’ sin2(902—06) _ u’sin20
g g
Maximum heights of projectiles
u’sin’(90°-0) _ u”cos’ 0

At angle (90° = Thus,R'=R

2 - 2
H:us'neand H' =

2g 2g 2g
H . 29 4 .. 2 7 R2
> == s'nz = tan20 . o 8 B A ezcos 08 . r_avhr
H' cos" 0 4g 16
> H+H.=uzsin29+u2c0529:H_I_H.:i
2g 28 28

Time of flight of projectiles

T= 2usin® T = 2usin(902-0) . 2ucos
g 2g g
T in6 2 g
> TI_ sin — tand . T TR 4u sm9c059=§:.|_.|_. ~R
T' cosB g’ g
10.12 Equation Of Trajectory :
Along horizontal direction X=Ust or x = (ucos0) t

1 1
Along vertical direction y=ut— 5 gt® or y = (usin®) t — > gt?

On eliminating from these two equations

2
1 X 1 X2
= (u'sin@ X - -8 = =xtan0- —g —
v=l )(ucosej 2 (ucosej y 2 8 u’ cos’ 0

This is an equation of a parabola so it can be stated that projectile follows a parabolic path.

Again  y=xtanf [1—L} = y = x tanf [1_§}

2u? sinOcos O R

10.13 Kinetic Energy of Projectile:
1
Kinetic energy = > x Mass x (Speed)?
Let a body is projected with velocity u at an angle 0.

1
Thus, initial kinetic energy of projectile, Ko = E mu?

1
Since velocity of projectile at maximum height is u cos 6. SO Khmax = > mu? cos?0 = Ko cos? 0

which is the minimum kinetic energy during whole motion.

> At maximum height, vy =0 and vy = ux = ucos6 so at maximum height V= vi +v5
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11.
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11.2

At maximum height angle between velocity and acceleration is 90°.
Magnitude of velocity at height 'h'.
Vertical component of velocity at height h
2_ 2 2
v,=u-2h = V| = (usinf)2-2gh
Horizontal component of velocity at height h

Vx= U c0os0 = |V|=\/vi +v? =Ju2 cos’ 0+ (U’ sin” 0—2gh) = |\7|=«/u2—2gh

T and H depend only upon initial vertical speed u,
If two projectiles thrown in different directions, have equal times of flight then y
their initial vertical speeds are same so that their maximum height are is also
same.
If Hy = Hg then (Uy)A = (Uy)B and Ta=Ts
For situation shown in figure for 6 = 45°
Here Rmax = ﬁ and H = —uz sin” 45¢ = ﬁ
g 2g 4g y
Rmax = 4H = 4(maximum height attained)

When R=H = R = u’(2sinBcos 0) and H = u’sin’ 0 H
g 2 45
O R > X
R 222 max i

= ﬁ=4cot6=1:>4cot6=1:>tan9=4:>6=tan‘1(4)
HORIZONTAL PROJECTION FROM HEIGHT :
Consider a projectile thrown from point O at some height h from the ground

. . : A (0,0) u X
with a velocity u in horizontal direction. A= >

Now we shall deal the characteristics of projectile motion separately
along horizontal and vertical directions i.e. hi
Horizontal direction: | Vertical direction:

(i)Initialvelocityu, =u | Initialvelocityu, =0 M

(i) Accelerationa, =0 | Acceleration a, =—g

Trajectory Equation :

The path traced by projectile is called its trajectory. After timet, x=utandy = —%gt2 negative sign indicates
that the direction of vertical displacement is downward.

_ 1 X2 X
o yEmoeg |t

This is equation of a parabola. Above equation is called trajectory equation
Velocity at a general point P (x,y)

_ 2 2
v—,[vx+vy

Horizontal velocity of the projectile after time tisvx=u (remains constant)
Velocity of projectile in vertical direction after time t is

vy=0—(g)t =— gt (downward) .'.V=«}V2+g2t2
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114

11.5

12.
12.1

12.2

12.3

12.4

v
y t . L . . .
and tan0 = V_ ortanf =— g (negative sign indicates clockwise direction)
u
X

Displacement:

A A

The displacement of the particle is expressed by S=Xi+yj

N 1 N
Where |s]= X’ +Y’ = (ut)l—(ggtzJJ

Time of flight :
1
From equation of motion for vertical direction. h=u,t + >
2h
At highest pointu,=0= h =gT? = T=|—
g

Velocity after falling a height hq:

Along vertical direction = 02 +2(h.)(g) => vy = 280,

Along horizontal direction vy = u, = u. So, velocity, v = \/vi +v$ =\/u2 +2gh,

OBLIQUE PROJECTION FROM A CERTAIN HEIGHT :
Projection from a height at an angle 0 above horizontal :
Ux=ucos 0 uy = - usin®

x=(ucosO)t ay=g

1
H=(-usin0)t+ Egt2 gt?—(2usin0)t-2H=0

After solving the above equation we get the result

Velocity after falling height h :

Along vertical direction ; = (-usin®)? + 2(h)(g)
Along horizontal direction, vx = ux = ucos0;

So, velocity, v = , /vi +v5 = \,uz +2gh

Projection from a height at an angle 0 below horizontal : Aé
Ux = ucos 0 uy=usin 0 2
c=(ucos0)t ay=g Hé
H=(usin6)t+1gt2 gt?+ (2usin0)t-2H=0 2

2 72

After solving the above equation we get the result.

Velocity after falling height h :

() KGS

=== NEET|JEE



KINEMATICS

12,5

Along vertical direction, Along horizontal direction, vy = ux = ucos0; So, velocity, v = \/vi +v5 =\/u2 +2gh

Projection on inclined surface

angle made by inclined plane with horizontal = 6
angle of projection with inclined plane = a
angle of projection with horizontal = o + 6
motion along x axis motion along y axis

Ux = U COS O Uy=usin o
ax=—gsina ay=—gcos0
sy=0

for time flight apply sy=uyt +1/2 a, t> alongy axis
0= usinat—1/2gcos 0T

T=0, 2usino
gcosO
2usinao
T=
gcos0

t=0is the time when particle is at the point of projection while projecting the projectile By to find AB (range
along inclined plane) apply motion equation along x axis
Sx = UxT +1/2 ax T?

1
sx=ucosaT o gsinBT2

{ gsin® 2usina}
—uT|cosa-

2 ugcosoO

AB =uT [cosacose—sinesina}we get AB (range) after

cosO

putting the value T
2u° [cos(0+a)sina]

AB
(range) gc0s’ 0

SOLVED EXAMPLES

Example 48: Find the equation of trajectory of the body if the position vector of the particle is given as

(i) r =ati—bt’] (ii) F =asinoti-acoswt
(iii) f=3sinoti+4cosot (iv) f=2sinoti-3sinot]
Solution: (i) As x = at and y = —=bt? on solving the equation we get y = — baX: : 0, path is parabola
(i) x = asin ot, y =—a cos ot = x> + y?= a®: so, path is circle
2 2

(iii) x = 3 sin ot, y = 4 cos ot = %+I—6:1: so, path is ellipse

3
(iv)x=2sinot,y=-3sinot=>y= -5 X : so, path is straight line
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Example 49:

Solution:

Example 50:

Solution:

Example 51:

Solution:

Example 52:

Solution:

A projectile is thrown with speed u making angle 6 with horizontal at t = 0. It just crosses two
points of equal height at time t = 1s and t = 3s respectively. Calculate the maximum height attained
by it? (g =10 m/s?)

(1)4m (2)12m (3)16m (4)20m

Displacement in y direction

1 1
yquX1—EgX(l)Z:UVX3—Eg(3)2:>uy:2g:20m/s

2

Maximum height attained hmax = 2—y= 20m.
g

A stone is to be thrown so as to cover a horizontal distance of 3 m. If the velocity of the projectile
is 7 m/s find:
(i) the angle at which it must be thrown

(1) 18.5° (2)37° (3) 71.5° (4) Both (1) and (3)
(i) the largest horizontal displacement that is possible with the projection speed of 7 m/s.
(1)3m (2)5m (3)8m (4) 10 m
2 R
(i) RangeR= YL sin2 0 = sin 29=g—2 = 9'8>;‘D’=0.6=sin 37° y
g u (7)
=20=37° = 0=18.5°
angle of projection may also be 90° - 18.5°~71.5° N90°—0
(i) For largest horizontal displacement 6 = 45° maximum range O < 3 > X
m
2 2
Rmax = u—=(7) =£><10=5m .
g 9.8 98

Two projectiles are projected at angles (6) and [g—e) to the horizontal respectively with same

speed 20 m/s. One of them rises 10 m higher than the other. Find the angles of projection. (Take

g=10m/s?)
(1)37°,53°  (2)30°, 60° s s (4) 18.5°, 71.5°
2 - 2 2 - 2 2 .. 2
Maximum height H= Y50 — 1, = 20Fsin"0 _ 55 6in2 g g, = 20V SINT(/2-0) _ 54 4529
2g 2g 2g

hz - h1 =20 [cos?0 — sin%0] = 10 => 20 cos 20 = 10 => c0s20 = % =20 =60° = 6=30° and 6'=90° - 0 = 60°

A boy stands 78.4 m away from a building and throws a ball

which just enters a window at maximum height 39.2m above
the ground. Calculate the velocity of projection of the ball.

(1) 19.8 m/s (2)39.2m/s
(3)54.6 m/s (4)24.4m/s
2 -2
Maximum height = 2 sin” 8 m....(i)
2g

2 . 2 .

Range = Y SiN20 _ 2u7sin0cosO _ 5 754 i)
g g

from equation (i) divided by equation (ii) tan6 =1 = 0 = 45°

2 . o
from equation (ii) range = Usin90® _ 5 784 = u= J2x78.4%x9.8 =39.2 m/s
g
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Example 53:

Solution:

Example 54:

Solution:

Example 55:

Soluiton:

Example 56:

Solution:

A particle thrown over a triangle from one end of a horizontal base falls on the other end of the
base after grazing the vertex. If o and B are the base angles of triangle and angle of projection is
0, then prove that tanf = tan o + tan f.

From triangle y =x tan a.and y = (R-x) tan

tanoc+tanB=X+L= yR
X R-x x(R—x)
X YR
'.'y:xtane[l——}:tanez
R x(R—x)

tanO=tana+tanf

A particle is projected from the ground at an angle such that it just clears the top of a pole after
t; time in its path. It takes further t; time to reach the ground. What is the height of the pole ?

1 1 g 1
(1) Eg(t1+t2) (2) 28 T+t (3) E(t1+t2)”2 (4) Egtlt2

Height of the pole is equal to the vertical displacement of the particle at time t;

1
Vertical displacement y = u,t; + > gti? ... (i) and total flight time t; + t2 = 24y =uy= %(t1 +1,)
g

1 1 1
put value uy in equation (i) =y = %(t1 +1,)t > —g(t1)? = 4 gt1 1, so height of the pole = Egtlt2

A ball is thrown from the ground to clear a wall 3 m high at a distance of 6 m and falls 18 m away

from the wall, the angle of projection of ball is :-

vel] ) Dl )

From equation of trajectory, y = xtan6 [1—5} Y,
R
6 2 3m
=3=6tanf| 1-— | =>tanB= — ) -
24 3 ~ > < > X
6m 18m

A particle is projected with the velocity v = ai +bj then calculate

range, height and time of flight of particle.

Horizontal velocity =vx=a Vertical velocity =vy=b
Then time of flight = » Range of projectile = », a= 2ab
g g g
bZ

Maximum height of projectile = b? = 2gh = h = =
g
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Example 57:  An aeroplane is traveling horizontally at a height of 2000 m from the 1ooms)

ground. The aeroplane when at a point P, drops a bomb to hit a
2000m
stationary target Q on the ground. In order that the bomb hits the

target, what angle 6 must the line PQ make with the vertical ?

[g=10ms™?
(1) 37° (2) 30° (3) 45° (4) 53°
Solution: Let t be the time taken by bomb to hit the target. 100ms”
1
h=2000 = ~gt’ = t = 20s R = ut = (100)(20) = 2000 m
2 2000h
R 2
tanf= —= ﬂ=1:> 0 =45°
h 2000

Example 58: A relief aeroplane is flying at a constant height of 1960 m with 600 km/hr speed above the ground
towards a point directly over a person struggling in flood water. At what angle of sight with the
vertical should the pilot release a survival kit if it is to reach the person in water ? (g = 9.8 m/s?)

(1) 60° (2) 30° (3) 45° (4) 90°
. - 5 500 . Y
Solution: Plane is flying at a speed = 600 x m = 3 m/s horizontally (at a height 1960m)

time taken by the kit to reach the ground

2h
t=\/:= [2x1960 _ .5
g 9.8

in this time the kit will move horizontally by
_ 500 10,000

XxX=ut=— x20= m
3
1 1
So tan 9:5 = R0, 000 = N = QiAo E
h 3x1960 5.88

or 6=60°
Example 59: A ball rolls off the top of a stairway with a horizontal velocity u. If each step has height h and width
b the ball will just hit the edge of n™ step. Find the value of n.

2hu? hu? 2 2
(1) 224 (2) 256 (FIRES | (4) B2
gb gb 2hu hu
Solution: If the ball hits the nth step, the horizontal and vertical distances traversed are nb and nh

respectively. Let be the time taken by the ball for these horizontal and vertical displacements.
Velocity along horizontal direction = u (remains constant) and

......... >u
initial vertical velocity = zero. hi .

1
nb=utand nh=0+ —gt’ 2

2 b P

n"step
Eliminating t from the equation
R
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Example 60:

Solution:

Example 61:

Solution:

A particle is projected horizontally with a speed 20 m/s from the top of a tower. After what time

will the velocity of particle be at 45° angle from the initial direction of projection? [Let g =
10 ms™2).
(1)1s (2)2s (3)4s (4)6s

Let x and y axes be adopted along horizontal and vertically downward directions respectively.
After time t, vx = ux = 20 ms™, velocity in y direction

VX
vy=uy+at=0+gt=gt o >
v, gt v,
y \
tana=—"=__ = ifa=45°
v, 20

X

1
than1= ﬂ:>t=25
20

For shown projection from a tower, find the : 40NZmis
(i) time of flight, K
(ii) horizontal range, T

(iii) maximum height attained from ground,
(iv) striking speed. (g =10 m/s?)

1
(i) Byusings=ut+ > at?in vertical direction

1
_100:4O(T)+E(_10)T2 —T2-8T-20=0=T=10s
(i) Horizontal range R=uxT=(40)(10) =400 m
2
Y (40)*
(iii) Maximum height =100+ —=100+ . =180m
28 2(10)

(iv) Striking speed v = \,Iu2 +2gh = \/(40\/5)2 +2(10)(100) = 2023 m/s

RO

RELATIVE MOTION:
13. FRAME OF REFRENCE :
Itis the place from where observation are taken or the place from where any change in parameter of motion

(distance, displacement, velocity, acceleration, energy, force etc.) is noticed.
> The observer must be as rest with respect to that place.

A\ 4

The term of "frame of refrence" stands for observer only so it has nothing to do with the object.

> A man sitting inside a moving train may called him self his seat overt the train to be his "frame of reference"

as another man moving inside the same train can not call the train to be his "fram of reference" as he is not
rest with respect to the train.

() KGS

= NEET|JEE



PHYSICS

13.1

13.2

13.3

RELATIVE VELOCITY IN ONE DIMENSION :
When we consider the motion of a particle, we assume a fixed

point relative to which the given particle is in motion. For example, A A B vV,
if we say that water is flowing or wind is blowing or a person is NT" .

. . : X
running with a speed u, we mean that these all are relative to the — 2 >

earth (which we have assumed to be fixed).
Displacement of B with respect to A = Displacement of B as measured from A

= Vg =V, —V Relative = Actual - Reference

While moving in same frame of reference :
For same direction :

. . . 5 0 g v \Y;
When two particles are moving in the same direction, then magnitude __ "1 «—
of their relative velocity is equal to the difference between their or
. . . A -
individual speeds. Vs, Vs,

[V | OF 9, ] =Vi=V2

For opposite directions :

When two particles are moving in the opposite directions, then v, v,
—> ‘—
magnitude of their relative velocity is always equal sum of their or
<_4— *’
individual speeds. Vs, Vs,

[V,,| OF |V, | =Vi+ V2

Note :-

When two particles move simultaneously then the concept of relative motion becomes applicable
conveniently.

Numerical Applications

When two particles are moving along a straight line with constant v, = const. V3 = const.
speeds then their relative acceleration must be zero and, in this ¥, i,
condition, relative velocity is the ratio of relative displacement to time. — -
when are, =0 v, ‘T_
When two particles move in such a way that their relative acceleration A B

is non zero but constant then we apply equation of motion in the Va - constant Vg = constant

relative form.
ar=0 a=a
aas = aa—as aps=0—a=-—a=constant

Equation of Motion (Relative)

=u? (Ure|.+VreI.)t

rel.

1
> Vrel. = Urel. + arel.t > Srel. = Urel.T+ E arel.t2 > 2

rel.

N |-

+2a., S.. > Srel. =
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(ii)

RELATIVE VELOCITY IN A PLANE 4 Ve

For 2D motion: /VA I
Relative velocity of A with respect to B can be calculated as S

Vag =Va~ Vg -

v

= o [\2 2
:>|VAB|—\/VA+VB 2v,v, cos0

For two particles to collide :

their combined relative displacement becomes zero.

their combined vertical velocities will be same: if they are projected from same level (in case of projectiles)
their combined motion can be converted into 1-D motions.

Relative path of a projectiles w.r.t. another projectile :

Two projectiles are thrown from ground with different velocities at different angles. Since both projectiles
have equal accelerations so their relative acceleration is zero. Thus path of one projectile w.r.t. other is a
straight line and motion of one projectile w.r.t. other is uniform.

If u1 cosO1 = u, cosOy then relative path is a vertical line.

If us sinB1 = u,sinB7 then relative path is a horizontal line.

RAIN-MAN PROBLEM :

If rain is falling vertically with a velocity v, and an observer is moving horizontally with speed v,, the velocity

of rain relative to observer will be

As observed by the v
When man is at rest man when moving J

e~

vRM :VR _VM :>VRM :_VRJ_VM

which by law of vector addition has magnitude

2 2
VRM = "VR +VM

The direction of v__ is such that it makes an angle 0 with the vertical given by 0 = tan™ (v/vg) as shown in

RM
figure.

If rain is already falling at an angle 6 with the vertical with a velocity v, and an observer is moving
horizontally with speed v,, find that the rain drops are hitting on his head vertically

downwards

Here Vam = Ve =V = Ve, = (VR SiNG — )i —vr cosO |

Now for rain to appear falling vertically, the horizontal component of v,
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15.

(ii)

(iii)

15.1

should be zero, i.e.
2
. - \Y
vasin® —vm=0=sin0 = “wand |V, |=v, cosO=v V1-sin’0=v, 1—\/—"2’I =5 Vi =AVE —V
A R
RIVER-BOAT (OR MAN) PROBLEM :

A man can swim with velocity Vv, i.e. it is the velocity of man w.r.t. still water.

If water is also flowing with the velocity v then velocity of man relative to ground -
>V
V, =V, —V;

If the swimming is in the direction of flow of water or along the downstream then

Vm:V+VR

If the swimming is in the direction opposite to the flow of water or along the *— v

upstream then vm=v-—w

If the man is crossing the river i.e. V and v, are non colinear then use vector

algebra.v_ =v+v,

CROSSING THE RIVER :

To Cross a River

v v
Minimum distance of approach Minimum time of approach
OR OR
Cross the river along shortest Cross the river in shortest possible
time
possible path
OR

Cross the river and reach a point

just opposite to the starting path

For shortest path:
If a man wants to cross the river such that his "displacement should be minimum", it means he intends to

reach just opposite point across the river. He should start swimming at an

B C
angle 6 with the perpendicular to the flow of river towards upstream. A 7
. . . ’ A
Such that its resultant velocity v, =(v +v,) . d
v
It is in the direction of displacement AB. v <
vsinb=v, A
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. . v
To reach at B vsinG =vg=sin0= -+

v

component of velocity of man along AB is vcos0

so time taken t=

d

vcosO \/vz —vﬁ

> For minimum time:

B C
To cross the river in minimum time, the velocity along AB (v cos 0) should A -
VR
. A >

be maximum. d ) >

. o . L ) Via /5 -
It is possible if 8 =0, i.e. swimming should start perpendicular to water current. 3 0/ Vi,
Due to effect of river velocity, man will reach at point C along resultant velocity, A

i.e. his displacement will not be minimum but time taken to cross the river will be minimum.

In time tmin sSwimmer travels distance BC along the river with speed of river v distance travelled along river

flow (drift of man)

SOLVED EXAMPLES

Example 62:

Solution:

Example 63:

Solution:

Buses A and B are moving in the same direction with speeds 20 m/s and 15 m/s respectively. Find

the relative velocity of A w.r.t. B and relative velocity of B w.r.t. A.

Let their direction of motion be along + x-axis then VA =(20m/s)i and VB =(15m/s)i

(i) Relative velocity of Aw.r.t. Bis v,, =v, —v, = (actual velocity of A) — (velocity of B)
=(20m/s)i —(15m/s)i =5m/si
i.e. A is moving with speed 5m/s w.r.t. B in the same direction.

(ii) Relative velocity of Bw.r.t. Ais v,, =v, —v, (actual velocity of B) — (velocity of A)
=(15m/s)i—(20m/s) i = (- 5m/s) = (5m/s)(—i)
i.e. B is moving in opposite direction w.r.t. A, at a speed 5 m/s.

A police van moving on a highway with a speed of 30 km/hr. fires a bullet at a thief's car which is

speeding away in the same direction with a speed of 190 km/hr. If the muzzle speed of the bullet
is 150 m/s, find the speed of the bullet with respect to the thief's car.

(1) 760 km/hr  (2) 540 km/hr (3) 380 km/hr (4) 190 km/hr
vy, — velocity of bullet v, — velocity of police van
vi — velocity of thief's car Vbp = Vp —Vp = Vbp = 150 x ?8= 540 km/hr

Vb = Vpp + Vp = 540 + 30 = 570 km/hr Vbt = Vb — Ve = 570 — 190 = 380 km/hr.
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Example 64:

Solution:

Example 65:

Solution:

Example 66:

Solution:

Example 67:

Solution:

Example 68:

Delhi is at a distance of 200 km from Ambala. Car A sets out from Ambala at a speed of 30 km/hr.
and car B set out at the same time from Delhi at a speed of 20 km/hr. When will they cross each
other? What is the distance of that crossing point from Ambala ?

(1) 1 hr, 60 km 30km / hr 20km/ hr
(2) 2 hr, 120 km <

_>
(3) 6 hr, 240 km
(4) 4 hr, 120 km
O
V,, =V, —v,=30—(-20) =50 km/hr O
They will meet after time t
200 200km

Givenbyt= > = =— =4hr Ambala Delhi
\Y

AB
Distance from Ambala where they will meet is x =30 x4 =120 km

Three boys A, B and C are situated at the vertices of an equilateral triangle of side d at t =0. Each
of the boys move with constant speed v. A always moves towards B, B towards C and C towards

A. When and where will they meet each other. A
" d 5 2d
3v @ v S
) 2 L S
3v 4v
BL c

By symmetry they will meet at the centroid of the triangle. Approaching velocity of A and B
towards each otheris v + v cos 60° and they cover distance d when they meet.
So that time taken, is given by
¥ d . d 2
O N - — 7
V+Vvcos 6092 v 3v

Two cars approach each other on a straight road with velocities 10 m/s and 12 m/s respectively.
When they are 150 meters apart, both drivers apply their brakes and each car decelerates at 2
m/s* until they stops. How far apart will they be when both come to a halt ?

(1)61m (2) 150 m (3)89m (4)36m

Let x1 and x, be the distance travelled by the cars before they stop under deceleration.

From Il equation of motion v? =u? + 2as,

=0=(102-2%x2x;=>x1=25mand 0=(12)2—2x2x, = x2=36m

Total distance covered by the two cars =x; + x,=25+36=61m

Distance between the two cars when they stop = 150 - 61 = 89 m.

Two trains A & B 100 km apart are travelling towards each other on different tracks with starting
speed of 50 km/h for both. The train A accelerates at 20 km/h? and the train B retards at the rate
20 km/h? . The distance covered by the train A when they cross each other is :

(1) 45 km (2) 55 km (3) 65 km (4) 60 km

(4) From relative motion equation

1
sr=urt+5art2:>ur=100km/hr ar=0,s,=100 100=100xt+0=>t=1hr

1
Distance travelled by A S=50x1+ S x 20 x (1)>=60 km

Two trains A and B which are 100 m and 60 m long are moving in opposite directions on parallel
tracks. Velocity of the shorter train is 3 times that of the longer one. If the trains take 4 seconds
to cross each other find the velocities of the trains?
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Solution:

Example 69:

Solution:

Example 70:

Solution:

Example 71:

Solution:

(1) va=20m/s, v =30 m/s (2) va=5m/s,vg =15 m/s

(3) va=10m/s, ve =30 m/s (4) va=30m/s, ve = 10 m/s

Given that vg = 3va

100+60

rel

time

Trains move in opposite directions then relative velocity vy = = VatVg=

= 4vpa=40 = va=10m/s, vg =3va=30m/s
A stone is dropped from a tower of height 80 m. At the same instant another stone is thrown from
the foot of the tower with a speed of 40 m/s. When & where the stones will cross each other.

(1)Att=2s;h=30m (2) Att=4s;h=60m A
(3)Att=2s;h=60m (4) Att=4s;h=120m N Up =0
Here S;e =80 m, i a, =g+
Urel = 40 m/S,
arel = 0 (Relative motion under gravity is a uniform motion) T
(o]

So time = Srel = 2s S

rel
Height frcim ground . v Ag o, —40m/s
H=ut+§at2 :>H=40(2)—§g(2)2=60m B a; =0V

A boy standing on a stationary lift (open from above) throws a ball upward with the maximum
initial speed he can, equal to 49 m s’*. How much time does the ball take to return to his hands?
If the lift starts moving up with a uniform speed of 5 m s and the boy again throws the ball up
with the maximum speed he can, how long does the ball take to return to his hands ?

(1)6s (2)8s (3)10s (4)16s
2x4
When lift is stationary, time of flight = Ll ;(89 =10 sec
g .

1
When lift is moving constant speed = S;e = Urel .t — 5 gt? = Sie1 =0, Urel = 49 m/sec

1
O=49t—EXQ.SXt2 =t =10 sec

A person moves due east at a speed 6m/s and feels the wind is blowing towards south at a speed 6m/s.
(i) Find actual velocity of wind blow.

(1) 12 m/s along S-E (2) 6 m/s along S-E
(3) 12\/5 m/s along S-E (4) 6\/5 m/s along S-E
(ii) If person doubles his velocity then find the relative velocity of wind blow w.r.t. man.
(1) 12 m/s along S-W (2) 6 m/s along S-W
(3) 12\/5 m/s along S-W (4) 6\/5 m/s along S-W
(I) Vact :vrel +\7ref !\‘l
Vy =V, +v, =—0j+bi =V, =6i-6] vm-6i
|V| :6\/5 m/s and it is blowing along S-E w & T °F
Vym = —6]
v :\7‘”
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Example 72:

Solution:

Example 73:

Solution:

Example 74:

Solution:

(ii) Person doubles its velocity then ﬁﬁ
Vm =12i but actual wind velocity remains unchanged.

Vy =V, —V,, =(6i—6)-12i

=V, =6i—6]
Now relative velocity of wind is 6+/2 m/s along S-W.

A man is going east in a car with velocity of 20 km/hr, a train appears to move towards north to
him with a velocity of 20+/3 km/hr. What is the actual velocity and direction of motion of train ?

(1) 30 km/hr 60° north of east (2) 45 km/hr 45° north of east
(3) 40 km/hr 60° north of east (4) 25 km/hr 30° south of east
Ve =V, =V, Voo +V, =203/3 ]+ 20i y N
IV, |=/(205/3)* +(20)* = /1600 =40 km/hr 20t
tan9=%:>9:609
20

Ve =20km/ hr

So direction of motion of train is 60° N of E or E - 60° - N

A man at rest observes the rain falling vertically. When he walks at 4 km/h, he has to hold his

umbrella at an angle of 53° from the vertical. Find the velocity of .
raindrops. 11 Vi

vertical

(1) % km/hr (2) 3 km/hr

(3) g km/hr (4) %km/hr

Assigning usual symbols and to velocity of man, velocity of rain and
velocity of rain relative to man, we can express their relationship by
the following equation v =v,_+v,,.

The above equation suggests that a still man observes velocity v _of rain, relative to the ground
and while he is moving with velocity v,_, he observes velocity of rain relative to himself v_, . Itis
a common intuitive fact that umbrella must be held against v _, for optimum protection from
rain. According to these facts, directions of the velocity vectors are shown in the adjoining figure.
Therefore v; = vin tan37° = 3 km/h

Two particles A and B are projected from the ground simultaneously in v, =20m/s

Vg =10m/s
the directions shown in the figure with initial velocities va = 20 m/s and

vg = 10 m/s respectively. They collide after 0.5 s. Find out the angle 6
and the distance x.

(1) 0 =30° x =5m (2)0=60°,x= 52 m
(3)0=30°,x= 53 m (4)0=60°,x= 10v/3 m

Both particle will collide if they are at same height in same time.

1 1 .
ya=ys=> (Uat— 5 gt’=(uy)st— S gt> = (u)a=(u)s = (vasin0)=vs

1
= 20sin6=10 = sin6=§ = 0=30°
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Example 75:

Solution:

Example 76:

Solution:

Example 77:

Solution:

In 0.5s horizontal distance covered by A is

10m/s<—eB

_ _ an e 1n. V3
X = (ux)a t = (20 c0s30°)0.5 = 10><T:5\/3m 108/

Alfé-s-?

Two particles are projected from the two towers simultaneously, 10’“1 d

T7777777777777777777T7777T7777777777

as shown in the figure. What should be the value of 'd' for their

collision?
(1) 10 m (2) 16 m (3)20m (4) 24 m
Their is no relative acceleration of between A and B.

yBA

So time of collision t = where yga = vertical displacement of Bw.r.t. A=10m.

(V) )on
(vy)sa = vertical velocity of B w.r.t.
A=0- (—10-/2sin45°) =10m /s =t=10/10=1s
d = horizontal distance travelled by B w.r.t. A = (Vy)sa . t = (10 +10+/2 cos45°) x 1 =20m.

Two boys are standing at the ends A and B of a ground where AB = a. The boy at B starts running
in a direction perpendicular to AB, with velocity vi.The boy at A starts running simultaneously with

velocity v and catches the other boy in a time t, then find t. c
_ ..
a a
(1) (2) == v
V-V, V1 +v Vi
! g A
a’ a
B) |7 =
vi-v? Ve —v;

Let the two boys meet at point C after time 't'
Then AC = vt, BC = vit
but (AC)? = (AB)? + (BC)?

= V2t2 =az+Vit2 = t2 =(V2_vi)=az

= t=

Two bodies A and B are 10 km apart such that B is to the south of A. A and B start moving with

the same speed 20 km/hr eastward and northward respectively then find. N

(i) relative velocity of A w.r.t. B.

(i) minimum separation attained during motion. - v
(iii) time elapsed from starting, to attain minimum separation. s

() Vi =V, =V, =20i-20] = |V,, |=202

v, xd
2 =20X10=5\/z

\/vi +V) 202

(ii) Minimum distance =
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Example 78:

Solution:

Example 79:

Solution:

Example 80:

52 4

(iii) Time to attain minimum separation = = — x 60 =15 min
20\2 4

A boat moves along the flow of river between two fixed points A and B. It takes t; time when going
downstream and takes t; time when going upstream between these two points. What time it will

take in still water to cover the distance equal to AB.

2t,t, t,t,
o 2] o]
a) t, +t, @ [tl +1, j

2t,t, 2

t = A= orvb+vR=AB andvb—vR=AB
vV, + Vg vV, — Vg t, t,

t +t 2t.t
— 2v,= AB  AB _ AB(l—ZJ or [;ZJ=£ time taken by the boat to cover AB
1592 t+1, Vy

A boat can be rowed at 5 m/s in still water. It is used to cross a 200 m wide river from south bank

to the north bank. The river current has uniform velocity of 3 m/s due east.

(i) Inwhich direction must it be steered to cross the river perpendicular to current?

(ii) How long will it take to cross the river in a direction perpendicular to the river flow ?

(iii) In which direction must the boat be steered to cross the river in minimum time ? How far will
it drift?

u 3
(i) To cross the river perpendicular to current i.e. along shortest path, sin6=—= S =0=37¢
v

d 200
=——-=50s

(ii) Time taken by boat, t =
vcos® o 4

(iii) To cross the river in minimum time, 6 = 0°.

d 200
Therefore, t =—=Ts=405 Drift = u(tmin) = 3(40)m = 120 m
v

A child runs to and fro with a speed 9 km h! (with respects to the belt) on a long horizontally
moving belt (fig.) between his father and mother located 50 m apart on the moving belt. The belt
moves with a speed of 4 km h™. For an observer on

stationary platform outside, what is the Mo ey Ll
(i) speed of the child while running in the direction of
motion of the belt ?
(ii) speed of the child while running opposite to the
direction of motion of the belt ? Father) chid ) — ot
(iii) time taken by the child in (i) and (ii) ? Stationary’

observer
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Which of the answers will alter if motion is viewed by one of the parents ?
Solution: For an observer on stationary plate from out side

(i) speed of child w.r.t. observer =9 + 4 =13 km/h

(i) speed of child w.r.t. observer =9 —4 =5 km/h

ey . 50 . . .
(iii) time taken by child = — = 20 sec. a and b answer alter if motion viewed by one of parents.

9x —
18

OO
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d d

Y hortest path = =
SOrEE - ycos0 \/VZ—VFZ{

d
B 3 (_ - )
:‘VAB‘:\/VA+VB—ZVAVBCOSB 2-D motion v

v
m

Vsing=v A
—
1 4
A slope=0
v o J 1
! Vi (Equation of motiorj .
V2 v, < & e
s — = .
Vi, =V, —V, V3=V, +V A
=Vv|— 127 Y1 2 “ N -
B2 Graph af N /
— K | slope| —constant
(5 Vrel=Urel +arel, t A N | slope|—decreases
1 >
» Srel=Urel t+ 5 arel, 2 — (t)
\_ )
2
> v rel .=V rel +2arelSrel
| |
\> S= (urel.+Vrel)t ) @-D Motion parametea (Z-D Projectile motion)
. |
+ Length of actual path [ —> l » N
» Scalar quantity > Shortest distance (S v-urat ~ [Ground to ground projection
» Can never be -ve » Can be +ve or -ve > x=(ucos0)t
> A|Ways increases > May increase or decrease > s=ut+ El'atz 1 1
> May be constant > May be zero 2 >y = uyt- Egtz = (usind) t — igtz
> May not be zero > Vector quantities > V2- u% =2as 5 o
. u .
> Sl unitm > Sl unitm K > (u+v) > Time ofﬂight:—":ZUSIn
» CGS unit cm » CGS unit cm R et = 2 t & &
) > | Displacement| < distance Uf, uzsinz 0
» Time rate of distance : 1 » Max. height —— =7
5 scal . ’ >s:vtf—at2 2g Zg
calar quantity » Time rate of displacement 2 . 5
» Can never be -ve > Vector quantity 1 5 e 2Usty _ 2(ucosB)(usin®) _ u’sin26
» May increase or decreage = bR » Snth= U + —23(2n-1) g g g
> May be zero » May increase or S ) 1 x?
> Sl unit |tn/s e >y=xtan6- Eg o0
» CGS unit cm/s > May be zero
X
- » Sl unit m/s ory=xtanf | 1 - —
— R
) - » CGS unit cm/s
» Time rate of velocity . \_ J
. » |velocity| = speed
> Vector quantity
» Can be +ve or -ve
» May increase or l l l l
decrease v /W .
> May be zero If v=f(t) If v ="f(x) a=f(t) as=ix Rate of change of speed = a -V
> S . 2 d vdv v L 4 5
[ unit m/s 2 a:—v afg jd\f:jadt jvd\.r:‘l‘adx
> CGS unit cm/s dt ’ 5 u %
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