Kinematics

Motion in a Straight Line

Introduction of Kinematics

Rest

If position does not change with time, then it is at rest.

Motion

If position of particle changes with time, then it is called in motion.

At t=t, position w.r.t. O (x =x1)

Z
Frame of Reference
1. It is the reference with respect to which position or motion of particle is defined.
2. Motion and Rest are relative terms which depends on Frame of reference.
3. If not specified, we consider ground as reference frame.
Conclusion (With Respect to a Reference point)
1. If position of particle changes with time, then it is in Motion.
2. If position of particle does not change with time, then it is in Rest.

Illustration 1:

Give an example where object is at rest and also in motion at the same time

Solution:

Whether a object is in rest or motion depends upon the reference frame by which you are observing,
Different reference frame may give different answers. Example: If you are travelling in a train and a woman
is sitting near you. you will see the woman near you as stationary but if someone is observing the woman
from outside the train he will see as if the woman is moving with the speed of train. Hence the two different
reference point has given two results.

Types of Motion

1-D Motion:

If position changes with time with respect to frame of reference along a straight line, motion is one
dimensional (1-D) or straight-line motion or rectilinear motion.

Examples: Motion of Train Along Straight Track, A Ball Projected Upward.
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2-D Motion:
If position changes in a plane with time with respect to frame of reference then motion is 2-D.

Examples: Projectile Motion

Examples: Circular Motion

3-D Motion:

If position changes in space with time with respect to frame of reference, motion is 3-D or motion in space.
Examples: Motions of Kite

Illustration 2:

Short following examples according to type of motion.

(1) Motion of an aeroplane (2) Earth revolving around the sun

(3) Motion of the wheels of moving train (4) Train running on a straight track.

(5) Lizard moving on the wall

(6) A sprinter running a 100 m race on straight track.

(7) A ball dropped from a building (8) An out swinging delivery in cricket

Solution:

1D: - Train running on a straight track, A sprinter running a 100 m race on straight track, A ball dropped
from a building.

2D: - Earth revolving around the sun, Motion of the wheels of moving train, Lizard moving on the wall.

3D: - Motion of an aeroplane, An out swinging delivery in cricket.

Distance, Displacement and Position Vector

Position Vector

. It is used to specify the position of a certain particle.
. A vector that symbolizes the position of any given point with respect to any reference point like
the origin.
. Direction: Always points from the Reference point (origin) of that vector towards a given point.
y
A(x1, y1,21)
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Distance
Actual length of the path traversed by the particle between initial and final position is called distance.
4m
Be > C
3m
5m
A

Distance travelled by man through path ABCA=3+4+5=12m

Key Point:

. Distance always depends on path which is followed by the particle. Does not depend on initial and
final position of the particle.

15%
A .\/\/' B
2nd path
(Distance); # (Distance);
. Infinite distances are possible between two fixed points because infinite paths are possible
between two fixed points.
. It is a Scalar Quantity.
. Unit

S.L - Metre (m)

C.GS. — Centimetre (cm)
. Dimension: [MOL!T0]
. Distance cannot be negative.

=

v v

(Particle remain at rest) (Moving)
Displacement
Shortest distance between initial & final position of the particle is called displacement.
4 m
Be P> C
3m
5m
A

Displacement of man when moving from A to Band B to C =5m
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Key Point:

. Displacement is a vector quantity, and its direction is always from initial position to final position.
. Displacement does not depend on path followed by particle. It depends only on initial & final
position of the particle.
1st path
Initial Final
Position A% »® B Pposition
2nd path
(Displacement): = (Displacement);
. Only single value of displacement is possible between two fixed points.
. Displacement may be positive, negative or zero.
. If motion is in straight line without change in direction then
distance = |displacement| = magnitude of displacement.
. Magnitude of displacement may be equal or less than distance but never greater than distance.
i.e,, distance > |displacement]|
v v
Positive/Negative
(Particle may be or may not be at rest) (Moving)
Displacement in Vector Form y

Initial position vector (ﬁ) ,Y2,22)

L, =X1f+yj+zlf<
Final position vector (FB)
I, = xzi +y2§ +ZZIA<

Displacement vector Ar=rt, —r,
Afz(xz—xl)i+(y2—y1)j+(zz—zl)k 7
Illustration 3:

A particle starts from point A (1, -1, 0) m and reaches at point B (5, 3, -2) m, reference point is origin. Find:

(i) Initial position vector (ii) Final position vector
(iii) Displacement vector (iv) Length of shortest path
Solution:

(i) Initial position vector (ﬁ) = @:i—j
(ii) Final position vector OB = @=5f+3i—2f<
(iii)  Displacement vector AF=T,—T, =OB—0A :(5—1)f+(3—(—1))}+(—2—0)1A< :(4f+4i—2f<)

(iv)  Length of shortest path |Ar|= 4% +4% +4 =6m
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Illustration 4:

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

Distance = |Oj|+|ﬁ| =20+40=60m

»-

o >
0(0,0) A(20,0)

Displacement = OA + AC = 201+(—40§)=(—20€)m C(-20,0) AEZO 0)
Illustration 5:
A car moves from O to D along the path OABCD shown in fig. What is distance travelled and its net

displacement?
@
0 8km A N
D 4km A E
1km {
k N
C m B
Solution:
- - - -
Distance=|0A|+|AB|+|BC|+|CD|=8+4+4 +1 =17 km

> o o o

Displacement =0A+ AB+BC+CD =8i+(-4])+(—4i)+]j=4i—3] = |displacement |=+/(4)? +(3)* =5
So, Displacement = 5km, 37° S of E

Distance and Displacement in circular path
A car starts moving from point A and reaches at point B along a circular path then find out distance and
displacement in following cases.

(1) One-fourth of the complete circle (2) Half of the complete circle

Distance

. TR
Distance = — .
2 Displacement

Displacement = /2R R 0 R

Distance = TR

Displacement = 2R

(3) At any arbitrary arc
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Illustration 6:

A cyclist moving on a circular track, completes one revolution in 10 sec. Then find out its displacement after

1 minute 5 s (radius = 1m)

Solution:

In 1 minute, 5s number of revolutions = 6.5
Displacement = 2r = 2m

Useful Direction Conventions

Sense of Direction in terms of base vectors.

A

East : i

West -i
North i
South : -
Up : k
Down : -k

Sense of Direction in terms of base vectors.
Illustration 7:

A person moves 30 m due west, then 20 m due south then 20 m due east. Find out displacement.
Solution:

d, =—30i,d, =—20j,d, =20i

DOWN

d=d, +d, +d, =(-10i—20j)m

|d|=10+/5m

tanf=2=>6=tan "' (2)

d=10v5m,tan"* (2)S of W or d=10/5m. tan™' (2) (wto s)

Illustration 8:

A Body moves 6 m north 8 m east and 10m vertically upwards, what is its resultant displacement from
initial position.

Solution:

F=xi+yj+zk . r=yx*+y’ +2* =6’ +8°+10° =102 m

BEGINNER'’S BOX-1

1. 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. PMP180
2. Three girls skating on a circular ice ground of radius 200 m start from a point

P on the edge of the ground and reach a point Q diametrically opposite to P

following different paths as shown in figure. What is the magnitude of the

displacement for each? For which girl is this equal to the actual length of path

skate? P
PMP181
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3. A man moves 4 m along east direction, then 3m along north direction, after that he climbs up a
pole to a height 12m. Find the distance covered by him and his displacement.
PMP182
4. A person moves on a semicircular track of radius 40 m. If he starts at one end of the B
track and reaches the other end, find the distance covered and magnitude of
displacement of the person.
A
PMP183
5. A man has to go 50m due north, 40m due east and 20m due south to reach a cafe from his home.
(A) What distance he has to walk to reach the cafe?
(B) What is his displacement from his home to the cafe? PMP184
Speed
The Rate at which distance is covered with respect to time is called speed.
Scalar Quantity
Unit : S.I. = Metre per second (m/s)
C.G.S. = Centimetre per second (cm/s)
5
x>
Conversion : km/hr #f; m/s
“5
Dimension [MOL1T-1]
For a moving particle speed can never be zero or negative, it is always positive.
Speed
A
| \
Zero Positive
(Particle at rest) (Moving)

Types of Speed
(1) Uniform Speed
Particle covers equal distances in equal interval of time. Itis said to be moving with uniform speed.

t=0s t=5s t=10s t=15s

(2) Non-uniform Speed (Variable Speed)
Particle covers unequal distances in equal intervals of time.

40 Meter
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(3) Average Speed

For a given time interval is defined as the ratio of total distance travelled to total time taken.

Total distance travelled
Average speed =

Total time taken

(4) Instantaneous speed
It is the speed of a particle at a particular instant of time.

Average speed

Cases of average speed to Remember

Case I: Particle moves with different uniform speeds vi, vz, v3,......... vy in different time intervals its
average speed over the total time of journey is given as -

_ Total Distance covered _ $; +S; +S3 +wn S, _ Vb, +V,t) +Vilts +..oen

s Total time t+t, et t, t,+t, by
Ifti=tz=t3=.......= tp then
V,+V, Fen +V, I Vi % Va2 % Vs |
Vavg = N ) ) N
. @Y. 0@
For 2 equal intervals of times S 51 N ¥ ts y
v, +V,
avg = 2

Case II : Particle describes equal distances with different speeds then the average speed of particle over
the total distance will be given as -

If a person moves a certain distance in n equal parts with different speeds.

d
Vav =
s d d d
et > d L
nv, nv, nv, [« >
| S 1 S 1 S 1 1 S |
V _ n | 1 1 1 1 1
avg 1 1 1 V1 Vz V3 Vn
— et F
Vl VZ Vn s = d
For 2 equal distances. n
_ 2v,v,
v, tv,
Illustration 9:
t1 t2

A particle moves for 20 sec such that first 10 sec it moves with 36 km/hr and for next | } l
10 sec moves with 54 km/hr. Find average speed. Vi vz

Solution:
5 5
v,=36x—=10m/s and v,=54x—=15m/s
18 18

_ total distance _s, +s, _ 10x10+15x10 _ 250 ~125m/s =12.5x§=45km/hr
total time t, +t, 20 0 5

avg
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Illustration 10:

A train travels from city A to city B with a constant speed of 10 m/s and return back to city A with a constant

speed of 20 m/s. Find its average speed during its entire journey.
Solution:

Let the distance between the two cities A and B = x m.

Time taken by the train to travel from A to B = 1X—0 =t,

Time taken to come back from Bto A = % =t,

total distance x+x 2X 40
_ = = = —m/s
total time t+t, x  x 3

10 20

Average speed =

Illustration 11:
A particle covers first one third distance with speed 10m/s and remaining distance with speed 20m/s. Find

average speed.

Solution:
d d 3x10x20 600
Vavg: = d d = = =15m/s
t, +t, L 2d 2x10+20 40
3x10 3x20
Velocity

The rate of change of position with time is called velocity.
[t is a Vector Quantity.
Dimension : [MOL1T-1]
Unit: S.L - m/s
CGS. — cm/s
Velocity can be positive, Negative or Zero.
Types of Velocity
(1) Uniform velocity (Constant velocity)
If magnitude as well as direction of its velocity remains same.
This is possible only when it moves in a straight line without reversing its direction.
(2) Non-uniform velocity (variable)
If either magnitude or direction or both varies then velocity changes.
(3) Average velocity
It is defined as the ratio of displacement to time taken by body.

i o AF -T
Average velocity = Net Displacement Ly Ar_L-h
Attt

. av;
Time taken &

Its direction is along the displacement.
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Average velocity and Average Speed
Illustration 12:
A particle moves 20 m in 2 sec due east, then it moves 40 m in 3 sec due south. Then find out.
(i) Distance travelled (ii) Displacement (iii) Average speed (iv) Average velocity
Solution:
(i) Distance =20 + 40 =60 m
(i) Displacement = 20i —40}
Total distance 60

iii Average speed = ———=—=12m/s
(i) S€SP Total time 5 /

Net displacement 201 —40}
Total time
Vo, =45m/s, Etan(2)S  (EtoS)
Illustration 13:
A bird flies due north at velocity 20 ms-! for 15 s it rests for 5 s and then flies due south at velocity

24ms-! for 10 s. For the whole trip find the average speed and magnitude of average velocity.
Solution:

(iv)  Average velocity = =(4§ - 8})m /s

Total Distance ~ 20x15+24x10 540

Average speed = : =18ms™’
Total Time 15+5+10 30
Average velocity = Dlsplace@ent _ (20x15)j+(24x10)(-j) _ 60j _ 23
Total Time 15+5+10 30

Magnitude of average velocity = |2]| =2m/s
Illustration 14:
A car moves with a velocity 2.24 km/h in first minute, with 3.60 km/h in the second minute and with

5.18 km/h in the third minute. Calculate the average velocity in these three minutes.
Solution:

1
Distance travelled in first minute s, =v, xt, =2.24x %0 km
1
Distance travelled in second minute s, =v, xt, = 3.60x%km

Distance travelled in third minute s, =v, xt, =5.18x 6—10km

2.24 N 3.60 N 518 11.02
60 60 60 60

Total distance travelled s=s, +s, +s, = km

Total time taken,t=1+1+1 =3 min= %h

average velocity = %z % X ? =3.67 km/h

Note:-
(i) Time average velocity (i) Space average velocity

t, X,
.[th jvdx
Ifv=f() =(v)="+ Ifv=Ff(x) =(v)="—
.[dt jdx

ty X1
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Illustration 15:

If velocity of particle is given by v = (2t2+3t+1), where 't' is time. Find average velocity for interval
0<t=<2Zsec

Solution:

262 3, |
) TSRt
jovdt_) 3 2 s 20
0

Illustration 16:

<V >=

If v = sinx, find average velocity for interval 0<x < g
Solution:
n n/2
2yvdx = | sinxdx s
<v>:L’— ;[ _[zeos: ~Zm/s
J‘E dx T o n n
0 2 2
Instantaneous Velocity Y4

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

. - Y

- Ar U%/ .3—-_>

Van - At B 64
A

(Afj . dr N
= Vinst =

- 61 . ¥
dt 0

The direction of instantaneous velocity is always tangential to the path followed by the particle.
Important Points

=lim
At—0

\

At

inst

Average speed = |Average velocity |

. When particle moves with constant velocity then magnitude of displacement and distance covered
by particle is same.

. A particle may have constant speed but variable velocity.

. A particle may have constant speed but variable velocity. Example: When a particle is performing

uniform circular motion then for every instant of its circular motion its speed remains constant but
velocity changes at every instant.

. When a particle is moving on any path, the magnitude of instantaneous velocity is equal to the
instantaneous speed.

. When particle moves with uniform velocity then its instantaneous speed, magnitude of
instantaneous velocity, average speed and magnitude of average velocity are all equal.

. When a particle is moving on any path, the magnitude of instantaneous velocity is equal to the
instantaneous speed.

Illustration 17:

Position of particle as function of time is given by r=t’+ Zt} +(sin t)lA< .

Find velocity as function of time.
Solution:

velocity Vz%zth+2}+costlA<
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Illustration 18:
A particle is moving along a straight-line OX. At a time t (in seconds) the distance x (in metres) of particle from

point O is given by x = 10 + 6t - 3t2. How long would the particle travel before coming to rest?
Solution:
Initial value of x, att =0, x; = 10m

Velocity v = %:6—& Whenv=0,t=1s

Final value of x,att=1s,x, =10+ 6 x1-3(12) =13 m
Distance travelled =x2 -x1=13-10=3m

Change in velocity

AV=V, -V,

If |‘7f|=|‘71|="' then

|A\7| =2vsin (QJ
2

where 0 is the angle between initial and final velocity

Illustration 19:

A car is moving with speed 10 m/s along north, then it takes 60° left turn and moves with same speed. Find
out change in velocity.

Solution:

i=10(j)m/s

V=53 (-1)+5(+]) m/s

AV =V -1 :(5J§ (—i)+5(+}))—1o () =-5v31-5j

|A\7|=4/(5\/3_’)2+52 —10m /s

L%} BEGINNER'’S BOX-2

1. Air distance between Kota to Jaipur is 260 km and road distance is 320 km. A deluxe bus which
moves from Jaipur to Kota takes 8 h while an aeroplane reaches in just 15 min. Find
(i) average speed of bus in km/h
(ii) average velocity of bus in km/h
(iii) average speed of aeroplane in km/h

(iv) average velocity of aeroplane in km/h PMP185
2. A particle moves on a straight line in such way that it covers 1st half distance with speed 3 m/s
and next half distance in 2 equal time intervals with speeds 4.5 m/s and 7.5 m/s respectively.
Find average speed of the particle. PMP186
3. Length of a minute hand of a clock is 4.5 cm. Find the average velocity of the tip of minute's hand
between 6 AM. to 6.30 A M. & 6 A M. to 6.30 P.M. PMP187
4. A particle of mass 2 kg moves on a circular path with constant speed 10 m/s. Find change in

speed and magnitude of change in velocity. When particle completes half revolution. PMP188
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5. The distance travelled by a particle in time t is given by s = (2.5 t2) m. Find (a) the average speed
of the particle during time 0 to 5.0s and (b) the instantaneous speed att=5.0s. PMP189
6. A particle goes from point A to point B, moving in a semicircle of radius 1m in 1 second. Find
the magnitude of its average velocity. PMP190
A 0 B
7. Straight distance between a hotel and a railway station is 10 km, but circular route is followed
by a taxi covering 23 km in 28 minute. What is average speed and magnitude of average
velocity? Are they equal? PMP191
Acceleration

Rate of change of velocity is called acceleration.

[t is a vector quantity.

Its direction is same as that of change in velocity (not in the direction of the velocity).
Dimension: [MOLIT -2]

Unit: (S.I.) = m/s? (C.G.S.) = cm/s?
There are 3 ways to change a velocity (vector)
® Only magnitude change ® Only direction change ® Both direction+ magnitude change
Types of Acceleration
(1) Uniform Acceleration (2) Non-Uniform Acceleration
(3) Average Acceleration (4) Instantaneous acceleration
(1) Uniform Acceleration
A body is said to have uniform acceleration if magnitude and direction of the acceleration remains
constant during motion of particle.
(2) Non-Uniform Acceleration
A body is said to have non-uniform acceleration, if either magnitude or direction or both change
during motion.
(3) Average Acceleration
It is the ratio of total change in velocity to the total time taken by the particle
5 change in velocity _ AV _ V; -V,
e time interval At At
Direction of average acceleration is along the change in velocity
(4) Instantaneous Acceleration

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

- Av - dv = . .
ainst = lim [—J = QAinst =—— When V in function of time (t).
At—0( At dt

i.e. first derivative of velocity is called instantaneous acceleration
L dv dr . dr
a= v [As v=—o

dt  dt? dt
i.e. second derivative of position vector is called instantaneous acceleration
~ dv dx - dv = . : .
QAinst = — X — = Qinst =V — When V in function of position (x).
dt dx dx
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Application of Calculus

dx dv
dt dt
X rd A% > a
Differentiate w.r.t. Differentiate w.r.t.
f adt f vdt
a > Av > Ax
Integrate w.r.t. Integrate w.r.t.
. dv ) dv
For v-t relation = a= d_ For v-x relation = a= Vd—
t X

Illustration 20:
The velocity of a particle is given by v = (2t2 - 4t + 3) m/s where t is time in seconds. Find its acceleration
att=2 second.
Solution:
Acceleration (a) = dv =i(2t2 -4t+3) =4t-4
dt dt
Therefore acceleration at t = 2s is equal to,a = (4 x 2) -4 =4 m/s?
Illustration 21:
A particle is moving along a circular path of radius 8m with uniform speed 4m/s. Find out magnitude of
average acceleration when particle completes % half revolution.
Solution:

change in velocity

Average acceleration =

Time 4m/s
1
—(2nr)
time = 4m/s
t:an8 =TS SO, QAavg= _4]_(_41):4\/51’11/52
4x4 b L

Illustration 22:
The velocity of a body depends on time according to the equation v=20+0.1t*. The body is undergoing
what kind of acceleration?

Solution:
Acceleration a= j—: =0.1x2t=0.2t

Which is time dependent i.e. non-uniform acceleration.
Illustration 23:

One particle have velocity v=+/x+1 then find acceleration of particle?

Solution:
d—v=# :Vﬁ:\bﬁl ! :1
dx 2x+1 dx 24Ux+1 2
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Illustration 24:
Position of a particle is given by x = (6t2 - t3)m, then find out its position when velocity becomes maximum.

Solution:

X = 62 - 13 = v=%_12t_3¢
dt

For maximum velocity:

d—V=0 =12-6t=0 t=2sec

dt

.. Position at t = 2 sec.

x=6(2)2-(2)3=16m

Key points

. When particle moves with constant velocity then its acceleration will be zero.
If particle moves with constant velocity then v, =|V,_ =V, :|\7mst
. Acceleration which opposes the motion of body is called retardation.

Increment or decrement in speed depends on direction of V and a.
Case- 1

If Vv and 4 are in same direction then speed increases

(i) V=tve (i) V=—ve
d=+ve d=-ve
Case- 11
If v and a are in opposite direction then speed decreases.
(i) V=tve (i) V=—ve
d=-ve d=+ve

Velocity and Acceleration
Case-1
Angle between V & i is zero or they are parallel, speed increases

_—3
_—

Case-II

Angle between V & i is 90° or they are orthogonal, speed remains constant

a
v

Case-III

Angle between V & a is 180° or they are anti-parallel, speed decreases
<3
_— s

www.allen.in [121]



ALLEN NEET : Physics

Path of Motion Based on Acceleration (To Remember)

l T
1 1

Straight Line

u=0 U atangle tod
or u
U collinear to @ ~
au
x
— — a
a u
—r

Illustration 25:

The path of a particle moving under the influence of a force fixed in magnitude and direction is (force and
velocity at angle 6 = 0° or 6 = 180°)
Solution:

u collinear with a i.e. straight line

BEGINNER'’S BOX-3

1. 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. PMP192
2. The position of a particle moving on X-axis is given by x = Atz + Bt + C The numerical values of

A,Band Care 7, -2 and 5 respectively and SI units are used. Find

(a) The velocity of the particle att =5

(b) The acceleration of the particleatt=5

(c) The average velocity during the intervalt=0tot=5

(d) The average acceleration during the intervalt=0tot=5 PMP193

Equations of Motion

(SNo. | Scalar Form | Vector Form |

firstequation | v=u+at v=u+at
second 1 .o 1.,
) s=ut+ — at? S=ut+—at
equation 2 2
third equation | v2=u?+ 2as v-v=u-u+2a-s
Here:
v = final velocity s = displacement
u = initial velocity t=time

a = acceleration = constant

These are valid only when acceleration is constant.
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i a= (cil—‘t’ (i) v=$ i) a=vaY
j dv = j adt j ds :jvdt j vdv = j ads
v 0 0 0 u 0
v-u=at 1 2V
v=u+at s:ut+zat2 {%} =a[s]]
v2 =u? + 2as

Some other useful equations

(i) Displacement in the nth second, S w=u+ %a (2n-1)
() sov,e- V),
2

Vector form of following equations
(1) §[h=ﬁ+15(2n—1) (ii) §:(u+v)t

" 2 2
Steps to follow for solving numerical:
(D Select origin. Generally, we take starting point as origin if not given.
(2) Select any one direction as positive.
(3) As per direction selected in step 2, write all known variable with sign.

(4) Apply the suitable equations and put variables values with sign.

Key points

When particle starts from rest and moves with constant acceleration then ratio of distance travelled by it
in successive equal intervals of time is

1:3:5:7......(2n-1)

Known as Galileo’s law of odd numbers.

Illustration 26:

The velocity of a body moving with a uniform acceleration of 2 m/sec’ is 10 m/sec. Its velocity after an

interval of 4 sec is

Solution:

v=u+at=10+2x4=18m/sec

Illustration 27:

The initial velocity of the particle is 10 m/sec and its retardation is 2m/sec2. The distance moved by the
particle in 5t second of its motion is

Solution:

Sn=u—%(2n—1)=10—§(2x5—1)=1meter

Illustration 28:

If a car at rest accelerates uniformly to a speed of 144 km/h in 20 s. Then it covers a distance of
Solution:

Here

v=144km/h=40m/s

v=u+at=40=0+20xa=>a=2m/s’

.'.s:%atz =%><2><(20)2 =400m
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Illustration 29:
A body starts from rest. What is the ratio of the distance travelled by the body during the 4th and 3rd
second

Solution:
a a
S, =u+—-(2n-1)=—=(2n-1
. 2( ) 2( )
becauseu=0

S
Hence =+ ==
3

Illustration 30:

A particle starting from rest travels a distance X in first 2 seconds and a distance y in next two seconds,
then find ratio of distances.

Solution:

If particle starts from rest and moves with constant acceleration then in successive equal interval of time

the ratio of distance covered by it will be
1:3:5:7 ......(2n-1)

1
i.e.ratioof xand y willbe a: 3 i.e. §=§:y =3x
y

Illustration 31:

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

. NP . 1
Let both particles reach at same position in same time t then from s = ut + 5 at?

2

For 1st particle : s=4(t) +%(1)t2 =4t +%

2

For 2nd particle : s=2(t) +%(2)t2 =2t+t

. . t’
Equating above equation we get 4t + ) =2t+t’ =>t=4s

1
Substituting value of t in above equation s = 4(4)+ 5 (1) (4)2=16+8=24m

Problems based on Uniformly Accelerated Motion

Illustration 32:

A particle having initial velocity 10 m/s, moves with uniform acceleration. After 2 seconds its velocity
becomes 32 m/s. Find distance covered in this duration.

Solution:
u=10m/s s:(u+vjt
2
a = constant 52[10+32jx2:42m
t=2s
v=32m/s
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Average velocity for uniformly accelerated motion
Illustration 33:

A car is moving along a straight road with a uniform acceleration. It passes through two points P and Q

separated by a distance with velocity 30 km/h and 40 km/h respectively. The velocity of the car midway

between P and Q is?

Solution:

Here, u = 30 km/hr, v =40 km/hr

Between points P and M Between points M and Q

v2 =30 +2a(d) 402 =v? +2a(d)

2ad =v? —900 (i) 2ad =1600—v?, ..(i)

From eq. (1) and (2)
v2 —900=1600-v?

% A el
Q.
v
4
Q.
<® v

2v?: =2500

' :‘/25% km/hr

Stopping Distance
For Vehicles,
When brakes are applied to a moving vehicle, the distance it travels before stopping is called stopping

distance.
d=-adp u = Up
v=0 s=?

vZ=1u?+ 2as
2

up :
= 0=u,—2a,s — 2a,S=U) — S :2—0 [since a is constant] — socu;
a
0

So, we can say that if u becomes n times then s becomes n2 times that of previous value.
Stopping Time

d=-adp u = Up
v=0 t=?
uO . .
=v=u+at=0=ug-aot — at=up = t= — [since ais constant] —. tocu,
a

0

So, we can say that if u becomes n times then t becomes n times that of previous value.

Reaction Time

When a situation demands our immediate action, it takes some time before we really respond. Reaction
time is the time a person takes to observe, think and act.

Illustration 34:

A motor car moving with a uniform speed of 20m/sec comes to stop on the application of brakes after
travelling a distance of 10m Its acceleration is

Solution:

2 2
From v®=u’+2aS=0=u”+2aS :)a:i—ﬂ

= =-20m/s?
2S  2x10

www.allen.in [125]



ALLEN NEET : Physics

Illustration 35:

A car moving with a velocity of 10 m/s can be stopped by the application of a constant force F in a distance
of 20 m. If the velocity of the car is 30 m/s, it can be stopped by this force in

Solution:

Socu® Ifu becomes 3 times then S will become 9 times

ie. 9x20=180m

Illustration 36:

Two trains travelling on the same track are approaching each other with equal speeds of 40 m/s. The
drivers of the trains begin to decelerate simultaneously when they are just 2.0 km apart. Assuming the
decelerations to be uniform and equal, the value of the deceleration to barely avoid collision should be
Solution:

Both trains will travel a distance of 1 km before to come in rest. In this case by using

v’ =u’+2as =0=(40)’+2ax1000 =>a=-0.8m/s’

BEGINNER'’S BOX-4

1. A particle starts from rest, moves with constant acceleration for 15s. If it covers s; distance in
first 5s then distance s; in next 10s, then find the relation between s1 & s;. PMP194
2. The engine of a train passes an electric pole with a velocity 'u’ and the last compartment of the
train crosses the same pole with a velocity v. Then find the velocity with which the mid-point of
the train passes the pole. Assume acceleration to be uniform. PMP195
3. A bullet losses 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) PMP196
4. A car moving along a straight highway with speed 126 km h-! is brought to a halt within a
distance of 200m. What is the retardation of the car (assumed uniform) and how long does it
take for the car to stop? PMP197
5. A car is moving with speed u. Driver of the car sees red traffic light. His reaction time is t, then
find out the distance travelled by the car before coming at rest. Assume uniform retardation ‘a’
after applying brakes. PMP198

6. If a body starts from rest and travels 120cm in the 6th second then what is the acceleration?
PMP199

Basic Graphs and their Conversions
Mathematical + Graphical approach

% ﬂ f adt f vdt
dt dt
X > v >a : a Av : v
Slope of x-t graph Slope of v-t graph Area of a-t curve Area of v-t curve
with time axis with time axis

Position-time graph
Slope of this graph represents instantaneous velocity.
X

A x-t Graph
Area = Defines No physical Quantity
Displacement = final position - initial position
"t Distance = sum of magnitude of all length one by one.
tan0= —dlspla.lcement = velocity
time
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Case-I

Slope = instantaneous velocity
0=0

tan0 = tan0 = 0

velocity =0

i.e. body is at rest.

Case-II

Slope = instantaneous velocity
f = constant

tanf = constant

velocity = constant

i.e. the body is in uniform motion
Case-III

Slope = instantaneous velocity
9 >90

tanf= -ve

velocity = -ve but constant

i.e. uniform motion
Case-1V

When particle starts from rest and moves with constant acceleration

0 is decreasing with time

~.tan® is decreasing with time

.. velocity is decreasing with time
i.e. non uniform motion

f is increasing with time

~.tan® is increasing with time

.. velocity is increasing with time
i.e. non-uniform motion

. Area of x-t graph = jxdt = No physical significance

Velocity-time graph
Slope of this graph represents acceleration.

velocit .
stan0= velodly _ acceleration

time

X0 —————

Area under the v-t curve gives
|displacement| = A;-A;
Distance = A1 + A;

0 t—>
T 1
v 325
4
f—
v=0

www.allen.in
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Case-I \
0=0°

tanO=tan0°=0
acceleration =0

Vo

i.e. v = constant or uniform motion >t
Case-II V%

0 = constant
tan 6 = constant
acceleration = constant

i.e. uniformly accelerated motion >t
Case-III
6>90° 3

tan0 =-ve

acceleration = —-ve but constant
i.e. constant or uniform retardation 0
is acting on the body
Case-1V

0 is decreasing with time

<

~.tan® is decreasing with time

". acceleration is decreasing with time

i.e. acceleration goes on decreasing with time but it is not retardation 0 >t

0 is increasing with time

-.tan® is increasing with time T
.. acceleration is increasing with time X
i.e. acceleration goes on increasing with time

. Area of v-t graph = Ivdt = displacement = change in position 0
Acceleration-time graph

Slope of a-t graph defines nothing )
But Area of a-t graph gives change in velocity

Area of a-t graph = fadt—fav=v,—v, = change in velocity

. Area # final velocity >t
Case-I Case-II
a

0 > t

a € o

i.e. uniform or constant acceleration i.e. uniformly increasing acceleration.
Key Points
Following graphs do not exist in practice :
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Case-I

v X

V2

Vi Xof=mmmmmm 2 i

DG T ST—— :
t— t t— t—
Explanation:
In practice, at any instant body can not have two velocities or displacements or accelerations
simultaneously.
Case-II
Speed Distance
\ "t \/ "t
Explanation:
Speed or distance can never be negative.
Case-III
‘ .t ‘ .t ‘ -

Explanation : It is not possible to change any quantity without consuming time i.e. time can't be constant.
Illustration 37:

The displacement of a particle as a function of time is shown in the figure. The figure shows that
velocity is

Displacement

1 1 1 1 >
07170 20 30 40
Time in second
Solution:
The slope of displacement-time graph goes on decreasing, it means the velocity is decreasing i.e. It's motion
is retarded and finally slope becomes zero i.e. particle stops.
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Illustration 38:
Figures (i) and (ii) below show the displacement-time graphs of two particles moving along the x-axis. We
can say that

—_— <
—_— ¢

—t () —t (i)

Solution:

Particle (i) is having a uniformly accelerated motion while particle (ii) is having a uniformly retarded
motion.

Illustration 39:

The graph between the displacement x and time t for a particle moving in a straight line is shown in figure.
During the interval OA, AB, BC and CD, the acceleration of the particle is

4

A B

o Displacement — <

> X
Time ——

Solution:

Region OA shows that graph bending toward time axis i.e. acceleration is negative.

Region AB shows that graph is parallel to time axis i.e. velocity is zero. Hence acceleration is zero.
Region BC shows that graph is bending towards displacement axis i.e. acceleration is positive.

Region CD shows that graph having constant slope i.e. velocity is constant. Hence acceleration is zero.
Illustration 40:

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

A

—_—

30°

 ———

Displacement (meter)

o Time (sec)

Solution:
Slope of the x-t graph gives instantaneous velocity but here t-x graph,

v=tan30° L m/s.

3
But it is wrong because formula v =tan® is valid when angle is measured with time axis.

Here angle is taken from displacement axis. So angle from time axis = 90° - 30° = 60°
Now v=tan60° =\/§
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Graphical Problems in Horizontal Motion
Shortcut to Remember

If a car, starts from rest moves with constant acceleration o for some time r

finally comes at rest total time of motion is T

Then:
jT

Vmax

ap

o+

1 op

etards uniformly at rate p and

2

-
e

Illustration 41:

o+p

A particle is moving along x-axis. Its position is given by x = -2t + 3t2 Draw its :-

(1)
(ii)
Solution:
X =-2t+ 3t2
v=-2+6t

v-t graph
a-t graph

4

a=6 0

Illustration 42:

A particle have initial velocity 10 m/s. Its acceleration time graph is
shown. Find out its velocity at t = 2 sec.

Solution:

AV=V, -V =Area=%x2x10

V,—10=10

V,=20m/s

Illustration 43:

For a given velocity time graph, find out :

(1)

Solution:

In which duration acceleration is Positive, Negative and Zero.

AB — Negative
BC — Negative
CD — Positive
Illustration 44:

a(m/s?)

10

t(s)

Velocity-time graph for a particle moving in a straight line is given. Calculate the displacement of the

particle and distance travelled in first two sec.
Solution:

(i) Displacement = area:[%x6x1)+{%x1x(—6)} =0

1 1
(ii) Distance =(Ex6x1)+[5x6x1j:6m

V(m/s)

t(s)

www.allen.in
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Illustration 45:

Find :

(i) average velocity fromt=0 to t = 30
(ii) average speed from t =10 to t =40

VA
10m/s |-----,

t=40

t=10 t=30 i1t=50 t

-10m/s |---------=====mmmmmmo=2

Solution:
Average velocity fromt=0to t =30
Ax 50+200 25
=== =—1m / S
30
Average speed from t=10to t =40
distance 200+50 25
= =—m/s
time 30 3

<V >

because there is no turning point.

L%} BEGINNER’S BOX-5

1. s-t graph of two particles A and B are shown in fig. Find the ratio of velocity of A to velocity of B.
$1 B
A
6
30° _
>t
PMP200
2. Position-time graph of a particle in motion is shown in fig. x4
Calculate - +40 m b---- A
(i) Total distance covered i
(ii) Displacement 0 i & .5 6 >
(iii) Average speed —20m bewe- ? _____ v t(in sec)
(iv) Average velocity.
PMP201
3. The position-time (x-t) graphs for two children A and B returning from their school O to their

homes P and Q respectively are shown in fig. Choose correct entries in the brackets below :
(@) (A/B)lives closer to the school than (B/A)

(b) (A/B) starts from the school earlier than (B/A)
(c) (A/B) walks faster than (B/A)

(d) Aand Breach home at the (same / different) time
(e) (A/B)overtakes (B/A) on the road (once/ twice). 0

t
PMP202
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4. A particle moves on straight line according to the velocity- $v(m/s)
time graph shown in fig. Calculate - C
(i)  Total distance covered 10, !
(ii) Average speed A B E
(iii) Inwhich partofthe graph the acceleration is maximum 217 i inni Q
and also find its value. : P D >t(s)
(iv) Retardation 0 2 4 5 10
PMP203
5. A body starts from rest and moves with a uniform acceleration of 10 ms-2 for 5 seconds. During

the next 10 seconds it moves with uniform velocity. Find the total distance travelled by the body
(Using graphical analysis).
PMP204

Motion under Gravity-Vertical Projection from Ground

Motion Under Gravity

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

Valueofg=9.8m/s2 or g=980cm/sz2 or g=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.

Sign Conventions

Negative and positive sign are matter of our choice, so we can select any direction as positive and opposite
side as negative.

t+ Upward = positive

Point of projection
(0,0)

v Downward = negative

Vertical Projection from ground (Body is Projected Vertically Upward)

Equations of motion : Taking initial position as origin and direction of motion (i.e. vertically up) as
positive and (vertical downward) as negative.
u (initial velocity) = +u

a (acceleration) = -g Positive / Negative
attime't, directions are a matter of
Final velocity = v choice.
height above ground = h v=0
SLov=u-gt (i) ® P
1 I P T

h=ut- —gt? (i Lo

u 5 g (ii) Loin
v’ =u’-2gh ..(iii) : il

ug
FEFEET ol

N

h.. =u—%(2n—1)
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Maximum height (H)
Final velocity (v) = 0 so,
From above equation (iii)

uZ
O=u2-2gH = H=zg
Total time of flight(T) t=3
at maximum height v=0
So from above equation (ij)u=gt t=2
itis called time of ascent (t1) = u/g
In case of motion under gravity, time taken to go up is equal to t=1
the time taken to fall down through the same distance. Time of
descent (tz) = time of ascent (t1) = u/g
.". Total time of flight T = t; + t; t=0
- 2u

g
Illustration 46:
A ball is projected vertically upward with a speed of 50 m/s.
Find
(a) the maximum height, (b) the time to reach the maximum height,
(© the speed at half the maximum height. (d) time of flight
(e) velocity aftert=1andt=6s () height from ground att=1 and t = 6 sec
Take g =10m/s?

Solution:

e

(a) Initial velocity of ball (u)=50m/s, acceleration of ball =-g,
final velocity at the highest point (v)=0
So applying the 3rd equation of motion we get:
v2=U2- 2ghmw =>0=50° -2x10xh_, =h__ =%= 125m
(b) Let the time required to reach max height be t. Then applying 1st equation of motion we get:
v=u-gt = 0=50-10t = t=>5s
(© Let speed at half of max height be V then:
12
V2=502—2g—z§::VZ:2500—1250:1250:>V:\h250:3335n/s

p_2u_50x2_

(d) s 10 10sec

(e) velocity after one second ) Height after one second from ground
v=u-gt h1=50—%><10=45m
v=50-10x1=40m/s height after 6 sec from ground
velocity after 6 sec h, =50><6—%><10x36=120m

v=50-10x6 =-10m/s or 10 m/s downward
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Illustration 47:
A ball is projected upwards from the foot of a tower. The ball crosses the top of the tower twice after an

interval of 6s and the ball reaches the ground after 12s. The height of the tower is (g=10m/s2):

Solution: .
2 A '," A
T="-12 L
g 3s| ! 13s
2u=120 Vi i"
u==60 m/s A i ? EA
iu i
h=60><3—l x10x9 3s 5535
2 : ﬁ :
v HEA Ly
=180-45=135m FFFIFFFFFFF

Illustration 48:

A body A is projected upwards with a velocity of 98m/s. The second body B is projected upwards with the
same initial velocity but after 4 sec. Both the bodies will meet after

Solution:

Let t be the time of flight of the first body after meeting, then (t-4)sec will be the time of flight of the second
body. Since h; = h;

.98t —% gt’ =98(t—4)—% g(t—4)

On solving, we get t = 12seconds

Illustration 49:

When a ball is thrown up vertically with velocity Vy, it reaches a maximum height of 'h'. If one wishes to
triple the maximum height then the ball should be thrown with velocity

Solution:

max

H,, ocu? ~uoc,/H

m:

i.e. to triple the maximum height, ball should be thrown with velocity J3u

Illustration 50:

With what velocity a ball be projected vertically so that the distance covered by it in 5t second is twice the
distance it covers in its 6t second (g=10m/s?)

Solution:

h.. =u—%[2n—1) Chy, =u—1—20(2><5—1)=u—45 S h, =u—1—20(2><6—1)=u—55

Given hsm =2xh_, . By solving we getu = 65 m/s

6th
Motion under Gravity-Dropping from height

Body dropped from some height (initial velocity zero)
e u=0

o
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Equations of Motion

Taking initial position as origin and direction of motion (i.e., downward direction) as a positive, here we

have

u=0 [As body starts from rest]

a=+g [As acceleration is in the direction of motion]
attime t,

final velocity = v

height below dropping point=h
v=gt ..(Q) h=%gt2 ..(ii) v?=2gh ..(iii)

Results
From equations (i) (ii) and (iii)

. Time to reach bottom(T) . Maximum speed (at bottom)

T:\/E v =4/2gH
g

Illustration 51:

A ball is released from a height and it reaches the ground in 3 s. If g = 9.8 ms-2, find
(a) the height from where the ball was released

(b) the velocity with which the ball will strike the ground.

(© at t = 2s, velocity and height from the surface

Solution:

(@ s= ut+%at2 =%x9.8x32 =44.1m
(b) v=u+at=0+(9.8) (3) =29.4 m/s
1
() v=gt=9.8x2=19.6m/s; h=5x9.8x22=19.6m

So, height from surface H = 44.1 - 19.6 = 12.4 meter
Key Points

. Ash=(1/2)gt? i.e, h o t?, distance covered in time t, 2t, 3t, etc., will be in the ratio of 12: 22: 32, i.e,,
square of consecutive integers. (in case of free fall, from rest)
. A particle atrest, is dropped vertically from a height. The time taken by it to fall through successive

distance of 1m each will then be in the ratio of the difference in the square roots of the integers i.e.
\/I: (\/z_ \/I), (\/§_ \/z)l (\/Z_ '\/3_)), .....

. 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=4/(2h/g) and v=./2gh.

1
° The distance covered in the nt second, h, = Eg(Zn -1)

So distance covered in 1st, 2nd, 3rd second, etc., will be in the ratio of 1:3: 5, i.e,, odd integers only.
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Illustration 52:
A particle is dropped from height 100 m and another particle is projected vertically up with velocity

50 m/s from the ground along the same line. Find out the height where two particle will meet?
(take g =10 m/s?)

Solution:
1

S, =ut—zgt2 (i)

2

_ 1 2 . _ S i
S, —Egt (i) S1+S:=100m - 2 meet line
(e}
. . 1 2 1 2 . ot S

Fromeq. (i) and (ii) S, =Egt =§><9.8x2 =19.62m (distance from top) | P!
We get S1+ S, =ut Height (s1) = 100-19.62=80.38m Il
ut=100 = 50t=100 = t=2s

Illustration 53:

A body falls freely from rest. It covers as much distance in the last second of its motion as covered in the
first three seconds. The body has fallen for a time of

Solution:

%g(3)2=§(2n—1):n=55

Illustration 54:
A body is released from the top of a tower of height h. It takes t sec to reach the ground. Where will be the
ball after time t/2 sec

Solution:
Let the body after time t/2 be at x from the top, then
1 t* gt . 1 ., 3
X=—g—=2— (i h==—gt (i
287" g (D) 55 (ii)
h

Eliminate t from (i) and (ii), we get x= N

.". Height of the body from the ground =h —% = %

Illustration 55:

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

Solution:

The separation between the two bodies, two seconds after the release of second body

:%x9.8[(3)2 —(2)]=245m

Illustration 56:

A body falls from a height h = 200m. The ratio of distance travelled in each 2 sec during t = 0 to t = 6 second
of the journey is

Solution:

S, «<(2n—1) In equal time interval of 2 seconds

Ratio of distance=1:3:5
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Motion under Gravity-Vertical Projection from Height

Vertical Projection from Height

CASE 1 : Downward Projection

Equations of motion:

Taking initial position as origin and direction of motion (i.e., downward direction) as a positive, we have

v=u+gt (i)
T .+ul

v =u? +2gh .. (i) @l h

h, =u+%(2n—1) = v__ =+u’+2gh

CASE 2: Upward Projection
Equations of motion :
Taking initial position as origin and direction of motion (i.e., upward direction) as negative, here we have

h:ut+%gt2 ..(i1)

v=-u+gt (i) .
1 /’ \\ A
h=—ut+=gt? ..(ii) IO
2 T ! !
v2 =12 + 2gh ...(iif) @T ny i
h, ——u+8(2n-1) T/ | Hiax
n 2 1
u’ ®l H / T
. Maximum height attained by the bodyH,, =H+ 2 1 / :
8 7R
u? FRFFALF I FETLL
. Distance travelled by the body =H + —
g

. Time taken by the body to reach the ground
H=—ut+%gt2 :%gtz —ut-H=0>gt2-2ut-2H=0

After solving this equation, we get the result.
Illustration 57:
A ball is thrown upwards from the top of a tower 40m high with a velocity of 10 m/s, find the time when it
strikes the ground (g =10 m/s?)

N CEEEEE PR

Solution:
In the problem u=+10m/s, a=-10m/s2 and s=-40m

1
Substituting in s = ut + Eat2

-40 =10t - 5t2or 5t2-10t-40=0 or t2-2t-8=0
Solving this we have t = 4 s and - 2s. Taking the positive value t = 4s
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Illustration 58:
A pebble is thrown vertically upwards from a bridge with an initial velocity of 4.9 m/s. It strikes the water
after 2s. If acceleration due to gravity is 9.8m/s? (a) what is the height of the bridge? (b) with what velocity
does the pebble strike the water?
Solution:

(a) Let height of the bridge be h then

h=—4.9><2+%><9.8><(2)2

h=98m
(b) velocity with which the ball strikes the water surface
v=u+at
v=-49+98x2=147m/s
Illustration 59:

N Lt

Aman in a balloon rising vertically with an acceleration of 4.9m /sec’ releases a ball 2 sec after the balloon

is let go from the ground. The greatest height above the ground reached by the ball is (g=9.8m /sec”)

Solution:
Height travelled by ball (with balloon) in 2 sec

h =1at2 =1><4.9><22 =9.8m
2 2

1

Velocity of the balloon after 2 sec
v=at=4.9x2=9.8m/s

Now if the ball is released from the balloon then it acquire same velocity in upward direction.
Let it move up to maximum height h»

v’ =u®-2gh, = 0=(9.8)" —2x(9.8)xh,
~.h, =4.9m
Greatest height above the ground reached by the ball=h, +h, =9.8+4.9=14.7m

Illustration 60:

Three particles A, B and C are thrown from the top of a tower with the same speed. A is thrown up, B is
thrown down and C is horizontally. They hit the ground with speeds V,, Vg and V¢ respectively.
Solution:

v’ =u’ +2gh=v=,/u’+2gh

So, for all the cases velocity will be equal.

Effect of Air Resistance

If ‘a’ is retardation due to air resistance,

Case-1

For ascending motion(upward motion) S
net acceleration anet = g + a (downwards)

If maximum height attained by the particle is 'h' then

Time to go up, a & h

\1
[ 2h T
t, = [—
g+a
Velocity of projection, '

v, =+4/2(g+a)h
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Case-2
For descending motion (downward motion)

net acceleration aye: = g - a (downwards) .

If body is released from maximum height 'h' then

Time to go up, l
e

2h
t, = /—
g-a 1
Velocity on reaching ground, ‘

v, =4/2(g—a)h
Illustration 61:

A body is thrown vertically upwards. If air resistance is to be taken into account, then the time during
which the body rises then the time of fall

Solution:
. . 2h
For ascending motion t, =, [—
g+a
. . 2h
For descending motion t, = [—
g—-a

>t
.. time during the body rises is less than the time of fall.

L%} BEGINNER’S BOX-6

1. A particle is projected vertically upwards from ground with velocity 10 m/s. Find the time taken
by it to reach at the highest point?
PMP205
2. A particle is projected vertically up from the top of a tower with velocity 10 m/s. It reaches the
ground in 5s. Find-
(a) Height of tower. (b) Striking velocity of particle at ground
(c) Distance traversed by particle. (d) Average speed & average velocity of particle.
PMP206
3. A balloon starts rising from the ground with an acceleration of 1.25 m/s2. A stone is released

from the balloon after 10s. Determine
(1) maximum height of stone from ground (2) time taken by stone to reach the ground

PMP207
4. A rocket is fired vertically up from the ground with an acceleration 10 m/s2. If its fuel is finished
after 1 minute then calculate -
(a) Maximum velocity attained by rocket in ascending motion.
(b) Height attained by rocket before fuel is finished.
(c) Time taken by the rocket in the whole motion.
(d) Maximum height attained by rocket.
PMP208
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A particle is dropped from the top of a tower. During its motion it covers % part of height of

tower in the last 1 second Then find the height of tower.
PMP209
A particle is dropped from the top of a tower. It covers 40 m in last 2s. Find the height of the tower.
PMP210
A player throws a ball upwards with an initial speed of 29.4 m/s.

(a) What is the direction of acceleration during the upward motion of the ball?

(b) What are the velocity and acceleration of the ball at the highest point of its motion?

(c) Choosex=0mandt=0s tobe thelocation and time of the ball at its highest point, vertically
downward direction to be the positive direction of x-axis and give the signs of position,
velocity and acceleration of the ball during its upward and downward motion.

(d) To what height does the ball rise and how long does the ball take to return to the player's
hands? (Take g = 9.8 m/s2 and neglect air resistance).

PMP211

A particle is dropped from the top of a tower. The distance covered by it in the last one second

is equal to that covered by it in the first three seconds. Find the height of the tower.

PMP212

Water drops are falling in regular intervals of time from top of a tower of height 9 m. If 4th drop

begins to fall when 1st drop reaches the ground, find the positions of 2nd & 3rd drops from the

top of the tower.

PMP213
Graphical Problems in Vertical Motion
1. A body is projected vertically upwards then
(a) Graphs of displacement with respect to time : (b) Graph of velocity with respect to time
X 'y (uz/zg) +V A
u
2u
0 (u/g) ( | / g:)t

(W/g)

(© Graph of acceleration with respect to time

+a 4

—8
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2.
(a)

(c)

A body dropped from some height

Graphs of displacement with respect to time: (b)

A

X

t

Graph of acceleration with respect to time

h

aA

Illustration 62:

Graph of velocity with respect to time

A

\%

A particle is thrown vertically upward with 30 m/s, reaches on maximum height and come on ground after

some time. Consider vertically upward direction positive and point of projection as origin. (if g=10 m/sec?)

(i) Acceleration time graph
(i) Velocity time graph
(iii)  Speed time graph
(iv) Displacement time graph
Solution:
(i) Acceleration time graph (i) Velocity time graph
v(m/s)
a r s 30 \
0 3 ? > t(sec)
-10 -30}------m--
(iii)  Speed time graph (iv)  Displacement time graph
spged(m/s) H(m)
30
Hmax ................
>t(sec) : >
0 0 3 6 t(sec)
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Motion in a Plane

Ground to Ground Projectile Motion
2D Motion:

° When the motion of an object is restricted within a plane, it is said to undergo a motion in 2D.
. 2D motion can be studied as two independent 1D motions. (One along x-axis and the other along
y-axis).

Example: Motion of a carrom coin, Projectile Motion, Circular Motion.
Projectile Motion
When a body moves with constant acceleration such that its initial velocity and acceleration are non-
collinear then its path is parabola and motion is known as projectile motion.

[ Projectile Motion ]

Oblique Horizontal

Ground Height Height
to Ground to Ground to Ground
Projectile Motion = Horizontal Motion + Vertical Motion usind-gt
- 2 0 — of)2
u, =ucos®; u, =usin® VA v=4/(ucos0)?2 + (usin® — gt)
2=0 a-g Pl
v, =u, =ucos6 v, =u, —gt ) i E
x=(ucos)t usin® E H
y=(usin9)t—1gt2 0 i E
2 — 5 - > X
ucos

Horizontal Motion D Romoooooooes >
. Initial velocity in horizontal direction = ucos6=u,
. Acceleration along horizontal direction = ax = 0. (Neglect air resistance)
. Therefore, Horizontal velocity remains unchanged.
. At any instant horizontal velocity v, =ucos®
° In time t, displacement along horizontal direction or x co-ordinate is, x = uxt orx= (ucos O)t

Vertical Motion
. It is motion under the effect of gravity so that as particle moves upwards the magnitude of its
vertical velocity decreases.

. Initial velocity in vertical direction = usinf= u,

. Acceleration along vertical direction = ay = - g (Neglect air resistance)

. At any instant, vertical speed v, =u, —gt= usin0-—gt

. In time t, displacement in vertical direction or "height" of the particle above the ground

1 2 . 1 2
=u t——gt°=usinOt——gt
y=u, 2g Zg
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° Equations of motion should be applied separately for x and y directions.
° Velocity and position can be dealt separately in x and y directions as shown in the table given
below:
X-axis ‘ y-axis ‘ Resultant
v,=u,+a,t vy :uy+ayt \7=VX1+V},}; |\7|=«,V)2( +V§

1 1 = AL 8 s
Ax=uxt+5axt2 AyzuytJrantZ I =xi+yj; [fl={x* +y°

Illustration 1:

A particle has initial velocity, u= 2 +33 and acceleration, a= 41+ 2} then, Find

(a) V att=2sec. (b) S from 0 to 2 sec.

Solution:

x-direction y-direction

Uy =2 uy =3

ax:4‘ ay:2

t=2 t=2

v, =u, +a,t v, =u,+agt

vx=2+4x2=10 vy=3+2x2=7

u, +v

sxz(u"ﬂl"]t s =[ Y yjt
2 Y 2

SX=(2+1OJZ:12 s =(—3+7)2=10
2 Y 2

v=10i+7] and $=12i+10j
Illustration 2:
A roller coaster goes down along 45° incline with an acceleration of 5.0 ms-2. >

(Starts from rest) 45°

(a) How far will the roller coaster travel in 10 seconds horizontally?

(b) How far will the roller coaster travel in 10 seconds vertically? 5m/s?
Solution:

The motion of the roller coaster can be considered as a 1D motion along the direction of acceleration.
Taking the direction of acceleration as r-direction.

1 .
x=x0+ut+zat +X
o 1, 1 2 45°
In r-direction, r=r, +ut +Eat =0+0xt+5(5)(10) =250m
Taking right direction as positive x axis and downwards as positive y axis, r=250m

Displacement along y-direction

Ay =rsin6 =250 sin 45°=@m
2

+y v
Displacement along x-direction

AX =rcos0 =250 cos 45°=2—50m

N
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Illustration 3:

Abody is projected with a velocity u at an angle 6 with the horizontal. The velocity of the body will become
perpendicular to the velocity of projection after a time t given by.

Solution:

v, =usinf-gt

v, =ucos0 :(ucosGi+usin9})-(ucos93+(usin9—gt)})=0

=u’cos’0+u’sin’ 0—usinOgt =0 = u’ =usinOgt =>t=—
gsin0

Illustration 4:
A particle is projected with initial velocity u = 25m/s and © = 53° with horizontal? Find height of projectile
when horizontal distance is 45 m?

Solution:
x-direction y-direction
ux = 25 cos 53° uy = 25 sin 53°
=15m/s 20m/s
ax=0 ay=-10 25“‘//?/_\ I’“"e
sx=45 t=3sec. 53°
1 2 g
45=15xt sy:20><3—5><10><3 tve
t:4—5:3s sy=60-45=15m
15

Standard Results of Ground to Ground Projectile Motion

Time of flight (T)

Time of flight is the time for which projectile remains in air.

At time T particle will be at ground again, i.e. displacement along Y-axis becomes zero.

1 2 1 2
y:uyt—Egt .'.O:uyT—EgT
or Tzziz 2usin®
g 8 | - X
Time of ascent = Time of descent = T_ Y _usind \‘\\
2 g g u

At time ; particle attains maximum height of its trajectory.

Maximum height (H)
At maximum height vertical component of velocity becomes zero. At this instant y coordinate is, its
maximum height.
2 2 .2

u, u“sin”0
vy =u; —2gy . 0=u? —2gH { v, =0,y:H} so, Hzé:T
Horizontal range or Range (R)
It is the displacement of particle along X-direction during its complete flight.

u 2u_u
wx=ut .‘.R:uXT:uX—y; R= Y
g g
2 0)(usin® ?sin20
R= (ucos)(usin ):>R=& ('.'ZSinecosezsinZO)

g 8
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Maximum horizontal range (Rmax)
If value of O isincreased from O = 0°to 90°, then range increases from O = 0° to 45° but it decreases

beyond 45°. Thus range is maximum at © =45°

2 .
u 51n2(45°) u2 sin90° uz
max = = :> max

g g g
Comparison of two projectiles of equal range

For maximum range, 6 =45° and

When two projectiles are thrown with equal speeds atangles © and (90°- O ) then their ranges are equal
but maximum heights attained are different and time of flights are also different.
u’®sin20
8
~u®sin2(90°-60)  u’sin(180°-260)  u’sin20
) g ) g s

Atangle O, R=

Atangle (90°-6),R’

Thus, R'=R
Maximum height of projectiles

_u’sin’0 Ho u’sin®(90°-0)  u’cos’6

H and
2g 2g 2g
22
. Ezsmze =tan®0
H' cos“0
u*sin®0cos’0 R?
° HH'=———F—— =—=R=4+/HH'
4g 16
2 s 2 2 2 2
. H+H’:u sin 9+u cos 9:>H+H':u—
2g 2g 2g

Time of flight of projectiles
_2usin0 ., 2usin(90-0) Z2ucosO

T ;T
g g g

. T =S 0 =tan0

T' cos6

2 .
. pp_fulsinfeosé 2R TT'oR
g g
Equation of Trajectory
Along horizontal direction X = uxt or X =ucos0t
1

Along vertical direction y =uyt—%gt2 or y =usin Gt—zgt2

On eliminating t from these two equations

2 2
1 X 1 X
j——g[ j = y:XtanO—EgZ—

2 \ucosO u?cos®0

y:(usine)(

ucoso

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

Again y:xtane[l—L} =xtan6{1—§}

2u® sincos O
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Kinetic Energy of a Projectile

Kinetic energy = %x Mass x (Speed)?

Let a body is projected with velocity u at an angle O .

Thus, initial kinetic energy of projectile, K, =%mu2

Since velocity of projectile at maximum height is ucos6.
1
Kinetic energy at highest point, K= Em(u cos 6)2 =K, cos’ 0

Which is the minimum kinetic energy during whole motion.
Key Points

. At maximum height, vy = 0 and vx = ux = ucos0 so that at maximum height v=, ,V}Z( +Vf, =ucos0
. At maximum height angle between velocity and acceleration is 90°.
. Magnitude of velocity at height 'h'".
2 =u’-2gh Y

vV, =u, —48 3 s

vi =(usin0)’-2gh and v_=ucos® i

|\7|=\/vf(+v§ =\/u2 cos’ 0+(usin0)’ —2gh HE

|V]=u’ —2gh i

2 0 X
T ey N
g 2g g

T and H depend only upon initial vertical speed uy

If two projectiles thrown in different directions, have equal times of flight then their initial vertical
speeds are same so that their maximum height are is also same.

If Ha = Hg then (uy)a = (uy)s and Ta=Ts y

. For situation shown in figure for 6 =45°
uZ

Here R, =— and H =—

g 28 4g

."+ Ruax = 4H = 4 (maximum height attained)

u?sin®45° u*

R e o

RmaX
u*(2sinO6cosO 2 gin?
. WhenR=H Ro'L(2800c0s0) oy wsin’0 o R_, o 4
g 2g H
—=4cotb=1 = tan6=4 = O=tan" (4) ~ 76°

Illustration 5:

A projectile is thrown with speed u making angle © 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=10m/s?)
Solution:

1 1
Displacement in y directiony =uy, x 1 - 7 gx(1)2=uyx3- 2 g(3)2 = uy=2g=20m/s

2

u
Maximum height attained hmax = z—y =20m
8

www.allen.in [147]



ALLEN NEET : Physics

Illustration 6:
A stone is to be thrown so as to cover a horizontal distance of 3m. If the velocity of the projectile is 7 m/s,

find:  (a)the angle at which is must be thrown.
(b) the largest horizontal displacement that is possible with the projection speed of 7 m/s.
Solution:

2
(a) Range R = Y sin2e
g

= sin26=¥:9'8><3—0.6=sin37°:26=37°:6=18.5°

o)

angle of projection may also be =90° - 6 =90° - 18.5° = 71.5°

(b) For largest horizontal displacement © =45°

2 2
Maximum range Rmax= Ll =Q =£x 10 =5m
g 98 98

Illustration 7:

Two projectiles are projected at angles (9) 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=10 m/s2)
Solution:

2 ;2 24in? 20)* sin® (n/2-0
Maximum height H = %ﬂe:hl :(20)2¢6:2Osin2 0 &h, _(20)'si > (v ):20c052 0
g g g

h, —h, =20[cosze—sinze]=10:>20cosze=10:>cosze=%:>29=60°:>9=30°

{ €0s20 =cos’ 0 —sin® 6} and 0'=90°-0=60°

Illustration 8:
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.

Solution:
2 = 2
Maximum height = 4 Szm 0 =39.2m -(1)
g
2 . 2 .
Range = u sm26:2u 51n6c056:2><78.4 (i)
g g

From equation (i) divided by equation (ii) tan6=1=06=45°
2 o
From equation (11) range = m =2x784=u=+2x78.4%x9.8=39.2 m/s
g

Illustration 9:

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 a and 3 are the base angles of triangle and angle of projection is 6, then prove that
tanO=tano+tanf3.
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Solution:
From triangley =xtan Q. andy = (R-x) tan 3

R
tana+tanB=X+L—y— (i)

X R—X_X(R—X)

Equation of trajectory

y:xtan({l—ﬁ}:tanﬁz -.(ii)

x(R—x)

From equations (i) and (ii) s tanO=tano+tanp

Illustration 10:

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: - :
Solution: 9 i

Given:R=18 + 6 =24m 6m 18m
X=6m,y=3m

From equation of trajectory, yzxtane[1_§}:>3:6tane[1_%}:>tanezg SO, @=tan! [%j

Problems based on Ground to Ground Projectile Motion
Illustration 11:

A body is projected from ground with velocity (4? +3}) m/s. Find out:

1. Time of flight 2. Maximum height
3. Horizontal range 4. Velocity when body reaches ground
Solution:
1. Time of flight (T) = 2y 23 o6 A ;
g 10 37°
2
2. Maximum height H I 9x100 =45 cm —-3j
™ 2g 2x10 Sm/s

3. Horizontal range

R=uyxT=4x06=24m
4 Velocity when body reaches ground....

Illustration 12:
A body is projected from ground with speed 40 m/s for maximum range. Then find out maximum height

attained by the body.
Solution: yt
When 6= 45° (M @)
2 ' 4
Horizontal range is maximum, 2
5 i
max = u_ i h = Rmax

g A N45° i 4 (Rmax, 0)
And height is, 0.0) <_Rmax_> 5 >X
He u’sin®45° _u® R, 5

25 4g 4 ) Rmax "
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Illustration 13:

2
A ground to ground projectile has equation of trajectory, y = x—%. Find angle of projection and speed of

projection.
Solution:
gx’ . .
y =xtan0-——>—— (General equation) (i)
2u”cos” 0

XZ
y=X—— (Given equation) .. (ii)

40
By comparing equation (i) and (ii) tan0=1;0=45°

g 1
—_— = ~u=20m/s
2u’cos’0 40 /
2
(y =xtan0 —ﬁ) is valid when we take starting point as origin and —%— T +ve
u‘ cos

L%} BEGINNER’S BOX-7

1. A football player kicks a ball at an angle of 30° to the horizontal with an initial speed of 20 m/s.
Assuming that the ball travels in a vertical plane, calculate (a) the time at which the ball reaches
the highest point (b) the maximum height reached (c) the horizontal range of the ball (d) the

time for which the ball is in the air. (g = 10 m/s?) PMP214
2. A cricketer can throw a ball to a maximum horizontal distance of 100 m. How high above the
ground can the cricketer throw the ball, with the same speed? PMP215
3. Two bodies are thrown with the same initial speed at angles o and (90° - o) with the horizontal.

What will be the ratio of (a) maximum heights attained by them and (b) horizontal ranges ?

PMP216
4. A ball is thrown at angle 6 and another ball is thrown at angle (90° - 0) with the horizontal
direction from the same point each with speeds of 40 m/s. The second ball reaches 50m higher
than the first ball. Find their individual heights. g = 10 m/s2. PMP217
5. The range of a particle when launched at an angle of 15° with the horizontal is 1.5 km. What is
the range of the projectile when launched at an angle 45° to the horizontal. PMP218

6. Show that the projection angle 0, for a projectile launched from the origin is given by :
0o = tan-! [41;‘“} Where Hi, = Maximum height, R = Horizontal range PMP219
7. A ball of mass m is thrown vertically up. Another ball of mass 2m is thrown at an angle 6 with
the vertical. Both of them stay in air for the same periods of time. What is the ratio of the height
attained by the two balls? PMP220
8. The ceiling of a long hall is 25 m high. What is the maximum horizontal distance that a ball

thrown with a speed of 40 m/s can go without hitting the ceiling of the hall? (g =10 m/s2)
PMP221
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Horizontal Projection from Height 00) u=u x
Horizontal Projection A0 u—-z-o: ______ >
Consider a projectile thrown from point O at some height h from the A N ¥x

ground with a velocity u in horizontal direction. Vi Sy

Now we shall deal the characteristics of projectile motion separately W \\\

along horizontal and vertical directions i.e. AN
Horizontal Direction v \\\

(i) Initial velocity ux=u (i) Acceleration ay, =0 -y .
Vertical Direction

(i) Initial velocity u, = 0 (i) Acceleration ay = -g (downward)

Equation of Trajectory
The path traced by projectile is called its trajectory. After time t,
X =ut

y= —% gt? {negative sign indicates that the direction of vertical displacement is downward}
1 % X
So =——g— Tt=—
y=-,83 ( u)

This is an equation of a parabola so it can be stated that projectile follows a parabolic path.
Velocity at a General Point P(x,y)

.2 2
v=\Vi+v,

Velocity of the projectile in horizontal direction after time t is
Vx=U (remains constant)
Velocity of projectile in vertical direction after time t is

vy = 0 - (g)t = - gt (downward) . v =Ju? + g*t’

v t . s . . .
and tanf=—" or tan0=-5" {negative sign indicates clockwise direction}
v, u
Displacement

The displacement of the particle is expressed by; s =xi+yj Where [s|=/x" +y* =

2 1 2%
t)i—(—gt
(ut)i (Zg )j

Time of Flight

. . . . . 1
From equation of motion for vertical direction; h=ut +Egt2

1 2h
At highest point uy = 0 :thgT2 =T= /—
g

Horizontal Range
Distance covered by the projectile along the horizontal direction between the point of projection to the

point on the ground; R=ut=u ’&
g
Velocity After Falling a Height h;
Along vertical direction vy =0°+2(h,)(g) so, v, =4/2gh,

Along horizontal direction v, =u_=u

So netvelocity, v= \/V)Z( +v) = \/uz +2gh,
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Important Parameters Uy =
Time of flight Horizontal Range - wW=0
y=
- 1 - +I
h—uyt+EgT R=uT h

1
h==gT?;
A R

Illustration 14:

Arelief 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 = 9.8m/s2)

Solution:

Plane is flying at a speed = 600 x % :5% m/s horizontally

(at a height 1960m)

Time taken by the kit to reach the ground t= / /2X91360

In this time the kit will move horizontally by x = ut = 3 >< 20= 10, :00
So, tanf=> = 10,000 1.7=+3 or 0=60°

h 3x1960 5 88
Illustration 15:
A ball rolls off the top of a stair way with a horizontal velocity u. If each step has height h and width b the
ball will just hit the edge of nth step. Find the value of n.
Solution:
If the ball hits the nth step, the horizontal and vertical distances traversed are nb and nh respectively. Let t
be the time taken by the ball for these horizontal and vertical displacements.
Velocity along horizontal direction = u (remains constant)
Initial vertical velocity = zero. _? ~~~~~

v

1
nb = ut and nh=0+ Egt2

Eliminating t from the equation

nhzlg(n—bj2 = nzﬁ
2 \u gb

Oblique Projection from Height

Oblique Projection from a Certain Height

CASE 1: Projection from a height at an angle © above

horizontal:

u_=ucos6 u, =-usin®

)

D ettt

x=(ucos0)t a, =g
H=(-usin0)t+ %gt2

gt’ —(2usin0)t—2H=0

After solving the above equation, we get the result i.e. value of 't'
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Velocity after falling height h:
Along vertical direction; Vf, =(~usin0)* +2(h)(g)

Along horizontal direction, v_. =u, =ucos6
V=\/Vi +v§ =\/u2 +2gh
CASE 2: Projection from a height at an angle ©

A
Below horizontal E
u, =ucos0 u, =usin® i
x=(ucos0)t a, =g i

H!

H=(usin9)t+%gt2 i
gt? +(2usin0)t—2H=0 |
After solving the above equation, we get the result. i
Velocity after falling height h v
Along vertical direction, uj =(usin6)* +2(h)(g)
Along horizontal direction, v, =u_=ucos0
so velocity, v= \/vi +v, = Ju? +2gh
Key Note 2 4
Four objects are projected with same speed ‘u’ from top of a tower of height ‘h’
as shown in figure, then their speed when they reach the ground is : 1
v=4/u’+2gh v is independent of §

Illustration 16:
For the given body, find: (1) Time of flight (2) Horizontal range

+X
y
Solution:
(D Time of flight g 40m/s
100 = 40t + S x 10t 402
2 h=100m  40m/s

100 = 40t + 5t2

t2+8t-20=0 =>t=2sec
(2) Horizontal range; R=uxx T=40x2=80m
Illustration 17:

A ball was thrown from height H and the ball hit the floor with velocity 10i—10j after 1.5 sec of its

projection. Find initial speed of ball. y
Solution: .{fﬁz_!_:‘::gs |
~ N ~ ~ X
ax = 0 ay = —10] \\\

t=1.5 sec. H A
(i,)=-10j—(-10j)x(1.5) 3
0,=10i §,=5  so, U=10i+5j=i=5/5m/s v=10(Gi—j
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Illustration 18:

Two particles A & B are projected from a building. A is projected with speed 2v making an angle 30° with

horizontal & B with speed v making an angle 60° with horizontal. Which particle will hit the ground earlier?

Solution: v (B)
(Vy)B:VSin6O°:V\/§/2 4 2V (A)
(Vy )A =2vsin30°=v 30

(VY )A > (VY )B h

SO, TA > TB

Illustration 19:

From the top of a 11 m high tower a stone is projected
with speed 10 m/s, at an angle of 37° as shown in figure.
Find

(a) Speed after 2s

(b) Time of flight.

(© Horizontal range.

(d) The maximum height attained by the particle.

(e) Speed just before striking the ground.

Solution:

(a) Initial velocity in horizontal direction = 10 cos 37° =8 m/s
Initial velocity in vertical direction = 10 sin 37° =6 m/s

Speed after 2 seconds
V=vel +vy] =81+ (u+at) j=8i+(6-10x2)j =81 -14]j

(b) Sy=uyt+%ayt2 :—11=6Xt+%x(—10)t2
11
5t2-6t-11=0 = (t+1)(5t-11)=0 = t=?sec.
11
(© Range = usT =8 x = =17.6Ccm

62

2
= =1.8m
2g 2x10

(d) Maximum height above the level of projection, h =

. Maximum height above ground=11+1.8=12.8m

(&) v=+/u’+2gh = J100+2x10x11 = v=8+/5m/s
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BEGINNER'’S BOX-8

1. A projectile is fired horizontally with a velocity of 98 ms-1 from the top of a hill 490m high. Find
(i) the time taken to reach the ground (ii) the distance of the target from the hill and (iii) the
angle at which the projectile hits the ground. (g = 9.8 m/s?)
PMP222
2. Two tall buildings face each other and are at a distance of 180m from each other. With what
velocity must a ball be thrown horizontally from a window 55m above the ground in one building,
so that it enters a window 10m above the ground in the second building ? (g =10 m/s2)
PMP223
3. Two paper screens A and B are separated by a distance of 100m. A bullet pierces A and then B.
The hole in Bis 10 c¢m below the hole in A. If the bullet is travelling horizontally at the time of
hitting the screen A, calculate the velocity of the bullet when it hits the screen A. (g = 9.8 m/s?)

PMP224
4. A ball is thrown up from the top of a tower with an initial velocity of 10 m/s at an angle of 30°
with the horizontal. It hits the ground at a distance of 17.3 m from the base of tower. Calculate
the height of the tower. (g =10 m/s?) PMP225
Concept of Relative Motion
Relative Displacement R .
Displacement of B with respect to A = Displacement of B 0 V“}’ ___________ XE’
as measured from A Y\ B
o d%, dg, d%, . _ _ A
:>XBA =Xg =X, = dt = dt - dt :>VBA =Vg —V,
Relative = Actual - Reference Xp

For same direction
When two particles are moving in the same direction, then magnitude of their relative velocity is equal to
the difference between their individual speeds.

- -
Vi Vi
—_— — — —
OR |V12| or |V21|=V1~V2
—_—— —
- -
Va2 Va2

For opposite directions
When two particles are moving in the opposite directions, then magnitude of their relative velocity is
always equal to the sum of their individual speeds.

Vi Vi
—_— — - - _
OR |V12| or |V21|_V1 TV,
4_)— f’
V2 V2
Note:- When two particles move simultaneously then the concept of relative motion becomes applicable
conveniently.
Numerical Applications
(i) When two particles are moving along a straight line with constant speeds then their relative
acceleration must be zero and, in this condition, relative velocity is the ratio of relative displacement
to time.
V1 = const. vz = const.
when 3, =0 Vi V2
— SRelative L» <V—2
' time
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(ii) When two particles move in such a way that their relative Va Vs
. . —_—e——p—————————————o—p
acceleration non-zero but constant then we apply equations of A B

motion in the relative form.

a

o v, =constant v, # constant
ap =d, —4
=0-a=-a#0=constant

Equations of Motion (Relative)

A B

i, =0 d, =0

L4 Vrel. = Urel. + arel.t
1,
® Srel. = urel.t + Earel.t
)
® Vrel. - urel. +2'arel.srel.
1
¢ Srel. = E(urel. +Vre1. )t

Illustration 20:

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.

Solution:

Let their direction of motion be along + x-axis then v, =(20 m/s)i and v,=(15m/s)i
(a) Relative velocity of Aw.r.t. Bis v,, =v, —v, = (actual velocity of A) - (velocity of B)
=(20m/s)i—(15m/s)i=5 m/s i
i.e. Ais moving with speed 5 m/s w.r.t B in the same direction.
(b) Relative velocity of Bw.r.t. Ais v, =v, —v, = (actual velocity of B) - (velocity of A)

= (15 m/s)f—(ZO m/s)i =(—5 m/s)’i\=(5 m/s)(—f)

i.e. B is moving in opposite direction w.r.t. A, at a speed 5 m/s
Illustration 21:
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.
Solution:
vy, —> velocity of bullet ; v, — velocity of police van ; vi — velocity of thief's car

Vbp = Vb —Vp SO, Vb = Vpp+ Vp =150 x % km/hr + 30 km/hr =570 km/hr

Vbt = Vb - Ve = 570 km/hr - 190 km /hr = 380 km/hr.
Illustration 22:
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?
Solution:
By symmetry they will meet at the centroid of the triangle. Approaching velocity
of A and B towards each other is v + v cos 60° and they cover distance d when they
meet.
So that time taken, is given by

d d 2d

- t_ —

= e
v+vcos60 vaV 3v

2
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Illustration 23:
Two cars approach each other on a straight road with velocities 10 m/s and 12 m/s respectively. When
they are 150 metres apart, both drivers apply their brakes and each car decelerates at 2 m/s? until they
stop. How far apart will they be when both come to a halt?
Solution:
Let x4 and x; be the distances travelled by the cars before they stop under deceleration.
From IlI*d equation of motion v2=u2+ 2as,= 0=(10)2-2(2)x1=>x1=25m
and 0=(12)2-2(2)x2=>x2=36m

Total distance covered by the two cars =x1 + X2 =25+36 =61 m
Distance between the two cars when they stop = 150 - 61 = 89 m.
Illustration 24:
A man 'A' moves in the north direction with a speed 10 m/s and another man B moves in E-30°-N with
10 m/s. Find the relative velocity of B w.r.t. A.
Solution:
v, =10j
v, =5v31+5] |
V,, =V, —V, =5:/31-5] vpsin30°4
Angle with east direction

5 1
53 3 S
0=30°1ie. E-30°-S or 30° S of E
Standard Questions of Relative Motion
When two particles are moving with constant velocities, Or
When two particles move with equal acceleration,

A VB
3(° VCcos30°
E

tan0=

Then, |5re1 |=| a,—a |=0 and Sre = Vel X time

Illustration 25:

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?

Solution: 30km/hr 20km/h
Vs =V, —V,= 30 - (-20)= 50 km/hr —i . ‘—ﬂ
They will meet after time t given by t =—— = 200 _ 4 hr
€y will meet after tume glven y t= A = = < 200 km >
B Ambala Delhi

Distance from Ambala where they will meet is ;
x=30x%x4=120km
Illustration 26:
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?
Solution:
Given that vg=3va
Trains move in opposite directions then
~100+60

: : d
Relative velocity v T = v, +V, —T:>4VA =40=v,=10m/s,v,=3v, =30m/s
1me
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Illustration 27:

A train is moving towards East with a speed 20 m/s. A person is running on the roof of the train with a

speed 3 m/s in the direction of motion of train. Velocity of the person as seen by an observer on ground
will be:

Solution:

‘7MT =‘7M _‘7T

Vi =Vyr TV —+3i+20i1=231 so velocity is 23 m/s towards east

Illustration 28:

A 300 metres long train is moving due north with a speed of 20 m/s. A small bird is flying due south a little
above the train with 5 m/s speed. The time taken by the bird to cross the train is: -

Solution:

Relative velocity of the bird (vre) = 20 - (-5) =25 m/s

_ Distance 300
v

Distance =300 m ~.Time =12 sec.

rel
Illustration 29:
Two trains each 100 m long, are travelling in opposite directions with respective velocities 35 m/s and
15 m/s. The time of crossing is :-
Solution:
_100+100 _,

35+15
Illustration 30:
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.

(a) relative velocity of A w.r.t. B. N

(b) minimum separation attained during motion

(© time elapsed from starting, to attain minimum separation. w E
Solution: g

(a) Vi =20i—20j

(b) & (c) Let they are at minimum separation at time 't' 20t

From Figure 10-20t
S=1/(20t)* +(10—20t)? () 20d [10
S=10y/(2t)° +(1 -2t

S=10/(4% +4t> +1—4t) =108t° —4t+1

For Smin applying concept of maximum and minimum, % = 10x%><

(16t—4)

J8t -4t +1

=0

t=%s putin (i) get S, :5\/§m
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Illustration 31:
A stone is dropped from height h. Another stone is thrown up simultaneously from the ground which

reaches height 4h. The two stones will cross each other after time: -

Solution: I_sfone
Initial velocity of 2nd stone = u. | u=0
Using v2-uZ?=2as.

h

0=u?-2g(4h)= u=,/8gh
Now, d, =h,u,, =+/8gh+0=

[u=18eh

8gh
A = Oc then using t = E =L = i I stone
ur'el \, 8gh 8g

BEGINNER'’S BOX-9

1. Two trains A and B each of length 50 m, are moving with constant speeds. If one train A
overtakes the other in 40s, while crosses the other in 20s. Find the speeds of each train.

PMP226

2. Two trains A and B of length 400 m each are moving on two parallel tracks with a uniform speed

of 72 km/h in the same direction, with A ahead of B. The driver of B decides to overtake A and
accelerates by 1 m/s2. If after 50 s, the guard of B just brushes past the driver of A, what was the
original distance between the guard of B & driver of A? PMP227
3. A boy standing on a stationary lift (open from above) throws a ball upwards 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?
PMP228

Problems based on Relative Motion - Under Gravity

Relative velocity in a plane

. For 2-dimensional motion: Ta I'g
Relative velocity of A with respect to 'B' can be calculated as

— — -

Vg =Va—Vy Ta
|\7AB|=\/V1+VZB—ZVA-VBCOSG Py ‘
Note:
. For two particles to collide:

(i) Their combined relative displacement becomes zero.
(ii) Their combined vertical velocities will be same: if they are projected from same level (in case
of projectiles)
(iii) Their combined motion can be converted into two 1D 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 u, cos6, =u, cosO, thenrelative path is a vertical line.

If u,sin6, =u,sin6, then relative path is a horizontal line.
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Illustration 32:

Two particles A and B are projected from the ground va=20m/s vg=10m/s
simultaneously in the directions shown in the figure with initial
velocities v4 = 20 m/s and vg =10 m/s respectively. They collide
after 0.5 s. Find out the angle 6 and the distance x.

Solution. @~ ASTTTmTTTTTmooToommommmmooomen B
Both particles will collide if they are at same height in same time.

S0, Y, =5 :>(uy )A t_%gtz Z(uy)B t—%gtz :>(UY) :(UY)B

A

=(v,sind)=v, :>2051n9=10:>sin9=%:>6=30°

NG

In 0.5s horizontal distance covered by A is x=(u, )A t=(20c0s30°)0.5= 10><7 =53m

Illustration 33: 10 m/s«—@B
Two particles are projected from the two towers
simultaneously, h in the fi .
y, as shown m' ‘e 1gure_ N 10v2m/s 20m
What should be the value of ‘d’ for their collision? 450
Solution. @~ M
. . . 10m d
There is no relative acceleration of between A and B. > !
E
So time of collision t =2 where ysa = vertical

(% )as

displacement of Bw.r.t. A= 10m.

10
(vy)Ba = vertical velocity of Bw.r.t. A=0 - (—10«/§sin 45°) =10m/s=>t 10~ 1s

d = horizontal distance travelled by Bw.r.t. A =(vX )BA xt= (10+ 10+/2 cos 45°)>< 1=20 m.

Rain-Man Concept

VR%;‘
a o

A

o
K[!
uj‘ ‘d
A
Vv —i VM .
< :1
S ; A va 0
v
RM ~ “'}R
VrRM
v a
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()

(i)

If rain is falling vertically with a velocity v, and an observer is moving horizontally with speed v,
then the velocity of rain relative to observer will be
VRM :{}R _GM :>‘7RM :_ij_‘_}Mi

Which by law of vector addition has magnitude; vy, =+/v5 + V7,

The direction of v, is such that it makes an angle 6 with the vertical given by 0 =tan™" (Vm / VR)
as shown in figure.

If rain is already falling at an angle 0 with the vertical with a velocity v,
and an observer is moving horizontally with speed v, finds that the rain
drops are hitting on his head vertically downwards

Here vy, =v, -V,

Vi = (Ve 5in0—v,, )i—v, cosOj
Now for rain to appear falling vertically, the horizontal component of v,

should be zero, i.e. °

.. . v
Vpsinf-v, =0=sinf=—""
VR

2
v
o _ _ _cinln — _ M _ _ 2,2
and |VRM|—VRCOSO—VR\/1 sin"0=v, (1 ey =Viu =+ Ve —Vn
R

Illustration 34:

A person moves due east at a speed 6m/s and feels the wind is blowing towards south at a speed 6m/s.

(a) Find actual velocity of wind blow.

(b) If person doubles his velocity then find the relative velocity of wind blow w.r.t. man.
Solution:

(@ Vom =V, —V,.

v, =6i-6j

<
3
Il
N
—>

A
7’
Y
v
™

el
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(b) Person doubles its velocity then v_ = 12i N

But actual wind velocity remains unchanged.

v, =V, —v_=(6i—6j)—12i

wm

—6f
- & a We—t z > E
Vwm :—61—6] 15. 45,&/
Now relative velocity of wind is 6x/§m/s along S-W. :»’/Vwm
—6)
Illustration 35: S

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.
Solution: v

Assigning usual symbols v_,v_ and Vr/m to velocity of man, velocity of rain Vi

.
\5
<
~
)N
R o} AN N
Vertical

and velocity of rain relative to man, we can express their relationship by the

following equation

<l

Vrm:Vr_ m

<!

Vr :Vm + r/m

The above equation suggests that a standstill 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 Vr /m- It is @ common intuitive fact that umbrella must be held against

Vr/m for optimum protection from rain. According to these facts, directions of the velocity vectors are

shown in the adjoining figure.

Therefore

v.=v_tan37°=3km/h

Illustration 36:

A man is going east in a car with a 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?

Solution:
Ve =Vp =V

A y N
Vo =V +V, =204/3]+20]

z vy
V| =\/(20\/§) +(20)* =+/1600 = 40 km / hr Vrc = 20v3 km/hr
0
20\/§ o > » X

tanO:—O:e=60 Ve =20km/hr E

So, direction of motion of train is 60° N of E or E-60°-N
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BEGINNER’S BOX-10

1. A man 'A' moves in the north direction with a speed 10 m/s and another man B moves in
E-30°-N with 10 m/s. Find the relative velocity of B w.r.t. A. PMP229
2. A and B are moving with the same speed 10 m/s in the directions E-30°-N and E-30°-S
respectively. Find the relative velocity of A w.r.t. B. PMP230
3. Two bodies A and B are 10 km apart such that B is to the south of A. A and B N
start moving with the same speed 20 km/hr eastward and northward
respectively then find. w E
(a) relative velocity of Aw.r.t. B.
(b) minimum separation attained during motion S
(c) time elapsed from starting, to attain minimum separation. PMP231
4. Rain is falling vertically with a speed of 30 m/s. A woman rides a bicycle with a speed of 10 m/s
in the north to south direction. What is the direction in which she should hold her umbrella?
PMP232
5. A man is running up hill with a velocity (21+3}) m /s w.r.t. ground. He feels that the rain drops

are falling vertically with velocity 4 m/s. If he runs down hill with same speed, find vim.

PMP233
6. A body is projected with velocity u; from point A as shown in uq uz
figure. At the same time another body is projected vertically 60° T
upwards with a velocity u; from point B. What should be the A* "B
value of =L for both bodies to collide. PMP234
u,
River-Boat (or Man) Problem
A man can swim with velocity V, i.e. it is the velocity of man w.r.t. still water.
If water is also flowing with velocity v, then velocity of man relative to ground v =v+v,
(i) If the swimming is in the direction of flow of water or along the downstream then
vV =V+V, —V
>VR
(i) If the swimming is in the direction opposite to the flow of water or along the upstream then
Vi =V—Vr D -
>VR

(iii)  Ifthe manis crossing the riverie. V and v, are non colinear then use vector algebra.

v
R o - >
-/ - - >
vV, =V+V, v < >
DL e >
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To Cross a River

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

Cross the river along shortest
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 i o :::::
river. He should start swimming at an angle 6 with the perpendicular to (? 5 AL T — >
the flow of river towards upstream. i ? V COS 9-;‘;1-1:
Such that its resultant velocity v_=(v+v,). It is in the direction of vsin® = vg
displacement AB. (For minimum displacement)
ToreachatB vsinO=v, = sin 0 =V7R

d d

Component of velocity of man along AB is v cos0 so, time taken T =

vcosO fy? —v3

For minimum time

To cross the river in minimum time, the velocity along AB(Vcos 9) should B C
A ’
[ 'l
be maximum. : e »
i = <
: S . o . VR -
It is possible if 8=0, i.e. swimming should start perpendicular to water d —= :
A .
N/
current. i Vi
Due to effect of river velocity man will reach at point C along resultant A
velocity, i.e. his displacement will not be minimum but time taken to cross (For minimum time)
the river will be minimum,
. . d
Minimum time=t_, =—
\
In time tmin Swimmer travels distance BC along the river with speed of riverv, ..BC=t_, v,

. . . d
Distance travelled along river flow = driftof man = t_, v, =—v,
v
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Illustration 37:
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

Solution:
AB AB AB AB
t, = oty = or V,+Vy=— and Vv, -V,=—
v, + Vg v, — Vg t, t,
AB AB t, +t 2t AB
=>2v,=—+—=AB| +—= or —L1% |=—— = time taken by the boat to cover AB
1 tZ tltZ tl +t2 Vb

Illustration 38:
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.

(a) In which direction must it be steered to cross the river perpendicular to current?
(b) How long will it take to cross the river in a direction perpendicular to the river flow?
(© In which direction must the boat be steered to cross the river in minimum time? How far will it drift?
Solution:
(a) To cross the river perpendicular to current i.e. along shortest path
sino="=3—9-37°
v 5
(b) Time taken by boat, t = d__200_ 50s H N
veosh ¢ 4 !
] :
d=200m v=5m/s w E
() To cross the river in minimum time, 0=0 i \g
d 200 v
Therefore, t =—=—5=40s S
\%

Drift =u(t,,, )=3(40)m=120m
Illustration 39:

Aboattakes 2 hours to go 10 km and come back in still water lake. The time taken for going 10 km upstream
and coming back with water velocity of 5 km/h is:

Solution:
00 sy, —t0km/hrmt-—10 1010 10 19,10 5,
Ve Vi v,+v, v_-v. 10+5 10-5 15 5 3

Illustration 40:

A river 2 km wide flows at the rate of 2km/h. A boatman who can row a boat at a speed of 6 km/h in still
water, goes a distance of 2 km upstream and then comes back. The time taken by him to complete his
journey is

Solution:

The velocity upstream is (4 - 2) km/hr and downstream is (4 + 2) km/hr.

. Total time taken = 2 +E = 6 = Ehr = 45 minutes
4 8 8 4
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L%} BEGINNER’S BOX-11

1. A man can swim at a speed 2 m/s in still water. He starts swimming in a river at an angle 150°
to the direction of water flow and reaches the directly opposite point on the opposite bank.
(a) Find the speed of flowing water.

(b) If width of river is 1 km then calculate the time taken to cross the river.

PMP235
2. 2 km wide river flowing at the rate of 5 km/hr. A man can swim in still water with 10 km/hr. He
wants to cross the river along the shortest path. Find -
(a) in which direction should the person swim.
(b) crossing time.
PMP236
3. A child runs to and fro with a speed 9 km/h (with respect 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
(a) speed of the child while running in the direction of motion of the belt?

(b) speed of the child while running opposite to the direction of motion of the belt?

(c) time taken by the child in (a) and (b)?

Which of the answers will alter if motion is viewed by one of the parents?

Moving belt —> 4 km/h
Father Child ) —» Mothe:
Stationary
observer

PMP237
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s
Lz} BEGINNER’S BOX ANSWER KEY

BEGINNER'S BOX-1

1. 7nr, 2r 2. 400 m for each, B. 3. 19m, 13m

4. (40m)m, 80m from Ato B 5. (A) 110m, (B) 50m, 37°N of E
BEGINNER'S BOX-2

1. (i) 40 km/hr (ii) 32.5 km/hr (iii) 1040 km/hr (iv) 1040 km/hr

2. 4m/s 3. 5x10-3cm/s, 2x10-*cm/s 4. 0m/s, 20 m/s

5. (a) 12.5m/s (b) 25 m/s 6. 2m/s

7. 49.3 km/h, 21.4 km/h

BEGINNER'S BOX-3
10

1. ?m/s2 2. (a) 68, (b) 14, (c) 33, (d) 14
BEGINNER'S BOX-4
1. s:=8s 2. LA 3. n”
2 2n—-1
4. 3.06 ms2;11.4s 5. ut+£ 6. 0.218 m/s2
BEGINNER'S BOX-5
1. 1:3
2. (1) 120m (ii) O (iii) 20m/s (iv) O
3. (a) A, B, (b) AB, (c) B, A, (d) Same, (e) B, A, once
4. (i) 37 m (ii) 3.7 m/s (iii) Part BC,a=8m/s? (iv) 2 m/s?
5. 625 m
BEGINNER'S BOX-6
1. 1s
2. (a) 75m, (b) 40m/s, (c) 85m, (d) 17m/s, 15m/s
3. (i) 70.3m (ii) 5s
4. (a) 600 m/s, (b) 18 km, (c) (2+\/§) min,(d) 36 km
5. 125m
6. 45 m
7. (a) Vertically downwards;
(b) zero velocity, acceleration of 9.8 m/s2 downwards.
(© x>0 (upward and downward motion) v < 0 (upward), v > 0 (downward), a > 0 throughout;
(d) 441 m, 6s.
8. 125m

4m & 1m from top
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BEGINNER'S BOX-7

(a) 1s, (b) 5m, (c) 34.64 m, (d) 2s 2. 50 m. 3. (a)tan®a (b)1
4. 15m &65m 5. 3 km
7. 1 8. 148.32 m
BEGINNER'S BOX-8
1. (i) 10s, (ii) 980m, (iii) B = 45° 2. 60 m/s 3. 700 m/s
10 meter.

BEGINNER'S BOX-9

1. 3.75m/s & 1.25m/s 2. 1250 m. 3. 10 sec, 10 sec

BEGINNER'S BOX-10
1. 5\/§f—5j ,E-30°-S 2. In north direction 10m/s

. 1 .
3. 20\/5 km/hr S -E, 5\/2 km, 15 min. 4. o = tan-! (g} =18.4° from vertical towards south
2

5. \20 m/s 6. ﬁ

BEGINNER'S BOX-11
1. (a) V3 m/s (b) 1000s.

2
2. (a) Direction from Down Stream = 120° (b) —= hr.
5V3

3. (a) 13 km/h (b) 5 km/h (c) 20s

If the motion is viewed by one of the parents answers to (a) and (b) are altered while answer to (c)

remain unchanged.
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