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MOTION IN ONE DIMENSION

INTRODUCTION AND PARAMETERS

« Rest and Motion « Position Time
graphs

« Functions - Vectors

. Differentiation « Frame of reference

Moticn P : - Instantaneous
. Integration * WOUOREAdCIErs speed and velocity

Mechanics is the study of cause and effect of motion of bodies.

et —

Branch of mechanics which analyses the Branch of mechanics which analyses
effects i.e., parameters and properties the cause of motion of bodies i.e., the
of motion. force(s).

Rest and Motion - Motion is a combined property of the object and the observer. There is no
meaning of rest or motion without the observer. Nothing is in absolute rest or in absolute motion.
An object is said to be in motion with respect to an observer, if its position changes with respect
to that observer. For motion, it may happen that the observer moves with respect to the object or
the object moves with respect to the observer.

Motion is always relative.

So, we will now define motion by defining the observer, the frame (frame of reference) in which the
observer sits and other related parameters.

Frame of reference : The frame attached with the observer.
Reference point : The point from where measurements are taken.

Dimension : The dimension of a mathematical space is the minimum number of independent
information needed to specify any point within it.
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P * P (xy2z)
() —————o— P (x
% xy) 0 g
0 > X
Z
1-Dimension 2-Dimension 3-Dimension

The particle is constrained to move in a straight line and can only change its direction of motion
opposite to its original direction of motion.

Parameters related to Motion

W Acceleration Velocity
o

Displacement

[

Parameters related to Motion

Position of a point : The position of a point is the expression of its accurate location from a pre-
chosen reference point called the origin.

Positive direction

A o B
1 1 ] I ] 1 l
T T | 1 i T | >
-4 -3 -2 -1 OI\ 1 2 3
Reference point
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Position of A with respect to O (denoted by X, ) is -2.
KXo XX =<2
Position of B with respect to O (denoted by X ) is 3.
XK

Distance : Distance covered by a body is the total length of the actual path covered in travelling
from its initial to final position.

Distance is a scalar quantity.

Displacement : Displacement is the shortest distance from the initial to the final position of a body
undergoing motion.

Displacement is a vector quantity.

If a particle travels from R to P and then returns back to Q
Distance Displacement

length of RQ +
Shortest distance
length of QP + length of PQ

R = i
-5 4+64+6=17 Units between R and Q=5 Units

Position vector

A vector which represents the position of a point in magnitude and direction w.r.t the origin of a
coordinate system is called position vector.

DL
P (x,2) Position vector of
” Point ‘P’ w.r.t origin is

f_') = A VAN VAN
’ r=xi+yj+zk

> X

Displacement vector

« A displacement vector represents a straight line directed from initial to final position.

« ltis the difference between the final and initial position vectors.
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f; - A A A
s r=xX1+yJ]+2Zk
=7 Q (X, Y,2,) 2"z 72 2
r —

0 2 ;x I'1+S—l"2

(O'O'O) e - ..

; a=1L "1

- (Xz-xl)/i\-'- (yZ -yl)i\-l- (Zz -Zl) k

ﬁARDs
Distance and Displacement

If a particle passes through two different points

before reaching the final position, then Intitial ~
) e I ~.
Displacement: s =S +5,+5s, — >
= s ~ 3
s a9

Distance: d—|S |+|S [+] s |

m - "
Visualize the situation witha ¢ 500 w £
diagam. ey
\
= s
S =
(9] 51
q
s3

—)
s, 400 m
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Step 2
Recall the definitions and apply them.
. . i — — . - - - - —
(i) Distance, d =|s,|+]s,|+]s,] (i) Displacement, S =S, +S,+5S,
d=500m + 400m + 200m §net — 500/1\_ 4007 + 200/]\
d=1100m = - 400"-3007

| S, |=V3007+4007= 500 m

_ 400 4

tan@ = 500
4

— gl — o

0 =tan 3 53

Therefore, the displacement §net is 500m, 53°

west of south.

Displacement along circular path

Distance covered = ADB (arc length) = r@

Linear Displacement = AB

(\ AC = 0A sin%
% AB=2AC=2rsing

A body moves over one-fourth of a circular arc from A to B in a circle of radius r. The
magnitudes of distance travelled and displacement will be, respectively

@2 rv2 (0) 2L 7 @ () mr r
Y B
Solution /T\
Distance travelled = | \
I=r@ ) s > X
o \ 0 A
2
Displacement =Vr2+r2 = ry2
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Position-Time Graph

4 Position, x = 2m
attime,t=4s

Position, x = 0m
It is a pictorial representation of the variation of the 2°" attime, t=3s
position of a body with time. For example, a particle
P is at x = -4m with respect to the point of reference 17
(origin) at t = 0. And as it starts moving towards the
positive direction, it reaches x = Om at t = 3s and
x = 2m at t = 4s. The motion can be represented

graphically like this:

Position, x =-4m
attime,t=0s

ﬁARD s Dlstaxlce (m)

20

15
Step 1: Choose the right scale and draw the axes 10

o
v

Time (s)

Step 2: Break down the movement of the man.

0 s to 5 5: 10 m along positive direction
5s5to7s:0matrest
7 sto 12 5: 15 m along negative direction

[IIT-NEET-PHYSICS A EPSTUDY CIRCLE
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Step 3: Draw the distance vs. time graph. Step 4: Draw the displacement vs. time graph.

Distance (m) Displacement (m)
N N

25 25
20 ’ 20
15 /// 15

o
Vv

Time (s) Time (s)

Speed

1. Average Speed

Average speed of a particle over a certain time interval is defined as the ratio of total distance of
path travelled to the time interval.

total distance covered

<V S=
time taken

It is a scalar quantity.

2. Instantaneous Speed

It is defined as the limit of the average speed when the considered time interval approaches zero.

As
Speed = — -
= At
Instantaneous Speed = lim As
At-0 At
Instantaneous Speed = dt
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1. Average Velocity

The average velocity of a particle over a certain time interval is defined as the ratio of net
displacement to the time interval.
displacement

Average velocity =

time taken
oo B Tl
It is a vector quantity. ¥ T At t &
Direction of Average Velocity
vt R Q The direction of average velocity is the direction of the net

displacement for the time interval it is calculated.

S =3
At
P =<?> Il A2

A

2. Instantaneous Velocity

« Instantaneous rate of change of position with respect to time i.e. velocity at an instant.

« Itis the ratio of displacement to an infinitesimally small interval of time.

_)
o= s
At

_)

lim As

<V>=At-0 At
_)
=I5
dt

Direction of instantaneous velocity

Tangent
A T R Q
S The direction of instantaneous velocity at any instant is
tangential to the path at that instant.
<V> — d_g
dt
= & Vilds
) X
\
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@ Instantaneous speed of a particle is the magnitude of its instantaneous velocity.
= |[Vl= Speed

ARDS
* Graphical interpretation of velocity

A

3 ! = ’
= ! (=
S { ax S
&= s 4
3 At 3
a o
(7]
Time () g

Slope of tangent at any time, ¢, = tan@, = Instantaneous velocity at time ¢,

Step 2
Calculate the time taken for the first half

Step 3
Calculate the remaining time.
Remaining time,

t.= 40 - 30 =10 mins

of the journey.

Time taken to go to market,

t1=%=2—55=;—hr=30 mins
Step 4 . Step5
Calculate the distance travelled in the Recollect the formula for average speed and
remaining time. . apply it.
: Total distance travelled
Distance travelled while returning home, : Average speed = -
| Total time taken
—vxt =750 - 3 2.5 +1.25
Voxt.= 7.5 x 50 1.25km i _ - 5.625 km/h
! 40
: 60
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Magnitude of displacement,l_s)l =0

Hence magnitude of average velocity
=Bl -
= =|<v>|=0km/h

Total distance

Average speed = <v> =

Total time
_sts 25 _2vv,
Lkt 491 W%
o[37]
- 2249280 _ 4g jmn
40 + 60

(Given v, = 60 km/h and v, = 40 km/h)

Step 1

Observe the graph and note down
your observations.

« Thecurve fromt=0stot=2sis a
single straight line.

The curve from t=2sto t=4sis
another single straight line.

« Thecurve fromt=4stot=6sis a
horizontal line.

IIT-NEET-PHYSICS

Step 2

Calculate the distance travelled and average speed
based on these observations.

() Fromt=2stot=4s,
Total distance covered =30 -10 = 20m
distance covered

So, Average speed =

time taken
~ 20m ~ 10
T m/s

A EPSTUDY CIRCLE
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(ii) From t=4s to t = 65, the object is at rest. So average speed is zero.
N
X () Instantaneous speed at t =1s
30+ Ax 10-0
V]ey = slope|,_, =737 = 55 =5m/s
20+
Instantaneous speed at t = 3s
10 _Ax 3010
! ] ! 1 ! ! N v=s=s|ope " AT T m/s
) I1 |2 |3 |4 |5 |6 t/(s) |t 3 |t 3 At 4=

01
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MOTION IN ONE DIMENSION

MOTION UNDER ACCELERATION

g@ What you already know

n
What you will learn

+ Rest and motion « Uniform and non-uniform motion
« Frame of reference « Acceleration

» Motion parameters « Graphs

- Position time graphs « Equations of motion

« Instantaneous speed and velocity

Uniform motion Non-uniform motion
A Constant slope A Changing slope
= C
Qo Qo
% 3
o) o)
a a
, » >
Time Time
- If a body travels equal distances in equal - If a body travels unequal distances in
intervals of time, the motion is uniform. equal intervals of time, the motion is
non-uniform.
« Graphically, if the curve on a position
vs time graph is a straight line, then the - Graphically, if the curve on a position vs
motion is uniform. time graph is a not straight line, then the

motion is non-uniform.
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« The area under the curve on a velocity vs time graph gives us the change in position or
displacement in that time interval.

- For the interval ¢, to ¢, , the displacement is given by the area between ¢, t, and the velocity-time
curve.

VA Constant velocity VA Increasing velocity

t t

Displacement = v,(t,- t,) Displacement = %(v1 FVE-T)

- If the curve is irregular, then

VA

t
A= ft 2y dt = displacement covered
1

a negative value depending on the location of said area in the graph. See the example

@ Area is a vector quantity. While calculating area from a graph, you may get a positive or
given below for better understanding.

Step 1

Observe the graph and note
down your observations.

« The curve projects two trapeziums on the x

» The length of the parallel lines of the first
trapezium is 2 and 4 and the height is 4 units.
« The length of the parallel lines of the second
trapezium is 2 and 4 and the height is -2 units.

Solution

axis.
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Step 2: Calculate the area under the v - t curves.
A =ax(2+4)x4=12

A= 2% (2+8)x(2)=6

Step 3: Calculate the distance and displacement
(i) Distance travelled by the particle (i) The displacement of the particle is given by

S=I1AI+I1A,l x=AtA,
=12+6 =12-6
S=18m X=6m

velocity went from positive to negative. From this you can infer that the particle in motion
reversed its direction at that point. Which also means the final or net displacement of the
particle will be less than the total distance travelled.

[@ In the above example dealing in linear motion, the v-t curve crosses the time axis, i.e,
)

~Acceleration

Acceleration is the rate of change of velocity of an object per unit time.

Average Acceleration

Change in velocity It is a vector quantity. Its direction is always

Average acceleration =

f

time taken ' along the “change in velocity vector”.
- - !
= V.-V i
= M - f i 1 < §’> AV
<q¥>=Rr=+- 3 i [l

Solution

N
A
v,=50 ms*
Step 1: Visualize the situation with a diagram.
P 9 w <« > E
v,=50 ms’
v
S

[IIT-NEET-PHYSICS A EPSTUDY CIRCLE



T-NelT oS PG
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS 1 o m0T|om
Step 2: Recollect the formula and apply it. E V} vV
5 o I 13l= ’
<a>_AV Vi : R
At f't,- . _50V2
AV=7,-7=50f- 501 | L
! =50v2 ms?

Iv,-v=150j - 5011 = V507 + 502 = 502 ms’!

And as we know, the direction of average acceleration and change in velocity is the same.
So, the direction of < a > is along the North-West direction.

Instantaneous Acceleration

It is the rate of change in velocity at a particular instant of time. It is given by the slope of the
tangent to the v-t graph at that instant of time.

> t >
& L tz t
Slope = dv _ Siontancous oeadloration We alre§dy kn.ow that the area under the v-t
de graph gives displacement.
AV _ dv t
=lim%- =[7 =di
At oAt ~ dt Area ft : v dt = displacement covered

« When a body is speeding up, or its velocity is increasing, it has positive acceleration.

« When a body is slowing down, or its velocity is decreasing, it has negative acceleration.

« When the direction of motion of the body changes, its velocity changes. This causes the acceler-
ation to change as well.

Solution

g=A4v_ _10-6 Here, average acceleration is equal to the instantaneous acceleration as

a=tanb =7z+ : o . R
t = 4-2 . the acceleration is constant. You can check this by finding the slope at

=2 ms? any other point in the graph.
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Everything we have learnt about uniform velocity (both positive and negative) can be summarised
using these graphs.
X

VA “A

Positive constant velocity ——>

°=° >
0 t’ 0 t
x A vA aA
X
—
0 >t
a=0
0 Negative constant velocity 0
Uniform velocity = zero acceleration.
. . . ch
Here acceleration is uniform but zero. g Slope = a = constant
Now, when the acceleration is non zero g f
and uniform, we’ll have something like this. g
(9}
<
Time > 2
(9]
Slope of acceleration and =
time graph gives jerk. The = >
area under a-t graph gives e
change in velocity. IS j
t %
2 - = — v z
ft, adt=|v,-v | = |AV| S Slope = v = increasing
: Time g

IIT-NEET-PHYSICS A EPSTUDY CIRCLE
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Solution

As the area under the a-t graph gives
change in velocity,

A =(4)(3)+ %(4) (4)=20

A= [% (2)><(-2)] -

8 9
y +— | g
vi-v=4A+A,=18 ms A, t(s)
v,=18 ms'+vy,
v,=18 ms’+5 ms?=23 ms’!
’fdAm
. Position-time (x - t) graph
@ + Slope = L 48 = velocity
‘ dt
Velocity-time (v - t) graph Acceleration-time (a - t) graph
Sjpne =Y. = lerat . Slope =42 = jerk
+ Slope =7~ = acceleration dt
t2 : - tz - . %
. Area =/t v dt = displacement + Area —ft a dt = change in velocity
1 1
*’ARDS
- Equation Of Motion For Uniform Acceleration

For uniformly accelerated motion along a straight line, we have simple equation that relates
u = initial velocity (att=0)
a = acceleration ( constant)
v = final velocity ( at time t)
s = displacement ( change in position / coordinate = AX = X,- X,)
x, = final coordinate ( position )

f
x, = initial coordinate ( position )

G v=u+at @ Ax=s=ut+1?at2 e vZ=u? + 2as = u? + 2a (Ax)

IIT-NEET-PHYSICS A EPSTUDY CIRCLE
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Solution
Step 2: Recollect the equations of motion.
Step 1: Note down the given data. v=u+at
Initial speed, u =8 ms*

Acceleration, a = 5 ms? Step 3: Implement the equation of motion.

. : ” v=u+at
Time period, t =10 sec V=845 %10
Final velocity, v="7 v =58 ms!

Solution

Step 3: Apply the equation of motion in stages.
For the particle’s motion from starting
point to midpoint of the total distance,

Step 1: Note down the given data.
Let, total distance = 2x

e _ v?=102+2ax ... (i)
Migpoint gistance =X For the particle’s motion from midpoint to the
Velocity at midpoint=v =7 end,
Initial speed = u =10 ms™* 302=v?+2ax ... (ii)
Acceleration =a =5 ms? Subtracting (i) from (i)
Time period =t=10s =10°+2ax .. (i)
302=v?+2ax .. (ii)

Final velocity = v, = 30 ms™

v2-302=102%- 2
2v?=900 + 100
v2=500
v=10V5 ms

Step 2: Recollect the equations of motion.
vZ=u?+ 2as

Solution
Step 1: Visualise the given situation: ;att=0 a4 =1ms?
9 ms! '
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Step 2: Note down the given data Step 3: Recollect the equation of motion

; s:ut+%at2

Speed of man =u =9 ms?
Acceleration of bus =a=1ms

Time period =t=7

Distance between the bus and man = X = =40 m

Step 4: Implement the equation of motion

For man:
Let the man catch the bus after
‘t’ seconds.

X,=0m,u=9 ms*!

- x=9¢t..(i
Distance travelled by the bus |

during this time:

As in time t both the bus and the man should
X, =40m, a=1ms?

be at same position for the man to catch the
bus, equate (i) and (ii)
-40=0xt+1 (1) & £_
X 0 x %( ) 40 + 5 9t
o :
x=40 +7....(|)

AX= Ut +%at2

Step 5: Solve the quadratic equation

Solving this quadratic equation
we get, t = 8s or 10s.

Hence, the time taken by the man to catch
the bus is 8 seconds. At 10s the bus will

’ﬁlAlN *VANCED
el ==
o
o
)

overtake the man once again

. . Unifrom Unifrom
Unifrom Unifrom | -
Rest . . acceleration acceleration
velocity (+ve) velocity (-ve)
(tve) (-ve)
X X );
A A
X, X,
XO
L g > = X > = o i > < >
< 0 t 0 t 0 t t
Y Y
X = constant
1% 1% v 1%
A A A /
Vi
Vob—
V.
=l - > = > > = - > = 2
= 0 t 0 t 0 t t t
VO
\/ v A \ A
v=0 V = constant V = constant

IIT-NEET-PHYSICS

A EPSTUDY CIRCLE

01



IHT-NEET CIJ [ 4
ENTS

PWG
ST QDY CIR‘Crl:F

L PF

CBSE || PHYSICS

01

1D mMmoTion

= . . Unifrom Unifrom
o Unifrom Unifrom . .
@ Rest velocity (ve) veloeifylve) acceleration acceleration
© y y (+tve) (-ve)
a a a a a
A A A A A
af—
‘:‘ < > = » — —> = > < 2=
S 0 t 0 t 0 t 0 t 0 t
aO
\ \ 4 \ \ 4 \
a=0 a=0 a=0

a = constant a = constant
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fn
g@ What you already know What you will learn

¢ Uniform and non-uniform motion e Displacement in the n'"second
e Acceleration ¢ Motion under gravity
e Graphs e Average speed and velocity

e Equations of motion

Displacement in n*" Second

An object P with initial velocity u and constant acceleration a undergoes a displacement s_in n sec
ands__, in (n—1) sec. The displacement in n” sec can be calculated like this :

A
\/

1s I 2s | ......... | (n-1)s

~)
195}
v v

Displacement in (n - 1)sec is
5,,= uln -+ 2 afn-1F... ...(2)

Displacement in n"” sec

S#=S-S., % Commommmmesessemeee
S, th =un—u(n-1)+%an2-%a(n_1)2
=u(n-(n-1)+=5a(?-n-1)

=u+=af? -+ 2n -

3
N

[IIT-NEET-PHYSICS A EPSTUDY CIRCLE
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47]

The displacement of a body in the 4" second of motion is twice the displacement in the 2"/second.
If the acceleration of the body is 3 ms~?, what was its initial velocity?

Solution
s p=u+Z2n-1) | San=25x
' 2 | 21 9
5,1 u+—(3)(2><2 1) “+7'2(“+<?>)
: 21 18
9 : _

s2nd=U+3 I HiE o s 2

— 1 : u:ims-‘l
S = U+ (3)(2%4-1) ; >

u+% i

Motion Under Gravity

For objects moving vertically near the surface of the earth, the only force acting on it is its weight
(mg), i.e., the gravitational pull of the earth. The acceleration due to gravity (a = g) has a fixed value,
irrespective of the mass of the object.

a=9.8ms?=10 ms? (in Sl or MKS)
OR
a=322fts?=~32fts?(in FPS)

n The underlying assumption to analyse motion under gravity is that “air resistance is
negligible”.

A particle is thrown up with velocity 30 ms™. Find
(i) Time of fight
(i) Maximum height reached by the particle
(iii) Landing speed of the particle
(assume acceleration due to gravity g =10 ms?)

Solution

Taking upwards as positive and starting point as origin.

Given:

(a= g | -10 ms? k
30 ms”

¥ 0O )

IIT-NEET-PHYSICS A EPSTUDY CIRCLE




A : P WT-MEET Cosd PG CBSE || PHYSICS
" STQDY CIIRCLc

1D moTion

(i) Time of flight (i) Maximum height

Ascent v2 =u? + 2as
v=u+at, 0=30?-2x10xs
0=30-10xt, 900=20xs

30 _ 900
T 10 3s =W
Descent s=45m

Since time of descent (t ) is same as time
of ascent (t)

(iii) Landing speed

=L .
=u+

Time of flight=t_+1, L

i s =30-10x6

OR v,=-30ms’

S=ut+ ) 52 Landing speed =30 ms™
2

0= 3Ot+—(10)t2

2-6t=0

t(t-6)=

t=0s, 6s

This means the displacement was zero
at the start (t = Os) and end (t = 6s) of the
motion.

Basic steps to follow while solving these questions:
% Step 1: Choose origin and one direction as positive.
Step 2: Tabulate the given data with correct sign.

Step 3: Select appropriate equation, insert the given values and get the answer.

47

A ball is thrown upwards from the top of a tower of height 60 m with a velocity of 20 ms™. Find the
landing speed on the ground.

Solution

Taking upwards as positive and starting point as origin.
Given:

vZ=u?+ 2gs
v2=20%+ 2 x (-10) x (- 60)

a=g | -10ms? )
© v2=1600

u 20 ms™
S -60m
J

v=140 ms’
Landing speed = 40 ms™
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A stone is dropped from a balloon going up with a uniform velocity of
5 ms™. If the balloon was at 60 m height when the stone was dropped, find

the time after which the stone hits the ground. (Take g =10 ms) f
60 mi
v
Solution
Choosing origin at point of detachment and upwards
as positive. T
5m/s
Given: +ve .
[ u +5 ms' ) ‘
__*_ __________________ 6---
a=g | -10 ms? E :
= 60 m: :
S 60 m ) : I | l g
s=ut+ 1 at? ! |
2
-60=5 (1) + 5 (-10)
t=4s

'l@. l When a body detaches itself from a system, it retains its velocity by virtue of inertia of

motion.
=“*’=® Example
U
Two particles P and Q are separated by 75 m. Both  a,=2ms? ---»> <---a,=4ms>
are moving towards each other in a straightline as ~ y =15 ms" ---> <--- u, =25 ms"
shown in the figure with a, =2 ms?, u, =15 ms’, a, j Q
=4 ms?, u, =25 ms”. Calculate the time when they
meet. e 75m==mmees *
Solution

Choosing the origin at P and rightward as positive.

Att=t (i.e., the time of convergence) Q Q
- 0

Final position of point P = Final position of point Q

1 _ 1 SV ) o
(xo+ut+—2-at2)P—(xo+ut+5at2>Q x=0 Xo
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In 2 sec, ball reaches the ground and it takes another
2 sec to bounce back to the initial point.

e 10 MmMoTIiOn
( u =+15ms" u,=-25ms' ) 2= 2
P a 15t+—(2)t 75+(25)t+—(4)t
a,=+2ms? ay=-4 ms? 3t2+40t-75=0
(X, forP=0m x,forQ=+75m t=%s
A’E] Exam
a’a ple
Two particle Pand Q are separated by 75 m.  a,=2ms? ---» <--- a,=4ms?
AIN  Both are moving away from each other in a u =15 ms? <--- -3 u_ =25 ms’
straight line as shown in the figure with a, =
2 ms?, u, =15 ms', a, =4 ms*, u, = 25 ms™. j Q
Calculate the time when they meet. geees = 75m-======- o
Solution
Choosing the origin at P and rightward as positive. e Q
Att=t, (i.e., the time of convergence) 5
Final position of point P = Final positionof pointQ 2 s=====s=s=sss=c=sssas=acss=
x=0 x=+75m
(xo+ut+%atz>p=(xo+ut+%at2>O
7 = 1 _ T
=-15ms Uy =25 ms -15t+—(2)t2—75+(25)t+—(4)t2
a,=+2ms? a,=-4ms? 3t2-40t-75=0
kxoforP=0m xoforQ=+75m) t=15s
4’@ Exam
a’a ple
A ball is dropped from a height of 19.6 m above the ground. It rebounds from the ground and raises
itself up to the same height. Take the starting point as the origin and vertically downward as the
positive. Draw approximate plots of position vs time, velocity vs time, and acceleration vs time.
Neglect the small interval during which the ball was in contact with the ground. (Take g = 9.8 ms?).
. : 0
Solution HQ ------ 1 -------
Choosing the origin at the initial position of the ball A ) +ve
and vertical downward direction as positive. [j II]
h=x=+19.6mu=0ms’,a=g=+9.8 ms? 3
:
_ LI : L
x=ut+ > at '
s N [ 6
19.6 =(4.9) t? 3
t=2s | [D [:] D
v
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A
x=ut+ L at? *
2 (m)
x=49t? 20 +
“---—————- -19.6 m
I
(1=05s x=0m ) :
t=1s | x=49m 101 .
I
t=2s Xx=19.6 m I
t=3s | x=49m i
t=4s x=0m I I ] I -
> - 1 2 3 4 s
A v(ms?)
20+ 1
v=u+gt 19.6 ms
v =98t 10 4+ :
(t=0s v=0 ) :
t=1s | v=9.8ms’ | | | | .
t=3s v=-98ms’ : .'2 é 4 t(s)
(t=4s v=0 ) “10 4 :
20—
A
a
(ms?)
9.8
The ball is in contact with the ground att=2s.
The velocity and acceleration at that instant is not
defined, as the direction of velocity or acceleration \ | A | N
can’t be determined. | ! | .
1 2 S 4 t(s)
-98 1

@[z] Example

ﬁjﬁVANCED

An elevator starts descending with uniform acceleration. To measure the
acceleration, a person in the elevator drops a coin at the moment the elevator

starts. The coin is 6 ft above the floor of the elevator at the time it is dropped. The
person observes that the coin strikes the floor in one second. Calculate from this
data, the acceleration of the elevator.
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Solution

Assuming the initial position of the coin as the origin
and downward direction as positive.

For elevator and coinu =0

Acceleration of coin g = 32 fts?
Acceleration of elevator = a

Time taken to strike the floor (coin),t=1s.
Distance covered by the coin:

—cut+ L ar=0+tqar=2
sc—ut+2at O+2g(1) 5
Distance covered by the elevator:

swed oy pne e 8
se—ut+2at—0+2a(1) >

Total distance covered by coin is given by
S =0+s)

= a = 20 fts?

PWG CBSE || PHYSICS Q1
1D moTion
..'. lllllllll IIIIIl’:a
.’.'.. ............... .0°'..
0
----- |~"'--1>'-'-~“—'-—" SS——-
6 ft Ny
- ...0
Saages ¢ +ve
SC
”
se

Some Questions on Average Speed and Velocity

(7]

A particle travels half of the total distance with speed v, and next half with speed v, along a straight

line. Find out the average speed of the particle.

Solution

Let total distance travelled by the particle be 2s.

Time taken to travel first half, t, = vi
1
Time taken to travel next half, t, = vi

2
Total distance travelled

Total time taken
25 2.,

Average speed =

S V1+ v2
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47]

A person travelling on a straight line moves with uniform velocity v, for some time and with uniform
velocity v, for the next equal time. The average velocity is given by

Solution
Let the person travel from A to B as per the given data, where first part S, is travelled in time %

and next 52 also in time b

2
~»

Total distance travelled ~ S;*S,
Total time taken t

Average speed =

v1t v2t

2T vy,

t 2

(7]

A skate-boarder moving along a straight line travels one-third of the total distance with a speed of
3 ms'and the remaining is covered with a speed of 4 ms™ for half the time and 5 ms'for the other
half of the time. The average speed during his motion is.

Solution

Given, v,. =3 ms'and let S be the total distance travelled by him

1EAC
-~

Let it be the time taken for first one-third distance
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Distance S S
=>t=t, = =—secC
Speed "3x3 9

2s
Now the remaining distance = = Lett,, be the time taken for the remaining half

~

-

t
From given data, he travelled CE with a speed of 4 ms™ in first 32 and then EB with a speed of 5

t
ms™in next =
2

Hence, we can write that the remaining distance

2s t t, 9t
=4 x—=+5x—==—=
3 2 20 2
4S
t=—
27 ~
' E
A*-------% ------- *C<------------------23—S ----------------- > B
So thus the total time T =t +1,
s 4S S
9 27 27
Total distance S
~ Average speed = - =—=3.85 ms’
Total time E
27,

IIT-NEET-PHYSICS A EPSTUDY CIRCLE




A nT-NeET CotE PG CBSE || PHYSICS Q1
STUDY CIRCLE

ENTS EDU TIONAL PROMOTERS 1 n m0T|°m

What you will learn

e Displacement in the n'" second ¢ |llustrations
e Motion under gravity e Equations of motion: Derivation
e Average speed and velocity ¢ Relation between motion parameters

A police inspector in a car is chasing a pickpocket on a straight road. The car is going at its
maximum speed v (@assumed uniform). The pickpocket starts to ride on the motorcycle of a

waiting friend when the car is at a distance d away. The motorcycle starts with a constant
acceleration a. Show that the pickpocket will be caught if v >+/2ad .

Solution

Suppose the pickpocket is caught at a time t after the motorcycle starts. As the initial
velocity u of the pickpocket is zero, the distance travelled by the motorcycle during this
interval is

1
s=—at?....(i
> (i)

During this interval, the car travels a distance
s+d=vt....(i)

By (i) and (ii)

i
—at’+d=vt
2

v++/v? —2ad
a

The pickpocket will be caught if time is real and positive.
This will be possible when the term in square root is positive.

t =

s v =2ad >0
v? > 2ad or v > +/2ad
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A car accelerates from rest at a constant rate a for some time, after which it decelerates at
4 :
@ a constant rate 3 to come to rest. If the total time elapsed is t, find the following:
(@) Maximum velocity acquired by the car (b) Displacement of the car intime t
"lAlN
Solution
1) A
(@) The v-t curve for given problem will be as wims
shown: vl A
Total time of motion will be » ; R
t = t1 2 t2 E
As we know, the slope of a v-t curve gives of = . B tee0) >
acceleration for that period, slope of OA ! 2
curve
Vmax
tanB=a=
1:1
Similarly, slope of AB curve = ——
2
%4 v aﬂ
=l =T =Rl (—aﬁg )l
(b) From the v-t graph
Area of triangle enclosed = Area under the graph = v(ms') 1
Displacement v A
1 1 aﬁtz (]n] Pt :
= _(vmax)(t)= Py a : B
2 2 (a+R)
2 >
s aft O, t, B t(sec)

A particle accelerates from rest with acceleration 5 ms?. After some time, the particle
moves with constant velocity. Then it decelerates with 5 ms? and finally comes to rest.

The whole journey takes 25 s and the average speed of the journey is 72 km h”'. Which
of the following statements is/are correct?

(A) The time interval during which it has moved with constant velocity is 15 seconds.
(B) The maximum velocity acquired by it is 25 ms™.

(C) The time interval during which it has moved with constant velocity is 25 seconds.
(D) Displacement of the particle in constant velocity phase is 325 m.

’("A'N Solution

E E v(ms“)‘
Let the time intervals be t,, t, and t, ' Then, the total |
Given, t. +1,+t,=25s ' distance covered ! Viax [=====-= :
Average speed of journey is will be 5 tﬁs* : 5 ms?
' : S s, S
S, +S. +S 5 lsns+s.+s ! 1 2 @8
e ] 2 2= e = 1 2 3 . H H >
<V> = t1+t2 +t2 72 X B 20mS E =920)x25 =500'm E (@] t1 t2 t3 t(sec)
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So, by area method,
5=~ (v )=~ (at,)t,= L 57
2 2
5, = Vs = (at; )2, = 588,
5= % (Vi )85 = % (at,)t,= 12 at? = 2.5t (+ by symmetry t, = t,)

On solving, we get two values for quadratic equation roots.
L= L =20sandt =155
t=1.=6sandt, =158
Since time cannot be negative, the value of t, = -15 s is not possible.

So, correct solution is

L= EL=5sandt =156

This shows that statement (A) is correct and statement (C) is incorrect.
The displacement will be:

5= 8.=625mands,=375m

This shows the statement (D) is incorrect.

v__ =25 ms’

max

This shows the statement (B) is correct.

, Or

;‘»’J.z] An insect starts moving with a velocity 10 ms” towards the East and has an acceleration

\9) of 5 ms? towards the West. Find its distance and displacement in 4 s.

Solution

Taking positive along the East.
Using the formula for displacement,

1
s=ut+— at?
ut+ = 1
S=10X4—? x5 x16

s=0m

This means thatin 4 seconds, the insect moves towards the East and turns back towards the
West on the same path, and returns back to its original position. Hence the displacement
will be zero.

Now, let us find the total distance travelled by the insect.

We know that,

u=+10 ms’
Time for velocity to become 0,
Vg 0-=10
a5 “°°
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So, displacement =0 m,
But distance = 2x
Where,

1
x=1OX2-E><5><22=10m

So, total distance travelled =20 m

Equations of Motion

Slope of the velocity vs time graph represents the acceleration of the object. As the graph is a
straight line from A to B, the acceleration is uniform for this time period.

First equation of motion

Acceleration = slope of graph AB

q= BC Velocity ms™

AC A

BD -CD v
Q= e

AC

V-u -
ag=s — :
v=u+at o t Time(s')

Second equation of motion

Area included between the velocity vs time graph and time axis is the displacement covered by
the object in the given time interval t.
Area of the trapezium ABCDOA is

1
= - (OA+BD) x OD

1
s= 5 (utv)xt v | Velocity ms™
But, from the first equation, v=u + at i
1 (u+ t)xt ED
=>s=—((ututat)x " >
2 o t Time(s)

1
s = ut + — at?
2

Third equation of motion
As we know, the displacement is

1
= = (OA+BD) x OD
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And acceleration is
a BC N BD - CD
9 °AcT  AC “
v-u
a= t - Velocity ms™
V-u :
=>t= ]
a 1
1 vV-u :
=2>s=—(Uu+yv)x D -
2 o t Time(s)
(v - u?)
S=—i—
2a
v2- WP =2as

'ANCED
*v Relation Between Motion Parameters

& )

Acceleration when the velocity
is a function of time

Acceleration when the velocity
is a function of position

_dv _d(dx
“Ta T dt(dtj
_d'x
Cdr

dv dx
" dt dx

" dv(dx] _ v_dv
dx\ dt dx

For a-t graph

For a-x graph

A A
al aj
t, t, t— X, X, X—
t, %, V2 —V2
Area = I adt=v2—v1:Av Area = j' adx = 21
t, Xy
\ J
OARDS s - .
% Equations of Motion Using Calculus
First equation of motion u v
----------- e et =
We know that, g-?.---, .
dv
q= — B >
dt S
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Integrating it over the time interval O s to t s, wherein the velocity changes from initial velocity u
to some final velocity v, we get

{ v
Ioadtzjudv
Since acceleration is constant
14 v
a[t]() =[v]u
a(t-0)=(v-u
v=u+at

Second equation of motion

Velocity is
dx

—— =v=u+at
dt

Integrating it over the time interval O s to t s, where the position changes from initial position x,
to some final position x,, we get,

J'i:dx=j;(u+at)dt

g =l +of ]

(x,—x,)=u(t—0)+a[§—0]

1
s=Ax=ut+7at2,whereAx=xf- X,

Third equation of motion

When velocity is a function of position, i.e., v(x), the acceleration is written as follows:

dv
a=v—
dx
Cross multiplying and integrating it, we get,

= vdv = adx

v .\‘./-
I vdv= j adx
u X;

200k
5]t

(- )-als,-3)

vZ=u?+2a (AXx)
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Is the time variation of position shown in
the figure observed in nature?

Time (t) —

A Positl:o.n ()RE

Solution

From Ato B

As position increases, the time increases.

FromBto C

As position increases, the time decreases.

Since time is decreasing, the given time position variation is not possible.

Also at a specific time, there could not be two positions; this also shows the graph is

impossible.

ﬂl@ If the position-time graph of a particle is a reverse (negative)
sine curve as shown, draw its velocity vs time graph and
acceleration vs time graph.

Solution
Given, position vs time graph is a reverse (negative) sine curve.

Its velocity vs time graph can be obtained by taking the derivative
of the position time graph.

dx ¢ dx
= ——= .. COS V= —

dt dt
v=-cost

Thus, the velocity vs time graph is a reverse (negative) cosine
curve. The derivative of velocity is acceleration.

=>dv_ - _dv
Y ST
a=sint

Thus, acceleration vs time graph is a sine curve.

ﬁ@ A particle located at x =0 m at time t = O s starts moving along the positive x direction with
a velocity v that varies as v=a~/x. How does acceleration of the particle vary with time?
What is the average velocity of the particle after the first s m of its path?

Solution

dv
We know that,a = v—
dx
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& Lladx]=a

dx dx

2

o =2
—>a=—ms
2

Thus, the acceleration is constant.
As the acceleration is constant, we can use all equations of motion.

We have,
2

1 a
s=ut+—at?, asu=0anda=—
2 2

2
s=—1m—t2
2% 2

_2Js
o

v L
.,‘7.,@] For a particle moving along x-axis, acceleration is given as a = v. Find the position as a

function of time. (Given, att=0s,x=0m, and u=1ms")

Solution

Given, the magnitude of acceleration is equal to the magnitude of velocity.
BTV coomoen (i)

So, from (i) and (ii) we have
dv
— V
dt
Rearranging like terms, and integrating from time O s to t s, when velocity changes from 1 ms™
tow.
vdy ot We know, from the standard integration formula,

—=(d I .
ly Jo I_dx=1"x+c’ where In is the natural log.
Thus, =

[inv] =[],

Putting the limits,
(Inv=In1)=(t-0)

We know that, In 1=0
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Thus,
(Inl:/s_ 0)=(t-0) We have, from the definition of logarithm,

=t If Ina=bthen,a=e°
>v=e
Further;

_dx

Integrating fromtime Ostots,

fe=fi

(<L, =[],

On putting limits we get,

(x-0)=(e*-e)

Thus the position of the particle as a function of time is
=>x=e'-1

|

ﬂ@ For a particle moving along a positive x-axis, acceleration is given as a = x. Find the

position as a function of time. (Given, att=0s,x=1mand u=1ms")

Sn

Solution

Given, the magnitude of acceleration is equal to the magnitude of displacement.
a=x (i)
N dv .
a= VE (ii)
Rearranging like terms from (i) and (ii),
= vdv=xdx

Integrating from initial velocity u =1 ms™ to final velocity v,

I]vdv=jlxdx
V2 ' xz i
BlGE]
On putting the limits in above equation,
2 2
R 0 |
2 2

On solving, we get,
V=X
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Also, velocity can be written as
dx
S —=
dt

Rearranging like terms and integrating, we get

sl We have, from the standard integration formula,
1 x Jo jldx=lnx+c, where In is the natural log.
X

[inx]} =[],

On putting limits, we get,

hix=t We have, from the definition of logarithm,

If Ina=bthen, a=e’
X = et

This is the position as a function of time.
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MOTION IN ONE DIMENSION

NON-UNIFORM ACCELERATION AND
CALCULUS APPROACH

n
gé) What you already know % What you will learn
« Motion under gravity - Advanced interpretations of graphs
« Equations of motion « Conversion of graphs
- Basic application of calculus in physics « Application of graphs in real life physics
problems

ﬂ@ Among the four graphs given, identify the graph for which average velocity over the t
interval (O, T) can vanish for a suitably chosen (O, T).

J(s) 1(s)

Average velocity of a particle becomes zero when the total displacement over a time interval
becomes zero.
Total Displacement

Total TimeTaken

Average Velocity =

Total displacement in an interval is zero if a line drawn parallel to the time axis intersects the x-t
curve at two points, which implies that the average velocity is zero in the given interval.

x(m) x(m) x(m) x(m)
(A) A (B) A (C) A (D) A

t(s) (S I

In option D, the line drawn parallel to the time axis intersects the x-t curve at two different points.
So, option (D) is the correct answer.
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a (ms?
A( )
10
(@) Maximum speed of the particle
(b) Distance travelled between 12 sto 20 s 12
(c) Displacement from 12 sto 20 s B 3 2O>t (s)
-10
\

%AAIN

m ( )

Time interval Acceleration Velocity

Acceleration vs time graph of the

particle is given. We know .that (MO0s—-4s Linearly varying Parabolic
the area under a-t graph gives
the change in velocity.
(2)4s—-8s Constant Linearly increasing
From the graph, we can see that,
(3)8s—-12s Zero Constant

(4)12s —20s | Constant but negative | Linearly decreasing
. J

(1) & (2) Between Osto 8s

a(R‘IS'z)
o | Area, A, = vy —V,
A :>A1=%x(4+8)x10=60ms"'
0 4 2 e 20> t (s) v, =0, because particle starts from rest
-0=60ms"
-10 =Vg=60ms™...(i)
\}

Area of Trapezium = ('2) * (Sum of parallel sides) * Perpendicular distance
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(3) Between8sto12 s

Acceleration is zero, hence the velocity is constant. In other words, as the area A, is zero, the
change in velocity is zero. So, the velocity at 8" second remains the same upto 12" second.

(4) Between12st0 20 s

-2
a(nxs )
Area,A,= -10x8= —-80ms™'
10 - = AV = V,0—V,, = V,0—Vg= —80ms™
PA ” 5 = V,,— 60 = -80ms"’
0 p = > (sec) = Vyo=—20 ms™
A3
-10
\

Now, we have the velocity of the particle for different instants. We will make a velocity vs time
graph from the given data by joining the points using suitable curves.

a(ms?) v (ms’)
A A
10 — 60, A
I o
: : fs) 20
of— 12 20 9 >t (5)
4 8 : 50 4 8 12 16 18\20
10 ; :
\ \
From the v-t graph,
Area under the v-t graph gives the displacement.
So, the displacement from 12 sto 20 sis A + A,.
vA(mS“) A, =% x 60 x (18 —12) = 180m
1
60 A, = = x (-20) x (20-18) = —20m
40
20 / x (@) Maximum speed is 60 ms'
»t (s) (b) Distance between 12 sto 20 s is
20 4 8 12 16 1870 A, + |A,| = [180] + |-20| = 200m
A, (c) Displacement between 12 sto 20 s is
A +A,=180 +(-20) =160 m
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4,@ If the velocity of a particle moving along a straight line changes wit

its average velocity over time intervalt=0stot=2(2n -

4 4 16 4
e 1] C) zero D) ———m
Tx (1) istia o)

Given,

Velocity, v = 2sin(n7xt)
Time interval,t=0stot= 2(2n-1)s

We know that,

vdt
Average Velocity = v, t’tz
dt
4
In this case,
I2X(2n_1)th
Vo T
| dt
0
[ 2 sin(ﬁ)dt
_Jo 2
JAZx(2n—1)dt
0
4[{ (n “ t)}:|2x(2n—1)
= ces
T 2 : :
= e 0 ; using chain rule
[t]
- X [—1—-1] s T
=% = I , cos of even multiples of (—j ==l
2x(2n-1)  2x(2n-1) 2
4

Ans : B
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Acceleration vs velocity graph of a particle moving
in a straight line from rest is shown in the figure. The

corresponding velocity vs time graph would be:

B yms) B vims) @ yms) ©) vims?)
1(s) 1(s) \ / t(s) (s)
Equation of a straight line can be represented as,a = —mv + ¢
Now,
a=-mv+c

dv
= —=—mVv+cC
dt

=dv=(-mv+c)dt
Integrating both sides,
dv dx
:Im = |dt; { — = In(x)+C}
—In(c—mv)
m
—In(c-mv) = m x (t+C)

= t+C

= c-mv = e-mx(t+C)

~ C_e—mx(HC)

-mC

k-—e™ me m ,
; where ce™ = k(constant) and — = m
e

Option (D) represents this equation, since it is an inverted exponential function graph.
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I 1
.! General equation of a straight lineisy =mx +c,
where m = slope of line /
¢ =intercept on y-axis 0.9} G

Two particles A and B move with constant
velocities 10 ms™' and 5 ms”, respectively, along
the path shown in the figure. Find the time when
the particles are closest to each other.

*ARDS

After time t, the particles reach the point as shown in the figure. Now, the distance between the
particles is s. We need to find t for which s is minimum.

At time t, the horizontal particle moves a distance of 10t,
while the vertical particle moves 5t from their initial position.
From the figure,

= (50-10t)* + (20-5t)’ :

S8
=8°= 57 {(10-—2t)2+(4—t)2} g AT
—=s2= 25 x (116—48t+5t2) L2

=s = 5J116-48t+5t

For s to be minimum, we have,
ds
dt
Using chain rule of differentiation,

5 10t-48

— x —

2 ne-ast+5t
= 10t — 48 =0
= t=48s

So, at time, t = 4.8 s, both the particles are at minimum distance from each other.

=0 %(5\/116—48t+5t2) -0
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A particle moves in a strai
U anytime t). Check if,

(A) the particle will cover a total distance of Vo

1
(B) the velocity of particle will become V?° after time —

(C) the particle will continue to move for a long time

(D) the particle will stop shortly

Son

Given,
Retardation is Bv,
Acceleration, a =—fBv
dv .
a=—fv=v o ;X = displacement
X

=dv = —Bdx
Atv =v,=>x =0
andv =0 =x =X

Integrate both side with limits,
0 X
J.vodv= J‘O_de

=[v],, = B
=0-v,=—B(x-0)

Sx=-0
p
which means that the particle will cover a distance of x before the velocity becomes 0. Since the
acceleration is proportional to the velocity, as soon as the velocity becomes zero, the acceleration
also becomes zero and thus the particle will not move any further.
Now, for finding the time after which the particle comes to rest,

dv
= —Bv
dt P
_ av_ —Bdt
v

Integrate both side with limits,

—_j —~Bdt

VOV

= [In(v)], = -Blt],
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So, the particle moves for a long time and covers a distance x= Yo as in option (A).
So, (A) and (C) are correct. p

4,@] The equation of motion of a particle moving along

X, Vv, and t have the usual meaning. Comment about ac

We have,

t  dx
— e
2 dt
=5 2ﬂ = ax
t X
Integrate both side with limits,
dx
X

= 2(In(t)+c) = In(x)
= In(t)’ - In(x)= —2c = 2c';{|n(x“)=n In(x)}

= X =

:2I%=

1
=x= t? x C; taking Py as another constantC
c

Now,

v=%=2x tx C,and
dt

a=ﬂ = 2C = constant
dt

Therefore, the acceleration is constant.
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[z] If the position of a particle moving in a straight line is given by x = t* - 4t2 - 3t. Find the distal
and displacement of the particle from O sto 4 s.

We have,

Displacement=x, —Xx, =[t3 —4¢? —3t:|:
= X4 —Xo={(4°~4x4*-3x4)—(0)}=—12m
Displacement=-12m

For distance, we need to check if the velocity in that time interval (between O s to 4 s) becomes
zero anywhere.

d(t*-4t*-3t)
dt

dx
Velocity, v=— =
v dt

= v= 3t - 8t-3
Now,v =0 = 3t’- 8t-3 =0

On solving, we get, t =3s & t= —%s

Neglecting negative value of time,we get, t = 3s, at which v=0ms™
Now, the distance is as follows:

Distance = [x; —Xo|+[X, —Xs|
=[t-a2-3t] | + - at- 3t:|:\

On solving,we get,
Distance= |-18|m + |6|m = 24m

Attime, t=0s, a particle is at rest at origin. It is now moving in a straight line with an acceleration
of 2 ms~? for the first 2 s and -2 ms~ for the next 4 s as shown in the a-t graph.

Plot graphs for the following:

a(ms?)
A
(a) Speed vs time D ?
(b) Distance vs time :
7 R
| 1
£ )
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v

We know that the area under a-t graph gives us the change in velocity. So, we will find velocity at
different instant then join them with suitable curves.

From the figure,
Area A,=2 x 2 = 4ms”’

p— = .
=>V,— Vo= 4ms™ ;

a(mAS'Z)

=v,-0 = 4ms™

»t(S) =V, = 4ms"
Also, Area A,= (6-2) x (-2) = -8ms”

_ =1
=>Vg—V,=-8ms

=Vg— 4 =-8ms”

=V, = —4ms”
Now, we got velocity at different instants and we know that acceleration is constant in every interval.
So the change in velocity will be linear.

For the speed vs time graph, we just reflect the negative part of the velocity vs time graph (which
is below x-axis) and get the speed vs time graph.

V(mASJ) \Vi(ms’)
vi(ms
A
a(ms?)
A 4 , 4 :
2 j— i i
o 3 »1(S) =% Bis——4—= >t (s)
=D : '
4

For the distance vs time graph, we know that the area under the velocity vs time graph gives us the
change in displacement. So, we first plot the displacement vs time graph and then flip the negative
slope sections to get the distance vs time graph.

From v-t graph,
A =x,— O=%x2x4

= X,=4m

1
A2=X4_ XOZEX 4)( 4
= X,=8m
A3:x6—x4=% X 2 X (—4)

= Xg=4m
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_ d(m)
v(ims™? X(m

(ms) () A

12
8

4 A 8
4

5 4Ys HE) !

-4 S
T »1(s) ST »1(s)

,,#n@ From point A, located on the highway, as shown in the
figure, one must get by car as soon as possible to point
B, located in the field at a distance | from the highway. It
is known that the car moves in the field n times slower
than the highway. At what distance from point D one
must turn off the highway?

Let,
Speed of car on highway be v ms”

Speed of car on the field = % ms™'

Let the distance between point A and D be x and the car get off the highway at point C, which is
located at a distance y from D.
Given, the distance between D and Bis | m.

o A G > From the figure,

AC = x-y

&CB = \/CD?+ DB? = \/y? +1
Total time toreach B = t,. + tg

L AC CB
\ ﬁt — b

R7e
o (oY) Ny eP
4

Here, X, I, n, and v are constants and we need to find y.

[IIT-NEET-PHYSICS A EPSTUDY CIRCLE



A : P IT-NEET-CBSE PWG CBSE || PHYSICS @1
. STL_,IDY ClRCL:

MOTER

1D mMmoTion

For time to be minimum,

d{(x—y) JY? +I2}
dt _, v ‘/

- — =
dy dy
d -1 n y . d X
= —=—+ — X = 0; Usin —{\/a2+x2}=—
dy v v [y’ +P 9 ax va? +x?
ST S
4 y +P Vv
y 1 ,
= Squaring both sides, we get
2 2
y©+l
y> _ 1
y2+|2 n2

Therefore, at a distance of |

n:—1

, one must turn off the highway to reach point B in minimum time.
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