CHAPTER

Motion in a Straight Line

d Given x = ae + bePt

. dx
Velocity, v "4 —aoe ™ + bRebt

ad Bt
= —e? + bBe
i.e., go on increasing with time.
(d) In (a), at the same time particle has two
positions which is not possible. In (b), particle
has two velocities at the same time. In (¢), speed
is negative which is not possible.

(¢) We have, Sn:u+%(2n—l)
or 65:u+%(2><5—1)
9
or 65=u+5a ..... )
Also, 105:u+%(2><9—1)

or 105:u+%a ..... )]
Equation (2) — (1) gives,
40 =£a —2a =4q or a=10m/s2.
2 2
Substitute this value in (1) we get,
u:65—%><10:65—45:20m/s
.. The distance travelled by the body in 20 s is,
s= ut+%at2 =20x 20+%>< 10 x (20)2
=400 +2000=2400 m.

(¢) Let vpand Vg are the velocities of two

bodies.
Infirstcase, vy + VB =6m/s ... 1)

In second case, v4 — Vg =4m/s ... )
From (1) & (2) we get, v4 =5m/sand Vg =1 m/s.
() Distance in last two second

1
=5 x10x2=10m.

1
Total distance = 7 x10x(6+2)=40m.

10.

() Average velocity

:V1+V2 +Vv3 :3+4+5 —4m/s

(b) Distance along a line i.e., displacement (s)
=1 (s soc £3 given)
Bydouble differentiation of displacement, we get
acceleration.
3

VzézdL:&z and a =

dt dt

a=6toract
(d) Let'S be the distance between two ends
'a' be the constant acceleration

As we know v — u? = 2aS

V2 —M2

dv _d3®

— =0t
dt

or, aS =

Let v be velocity at mid point.

S
Therefore, V? —u? = ZaE

2 2 V2 - u2 u2 + V2
Ve =u+ =>v, = >
(b) Time taken by same ball to return to the
2u  2x20

hands of juggler = —= =4 s.Soheis
g

10

throwing the balls after each 1 s. Let at some
instant he is throwing ball number 4. Before 1 s
of'it he throws ball. So height of ball 3 :

1
h,;=20x1- 5 10(1>=15m
Before 2s, he throws ball 2. So height of ball 2 :

1
h,=20x2- By 102>=20m
Before 3 s, he throws ball 1. So height of ball 1 :

1
h1:20><3—510(3)2:15nll
(d) DistancefromAtoB=S= Eftlz
Distance from B to C= (f; )¢

2 2
Distance from Cto D= wo_ (ﬁ_l)
2a  2(f/2)
= ftlz =25



Motion in a Straight Line

11.

12.

13.

A 8 € p/2 b 14.
[1 t 2[1
‘ 155 >
= S+f4yt+285=158
= fut=128 e @)
I
—fif=s . (ii)
2
Dividing (i) by (if), we get 4, = %
2 0
= 5o f(zj _Se
2'\6) T n2

@ v=a+x>
d.

= —x:oc\/; :ﬁzadt
dt x

I

Integrating both sides,
X t
Iﬂ = OLI dt; &
0 Vx 0 1
2

(04
:>2\/_=0Lt 3X=Tf

X

= aftT

2

(¢) Person’s speed walking only is
1 "escalator"

60 second
Standing the escalator without walking the speed

1 "escalator"

is
40 second
Walking with the escalator going, the speed add.

So, the person’s speed is L+L=£
60 40 120
"escalator”
second

So, the time to go up the escalator t = % =24

second.
(¢) Speed on reaching ground

g
V:«lu2+2gh I
Now, v=u+at PE| :

u

= Jul+2gh=—u+gt

Time taken to reach highest pointis ¢ = —, 16.

g

u+\lu2 +2gH _nu

=>t=—"—"—""—=—(from question)
g

= 2gH=n(n-2)u?

0 15.

(a) In first case

u
—,85;=3cm,q; =7

uy=u;v,=
USiIlg, V12 —u12 = 2alsl (1)
u 2
[_j _uz :2><a><3
2
2
—u
= a=—
8

In second case: Assuming the same retardation
2
_-u
Uy=ul2;v,=0;5,=7 “=g

(i)

v% —u% =2a, X8,

2 2
0—”—=2(ijxs2
4 8

= s,=lcem

(b) For downward motion v=-gt

The velocity of the rubber ball increases in
downward direction and we get a straight line
between v and ¢ with a negative slope.

1
Also applying y—y, = ut+ Eat2

1 1
We get y—h=—5gt2 :>y=h—5gt2

The graph between y and ¢ is a parabola with y =
hat t=0. As time increases y decreases.

For upward motion.

The ball suffer elastic collision with the
horizontal elastic plate therefore the direction of
velocity is reversed and the magnitude remains
the same.

Here v =u — gt where u is the velocity just after
collision.

As tincreases, v decreases. We get a straight line
between v and ¢ with negative slope.

)
Also y=ut—5gt

All these characteristics are represented by
graph (b).
b)) x=at+bf—cr

. dx d 2, .3
locity, v=—=—/(at+bt" +ct
Velocity, v i dt( )

=aq+2bt—3ct?



17.

18.

19.
20.

21.

PHYSICS
d d 22. (80) In first case speed,

Acceleration, D= 7 (a+2bt— 3c12) 5 5

! ! u=60x—m/s=—m/s

b 18 3
or 0=2b—-3cx2t 1= 3 d=20m,
> [ 2\ Let retardation be a then
b bY _ b (02 —u?=-2ad
=a+2b| —|-3c|—| =|at—

and v (30) (30] L 3CJ or u?=2ad (D)

() —> 4 m/sec’ —> 2 m/sec?
Car Bus
1 [ 1]

200 m
Given,u.=u,=0,a_ =4 m/s>,a, =2m/s’

hence relative acceleration, a_, =2 m/ sec?

1
Now, we know, s = ut+ Eat2

1
2OO:E><2t2 Qu=0
Hence, the car will catch up with the bus after
time
t =10+/2 second
(d) Distance, PQ= v, x t (Distance = speed

x time)
Distance, QR=V.t Q Ve p
7

P 60°
cos60° = PQ

QR v
1 vpxt
5 - Vit =Y = E R (Observer)
@
(b) The slope of v-t graph is constant and

velocity decreasing for first half. It is positive
and constant over next half.

(293) Initial velocity of parachute

after bailing out, .

u= 2gh |

u=2x9.8x50 = 1445 S0m
The velocity at ground, v
v=23m/s : a=-2m/s
V- 3-9g0
2x2 =243fn v 3m/s
Initially he has fallen 50 m.
.. Total height from where

hebailed out =243 +50=293m

23.

24.

5
In second case speed, u’' = 120 “Ts

= @m/s
3

and (0)2 — u'? = 2ad'
or u'?=2ad ...(i)
(i1) divided by (i) gives,

Al

4:d—:d‘:4><20:80m

d
Q0 %
o] F———— .A
g
0] 5 7 !

Distance travelled = Area of speed-time graph
1
=—x5x8=20m
2

(3) Distance X varies with time t as
x2=ar+2bt+c
= 2xﬂ =2at+2b
dt
dx _(at+Db)

dx
>x—=at+b=—
dt dt b

d%x (dsz
S>x—+|— | =a
dr>  \dt

(8] o)
d_2x: dt _ X
dtz X X

2 —(at+b)2 ac—b?

3 3
X X

=

ax

-3

= axx Hence,n=3



Motion in a Straight Line Y4
25. (08.00) Let the ball takes time t to reach the Solving (i) and (ii) fot 7 to be real
ground w2
Using, § = ut + g1? Prea
sing, 5 g )
1 5 =5ms 2
= §S=0xt+—gt x5
2 28. (50) The distance travel in n second is
= 200=gr [+ 28 =100m] S,=u+'%(2n-1)a (1)
so distance travel in th & (t+1)th second are
o [200 0 S, =u+% (2t-1)a o)
g St+1:u+1/z (2t+1)a (3
1 As per question,
In last Es, body travels a distance of 19 m, soin S-S, =100 =2(u +at) w(4)

26.

27.

1
(f - Ej distance travelled = 81

2
1 1
Now, —g|t——=| =81
ow, Zg( 2)

g(t_if _s1x2
I

'.E:I(m /81x2) wusing (i)

= Jg =2(10J2 -9\2)
= ng 22

. g=8 m/s2
(2) Given, d— =25y

dv
=T 2.5dt
Integrating,
0
[ v av=-25[ a
6.25 0

v+'/z 0 ,
— =-2.5|t
. { - } i,

= —2(6.25)"2=-2.5¢
= —2x25=-2.5¢

= t=12s

(5) Forrat s=%[3t2 i)
) ..

for cat s=d =ut+50tt . (i)

29.

30.

Now from first equation of motion the velocity,
of particle after time t, if it moves with an
accleration a is

v=u+tat ..(5)
where u is initial velocity
So from eq(4) and (5), we get v = 50cm./sec.
(49) S, = Distance covered in n'" sec

- S, =u+%(2n—l)

Putting a=—g and n=35, we get

g 9g
Sc=u-Sx9=u-==2 (1
=o5=U 2X u 2 1)

Distance covered in two continuous seconds
can only be equal when the body reaches the
highest point after the fifth second and comes
down in the sixth second for which u = 0 and
n=1.

= S =O+§(2xl—l):% -2)
Equating (1) and (2)
or, u—9—g=§ :u=$=49m/s
2 2 2

(10) The only force acting on the ball is the force
of gravity. The ball will ascend until gravity
reduces its velocity to zero and then it will
descend. Find the time it takes for the ball to
reach its maximum height and then double the
time to cover the round trip.

Using Vat maximum height ~ Y0 +tat=v,— gt we
get:

0m/s=50m/s— (9.8 m/s)t
Therefore,

t=(50 m/s)/(9.8 m/s2) ~ (50 m/s)/ (10 m/s%) ~ 5s
This is the time it takes the ball to reach its
maximum height. The total round trip time is
2t~ 10s.



