Rectilinear Motion ﬂ—

SOLUTIONS OF RECTILINEAR MOTION

EXERCISE-1
PART - |
Section (A)
A-1. a=7m, b =8m, r:1—1 {nzg}
T 7
mr
—a—> b N 7]
2nr
Distance travelled by the car from P to R
:a+nr+b+2nr:a+b+3nr:7+8+3nx1—1:48m Ans
I
Displacement of the car from P to R
—a+2rtb+4r=a+b+6r=7+8+6x 1—1:15+6>< %x7=36mAnS
T
A-2
N ¢
W
\fo??’—‘ }' N
e
50m W E
20m
40m S
(a) Distance covered by the man to reach the field.
=50+40+20=110m Ans
(b) Displacement of man from his house to the field
= /(40 +(30)* = 1600+ 900 = /2500 =50 m Ans
Direction of displacement can be known by finding 6
40
tan 6 =—
— —1 4
= 6 =tan 3 West of South Ans
Section (B):

B-1. Initial reading of meter = 12352 km
Final reading of meter = 12416 km
Time taken by car = 2 hr
(a) Distance covered by car
= (Final reading— Initial reading)
= (12416 — 12352) = 64 km
Average speed of car = 64/2 = 32 km/h Ans
(b) As the car returns to the initial point after whole journey,
hence, displacement of car =0
Therefore, average velocity =0 Ans
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Rectilinear Motion

B-2.
X X X
f— 7 —P—— - ——>— > —>]
3 3 3
/IA\ V1 'B Vz 'C V3
Suppose the total distance covered by the particle i.e., AD =x
Particle covers first one — third distance AB with speed V1
second one — third distance BC with speed V2 and
third one — third distance CD with speed V.
Average speed of the particle = Total d|st§nce covered by the p_artmle
Total time taken by the particle
_ X _ 1 _ 3V,\V,V,
E+X/3+X/3 i+ 1 . 1 V,V, + LV, + V.V,
vV, V, V, 3V, 3V, 3V,
Section (C)

C-1.  The position of a body is given as x = At + 4B t3
(@) x=At+4Bt®

V:% =A+12Bt? So,a= il = 24 Bt Ans
dt dt

(b) Att=5s, V=A+12B (5)?
ie., V =A+ 300 B Ans
Att=5s,a=24B(5) i.e., a=120B Ans

C-2. Maximum speed V =18 km/h
=18 x 5/18 =5 m/s
O0+V... _ 0+5
Avg.acc.= —™& = ——
2 2

. 5
So average acceleration = > m/s? Ans

Ans

C-3 The particle starts from point A & reaches point D passing through B & C as shown in the figure.
A+—10m—>p

.

Va —>

[
|
|
I

p I
[
[
|
L E

40 m

v

A

+«—30m—»
Now, AE=40m & DE=30m

Displacement = AD = VAE* +DE* = /402 +30? =50m

Total time taken in the motion = tag + tec + tcp

= 2+§+8 =18s

Total distance travelled = AB + BC + CD = 10 + 40 + 40 = 90m

Average velocity = w -0 % m/s

Average speed =——— = — =5m/s.
time 18

7 N

y 40 m
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Rectilinear Motion ﬂ—
Section (D)

D-1. u =36 km/h =36 X% m/s =10 m/s

V =90 km/h =90 X% m/s =25 m/s

From the equation of motion;
V=u+at putting t = 5s

25-10

25=10+a(5), i.e., a= = a=3m/s? Ans

For distance travelled by the car in 5 sec, we use
s:ut+l at?=10x 5+ = ><3(5)2:M -] i.e., =87.5m Ans
2 2 2 2
D-2.

(a) For motion from Ato B :
Us=ua+aits =0+ 2 (30)=60m/s

Also, S1=uats+ % ait1?=0 +% (2) (30)? = S1=900m
For motion from B to C :

Vc=uUs—aztz; 0 = 60 — a2 (60);

ie. az = % =1m/s?, Also Vc? = ug? — 2azs2

— (0)2= (60)2=2(1) S, ie S;=29%00 o s,=1800m

Now, total distance moved by the train
S =S:1+S2 =900 + 1800 = S =2700 m Ans
(b) Maximum speed attained by the train will be at the point B, as after this point train starts retarding

S0, Vmax = Ve = 60 m/s Ans
(c) There will be two positions at which the train will be at half the maximum speed for motion from A to B.
u,=0 u, = 30m/s u, = 60m/s
A D a,=m/s® B C

Let D be a point where uo =U?B = 6—20 ; up =30 m/s

up? = ua? + 2a1 (AD)

2 _ 2 2 (N)2

L AD= YU . ap= 80 =)
2a, 2x2

AD = %{0 = AD =225 m Ans

For motion from B to C
u, = 60m/s u. =30m/s V=0

A B E Cc

a,=—1m/s’
Let E be a point where ue :%B = 6—20 =30 m/s.
% = ug? + 2a2 (BE) = (30)2 = (60)2 + 2 (-1) BE
= BE = M = BE = LZOO

= BE = 1350 m
Hence, the position of point from initial point (A)
= AE = AB + BE =900 + 1350 = 2250 m AE = 2.25 km Ans
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Rectilinear Motion ﬂ—

D-3. Given u =72 km/h

:72><% =20mls & a=-2m/s?

@ V=0, s=?
From the equation of motion;
V2 = u? + 2as

(0)2=(20)2+2x(-2) S, i.e., 4s=400, or S=100m Ans
(b) V=0, t="?
From the equation of motion;
V=u+at
0=20+(-2)t = 2t=20 = t=10s Ans

(c) Distance travelled during the first second

[st=u+ % (-2)(2xt-1)]

31:20+%(—2)(2x1—1) - S1=20-1

= S1=19m Ans
Distance travelled during the third second
S3=20+1/2(-2)(2x3-1); or S3=20-5; or, S3=15m Ans
Alternatively :
as gfb u=72x5/18 =20 m/s, a=-2 m/s?:
(@) v?=u?+2as

(0)>=400+ 2 x -2 x's, s=100m
(p)v=u+at,0=20-2t t =10 sec.
(c)Dn=u+a/2 (2n-1)
= In First second
D1= 20— 2/2 (2x1 -1) =19m
= In Third second

D3=20-2/2 (2% 3—-1)=15m

D-4. Let h be the height of the tower and t be the total time taken by the ball to reach the ground.
Distance covered in t" (last second) second = 15 m
[ss=u+1/2g(2t-1)]
0+1/2g(2t—-1)=15 or, 1/2 (10) (2t—1) = 15;

or,2t—-1=3 or t=2sec
Now, height of the tower is given by
h=ut+ 1/2gt* ; h=0+1/2 (10) (2)? ;; i.e., h=20m Ans
D-5. (i) Maximum height reached by ball = 20 m.

So, taking upward direction as positive, v? = u? + 2as
So, 0=u?-2x10x20

or u =20 m/sec Ans.
Also time taken by ball =t = u/g = 20/10 = 2 sec. (for touching the plane)
(i) Horizontal distance travelled by plane in this time t = s = uxt + 1/2 ax t?

where, ux = initial velocity of plane, ax = acceleration of plane.
S0,s=0%x2+12%x2x22=4m
(iii) Man catches the ball back 2 seconds after it touches the plane.
Velocity of plane when ball touches it
= Vx=Ux+ad=0+2x2=4m/sec.
Now, acceleration of plane becomes : ax” = 4 m/sec?
so, sx = horizontal distance travelled by plane after touch with ball = ux” + 1/2 ax't?
=4x2+12%x4x4=8+8=16m
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Rectilinear Motion

16 m

20 m

man
Final distance between man and plane = s = \](20)2 +(16)? = /656 m

Section (E)

Plane

E-1. For a particle moving along x — axis, v — t graph is as shown.

y
4

-2

y a

Distance travelled by the particle = sum of areas under V —t graph
=1/2@B+1)4+1/2x2%x2=8+2=10m
Displacement of the particle = area above t-axis — area below t-axis

=1/2(3+1)4-12x2x2=8

Average velocity = 2\SPiaceme

E-2.

time —interval 5

—2=6m

¥ _ 9 =1.2mls

x(m)A
2000-- parabolic curve
\
v(mis) o 1600 ——---———--————-
straight line I
I
|
4 |
100 \ !
I
|
500 =-==-~ parabolic durve
|
: I
| | T | ? —>
10 2 30 {(s) 10 20 30 i(s)
Distance travelled = area under V-t curve
=2000 m
E-3. v -tdiagram for the two situations is shown below
\" B v B
M n
A 0 c'
A e2 C
0, D E ¢ 9, |p E'
0 t 2t o] 2t ot
Particle A Particle B
tano, = a tan6, = 2a

In v - t graph, distance travelled = area under the graph
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Rectilinear Motion ﬂ—

Area (AOD) = Area (A'B'C’)

Area (ABC) = Area (O'A'D’)

Area (ACED) < Area (A'C'E'D’)
. particle B has covered larger distance.
Aleternate Solution:
For particle A :

A
v B
0,
A /Y, c
0, D E > t
0 t 2t g
For v —t graph, slope = acceleration, Suppose the slope of OA, i.e., tan 61 = m ; hence, the slope of AB,

i.e.,

tan 02 =2m, AD = mt, BC = 2mt
Distance travelled by the particle A
Sa =1/2 (t) (mt) + 1/2 (mt + 3mt)t

Sa=25mt
For particle B
VA B
N T o
6, D' =
0' t 2t g

slope of OA! tan 02 = 2m

slope of AB tan 1 =m

AD = 2mt, BC = mt

Distance travelled by the particle B
Se = 1/2 (t) (2mt) + 1/2 (2mt + 3mt) t
Sg=3.5mt

Therefore; Sg > Sa

E-4 Let the total time of race be T seconds and the distance be S = 100 m.
The velocity vs time graph is

Area of AOAD
A B C
v 2
2s — 25
Az? A= 5
A=<
O|«T/3>D—T/3—E~—T1/3—F
A =s/5
s 1 (TY_ 1.(TY
—=—al—| = _8 —
5 2 3 2 \3
or T:3\/§m/s
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Rectilinear Motion

PART - I
Section (A)
A-1. Dimension of hall, length of any side = 10 m = a (say) (B) Ans
Magnitude of displacement = Length of diagonal = a+/3 =103 m

Section (B)
B-1.  Suppose AB = x km
Total distance covered
Total timetaken
X 2 20x60 o mh=24kmht (B) Ans
x x 1.1 20+30
20 30 20 30

Average speed =

Total displacement

B-2. Average velocity = - -
Total time interval

d d
'3 W
AV, T v, B
Mid point
! Ve d A (A) Ans
d N d V, +V,

2v, 2v,

B-3. Let x be the length of whole journey.

X
— f —e—— F ——f— 5 ——>

Total displacement

Average velocity = -
Total time taken

X 1 18
= = = =3 m/s (A) Ans
x/3+x/3+x/3 £+1+i 3+2+1
2 3 6 6 9 18
B-4. Average SEEH Total .dlstance _ 2nr
Total time taken 62.8
_ 2x3.14x100 — 10m/s
62.8

Total displacement _ 0
Total time taken 62.8
Hence option (B) is correct.

Average velocity = = zero

Section (C)
C-1. The displacement of a body is given as 2s = gt?
Differentiating both sides w.r.t. 't'

= 2% =2qt = 2V =2¢gt =

A 2m/s B 3m/s C em/s

V=gt (A)Ans

AN Resonance”®
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Rectilinear Motion

C-2. I mothod — Let downward direction is taken as +ve. Initial vel is —ve = — u (say)
From the equation ; v? — u? = 2as we get (3u)? — (- u)®> = 2hg
u A
T__ u
h
l ¢3u
2
= h= au” "B" Ans.
g
The stone is thrown vertically upward with an initial velocity u from the top of a tower it reaches the
highest point and returns back and reaches the top of tower with the same velocity u vertically
downward.
Now, from the equation, V2 = u? + 2gh
2 — 1,2 = 2 2 - 8u2 4u2 npn
= (3u)* =u¢+2gh = 2gh=9u°—-u :>h—2— = h B" Ans.
g g
C-3. u=0,
Acceleration = a
t = n sec,
The velocity after n sec is
n sec
V=u+at
V =0+ a(n)
V =an
a=V/n (i)
The displacement of the body in the last two seconds [S = ut + 1/2 at? = 1/2 at?]
S2=Sh— Sn2
1 1 1
== an’- Za(-2)2%= Za[n?-(n-2)?
> > (n-2) 5 [n* = (n-2)7]
= % a[n?=n?-4+4n]
S2=2a(n-1)
From equation (i) So = 2V(n-1) "A" Ans
n
Aliter :
aldz0 @ = Yie
t=0 t=n=2 t=n
BC="?
BC =AC - AB

=[0xn+ %anz]—(ox(n—2)+%a(n—2)2).

BC = % [N?=n?-4+4n]= 4—2a[n—1]
BC=2a(h-1) ..... ()
For AC AC® fog
V=u+at
V=0+an
a=Vin .. (2)
2V
From (1) and (2) BC:T(n— 1)

Resonance®

AN
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Rectilinear Motion ﬂ—

Section (D)

D-1.

D-2.

u=0, Letacceleration =a
Total timet=30s
X1 = distance travelled in the first 10 s.

Using , S=ut+ %atz, we get

X1=0+ %a(m)2 i, Xi=50a

Similarly,
X2 = distance travelled in the next 10 s

So, X2 = (0 + 10a) 10 + %a (10)2

So, X2 =100 a + 50 a
or, X2=150 a
and, Xs = distance travelled in the last 10 s

So, Xs=(10a+ 10 a) 10 + %a (10)?

or g1, X3 = 200a + 50a

or, X3 = 250a
Hence, X1: X2: X3=50a:150a:250a=1:3:5 "C" Ans

Let x be the distance of the top of window from the top of building and t be the time taken by the ball
from the top of building to the top of window.
Ul=

t

A
0 -
3m 055
Vs

0

10

<« = —>i

window

Yy v

0] Since, acceleration is constant = g

So, S =% t (across the window)

3= YrtVe 3=YrtVs g5
2 2
So, vr + ve = 12 m/sec.
Aliter :
For motion from O to A
V2 = u? + 2gx = (0)? + 2gx
V2 = 2gx ()]
Vr=u+gt=0+gt
Vr =gt (D)
For motion from O to B
Ve? = U? + 2g (X + 3)
Ve? = (0)2+ 29 (x + 3)
Ve2=2g (x + 3) (1))
Ve=u+g(t+0.5)
Ve=0+g(t+0.5)

Ve =g (t+ 0.5) ce(iV)
From equations (ii) and (iv)
Ve —Vr=g(0.5) (V)
From equations (i) and (iii)
V% - V72 =2g(3) v (V)

AN

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 9
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029 ADVRM -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rectilinear Motion ﬂ—

D-3.

D-4.

D-5.

From equations (v) and (vi)
V|32_VT2 — 29(3) = (VB_VT) (VB+VT) -

12 = Vr+Ve=12ms? (A) Ans
VB - VT 9(0.5) (VB - VT)

t.

G
°y
After the release of stone from the elevator going up with an acceleration a, stone will move freely
under gravity (g), hence the acceleration of the stone will be g towards downwards.

"D" Ans
Aliter :
Acceleration of stone = g downward [free fall under gravity]

Initial velocity = u, acceleration = f = at
f=at dv/dt = at dVv = at dt
Integrating both sides

y ‘ at? at> .
= .[dV=.[atdt = V—-u=— = V:u+7 B" Ans
u 0

—>
<
<>

Suppose, t1 = time taken by stone to reach the level of water
t> = time taken by sound to reach the top of well

S0, T=ti+tz
Forti: u=0
2h
h=Ut+£gt2 h=0+1@1t12 t = |22
2 2 g
For tz : As the velocity of sound is constant
h = Vt2 f— tz = E
Vv
Therefore, T= 2h +£ "B" Ans
\l g Vv
Aliter :

T= Time taken by stone from top to level water. (T1) + Time taken by sound from level water to top of
the well. (T2)
for downward journey of stone :

s:ut+%at2 = h:0+%gT12 = Ti= |—

for upward journey of sound, Time (T2)= h
v

T= 2_h+n
g Vv

Hence option (B) correct.

AN
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Rectilinear Motion ﬂ—

D-6.
¢u=0

320m |— t=5'sec

/777777777
Let t be the time taken by the superman to reach the student for saving the students life just before
reaching the ground. Hence, the time taken by the student to reach the ground = (t +5) s
For motion of student
u=0, h=320m, g = 10 m/s?

From equation, h = ut + %gtz,

e, 320=0+ % (10) (t + 5)?

i.e., (t+5)?=64; or t+5=8; i.e., t=3sec
For motion of superman
Let initial velocity u =V, h =320 m, g = 10m/s?

from equation h = ut + %gt2

e, 320=V (3)+ % (10) (3)°,
i.e., 320=3V + 45,
275 V.
or 3Vv=320-45,0r V= = m/s "B" Ans

D-7.
A | u=0

vli
In the above problem, if height of the skyscraper is such that student covers the full height within 5 sec
then superman will be unable to save him.
u=0, t=5sec, g =10 m/s?

Hence; from equation h = ut + 1/2 gt?,

or h=0+1/2 (10) (5)? i.e,h=125m "C" Ans
D-8.
u=0

it

»l
>

a I i=o
\ 4 ¢V1 ¢/¢V2

From the equation,

V2 =u? + 2gh
Vi2=0+ 2ga
V12 = 2ga ()
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Rectilinear Motion ﬂ—

V2?2 = 2gb (1))
From the equations (i) and (i)
2
we get \/—12=@=E |e,i:ﬁ (B) Ans
VZ 2gb b Vv, b

.. option (B) is correct

Section (E)

E-1.

E-2.

E-3.

E-4.

E-5.

The slope of position—time (x—t) graph at any point shows the instantaneous velocity at that point.
The slope of given x —t graph at different point can be shown as
X

A

Obviously the slope is negative at the point E as the angle made by tangent with +ve X—axis is obtuse,
hence the instantaneous velocity of the particle is negative at the point E i.e., "C" Ans

Aliter : As Instantaneous velocity is negative where slope of x—t curve is negative .

At. point C = slope is positive

At. point D = slope is zero

At. point E = slope is negative

At. point F = slope is positive

Hence, option (C) is correct

V(m/s) A

20

10

» t(s)

0 1 2 3 4
The distance travelled by the particle in 4s
= Sum of areas under V-t graph
=1/2x1x20+1x20+1/2(20+ 10)x 1 +1x 10=55m

u=0, a=Constant=k (let)

From equation of motion;

V2 = u? + 2as

V2 = (0)? + 2ks

V2 =2ks

This equation shows a parabola with S-axis as its axis. Hence, its graph can be shown as
V.

i.e.,, "B" Ans

As the slope of displacement - time (x — t) graph shows the velocity, the ratio of velocities of two
particles A and B is given by
V, _ tanb, _tan30° _ 1

V, tanf, tan60° \Bx\3

:l i.e.,, "D" Ans
3

Vi=3 — Vi=0 = area under a — t curve
Vi=3=10.5m/s

AN
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Rectilinear Motion

PART - Il

From graph (a) = Vv=kx
where k is positive constant

Acceleration = vj—v =kx . k = k3
X

Acceleration is non uniform and directly proportional to x.
S a—>Q,S
From graph (b) = v2 = kx.
Differentiating both sides with respect to x.

2vd—V =k or \Y; d—V: K
dx dx 2

Hence acceleration is uniform.

. b—> P

From graph (c) = v = kt

Acceleration = dv/dt = k

Hence acceleration is uniform = ¢ — P

From graph (d) = v = kt?

Acceleration = dv/dt = 2kt

Hence acceleration is non uniform and directly proportional to t.
d > QR

EXERCISE-2
PART - |
(A) Relation between position x and time t is given as
X2+ 2x =t
Differentiating both sides w.r.t ‘t’
2xd—x+2d—x=1, i.e., 2x+1)Vv=1 = V= 1
dt  dt 2(x+1)
Again differentiation both sides w.r.t ‘t’
dv —1 ( dx j -V
_— _— - a = =
dt  2(x+1)? \dt 2(x +1)°
Hence, the retardation of the particle is ———
4(x+1)

[Note : As v and a are oppositely directed, so particle is retarding]
Aliter : X2+ 2x =t

By Differentiation w. I. t. time
2xv+2v=1
or xv+v:1 .......... Q) V:£(X+l)
2 2

or Again differentiate eq ......... Q)
we have

dv dx = dv
X —+V— + —=

dt dt dt
xa+vi+a=0

: v2 _ 1

(x+1 4(x+1)°

-1

4(x +1)°
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Rectilinear Motion

2.

S

1s (second ball)

NS RN O

T u=40ms™

u:40r-n/s, g =10 m/s?

Let t be time taken by the first ball to reach the highest point.

V=u-gt 0=40-10t t=4

S

From figure second ball will collide with first ball after 3 second, therefore the height of collision point

= height gained by the second ball in 3 sec
=40 (3) — 1/2 (10) (3)?

=120-45=75m "B" Ans
i gT2

u:O,t:T;h:ut+£gt2;h:
2 2

1 :
h==gT? i
59 0}

- u=0

=
f
“«— o> x—>
é
N

vV LVt=T
Let x be the distance covered by the body int = T/2

X = O+%g (T/2)?

1 .
Xx= =gT? (i
g9 (ii)
From equations (i) and (ii)
h _1/2 gT? h_4
x 1/8 gT? x 1
Therefore height of that point from ground
:h—x:h—E:S—h "C" Ans
4 4
Aliter :
T A U\I o t=0
h B4 t=T/2
| v N
c =T Y
Let at t:% body is at point B.
For AC For AB
s=ut+1/2 at? s=ut+1/2 at?
1 1 (T
—h==-Z=gT? —(h-=h)=—=g| =
5 (h=hy)== 2 g( :

jz

A=
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Rectilinear Motion

-I-2
h=g 5 (1)
From (1) and (2) , we have
h—hi=h/4
h

h——=h: or
4

T ATV

h

l

For AB

s= ut+ 1atz.
2
—h=vt-9¢
2
9 ¢_vt—h=o0
2

v+ fv2+4><9xh
t= 2

2><g

2
J_r,/z 2gh
t=v V° +29g
g

t= Y {1- 1429
g v

hi = % from the ground

2

:l [as time cannot be negative so we neglect it]

Let t1 be the time taken by ball from top of tower to the highest point then it will take again t1 time to
return back to the top of tower Let t2 be the time taken be ball from top of tower to the ground.

For t1: From equation

V=u-gt ie., 0=V gt or, t1 = Vig
For t2 : From equation
-2V i«;4v2 8gh
h=ut+ %gt2 h=Vt?+ % gt2? ;or, gt?2+ 2Vta—2h=0,0r, t2 = 5 59
g

Taking (+) sign only (as we are interested in time projection i.e., t = 0)

Note that, —ve time indicate time before the projection.

-V a/VZ 2gh
2 - ZTINY e 9

g
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Rectilinear Motion

/\g

Hence, the time after which the ball strikes ground T = 2t1 + t2

V +4V?+2gh
T +a¢ +29

9

1\10 m/s
T
H
t=11 sec
B

As s=ut+ at?
—H=10x 11 -5 x (11)2
—H=110- 605
H=495m

Aliter :

10ms™

3 A10ms™

u=—10ms

t=11s

e

=T=
g

:Xl+ 1+Zih
g TRV

At the time of release, velocity of stone will be same as that of balloon, hence

u=-10ms?, t=11s

1
h=ut+ =gt?
29

= (- 10)x11+% (10) (11)2 = — 110 + 605 = 495 m

f $ %4# 111 drop

X t

ISy
3

0 11 drop
5x ' t

777777777777 777T77777

4;— 1 drop

"A" Ans

Let t be the time interval between two successive drops. For the first drop :

From equation, h = ut + %gt2

5=0 +%g(2t)2

For the second drop :

5= %g (21)? (i)

_ 2
v, v Vi2gh

g
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Rectilinear Motion

From equation , h = ut + %gt2

1 1 ..
Xx=0+ =gtz = X= =gt? (]
59 59 (ii)
From the equations (i) and (ii);
1 2
- 9(2t)
E:z—: E:i: X:E:l_ZSm
x 1 .5 x 1 4
—Qg2t
2
The distance of the second drop from the ground
=5-x =5-1.25 =375 = %m
Aliter :
N TAP (u=0)
Al ® 3“drop
5m
T B| @ 2“drop
h
, \l, C|le® 1%drop
AP A A 2
Let the time interval b/w two consecutive drops be t.
o Time b/w 1%t and 3™ drop = 2t.
For AC
s=ut +1 at.
2
—5=0+1x—10x(2t)2 1=t2, t= 1s;ec.
2 2 2
height of second drop.
s=ut+1at2 —(5—h)=0+lx—10><1
2 2 4
5—h=E h=5—5=3.75m= Em
8 4 4
7. (A) the given x —t graph has 5 points at which the slope of tangent is zero i.e, velocity becomes zero 5

times.

As we know that particle is at rest when its position does not change withe time. Clearly, from x-t

graph, particle is at rest 5 times
.. option (A) is correct .
(B) Slope is not zero att = 0.
.. option (B) is incorrect .

(C) Velocity is positive, when slope of x-t curve is positive. Slope changes from positive to

negative and negative to zero.

.. option (C) is incorrect

Total Displacement
Total Time taken

Total Displacement is positive
.. Average velocity = positive
.. option (D) is incorrect .

(D) Average velocity =
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Rectilinear Motion

k— X

PART - I

S|
rgl

A Vv, Dv CV, B
S =

2 2

Let T is the time to cover DB.

T

Timein DC=CB = E

Total Displacement (T.D)

As mean velocity =

Total time taken.(TTT)

T.D=x
TTT=Tao+Toc+Tea= ——+ 1+ +1= X 47 @
2V, 2 2 2V,
Now, BD=DC + CB
or i:£+£or X=T(V1+V2).0or T= X C e (2)
2 2 2 L+ V,
From (1) and (2)
TTT= = + X
2V, V,+V,
or Mean velocity = X - 2Vo(MitV,)
L 2V, +V, +V,)
2V, V,+V,
distance travelled upto 2 and 6 sec.
S e
A c ’ x=32m Turning point
& B
t=0 X=24m t=4sec
Xx=0 t=6sec
Asx=16t—2t?
Att=0, x=0
Now, V=16 —4t=0 [a=—4m/s?
t=4 sec.

At t= 4sec,x=16x4-2x16=32m
Now, Att=6sec, Xx=16X6—-2%x36=96-72=24m
Distance upto 2 sec. = Displacemnent in 2 sec = 24 m.
[As turning pointis at t = 4 sec]
and distance in 6 sec = AB+BC =32+ (32-24) =32+ 8 =40 m.

Aliter :

The distance travelled upto 6s

= s

6
j Vdt
4

= [16(4) - 2(4)°| +

Tme— 4t)dt

=64-32+ |[16t—2t2]3|: 32+[32-40| =32+8=40m Ans
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Rectilinear Motion

3.

Aliter :

u=0
kid

1.5 l

<t 6m >

»l
|

1.5m

\ 4
117777777777777777777777777777777777/7777

Let a be the acceleration of the youngman.

As the youngman catches the kid at the arms height (1.5 m) then the time taken by kid to fall through

10 m will be same as the time taken by the youngman to run 6 m on horizontal ground.
For motion of kid.

u=0, g=10m/s?, h=10m

For motion of kid.

u=0, g=10m/s?>, h=10m

From the equation h=ut+ %gt2 = 10=0+ %(1O)t2
For motion of youngman

6=0+ %at2 substitute value of t ; a = 6 m/s2.

>—>
!
c
1l
o

w
«— 5 —P—
<

C +2Vv
For motion from A to B u=0
From equation V?=u?+2gh V2= (0)?>+ 2gh V2 = 2gh
For motion from B to C u=V
From equation V?=u?+2gh (2V)? =V?+ 2gh’ 4V2 = V? + 2gh’ = 3V2 = 2gh’
2
From equations (i) and (ii) v 5= 20h = h’=3h (C) Ans
3v?  2gh’
AT u=0
h
BT V
h,
Cc T2V
777777
Let h: = distance it has to travel down further to double its velocity i.e., 2V
For AB For BC
VZ=2gh .. (@H)] (2v)? = (v)? + 2gh:
3V2 =2gh:
. 3h=h

0,
...(ii)

AN
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Rectilinear Motion ﬂ—
5.

S

<€ >

A B
I*z>2u

e

Suppose at point B (displacement S) II particle overtakes particle 1
For I particle S = (2u) t + %a 2 1)

For II particle
S:ut+%(2a)t2 .................... @

so2ut+ 1atzzut+1 (2a) t?
2 2

ut:Eat2
2

t:&
a

Putting this value in equation (1) we get

2
S:2uxﬂ+ixa><(é]
a 2 a

_ad? . 2u®> _ 6u?

a a a
6. Let a be the retardation produced by resistive force, ta and tq be the time of ascent and time of descent
respectively.
If the particle rises upto a height h
then h= % (g +a)ta? and h= % (g —a) te?
t_a = IS5 :\/10_2 = E Ans. \/Z
ty g+a 10+2 3 3
7.
i 30 m/s 20 m/s
Jeep——» Bike—»l )
lKe—— 200m ——»1
200=10 (1) + % )t
t2+10t-200=0
t = 10 seconds
Distance = 200 + 200 =400 m Ans.
8.
A B
u=10m/s a V =50 m/s
[ 4 9
%
K— S a >4
A —> starting point
For AB
V?2 = u? + 2as
2400 = 2as or as = 1200 Q)
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Rectilinear Motion ﬂ—

Now, for BA

Va2 = (50)2 + 2 (-a) (-s)
Va2 = 2500 + 2 x 1200
Va = \/4900

Va=70m/s
velocity of particle when it reaches the starting point is 70 m/s.

v1omss I u =30m/s
v
10 m/s
Let the time be t after which the thrown stone hits the lift at a depth d below the top of shaft
1
d=ut+ =gt
> g
d:—30t+%(10)t2 ..... (1)
for lift
d=40+10t . (2)
1)=2
-30t+5t2=40+10t
52-40t-40=0
t2-8t-8=0
B 8+64+32 _ 8+96 _ 8+46
2 2 2
t=4+ 26
Net time after to hit the lift start desending
=4+4+ 2\/_ =8+ 2\/§sec
Putting value of t in equation (2)
d=40+ @4+ 26) 10
=40+ 40+ 206 =129 m
PART - Il
v(m/s)
A
:
0 1620 >1(s)
AV
aayg = _V = 1 =0
t 20

From 0 to 20 time interval velocity of particle doesn't change it's direction.

Area under v—t curve is not zero.

As the magnitude of area under v — t graph from t = 0 to 10 is same as from t = 10 to 20, hence the
average speed in both the intervals will be same. ‘D" is correcti.e., A & D Ans
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Rectilinear Motion ﬂ—

2.

ol te !
If the acceleration a is zero from t = 0 to 5 s, then speed is constant from t = 0 to 5s and as the speed is
zero at t = 0. Hence speed is zerofromt=0tot=5s.

If the speed is zero for a time interval fromt=0tot =5 s, as the speed is constant in this interval hence
the acceleration is also zero in this interval.

Because zero speed = object is hot moving = velocity = constant (= 0) = acceleration = 0

a (acceleration) Velocity (v)

] P
< " 4 >

If the velocity (u) and acceleration (a) have opposite directions, then velocity (v) will decrease, therefore
the object is slowing down.
If the position (x) and velocity (u) have opposite sign the position (x) reduces to become zero. Hence

the particle is moving towards the origin.
\%

>t
It t,

If -V >0 gpeed will increase.
If velocity V=0 t<t<t

Hence; acceleration a = % =0; 1<t<t

Therefore if the velocity is zero for a time interval, the acceleration is zero at any instant within the time
interval. (D) is correct

[acc, a= (cji_\t/ = V=u+at]

Now,v=0 = a=0= a=-ult = acceleration may not be zero when vel. 'V' = 0, 'c' is incorrect.

S o t?

o s=ct? where ¢ = constant
. ds

jv=— =2ct

() ™

S Vot

.. dv

ii = — =2c

(if) ot

S0, a = constant.

y=u(t-2)+a(t-2)?
Velocity of particle at time t

Y yr2a-2)
dt
. _ . dy _
Velocity att=0 m —u-4a

acceleration of particle

2
d_zl =2a
dt
Yi=2=0

So correct answer is (C) and (D).

AN
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Rectilinear Motion

1to 4.

PART - IV
(1) (V) = XfA_tXi - _1026100 1o
(2 (©) <é> _ Vi~V _ tanf, —tan6, _ 0

At 20
(3) during first 10 sec, speed decreases
acceleration is opposite to the velocity

accelerationis ini

(since 62 = 61)

(4) (C) during first 10 sec., the slope of x-t curve decreases in negative direction

Motion is retarded.
t=0tot=10s

Ans. (1)-10m/s (2) 0 (3)i (4) t=0tot=10s
X =2(t—1?)
velocity = (22 =2-4t

dt

2
| X i
acceleration = 3? =—4 = (C) is correct.

velocity:(cjj—)t(:Z—4t v=0 = t:%

Aftert = %sec., particle moves to left

Position at t= 1sec X=2 (1 2L )=2 ><1 =1 m. (C)is correct
2 2 4 4 2
(C) is correct
u=0att= 1s
2
.. position at t = ls = X= 1
2 2
positionatt=1s = x=0
*. distance moved = ‘1—0 + 1—l‘
2 2
=1m Ans.
EXERCISE-3

PART - |

Distance travelled in t" second is,
st:u+at—£a;u+ E(2t—1)
2 2
Given: u=0
an 1a
) _2n-1
2n+1

n j—

ntla(n+1) - %a

S

Hence, the correct option is (B).

Area under acceleration-time graph gives the change in velocity.

Hence, Vmax= %x 10 x 11 =55 m/s

Therefore, the correct option is (C)
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Rectilinear Motion ﬂ—

PART - I

6.25
25! ‘0 =25t
6.25

2./6.25 =25t

t=2 sec. Ans.

SRTNN
7
e

2
hl_

=4
29

hi+H= %g (n-1)2 t?

3. a = —g = constant
dv/dt = constant
slop of V —t curve is

constant & —ve

\Y

4, As in distance vs time graph slope is equal to speed In the given graph slope increase initially which is
incorrect

5. v = bx?2

% = px1?
dt

X~ [pdt
1/2
OX 0
2x =ht
bt
2

b2t
= V= —=

X= ——
4 t
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Rectilinear Motion

6. Area:(%x2x2) +(2x2)+(1x3)
Displacement =2 + 4 + 3 =9m

7. x?=at?+ 2bt+c
2xv =2at+ 2b
Xv=at+bh
VZ+ax=a

(at+b]2
ax=a-| ——
X

A a(at® + 2bt+c)— (at+b)?

X3

_ac-b?
3
acx?

8. Sy = uyt + %aytz
— l 2 =
32—O+5><4t = t=4sec
Sx = uxt + iaxt2
2

:3x4+%x6x16
=60 m.

HIGH LEVEL PROBLEMS
SUBJECTIVE QUESTIONS

1. Velocity of car on highway = v

Velocity of car on field = v/n
LetCD=xand AD=Db

b-x 1% +x
+

T=tac +tce =
AC CB 7 (V/T])
d_T:O = _1+H[LJ =0
dx Vv 2z
14
= X =
n’ -1
2 (a) V = avX
X t
Howlk = [Eefad
dt 0\/; 0
o’t?
X =
4
d_X:V:a_Zt
t 2
2
Also a:ﬂ:a—.
t 2
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Rectilinear Motion ﬂ—

(b) Let to be the time taken to cover the first s metre
24 2
s= %0 o = to =_2\/§
4 o
fo
_[v dt
<v>= 28
[ at
0
L 2
2
<y>=2L
t0
a? 1
e
2°2°
o 2Vs _ads
4 « 2
Aliter:
v=o VX, v2 = o?X
2
=2% x
2
Comparing with v2 = 2 a x
2 2 2
a=L and <v>= By 3 :%: S o _a
2 t J2S/a 2s \2s 2 2

(a) From graph, obviously engine stopped at its highest velocity i.e., 190 ft/s. Ans

(b) The engine burned upto the instant it reached to its maximum velocity. Hence it burned for 2s. Ans
(c) The rocket reached its highest point for the time upto which the velocity is positive. Hence, from
graph, rocket reached its highest point in 8 s.

Ymax = dy/dt =0

= Velocity in y direction = vy = 0 m/s.

(d) When the parachute opened up, the velocity of rocket starts increasing. Hence, at t = 10.85 (from
graph), parachute was opened up. At that moment the velocity of the rocket falling down was 90 ft/s.

(e) The rocket starts falling when its velocity becomes negative. From the graph hence time taken by
rocket to fall before the parachute opened will be (10.8 - 8) s = 2.8 s.

(f) Rocket's acceleration was greatest when the slope of tangent in V — t graph was maximum. As
t = 2 sec, the tangent is vertical i.e, slope is infinity hence the rocket's acceleration was greatest at
t=2s.

(g) The acceleration is constant when V — t graph is linear. Hence, the acceleration was constant

between 2 and 10.8 s. Its value is given by slope = —% = — 32 ft/s? (nearest to integer) Ans
—k
a) F(x) =
(a) F(x) >
k and x? both are positive hence F(x) is always negative (whether x is positive or negative .)
. : 4
| 1 <
x=0 X =0.5m x=1.0m
u=yv Att =0
v=0
dv Kk
dx 2x?

v _ 0.5
m!vdv: ?k Jl.x_lz dx

AN

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 26
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029 ADVRM -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rectilinear Motion ﬂ—

I
2O 2 X 4
vi=1

v=+1

but v is along —ve x direction sov = -1 i

¥ k%1
(b) m !dv :7£X—2 dx

V2 = l_}
x 1
1

Solving this, we get t = 1.48s

5. After switching on parachuite propeller
100m
Xo |
v
Vo = \/QQTO ‘l’
y
ground

vd—V =-2v

dy

0 100

I dv = -2 I dy
NEE %o
J29x, =2(100-xo)
Xo? — 205X%o + 10000 = 0
Xo = 80m
= time of free fall t = f% =4 sec

6. Xx=t3/3-3t2+8t+ 4
v=t?—-6t+8=(t-2)(t—4)
a=2(t-3)
2 3 4
\% + | _ | _ | +
R

a

32 32 28 32 28 20 8 28
Si=| -4 |+ |-+ |- ==+ ="—m
3 3 3 3 3 3 3 3

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rectilinear Motion ﬂ—

t=0 t=2
x=4m x=32/3
t=4 t=3
x=28/3 X310
t=5
x=32/3
S, = g_4+10_§ :Q+E:£m
3 3 3 3
S _28 _14
s, 22 11
\"
Voo b === - 5
0, ! 0, .
t t,

here, vmax = V is the maximum velocity which can be achieved for the given path

from 15t part, tan 61 = 10 =Y =Y
t, 10

from 11" part, tan 2 =5 = ti = t =%
2

now, area under the graph is equal to total displacement
S0, %v[t1 +t, | =1000

1ol 1 Yi_1000
210" 5

1002
3

The maximum speed is 70 m/s which is lesser than maximum possible speed v,

hence the train will move with uniform speed for some time on the path.
P S1 Il 32 Il 33 o
Om/s 70m/s L 70m/s & 0 m/s
The motion of train will be as shown

Let It part of path has length s:

then, by v2 = u? + 2as, we get

702=0%+2x10x%x 51,5051 =245m

Similarly by 11I'¥ equation of motion

02=702-2x5xs3 5083 =490m

Hence, s2 = 1000 — (490 + 245) = 265 m

for part 1 of the path, time taken = t1

from v = u + at, we get

70=0+10t1 so,t1 =7 seconds

SO, Vmax = V = m/s = 81.6 m/s (approx)

for part 2 of the path, time taken =tz = S, 265 _ 53 seconds
70 70 14
for 3rd part of the path, 0=70 -5 x t3
so, t3 = 14 seconds.
53 347

Total timetaken=t1 +t2+t3 =7+ — + 14 = —— seconds
14 14
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Rectilinear Motion

Area of v-t curve is displacment which is equal to 2

8.
VA
Vo freeeeeeeeeeess .
3 T T—
%vaax x4 =2
Vmax = 1
Also ti+t2=4
Vmax + Vmax :4
X y
= 1 + 1 =4
X y
Alter :
V=V
= v=0
A0S S s LB
< 3 2km T >

Given, S1+S;=2 ...
t1+t2=4 ...

For motion from A to C:
From, V=u+ at
V =0 + xt,
t1 = VIX
V2 = u? + 2as
V2 =0+ 2xS:
2

S = V_

2X

From

Similarly for motion from C to B

t2=Vly
S2 = V?/2y
From eqn.(i)
2 2
oy,
2x 2y

2
3L(1+1J=2
2{x vy

From eqn. (ii)

\% [l + EJ =4
Xy
Solving (iii) & (iv) we get,
14_1 =4
Xy
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Rectilinear Motion

9.

10.

2
(8) ha= %g(%"]

ha = %
(b) h = ut + gt? ...(0)
h=—u(t+t)+ % g(t+t)® ..(i)

(i) % (t + to) and (ii) x t
h(t + to) = u(t) (t + to) + % gt? (t + to)

h(t)=—u(t+to)(t)+%g(t+to)2t
h(2t + to) % = gt (t + to) (2t + to)
1
hr= = gt (t+ to)
2
_ 9% _ A
Ans. (a) ha = = (b) hr = > gt (t + to)

a:vd—v =cx+d
dx

Letatx =0 v=u
\

X
J' vdv = j (cx + d)dx
u 0
or v2 = cx? + 2dx + u?
v shall be linear function of x if cx? + 2dx + u? is perfect square

2
/d_zg
Cc

AN
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