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Kinematics

SOLUTIONS

Exercise-1 (JEE-Main Pattern)

SECTION-A
1. Ans. (1)
2n
Average speed = Dls.tance =3 (1)
Time t
r=Rj
. 3 14
r.=R| —i—=
=  Displacement = |, —r;|
V3: 3.
=R|—i—-=]
2 2 J
—R3
. Displacement
Average velocity =————
Time
_3R (i)
t
Ratio = Average spee.d _2n
Average velocity 3.3
2. Ans. (2)
a:r
acz ¢
and 7.d=0
= t=1sec
3. Ans. (1)
7=(2-2t-3)k
ar
—=2t-2
dt
Att=1sec |v| = 0; stand still
4. Ans. (1)
u=8 v=0
a=-4 R
r=6 -ve <«

_ 1 2
s—8><6+2(—4)><[6)
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a=-4
u=6=-24
Since displacement is it must have travelled in positive direction.

v=0att=2sec.
1
&=BXZ—EX4X4=8

Hence distance is 24 + 8 + 8 = 40 m.

5. Ans. (3)
vtV . . . . . L1
Vgp = % for uniform acceleration/retardation is also velocity at mid time.

In first half time average velocity is higher, so the car travels more than half distance.

aaaa

SN,
/

&

60

(A) will retrace (B) after coming down,

So difference of time is given by
2u  2X60

g 10

=12 sec.

7. Ans. (2)
v=3t2-18t+15=3 (t-1) (t-5)

Motion diagram

>l<=2 x=9
| ' )
x=-23 t=0 t=1
t=5
8. Ans. (4)

For maximum height, v, = 0

At t=gs,vy=24(g)—3(g)= gm/s

After that,a=-g=-10 m/s?
Andatt=t;,v,=0

So 0=¥-10(t2—%)

289
Or t;=——=9.6sec.
30

9. Ans. (2)
Speeding up if vand a have same sign and speeding down if v and a have opposite sign.

[22] www.allen.in ALLEN Digital



ALLEN

Kinematics DIGITAL

10. Ans. (3)
uy,=40,a,=-1
Vy = Uy + ayt
= 0=40-t¢
= t=40s
11. Ans. (3)
2usin@
— =438
g
2usin 0 =48
usin 6 =24
30sin 6 =24

)
~

sinb = — =

w
LIS

6 =53°
12. Ans. (2)
Range is maximum at 45°.
Range increases from 30° to 45° and decreases from 45° to 60°.
Time of flight and maximum height depends on sin6 which increases with increase in 6.
Both increases.
13. Ans. (2)
Hoc Tocuy,
Ball with maximum height have maximum time of flight.
14. Ans. (2)

4
uX:15xE:20m/s

3 u=15m/s
uy:15><g:15m/s /\
_ S
Umb = Um — Up

20=um-15

Un=5m/s
15. Ans. (2)
t=4s

_ 2usin®
T gcosa P

2u

- 1
10)(7 600-
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16.

17.

18.

19.

20.

Ans. (4)

Ut = 1.5v1
Ur/g = vi
x=1L

Upyr = —1.5v0

L=ut+%at2
p= 2L

1.5v
D=vt
4]

3
Ans. (3)

1_7)L/g =2j
&L/g =2
dp/, = —12f
Upje = U

Yy
up,=12m/s
Ans. (3)
Up/g = 20§
Vy/g = 20§
Uppw = 20f — 201
7 =20v2

ﬁb/g =2j

d)b/g = —10j

Direction of flag = south-east.

Ans. (2)
Vg = 21
131"/w = —v,f
U = 21 — vyf
Upm/q = Vi

1_7)1’/m =2 -v)l—vyf

v=2m/s
Ans. (2)
ﬁr/a =5
t=5sec
D=60m

60 _ o
5 = ucos

ucos0=12

Velocity in x is zero

v,-vsin6=0

vsin0=5
v=13m/s

a=2m/s?

20

2012 20

V=
m/S\ 6 l60m
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SECTION-B
1. Ans. (4)

vZ=u2+2as
vZ2 =402+ 2(2) (1000) = 5600
V'2=v2+2gs
= v'2=5600+2x10x100
= v'=160=40a
= o=4

2. Ans. (5)

vx:%=3,vy=%=4—12t

Att=0,U = u,i +u,j =31+ 4j
Speed of projection =u = V32 + 42 =5m/s
3. Ans. (1200)
Horizontal velocity remain constant.
60 cos 60° =v cos 30°
v=20vV3
vz2=1200
4. Ans. (50)
Huax = u?sin20/2g = u2/2g
Rmax = (U2 sin20/g)max = u2/g
2Hmax = Range
2Hmax =100
Hmax=50m
5. Ans. (20)
U =100 cos 30% + 100 sin 30°f
V =10cos30%+ (100sin30 — 10t)j

u.v=
100

= 7T = 20 sec
10X=

2
6 Ans. (2)
2

t2=—=25

= h=125m
X=Uy Xt
hcot37°=uxx5
uy=100/3
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7.

Ans. (6)

/ 25m

2.5
0.5

tana=5
Ans. (6)

- _ = -
vPQ_vP_vQ

=(ﬂi+ﬂj)—(—mi+

V2T V2 V2

= 4021 — 30v2j

70

V2

)

|

I
|

I
|

I
|

I
|

I
|

1

90 m
4 ¢
AB=90x—=120m l
3 : 37 g
NSNS
= (@B=10m A< 110 m >Q
3
= @M=10sin37°=10 xE: 6m
10. Ans. (30)
D
—
C B
10x4/5m/s 120m
10x3/5m/s A 4m/s
120
t=—4g= 15 sec
A=(6-4)x15=30m
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Exercise-II (JEE-Main PYQs)
Ans. (2)

u=1i+2j
ux=1lu,=2

t 6—2
and =7

2

— rtand 1 X
y=xtan Zguzcosze

y =2x-5x2
Ans. (1) ' 10m/s
For particle 1 A
1
-240 =+ 10t - —gt?
2 240m
5t2-10t-240=0
t1 =8 sec B
For particle 2
1
-240 =40t - Egtz
A f 40m/s
5t2-40t-240=0
t2=12 sec
For 0<t<8sec — ar=0
Straight line x-t graph B

For 8<t<12sec = ari=-g
Downward parabola

For t> 12 sec — Both particles comes to rest.

Ans. (2)
v=bvx
dv_ b dx
dt  2+x dt
_bv
a-zﬁ
_ b (bVx)
a_—Z\/E
dv _b2
a 2772
bZ
v=—0r1
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4.

Ans. (3)

Vx=-amsinot = Vy = adm cos ot

v = /v§+v§+vzz

V;=adm =
v =+2aw
5. Ans. (4)
_u®sin26
g
A=nR?
A R?
A ocut
Al_u;*_H‘*_ 1
A, ui 12l 16
6. Ans. (1)
§ = (5i+4D)2 +5 (41 + 4))4
=101+ 8j + 8i + 8j
7 = 201 + 20j
7. Ans. (2)
2 X 2Xsin15°
- g cos30°
1
S=2cos 15° x t—zg sin 30° t?
Put values and solve
S = 20cm
8. Ans. (1)
Equation of trajectory is given as
y =2x-9x? -(1)
Comparing with equation :
9 2
= - (2
y=xtan® 722 cos2 0 x (2)
We get;
tan 0 = 2
cosf = \/%
g
Also, ———— =
% 2uZcos? 0
10 5
= Tz
2)(9)((\/—?)
= 225
Y=
= |u= %m/s
[28] www.allen.in ALLEN Digital
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9. Ans. (4)
120+ 60
-
110x—
18
~120+60
=
50><i
18
t
§_110_11 Ans.
t, 50 5
10. Ans. (4)
7 = 15t%1 + (4-20t?)j
524 30ti + (-4 0t)j
B = — = 30t + (-4 00)]
=90 307 — 407
a=—-=30 j
|d| = 50m/s?
11. Ans. (4)
Rain is falling vertically downwards.
1_51”/m = 1_51” - 1_7)m V . Vin
tan 60° = -= = /3 - 560029
Um !
Ur = vm\/§ = V3 v i
T 1 7
Now, v, = (1 + B)v O V
and 0=45° Vrym
vT
tan45 =—=1
Um
Vr=Vn
3 =>1+p)v
V3=1+p
= pB=+/3-1=0.73
12. Ans. (3)
X = u,t+ %axt2
y=uyt+ %ayt2
32 = 0% t+5(4)(0)?
t2=16
t=4sec
x=3><4+%><6><42
=12+48=60m
Correct answer (3).
ALLEN Digital www.allen.in [29]
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13. Ans. (3)

Given U = 5fm/s,d = 101 + 47, final coordinate (20, yo) in time ¢

1
Sx = let + E axtz

1
ZO—O:O+E><10><t2

t=2sec

1 5
Sy =uyx t+5ayt

1
y0=5><2+5><4><22=18m

2 secand 18 m.
14. Ans. (1)
For 0<x<200

v=mx+C

1
v=—x+10
5

vdv X 1
=2 (2 10) ()
dx 5 5

x
a= o5 + 2 = Straight line till x = 200

For x> 200
v = constant
= a=0

So, final a-x graph will be as follows-

07 200 400 x(m)

0 200 400  x(m)
Hence most appropriate option will be (1).
Otherwise it would be BONUS.
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15. Ans. (2)

Option (2) represent correct graph for particle moving with constant acceleration, as for constant
acceleration velocity time graph is straight line with positive slope and x-t graph should be an
opening upward parabola.

16. Ans. (3)

In 4 sec. 1st drop will travel
1
= 5 x(98)x (4)2=784m

2nd drop would have travelled
= 784-343=441m
Time for 2nd drop

1 2
S O8)¢ = 441

t = 3sec
Each drop have time gap of 1 sec
1 drop per sec

17. Ans. (3)

u=,2gh

h
Now, S=—,a=-g
3
1 5
S=ut+—at
2

h_ 2ht+1 t2
3=V29 2(g)

tz(%)—\/ﬂt+g=0

From quadratic equation

f 4gh
1/2'_(]]'1 i Zgh —7§

g
4gh
t, VA5 V32

t2 JZgh+ 453}_11 V32

tl,tz =

18. Ans. (4) N
Vow = 4v2 cos 4 5{ + 42 sin4 5] N1 Vow :er }Z;i;i%ﬂﬁﬂfﬁf{ﬂy
— 41+ 4f 42
V)W =] W W5 *E
Vo = Vow + Viyy = 40+ 3]
Sp=Vgxt=(4+3))x3=12{+9j
1S5] = V(12)7 + (9)2 = 15m Vw !
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19. Ans. (30)
14
R
0
30° v

20.

21.

22,

23.

Both velocity vectors are of same magnitude therefore resultant would pass exactly midway

through them
0 =30°
Ans. (4)
R = V2(2 sin 6 cos )
g
Vsin@ t
g sinf
242 ;
~ R= gzt .Zsm@cose
sin“ 6 g
2gt?  20t?
t. 9 = =
an R R
cotld = W
Ans. (4)
v=u+at
60=10+2t
t =25 sec.

Correct option (4)
Ans. (2)

2
R:u—sinze
g

R is maximum for 20 = 90°.

Ans. (4)

R _u;sin20, R _ U, sin26,

1 72

g g

R, _ujsin20, 40°sin(2x30°) 4

R, u’sin20, 60°sin(2x60°) 9

[32]
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Exercise-III (JEE Advanced Pattern)

SECTION-I
1. Ans. (D)
Displacement along x-axis = 0
Displacement along y-axis = h

1
= vsin@t—zaﬂ:O

¢ = 2vsinf
T a

=

1
and h=vcos 9t+5gt2

2vsin9) e (Zv sin 9)2
a 2 g a

:vcose(

202
=——siné (cos@ + gsint9)
a a

2. Ans. (C)
Displacement ¢, = —€sin 53°

v, =vysin37°

1
—£sin53° = v, sin(37°) t — 59 t?

. t=2sec
3. Ans. (A)
Upjg=5m/s VR

usin45°=5
u="5v2
Vm/r = 5\/§
(Vim/r)? = (Vr/g)? = (Vim/g)?
50 - 25 = (Vim/y)? —m
V25 = vy
Vm/g =5 m/s
4. Ans. (A)
Time to cross road
2
t= (1
usin@ (1)
8t=4+vcosOt
2 vcosf X 2
(Gems) = ** —vems

vsind vsinf
8

V= —

2sinf + cos @
dv
— =0 = tanf =2
ae

SECTION-II
5. Ans. (AD)

(x,y)=(8t2,3) fort< t1

= (8tt1, 3) t>t
x =8t2 y=3 t<ty
x=8tt; y=3 t>t
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(A) Particle moves along a straight line parallel to x-axis.

h

dx

(D)

v

t
Ans. (ABD)

X3
Mo B

P _______________

0" I

(A) A lives closer to school than B

(B) A starts from school earlier than B
(D) B overtakes A on way.

Ans. (ABCD)
. 80  2uy
Time between towers =— = ——
Uy 10

Uy =20

uXA
Uy
2
Y _go %
Zg l,l):(

= u,=40;T; =8s
R=160m
G:tan-l(ﬂ)

20
Ans. (BCD)

Here total acceleration a = \/ g2 + a2 = constant so path may be parabolic or straight line.

Ans. (BCD)
Up/g =2 m/s

Vpelt/g = —4 m/s

u,=at
6
Z=a

1 3
s=24—5><§x16
=24-12=12m

1, 1 1
S=ut+5at =2><4—§><§><16
=8-4=4m
vy =Uy +at
4a=2

[34]
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1
=3
5 8 1 6 64
= X——=X=X—
s 3727879
_l6—4 12
STT3 T3
(B) Magnitude of displacement w.r.t. ground in 4s is 4 m.
(C) Magnitude of displacement w.r.t beltis 12 min4s.
10. Ans. (ABC)
2
u
=2 = u,=5m/s
2g Yy
24sinf 2wy, L | e
=———=—"=1sec
g a
1 - . . - .
L=vit- > at? (asd isinxdirection)
5 1
Z=V1X1—EX(O.5)X12,V1=3/2 m/sec
Along z-axis, > 0 X
5
E =vyx1

5
= = Zm/sec

SECTION-III

11. Ans. (C)
12. Ans. (C)
13. Ans. (B)

(Solution for Q.No. 11 to 13)

__________
- ~
- ~
- ~
- ~

t=02 Nt=to
30
15xt)=30=ty =2 sec
and
vy = 10m/sec
2
= tanb=-—
3
vy = 1s
20y
to=— = v =10m/sec
g
(10)?
Vy=15and Hmax =75 + =80
29
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14.

15.

16.

17.

’2H 80 x 2
T=2|—1¥% => =8
g 10

AB=vwxT=8x15=120m
Virel = (Vx)stone = Vear = 0

=  Carisjust above the stone
=  Height=75m

Ans. (B)

Range = 200

u?sin26
—— =200

g - 200
Sin —250

h =250

u?

— =250

g

20=53°
02=90-6=90-26.5
02=63.5

Ans. (D)

2usin©®
o 2usin
g

T oc sin O

Ans. (400)
u=0,aa=10cm/s? B =20 cm/s?

1
5km=5><t><vm

t=avo+ Pvo

Ans. (30)

V=10(2)
=20m/s

v?=20"+2x10x25
=400+ 500
=900

v' =30 m/s Ans.

sec

250m
200m

01 02
0 (in degree)

SECTION-1V

MV

Vo [-—--

LA

~

2 sec

N
7]
(9%
(@]

N
g
b---
— e
<

[36]
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SECTION-V
18. Ans. (A-P,R), (B-Q), (C-S)
Considering y-axis along the inclined plane
2usin37°
Time of flight =——————=2s
gsin37°
Speed is minimum at £ = 1s

Velocity makes an angle 37° at t =2 y

y = 6t—%gsin37"t2

37° R
Substituting y = 2.25 i
We gett=0.5and 1.5s
SECTION-VI
19.  Ans. (A-RT), (B-T), (C-R,T), (D-S,T)
al
v v<0
(A) 250 (B) a—const
t
-
t
s S
a-constant
© £ y<0 (D) v>0
parabolic parabolic a-constant
20. Ans. (A-P,Q), (B-R), (C-S), (D-P,R)
£ £
(A) t=—=
a5 2
ity
(B) =5 = v
£
(C) t = ﬁ
u
% X
\ ',"'
£ £
(D) = 5r = B
ALLEN Digital www.allen.in [37]
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Exercise-1V (JEE Advanced PYQs)
1. Ans. (8 or 2)
Assuming open chamber
a=2ms-
0.3 ms-1 02mst [ X
o— «—o0
< 4m >
Vrelative = 0.5 m/S
Srelative = 4m
4
Time=—=8m/s
0.5
Alternate:
Assuming closed chamber
In the frame of chamber:
a=2 ms-2 a=2 ms—2
— —
; > 0.2 ms-1 o
A 03 ms? B
. . . uji _ (03)?
Maximum displacement of ball A from its left end is == = ———=0.0225m
2a 2(2)
This is negligible with respect to the length of chamber i.e. 4m. So, the collision will be very close to
the left end.
Hence, time taken by ball B to reach left end will be given by
S t L t2
= Ugpt + > a
1
4=(0.2)(t)+ > (2) ()2
Solving this, we get
t=2s
2. Ans. (5)

As observed from A, B moves perpendicular to
line of motion of A. It means velocity of B along

A is equal to velocity of A V‘B
Vsin30° /

Vscos 30 = 100v3 ! Vscos30°

If A is observer A remains stationary therefore A B
. 500 500
" Vgsin30 100

=5

[38]
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3. Ans. (C)
m 3m
Density of sphereis p = — =
yOLsp P=v = 4Rd

. 1dp
Since, —— = constant
p dt

AmR3  3m (- 3) dR L
= — | — ) — = constant et
3m 41 \R%*/ dt (Let )
-3dR dR -K
- ——=K = —=|—]R
R dt dt 3
dR
— X R
dt

dR
Velocity v of any point on the surface of sphere is equal to P (rate of change of radius of outer

layer).
4. Ans. (30 [29.60, 30.40])

2 cj 2 = \/_
u“sin” 45 u v=u/v2
H =————=120
1 29 Hi=120m . Ho
u2 45° 30

— =120 e
Sy q
When half of kineti is lost v = —

en nailr o 1netic energyls 0S V—\/E
2
) sin%30 -
H, @ 5 =-—  .(ii)
g l6g

From (i) and (ii)
H
H, = le 30 m on 30.00

5. Ans. (4)

Total displacement
Total time

Average velocity =
<v>

Total time taken =t1 + t2 + t3 + ovvevenene

_ L.t
—t1+a+a2+ ..........

. tq
Total time =—¢

vy 8
=Vt +—.—F+.
it
Vit Vit
1 1 1
1-4 (1+5)(1-2)
On solving

V1
<v>=—— = 0.8y,
a+1
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6. Ans. (ABCD)
x2
Y=
A x=0y=0y .
At t=0, I }glven
X2
y= 2
day 1 dx y=0
— =T.2X—— = Vy=XW
dt 2 dat x=0
Differentiate w.r.t. time
dx T £=0
ay = a Ve +xa, =
Ay = V% + X0y
Option:
(A) Ifax=1 and particle is at origin
(x=0,y=0)
Ay = V2
ay=12=1

At origin, at t = 0 sec
Speed =1 (given)
(B) Option
ay = Vi + xay
Given in option B, a, =0
=  ay=Vi
If  ax=0,vy=constant = 1, (all the time)
= ay,=12=1 (all the time)

(C) At t=0,x=0,v,=2xvx
Speed =1
vy=0
vy=1
(D) ay=v+xax
Vy = XVx

ax =0 (given in D option)
= Uy = Vil
If ax=0 = V,=constantinitially (vi=1)
= aq=12=1
At t=1sec
vw=0+a,xt=1x1=1
Yy
tanf = —=x
vx
(6 — angle with x axis)
vy, 1
tanf =—=-=1
v, 1
0 = 45°
Ans. (A)
U= a(yx + 2x9)
Uy =y vy = 2ax
d
s _ ocd—y =20°x
dt dt

F =md = 2ma?(x® + y9)

dv
—Y =2av. =2a?
dt * Y

[40]
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