PHYSICS - Kinematics

JEE-MAIN

TOPIC

SOLUTIONS

KINEMATICS

KINEMATICS
1
Exercise-l
1. ® < d - >
A t B
< d >
A B . < .
A t, B
_ Total Distance
Displacement = 2r Average Speed = Total Time
distance = nr
_2d 2
2. (B) b+t d . d = v-24 kmr
10 m 20 30
B .gA®
10,
o 4. (B
) Total Distance
c Average velocity = Total time
0,0) <&
©O7ple T SN 4g__ 2000 8OV
~ 1000 1000
Fly start from A and reaches at B. 0 TV 40+V = v=60
B
5. |B)
V, =2at
10m Vv, = 2bt
V =2tya® +b?
A 1042 C
6. |B)
t=62.8 sec
AB =[1042] +10? =1043m
in each lap car travel a distance = =2zR

3. (B)
FromAtoBt —i hr=FromBtoAt —i
1720 2730
hr

www.aviral.ac.in
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=2x3.14x100 =628 m

In each lap displacement of the car =0
Average speed

Total Distance 628

- = =10m/s
Total Time 62.8
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PHYSICS - Kinematics °=

, 12. (D)
~ Total Displacement
Average Velocity Total Time =0 A
S B
7. A) 2
25— gt = s==gt Y
=g 5 S
30° ot
dt
V, tan30° VvV, 1/\3 1
V, tan60° — T\, "3
5. © 8 SNE]
v=2_3¢ 12t43 13, (A
dt Total Distance = Area

under the curve (Position + Negative)

a-d _gt-12 . o X
dt = x4x1+4x2+1xd4x =+ =x2x1+2x2+=x1x2
2 2 2 2
a=0 = t=2sec =2+8+2+1+4+1
VZSec:3(2)2_12(2)+3:+12'24+3 = 18 meter
=-9m/s 14. (A
9. ©)

let the acceleration of the body isaand y=0 (acceleration) = Slope zﬂ
At

then X; = %atz = %a(lo)2

1 1 1 OA%% =1
x, ==a(20f -x; = ==a (20f - =a (10)
2 2 2 AB—0=0
= 1200)(30) = x; = ~a(30F - La (20 -10
2 87 2 BC—»> —=-0.5
20
1
=Zall oy oy tx. =13~
2a( 0)(50) = - X,: %, X3 =1:3:5 15.  (B)
Distance = Total Area
10. © =105m
dx Displacement =90 - 15 =75m
V.= n (slop of x-t graph) (-ve y asxis area) - (-ve y axis area)
AtCtang=+ve AtE 6 >90°(-veslop) 16. (C)
ALD g 00 ALE 0<90° (+ veslope) Equation of given sin curve is
.. ALEV, isnegative x=-Asint; V=9__acost
11. C
© v

From graph itis clear that velocity is always posi-

tive during its motion /\

so displacement = distance < T
displacement = Area under V-t curve

_ L 2014 20x1+ Ex1x10 1i7. O _
2 2 Let constant acceleration = a
+1x10+1x10 = =55m 1
S = E at?
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PHYSICS - Kinematics

18.

19.

20.

www.aviral.ac.in

S, =%a><102 =50a

2
=3S

1

S, = L av20? —%axloz = 150a
SZ

®

Ininclined initialu =0

1
S= > at? and a = gsino

| = %gsinGXX(4)2 ()
£=%gsinet2 ...(iD)
From (i) and (ii)

t=2sec

QY]

u = 10m/sec a=-2m/sec?
Total time taken when final is zero.
a = 10m/sec?

10m/sec
v=0
0=10-2t
t =5 sec

S =ut + 1at2
- 2

St:5=10><5—%><2><25:25

1
St:4se0_=10><4—5><2><16=24
S..-S_.,=25-24=1m
s=10+ 2

a 2
im
®
Initial velocity u = O, Let acceletiona =0
— 1 —
StZZ—EaX4—2a
1 _ 9
St:3—§a><9—5a
_ 9 _ 5a
St:3-St:2—Ea-2a—?
_ 9a 7a
S~ S = 82 - o T o
S, _3
S, 7

21.

22.

23.

24.

25.

www.aviral.co.in

©

h_ 1 t? 1
5 =50u (1)
h=%g(t1+t2) @

From equation (1) and (2)
27 = (t, +t,)°

V2t =t +t,
(\/E_l)tl =1,
t, J2+1

= = —x—F
L= 1 2

t, = (JE +1) t,
©

Acceleration for both is g

1
a=

= Egti

1
b=§¢

(®))
AtH ,v=0
Acceleration constant & it is due to gravity

4 =g

®

Total Length of 2 trains = 50 + 50 = 100
Velocity V, =10

V,=15

V,+V,=25

time = —100 =4sec
25

" \
80 Km/h
W E
® 8
60 Km/h
S

(ii) Hear V, & V_ are 'L’ to each other.
VAB = VA - VB
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60 Km/h

80 Km/h

(iii)

3

~ 80 4
p=37°

tan B

(iv) 37+a=45

tan 37 + tana 1

1—§tanoc
4

E+tanoc=l—§tanoc
4 4

7 1
—tano=—
4 4
V; = 60km/hr

tan a=

26. (C)

10m/s
%

®

5m/s
%

100m >

N

Vpg =10-5=5m/s

t=%=203ec

27. (D)

Horizontal Component of velocity
Because there is no acceleration in hori-

zontal Direction
28. D)
0]
For 6 and 90-6
Range is ssame

www.aviral.ac.in

29.

30.

31.

www.aviral.co.in

0 =15°

90-0 = 75°

(i) R = usinf.ucoso
..sin (90 - 6) = cos 6
..cos (90 - 0) =sin 6

®

Ezlmv2
2

At Highest Point
vel = vcos 0

1 E
KEzzmv2 cos® 0 = Ecos? 0=2 (. 0=45°

()
R=u?sin206/g
R, = U?/g

2
22-L

g
for = 15°
R - u® sin30

g

()

X
=Xtan6|1-—

2

y=xtan9—tan9%

Compare from eq".

tano = 16
tane_E

R 4

R:ﬁzlz.Sm
5

tano = 16

i 9 _5
2 u’cos’6 4.2

=22><l=llm
2
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32.

33.

34.

35.

36.

www.aviral.ac.in

_U’sin20 _2g 2x16

R
g 5 g

R=12.8m

©

Range of 6 and 90-6 is same
If 6 =30°
S0 90 - 6 = 60°

®

at max height
u
SV, =u, =E=ucos(%) , 0 =60°

T

usin20 V3

Sorange = =
g g 2 g

©

For both particles u,=0 and a,=-g

1
h =§gt2 = h »>same=1t — same

®

Vel. of Bomb is same as the vel.

aeroplane.
u = 360 km/h & v,=0.

1
S =ut+ - at? Hereu =0
y y 2 Y

1960 = %X 9.8t°

t =20sec
®)
«\®
\)4
37° o
A +—8
p<9m>

In this process both time taken is same.

T 2usin6
g
T 2usin37°
g

of

37.

38.

39.

www.aviral.co.in

_ 2x15x3
~ 10x5

=1.8Sec

9
Minimum Velocity = 18" 5m/s

(®)

Both may have same time of flight if 6 =
45°
Range of 6 and 90 - 6 is same

_ 2usin®
g

s T

So we can say that both must have same Range.

®

SHpa = ——
max Zg
= u, =4/20H
2u, 2,/2gH
2 2
9 9 9
©

vZ?2-u?=2aSsS
y y Yy

4=u
N

Y
5m/sec.

v,? —(4f =-2x10x0.45

y
vy2 =7m?/s?

v,=5c0s53°=3m/s  (alwaysremains same)
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40.

41.

42.

www.aviral.ac.in

Vg = (VP (VP =+ 7

=4m/s

®

@‘ﬁ‘
>

9 ...(D)

2 2

...(ii)

5 v /4h
X = Vo, -~
g

From (i) & (ii)
V=42V
©

Time is depend only in vertical component
VY

but in both cases V =0 + at = -g.

Both will reach the ground at the same
time

()
>V zvazo
l ............. i
a=gp *, i
' X=Vt ?

Because horizontal velocity of plane and
bomb is always same.

43.

44.

45.

46.

www.aviral.co.in

0-

(3))
N A
Vir=Vy~Vr
W v-VT Vi iSOE South - West
NS
SVVH =50
(8))
‘7r = ‘71 - ‘72

= 2 2
Vi|= \/vl +V,” —2V,V, COSH

V,|max whencos 6 = -1 0=n

=V, =Vi+V,

QY]

Vbr = Vb_vr

given v, + vy, =V,

Let swimmer speed in still water = x
Let velocity of water =y
X+y=16,x-y =8

x=12andy =4

©

V., =30

V; =-10j

Vem = Vo =V

= ~10] - 3 = V| =109
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www.aviral.ac.in

»
d/3,t, . di3t, . di3t,
V.=2m/s V,=3m/s ' V,=6m/s

< d >
43 _d
Now 4 _V1 6
__d/3 _d__d/3_d
2773 9T 3® 5 18
Average Velocity
d 18
=9 d d-g ms
6 9 18
((®))
®)

Stone is dropped
so time taken by stone to reach the bottom
of the wall t;

1 o
S h==qgt
291

time taken by sound to comes from bottom

h
to upper end t2=v ...(iD)

i =t +t, = 20 +D
Total time =i+ g v
®)

dx
X =5sin10t = Vv =a =50 cos10t

d ,
y=5cos10t= V, zd_)t/ =-50sin10t

2 2 2
V net =VX +Vy

Vet = \/(SO)Z(Sin2 10t +cos?10t) =50 m/sec

) _
Vv = Inx m/s (Given)
— Vd_v—lh']x
4= "Ux  x
= Fnet =0
=>a=0 =
X=1m
©
F = 2sin 3nti + 3cos3ntj
dv

a= = 2sin3nti + 3cos3nt]

www.aviral.co.in

O

Exercise-l|
' t R t R
Jdv = stinSnt dti +BI cos 3nt.dtj
0 0
2 ~ 3. -
V= —5[00337&] i +§[sm3nt] b

j ([-2 N
dx = || -=[cos3nt—1]i +=sin3nt] | . dt
: . 3n i

t t t
- 2 P A
r ——gh‘cos%t—!dt]l +;£3In3ntjdt

2 1

. o 2 o t 2
=— sin3nt|] i +—ti— cos3nt
(371)2[ :|° 3 3712[ :|°J
Fort =1 sec
2 2 -
r=—i+
3 3n?
®)
F=Be™
v t B
a= Ee_Ct = JdV = j_e_Ctdt
m o m
B _
V=——[e °‘—1} = At t=o0
mc
B
V=—
mc
®)
v=t—t =t (t-1)
a=£=2t—1
dt

Motion is consider as Retards

when V & a are in opposite Direction
Case -1

Ifv>0thena<O
Butt?—t>0,t>1
anda>0fort>1

so not Possible

Case - 2

v<0,a=0

?—-t<0, 2t—-1=>0

1
1 > —
te(0), t >

i<t<1
2
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PHYSICS - Kinematics

9. A)
distance Travelled by (first ball)

S =ut + 1at2
- 2

= 5x2+%><10 x 22

=30m
Relative Method
Velocity of first ball after 2 sec.

V=u-+at
V=5+10x%x2=25
t= 30 =2sec

v, —25

25 m/s

‘@

30=2v;-50 = v;=40m/s

10.

7777777777777777777

..

/7777,
1
H=ut - Egtl2

Vv =u-+at
L+t

u=g ...(i)

From (i) and (ii)

9 2 1 2
H= E (tl + tltz)—Egtl

1
—gtt

H:2 172

11 (©)

Hax =;—: u=,2hg
9

Given=5m =
Hoax=5m

(_U_y20h  [fH
g g g

www.aviral.ac.in

12.

13.

www.aviral.co.in

2x5

10
in 1 min = 60 Balls.

®)

Length of groove is L
(geff)AB =g

2L /2_L
geff g
\}gsm30°

=t it =1:42

a
D)L
\

From graph
a=-AvV+B

d_ AviB

dt
g k= Je
ik

-In(B-AV) = At+c

=1sec

= g sin36

(B-AV) =K

c=-InB (When t=0,V=0)
-In(B-AV) =At-InB
t:im L
A (B-AV
At B —At
et = =B-AV =Be
B-AV

= V= %(1— e-’“)

VA
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14. ((®)
Point C

Average Vel. vector is
along the x-axis at point
'c’ instanteous vel.
vector is along the x-

axIs.

15. (B)

Area == 0.4x0.2+0.4x0.2+0.4x0.2

+%><O.4><O.2+O.6><O.2

Area =0.4 U adx = j vdVJ
VvZ2-Vv?Z= 2ax

then vZ —v? =2 Area

v2=08+(0.8); V,=1.2m/s

16. (B)
xq Parabola

o T 2Tt
x = —t(t—2T)
X = —t2 + 2Tt
d?x
9X_ at42T and —=-2
dt dt
Vv
0| T 2T
| t
17. (D)
a A
o .
t
-2m/s?

www.aviral.ac.in

18.

19.

20.

21.

22.

www.aviral.co.in

©
A
Speed
© T 2T t
®
v _ -20-10 -30
=u+ at, a— 6_4 2

0] =10—£t t= 2 = 0.66 sec.
2 3
Particle comes to rest when v=0
on observing graphs V=0 at t=0, 4.66 sec,
8 sec
Incorrect t=5 sec

©
Rate of change of velocity is maximum
t =4 to 6 sec

_ —20-10 _ -30
T 6-4 2

= — 15 m/sec?

(GQY)

(Area of vt graph gives the displacement.
Here O to 2 sec.

Distance = Displacement

1
Area in O to 2 sec. = > 2%x10=10
Position =-15+10=-5m

A
t =4 to 6 sec
t =4 to 6 sec

_ -20-10 -30
T 6-4 2
/v(m/s)

= — 15 m/sec?

10}

2 2 0.66=2/3

Maximum Displacement
=1><2><10+2><10+1><210
2 2 3

=33.3m
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23.

24.

25.

26.

27.

www.aviral.ac.in

QY

10 [--------

-20

Total Distance = Upper area + Lower area

=33.3+£>< 2—Z ><20+£><2><20
2 3 2

=33.3+33.3

=66.6m

©

v - t Displacement is zero

X

(m)

024 6 8 (s

QY

(upward direction is +ve)

: u=0
a=-g

E u=+ve
i i a=-g

Vel. of the particle just before the collision
with solid surface euqal to just after polision
with solid surface.

(®))

The slope of curve c, and c, is constant.
so, their Relative velocity is Non-zero
constant not a variable quantity

©

Slope of v-t curve gives aceleration

Here slope of P, > slope of P, (8, >a

pz)
Relative velocity in their motion
continousely increases.

28.

29.

30.

www.aviral.co.in

© +® lu:O

v ®

VZ=u?-2gh
O =u?-2gh
V,=u+at
VA:\/Zg_h—gt
Vg =0t

Vag =V, =V, =4/2gh —gt—(-gt)

= Zgh(uptotime %J

Particle B takes the time to reaches the

. /2h
groundist = E

where T = Time period = Vg =0

2h

at t = 9 vel. of particle Ais V, =0

then particle come in downward dir".(
downward dir" is -ve).

After .. Vg =V, — Vg = -ve.

@)

H H
Ve =—m/s Vy =——m/s
E=go S and Vu=1g5
. H __H 18
_VE+VM H_ H 4

60 180

.. t=45sec
@)

Initial vel. =u

& Final vel. = -u

a = acceleration of lift

u = velocity relative to
lift According to problem
—u=u—-(g+a)xt

www.aviralstore.com
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31.

32.

33.

34.

35.

36.

= 2u

g+a
= at+gt=2u
. 2u—gt
A
(®))

QY

50
40

53°

(®)

407 59

H=4Ot—%x10xt2

5t -40t+H=0

v

Now, t +t, = 4?0 =8sec

)

By Equation of trajectory

2
y =Xxtan6 - gx

0=53°
_4x  10x?

3 1800

®

V=ai+(b-ct)] =uxf+(uy —gt)j

_ Zuxuy _ 2ab
g c

©
Touches at
T highest pointv

naa

max

2u? cos? 0

=180y = 240x — x?

www.aviral.ac.in

v

37.

38.

39.

40.

www.aviral.co.in

©

VCosa

0

ucoso6
Because horizontal component of the vel.

is never change in projectile motion.
Horizontal Component

ucoso =vcosa
. v=ucosfseca

®)
u,= 50sin 53° =40 m/s

1
s=u t-—:’:lyt2 u, =50c0s53° =30m/s
y y- 2
HereS =75, u =40,a =10

y y y
75=40.t—%><10><t2

=12 -8t+15=0

= t?-5t-3t+15=0, t, = 3sec, t, = 5sec
X=ut

X, =30x5=150m

X, =30x3 =90m

S Xy =X, =150 -90 = 60m

QY]

Int=2sec , x=ut (-.u =30)
x=30x2=60m

y=40x2—%x10x@f

=80-20=60m
Distance = ,/x* +y?

Distance — g0./2m

©
H=20 m, u,= 0

www.aviralstore.com




PHYSICS - Kinematics ez

_ 1 2s, a, =-—-g _cos 0
+Sy—uyt+ Egt Lot = a=gsin g
g u =
y
Tzwfziozo =2sec U=
1 ) 2V
_— T =
1, Range = 2 a,T gcoso
Range =u t + Eaxt
A 2
Hereu =0, a = 6m/s?(due to wind) =£g sino ( j
1 2 gcoso6
=0+>x6x(2f =12m
2 v2
R =2—tanbsecH
41. (O 9
. 45, (D)
a, = _//5 m/s? y
(/
_9 2 P
a=/n m/s
2usin® R=ut+=a,t
T =
geff 9
2><!10/\/E’
T= g/\/f [ uX:O.uy:vJ
=2 sec . 2u, 2v
= - = =
gcosO gcoso
42. (A)
1
\ = 5 gsino T
T 0 R > gsine T
\ 2
S R 1. o 2V
l E30 = 2 95" gcose
a R = Tv tan6
3 i_loo _5 46. B)
As particle has thrown from ground. - Straight line
from inclined plane 47. ©
43. © Given V,cos0, =v,c0s0, = Vv,, =V,
. 2u, V, = Vi +Va) s Ve = Vgl + V]
gcoso 5 Vg = Voul = Vis)
ol & 48. D
B 2><5\/§ é ;i 15 30 ®)
10 xC0s30° ~ 1607 21,
300 9 T=— ..Same
T=2sec o > 9
H= Uy
44, © " 2g
\7AB = xAi — Vgl
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49.

50.

®)
Y

R - 2uUy  u”sin26
g g
when ¢ and 90 — ¢ range is same

Var = Vol =V ] =V 1 = Vyy )
V,, —V vV, <V
2 1 2y ly
tanf=| —~X—~
Vox = Vix JVax > Vi

tan6 = —ve

©

N v, N
SQ S28y] Vv
309 309
10km/hr
—> E W—<— E

S2

51.

52.

www.aviral.ac.in

S, v,

S S

East component of both ship must be same.
from fig :
1 Vs,sin 30° =v_,

Vs, = Ez 20 km/hr

“h

QY

5m —

Al _a 60"

Draw a perpendicular from A on the line of

. AB
a velocity of the particle B. sin37°= = ,AB

=3m

A

Each porticle move

perpendicular with the neighbour particle
so no component of v along the line of
motion of neighbour

. a
velocity so vel. of approach =v = t= "

53.

54.

55.

www.aviral.co.in

)

0

Drops of rain move parallel to the walls if
Vi makes angle with the horizontal.

-V,
(08
N e
\A

RC :VR _Vc

1

>

=\7R _\70

tan v, 2
o = tan *(3)

®)

N
V2
Vl

*4km/hr
5km/hr i
" 0} 0=0.2km

i— 4km/hr

PR

ékm/hr
B C

L

dkm/har

P

given : V, =5 km/hr
v =4 km/hr
(02

4
=0.05hr =3 min

1km/hr

d=0.2 km

BC =1 Km/hr %< 0.05 hr.

£ =905 60
3

2
=1 min
t, +t,=4min

®)
B 0.05 km
v, Vbr
A 0
37° <
3 A v=4kmihr
V,,=5km/hr
. _ Vv
sin 6 = 5
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t= L:>cose=i:>9=37°
V,, C0SO 5

sin 37° = %jvr =3km/hr

56. ©
N

=V, -V

c

=v,+(-v,)

20km/hr

V=

E
v,=20km/hr

VW
v, Ve
57. (B)
v=5m/s
gom| Vo
er:Vm-Vr
v,
v
mr 60
Vp, = = - 12m/s
v=5m/s
V,,.=+/@2F +(5)* =13m/s
58. (B)
59. (A,B,C,D)
X=aT*—pt3
(0
A  O=at—ptd = t=E
dx 2 2a
® v= =203 = 3
d’x

C = — =20 -6t
© a dt? P

when t=0 = a=2ua ; v=0

(04
(D) Acceleration at t = % ;a=0

net force =0

www.aviral.ac.in

60.

61.

62.

63.

64.

65.

www.aviral.co.in

(A, C)
v=10-5t

R
v=0
Whenv =0att=2 sec.

2
Max displacement = 10t —%

putt=2 = 20-10=10m

Distance traveled in first 3 seconds
1 p)

= 1o+(0 +5x5x(1) j —=125m

(B,C,D)

dv
a=—

—_—
© ,\8_/1 Object is slowing down.

L
origin

(D)

the particle is moving towards origin.

(B, D)
f kv

F =f—kv —a=—-—
net m m

As vTal
and when a=0, velocity remains constant

(C,D)

Vo T

a
Vo V.
a a

In circular motion speed may be constant
but velocity will not be constant and
particle have some acceleration.

(A.©)

(A) At the top of the motion v =0 buta =
_g_

www.aviralstore.com
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— 1 3
v=0 (B) Nows=2x4 -—x—x(4f
i H a=-g 2 2
dv | =8 — 12 = —4m (w.r.t. ground)

(A, B) &= 1\ w.r.t. Belt

O i © Relative velocity u,= 6m/s and v=0
(C)  If particle is moving with costant — 6x4_1X§X(4)2
velocity 2 2

D) No =24-12=12m

(D) Displacement w.rt. ground is zero
66. (A,D)

13 ,
= 2%t ——x—xt
/ 0=2xt =573
‘q 8
A t= — sec
AB=|=2Rcos0 B
70.

a=g cos 6
Vv2=2xg cos 0 <2Rcos6

1
vo cosO and 2R cos =Eg coso t?

tz—ﬁ
g
67 A) AtoF
L Total Desplacement
Average velocity = Total time
__a _v
5a/v 5
B) AtoD= 2 =2y
® OP= 3aiv 3
(C) AtoC= aV3 _vV3
Av velocity = L ~Tmis 2alv 2
2x2 4 .
(D) AtoB =——=V
68. (A, B,C,D) alv
(@ At T (velocity changes its direction)
(b) slope constant 71.

(©) Upper area = Lower area
(o)) Initial speed = final speed.

69. (B,C,D)

V =u+ at
L —4=24+ax4
a=-3 m/s? Objectl Object2
72. C,D
4 mls
il 2mls From theory.
— mar ] 73. C,D
<—4m/s u®sin20
g
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75. (A, B)
H
fzmjsinzezﬁ Put the value of T, R, H, in the given
0 2 equation and solve each option.
.. 0=30°
76. (A,B,C,D)
2 1
. J20) x= X2
_ u’sin26 ( ) 4 —x tang—— X
(A) Hmax = 29 = 510 =0.25m y 2u2 COSZ 0

Given y= ax— bx?
(3))] Minimum Velocity ucos6

. _ _ g
_ 20 x cos30° on comparing tané=a b= S cosio
NE) s 1+tan’0 =sec?0 =1+a’
=420 x— =4/15m/s
V202 - 15
g 9 (. 0\)
2usin® — 2 | =
© T= : b= 2u2(1+a):>u [Zb(“a)J
2 x /20 x 1 1
= 2 ~.u, =ucosb =u.
10 V1+ a2
= \/g sec and 0=tan(a)
77.  (A,C,D)
1
(D) mgh—1><10><z—2.5JouIe T 2—H:>O.4= /2_H
g g
74. (A,B,C,D) = H=0.8m
U R=0.4x4=1.6m
29 and Uy=,/2gH =/2x10x0.8 = 4m/s
U2 0=45°

@ R=g =2 78.  (B)
(b) R= nH As g1, Hand T both increases

2 5in20 2sin?0 But R 1 from 0° to 45° & at 6 = 45° Max
u'sin26 _ u”sin

then decreases

g 29
4 Ans (B) R?T then | [6 from from 30° to
= n tan
0 60°]
e 4 whileHT and T1.
0 =tan n

LAu”sin®6 _ 2xu’sin20

(c) gT* =g 7 ; xtano

gT?2 =2 R tan6

T 2u, H u,’
(d) - g imax T 29
- Ratio 1:1
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Exercise-lll Level - |
() (B)
X=1t-4
y=t-4 AV AV
t=y+4 tan60= — = 1
x = (y+4)? - 4 At 5
= (yw:4-2) (y+6)
X =y?+8y+12
(B) _ VI )
crosses X axis >y =0 2
t =4 sec AV
crossessy axis =>x =0 = —=
o +25ei average acc At \J3/2
- ©
) L
. dr - _ O-ol=ma=—
velocity = g = @t+Di +3j+(6t% - 8t)k \E]
= 57+3]:+8E 1->2=a=0
dv 2-525=> \/5
B acceleration = — ,
dt a (m/s’)
=2i+(12t-8)k = =2i+16k N —
C :
- N i
Speed = |V|=v25+9+64 = 98 =742 Bl g
D 8= +256 = /260 = 265 1T 2 25t
y=0,t=5
o _ 66 costk v, = -8t
a(t)= — = -6tj—costk y
dt att=5
I =6ti - t°] + cos tk v, =-40
- v, =-30
r ~ ~ .
—_—= - 27— k — —~
It 6i — 3t*j —sint _ dvT Py
P TIRTE
F(t)= ma(t)=-18tj—3costk
T ~ Vv =-30i - 40j
a(Ej =3nj—-0= 3r
a=-16i-8j
v(t) = 61 — 3t%) - sintk
v(n)= 61 - 377 V= max
Whena=0
speed = |36 + 9n* = 34 + n*
N _ 4 ont-0
QY] dt
tan 30 = v
an =7 Y
2b
\Y) —im/s
3 & & &
2b 4b 4b
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10.

11.

www.aviral.ac.in

a=3t?-4t+1
v =3-202+t+C

C=0
4 3 2
X:t__ZL+t_+C
4 3 2
C=0

att = 2 sec.

WIN

—4-2@+2=
X = _3() -

I4—6X—>  —X —>

} '

A, _6x B _X ¢
b0 760

Total distance travelled
Total time taken

Average speed =
7X

X, X =42km/hr
40" 60

As the particle is left

tAY
Vo
- —>a .
< (0,0) ,X
y —

initial at position (-5,0)
Slowingdown condition occurs only if
acceleration and velocity are opposite sign.

Change in velocity = V; —V;

B 2rR  2nx10 =«

Eﬁ/W:ECm/mln
vj
2
|Av|=\/§v=«/§Xg= \/;T cm / min

v,=54km/hr = 15 m/s
v=0 .. 0=15-0.3t = t =50 sec
Distance travelled by the locomotive

1 .
s=ut-——_—at
2

s = 15(50) —% (0.3) (50)> =375 m

Position of the locomotive = 400-375 =

12.

13.

www.aviral.co.in

25m
A
60m/s
1C{0] 0 45| F— londennd :
1530 60 903"
Vv=u-+at

60
v=0+2><?=60m/s

1
t= > min = 30 sec.

v
tanf = % =V, =30x2=60m/s

(A) Total Distance
:£x30><60+£><60><60

2 2
=2700m =2.7 km
(B) Max Speed

%
2:1: e — max
an 30

Vmax = 60m/s

© Positions of the train

Ist Positon = %XlS x30=225m

1
11" Position = 2700 _E x 30x30=2250m

\V; N
B C
20 m/s|
v B
A — 9 19t
for AB 20=0+5t= t=4 sec

for CD 0=20-2t= t= 10 sec

Area covered = %X20x4+5x20+%x10x20

=240m
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- @ ua:O 18.

14. Max height of B

2

;—=4h:>uB - J/8gh

g

Relative velocity V., =g _ [ggh = —./8gh

Lz L Now,
t= Tagh \8&g
15. Givena=0.2 m/s 19.
a4=9g+a

o= 30x ] 5] | s0m

16. Area of V-T curve give displacement.
Distance travelled by the particle
=50+ 50
=100 m
Av. velocity = zero

V A

St 20.
17.

»T
t (25-t) 25
V=u-+at
V=0+5t

tan6 = —V";ax =5

\Y =5t

max

Displacement

1
:%xtx5t+(25—2t)x5t+5xtx5t 21
= 125t — 5t2

125t — 5t2

Average velocity 20 = o5

125t — 5t = 500
t=20,5; t=20

www.aviral.ac.in www.aviral.co.in
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Particle return to starting point
it means displacement =0
-, upper area = Lower area

VA
20 4+
, oA (t-25) t\t 4(t-25)
o 10 20 25
XF el
v

tan ¢ = % = tan ezﬁzﬂbﬂf(t—%)

%x20x20+%><5><20=%(t—25)><4(t—25)
On solving t = 36.2 sec
At t= 2 sec - 9=45°
. Vy =V,
u

fort=4sec, u=0=T= . =u =40

Yy E Yy
m/s
At t= 2 sec v, = 40-20=20
LV, =V = 20

v = /(20) + (40 = 2045

)

u:}OO 9°_, ucoso

504 600 v

30° >
50J3

u,=50,/3 m/s

u, =50 m/s

V. =u =50 /3

Vy =u, —gt= 50 - 10t
50 -10t

504/3

tan (-60)=
t = 20 sec

2
y=Vax-=

gx°

=xtan 0—-—>——
y 2u®cos® 0
on comparing tan6 = /3 6 = 60°
and u?cos?0 =1

u=2m/s
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22, Y27 5

.
S

. o—ﬁ
NOVUCOS?:O ==
u cos30°
_£=E_10X5
2 2
u= 100 =50(\/§—1)m/sec
\/§+1

_ 50

S=3

(@—l)xS—%xleZlS

S=12543-125-125
S=125(—J§+2)

1
23. s= 1OO><3+E *x30%32

V =100+ 30 x 3 =190 m/s
=435m

2
= Hinax = 190)0 xsin’53° = 1155.2
*)

X
Total =348 + H_
=348 +1155.2
= 1503.2 m = maximum altitude
u=190 sin 53°;
—a, =10: s, =— 348
after t = 3 sec.
u§152

N

®

u,= 152 m/s

53°

4

1
—348 = 152t —Exlo x t?

5t2 — 152t — 348=0,
Total = 35.54 sec
R =435c0s 53° + 190 cos 53 x 32.54

t = 32.54 sec

3 2
=435 x 5 + 190 x e 32.54 =3970.56m

2h
\/;=5590 (h:y) =>y=125m

125 3 125
tan 37° = szzT = x=500/3

" x=ux5:>u=%m/s

24.

Now,

www.aviral.ac.in
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8m/s

37

‘. 8m/sec )

g sin (37°) =6 ,

V= +62+82 =10m/s

20m/s

25.

V,=6x1=6

26. gcos37°

37° N
2u 2x20

T: =
gcos37° 10x4/5

R =1aXT2,
2

R= %xlOSihS?OXTz

=%><10><§><(5)2 =75m

_u?sin20. H - u’sin® 0
g 29

2usin®
= g ,axzé

Due to acceleration in x-direction range
will increase.

i . 2
R'=UCOSM+EXQX 2usin 0
2 2 g
2 o 2 .
_u S|n29+u sin 9=R+2H
9 g
B

27. R

Now,

R'

28. Y4

A 37°

V,=10i +12] = V, =ui
\7bW=\7b_\7W’
=10f+12]+u?
:(10+u)7+12]
12 3 12
= — =
10+u 4 10+u
10+u=16 , u=6m/s

tan 37° =
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29. Vertical component of both particle be same
for collision of particle.

distance

shortest Distance BC = 1 sin 60°

3

=—m= 50x/§cm
W3 20 2
ek A N )
2 V2 32. v, =—20]
V_=5i
%) m
N 20
@@ '77/8 VW =15’-‘
30|V 10 S _u_u
30. w.r.t. B w rtw
60° 10v3 309 o N
o > om . V, =V, +V,, =—-20j+15i
Vo= 10\/5_(_10\5): 2043m/s V., =V, -V, =-20j+15i -5i =10i — 20]
V,.=30—-10=20m/s tanezﬂjeztan‘11
ABY 20 2
i 2
33, “Ie
20 &
0=30° i
2043
. . %/.)
Ve = 204/31 +20] S,
@@/)
tan9=% Vie =V = V¢
tano = g = o =tan*(3)
1
tan6=— = 6 =30°
V3 34. t= % =50sec
X =20sin30°= x =10m
A
o 100m ¢ .
oL o
Asom A0
< 4m/s “\
31 \ S N
2m/s
S _ .
Now, we solve the problem w.r.t. B then Vy =4sino
V. =4cos0 -2

tand =2
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4sin0
 4cos0-2 35. t .=y —10x%60 sec
4 cosf - 2 = 2 sind o
2 cosO -1 =sinod
4 cos?0 + 1 - 4 cosb = 1-cos?0
5 cos?0 = 4 cosb = 0=37°

1
tang =—
¢ 2

4sin o =2 sin (90+¢)

-------

Vp
0
4m/s v,
4sin ao=2cos ¢
2cos¢ 2 2 1 12.5%60= 7|, " 0<p
H - ——— =—X—==— br
sin o 4 25 5B
100 100 { i:leBO}
t= 4cos(a+¢) 4(cosacose-sinasing) Vor
10x60
¢ = 100 _125 12.5%60="—
37 3 cos0
4x— 4
5 cos 0= = 0=37°
E B 1
Now, 5 =\, x5
1 10x60
Vi, = — . =
br 3m/S 12.5%60 c0s0

cosﬁ=%:>9=37°

3 1

Now, 5 =\, x5
1

Vbr=§m/5
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Exercise-lll

1
Bill board t=2sec t=14 sec
t=0
2U 12U Ut
1 |150x5 1 122 150x5><t
E{ 18 XE} 18
1500 m 5
14 U+ Ut =1500m ..(1)
115005 1 102 19025 i 1500m
2 18 12
= t=30sec
UB0+14)=1500m = U=122.7 km/hr
2 Bullets will spread in a area of radius equal to the
range of bullets. Therefore for area to be maximum.
_ S nv?
Range should be maximum. i.e. 5= A= ra
3 vZ-u?=2a.s,
2 2 2 2 2 ZQH
—Vv© —-u® =-2gH Ve —uc ==
5 uo= 2
3 Usin6)?
—v2=gxu = Usinez\/gv
29 5
2
"," H '\\
U H/2
.\ - Y
Ucos 6 = \/Zv
5
tan0 = /3 = 0 = 60°
2 o JE
veosh=,—-v = =C0S ,|—
heygr = oons’ |
10t
tan53°= —
4 U
4_10t .
30 ..(1)
Ut
tan53°= ——
17 _5t2 ..... (2)
—>Ums”
5t° RN
Ut A \I -1
----------------------- r-----> U,
1.7m N5 Ums
1.7-5¢° l
ot y10t ms™
I
\ 37° I
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Level-Ill

2
from (1) & (2) : t=§sec

3 2

U==—x10x—
from (1) : 2 x10x 5

U=3ms?
Let us choose the x and y directions along OB
and OArespectively. Then,

u=us= 1043 m/s, u =0
a=-gsin60° = - 5.3 m/s?
and a,=-gcos60°=-5 m/s?

(a) At point Q, x-component of velocity is zero.
Hence, substituting in

v=u +at

0= t—%—z A
=10V3-53t = =75 77 =25 Ans.
(b) At point Q, v=v =u +at

v=0-(5)(2)=-10m/s Ans.

Here, negative sign implies that velocity of particle
at Q is along negative y direction.

(c) Distance PO = |displacement of particle along
y-direction| = |sy|
_ 1 .2 1 2
Here, s =ut+ ant =0- 5(5)(2)
=-10m
PO=10m

) 1

Therefore, h =P0Osin30° = (10) Py

or h=5m Ans.
(d) Distance OQ = displaement of particle along

x-direction = s

1.2
Here,s =ut+ Eaxt

1043)(2) - 563’
10\/§ m

0Q = 104/3m

or

PQ = |/(PO)® +(0Q)? = (10) + (10V3)>

= /100 + 300 = /400
PQ=20m
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o
ark NS
\“ \"/R
— O
9 ° ol2
_ (/C
0=5T-1x103 T2 Ve | 2
3 tana/2=—— =5 = a=2tan*(l/3)
. | -Ve |
6ms” 1
10 Egtz =4
VBA
= t= isec
12 ms* 0 > 10 Ins™ Jg
Vcs (/A Pa [Time tr_:lken t_>y spear to reach dear]
- - - Motion in horizontal plane
Ve =Ves + Vs = A
~ ~ - Qnorizontal = 0
=Veg +Vea +Va 10 sin 6 = V4
i} 2
6 ms™ (1Ocose+2)T=4x/§
5
VBA
1q §in 0
A Ooms™
< 1 _ .
2ms Veg + Va A
| Ve |=4/4+36 +2x2x6c0s(n—6) =5ms™ o f(
> —~<& deer
\75 2ms
Vi
4
8 Vms®
= 0=37°
1 o
T 2x542sin45 _ 1sec S V= 6ms L
g
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Exercise-1VV

1.

www.aviral.ac.in

Q)
Let initial velocity of body at point A is v, AB
is 3 cm.

><

B C

] (] (]

[€3CM¥e€—X—>
v/2

2
Y,
From v2 = u? -2as = [Ej =v? -2ax3

or a=—
8

Let on penetrating 3 cm in a wooden block,
the body moves x distance from B to C.
So, forBto C

(deceleration)

(0)? =[§) _2,%;x

orx=1cm

NOTE :

Here, it is assumed that retardation is uni-
form.

®)
From conservation of energy, potential en-
ergy at height h

= KE at ground
Therefore, at height h, PE of ball A
PE=m_gh

1
KE at ground = EmAVi

1
So, m,gh =E mAV/2-\

or v, =.2gh

Similarly, v, = ,/2gh

www.aviral.co.in
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Level - |

Therefore, v, = vy

NOTE : In question it is not mentioned that
magnitude of thrown velocity of both balls
are some which is assumed in solution.

©

At the highest point of its flight, vertical com-
ponent of velocity is zero and only horizontal
component is left which is

u_=u cosb

Given 6 =45°

u
. = 0= —F—
. U =ucos 45 @

Hence, at the highest point kinetic energy,

E:imﬁ
2

(),

In this question the cars are identical means
coefficient of friction between the tyre and
the ground is same for both the cars, as a
result retardation is same for both the cars
equal to ug. Let first car travel distance s,
before stopping while second car travel dis-
tance s, then from

vZ = u? - 2as

u

= 0=U% -2ugxs, =T 20
and 0 = (4u?) - 2ug x s,

2
= SZ:lGu =16s, :>S—1=i

2ug s, 16
®)
X = at?, y = pt®
vV, = ax = 3at?
dt
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dy 2 _1
Vy = E = 3Bt or cos 0 >
Resultant velocity, cos 0= cos60°
V= V2tV or 0=60°
9. (©
v =49a’t* + 9p°t* When a force of constant magnitude acts on
velocity of particle perpendicularly, then there
— 3t%.o2 + p? is no change in the kinetic energy of particle.
Hence, kinetic energy remains constant.
6. (D)
10. (D)
op_R = U'sin20 _10? xsin(2x30°) V2 = U2 +2as
g 10 )
0 =[60><%J —2axs;
_103 _ 5,3 =8.66m ,
2 [60 x 5/18}
=>s =|———
10m/s 2a
0A30 P X 0={120x— | -2axs,
A “ 18
2
e SZ=(120x5/18)
(@) 2a
I
St
s, 4
4 .
=5, =4s, =4x20=80m
ground
7. (© 11. (C)
V2 =u2? + 2as Second law of motion gives

5\ s=ut+£gT2
= O=[5OXEJ +2ax6 2

~+
Il

_— 1 2
a=-16m/s? or h=0+>9T7 1 $u=0
Again v2 - u? + 2as (-.u=0) S - T
2 h \l, ? 3
~ 0=[100x> | ~16x2xs BN 0
18 g
y o t=T
_ (100 x5)° T
1818 x 32 At t==s,
s=24.1 ~24m >
1 (T
8. (A s =0+_9H
Man will catch the ball, if the horizontal com- 2°\3
ponent of velocity becomes equal to the con- 1 T2
stant speed of man ie. or S = Eg.?

Y
V, COSO=—2>
2
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V,=+5i
2h 2h - o~
>s=9x21 (.'.T= —J AV =V, -V, =5j -5i
AV =5v2
h . a_M_ 5\/E_i 52
or =9 - ot 10 42
For direction,

Hence, the position of ball from the ground 5
tano=-—=-1

_,_h_sn >
Mgt onis Lms?
Average acceleration is @ms towards
12. (O north-west.

Parachute bails out at height H from ground. | 14. (A)

The velocity time graph for the given situa-
tion can be drawn as below. Magnitudes of
Vv =42gh slope of OA = f

= 2x9.8x50 =+/980ms™

Velocity at ground, v, = 3ms™ (given)

Velocity at A

Acceleration = - 2ms™2 (given)
U4—t1—>|53<—t—> é—tz—»c X
t(s) —
h=50m f
and slope of BC = =
2
H A
Vv = 2gh f
v="ft =—t
, 1 2 2
t,=2t,
Ground In graph area of AOAD gives distance
1 .
S=Efti (|)
vZ —v2 Area of rectangle ABED gives distance trav-
~H-h=——7 elled in time t.
s, = (ft)t
980-9 971 Distance travelled in time t,,
=T"=T=242.75 1f i
s, =——(2t
2= 55 @0
= H=242.75+h Thus, s +s,+s,=15s
ft2 =1
= 242.75+50=293m = sH{t)+ft =15s
or
13. (D) 1
. ~ s+ (ft,)t + 2s =15s (s = —ftfj
v, =+5i 2
N = i
AV ¥L> or (ft)t _125 ) ...(iD)
- X From Egs. (i) and (ii), we have
V2
12s ft )t
w—N__ ¢ _ ()
Vi | W S S
2
S
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or tl ==

From Eqg. (i), we get

1
S = Ef(tl)z
2
= s=if L] -l
2 \6 72
Hence, none of the given options is correct.
15. (©)

Given, t = ax?+bx
Differentiating w.r.t t

dat = 2axd—X + bd—x
dt dt dt
dx 1
vV=—">1=*=————
dt (2ax+b)
Again diferentiating w.r.t. t

dx__-2a  dx
dt? (2ax+b)* dt
d*x
f=—""
dt?
—l 2a _2a

T @ax+by @ax+b) O T o TN

= f=-2av°

16. (D)
A Projectile can have same range if angle of
projection are complementary ie, 6 and (90°-
0) Thus, in both cases

t 2usin® .

= (i

1 9 )
2u sin(90°-0) 2u cosH

t, = (g ) - ; ...(ii)

From Egs. (i) and (ii)

4u? sinBcos 6
tt, = —_—
g

_2u%sin20

t1t2 gz

9)90°—0

17.

18.

19.

_2u*sin26
g g
2R
tt,=—
1%2 g
5 .
( R ZMJ
g
or tt,«R
A
Vv = on/x
dx
_ = X
or i a/x
dx
— = adt
or &

Perform integration

X dx t
—=|adt
) X J
[..att =0,x=0 and let at any time t, particle
is at x]

X1/2
= ot
1/2
[0]
1/2 a
or X =—t
2
2
or x=% «t?
4
or X oc t?
©

Kinetic energy at highest point,

1
(KE),, = Emv2 cos® @

=K cos” 0
=K(cos60°)* = K
4
®)
vV =yv,+gt+ ft?
dx 2
— =V, +gt+ft
or at ot 9

www.aviral.ac.in www.aviral.co.in www.aviralstore.com
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= dx=(v, +gt+ft?)dt . ~ 1 .~
L =m[v, cos0ti + (v, sin 6t — > at)il

X 1
so, de :J (v, +gt + ft2)dt
0 0 i fi
x[v, cos0i + (v, sin6 — gt)j]

= x=v0+g+I
2 3 _l = l 2 'y
— mv, cos 6t Egt k =_§mgv0t cos 0k
20. (B)
2 24. (D
Here, x, = vt and X, =% ®
v=Kkyi +kxj
(Xl_XZ)
X, — X (vt atzJ
1~ Xy = - dx dy
2 —_—= ,—=kX
dt ky dt

So, the graph would
pelike 0 ' dy _dy dt_kx
dx dt dx ky

21. (O

1 ydy = xdx
h = Egt2 (Parabolic) y2 = X2 +¢C
v= - gt and after the collision, v = gt (straight
line) 25 (©)
Collision is perfectly elastic then ball reaches Maximum range of water coming out of the
to same height again and again with same fountain,
velocity R - v?

"9
y .. Total area around fountain,

B Y 21 I T h
2 v*
A= TCRm =T —
t g
t, 2t1V 3t, .
V1 b N Mo 26 (A)

d_ o5k
dt
22. (B)
- ~ ~ ~ ~ dv 0 t
U=3i+4j;a=0.4i +0.3] = ——==-2.5dt v 2dv =—2.5J.dt
\/V 6.25 o
u=u+at
= -2.5[t], :[2\/1/2]2_25
=3i+4j+(0.41 +0.3))10 s t=2s
=3i+j+4i+3j=71+7] 27. (D)
Maximum speed with which the boy can throw
; 2 2 _ -
Speed is 72 + 72 = 742 unit stone is
23. (C)
u=42gh = v2x10x10 =10v2m/s.
L=m(r x V)

Range, is maximum when projectile is thrown
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at an angle of 45° thus,

max

g 10

28. C

As the force is exponentially decreasing, so

20m

it's acceleration, i.e., rate of increase of ve- = F_O(eO —e™™)
locity will decrease with time. Thus, the graph mb
of velocity will be an increasing curve with F, .
decreasing slope with time. b 1-e™)
= i = F_O bt _ d_V E
m m dt withv = Ob

v tF
= Idv = I o e Ptgt
o om
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Exercise-1V Level - 11
1. ®) T
\\ o Ver
> A) \\ &
’ P AN 45° R
s vZ=u?+2gh ) N "
. Vv — h graph gives parabola v \\\
-V, .
\% v
2
d ulv3-1
h Yo =—( ) ; u=2m/s
! V2o 22
2 5 ®)
_ __dv
initially v is | and after collision v 1 Area =v,—v, a= ot
At t=0, h=d 1
1- 2 v T (Downwards) 5 x11x10=v; -0 dv=Jadt
At 2 v change direction v,=55m/s
At 2-3 v (upwards) 6. ©
7. ((G))

dv . . dv .
V—is negative; — is constant

3. /H( dx dx
s u Vo

,F
1.25 u, y
¢ Cd 7z
u,
v.=u+at w
Yy Yy Yy
-u =u —-gt -(1) but , v is decreasing with x
_ 1 ) dv
u.t= 3+E><1.5t -(2) Vd_x is decreasing
1 B is correct.
1.25=ut ——gt? -3
ut —5 gt -3 8. B
on solving u = 7.29 m/sec; t=1sec
6, >0; 9,
il
(3-1m/s
2usin® 2x10x+/3/2
4. = — == T " =
9. t= 9 St 10 3 sec

1
Now S=ut+§at2

1
.'.1.15=SXJ§—Ean3

¢=45x§=60° or1.15=5\/§—%

Y S o - — usi ora=5m/s?
Vpr =Vp —V1 ; V;C0S45°=usin15°
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