ICON

CHAPTER 5: KINEMATICS I

Test Your Concepts-I 4. The tangential acceleration of the particle is
(Based on Curvilinear Motion) do 4-2 o
lq_j,.=—=—=0.51‘I"15
X X o dt 4
L d=vi+v, and =g+ ayj The angular acceleration is
V=00, %7, a=a_rzo;25;=2rads‘2
Further ¢y = |o? +p§ . [Ty ]
2_.2,.2 2 Y [+
= 0T =0+ 5. a= ]% i{ [ ) [_] [TT]
R =
dv do, do,
= 0= y 2 (256 Q.
dt dt dt = a=,/((8) +(—) =95ms ™’ <
dv v, +Uya,\' 0 I
= Ti— (1) ] W]
v 6. Since y=u,t+— a,t* ,where u, =0 and a, =g, y=h.
I ! 2 y
dv a-o 0., +Uyﬂu
— —_——— = HT
dat v v So =

Because from our knowledge of vectors we know that

component of A along B is ABB So, 20 i the F 1200
. -~ v \

component of @ along @ and this happens to be the

tangential acceleration, ay.
& T Further since x= U, t+ a, tz where u, =v (say),

2. Let, O beapoint on a circle and P be the position of a,=0, x=10m, so
the particle at any time £, such that 10=vf=0(2)
ZPOA=6 4
= v=5ms
Then ZPCA =26
. 0
Since g=—
R
2
2
BB g
05 05

= a=50ms>

7. 15t+07t=2nR=14r

Here, C is the centre of the circle )
Angular velocity of P about O is 14 14( 7 ]
= t=—=—"2=20s
ao 2.2 2:2
T 2 (1:5° 225
H=U_B=—' =—l =0'32m572

Angular velocity of P about C is R 7 7

d 2 (29)=2 a9 8. When f=3s, the motorcycle travels at a speed of

O = dt

1 -
v=-(3?)=18 ms™
= 0. =20 5
The tangential acceleration is

A =0= 2; =(0.4t) ms 2. When t=3s,

3. The angular speed is

(g:E:i:c‘jrads_1
ro 025 a; =04(3)=12ms™
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10.

11.

12.

13.

2 2
1.
Since, ay = g % =0.0648 ms™

Thus, the magnitude of acceleration is

a=Ja} +a} =\(1.2)" +(0.0648)" =12 ms™

Since the speed of the race car is constant, its tangential
component of acceleration is zero, i.e., a; =0. Thus,

75=—
200

= 0=387ms"
Since the automobile is travelling at a constant speed,

ar =0

Thus, ay=a=5 ms

2
Sin _Y we get
ce aN_T,so e ge

v=Jayr =4/800(5) = 63 ms™

2
. =(2000 km)[lOOOm)( 1h J - 0.1543 ms2

I 1km J\ 3600s
v:[eo km)(lOODm]( 1h ]=16‘67 !
h 1km J\3600s
2 2
ay =L =28 463 ms™
ro 600

= =i +d} —\(0.1543)* + (0.463)> =0.488 ms ™

Since the car is travelling with a constant speed, its tan-
gential component of acceleration is zero, ie., a; =0.
Thus,

r

= r=208m

Here, the car’s tangential component of acceleration of
ar =-3 ms ™. Thus,

a=lar+ay
= 5=4(3)+d}

_ -2
= ay=4ms

: v
Since ay = —

207
N r

4

= r=100m

. Velocity of the particle at an angle 6 as it leaves the

rim is

9= (u-1cosd)i +(using) ]
= =u(1-cos8)i+(usinB)]
Maximum height from ground attained by a particle

2 .2
h=R(1—cosﬁ)+H=R(1—c056)+u sin”6 (1

28

For I to be maximum, we have
dh

20
an

2
= sinﬂ[u—cosB+R]=0
8
= Either sinf=0 or COSB:__:_E

= 6=0°or 9=cos_1(—%)

d*h 4 3
Also we observe that E <0;for 6=cos _E

2
and d—g>0;for 0=0°
dao
So h is maximum, when
cosf = 23
5

= Iy :§(1+§]+§E:3.2m
2 5/ 2025

Test Your Concepts-Il
(Based on Horizontal Projectile)

u,=0and a,=¢=98 ms~
. 1 5
Since y=u,f+ ant

= y=(0)(3)4(98)3)

= y=41m



Further, v, =u, +a,t=0+ (9.8)(3)

= 1,=294ms”

As the resultant velocity v makes an angle of 45°
with the horizontal so

tan45° =

vx

|4
v

X
= 0,=294ms

Therefore, the speed with which the body was pro-
jected (horizontally) is 29.4 ms™

2h ’ (36-16.4)
9.8

Since x=ut

= u=£=@=20msf1
t 2

u=@
u=1(2)(10)(5) =10 ms™

Let the water strike the ground in time ¢ . Then
x=ut=10¢ (1)

. 1 5
Further since y = u b+ ant

= 25= %(10%2

= t=07s

= x=(10)(07) m

= x=7m

Let the ball clear the net at time f,. Then
Ay=225-1=125m

. 1,
Since Ay =u,t+ ant

Hints and Explanations H.145

= 125=0+- (10)t1

= =025
u A T
B_T 2.95m
ﬂ1 m
C ' 3
|-—x | 6.4m

Let the ball clear the net and then strike the ground in
total time £, (say). Then

2.25=0+%(10)t§

= t,=067s
Further the net is at a horizontal distance of

7=u(05)
= u=14ms"
Now for the ball to fall after the net, let the horizontal
distance be x . Then total horizontal distance covered
by the ball from the beginning is (7+x), in a time
t, =0.67 s. So,

(7+x)=(14)(0.67)
= 7+x=94

= x=24m

1,
=—qt°,
y 28
x=ut
t
tan6'=£=g—
X u

CHAPTERS
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_ gt _ (10)(4) =20\/§ ms—l = tanf=4
2tan@ (2)(LJ = O=tan"(4)
3 = 6=76°
- -1
= u=34ms 2. Maximum horizontal range is obtained when 6=45°,
S0
6. Let the ball clear the point C at time f,. Then ¥
1 Rmax =
y:uyt+5ayt2 8
Maximum height attained i.e., at §=45° is
= (l+39) 0+— (98)t1 { My=0} uzsinz(45n) u2 R
H = A
. e 2 g 4
= 49=_(98)
2 ( 8) ! = I{max = 4Hmax
= h=ls 3.  There are two launch angles 6 and 90°-6 for which
Since BC = u,t the horizontal range R is same. So,
2
= 6=u(l) H1=H e Band
23
= u=6ms’ ) .
Let the ball hit the ground at D in time f. H, = u”sin"(90 -6) _ u”cos 0
Then 2g 29
6+ x =6t (1) u? uw

= H,+H,=—(sin?a+cos?et) = —
28 28

Clearly the sum of the maximum heights for these two

launch angles is independent of them

Further (1+3.9+14.7)=%(9.8)t2

= t=2s
-~ 6+1=12 4. Done in theory.
= xy=6m 5. Let, height of tower be h.

. 1
. \/ﬂ /2><O 045 —hz(ulsma)t—igtz and

. 1,
0= t——of
(120-30+10)x 107 B (sinp)t--g
UygN = =0.25 ms
0.4 = (wysina)t+h=(u,sinf)t

B 3

and 1y = 120F30-10x10% ;
0.4 !

Al

Uy

o

= Uy =25 ems ™ and i,y =35 cms™ I

Test Your Concepts-lll
(Based on Oblique Projectile) h

1. Since, R=H
u*sin(20) u*sin’6@ Y B C
g 2¢ Bt S 1

sin%

= 2sinfcosf= Also, S=(uycosa )t =(uycosf)t

s s

sinf = t= =
U cose  ycosf

iy |
cos@
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= ulsina( > )+h=(M]S
1, Cos 01 i, cos B

= h+Stana=Stanp

= h=5(tanf-tane)

(a) Since vﬁ —uﬁ =2a,y

2_ 2
= u=v,-2ay
where
v, = 6.1 ms™
_ -1
a, = 9.8 ms
¥=91m

= u,-= 14.7 ms™
Since, at maximum height v, = 0

= Uz—uj =2(-g)H

2 2
u
= H= - (1477) =11m

2¢  2(98)

i, 2x76X147

g 9.8
(c) At the instant when the ball hits the ground, we
have

Speed=Ju5 +1u} =\(14.7)+(7.6)* =17 ms "

(b) Range R= 23m

0= tanl( u_y} {with horizontal}
u\’
= 0= tan"l(mJ = 63°
7.6
u?sin20  (20)*sin90°
Range = = =40.82m
g 9.8
Since T = 2using _ (2)(20)sin(45°) —995

g 9.8
So, speed of player is

U= Ax = 20-4082 =3.16 ms
T 29
{towards the coach}
g2 22X _ g
g 98

If s be the distance travelled by the car in this time
then

s=ut

10.

11.

Hints and Explanations H.147

= s=(30><i](4.1)=34 m
18

If R be the range of the projectile, then

_3 u u
R= 2 )(n)

2 2 5
= R= g(u)(vr) —(30)(—](20)— 34m

“98\ 718

Now since we observe both R and s to be the same
i.e., 34 m, so the projectile will land on the vehicle at
the tube location.

i, =30c0s30°=15v3 ms™

, =30sin30° =15 ms™

1
(a) Since y=u,t+ antz

= —50=15t—%(10)t2
= t=5s
(b) x=uxt=75\6m5130m
(c) Since v2=u2+2gh
=  ©*=(30)" +2x10x50

= p=436ms™

METHOD I

Let the balls collide at time ¢ (say), then

Forball A, x, =(1ycosf)t (1)
For ball B, x; = (ku, cos¢ )t (2

Further at the point of collision, we have
*a=2p
= cosf=kcos¢

cos ¢

METHOD I
The balls will collide if component of relative velocity
in horizontal direction is zero, or

= k

kvycos¢ =v,cos0

k= cos@
cos ¢

Let 6 be the proper angle of projection. Then the
actual range is
- u?sin(26)

g

R

CHAPTERS
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12.

13.

For the first projectile,
w’sin(20)  u’sin(2a)

g g

For the second projectile
7 . 2 .
u”sin(26) iyt sin(2f)
g g

Using (1)b+(2)a, we get

(a+b)[ u’sin(26) ] _ bu’sin(2a) . au*sin(2p)
8 g g

bsin(2a) + asin(2f)
a+b

bsin(Za)+asin(2,B)]
a+b

= sin(20)=

= 20= sin"l(

1 _1( bsin(Za)+ﬂSin(2ﬁ)]

= 6O=—sin
2 a+b

Let the velocities of the two particles be parallel at time
t . If the angles made by the respective velocities be 8
and ¢ respectively, then for them being parallel,

0=¢
= tanf=tang

usino— gt vsinf— gt

UCos o vecosf

= uvsinacosf—gt(vcosf)=
uvcosasinf— gt (ucosar)

= uvsin(e-f)=gt(vcosf-ucosa)

_ uvsin(o—p)

~ (vcosp-ucosa)

2

o

Since ¥ = xtanf - —>"——
Y 2u’ cos? 0

Now y=2m, x=7, u=10m5’1, f=45°

14.

15.

16.

= 2=x—x—
10

= x*-10x+20=0
x_10+\/100780 ORx_mf\hoofso

2 2

d=10+2@_10—2\@=@=4'5m

10-+20

2

=275m

So, x, =

21, 2up
y y
tA:_r tB:_

g g
4 4
?(uiy fuéy]=?(28h)

= HG-=

L
Tag
Range =800 mm=0.8 m
i’ sin(26)

= = 7 _08m ..(1)
8

Maximum height H =500 mm =0.5m

Solving equations (1) and (2), we get
0=68.2° and u=23.374
= 0=ucosf=1.253 ms™

Let us take the x- coordinate system so that its origin
coincides with point A .

x-Motion: Here, x=20-0=20m
. 1 5
Since x =u,t+ Eaxt

= 20=(v4c0s30°)t (1)
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(]
y-Motion: Here, y=10-1.8=82m y
(v4 )y =v,sin30° and 2, =-¢=-98 ms™
Since
[
y=uyt+5ayt b
) a
= 8.2:(vﬂsin30°)t+5(—9.8)(t)2
. — g —» b X
Thus, 8.2:(2091“39 )—4.9# {f:zo} - ~
cos30 Vg cos(30°) For the particle clearing the wall of height a at a o
= 1t=083s distance b, we have x=b, y=0a.50 w
-
So that a=btan9(l—£] ..(2) W
20 . R
U =————=28ms <
c0s30°(0.83) b a(R-a I
—= _(_) {Divide (1) by (2)}
' 1 ., a b\R-b v
(usino)t——gt
17. tamﬁ:z:—2 - b_z_R—a
x (ucosa)t 2R
t
= M(sina—cosatanﬁ)=% = RV - =Ri*-d°
2 2)_13_ 3
gt gtcosp = R(*-a?)=p-a
= u= : = 3 3 2,12
2(sina—cosartanB)  2sin(er - f) B -a® (a®+b*+ab)(b-a)
= R= =
b -a? (a+b)(b-a)
y
| - R=a2+b2+ab ..0)
a+b
u 0 Substituting (3) in (1) or (2), we get
T aa+Db) ]
. b=atanb| l-5——
o " iy [ a* +ab+b*
Ay ! -
b2
= X ™ = .E’=at:;1|nl9[—2 2]
a“+ab+b
. using — gt 2 2
18. Since tanfi=——- a°+ab+b
p 1Cos o = tanf= b

sinfp  usina - gt
cosf ucosw = 0= tan‘](

= usinfcosa = usinocos - gtcos f

E+M+F]
ab
20. Coordinates of the point P are (hcotf, ).
= u(sinecosf-sinfcosa)= gtcosf
2
= usin(a-f)=_gtcosf Substituting in y = xtan6 - giz(l +tan?6)
u

2 2

2
19. Since y:xtanﬂ‘@c:xtanﬂ(lx]
2u”cos™ 6 R

For the particle clearing the wall of height b at distance
a,wehave x=a, y=b.S0

b=atan6(1—%) (1)
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21.

2.2
= h =(hcotﬁ)tan8—ﬂ!2(:70:ﬁ(l+tan29)
u

This is quadraticin tan@. For 6 to be real discriminant
of this equation =0, which gives

u>/gh(1+ cosecf)
= Uy =/ gh(1+ cosec )

Let u be the velocity of projection in both the cases. In
the first case, we have

2using 1 d (1)
g

R, =(ucosa+v)T;

T,=

_ 2u’sinacoser  2uvsina

g §

In the second case, we have

= K

2usino

T, = =T .(3)
8

R, =(ucosa-2)T,

B u’sinccose  2uvsino

R, = .. (4)
4 8
From (2) and (4), we get
R =Ry = 4110;1110! ..(5)

and & - ucosa+v
R, wucosa-v
_ 9(Ri+R,)
~ cosa(R, - Ry)
From equations (5) and (6), we have

S(Rl—R2)2
40" (R +Ry)

=

tana =

Test Your Concepts-IV
(Based on Projectile on an Inclined Plane)

1.

(a) Let the particle be projected from O with velocity
u and strike the plane at a point P horizontally.
Then

> U COS¢

45°

PQ=0Q
Horizontal range

=  Maximum height = 5
w’sin’¢  u’sin2¢ u’singcose
28 28 g

= tan¢g=2

2usin(¢—45°)

(b) Attime t=T=
gcos45°

component of velocity along the plane is zero.

= 0=ucos(¢-45°)-(gsin45° )t

P
0 ABO 45° o
gsin4s /]\9 cos 43 u sin(p - 459
g
u
[ as°
0 Q
2usin( ¢ - 45°
= ucos(¢—45°)=(gsin45°) 2usin(9-45°)
gcos4b°

= 2tan(¢-45°)=cot45°=1

= o tan ¢ — tan 45° _
1+ tang@tan45°
= tang=3

Consider the motion of the particle from O to P.
The velocity v, at P is zero.

2

U_lj =

2
U, +2ayy
= 0=(using)’-2(gcosar)b

2.2
p= Losin a (1)

= =
2gcoso

Now, consider the motion of the particle from O to Q.

The particle strikes the point () at 90° to AB, i.e., its
velocity along x-direction is zero
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(] )
Using v, =u, +a,t, we get At Q, wehave v, =0
0=ucosf—(gsina )t = U tat=0
. MC'OS9 .(2) N t=”c':-’56 (1)
gsino gsin@
For motion along y-direction, we have y=hcost
=u,t+ 1& t 1 o
y=itrshy = uteoat =hcos6
ucosf ) 1 ucos Y 2
—b=usi ~(- (3 1
= -b 1ts1n9[gsma]+2( gcosa)(gsina] ©) = (usin®) uc?sﬁi +X(gc05) uc?sﬂ —heosd BT
gsing | 2 gsing o
From equations (1) and (3), we get Solving this equation we get, uI_J
_ulsin’6 sin'Bcosﬂ - guzccz)saios2 6 o \/W o
2gcosa gsino 2¢°sin" & 24 cot’l <
in”6 _ sinfcosf *6 .
_ S sinbcost  coseeos 5. Particle will retrace its path if it strikes at right angles W)
2cose sina 2sin’ o to the plane i.e.,
Solving, we get 0T 2usin(a - B)
tan6 = (v/2 - 1)cotex : gcosf
3. From the theory for motion of projectile down an y
inclined plane, we observe that here o = 90 - @ and = 6. X
u
B
u’
Further, R = ———| sin(2a - f§)-sin (1)
2 lsin(2-)-sinp]

Substituting in v, =u, +a,t , we get

2u”sin( o+ f)cos o
So, we get from, R = 2usinf o —
geos’ 0=ucos(aﬁ)gsinﬁ{—usm( ﬁ)} ..(2)
gcosf3
2u5in(90)cos(90 - 0
R=2" sin( )CSS( ) Eliminating o from equations (1) and (2) we get,
gcos™ 0
R_zuztanﬂsecﬂ e gR(1+3sin? B)

g 2sinf

Alternatively, same kind of problem has already been

4. wu,=ucosf, u,=usin@, a, =-gsinb, a, = gcosf
* T =gy 4y =8 done in theory portion.

6. Consider motion of B along the plane
initial velocity along the incline is ucos(a + f§)
acceleration is gsina

= OP=ucos(a+ﬁ)t+%gsin(a)t2 )

For motion of particle A along the plane, initial velocity
is zero and acceleration is gsina
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= OP=%(gsina)t2 .(2)
From equations (1) and (2), we get

ucos(a+B)t=0

So, either t=0 or g+ ff=

ST

Thus, the condition for the particles to collide again is

T
a+f==
ﬁZ

Single Correct Choice Type Questions

1. o=

(V1) _ ﬁsin(é@")Ssin(?sO")}
N 25

- @=1rads™
Hence, the correct answer is (D).
. , 1 2
2. Since 0 =(vs1n9)t+5(—a)t

. 2vsin®

a
1
Also, h=(vcosf)t+ Egtz

2
= h= zisinﬂ(cosfh gsiné?)
il i

Hence, the correct answer is (D).

3. UH:J%

Since speed at a point at height & is

v=+u* -2gh
u*sin? 6

28

= vy = U’ —2¢h =ucosd and

Uy = /uz —Zg(%) =1/u2 -gH
2

2.2
2, u-sin“@

vﬂ) (1)

2

Since H =

2.2
= u2c0526=g(112—u °m 9)
5 2
2 .2
= b5cos 8=2-sin"0
= 5-5sin’0=2-sin’0
= 4sin’0=3

V3

= sinf=—
2
= 6=60°
Hence, the correct answer is (D).
If T be the time of flight of the ball, then

T:ﬂ: 2(vycos8)
8

8
LT 2(20cos8)

=4cos6 (1)
For the ball to return to the boy’s hand, we have x=0.

1
= 0=0,T+-a,T"

Vy = Vg COS G4

v, =Vgsing

= 0=(UosinB)T+%(4)T2

= 0=20sin6-2T
= T=10sinb (2)
From (1) and (2), we get
4cos@=10sinf
= cotf=25

= f=cot"(25)
Hence, the correct answer is (D).

Given ay =47
R d

= = ﬁ
R

vz_dv
t

v

t
= jv_zdv = lJ-dt
R
0

]
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- o2 . tt where t=\/2—T[j { 0= 1atz}
== o 2
-2+1l;, R o
- 1 1t Since 9=g radian and a=§ rads™
v v R
T
= U—ﬂ 2(2)
R-vt = t= (}r) =2s
dr R 4
= —=—
dt  R-upt |f; |_ ZR—ﬁﬁ—lms‘l T,
21R ! @ity oz
= dr=v,R dt ki
=17y R—ogt Hence, the correct answer is (A). =
0 o
1 l ( ) f 8. R¢ = R90_¢ = 4 h¢h90_¢, <
= 2nR=9,R| ——log, (R vyt
! Uy 8 ! 0 Hence, the correct answer is (A). 5

oeR = Rl R -1yt 9. Considering the vertical motion, if t be the time taken
= emk=-Rlog, by the particle to go from A to B, then
R—v,t _1 s
= —27r=10ge( ) h—zgt
= —R_v0t=@72ﬂ' = |= %
R g
R _
= t=—(1-¢7) During this time the particle must make an integral
% number of rotations (say n).
Hence, the correct answer is (D). Now, considering the horizontal motion, then
o2 ut=(2zr)n
R, =— at 8=45°
g u |2h
= n=— |[—
' 2nr\ g

Maximum Area = 77(R ., )2 =

Hence, the correct answer is (A).

Hence, the correct answer is (B). s

10, R=(a+p)=250020) o [va=45]
5 At _ Displacement ’ g q '
At Time lapsed
P = u=gla+bh) (D
- |Displacement| V2R
= [2ul= Time lapsed ¢ Since —atana—L
P Y 2u% cos” &
2
I
2¢(a+b)cos’ o
2
= h:atantlS—g—2
2¢(a+b)cos” 45
po 2
a+b

Hence, the correct answer is (D).
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11.

12.

13.

14.

2
_&r
y 2u?

(9.8)(30)*

= 20-12=——

2u

, (9.8)900
= U = p

= u=235ms"

Hence, the correct answer is (A).

Taking upward direction as @ , we get

h=ottL(—g)P? 7
h—vt+2( g)t T v
= tz—z—vt—%:ﬂ
§ 8
h

ICON

Q-
®

Hence, the correct answer is (A).

At maximum height, radius of curvature is

R—ﬁ— (11cos8)* ~ uzcoszﬂ_ﬁ
ac g g 8
2
(72><i)
~ R= 18
10
R=@=40m

Hence, the correct answer is (C).

2 2
Given au=d—g=a and d—§=0

Tt dt
Since y = px*

= b _ Zﬁx(d—x]
dt dt

o £2)(%)]

= o=2p0

dzy

e —_— =
dr*

15.

16.

18.

Hence, the correct answer is (B).

At maximum height, we have

uo:)s.f}:E
2

1
= cosf=—
2

= 0=60°

NETS
2g

Hence, the correct answer is (C).

So, R=

Since the projectile is at same height at times ¢, and f,.
As studied, the sum of these times equals the time of
flight of the projectile. So,

T=t1+t2=3+5=85
Hence, the correct answer is (D).

P .

tar19=E
X
h=rsin®

= x=hcotf

d d
= d—f = —hcosec’ 9( d_?]

= z—’: = ~(8000) cosec?(60)(~0.0.25)
d 4
= —x:(sooo)(—](o.ozm
dt 3
dx 800
= —=—1mS8
it 3
dx 800 18
= =X
it 375

= 0=960 kmh™
Hence, the correct answer is (B).
Taking upward direction as positive, we get

780=12t+%(710)t2

= -80=12t-5#
= 52-12t-80=0



19.

20.

21.

ICON

[ ] ]
. 12 +4/144 +1600
2(5)
= (=555

Hence, the correct answer is (B).

4=(ucosa)t (1)
2.2
p LS a (2)
28
. 1,
—3=(us1na)t—5gf ..(3)
From (2)
usina=2\/§ .(4)
Substituting in (3), we get
-3=6.3t- 491

= 492-63t-3=0

. 6.3++/39.7 —4(4.9)(-3)

=
2(49)
;63985
9.8
o = 6.3+99 _81s
9.8
So, from (1), 4 =(ucosa)(8.1)
= Mcosr:r=££1 ..(5)
2
From (4) and (5), we get

. 1
ulsin®a+u’ cos’ a = 4O+E

= 1=+/4025=63ms"

Hence, the correct answer is (A).

tanf = tano + tan

= tana+tanf = tan60

= tana+tanf=+3

Hence, the correct answer is (D).

The radius of curvature at the instant the projectile has
a velocity v making an angle f with the horizontal is

UZ

- geosp

where f=30° and v has to be found. Since horizontal
motion is non-accelerated motion, so

v, =1,

R

= vcosf=1ucosd

Hints and Explanations H.155

= vcos(30°) =20cos(60°)
- 2y

2 2
= v—Ems'1

V3

(QJZ 400
LoReB) 3 80 g

gcos(30°) 10[\/5] 33

2

Hence, the correct answer is (C).

22, If T be the time of flight, then

_ 2usin(e-30°)
gcos(30°)
For the projectile to hit the plane normally, v, =0
= u.+aTl=0
= wucos(@—30°)-g¢sin(30°)T =0
= ucos(a-30°)=gsin(30e)[ 24sin(a=30")
gcos(30°)

= tan(a-30°)= %cot(30°)

(S5 ]

= tan(a—30°)=7

= (a30°)=tan"l(‘/25]

= a=30°+tan_1(§]

In general, for the particle to hit the incline normally, we
have

2tan(a - f)=cotf
OR
cot(a—pB)=2tanf

Hence, the correct answer is (D).

23. y=9x’
= dl:v —18xd—x=18 (1]
a7 dt
dy
= E:vy=6x

CHAPTERS
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2y dv d 1 ’
- ay=_g=_y=6(_x]=6[_] p= 820" )
> dt dt 3 20*
= a,=2 ms ™2 along y-axis Similarly,
2
. gx
_— 2\ qh=—= (2)
Hence i, = (2 ms )] 2(0\/"2)2
Hence, the correct answer is (D). Dividing (1) & (2), we get
n o _dg x=250m
T Teentre T gy Hence, the correct answer is (A).
d 1 2,.2_ 2
Ocircumference = _(ﬁ] =~ Weengre 2. x4+ y = I
dt\ 2 2 i i
=20 = 2x—+ 2y—y =0
= @centre Ocircumference dat At
-1
= Wcentre = 4 rads = 7= Ei_x =10 ms_l (:C =Yy at 450)
Now =R = (2)(4) =8 ms™ yat

Hence, the correct answer is (D).
Hence, the correct answer is (D).

2
25. Since we know that ranges are equal for complimen-  30. b=gtano - 28“ .
tary anglesie, ¢ and 90 -¢. Also, we know that 2u” cos” o
bZ
= = and = — g—
Reﬁ - R90—¢ = 4\ﬁH¢,H90_¢ a=btana ol
= Ry=Ry_=4/(4)(16) _, atna-b 7

btano—a - b_2
- R¢=R907¢=32m 2 3 2 3
. = ab“tano—b’ =ba“tanc —a
Hence, the correct answer is (D).
= ab*tanq-ba*tana=b>-a°
26. When the particle is moving in a circular path with

uniform speed, then the tangential acceleration is zero. = ab(b-a)tana=(b-a)(b*+4” +ab)
However, radial acceleration is non-zero. B +a+ab
Hence, the correct answer is (C). = fana= b
2
27. y=ox—fx b* + a? + 2ab + ab - 2ab
= tanoa=
Comparing with standard equation of projectile ab
(b—a)” +3ab
ax = tanog=——"-—-—
=yrtanf-— we get
/ 2u* cos” 0 ab
b—a)
o =tanf and B=izsec29 = tana:3+( )
2u ab
. 2
Since sec’f=1+tan’0 Since, (b-a)" >0
= tana>3
a 2
= pf=—(1+ta
p Zuz( ) = (tano)p, =3
) Hence, the correct answer is (B).
= u= %(Haz) 2.2
3. H - u”sin” o
Hence, the correct answer is (A). 2g
28. For a horizontal projectile, we have H. - u*sin*(90 - o) _ u*cos® o
= =
2 2¢ 2¢
y= % . SO,

2u {Because range is same for complimentary angles}
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Hints and Explanations H.157

ae
Further Hl_H;l:M T=”3in9[9+9]
2 g (11 9
= H,=3H,
T 2usinf 5 20
= tano=+3 - g 99
= a=60° TT @
Hence, the correct answer is (C). ~ 0 g9
32, vy = Percentage increase = ( @ - 1) x100 = @%
99 99
Pix, y) = Percentage increase =1% LN
Hence, the correct answer is (A). o
| - X
0 (18]
Let the particles pass through the common point 3> Coordinates of the point P are (R, —h). Since the E
P ( X, y) attimes f; and f,. point P lies on the trajectory, so (R, - h) must satisfy <
2
thty =ty (1) y:xtan@—%(lﬂanzl!?) L
1 1 2u v
2 2
0ty =S8 =0ty — - 8h -(2) !
2 - = —h=Rtanf- gk (1+tan?0)
Rearranging and solving equations (1) and (2) to get 2(2ag)
value of (f; -,). = R’tan’0-4aRtan6+(R% - 4ah)=0
= (h-t)- 2 [ Dylly =l ] For 6 to be real, we must have
gL ity DISCRIMINANT 2 (
Hence, the correct answer is (D). (4aR )2 4R (R2 —4ah) >0
33. Rate of change of speed is — 422> R —dah
d
d_T: = tangential acceleration = R*<da(a+h)
= R<2Jala+h)

Hence, the correct answer is (D).

~

36. 7=(21)i+(2)]

= x=2t and y=2t

d—x=vv=2 and Id—y=vl =4t
t o
Since 6 is the angle which 7 =vxf+vy} makes with
- the positive x-axis, so
v, 4t
= tanf=-L=—=2 (1)
v

Hence, the correct answer is (B).

M. T, = 2usin@

(is time of flight when no drag exists)

_ usin@ N using

g ,_8
10 4710

T
g+
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Differentiating both sides w.r.t. t we get Since the total acceleration is
[2, 2
d6 a=.ac+a
sec® 9( E) =2 «

= a=4(162)*+(5)

ae 2 2
= —= I — o
dt  sec’d 1+tan”0 = a=17ms
From (1), Hence, the correct answer is (D).
tan =21 40. Velocity of train relative to bomber is u, , then
o 2 B
dt 1+482 1, =500 - 100 = 400 kmh
5 _ 1000 _
So d_ﬂ 2 =1rads™! = “r=400xﬁm51=7msl

"W ls.  1+4(0.25)

Hence, the correct answer is (D). 500 kmh™!

LINE OF ™. ™ 100 kmh""
|SIGHT g —*

[ (=l=l=] I:ll:l:lL

37. Done in theory.
Hence, the correct answer is (B).

38. ForQ
Since acceleration due to gravity has no component

5000 m

y

along AB. So motion of the particle along AB is g
non-accelerated motion with uniform velocity v. If Since. 1= g’
ty is the time taken by particle  to go from A to Y= 22
B, then
2
AB = 5000=—3
tQ_? (1) 2[10900)
For P
Since motion of particle P from A to C is accelerated = x=3136m
and that from C to B is retarded. So from A to C the y
horizontal component of velocity gradually increases Further tanf= +
to attain a maximum value at the lowest point which 5000
further decreases gradually to attain the same value v = tanf=
at point B. 3513.65
That is the motion from Ato B to C experiences a = tan§=1423
I;or;ztontal velocity which has a value more than v. So - §=55°
Q> tp

. Hence, the correct answer is (A).
Hence, the correct answer is (A).

39. Tangential acceleration, for a simple pendulum is 41. Let AC=x and BE=y.Then
ar = gsinf BE* + AE* = (*
So, at 8=130°, we have B

iy =gsin(30°)=§=5 ms *

Further we know that a. = (@

ac=(&](9)2 D

1000

2
X
= ao=| 2812162 ms? = 5] =0
“ 10



42.

43.

4.

dy] x(dx]
ol 2]
- y(a‘f o\ )"

_dy Y x (dj)
dat 2\ 2y )\ at

When the rhombus is a square, then x =2y

= v—lv—v
B7a7e

Hence, the correct answer is (B).

2, 2
v=10; + Uy

Here v, = dr =2ms”
dt

Since v, = r~%:(2x1)(4)=8m9‘1

= 0=+64+4=168=825ms™

Hence, the correct answer is (C).

; _92—112_(15)2—(5)2
T7 21 7 2(200)

Ufinal (15)° {
(-~ = —= .
N

T

= a-=18ms™

=05ms™

= =118 +(05)

= 4=19ms?

Hence, the correct answer is (C).

ICON

For a particle moving in a circle with constant angular
velocity @, the figure shows the discussion at time £ .

A

(0,0)

Initial position vector of the particle is

=ai

1

Final position vector of the particle at time

s =(acos)i +(asin®)

t is

45.

4e.

Hints and Explanations

So, displacement of the particle is
AB=AF =7 -F,

A

= AF=(acosf-a)i+(asind)]

= |AF|=a\/(c05971)2+sin29

= | A7 =a\/c0329+1—2c039+sin29

Since cos’6+sin’6=1

= |AF|=av1+1-2c0s8 = v2a1- cos@

Further 1-cosf= ZSinZ( z)

= |AF|=2a /2sin2[g) = 23in(g)

Since 6= wt
wl
= |AF|= 2asin(?]

Hence, the correct answer is (D).

Since both bodies are moving under influence of grav-
ity hence relative acceleration is zero i.e. both move
with constant velocity relative to each other

012 = Relative velocity of 1 with respect to 2

U12=01—-172
- T
|v1z|=\/vlz+v§ -20,0, cos(i—a)

|512|=00\/m=20031n(za

2

|?_”12|=|T_112|f

|?12| =2z)0tsin[§—%]

Hence, the correct answer is (C).

|
Vo A
sty \¢
0 X fe— vy, T—=

CHAPTER S
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47.

48.

49.

For shell to hit the boat, time taken by the boat to go
from B to C with uniform velocity v, equals the time

20, sin

taken by shell to go from Oto Ato Ci.e. =T.

Further, we observe 8

x+v1T=R=g(vzsina)(vzcosa)

2 .
= x=—(v,sina)(vycosax—-1,)
Hence, the correct answer is (C).

When range is maximum, the h =§ . S0 h=100m.

Velocity of the projectile is minimum at the maximum
height. So this point has coordinates (200, 100)
Hence, the correct answer is (B).

2

gx
2u*cos? @
2

y= mx—iiz(l-a-mz), where m =tan6
u

2 2
& |2 &x

Equation (1) is a quadratic in m with two roots
and 1, .

y=xtanf-

—
—
-

These two roots m; and m, of equation (1) give us
the two firing angles for the two trajectories shown (in
the statement) such that the projectiles pass through
a common point A . This point A will approach the
envelope E as the two roots approach equality i.e. the
DISCRIMINANT for quadratic in m must equal zero.

2 2
8X || &%
x2—4[ﬁ][ﬁ+y]=0

) )
1-| 5 || =+v|=0
- (uz 2u* Y

2 2
L s
29 2u

2 2
u X
= y:——g—2
2¢ 2u

is the equation of the envelope E.
Hence, the correct answer is (A).

For both the particles launched simultaneously to hit
the point C, we have

50.

51.

52.

53.

2usin® _ %
g g
2(10)(sin(60°)) |2k

= = |—

10 10
3 2k
= 22 /—
10

2

2h
= \/5 = J:

10
= h=15m
Hence, the correct answer is (C).

2

gx
=xtang - —>——
y 2u* cos’ @
For y to be maximum

dy
-2 =0
dot

=

HZ
= tano=—
gx

Hence, the correct answer is (C).

rtong 8
y 2u’ cos? ot
12
= y:xtana—g—2(1+tan2a)
21
2 2 2
u-ogx u
=—-2—= tano = —
Yonax 2¢ 2u? { gx}

Hence, the correct answer is (D).

Motion of one projectile as seen from other is a straight
line inclined at acute angle with the horizontal.
Hence, the correct answer is (D).

(1, ), =10sin(30°) =5 ms™

(uy )2 = —sin(60°)=5ms™

2
Since (uy )1 =(uy )2 and time of flight is T=&
g

= T,=T,

i.e., both the particles strike the ground at the same
instant.

So, the maximum separation between them is the dif-
ference of their horizontal ranges.

= AI=R1*R2
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54.

55.

56.

20\ )
=(20)Zsin(60°)[ﬁ] sin(120°)
g g

= Ax=20\r—¥

Ax

= Ax:20\/§(1—%)

= Ax=£=23m

V3

Hence, the correct answer is (C).

Since horizontal components of both are the same, so
relative horizontal velocity (v;,) is zero and hence

X
U1, (velocity of 1 w.r.t. 2) has only a vertical compo-
nent please note that the angles 6, and 6, are with
the vertical and hence the horizontal component of
velocities are u;sinf; and u,sin@, which are actually
equal.
Hence, the correct answer is (D).

2
Since y = % (1)

When x=nb and y=nh, then

2
n= 2hu” {Put values in (1)}
gb?
Hence, the correct answer is (B).
METHOD I
y = ax—bx’

Compare with

8 ] 2
=rxtanf-| —————— |x

J (2uzc0529

we get

8 . -b

2u~cos“ 6
g ]sinzﬂ
2bcos’ @) 2g

tan6=a and

u’sin’ @
Hypux = 2g =

tan’ 6 B a*

4 4b

= Hyyx=

and 6=tan"'(a)

METHOD II
At maximum height

dy
)
dx

57.

Hints and Explanations H.161

= a-2bx=0

: - a_
Ymax 1
dy
Now —~=g-2b
ow F a—-2bx T,)
So, the slope at the point of launch (x=0) is tan@. E
Hence =
Q.
d_y =g=tanf <
dx =0
.-
U

= 6=tan'(a)

Hence, the correct answer is (C).
dx =8msin(2xt)
dt

= dx=8rsin(2nt)dt
X t

= jdx=8:rjsin(2xt)dt
8 0

cos(27t) |
21

= x-8=-8r

0
= x-8=4cos(2nt-1)
= x-8=4cos(2nmt)-4

= x-4=4cos(2nt) (1)

d
Further since, d—{ =8rmcos(2xt)

= dy=8mcos(2xt)dt

y t

= jdy = SEJCOS(ZEt)dt
0 0

t

8xsin(27t)
= y=——

2n 0
= y=4sin(27t) .(2)
From (1) and (2), we have
(x-4)Y+y2=4

This is the equation of a circle with centre at (4, 0)
and radius 2.

Hence, the correct answer is (B).
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58. Done Earlier.
Hence, the correct answer is (D).

28 8

Since i, and a, Temain the same as previous, so H
remains same.
2using  2u
Also, T = =1
8 8

So, T also remains the same

2 .2 2
u-sin“g u
59, H= 4

62.
Now, R, =u T+ %axT2
4u?
R, =R+1(§) S B
202/ ¢ 2
Hence, the correct answer is (B).
63.
60. Since d_x = d_y =c
dt - dt
dx _dy_
i dr
Further z =ax® + by’
= iz = 3ax2d—x+2byd—y
dt dt dt
dz 2 { dx dy }
= —=3acx" +2b ==
it v i
d* d d
= —i = 6acx(—x)+2bc(—y)
dt dt dt
2
= d—i = bac’x + 2bc*
d
Now acceleration of particle is 64.
Ay &y, dz -
i=—i+—j+—k
i a! e
= = (6ac2x +2bc? ))‘E
Hence, the correct answer is (B).
gx*
61. Since, y=xtanf - —=———
y 2’ cos’ @
2
= b=atana- %
2u”cos” ¢
2
= atano-b= %
2u"cos” o
2 2.2
o M __aseco (1)

g - 2(atanc-b)

Further, maximum height h is

2.2
u-sin” o
h=
28
_a’sec’asin’ o
4(atano—b)
_ dtan’a
4(atanc-b)

Hence, the correct answer is (A).

In all the cases, we observe that the horizontal compo-
nent of the velocity of the food packet is same as the
horizontal component of the velocity of the aeroplane
and due to this, at all the instants, both have the same
horizontal displacements.

Hence, the correct answer is (D).

x+acosf=a

= x=a(1-cosB)=a[1-cos(ot)]

and y =asinf = asin(wt)
Also we observe thatat t=0, |F|=a

Hence, the correct answer is (C).

Kinetic energy is minimum at the maximum height.
So,

= 12 (1)
(),
i,
Further, H=—
§
H, 9
Since, —-=—
H, 1

2



65.

66.

67.

H, (“y)z
- (uu)l_é
uy)z 1
Now R="(u, )(u, )
g Y
o Ry
R2 (MX)z(uu)z
o K6
R, 1

Hence, the correct answer is (C).

) ! # &

2 & = 2ucos’a

Hence, the correct answer is (D).

2y
8.

AR S S
3
L 4yt
dt 2

= d_y =4ms!
dt =25

Similarly, for x = %

dx
A
dt
= d_x =2ms
dt t=2s
= 5 =(4i+2])ms’
t=2s

Hence, the correct answer is (C).

dx
v, =—=8t+4
Yoo
0, =W - 3P 1
Yoo dt
_do,
ot
do
a =—L=—6t
Yoo dt

ICON

X
t=
ucosao

68.

.

70.

71.

Hints and Explanations H.163

= a=8i-(6t)]

= i =8i-6]
t=1s

= |al=10 ms?

Hence, the correct answer is (B).

Since v* =02 +U§

dv dv dv

= v—=20 —X+20, —L
dt 7 dt Yodt N
- @:vxax+vyay:vxax+vyay E
dt v TJ_‘Z,-I-U; E
L do_(3@+@0_, <
dt 5 .
U

Hence, the correct answer is (C).

. Since horizontal motion is non accelerated, so u, = v,

= ucos60=wvcos30

Rt

=
= v=—=ms
V3

Hence, the correct answer is (D).
=7

X

{6 and ¢ are with the vertical }

cosec ]

cosecH

usin@ = vsing
= v:usin@cosecqb:u(
Hence, the correct answer is (D).
At h=04m, 5=6i +2]
= 0,=6ms" and v, =2 ms ™
Since v, =u,
= u=6 ms”™!
Also, vﬁ - u; =2a,y
= 2271t§=2(7g)(0.4)
= ui =4+8
= = 23 ms™

If 6 is the angle made by the initial velocity with the
vertical, then

u, =usinf=6 and u, =ucosf =23
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72.

73.

74.

usind 6

=—_=3
ucosf 2\/3

= tan9=\/§
= 0#=60°

Hence, the correct answer is (B).

Since we know that /=60

- 100::{5)
4

400
r=—m
/s

2

i v
Since a=—
r

2 2
LCIA— { v=72kmh™ =20 ms™}

)
i
= a=314ms>
Hence, the correct answer is (B).
nB- usin@ - gt
ucost
= tan( 450) - M
ucos@

= usinf-10=wucos8 (1)

After three more second it is travelling horizontally
ie,atf=4s f=0

= usinf-g(4)=0
= usinf=40 (2)
Substituting in (1), we get

ucosf =30 ..(3)
Squaring and adding, we get

=50 ms™

t.';m(9=i
3

= B:tan"l(ﬁ)
3

Hence, the correct answer is (C).

Since we know that
2

qx
=xtanf - ————
y 2u cos? @

2
=y =xtan€—‘§i2(1+tanzﬁ‘)
u

75.

For the particle to pass through the point (30 m, 40 m),
we have

¢(30)°

5 (1+ta1123)

40=30tan8 -

2u

= 900tan?6-6u* tan@+(900+8u?) =0
For real values of 6, we must have
(6u2) ~4(900)(900 + 842) 20
36u* —3600(900 + 82 ) >0
= u*-100(900+8u?)>0
u* = 800u* —90000 >0
u* —800u” +(400) - (400)* - 90000 > 0

U

U

5 2
u? —400)" - 250000 >0

U

U

(42—
(12 - 400)" > 250000
= (u*-400)>500

= 1?2900

= u>30ms!

= Uy =30 ms™

Hence, the correct answer is (D).

u
0 /oY
T B
I
fe——— x ——>
2
—h=xtana—% (1)
2u°cos™ o
2
and —)=rtan —L (2)
d 2u? cos® B

Equating (1) and (2), we get
¢ (tana+tanp
Substituting (3) in (1), we get

h—£ 1-tanotanf
g \ tana+tanf

.03

2
= h=2icot(a+ﬁ)

Hence, the correct answer is (D).
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Hints and Explanations H.165
1) P

1, .
76y 28 £ and x=opf 79. Average velocity = —pracement

Time

= y=2(10)(3)
2
= y=45m =

Since tan(30°)= J
x

¥
= = = 45 3
*= ) - A m

Since x =7yt
= 45J3=1,(3)
453

CHAPTERS

= 7 3
_ -1 2.2
= 7 —15\6 ms where H = U sin” 6
=} 22
= ©1,;=2598ms
. To 2usin@
= Ty=26ms B q
Hence, the correct answer is (C). . 212 sinBcos b
77. Given v; =10 ms™ and a=100 ms™ 8

Also, ar =60 ms™

Ju4 sin'f  u*sin?@cos’

4g2 g2
Since a* = a2 + ar = W= usin@
8
= (100)* = a2 +(60)*
. Lo, \/sin49+4sin26c0329
= a-=80ms " 2\sin%6 sin® @

2
= T_g = vnv=%\!sin26+4cosze

r

(10" _ 100 = vﬂv=%\/sin26+c0526+3c0529
80 80
= r=125m = TJ,,U=%\!1+3C0529
Hence, the correct answer is (D). Hence, the correct answer is (C).
78. y=2m,x=3m 80. Let the origin be located at the point O and O".
) For the particles to strike the object placed at P
Since y = LA simultaneously
2 2
! ucos o =vcos ff (1)
. (10)9
2u?
= MZ = %
4

|——— 3 ———=|

= u=47ms™

Hence, the correct answer is (A).
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Also, vsing
v

12
=1t —g— (2
y=ltanp 20% cos® B o PCchose
I* [

and —(h—y):ltana—g— ..(3) h

2u* cos* o v
Subtract (3) from (2) and use (1) we get l :

h=I(tanf-tancr)

. . 2 2
Hence, the correct answer is (D). = —Z[h—(v—vsmfi)t][v—vsmﬂ]+2(v cos”0)t=0
2 h
gx = [=—
81. =xtanf - ————
y 2u? cos? 6 20

Hence, the correct answer is (D).
Here y=5m, x=20m, u=?, 6=30°

10)(20) 83. ii=i+2]
~ 5=20tan(30")- 12" }
2u2(§) il = /5 atanangle 8= tan™(2) with the horizontal
4
L 520 5x400x4 t
V3 3u?
L, 5x400x4_20
3u? V3
»  5x1600
= U =—
20
(5]
Since yzxtanﬁ—ﬁ
o 2 5x 1600 2u” cos™ 0
204315 = y=xtan9—g—xz(1+tar126)
) 8000 2
R (10)x?
' = y=2x- (1+4)
= u? =400 (5)

e 22
= u=20ms" = y=2x-5x

Hence, the correct answer is (A). Hence, the correct answer is (D).

2
82. Relative acceleration between the particles is zero, u? sinZG_ (2072) sin?(45°)

because both are under influence of gravity. 8. H= 29 2(10) =2m
If s be the relative separation between them at time ¢,
then y
v
2 =[h-(o-vsin®)t] +[(vcosd)t] p
] }
For s to be MINIMUM or s> to be MINIMUM, we — v=uc086=20 ms"
have r/” :
s v, =vsing
d e |
—(5‘2 ) = O e | H
dt A0 ' X
Ole—R/2—
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. . . R
Since at maximum height x = 5 ssowe get

2
1f2=R—+H2
4
2 .
where R=M=80m
g
= r=20\/§m
Now w=ﬂ=v51n9
r r

where sinf = E
"

= a)=g=(20)(20)=1=0.2rf:1ds’1
r 400(5) 5

Hence, the correct answer is (B).

e 2u”sin(a ~ B)cos

85. .
gcos”f

? where a=60° and f=30°

. 2(30)*sin(30°)cos(60°)
gcos’(30°)

. (2)(900)(0.5)(0.5)

(10)(%)

Hence, the correct answer is (C).

=60 m

86. Let us first calculate the components of the velocity of
ball relative to the lift.

u, = 4cos(30°) =23 ms ™' and

i, = 4sin(30°) =2 ms™

Y

u=4ms™

30°

X

The acceleration of the ball with respect to the lift is
(10+2)=12ms™ in the negative y-direction (ie.,
vertically downwards)

So, the time of flight T is

u, 2(2) 1

=—=—=—2985
a, 12 3

Hence, the correct answer is (C).

Hints and Explanations H.167

87. Since R=u,T

88.

89.

1 2
= R= 2\/5)(—):— m
(243 5 N
Hence, the correct answer is (B).

Y AIRCRAFT = YBULLET

= (277)t=(540cos6)t
{1000 kmh™ =277 ms™ ]

= cosf= ﬁ N
540 o

= 0=59° [
B

Just think that 27 = 1 so 6 must be an angle -
540 540 2 T

close to 60°. ()

Hence, the correct answer is (C).

v, =8t-2
= d—x=8t72

dt

hy t t
= jdx=8 tdt—ZJdt

14 2 2
= x-14=4(F-4)-2(t-2)
= x-14=4P-16-2t+4
= x=42-2t+2 (1)
Sinl:e Uy:2
= d_y:2

dt

y I
= jdy = Zjdt
4 2

= y-4=2(+-2)

= t==
Substituting in (1), we get

(g4

= x=y27y+2

Hence, the correct answer is (A).
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90.

91.

92.

The situation discussed is shown at time t. Then we
observe that at any instant

f?2=x2+y2 (1)

= O=2xd—x+2yd—y
dt dt
- d_x=_z(d_yJ
dt - x\dt

From (1), x=,/¢? —yz

= d_x — 7]]00 {'.. d—y = —TJD }
at  [g? —y? dat

So, the speed of the lower end decreases and vanishes

when y—0.
Hence, the correct answer is (B).

Initial velocity, ii = (1cos6)i +(using)]

~

Final velocity, ©=(1cos)i +(using-gt)]

A

So, Ab=0—-1i=—(gt)]

~

= Ai=-(20)]

= |A8|=20 ms™ along —y direction
Hence, the correct answer is (C).

To catch the ball, the horizontal relative velocity of the
boy relative to the ball must be zero.

= v-ucos(90-a)=0

= 7v=usina

Hence, the correct answer is (B).

93.  ®=2000 rpm = 2000 x % rads™

f‘:§ m=25m
2

2 2
a:rm2=(2.5)(2000><—”]
60

94.

95.

167°
= a=(25)—(10000)
36

= a=11x10° ms™
Hence, the correct answer is (B).
ﬁ:a?+b} and
R=2H (1)
Since il = (1cos8)i +(using)j
= ucos@=u,=a and
usin@=u, =b

Also from (1), we have

2
2 u‘l’r
E(MI)(%):z[E]
= 2ab=1b?
= b=2a

Hence, the correct answer is (C).

Time taken by the particle to go from A to N (along
horizontal) is also .

'B

N HORIZONTAL

AN = (ucos(60°))t = utcos(60°)
In AABN

cos30 = A—N
AB

o Ap- AN =utcos(60)
cos30  cos(30°)

= AB:u—t

V3

Hence, the correct answer is (A).

96. H=%g(2t)2=2gt2 (1)

Let stone hit the wall at height h, then

1 -
h=H-=¢t (2
2g @
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ae
From (1) and (2), we get
p=p-234
4 4

Hence, the correct answer is (C).

97. R=u %=12\/E=12m
g 10

= S$=VR*+r’=13m
Hence, the correct answer is (B).

98. For two angles of projection & and  ranges are same,

so the angles must be complimentary i.e. g+f= T
Hence, the correct answer is (D). 2

99. As 6<45°,body never moves perpendicular to its ini-
2usin@

tial direction of motion. Since T =

= T[ - E] < t[ - 2_”} , which is impossible.
8 8

Hence, the correct answer is (D).
o
2u* cos* 6
3 10x80x80x25
= y=80x--—
4 2x50x50x16

So, distance from point of projection is

r=1(80)" +(40)* m=40V5 m

Hence, the correct answer is (C).

100. Since y=xtanf-

103, tan(45°) = 20sin(60°) - 10t
20cos(60°)

= 10t =20sin(60°)-20cos(60°)
= t=(\/§—1) S

Hence, the correct answer is (D).

1
104. Since y=(usin9)t—§gf2

15= 52(3}—59
13

15 =20t - 5¢*

U

#—4t+3=0
(t-1)(t-3)=0
t=1sand t=3s

L

105.

106.

107.

Hints and Explanations H.169

So, time for which the ball is at least 15 m above the
ground is
At=3-1=2s

Hence, the correct answer is (B).

According to law of independence of directions
motion of a body along three mutually perpendicular
directions is independent of each other.

y (Vertical)

1 ( = X (Horizontal)

Hence, the correct answer is (D).

CHAPTERS

. 1
Since, y= uyt+5ayt

= 70=—(5(Jsir13[l")t+%x1[]><t2

_ 1, 42
y_vyr+§ayt

= 70=-25t+5t
= t*-5t-14=0
= F-7t+2t-14=0
= (t=-7)(t+2)=0

= =75 (as negative time is not possible)

Hence, the correct answer is (C).

Standard equation of projectile is

= (tanf)x - —8 42 (1)
Y 2% cos” 0
and the given equation is
y=J§x_§x2 (2)

Comparing (1) and (2), we get

tan9=\/§
= 6=60°
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108.

109.

110.

111.

and 2u®cos’6=2

1 1
= U=— =2ms™

B cos@ B cos60°

Hence, the correct answer is (B).

B _ cot(30°)= 3
Hy

= U= 803 ms'

2ut

Since, T=—Y
g
= T=16s

At f:%:Z}S, Ux :80\/5 mS_l
Since, v, =80-10x4=40ms™

2
= 0=1(80v3) +(40)" =140 ms™'
Hence, the correct answer is (C).
Let v be the velocity at the time of collision.

Then, uv2cos(45°) =vsin(60°)

v sin (60°)

= (u 2)(i]=@

2 2

2
= v=—F4=u
V3

Hence, the correct answer is (C).

_2x20sin(37°) _12
10 5

T

Range is given by R=(20c0s37°+10)T

= R:ux(20x4+10)=26><12=62.4m
5 5 5

Hence, the correct answer is (D).

u* cos’ B

2g

= ucosf=,2g9H

H=

112.

113.

114.

So, t= Lo ucosB_ [2H
2 8 8

Hence, the correct answer is (B).

Since, time of flight does not depend on horizontal

acceleration, so
1

e 2[5
T=2us1r16= J2 —2f3 s
g 10

1
Since x = u,t+—a,t*
SR
1
= R=MXT+E(IIT

= R=(20cos45°)(2\/5}+%(2)(2\/§)2

= R=40+8=48m

Hence, the correct answer is (B).

30°

Y

L300

Since, particle hits the inclined plane at an angle of
30°, which means that the particle hits the plane
horizontally. So, this is the highest point of trajectory.

T wusin® 20sin(60°)
= =—= =

2 g g

Hence, the correct answer is (A).

Since, v, =d—x=2n'1s’1
dt
= x=2t
Also, v =d—y=5x
Yoodt
= dy=xdt=5(2t)dt

= dy=10tdt
2
=&=5t2
From (1) and (2), we get
£\
=5[>
Y (2J
5 2
= =—
Yy 43‘

Hence, the correct answer is (A).

{from (1)}

(2



115.

117.

118.

119.

120.

2.2

. u-sin” @

Since, ———=5m
28

(20sin’6 _
20
= sinf= 1
2
= 0=30°
2 . 2 . o
So, R=" sin(20) _ (20)"sin(60°) _ 2043
g 10
Hence, the correct answer is (D).
g’
Since, y = xtanf - —=———
Y 2u” cos> 0
2
= h=dtanf- %
2u”cos“ @

2

21" cos” 0

iy gdz
2cos’O(dtan6—h)

d / 8
U=
cosO\ 2(dtan@-h)

Hence, the correct answer is (B).

Apply formula of time of flight on inclined plane.

Hence, the correct answer is (B).

T 2usin®
8
pW2sin(28) 2u’sin’g
8 8

. . dR
R will be maximum when, " =0
= 2cos(20)-2sin(20)=0
= tan(20)=1
= 29="

4

= 0 =g radian

Hence, the correct answer is (B).
u=20ms™", §=45°

Given h= Ax - Bx*
2

&

Comparing with, vy =xtanf - —="——
parng y 2u? cos? 0

ICON

Hints and Explanations H.171

We get
A=tanf=tan45°=1
and B= b 10 = l

2. 2.
2u” cos™ @ 2(20)2(%] 40

A_%0
B 1
Hence, the correct answer is (D).

121. vr=d—x=2+8t 5
dt oz
dv L
= a,=—=8 -
oot o
dy 5 <
y E - E

dv, 0

YU A

Hence, the correct answer is (C).

dx
122, v, =—=7
X dt 0
= x=uyyt
d
Since, v, = Y _ swcos(at)
dt
f in(ot)
= y:Jamcos(mt)dt:M
®
0
= y:asin(mt):asin(g]
Uy
Hence, the correct answer is (C).
1 2 9
—mily cos” B,
123, 2 M4
1
—mu; cos’ 6, 1
2
= thcost (1)
1, cos 6,
and M=E
u%sinzﬂz 1
_ IasinG 2 (2)
u,sing, 1

From equations (1) and (2), we get

(u,sin6, )(1t; cosb, )

4
(1,506, )(1yco86,) 1
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gRy Thus (u, ), >(u,),
. 2 4
gRy ] = Uy >y
- Hence, the correct answer is (D).
R, 4
= R, 1 Multiple Correct Choice Type Questions
Hence, the correct answer is (B). 1. Acceleration of the bead down the wire is gcosé.

e Hence o* =0 +2(gcos8 )(2Rcos8)
124. 2=\|u"sin"0-2hg

Where PP, =2Rcosf

= v= Z(Jg_R)cosﬂ

= 4=y’ sin29—2(0.4)(10)

Y
2./¢R cosB
Smce’ t:E:M:Z\]E
2 a  gcost g
using 8 Hence, (B), (C) and (D) are correct.
X 2 —xtane(l—ﬁ) (1)
ucosé - U= R

where x=(ucos8)t and R=(ucosd)T (2)

= u’sin’9=12
Also, we observe that
= usinf=2v3 and ucosf=6

2 . 2 .2
. tang_i R=2u sinfcosf and g2V 52m6
NE] 8 8
= 6=30° H sin’6 1
= —=———=—tanf
Hence, the correct answer is (C). R 4sinBcosf 4
4H
125. u, =147 ms!, = tan@= 3 ..(3)
1, =9.8x2=19.6 ms™ So, we get
= u=1(147)"+(19.6)" =245 ms™! y:ﬁ[lij
R R
196 4
= tanf=——-=— Substitute x and R from (2), we get
147 3
= §=53° y=4H(f)(1f]
Hence, the correct answer is (D). T T
126. Since, both projectiles have equal height, so Hence, (A) and (C) are correct.
s’ i 3. ii=(ucos6)i+(usinb); (1)
2g 29 Let the velocity at point () , at time  be 7, then

So, time of flight of both will be same. 5= (1cos)] + (using - gt)}

2usin®  2u
= Tl = T2 -=—_— _¥
8 8
Since Range is greater for second, i.e.

Ry >R,

Since 7 Lii,so
v-1i=0

= u? —ugtsing =0
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o m (E]cosecﬂ 5 ii=3i and i=-1-05]

) gsin@ B g

= u,=3 ms?, a,=-1 ms~ and a, = —0.5 ms™
Speed of the particle at Q is ||, where

Since u, and a, have opposite sign, so firstly the par-
15| = \/ul + thZ ~2ugtsin ticle must reverse its direction of motion. Let this be
done when the coordinate of the particle is x . Then

Substituting the value of t, we get

0% —u’=2ax
5] =ucotd '
= -(3)=2(-Dx

= x=45m

Hence, (C) and (D) are correct.

Also, this will happen at say time t, then :
0, =1y +a,t gives, 0=3+(-1)¢ E
- = t=3s .
\ . 1, At this time ¢, the ¥ coordinate of the particle is given g
=2\/@(sm9)tf§gt by U
= t2—4\/g(sin9)t+%=0 yzu*’t+%ayt2
8 8 1 5
= y=0+=(-05)(3)
4fiJ16(h]sin29% 92
= = 8 8 8 = y=fzm=72.25m

2
Also, v, =0+a,t=-(05)(3)=-15ms™"
4‘/Ei\/@\/2sin29—l Y Y
8 g
t=

= §=04+0,j=0i+(-15)j=-15] ms”

- 2
and F=uxi+ y} = (451 - 2.25} m

4 [m - B a1 ( )

oo g Vg Hence, (A) and (D) are correct.
=
2 7. Since the particles have same ranges.
h [8h [ 2
4\/:+\/: 2sin“6-1 Hence a+ﬁ:£
_ V8 N8 2

= I= 5

_2sinqcose 2u’sin Beosf

h R
= (tz—t1)=\/ixf2sin29—l 8 8
8
i’ sim2 o
Further horizontal distance travelled during this time hy = 2¢
is 2h
2.2 2 .2
= 2h=2hgcosb(t, 1) h2=” sin f_u"cos @
28 28
= 2h=2 hgcos@Jg\IZSian—l = R=4/lhh,
8
1 - 2usina
Solving we get cosf= g
6 = 60° with horizontal or 30° with vertical - 2usinf  2ucoso
5= =
h g 8
= (tz - tl ) = 2 - h
8 b O ol
= L_tang and P =tan" o

Hence, (A) and (D) are correct. ) 2
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10.

11.

\/E
= tana= |—
hy
Hence, (A), (B), (C) and (D) are correct.

x=acos(pt)

y =bsin(pt)

[3%)
<:r-|kt
[3¥] 2

X
= =+
a

=1

= Trajectory is an Ellipse
= ¥=-ap’cos(wt)

= X=-px
Similarly ij =—p”y

so acceleration is directed towards the focus.

Hence, (A), (B) and (C) are correct.

0=[2gh (cosaf)t—%(gcosoz)f2

= t= \/@ after it strikes the incline at A
8

s=,/2gh(sina )t + %(gsinoc)t2

Substituting value of t, we get s=_8hsina
Hence, (A) and (D) are correct.

1=4i+3]+33k
= |L_t| = 2@ ms™!
Velocity at highest point is 0= 47+ 3]
{because at the highest point v; =0}
= |o/=5ms
Hence, (B) and (D) are correct.

Let shells collide in mid-air at point P(x, y).
For the 1st shell

x=(ucosa)T (1)

y=(usina)T - gT* )
For the 2nd shell

x=ucosB(T~t) -.(3)

y=(usinB)(T—t)—%g(T—t)2 ()

Equating (1) and (3), we get

Tcoso=(T—t)cosf {OPTION (A)}

coso t
5 ——=1-—
cos T
coso
= ——<l1
cos

= cosa<cosfi

Equating (2) and (4), we get

(usma)T—%gT2=(usinﬁ)(T—t)—%g(T—t)2

(OPTION (D)}
Hence, (A), (B) and (D) are correct.

13. Let the projectile reach the point of impact in time £,
Then

. 1 5
Isinf=—gt
23

o f= 2/sin@ (1)
8

||| X
[cos@ D
Further
lcos@+ D =ut
= D=uvt-Icosl
= D=v 2ls}mg#cosé’ .(2)

For projectile to pass over the observer’s head
D>0

2lsin@
v
g

vz( 2sing ] > 12 cos? 0
8

>[cosf

. 20” tan fsec@
g

Hence, (B) and (C) are correct.

l

14. Since, we know that the range is same for complimen-
2u’ sinBcos H

8

tary anglesi.e., R, =Ry 4=
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o0
. . o
Then, Tl=2u5m9 and Tzzzucosﬂ 15tl(f1 1) 0
= Nilz=Rand = h=2sie At=1s
21— tano = x=5/3m and y=5m

T
2 Hence, (A), (B), (C) and (D) are correct.
Hence, (C) and (D) are correct.

. . . u*sin(26)
15. Let the second shell reach the point P(x, y) attime £,  16. Since R= ————
and the first shell be fired at a time 8 n
(b, -At)=t. = R=kg™ 1)
= ko2 7]
e = dR=-kg"dg (2) -
direction 53 ms™ g _, dR_ ~kgdg &
T R .kgf1
u
S djd_g[u] U
R 8 8
10m v
! = Fractional Decrement = d—R = L
R 291
2 .
Range at equator is R, = M
For shell 1 8
2 .
x=(53 ) (1) Range at pole is R, =M
8p
—(1O—y)=—1gtf -(2) Original range with | 2. (2g)
2 R=| novariationofg |=————
For shell 2 taken into account 8
x=(5{3c0s60)t, --(3) dR _( Fractional | _R.—R,
. ‘R \Decrement /]~ p
~(10-y)=(5V35in60)t, -~ gt3 - (4)
2 2% uzsin(ZB)(l—i]
Equating (1) and (3), we get = R _ & : i
R 2.
by = 21, .(5) u sm(29)§
Equating (2) and (4), we get iR 1 1
- Sfi
8y &
—lgtf=(5\/§sin60)t2—lgt§ f
2 2 Hence, (B) and (D) are correct.
= 7% gtf - %( 2h )7 % g( 24 )2 17. For shell to hit the boat the time lapsed equals the time
of flight of the shell = 2251

1
= —Egtf =15t - 2gt12 8

20, sin ¢t
= Distance travelled by boat = 2
- —5t12=15t1—20f12 istance travelled by boa vl( ]
= 15{12 =15t Distance of boat from the cannon at the instant the
20,0, SIN 0
= 152 =15t =0 shell is fired is x=R—(%]
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18.

19.

r

20,0, sino

= x=>(vysina)(v,cosa)- .

g

= x =§(vzsina)(vzcosa—vl)

and the distance of boat from the cannon when the
shell hits the boat is equal to the range of the shell

R:g(vzsina)(vzcosa)

Hence, (A), (B), (C) and (D) are correct.
u, =ucos(45°) =40 ms™ and

Uy =u sin(45°) = 40 ms™

Att=12s,

v, =u, =40 ms” (1)

_ _ _ -1
v, =u, - gt=40~(10)(2) =20 ms
So, (B) is correct

Further x=ut=80m

1
and y= i+ antz

= y=(40)(2)+2-10)4)

= y=60m
Hence (D) is correct

So, displacement of the particle is r =[x+

= r=(80)"+(60)* =100 m

Hence (A) is also correct.
Also, we observe that if « is the angle made by v
with the horizontal, then

v, 20 1
tanog=—=—=—
v, 40 2
Hence (C) is not correct.
Hence, (A), (B) and (D) are correct.

Xotut=uvt

= (6i+8])+(2t)i =(ai +bj )t
At t=2s, we get

= 10i+8] =2ai +2b)

= 20=10 and 2b=8

= ag=band b=4
Hence, (B) and (C) are correct.

20.

21.

22

y=h-xtano ..(1)
Further y=(vosin9)t—%gt2 ..(2)
and x =(7,cos0)t ..(3)

Equating (1) and (2) and put value of x from (3) to get

tz—zﬂ(cosﬂtana+sin9)t+%=0
8 8
t2_|:—2005m(9+a)}+%=0 (4
gcosa g
For t to be MINIMUM
@
dae
o a2 i[tsin(a+f£i)]+0=0
df gcosa df
= O—ﬂ[sin(a+9)ﬁ+tcos(a+9)j|=0
geosa de
L o 2utcos(a+0) {ﬁ: }
gcoso de
= cos(B+a)=0 {t#0}
= 9*‘“% [OPTION (A)}
Substituting 9+a=g in (4), we get
tim_ﬂtmin+%zo
gcoso g
vy — U —2ghcos’ &
= f= 0 0 {OPTION (Q)}
gcosa

For t,;, tobe real o} >2 <h cos” o
= 7,>,/2ghcosa

Soif v, </2ghcosa, then projectile never reaches the
roof. {OPTION (D)}
Hence, (A), (C) and (D) are correct.

As studied and discussed in theory, we observe that all
(A), (B), (C) and (D) are correct.

Hence, (A), (B), (C) and (D) are correct.

The vertical velocity at P is zero.
Hence vsin(6+a)-gt=0

_vsin(6+o)
8

t
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23.

Since displacement perpendicular to the plane is zero
hence

0= (vsin@)t+%(—gcoscr)lf2

_ 2vsinf
geosa

t

Equating (1) & (2) and rearranging, we get

vsin(6+0) 2vsinf
g gcoso

= 2sinf=cosa(sin@coso +cosBsina)
= 2sinf=cos’ osinf+ cosBsinacosc

= (2—cosza)sin9= cos@sinocoso

sin@coso
= tanf= —
2-cos“ o
Sin o cos o Sin ¢ cos o
= tanf= =

(1—cosza)+] 1+sin’ &
tano

= ta.nﬂzi2
1+2tan” o

Hence, (A) and (D) are correct.

Time of ascent =2+1=3s
If s the angle of projection then
usina
. =
= usina=30 (1)

3

If B=30° is the angle which projectile makes with
horizontal at =2 s and v is the velocity at this instant
of time then

vcos = ucose -.(2)
and vsinfi=usina-g(2)
= osinf=30-20=10
= ©sin30=10
= ©v=20ms"

Substituting B=30° and v=20ms™" in (2), we get

3
U— = UCOS U
2

24,

25.

Hints and Explanations H.177
ucosat =103 ..(3)
Squaring (1) & (3) and adding
u” =1200
= u=203 ms”
and tana=+3

= o =60° with horizontal or 30° with vertical
Hence, (B) and (C) are correct.

At the instant shown, we have

vcosO = ucos(60°) =%

u
U=
2cos0

The radius of curvature is given by

’UZ 1!2

~ gcosf 4gcos’ 6

1!2

R =—,when 6=0°
4

Since, R =

8
ﬁRmin

u? 8 (u?
= —=—| —
4gcos’0 343( 4g

()

2

= cos’h=

3
= cosf=—

2

= 0=30°
So, from equation (1), we get

i
v=—

V3

Hence, (B) and (C) are correct.
y=3x+4

dy 3
dt  dt

-y

CHAPTERS
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26.

27.

dy_,,_zdvx

at  dt
PP |
= a,=3a,=3 {.ax-lms }

nothing can be said about velocity and acceleration as
the given values are at particular instant.
Hence, (A) and (B) are correct.

x=2+2t+4t* and y =4t +8
= y=2+2

So, the particle moves along the straight line.

Since, d—x—2+8t and %=4+16t

dr
2 42
= d—x=8and —5—16
dtz dt
. dxs dys - A
= U=—i+—j=(2+8)i+(4+16t
N dt]( )i+( )j

= a=8 ;+16} = (constant)

Hence, (A) and (B) are correct.

G=2ti+1%]
v x -
= —v=21+2t}
dt

= |de|=V22+22 =22

Since, tangential acceleration is defined as the rate of
change of speed, which is

Bl (2P + (P = a2+ 1

dl] 1
So, ap=——=——— (8t +4%)
dt o4 +#*
1 6 )
= f4,=——=x12=—ms
T 2x45 J5

Since, we know that, for a particle moving in a curvi-
linear path with variable speed, the particle possesses
both tangential acceleration (ar) and centripetal
acceleration (ac ), so we have

2

_ 2 2
Anet = 4c + ar

2 2 2
= ¢ =lpe — Ay

Hence, (B) and (C) are correct.

Reasoning Based Questions

1.

R=H
2u”sinBcos@ u’sin’ @
8 28

= tanf=4

1i2

Rinax gy = E

Hence, the correct answer is (B).

In case of non-uniform circular motion, net accelera-
tion will not be directed towards centre.
Hence, the correct answer is (D).

Direction of acceleration changes.
Hence, the correct answer is (D).

The particle will move in a parabolic path till accelera-
tion (due to gravity) is constant. For this the particle
should be near the surface of the Earth and air resis-
tance should be negligible.

Hence, the correct answer is (D).

In uniform circular motion direction of acceleration is
always along the radial direction. As particle is rotat-
ing so radial vector keeps on changing.

Hence, the correct answer is (D).

u a u
-——————

a

Straight line Straight line

a

N

Accelerated curvilinear Retarded curvilinear

Hence, the correct answer is (A).

In uniform circular motion, the magnitude of velocity
and acceleration remains same, but due to change in
direction of motion, the direction of velocity and accel-
eration changes. Furthermore, the centripetal accelera-
tion is given by a=a’r .

Hence, the correct answer is (B).

For the observer sitting in train, the initial horizontal
velocity of coin and train are same, thus observer will
find its path as a straight line. Whereas the observer on
the ground will see the coin to follow a parabolic path
(as of a horizontal projectile).

Hence, the correct answer is (D).
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[ ] ]
9. Hx=01 a_\»:O,My:HSiﬂB and ay:—g
= v,=u+aT=u {Where T 2usm9}
8
Also v, =usinf - gt
. 2usin®
= v, = usinf - g
g

= v, =-usinf

:I.}‘ -
Hence, the correct answer is (A).

B u*sin?6
= %
projectile.

10. H ie, it is independent of mass of

Hence, the correct answer is (A).

1. As T=2usin9
g
- T,=2m/zs1r1l9
8
= T'=nT
R=1ucosfl

= R'=(nucos8)(nT)
= R=n"R
Hence, the correct answer is (C).
12. Since acceleration due to gravity acts vertically down-
wards, so it has no component along the horizontal

and hence does not affect the horizontal velocity.
Hence, the correct answer is (A).

2
13. Since, R, = — {For 6= 45°}
g
He u*sin®(45°) _ ﬁ
2g 4g

So, H is 25% of range.
Hence, the correct answer is (A).
Linked Comprehension Type Questions

1. x=kt, y=kt(1-ot)

Equation of trajectory,

2
—kt-k t2=k(f)—k ("—]
y o k a kZ

2
= y= x—a? — parabola

Hence, the correct answer is (C).

Hints and Explanations H.179

v, =—=k
Tt

v, =d—y=k72kat
dt
v, =k(1-2at)

= H=iv, +jv, =ik+ jk(1-2at)

= |3l=v=k2+K2(1-208)*

[Ty}
= v=ky1+(1-2at) [+ 4
Ll
= v2=k2[1+(1—2at)2] E
For v to be MINIMUM OR #° to be MINIMUM, we <
have I
; v

2

it =0

- (v?)

_1

2

Hence, the correct answer is (B).
Acceleration
I i "
a=E=](—2a)k=—(2ka);=constant
Hence, the correct answer is (D).

Let t; be the instant when ¢ and 4 make an angle i
with each other; the condition is 4

. (ﬁ)
U-d =vacos| =
4

= 0+ k(1 - 2at)(-20k) = ky1 - (1 - 20t)? (-2ak)- %

= 2(1-2at)) = 1+(1-20t, )’

= tD =

Hence, the correct answer is (A).

Let v be the velocity at the time of collision.
Then, U2 c0s45° = sin 60°

- (ﬁ)[%)%
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c 10. For minimum horizontal velocity, i.e., for the particle

v sin(60°) just to land at A , we have
x=3a and y=4a
v

v cos(60°)

60°

2
= v=—FU

J3

9
= Uy =,[-4
Hence, the correct answer is (D). MINTYg g

6.  Substituting the proper values in v, =, +at,we get, Hence, the correct answer is (A).
—vc0s60° = (u+/25in45°) - gt 11. Since y= %aytz
t_ u( V3+1 ] T
o\ 3 = da= 2 gt
Hence, the correct answer is (C). %
2 3 b= |—
7. Since v=20i +10j - g
= v,=1,=20ms™ Hence, the correct answer is (D).
Since, v, =10 ms™' and vj - uj =2a,y 12. For maximum horizontal, velocity ie., when the

5 particle lands at B, we have
= (10)"-uy =2(-10)(15)
x=3a+2a=>5a and y=4a

2
= u, =400
! B g(5a)2

SOI 4a

-1 2
= =
i, 20 ms 24y

So, u= fu?+u? = 2042 ms™ 25
Y = Upax = E'ﬁg

Hence, the correct answer is (B).
Hence, the correct answer is (B).

i
8. Since tanB:—y:%:l 1, 1,
1. 100= g [ 1 t}
28 y 28
= f=45°= T radian
4 u=20ms™"
Hence, the correct answer is (B).
iy 400
9. H=-4{=—=20m
2¢ 20
2
o 25in(20) _ (2042)"sin(90) 100m
g 10
= R=80m
Now, the coordinate where the maximum height is Vy=u

R
attained is (—, H]. So, we get (40, 20) m as the
answer. 2 Vy=g
Hence, the correct answer is (D).



14.

15.

16.

17.

18.

19.

20.

= t= %=m=2\/53

Hence, the correct answer is (C).

x=ut=20(25)

= Xx= 40\/5 m
Hence, the correct answer is (B).
UI

tanf=—

Uy

Since v, =u and v, = gt

= tan|€)=i=L

gt (10)(245)

= talmfii=i

J5
= 9=tan‘1(%]

Hence, the correct answer is (C).

x=6f y=8t-5"

21.

22,

23.

Compare with equations of motion of the projectile i.e.

. 1
x=(ucos@)t and y:(usmﬂ)t—;gt?’fwe get 24

u, =ucosf=6 and iy =usinf=8

and ¢=10ms (acting along -y axis)

Hence, the correct answer is (C).

Since acceleration has no component along x-axis, so

1, = constant = 6 ms™.

Hence, the correct answer is (C).

i, = usinf =8 ms™

Hence, the correct answer is (C).

The velocity of projection is

_[2. 2
U=y +uy
= u=v6>+8

= u=10ms"

Hence, the correct answer is (D).

i,
tascent =—
8
8
tascent = E =08s

Hence, the correct answer is (D).

25.

26.

Hints and Explanations

H=-1L
28
_(8)
2(10)
= H=32m

Hence, the correct answer is (D).

2
=E(6)(8)

= R=96m

= R

Hence, the correct answer is (D).

2 .2
H:u sin B_M__y
28 g
2
u
= 8:—”
28
= uy=4 g

Hence, the correct answer is (D).

. Since, R= E(“x )(uy )

8
= 2= é(u_r)(c;\/g)

= U, =3\f§

Hence, the correct answer is (B).

u=4u_f+u§
= u=5\/§

Hence, the correct answer is (D).

5
4
AN
3
u
tan@ =
u,\’
4
= tanf= —‘g
s
= tanf= E
3

H.181
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= sin9=é=0.8
5

Hence, the correct answer is (B).

27.

Along x Along y
a, =6t a, =8t
d& =6t dﬂ =8
dt dt
Uy 3 Ty 3
jdvx =J6tdt J.dz)u =J8tdt
0 0 0 0
23 2 3
er=6i =27m vy,=8L =36
0 2 o
= v=\/vf+vj =\/272+362
= 0=1729+1296 = 45 ms™!
Hence, the correct answer is (A).
28. |il=10 ms™
Since, we know that,
§= 1(sz
1
= s=-—x10x9
2

= s5=45m
Hence, the correct answer is (D).

29. Pathis a straight line.
Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions

1. A-(r)
B-(t)
C-(q
D= (p)
E—(s)

it = u(cos(45°)i +5in(45°)] )

= i=20i+20jms " and =-10j

Since

= 7

(20§+20})£+%(—10})t2

= 7=(200)i +(20-5t)]
So,at t=1s, we get
F =201 +15
= Average Velocity at t=1s is

3 =;=20§+15}

= |B,|=/400+225 =25 ms™
Further 0 =1i+at

= 5=20i+20]-(10])t

= 5=20i+(20-10t)]

~

= AG=7-ii=-(10t)]

= AG=-20] fat t=25}
So, average accelerationat t=1s, 2s, 3s and 4s

. AU 4

Ay, = A—T: =-10j {as expected}

Radius of curvature at =0 is

1[2

(gcosb

= r=M=80x/§m

&

Radius of curvature at t=1s is

r=

—

2
v

) gcosf

where v is the velocity at t=1s and f3 is the angle

r

which v(at#=1s) makes with the x-axis

n A 10
Since v=20i +10j, so tanﬁ:%

wspo M 2
- V2071102 1085 45
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Hints and Explanations H.183
1) P

——\2 2
SO, r=m = 9=2J.tdt
(10)(\%} 0

= f=4rad
5005 ]
S0 AR = Displacement = R ;- R
= r=255m = | Displacement|= \]R} + Rf +2R(R; cos(180-0)

Radius of curvature at t=2s is ~ -
Since |R; |=[R;|=R

- (ucos 6) N
Tg = |Displacement|= JRZ+R* - 2R cosf o
5 (18]
[(20@)(%” (20)? =  |Displacement| =2Rsin[g)=251n(2) E
= r= = =40 m ] <
10 10 So, average velocity T
A= (1) ., _|Displacement| 2sin(2) @)
B—(s) %= Time - =sin(2)
C—(p)
D> (q Hence (B) — (s) and (D) — (q)
Since v =2t 3. A-()
So, distance travelled is B (s)
C-(p)
2 2 2P D~ (q)
s=Jvdt=j2tdt=2 — Jo
0 0 2l Since a = =

= s=4m

. = i=2+(2)]
Hence average speed is
So,at t=1s, we get

v =§=£=2ms"1

Tt 2 5=2i+] and 3=2i +2]
SO! (A)_)(r)f (C)_)(p) = |£_1|= ﬂ22+22 =2\/§ ms—z
Further since the particle is moving in a circular path,
so we have Hence (C) - (p)

Now, since the tangential acceleration is

w= L 2t rads™
r

@
(20427)(21+])
SN
a:ﬁ:ims_z
NN
So, (A) = (1)

R=1m Now since we know that

a* = aZ +ay , where ac is the radial acceleration

=

2 2

= - = 8—%
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= ac= 2 ms™
5
So, (B) = (s)
Finally, the radius of curvature is given by
* 5 55
= =s—=—1m
- 2 2
NG
So, (D) = (q)
A= (q)
B—(s)
C—(p)
D—(r)

Let us choose the x and y directions along OB and
OA respectively. Then

ux=u=10\/§ ms"], i, =0
)=-5v3 ms

—gcos(60°) -5ms”

=-gsin(60°)=

and
fy =

At point (O, x-component of velocity is zero. Hence,
substituting in

v, =u, +tal
= 0=10V3-53t

1043 _,
53
So, (A) = (q)
At point Q,v= v, =1, +ayt

t=

= v=0-(5)(2)=-10 ms™

Here, negative sign implies that velocity of particle
at Q is along negative ¥ direction. So, v=10 ms
along —¥ direction.

Hence (B) — (s)

Displacement of partice
Distance PO = P P

along y-direction B ‘Sy ‘

. 1 5, 1.0
Since, s, = uyt+ 0,1 =0-2(5)(2) =10 m

= PO=10m
Since, h = POsin(30°)= (10)(%)

= h=5m

S0,(C) = (p)

Distance OQ =

1
Since, s, = u,t+ Eaxtz

= s, =(1O\/§)(2)*%(5\/§)(2)2

= 0Q=10/3m

Since, PQ = /(PO )*

24 (1043)’

= PQ=
= PQ=20m

A-(q)
B—(r)
C—o(s)
D — ()
E—(p)

So, (A) = (q)
dy 0

At maximum height, = =
dx

= 1- ﬁ(2x=

o o o

0 ap 4

Displacement of partice
along x-direction

+(0Q)*

=[s|

=103 m

_ J200

(1)

543
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So, (B) = (r)

. dx
Since x=ot,50 v, = i ¢ = constant

(5)
= T=i=l=8 i

o p \8p
So, (C) = (s)
Also, we observe that y = at - (o) t*
= d—y=a—2aﬁt=a(1—2ﬁt)

dt

= v, =0(1-2f)
= ﬁ:vﬁﬂ@}

= d=ai+a(1-28)]

Now, a, = d;I =0 and a, = -2(ap )Jl = constant
= i=a, I+(1 =—(20B)]
= il=20f= 16(“‘8]

So, (D) — ()

Now at = 2l , we have

fr:a?+a{ (Zﬂ)( BH; ai

a=1(a)
So, (E) - (p)

A—-(q)
B (p)
C—(r)
D—(s)

= |3l=

Since range is same for complimentary angles, so

R1=R2

Hy u? sin?(30°) 1

H, u*sin2(60°) 3

o

.

R
T=— {or from (1), we have f = —
i

Hints and Explanations H.185

T, _ usin(60°) _3
T, usin(30°)

LHR, _ ThH, =1( 1 ]_ 1

T,HR, T,H, 3\{3) 33

A-(q)
B—(r)
C—(p)
D —(s)

ii=20i +20] , i=-10] and t=1s
. - - 1_ 2 - -~
Since, Ar:ut-l-Eat =20i +15] (D)

and 7 = i + it = 20i +10] .(2)

Ar

CHAPTERS

=[G, |=|—|=v(20) +(15) =25 ms™ {from (1)}

= |AB|=15-1|=10 ms™ {from (2)}

= |G| =181=4(20) +(10)* = 1045 ms ™

= Aldl=15]-lii|=2082 -10J5 =6 ms ™

A= (r)
B—(r)
C—(p)
D—(q)
2

X
S‘ : —-
ince, y=x %

Comparing with the standard equation of projectile,
ie.

2
L’ we get

=xtan® -
y 2u*cos?6

tanf=1
= f=45°

and i 8

80 2u%cos*

= u=20{2ms"’

Since, 9= 1cosfi +(usin6 - gt);j = 20i - 20;
When x=R, y=0

R2

= 0=R-—
80

= R=80m
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10. A—(p1)
B—(qs)
C—(pqrs)
D—(p,qr15)
For a particle to move in circular path, 4 L 7
For a particle to undergo projectile motion, angle
between i and ¥ must be acute.

1. A-(q
B—(r)
C—(s)
D—(p)
(A) Change in momentum is Ap = (mg )t in time ¢ .
(B) Angle at highest pointis 0°.
(C) Kinetic energy of body is minimum at highest
point.
(D) Horizontal component remains unchanged.

Integer/Numerical Answer Type Questions

2u’sin(o - B)cos e

1. Since R=
gcos’ B
o 2(21)sin(60° - 30° )cos (60°)
9.8cos”(30°)

(2)(441)(%)(%)=30m

(9.8)(%]

2. At P,atheight I,

= R=

v* =u* - 2gh
= v’ =4gh-2gh {'.'u=2 gh}
= v=./2¢h (1)
y
v
45°
u P\ -------------------- \Q
hi ih
0 | |
0 2h X
|—t1—b-\
f2 )

Assuming PQ tobehorizontal, then Range = 2h = PQ

2 .
v sm(26)=2h
8
2(gh)sin(2
R (gh)sin( 6)=2h

8

= sin(20)=1
= f=45°

So, to fly from P to Q, the projectile will take a time
t given by

t=27)sin(45°)=(2 28 ](1)=2 It
8 g J\\2) T\g

So, =2

From the diagram, we observe that
T + Trields = pall (1)
where 7, = (46 +28] ) m -2

Let fielder run for the ball making an angle 8 with the
horizontal.

Then #rgger = 5t(cos 6i +sin 9]) ..(3)
y INTERCEPTION
QPOINT
o
I_'é " Fielder
—~ P
Ip
0,00 X

where t is the time taken by the fielder to go from
point P to the interception point which equals the
time taken by the ball to go from the origin to the inter-

ception point with a velocity of (7.5;' + 10} ) ms ™. So
Feat = (7.5t +104]) (4
Substituting (2), (3) and (4) in (1), we get

~ ~

(46+5tcos0)i +(28+5tsin0) ] = (7.5¢)i +(10¢)

= 46+ 5tcosO="7.5t ...(5)
28+ 5tsinf =10t ...(6)
From (5) and (6), we get
7.5t — 46 ., 10t-28

050 = — and sinf=
5t

Since, cos’f+sin’0=1
(7.51%—46 )2 [10r—28 )2
+ =1
5t 5t
Solving to get

t=4s 0rt=&s
21

So, the shortest time for interception is
t=4s
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4. Let the particle be projected from O with velocity u
and strike the plane at a point P horizontally. Then

PQ=00Q.
. ucosg
u h
¢
45°
0 Q
=  Maximum height = Honzon;al range
u*sin® ¢ B u?sin2¢ B u*singcos
28 28 3
= tan¢g=2

5. The angular speed is

o2l 8 rads !
r 025

w=

6. Smcey ut+;at ,whereu =0 a:ndg =g, y= h.

So h_—

20

10
Further since x=u, fel —a t* where u,=0v (say),
a,=0, x=10m, so

10=ovt=0(2)

= 0=5ms
2

Since a=v—

R

57 25 }
— a=%=£=50ms 2

= a=50ms™

7. Since the car is travelling with a constant speed, its tan-
gential component of acceleration is zero, i.e., ar =0.
Thus,

8.

10.

Hints and Explanations H.187

Here, the car’s tangential component of acceleration of

ar = -3 ms™ . Thus,

a=+ar +a%

= 5= (—3)2+a}2\I

_ -2
= ay=4ms

2
. [
Since Ay =—

= r=100m

2 2x0.
= J—:,[ x08 =04s
4 10

(120-30+10)x107°
0.4

CHAPTERS

=025ms™

Unin =

(120+30-10)x107°
0.4

and uMAX = = 035 mS_l

= iy =25cms™ and uyy =35 cms™

Let the ball clear the point C at time #,. Then
1 o
y=ut+ ant
1 2
= (1439)=0+ E(9.8)t1

= 49= %(9.8)52

Since BC =u,t
= 6=ul(l)

= u=6ms"

Let the ball hit the ground at D in time ¢.
Then

6+x =6t (1)
Further (1+3.9+14.7)= %(9.8%2

= =25
= b+x=12

= x=6m
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1. Attime ¢ = 24sn(9-45°)
gcos45°

component of velocity along the plane is zero.

= 0=ucos(¢-45°)—(gsin45°)t

P
gsin 45°4® g cos 45° u sin(¢ - 45°)
g
u
) 45°
0] Q

- ”C05(¢—45°):(gsin45°)(w]

gcos4b°

= 2tan(¢-45°)=cotd5°=1

tan ¢ — tan 45°
= 2 —=
1+ tan ¢ tan 45°

= tan¢=3

gxz 2
12. As y:xtan6—2—2(1+tan 9)
u

for (a, b),ie. when x=a and y=b, we have
gaztanZG—Zauztan8+(ga2+2bu2)=0

This is a quadraticin tan@ and since discriminant of a
quadratic must be positive, so we have

4a*u* - 4ga? ( qa* +2bu? ) 20
Solving, we get

u>+/bg +gva® +b*

On substituting the values, we get
i =30 ms
13. v, =82 ms™ is the relative velocity along x-axis
= x=22- (8\5 )t

v, = 642 ms™! is the relative velocity along y-axis

= y=9—(6\5)t

= r2=xz+y2 ..(1)

For minimum 7, we have # to be minimum, so

d ( 2

—\r )= 0

dat

t= = s
1042

Substituting the value of t in equation (1), we get

Tpin =6 M

ucos(60°)
o=

14. =
cos(45°)

ol
2
cos (60“)]
= K,=k| <%
f [c032(45°)
= £=2
Ky

15. For Range to be maximum, the projectile must be
launched at an angle

u=TB
4 2

= a=45°+15°=60°
16. Since, H;=(2)’=4m and

Hy=(17=1m

By Conservation of Energy, we have

Loss in gravitational | Gain in
potential energy )~ | kinetic energy




17.

18.

19.

ICON

= v=y2g(H,-H,)

= v=,2xgx(H,-H,)
= ©v=+20x3
= =60

d
Now tanf = 4

dx

=2 _ =2
x=1 ’

= tanf=2

2

ax

Since, y = xtanf - —>L——
Y 20% cos* 0

202
2

B 10x (5)
2(60)

= —l=2x—£x2
12

= -1=x(2) (1+4)

= -1=

— —12=24x-5x2
= 5x2-24x-12=0

Time of flight is

2usin®
po2using o o
8

Range (along north) is

2 .
20
Rlzu sin —40m
8

Range (along east) is

1
R, = ~aT*=30m
2

So, range R =[R2+ R? = /307 + 407 =50 m

10-vcos(60°)=0

_ o*sin’(60°)
28

= H-10=5m

= H =15m

Let angle made by V initially and after time t be 6
and o respectively.

using - gx2

tan(30°) = (1)

1cosf

Hints and Explanations H.189
= tan([l"):M (2
1cosf
= 0=60°
= E=6
10

20. Coordinates of the point C are

10
Cl —+x,
(57

Since, £ = tan37° tn
ince, — = tan
ce . m
-
3
= y:lx &
= uyt—lgt2=i[uxt—g:| I
2% 4 3 )
— =106
3 10

= x=—-x10x1.06-—=4.64
4 3

21. Since, U, = \/g(hﬁ/dz +h? ) =103 ms™
o
d

and tanf=

= 0=60°

d 103
1cosf 10\/§X%

= 2s

22. Since, tan¢ = #
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Since R= 2usm(a—2ﬁ)cosa ,where u=2ms™
gcosf3
o =30+15=45°
B=30°
2(2)%sin(15°)cos(45°)
= R=
gcos*(30°)
= R:ﬂsin(w")
15
82

= R=——sin(45°-30°)
15

8v2( 1 4
- =525 JNE-D-5(5-)

= R=20cm
Hence, the correct answer is (B).

For same horizontal range, we must have angles as
complimentary. So

For 6,=6 and 6,=(90-9)

R 2u’sinBcos @
8
f = 2usin® and t, = 2icosB
8 8
u>4sinfcos
= hh=—
g
2u’sin260 2R
= hh=——— ==
8 8

Hence, the correct answer is (B).

y=2x -9x?

Comparing it with standard equation of trajectory of
projectile, i.e.,

2

g£x

=xtanf - —>———
Y 242 cos? 6

5 2

we get, tan@ =2

1
and 9= 0><25
2,
_ -1
= Uy=—ms

Hence, the correct answer is (C).
For complementary angles, ranges are equal.

So, for 6, =6 and 6, =(90-6), we have

R~ 2u* sinBcos
8
2 -2 2 2
Also, h1=u sin 8’ h2=u cos” @
28
2 . 2
(Zu schosB] ( 1 )
= hh=| ——— | x| =
g 16
= 16hh, = R?

= R*=16(Ih,)
Hence, the correct answer is (B).

Maximum areas will be covered when range is maxi-
mum, so

2

A (R,

Hence, the correct answer is (D).

ﬁzx(&mx)f{ﬁ]:ﬁ:l

Speed v=10 ms™
Since, centripetal acceleration is given by,

n=—

T

and |%|= constant
1

N
r
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= ar=constant

This represents a rectangular hyperbola.
Hence, the correct answer is (C).
7. Since, ii=1+2]
Also, ii= u_rz? + uy}
= u,=1and u, =2

1
Now x=u,t and y=uut—§gt2

= x=t
1 2 2
and y=2t—5><10><t =2t-5t

= y=2x-5¢
So, equation of trajectory is ¥ = 2¥ - 5x°
Hence, the correct answer is (C).

8.  Let u be the velocity of projection of the stone.

The maximum height a boy can throw a stone is

1!2

H, ,=—=10m
max 2g e (1)
The maximum horizontal distance the boy can throw
the same stone is
2
Rmax = u_ = 20 m
g

Hence, the correct answer is (C).

{Using (1)}

Hence, the correct answer is (B).
10. The position vector of the particle from the origin at
any time ¢ is

~

7 = vyt cosi +(vofsin9;gt2 )]

. d
Velocity vector, 7= d_:

A

. d " . 1 2) )
= 0=—|vytcosbi +| vytsin@ - — ¢t
dt[ b [0 28 ]

~

—  G=0yc086i +(v,sinf-gt)]

Hints and Explanations H.191

The angular momentum of the particle about the

origin is
L=Fxmd
= L=m(¥Fx7)

. . 1 .
= L= m“votcosﬂi +(v0tsin6—§gf2)ij

~

(UD cosbi + (v, sin(:)—gt);)]
= L= m[(vgtcosﬂsinﬂ—vogtz cosB )k +

1 ~
(vétsinﬂcose Egtzvﬂ cosB)(k)}

= L= m[vétsinf)cosﬂ;‘; — u,gt* cosbk -

CHAPTERS

03t sinfcos Ok + %vugtz cosefz]

= L= m[—%vﬂgtzcosﬂlz] = —%mgvotz cos Ok

Hence, the correct answer is (D).

11. For a particle in uniform circular motion, acceleration
is

,UZ

a= n (towards the centre)

From figure, we get
~ ~ UZ ~ ‘UZ ~
i =-acos6i —asinfj = fEcosﬂi - ﬁsinﬂj

Hence, the correct answer is (D).
12. s=t2+3

o= _4d(py3)ogp
dt dt

Tangential acceleration, 4, = do_1 (3¢%) =6t

dt dt
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At t=2s, we have Net acceleration,
v=3(2)"=12ms™ a= \/(ac Y+ (g, =(72)+(12)° =14 ms™
and 2, =6(2)=12 ms™ Hence, the correct answer is (A).

Also, centripetal acceleration is given by

2 2
ac — U_z (12) = & = 7.2 m572
R 20 20
ARCHIVE: JEE ADVANCED
Integer/Numerical Answer Type Questions - Wsin? (45°) 0
1. Average velocity (v) is given by ‘ 28
IR 2
)= > - =120m
4
2 .
where IR =( 21y sinfcos B ](1+ iz N % N ) If speed is v after the first collision, then speed should
g @ ¢ remain % times, because kinetic energy has reduced
sR-| 2osinfcosf ) 1 to half.
= . 1
1--3 - v=-_L
* V2
and XT = M)(l+l+%+ ..... ) - _v*sin’(30°)
g a o max zg
o yrofZesing)f 1 UV 2
g 1 1 7 sin” 30
o = hmax =
28
Since (v)= 0.8V}, where V, =u,cos6 .
- h - ( u?/4g ] _ 120
1 max N
1y cos T 4 4
1- 2 = hmax =30m
- ogp—— )
— 2u,  2x10sin(60°
L 5 T2t _2x10sin(60°) _ &
o g 8
o o-1 Since R=1.15m and
- (az—l]( o ]=0'8 1
R=u,T- E&IIT
=4 L =08 1 )
a+1 = 115=10c0s(60°)\3 - Za(<3)

= ba=4a+4

= a=5ms’
= a=4



