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| EEZ N JEE Advanced/ IIT-JEE
A. Fill in the Blanks The velocity (v) of spot = dx / dt
: - - _ d
1. Displacement=40B=2R distance - and the angular speed (o) of spot light = d_(:)
R From A SOP,
Distance=ACB=nR ) _ 0 ) B tan = X -~ x=htan
displacement h

2.  The relative velocity of K w.r.t L along the line KL is B cec? o aé v=(hsec? §) o
vk =g~V =Vg +() dt dt
_, =3 sec245° x 0.1 [ 0+¢=90°]
(" the component of velocity of L along KL is zero) v=3x2x0.1=0.6m/s
f B. True/False
~—>
K v L 1. KEYCONCEPT
. e d —> ) When the two balls are thrown vertically upwards with the
The displacement of K till K'and L meet is d. same speed u then their final speed v at the point of projection
d isv2—y2=
Time taken for Kand L to meet will be = — i u_ 2xgxs
v Here, s=0
3. . v=uy for both the cases

2. TE.=PE.+KE.
T.E. = Constant
At P, K.E. is minimum and P.E. is maximum. Since K.E. is

; q> . minimum speed is also minimum.
S horizontal plane . . ..
sigot ligle 3. The pressure exerted will be different because one train is
1=

¥ moving in the direction of earth’s rotation and other in the
horizontal circle opposite direction.

vertical wall

<
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C. MCQs with ONE Correct Answer

________________________ N

v, Iy cos 0 f
! d
! l w E

0
______ ‘i S

Time taken to cross the river ¢ =
v, c0sO

NOTE : For time to be minimum, cos 6 = maximum
= 0=0°
The swimmer should swim due north.

Shortest route corresponds to v, perpendicular to river

flow 3
=44 L T
oy 22 R
Vb Vor —Vr ?br “vb d
1 1
o —=—F—— L
4 2542
= v, =3km/h
. | displacement |
| Average velocity | = T tme
= % =2x % =2m/s.
KEY CONCEPT

Before hitting the ground, the velocity v is given by
v2=2 gd (quadratic equation and hence parabolic path)
Downwards direction means negative velocity. After
collision, the direction become positive and velocity
decreases.

Further, v2 = 2g x (%) =gd;

v ' v
=42 =y'\2 DV =—F
(v') V2 orv=v'\2 N7]
As the direction is reversed and speed is decreased
graph (a) represents these conditions correctly.

a
Sn= > 2n-1);

Sue1= 5 R+ D=11=2@n+1)
S, _2n-1
Spe1 2m+1
Change in velocity = area under the graph
= %x10x11=55m/s

Acceleration (m/sz)
10

| 1T Time (s)
Since, initial velocity is zero, final velocity is 55 m/s.

7. (@
8. (@
9. (©

The equation for the given v-x graph is

v .
v=—-"Lx 4y, )
X0
v v
dx X0
dv % Y v,
v = ——xv=—-2 L yiy | from(1)
dx X0 X0 X0
2 2
Vo Vo . dv
a=—7x——  ..(i) ca=v—
xp X0 dx

On comparing the equation (ii) with equation of a
straight line

y=mx+tc
v
%
we get m= -5 = +ve, Ve
X0
1.e.tan O =+ve,1.e., O isacute.
2 S
v | ) >
Alsoc= ——g, . X
X0

i.e., the y-intercept is negative
The above conditions are satisfied in graph (a).
At t=0, the relative velocity will be zero.

Atr= %, the relative velocity will be maximum in

magnitude.

Att= % , therelative velocity will be zero.

Atr= % , the relative velocity will be maximum in

magnitude
At t=T, the relative velocity again becomes zero.

: - o2
The x-coordinate of P=v, x = @R x . 7

This horizontal distance travelled will be greater than
any point on the disc between O and P. Therefore the
landing will be in unshaded area. In the same way, the
horizontal distance travelled by Q is always less than
that of any point between O and R. Therefore the landing
will be in unshaded area.

D. MCQs with ONE or MORE THAN ONE Correct

1.

Average acceleration
ve=v;, Vet (=y) _A_;
t t t

a=

To find the resultant of 17 and —171. , we draw a diagram

GP_3481
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N 2 2 Y4
v, L A -
A f az b2 (=1
N =
Av . The path of the particle / 4 R
isan ellipse. of ~ b
W E . .
From the given equations
we can find,
< dx o d%x 2
S N d—t=vx=—aps1npt; dt—2=ax=—ap cos pt
|Avl= V3 +F =57 +5% =52 mis dy Y4
o y = pb cos pt P .
|a—§iz—J4 2 P 3
10_ \/f_ and —d ; =a, =—bp2 sin pt 5 4 < >
Since, |Vy [=[—v; |, . y isdirected towards N—W. at \\ “SX
2. (a,c,d) Note : a cannot remain positive for all # in the Attime t= I or pt= T
interval 0 < ¢ < 1. This is because since the body starts 2p 2
from rest, it will first accelerate. Finally it stops therefore a, and v, become zero (because cosX =0 ). Only
2

o will become negative. Therefore o will change its

direction. Options (a) and (d) are correct. v anda, are left,

B ~ or we cah say that velocity is along negative x-axis and
y f =0 . . . t _Cl acceleration along negative y-axis.
T L] L] T T n
x=0 B, B B, x=1 Hence, at t = > velocity and acceleration of the
Let the particle accelerate uniformly till half the distance il P 1 h
(4 to B) and then retard uniformly in the remaining half particle are normal to each other.

distance (B to C). At t = ¢, position of the particle ;(t) = xi+ y}‘

The total time is 1 sec. Therefore the time taken from _ 4 " . .

AtoBis05 sec. =acospti+b sinpij and acceleration of the particle
is

ForAtoB

1, 1 c-z(t) = ax;+ ay}' = —p2[a cos pt§+bsin pt}]
S=ut+-at”  05=0+xax(0.5)’ s -
2 =-plxi+yjl=-p°r@)

a=4m/s? 5 Therefore, acceleration of the particle is always directed
Vp=0+4x0.5=2m/s , towards origin.
Note : Now, if the particle accelerates till B, then for o . o
covering the same total distance in same time, At¢=0, particleis at(a,0) and at 7= 2 particle is at

acceleration should be less than 4 m/s? but |deceleration|
should be greater than 4 m/s2. And if the particle
accelerates till B, then for covering the same total
distance in the same time, the acceleration should be E. Subjective Problems
greater than 4 m/s? and | deceleration | < 4 m/s%.
The same is depicted by the graph.
A%
B

Ay [
Vimax :

(0, b). Therefore, the distance covered is one fourth of
the elliptical path and not a.

1.  velocitya

2m/s

Ae—T1——1-1> time
Distance travelled = area of A ABC

4 : > 1 . 1
) 1 1(s) =X base x altitude = E X X Vipay
So, the | acceleration | must be greater than or equal to
4 m/s? at some point or points in the path. _ L 2B, ap ) 12
2 o+ B 2 La + BJ
3. (ab,c) x=acospt= cos(pt)= ; 1)

d
y 2. Ji=1-32x=2+9-61 . v=2=2—6
y=bsinpt = sin (pt)= - -Q2) ‘ ‘ dt
_ _ b (i) For velocity to be zero, 21— 6=0 = ¢=3 sec.
Squaring and adding (1) and (2), we get, The displacementisx=9+9—-6x3 =0
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dv
11 = —= 2 L. = == —1
@) a & Att=0,v=—6ms
Att=6sec,v=6ms!
Work done = Change inK.E. = [K.Ef -KE|]

L2 Lne? =
= Sm(©)’ -2 m(6) =0

Time 4

Position

As shown, at a given instant of time, the body is at two
different positions 4 and B which is not possible.

If a body drops from a height H above the ground then
the time taken by it to reach the ground

_ [2H ,_ [eias
=g Vo8 008

(i) Letbethe time taken for collision.
For mass m thrown horizontally from A4.

For horizontal motion 10 cos 60°
PM=10¢r ..(0) 60° LC _
. . v10 sin 60°
For vertical motion b om0
 ~10 /s
—0's v —of =t A
u,=0;s,=y;a,=g1,=t 30m
1 Y
s y==8t o (i) sl 4
y 2g ( )ZOmP e 9]
—y 4 e
v=u,tajt=gt .. (111)

MTTETT7TT700eiirrrrey
B E D

— J —

For mass 2m thrown from C
For horizontal motion QM =[10 cos 60°] ¢

OM=51¢ .. (iv)

For vertical motion v, = 10sin 60° =5+/3 ;a,=g
s,=y+ 10; t,=t
Now, vy=5\/§+gt ..(v)

1
- 2,2
and(sy) uyt+ 2ayt
1 .
= y+10=5\/§t+§gt2 (Vi)

From (ii) and (vi)

1 5 1 - 2
—gt“°+10=5J3t+—gt° = = —=sec
2g \/_ 2g t \/5

2
BD=PM+MQ=10t+5¢t=15¢t=15x NE
=10+/3=17.32m
(i) Applying conservation of linear momentum (during
collision of the masses at M) in the horizontal
direction
mx10-2m10cos60°=3mxv,
= 10m-10m=3mxv, =v, =0

Since, the horizontal momentum comes out to be zero, the
combination of masses will drop vertically downwards and
fallat E.

2
BE=PM=10t=10x ——==11.547m
NE)
For Bullet A. Let t be the time taken by bullet A toreach P.
Vertical motion ,
uy=0;sy= 10—y;ay= 10 m/s 6=t

—y 4 1,
5, = uyt > at
10-y=5¢2 ...@0)
v= Sﬁm /s
YA
Bullet B
60()
V= S\Em /s
Bujye
0-y A
10m )
| y
) )*,(J\'v_}’)
0 x >y
Horizontal motion
x= 53¢ ..(id)
For bullet B.

Let (¢ + ¢') be the time taken by bullet B to reach P

Vertical Motion

Let us consider upward direction negative and downward
positive. Then

u,= —53 sin 60°=—7.5m/s, a,=+10m/s?

1
s, =+ (10-y); L=t s, =utt antz
10-y==75(+1)+5(+1)? ... (i)
Horizontal motion

x= (5\/5 c0s60°) (t+1")

= 5J31+531'=2x . (iv)

Substituting the value of x from (ii) in (iv), we get

5V3t+5V3t'=1043t
= =t
Putting £=1¢"1in eq. (iii)

y—10=15¢-207 (V)
Adding (i) and (v)

0=15¢—152 = t=1sec.

(i) Puttingz=1in eq. (ii), we getx= 53

Putting t=11ineq. (i), we get y=>5
Therefore, the coordinates of point P are ( 54/3 , 5) in metres.
(@) uistherelative velocity of the particle with respect to
the box. Resolve u.
u, is the relative velocity of particle with respect to the box
in x-direction.
u, is the relative velocity with respect to the box in
y-direction.
Since, there is no velocity of the box in the y-direction,
therefore this is the vertical velocity of the particle with
respect to ground also.

GP_3481
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Y-direction motion (Taking relative terms w.r.t. box)
u,=+usina
a,=—gcosH
s =0 (activity is taken till the time the particle comes
back to the box.)

t =t
g 2 1 2
s,= uyt+5ayt = 0=(usina)t— Egcosext
2usino
= t=0ort=
gcos6

X - direction motion (Taking relative terms w.r.t. box)
u=+tucoso; a,=0,1=ts =s,

2usina u? sin 20t

gcosO B gcosO
() For the observer (on ground) to see the horizontal
displacement to be zero, the distance travelled by the box in

1 2
sx=uxt+5axt :>sx=ucosqx

. 2usi )
time (M] should be equal to the range of the particle.
gcoso

Let the speed of the box at the time of projection of particle
be U. Then for the motion of box with respect to ground.

_ —u*sin20,
gcosH
S = uxt+%axt2
—u?sin 20, __U(Zusina\ 1 Sine(2usina\2
gcoso L gcose) 2g L gcosGJ
ucos(a +0)

lvi t U=
On solving we get U 050

Let 't' be the time after which the stone hits the object and 6

be the angle which the velocity vector » makes with

horizontal.
A

U gt—1sin®= [vy]
i 1.25m
0 i

> 1 >
» >

usind A

ucos
According to question, we have following three conditions.
(i) Vertical displacement of stoneis 1.25 m.

Therefore, 1.25=(usin® )¢— % gt

where g= 10 m/s2
or (usin@)t=125+5¢2 )

1.

(i) Horizontal displacement of stone
=3 +displacement of object 4.

Therefore, (1 cos0 )=3 + %at2

where a=1.5 m/s?
or (ucos@)t=3+0.757 ... (ii)

(i) Horizontal component of velocity of stone = vertical
component (because velocity vector is inclined at 45°
with horizontal )

Therefore (1 cos® )=gt—(usin@) ... (iii)
(Theright hand side is written g —u sin® because the
stone is in its downward motion. Therefore, g¢>u sin 0 .
In upward motion usin 0 > gf). Multiplying equation
(iii) with ¢ we can write,

(ucos@)t+(usin@) =107 ...(1v)
Now, (iv) — (i) — (i) gives 4.25 2 -4.25=0o0rt=1s
Substituting = 1sin (i) and (ii), we get,

usin@® =6.25m/sor Uy, = 6.25m/s

anducos@ =3.75 m/s.

or u,=3.75 m/s therefore u= ux;+uyj

or u=(3.75i+625j)m/s
(@) Letthe ball strike the trolley at B. Let

VG = velocity of ball w.r.t.ground

T’TG = velocity of trolley w.r.t. ground
Velocity of ball w.r.t. trolley

- - - . B
Ver =VpG —VrG - (1) ) E
From triangle OAB VBG e
OA+ AB=OB il
OA+V1G =V
azi = ;BG — T}TG (ll) 45°
o M

From (i) and (i) OA4=Vpy
= velocity ofball wr.t. trolley makes an angle 0f45°
with the X-axis
(b) Here g =45°
40 4x45
N 3 3
In AOMA,
0=45° = LOAM=45°
.. ZOAB=135°
Also ZBOA=60°—45°=15°
Using sine law in AOBA 0 M

=60°

YBG _ _YIG
sin135° sinl5°

= vp=2m/s

H. Assertion & Reason Type Questions

() Statement-1 is true. For a moving observer, the near by
objects appear to move in the opposite direction at a
large speed. This is because the angular speed of the
near by object w.r.t observer is large. As the object moves
away the angular velocity decreases and therefore its
speed seems to be less. The distant object almost
remains stationary.
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Statement-2 is the concept of relative velocity which
states that

V21 =V2G— ;11 G
where G is the laboratory frame.

Thus both the statement are true but statement-2 is not
the correct explanation of statement-1.

I. Integer Value Correct Type

5 From the perspective of observer A, considering
vertical motion of the ball from the point of throw till it
reaches back at the initial height.

U=+ 53 m/s, =0, a =—10m/s?, t=2

5S3m/s  10m/s
A
N ‘
U 1 ~s |
0. O

1
Applying S =ut + 5 at> = 0= 5./3;_5¢2
t= /3 sec

Considering horizontal motion from the perspective of
observer B. Let u be the speed of train at the time of throw.

The horizontal distance travelled by the ball = (u+ 5) /3 .
The horizonal distance travelled by the boy

- [u 3 +%a(\/§)2}+1‘15
As the boy catches the ball therefore

(u+53 =u 3+%a+1‘15

So543 =15a+1.15 .. 7.51=1.5a
Sadx SI'I'I/S2
Section-B ]33y [\ VA3

(c) Let u be the speed with which the ball of mass m is
projected. Then the kinetic energy (E) at the point of
projection is

1
E= Emu2 ...(1)
When the ball is at the highest point of its flight, the

u
speed of the ball is ﬁ (Remember that the horizontal

component of velocity does not change during a
projectile motion).
.. The kinetic energy at the highest point

[From (i)]

2.

)

©

GP_3481

V4

vy sin 30° A
60°
Here

— o
v, =vgcos 30

- 1003 = vg x?

o
Vg cos 30

- vp=200ms™
displacement
- velocity
500

o= 59 0 = - =5sec
vpsin30° 200 x sin 30°

Time

03 ms™!

02ms!g=2ms2
AP—> <o X

v

4m

For ball 4

u =03 ms™!, a =-2ms"

1 5
S1 = +5a1tl

x=0.31—12 (1)
For ball B
uy,=02ms™, ay=2ms2,s,=4-x,1,=t

_ 1.2

4-x=02t+7 -2
From (1) and (2) t=8 sec

Ball 4 is thrown upwards from the :
building. During its downward u) i
journey when it comes back to the A4 1“
point of throw, its speed is equal to
the speed of throw. So, for the
journey of both the balls from point
AtoB.

We can apply v? — u? = 2gh.

As u, g, h are same for both the balls, v, = v,

SN—

B

Case-1: u=50x%m/s, v=0,s=6m,a =a
5 2
v2 —u? = 2as :02—(50x§) =2xax6

5 2
= —(50X§) =2xax6 (1)
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5
Case-2: u= 100><§ m/sec,v=0,s=s,a=a

“v2 —u? =2as

52
:,02-(100x§) =2as
512
—(100x§) =2as .. (i)
Dividing (i) and (ii) we get
100x100  2xaxs

= =24
50x50 2xax6 =3 m
From the figure it is clear that range is required
_u'sin 500
g <— Range R—> T
- N
(10)“ sin(2 x 30°) g N g
10 - \ Tower —
x=at’ and y=pt \m
dx 2 dy 2
=—=3wt =—==3p¢
Ve T T and vy dt g

2 /.2 2
Lv= v§+v)2,=\/9a2t4+9B2t4 =3t"yJo~ +P

1
,or h= EgTz(’.’ u=0)

now for 7/3 second, vertical distance moved is given

We know that s = uz + %gt2

by
2 2
2°\3 2 9 9
.. position of ball from ground = 4 — g %

Anglebetween them is0, T, or2 «

from the given options, =1

The angle for which the ranges are same is
complementary.

Let one angle be 0, then other is 90° — 0

T = 2usin® T = 2ucos0

8 8

4 sin O cosO u?sin 0
hh=———=2R( R=

Hence it is proportional to R.

Only option (b) is false since acceleration vector is
always radial (i.e . towards the center) for uniform
circular motion.

Speed, u = 60><—8m/s—?m/
d=20m, u'=120x i=@m/
18 3

Let declaration be a then (0)% —u?=-2ad

11. (¢)

12. @

13. (©

14. @

or u?=2ad (D
and (02 -u?=-2ad or u”? =2ad' ..(2)
dl
(2) divided by (1) gives, 4= 7 =d'=4%x20=80m

Yes, the person can catch the ball when horizontal
velocity is equal to the horizontal component of ball’s
velocity, the motion of ball will be only in vertical
direction with respect to person for that,

%"= v, cosO or 6 = 60°
1
Distance from 4 to B=S= Eftf: ft12 =28

Distance from B to C= (ft)¢

2 2
: u” _ (1) 2
istance from C'to 2 2f12) S =28
ot Cp2?
] t 2h
) I5S .

= S+ft+25=158 = fut=128
1
But Eftf =S

c g . t
On dividing the above two equations, we get #; = —

6

2 2

= 51 f(ij _IC
27 \6 72

Average acceleration vy

_ changein velocity
"~ time interval

— — r

Av = %) +(—V1)

A )

! Vi Vi
W=5v=5]

;=51—51=1—z M

10 2
2 2
=—1 +( 1) = Q:Lms_z

2 2 2
5
9=45°

tan@=22=>
5
Therefore the directon is North-west.

=1
Vi

t=ax*+ bx ; Diff. with respect to time (t)

—(t) a

(x )+bdx—a2x—+b—
dt dt
1=2axv+bv=v(2ax+b) = 2ax+b= l
v

. dx 1 dv
Again differentiating, 2a—+0=-——
g & 2 di

dv dv
— =f= —2av S —= =
= =f= ( o f acc)
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15. ()

xﬁ=atd 2Wx [
[ (I)t:[T}

16. )

17. (¢)

18. ®)

19. &)

1, 1
=0+ < at* =x =5at
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dx dx
— —= (X,\/; _—
v=ax s ar = N odt
(12 2
—ofrly = 2Vx =ar =x=t
0
Let u be the velocity with which the particle is thrown

and m be the mass ofthe particle. Then

K=lmu2.
2

()]

At the highest point the velocity is u cos 60° (only the
horizontal component remains, the vertical component
being zero at the top-most point). Therefore kinetic
energy at the highest point.

K'= %m(u cos 60°)2 = %mu2 cos® 60° = % [From 1]

We know that, ”;ﬁ = dy=vdt
t

X t
Integrating, I dx = jv dt
0

t
or X=I(V0 +gt+ﬁ2)dt =|:V0t+7+£}
0

0
2 3
or, x=v0t+&+fL
2 3
g . f
=1, x=Vp+=+=
Atr=1, 0 BER

For the body starting from rest

2

2
For the body moving with constant speed
Xy =V

2, dn-x)
dt

X%, =0

1
X] —Xp =Eat =at-v

at t=0,

X=X

v . .
For t< P the slope is negative

v .
Fort= P the slope is zero

v . ..
For ¢t > P the slope is positive

These characteristics are represented by graph (b).
For downward motion v=—gt

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

1
Also applying y—y, = ut+ Eat2

1 1
We get y—h=-_g’ = y=h-—gt’

The graph between y and ¢ is a parabola with y = 4 at
t=0. As time increases y decreases.

20.

21.

22.

23.

24.

@

@

@

(c)

(c)

For upward motion.

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

Here v=u—gt where u is the velocity just after collision.
As ¢ increases, v decreases. We get a straight line
between v and ¢ with negative slope.

1
Also y=ut —Egtz
All these characteristics are represented by graph (b).
Given i =3i +4j, 4=04i+0.3,1=10s

V=i+ar=3i+4j+(0.4i +0.3))x10="7i +7]

. |9 =V7? +7% =742 units

dx
V=k(yi+x)) —VH' /_— I+

a' a’
dx dy
= s —=kx
I =ky and 7
dy x ,
“ax y = Ydy=xde = y°=x"+constant
s=1 +5 = velocity, v=§=3t2
dt
. . av
Tangential acceleration a, = o 6t
2
Radial acceleration a, = Y _ 9—
R R
Attr=2s, =6x2=12 m/
9%x16
a. = =72 2
T m/s

‘. Resultant acceleration

= 2 +a? = J12)* +(7.2)* = J144+51.84
= J195.84 = 14 m/s?

Clearly G=a,cos8(-i) +a,sin6(—j)
2 2

= cos0i —Lsin0 ]
R R

L=m(¥xv)
L= [vo cosetf+(v0 sinet—%gtz)}]
X[vo cosOi + (vo sin0 — gt)j‘]

1 1» .
= mvy, coset[—igt]k = ——mgvyt? cos Ok

N | —
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Motion ® P-s-15
dv dV d F
25. @ —-=-25v = —F=-25d v_KR,un bt
dr e o Idv g dt
Integrating, j6 ’s v dv = —2.5j;dt
—bt E
o , y= P_o[e_} =Bl (ot o)]
> % =-25[t], m| -b ,
6.25
. F _
= —2(625)4=-25t = t=2sec = y= _Ob[1 e ”f]
26. (a) Total area around fountain . t" . . _
4 30. ® u=i+2j=ud+u,j=>ucosd=1, usind=2
A=7R%, =¥ 5
2 _xtano- 1287
2 7 2 u2

_ vZsin 20 B v2 5in90° v

1 Runax g g g]
W sin?0 u?sin’ @
27. @ R=———,H=——; H_ at20=90
4 28
u2 2
Hox= — ;=10=2>u” =10gx2
28
u? sin 20 u?
= (2) = Rpax =—
10xgx2
Rinax =Tg =20 meter

28. (c) a —rwz—rx(z;t)

M1

a1 [~ T is same]

do
29. () Giventhat F(z)= Fye? = m—r= Fye b

X
_ y=2x—%gx2 =2x—5x2

ul
31. (c¢) Speed onreaching ground v= /3,2 4+ 2gh I'
Now, v=u+at IEI .

= Jul+2gh=-u+gt —1—

. . o u
Time taken to reach highest pointis £ =—,
g

u +\/u2 +2gH nu

= — (from question)
g g

= 2gH=n(n-2)u?
y; = 10t—5t2; y, = 40t — 5t
for y,=-240m,t=28s

y y, =30t for t <8s.
for t>8s,

= t=

32. )

1
Y, — Y, =240 - 40t— Egtz



