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CHAPTER 4: KINEMATICS |

Test Your Concepts-l (Based on T s nnnanannnnnes °
Displacement, Velocity, Acceleration, e °
Average Speed and Velocity) fons f—1s  t-0s.3s
v ) 02 12
1. a= d—=2t—l
! = H-30+15t)=0
t y = t=0and 2s <
= Jdv = J(Zf Lt Position: The positions of the particle at t=0s, 1s, E
2 0
2s and 3 s are =
= v=t-t+2 o.
x| =12-15(0%)+5(0*) =12 m <
, dx =05
Since v=— .
dt Y
L ¥ =12-15(12)+5(1*)=2m
t=1s
= de:j(t2 —t+2)dt
1% x| =12-15(22)+5(2°)= -8 m
=2s
1, 1 f

x=———t? 42t +1
32 x| =12-15(32)+5(3*)=12m

When t=6s, 1=3s

Using the above results, the path of the particle is

_ -1
v=32ms shown. From this figure, the distance travelled by the
s=67m particle during the time interval t=1s to t=3s is

Since v#0 at all the times, so Xror =(248)+(8+12)=30m
d=67-1=66 m The average speed of the particle during the same time

interval is

2. Since s =%at2 o ¥t 30 4o
At 3-1
2s
= I=,/— _X
. 5 (a) c= 2
So, average velocity =-= LZ = % Unit of cis ms™
s
— X
\/: Since, b= 7
2 =
3. |Gp|=—=>ms"'=2ms™ Unit of bis ms™
At 1
(b) x=3t-2¢ (1)

4. Velocity: v= i = i(12 —158* +5¢°) dx
dt dt For x to be maximum, o =0

=30t +15t" ms ™'
= ©v=-30t+15t" ms = 6t—62=0
The velocity of the particle changes direction at the =~ t=0.1s

instant when it is momentarily brought to rest. So,
2

v=-30t+15t* =0 Further j‘T; —6-12t
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2
Att=1s, X _ ¢
dt*
So,at t=1s, x is maximum.
(©) xlt:0=0
xl!‘:]s=1m

Xljese =80 m
= Xy =1+1+480=82m
At t=4s , displacement x=-80 m
(d) From equation (1), we get
v="6t—6t> and a=6-12t.So,
at t=0, =0 and a1=6ms>
at t=1s,7=0 and a=-6 ms™
at t=2s,v=-12ms" and a=-18 ms™
at t=3s,v=-36ms" and a=-30 ms™

at t=4s,v=-72ms" and a=-42 ms™>

6. v="Y_32 18415
it
dv
=2 _6t-18
=

Acceleration at t=0 is -18 ms™ at t=3s it is zero.
Then it continuously goes on increasing. Hence accel-
eration and velocity both are maximum at £ =10 s . So,

Vo = 3%(10)* ~18(10) +15=135 ms™" and

ma:

i =6x10-18 =42 ms™

. 5W=rf—l‘r—=(5.1l+0.4])—(5i)=5;,+20}
At 0.02
|9 | = 1(20)° +(5)* =206 ms™
v, 20
tang= ¥ 20
an® 5 5

= 0= tan_l(?)= 76°

8. The displacement from A to C is
Ax=x-x,=-6-(-8)=2m
So, average velocity is

y A 2 000 ms?
& At 445

10.

The distances travelled from A to B and B to C are
Yp,pg=8+3=11m and xz,-=3+6=9m, respec-
tively. Then, the total distance travelled is

Xrotal = Xa-p + Xpc =1149=20m

2
(vp) = Toal - 20 _ 5 55 !
Plwg At 445

dov
=—=6t-6
(@) a "
Att=2s,0v=0

From t=0 to t=2s, particle travels along nega-
tive x-direction. Then it moves towards positive
x-axis. Since

dx

v=—=3t -6t
dt

X t

= jdx:.[(3t2—6t)dt

0 0

= x=£ -3

At t=2s,x=-4m

At t=35s,x=6125m

Distance travelled, xp,,=4+4+6.125=14.125m

(b) Average velocity = % =175ms™ and

14.12
Average speed = 3—55 =4.03 ms™

Position: The position of the particle when t=6s is
x| =15(6")-135(6%)+225(6) = -27 m

I=6s

Total Distance Travelled: The velocity of the particle
can be determined by applying.

v= % =452 -27t+225

The times when the particle stops are obtained by sub-
stituting v=0. So,

452 -27t+225=0
= t=1sand t=5s

The position of the particleat t=0s, 1s and 5s are

¥ =15(0%)-135(0%)+225(0)=0

t=0s



ICON

=15(1%)-135(1%)+225(1)=105m

X
t=1s
x| =15(5°)-135(5%)+225(5)=-375m
[=5s
105m 105 m
|| |
t=5s¢ x=0 t=1s

Xx=-375m x=-27Tm X
t=5s t=6s t

From the particle’s path, the total distance travelled is
Xio = (10.5)+[10.5-(-37.5)]+(10.5)

Yy =105+ 48+10.5=69 m

You can also try obtaining the same result by using
5
J"u dt

1
Jv dt
0 1

X=————=69m

+

11. According to the problem, we are given that

W ms? t
—=-3ms™ per metre
dx P

Since a= do_ U@
Cdt dx
0= 2 =0 _ (10)(-3)=-30 ms™
dtdt
Test Your Concepts-lI

(Based on Constant Acceleration)

1. Since, s, = u+%(2n—1)

= x=u+§(2p71) (1)
= y=u+%(2q—1) .(2)
= z=u+%(2r—1) .(3)

Subtracting equation (3) from equation (2), we get

a
—z=—(2g-2
y-z=2(29-2r)

2,

Hints and Explanations H.67
Similarly, we can show that
1
(r—p]y:;(zy—xy) and ..(5)
1
(p—q)z=;(xz—yz) ...(6)

Adding equation (4), (5) and (6), we get

(@)

(q=r)x+(r=p)y+(p-q)z=0
Let the car accelerates for time #; and decelerates
for time t, . Then

t=t +t, (1)

and corresponding velocity-time graph will be as
shown in figure.

v

CHAPTER 4

Vinaxh-- - -

= t2=& ..-(3)

From equations (1), (2) and (3), we get

v 0,

max+ max=t
a B
= Umax ﬂ =t
op
= Unax = a_ﬁ t
a+p

Total distance or displacement is the area under
v-t graph

max

- s:l(“_ﬁf]f

20a+p

1
= s§=-0v__f
2

= Distance=1 a_ﬁ #?
2{a+p
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3.

Lo 1
As acceleration is constant, from s:ut+5at2, we
have

=%at2 (asu=0) (1)

Now, if it travels a distance y innext t s then the total
distance travelled in (2t)sec willbe x+1y , so

x+y=%a(2f)2 ..(2)

Dividing equation (2) by (1),

Y _,
x

= y=3x

Let s be the distance covered by each car. Let the times
taken by the two cars to complete the journey be f,
and t; and their velocities at the finishing point be v,

and vy respectively. According to the problem,

v v4-0
Now, —=-4—8
Eoty—t,

Where v, =./2a;5 and v = /24,5

:\/E and tB:‘/z—is
M )
o BB il o

TEEEET

= v=tjama,

Since the race ends in a dead heat i.e., the two cars
reach their destination in the same time say f . If the
length of the course be s. Then

1 1
§= vlt+5a1t2 =0t + Eaztz

= t[;(al —ay )+ (1 vz)] =0
2(v,-v)
(a,-a,)
But t #0, as it corresponds to initial position. So,

2(1’1—92)

(a,-0,)

= t=0ort=-

t=-

1
Substituting t in the equation, s=u;f+ Ealtz , we get

20, (v, - 1y) 1.:1 4(1’1—1’2)2
1 2

(n-a) 2 (8, -a,)

2(”1_732)
("1—'512)2
:2(”1_92)(3’1“2_1’2“1)

("1—“2)2

= s= [—vl(a]—a2)+a1(vl—vz)]

(a) (15)2—v%=2(§](60) { vz—u2=2as}

= U =5ms '
(b) Since v=u+at

= 15=v,+6a (1)

1
Since s=uf+ Eatz

1
= 60=&q+5xax%f
= 10=0v,+3n ..(2)

Solving equation (1) and (2), we get

a= E =1.67 ms™
3

(¢) of=2as

2
_U_B
-2H-E-7.5m

3

The corresponding v-t graph is shown in figure

iy —l
Given t; +t, =4 min (1)

.0 v
Since, *=x and "=y
1 I(2

v v
= h="and f,=""
X
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= %(tlﬂz)(vm):él km

= E Xdxv, =4
2
= 0, =2kmmin™

Substituting these values in equation (1), we get

Please see that this problem can also be done by using
the concept of graphs.

Let t, be the reaction time and 2 the magnitude of
deceleration. Then in the first case,

5 5
0=|80.5x— | —2af 56.7-80.5x—xt, | ...(1)
18 18
In the second case, we have

5\ 5
0=|483x> | —20[ 244-483x>xt, | -..(2)
18 18

Solving these two equations, we get
t,=074s and 2=6.2ms™

1
s= Eat& and v = af,

Since ¢ is measured from the beginning of motion, so
we have for the particle to return to the initial position,

o= o(t-ty)-2a(t-t,)
2
1 1
= —Eatg=at0(t—t0)—5a(t—t0)2

{ 5= %atoz andv:ato}

1 1, 1
= /Ea/témtetatﬁzatzﬁa/téwtnt

1
= —Eat2+2at0t—at§:0
= P -dtt-22=0

4ty + /1685 +8t]

= [=
2

10.

11.

Hints and Explanations

t=4t0+\/ﬂt0
2

t_4t0+2\/€t0
T2

= t=ty+6f
= =345,
Squaring the given equation, we get

v? =4+ 4x
Now, comparing it with
o* = u* +2as
weget, u=2ms ' and 2=2ms
So, displacement at t=2s is given by

1
s:ut+—at2

o s=(2)(2)+%(2)(2)z

= s=8m

B Total Distance Travelled

Average Speed =v., =
8¢ P “U Total Time Taken

B 1+21+3l
T b+t

For OA
I = Area A(OAM)

For AB
2] = Area( ABNM)

= 2=v,..b

2
For BC
31 = Area A(BCN)

= 3= lvmax@
2

H.69
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Substituting

—_—

2), (3) and (4) in (1), we get

12. Let a be the uniform acceleration of a-particle.
According to the problem s=2m, v=9000 ms™ and
u=1000 ms™

Since v* —u* =2as, s0 we get

o*—u* (9000) -(1000)°
2s 2x(2)
7
= =200 5107 ms?

Let the particle remains in the tube for time . Then
v=u+at

v—u 9000 -1000
a 2x107

= = =4x107"s

13. (a) Suppose the time of retardation of sports car be
t hours. Thus the time during which the sports
car moves with constant speed before being over-
taken is also t . Since

Siotal = 1 kM

(60+40]t+40t:1km

1
= t=—h
90

Time taken by police car to reach sports car is
1
2t=—h=80s
45

(b) Let the speed of the police car be v, when it over-
takes the sports car. Then

0 %2t=1km
2
= opt=1km

> Z-1km
90

= =90 kmh™
(c) Let a be the acceleration of police car, then

=4
45

= 1=90x45kmh™

If the retardation of the sports car be a’, then

90

’

40=60-L
)

14.

= a'=1800 kmh™
Let t; be the required time, then
90 x 45 x t; = 60 — 1800t

=2 ho37s
5850

(a) Time of acceleration, say f, is
f = P _ 90 kmh™

= = - =30 s=0.5 min
a; 3 kmh™ per second

Time for deceleration, say t, is

v 90 kmh™

max

a,  3kmh™ persecond

t2:

t, =18 s=0.3 min

Now we shall calculate the distance covered dur-
ing acceleration and deceleration
Distance covered during acceleration is

040
8 = > b

= 51=1(90xi]:375m
2 18

Distance covered during deceleration is

53 = (Lﬂag"‘o )fz

= 5= 1(90 X 5](18) =225m
2 18
Distance covered with maximum speed is
s, =50000 - 375 - 225 = 49400 m
= 5,=494km
So, total time for a non-stop train is

494 %60

T=0.5min+ min + (.3 min

= T=337 min

(b) 12 intermediate stations mean that the train has to
accelerate and decelerate at 13 stations (including
the start). So, combined time of deceleration and
acceleration is # +#; =0.8%13 min=10.4 min.
Distance covered in acceleration and deceleration.
s=(375+225)x13=7800 m =7.8 km

60

Time for uniform speed is , = (50-7.8 )( %]

= 1, =2813 min

Time in motion T =10.4+ 28.13 = 38.53 min
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15.

16.

17.

1
Halting time at 12 stations is f;,;, =12 7= 6 min

Toal time T =t +1, +1t; +
= T=(38.53+6) min = 44.53 min

Let x be the distance travelled by the truck when truck
and car are side by side. The distance travelled by the
car will be (x+150) as the car is 150 metre behind the
truck.

Let the car overtake the truck at time ¢, then

For Truck

x=%><(1.5)t2 (1)
For Car
(x+150)=%x(2)t2 ..(2)

From equations (1) and (2), we have
x+150 2
x 15
= x=450 metre (truck)
and x+150 = 600 metre (car)
Substituting the value of x in equation (1), we get

450=%(1.5)t2

;= 4502
15

= t=+600=245s

Let x; and x, be the distances travelled by the car
before they stop under deceleration.

Since v* —u* =2as , s0 we get
(0> =(10)* = 2(-2)x,
and (0)°-(12)" =2(-2)x,
Solving we get x; =25m and x, =36 m
Total distance covered by the two cars
X; +x, =25+ 36 = 61 metre

Distance between the two cars when they stop
x=150-61=89m

Let car A take f; hour for first half and t, hour for
second half.
Since first half distance = second half distance

= 30t =60t

further #, +t,=2

18.

Hints and Explanations H.71

= tl=%h andtzzéh

Total distance x = 30( %] + 60(%] =80 km

1
Let a be the acceleration of car B. Since s=ut+ E.:zt2

= 80=0><2+%><a><(2)2

= a=40kmh”
To have the same velocity, we have

Ininterval 1, at; =7,

= 40t =30
4
4 3
and in interval 2, at; =v,
40t; =60
3 4
= th==h —-<t,<2
272 (3 ’ ]

To overtake, the distance travelled by both the cars in
the first half is the same

= %(zmh2 =30t

t=5h(>£h)
2 3

So no over taking in first half.
For second half, again we have s, = sp

= 30(%]+6U(t—§]=%(40)t2

= t=1h(< gh) not possible and t=2, ie., at the

end of the journey
Hence there is no overtaking during the entire journey.

The situation is shown in figure

/3 i 21/3 i

A ; Vo B vy D Vy I*C
! 1,/2 1,/2 !
H e

4 , ty :

B Total Distance Travelled

Since v, = '
Total Time Taken
I 2
— + —
= 0,= 3 3 (1)
bty

CHAPTER 4
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19.

20.

For AB
!
— =0t
3 01
= t—L (2)
1 Svﬂ e
For BC
2l tz) [tz)
—=7| = |+, =
3 1(2 22
= t2=47[ ...(3)
3(v,+0,)

Substituting (2) and (3) in (1), we get
_3yy(v +7,)

av

4vy+01+ 1y

Let the man take ts to get the door. The distance
moved by the man in ts should therefore be 6 m
more than the distance moved by the bus in the same
time.

Distance moved by the manin ts is x 4t

man ~

Distance moved by thebusin ¢ s is

1
Ypus =5 ¥12X t* = 0.6t
Since Xpue = Xman

= 4=6+06t
Solving, we get

t=4.387s
= 227s

If the man is 10 m behind the door, then 4t = 10+ 0.6¢%.
This equation has imaginary roots.

Forcar A, u;=8ms™, a;=1ms™
Forcar B, u, =5 ms™ , 1, =11 ms™
Let x be the length of the track, then
L2 L2
x=8t+| = |(1)¢* and x=5t+—(1.1)¢t
2 2
= t=60s

Now, x=8x60+(%](1)(60)2

= x=2280m
Further, before 10 s, i.e.,in 60-10=50s

Car A has travelled a distance s, =1650 m and car
B has travelled a distance s; =1625 m

21.

22,

25=0+(15)1

50
t1=? S
= 51=0+1(1.5)(@]=% m
2 9 9
1875
Sl:T m

Distance covered in the next 60 seconds is
s, =(25)(60) = 1500 m

1500 + 1875
s1+5;
Average Speed = =5
fhith —+60
3
, - 170833
© 76,67

= 0,=223ms"

The corresponding v-t graph is shown in figure.
For accelerated interval,

Upax = 0+(0.2)1
= H =5V (1)
For decelerated interval,

0=0,,, +(-0.1)t,
= b =10V (2

H—ﬁ —H-q—fz—h—i

Further,

s +s,=14

(0+vmax )t1+(v‘“a"+0)t2=14
2 2

= %(tl +y )0y = 14

= %(15 Vi ): 14
15
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23

P )

24.

25.

= 0, =137 ms™

This v, happens to be less than the maximum
attainable speed of 2.5ms™ . So,

han = b+ =150, =20.6 ms™

—25 m—=

o B ae

l—25 m—»

length length
(@) Scar =Struck +25+25+ +

of car of truck

= 20t+%(0.6)t2=(20t)+50+5+20

= t=158s

1
(b) scy =(20)(158)+ (06 )(158)° =391 m
(©) ey =20+(0.6)(15.8)=295ms™"
Velocity of train after 30 second,

vp =at=30x3x102 =09 ms™

Let - be the velocity of the car in opposite direction.
Then, in the next 60 s,

displacement | |Displacement of the car

of train in opposite direction

1
= 348=(U.9)(60)+5(3xlO_z)(3600)+6OvC

= vc=4ms’

Thus velocity of the car should be 4 ms™ , opposite to
the direction of motion of the train.

Let the initial velocity of the particle (i.e., at £=0)
be u and acceleration be a. Since at =0, displace-
ment measured from a convenient fixed position is 2 m
andat £=10s itis zero. So displacement from ¢ =0 to
t=10s is ~2 m. Since

1
s=ut+—at*
2

= —2=1Ou+%a(10)2

Hints and Explanations H.73

= Su+25a=-1 (1)

Further the particle reverses its direction of motion at
t=6s,s0

O=u+6a
5u+30a=0 ..(2)

Subtracting (1) from (2), we get
Sa=1

= a:%ms_z =02ms~ and u=-6a=-1.2ms™

So, if v be the velocity at =10 s, then

v=u+at

= v=-12+(02)(10)=08 ms™"

Test Your Concepts-ll|
(Based on Variable Acceleration)

1L

dv
Si =—
ince a "

= 3 79=d—v
5 di
= do =dt

a=2s
= v@=25
ds
= vdv=2sds
= Jm’v:Jsts
0 0

CHAPTER 4
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= U= J_r\/Es NG x
v
This is the desired velocity-displacement equation. = 7] - (8x-x?)
0 0

3. Since v=1v,—kx

dx
dt

= Uy —

= —lloge(vu kx)| =t
k )
Uy — kx
--1 - =t
- s 55
- Un_kx: _kt
Uy

k
i dx d| o k
Since = — = —| (1- )}
ince v 0 dt[k( e
= v:vﬂe_“

dv d; _
Also, a =d—?=a(voe “)

= a=-koe ™

4, Given a=-4s

= v—=-4s
5

Students remain often confused that the equation

= v=+l6x -2x* ms™

At x=2m,

v

¥=2m
When the velocity is maximum then
do_
dx

dv  16-4x

A o\f16x-22

= 16-4x=0

0

= x=4m

(1) Substituting x=4 m in (1), we get

=16(2)=2(22) = 426 ms™

|ouax| = V16(4) -2(16) = /64— 32

= |oyux|=V32=442m

6. a:d—v
dt
k dv
v dt
= vdv=kdt
v t
= jvdv:kjdt
o 0
v t

Tp

= o -0f =2kt
= v=4Jvp+2kt

dv
7. Initial Acceleration = —

s=2v, is not dimensionally correct. Please do not a=0

miss to write dimensions of proportionality constant.

5. Since a= @
dt

= vdv=adx

= Jvdv = J‘(S—Zx)dx
0

0

= A-Bv=0
A
= U=—
B
_ dv} Since d—U=A—Bv
a=v—- dt
dx

v t
= j do =jdt
A-Bv
0 0

=A-B(0)=A
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[ ] ]
1 v S _dx
= —Elogt,(A—Bv)D=t mee o=
X t
_ loge(AABU]=—Bf = de:J‘(vD+3t—t2)dt
Xy 0
= A-Bu=Ae™ 3
3,
= X=Xyt =t -—
= v:é(l—e_m)
B .
Since y| =x
1=0 t=5
Check-Point 75 125
R i) = x0=x0+590+—7?
A 125 75
Att—)oo,V—)E = M=oy
25 15
2 - Ty
v=—-4x 3 2
50-45 5
dx 2 = U, = == !
= E=*4x 0 6 6
X ; (b) From (1), we get velocity at t=5s
= x_zdx=Jf4dt 5
J v==+(3)(5)-(5)
2 0 6
x t 5
= ,x—l = 4t = U=g+15—25
2 0
_5+90-150
= t=-(x1-05) Y%
I 2 v=f§ms_1
8t+1 6
_d_x_(8t+1)(0)—(2)%(8t+1)__ 1 10. Since dv= adt {a
dt (8t+1)* (8t+1) ‘ ’
= Jdv=5jefdf
(8t+1) d :
J +1) (0)7165(8%!-1) 0 0
T (8t+1)* = ov=5('-1) ms?!
L _162)(8)(81+1) Further ="
(8t+1)" at
i 256 = dx=uvdt
= a=—=—3ms_2 ) ;
dt - (8t+1) r
; = de = SJ.(Ef —])dt
v
o3¢ 0 0
() i
o = x=5(c'-t-1)m
= Idn=J(3—2t)dt 1. v=200x
oy 0
do d
—=200—(x)
= o=y, +3t-f (1) dx dx

Hints and Explanations

H.75

..(2)
<
[+ 4
LLl
-
o.
<
..
v

dv

il
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12.

do
= —=200
dx
. dv (dz)]
Since g= —=p| —
dt dx

= a=(200x)(200)

= a=4x10"x mms™

When x = 2000 mm , then
a=(4x10*)(2000) mms

= =80 kms™

Further v=200x

= d—x=200x
dt
X d t
= J—x:ZOUIt
X
500 0

= log(,( i] = 200t
500
= t= Lloge( i]
200 500
At x=2000 mm,

1
t=—1Iog (4)
200 B

= t=693x10°s
= =693 ms

Please note that here acceleration is a function of time,
i.e., acceleration is not constant. So, we cannot apply

v=1i+at

do
Since i=—
dt

= dv=adt
B 2

= Juofaa
0 0

2
- @=I(zt§+3t2})dr=(t2?+f3?)\2
0

0

= G=(41+8]) ms”
Hence, velocity of particle at time t=2s is

(4?+8}) ms™

13.

14.

Since a—d—v—vd—v
Cdt dx

_ 2)_, %
= (g+kv )_de

vdv

> ,J . 2=de (1)
g+U 0

i}

d
Let us calculate J 7 : 7 =1 (say)
v

Substitute g +kv* =z
= 2kvdv=dz

= vdv:ﬁ
2k

1 (dz
So, 1=—J'—
© 2kJ z

_ L

= I=
2k

log,(z)
Substituting value of z, we get
1 2
I=—Ilo +kv
log. (g+kv?)

So, from (1), we get

il

1 2
-—1 ko =
Sclog(g+ )Uﬂ 7,
2 2
= x:_lloge g+kvz :ilogg Lkvg
2k g +kuvg 2k g+kv

Now, the particle achieves its maximum height, which
is also the point of reversal of motion when v=0.
Thus,

2
hmax = l logf m
2k g

The equation or the relation that predicts the motion
specified in the problem is

v

(0, 20)

| - X
(30, 0)

20-0
0—20—(—0 30](x_o)
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[ ] ]
= v=20—g X
3
d
do__2dx 2 (1)
dt 4 dt 3

At x=15m, v=20—§><15=10ms*1

So, acceleration 4 =- 2 x10= 20 ms™
dt 3 3

From equation (1), we get
4 i t
J. o %J dt
v 3
20 0

= p=20e2%

= dx=20ed {

X t
= de = ZOJ e 23y
0 0

= x=30(1- E_Z’W) m

Note that x = 30 m when t — .
15. dv=adt

v t
= Ja‘v - J(lzt ~3tY2) 4t
0 0

v t

= o =(et2-22)

0 0

= 7= (6f2 - 2t3‘"‘2) ms !

Using this result and the initial condition x; =15m at

t=0s,
dx =ovdt { U=d_x}
dt

{~att=0, xp=15m}

Hints and Explanations H.77

Test Your Concepts-1V (Based on Graph)

1. Att=15s, v=0+(18)(15)=270 ms™*

At t=20s, v=270+(25)(20-15) =395 ms"
Forstage 1, =18t 0<t<15s

Forstage 2, v=270+25(t-15) 15<t<20s

vims™)

10151 N

2701---mmmmemnmnean

0 = 1(s)

From v-t graph, we have
at t=15s, g =%(15)(270)=2025m
at t=20s,
s=2025+270(20—15)+%(395—270)(20—15)
= $=36875m
Forstage 1, i.e,,
0<t<15s,wehave

n; =18 and v=18t
1
= s=so+v0f+§a1f2=0+0+9t2:9t2

So, at t=15s, we have

s=9(15)* = 2025 m

20251--------------o

0 15 20
For stage 2, i.e,,
15<t<20s, we have

1, =25 and v=270+25(t-15)

CHAPTER 4
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= s=so+vot+%act2=
1
- s=2025+270(t—15)+E(25)(t—15)2
So, at £=20 s, we have
v=395ms | and s=3687.5m
For 0€x<3m,

a=d£=v@=(2x+4)(2)=(4x+8) ms™
dt dx

At x=0m and 3 m,

=4(0)+8=8ms™

x=0m

a

=4(3)+8=20ms™

x=3m

a

For 3m<x<6m,

d d
0= 202 (x+7)(1)=(x+7) ms>
dt dx

At x=3m and 6 m,

~3+7=10ms >

x=3m

a

=6+7=13 ms™>

x=6m

a

So, we observe that at x =3 m , the acceleration sud-

denly switches from 20 ms™ to 10 ms™. The a-x
graph is shown as per the data calculated.

a(ms™)

> x(m)

For 0€x<225m,
dv  dv
A=—=0—

dt dx

= 4= (5&)(%]:12.5 ms™

For 225 m<x<525m,
dv  dv
fl=—=7—
dt dx
= a=(-02v+120)(-0.2)=(0.04x-24) ms™
At x=225m and 525 m

=0.04(225)-24=-15 ms™
r=225m

a

=0.04(525)-24 =-3 ms™
x=525m

a

The a-x graph is shown in figure.

alms™)

12.51

15

13
= p=—t 1
8 (0
. dx
Since dx = vdt { U=_}
dt
X t 1
= jdx=j—t3dt
18
0 0
= x:it4
72

So,when t=6s, v=12ms', x=18 m
For 6 <t<10, dv=adt

v i

= Ja‘v:thdt
12 6

= v=6t-24

Since dx = vdt

hy t
= jdx =j(6t—24)dt
18 6
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_13
V718t

x=3t"-24t+54
When t=10s, =36 ms™ and x=114 m

For 0<x<200m, the initial condition is v=0 at
x=0

vdv = adx

dvu

Si =v—
ince a vdx

= Jvdv = j(0.1x+5)dx
0 0

X
v

=(0.05x% + 5x)

2

0 0

U= (\JO.lJc2 +10x ) ms™!

At x=200m,

= /0.1(200?) +10(200)

x=200 m
=7746ms ' =775 ms "

v

For 200 m < x £ x;, the initial condition is

v=7746 ms ™ at x=200 m

. vdv
Again, since vdv = adx { a= —}
dx
v X
= J vdv = J‘ —15dx
77.46 ms " 200 m
v X
2
= — =-15x
77.46 ms™" 200 m

=  0=+/-30x+12000 ms™

When v=0 ie., at x=x,, we have

1
V=.— —
110x2+10x

Hints and Explanations H.79

0= =30x, + 12000

= x=400m

The v-x graph is shown in figure.

vims™)

o] S—
v = /=30x + 12000

Xim
0 200 400 ™)
x=t3-324+2¢
= v:d—x=3t276t+2
dt
dv
a=—=06t-6
dt

To draw the x-t graph, let us first calculate the points
of reversal of motion i.e., the points or the times when
v=0.S0, v=0 gives

32-6t+2=0

- ) (25),

= t=1577s and t=0423s

=-0.386 m
t=1577

X

=0.385m
1=0.4226

X

x=13-3t2 + 2t

0.3851 >~ 158

00423~
03851 2

=1(s)

[ N

CHAPTER 4
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-1
ik 8. From the graph, a=22. 57%

v 60
= Jvdv:J.(225—E )a‘x
d 150

0

v=2312-6t+2
..
i 22.
; = —=(225)(60)- ( 5](60)
! 2 150 2
] !
0.423 1 1577 P = 0=4647 ms’’
0 : 5 g 1
oL 9. Atx=50m
2 Since a = do_ vd—v
a(ms™) dt dx
12
= g= (20)[£] =8ms™
100
At x=150 m
dv  dv
I=—=7—
dt dx
1
5 ts) = a=(45)(0]=4.5 ms
100
10. Since, a=@=v@
-4 dt dx
=  vdv=adx
7. For 0<x<625m , we observe s
i dv = %:area under a-x graph  {since vy =0}

=—=70—
at dx

; . = v= JZ(area of a-x graph)
= a=(0.6x3’4)[ (0.6)x7* ] (0.27x"%) ms™?
At x=40m, we have

At x=625m, 0=\2%x40%x2=127 ms™!
a =027(625"?) = 6.75 ms 2 At x=90m,wehave
r=625 m
For 625 m < x <1500 m =2x(100+40x4) =228 ms™
At x=200m , we have
d d !
1= =02 =75(0)=0 {-.-@=0} )
T dx v=+/2x(100+400+150) = 36.1 ms™
The a-x graph is shown in figure 11. (a) From the graph a=2t-2
a(ms™) v t
N jdzr:j(Zt—z)dt
(1] E——— : ’ ’
i = o=t2-2
i X 4 d
a =027 (b) jdx J 2-2t)d { V= d_:}
0 625 1500 XM o2
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13.

ICON

4
3
= x=(t——t2J
3

= x=667m

=(%_16—§+4Jm
, \3 3

dv = adt
vf t
= jdv:jadt
v, 0
t
= Av=|adt

0

= Change in velocity = Area under a-t graph

0] 2 4
1 -
= v;-9,=-(4)(4)=8 ms
2
= vf=v5+8=(2+8)ms’]
= v,=10ms™
Displacement = Area under velocity-time graph
Hence, xOA:%xzxm:lOm
X4 =2%10=20m
= IOAB=1O+20=3OII1
1

= xOABC=30+30=60m

1
and ICD =E><2><20=20m

= xOABCD=6O+20=80m

Between 0 to 2 s and 4 s to 6 s motion is accelerated,
hence displacement-time graph is a parabola. Between
2 s to 4 s motion is uniform, so displacement-time
graph will be a straight line. Between 6 s to 8 s motion
is decelerated hence displacement-time graph is again
a parabola but inverted in shape. At the end of 8 s
velocity is zero, therefore, slope of displacement-time
graph should be zero. The corresponding graph is
shown in figure.

Hints and Explanations H.81

|

11| SRR

30[--------;

101 v
(0] 2 4

= 1(s)

[« ) FEP .
o]

Test Your Concepts-V
(Based on Motion Under Gravity)

1

(a) Aparticle thrown upwards hasits velocity inoppo-
site direction to its acceleration ( g, downwards).

(b) When the particle is released from rest from a cer-
tain height, its velocity is zero, while acceleration
is ¢ downwards. Similarly, at the extreme posi-
tion of a pendulum velocity is zero, while accel-
eration is not zero.

(c) Inuniform circular motion velocity is perpendic-
ular to its radial or centripetal acceleration.

Si dv dv
mnce g=—=p—
dt  dy
= @ _ SoR -
dy  (R+y)
i T
= jvdv-—gDsz J 5
g ' (R+y)

= u=2¢R

This velocity is also called as the escape velocity, v,
Substituting the values, we get v, =11.2 kms '

Let the particles meet £, second after the projection of
the first particle. Further suppose that they meet at a
height h from the ground

For first particle,
L 2
h=uty——gt (1)
2
where u ms™ is the velocity of the particle
For second particle,
1
h:u(toft)fzg(toft)z (2

CHAPTER 4




ICON

H.82 JEE Advanced Physics: Mechanics - |

From equations (1) and (2), we get
1 2 1 2
uty——gty =ulfy—t)—=g(ty -t
0758k (t )28(0 )
L o 1 o 1 .o
= uty——glty =uty —ut— =gty + gtof ——gt
0 280 0 280 8ty 28
1
= ut—gt0t+5gt =0
1
= ufgt0+5gt=0
1
= u—gt0+5gt=0

= toz(i-rg] second
2 g

Velocity of first particle is v, . So
= m=u-ghhy=u- E+E
1= U=8h =181 5 g

= vlz—%gt (downwards)

Velocity of second particle is v, . So

vzzu—g(to—t)=u—g[%+§—t]

= 7= _% gt (upwards)

Let /i be the maximum height. Then applying
v? —u? =2as

Taking upward direction as positive, we get
v=0, u=100ms™, a=-g=-10 ms™>

= 02-(100)*=2(-10)h

= h=500m

Hence, velocity at height /=250 m will be

2%~ (100)* = 2(~10)(250)
- v2=10000 - 5000 = 5000
= v:loﬁms‘]

Let u be the velocity of projection of the particle. Then

1
h=uT -=¢T
28

= MT=h+%gTZ

ho 1. 2h+gT”
&= or

If H be the greatest height reached, then
0=u*-2gH

5 2
. U:[2h+gT J 2gH
2T

H=(2h+81;2)2
8gT

=

In the graphs, v, =aty_, 4 = (4)(5)=20 ms™

B
7

AQ  Q20ms™

0 C

vp=0=0, -8, 5

va 20 _

= === =
A—B g 10

2s

= tosusp=(5+2)s=7s

Now, sy, _,p =area under v-f graphbetween0to7s

v(ms™)
20}----A
"\\B C
of 5 N7 > Us)

1
= S05A-B 25(7)(20)=70 m

1
Further |50 = spc| = 5 (15

= 70= %(10)(%0 )

= ty,c=+14=37s
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Also s,_, 4 = area under v-t graph between OA
SosA =%(5)(20)= 50 m

The second stone will catch up the first stone when the
distance covered by it in (-#) second will be equal
to the distance covered by the first stone in  second.
Distance covered by first stone in t second

1

sl=5gt2 (1)

Distance covered by second stone in (t-#1) second
1

52=M(!f—n)+5g(t—n)2 -(2)
From equations (1) and (2), we have

1 2 1 2

—gt*=ult-n)+-g(t-n)

28 2%

- %g[tz—(t—nﬂ=u(f—”)

= %g[Ztn—n2]=u(t—n)
L2
= g!nngn =ut—un

= t(gn—u)=n(%gﬂ—u]

1 ( 1 gn—u )
S o2 )
(g1-1)
The distance covered by the first stone in this time
1
1 n| Sgn-u

2 2
=13 =&[8"_2H]
(gn-u) 8\ gn-u

2

Thus the second stone will overtake the first stone at a
distance

2 2
gn” [ gn-2u , below the top of the cliff.
8 an-u

Here the speed of the body is attenuated due to air
drag. The speed becomes zero under the effect of grav-
ity. Due to air drag, let effective value of g be g".
Then

0=ul -2

bl

Hints and Explanations H.83

because cuj is the force with which air drags and pro-

cu?
duces a retardation of | =20
m

From equation (1)

h= - "%
$oe
2 -0
BE
2
= h=— .(3)
2g[1+%]
mg

As the body comes down, it acquires the velocity u’
Now > =2gh

2

CHAPTER 4

i

h=—
28

()

From equation (3) and (4), we get

_@_02*01
At -1

Take downward direction as positive, we get

v, =/2¢h, and v, =—,/2¢h,
- a=_,/23h2 —-J2¢h
At

= =_[ V28hy +J2gh ]
At

Negative sign with a indicates that it is in the upward
direction. So,

ol = v2(9.8)(4) ++2(9.8)(2)
12x10°
= [al=3B*OL0 1 26%10° ms?

12x107°
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10. For the motion of the rocket for first minute 12.

11.

u; =0, a, =30 msec™
= 1 =60 sec.

Let v, be the velocity of the rocket after one minute
(60 sec.), then

0y =ty +ayt = 0430 % 60 = 1800 msec™

Height h, attained is

1 , 1 2
hy =—at; ==x30x(60
1750 =5 (60)

= h; =54000 metre

When the fuel is used up,

1, = 1800 msec ', v, =0 and a, = -10 msec >

(1800)”
2+10

) = =162000 metre

(@) Maximum height reached = h; +h,
= Iy = 54000 +162000
= Ny =216,000 metre

(b) Let t, be the time for the journey when fuel is
used up, then

vy —u, 1800 _
a

t,= 180 sec

13.

Again let t; be the time for descent, then using

the formula } = % gt3 , we have

216000 =%x10xt§

= 2=43200

12

= t;=(43200)"" =207.8 sec.

Hence total time elapsed is 14.

= T =4478 sec.
Take upward direction as positive, then

v —u? =2as

= (52)-u?=2(-10)(15)
= u?=325m%>
= u=5\@ms’1

2
@ n='"=32 _1625m
2¢ 20

b) t=2

! =@=1.8s
g 10

15.

Let i be the height from the ground at which both balls
collide. Suppose the two balls collide after t second.
Here the distance travelled by the first ball in t sec-
ond must be the same as the distance travelled by the
second ball in (f-2) second, because second ball is
thrown after 2 second of the first.

For the first,

=392 msec”, g=98 msec” and s=h

Using, h = ut+%gt2 , we get

h=39.2t7%><9.8><t2 (1)
For the second ball, we have

h=39.2(t—2)—%x9.8(t—2)2 (2
From equations (1) and (2), we get

39.2:—%x9.8xt2=39.2(t—2)—%x9.8x(t—2)2

= 39.2t-49t* =392 - 78.4-4.9t> +19.6t-19.6

Solving, we get ¢ =5.02 second
Putting this value of ¢ in equation (1), we have
h =73.302 metre

5 (t)=s,(t=ty)
Taking upward direction as positive, we get
1 2 1 2
vt = 8t =vﬂ(f_f0)_§8(f_to)

On evaluation, we get

i~k
g 2
2k [2x5  [2x(h-25)
\/%_\j g =\j g
= h=45m
o2 (20+10)°

@) My =-"t+28+2= +30=75m
2g

2(10)

(b) Using s=uf+ %atz {relative to lift}

1
= —2=20t—5(10)t2

—4 = 40t - 10
= 10 -40t-4=0

,_ 40+ 1600 + 160
20



_40+41.95
20

= tz=4ls

t

16. Let i1 be the height of the tower and v be the velocity
of the ball at the top of tower. Since the boy catches
the ball 3 second after the ball first passes him, the dis-
placement of the ball during the time is zero.

Using the formula, = uf + % gtz , we have

1

0=u(3)--(9.8)(3)
2

Solving, we get v=14.7 ms™'

So when the boy catches the ball, its velocity will be
147 ms™ in the downward direction.
Now, using the formula,

v* =u* +2gh, we have

(14.7) = (245)* = 2x9.8x h

Solving, we get h=19.6 metre

17. Sl(t)_SZ(t—1)=]0
= Lirox - Lx100-12 =10
2 2
= t=15s

Test Your Concepts-VI
(Based on Planar Motion)

1. u,=0,a =4ms” and a,=2 ms >

1 1
x=ut+ far\,tz = ,ath

2 2
= t:\/gz 2X32=45
a, \ 4
1

@ y=uteya=(8)4)+ (24P =48 m

b) v, =a,t=(4)(4)=16 ms™

v, =1, +ayt=8+(2)(4)=16 ms™

= 0= v§+v§ ~2ms™

= 0=v162+162 =164/2 ms™

dx
=—=>5t
Ux dt

X t
= JdJ::_’.Stdt [att=0, x=0andy=0}
0 0

Hints and Explanations H.85

2
= x=5L
2

4

= y=0.5x2—£

8

dy 25 3

y —==—t

fodt 2

5 25
Att=1s,x=—m and y=—m
2 Y78
So, distance from the origin is
§= x2+y2;4m

d?) -2 dvy 75 2
Now, ¢, =—*=5ms ~ and 4, = —=—t
dt Yodt 2

CHAPTER 4

At t=1s wehave, g =§ms’2
L)

= a= af+a§=37.8ms_2

i_’; =0, =kacos(wt) and

d
d—f =10, = kosin(ot)

Now, speed 7 = (vi + v;) ko
= s=vt=kot
(a) x=kt (1)
y=kt(1-at) ..(2)
Equation of trajectory is given by
2

y = kt - kot? =x—ka;—2 { from (1), t=f}

2

X
= y=x—a¥

This equation happens to be a parabola.

(b) vx=z—f=k and

dy
v, =—L=k-2kat=k(1-20t)
Yood

= ﬁ:v_j+vy}=k§+k(l—2at)}

= v= \/kz +k2(1-20t ) =k\/1+(1—2at)2
Acceleration 4 is given by
dv

i="" = 20kj = constant
it /
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5. Since v* =0} +v]

5 L)L)+ L(22)

a
d d do
= 2v—v=2:ux % 4oy Y
dt at Y dt
v, +u,a
= ‘;—f:—” (1)
v

Now, if E:axz-q-ayj and 5:;;X1+py],then

6. (y—40)" =160x

Differentiating w.r.t. time, we get

dy dx
2(y—-40)—==160—
(y=40)5, =160
dc 1
=—=—(y-4 (1
Since y =80 m

1
= v, =—(80-40)(180) =90 ms™

80
= v=,v’+ U; = \}(90)2 +(180)* =201.25 ms ™!
Again differentiating (1) w.r.t. time, we get

! [(y—40)ay+v§]

a,=—
80

At a,=0 and v, =180 ms™ , we get
1 2 -2
a, =—(180)" = 405 ms
80

7. Here, acceleration i = (4? + 2]) ms ™ is constant. So,
o=ii+at and E:ﬁt+%ﬁt2
Substituting the proper values, we get
3=(21+3])+(2)(4i +2])=(10i +7]) ms™ and
5= (2)(2?+3}')+%(2)2(4§+2}):(12§+10}) m

Therefore, velocity and displacement of particle

at t=2s are (10?+7})ms“1 and (121"'+10,?)m
respectively.

i, =20 kmh™ =E;—0 ms™

I, = 12kmh™' = E ms™
3

. 1 5,
Using, sy =uyt+-a,t
Taking downward direction as positive, we get
= u,= 10 ms™, g =10 ms>
s,=50m, u, = 3 »a,=10ms

= 50=—Et+1(10)t2
3 2

= 10=—3t+t2
3

= 3t2-2t-30=0

;244360 _2+19

=
2(3) 6
= t=g=z=3.5s
6 2

Speed with which the bag strikes the ground is v given
by

" = u® +2gh where 12 = u+u

= v:,}uf+u§+23h

> v=\/@+@+(z)(10)(50)
81 9

2
¥

= v=32ms’

Test Your Concepts-ViI
(Based on Relative Velocity)

Done already.

Vor

w _ 400 _

a) t=—= =40
(@) 0 s

Upy

(b) x=vt=80m

v, = Velocity of snow flakes =8 ms ™',

v, = Velocity of driver =50 kmh™ =139 ms™
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Since we know,

5511' =55 7513’
= 9=tan1(1£;'9]=60°

Done already, see theory.

The situation is shown in figure

Let A and B be the positions of two ships respec-
tively. The ship A at 9 am is 30 km south-west of
B,ie, AB=30km. AB makes an angle 45° with
the east. A travels in the direction AC with veloc-
ity 10 kmhr™ . Let B travels in the direction BC and
interception takes place at point C after a time f.
Then AC=10t and BC=15¢.

(a) Let BC makes an angle § with BA

In triangle ABC, we have from Lami’s Theorem

10t 15t
== —
sinf sin45°
. 10fsin45°
= sinf=——
15t
= sin9=£xi=0.4714
15 V2
= 0=28°

Now, ZBCA =180° - (45°+28°)=107°

(b) From triangle ABC, again using Lami’s Theorem,

we get
15t 30
sin45°  sin107°
30sin45°
= f=—«——
sin107°

;. 2sind5° 2( 0.7070

= ) =1.48 hour
sin107° 0.9563

Hints and Explanations H.87

Let t be the time after turning back of the motorboat
when it again meets with the raft.

Throughout the journey raft moves with v, (abso-
lute velocity of river) while the boatman travels with

(03, +v,) for 1 hour (downstream) and with (v, -, )

for t hours (upstream). Since,
Displacement of raft = displacement of motorboat =
6 km

= v,(1+t)=(1,+0,)(1)=(7, -0, )(t)=6 km
Solving, we get

t=1hr and v, =3 kmhr !

(a) If we consider elevator at rest, then relative
acceleration of the bolt is 4, =9.8+1.2=11ms™

(downwards).
v=0
sy !
- ‘32
2

After 2 second velocity of the elevator is
v=at=(12)(2)=24ms . Therefore initial
velocity of the bolt is also 24 ms™ and it gets
accelerated with relative acceleration 11ms™.
With respect to elevator, initial velocity of bolt
is zero and it has to travel 2.7 m with 11 ms™.
Thus, time taken can be directly given as

a 11

(b) Displacement of bolt relative to ground in

t=0.7 s is given by
§= ut+lat2

= s=(2.4)(0.7)+%(79.8)(0.7)2

= s5=-072m

Velocity of bolt will become zero after a time,
say f;. Then

{v:u—gt}
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Therefore, distance travelled by the boltis s, ;, = s, +5,

o1

= Sbolt=§+5g(t_t0)2

2
24)  198) (0702457 =13 m

*bolt =5 98) T 2

Here,|f;A‘=|5B|=y

Change in velocity, A% = -3, =0 +(~0,)

Angle between v, and 7p is 6 =40°
Since

| 40| = | — 0,4 | = |0k + 0% + 20,40, cos (180-6)

= |A8|=|5, -, |=o? + 07 - 20,c05(40°)

= IAU\_|7JB—UA|_\/_U\!1 cos(40°)

= |AB|=|d5 -, | = V202 ’sm
{ 1—c039=23inz[§)}
2

Ships A and B are moving with same speed
20 kmhr™" in the directions shown in figure. It is a
two dimensional, two body problem with zero accel-
eration. Let us find o,

= |AG|=2vsin(20°)

Vie—tA
.Y
B
AB =10 km
Upy =05 =Ty
Here, |5, | = (20)* +(20)* = 20V2 kmhr !

ie., Uy is 20v2 kmhr™ atan angle of 45° from east
towards north. Thus, the given problem can be simpli-
fied as:

Vg = 20 kmh!

10.

Ais atrest and B is moving with 7y, in the direction
shown in figure.

Viga = 2042 kmh™'

45°

—V = 20 kmh™

Therefore, the minimum distance between the two is

Smin = AC = ABsm45°—10( ]km 5v2 km

5

and the desired time is

BC 52
e BC=AC =52 km
54| 20v2 { )
= t=ihr=15minutes

This is a case of two dimensional motion. Therefore,
acceleration of car B with respect to car A is

Agg =g =y
aEAI 5’5 = 4 mS_E
N
"

T = -2
-a,=2ms

Here, i = acceleration of car B=4 ms > (due north)

and i, = acceleration of car A =2ms™

|aga|=(4)*+(2)" =245 ms™

and o= tan"l(g] =tan"1(2)

(due east)

Thus, dg, is 2/5 ms* atan angleof o= tan'(2) NW

ie, at an angle a=tan"'(2) towards the north of
west.

Time for which train A accelerates is t; (say). Then
80=0+6t



11.

12.

Distance travelled is say x,, given by

(80)°-0%=2(6)x,

6400 1600
xl = —
12 3
In time #,, train B must have moved forward by

x2=60(@)=800m
3

So, total remaining distance is
x=60007(l’1+5(2)

= x=6000—($+800)

14000
Y=——m
3
If the trains now meet in time #, , then
14000
x 3
fy=—=—2_
Urel 140
100
)

14

So, the distance travelled by A , when both meet is

xA=@=3200m
3

Let a, be the relative acceleration of lift upwards.
Then

_Zu_ 2u
_ar _a+g
aZZu—gt

t
v, =u—vsin@ and v, = vcosf

Absolute velocity of boatman is along AB ie., it
makes an angle 45 degrees with x-axis. Hence

v
tand5°= L =1

Uy

13.

14.

Hints and Explanations H.89

= u-vsinf=rvcosf

u u

= 7= =
sinf+cosf  2sin(0+45°)

The minimum value of v is when 8=45°. So

u
UMIN = E

In order that the moving launch is always on the
straight line AB, the components of velocity of the cur-
rentand of the launch in the direction perpendicular to
AB should be equal, so,

,for 6=45°

B B
; 7
.
u 7
Al A
usin = vsina (1)
Also, S=AB=(ucosf+vcosa )t ..(2)
Further BA = (ucosff—vcosa)t, ..(3)

Solving these equations, we get
u=8ms"! and p=12°
(a) v, >wv,, the man cannot reach the point directly

opposite to his starting point just by rowing. He

will experience a non-zero drift and hence has to
walk to reach the destination.

|'T;br E

In the situation shown in figure, if #, is the time
taken to cross the river, then

I 120 40
v, c0860  3cos@ cost

| ———— ]

Ve

tl =
. . . 40
Drift, x=(v, -v,,sin0)t=(4 —3sm9)(—)
costl
If, v,, is the walking speed of the man (=1ms?),

then ¢, = X is the time taken by him to walk and

w

reach the point opposite to the point of start.
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ty= % =(4-3sinf) 17. Time taken by the pedestrian to cross the track, t= d
cos v
Total time t=1 +t, So, minimum distance required for cyclist is
Vd
4 Smin = Vi=—
=2 (5-3sin6) v
cosf

: !
. dt 18. (@) (v.),=(v,),=3sin6 kmh
For t to be minimum, i 0

w 0.5 10 .
) ) . = t= = ——— hour = —— minute
=  -3cos 0+(5-3sinf)sinf=0 (v,), 3sin® sin@
= b5sinf=3 . €
_1( 3 ) i wn y
= f=sin"| - ! = IS
5 ! Vsr I
i £ X
So, he should row at an angle 90°+51n1(%] /{ §
upstream. Vr
40 3 16 Time is shortest at sinf=1 or =90°
b) tpn =| — (5—3X—)=50(—)=16OS ®)
4/5 5 5 fiin = 10 minute
15. (a) Let the two meet at a distance s from ground. (c) Since, v, >0, , 50 he can not reach the other shore
Then at the point directly opposite to his starting point.
If he starts at angle 6 as shown in figure he will
s—12:18t—1(9.8)t2 (1) reach a distance.
2
and s-5=2t .(2) x=(vsrsin9](vr+vsrc039)
Solving these two equations, we get
- v, + 0, cosf
t=365s and s=12.3 m For x to be minimum ang should be
sin
(b) ©,=18-(9.8)(3.65)=-17.8 ms™ minimum
N d | v, +v,cosf ~0
ie., velocity of ball is 17.8 ms™ (downwards) at p7) sind -

the time of impact.

2
- 6 (v, + 0, c0s8)(cosB) =0
So, the relative velocity is 19.8 ms™ (downwards) = Oy 0= (0, +0,, cos) (cos6)

= 0v,c080=-0,

16. t=@=503
v, 3
= COSB:__=_§
v?’
(a) Ur—ﬂ=08m’1
) 4
= sm9=§
(b) v=+o?+v2 =(08)*+(1.6)* =179 ms™
1
_'—1&_-—1%_'—11_0 = x-=i5+3cos(127°)
(C) g =sin (Usr]—SIH [].6)_811‘1 (2)—30 min 3511‘1(1270)( )
Hence the swimmer should head at (l)
(90°+30°)=120° upstream. = 2 (5—%)=§km

X . =



ICON

Hints and Explanations H.91
1) P

19.  Upc = velocity of rain w.rt. cart =9, -7 . . d
ke y RTc and so time taken for nth trip is , = ——
From figure, we observe that 27

However, we observe that

tana:% b+t +ty+..+t, =T
d d d d d
= o=tan"'(3) = ——t—tt——=—
4v 8v 16v 2" 2o
—Vo=2ms 1 1 1 1
= —+—+—+.+—=1
2 48 2"
1 { ( 1 ] ] <
B 1_ P n
2 2 . a(1-+") oz
= 71 =1 A S" - w
N Vg=6ms™ 1-2 1-r
VAc 2 -
<
1 n 1 n
20. Time taken by the mirrors to collide is T = S = 1- ( E) =1= (E) =0 T
vtv 2o U
Speed of the particle with respect to the approaching = noe
mirroris (v+3v)=4v. Total distance travelled by the particle is
d
Time taken for the first trip is f; = — Siotal = 0T = (3w )[d) = y
dv v) 2

New separation between the mirrors just after first trip Single Correct Choice Type Questions

, d .
Le,at f; = . 1S
v

1.

x=d-(o+o)ty MISCONCEPTION

= y—d- d_d Taking east direction as positive, we have
2 2 u=+9ms™ and a=-3 ms
So, if t, is the time taken by the particle for the second a
trip, then Seih =u+5(2(5)—'l)
g 2

t, = 2 :i = 551h=9__(9)=0

2 0+30 8o 2
New separation between the mirrors just after second Actually this is not the correct answer, because we

must observe that the particle reverses its direction of
motion (v=0) at t=4.5s which lies in the specified
interval. So, we will proceed other way round.

d
tripie, at t, = ™ is
0

x,==-(v+0)t,
Since the total distance is
d d ds = vdt
= X =——(20)(—) S=0
279 8v
d d d = Stotal = jvdt
= Xp=———=—
2 4 4 £5 5
So, if t; is the time taken by the particle for the third = S =| | vdE|+ Jvdt
trip, then f s
d |
jo=_ 4 =i Now Jvdt=J(u+at)dt=ut+—at2
ot 3v 16w 2
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2
= sml=‘9(4.5—4)+%(—2)‘{(§] —(4)2]+

1 , (9
9(5—4.5)+E(—2){(5) _(E) }

= S =145-4.25/+]45-425/=05m
Hence, the correct answer is (B).

dov
=2
=

= a=8-2(5)

= a=-2ms>

Hence, the correct answer is (D).

For constant speed, ar =0

= a=ar=4a —VTZ
— b —uny ="~
R
2
v
= (8¢=
J (200)

= 0*=(0.8)(10)(200)
= v=40ms’

18

= ©v=40x— kmh

= =144 kmh™
Hence, the correct answer is (C).

Lettheballs A and B collide at the point P a distance
h from the ground. Let u be the velocity of launch of
B and the launch velocity of A is zero. At the point
P, final velocity of A is

vy =2¢(H-h) (1)

and that of B is

vB=\ﬂuz—2gh ..(2)

Also, for the balls to collide at P, time taken by
A to reach P equals time taken by B to reach P.
So we have

(H—h)=%gt2 -0
—ut-Lop (4
h=ut zgt @
From (3), t= 2(H-h)
8

Substitute in (4), we get

Substitute (5) in (2), we get

_ | st
i T e 0

Since v, =2vy

= vi = 4v§

4H*g

7 BH= 0

~8gh

2

2H%g
2gH -2¢h= -8gh
= 48 T

= H—h: —4h

H-h
H?2
H-h

-H=3h

_H
3
Hence, the correct answer is (D).

= h



ICON

o0
5. tanﬁ — Vwind sinf
Uhoat + Uyind €OS 0
N
_ Vorr
Vgoat | Wind
|
I
w— K8 o
B
- / VR
~VBoat ’
S
72sin(135°)
= tanffl=—— —
51+72cos(135°)
= tanff—o e
= ﬁ = 9(°

i.e., direction of flag is towards east

Hence, the correct answer is (A).
1 1 2
6. L=—gt?——g(t-T)
2 J 2 8

Solve t= Z + L
2 4T
Hence, the correct answer is (B).

7. Let the point B be situated at a distance x below A.
If the particle reaches B in time ¢, then

x=%gt2 (1)
AQ I
X
ot
h
of |
h
N
For AC, x-*-h:%g(ﬂz)2 .(2)
For AD, x+2h=%g(t+3)2 .(3)

Solving (1), (2) and (3), we get
t=05s
Hence, the correct answer is (B).

8. At the maximum height, v=0
= 0" -u"=2(-g)(h)

10.

Hints and Explanations H.93

= u=,2gh

= u=+2(10)(20) =20 ms™

If + be the time taken by the ball to reach the maxi-
mum height, then

O=u-gt
= 0=20-(10)t
= t=2s

So, time taken by the ball to return to juggler’s hand is
4 s. To maintain a proper distance between them, the
balls must be thrown up at an interval of

At = Es =1s
4
Hence, the correct answer is (B).

Let hail fall along the vertical with a velocity .
In the reference frame fixed to the car, the angle of
incidence of hailstones on the windscreen is equal to
the angle of reflection. The velocity of the hailstone
before striking the windscreen is v-v; (by triangle
law of vectors). Further the hailstones bounce verti-
cally upwards (from the viewpoint of the driver) after
reflection from wind screen of the car. If angle of inci-
dence and hence the angle of reflection both equal S,
then o +2f, =90°.

Further tang = v
U

= tar'1(90—2,5'1)=v1
1

- Y_ cot( 2B, ) {for 1st car}

U

Similarly for second car

= = cot(2f;)
Uy

v _cot(2B,) cot(30) V3 _3
v, cot(2,) cot(60) 13 -

Hence, the correct answer is (A).
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11.  Let v be the velocity of escalator and u be the velocity
of the person. Then

bo=— (1)

u
!
Further t, = - (2
v
If ¢ be the time taken by him to walk up the escalator,
then
[
b= ——
u+v
From (1) and (2)
u=—and v= 1
1 5]
[ !
= 1= =
uto 11
b b
__ht
t +t,

Hence, the correct answer is (D).

12. Since both are falling under gravity, so relative accel-
eration of one stone w.r.t. other is zero. So,

Ax = (1 + 1y )t = ut [ou =0}
So, the graph is a straight line passing through the
origin.
Hence, the correct answer is (C).

13. Velocity of wind is 10 ms™ from South to North i.e.

T_fwind. =10 }

But, to the cyclist it appears to blow from the East at
10 ms™. So, velocity of wind relative to the cyclist is

10 ms™ from East to West i.e.
TVwind/cyclist = -101
Since Uwind/cyclist = Uwind — Ucyelist
cy Y

= -101=10 ] - Veyelis

14.

15.

16.

17.

Hence, the correct answer is (B).

u-% _\/ﬁ_\/ﬂ

bt [s_ [
b o
)t

= v:( 4,0,

U_
t

= 0=(2)(8s)t
= v=4gt
Hence, the correct answer is (A).

The graph shows the following v-s relation i.e.,
V=5

@ _
ds

vdv
S- — —
ince a ”

= a=v(1)
= g=v

So, a-v graph is again a straight line passing through
the origin and inclined to the x-axis at an angle of 45°.

Hence, the correct answer is (C).

According to Law of sines or Lami’s Theorem

A __ Y _ Ysa
sin75’ sin60’ sin45’

= ©vy=717 kmh™

Hence, the correct answer is (C).

Since, h:%gtz (1)
oh 1 )

d 2o g(r-1 2

and J5=58tt-1) @
3 -1

= —=—
P

= 3t=4dt—4

= t=4s

= h=80m

Hence, the correct answer is (C).
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18. The graph shown is actually for 20.

1
§= utf—atz
2

Lets see this, by making the LHS a perfect square.

2 2
S [N ML
2 a - oa

2a 2 a
= s=_Ir2
2
s—u’ u .
where 5= and T=t-— and the origin at
2a a
2
(T=0,5=0)= (” . ]
a 2a
21.
u ut
So, —=25 and — =100
a 2a
2
= “—:5[5)=100
20 2\a
= —(25)=100
u=22 _ g0 ms’!
25
and a=@=32 ms~
2.5
Hence, the correct answer is (C).
1
19. = _gt?
5 zat 2.
1 2
sz-(at)t—Ea—
2
= sz=at2—£
8
7at*
= SZZT

Hence, the correct answer is (A).

Hints and Explanations H.95

v; be the initial velocity i.e. velocity at lowest point

= v=ul

v, be the final velocity i.e. velocity when the string

becomes vertical. So, we have
v -0f =2(-g)L

= U= u? —ZgL (in magnitude)

Vu?-2gL = v,
u=v,

L.
= U= (ﬂ'uz —ZgL)}'
AG=7; -5, :(Jul—sz)}'—u%

= |A7 =\/uz—2gL+u2 =\/2(u2 —gL)

Hence, the correct answer is (D).

CHAPTER 4

v:d—x=3a52+2bt+c
dt

= u=v| =c (1)
t=0
= —@—6at+25
dt
= aq| =2b
1=0
a
- f=9=2_b
C
v
t=0

Hence, the correct answer is (B).

P
a=—
mo
dv P
= p—=—
dx mov

{+ P=constant }
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23.

Uy X
0 P
= — =—| x
3, mU b
3 3 3Px
= vz —E)l =
m

m 3 3
= x=—oHJ\wn-v
3P( 3-01)
Hence, the correct answer is (C).

d
—U=afbv
dt

v t

- J do =Jdt
a->bo
0

0

= —%[logg(a—bv)—logf(a)]:t

At t=0 ie. initially, velocity must be zero (as stated
in the Problem) and this condition is met only by
Option (A).

Hence, the correct answer is (A).

24. Initial velocity of dropping = zero

Let v; be velocity at end of 10 s.
= v=gt

= ©1,=100 ms™

Distance travelled during this time is

o? (100)°
h1=—=—
2¢  2(10)

= Iy =500m

So, a remaining distance of 2495-500=1995m
has to be travelled with a retardation of 2.5ms”.
Let the parachutist strike the ground with velocity .
Then

v*—v?=2a(h-1)
= 07 -(100)* =2(-2.5)(1995)
= v =10000-9975

= 02=25

25.

26.

27.

= v=5ms’?

Hence, the correct answer is (A).
Since g= ( MTH) ) t

(1000+9000 ) ;
2

8
10000

= t=8x10"s
Hence, the correct answer is (B).

8t+1(2)tz=4t+1(4)t2
2 2

= 8+4i=4+2f

= t=4s

S 1,000
ince s, =8t+5(2)t

= 5, =8(4)+(4)

= 5,=48m

Hence, the correct answer is (C).

Ly a1
Yodr 24t 27
dy
vy=E=27t { v, =4-2}
a,=-2ms™ and a, =-1 ms™
1, =v,],_,=4ms" and i, =0, ‘t:(] =2ms

Since we observe that a, and a, both are negative
but u, and y, are positive, so motion is retarded ini-

tially and accelerated once the direction of motion is
reversed.

Hence, the correct answer is (D).

. Let the ball be at height h at time t and time (f + At).

Then

h=ut—%gt2 and (1)

h=u(t+At)f%g(t+At)2 -.(2)

Equating (1) and (2), we get

g 2u-gAt ..(3)
28
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Hints and Explanations H.97
1) P

Substituting (3) in (1), we get v

1 =—2 =—aw’sin(wt)
4 - g (At) Yoot

8g . T3
: So, acceleration is , [a? + a,
_1 TRy
- "= 8gh+g7(Al) = Acceleration = aw?

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

32. For 0<t<2s

h=

0, = & =30cos(6t) and
dt

(11=2m5_2
dy . <
0, =~ =30sin(6t) o o, o
dt TT|
= = vf+v§=30ms’1 vy t E
So, we observe that the speed is constant. Hence - Jdvl =2J.dt <
distance 0 0 L
x=ot = p=2 (1) WY
= x=(30)(4)=120m dx,
= —=2t
Hence, the correct answer is (D). dt
. Let the acceleration be A and initial velocity be U. = dxy =2tdt
Then X 2
a=Up+lAp2 (1) = del =2Jtdt
2 0 0
1 2 2
a+b=U(p+q)+<A(p+ 2
(p+a)+5A(p+1) I
1 2
q(l)—P(Z) gives For 2s<t<4s
1, =1ms™
qa-pb= %Apzq - %qup - Ap'q :
do,
1 1 DT
= q-ph=—_Afp-_Apy
)] t
2
= ph-qa=~Apg(p+q) - jd” =.[dt ot
2 4 2
R A=2(pbfqa)=2(bpfaq) = v,-4=t-2
pa(p+q)  pa(p+9q) = =241 2)
Hence, the correct answer is (D). dx
= —2-24¢
dx dt
v, = — =—awsin(ot)
dt Xy 4
= |dx =J(2+t)dt
a, = s - a0 cos(t) j ’
dt 4 2
Similarly = x2—4:2(2)+1(42—22)
dy 2
vy=E:aa)cos(mt) = x,-4=4+6
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= Xx=14m 23
’ 3. s= £ + £
2 3
Now 9| =6ms™ P
bt o=t
With this initial velocity and a retardation of 1.5 ms_z, dt
the particle will come to rest in a time t (say). Then = ap=1+2t
0=6-(15)t ar|,_, =5ms”
= t=4s 5
d 2 vp|_
So, for a further 4 s, i -15 Now g. = Ir _ ( ! "‘2)
dt r r
dvy =-1.5dt 2
= ac= @ =12 ms
[ t 3
= -
Ja’vg - 1'5Jdt Since a° = a2 +a;
6 1
= *=144+25

= v3-6=-15(t-4)

_ -2
= 03-6=-15t+6 = a=13ms

Hence, the correct answer is (D).

= ©vy=-15t+12 .(3)
35. v=.[2¢h
o B g5
dt = 1p=42(10)5
x 8 8 -1
= v=10ms
R [
14 4 4 f= %
52 8 8 g
= x-14=-15 E +12( t 25
4 4 = [I= F:ls
= x-14=-15(32-8)+12(4)
So, total time to hit the bottom from the surface is
= x-14=12 ,
'=5-1=4s
= x=26m o ot
Please be careful while taking the limits in each = d=(10)(4)
interval. = d=40m

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

36. Whenever a particle separated from a body moving

33. 80kmh 'NE= 80( l; + L}J =Ty with some velocity and having some acceleration, then
22 the particle separated always retains the velocity of the
. 1~ 1-) . body but does not retains its acceleration. So, in this

60 kmh™ SE = 60( h \/51] =Us case we have the velocity of the balloon at t=8s is

_ _ -1
Since 045 = velocity of A relative to B=7, -0 0=0+(1.25)(8)=10ms™ and

R . 1
= ﬁA}B:TjA_E_)E =10\/§T+70\/E] Sballnon=5(1'25)(64)=4om
. When released the stone has a velocity of 10 ms™ up.
= 6f=tan (_] So, for the stone, we have

Hence, the correct answer is (D). s=ut+ 1at2
2



= —40=(10)t+%(—10)t2

t2
= 4=ft-—

2
= 8=2-
= -2t-8=0
= P -4t+2t-8=0
= Ht-4)+2(t-4)=0
= t=-2s5o0rt=4s

Hence, the correct answer is (C).

37. v=,2¢h and v’ =2¢(h+x)
= v’:,/Zgh(l+%)

Since x < h

v’ =v(1+i)
2h

. . X
Increase in velocity = .

Hence, the correct answer is (A).

B3| =

38. 2=(vcos®-10)t and

3=(vsind)t
2m
[——————»|
£ 10 ms™ 2
® > E
7]
s~ ) (vcosd - 10)
- t=i(i_2)
10\ tan®
1
Y
0
4
o t=1(4-2)
10
= t=02s

Hence, the correct answer is (A).

ICON

40.

41.

42,

39. Since slope of v-t graph gives acceleration, so we
observe that at all the instants acceleration of P is

greater than () .

Hence, the correct answer is (D).

Hints and Explanations

Since, t=\/@ and t’:\/m
8 g
1

> p= &(HE)Z

g h
= t-t= il
2h
Hence, the correct answer is (C).
a=-0.6-0.001v*

vd—v =-0.6-0.0012°
dx

0 5

j vdivz __ j i
0.6+0.001v

60 0

0
1000 J‘ 2udv
= — =—5

2 Jors600
60
1000 0
= s=_—loge(vz+600)
2 60
= s=—50010ge|:62.;0:|
(60)"+600

= s= —SOOIOgE[%)

= s=500log,(7)
= $=500(1.946)

= 5=973m

Hence, the correct answer is (C).

Vmax

Since t; +t, =104 s

> B q0a

Umax Umax

H.99
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43.

4.

45,

46.

8+96 104
vmax
1
Dy = 10 10 ms
104

Hence, the correct answer is (A).

5=?=d—: =—aa)sin(a)t);-«-aa)cos(a)t);"-k-bfc

|0l = Ja?w?® + b?
Distance moved by the particle in one full turn of helix
is given by

s=o|T= 2—?[\1112(92 +b?
0]
Hence, the correct answer is (B).
Area under a v-t graph gives the distance travelled. So
1 1
s=(20 )(6)+5(20+ 45)3+E(3)(45)

= s=120+165
= 5=285m

Hence, the correct answer is (C).

" 2 (L
TJH',:ﬁ?‘f‘ﬁ]

o, = (at)]

—
>

It appears due east when, the y component vanishes.
So

[

V2

—at=0

Hence, the correct answer is (C).

From graph

v} =(final velocity )’ =900 km*h2

47.

48.

49.

50.

v? = (initial velocity )* = 3600 km”h 2
s = Distance covered = 0.6 km
Since, v} — v} =2as we get a=-2250 kmh?
Hence, the correct answer is (C).

v-u_ 10-25

t 3

-5 ms™?

{Retardation}

1
s=ut+—at’
2

S s=25(3)+%(f5)(9)

= §=75-225
= s5=525m

Acceleration is constant, so (C) happens to be incorrect.
Hence, the correct answer is (A).

I+1

R
20,0
= Up=—12=48kmh™’

Hence, the correct answer is (D).

Vrain/girl

_____

Vgirl

tanﬁ _ Ugirl + Uiy SIN O

Uyiy COS O

8+10sina

= tanffl=——
10cosa

Hence, the correct answer is (B).

The particle strikes the point B, when the velocity of
the particle with respect to the platform is along AB
i.e., the component of relative velocity along AD must
be zero.

= v-2vcos0=0
1

= cosf==
2

= 06=60°

Hence, the correct answer is (C).



51.

52.

53.

54.

55.

ICON

In this problem, we must check that the distance
travelled by the elevator while accelerating plus the
distance travelled by the elevator while decelerat-
ing must equal 100 m. If this is not satisfied then the
remaining distance must have been travelled with a
uniform speed equal to the maximum speed attained
by the elevator at the end of accelerated motion.

Hence, the correct answer is (B).

Let v be the velocity of the river and u be the velocity
of swimmer with respect to river. Then

2d
h= (1)
u? - v?
Further
d d 2ud
t = + — ans 2
2T U400 u-v ut-v? @
2d
and t; = — .(3)
u

From (1), (2) and (3), we get
1 =tt,
Hence, the correct answer is (D).

On passing through a plank of thickness x, the velocity

of bullet becomes %u , where u is the initial velocity.

2
(I%J —u? =2ax (1)
20

Let the bullet further pass through n planks. Hence
total number of planks = (1+1)

0*—u* =2a(n+1)x ..(2)
Solving we get, (n+1)=11
Hence, the correct answer is (B).

L 6km _
T 2(1hr)

3kmh™

Hence, the correct answer is (A).

For rain drops to strike the wind screen normally,
velocity of rain with respect to car Up- =0, —7¢
should be perpendicular to the wind screen.

So, components of 7 and -7 parallel to wind screen
should cancel each other.

= 6coso=2sinu

= tano =3

= a=tan '(3)

Hints and Explanations H.101
Hence, the correct answer is (D).
56. For AB
200:(20”’],&1 (1)
2
Tld—fg—ﬂhi:
(72 kmh™ = 20 ms™)
For BC
400 = ot ..(2)
For CD
600:(20+U)t3 .(3)
2
1
= tl = 5'53
= 400 = 4ot
= ovh =100 .(4)
Divide (1) and (4), we have
9 20+0
2v
= 4v=20+v
20 4
= v=—ms
3

57.

= 4=155,t,=60s, t;=45s
Hence, =t +t, +;

= t=120s=2minute

Hence, the correct answer is (C).

From O — A we have acceleration varying linearly
with time hence

CHAPTER 4
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58.

= a:gt
6
dv 5
= —=—t
dt 6
7 5:
o Jaomfia
0 0
= 'Ul—itz
12
1_9 .
Further o, =—=—t
12
x 55 6
= Idxlz—jtzdt§x1=—f3
12 0
0 0
5 (.3
= x=—(6)=30m
136

For A — B the acceleration is constant and have
a value of 5ms”. Now velocity at point A is

vl=%(36)=15 ms™

1
= xz=v1(6)+§(5)(6)2
= x,=180m

So, total distance travelled is x =30+180=210 m

Hence, the correct answer is (B).

Let u be the initial velocity and a be the acceleration.
Then

2=M(2)+1a(2)2
2
= u+a=1 (1)
42= u(2+4)+%a(2+4)2

= 42=6u+18a
= 07=u+3a
= u+3a=07 .(2)
From (1) and (2), we get
20=-0.3

59.

60.

61.

a=-0.15ms™

and u=115ms"

v =u+7a
(=75
= 9| =115-7(0.15) = v| =115-1.05
t=7s t=7s
= v =01ms™!
t=7s
Hence, the correct answer is (A).
1 5
For A= B, h=§gtl ..(1)
1
For A=C, 2h=58(t1+t2)2 (2
FOIA—)D,3h=%g(tl+tz+t3)2 .3)

Please note that #=0 for all the intervals that start
from A.
From (1), (2) and (3), we get

toity ity =1:(\/§f]):(\/§7\/§)
Hence, the correct answer is (C).

Initially, when both are thrown up simultaneously,
then acceleration of A w.r.t. B is zero (as both fall under
the influence of gravity). So, relative position versus
time plot is a straight line. Now the particle A reach the
ground and stops, so its acceleration becomes zero and
hence the relative acceleration of Bw.r.t. Ais g.
Therefore the relative position vs t graph is now par-
abolic. So, the variation plot is first linear and then
parabolic.

Hence, the correct answer is (D).

Initially let the dog and cat be at A and B respectively
with their velocities perpendicular to each other as
shown
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>@9—<

FIGURE 1: Positions of dog and cat at t =0

The cat has a velocity constant in magnitude and direc-
tion but dog has a velocity continuously aimed at cat
i.e. constant in magnitude but varying in direction.
Let at any instant f, v makes an angle 6 with u. Then
let us resolve u parallel to v and perpendicular to v as
shown in Figure (2). Component parallel to vis ucosé
and perpendicular to v is usinf

Relative velocity of dog towards cat is

A

FIGURE 2: Positions of dog and cat at time f
The negative sign on RHS indicates that the distance
between cat and dog decreases if the dog has to catch
the cat.
= —dx=(v-ucos@)dt

0

t t
= —J.dx :Jva‘t—J.(ucosG)dt
0 0

i

t t
= I=J‘vdtfj‘(uc059)dt (1)
0 0

For dog to catch the cat we must have

Horizontal Horizontal
displacement |=| displacement
of CAT of DOG

t
ie., ut:J(vcosB)dt ..(2)
0

62.

63.

Hints and Explanations H.103

t

From (2) J-(cosﬂ)dt _ut
[

0

Substituting in (1), we get

ut
I=vt—u(—]
v

(v2 fuz)t

v

[=

vl

UZ *MZ

= I=

Also for dog to catch the cat v > u.
Hence, the correct answer is (A).

U2°CS

= acceleration is constant.

CHAPTER 4

Hence, the correct answer is (A).

AB=(100 X i}t metre
18

CD=(60xi)t metre
18

For BC, v; =vg +at

= 60x£=100x£+a(4)
18 18

= 4dg=-40x i
1
50 25
- T 2
18 9
So the distance BC is

BC:100><3><4+1(—§](4)2
18 20 9

poo 1000 200_s00
9 9 9

However AB+BC+CD =3000 m

= (160)(£]t+@=3000
18 9
4
= ﬂt+@=3000
9 9

= 400t +800 = 27000
= 400t =26200
= t=655s

Hence, the correct answer is (C).
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64. If we take the maximum attainable velocity as 24 ms™,

then to accelerate with 1 ms™ (from rest), the time is

h=24s {-24=0+(Dt}
v(ms™)
L R I
1 } 4
|

During this time the distance covered is observed to be
1 2
S =yt
1 D) 11

= 5 =%(1)(24)2 =288 m>200 m

which is not possible.

So, the car must attain a v,,,, <24 ms™
Let that maximum velocity be v. Then
t,+t, =t (say) and s; +s, =200 m

v v

= —4-—-—=t
1 4
4
5

Now s; +5, =200

= U

v’ 0*

= —+——=200
2(1) 2(4)
16t 16+
— =
50 200

= 16t2( >
200

200

J-a0

= #=500
= =224s

You could have directly applied the formula

o).
S_2(a+ﬂ]t

where s=200m, t="?

o=Tms and p=4 ms 2

= t=2245

Hence, the correct answer is (A).

65. Let the length of the escalator be /. If u be the velocity

66.

of person, then
l

90 = (1)
u
If v be the velocity of the escalator, then
!
60 =— .(2)

v

If £ be the time taken by him to walk up the moving
escalator, then

f=—— (3)
From (1), u= i
"9

From (2), v=—
(2) 0

Substituting in (3), we get

_(60)(90)
©60+90

= t=36s

Hence, the correct answer is (A).

Let the particles collide at time f.
[
Vit c
B_—. Vgt
I
2 A
Ta
o >
For particles to collide at C
= FB*FA=(T_JA*T_)B)t ...(1)
= | —Ty|=|0, - Tyt
g —T
= t= |_B _A‘ .(2)
|05 = 0a |

Substituting (2) in (1) and rearrange to get (D)
Hence, the correct answer is (D).

. dv _ a2
67. Smce,E—(g cx)

= v@— —cx?
dx_g



68.

69.

70.

ICON

0 ft 72
= jvdv: (gfcxz)dx
7 0
2 3
g cx
= _E:gxm_ 3m
2
cx Y,
= "'=gxm+3”

- 6gx,, + 305
- 3
2x;,
Hence, the correct answer is (D).
a
5 = u+5(2n -1)

= S =0+%(2H—1)

73.
a
= s,=—(2n-1)
o2
= 5:8,:5,=1:3:5
1:52:53 71
Hence, the correct answer is (C).
U=1ii+at
= 7=(6i+8])+(0.81+0.6])10
= 5=(6+8)i+(8+6)]
= =141 +14] 75.
= |5]=14V2 ms™
Hence, the correct answer is (C).
Distance moved by the car is the area under v-t graph.
So,
1 1
=—(3)(3)+=(3)(3
Stoal 2( )(3) 2( )(3)
= Spotal = 9m 76.

v

3ms™

|

|

|

|

|

|

|

|

.
0 1 2 3 4 5 &6

Hence, the correct answer is (C).

Hints and Explanations H.105

. For OA, we have a=%t

= dov= EMt
4

4
= p,= Ida = %J-tdt =10 ms™
0

Otherwise, we can also observe that Av= Area under
a-t graph. So,
Av=v=10 ms™
For AB, we have
Vg =Uy +at
= 0,=10+(5)(4)=30 ms™

Hence, the correct answer is (A).

For constant acceleration, assuming u =0, then
v?ocx or soct?
Hence, the correct answer is (D).

s= Area under the graph
1 1
= 5=—(8)(2)+=(12
5=5(8)(2)+-(12)(3)

= s=8+18

= s5=26m
Hence, the correct answer is (C).

Maximum acceleration is from C to D. So

,_60-20
" 1-075
40
1=—

0.25

= =160 kmh™

Hence, the correct answer is (B).
- ':+ [
Uman = —=i+—
man \/E \/E}
Let I_Jwind = a? + b}

= Owind/ —( i)h(b i}
wind/man — - _\/5

v

=&

bh-

&

= tan(270)

= tanf=

S|

>
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77.

78.

-

N

When the man doubles his speed

]=~E(zﬁ+v}')

= Dwind =——i+b]

U =2

(1;4@
man \/E \/E]
= f?:fvind/man=(i_ﬁv)g+(b_\/§v)}

J2
| b—+2v ZU—\Eb
= tanf' = - =
EREVANE
J2
But & =270-cot™(2)
= tan[270-cot™(2) ] = 2= V2
v
= cot[cot‘](Z)]=2U7J§b
v
= 20=20-2b
= b=0
Dwind = —1
W _JE

Hence, the correct answer is (B).

Distance between two cars leaving from station x is,
1
d:(g)xéﬁzlo km

Man meets the first car after time,

= 60 _1 h
60+60 2
He will meet the next car after time,
10 1
PT60+60 12
In the remaining half an hour, number of cars he will

12

meet again is, n=——

,

/

So, total number of cars would be meet on route will
be 7.
Hence, the correct answer is (B).

h-zgt (1)
z—zg(t 1) .(2)

Solving (1) and (2), we get

79.

80.

81.

t=242s
But 2-v2<1s
= t=2+2s
= t=341s
Hence, the correct answer is (B).

dv
A-Bv

=dt

A
- A—BU= _Bt
A
= v=é(]—e’m)
B

Hence, the correct answer is (C).

Let the distance travelled by each car be s, then
v] - vz = UO

= 20,5~ 2,5 = and

Hence, the correct answer is (D).

For safely crossing the road the pedestrian must
cross the road by the time the car travels a distance
(12+2cot®) (see figure).

2m

I 1
[ 1
| - ! P |
(= E'ﬁ 1
| CAR E—— e 1
C\JI N:/g/ 1
[ 1
[ P — 1
[ 1
I 1



82.

83.

84.

ICON

12+ 2cotf 2
So = —
8 vsin®
B 8
6sinf + cosf
For v to be MINIMUM
do
= —=0
dao
= tanf=6 {Answer to PROBLEM 82}
= 0= 8 = 8
cos@(6tanf+1) cosB(36+1)
> = 8 { tanB=6}
1
37| —
%)
o =8 .8
J37 6
4
= 0= ms™ (Answer to PROBLEM 81}

Hence, the correct answer is (A).

See PROBLEM 81.
Hence, the correct answer is (C).

For pedestrian to cross the road safely, the time taken
by the pedestrian to reach P equals the time taken by
the edge A of the car to reach P .

To reach P total distance (12+2cot8) is travelled by

the car with a velocity of 8 ms™. Hence

t_12+2c0t9
8
12+2(1] (12+1)
= I= = 3
8 8
37
= t=—s
24

Hence, the correct answer is (B).

v
a=—

r

a v
= —=—

8§ 18

10M

: =

a__v
¢ (08)(10)

= 2_125%108
g

Hence, the correct answer is (C).

85.

86.

87.

88.

Hints and Explanations H.107

Let the separation between the particles be 10 m at

time ¢ . Then 1O=%gt2—%g(t—1)2

= 2= -(t-1)

= 2=t2-1-1+2

= 3=2

= t=15s

Hence, the correct answer is (B).

Taking downward direction as positive

CASE-1
h=ut, +1gt12 ..(1)
2
CASE-2
1
h:—ut2+§gt§ ..(2)

(1)t, +(2)t, gives

1 1
h(t +t)= Egtlztz +Egt§t1

= h:%gtltz ..3)

If ¢ is the time taken by it to fall freely to the ground
from the same height, then

1 5
h==gt .4
58 (4)

Equating (3) and (4), we get

t=Jht,

Hence, the correct answer is (D).

a=kov
dv { do a‘v}
v—=kv S l=—=0—
dx dt dx
d
= Dk
dx

= Slope of velocity-displacement graph is a constant
Hence, the correct answer is (C).

Velocity of 1st particle at time tis v; =
Velocity of 2nd particle at time t is v, = at

Relative velocity o, = 07 + 72 — 20,0, cos @

= v?=v?+a%* - 2v(at)coso

&
4
4%
o
V1 =V

CHAPTER 4
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where n is the number of sides in a symmetrical poly-

For v, tobe least or v? to be least we must have .
gon. For this problem =6

d( o
a(vr ) =0 = = a - 2_['1
2 2osin®| = v
= 042a°t-2avcoso=0 6
_ o bcosa Hence, the correct answer is (A).
g _ 94. METHODI
Hence, the correct answer is (B). v=kr+v,
2 of vPcosa vCosa . dv
89. v, =,[v"+a 5 —Zv( ]acosa Since a=—
a a dt
dx
= v, =vo' -0’ cos’ = “=k(g)
= U =vshha = a=kv=kKx+ky,
Hence, the correct answer is (A).
= a=0x+constant
90. v4=2g(h+x) and METHOD II
vy =u” +2gx Since v=kx+1,
Since v, =g N d_1’=k
) dx
= U +2gx=2¢h+2gx
dv ( dv ]
2 Now a=—=17| —
= = Zgh dt dx
= u=2gh = a=(kx+vy)k
Hence, the correct answer is (C). = a=kx+ky,
9L v +vy=4 = a=qx+constant
4 So, we observe that acceleration increases linearly
U -0, =—=04 ith
10 with x.
Hence, the correct answer is (D).
= 2v=44

95. Area under a-t graph equals the change in velocity

! (Av)

= 0,=22ms " and v,=1.8ms
Hence, the correct answer is (A). 1
= Av= E(3)(4) =6ms™!

Sion—1)=Lo(3P
92, 2(2n 1)—2g(3) = 0-0,=6

= 2n=10 = v 2=6
= n=>5s 5
Hence, the correct answer is (A). = vp=8ms

Hence, the correct answer is (D).

a
93. t=
( 2n 96. From ground to maximum height, we have
v —0C0s
_ut (200
2¢ 2(98)
= h= 00 _ 204 m
19.6
= 1 =224 508
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Hints and Explanations H.109

Now the ball is caught 5 m above the point of launch
in its downward motion. So, it is travelled 15 m down
in time £, (say).

So, 15=0+%gt§

I
I
= 15=494 !
: t(s)
= 1, =306 oz 4
= =175 = Av=v-u=12ms" <
Since u=0
So, total time T =1, +1, [+ 4
= v=12ms™ Ll
= T=208+175 Hence, the correct answer is (B). In-_
= T=383s 99, p = Total Distance Travelled <
o Total Time Taken E
Please observe that if the options given are not close .2
to each other, then you can also take g=10 ms™ = g,=23 (1)
and the answer will be 3.73 s, which is very close to fitiy
3.8s. 1 2
DO NOT APPLY THIS WHEN ANSWERS ARE VERY a3 ¢ 3 D
CLOSE IN VALUES. L B2 B2
t t
Hence, the correct answer is (B). - -
97. Attime t, the separation between the particles is For AC, ! = 4t,
1
x=X1_x2=23f—5ﬂt2 - tl—é (2)
For x to be MAXIMUM, 2l : ;
For CB, ——2( 2 ) 6(—2)
& _y 2
dt
2—’ =t,+3t
20-at=0 = 3ThToh
2 l
= t= 20 = t=- (3)
a 6
2o\ 1 [ 42 Substituting (2) and (3) in (1), we get
=(20) = |-=a| =
XMAx (f’)( ) H[QZ] I
2 42 2 i 2 ( 3l }
= pg= 22 2 12 (12
a a a

= v,=4ms"
Hence, the correct answer is (C). )
Hence, the correct answer is (B).
98. Since, area under a-t graph is equal to the change in N
100. Let velocities at A, B, Cand Dbe v,, v;, v and vy,

velocity, so
1 1 ' = T e
Av=5(2+4)(2)+5(2+4)(2)=12m5_ é . 5 .
A c D
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101.

Since, = (v, )t

For AB, 12= = v, +05=24 (1)
ForCD,20= 2% — 4 40,=40 - 2)
For AB, v} — v} =2al ~(3)
For CD, v}, - vz =2al ..(4)

= (vp-vy)24=(vp—1c)40
(Equating (3) & (4) and using (1) & (2))

Ug — Uy _ 5
Up=0c 3

—

Lets assume

UB—UA=5]C ...(5)
ED—UC=3|'C ..-(6)
Solving (1) and (5), we get
24 + 5k 24 — 5k
= ; = (7
B ? A 2 7)
Solving (2) and (6), we get
40+ 3k 40 -3k
= ; = - 8
Up ) U¢c > (8)
Further for interval BC
v v} =24l ..(9)

Equating (9) and (3) and using (7) and (8) and solving
we get, a quadraticin ki.e.

k* +60k —64 =0
We get k=-30+2v241
(Rejecting negative sign)
. Average velocity in interval BC is

o =Bt _ 24+40+2k

an 2 4

= Uy, = (1+ 241 ) ms™

Hence, the correct answer is (C).

Let a; and a, be the retardations offered to the bullet
by wood and iron respectively.

’ BJ

C
0 m
Wood

l—— 4 cm ——=i=2 cm =

102.

103.

104.

ForA-B—>C
vt —u* =2a,(4), and
0% —v? = 2a,(1)
Adding, we get
~u? =2(4a, +a,) (D)
For A"-»B - (C
03 —u® =2a,(2), and
0% —v3 =2a,(2)
Adding, we get
~u? =2(2a,+2a,) .2
Equating (1) and (2) and solving, we get
4a, +a, =20y + 20,
= a4,=2q
Hence, the correct answer is (B).

v, =30 ms’

Since, h = % gt

1
= 80=-(10)#
2
= t=4s
i.e., the ball hits the ground 4 s after the launch.
Now, since v, = gt =(10)(4) =40 ms ™"

= 7= ,ﬂvf+vf;
= v=4(30)+(40)

= v=50ms"
Hence, the correct answer is (B).

v =-y2gd and v, =+ ’23{%]

Hence, the correct answer is (A).

Distance covered in the last one second i.e., distance
covered in the nth second if the ball takes n seconds
to hit the ground is

H=5 =O+§(2n71) (1)
Distance covered in the first three seconds is
1 2 98
n=tgap=2 @
2758 2
Since x; = x,

= 5(211—1):9—8
2 2

= -1=9



105.

106.

107.
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= n=58
So, total time taken by the ball to hit the ground is
55. 5o,

1
h=—gt*
8

= =%(10)(5)2 =5(25)=125m

= h=125m
Hence, the correct answer is (C).
Let OP=k
0Q=kr
OR =kr? and so on

then o5 =2a(OP) (1)
v =2a(0Q) (2

v% =2a(OR) ..(3)
and so on.
= vjz;.:vé '.UZR fen=lirirti
1
= Upilgivgi..=lir2iri
Hence, the correct answer is (B).
0% —u?= 2(-g)H

= u=,2gH (1)

1 2
= h=ut-—gt
28

= h=(J2gH -39

Quadratic in t solve t getting two values for time

o1
whose ratio is t_lzg (given). Substituting values

2
we get

4h=3H

Hence, the correct answer is (A).

v, = velocity of boat =v (say)
v, = velocity of river = 1

To start with, we must observe that velocity of river
flow is 7 times greater than the velocity of boat. So,
the boat has to drift and in this problem we are to
minimise the drift. Let, the velocity of the boat make
an angle 6 with the river velocity. Then v, =vcosf
is the component of the velocity of boat along the
river flow, whereas v, =psin@ is the component

108.
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of the velocity of boat perpendicular to river flow.
Due to this the net velocity of boat downstream will
become v, +v, =nu+vcosf=V (say)

If ¢ is the time taken by the boat to cross the river of
width L, then

gL L
vy vsind

During this time the drift equals (say x)
x=Vt

x=(m+vcos)—
vsing

x = (ncosec +cotf) L

CHAPTER 4

f Drift
||
Y T

1 ,’
A 1
Vi=mvohoo
—_—
1

| ’;' L
To MINIMISE x , we must have

dx _
a6

0

0

n(-cosec@cotf)— cosec’d = 0

= ncosecOcotd = —cosec’d

= ncotf=-cosec

cos@ 1
= —_— =
sin@ sin@
1
= cosf=-—
n
1
= —cosf=—
n
= sin(ef]=l
2) 1

= 6- T sin”™! 1
2 n
= 9=£+sin_l(1]
2 n
Hence, the correct answer is (C).

Relative to P, the path of S should be along the line
SP. So perpendicular to this path, relative velocity
should be zero.

Hence, the correct answer is (C).
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Multiple Correct Choice Type Questions Further,
dv
dov a1=—=kv
1. —=-av (1
m (1) dt
do = d_U =kov
= U—=-0U dt
dx
dv = @ = kdt
= —=-0 v
dx
f’l
0 s d'v
= Jdv=—ajdx - J‘?_ k.’.dt
2 0
7 0
_ 1 Y
= U—UG——OCS = t=_]_0gf —_—
k [ Uy ]
_%
= Ty Since, v=1,+kx. Hence slope of velocity displace-
Also from (1), ment curve is ? =k
x
dv
P —out Hence, (A), (B) and (C) are correct.
0 t 4. The speed with which the lower end of the rod moves
= o —ajdt is
U ¢ 0 .= d_x
toodt
= v=pe ™ (2
= dy( dx ]
= h f— oo x= | 5.
v=0,when t - dt | dy
v
Also,z;=?° Since, x = ’IIZ—yZ
= U_{szue—at = d_x= -y
2 dy 12 _ yZ
= e¥=2
I .
log,(2) 7 o p_ 2 dt
E=M=— {- log.(2)=07} F-y
o 10a
Hence, (A), (C) and (D) are correct. = o= y (_d_y]
12 _ y2 dt
2. s=ut+ lat2
2 = o= zyv .
Average velocity =v —E—ll+1ﬂf -y
erage velocity = w= U Aty=0,0,=0

2utat_u+(utat) Hence, (C) and (D) are correct.

| 2 2 5. Since 1> =102+ vj
Lo, L UHD
" d 2 dv
2 = ZU—U=20}.[ U"]-I-Zvy[—y]
Hence, (A) and (D) are correct. dt dt dt
dv 0.4,+ Uyay a0
3. ACCEIEration:Z—T:iJ:U+ki {....i_:fi_:::v} = E=f=7

. This is also equal to the projection of 4 along @.
= v=a=ko=k(v,+kx) Hence, (C) and (D) are correct.
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x, =t -9t +6t

v:%:(?;tz —18t+6) cms !

For body to be at restv =0

= t=(31\/§)s
= t1=(3—ﬁ)s and t2=(3+ﬁ)s

Displacement of particle in travelling from 1st zero of
velocity to second zero is =74 cm and v <0 for

(3-v7)<t<(3+7)
Hence, (A), (C) and (D) are correct.
The v-f graph for the two cases are shown here
For Case A, we have

Upax = Mty = a5t (1)
For Case B, we have

U:.nax =(2ﬂ1)t1 = ﬂ2t3 “'(2)
From these equations, we get

Uhox = 20max and 13 =21,

max X

v
|

Vmax| - == ===

B
O |—1t —t——ty —— -
Case A
v
|
Vimax | - - - R
|
1
2a4f 1 a,
I
1
|
| D
Olety-sta—t—» t
Case B

Also, s, = (Area under the curve OAB)
= 5= %vmax (h+1)

and s, = ( Area under the curve OCD)
= 5= %U{mx(tl +Hy)

1
= 5= E(zvmax )(t] + 2t2)

Hints and Explanations H.113

So, the average velocity in Case A, is

U] — S1 — Umax
t+t, 2
The average velocity in Case B, is
5 1
2 ’ ve omyt —
Uy = = 7 Vmax = Umax { " Umax = zvma" }
i+t 2

So, we observe that v, =20, and 25, <s, <4s,

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

= d_v =—Qtw
at
dv
= —=—0W
dx

0

BYi]
= jdv = faJ.dx
0

%

CHAPTER 4

= _UO = _axO

U,
o

Further, d_v =—0w
dt

v 1
d
= v —ajdt
v
0

%
v f
= log,v| =-atly
0
= o=y ”

For t 5,050

Hence particle continues to move for a long time span.
Hence, (A) and (B) are correct.

For AC, 0*-(7)* =2ul (1)
For CB, (17)* —v*=2al ()
From (1) and (2), we get

, (7)+(17)
2o
2

= v°=169

= p=13ms™

17 ms™!

Let t; be the time taken to go from A to C and t, be
the time taken to go from C to B.Then
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10.

13+7
1=( 2* )rl (for AC) .03)
and I=(13+17)t2 (for CB) . (4)
So, 10t, = 151,
= tl_é
b2

Also, we know that, for accelerated motion between
two points at separation s, we have

+
s=(“20)t=vﬂvt

So, from (1), we get

(©,)4c=10ms™ and (v, )5 = 15ms™.
Hence, (A), (B) and (D) are correct.
When wind blows along the line AB,

b=ty g +1ip
l /

= = -
T)+'UD UO—U
2y,
= t=—2 7
vy — U
Vo v v Vo
A# y eBlAe - > B
v v

If wind blows perpendicular to AB

b=trp+ipa
In both the cases, we have

If the wind were not present then total time taken for

2
the trip would have been t = —
Yo
i.e. the total time for the trip increases because of the
presence of wind.
Hence, (A), (B) and (D) are correct.

11.

12.

13.

a=4-2x

= vd—v=4—2x
dx

= odo=(4-2x)dx
2 x

= jvdv:I(ﬁl—Zx)dx
0 0

2
= Logr-o

2

= o' =8x-2x (1)
From (1), we observe that v=0, when x=0 and
x=4m.

Now, a=0

= 4-2x=0

= x=2m

So, this happens to be the mean position for the par-
ticle to oscillate.

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

Distance travelled by motor bike at t =18 s
1
Shike = 51= 5(18)(60) =540 m

Distance travelled by carat t=18s
Sar =5, = (18)(40) =720 m

Therefore, separation between them at t=18s is
180 m.

Let separation between them decreases to zero at time
tbeyond 18 s.

Hence, s, =540+60t and s_, =720+ 40t

Scar ~ Sbike = 0
= 720+ 40t =540+ 60t
= t=9s beyond 18s

= 1=(1849)s5=27 s from start

and distance travelled by both is sy;,. =5.,, =1080 m

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

(ag )VER =y sin @

Hence, (B) and (C) are correct.
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14. Since particle is decelerated, Hence

a=-ao
dv
= —_—= —a\/E wes 1
m 0
dv  dx t
= — X—= —a\/E
dx dt te— Ly —mi
= o= —adx Substituting values in (1) and using (2) we get, a qua-
o dratic in #; which on solving gives t; =5s. <
= odv=-od Hence, ;=155 and v, =25ms™ o
Integrating both sides, we have Hence, (A), (B), (C) and (D) are correct. E
0 g _ a2 a3 Q.
Jvlfzdv=—ajdx 17. x;=8t" -3t <
7 0 = =16t -9t ..
932 For particle to be at rest v, =0 Y
3 o = 16t-9=0

Further, from (1), we have 16
= t=0ort= ry s

= v %0 =—qdt

. 1
Integrating, Substituting t = 36 s in x, = 8t* 3%, we get
; f 8.43
J.v_l-"’zdv = —ajdt i
gl 0 Now Uy = M
\/7 4-0
Uy
- f =2V 2 3] 2 3
=2 . U”U=[8(4) 3(4) ]4[8(0) 3(0)* ]
Hence, (A) and (D) are correct.
= _8(16)73(64)__16m,1
15, o =StRtS =Ty T
b+ +1Hy p
Acceleration= a= T 16-18t
o oo SitStss dt
25 = )y =16-18(4) = -56 ms™
= 5, +5,+5, =500 (1)
, o (t=0)Ar I B(t=16/95)
Since car accelerated from 00— 7, in time H | Clt=4s)
with acceleration of 5ms™ and it decelerated from - ~i‘ —;
Upmax — 0 in time #; with a retardation of 5ms™ sim  B43m
hence t; =t and s, =s;. Hence, Average speed = Total Dlsjcance
Total Time
t2=25_2t1 ...(2)
Total Distance = (64 +8.43+8.43)m = 80.86 m
1

= g =s5,=—(5) and v, =54
S A = Average speed = ¥=20.21 ms™

= t, =5kt
= %= Umaddy = Sl Hence, (A), (B), (C) and (D) are correct.
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18.

19.

In general, we have |d7|=dr and v;t%. You can

think about these cases by taking an example of circu-
lar motion.
Hence, (A), (B) and (D) are correct.

u4a4 Usas
AG—+' @ -+ B
L 2 12 1
1
—=it+ Ealt (1)
1 2
and ——= uzt+5(—a2)t
= i=uz;§+lazf2 (2)
2 2

Subtracting (1) & (2), we get
f= 2[ u] ..(3)
=
Substituting (3) in (1) or (2) and rearranging, we get

M(“1“2 —ayli; ) ..(4)
(1 -a,)

Since the particles P & Q reach the other ends of A and
B with equal velocities say v

=

For particle P

v* - =2a,] ..(3)
For particle Q

v — 13 = 2a,] ...(6)

Subtracting and then substituting value of ¢ and rear-
ranging, we get

(1 + 1y )(ay — 1y ) = 8( g1ty — aquty )

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

20. My dear students, most of you forget to keep in mind

the nature of motion, whether accelerated or deceler-
ated, is just not predicted by checking the sign of 4.
It also requires the nature of 7 to be defined or men-
tioned along with. So keep in mind the following table
for describing an accelerated or a retarded motion.

[Description of motion based on signs of ¥ and |

' '

u=0,a=@ u=®,a==@ u=08,a=9o®
or or or
u=0,a=0 u=6,a=9 u=®a=0
Agceleratefj Accelerated Retarded
motion starting . .
motion motion
from rest

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

21.

22

23.

Since, x=2+2t+4t* and y=4t+8°
y

= x=2+=

2
= y=2x-4 (1)
This is the equation of a straight line

Now, d—x=2+81 and d—y=4+16t
dt dt

d
x=dvx=8an v
dt

U

= d=ai+a,f

81 +16]

=Y
1}

=

= = constant

So, the motion is uniformly accelerated along a straight
line.
Hence, (C) and (D) are correct.

The separation r , between the particle at time ¢ is
= (4-20)" +(2t)° ()

This separation will first decrease and then increase.
This r is minimum, when

1(,2)
—\r :O
dt
= 2(4-21)(-2)+2(21)(2)=0
= -8+4t+4t=0
= t=1s
y y
A 4—2t—u-|
BO—=2i TN T et Q-
f /B
(4-21) L
4m i )/,”
N )
A N
2j 2 |A
) L ]
—1}—’ =X
A att=0

At this time, we have
2o =(4-2)"+(2)

min —

= r: =8

= Ipin = 2\5 m
Hence, (B), (C) and (D) are correct.

This problem can be answered if you think about the
situation when the particle reverses its direction of
motion, because in that case a# (0 but v=0, but this
is not an always condition.
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So, a can be non-zero when v = 0. Another answer is
(D), because this situation is just like when the v is
constant, then a=0.

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

24, Attime T, the particle reverses its direction of motion,
because v=0 and also a=constant. So, (A) and (B)
are correct. Also from the graph we observe that the
initial and the final speeds of the particle have same
value. So, (C) happens to be correct too. Finally, dis-
placement of the particle is actually the area under the
v-t graph which is zero. So, (D) is also correct. You
can also think about this graph for a body through up
with an initial velocity under the influence of gravity.
So it will return to the point of start, hence giving zero
displacement.
Hence, (A), (B), (C) and (D) are correct.

26. METHOD 1

Since v=+x
= v=x
Comparing with
02— 0% = 2ax
we observe that ©=0 and 2a=1

= u=0 and g:l ms 2
2

Please keep this thing in mind that whenever you
observe v? o x OR vocfx OR xoct? OR tocx OR
v <t ,then acceleration is constant or the motion is
uniformly accelerated.

METHOD II

v=+x

dv [l l—1]@'3(
= —= _xZ —
dr \2 dt

dt 2Jx

Butv=\E
do_1
at 2

= a=-ms’
Hence, (A), (B) and (C) are correct.

28. Distance covered is xl; .. —x|i=g = x,
However, since the time of motion is infinite, so aver-
age speed is zero, because
Total Distance Travelled
Total Time Taken

Average Speed =

29.

30.

Hints and Explanations H.117

= Average Speed = Doy

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

d
& 201
dt

Terminal velocity is a constant velocity and hence

when terminal velocity is attained, then acceleration is

zero.
dv

= —=0

dt

= —0'+2-1=0

= (0-17=0

= v=Tms"

CHAPTER 4

d
Also, d—;’7=—:v2 +20-1=—(p-1)

= —+1=t
v-1
1
= —=i-1
v-1
t
V=—
t-1

When acceleration is one fourth of its initial value, i.e.

a= 7i , then we have

—vz+20—]=—l
4

= 40" +80-3=0

—(8)++/64-4(-4)(-3)

= U= 2(_4)

8+4 1 5 3 4
= U= =—ms , —ms
-8 2 2

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

In x-t graph at maxima and minima. %= 0. Hence

particle comes to rest for 6 times and average velocity
for total period is negative.
Hence, (A) and (D) are correct.
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31

32.

35.

i do
Since, v—=—0w
dx

0 Xy
= Jdv = —ajdx
(' 0

%
o
So, option (A) is correct.

dv
Also, —=-ow
dat

= x0=

()
Bl

v t
= do = —aJdt
0

= o=y

= v=0fort—w

So, option (C) is also correct.
Hence, (A) and (C) are correct.

Equation of straight line is

v’ =15x+25
Differentiating with respect to x , we get

dv
2v—=15
de

dv 15
a=—ms

= p—
dx 2

= a=75ms>
Since, v=u+at=5+(75)(1)=125ms "
= 0=125ms™!
Hence, (B), (C) and (D) are correct.
During accelerated motion

v=at and 0% = 2ax

During decelerated motion

0=v-pt,
- h_B
b«

Also, 0% =v* - 2By
= = 2By
= 20x=2y

= X_P

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

ICON

36.

38.

39.

Acceleration is the slope of v-t graph, which is nega-
tive between 5s and 6 s.

Between t=0 and t=4s the particle changes its
direction of motionat 1s and 3s.

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

Voo =(ﬂ]t =[&)(6)=8 ms™

1y +a, 2+4

1 1(2x4
and s==| %2 t2=—[—x )(6)2=24m
20 g +ay 2\2+4

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

o= 4t -t
= ﬁ:4t—f2
dt
5
= J‘ds=J(4t7t2)dt
0
3
= s=2><52—5—
3
150-125 25
§=——=—m
3 3

Average velocity = % ms™ = g ms™"
X

0= (4-2) ms
dt

= a=4msZatt=0
Hence, (C) and (D) are correct.

Reasoning Based Questions

1

Positive slope indicates that acceleration is increasing
uniformly with time and is not uniform.
Hence, the correct answer is (D).

Acceleration is the rate of change of velocity ie.,
dv

a=—.
dt

Hence, the correct answer is (D).

A body has no relative motion with respect to itself.
Hence if a frame of reference of the body is fixed, then
the bodies will be always at relatively rest in this frame
of reference. So, (A) is correct

Hence, the correct answer is (A).

. dr .
As U= e hence statement-1 is correct.

In most of the cases known instantaneous velocity
and average velocity are not equal. They can be equal
only when the particle moves with a constant uniform
velocity.

Hence, the correct answer is (C).
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5. To an observer on the balloon, the ground is a moving
frame.
Hence, the correct answer is (D).

d

UZ—H

6. Time to cross the river ¢ =
2

NI

Hence, the correct answer is (A).

8. Suppose motion of 1 is viewed from 2 then as 2 is sta-
tionary. If 1 is to meet it, then 1 must come straight
towards 2 i.e., the relative velocity must be along the
line joining 1 and 2.

Hence, the correct answer is (A).

9. a,=¢g-g=0

&, _
dt

= 0, =constant (say k)

dx

il Ay

at !
= x, =kt

Hence, the correct answer is (A).

11. At the highest point of the graph velocity (slope of x-
curve) changes suddenly from a positive to a negative
value. This is physically impossible.

Hence, the correct answer is (D).

12. Area under acceleration - time graph gives change in
velocity and not average velocity.
Hence, the correct answer is (C).

Linked Comprehension Type Questions

1. The correct answer is (B).
2. The correct answer is (D).

3. The correct answer is (C).

Combined solutionto 1,2, 3
For A

Uy 4
= jdvA =J(6£—3)dt
0

0

Hints and Explanations H.119

0.5m
[
¢
GEEEETETEPEEEEE 4]
e 405m -
X4=-05m x,=0 X4=40m
t=1s t=0s t=4s
For B
dvg = agdt

Ug f
= jdvg = J.(12t2 ~8)dt
0 0

= vp=4t° -8t

CHAPTER 4

Let us now calculate the imes when A and B are at
rest.
The particle A is at rest (v 4= 0) , when

3t2-3t=0

= t=0sand t=1s

le—d4 m—=i

:_— ___________________________ 0

L 196 m |
xB:—tlm'xB:O xB;192m
t=12s t=0s t=4s

The particle B is at rest (’{)E =0) , when
47 -8t =0
= f=0sand =25

The position of particles A and B can be determined
using

3
= Xz= - Etz
Similarly

xg '
= des =J(4t3 —8t)dt

0 0
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= xg=t' -4
The positions of particle A at =15 and 4 s are

x4l =L —%(12)=—0.5 m

xA\,=4s=43f%(42)=40m

Particle A has travelled a total distance given by

dy=2(05)+40=41m
The positions of particle B at t = \/E s and 4 s are

salg=(v2) -4(V2) =4 m

4

xg), =(4)' -4(4)' =192 m

Particle B has travelled a total distance given by
dy =2(4)+192=200 m
At t=4s the distance between A and B is
4. Taking, +x direction as positive, we get

u=40 ms™ and a=-10 ms™

So, this a acts as retardation and the velocity of the

body is first reduced to zero, say at time f; .
Since

v=u+at

= 0=40+(-10)t,

= ty=4s

Hence, the correct answer is (B).
5 0% —u?=2ax,
= -(40)" =2(-10)x,

_1600_

X = 20 =80 m

_...@

4u=40ms‘1 x=80m

x=0 x=10m )

So, the maximum x-coordinate of the particle, along

the +x direction is
XMaX = Ymitial X0

Hence, the correct answer is (C).

6. Further, at the origin, s=-10 m . So, using
o? —u* =205, we get
* -(40)* =2(-10)(-10)
= 2*=1800
= ©=30y2 ms™, along negative x direction
Hence, the correct answer is (B).
7. Also, using v=u+at, we get
v-u_-3052-40
a -10

F=

= t=(4+3\/5)5

Hence, the correct answer is (B).

8. a=2t-4
= @=2t—4
dt

)

t t
o faomaun-
0 0 0

t
{2
= v=(2—4tJ
2

= o= -4

0

Now, v=0

= F-4t=0

= =0 (initially) OR t=4s
Hence, the correct answer is (D).

9. The velocity of the particle is maximum, when

22 -4(2)

fp=2s =
= Uy =4 ms~
Hence, the correct answer is (B).

10. Since we have calculated
o=t -4t

= op=t-4t+4+4

= v=(t72)2+4



11.

12.

13.

14.

15.

16.

ICON

= p-4=(t-2)

This happens to be the equation of the parabola with

origin at the point (2, 4)

Hence, the correct answer is (D).

Initially, at =0, the body falls from rest, so v=0 at
d

t=0 and hence %Y
tli=o

=6ms

Hence, the correct answer is (A).

Acceleration is zero (when terminal velocity is
attained), so

0=6-30v;
= vr=2 ms!
Hence, the correct answer is (C).

d
—U:G—Sv
dt

()

!
dv =Idt
6-30

0 0

)

=t

= —llogt,(6—3v)
3 0

= loge(%]z—%

= v=2(1f.9_3t)
Hence, the correct answer is (B).

a=@=6€_3’f

dt
Hence, the correct answer is (C).

v, = awcos(wt)

v, = awsin(wt)

. 2_.2,.2
Since, v° =0, + 1,

= =40

Hence, the correct answer is (A).

ot

x=asin(wt) = 2asin(%t]cos[—)

2
ot
=2a sinz(—]
y 2

17.

18.

19.

20.

21.

Hints and Explanations H.121

= x=2a\/£ -2
2a 2a

= x=.2ay 1—21
a

Hence, the correct answer is (B).

d
a, = D;" = —aw*sin(ot)

dv
y 2
a, =—~ = gw* cos(wt)
Yoodt

Since acceleration = |g , +4a ,
oy

= Acceleration = ae*

Hence, the correct answer is (B).

CHAPTER 4

Since displacement is zero, so average velocity is also
zZero.
Hence, the correct answer is (A).

From A to B, let time taken be f;, then

From B to A, let time taken be £, , then
d 3d

D__
3

So, total time taken is

4,34 _5
v 20 2v

Hence, the correct answer is (D).

Total Dist
Average speed (v,, )= SO s

Total Time
2d
= Upy =
T
2d
= =_=_
Uﬂv (S_d)
20
4v
= Up=—
5

Hence, the correct answer is (D).

According to the problem, we have

1
51+5, = Evmaxt
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22,

23.

24,

25.

26.

27.

Vimaxt------

04—{1 —I-H—tz—H

1
= 100= 5 Vs (20)

= Uy =10 ms™

Hence, the correct answer is (B).
Now v, = of, = fit,

= 10=24

= hL=5ms"

Now t; +t,=20s

= =155

Hence, the correct answer is (C).
Also v, = pt,

= 10=/(15)

i)
=—ms
= f 3

Hence, the correct answer is (B).

Total Distance

Average speed =
8¢ 5P Total Time
1
Vg = 100 =5ms™
20

Hence, the correct answer is (A).
1
51= Evmaxtl

= 5 :%(10)(5):25 m

Hence, the correct answer is (A).
5, =100-25=75m
Hence, the correct answer is (B).

Let time taken by body to go from Ato Bbe t; and that
to go from B to C be t, . Then

- R(H-h) _ . tZ:J@
g g

28.

29.
30.

31.

AR,

I
—h —i=a(H — h)»

So, total time taken is

t=t1+t2=\E[Jﬂ+Jﬂ

For t to be maximum % =0, we have
h_1
H 2

Hence, the correct answer is (C).

Substituting ) = E from PROBLEM 27, in expression
2

for t we get value of £,

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

The correct answer is (A).

Combined solution to 29, 30
Take downward direction as positive, we get

—h:—ut1+1gt12 (1)
2
1
Subtracting (2) from (1), we get

1
0=u(t2—t1)+5g(t12—t§)

1
{ANSWER TO PROBLEM 30}
Substituting value of u from (3) in (1), we get
po 8t
2
o' -’ =2(g)(-h)
At h=hg,,
v=10
hmax = M_Z
28

= Ihmax =%g(t1+t2)2

Hence, the correct answer is (C).



32.

33.

34,

35.

But h= % ghit {From PROBLEM 29}

2

1, 2 1o
= U=—g(\hth) ——gHit
43(1 2) 2é§’12

1
= o= Zgz(tf +H2 424, - 24, )
= v:%g\ﬂtf +t2;l
Hence, the correct answer is (C).
. . . H
Let v be the velocity of the particle at height 5

= =i +2(—g)%=u2 -gH

2
2_ & 2 8
=S (t+ty) —gi S(k +t
= v 4(1 2) 8{8(1 2)}
2
= U2=%(t1+t2)2

8
U= t+t
2#2(1 2)

Hence, the correct answer is (C).

2
Slope of line = "3

Equation of line is (v—20)=—§(s—0)

2
= v=20-—-5 (1
3 (1)
Velocity ats=15m i.e.
s = 20-2(15)=10 ms™
dt s=15m 3

Differentiate (1) with respect to time

. dv 2 ds
acceleration= — =-——
dt 3dt
dv 2ds 20
oy __=® - s
dt s=15m 3dt s=15 m 3

Hence, the correct answer is (D).

From Solution to Problem 60, we have

v=20- %s {See equation (1)}

36.

37.

38.

39.

Hints and Explanations H.123
= §=2072
dt 3
a‘52 i
20-—s
30 J t
> [t
o(0-%) -
1 2 \[* N
= ——loge(ZO——s] =t oz
G i
3 =
; o.
= fa[logf(O)flogPQO)]:t g
= toe {~ log,0—>} v

Hence, the correct answer is (D).
Since, we know that time interval is

_ Relative Displacement _ A,

Relative Velocity v,

Relative Displacement is the distance travelled by each
bus in 5 minutes, so

Alr=ix6U:5km
60

Also, relative velocity of the buses is
v, =60+60 =120 kmhr™"

= t=i hr:ix60m1n=2.5min
120 120

Hence, the correct answer is (B).
. . 25
Distance = speed x time =60 x i 25km

Hence, the correct answer is (A).

Since each bus takes 30 min to reach another city, there-
fore total number of buses it meets during the journey
is

N:ﬂ—lzll
25

(Note that the 12th bus just starts the motion)
Hence, the correct answer is (D).

Average velocity is defined as

_ Displacement  Ax x, -x;

“ " Time Interval At~
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40.

41.

42.

43.

4.

2
W:[u(s)—(s) l-0_,
8-0

Hence, the correct answer is (A).
To calculate the average speed, we must first find the
instant of reversal of motion, i.e. when v=0. Since

v= & =12-2¢

dt

= v=0
= t=6s
So distance travelled by the particle from t=0 to
t=8s is

[=136-0[+[32-36/=40 m
So average speed is
Total Distance Travelled

Total Time Taken

Average Speed =

40
= Average Speed = i 5ms '
Hence, the correct answer is (B).

Average acceleration is the rate of change of velocity.
Hence, option (C) is correct.

n=2t-4

= d—v=2tf4
dt

t

= !'dv = J.(Zt—zl)dt

0
= o=t -4

The particle comes to rest when v=0
= t=4s

Hence, the correct answer is (B).

The speed of the particle is maximum when

dv
—=2t-4=0
dt

= t=2s

Hence, the correct answer is (C).

Since, we have
X 4
= de - j(tz —4t)dt
0

0

3
= x=4——2x42:ﬁ—32:_£
3 3 3

48.

49.

50.

2
Distance =% m

Hence, the correct answer is (D).

x=6t2-#

= d—x=v=12t—3t2
dt
dv  d*

= —=—=q0=12-6t
dt di*

dv
= m =0 for v to be maximum

= 12-6t
= t=2s
Hence, the correct answer is (B).

The position of the particle at different times are given
here.

Position (x) At Time (f)
X;=25m t=3s
Xy=32m t=4s
X5=27m t=5s

So, the distance travelled by the particle in the said
interval i.e. from t=3s to t=5s is

(=132-25/+[27-32|=12m
Hence, the correct answer is (C).

The position of the particle at different times are given
here

Position (x) At Time (t)
Yp=0m t=0s
Xy =32m t=4s
T =0m t=6s

So, the distance travelled by the particle in the said
interval i.e. from t=0s to t=6s is

[=132-0/+]|0-32|=64 m
Since,

Total Distance Travelled
Total Time Taken

Average Speed =



51.

52.

ICON

Av. Speed = 832 et
6 3

Hence, the correct answer is (B).

Since a=-6t
= —=—6t

t

= Jdv = —J.()tdt
27

0
= 1-27=-3t

= 0=(27-3) ms™
o By
dt
t

= de=J.(2773t2)dt
0 0
= x=27t-#
Now, at x =26 m, let the time be t =1, (say). So, we
have

26 =271, - 3
= 1 -27t,+26=0
= (t-1)(£2 +1,-26)=0
= t0=15

(«/105—1]

The earlier time gives the value of time when particle
is at x=26 m on forward journey and former time
gives the value of time when particle isat x =26 m on
return journey.

However, in the second case, the particle would have
covered more than 26 m .

So particle covers a distance of 26 m at t=1s

Hence, velocity of the particle at this time is

=

v=[27-31%] ms™ =24 ms™!
Hence, the correct answer is (C).

dv
— = —6t
dt

. . dv
For maximum velocity, we have i 0

= t=0

2
Since, j v_ 6<0

So t=0 corresponds to maxima and hence

53.

Hints and Explanations H.125

Vpax =27 -3(0)* =27 ms ™

Hence, the correct answer is (C).

B _g7_ap
dt
For maximum displacement, we have
dx
—=0
dt
= 27-3=0
= =35 :
2
Since, d—;: =gt and I'II_J
dt o
2
xl_ geo <
dt t=3 E

Hence t = 3 corresponds to maxima of position. So
Yo =27(3)=(3)° =81-27=54m

Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions

1

A—=(s,u)

B—(st)

C—(s,u)

D— (s, 1)

E—(q1)

F— (s, u)

G-(ps)

Between ft=0 and t=1s, motion is decelerated
(az0).

(A) = (s,u)
Between f=1s
(az0).

So, (B) = (s, t)
Between t=2s
(a20).

So, (C) = (s, u)
Between t=3s
az0.

So, (D) = (s, 1)
Between t=4s
v#0 and a=0.
So, (E) = (q, 1)
Between t=5s
(az0).

So, (F) = (s, u)
At t=1s and at t =3 s the motion reverses its direc-
tion, so v =0 and simultaneously a#0.

So, (G) = (p, s)

and f=2s, motion is accelerated

and f=3s, motion is decelerated

and t=4s, motion is accelerated

and f=5s, motion is uniform i.e.,

and f=6s, motion is decelerated
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A—(q)
B—(r)
C—(s)
D—(p)

x =-5t2+20t+10
- dx_ ~10£+20
dt

= v=20-10¢ (1)

Now v=0 at t=2s, so the distance travelled by the
particle from f=0 to t=3s is

2 3
xX= Jvdt + Jvdt
0 2

Now Jvdt =(20-10¢)dt

= Jvdr=20t—5t2

2 3
= x=|(20t—5t2)|0|+‘(20t—5t2)|2|
= x=]40-20|+]80-80-40+20|
= x=[20[+[-20

= x=40m
So, average speed is

X

av

=9=10 ms™
4

Displacement of the particle fromt=0tot=4sis
4 4
Ax= J.vdt = J(zo —~10t)dt
0 0

4
= Ax=(20t-50),
= Ar=80-80=0

So, average velocity is

-1
=—=0ms

U =—7
At 4

d
From (1), a= d—? =-10 ms™

=10l =20ms™

Since, initially u=@® and a=©, so a happens to be
retardation for the motion from =0 to t=2s (till its
velocity becomes zero momentarily ie., the particle
reverses its direction of motion).

Velocity at t=4s is
0y s =20-10(4) =20 ms ™'

Hence, speed at t=4 s is 20 ms™

3. A-(q
B—(r)
C—(p,s)
D—(t)
dr
— = Velocit
it Y
dlo| . .
- Tangential Acceleration
- 2
d_v = d_r = Acceleration
dt di’
dr In:
— | = Instantaneous speed
4 A-(rt)
B—(p)
C—(q
D —(s)
x=(t-3)
= x=t'-6t+9
d
= v= @ 2t—6
dt
At the point of reversal, v=0, so
2t-6=0
= t=3s
t 0 1 2 3 4 5 6
X 9 4 1 0 1 4 9
v -6 —4 -2 0 2 4 6
a 2 2 2 2 2 2 2
Nature
of Decele- | Decele- | Decele- | Accele-| Accele- | Accele- | Accele-
Motion rating | rating | rating | rating | rating | rating | rating

Displacement of the particle from t=0 to t=6s is
zero.

Distance travelled by the particle from t=0 to f=6 is
9+9=18m
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Average speed of the particle is

_ Total Distance Travelled

vﬂf’

Total Time Taken

= U, =E=3ms’1
6

av

Average Velocity of the particle is

_ Displacement

| av

Time

Acceleration of the particle over the entire duration of
motionis 2 ms™>.

A=(t)

B —(s)

C—(p)

D—(q)

E—(r)

Given, that v,, =4 kmhr™ and v, =2 kmhr™

= q@=sin"’ O =sin‘1(g)=sin"l(l)=30°
Upy 4 2

Hence, to reach the point directly opposite to starting
point he should head the boat at an angle of 30° with
AB or 90°+30°=120° with the river flow.

—
S

AT

Time taken by the boatman to cross the river for zero
drift condition is

!
0y, COS L

b=

where =4 km, v, =4 kmh ™' and a=230°

t —74 —i hr
' 4c0s(30°) 3
= 4 =%=4UJ§ minute

For shortest time 6=0° i.e., the man must row the
boat perpendicular to the river flow. So =90°

l 4

and f;, =ty =——————=—=1hr =60 minute
e v, c0s(0°) 4
vy vy
Vor+ Ve —— V=V, .
e — ———

10.

11.

Hints and Explanations H.127

Hence, he should head his boat perpendicular to the
river current for crossing the river in shortest time and
this shortest time t, of 60 minute.

E=tp o +igsp

PQ QP

= = +
Uy T0p Uy 10,

2 4
=" hr
4-2"3

2
442
= =80 minute
A—>(r)

B—(p)
C—o(r)
D —(s)

v,=+0ms™ and v, =0
= Av=:f)f—vf=—10rns’1

Av =10 -5 -2
—=——=—1mS5
At 6 3

Total displacement = area under v-t graph (with sign)
and acceleration = slope of v-t graph.

av

A= (r)

B—(p)
C—(s)
D—(q)

After 2's velocity of balloon and hence the velocity of

the particle will be 20 ms ' (= at) and its height from

the ground will be 20 m [: ;atz] . Now g, will start

acting on the particle.

A-(p)

B—(q)
C—o(s)
D—(r)

Ui:a and h:[)‘
t] tZ

Also x+y=%xvm><(t1+t2)

Vi

CHAPTER 4
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12.

14.

= (x+y)=

1 UJ’H Um
=X, x| 2L+
2 a P

L [rty)ap
"7\ (a+h)

+y  x+y  op Xty

x
Now, v, = ;

1

A=(q)
B-(p )
C—(p. 1)
D—(rs)
_dx
ot
dv
dt
f
= v:Jadt
0
t

= X =Jvdt
0

A= (r)

B—(q)
C—(s)
D—(p)

A—-v=Kt

dv
A=—=

dt

+t2 %.FU a+ﬁ Uy

I

o B

K

B—ouv=K#

dv
= g=—=
dt

2Kt

C — Kyt — First part of graph

_dU_K

g=—=
dt

1

= v=K, - Second part of graph

dv
e = —=
dt
D—oov=
dv
= ==
dt
= a=-ay
= a,=0,K

ICON

15.

20.

22,

A= (r)

B —(s)

C(p)

D—(q)

Inmotion M :slope of s-t graph is positive and increas-
ing. Therefore, velocity of the particle is positive and
increasing. Hence, itis A type motion. Similarly, N,
P and Q canbe observed from the slope.

A—(s)

B—(r)

C=(q)

D= (p)

Acceleration is constant and is equal to acceleration
due to gravity, which is acting vertically downwards
i.e. in the positive direction, so (p) represents the a-t
graph for the motion.

Since v=1u+at and s=Ay=ut+%gt2

Before collision, v=gt {~ u=0}

So, before collision velocity is increasing linearly with
time and is increasing. However, after collision veloc-
ity decreases with time linearly and is negative as in
).

0 .

Displacement before collision is y = 2 gt* and posi-
tive, whereas after collision, the displacement is
y:—vut+% gt* and is positive (a parabola opening

upwards). Here is the tricky part, as we have taken the
origin at the point from where the ball is dropped and
in both the cases of upward and downward motion,
the displacement is downwards and hence displace-
ment is positive in both the cases.

The distance-time graph is positive and always
increasing.

A= (p,q)

B—=(p.q)

C—()

D= (p,q)

With constant positive acceleration, speed increases,
when velocity is positive and speed decreases, when
velocity is negative.

Similarly, with constant negative acceleration speed
increases, when velocity is negative and speed
decreases, when velocity is positive.
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23. A—(q)
B—(r)
C—(s)
D-=(p)
Solve using relative velocity diagram.
25. A—=(q)
B—(r)
C—(r)
D—(p,1)
Particle will change the direction of motion

when d_x =0
dt

= -20+10t=0
= t=2s

Integer/Numerical Answer Type Questions

1. Let velocities at A, B, Cand D be v,, vz, v and 7
respectively.

For AB
()
For BC
Up 70
z_( it C)tz o)
For CD
+
z:(%)g ..3)
From (1), (2) and (3), we have
! 1+l—l(v +05—0g —Ue +0c+0p )
t1fzf3_2lA B~ Up ~UctUc+Up
1 1 1 1
= ———+—=—(v,+7v 4
hob o b 21(’* ) @
For AD

So, from (4) and (5), we get

i 1.1 3
bty I3 Ltitiy
= k=3

2,

v =60kmh--

max

3.

Hints and Explanations H.129

Since time to accelerate from zero to 60 kmh™ is
equal to the time taken to decelerate from 60 kmh™
to zero. Hence, we can say both OA and BC are iden-
tical intervals. So, total distance travelled from O to
AtoBtoCis

I=l+1,+], = %vmaxH(vmax )8t + %vmaxt

Since,

Total Distance Travelled
Total Time Taken

Average Speed =

_h+h+]
t+8t+t

av

v

CHAPTER 4

t at Tt

8t+lv t

max max ] 2 max

1
— t
2v +(o

W 10¢

9

Upy = E Umax

= 2 (60 kmh™) = 54 kmh"
10
= v, =54x 2 s =15 ms™
18

u=27ms " at f,=0s.Since

dv = adt

v t
= j‘dv = J.f6m‘t
0

7
= 0=(27-3#) ms™ (1)
At v=0, from equation ...(1)
0=27-3t
= t=3s
So, it will stop at t=3s

Since dx =vdt

x 3
= jdx - J(27—3t2 )t
0 0

o x=(27t-F)) =27(3)-(3)° =54 m
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4.

Yot =(0.5+15+1.5+25)=6m

25m
05m
t=25—__ L = t=6s
—-:—-——qr———-—p—————-———qr—/
5 0 05 25 om
t=(2+4)=6s
_xtotal_é_ -1
(ﬂsp)nvg—T— =1ms
+18
(a) 80:(“ ]10
2
= l6=u+18
fe—1 m—
u=2ms" A, ®
S-m--=—0t=0
t=1/
R R e LT )
—1m 80 m

= u=-2ms’
(b) 18=-2+4a(10)

= a=2ms”
(© v*-u*=2as

= 0=(2)"=2(-2)s

= s=1m
0=-=2+(2)¢
= t=1s

(d) Stotal =80+|_1‘+|1|:82 m

For normal driver, the car moves a distance of
xp =0t =44(0.75)=33 m before he or she reacts
and decelerates the car. The stopping distance can be
obtained using

o'’ =2a(x-x,),
where x =?,x,=33m,a=-2 ms?, a=44ms™!
= 0°-44"=2(-2)(x-33)
= x=517m

For a drunk driver, the car moves a distance of
xp=vt=44(3)=132m before he or she reacts and
decelerates the car. The stopping distance can be
obtained again by using

v~ =2a(x' - x})

= 02-442=2(-2)(x'-132)
X' =6l6m

(a) Let the bus overtake the car after a distance x.
When the two meet, the time taken (say f) is the

same. So, for bus,
1 1
=0+ -5t { s=ut+—at2]
2 2

For car, x =50t

= §t2=50t
2
= t=20s

= x=(50)(20)=1000 m
(b) Let the bus be moving with a velocity v.

So, o2 -0=2(5)(1000) [ o?—u? =205}
= 0=100ms™

Velocity of truck is V =72 kmh™ =20 ms™
Time to overtake the truck, 0.6 km down the road is

(o4 _06x10°
Vo2

30s
If u be the initial velocity of the car, then
1 2
600 =u(30)+ 5(1)(30)

Solving it we have u=5ms™

Velocity of the car at the instant of overtaking is
v=5+(1)(30)=35ms™ {~o=u+at}

The relative velocity of car with respect to truck is
v,=35-20=15ms™"

The distance between them at t=50s,i.e., 20 s after
overtaking is

s=(15)(20) =300 m

Since g= ( u+rv ) t, so for decelerated interval,
2

200=(202+U]t1 (1)

For uniform interval,
400 = vt, ..(2)

and again for accelerated interval, we have

600 =(202+U)t3 e




10.

11.

72 kmh™!
(=20 ms™)

200 m 400 m 600 m
5 > f
H—t1 tg ts—l‘l
400 400 1200
= —=—+——
v 20+v 20+v
400 1600
e —_—
v 20+v
= 20+v=4v
20 4
= U=—ms
= b= 40‘)2[}:@ =155
20+= 80
3
400 400 1200
@ k=T mgg Ty S0
3
- t3=1200 _ 1200 =36005=455
20+0 20+§ 80
3

= t=(15+60+45)s=120s

= =2 minute

Let the truck overtake the car at time f=0 and the car
overtake the truck at time f .

1
For truck, s=10¢ , and for car, s= EZEZ

10t=l(2)t2
2
= t=10s

= 5= %(2)(10)2 -100 m

and v=(2)(10)=20 ms’

Let u be the initial velocity of the bullet.

According to the problem ¢ = % ,when s=3cm

12.

13.

Hints and Explanations H.131
0\
= (] -u*=2a(3)
2
2
u
=— (1
= 0 5 1)

Let the bullet travels a distance x cm before coming to
rest so,

0—u®=2ax

2
= =2(u—]x
8

= x=4cm
So the bullet will move 4-3=1cm further before
coming to rest

Let the particle start with initial velocity u and a uni-
form acceleration a from point A .
For AB

200=M(2)+%a(2)2

= u+a=100 (1)

=200 cm —=t=—220 cm —=
A B C

Uhar 25—

6s

For AC
(200 + 220) = u(2+4)+%a(2+4)2

= 420=6u+18a
= u+3a=70 (2)
Solving (1) and (2), we get

a=-15cms™ and u=115cms™

If v be the velocity at the end of seventh second from
the start, then using
v=u+at,we get

= 0=115+(-15)(7)
= 0v=10cms™
For OB

1= Uz_vl = Uz_vl (].)
(t,+1)-0 t+h

H—t1 —D—-l—f:g—r-i-l—ts—lvi

0 w A Y2 B V3 C
For AC
U370 U (2)
(l+h+h)-t  fH+h

a=

CHAPTER 4
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14. For 0<x <1000 m, the initial condition is v=0 at

15.

From (1) and (2), equating the values of a, we get
U =0y (B34t ) 1
v, -3 \ H+6 -

x=0

Since vdv = adx
= Jvdv = J.édx
0 0

=6x

{ a=6ms” from graph}

=

M| S,

= =23 (1)
When x=1000 m , we get

0=2+/3000 = 2030 ms™

For 1000 m < x < x,,, the initial condition is

v= 20@ ms ' at x=1000 m

Since vdv = adx

v X

= J. vdv = J-—4dx

20430 1000
2[? x
= v =4y
2 |30 1000
o2 12000
= E—T=—4(x—1000)

= 07 =12000 = -8x + 8000
= ©>=20000 - 8x

= U= (JM) ms™!
When v=0, at x=x,, then
= (0=,/20000-8x,

= x;=2500m

The velocity v of the balloon when it has risen to a
height H is given by

0 =0+ 2( ﬁ]H
8
taking upward direction positive

JeH
= 9= %:ngsec"l

16.

17.

This will also be the velocity of the stone in upward
direction when it is dropped.
Taking upward direction positive for the stone,

o[ NS 1
()3

v eg=-¢andh=-H
5 )ty {~g=-s }

= gtz—@t—2H=0

t=@i,/gH+8gH
28

=
H +
_, ,_gH*3JgH
28
H . ...
- t=2 = {taking positive value}
8
= x=2

For the first kilometre of the journey,
v —u? =2ax
where v=10ms™, u=2ms™, a+?, s=1000 m
= 100-4=24(1000)
= 1=0.048 ms”

For the second kilometre, again applying

v? —u? = 2as
where ©=?, wu=10ms™, 7=0048ms? and
s=1000 m

= v=14ms™

For the whole journey, vy=2ms™, v=14ms™ and
0.048 ms™ . So,

v=k+at
= 14=2+40.048¢

= t=250s

AC CB
= —a4 —
(]

t

where AC=aseca; and CB=bseca,
;o aseco bseca,
0 ]
For t; to be MINIMUM, we have

it
dat,

a b do
= —secq, tana, +—seca, tana, | —= |=0 (1)
U Uy doy,



18.

ICON

A o, T 1
%2\48 __b

|
| d -

Please note that the question itself asks us to adjust the
values of @ and @, .Soboth @, and «, are variables.

Now, since MC +CN = d = constant
= atane, +btana, = constant ..(2)
Taking derivative of (2) w.r.t. @ onboth sides, we get
do
asec’ o +bsec’ o) —= |=0
doy

2
- @=_“5902 % ..(3)
doy  bsec” o,

Substituting (3) in (1), we get

A ¥ A sec’ o
— & tanoy+— s tano,| ——
G /ee“!{] 1 (& /eet{z ? ¥ sec” o,

=0

tan 04 _ tan O, secoy
(] U, sec az

1 sin; 1 sino, \[ cost
v cost | cost || cosd;
siney _ vy
sina, 0,

Since, v, =33 ms™, &, =30° and e, = 60°

sin(30°) 343
sin(60°) v,

=

= v,=9ms™

v,, = absolute velocity of man,
v, = velocity of man w.r.t. escalator,
v, = velocity of escalator

If the length of the elevator by 7, then from the given
condition,

19.

20.

21.

Hints and Explanations H.133

Time taken by the person to walk up in the moving

escalator is,
= l = I = 90 x 60 =
v, + 0, i+i 90+ 60
90 60
Here we observe that the time t does not depend on
¢ the length of escalator.

Initial relative velocity of approach of A and B is
u, =(144-108) kmh ' =36 kmh ' =10 ms ™'

The driver of train A applies brakes, so if a is the retar-
dation, then retardation of Aw.r.t. Bis a, = —a . With this
retardation he just manages to avoid the collision, so

2

v —ut=2al

= 02-(10)* =2(-a)(1000)

a=£=l ms~2 =5 cms™
2000 20

If this retardation is produced for a duration on t
(say), then

v,=u tat

1
= 0=(10)-| — |t
10-{5)

= t=200s

For convenience, let us take i along east, j along
north and k vertically downwards.

Now given, 7, =8i , 5, =12] +2k
So, absolute velocity of submarine is

B, =10, +70, =81 +12j + 2k {0y =0,-7,}
Further 7, = —4i -5k

= B,=O+0,=4i+12j-3k [ G =0,-0,}

= [%= J@rP + (127 +(3) =13 ms ™!

Since, G, = 0 — 0, = —4i +12] -3k

= [|= V(4P +(127 +(-3)* =13 ms™

(a) Distance travelled by the particle between t =0 to
10 s is given by

s = Area of AOAB=%><10X12=6Um

total distance covered

Average speed = -
total time taken

=  Average speed = % =6 ms™

CHAPTER 4
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22,

(b) Acceleration of the particle during journey OA is
given by
v=u+at where v=12ms™", u=0 and t=55

= 1=+24ms>

Similarly, acceleration of the particle during jour-
ney AB is given by

v=u+at where v=0, u=12ms " and f=5s
= g=-24ms?

Velocity of the particle after 2 s from the start is
given by

v=u+at=0+24x2=48 ms

So, distance covered by the particle between ¢ =2
to 55 (in 3 's) is given by

10
S;=ut+—at
2

. sl=(4.8)(3)+%(2.4)(3)2=25.2m

Distance covered by the particle from t=5s to 6
s (in 1) is given by

1
Sy =ut+ —at?
2

= sz=(12)(1)+%(—2.4)(1)2=10.8m

Total distance travelled from t=2s to6sis
§=5+5,=252+108=36m

Average speed in the interval t=2s to6s

total distance covered 36 a
w = . =—=9ms
total time taken 4
d t
dx o vt
dt 5
vutz
= X=0Ut-——
10
where x can be either +10 ecm or -10 cm
For x=+10 cm , we have 10t - =10
. ( 10+ 60 ] s
2
Hence we have
b= ( 10- V60 ] s {First Instant)
2
= =( 10 +2‘/6_ 0) s {Second Instant}

23.

25.

26.

28.

29.

For x=-10 cm , we have 10f —#* =10

+
R t:(10_\/140]s

2
= = ( 10+v140 140] s {Third Instant}
2
However, we will not get fourth instant as time cannot

be negative.
Time interval between the second and the third instant
IS At=f3*f2=‘—28

Initial velocity is v; =0 and final velocity of the athlete
. 5 A
is vy =36x_—=10ms".

18

Since the particle is moving with uniform acceleration,
so, we have

v;+0
v, =(0)= [ —5ms!
L
h=ut-—gt
28
= gt -2ut+2h=0
= tltz:% andtl+t2=2_”:T
8

Since (t,—t, )" =k +1, ) —4ht,

= 16=64—4(%]
8

= h=60m

(As)min ={\’a2+§]><2:a\/§

(As)mirl _@
v - (Y

min

= n=5

From graph, we have
v=t+2

= xz—xﬂzlx(2+4)x2:6m
2

= »=9m

Let v, =u and v, =v, then

Time taken by swimmer to go from M to O and O to B
is equal to the time taken by cork to go from M to B.
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V,=u
-
Bridge — A
B——s M 0
Vg =V
1 km %—H
v—1u
]_ R
1 1
1,72 1
2 v+ u
1 24v-u 1
= —4—=—
2 2v+u) u
(v+u+2+v-u) _ 1
= VT = " ==

2(v+u) u
= (2v+2)u=2(v+u)
= 2uu+2u=20+2u

= u=1kmh™
1
30. s, p=vptt EaAjEtz
31. Displacement in last two seconds is

s:Ax:%uxzfzzm

vm,=g=lms_1
At
32, 0=16%-2as { vz=u2+2as}
a= 16x16 =320 ms™>
2x04
=218 50907
a 320
= x=5
Vg7 2 _
33, a=L 3B 000 ms?
At 0.01

= a=6kms™

x2

jvdx J\juz + 2ax dx
_0

34, U], =~ =56ms™
Xy — X x
35, xp, =0t
o4_sc
AD BD

36.

37.

38.

39.

40.

Hints and Explanations H.135

10m
8m

AXB D E

man
ft——|

I-I—Xhead—l-vl

10m_ 2m
X

man Yhead ~ ¥man

5

Yhead = mean = ivt

Velocity of shadow of head =10 ms™
Relative displacement = relative velocity x time
= 8x3=(10-2)t

= t=3s

CHAPTER 4

4

4 2
U= J.adt = Jadt+Jadt
0 0

2

2 4
= o= |2-t)dt+ |(t-2)dt
Ji-oe]

= v=4ms™

v=u+at
1 1
= v=6f£x10=lms

__30-20_367-30

15 At

_6.7><1.5~
BRETI

Area under curve is

At 1s

A=%><10x30=150 (1)

Also, area under a-x curve is equal to

v? —u?
2

From (1) and (2), we get

A=

L2 -12) =150
2

= o =u>+300

U

o2 =(10)* + 300
= p=+400=20 ms™’
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41. Speed of bike is

v,,=72><%=20 ms™

1 1
s=—att==x1x2*=2m
2 2

So, ball will fall 2 m behind the boy.

Speed of jeep is
B 5 . B t= 20 _ 2%3600
v]_9O><E_25ms -1 2
Relative velocity of jeep w. r. t. bike is = t=3600s
0,=25-20=5ms"' = t=1h
N -1
Distance covered by bike in 10 s is 4. AtB, velocity is 2 ms
5, = 20x10=200 m Slope of line AB is v=-2 ms_]
So, speed of particle at =125 is 2ms™
Time taken by Jeep to cover 200 m with velocity O speec ot particied 51 ms
5ms™ is 45, _ 20 (v,+0,)
200 vy +0,+0,
t=—=40s
5 o o2x3(45+475)
Therefore distance covered by police jeep in M 6+45+75
40s1is 6x12 A
= Upg = ms  =4ms
5;=40%25=1000 m=1km 18
42. Time when velocity of ball is zero 46. vdv=ads
2
0=98xgt = % = Area of a-s graph
9.8
t=—-=1s 2
9.8 - Y _ 1
So, total time taken by ball to come back is 2 s. 22
Distance travelled by trolley in 2 s is = ov=1ms"
ARCHIVE: JEE MAIN
1. The arrangement of the ships is shown in the Figure _ 54" Upa
(not drawn to scale). Given that |T5a |2
North - N A .
y or) (807 +150; )-(-40i - 507)
_ = = x A
N |-40i - 50|
-~
; (3200+7500)
7 ! =| ——— |hr
50 kmh™ j-- A 1150 km 4100
: : 10700
Al/ 1 80km . - X (East) t= hr=26hr
0/(0,0)] 30 kmh” 4100
Hence, the correct answer is (D).
=~ _an’ ~ I
04 =301 +50f kmhr ™, 7 = 0i +0 2. Since a=constant, u=0

9 = (10 Jkmhr™, 7, = (80 +150] ) km
= Ty =(80i+150j) km
= gy =0~ 0, = ~10i - 30 - 50i = -40i - 50

The time after which distance between the ships is
minimum is given by

= v=al
Since particle starts from the origin

1
= x=—at
2

So, (I), (I) and (IV) are correct graphs.
Hence, the correct answer is (C).



3.

ICON

Drawing the relative velocity diagram, we get

sing=r =1
2
—~ =30
= $=90+0=120°

Hence, the correct answer is (D). 8.

~

F =157 + 4] - 201

o I 404

it
)
= —=30i-40
dt? J
2
_ -2
= —2—5011‘15
dt

Hence, the correct answer is (A).

x = at +bt* —ct>

Velocity x = Z—): is given by

% =a+2bt-3ct? 9.
d’x
Acceleration ¥ = 7 is given by
Xx=2b-6ct
For 5é=0,nf=+E
3c
b b*
= v=i=a+2b(+—)—3c( )
3¢ 3cx3c
b* 2p* b?
= y=——+—+a=a+—
c 3¢ c

Hence, the correct answer is (B).

10.
v* =u* - 2as
-2
. ,Uzz(])z_(z)(Z.leUB](ﬂ]
20x10™ 100
= UZ=1—1
2

1
= v=—=ms =07 ms}

V2

Hence, the correct answer is (B).

Hints and Explanations H.137
dx
v=—=byx (1
" Jx 1)
X d T
x
= |—==|bdt
[&)
0 0
= Ax=bt .(2)
2
= v:b(b—f]zE
2 2
Hence, the correct answer is (C). <
[+ 4
dx dy
Since — = d ZL=kx [T
ince — ky an " -
dy «x .
L s <
Xy I
= ydy=xdx U
= jydy=jxdx
yz J
= <—=—+constant
2 2
= yz—x2=c0nstant
= y2=x2+c0nstant
Hence, the correct answer is (C).
tA — tB _t
1 2 1
= S=Eal(tﬁ—t) =Ea2t§
N t3{1— ”—2J=t 2
m

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

v=t@

Hence, the correct answer is (D).

v, = G =—awsin(ot)
Tt

dy
v, =—=awcos(wt)
Yot

dz
‘UZ = —=
dt

= v=1|'vf.+vj+v§ =2a0

Hence, the correct answer is (B).

aw
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11.

12.

13.

14.

Since displacement is the area under v-t graph. So
Area:%x2x2+2x2+3x1

= Displacement =9 m
Hence, the correct answer is (A).

When moving in same direction

b +4,

tl -
-0

When moving in opposite direction

- b+l

: v+ 7,

h_mto 80430 11

- 80-30 5
Hence, the correct answer is (B).

In OPTIONS (A), (C) and (D), the given graphs rep-
resent uniformly decelerated motion of a particle in
a straight line with positive initial velocity. Distance-
time graph of such a motion is shown here.

b -0y

Distance

Time
Hence, the correct answer is (B).

Distance travelled by carin 15 s is

slzéxACxOC:%(flS)(lS):ﬁ—;S m

Distance travelled by scooter in 155 is
s, =vXt=30x15=450 m

Required difference in distance is (s, —s, )= As

= As=4507?=2§5=112.56m

Let the car catch scooter in time ¢, then

7
¥+45(t—15)=30t

= 337.5+45t-675=30t
= 15t=3375
= =225s

Hence, the correct answer is (D).

15. Using, o* =u® —2as, we get

16.

0=u*-2as
2
u
= §=—
2a
2
511
= T=
S, Uy

2
U
= 52 =| — 51
5!

= 5= (2)2(40) =160 m

Hence, the correct answer is (C).

Time taken by car to reach at location P from location
Qis

_QR RP

v (92)

_(L—x)+2\/d2+x2
v v

t

For t to be minimum, we have

f—— O ——

y vi2f,

Q ~ R x M

I L |
@
dx
ﬁ=1(D—l)+2><(l)l>< 2
dx v 2)v 42442
dt -1 2x

e —
ax v pyd? 4y

Since, for minimum value of ¢

dt
—=0
dx
= _l+27x—0
v od +x°
o 1= 2x

VP +2
= 4xf=d*+2?
= 3x’=d
g

NE

Hence, the correct answer is (B).

=
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18.

20.

21.
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Velocity of the body going upwards is given by
v =1, - gt, where v, is the initial velocity.

Hence, the graph between velocity and time should be
a straight line with negative slope (g) and intercept
vy -

Also, during the whole motion, acceleration of the
body is constant i.e., slope should be constant.

Hence, the correct answer is (C).

Here, acceleration is given by, a=-c

dv

= —=-C
dt
dx dv

= — —=—
dt dx
dv

= V—=-C
dx

= —=-cx+k
vk
= Xx=—-——+-
2c ¢

Hence, the correct answer is (A).
Acceleration of car, a- =4 ms
Acceleration of bus, a; =2 ms™
Initial separation between the bus and car is
Scg = 200 m
Acceleration of car with respect to bus is
Qg =g - =2 Ms™
Initial velocity of car w.r.t. bus is

MCE=U, t=?

. 1 5
Since, g = gt + EaCBt

= 200=(0)t+%(2)t2

= =200

= t=10y2s
Hence, the correct answer is (C).

1
Using h=ut + Eatz
For stone 1, we have

1
'3 =]0t—5g1‘2

22,

23.

Hints and Explanations H.139

and for stone 2, we have
1
1y =40t - > gtz

Relative position of the second stone with respect to
the first,

Ay =1, -1 =40t7%gt2710t+%gt2

= Ay=30t

After 8 seconds, stone 1 reaches ground, ie.,
y; =240 m

= Ay=y,-1y, :4[}t—%gt2+240

Therefore, it will be a parabolic curve till other stone
reaches ground.
Hence, the correct answer is (A).

Time taken by the particle to reach the top most point
is,

= (1)
g

2.

Time taken by the particle to reach the ground is

t' =nt

. 1
Since, s=ut+ Eal‘2

= -H= u(nt)—%g(nt)z

Using (1), we get

u 1 u :
—H:uxn[—]——gnz(—]
g) 27 \g

= —ZgH=21f11/12—r12u2
= ZgH=nu2(n—2)

Hence, the correct answer is (D).
d

L5

dt

1

Jo

= dv=-2.5dt

CHAPTER 4




ICON

H.140 )EE Advanced Physics: Mechanics - |

On integrating, within limits ie., v;=625ms™ to
v, =0, we get
0 t
v Vv = —2.5Idt
625 0

0

-2+4/6.25

-2.5

Hence, the correct answer is (B).

=2s

24. Here, ﬁ=K(y§+x})

= 9=Kyi+Kyj (1)
Since, ﬁ:d—x§+d—y} (2)
dt  dt
Equating equations (1) and (2), we get
ix =Ky and 4y =Kx
dt dt
ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

1. Given line have positive intercept but negative slope.
So its equation can be written as
V==X +7, (1)
)
where m = tanf = —
Yo

By differentiating with respect to time we get

do dx

— = —M—=-my

dt dt
Now substituting the value of v from equation (1)
we get

dv 2

N = —m(-mx+vy)=m"x—mu,

= a=m’x—-mo,

ie. the graph between a and x should have positive
slope but negative intercept on #-axis. So graph (A) is
correct.

Hence, the correct answer is (A).

2. Distance travelled in " second is,
a
S =u+ E(thl)

Since, u=0, so

25.

N
dx dt dx
d

o W K _x e
dx Ky vy

Integrating both sides of the above equation, we get

Jydy = der

2

v _x
= —=—_—+constant
2 2

2_.2
= Y =Xx"+constant

Hence, the correct answer is (A).

v=u+at
= ﬁ:(3§+4j)+(0.4§+0.3})x10
= 5=(3+4)i+(4+3)]

= |5 =/49+ 49 = \J98 = 742 units

Hence, the correct answer is (B).

1
s Hﬂ*iﬂ
E —

Sl a(n+])—%a

_2n-1
2n+1

Hence, the correct answer is (C).

The area under acceleration time graph gives change
in velocity. As acceleration is zero at the end of 11 s

a
A
10ms2 B8
A
oOb———— -t
11s

= U = Area of AOAB

= vmax=%x11x10=55 ms !

Hence, the correct answer is (B).

vy =-y2¢d and v, =+ Zg(j]

Hence, the correct answer is (A).
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AB 2 ) To swim across the river to a point directly opposite

=——=—=2ms in the shortest time, the man should swim at an angle
time 1

Displacement

‘ Average Velocity ‘ =

time

af 5
IR | _ o
Hence, the correct answer is (B). 0 =sin (ﬁ] =30° towards the West of North.

For Q Hence, the correct answer is (C).
Since acceleration due to gravity has no component

along AB.So motion of the particle along AB ismon- 9. Intheright angle APQR, P=c+y’
accelerated motion with uniform velocity v. If £, is
the time taken by particle Q to go from A to B, then

tQ = % . .(1) q
2 4
For P Ll
Since motion of particle P from A to C is accelerated -
and that from C to B is retarded. So from A to C the . o
horizontal component of velocity gradually increases ¢ = constant, / and y are variable g
to attain a maximum value at the lowest point which Differentiating this equation with respect to time, U
further decreases gradually to attain the same value v we get
at point B.
That is the motion from Ato B to C experiences a 2gﬂ =0+ zyd_y
horizontal velocity which has a value more than v. So dt di
- (4
Hence, the correct answer is (A). dt ) y\ dt
v, = velocity of boat in still water =5 kmh ! Here _4y =0y
Codt
vy, = velocity of boat w.r.t. river I
v, = velocity of river = y ~ osf
1km - v -

= gy = 4k — and -y

( — ]h \ | dt

60 oo U
Vool Hence, v,, = —

By Pythagoras Theorem voy AVor Tk M= s

v +0 =07 l Hence, the correct answer is (C).
= 0 =0,-1, 0. 4,=20-2""

SVYERDY:

2 2 2
—52_4
= 5= A3 =5v2 ms™ in North-West direction.

= 0,=3kmh™

Hence, the correct answer is (B).

NORTH BANK
\ T
\ |
5 m/min \]Omllmln
” P
' 52 1,
r E—— = in North-West directi
SOUTH BANK TR T (in North-West direction)

Hence, the correct answer is (C).



ICON

H.142 )EE Advanced Physics: Mechanics - |

Multiple Correct Choice Type Problems

1

x=acos(pt)
y =bsin(pt)
e
—+5=1
- a b

= Trajectory is an Ellipse
= i=-ap’cos(ot)

= i= _sz

Similarly ij = -p*y

So, acceleration is directed towards the focus.
Hence, (A), (B) and (C) are correct.

The body starts from rest at x=0 and then again
comes to rest at x=1. It means initially acceleration
is positive and then negative.

So, we can conclude that ¢ cannot remains positive for
all ¢ in the interval 0<t<1 ie., @ must change sign
during the motion.

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

Integer/Numerical Answer Type Questions

1.

Let us consider motion of two balls with respect to
rocket.

A B
*r— -
0.3 ms™ 0.2 ms™

| 4m =

Motion of ball A relative to rocket

Maximum distance of ball A from left wall is

2
5, =2 09X03 0 g m {0 = u? ~2a5)
W 2x2 4

So, collision of two balls will take place very near to
left wall.
Motion of ball B relative to rocket

~—2ms?
-0 - Ve
0.2 ms™ -ve

S =ut+1at2
2

1
= 4:—0.2t—[§)2t2

Solving this equation, we get
t=19s
Nearest Integer =2 s

Relative velocity of B with respect to A is perpendicu-
lar to line PA . Therefore, along the line PA, velocity
components of A and B should be same.

vy =100V3 ms™

A.{@; Vg

-
- v

-
-
-
-

_(30°
o {

= Uy = 10043 = vg cos 30°
= 03=200ms™"

500 500
= f,= =

= =5s
0 Up sm(30) 200 x l

Assertion and Reasoning Type Problems

1.

%V
rd

Statement-1I, is the mathematical definition of relative
velocity. However, it does not explain Statement-I cor-
rectly. The correct explanation of Statement-I is due
to visual perception of motion. The object appears to
be moving faster, when its angular velocity is greater
w.r.t. observer.

Hence, the correct answer is (B).



