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<K

Exercise - 1
Single Answer Type Questions

20x3+4 x20+5x20

1. Avg. velocity = 20+20+20 s
G-Di+Q+2)j+@ -3k 3i+4]
2. §= B
V3% 44240 >
~ . (3}-‘1-4}\ 2 n
v=[7] v=10{ =5 = 61+8]

3. v, =21 = v, =4c0s60° +4sin60°]

4. 43, )
=—1+T\/_J =2i+243)

2
AV=9,-V, =2i+243j-21 =243]
243 :

(a>:T=\/§J m/s?

dx d
4. |V| = ,,Vi + v?, here v, s =2ct ; Vy:d—i, =2bt

Therefore |{;| = \/4 22 +b%)= 2t\/(c2 +b%)

dv
5. Forv=0,x=1,4anda=v—

dx
dv dv
soa| _ =0x T VAl =0x =0
2h =0
6. t = .— At o1
1 g h
[2x2h e
t,= 3h
2
g e
2 x3h
t, =
g t3__]D v

Required ratio t, . (t, —t) : (t, - t,)
=1: (\/5—1):(\/5—\/5)
u=0

20s 30s

> i
P >

| X X X

1 1
za(lO)2 = xl-i-x2:5a(20)2

XIZ

8.

10. t

1.
I

12.

14.

>

( Physics )

1
x1+x2+x3:53(30)2 = Xx,:%:x,=1:3:5

Vi =G +4x D)i+@+(=3)x 1)]j=71+]

1Vay | =449 +1 =52 m/s

.. AB=AC-BC
1 (u)z_i (i}
28 287

1
Y 2 gt

Velocity after 10 sec is equal to
0+(10)(10)=100 m/s

Distance covered in 10 sec is equal to

;—(10)(10)2:50m

Now from v? = u? + 2as.

= v*=(100)>-2(2.5)(2495-400)=25 = v=5ms™"

It happens when in this time interval velocity becomes

zero in vertical motion

:>§:5 — u=5x09.8=49 m/s

. §,=S,+10.5

B
tZ

2
2=

=10t+10.5

t?=20t+21
2-20t—-21=0
t=21 sec

1 1
Displacement = 5 [4+2] x4 — 5 [4+3]%x2

=12-7=5m
Distance =12+7=19m
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15.

16.

17.

18.

20.

21.

22.

23.

24.

Two values of velocity (at the same instant) is not
possible.

When the secant from P to that point becomes the tangent
at that point

a= —

2 = change in velocity w.r.t. the time
t

For OA — velocity decreases so a is negative
For AB — velocity constant so a is zero.
For BC — velocity constant so a is zero.
For CD — velocity increases so a is positive.

Initially velocity increases downwards (negative) and
after rebound it becomes positive and then speed is
decreasing due to acceleration of gravity (1)

Initially the speed decreases and then increases.

Upward area of a-t graph gives the change in velocity
= 20 m/s for acquiring initial velocity, it again changes
by same amount in negative direction.

Slope of curve =— 10/4 =—2.5

= 4sec

o, time =
Total time =4 + 4 =8 sec

For shortest time to cross, velocity should be maximum
towards north as river velocity does not take any part
to cross.

- u o
v =AML 0 \UV.
RIMT R0 J N R

T VR =Vt Vy

=

~ ~

= Vy=ui-

tanQJ VT\\:U i

VG = Ve P~y P =OY + (107 =103 m/s

( Kinematics )

~

26.

27.

28.

29.

( Physics )

-V,.=10/3 m/s

. Flag blows in the direction of resultant of {/W & _\713

AVw = 6m/s

Ve=2 m/s 4

Vy =V, =6j—@i+2))=4(i+ )NW
= N-W direction.

The resultant velocity should be in the direction

of resultant displacement

5
v =5 T
60m
Vor Vin l
A
Sotime=—20 =5 v =13
Vin — 52

For shortest time then maximum velocity is in the direction

of displacement.
1km 1
VBR
04 VgrCOSO
Vg:SinO Vi
s =ut

1
l=vg,cos0 t = 1=5cosO Z

4
cos0 = 3 = 0=37°

3
V, =V, 8in37° =5 x g =3 km/hr

Time of collision of two boat = 20/2 = 10 sec.

As given in question i.e. the time of flight of stone is also
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equal to 10 sec. so vertical component of stone initially
is 50 m/s and the horizontal component w.r.t. motorboat
equals to 2 m/s.

Hence Vg =31+50]

30. Vop =—i+2j-i-] = —2i+}

/ tan

(2 1
Q
=
pX tan’G)
©0)
5 Xpmi
So from sine rule \/_ =—nh X
sin90° sin® m

4
\/_ZX\/_\/_ —

H
> ; v2 =u’cos’0

5 ><2s1n cos—
2

31. V?, = u’sin’0 — 2g x

6
" ucosO = \/; [ V?ﬁ“’i}

= cosezgor 0=30°

32. 4, =a,i:d, = -a,)
a
Y
. 2 x20
33. Time to reach the ground = 10 =2 sec
u=0, a = 6m/s’
——>

20m

l

So horizontal displacement = 0 +;— X 6% 4=12m

ct)}

Time to reach maximum height (when } comp. of velocity

34. v=ai+(b-

35.

36.

37.

38.

39.

( Physics )

. . 2b
*. Time of flight = e

becomes zero)
b
Lb—ct=0 =>t= -

2b
range = horizontal velocity x Time of flight =a x o

v=ucosai+(usino—gt)j - V=Vx =Vy
A
usino u 45°
a -
ucoso

u
ucoso. = usina - gt = tzg (sinat <'cos o)

1500 = =20
a 3

1
sin37° x t—EX 10x 2 ;t=7

. 500 .
Distance = 3 cos 37° x t (Horizontal)

4000
3

= X= m

2h

Time to reach at ground =

In this time horizontal displacement

’Zh u? x2h
X = d’=
g g

x2 = yz + @2
dx dy

iZXE—ZyE

(82
=9 \y/\dt)” sine

OR
Component of velocity along string must same so

vy, €0s0(90-0) =v = v, = s

Here x*> = y*>+ d>
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g2 )8 o
O G T T\ Va) Ty W g0

OR
Component of velocity along string must be same
0 v
sov,cos0=v = v, =
M M cosO

40. Net tension on M | T 2TE./(3T)2 +T? =4/10T
T

Now from acceleration X Tension = constant
= a,(V10T)=a (T) = a_= (V10)a,, = V10a
OR

a
Net acceleration of m |

3a

=\a’+B3a) =+/10 a

41. Net acceleration of load

_— o T—OL a
—2acos( ] = 2asin [E] """"
2
42. Given = 0*+20
o p42
do

do
=o—=(0"+20)(20+2
a mde ( )( )

at 0=1
o = 12 rad/sec?

<+«—a,=1ms"

Zl + Zz + €3 + €4+ ZS = constant

= U+ l+ b+ 0+ 05 =0
= a.ta,+(a,—a)+(-a)+a =0
= 2a.t2a,-2a,=0

= a.=a;-a,=1-2=-1ms?

= Acceleration of C is 1 ms2 upwards

44.

46.

47.

48.

49.

50.

. Centripetal acceleration =

( Physics )

714 x 2T
s

". magnitude of acceleration

~ 2_[14x21‘c)2x 80 e
B Y. 1oo ~ 7S

| <.

Vi vi v [Ry _\ﬁ
Rl R2 V2 R2 2

® = constant , a, = 0

{Zmzrx (0_275 I_E}
2w

R

n T
_ 20R _2(02R.

_ _ =w'R oR
T/ ® o

av

. a 2
Soratio=—%-=—
s

20

Givenr= —m
b

Angular velocity after second revolution

v_50n_5_1t

r 20 2

2 2
Of 0 = O T 200

initial

25 , 25mn

—n =2ad4n)= o =

4" ) 32

a, =0Lr=25—n><£=15.6
32 T

o and o remain same but v and a_ is proportional to
r thus at half the radius,

20cm/s
v:X |:a_T
\4 2&aT > aaR
tmbemve=? o= 2o oy
cm, V=20 50 3Ora S.
T b4
So V=m€=—0x6=§ cm/s = 21 mm/s

Difference = \/2_% cm/s =22 T mm/s

Angular velocity o about centre = 2®
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=2 x0.40=0.30rad/sec

. ~ [ B5IA)
v=0R :12(—i)+6><1—5(i)+ 6xﬂj +10i
1 24 \ 24}
=0.80 x —=0.40m/s
1 . 1~
2 ()i

> 0.40x0.40 x100
Yo e 032 cms?

R 50 el

51. Let x is the distance of point P from O, the, [Ve|= 2 =3m/s
from figure o wall « «
- —h P 5, A i 5
tan ¢=4 or x = htang T — 7mis —>17mls
dx L. do 3m v2= (TP +2xaxx;v, =13ms
T oa My (77= (79 +2xax2x
13 -7 17-13 ¢t 6 3
do _ ) s :tl;tzz—;—l=—=—
i@ |=v=hsecdo a a L, 4 2
So putting values 6. Distance covered by
h=3,p=180—(90+45)=45° train I = (Area of A) .. | =200 m
train II = (Area 0f A) ., =80 m
weget v=(B+2F x0.1=0.6m/s So the seperation = 300 — (200 + 80) = 20 m.

Average velocity of particle

Exercise - 2 .
Segment-I Multiple Answer Type 7. Asgiven 9=y/6 = AJ,
!

v dV t
1. o=-av’= _f—z =-a _[ dt Displacement 54 —6—
uV =0 B=——————=—=9m/s
time 6
1] 11 |
= —{;} =-at = ;—; =—at 8. Time of fall of stone = 2x20 _ 2 sec
! 10
u X t  udt Horizontal displacement of truck in 2 sec
= vV = J.dX =
1 +aut o o 1 +aut

1
:>S:2X2+5 X 1x4.

u 1
— x= —/[/n(l +aut)], =— ¢n (1 +aut) Length of truck = 6m

au a A a A n
9. T=(E-4t+6)i+]; v =(2t—4)1+2t]
2. u =1u,;u = aocos ot

y ¢ a :2(i+3);when aly then 3-y=0;t=1s
x=ut; gdy:au) J' cosotdt vsind v

t=0, %

W 0 (ox)
y = a— sinmt.=.asin L— <« 4m —> VvcosH
w u,

10. When acceleration is constant the instantaneous velocity
is equal to the average velocity in mid of the time interval.

3. t=ox’+Px=1=Qax+B)v = v=

B+2(1X Vo — V1 V3 —Vp
. Acceleration = 2—aV22(X,V3 a=t th th t3.
(B + ZG.X)Z ? + ? ? + 7
VB/A
4. | v,| =10m/s )
V, . .
Vo=V 4V +V 0 < 11. Time to cross 2m is ( - ] .....
c = Vo/B B/ A A Q vsin O
Va To avoid an accident
2
Displacement = 4 + v cos 6 x —
vsin 0

( Kinematics ) 324
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1

8 x =4+2cotH - -

vsin 0 co 9=0+ - x 10 (3ty 324

- 165sin 0 tI 3
VY T sin0 12 cos 0 2:3t o2

16 5 tI

Vo= =1.6 m/s 1
min ,4 +2 \/_ (18 . mn,ﬂ’mmm
[+ (acos O + b sin 0) has max. value = /a2 +b? ] 3

12. v=411+3t] (= x=at &y =3/20)

v()=41+3] ; v2)=81+6]

1
12Ai+9ti . N X, = > x10x (t)? =5t =5 Xﬁzlm
'~<V>:T:(6i+4.5j)m/s 2 9
3 18. 3002 = (3t)* + (41)°
13. x=40+ 12t - . 300 % 300 - 25¢ -

dx t=60 -
Speed — =0+ 12-3t> = t==2sec AN

! 3X2\/§ Vg=4m/s
: = — Ratio= ——= = o
SLx(2) =40+ 12x2-2 atio PN,

= 64-8=56m. att=0,x(0)=40
Ax=x(2)-x(0)=16

2 x2Rcos0
Jvds J‘\/szs 5 19. Time-to fall = gcose

S PR P

so it does not depend on 6 i.e. the chord position.

2L
.[th J-atdt _Y SV 4 |,20. For man on trolley ; vt=L = t=—— 3
ume J‘dt J'dt 2 <V1 > A%
ith tt d t+3Vt L+2L SL
with respect to ground : vt + —vt= =
5. T l, lgm/s lgrn/s T2m/s 2 3
207 o 3wy 2L L SL L4
", time of ascent = Y 3 3 33 3
g+2
. . 2usin 0
. 2h t, { 2 21. Time of flight |4 :m ..(D)
time of descent = S T It 3
g ta (angle of projection = )
_ _ Distance travelled by Q on
16. vy =V, +9.8%0.52y, %49 incline in 4 secs is 60°
v~ Vv, =4.9m/s  and
Vv =2gs=2x9.8x3=588 os L e =405
— 2
y & the range of particle 'P' is 40 3
I T
3m[: t=0.5s —ucosex4+5 L \3e x 4=40/3
I :u0059:0,509:90°
= (vt v) X (vy—v,)=2x9.8x3 from equation (i) u =10 m/s

=v,tv, = 12 m/s

17. Time taken to reach the drop to ground

( Kinematics ) 325
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*5in90° 100 x1
22. PQ=R=""T20 2 10 = PQ=10
g 10
Ya
Q
@
S 6
g (x.y)=(10,6,0)
PL<S! . x
(2,0)
—
8
2 xh
23. Time to fall = J2¢h

24,

25.

26.

= Horizontal velocity X time

2h
X = ngh X ?:2h

At maximum height vertical component of velocity
becomes zero.
vi=1u’ + 2as

Range

V,Sin60°4
60° R
ForA: 0=v,2in*60° — 2gh
2gh = v,’sin*60° = v,* (3/4)
, - [Ben
A 3
ForB: 0=v_2?—2gh
v,
V= 2gh; g N f
x=10V3t; y=10t-t} 3:10%
dt
dy
vyzazlont = att=35 sec.

v, becomes zero at maximum height
=y=10%x5-5*=25m.

f=021+@E -2t);

ar 261+ (3t2 =2
= = + p—
m i+ ( )

<!

( Kinematics )

27.

28.
29.

30.

31.

32.

( Physics )

L.
a=—7+=21+6tj
dt?
a.v =4t+18¢—12t=0(For 1)
S t=x2/3,0.
. dy dy 3t -2
For parallel to x-axis = — =0= — =
dx dx 2

2
Latt= \/; sec it becomes zero so (c¢)

5(4’4) =2’i+6 ><2] :2;4—12’:]
Acceleration = Rate of change of velocity i.e. velocity
can be changed by changing its direction, speed or both.

Area of the curve gives distance.

x=t-3t2—9t+5.x(5) >0 and x(3) >0

so [A] v=dx/dt =3 —6t—9

=>t=-1,3 sot=3

Hence particle reverses its direction only once average
acc. = change'in velocity /time.

In interval (t = 3 to t = 6), particle does not reverse its
velocity and also moves in a straight line so distance =
displacement.

E D
Av. veloci Displacment
. velocity =————
V-V Y time F C
X=2+2t+48, y = 4t + 8¢ 607
Av B
& 2+ 8 & 4+16
=— =2+ 8, v, = —=4+16t
YT a T

a_=38; a = 16; a = 8Ai+163 = constant
y=22t+4t); y=2(x—2) (- x=2+2t+4t)
which is the equation of straight line.

MotionAto C = 17>=7>+ 2as

— 7nv's —> 17nY/'s

T

A B C
172 +7°

s
MotionAto B = v =7"+2a (—j - ;

2
289 +49
A)v,= T:Bm/s

+13

(B)<v,>= =10m/s

13 -7 17-13 4 _
(Of=="",1,=

Jt S
't

6_3
2 a 4 2
3+17

(D) <v,>= =15m/s
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33 x=u(t-2)+a(t-2y ..(0)
dx

3s.

36.

37. v =

39.

. [A]

:)V:E =u+2a(t-2)

Therefore v(0) =u—4a

= & =2 H C
= 12 =2a. ence [C]
x(2) =0 [From (i)]. Hence [D]

+» Distance > Displacement
.. Average speed > Average velocity
[B] |a|£0=>A7v+0

velocity can change by changing its direction
[C] Average velocity depends on displacement in time
interval e.g. circular motion — after one revolution
displacement become zero Hence average velocity
but instantaneous velocity never becomes zero
during motion.
In a straight line motion ; there must be reversal of the
direction of velocity to reach the destination point for
making displacement zero and Hence instantaneous
velocity has to be zero at least once in a time interval.

V)=@ -1 xt)i+0-0.5t)  ..0)
For maximum positive x coordinate when
v, becomes zero

“3-t=0=1t=3sec

t(3) = 4.51-2.25].

then

v=+/x; j Idt:>[2\/_]x—t

t+4)°
= X= 3 att=2 = x=9m

1
a—v——\/_ = —m/s?
2\/_ 2

at x =4 = v = 2m/s & it increases as x increases so it
never becomes negative.

[|\7| — speed]

Velocity may change by changing either speed or
direction and by both.

. For returning, the starting point

Area of (AOAB) = Area of (ABCD)
1x20x 25 =L xtxdt=t=55 =112
. Required time =25+ 11.2=36.2

Average velocity

( Kinematics )

41.

42.

43y

44.

. Range =

( Physics )

Displacement Areaunderv — tcurve

time interval time

t P
%[25 +25-2t] x5t
25

As air drag reduces the vertical component of velocity
so time to reach maximum height will decrease and it will
decrease the downward vertical velocity Hence time to
fall on earth increases.

—t=5,20

As given horizontal velocity = 40m/s

ucos 0 xt=40;t="1 sec

At t=1, height=50 m
~50=usin®x1-12xgx1=usin=>55
*. Initial yertical component = u sinf = 55 m/s
Ashoop is on same height of the trajectory.
So._by symmetry x will be 40 m.

Horizontal component of velocity remains constant

. V'sin O = v cos 0 (from figure) ..

P V cosf

So from v, =u + ayt—) — V' cosO

. cos? 0 . v
= sinf—gt-v — =vsin@ — gt .. [t= —cosecH
sin 6 g
u? sin20
Range =

For 6 & (90 — 6) angles, range will be same so for 30° &
(90 —30°)=60°, projections both strike at the same point.
For time of flight, vertical components are responsible

u? sin20

= 480 = x sin20

(90 — 0) projection angle has same range.

N

Pe—480m —>Q
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Time of flight :
2usin @ 2usin(90 - 0)
Wy T
hy u?sin? 0, sin230 1
E_ u? sin? 6, :sm260 3

46.

47.

48.

49.

50.

52.

After t = 1 sec, the speed increases with
a =g sin 37° = 6 m/s?
v, = gsin37°x 1 =6 m/s

" speed = /g2 4 g2 = 10m/s

1 1

v=2X— x4 (atx=—,v =4)
y 2 27
v,=4mis s Vo= 4144558 = 442

X=—

2

Slope of line 4x — 4y — 1 = 0 is tan 45° =
and also the slope of velocity is 1.

2

u
h =— = u=12x10x5=10m/s
max 2g
Y L £ balls i i
0o 10 = 1S SO no. o allS 1n on¢ min.

=1x60=60

New horizontal range

1 g ¢ 4u’sin?0
=R+ —x =xT?=R+ — x — 5
272 4 g
Rl (T u? sin? @
= + o -

( e

Let acceleration of B &, =a,"]
Then acceleration of Aiw.r.t.

B=a,-d,=(15-a,)i+15]
This acceleration must be along the inclined plane
15 3_ 15

so tan 37 :H:) 4_15_aB a,=->5
a=—kv+c[k>0,c>0]

dv 1

= |dt ——/Mm((-kv+c)=

j_kv+c fat = i (kv +o) =t
= kv=c—e® = &, =-51
ForB:

Net acceleration

I_)S
10

( Kinematics )

53.

.al+a2:1 = a —a;="7

( Physics )

(LLL

=J5% +10% =125 =54/5 ms?

LLLLLLLLLLLLLLLLL,

(4T) a, = (2T) (ay) T

ap
“a= o

dVB T T T
but a at T[T .

2 2 DT
=t+—=a,=—+—
Att= 2S, a,
2 (2 )2 aAT ‘l’
a, = +—4 1+1=2 ms™
. Block B will again comes to rest if

v,=v ie3t=(120t =>t=% s

Acceleration of D = a, + a,
=4+ 6 = 10 ms? downwords

1A= R v/ dt Rav/ 245 R
v
. dv  V? dv v* ld ds

G|ven—=—:—=—,-__[ V= I
dt  r ds r v U o T
v S

- /n{_o}__:\’_o:esn
A\ r A

= VO_VCS/r = Vzvoe"S/r

Exercise - 2

Segment-II Assertion & Reason Type

1.

Whenever a particle having two L components of
velocity then the path of projectile will be parabolic, if
particle is projects vertically upwards then the path of
projectile will be straight.

u”sin26 L
For max. range [T] , the projection angle(0)

should be 45°.

So initial velocity ai + bj = tan 45°:§ =a=b

Acceleration depends on change in velocity not on
velocity.
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4.

10.

11.

12.

To meet, co-ordinates must be same. So in frame of one
particle, second particle should approach it.

If displacement is zero in given time interval then its
average velocity also will be zero. e.g. particle projects
vertically upwards.

Because initial vertical velocity component is zero in both
cases.

Yes, river velocity does not any help to cross the river
in minimum time.

In air, the relative acceleration is zero. The relative velocity
becomes constant which increases distance linearly
which time.

Inclined plane, in downwards journey. The component
of gravity is along inclined supports in displacement but
not in the other case.

If the acceleration acts opposite to the velocity then the
particle is slowing down.

Maximum height depends on the vertical component of
velocity which is equal for both.

Speed is the magnitude of velocity which can't be negative.

. Free fall implies that the particle moves only in presence

of gravity.
Exercise - 3
Segment-I Matrix Matching Type

Slope of v.t. curve gives acceleration (instantancous) at

.= _dv
that point a = ——

dt
[A] X:3t2+2:>V:% :6t:>a:—d2X
dt dt?
dv
Bl V=8t =a=" =8

[D] For changing the direction 6t — 3t> =0
=t=0, 2 sec

At t=0,v(0)=10m/s;t=0; v(6)=0
Change v(6) — v(0); Av=0— 10 =-10 m/s

—t

charge in velocity
time

Average acceleration =

( Kinematics )

( Physics )

_ﬁ_i 2
=T 3 m/s
Displacement

Average velocity = —2E°
time interval

Total displacement = Area of A's (with +ve or —ve)

! X2 x 10—1—X4>< 10 =-10 m (units)

2 2
_l _
.. Average velocity = TO = 7?5 m/s
a(3) = slope of line which existat t =0 [t = 4
-10
a=tanf = y = -5

4. Velocity & height of the balloon-after 2 sec:
v=0+10x2=20m/s T
h=1/2%x10x4=20m
Initial velocity of drop particle is equals to the velocity

of balloon = 20 M= -+ u =20 m/s

After further 2s

U, + Vg

.. height = x 2 =20m from initial position of

balloon
.. Height from ground = 20 + 2v = 40m

4 x1 .
5. RO=vt;0= 1—:4rad1an

.. Displacement = 2R sin 6/2 =2 sin 2
Distance =vt=4m

. Displacement )
Average velocity= ——————=2sin2
time
Average acceleration =
Changein velocity 2 x4sin2 )
= =8sin2

time
Exercise - 3
Segment-II Comprehension Type

Comprehension #1

1. Positive slopes have positive acceleration, negative
slopes have negative acceleration.

2. Accelerated motion having positive area on v-t graph
has concave shape.
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3. Maximum displacement = total area of graph
=20+40+60+80-40=160m

4. Average speed
_ Distance _20+40+60+80+40 24

- m/s
time 70
5. Time interval of retardation = 30 to 70.
Comprehension#2
Distance  nd/2 =
I Displacement d 2
30 mE)
302 (SW)
2, A0m®
ﬁlOm(N)
3. x=Ly =4x=2y,=16
.. Displacement = \/(xz -x, Y +(@y,-y,)
=12 +12% =145 =12m
Comprehension # 3
1. y=3x-2x
Traject tion 1 tan0 gX2
ra ation is y =x tan — —5——5—
jectory equation is y 005’0
_ e — &
tand = V3 = & 57 79 =2
— u=—>"=110
2 xl—
5 2
2 .2 1.0 x[—]
2. Max. height jj — 4 Sin" 8 27 _3 4
2g 2x10 8
24+ .
_ wsin20 10 xsinl20° \/§
3. Range of A= M 10 =5
= B
2using 2 >V10 <7~

—_
o§|

4. Time of flight= o 0

Jio
2

5. At the top most point v=ucosf=+/10 cos60° =

( Kinematics )

|6

1.

( Physics )

Rzl—m
4

Comprehension # 4

1.

Ifthe projection angle is increased, maximum height will
increase.

Projection angle is 45° & \ 21 m/s, projection speed
is V, sin45°=21 =V =21x/2 =30m/s

By the v, —t graph the acceleration is

Initial kinetic-energy = 1/2 mV;

If mass doubles, then we can sec from (vy —t) curve then
velocity becomes half of previous.

2 2
. szmX(V—Oj :1/2mv0
2 2 2

Position of the cable at the max. height point.

e (Vysind5y Vg
S22 4

Hence [B]

Comprehension #5

R=Cv;
Putting data from table: 8 =C x 10"

31.8
=31.8=Cx20"= T:3.9;4:2“:>n:2
C depends on the angle of projection.
R=Cx v"=8=Cx10" and

8
R=Cx5"=R= 2—2:2m

Comprehension#6

. 1
In vertical direction h = (usin®)t — 2 gt’

i (2usin6]t+2h 0
=t - —=
g g

2usin© )
SHTL=T e @)

J
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. L L,
In horizontal direction X = (ucosO)t— Eat

2ucosB 2x
= 2= t+—=0
a a

2ucos0

=t t,=

(i)

From (i) and (ii) 6 =tan a(t3 N t4)
2. At maximum height Vy:()

2 2
usin"0 g )
:>Hmax: 2g - § (tl +t2)

3. Atmaximum range vertical displacement =0
2usin®

=>t=

. . 2
= (ucos@)[Mj la(Zusmej
g 2 g

2 .
_ 2u smecose(g_tan9]3
g a

Comprehenison # 7

. Sorange R

1. Inground frame[A]itissimplyaprojectile motion. Butin
[B] frame horizontal component ofthe displacement is zero
i.e. in this frame only vertical comp. appear which is
responsible for the maximum height.

2. Asobserver observes that particle moves north-wards.

N
Vee

45°

45\,

Oé@@

v, %

S

3. Frame [D], which is attached with particles itself so the
minimum distance is equal to zero.

4. Iab:20m/sz;IaD: 10 m/s? :>aw:30m/szT
.. Force acting on a body = 10 x 20 = 200N
Exercise - 4
Subjective Type Questions
1. By observing the graph, position of A (Q) is greater

than position of B (P) i.e. B lives farther than A and also
the slope of x-t curve for A & B gives their velocities v, >v,.

2. By observation, for equal interval of time the magnitude
of slope of line in x-t curve is greatest in interval 3.

3. a= ao(l _i] where a, & T are constants
T

( Physics )
t t t?
jdV:aO j [1 —?) dt = v=a, [t—ﬁ}

0 t=0

t 2
:}IdX:aO j t_ﬁ dt

t=0

t 2t
Fora:0:>lfT =0 —ao[———}

2 6T
T TZ T3
vdt a |:_:|
.<V>:£ _l2 6T _atd
. T =
0

After 3 sec distance covered =1/2 X 2'x 9 =9m velocity
of lift=2x 3=6m/s{ ~.u =6m/sd,

a =g height = (100-9) =91'm

.. Time to reach the ground

1
=91= 6t+5>< gx t?t=3.7 sec

Total time-taken by object to reach the ground
=3+ 37=6.7 sec.
Time to reach on the ground by lift

x2xt° =100 = t=10 sec.

N | =

So interval = 10 — 6.7 = 3.3 sec

a
S =u+ 5 (2n-1) by putting the value of n=7 and 9, find
the value of u & a, u=7 m/s & a =2 m/s’.

0-10
At:t70.6:—4:2.5

06 31 =0

v

10m/s

1
Stopping distance = 0.6 x 10 + 5 x2.5x10

6+12.5m=18.5m

Deceleration of train ,
|V2—u2|_20><20 ,
a= | s | 2 %2 =100 km/hr
Time t h platf *—0 —lhr
ime to reach platform = 100" 5
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.. Total distance travelled by the bird

1
=vt=60 x §:12km

%
/2x 52
10 =33

s. (l) 2.9

V2 x52x10 T=32

32-2.9

2.1 st=——=14 - 14+33=17

1
(if) Height=52 + - [ 32+2.9] x 14=293.8

9. (i) Height = upward area under v—t curve = 20m

v
20
\ /2"_45 =3sec
20 <«—V 10 —» «—ground
2 20 t
25

(ii) Total time of flight =2 + 3 = S5sec

aA
+1

10. o 2 S i

-1}

(i) Area under a — t curve the change in velocity

1
Au :1X1+E x1x1,u,—u =1.5m/s

(€02 0)

1
upto 3 sec : Au= 1.5 -5 x 1x 1 =1m/s
u —u, = lm/s = u, = lm/s
11. Totaltime=1.5+3.5=5s

15 2x 61.25 = /12.25
v(m/s)i1.25 10
‘ 15

(“+u,=0)

61.25

12. From given situation :

14.

16.

( Physics )

60-20 4000
= = 160 km/hr?

%~ 1.00-0.75 25

@
1
(i) Area=—x[20+60] x 0.25

40 25
= X
100

=10km

. Letv,,=v—(-3v)=4v

+«—100 M—>
[ TRANA

|—>v
+— 60 M —»

3ve— TRANB_.

160

time =-— =4 sec

velocity of train v, = 10 m/s
vy =3 v=30m/s

V=10nv/s 12 m/s
+— 150 m —>

Distance travelled to stop
10 12
%
T 2
25

| 5

Car A

—>t —>t

Car B

Total distance = 25 + 36 = 61 m covers by both car
.. Remaining distance = 150 — 61 =89 m

. ForA:30t,=S/2=60(2—t)=t=4/3hr

(Here S is the total distance and t, is time up to which
A's speed is 30 km/hr)

1 4
ForB: 5><a><22: 30><§ x2 =8 = a=40 km/hr?

() (a) v,=40t=30=t=0.75 hr
(b) v,=40t=60=t=1.5hr
(ii) There is no overtaking.

Direction of flag = Resultant direction of the wind
velocity and the opposite of boat velocity

72 » o~ A
= Vy — Vg =f(1+1)—511

= 3620+ (365/2 —51)j =363/2i (EAST)
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17. Relative velocity of A w.r to B, . . . R+V3
Rl 20. .. Vertical displacement of particle = T\F

a a 27

V—Vcoseiv(l—cose) 0 n

18. V(0)= vcosOi+ vsin ]

V(t) = vcos 01 + (vsin 0 — gt)]

[9(0) = y/v? cos? 0+ (vsin B — gt ? 2 x Rﬁ NG
Time for this = 2 _
v(t)+v() . @vsinB-gt), g g
+ ]

Vs time =

<y({t)>= —————=vcos 0 i
- A A A 3R A A
. . vit)=ui+gtj=ui+gx :u1+\/\/§R
According to question \/(Vcose)z +(vsine—gt)2 © & ¢ g ! .
: 5 21. usin® x 1 — $g(1?=wsind x 3 —3 x g x (3)
2vsinQ — gt
=[(vcosOY + — 2u sin® = 40 = usin 0 = 20m/s

2 cwisin®0_20x20 o
[MJ Max. height= 2e == m

v2c0s%0 + (v sinf — gt)? = v2cos?0 +

. . gt gt .
vsin® — gt = — vsin® + — = —— =2 v sin0
22 25

4 (vsin®) I

REINT

2 0.6
+\/ x {(zgv)z + 800} i)

g g
d d _—

_ o I i) By solvi ion (i =100 m/

19. t=—=600s, drift=v_x Y (i) By solving equation (i), we get v s.
VB VW VB d V. .o . . .
¥ 5 | ZVR (ii) Maximum height :
I m 0.6 .6 x1
120 =, x 600s; v, =7 —— ~ 500+ ; Y g0+ Q61007 o0,
d p———— (iii) horizontal distance
t= =750 d A = Horizontal velocity x time of flight
2 2 VR
VVBT ~Vw N A =100 cos 37° % 20=1600m
(iv) horizontal component
(v )2 74 (vi) 9
1_L_WJ L o L_WJ - v, =u, =100 cos 37° =80 m/s
VB > vB/ 23 v, =u,—10x20=100 sec 37°—200
=140 m/s

Vw 3 /75 1 R R

P e N SV, = 801-1407, [ =+/80% +140°

d 1 23. 780=usin@x 6+ 1 xgx36

— =600=|d =600 x§:200m

780—-180=usin0 x 6
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. 600
usin 6= T =100 m/sec

i.e. food package dropped before 10 secs
1000=ux10=u=100m/s

he BXUSY e
2
» d ~ 10
© 1042 cos45°+10 1042 sin45°
d=20x1=20m.

H
25. 5 distance covered by free falling body

H H
2 : g

1 o

:_t . t:
2g

H/2

vsina H/2

vsina = /gH ...()

/ =vcosa Vi &
= 1/—- vcoso = ,f i
also g’ ...(ii)

From equation (i) and (ii)

H .
tana=7vzsm2a+vzcos2a=gH+£2§

EZ
V= gH[l +F)t

26. Here a, (3T)=(a,) 2T) a,=3a

)

2T 4 -
A T ot B

T
L1777 77777777707 7777777

( Kinematics )

( Physics )

3 4
A T T T 33,78, 7 2

dv
27. v=2ta, = =4t=a(l)=4

28.

29.

30.

31.

32.

s S t

_ v _ex1yy _,
TR

a= \/a2T+afq :\/(4)2+42 =32

a, =61=axR=0x2] =a==+3krad/s?

t

a =-8]=dxV=0x(oR)i= & = -2k rad/s

1

a=ar;ur=or;o=ot=a=
t t2

22
(v, V) t=20R; (0.7 + 1.5) t=2% = x5

(2 222225 o 100 4
%22 7 T mosee
2 1.5°
Acceleration of B= Vs _ =0.45 m/s?
R 5
According to
2
:lx72v than:tZSTcR
2 25nR 6v
2 2p?2
Using Re=w+(1—j—7zv ><—257t 1}
2/257R 36v
\"
72v?
ar =
257R
A B
R9=V5nR+nR=£n
6v 6
Angular velocity : o= o, + at Y
_l_,_ 72v? ><57tR_1 12v 17v
R 257R> 6v R 5R 5R
289v?

Angular acceleration a.= @R =
25R

1 T >
(a) n=0+5XEt =t = 2sec

(b)v:o+§x2 — & m/s
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Sp=m X 1m
s 2 dv

a=§m/s =t

OA

33, r=25m,a =25 ms
3
(a) Radial acceleration = 25 cos® = 25 x % m/s?
5 ( \1/2
(b) s BV s B
2 25 4

1
(c) Tangential acceleration =25 sinf =25 x 5 m/s?

20 ( 80)
bl 240 - 2=
34. [10+30] x 3= + 10 .

. 1
(i) Area = 3

20
== =4000

1
+—[10+
> [10+30]% =

V4

30m/s

240=g—0+t

10m/s

= t
240 sec

2 80 20
3 240 3

400+2400_800+400

3 3n T 4000

400-800+1200 _ <800
3n — =20 600

L1
2’7 6

=800 m

. 10200550
(ii) Dist. travelled 10[ 3x1/6

VT _
V,—20

V,T
18 B —6 V; +20

>V +20 > V, —20

3s. =3

=V, +20=3V,-60 |vy=40km/h

6(Vy +20) 6 x60
V, 40

=9 min

36. —25 m/s After 5 sec

height of balloon =25 x 5=125m

( Kinematics )

39.

40.

37.

38.

( Physics )

(i) Minimum speed
(u-25)
2g
u—25=50;u="75m/s

125 = = (u—25)*=2500;

(i) u=2x75=150 m/s
125 = (150 — 25) t— 5¢2
125=125t— 52 = £ - 25t +25=0

It's velocity is 101

(=10, 10) (10t=10, 10 )

P Q
0
. displacement after.time 't' = 107 X t
(i + 23)
Velocity of.second ship = u x
y p \/5—
gl v2ul S 2x10Y5
[10—“] 1045 —10+/5
J5

10 1
(i) t= —— = —sec , minimum distance = 10 km

20 2
Let t =time of accelerated motion of the helicopter.
Distance travelled by helicopter

= Distance travelled by sound

1 80
= T ¥3x£=320(30-1) =t= == sec

Final velocity of helicopter
80
v=u+at=0+3x EY =80 m/s

V12:V17V2:V17(7V2) :V1+V2

a A
<« -
€ . >
(v +v,)
max 2(a1 +a2)
a,=-a, -a =—(a +a)
From figure (a) 120° B

2d
time to cross = m

J
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d

Minimum time t= —
v
. Ratio = 2.f3

41. V, = (4+2) 1433, V,=(-3+2)1+4]

— > River
2km/hr
5 5
A3 “N
4 3
, 100 100
Time to cross the river tA_T 5 tB = T

100 , 1
Drift = x 6=200 m ; Drift=-1 x
Remaining distance =300 — 200 ; 25 m

.y _ 100 100 100 100
(tctal)Ai 3 I s 4 6

~800+300 1100 o 600+400 1000

s 24 24 B 24 24
|tA =165 sec| |tB =150 sec|

u’sin20 _ 1600><\/§:80\/3—
10 x2
10 x 80 x 80 x 3
2 x v cos60°

Time to strike = vcos 60°x t = 80\/5

803 x2 1043
= t= =

42. Range (OA) =

h =80+/3 x tan60° =

vxl \%
2_
h=9\/§x160\/§480x9 _ 240 238400
\% \% \%

v2—1600-18v=0= v=

- [=50m]

Vear Ve

43. tan 60° = Vg :>\/3_:E:>VC:10\/§1’I]/S

18 £4/324 + 6400
2

Car

(usin O)

1
44. For stone : 2h = & h=(usinO)t— 5 gt?

( Physics )
V40h ++4/20h
=>t=—————— 2 At=

2
10 = 0.8h = 75 Vv20h

P
v(constant;

u
6 N||Pole  th

Horizontal displacement : vt, = u cos 0 At

V(2 +1120h 2420h
STZUCOSOX 10

N v o2
ucos® 2 +1

u=10ﬁmls

Y-axis

h
[¢] cos30“i

(i)v(t) = (u — g cos 30°t)i— g sind t]
From given situation

u—gcos30°t=0 t=2sec

(i) Velocityu =0, a = gcos30° = %
RO - S
SV, =0+ 5 x 2 =10m/s

(iii) Distance PO = 10+/3 c0s90° ><t+;—>< gsin30°x(2)’

PO=10m .. h=10sin30°=5m
. . u(5in60°)’
(iv) Maximum height =h + T
( )
Lloﬁ x\fJ
5 20 16.25m
(v) Distance PQ
2 u=103mis .
(1045) v
 2gc0s30° ;OXAOH e

0Q=1043
. PQ= /(PO +(O
- 102+(10\/§)2 =20m
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1 1
46. s=ut+ zatZ:a:(u sin O)t — Egt2

usin @ + /u’ sin’ 0 —2ag
g
~ 24/u’sin’ 6-2ag

g
For horizontal motion : 2a=ucos 0 x At

ucos0 x24/u’sin® 0 —2ag

=>t=

At

=2a= =0=060°
g
©At= 2a9: 2a 1:2\/5
ucos 2. Jag x — g
2
. . 1 .
47. ucosat=D ....(I) usmoct—zg’ﬁ:— ... (i)
2usin o ++/u’ sin® o +2 gH D
= t= =
g ucosa
h_(usin(x)z_ D’ tan® o
- 2g _4(H+Dtan(x)
So o
H
D
D’ tan’ o

Hmax:h+H:H+ m

Exercise - 5
Segment-I Previous Year AIEEE

1. Kinetic energy of a-projectile at the highest point =
Ecos?(0) where E.is the kinetic energy of projection, 6
is the angle of projection.

2
o 1 E
Ehighcst point = E(COS45 )2: E [f} =

|8

10.

11.

( Physics )
V0

v, cos0 =5 = cos@z% = 06 =60°
When a body is projected at an angles 6 and
90-6; the ranges for both angles are equal and the
corresponding time of flights for the two ranges are t,
and t,.

2u’sinOcosO 1 [2usin9} [2usin(90°—6))

R="F"T"T"=_g¢
2 g g

1
:Egtlt2 =R tt,

K = [K

2
highest point ] (M e

Point of projection.

K, = K(cos60°) =K, :§

. d
v=K(yi+xj): v, = Ky; d—’t‘:Ky

d
similarly - Kx
dt

Hence ¥ 40, ydy=xd
ence — S = = ,
Gy Ydy=xdx
by integrating y* = x* + c.
v’ nu’R?

max

_—— — 2—
Ry.= g Area = mr’=

2 2

H =7-"=10mand =—=20m
2g Rmax g

max

u =15 and tand = 2

2

X
so by y=x tan6 — £ 5 (1 + tan’0)
2u
X2

= _ +. = _ 2
=y=2x %5 (1+4) = y=2x—-5x
1 -

{7 t=2sec

*

Ist stone

0<t<8sec

v,=40—-10 =30 m/s=a =0

2 o =8 =v xt=30x8=240m
%
2 2, 7 t=8sec
u’sin20 (10) sin60° 0 :
2.R=——pR=>—— H
g 10 (Y,=y,)m E
240 H
& £ i
NE) - = | t=1sec
R=10x>=53=8.66m §
2 y 8 t(sec) é
3. Both horizontal direction speed is same 8sec<t<lI2sec
( Kinematics ) 337
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v, increases in magnitude and relative
acceleration is g downwards
Exercise - 5

Segment-II Previous Year JEE Ques.

Single Choice
total displacement 2
1. v = 5 = — =2m/s
a total time 1
2. v*=2gh][itis parabola]
and direction of speed (velocity) changes.
10 i
3. a:fﬁt+10 at maximum speed a =0
10
—t+10 = t=11sec
11
1
Area under the curve = 5 x11x10=55
4 S —ut = (2n-1)= = @n-1
LS, mut S @eD=5 @)
e o & S, _[2n-1)
Sy =X+ 5 (2n+1)= 5 (2n+l)=> S .- (2n+1)
(V0\ v
5, V:—L— X+ v, v
Xo
X0 X0 Ty
a
AN I
=% " x
Xo X0
sy
XU
MCQ's
1. x=acospt;y=bsinpt; T = acos(pt)Ai+bsin(pt)3
. Xy .
-+ sin’pt + cos’pt=1 = .. _2+b_2 =1 (ellipse)
a
. . T )
vV =-ap sin(pt)i+ bp cos(pt)j; v, = g =_api
- 2 o 2 . ~ l 27
a=-ap (pt)1—bp sm(pt)J;at: 2p =-bp”j
a-v=0
- ) |: A . A 27
a=-p acospt1+bsmptﬂ——p r
Subjective

( Kinematics )

(i)

X

( Physics )

(i) uis the relative velocity of the particle with respect
to the box.

u_is the relative velocity of particle with respect to the
box in x-direction. u is the relative veloicty with respect
to the box in y-direction. Since there is no velocity of the
box in the y-direction, therefore this is the vertical
velocity of the particle with respect to.ground also.
Y-direction motion

(Taking relative terms w.r.t. box)

u =+u sina ; a =g cosf

1 1
s=ut+ Eat2:>0=(usina)t—5gcosex t?

2usin o

=t=0ont=
gcos0

X-direction motion (takingrelative terms w.r.t box)

1
u =+ucosa &s=ut+ zat2

2usino.  u’?sin2a

a =0=s_=ucosa X =
x x gcos0 gcosH

For the observer (on ground) to see the horizontal dis-
placement to be zero, the distance travelled by the box in

2usina
time 2c0s0 should be equal to the range of the

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

_ - Lo o o
u =-v,s=vt+ 5at’, a =g sind

—u?sin2a (Zusinotj 1 . [Zusinoc]2
= = -V 9

——gsin
gcosH gcosH 2g gcosH
ucos(a +0)

On solvi t V=
n solving we ge c0s0

Let 't' be the time after which the stone hits the object
and 6 be the angle which the velocity vector §j makes

with horizontal. According to question, we have
following three conditions.
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é ' gt-usin6=|V,|
. V.=V

ucos

0

ucos0

(i) Vertical displacement of stone is 1.25 m.
**1.25=(usin0) t— 3 g¥?where g=10 m/s>
= (usinf)t=1.25+5¢ (i)
(ii) Horizontal displacement of stone
=3 + displacement of object A.

Therefore (ucosd)t=3+ 1 at?

where a= 1.5 m/s’=> (ucos0) t=3 +0.75t?
(iii) Horizontal component of velocity (of stone)

..(ii)

= vertical component (because velocity vector is inclined)
at 45° with horizontal).

Therefore  (ucosf) = gt— (usin®) ...(iii)

The right hand side is written gt—usin® because the stone
is in its downward motion.

gt > usind.

In upward motion u sin6 > gt.

Therefore,

Multiplying equation (iii) with t we can write,
(ucosB) t + (usinB) t = 10t? .(iv)
Now (iv)-(ii)-(i) gives 4.25t*4.25=00rt=1s
Substituting t = 1s in (i) and (ii) we get

usind=6.25m/s
=u,= 6.25 m/s and u cos® = 3.75 m/s

= u_ = 3.75 m/s therefore u = u i+ uyj
— i :(3.75”i+6.253) m7 s

3. (a) Fromthe diagram
Vir makes an

angle of 45° with

the x-axis.

(b) Using sine rule

Vo W =V =2m/
sin135° sinl5° B s

Integer Type questions

1. With respect to train :

( Physics )

2v, 2x543
Time of flight : T= )
g 10
By using s = ut + %at2
we have 1.15=5T — 5 aT? = a=5 m/s?
2.5
3. 2or8
4. 4
Comprehension : . A 2. B
Rectilinear Motion
Practice Test
1. Displacement vector is 10i +1 0] +10k
y
_AL0M0, 10)
/ >x
z
= Magnitude = /102 1102 + 102 = 104/3 Ans.
| < f ; >
2. X, X, Xs
1
Starting from restx, = 2 a(102  ..(D)
1 2
X, +x,= 53(20) (2)
1
X, tx, +x,= 521(30)2 .(3)
1
From(2)-(1) =x,= 5 a(300)
1
From(3)-(2) =x,= 5 a(500)
=X,:X,:%,::1:3:5 Ans.
3. s= Mt
2 v 0
oo ]
3= V1+V8) g5 Ve
2
VT+VB:12m/S TITTTTTTITITT77
Also,v,=v, +(9.8)(0.5) ... 2)
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v~ v, =4.9m/s respectively.

4. TInitial distance between trains is 300 m. If the particle rises upto a height h

Displacement of 1st train is calculated by area 1 1
then h= 2 (g+a)t? and h= 2 (g—a)t?

1
under V-t. curve of train 1 = E x 10 %x40=200 m.

1
Displacement of train 2 = 5 x 8 x (-20) =-80 m. t, g-a 10-2 2 2
“ g “\gra “Vrosz “Vz  Amy3

+————300m —8 . . . .
I , , | 8. The linear relationship between V and x is

T, | | T
1 200m 80m z =—mx + C where m and C are positive constants.
300-280 .. Acceleration A
=20m X
=V = mmx+0)
Which means it moves towards left. a= Vx m{—mx
*. Distance between the two is 20 m. = .a=m*x-mC

Hence the graph relating a to x is :
T . .
5. Att=—andt= B—T, the stone is at same height,

4 4 9. Xx,=x,
Hence average velocity in this time interval is zero. 4
Change in velocity in same time interval is same for a 10.5+ 10t="— at? a=tand5°=1

2
—=20t-21=0 =¢-21t+t-21=0

, T3 f(t=21)+1(t-21)=0= t=21,—1
distance travelled fromt=0tot=—is — H and o )
4 4 rejecting negative value t= 21 sec.

particle moving with constant acceleration.
Let H be maximum height attained by stone, then

T . . H .

fromt= 7 tot= % distance travelled is > I/10. From triangle BCO = BC=4
T From triangle BCA =

Fromt= 2 to t =T sec distance travelled isH

22142 =25
T 3T . . H
and from t = Stot= = distance travelledis T AC=u, t,BC=u,t ' \
Cu_AC_ 25 _ 5 A5E30 D
dv . “BC ~ 1
6. The retardation is given by e av? Uz BC 4 \/Z
integrating between proper limits 11. After 10 sec = Now x, =(40t)
1
Yav ¢ 1 1 XB:100+(ut)+5(2)t2:100+20t+t2
- = Iadt or — =at+ —
V2 Vv u —_
u 0 u,=2x10=20
dt 1 u dt At "B
— —at+ — — x=1/2x%xax10
= dx at u:>dX 1+ aut =100
integrating between proper limits A will be ahead of B when
s udt ] Xg<x, = 100+20t+t> <40t
.[ 1+aut =8= —én(1+aut) =t2-20t+100<0 = t>—10t—10t+100<0
0 t(t—10)—10 (t—10)<0 = (t—10)2<0
. L. which is not possible
7. Let a be the retardation produced by resistive force,
t, and t,; be the time of ascent and descent 12. From given graphs : a_is +ve & a, is—ve, as v, is
( Kinematics ) 340
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increasing in +ve direction and vy in —ve direction.
(Checked from slope)

13. Distance travelled from time ‘t—1’ sec to ‘t’ sec is
S + a 2t-1)
=u+ — _
2

from given condition S=t............... 2)

(1)&(2):>t:u+%(2t71):>u: % +t(1—a).

Since u and a are arbitrary constants, and they
must be constant for every time.

= coefficient of t must be equal to zero.

1
= l-a=0=a=1fora=1,u= = unit

2
" .
Initial speed is 5 unit. Ans.
14. Height of the building T ‘f u=0
H=h, +h, HR

HE
h, 1

/77777&77 777%;20 m/s

1 1
= —ot2 + _ —of2
5 gt Fut— gt

=ut=60 m.

. . . _ dr . .
15. 1 =(—4t+6)i +t j; v :E:(2t74)i +2t.,

a “at =2i +2] ifg andy are perpendicular

a.v=0=027i+2]).t-4i+2t§)=0
8t—8=0 = t=1sec. Ans.

16. At t=0
dx d?x
— =0 for particles 1,2.and 3 and | ;2| >0 fort>0
dt dt
dd—x— 34 /s fi icle 4 ddz—x'
and ~ " =3 s for particle 4 an ai2 is
negative for t> 0
dx
Therefore fort>0; dt is increasing in all.

17. |Displacement| < Distance.

So, average speed of a particle in a given

. A(distance)
time ('-e- A
magnitude of average velocity

J is never less than

( Physics )

o o]

It is possible to have a situation in which

AL
— (displacement
A (disp )

dv
atl #0 (ie.,

djv]|
dt

particle moving in a circle with constant speed follow

the upper statement.

A partcile revolving in a circle has zero average

velocity every time it reaches the starting point.

d
lacceleration| # 0) but =0(i.e., ot (speed)=0).A

18. (A) Magnitude of velocity is changing Hence
acceleration is present.
(C) Velocity is changing, it can happen by
change in direction, as in the case of uniform
circular motion.
Hence acceleration is-present.

dx
19 p=yx = G Wx
dx
0z = dt=2/x =t+C
butgivenatt=0;x=4 = c=4
t+4)° Z2 36
N (52 S (o -
4 4 4
[Putting t =2 sec.]
dv 1 1
—V— = — = — 2
2= Vigx TVx X T ms
20. Slope of displacement-time curve gives velocity.
(A) During OA slope is +ve but decreasing Hence
velocity is positive and acceleration is negative.
(C) During BC slope is — ve and going to zero Hence
velocity is — ve but acceleration is +ve.
(D) During DE slope is +ve and increasing Hence vel.
is +ve and increasing .. +ve acceleration

=0m

21. time distance left
t=0 - X
t=T — x,/2
t=2T — xO/Z2
X X
t=nT > (2())n = (2)t0/T =x,(2)VT=x,(2)"
(- T=15s)

.. distance travelled in time t = x = X, — X,
@)t=x,(1-27)

dx ot tn1 (2 Xgln2
= —= —tx =
V=0T %o n(2) of
(.. slope of x-t curve is positive and decreasing with time)
dv
A= T X 27t x (In2)? = [a|=x,27" x (/n2)?
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dv
22. () V— =

dx -BV =dv=-fdx

0 X
= jdv =B jdx = —v,=-Bx
0

Vo

X= FO [when V =0, accelaration =0,
so x is total direction
\
dv d_V
(i) a=—-pV = —=-BV v =B
dt vo

t

v
Idt = n (v_] =Pt v=yen
0 0

Vo
V="t at
eht

.. A & B are correct answer

t—>o0oV=0.

displacement

23. Average velocity = Time , an
distance ] )
average speed = “tme |Displacement | < Distance.
v
24. a= ot
If a=0

v may or may not be zero.

25. A particle is projected vertically upwards. In duration
of time from projection till it reaches back topoint of
projection, average velocity is zero. Henee statement
I is false.

26. The expression for velocity and time can be expressed
asv=(t—2)(t—4)
The speed is therefore zeroat t = 2. Hence speed
is minimum att=2.

dv
But E =2t — 6 1is.zero at t = 3 seconds.

Hence statement ['is true, also we know statement
II is true but I1.is not a correct explanation of I.

27. (A
28. (B)

29. a=sinnt

Idv:IZSinntdt or szgcostrC
T

2 2
at t=0, v=0 .. C=— or v= —(1-cosnmt)
i T

( Kinematics )

( Physics )

Note : Velocity is always non-negative as cos 6 < 1 Hence
particle always moves along positive x-direction
.. Distance fromtime t=0to tis

t t
2 <
SZJ—(‘]—COSTCt)dt _g(t—lsinnt} :Et— 22 sinmit
5 e T T 0 T T

t 2
also displacement from time t=0to t= P —5 sinmt
I

2
Distance from time t=0tot=1 s = — meters
b

30. a = slope of v—t curve so

\%
(m/s)

{EN

& slope= — 2670

a
(m/s%)

f

31.

AB = Slope increasing, BC = Slope constant,
CD = Slope increasing
DE = Slope decreasing, EF = Slope increasing

F =Slopeis 0

32.
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20540 560 E 80
0 10 20 30
x=0

Positive increase in area of v-t curve shows
positive increase in displacement. So
displacement is increasing till
t=50s.

. max displacement = positive v-t area.

33. In case A and B acceleration is constant but speed

first decreases and then increases.

In case C and D, the slope does not change sign

Hence direction of acceleration is constant. Speed
and magnitude of acceleration decreases with time.

34. (A) v=6t+2m/s v(t=1)=8m/s
a=6 m/s?
v>0
(B) v(t=1)=8m/s
a =8 m/s?
v>0

(C) ais variable and +ve

v= Iadt = 82, v(t=1s)=8 m/s

(D) v(t=1s)=3m/s
a= 06— 6t, variable.
v<0fort>2s.

train

. <y
E%_)VC

10km
L™ 20kmh-T

5 min crossing

30 min

1 .
2 h=30 min
At=5min= ihr

t=5min= g0
Train running as per shedule

10 10x60

Voo~ 5/60) = 5~ !20kmh’

So

36. Acceleration of the particlea=2t—1.

37.

( Physics )

The particle retards when acceleration is opposite
to velocity.

—av<0=(2t-1)(-1)<0=t(Q2t—1)(t—1)<0

now t is always positive .. 2t—1)(t—1)<0

1
=either2t-1<0&t-1>0= t<E &t>1

This is simultaneously not possible.
1
or 2t-1>0&t-1<0=> 5 <t<1Ans.

Let the position of bird 'P' and the two positions P
and P, are as shown in figure

P.(-1,-1,0)

(4P 1.5) P,(3,-1,-3)

Let the bird flies and reaches point D where it is
collinear with P, and P,.

‘P2P1‘: V(=32 4 (1412 + (0 +3)?
= 42132 =5
‘PZ—P‘ = J(4=32 +(-1+1)2 +(5+3)?

- &5

Here

ZPP,P=0
(PP).(P,Py)

20T (4 8K).(—4i + 3k)
. cosO = ‘P2PHP2P1‘ =

J65 .5

4
V65
4 7
cos 0= JG—,Sinez @

7
- FromAPDP,, PD=PP,sin0 = /g5 X E =7m

7
.. Time taken by bird = - sec = 3.5 sec

2
Projectile Motion

Practice Test
Using equation of trajectory :
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u =\/29h

. (-h.%)

777777777 7777 7777 777

ox’

2(2gh)(cos? 0°)
Ans.

—h=xtan (0°)—

=x=2h
Method IT

time of flight T = ,&
g

horizontal distance covered during time of flight is

Xx=u t= f&X 2hg =2h
g

2. Ranges for complementary angles are same

. Required angle = = - —% = %
~- Required angle = 5 — 5= = 55~ Ans.
3.  Use a=p=45°inthe formula for Range down the incline
plane.
2u,
4. Time ofﬂightT:?
2x20sin37° 4 3 12
= = X — = —
10 5 5°¢

12
Range R=u xT= ?X (20 cos 37°+10)

R=22, 0% 2 1 10)=26% 2 —624
=— x X — =26x — =
5 * (20> 5 +10) 5 ~624¢

5. Use the given data in the formulage for projection up the

inclined plane.
Let the inclination of the inclined plane = 3
ucosa=10 . v L. (1)

. ~ 2usina ,
Time of flight gcosp =2 e ®))
maximum height _em e~

2 in2 u .7
u= sin )
B(X =5 (3) o 0 QS\(\\SL/ghgcwﬁ
gcos §

( Physics )

u?sin?a

gcosp =5 A3)

usino=35 .'.u:5\/§

6. Path will not be straight line but parabolic Hence neither
stone will hit any person. Condition of collision will
depend upon direction as well as magnitude of velocities
of projection which are not given.

7. Itcan be observed from figure that P and Q shall collide
if the initial component of velocity of P on inclined plane
i.e along incline. u =0 that is particle is projected per-
pendicular to incline.

.. Time of flight . u

2u n ‘?u
T= gcoso T =

u=0 a‘;;gsin
B 2u \‘\g=gsin
~ gcosH
gTcos0

' aar e 10 m/s.

9_
8.7 tanO = 2.0 2 Where 6 is the angle of projection

1
Displacement in y-direction s,=u t+ > a t2

1
now, — 1 =usinb (1) — Eg(l)2

usin® =4 and from triangle

2
sinezﬁ = u=2,/5 m/s

1
Displacement in x-direction s =u t+ > at’

1
now, x=ucos0 (1)= (2\/5) x ﬁ =2m

9. Two second before maximum

height v, =g x 2 =20 m/s ) v,220
usina=5 . u=545 20 £a0
ucosa=10 ... (D) tan53°:KVx:15m/s Vv,
2usina . 5 velocity at maximum height v=v_=15m/s
gcosp 2 e )
( Kinematics ) 344
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10.

11.

ForBto C
1
H:§g(2t)2:2gt2 ....... (1)
2t !
1 ,
h':Egt2 X

1
h=Hh=h=H- > gt .09

By (1) &(2)
I .
4 4

velocity component u_=400/3 i, u = 100 ]
Applying equation is y direction

1 2
—1500:—100t—§X10t2:> t? +10t—-150=0
B -20+40
2
So t =10 sec i.e. horizontal distance
500 4 <10 4000
wto L _ Yr
u xt 3 5 3 m.

12.

13.

14.

For minimum number of jumps, range must be maximum.

. v (4102
maximum range = E T 1 meter.

Total distance to be covered = 10 meter
So minimum number of jumps = 10

y = bx?2

dy dx d?y (dxj d?
= =2 £Y _2p 2bx —
at 2% G T gt at) * 2
- 2 A v

a=2bv?+0 = v %

Applying equation of motion perpendicular to the incline

fory=0.
Vein(®-a) osa
\f

o

1
y=u t+ > at?

1
0=V sin (0 )t+§(gcosa‘;\t{'

2Vsin(0 — a)
=t=0 & —gcosa

At the moment of striking the plane, as velocity is
perpendicular to the inclined plane Hence component of
velocity along incline must be zero.

( Kinematics )

( Physics )

2Vsin(6—-a)
gcosa

V.=u +at
X X X

0=vcos (0—a)+ (- gsina).

v cos (60— a) =tana. 2V sin (0 — o)

cot(0—a)=2tana Ans. (D)
15. 0=u—-gsingQ.t
2usin6  2.(10)sin30°
(a)t= 9 = 10 =1 sec. )
gsind <
2.104/3.4/3 /CI\
(b)t= =575 =3sec. u g gcosd

59

u 10\/5

(o) t= gsin ~ 10(\/5/2) =2 sec.

@) t=

16.

17.

t is less than time of flight
10

=10.—
2

But it's'time of flight is 1sec

gsin® =2 sec.

(A). Total displacement is zero Hence its average
velocity is zero.
(B) Displacement is zero.

(C) Total distance travelled is 2s and total time taken
is 2t.

total distance travelled

<speed > =

total time taken _V.=0_
02=u’-2gs
. _ﬁ ey st
.s= 29 = Z8=U7/g
also 0=u-gt = t=u/g Tvi=u
LA ey
cET g TP T g /g T
On the curve

1

y=x2 atx=1/2 =y=7

) 11
Hence the coordinate [2 , 4j

. e, _
Differentiating : y=x* = v, =2xv,

1
v,= 2[§j (4)=4m/s

Which satisfies the line
4x—-4y—-1=0 (tangent to the curve)
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18.

19.

20.

21.

22.

& magnitude of velocity :

|\7|=11v)2(+vf, = 4./2 m/s

As the line 4x — 4y = 1 does not pass through the
origin, therefore (D) is not correct.

Let u_and u  be horizontal and vertical components
of velocity respectively at t = 0. Then,

v, T u - gt
Hence, v —t graph is straight line.
X=v_t

Hence, x - t graph is straight line passing through
origin.

The relation between y and tis y = u t—7 gt?
Hence y-t graph is parabolic.

v, = constant

Hence, v -t graph is a straight line.

2u? sina.cos (o + 0) u?sin’ o

R,= gcos? 0 and h, = 50 osp

. 2u? sina.cos (0. — 6) h - u?sina

> gcos? 0 aneh, = 2gcosp
Henceh =h,

R,-R, =gsin0T;

R,-R =gsin0T?

Total time taken by the ball to reach at bottom =

2H 2x80
E = 10 - 4 sec.

Let time taken in one collision is t
Thentx 10=7
t=10.7 sec.

.. 40 5
No. of collisions = — = 5=

7 7
wall B)
Horizontal distance travelled in between 2 successive
collisions =7 m
.. Horizontal distance travelled in 5/7 part of collisions

(5th collisions from

5
:7X7:5m

Distance from Ais 2 m. Ans.

Both the stones cannot meet (collide) because their
horizontal component of velocities are different.
Hence statement I is false.

If particle moves with constant acceleration g, then
change in velocity in every one second is numerically
equal to g by definition. Hence statement-2 is true
and correct explanation of statement-1.

( Kinematics )

23.

24.

25.

26.

27,

28.

29.

( Physics )

Velocity of a particle is independent of its position
vector rather it depends on change in position vector
while position vector depends on choice of origin.
Hence statement-1 is false.

The question can be reframed as shown in figure.
The path of particle is parabolic.

‘l’ a=10m/s’

. 3l v at maximum height, that is at half time of

flight

usin® 20x3/5
o

Hencet = =1.2 sec.
Speed is least:at maximum height, that is at instant
t =1.2 sec.

acceleration and displacement are mutually
perpendicular at instant 2t = 2.4 sec.

HA = HC = HB

Obviously A just reaches its maximum height and C
has crossed its maximum height which is equal to A
as u and 0 are same. But B is unable to reach its max.
height.

Time of flight of A is 4 seconds which is same as the
time of flight if wall was not there.

Time taken by B to reach the inclined roofis 1 sec.

P Q
O R
T,.=4 Ty=1
5 Toq=Tog = Top = 3 seconds.
2usin®
From above T= g =4s
s usin® =20 m/s = vertical component is 20 m/s
for maximum height

vi=u?+2as = 0°=20°-2x10xss=20m.
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2 .
u?sin20 _ 1004/3 _53
2(10)

30. (A) R=

1
(B) 11.25=-10sin 60°t+ > (10)t

= 5¢-5 .3 t-11.25=0

(= 5+/3 £,/25(3) + 4(5)(11.25)
10

_ 543 +4/3(10)

10

1
2(10) —
2usin30° ( )(ZJ 2

= gcos30° - 10(\@} =Esec.

© t

2

1
R=10co0s30°t — = gsin30°¢t?

2
10¥3( 2 _1(10,@1 1020
“ 2 (3) 2 23Tl Ty m
L2010 210) 4
D) T= 900830_10(x/§}_ 3 sec.
2

1
R= > gsin 30° t?

1, (l]ﬁ_ﬂ
=50 |5) 5 =3m

Q
31. Range of the ball in abse Ceotthe-wall

~ u®sin20  202sin150°
g 10
When d <20 m, ball will hit the wall. when d =25 m,
ball will fall 5m short of the wall.

When d < 20 m, the ball will hit the ground , at a
distance, x =20 m — d in front of the wall.

m =20m

32.

33.

34.

( Physics )

1
From graph (1) : v,= 0 at t= 5 sec.

i.e., time taken to reach maximum height H is

Yy 1

g 2
from graph (2) : v, = Oatx=2m
i.e., when the particle is at maximum height, its displace-
ment along horizontal x =2 m

= u-= S5m/s ..Ans.(i)

=u Xt= 2=u x =
X=u, ux s
= u =4m/s «..Ans (ii)

(a) Taking motion in vertical difection
u=0,g=10m/s?, h=45m

h=ut+ % gt?

= h=0+%gt? T

2_h_ 2x45
=V g Va0

t= 3 sec.

h=45m

Let t be the time after which projectile reaches the
ground. Taking motion in horizontal direction

400 = (v, cos 37°) t

400 =v, (4/5)t
= v,t=500 ..(1)

Taking motion in vertical direction

h=ut+ % gt?
= 100 = (—v,sin37°)t + % (10) t?
3 V,8in37°
= 100= —g(vot)+5t2 370"0
Putting vt = 500 V,c0s37°
from equation (1) ; 100m

3
= 100= = =(500)+5

20
= 5t2=400 = t= Esec

NG

20

v, = 2545 m/s
Circular Motion

, Practice Test
The maximum angular speed of the hoop corresponds
to the situation when the bead is just about to slide
upwards.

The free body diagram of the bead is

400m

Fromeqn(1); v,=500 x
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ma’ (r sin 45°) cos 45°

o 2 H o H o
(mg sin 45°) mg cos 45° + mo” (r sin 45°) sin 45

For the bead not to slide upwards.

ma’ (r sin 45°) cos 45° — mg sin 45° < uN
where N =mg cos 45° + ma? (r sin 45°) sin45° ........ ?2)
From 1 and 2 we get.

O= 4 30\/5 rad /s.

2. Let v be the speed of particle at B, just when it is
about to loose contact.

From application of Newton's second law to the
particle normal to the spherical surface.

mv?

r

Applying conservation of energy as the block moves
from Ato B..

=mgsin

— mv?=mg (r cos o —r sin )

2
Solving 1 and 2 we get = 3 sinf3 =2 cosa

3. As the mass is at the verge of slipping
mg sin37 — pmg cos37 = mw’r

6—8u=4.5
_3
7 16

1( 72v2 5
4. As when they collide Vt+§ 257R 7 -mR -yt

_ 57R
- 6V
vt
Now  angle covered by A= m+ R
11n
Put t angle covered by A = &

5. The acceleration vector shall change the component of
velocity u, along the acceleration vector.

r=
an

Radius of curvature r . means v is minimum and a_ is
maximum. This is at point P when component of velocity
parallel to acceleration vector becomes zero, that is u = 0.

( Kinematics )

( Physics )

u‘,=8ﬁ0530

a=2m/s’  =4m/s

a=2m/s’ | u = 4m/s

2 2

u
S R=—£= 4— = 8 meters.

a 2
x2 = 4ay
Differentiating w.r.t. y, we get
dy _ x
dx 2a

d
o At(2a, a), d_i =1 = Hence 6 =45°

the component of weight along tangential direction is
mg sin 6.

Hence tangential acceleration is g sin 6 = %
The nature of the motion can be determined only if we
know velocity and acceleration as function of time. Here

acceleration at an instant is given and not known at
other times so D is the correct option

By energy conservation between A & B

2R MgR

1 2gR
:>Mg?+0: 5 +EMV2 =V=\T5

R-R cos53
=2R/5

Reference line

vZ 29R/5 R
Now, radius of curvature r="—" = .5~ 5
a, gcos37 2

The friction force on coin just before coin is to slip will
be:f=u mg

Normal reaction on the coin ; N =mg

The resultant reaction by disk to the coin is

= IN? 47 = (mg)? + (um

=mg 4 1+ Hsz
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10.

11.

12.

13.

=40x 102 x 10 x 1+i=0§N
,/ 16 04

.0 . 0 0
As 2T sin 5= dm @? r (for small angle sin 5 - E)

Tcos0/2

Asl(=2nr .. T=mo’/2n
Putm=2nkg =10 rnradian/s
andr=025m .. T=250N

when he applies brakes

V2

" 2a
if p is the friction coefficient then a = pg

V2

 2ug

1

S

2
myv
when he takes turn —— = umg
r

V2

" ng
then we can see r > s, Hence driver can hit the wall when
he takes turn due to insufficient radius of curvature.

T

As tengential acceleration a = dv/dt = codr/dt
but ®=4mn anddr/dt= 1.5 (reel is turned uniformly T

at the rate of 2 1.p.s.)
. a=06mn, Now by the F.B.D. of the mass.

w
T-W=—-2a
g

s T=W(1l+a/g)puta=6m
S T=1.019W

should be /gR .

( Kinematics )

14.

( Physics )

Conserving energy at (1) & (2) :

1 9 R 1
—mv; = mg—+—-—m(gR
>MVa = mg—+-m(gR)

= v?=gR+gR=2gR

= v,=429R

For clock-wise motion, the bob must have atleast that
much speed initially, so that the string must not become
loose any where until it reaches the peg B.

At the initial position :

Y

1
B Bob

2

mv
T+ mgcos60° = ?C ;

V.. being the initial speed in clockwise direction.
For v, . :PutT=0;

gR
gR 2 _1
A 7Z>VC/Va: "3 =v,:v,=1:2 Ans.
2gR
The bob of the pendulum moves in a circle of radius (R +

) 3R
Rsin30°%) = >

Force equations :

3R
Tsin30°=m [_jwz

2
‘L Tcos30°=mg
w 2
o 3OR 1 29
= tan “2 g —\/g:>0)— «/ER Ans
15. v = 59R = {5x10x2 =10 m/s
For anti-clockwise motion, speed at the highest point 16. Tcos 0 +N=mg ()
and T sin0=m @’r (2
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but T=Kx
T=1.47x10%(0.1sec6-0.1)
(K=1.47 x 10*N/m)

Also  r=0.1tan0

put T,r,m & oin equation (2)
we havecos 0 =3/5and T=9.8 N

2

17. T-mgsin® = mv
R

= 3 mg—mgsin30°
~ m.(u§ +2g/sin30°)
- ¢

u, = +/39/2

18. When the acceleration of bob is horizontal,
net vertical force on the bob will be zero.
TcosO—mg=0
The tangential force at that instant is

mg sin 30°

|

mg

m
=mgsin® =mg /1-cos’0 = ?g VT2 Z(mg)?

19. From length constraint on AB
acos 45° =b cos 45°
a=b
T sin 45° =m(a)
mg—ma=ma

_ =9
2ma=mg a 5

20. (C)
V=,/gRtand = (20)*=10x 100 x tan 6
4 2
=tanb= 77 == = 0=tan' (2/5)

10 5

of the bead is v at the lowest position.

22.

24.

( Physics )

The condition for bead to complete the vertical circle is,
its speed at top position Vip 2 0 Viep
F1rom conservation of energy

2
— m Vigp t mg(2R)= —mv? or
v=,4gR

_lav] v 8v? Vv
WTAt Tt R T TR
a, V2TCR T
a, Rx3v? 3

Toin
inertial force
M(3g/4)

Fa  mg

F,., is shown in the figure. So, tension will be max. at
pointA and will be min. at point B.

For the ring to move in a circle at constant speed the net
force on it should be zero. Here spring force will provide
the necessary centripetal force.

s kx=Emxe? = kx
/k /300
®= 4|— =4/~ =10rad/sec.
m 3 <>
X

m
. dT=dm({-x)0? = dT= 7.dx(€—x)m2

T iy 2
a7 _ [ <
mg ~T'sin 45°=mb = I = J- / ({—x)dx -
0 >
- 012 [
e 2 2 | T+dT T
o _ Mo KX—X—} — = —
vl 2 L Sldxk—
| X
[
Cme? |22 . o
= I 2 8 . Tension at mid point is :
T 3 o2 . 3 3m/ w?
g Ml o= stress 8A
— strain = 3m/ w?
strain BAY
21. Inthe frame of ring (inertial w.r.t. earth), the initial velocity mv?2
26. At A N,-mg= R
A
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mV?

N,=mg+ R,
mV?

and AtB : N,=mg- Rs
mV?

and AtC : N,=mg+ Re

As by energy conservation ;

28.

29.

R, <R,
N, is greatest among all.

As Nsina=mg = Ncosa=me'r

tanoa= ", .. T?ctana
T

. when a increases T also increases
Also T?> c r tan o
but r=htan o
T?oc h tan® a
for constant o
T?och
Thus when h increases T also increases
Let N be the normal reaction (Reading of the weighing
machine)

mv2

r
SN, -mg=mg = N,=2mg=2W

atA= N, -mg=

Put v
mv?
Also,atE,N + mg= —— =mg
r
~N,=0  HenceN,>N_by2W
NowatG, N, = mg=W =N_
N Na

E
an NC

_E =2
Also N,

Between A and B A

1
mgL cos 0 = Emvé a,
" vy>=2gL cos0
Vi B
Nowa = TB =2gcosO

and a = g sin0 a,

~a=Ja?+a? = gJ1+3cos?0

( Kinematics )

30.

31.

32.

33.

( Physics )

mv3
Now, at B

T, —mgcosd =
PutV, = T_,=3mgcosO
When total acceleration vector directed horizontally

a; gsin6 1
tan (90-0)= 7 =5 5 = = tand

a, 2gcos® 2
On solving 0 = cos™' 1/,/3

5n
For case : o, = 3 rad/sec.

n
7= g rad/sec.

v 3.14
= T rad/sec.

7
Og/g = R 3

T
o= g rad/sec (in opposite direction)

5_TC+ T An  2n
Wp 6= OpfF 0= g 6) " 6 3 rad/s.
2n n i

QBT O\~ Oy = 3773 = grad/sec.

Tt
and 0,5, =30°= 5 rad/sec.
Usng’ ercl: ; (rcl)t+ E Qe t?
T T
—=—t+0 =
6 3 = t=0.5 sec. Ans.

For conical pendulum of length 7, mass m moving
along horizontal circle as shown
T cosb = mg . (D)
T sin0 = mw*/ sind  ....(2)
From equation 1 and equation 2,

9
lcosO="5
Q) mg
¢ cosB is the vertical distance of sphere below O point
of suspension. Hence if @ of both pendulums are same,
they shall move in same horizontal plane.

Hence statement-2 is correct explanation of statement-1.

The normal reaction is not least at topmost point, Hence
statement 1 is false.

Let the minimum and maximum tensionsbe T and T __
and the minimum and maximum speed be u and v.

n
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u?  v2
LAT=M TR | +2mg.

From conservation of energy

u2 V2

———=4 = is indepenent of u.
R R ¢ P ¢
and AT=6mg.

.. Statement-2 is correct explanation of statement-1.

34. v, = 4/2gLsin6® and v_ = ,/2gL

If v.=2v,
Then 2gL =4 (2gL sinB)

1 1
or sind = 7 or 0= sin‘lz

w
O

. Tangential acceleration is a = g cos0,
which decreases with time.

Hence the plot of a, versus time may be as shown in
graph.

t

A<— t1—>B<— t2—>C

Area under graph in time interval ;= v, - 0=v,

Area under graph in time interval t,= v — v, =v,

Hence area under graph in time't, and t, is same.
t <t

36. Vg V¢l = \/v§+v%—2vaCsin6 E\S

2 2 inQ =v 2

= vg+Vg —2VV. sind=v,
V.= 2v, sin0

= 429

1 1 173 1 13
Ceind0 = — i) = | — — qin-l| —
. sin’0 2 = sin0 (‘J = 0 =sin (‘J

= 2,/2g/sinBsin6

37. Putting h =0 and the values we have T =164 N
38. Puttingh=2R we get T =144 —-5gR =44 N.

( Kinematics )

39.

40.

41.

42.

( Physics )

R
At0=60°,h=R—-R cos60°= 2

R
Putting h = 2 inv?=u?-2gh
We get the result.

(A) F = constant and ixF =0

Therefore initial velocity is either in direction of
constant force or opposite to it. Hence the particle
will move in straight line and speed may increase or
decrease. When F and u are antiparallel then particle
will come to rest for an instant and will return back

(B) G-F=0 and F = constant
initial velocity is perpendicular to constant force,

Hence the path will be parabolic'with speed of particle
increasing.

(C) v.F=0 means instantaneous velocity is alway
perpendicular to force. Hence the speed will remain

constant. And also |F | = constant. Since the particle

moves in one plane, the resulting motion has to be
circular.

(D) G=2i-3jand 3=6i-9j. Hence initial velocity is
in same direction of constant acceleration, therefore
particle moves in straight line with increasing speed.

v =2t
Tangential acceleration a = 4t

Centripetal accelerationa =

vttt
R R

R R e
0 a, 4R R
tanf= —L=—F=—
MU, et P
Fromgraph(a) = ®=k0 where k is positive constant
) do
angular acceleration = e kO xk=k0

". angular acceleration is non uniform and directly
proportional to 6. .. (a)q, s
From graph (b) = «o*=k0.
Differentiating both sides with respect to 0.

k is slope of curve Hence angular acceleration is
uniform. .. (B)p,t
Fromgraph(c) = o=kt

®
=k

angular acceleration = ot
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44.

k is slope of curve Hence angular acceleration is uni-
form = (C)p,t
Fromgraph (d) = o=kt

) do
angular acceleration = ot 2kt

k is slope of curve Hence angular acceleration is non
uniform and directly proportional to t. Slope of the curve
is constant (can be seen in given graph) but

o= d—CtO:2kt increasing with time. .. (D) q,r
>u sin 0
2 2 in?
v u“sin“ o
R= W) =20m
a, g
@ ) v A
C
P v
EANNYA
0 «
ol Q y
|
D
B

As arod AB moves, the point ‘P>.will always lie on the
circle.

Its velocity will be along the circle as shown by ‘v,” in
the figure. If the point P has to lie on the rod ‘AB’ also
then it should have component in ‘x’ direction as ‘v’.
v,sin0=v =V, =v cosec0

1
"R 5

h 0= =
€1re COoS R

. e_i . 0=
.S *5 .. COSeC U =

...Ans.x=5

b o VP _ 5V
b o=2 "R

( Kinematics )

45.

46.

( Physics )

Alternative Solution :

(a) Let ‘P’ have coordinate (X, y)
x=Rcos0,y=Rsin6.
dx de de -V

VX:E =—Rsin0 E:V = E: Rsino

do
—— =R cos0

andVY:Rcose at

\'

v, = 1lvi +v§ = Jv2 +v2cot2@ =vcosecH ... Ans.

As the car travels at a fixed speed 1 m/s, Hence
tangential acceleration will be zero: Therefore, there
will be no component of friction along tangent.

2
myv .
Case I : If Mg > —— Hence friction force on car of
r

mass m will be outwards from the centre.

max

mv L 9
|/Case Il : If Mg < —— ; Hence friction force on car of
r

mass m will be towards centre.

TY'IV2
T+ pumg= r
min
m m
Mg+ umg = r . (2) il
min

From equations (1) and (2)

Imax M+pm

fmin M- um

By Newton’s law at B
2

mv
T —mgcos 0= 7

By energy conservation b/w A and B

1
_ 2
5 mv 2m(5€g)

mv?=m 5/g—2mg/ (1 —cosb)

mg/ (1 —cosB) +
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Relative Motion

Practice Test
1. Relative to the person in the train, acceleration of the
stone is ‘g’ downward, a (acceleration of train)

backwards.
. . 1
Accordingtohim :x= Eat2 , Y= Egt2
X_2 Y= 9 traight li
= v g = g X straight line.
2. VR/G(X) =0, VR/G( = 10 m/s
Let, velocity ofrynan =v 12 cm
ang- 182 :
anf=-7 =73 ©
then, v, = v (opposite to man)

For the required condition :

- —Rmy 10 _ 4
an VRiMx) v 3
10x3
=V= =7.5 Ans.
4
3. v=at=2t
Velocity of caratt=3 v, =6 m/s
at t=4 v,=8m/s

Coin 1 will fall with horizontal velocity 6 m/s & second
coin will fall with horizontal velocity 8 m/s. Both.will
travel 6 m & 8 m horizontally before they fall from the

point of release.

+8)

Car moves x 1 =7 m. In fourth second, position

ofﬁrstcoinx1:6 x2:7+8:15
= x27x1:1576:9m

4. Let velocity of man in still water be v and that of water
with respect to ground-be u.
Velocity of man perpendicular to river flow with respect

to ground = 4y 2 _ 2

u

VQ vV —u’

Velocity of man downstream =v +u

As given, y2 _y2 t=(v+u)T

= (VP -u?) 2= (v+u)T?
= (v-ut=(v+u)T?

—>Uu

( Physics )
t2 + T2
2 _T2

\
u

5. Vm,g = \7m,r + Vr,g

As resulting velocity \—/m’g is at 45° with river flow

Vm,r i Vm,g y
(l=
I/ YA5° X
V, =dm/s
ie. Vig — Vprsina= Vp cosa .. )
60m
and V_ cosa =6sec. .. " e 2)
Solving (1) & (2)
V. =5 /5 m/s
B 10m/s C
Q
6. 2mis a=8m
A = D

They meet when Q moves 8 x 3 m with respect to P
= relative distance = relative speed x time.

8§x3=(10-2)t = t=3sec Ans. 3 sec

7. Relative velocity of stone =5 m/s
relative acceleration of stone =10+ 5 = 15 m/s?
v=utat=5+15x2=35m/s

" relative velocity after t = 2 second is 35 m/s

8. Let the stones be projected at t=0 sec with a speed u
from point O. Then an observer ,at rest at t= 0 and having
constant acceleration equal to acceleration due to
gravity, shall observe the three stones move with
constant velocity as shown.

2

5m
5m

o B
5m

C

In the given time each ball shall travel a distance 5 metre
as seen by this observer. Hence the required distance
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between A and B will be

=,/52 4 52 =5 /2 metre

9. The horizontal and vertical components of initial veloc-
ity of projectile are as shown in figure. Since the ob-
server moving with uniform velocity v sees the projec-
tile moving in straight line

Hence v=ucos0
usin®

A ucos6
B — >V

9
7777777777777 77777777777

velocity of Aand B given
from frame of ground

usin®

A
9

velocity of A given
from frame of B

The time of flight as measured by observer B is T
Hence horizontal range of projectile on ground is
R=(ucos®)T=vT

10. Without wind A reaches to C and with wind it reaches
to D in same time so wind must deflect from C to D so
wind blow in the direction of CD

>

Vag = Vaw +Vwe

. ( Physics )

12.

! =
|

V = velocity of man w.r.t. river
u = velocity of river

t d d
A—)B:VZ>IO:VZ>dZIOV ........ 1)

t d d
B—>C =Jcoso = 15= Vcoso

=d=15vcosH
(1) & (2) = cos6=2/3 = secH=3/2

u
.o = — / 2 - =
. tan O v S sec<9—
_ ~ 5 lfi
= v =.49/4-1 = 5 = u /—5

24
13. No. of'taxi = W =24 but when 24th start motion it

reach the destination so it will meet 23 only.

j2vsin—d9
. 0 v
4. v = 2VS]HE ; <v>= 7 =
jde
0
15. Let velocity of the aeroplane be

Vp =ucos30°i +usin30°] and velocity of the wind

_ be v, then
. Y _ \/g o u 2% " = N ~
11. Wltlirespect to lift initial speed = v u7t| J{Et_St jj+vtk = 400\/a+80j + 200k
acc=-2g
displacement =0 3 u
1 :ugt :400J§,§t—5t2:80,vt:200
S S=ut+ Eatz u
= ut=3800and Et75t2:80
1 _
OZVOT'*_ngXT'Z = 400-5t2=80
2 — 2=64
~T‘—V—O—l><2vo—lT = t=8sec.
N g 2 g9 2 16. Velocity of approach of P and O is
P
dx
fazvcos60° =5m/s + 60
v=10m/s
(0]
( Kinematics ) 355
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It can be seen that velocity of approach is always con-
stant.

100
P reaches O after= ——

5 =20 sec.
17. y
B C
1km/hr ' X
> i a5km/hr
4
A

AB=BC=400m=0.4km
VX:50036+1
Vy:5 sin O

AB
time taken (t)=", " =
y

BC

Vi

= Vv, =V, = 5sinB=5cos0+1
= 0=53°

0.4 )
andt = —5sin(53°) =0.1 hr= 6 min.

18. He can only reach the opposite point if he can cancel up
the velocity of river by his component of velocity.

19.
- - - Vig Vin
Vrg =Vim + Vmg
B o 45° 45
Vim = Vrg Vmg — —V
Ving
V, ,cos45°= Vrg cos45°
Initial Final
V=22 m/s=
V, ,cos45°= Vmg - Vrg cos45°
1 1
Ving =2\EE + 2‘/EE =4 m/s
N
N N
N\
N N m,
N .
N o oo

using v? = u® + 2as for the motion of man, s=16m.
20. While both the stones are in flight, a, =ganda, =g

Soa, =0= V_, = constant

= xrel (const)t

= Curve of x , v/s t will be straight line.

rel

( Kinematics )

So

21.

22.

26.

—

Vi

27 to 29
In the first case :

From the figure it is clear that
ﬁ
VRM

is 10 m/s towards right.

( Physics )

After the first particle drops on ground, the seperation
(x,.) will decrease parabolically (due to gravitational
acceleration), and finally becomes zero.

and V, =slope of x, v/st

V,

rel

X

rel

- :
t ~_
If component of velocities of boat relative to river is

same normal to river flow (as shown in figure) both
boats reach other bank simultaneously.

t

Boat 1
—>river

Boat2 N, 6 v

Acceleration of€ach of the projectile = g. Relative

=g-g=0.

acceleration g,

. Statement-11is True, Statement-2 is True;

Statement-2 is a correct explanation for Statement-1

In air their relative acceleration is zero. Hence they
can,t approch the vertical distance between.

t = d 4. t = d
T Vgw V72 v2 _u?
1y d/v vZ —u? 1 u2
Tty T d/yv2—u? v - v2
,_d ,_d LN
K= Y=g 6 =
4
oo Ty

is 10 m/s downwards and

In the second case :
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30.

31.

Velocity of rain as observed by man becomes \/5 times
in magnitude.

.. New velocity of rain

\7Rl = \7R|M + \7M

.. The angle rain makes with vertical is

10
tan0 = 10\/5 or6=30

.. Change in angle of rain =45 - 30 = 15°.

The initial velocity of A relative to B is

lpag =l —lUg =(8-8))m/s = u,,=82m/s
Acceleration of A relative to B is -

Bap= 8a- 5= (27 +2Dm? s = s
since B observes initial velocity and constant
acceleration of A in opposite directions, Hence B

observes A moving along a straight line.
From frame of B

Hence time whenv,; =0 ist= .= 4 sec.
0is

The distance between A & B when v, =

-

The time when both are at same position is - s

. &

Magnitude of relative velocity when the$ t same

position is u,, = - m/s. Q

T=

C Kinematics )

32.

c?’

33.

Physzcs

t=-

_,_

-——96+96 66— 176t+q}

oo - [

0=-"242t+121t=

Let velocity of bodi ‘k
in first cas

e v, and v,.

.. (i)
Hereu, = Im/s and u, = I

After solving we have

v, = l m/s and v, = I m/s.

Let V. =u &v_=v
Time taken by swimmer to go from M to O and O to B=
time taken by float to reach B from M

= 2vu+2u=2v+2u=u=1km/h Ans.
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