PHYSICS FOR JEE MAIN & ADVANCED

HINTS & SOLUTIONS

_1 8. V=G +4x D)iHE+(3)x 1)j=Ti+]
1Yy | =49 +1 =5+2 m/s

i 20x3+4x20+5x%x20
1. Avg. velocity = 20420520 =4 m/s

(4—1)1+(2+2)]+(3 3)k 31+4_]

2. ¥= — 5 1
V3244240 9. h=H - g(t-T)
(31+4 \ A A
V|vfl L ):61+81
3- = ] — O’T . O".
v, =21 = v, =4c0s60° +4 sin 60°] e S
B 4, 4\/§A \/_ ° CAC 2 > "BC 2 c
=5l =214 243] . AB=AC-BC )
. . , BT t,
AV=v,—v, =2i+243j-21 =243] L (h+6) 1 (-t
=785 | 78+
5 2 2 2 2 4 v
2+/3] n ]
(@)= = 3] g
2 1
= 5gt1t2 A
r (2, 2 _dx o _dy . -
4. [V|=yvi+vy here v, " 2ct; v, m 2bt 11. Velocity after 10 sec is equal to
0+ (10) (10)= 100 m/s
Therefore |{/| = \/4 2 +b%)= 2t\/(c2 +b%) Distance covered in 10 sec is equal to
dv — (10)(10>=50
5. ForV:O,x:1,4anda:V& 2 m
dv dv Now from v? = u? + 2as.
) a|x:l =0x &:0 ;al_,=0x 5, =0 = v*=(100)*-2(2.5)(2495-400)=25 = v=5Sms™"
2h =0 . 12. It happens when in this time interval velocity becomes
6. t =47~ I - I zero in vertical motion
g h
B |20 u
. 2x2h = —=5 =>u=5x98=49m/s
2 g 3h g
t+C
R ELEL 13. S,=S,+10.5
3 g t1+D v 5
Required ratio t, : (t,—t) : (t,; —t) tz =10t+10.5
=1: (V2 -1):(3 -2 £=20t+21
=0 t2—-20t-21=0
| 10s  20s  30s t=21 sec
7. " " y . 1 1
| X % % 14. Displacement = > [4+2] x 4 — > [4+3]x2

1 s 1 s =12-7=5m
%= 7 a0y = x,+x,= 5 a20) Distance =12 +7=19m
15. Two values of velocity (at the same instant) is not

1
X Hx,0%=5aB0) = X%, =1:3:5 possible.
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16.

17.

18.

20.

21.

22.

23.

24.

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

at that point

o

.
dt?

= change in velocity w.r.t. the time
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 ({)

Initially the speed decreases and then increases.

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

Slope of curve =— 10/4 =—-2.5

2x20
2.5
Total time = 4 + 4 =8 sec

= 4sec

C. time =

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

r u
= Vrp/m = _§ AN
tan O N
1 1 1 Vam

T VR =Vt Vy

.

tan©

Ve =ud
= Vp =ul— N .
Vy=ul

VG :\/(Vrm)2 _(VrG)2 :\/(20)2 +(10)2 =10\/3_ m/s

Q
%
N @

v, =10
-V,.=10/3 m/s

2S.

26.

27.

28.

29.

Flag blows in the direction of resultant of {/W & —{/B

AVw = 6m/s
Ve
V=2 m/s 4
\/>U r = 4m/s
P vV,

I I
V,, =V, = 65— @b+ 2H=4 P+ HNw
= N-W direction.

The resultant velocity should be in the direction

of resultant displacement

B
v, =5 T
60m
Vi, Vi l
A
Sotime:6—O:5 v =13m/s
V%n -52

For shortest time then maximum velocity is in the direction

of displacement.
1km 1
VHR
04 VgCOSO
Ve 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
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.

r A ~
Hence vgg =31+50j

3
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PHYSICS FOR JEE MAIN & ADVANCED

//* NI

(2 1
Q
=
pX tan'G)
©0)
5 Ximi
So from sine rule \/_ =— — x
sin90° sind m

4

2
\/_ 2Xfxf

5 x251n cos—
2

H

31. V?, = u’sin’0 — 2g x 5 v2 =u’cos’0

X

r
32. 4, =ab;a, =-a,f
a
. 2x20
33. Time to reach the ground = 10 =2 sec
u=0, a = 6m/s’
T_._,
20m
So horizontal displacement = 0 +% X 6x 4=12m

34, V=ai+(b-ct)]

Time to reach maximum height (when 3 comp. of velocity
becomes zero)

b
“b-ct=0 =>t=—

: : 2b
- Time of flight = —
c c

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

| 35,

36.

37.

39.

L xXE=yr+d?

1

r A . A L
v=ucosai+(usino—gt)j > V=Vx =Vy
v
usinot _u 45°
a .
ucoso

u
ucoso. = usina - gt = t:g (sinat — cos o)

3

0 1
— 1500 = sin37°><t—5><10>< t2;t=7?

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

4000
3

= X= m

2h

Time to reach at ground =

In this time horizontal displacement
2h

x w/_ = d&=
g

dy
=2y dt

u? x2h

dx
=2x—

\%

dt
sin 0

208

=
dt
Component of velocity along string must same so

vy, €0s0(90-0) = v = v, = s

Here x*> = y*+ d>

ot 43 (50
R TR TR dt ®)= mm
OR
Component of velocity along string must be same
v
sov,cos0=v = v, = 050

3
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|
40.

Net tension on M | T ZTE./(:J, TY +T? =+/10T
T

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

a
Net acceleration of m |

3a

=,/a’ +(3ay =10 a

a
41. Net acceleration of load
T—a (o 0 N a
=2acos = 2asin| —
2 2
42. Given o= 0%+ 20
99 2642
do
do )
a=0—=(0"+20)(20+2)
do
at 0=1
o = 12 rad/sec?
<+«—a,=2ms” <+«—a,;=1ms"
43.
01 + 02 + 03 + 04+ 05: constant
= Li+la+ls+14+41s =0
= a.ta, +(a,—a)+(-a)+a =0
= 2a.+2a,—2a,=0
= a.=a;—a,=1-2=-1ms?
= Acceleration of C is 1 ms? upwards
o t4x2m
. 0= >3

*. magnitude of acceleration

(14 ><2th2 80
= or =

2
100 9.9 m/s

45.

46.

47.

48.

49.

50.

2
. . \4
Centripetal acceleration = ®

vi_viowi Ry
Ri Ry, v

® = constant , a, = 0
oR

{2w2rx 2n T n}
,O=—"—=—
i T 2 o

2
_20)R:20)R;37032R ®R

inst

av

n/ o e

So ratio = =

3, _2
Ainst n

) 20
Givenr= —m
b

Angular velocity after second revolution

A _ S0 o5T
r 20 2

(’Olz'mal :(,‘)iznitial—i_zae

25 25

=t =20dn) = a = i

4 32
25 20

a =or= T =2 2156
32 T

o and o remain same but v and a_ is proportional to

r thus at half the radius,
20cm/s

ar
2

Y_V | —
V*E&aT*

aFaR,

®—6em v=7 0= 2F = ad/
—cm,v—.,w—60—30ra S.

So veol =——x6 == cm/s = 21 mm/
(0] 30 5 C S T S

T
Difference = \/Eg cm/s =22 T mm/s

Angular velocity m about centre = 2
=2x0.40=0.30rad/sec
v=mnR

1
=0.80 x 5= 0.40 m/s

v ~0.40x0.40x100

4= —
R 50

=0.32 cm/s?

3
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PHYSICS FOR JEE MAIN & ADVANCED

51. Let x is the distance of point P from O, the,
from figure o

X P
tan ¢:H or X = htand T
LB ey o
dt P g
@—m — 2 S
at =v=hsec’p®

So putting values
h=3,$=180—-(90+45)=45°

weget v=03~2) x0.1=0.6m/s

EXERCISE - 2

Part # I : Multiple Choice

v

dv ¢
. a=-av’= Iv_z :—a:[ dt

u 0

1] 1 1
= —|—| =-at=> ——— =-—at
v

u v
u z t udt
= v = jdX =
1 +aut o o 1 +aut

u 1
=Xx= —[ln(l + aut)]0 =— @n (1 +aut)
au a

2. u

X

=1, ;U =ao cos ot

y t
x=ut; [dy=ao [ cosotdt
0 t=0

W . WX
y =a— smot = asin L—
w u,

3. t=ax*+PBx=>1=Qax+p)v = v=

B+2ax
2a \
.. Acceleration= 7, 5 o v=2
cceleratio B+2ax) oV
VB/A
1
4. | v,| =10m/s
V,
1 1 1 1 B
— <«
Ve =Ve gt Vg a tVa 0
VA

( \/32_1§j+10$

15
-12(-D+6 xﬁ(%(é <
=(£_2)§+_V351§

4 4

—'72 +(ﬁ)2 =3m/

4

T
|VC|_ §

wall

10.

11.

—X—> —Xx—>
A M B

—>17mls
v i=(Ty+2xaxx;v =13 m/s
(17y*=(7)*+2 xax2x

13-7 17-13 t, 6
=titL=—— T 775

—> 7m/s

a 1 2 a ’tz

Distance covered by :
train I = (Area of A) . =200 m
train Il = (Area of A) =80 m

train IT

So the seperation = 300 — (200 + 80) =20 m.

As given 9 =y/6 =

1
Average velocity of particle )l/
“— [ —

Displacement 54

time a ? -
Time of fall of stone = 2 %20 =2 sec
10

Horizontal displacement of truck in 2 sec

1
= S=2x2+> x1x4.

Length of truck = 6m
T=(C-4t+6)i+2]; & = (2t—4)i+2t]

a :2(Ai+j);when alythen g -y=0;t=1s

v sin® vy
Zd
<—4m—> Vvcosb

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

Vo =V V3 —=Vp

a=t G L G

+ +
2 2 2 2

2
Time to cross 2m is ( - j .....
v

To avoid an accident

2
Displacement = 4 + v cos 6 x —;
vsin 0
2
§x ——— =4+2cot0
vsin 0
- 16sin6
vy 4sinO+2cosO

16

v, = ———==1645 ms
V42 +22

[ (a cos O + b sin 0) has max. value = /a2 + b2 ]

3
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12. Y=41i+3t] (> x=al &y =3/20)
v(1)=4i+3]; v2)=81+6]
121+9]
2
13. x=40+ 12t .

<<y >=

=(61+4.5]) m/s

dx
Speeda =0+12-32 = t==+2sec

Sox(2) =40 +12 x2 - 23
=64-8=56m. att=0,x(0)=40
Ax=x(2)-x(0)=16

Jvds B J\/szs 2

1 Ve = st - jds N

[ vat J.atdt_v' <v, >

<V > =

time Idt:Idt o <v,>

Bl Jews

lenvs Tomve
2n/'s’

h

2

f 2
.. time of ascent =

=4:3

+
2h ty 8 2
time of descent = gj = - a = E — ?

16. v,=v, +9.8%x0.5=v +4.9
v~ Vv, =49m/s and
v -V, =2gs =2x9.8x3=58.8

RS

= (VT v) X (vy—v,)=2x9.8%3
= vy tv, =12m/s

17. Time taken to reach the drop to ground

1
9=0+ 2 x10x (3t 474

\E‘“ % o

18.

19.

20.

22. PQ=R=

. Time of flight |4

1 1.8
X, = 5 10 x (2t)2 =202 = 20 ><724m

2

3

1
X, = EX 10 x (1> =5t2=5 x%zlm

3002 = (3t + (4t)
300 x 300 = 25¢2
t=60

3 x 2\/§
4x23

2 x2Rcos0 /
Time to fall = | ——~—
gcosH

so it does not depend on 6 i.e. the chord position.
2L
3v

. 3 2L 5L
with respect to ground : vt + 5 vt=L+ —=—

Ratio = 3:4 vamis

3
For man on trolley 5Vt=L = t=

3 ey 2L_L. 5L L 4L
.2V—V—* 3 3

3

2usin©®

- gcos60°| ™

(angle of projection = 0)
Distance travelled by Q on
incline in 4 secs is 60° P\

3
Ve x 42 =403

2
& the range of particle 'P' is 40 NEY

1\/3—g><

:uc056X4+5 > 42:40\/5

=ucos0=0; soB=90°
from equation (i) u =10 m/s

1
:0+—><
2

u’sin90° 100 x1
g 10

=10 = PQ=10

Ya

(x,y)=(10,6,0)
» X
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23.

24.

25.

26.

2xh

Time to fall =

Range = Horizontal velocity x time

2h
X = 1IZgh X . =2h

At maximum height vertical component of velocity

becomes zero.
v: =1’ + 2as

v,8in60°4

60°

v

ForA: 0=v,2in*60° — 2gh
2gh = v 2sin*60° = v,* (3/4)
L [pem
A 3
ForB: 0=v,2>—2gh
Va2

TR

o

dx
x=10\3t; y=10t—t3 5:10%

y
Vy=E:10—2t = att=35 sec.

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

T 4 ~
r :t21+(t3 -21)j;

dr
r A 2 o
=—=2ti+ (@3t -2
V=@ ( )i
r d2¥ £ n
a:—2:21+6tj
dt

a.v =4t+ 186~ 12t=0(For 1)
S t=%2/3,0.

dy dy 3¢ -2

F llel to x-axis = — =0=
Oor parallel 10 X-axis dX dX 2

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

£(4’4)=21+6 ><23 :2A1+12’:]

oo

1 27.

28.
29.

30.

31.

32.

34.

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)>0and x(3) >0

so [A]l v=dx/dt=3t*-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 alse moves in a straight line so distance =
displacement.

E D
Av. veloci Displacment
. ty=—""—""—
v. velocity - . c
X=2+2t+ 4, y =4t + 8¢ o0
Av B
& 2+ 8 i 4+16
= — =2+ 8t,v. = —=4+16t
YT T

a =8; a = 16; g = 8Ai+16} = constant
y=22t+4t); y=2(x—2) (F x=2+2t+4t)
which is the equation of straight line.

MotionAto C = 17>="7%+ 2as
—> 7/'s —> 17n/s

A B C

17% +7°

s
MotionAto B = v >=7+2a (—) - ;

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

7413
(B)<v,>= TZIOm/S

13-7  17-13 t

6 3
Tl B
(C)t1: a 9t2 a 7t2 4 2

3+17

(D) <v,>= =15m/s

cx=u(t-2)ta(t-2)? ..()

dx
SV:E =u+2a(t-2)

Therefore v(0) =u—4a
d’x
e

x(2) =0 [From (i)]. Hence [D]

=2a. Hence [C]

[A] »> Distance > Displacement
.. Average speed > Average velocity

B] |a|+0=A v =0

velocity can change by changing its direction
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36.

37.

38.

39.

[C] Average velocity depends on displacement in time | 41.

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=0 -1xti+0-0.5t)  ..0)

For maximum positive x coordinate when

v_becomes zero
©3-t=0=1t=3sec
r@) = 4.51-2.25].

then

v=x: f jdt:[zf]*—t

t+4)
= X= T att=2 = x=9m

1
__/ = — m/2
a=v \/_ 2rn/s

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

v; [|{/| — speed]

I r
v = |V
Velocity may change by changing either speed or
direction and by both.

For returning, the starting point
Area of (AOAB) = Area of (ABCD)

1x20x25=Lxtxdt=t=5.5; 112
.. Required time =25+ 11.2=36.2
Average velocity

Displacement Areaunderv —tcurve

time interval time

T I 252t &>

5
t t

l ey

25425 -2t]x5t
25

ol _
20 —t=5,20

42.

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.

As given horizontal velocity = 40m/s

ucos O xt=40;t=1 sec

At t=1, height =50 m
“50=usinOx1-12xgx1=usinf=>55
*. Initial vertical component = u sinf = 55 m/s
As hoop is on same height of the trajectory.

So by symmetry x will be 40 m.

43. » Horizontal component of velocity remains constant

44.

46.

. Range =

*. v'sin O = v cos O (from figure) ..

P V cos0 v

So from vo=u tat—o— v' cosO

. cos’ 0 . v
= sinf-gt-v —— = v sin® — gt .. [t = —cosecHd
sin 6 g
u? sin20
Range =

For 6 & (90 — 0) 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.

YN

Pe—480m —>Q
Time of flight :

2usin O 2usin©0 —0)
.
hl u2 SiIl2 91 sm 3() 1
h2 1,12 Sil‘l2 92 sm 60 3

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

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

3
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47.

ey by
Y X,yx:£_4’dt xdt XV
2
Vy:2><5><4(atx:5,v)(:4)
v,=4mis; v = 4i+45; M = 442
e
2

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

2

u
48. h =—= u=12x10x5=10m/s
max 2g
2x5 . .
t, = 10 = 18 so no. of balls in one min.
=1x60=60
49. New horizontal range
1 g g 4uzsin29
:R-i——><—><']"2:R-i-—><—2
2 2 4 g
R+2H (- H u? sin® 6
=R+ -
( e )

51.

. T
. Let acceleration of B a,

=a, }

Then acceleration of A w.r.t.

B=a,-a,=(15-a,)i+15]

This acceleration must be along the inclined plane
15 3_ 15

so tan 37° = 15—a3:> 4_15_33 a, =->5
a=—kv+cl[k>0,c>0]
dv 1
= |dt ——®n(—kv+c)=t
e L LY
= kv=c-e™ :>£B =-5i
. ForB:

Net acceleration

=52 4102 =125 = 5+/5 ms”?

‘[—>5
10

LLLLLLLLL LS L LS L L
. (4T)a, = (2T) (a,) T
a B
=a, = 7 \ /]
T T
\% T
buta = —=> T(T
15 dt T
t2 t N
=t+—=a,=—+— “
2 2 4

Att=2s,

2
a, = +(ZT) 1+1=2 ms™

8| N

I 54,

56.

57.

. al+a2:1 = a17a2:7

Block B will again comes to rest if
v,=v ie3t=(120t =>t="% s

=a,—a =2 =a =4

a,=-3,a,=6

2
Acceleration of D = a t+a,

=4+ 6 = 10 ms? downwords

\/2>< 1 a’s 2s
tano = —/ . S
R dv/dt Rav/2ys R
v S
2 2 1 ds
. \% dv v _ S Nl
Given —=— = —=— I;dv— r
ds r Vo o
Vo S \%
]S 5
A\ r A
= vy =ved " = v=y,e "

Part #11 : Assertion & Reason

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’sin20 .
For max. range T , the projection angle(0)

should be 45°.

So initial velocity ai + bj = tan 45022 =a=b

Acceleration depends on change in velocity not on
velocity.

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.

3
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10.

11.

12.

13.

Inclined plane, in downwards journey. The component | 4.
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

Part # I : Matrix Match Type 5

Slope of v.t. curve gives acceleration (instantaneous) at
I

r
that point a =
at poin at

2

dx
- :6t:>a:d7

=312 + =
[A] X=3¢+2=V="p

= E =
[D] For changing the direction 6t — 3t* =0

B] V=8t =a

Velocity & height of the balloon after 2 sec:
v=0+10x2=20m/s T

h=1/2x10x4=20m

Initial velocity of drop particle is equals to the velocity

of balloon =20 m = Q 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 .
RO=vt; 0= 1—=4rad1an

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

A locity = Displacement 2 sin2
=t=0,2 sec verage velocity T me | 2sin
At t=0,v(0)=10m/s; t=0; v(6)=0 Average acceleration =
Change v(6) — v(0); Av =0 — 10 =-10 m/s Changein velocity 2 x4sin2 2 sin2
T 10
o . Part # I1 : Comprehension
_104‘ y Comprehension #1
1. Positive slopes have positive acceleration, negative
. . slopes have negative acceleration.
i charge in velocity
Average acceleration = ; . . .
time 2. Accelerated motion having positive area on v-t graph
10 -5 has concave shape.
~ e
3.  Maximum displacement = total area of graph
Average velocity = Displacement =20+40+60+80—-40=160 m
time interval
4. Average speed
Total displacement = Area of A's (with +ve or —ve) .
) ] 7D1stance_20+40+60+80+40_ﬁm/S
:5><2X10—5><4><10=—10m(units) time 70
—10 -5 5. Time interval of retardation = 30 to 70.
.. Average velocity = 6 3 m/s
Comprehension#2
a(3) = slope of line which existat t =0 [t =4 )
A Distance nd/2 _n
a=tan0 = > - -5 Displacement d 2

3
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30 m(E)

3072 (SW)

TFO m(N)

3. x=Ly =4x=2y,=16
~. Displacement = y/(x, —x, ¥ +(y, =,
=12 +12> =145 =12m

Comprehension # 3

7. 40my

1. y=3x-2x
Traject t"—te—gxz
rajectory equation is y = x tan6 — ——" 5
_ = &
tan® = V3 = & 2w cos? 0 2
- u= S =410
2><1—
\/—2
. ) 10><[ 3]
2. Max.helghtH:Lme,—zzim
2g 2x10 8
2 . .
_ u’sin20 10 xsin120°_ 3
3. Range of A= g 10 )
= B
4. Ti ffli ht_2usin9_—zx 10X7_\/§
- Time of flight=""""= 10 BT
5. At the top most point v=ucosf=+/10 c0s60° =—';0
Vao
2
i ( 10]
mv 2 10 [g=L
. mg = ;R = =— |[R=-m
£7 R 10 40

Comprehension # 4

1. Ifthe projection angle is increased, maximum height will

increase.

2. Projection angle is 45° & vV, =21 m/s, projection speed

is V,sin45°=21 =V =21x 2 =30m/s

3. By the v, —t graph the acceleration is

2010

5. 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
1 Vo 1/2mvy
o x2mXx |—] =——— Hence [B]
2 2 2
6. Position of the cable at the max. height point.

e (Vysind5y Vi
2 4g

Comprehension #5

1. R=Cy,
Putting data from table: 8 =C x 10"

31.8
=31.8=Cx20"=> T:3.9E4:2“:>n:2

2. C depends on the angle of projection.
3. R=Cxv"=8=Cx10"and

8
R=Cx5"=R= 2—2:2m

Comprehension#6

. L . 1,
1. Invertical directionh= (usin0)t— Y gt

i (2usin6]t+2h 0
>t- | Jtt—=
g g

2usin©® )
SHTL=T e @)

. L [
In horizontal direction X = (ucosB)t— E at

2ucos0 2x
=P |——|t+—=0
a a

2ucos0

(i)

=t =

g(tl + tZ)
From (i) and (ii)  =tan™ a(t3 + t4)

2. Atmaximum height v, = 0

uwsin’® g ,
=H,.=", % (t, +1,)

3
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3.

At maximum range vertical displacement =0
2usin®

=>t= . Sorange R

. . 2
_ (ucose)[Zusmej _la[Zusmej
g 2 g

2w sinGcosO(g

——tan9)3
g a

Comprehenison # 7

1.

Inground frame [A]itis simplya projectile 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.

As observer observes that particle moves north-wards.

N
Ve
45°
W > Ve
45N, "
R
VAR

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

[a,=20mis: Ja,=10ms* =a,=30ms 1
. Force acting on a body = 10 x 20 = 200N
EXERCISE - 4

Subjective Type

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,.

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

a= ao(l _i) where a, & T are constants
T

t t2
= lac=a | {t_ﬁ}dt

t=0

t 2t
Fora:O:>1—?=0 t=T|=a,| ———

2 6T
T T2 T3
vdt a |:_j|
<V>:£T _l2 er]_aT

14,

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

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

.. Time to reach the ground

1
:9l:6t+5>< gx t?t=3.7 sec

Total time taken by object to reach the ground
=3+3.7=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_25
4 -

06 31 =0

At=t-0.6=

10m/s

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

6+12.5m=18.5m

Deceleration of train ,

|V2—u2|_20 x20
|2 |

= = 2

a 2 %2 100 km/hr

Time t h platf *—0 ——1 hr
ime to reach platform = 100" 3

.. Total distance travelled by the bird

1
=vt=60 x §:12km

/2x52_
<«V 10 =33

—»<

52m -t
(l) R R e At R
g
V2 x52x10 T=32 2.1

3
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32-2.9 29
=———t=——3; 14 -, 14+33; 17
t 2.1

2.1

1
(i) 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

as
+1

10. 0 2 SEEN

-1}

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

1
Au :1X1+5 x1x1;u,—u =1.5m/s

(1,-0
1

upto 3 sec : Au= 1.5 3 x 1x1=1m/s
u, —u, = lm/s = u, = 1lm/s
11. Total time=1.5+3.5=15s

2x 61.25 =\/12,25

11.25 10
‘ 15

(Fu,=0)

15
v(m/s)

61.25

12. From given situation :
) . 60-20 4000
O %" To0-075 25

= 160 km/hr?
1
(ii) Area= 5 x[20+60] x0.25

40 2>
=40 x
100

13. Letv,, =v—(3v)=4v
+—100 M—
[ TRANA

=10km

v

+—60M—>
3ve— TRANB |

14.

16.

17.

18.

160

time =—— =4 sec
\%

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

V=10nvs 12 /s
— 150 m —

Distance travelled to stop

10 12
N 2 N 2
t12s 136
| 5 —>t | 6 —>t
Car A Car B

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

. ForA: 30t =S2=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: —xax2'= 30x 2] x2=8 = a=40km/hr?

(i) (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

1 1

= Vy — Vg Z%($+§)—51§
= 36:/29+ (3632 = 51) 3= 36+2P (EAST)

Relative velocity of A w.r to B,

. a a 2n
V,, time = = 0=—
v—vcos® v( —cosb) n

A%

K

v(0) = vcosOi + vsin 6]

V(t) = vcosBi + (vsin O — gt)]

|{/(t)| = \/V2 cos? 0+ (vsin O — gt

v(t)+ v(0) X

2vsin 6 —gt).
=vcosO i1+ ——]

1
< > =
{0 :

3
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I . .
According to question \/(vcose)z +(vsinO— gt)2 21. usin® x 1 — $g(1)?=usind x 3 —3 x g x (3)

2u sinf = 40 = usin 6 = 20m/s
2vsin0 — gt 2
= (vcose)2+ _—

uw’sin®0 20 x20

2 icht= 20m
Max. height 2g 20
. 2vsin O — gt 2 ; Bomber  V
vicos?0 + (v sinb — gt)> = v’cos’0 + | —— i
I Re-
0.6 E
. . gt 3gt . 2% | 9\
vsin® — gt = — vsinf + 727:2vsm9 {
_4(VSine\\ + %X M+800 (i)
t= —( J g 2¢g
3 g g

(i) By solving equation (i), we get v =100 m/s.

d d p——— (ii) Maximum height :
19. t:V—:600s, drift=v % e d Vi 0.6v) 0.6 100
B B . /
V) A 500+ 20V g4 QOX100F g0,
. 2g 20
120=v x 600s; v =— o (iii) horizontal distance
> sec = Horizontal velocity x time of flight
d S =100 cos 37° x 20=1600m
CTS L0 d iv) horizontal
VpZ — vy v W (iv) horizontal component
v, =u, =100 cos 37° =80 m/s
| (VW\2 4 (VWV 9 v,=u —10x20=100sec37°~-200
B (PSR 4
LVBJ 5 kVBJ 25 140 m/s
o A T
SV = 8011407, [V =802 +140°
Vw 3 /75 1
—=—| = |[Vg =——=—m/ sec
VB 3 3/5 3 23. 780=usin@x 6+ 1+ x gx36
d 1 780—-180=usin0x6
— =600=|d=600x—=200m
VB , 600
usin 0 = TIIOO m/sec
20... Vertical displacement of particle = —— i.e. food package dropped before 10 secs
2 1000=ux 10 =>u=100m/s
16
h= 0T g
2
: ” d B 10
= " 1082 cos45°+10 1042 sin45°
= d=20x1=20m.
2 x R—3 \/3_R
Time for this = 2 _ H . ,
g g 25. > distance covered by free falling body
A A A A n A H
V{t)= ui+glj = ui +gx \/gRj:ui+\/x/§jo %:;—gtz ey
g
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26.

27.

28.

29.

H/2

v
vsina H/2

& veosa

4

In same time, projectile also travel vertical distance

H h E—vsinoc\/E—l Ll
e T 2 2%,
vsino = /gH ...(1)
H g
also | = vcosa g; veoso =1 ﬁ'"(ii)
From equation (i) and (ii)

H .
tana = —v?sin® o + v cos’ o = gH + 12 2

12
V= gH[l +?]t

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

a,

2T 4
A T . B

T
/7177 17770777

_ 3 _ %
AT 8T 58,78, 2
— 2. _dV_ _—
V72t,ana =4t=a(l)=4
Ve x1?y
S I

a= \/a2T+a§ =\/(4)2+42 =32

6}:&xf{=&x23 — o = -3k rad/s?

uu

a =
a =—8}=(£)x{l=cro><((nR)Ai:>(5=—2f<rad/s

T

1

a=ar;our=or;o0=0t=a=
t tz

22
30. (v, tvy)t=2nR,(0.7+ 1.5)t=2x el x5

31.

32.

34.

T T7x22 Tog TS
. v:i  1.57
AooeleratlonofB=§B= s =0.45 m/s?
According to
2
e:l><72v than:tzﬁcR
2 257R 6v
2 D A
Using RB:vt+(1—) L ><—257T IZ{
2/257R 36v
> \"
72v
ap =
25nR
A B
R9:V5nR+nR=£n
6v 6

Angular velocity : 0= o, + at Y

_y,72v 5nR_ v 12v 17y
R 257R> 6v R S5R 5R
289V

Angular acceleration .= @’R =
25R

1 m,
(a) 7t=0+5><5t = t = 2sec

(b)V:O+§X2 =1 m/s

OA

r=25ma =25 m/s

t

So=n % 1m
- 2_ dl
a=y m/s at

3
(a) Radial acceleration = 25 cos® = 25 x g m/s?
2 ( \\1/2
(b) 5BV s B
2 25 4

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

i)A L 10 + 30 ><2+10><[240—8—0)
(i) reafz[ ] 7 N

+1 10 +30 x£—4000
2 [ ] A

3
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35.

36.

37.

30m/s

240=2—°+t

10m/s

= t
240 sec

2 80 20
3 240 3 =

400+2400_800+400

D 3n T 4000

400-800+1200
3A

16003 =0 1, 1
SIO=AT 600 20 6

=800 m

. ~10240- 20 )
(ii) Dist. travelled 10( 3x1/6

V,T
V, -20

V. T )
g BT g V20
B V; -20

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

6(Vy+20) 6 x60
vV, 40

=9 min

—25 m/s After 5 sec
height of balloon =25 x 5=125m
(i) Minimum speed

(u-25)
2g
u—25=50;u="75m/s

125 = — (u—25)>=2500;

(i) u=2x75=150 n’s
125 = (150 — 25) t - 5¢
125=125t— 58 = £~ 25t + 25 =0

It's velocity is 1 01

(=10, 10) (10t-10, 10 )
P Q

[e}

-, displacement after time 't' = 107 X t
(i + 2])

NG

Velocity of second ship = u x

38.

39.

40.

41.

g 2u/S _ 2x1045
u) 1045 -1045
10-—=
V5
't*——lsec ini dist =10k
(i)t= 20 2 , minimum distance = m

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

1 80
= EX3Xt2:320(30_t) :t:Tsec

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

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

a, A,
< >
< - >
2
A (v, +v,)
w2 (al +a, )
a,=-a —a =—(a +a)
From figure (a) 120° B

2d
time to cross = \/gv
. . d
Minimum time t = —
A
. Ratio= 2.[3

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

River

—>
2km/hr
5 5
7 3
, . 100 100
Time to cross the river t A—T, t, = T

. 100 . 1
Drift = x 6 =200 m ; Drift=-1 x

Remaining distance =300 — 200 ; 25 m
t ) = 100+100 - 100+100

total/ A 3 8 > B 4 6
. = 800 +300 :1100 - 600 +400 :1000
A 24 24 B 24 24
|tA =165 sec| |tB =150 sec|

3
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2 .
u sm29:1600x\/§:80\/§
g 10 x2
10 x80 x 80 x 3
2 x v? c0s60°

42. Range (OA) =
h = 80+/3 x tan60° =

Time to strike = vcos 60°x t = 80\/3_

8043 x2 1043
= t= =

vxl \%
2_
h:9\/§x160\/§480><9:240 38400

v v v

18 +/324 +6400
V- 1600 — 18y =0=> v = 5 hl

- [=50m]

Vear \

43. tan 60° = = 3:ﬁ:>VC:10\/37m/s

Vi

Car

(usin O) . 1
44. For stone : 2h = T& h = (u sin O)t — 7 o’

V40h ++/20h 2
=>t= T:Mt: JO.8h = o \20h

na
v(constant]

u
5 h{|Pole h

Horizontal displacement : vt, = u cos 6 At

N VW2 +1W20h  oosh x 2200

10 10

oV 2
ucos® 2 +1

u=10J3 mss

Y-axis

45.

I A A
(i) v(t) = (u—g cos 30°t)1— g sinb t]
From given situation

u—gcos30°t=0 t=2sec

(i) Velocityu =0, a =g cos30° = %
P S
v =04 2 x2=10m/s

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

PO=10m .. h=10sin30°=5m
. . u(sin60°)’
(iv) Maximum height =h + T
( 3
kmﬁﬁ@
5 20 16.25m
(v) Distance PQ
2 u=103mis ., _ .
(10\/5) E : Y-axis
- 2gc0s30° o e

[9)

0Q= 1043
. PQ=(PO) +(O)’

= 102+(10\/§)2 =20m

1 1
46. s=ut+ Eatzza:(usine)t— zg’[2

usin +/u’sin* 0 —2ag

=>t=
g
2,/u’sin* @ —2ag
At=

g
For horizontal motion : 2a=u cos 0 x At

ucosf x24/u’sin* 0 —2ag

= 2a= =0=060°
g
©Af= 2ae: 2a 1:2 a
ucos ) agXE g

1
47. ucosat=D ....(>0) usinat—ggtzz—H....(ii)

_ 2usin a ++/u” sin® o +2 gH D

g ucoso

=t

3
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e (usina) B D’ tan” o
2g 4(H+Dtana)
u'éx/_ﬁ‘\
H
D
D’ tan’ o

S~ H  =h+H=H+ 4(H + Dtana)

EXERCISE - §

Part#1 : AIEEE/JEE-MAIN

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

2
1 E
Ei est poin _E(COS450)2_E(_] =
highest point \/5 2 A

\“6\\

u’ sin20 (10)’ sin60° T
2.R=—"7"—"PR=>~——— 7F

g 10

10m
10m

R=10x§=5\/_=8.66m

y

3. Both horizontal direction speed is same

1
v, cos0 :%0 = 005925 = 06 = 60°
4. When a body is projected at an angles 6 and
90-0; the ranges for both angles are equal and the
corresponding time of flights for the two ranges are t,

and t,.
R = 20’ sinBcos O 1 (2usin9) [2u sin (90° — 6)]
2 g g
1
=gt >Rt
50 Kiighest point = [Kpoint of projection) cos’0

K, = K(cos60°) =K, :§

AN d
6. V=K(i+x)):v, =Ky~ =Ky
d
similarly ] =Kx
dt
Henee - = Aoy dy=xd
n B — 2 = s
ence 7 ydy =xdx
by integrating y* = x* + c.

10.

11.

v’ 'R
R, .=""; Area=mr’= 2
u2 2
H =7-"=10mand =—=20m
max 2 g Rmax g

u =15 and tan = 2

2

X
so by y = x tanf — £ - (1 + tan’0)
2u

10x?
=y=2x- (1+4) = y = 2x — 5x°

2 x5
1

t=2sec
b

Ist stone t=6sec

0<t<8sec
v.=40-10 =30m/s =a =0
=8 =V, xt=30x8=240m

(y.=y:)m :
240 H

t(sec)

8sec<t<l12sec
v, increases in magnitude and relative
acceleration is g downwards

Part # 11 : IIT-JEE ADVANCED

Single Choice

_ total displacement

2
1— =2m/s

\% ;
av total time

v?=2gh [ it is parabola]
and direction of speed (velocity) changes.
10 .
a=— ﬁt +10 at maximum speed a=0
10
—t+10 = t=11sec
11
1
Area under the curve = 5 x11x10=55
S —u+ = (20-1)= = @2n-1
,Sut S @)= @)

. a _a S, _(2n—1)
S ., =x+ E(Zn—i—l)fg 2nt+1) = S (2n+1)

(n+1)
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(v, v

_ 0
5. V——kx— X+V, A
0

v v
a= [——On + V0:||:——0:|
X X
0 0 T

o
Il
|
|
=1
|
(=]
v
~

MCQ's

1. x=acospt;y= bsinpt; r= acos(pt)i+bsin(pt)}

2 2
X

Q sin’pt+cos’pt=1 = .. —+Z—2 =1 (ellipse)
a

T . A ~ T A

v =-ap sm(pt) i+bpcos(pt)j;v,= Z =_api

r 2 2 2 . ~ l "

a=-ap (pt)1—bp sm(pt)J;at: 2p =—bp~]

a-v=0

A A r
a= -p° [a cospti+ bsinptj} =—p’r

Subjective

1.

(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)
uy:+usina;ay——gcose

1 1
s=ut+ Eat2:>0:(usinoc)t—5gcos9>< t?

2usina

=t=0ort=
gcos0

(i)

=

(i)

X-direction motion (taking relative terms w.r.t box)
1
u =+ucoso &s=ut+ Eat2

2usina u’sin2a

a =0=s =ucosa X =
x x gcoso gcos

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

2usina
time | . .5 | should be equal to the range of the
gcosH

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.

_ - N | e
u =-v,s=vt+ 5at’, a =g sin0

—u® sin2a [Zusina] 1. [2usina]2
= =-v ——gsin®

gcosH gcosH 2 gcosH

ucos(a + 0)

On solvi tv=
n solving we ge 050

Let 't' be the time after which the stone hits the object
and O be the angle which the velocity vector y makes

with horizontal. According to question, we have
following three conditions.

gt-usin6=|V,|
V.=Vl

ucost
Lo 2sm o

Vertical displacement of stone is 1.25 m.
71.25 = (usinf) t— + gt>where g=10 m/s?
= (usin®)t=1.25+5¢ ..(i)
Horizontal displacement of stone

=3 + displacement of object A.
Therefore (ucosd) t=3+ 5 at?

where a= 1.5 m/s>= (ucos0) t=3 +0.75t>  ..(ii)

(iii) Horizontal component of velocity (of stone)

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

The right hand side is written gt—usin6 because the stone

(ucosB) = gt— (usinb)

is in its downward motion.
gt > usind.

In upward motion u sin0 > gt.

Therefore,
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Multiplying equation (iii) with t we can write, ! ) X t X f <
. 1 ) 2 ¢ 3 >
(ucos0) t + (usinf) t = 10t? ..(iv)
F V(3 . 2 — — 1
Now (iv)-(ii)-(i) gives 4.25t*4.25=00rt=1s Starting from restx, = — a (10) (1)
Substituting t = 1s in (i) and (ii) we get 2
inf=6.25 m/ 1
Ui ° X, +x,= = a(20) - (2)
= u,=6.25m/s and ucosd =3.75 m/s 2
A . 1
= u_=3.75 m/s therefore = ui+uj X, tXx, ¥X,= 53(30)2 -(3)
. R 1
= 1=(3.751+6.25]) m/s From (2)=(1) =x,= 7 a(300)

1
3. (a) Fromthe diagram From(3)-(2) =x,= 5 a(500)

Vir makes an =X, :X,:X,::1:3:5 Ans.

angle of45° with
the x-axis.
(b) Using sine rule 3. g= u+v),
2 v 0|,
Vg Vi
; ST s —=>V,=2m/s (V1 +vg) 3mI|:|
sinl135 sinls 7= T2 B x0.5 A
Integer Type questions v, v, = 12 s S E—
1. With respect to train :
A Also, v, =v +(9.8)(0.5) ... )
2v 2 x5+/3 v, —v.=4.9m/s
Time of flight : T= gy :T=\/§ .
4. Initial distance between trains is 300 m.
By using s =ut + %at2 Displacement of 1st train is calculated by area
) 1
wehave 1.15=5T — %aTZ = 7 450 under V-t. curve of train 1 = 5 x 10 x40 =200 m.
1
2. 5 Displacement of train 2 = — x 8 x (-20) =—-80 m.
3. 2or8 2
4. 4 < 300m >
1 1 1 ]
Comprehension: 1. A 2. B T 200m | | 8om Tz
MOCK TEST : RECTILINEAR MOTION 300-280
=20m
1. Displacement vector is 10i +10j+ 10k Which means it moves towards left.
.. Distance between the two is 20 m.
y
T 3T . .
o~ (10, 10, 10) 5. Att= 7 and t = R the stone is at same height,
. Hence average velocity in this time interval is zero.
/ Change in velocity in same time interval is same for a
5 particle moving with constant acceleration.
Let H be maximum height attained by stone, then
. . T. 3
= Magnitude = 1102 +102 +102 = 10+/3 Ans. distance travelled from t =0 to t=-is - Hand
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T . . H
fromt= 7 tot= BZTT distance travelled is P

T . .
Fromt= 2 to t =T sec distance travelled is H

T . . H
and fromt= 2 tot= % distance travelled is T

dv
The retardation is given by it~ av?

integrating between proper limits

Vv t
1 1
:fjd—vzjadtor—:at+—
v v u
u 0
o 1 ud
= ax AT T T T au

integrating between proper limits

s t
u dt 1
= .([dx: ~([1+aut =S= a ®n (1 + aut)

Let a be the retardation produced by resistive force,
t, and t,; be the time of ascent and descent

respectively.

If the particle rises upto a height h

then h= 1
en >

‘ t_a_/g—a_/1o—2_\E wak
oty Vg+a  V10+2 \3 s 43

8. The linear relationship between V and x is

1
(g+a)t? and h= —

V =—mx + C where m and C are positive constants.

. a
.. Acceleration
X
dv
=V— =_ _ 4L
a ™ m(—mx + C)

= . a=m>x-mC

Hence the graph relating a to x is :

XA:XB

1
10.5+10t= > at’ a=tan45°=1

£-20t-21=0 =f-21t+t-21=0
(t—21)+1(t-21)=0= t=21,—1

rejecting negative value t=21 sec.

I 10.

AC

11.

12.

13.

14.

From triangle BCO = BC=4
From triangle BCA =
C

= 22442 =25 A

AC=u, t,BC=u,t !
W _AC 25 _V5 A3Bse P
u, BC 4 44

After 10 sec = Now x, =(401t)

1
Xg = 100+(ut)+5(2) t2=100+20t+t?
—_—
u,=2x10=20
A =izxax10 B
=100

A will be ahead of B when

Xg<x, = 100+20t+t><40t
=t2-20t+100<0 = t>—10t—10t+100<0
t(t—10)-10(t—10)<0 = (t—10)2<0

which is not possible

From given graphs : a_is tve & a, is—ve,as v, is
increasing in +ve direction and vy in —ve direction.
(Checked from slope)

Distance travelled from time ‘t—1’ sec to ‘t’ sec is

a
S:u+§(2t71) .................. 1)
from given condition S=t............... 2)

H&Q)=t=u+ % (2t—1):>u:g+t(l—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
= lfa:O:>a:1fora:1,u=Eunit

1
Initial speed is 5 unit. Ans.

Height of the building T <+p u=0
H=h +h, h| ¥
H——
L t2 + ut 1 2 h| | 20
==-g u—- -g I u=20 m/s
2 2 é

=ut=60m.
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15.

16.

17.

18.

19.

b ..o, dF o
r=(@E-4t+6)i +t2 j; v :E:(2t74)| +2tj,
v .
=2i+2]j ifg and} are perpendicular

—

5
P p 2 - 2 -
a.v=0=2i+2j).(2t-4)i +2tj)=0
8t—8=0 = t=1sec. Ans.

At t=0

d?x

dt?|
d?x

dx _ .
and 9t 3.4 m/s for particle 4 and g2 s

negative for t> 0

>0fort>0

dx
ot - 0 for particles 1,2 and 3 and

dx

Therefore fort>0; dt

is increasing in all.

|Displacement| < Distance.

So, average speed of a particle in a given
) i A(distance)

time | = At

magnitude of average velocity

j is never less than

: AL
ie |—(displacement
( A (disp )j
v
It is possible to have a situation in which dt #0 (i.e.,
: divf . d
lacceleration|  0) but T 0 (i.e., at (speed)=0).A

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.

(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
v=Vx = g ~Vx

dx
W =dt = 2x =t+C
butgivenatt=0;x=4 = c=4

(t+4)? (6> 36
X = ——— X=——=—-=
4 4
[Putting t = 2 sec.]
dv 1 1
- V— = — = — 2
2= Vg TV X T

I 20. Slope of displacement-time curve gives velocity.

21.

(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

time distance left
t=0 - X
t=T - X2

t=2T — x,/22

_ Xo Xo
t=nT — =
(2)n (2)t/T
(6@ T=15s)
.. distance travelled in time t = x = x, — X,

Q)t=x,(1-2%

=X, = 12"

XgAn2
2t

dx b,
V:EZXOZ x @on(2)=

(.. slope of x-t curve is positive and decreasing with time)

dv

9% 27t x (@n2)? = |a]=x,27! x (®n2)?

a=

dv
22. (i) V—X =-BV =dv=—fdx

23. Average velocity =

d

0 X
= J.dv =—B Idx = —v,=—Bx
Vo 0
Vo .
X= F [when V =0, accelaration =0,
so X is total direction
dv vd_V
(i) a=-pV = E:—BV v =B
Vo
t v
Jdt S M| |=Bt vy e
0 Vo 0
Vo
VZE at t—>o0oV=0.

.. A & B are correct answer

displacement
————,and

Time
distance ) )
average speed = “tme |Displacement | < Distance.
dv
24. a= a
If a=0

v may or may not be zero.
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25.

26.

27.

28.

29.

A particle is projected vertically upwards. In duration | 31,

of time from projection till it reaches back to point of
projection, average velocity is zero. Hence statement
Lis false.

The expression for velocity and time can be expressed
asv=(t—-2)(t—4)

The speed is therefore zero at t =2. Hence speed

is minimum att= 2.

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

Hence statement I is true, also we know statement
I1 is true but II is not a correct explanation of 1.

A
(B)

a = sinmt

, 2
. IdVZ J23|nntdt or v=— ;COSM‘FC

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

Note : Velocity is always non-negative as cos 6 <1 Hence

S

t
Ig{1—c03n0dt:
o T

particle always moves along positive x-direction
.. Distance from time t=0to tis

t
g(t—lsinnt} sinmt
T T 0

2 2
R

2
also displacement from time t=0to t= o — 5 sinmt
T

2
Distance from time t=0to t=1s= — meters
e

30. a = slope of v—t curve so

(mis’)

|.1>

=N
o
) H
<
&

S|~

32.

33.

34.

AB = Slope increasing, BC = Slope constant,
CD = Slope increasing

DE = Slope decreasing, EF = Slope increasing
F=Slopeis0

(140 160 1 80

o 10 20 30

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.

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.

(A) v=6t+2m/s v(t=1)=8m/s
a=6m/s’

v>0

v(t=1)=8m/s

a=8 m/s’

v>0

a is variable and +ve

(B)

©
v= _[adt = 8% v(t=1s)=8m/s

(D) v(t=1s)=3m/s
a= 06— 6t, variable.

v<0fort>2s.
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35.

36.

37.

train
I‘% 5 min crossing
—>
oY 30 min
10km ! 30m
by ™ p0kmh—1 2 1 00 MmN
At=5 min= —= hr
t=5Smin= 60
Train running as per shedule
10 10x60
O V= = —— =120 kmh*

win (5/60) 5

Acceleration of the particle a=2t— 1.

The particle retards when acceleration is opposite
to velocity.
=av<0=Q2t-1)E-)<0=t2t-1)(t-1)<0
now t is always positive .. (2t—1)(t—1)<0

1
=either2t-1<0&t-1>0= t<§ &t>1

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

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

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

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

‘Pz Pl = J(=1-3)% +(—1+1)2 + (0 + 3)2

= 42+32 =5

‘F’zF" = J(4-3) + (=14 1)% +(5+3)?

= J65

Here ZP P P=0
(P,P).(P,Py)

20)-\TT) (i + 8K).(—4i + 3K)
. cosO = ‘PZPHPZP1‘ =

\65 .5

9
G

4 7
cos 0= F,sinezﬁ

7
. From APDP,, PD=PP, sin® = /g5 X E =7m

7
.. Time taken by bird = 5 sec=3.5 sec

MOCK TEST : PROJECTILE MOTION

Using equation of trajectory :

S
—h=xtan (0°)— 2(2gh)(cos? 0°)
— x=2h Ans.
Method IT

time of flight T = 2h
9

horizontal distance covered during time of flight is

Xx=u t= /@X 2hg =2h
9

Ranges for complementary angles are same

. Required angle = = — - = 0% 5

* Required angle = 2 — 5 = —3¢= Ans.

Use o= =45° in the formula for Range down the incline
plane.

2u,
Time of flight T = T
2x20sin37° 4 3 12
= = X — = —
10 5 5 °°¢

12
Range R=u xT= ?X (20 cos 37°+ 10)

12
R=

4 12
5 X(20% £ +10)=26x = =62.4m

5

Use the given data in the formulae for projection up the
inclined plane.

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

2usina

Time of flight gC—OSB =2 e 2)

3
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maximum height
u?sina

u’/
p =5 e 3) Wgcosﬁ
gcos

usina=5 .'.u—S\/g

ucosoa =10

2usino
gcosp 2

u?sin o
gcosp
usina=5 .. u:5\/§

=5 s 3)

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. It can 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

2UJ_

T=gcos6

2u
~ gcosH

~ gTcos0

5 =10 m/s.

Sou

9-
8. tanf= 4-0° 2 Where 0 is the angle of projection

Displacement in y-direction s,=ut+ 5

a t?
y

1
now, — 1 =usin0 (1) — Eg(l)2

usinf =4 and from triangle

2
sinezﬁ: u= 2,5 m/s

Displacement in x-direction s =u t+ 5

a t?
X

1
now, x =ucosd (1)= (24/5) x A =2m

I 9. Two second before maximum
. _ _ v
height v =g x 2 =20 m/s v,=20

53°

20
tan53°= "

v, v, =15m/s

V.

X

velocity at maximum height v=v_=15m/s

. ForBtoC

1
HZEg(Zt)ZZth2 ....... (1)

1 1

h=—gt
2g

1
h=H-=h=H- - ¢
By(1)&(2)

H_ 3

h=H- —
4 4

11. velocity component u_=400/3 T,uy: 100 j
Applying equation is y direction

1 t2
—1500=-100t— EX 10t = ) +10t-150=0

- 20+40
2
So t =10 sec i.e. horizontal distance

u Xt:%XiX']O = m.

5 3

12. For minimum number of jumps, range must be maximum.

u?  (10)?

maximumrange = —_

g 10

Total distance to be covered = 10 meter

= 1 meter.

So minimum number of jumps = 10

(&)

. y=bx?

2
L oopx X
dt?

a=2bvi+0 = v=

14. Applying equation of motion perpendicular to the incline

fory=0.

Vsin(6-a)

\

1
= + — 2 :
y=ut 2 aft 9sint oo

3
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1
0=Vsin (0 )t+§(—gcosoc)t2

2Vsin(0 —a)
gcosa.

=t=0 &

At the moment of striking the plane, as velocity is
perpendicular to the inclined plane Hence component of
velocity along incline must be zero.
V. =u t+at
. 2Vsin(6-a)
0=vcos (0—a)+(—gsina). W

v cos (0 —a) =tana. 2V sin (0 — a)

cot(0—a)=2tana  Ans. (D)
15. 0=u-—gsing.t
2usin®  2.(10)sin30°
(a)t= g - 10 =1 sec. )
gsing <
2.10J34/3 /éi\
(b)t= 02 3 sec. u g gcosd

Ao

u 1043

(o) t= gsinG — 10(£/2) =2 sec.

@ t=

16.

17.

t is less than time of flight
10

= 10_1 =2 sec.
2

But it's time of flight is 1sec

gsin®

(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_
02=u?-2gs
. _ﬁ , 9 st
. 8= 29 = 8=u'/g
also 0=u—gt = t=u/g [Vvi=u
OO Ty TR
cHT g TP T g/ g T2

On the curve

y=x2 atx=12 =>y=—

18.

19.

20.

2 4
=V, = 2Xv,

11
Hence the coordinate (—,—j

Differentiating : y=x2

1
v,=2 2| @ =4ms
Which satisfies the line

4x—-4y—-1=0 (tangent to the curve)
& magnitude of velocity :

|\9| 1/v +v = 4./2 m/s

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

Letu and u be horizontal and vertical components
of Veloc1ty respectlvely att=0. Then,

v, u - gt
Hence, v —1 graph is straight line.
X=v t

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

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

v_= constant

Hence, v -t graph is a straight line.

2u? sina.cos (o + 0) u?sina
R, = gcos? 0 and h, = 2gcosp
_ 2u®sina.cos(a - 0) in = u?sin?a
2 gcos? 0 andh, = 2gcosp
Henceh =h,
R,-R, =gsin0T;
R,-R,=gsin0T?

Total time taken by the ball to reach at bottom =

2H  |2x80
E: 10 " 4sec

Let time taken in one collision is t
Thentx 10=7
t=0.7 sec.

No. of collisions = 40 5é
o. of collisions = — 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 A is 2 m. Ans.
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21. Both the stones cannot meet (collide) because their |
horizontal component of velocities are different.

Hence statement I is false.

22. If particle moves with constant acceleration 5, then
change in velocity in every one second is numerically
equal to 5 by definition. Hence statement-2 is true

and correct explanation of statement-1.

. 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.

24. The question can be reframed as shown in figure.

The path of particle is parabolic.

\“ X

- EJ_ {/) at maximum height, that is at half time of

flight

usin® 20x3/5
- 10

Hence t = =1.2 sec.

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

26. acceleration and displacement are mutually

perpendicular at instant 2t = 2.4 sec.

27. H,=H.>H,

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

height.

28. 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 roof is 1 sec.

P Q

T =4

OR

=T

Ty =1

- T, — TQR = 3 seconds.

2usin©
=4s

29. From above T =

s.usin@ =20 m/s = vertical component is 20 m/s
for maximum height

vi=u’+2as = 0°=20°-2x10xss=20m.

u?sin20 10043

5x/§m

30. (A) R= 2010)
, 1
(B) 11.25=—10sin 60° t+ - (10) £
= 5053 t-11.25=0
(= 5v/3 £,/25(3)+ 4(5)(11.25)
10
 5Y3+4/3(10)
B 10
15 3
= =—4/3
10*/_ 2*/_
NG
R=(10cos 60) | 5 31=75,/3m
1
. 2(10)
P . 2usin30° 2) 2
© t= 9C0s30° o ﬁ \/gsec.
2
1
R=10co0s30°t ) gsin 30° t?
10V3(2) 140 14 1020
“ 2 \3) 20 2)3T 0Ty T m
b po 210 200 4
D) T= 9cos30 (ﬁ] 3 sec.
10 2=
2
R=+ gsin300¢
=5 gsin30°t
1 (1} 16 _ 40
> 101%) 373
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31.

32.

34.

Range of the ball in absence of the wall
~ u®sin20  20%sin150°
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

1
at t= — sec.
2

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

From graph (1) : v,=0

t= 1
g 2

from graph (2) : v,=0atx=2m

i.e., when the particle is at maximum height, its displace-

ment along horizontal x =2 m

= uy:Sm/s ...Ans.(i)

X=u Xt= 2=u X —
X X

2

= u =4m/s «..Ans (ii)

. (a) Taking motion in vertical direction

u=0,g=10m/s>, h=45m
h=ut+ % gt®
= h=0+% gt

\/ﬁ | [2xd5 h=45m)
=g "V 10

t=3 sec.

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 + 1 (10) t2
3 V,sin37° v
= IOOZ—E(VO‘L)JrSt2 3700
Putting vt = 500 V,c0s37°
fi ti 1);
rom equa 10;1( ) o
= 100= - £(500)+5 ¢ /L
20 400m

= 5t2=400 = t= Esec

5
v, =500 x %

i 25\/5 m/s

Fromeqn (1) ;

! MOCK TEST : CIRCULAR MOTION

1.

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

ma’ (r sin 45°) cos 45°

° 4 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°) sin 45° ........ Q)
From 1 and 2 we get.

o= 1/30\/5 rad/s.

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.

2

=mg sin B

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

1
> mv?=mg (r cos o.— 1 sin )

Solving 1 and 2 we get = 3 sinf3 =2 cos a

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

6-8u=4.5
_3
ST

1( 72v2 ),
As when they collide Vt 51 25:R t"—nR —

~ onR
- 6V
vt
Now  angle covered by A= m+ R
11n
Put t angle covered by A = ry

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

3
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Radius of curvature r  means v is minimum and a_ is I
maximum. This is at point P when component of velocity
parallel to acceleration vector becomes zero, thatis u = 0.

u,=8cos30
e

6. x*=4ay
Differentiating w.r.t. y, we get

dy

x
dx 2a

d
oAt (2a, a), ﬁ =1 = Hence 6=45°

the component of weight along tangential direction is
mg sin 0.

Hence tangential acceleration is g sin 0 = %

7. The nature of the motion can be determined only if we

know velocity and acceleration as function of time. Here 11.
acceleration at an instant is given and not known at
other times so D is the correct option
8. By energy conservation between A & B
M2R+0 MgR+1M2 2gR
= - = = MV = v=4—F—
&5 5 2 V5
A
R-R cos53
=2R/5
...... Reference line
12.

vi 2gR/5 R

N radi f at r= = =
ow, radius of curvature a, gcos37 2

9. The friction force on coin just before coin is to slip will
be: f=p mg
Normal reaction on the coin ; N =mg
The resultant reaction by disk to the coin is

= N2+ 72 = [(mg)? + (s mg)?

10.

Tmg 1+ Hsz
9

=40x 103 %10 x 1+1— =0.5N

0 6 0
As 2T sin 5 =dm w?r (for small angle sin 5 - E)

Tcos0/2
As@=2nr .. T=mwi/2n
Putm=2nkg ©=10mnradian/s
andr=025m .. T=250N
when he applies brakes
v2
S1 =
2a
if p is the friction coefficient then a = pg
v2
31 =
2ng
v2
when he takes turn =pumg
v2
= —
ng

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

As tengential acceleration a = dv/dt = odr/dt T
but ®=4m and dr/dt=1.5 (reel is turned uniformly T
at the rate of 2 .p.s.)

a=6m, Now by the F.B.D. of the mass.

w
T-w=—a
9

S T=W({+a/g)puta=6m
S T=1.019W
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13. For anti-clockwise motion, speed at the highest point ! 16. T cos 0 + N =mg (1)
should be /gR . and T sinf =m &*r ..2)
but T=Kx

Conserving energy at (1) & (2) :
T=1.47x10%(0.1sec0-0.1)

(K=1.47 x 10°N/m)

Also r=0.1tan 0

put T,r,m & win equation (2)
we have cos 0=3/5and T=9.8 N

1 5 R 1
—mv; = mg—+—m(gR
5MVa = mg—+-m(gR)

= v’>=gR+gR=2gR

= v,=429R
2

17. T—-mgsin® = LU

For clock-wise motion, the bob must have atleast that R

much speed initially, so that the string must not become = 3 mg —mg sin30°
loose any where until it reaches the peg B.

m. (u2 +2gAsin30°)
A

\VC oug= /3972 mg sin 30°

1
B Bob

At the initial position : =

mg OOS30°

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

o mvg )
T + mgcos60° = R

—

v, being the initial speed in clockwise direction.
For VCmm:PutTIO; mg

R = 1
f V m
= V< 97:}VC/Va_F2I?_Ejvc:vazl:zAnS. =mgsin® =mg ,/1-cos’ O = ?gwsz—(mg)2

19. From length constraint on AB

14. The bob of the pendulum moves in a circle of radius (R +
acos 45° =b cos 45°

) 3R a=b
Rsin30%) = —
2 T sin 45° =m(a) mg— T sin 45° =mb
Force equations : mg —ma=ma
T sin 45°
2ma =mg a:% A
(R
2 T_mg _ mg
2 2 TR
Tcos30°=mg
) 20. (C)
3 o°R 1 29
V=== =T . V= .,gRtan0 = (20)>=10 x 100 x tan 0
= tan30 2 g ﬁ = 3J§R Ans gRtan (20) an
4 2 1
15. v _ = J59R = \/5x10x2 =10 m/s :>tan9:ﬁ:§:>6 = tan™' (2/5)
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21.

22.

24.

In the frame of ring (inertial w.r.t. earth), the initial velocity I

of the bead is v at the lowest position.
The condition for bead to complete the vertical circle is,

its speed at top position Vop = 0 Viep

From conservation of energy

2 -
om Viop Tmg (2R)= 5 mv? or

v=,49gR

|AV|= «/v2 +v2 -2v2cos60° =V

F
point A and will be min. at point B.

1ot 18 shown in the figure. So, tension will be max. at

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=mxe? = kx

fk /300
®= ,/— =4/~ =10rad/sec.
m 3

X

m
. dT=dm(®@-x)o? = dT= T.dX(k—x)@2

T M2 o
deg,j'“w
= = 2\ (®—x)dx N
0 0 15
o A2 1
_ mo? xx—ff} I T+{LLAPL |
vl 2], T —
|
|

. Tension at mid point is :

A |2 8
T—§ o .2 - 3miw?
=g M® ©’= stress= 8A
A 3min?
= strain BAY

26.

27.

28.

29.

mV?2

At A N, -mg= Rx
mV?2

N, =mg+ R,

mV?2

and AtB : N,=mg- Rs
mV?2

and AtC : N, =mg+ Re

As by energy conservation ;
RA < RC
N, is greatest among all.

As Nsina=mg = Ncosa=mo’r

tano= ", .. T*ctana
T

‘. when o increases T also increases
Also T? oc r tan o
but r=h tan o
T? oc h tan® a.
for constant a
T?och
Thus when h increases T also increases

Let N be the normal reaction (Reading of the weighing
machine)
v2
atA= N, -mg=——
r
Putv. . N,-mg=mg = N, =2mg=2W

2

Also, atE, N, + mg= =mg
~N,=0 Hence N, >N_by2W
NowatG,N,= mg=W=N_

Ne Na

E _0 A9
Also N, and Ne
Between A and B A

0
2
L 6= —mv a,
mgL cos 5MVe .
vy =2gL cosH
B

Ve
Nowa = T =2g cosO
and a = g sin0 a

3
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32. The normal reaction is not least at topmost point, Hence

. For conical pendulum of length ®, mass m moving

1 statement 1 is false.

a= \/atz + ar2 - 9\/1 +3c0s? 0 33. Let the minimum and maximum tensionsbe T and T
mv2 and the minimum and maximum speed be u and v.
Now,atB T, —mg cos0 = LB mu? i
T =——+mg O
PutV, = T, =3mgcosO e R
When total acceleration vector directed horizontally T = mv? mg
min R

8 gsin6 1 s 2
tan (90 —0) = 5" = 25050 ~ 5 tan0 . AT_m(u__v_J+2mg
) - R R .

. _ O O
On solving 6 = cos 1/‘/5 From conservation of energy u
F O ad/ u’ v
- For case : w; = —;~ rad/sec. —-—=4 = is indepenent of u.
16 R R & p
o = o rad/sec and AT =6 mg.
AT 6 ' .. Statement-2 is correct explanation of statement-1.
v 314 =x .
Y6~ R~ 3 3 rad/sec. 34. v, = \2gLsin® and v_ = [2gL
If v.=2v,
T .
oy, =~ rad/sec (in opposite direction) Then 2gL =4 (2gL sin6)
1 1
5n T 47 21 or sinf = n or 6= sin"z
Op/G = Opp T O = FJF 5) " 6 3 rad/s.
on T 35. Tangential acceleration is a = g cos0,
WA= W= = 373 = 7 rad/sec. which decreases with time.
Hence the plot of a, versus time may be as shown in
T
and 0,,,=30°= 5 rad/sec. graph.
ai
N 1 9
USI ng ’ 91’61 = 0‘)i (rel) t+ E OLrel t
t
T n
€=§t+0 =t=0.5sec. Ans. A<—t«—>Ei—t2—>C

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

Area under graph in tlme. 1nt§rva1 t,=v,. — VTV,

Hence area under graph in time t, and t, is same.
t <t

along horizontal circle as shown
T cosO =mg . (1)
Tsin=mw’®sind ...(2)
From equation 1 and equation 2,

36. [V - ¥ = \/V§+Vé—2VBVCSine Vs

© cosh— % = VA +V3 —2v,v_sin0=v,>
® mg V.= 2v, sin0
® cos0 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.

1/3 1/3
\ . . 1 . .
Hence statement-2 is correct explanation of statement-1. o, sin’0 = 7 = sinf = (Z) = 0 =sin! (Zj

= 4J2gA = 2,/2gAsin6 sin®

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

R
39. At8=60°,h=R—-Rcos60°= D)

R
Putting h = 2 in v2=u?-2gh

We get the result.

40. (A) £ = constant and 6xEF =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) §-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¥.E=0 means instantaneous velocity is alway
perpendicular to force. Hence the speed will remain
constant. And also |E| = constant. Since the particle
moves in one plane, the resulting motion has to be
circular.

(D) ii=27-3j and 4 -6i-9j. Hence initial velocity is
in same direction of constant acceleration, therefore
particle moves in straight line with increasing speed.

41. v=2¢t
Tangential acceleration a = 4t

. . vz o ot
Centripetal accelerationa = — = ——
° R

YRS
pyl

Angular speed ® =

a. 4R R

t =

4t 2

tanf = —
a Cc
42. Fromgraph(a) = ®=k0 wherek is positive constant

do
angular acceleration = ® 4o = kO xk=k?0

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

Z(DEZk or CO@:E

k is slope of curve Hence angular acceleration is
uniform. .. (B)p,t
From graph(¢) = o=kt

. do
angular acceleration = o
k is slope of curve Hence angular acceleration is uni-
form = (C) p,t

From graph (d) = o=kt

) do
angular acceleration = —~ = 2kt

dt
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

do
o= ot 2kt increasing with time. .. (D) q,r
u usin 0
43. |9
2 2 2
v u®sin“ 0
R= ) =20m.
aJ_ g
44. (z
(@) () v A
C
—
0 \:. Vv,
2 X
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’.

VPSine:V = szvcosece

o X o1 R 3
ere cosb = R R 5 5
. 1 efi . 975
;. sinf = 5 .. cosec 0= 2
p— 5 p—
VP—ZV «.Ans.x=5

3
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V) 5V
() 0= 7 =5

R 4R

Alternative Solution :

45.

m
Case Il : [f Mg <

46.

(a) Let ‘P’ have coordinate (X, y)
x=Rcos0,y=Rsin 0.
dx

VX:E =—Rsin0 E:V

@ v
dt Rsin®

=

_ de _ v |
andVY—Rcose dt—RcosO Rsino =—vcot0

v, = 1/Vi +vf, = Jv2 +v2cot29 =vcosecO ... 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
mv .
Case I : If Mg > —— ; Hence friction force on car of
r

mass m will be outwards from the centre.

; Hence friction force on car of

mass m will be towards centre.

mV2
T+ pumg = r
min
m m
Mg + umg = - ) m|
min

From equations (1) and (2)

rmax M + ”’m

= =
I’.min M- pm

By Newton’s law at B

mv2

T—mgcos 0= 0

By energy conservation b/w A and B
mg® (1 —cos0) + % my?= %m(SOg)
mv’=m5@g—2mg® (1 —cos0)

47.

@

6mg

ol - én, 0

T=mgcosO+m5 g—2mg (1 —cosO)=3 mg+ 3 mg cosd

2

putting value of of in equation (i)

3mg (1 +cos0) =6 mgcos?(6/2)

The free body diagram of the block is

For block not to slide along wedge, applying Newton's
second law along incline we get

mg sin 6 = m o’ (® cos 0) cos O

gsino
®~ Y cos?6

3
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MOCK TEST : RELATIVE MOTION | 5.

1.

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

backwards.

1
According to him :x= 5 at? , Y= Egt2
X_2 Y 9 traight li
>S5 =_"=>Y="x= .
v g g X = straight line
View =05 Vg =10 m/s
Let, velocity of rynan =v 12 om
16 4 S
- — - — o
tan 0 123 ©
then, v, = v (opposite to man)

For the required condition :

oo “RmMG) 10 4
an VR/M(x) % 3
10x3
V= =7.5 Ans.
4
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

of first coinx, =6 x,=7+8=15
= x27x1:1576:9m

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 = ,/y2 _ 2

u
VQVVZ— w —u
Velocity of man downstream =v + u

As given, Jy2 _y2 t=(v+u)T
=W -w)tt=(v+u)’T?

= (v-uwt=(v+uT?

t2 + T2

2_T12

\
u

p poop
Vm,g = Vm,r + Vr,g

P
As resulting velocity Vi, 4is at 45° with river flow

Vm,r i Vm,g y
(l=
I/ YA5° X
V., =dm/s
ie. Vig — Virsina= Vpy cosa ... Q)
60m
and m =6seC. e 2
Solving (1) & (2)
V,.=5 /5 m/s
B 10m/s
Q
2m/s a=8m
A 5 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

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

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

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.

o

5m

o 5m B

5m

C

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

=52 4 52 =5 /2 metre

3
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10.

11.

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=1ucos0
usind

A ucos6
B — >V

9
[T 77T777777777777777777777

velocity of Aand B given
from frame of ground

usind

&

9
L7777 7 7777777777777 777777

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

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

r r r
Vac = Vaw +Vue

= \7AG t . \7AWt+\7WGt

AC= Vgt w
CD= Vi t

With respect to lift initial speed = v,
acc=-2g
displacement =0

1
S S=ut+ —at?

2
1 1 iy
0=v0T—§X2gXT
T|:V—0=1X2ﬁ=l’r
g @& 9 9

13.

14.

16.

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

t d d
A—)B:V:>10:V:>d:10V ........ 1)

d
vCcosH

t
B—>C = = 15=

vcoso

=>d=15vcos0
(1) & (2) = cos6=2/3 =>secH=3/2

e

=24 but when 24th start motion it

) tan O = u
v

No. of taxi =

reach the destination so it will meet 23 only.

Vi = 2vs1nD ; <v>= =D

. Let  velocity of the aeroplane be
and velocity of the wind
be v, then
:>D=E,Dt—5t2=80, vt =200
= ut= 2800 and t—5t2=80
= 400-5t2=80
= t2=64
= t=8sec.

Velocity of approach of P and O is

—T=vcos60° =5m/s

It can be seen that velocity of approach is always con-
stant.

P reaches O after = =20 sec.

3
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17. |

Vin
\Y

m

Vl'l]l

. He can only reach the opposite point if he can cancel up

c0s45°=V, cos45°

2
cos45° = Vmg— Vrg cos45°

21. If component of velocities of boat relative to river is

AB=BC=400m=0.4km same normal to river flow (as shown in figure) both
vV =5c0s0+1 boats reach other bank simultaneously.
v_=5sin 6
y
time taken (t) = = l
= v, =V, = 5sin0=5cos0+1
— §=53° 22. Acceleration of each of the projectile = l Relative

acceleration -
andt = =0.1 hr=6 min.

23. Statement-1 is True, Statement-2 is True;
Statement-2 is a correct explanation for Statement-1
In air their relative acceleration is zero. Hence they

the velocity of river by his component of velocity. . .
vy Y P R4 can,t approch the vertical distance between.

25.

=4 m/s 26. T
In the first case :

using v> = u? + 2as for the motion of man, s=16m. prom the figure it is clear that

While both the stones are in flight,a, =ganda, =g . is 10 m/s downwards and
Soa,, =0= V_, = constant

= X, = (const) t

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

After the first particle drops on ground, the seperation
(X, Will decrease parabolically (due to gravitational In the second case :
acceleration), and finally becomes zero.

. is 10 m/s towards right.

Velocity of rain as observed by man becomes - times
and A slope of Xrel vist in magnitude.
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30.

31.

.. New velocity of rain 1

pooop p
VR' = VR'M + VM

.. The angle rain makes with vertical is

10
tan0 = 10\/5 or0=30

.. Change in angle of rain =45 —-30=15°.
The initial velocity of A relative to B is

HAB = HA —HB =(8i— 8]) m/s U= 84/2m/s
Acceleration of A relative to B is -
=(—2}+2])m/s2 aAB=2«/§m/s2
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

p p
dag~ Aa— 53

Uas
— =4 sec.
ans

The distance between A & B when v, ; =

AB—16fm

~2a an
The time when both are at same position is -

2Upg

Hence time when v, =0 ist=

0is

Magnitude of relative velocity when they are at same

position is u,, = D m/s.

wo -l =B
L i
.

32.

33.

425 cosa

500

5\/17[ 2 4 1 1
= X + —X
105 W17

5 17 5

= i[8+1]= 3 sec
10

§, =81 +6])-(11)
—(11t)]

=8i+(6-11t)j

§, = (-12i +16))

<o

<o

, =—12i +(16 = 11t)]
V.U, =-96+96-66t—176t+121¢
0=-242t+121£=0

(=0and 1= o2
S PY

Let velocity of bodies be v, and v,.
in first case

u =v,tv, ... ()

in second case

U, =V, —V, .. ()
O UtUp CUp—Uy
S and v, = 5

Hereu, = D m/s and u, = D

After solving we have

v, = D m/s and v, = D m/s.

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

1 IRl !

= = = @Q2v+2)u=2(v+tu)

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

3
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