JEE-Physics

CAREER INSTITUTE

UNIT # 01 (PART - 1I)

KINEMATICS
EXERCISE -I
2h =0
i j X i j = _ A
1 . (4-1)i+(2+2)j+(3-3)k 3i+4j 8 t, . X
. v \/32+42+02 5 tl—_B "
W 2 x2h
o (3i+4j\ o t, = X e 3h
V=[] o= 10(T5 ) = 6i+8] g
1y 4
9 A locit _20><3+4><20+5><20_4 y _ [2x3h &
- Avg velody =Ty o020 ™S =\ g

3. v, =2i
v, =4c0s60° +45sin60°j

4. 443

=—i+—]
2 2

=2{ + 23]

AV =7, -V, =2i+243j-2] =243]

O LTNG B

4. Forv=0,x=14and a=v—

Required ratio t, : (t, - t,) : (t, - t,)

-1 (V2-1):(v3 -2

=0

10. Velocity after 10 sec is equal to

dv 0 + (10) (10) = 100 m/s
dx

Distance covered in 10 sec is equal to

a| 0 dv 0 | dv )
SO 1= -V = yal o, = -5 =
x=1 dx o dx - (10)(10)* = 50m
dx dy Now from v? = u? + 2as.
5. [i|=yvZ+v? herev =—— =2ct; v=—=2bt
y xdt vodt = v2=(100)2-2(2.5)(2495-400)=25 =v=5ms"!

Therefore [3]=4t?(c? +b?) = 2ty/(c? + b?)

6. Vy=(3+4 1)i+@ + (-3

V1)l =49 +1 =52 m/s

7. w0
10s 20s 30s
X ! X - XS !

X, = 5 a(l0)?

1 2
X, * X, = Ea(ZO)

1 2

X, tx, tx, = 5a(30) = X

11. It happens when in this time interval velocity
.. becomes zero in vertical motion
1)j=7i+]j
u
:>g=5:>u=5 9.8 =49 m/s
t, +1t, B t, =t

12, to= 2Pt = 2

. AB =AC - BC

_ lg(mf_lg[uf
2 2 2 2
1

= Egtl’[2
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13. Displacement = E[4+2] 4 - 5[4 +3] 2

=12-7=5m

Distance = 12 + 7 = 19 m

14. S, -5, +10.5

2

Y _10t+105
2

t2 = 20t + 21
2-20t-21=0
= 21 sec

15.

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

16.

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

17. a= —5 = 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.

18. Initially velocity increases downwards (negative) and
after rebound it becomes positive and then speed

is decreasing due to acceleration of gravity (V)

20. Upward area of a-tgraph 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

2x20
. time = =

2.5
4 + 4 =8 sec

4sec

Total time =

21. Initially the speed decreases and then increases.

22.

:GR/M:_tane_j 0\ vk
—>

" Vg =Vg,m Ty

A u A

=ui-

= Vv
R tan@J

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

take any part to cross.

24 . Flag blows in the direction of resultant of \7w & —\78

AV = 61mys

<l

Uy, =V, =6]—(4i+2]) = 4(=i + )NW

= N-W direction.

25. 9,6 = \vm)2 —(v,6 )2 =(20)% +(10)2 =103 m/s

(LQ
ae
vs= 10

V,=10[83mys

26. The resultant velocity should be in the direction

of resultant displacement

B
v=5 T
60m
So time —L= 5 v =13 m/s
2 2
Vm —5
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27. T 7y
Y
G“VBRC@G
VBR?;inG \'/R
s = ut
1 =v,.cos0 t
1=5 0 l
cos A

4
c056=g = 0=37

Vp = V,sin37 =5  —=3 km/hr

R

28. For shortest time then maximum velocity is in the
direction of displacement.

29. Vgp=-i+2j-i-j = -2{+j

< |1
& TR/ P
Q
7
P fari'(z)

\/g _ Xmin

sin90° sin0 m

4
Fxex e =

So from sine rule

5 ><25m—cos—
2

30. 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.

Hence g =3i+50j

~ ~

=a,i;a, =—a,]j

31. 3

X

32.

33.

34.

35.

36.

Time to reach the ground =

So horizontal displacement = 0 +% 6

2x20
10

=2 sec

=0, a= 6m/<s
——

20m|

4 =12m

2 _ 202 s A
vy =u’sin®0 - 2g 5 5 Vx u®cos?0

(sino. — cos o)

ucoso. = usino - gt = t=§

V=ai+(b-ct)j
Time to reach maximum height (when J~ comp. of
velocity becomes zero)

b

“b-ct=0 =>t=—
c

. Time of flight = —

2
range = horizontal velocity Time of flight =a —
c

2h
Time to reach at ground = ?

+—d—>

In this time horizontal displacement

2h u? x 2h
d=u |—=d&=-—"
g g
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37.

38.

i (8 o2
g T Y —ar v/ Udt) T\ Y T ose

39.

40.

41.
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-500 1
- 1500= sin37 t ) 10 t2,t="7°
500
Distance = cos 37 t (Horizontal)
4000
=X —3 m
_...d
:
i
10 /x
vl P : Q lv
M

Here x? = y%2+ d2.

OR
Component of velocity along string must be same
0 v
sov, cosh =v = v, =
M M cos
x2 = yz + d2
9 dx 9 dy T
= LX T LY T E
dt Y dt 2
dy (X] ( dxj AN ES
= — = - — | =
dt y/ \dt sin 0

OR

Component of velocity along string must same so

v, c0s0(90-0) =v = v = <m0

Net acceleration of load
PN

a
). runfl)
2 = 2asin 2

Net tension on M I T 2T JBTPE +T? =410T
T

=2acos(

Now from acceleration Tension = constant

= a,(V10T) = a (T) = a_ = (V10)a, = V10a

42.

43.

44.

45.

46.

OR

a
Net acceleration of m |

3a

=.a’ +(3a) = \/E a

L, + L, + L, + [, + (, = constant
= Ot Lo+ U3+ Lo+ 5 =0
= a.ta, t(, —a)*+(a)+ta =0
= 2a. + 2a, - 2a,=0
= a.=a;-a =1-2=-1ms?
= Acceleration of C is 1 ms™? upwards
Given o = 62 + 20

3—3229+2

do
=o—=(0%+20)(20+2
a mde ( )( )

at 0=1
o = 12 rad/sec?

2
Centripetal acceleration = VE
Vi vg_ v [RL_[1
Rl R2 Vo RZ 2
14 x2n
" g5
*. magnitude of acceleration
. _(14><21tj2 80 g e
R PY 100 =77 ME
20
Givenr = —m
T

Angular velocity after second revolution

v 50m 571
ou==——=—
r 20 2

2 2
0 =0 +200

initial
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47.

48.

49.

50.

51.

2
—5752 =2a(4n) 3&225—“
4 32
2 2
at:ar:—5nX—O:15.6
e
® = constant , a, = 0 oR
[Z(Der 2n T TC:|
50):_;_:_
b T 2 o
9 oR
20R 20°R
w = = ;a = o’ R
TC/(D T inst
2
So ratio = Qv _ 2
ainst T
(= 6em, v =2 0= 2=/
cm, v , M 60 _ 30 rad/s.

S v—cof—i><6—E /s = 2 /
o V= =30 =3 cm/s T mm/s
Difference = \/Egcm/s = 2V2 © mm/s

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

20arys

a—a R

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

tan d):E or x=htan¢

. |
:>dt secq)dt

ﬂ:@ :h 2
dat =>v sec’ ¢ ®

So putting values
h=3, ¢ = 180 - (90 + 45) = 45

we get v=(3v2%x0.1= 0.6 m/s

Angular velocity ® about centre = 2m
=2 0.40 = 0.30 rad/sec

v = oR
1
= 0.80 52 0.40 m/s
_ﬁ_0.40><0.40><100 - 032 =
a R 0 .32 cm/s

EXERCISE -II

u = u;;

u, = am cos ot

v t
X = ugpt ; _[dy= am _[ cos ot dt
0 t=0

w ((ox)
y = a— sinot = asin L_)
w U
VdV t
0 e [l
uV t=0
1] 11
= —|—| =-at > ——— = - at
vy u v
X tudt
= v = u dX =
1+aut o o 1 + aut

u |
= x = —[!in(l +aut)]0 =—/n (1 +aut)
au a

t=ox?+Bx=>1=Q2ax+Pv = v=

B+2ax
20,
.. Acceleration = mv = 20v3
t—xXx—>r E—x—>
A M B
—>7m/s —»17m/s
=7 +2 a x;v_ =13 m/s
172 =(7?*+2 a 2x
13-7 17-13 t_l_g_i
2 iR T T T
VBA
[V, =10 m/s
<

Ve =Ve,g T Vg, a TV,

P

. ~ [ 351 _
:12(—i)+6><1—5(i)+ 6 x 351j +10i

26\ °* 0 )

-2 g5 L

4 4

2

. {77 +(V351
|C|: ! +( ) =3m/

16
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2x20
10

Time of fall of stone = = 2 sec

Horizontal displacement of truck in 2 sec

1
=S5=2 2+§ 1 4.

Length of truck = 6m

As given 9 =y/6 =

Average velocity of particle AT

— 65—

Displacement 54
=——=—=9m/s
time 6
Distance covered by :
train I = (Area of A) =200 m

train 1

train I = (Area of A),_, =80 m

trail

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

r=(t2 - 4t + 6)i+t2]; v = (2t — 4)i+2t]

a =2(i~+j); when 313 then 37 v=0;t=1s

174

«—4m—>

v cos

2
Time to cross 2m is ( - j .....
vsin O

To avoid an accident

2
Displacement = 4 + v cos 0 -
vsin 6
- =4 + 2 cot 6
vsin®
- 16sin®
vemus 4sinB+2cos0O
16
V. T T = 1.65 m/s
42 422

[*v (a cos O + b sin 0) has max. value = /32 + b2 |

v=4t{+3tj (" x = at® & y = 3/2t)

v(l)=4i+3j ; v(2)=8i+6]

12i+9j

LS = = (6i+4.5]) m/s

12.

13.

14.

15.

16.

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

Vg — V1 Vg — Vg
a=ti to tp t3
2 2 2 2

jvds ~ J‘x/szs 2

Vipae” = Ids - st =§V
fvdt Jadt o oy s
<v, > = J’dt = J’dt ZE <v, > =4:.3

x =40 + 12t - t3.

X
Speeda=0+12—3t22t=i25ec

“x(2) =40+ 12 2 - 23
=64 - 8 =56 m.
at t = 0, x(0) = 40
Ax = x(2) - x(0) = 16

vy =v, 98 05=v. +49

v, -v, =49 m/s and
vP-v?=2g =2 98 3=0588

B

At=0.5s

lVB

(vy-v)=2 98 3
:VB+VT=12m/s

= (v +v)

‘1l Jems ] lameams
2m/s°

2h
*. time of ascent =
g+2
2h
time of descent = ,|—/—=
g-2

t, [8 \/5
"ty Viz V3

17
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17.

18.

19.

20.

21.

Time taken to reach the drop to ground

1
9-0+ = 10 PIIVIVIWIVIVVIV VS

5 (3t)?

2 s
5 I
t
V1.8 4 mnmmﬂnlnmnmm
3
1 1.8
X, = 5 10 (2t)2 = 20t2 = 20 ><7=4m
1
X, = 5 10 (t)2=5t2=5xﬁ= 1m

9
2 x2Rcos0 /
Time to fall = \|———————
gcos0

so it does not depend on 0 i.e. the chord position.

3002 = (3t)2 + (4t)?
300 300 = 25t2

t = 60 of W Jmvs
i’
3x2+/3 S
Ratio = ——= =3:14 -
atio 12203 Ve—4m/s
3
For man on trolley —vt =L = t= —
2 3v
ith respect to ground : vt + S vt = L + o = o
with respect to ground : 5 3 3
3., 2L 5L L 4L
e T T TR
4 2usin®
Time of flight |* = c0s60° ...(i) g
(angle of projection = 0)
Distance travelled by Q on 60
(AN
incline in 4 secs is
13
—0+ = 28 4403
2 2
& the range of particle 'P' is 40\/§
13
=ucosb 4 +§ Tg 42= 403

=ucos®=0; so0 =90
from equation (i) u = 10 m/s

22.

23.

24.

25.

26.

u?sin90° 100 x1

PQ =R = =10 =>PQ =10

g 10
Ua
Q
g@
S 6
pLAS ~_ (xy) =(10, 6, 0)
20 i
—>
8
2xh
Time to fall = A/ 2ch
Range = Horizontal velocity  time

2h
R

At maximum height vertical component of velocity
becomes zero.

vZ = u? + 2as

v,sin60 4

v

For A : 0 = v,%in*60 - 2gh

2gh = v,*sin®60 = v,? (3/4)

For B : 0 =v.2? - 2gh

dx
x =10V3t; vy =10t - t% Ezmdg

v
vy :E:M) -2t > att=>5 sec.

v, becomes zero at maximum height
= y=10 5 -5%2=25m.

o dr 9
v =—=2ti +(3t° = 2)j
dt
o dE
a:—2:2i+6t]
dt
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28.
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30.

31.

32.

CAREER INSTITUTE

KOTA (RAJASTHAN

JEE-Physics

a.v =4t+18t3-12t=0 (For 1)
t=+2/3, 0.
dy dy  3t2-2
For parallel to x-axis = — =0=> — =
dx dx 2

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

da.4) =21 +6x2] =2 +12]

Area of the curve gives distance.

Acceleration = Rate of change of velocity i.e.
velocity can be changed by changing its direction,
speed or both.

Displacment

Av. velocity = -
time

x =t -3t2 - 9t + 5. x(5) > 0 and x(3) > 0
so [A] v = dx/dt = 3t2 - 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.

Motion A to C = 172 = 72 + 2as

—> 7my/s — 17mys
A 5 &
: s 172 + 77
Motion A to B = v > = 7% + 2a(§) -
289 +49
A) v, = — - 13 m/s
7+13
(B) <v,p> = 2 - 10 m/s
~13-7 ~17-13 t,_6_3
L= e T, T 2
13+17
(D) <v, > = o 15 m/s

x=ult-2) +al(-2)?2..03)

dx
v=g=u+2a(t—2)

Therefore v(0) = u - 4a

33.

34.

35.

36.

37.

38.

d?x
a= F = 2a. Hence [C]
x(2) = 0 [From (i)]. Hence [D]
X =2+ 2t + 4t y = 4t + 8t?

dx dy
VoS g 2+ 8t v = I:4+16t

a =8 a, = 16; a=8i+16j = constant

y =22t +4t?); y=2(x - 2) (v x =2 + 2t + 4t%)
which is the equation of straight line.

V() =3 -1x1)i+(0-0.5t)]  ...0)

For maximum positive x coordinate when
v, becomes zero

©3-t=0=1t= 3 sec

then ¥(3) = 4.5i-2.25j.

[A] -+ Distance > Displacement

.. Average speed > Average velocity

|a| +0=>A v +0

velocity can change by changing its direction
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.

(B]

(C]

(D]

v = |\7|\7; [|\7| — speed]
Velocity may change by changing either speed or
direction and by both.

x o dx
v:x/;; 4J-$:

t
j dt = [2&]2 =t
20

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

dv 1 1
a=v — = Jxx—= = —m/s?
dx 2x 2
at x =4 = v = 2m/s & it increases as X increases
so it never becomes negative.
Average velocity

Displacement  Areaunderv —tcurve

time interval time

19
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—» <

252t

5t

%[25 +25—2t] x5t
20= o = t=5, 20

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

1 20 25=1 t 4t=t=15{5=112
. Required time = 25 + 11.2 = 36.2

40. 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.

41. - Horizontal component of velocity remains constant

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

P v cosh
So from v,=u ta t—o- v' cosO

cos® 0 v
= v sinf - gt .. |t =—cosecH

= sinB-gt-v
sin© g

43. As given horizontal velocity = 40m/s
ucos O t=40;t=1 sec
At t = 1, height = 50 m
L 50=usin® 1-1/2 g 1=usinB =55
.. Initial vertical component = u sin@ = 55 m/s
As hoop is on same height of the trajectory.
So by symmetry x will be 40 m.

u? sin 20 4900
44. Range = — = 480 = x sin20
g

980 51.

(90 - 0) projection angle has same range.

Pe—480m— Q
Time of flight :
2usin© 2usin(90 - 0)

g Y g

45.

46.

47.

48.

49.

50.

u? sin 20
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

hy u?sin?0;  sin230

S
1% X 7yx:l 47 dt th va
2
1 1
vy=2 5 4 (at x =—, v =4)

\Y
v

4m/s ; ¥ 1= 4i+47;5 = a2
X=—
2

Slope of line 4x — 4y - 1 =0 is tan 45 =1
and also the slope of velocity is 1.
After t = 1 sec, the speed increases with
a =g sin 37 =6 m/s?
sov,=gsin37 1=6m/s
. speed = /g2 ;g2 = 10m/s
New horizontal range
1 4u? sin? @
=R+ - — T?=R+ — ——5
2 2 4 g?
u? sin? 0
=R+ 2H ( = )
2g
U2
h =— =>u=12 10 5=10 m/s
max 2g
2x5
t, = 10 = 1s so no. of balls in one min.
=1 60 =60
a=-kvt+tclk>0,c>0]
dv 1
= t _= - =
[ =t = mekrag=t

= kv=c-e*

Let acceleration of B a, = a, §

Then acceleration of A w.r.t.
B=3d,-a;=(15-ay)i+15]j
This acceleration must be along the inclined plane

15 3 15

- =—= - _
so tan 37 15-a, 4 15-a, a, 5

= a, =-bi

20
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52.

53.

54.

55.

56.

57.
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(4T) a, = (27T) (ay) LLLLLLLLLILI L2220 02020
ag T )
) L/
dv T] T
but a, = —° T T
B dt T
2 . R N
= t+;:>aA =—+Z oT
4T E
a
At t = 2s, aAT l
2
2
a, = g+u 1+1=2 ms™
2 4
For B : S

Net acceleration

=52 +102 =125 =545 ms”

10

= a, = 4,
a, = -3,
ata,
a, =6

Acceleration of D = a, + a,

=4 + 6 = 10 ms? downwords

Block B will again comes to rest if
v,=v ie 3t=(12 =>t=% s

v S
) dv v dv  v? —J-ldv= ds
Given —=— =>—=—; v r
dt r ds r vo o
v S
0 v
IENEATE SR
v r v
= vy =ve’" = y=ve /"
v? 1 a’s 2s
tana =

— X = -
R dv/dt Rav/Z\/g R

EXERCISE -III

TRUE/FALSE

1. ‘. Acceleration depends on change in velocity not
on the velocity.

2. Velocity and displacement are in same direction.

1 2 1 2

3. S =S,-8, = 5 9 (3) ) g(2)?=25m

4. Initially packet acquires balloon velocity which is in
upwards direction so it moves upwards for some
time & then in downward.

5. Because all bodies having same acceleration g in
dow2 nwards direction.

6. At highest point, vertical velocity becomes zero and
total velocity due to horizontal component of velocity
& acceleration due to gravity which acts always
vertically downwards.

7. Greatest height

u2 2
H=£ and.....horizontal displacement = —
R =2H

8. Instantaneous velocity is tangential to the trajectory.

9. Trajectory of particle depends on the instantaneous
velocity not on acceleration.

1 _dv . v

0. a-= at Vo speed of particlea = = where always
actstowardsthecentreor L to the instantaneous
velocity.

11. No, because all masses having same acceleration
g is in downward direction.

12. Firstly gravity decreases the speed when particle
moves upwards and then again increases by same
amount in downward direction.

13. When the vertical velocity component becomes zero,

then the particle is at the top i.e. it has only hori-
zontal component at that time which never changes

so it is min. at the top.
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FILL IN THE BLANKS

1.

1 1
X- 5 2t at-o at' = t' = V2t

- Total time = 2t++/2 t = (2 +~/2 )t
\V

I 4at

aia

— t —il— t -

—+ at'

2

y= \Bx- &
2

- S

2u® cos® 0

u?cos?0 = 1 = u?cos?60 =1 = u =2 m/s

Trajectory equation is y = xtan® -

1 1
usin® 1—5 g 12 = usin6 3—5 g 3
2usin® = 40 = usin® = 20
usina=20
40
0
ucosh
Time of flight = Zxusin® _ 4 sec
g

1
40 sinf = 20 = sinB =§:> 0 =30

1
1- - 12 = 15m

2 g
Due to gravity, it acquires vertical velocity and due to
horizontal force it acquires horizontal component of

force and when a velocity having both components
then the path of the particle becomes parabolic.

vy2 = (usinB)?® - 2g - and v? = u®cos®0

:>u2cos29:§(u2—gH):cos@z%:6:6O°

As given ucos6 =\/% y [\/uZSiDZG_QH +u2c0529]

SIS

uZcos?0 = — (u? - gH)

MATCH THE COLUMN

A] X-32+2=v- g _ 4%
dt aT g

dv
[B] V—8t:>a—dt—8

[D] For changing the direction 6t - 3t2 = 0
=t=0, 2 sec

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

¢ that point & =S¥
at that poin dt

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

-104

Average acceleration

chargeinvelocity -10 -5
time 6 3

2

m/s

Average velocity = M

time interval

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

1 1 .
B 2 10 - o 4 10 = -10 m (units)
. _ —10 -5
.. Average velocity = 6 -3 m/s
a(3) = slope of line which exist att = 0 It = 4
a = tanf = _;—0 = -5

22
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.. Displacement = 2R sin 6/2 = 2 sin 2
Distance = vt = 4m

Displacement
Average velocity = T tme 2 sin 2

Average acceleration =

Changein velocity 2 x4sin2
- = = 8 sin 2
time 1

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

After further 2s

u, + v,

. height = 2 = 20m from initial position

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

ASSERTION & REASON

u?sin26
1. For max. range T , the projection angle(0)

should be 45 .

b
So initial velocity ai + bj =tan 45 = =a=b

2. Whenever a particle having two 1 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.

3. Acceleration depends on change in velocity not on
velocity.
4. If displacement is zero in given time interval then

its average velocity also will be zero. e.g. particle
projects vertically upwards.

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

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

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

8. Because initial vertical velocity component is zero
in both cases.

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

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

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

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

13. Free fall implies that the particle moves only in
presence of gravity.

Comprehension#1

Distance nd/2 n

1. Displacement d 2

30 mB)

~
3042 (SW)

2 40m(N)

10 m(N)
3. X1=1,y1=4;xz=2,y2=16

.. Displacement = \/(x2 — xl)2 +(y, — y1)2

= V124122 = J145 = 12m

Comprehension #2

1.

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

Accelerated motion having positive area on v-t
graph has concave shape.

Maximum displacement = total area of graph
=20+40+ 60+ 80 -40 =160 m

Average speed

Distance 20+40+60+80+40 _%
time 70 B

m/s

Time interval of retardation = 30 to 70.

23
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Comprehension # 3

1.

y = V3x - 2x2

gx”*

Trajectory equation is y = x tan® - — 5~
2u”cos”0

_ 5 8 _
tan® = \/3 = & ZUZCOSZG 2

= u=

51:m

2 x —
4

; _ u®sin®@ 10><(2
Max. height g =451t Y

%) s
2g 2x10 8
2 .
_ u’sin20 10 xsin120° /3
Range of A = g =T 10 -
V3
Time of i - 205m0 2O 3
ime of flight = = 10 ~ 10
At the top most point v=ucosb=+/10 cos60 =%
V1o
2
mg
2
; (\/10]
mv 2 10 _1
_ .R=—%2"2 ==Y [R=-m
8T TR 10 40 4

Comprehension #4

1.

R = Cyp

Putting data from table: 8 = C 10"

31.8
=318=C 20"= T: 3924 =2"= n=2

C depends on the angle of projection.

R=C v"=8=C 10" and

8
= R=—5=2m

R=C 5 5

Comprehension # 5
1.

If the projection angle is increased, maximum height
will increase.

Projection angle is 45 & Vy = 21 m/s, projection
speed is V sin 45 =21 =V =21 J2 =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 - 1) curve
then velocity becomes half of previous.

2 2
1/2
% 2m (VZ—Oj =% Hence [B]

Position of the cable at the max. height point.

(Vpsind5)® Vo
29 4g

Comprehenison # 6
1.

In ground frame [A] it is simply a projectile motion. But
in [B] frame horizontal component of the displacement
is zeroi.e. in this frame only vertical comp. appear
which is responsible for the maximum height.

As observer observes that particle moves north-wards.

AN
Vie
45
W ]_:VP
15\ .
V2,
.
Ve
s

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

I a, = 20 m/s* ; I a, = 10 m/s*
a,, = 30 m/s” 0
.. Force acting on a body = 10 20 = 200N

24
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i #
Comprehension#7 EXERCISE -1V A
e . 1
1. In vertical direction h = (usm@)t—EQt 1. By observation, for equal interval of time the
magnitude of slope of line in x-t curve is greatest
, [ZusinejH_ 2h ~0 in interval 3.
=t - =
g g
2. By observing the graph, position of A (Q) is greater
2usin 0 . than position of B (P) i.e. B lives farther than A and
=ttt = g ) also the slope of x-t curve for A & B gives their

velocities Vg V,.

1
In horizontal direction x = (ucos0)t — Eat

2ucos0 2x
= t2 - t+—=0
a a

v t t t2
2ucoseu . .([dv= a, | (1—?] dt = v =a t_ﬁ

(i)

3. a=a, [1 _i] where a, & T are constants
T

Sl el

From (i) and (i) @ = tan™ {—

a(ty +1t,) =0
t t2 13
2. At maximum height v = 0 Fora=0=1- T =0 T %% 6T
u’sin0 g 2 T 2 3
=>H_=""5_ =5 (t+t,) ™ T
m " 2g g itk Jodt o Lol |
<y> =20 _ 2 6T _ %o
3. At maximum range vertical displacement = 0 Idt T 3
0
2usin®
=>t= . So range R a
4. Sn=u+§ (2n-1) by putting the value of n=7 and 9,
) (ucose)[zusine] la(Zusinejz find the value of u & a, u=7 m/s & a =2 m/s”
g 2 g
5. After 3 sec distance covered =1/2 2 9 =9m
2u? sinecose(g ; 9) velocity of lift =2 3 =6 m/s{ .. u = 6m/sy,
= q P a =g { height = (100-9) = 91 m

.. Time to reach the ground

1
= 91= 6t +5 g t2t=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

= %xetZ:IOO =t = 10 sec.

So interval = 10 - 6.7 = 3.3 sec

. \%
6. (i) T 252 ..
<«—" 10 T

52m —>

29
B g
v2 52 107-32 2.1

25
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10.

11.

32-2.9 29
= t=-—=14 . 14+33=17

2.1 =
t 21

1
(ii) Height=52 +5 [32+29] 14 =293.8

Deaceleration of train ,

v —u?| 20x20
2s |_

= = 2
a | 2 %9 100 km/hr
Ti t h platf = —20 ——1 r

ime to reach platform 100" 5

.. Total distance travelled by the bird
1
= vt = 60 g=12km

0-10

At=t-06=——"7""=25
-4

10m/s

2
06 31—t

1
Stopping distance = 0.6 10 + 7 2.5 10

6 +125 m= 185 m
(i) Height = upward area under v-t curve = 20m

v
20
2 45_o
20 «— 10 —>» <«— ground
2 20 t
25

(ii) Total time of flight = 2 + 3 = bsec
Total time = 1.5 + 3.5 = bs

15
Umys)

2 61.25-/12.25
11.25 10
‘ 15

61.25

From given situation :
60-20 4000
0 a,- -
s 1.00-0.75 25

= 160 km/hr?
1
(i) Area =§ [20 + 60] 0.25

=40 —— = 10km

aA

+1
12. o 2 3 5t u=20

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

1
Au =1 1+§ 1 1;u2—u0=1.5m/s

(e, 0

1
upto 3 sec : Au = 1.5 5 1 1=1Im/s

u, —u, = Im/s = u, = Im/s (~ru, = 0)
13. v=10ms 12 my/s
— 150 m —

Distance travelled to stop

10 12

| 5 —»t | 6 —t

Car A Car B
Total distance = 25 + 36 = 61 m covers by both car
.. Remaining distance = 150 - 61 = 89 m
14. Let Vg =V = (=3v) = 4v
+«—100M —>»

| TRANA v

+“—c0M —»
3ve— TRANB |

160

time =—— = 4 sec
velocity of train v, =10 m/s

VB:3 v =30 m/s

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

72 » ~ A
= Uy, —Vg =$(1+J)—51]
= 36421 +(36+2 —51)j == 36+/2i (EAST)

16. For A: 30t =S/2=60(2-t)=1t =4/3 hr
(Here S is the total distance and t, is time up to
which A's speed is 30 km/hr)

26
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.= 2 = |30 x— =
For B : 5 a 2 3 2=S

= a = 40 km/hr?
(i) (@) v, = 40t= 30 = t = 0.75 hr
(b) v, =40t = 60 = t = 1.5 hr
(i) There is no overtaking.

Relative velocity of A w.r to B,

V,, time = 2 = 2 0 Zn
AB v—vcos0 v(l —cos0) _T
d d T
t=v_= 600s, drift=v v_ d Vi
B B¢ wi
1 m
120 =v  600s; v=——
w Y 5 sec
d
t = 77— =750 d A
VR
\/VBZ_VW2 i’ﬁ_
1_(vw\2 4 (vw\zi
LVBJ 5 = LVBJ 25
Vi _3 1/5 1 y
VB —5 = VB__3/5_§m sec
d d =600 1 200
Vs = 600 = = ><3 = m

\Y

¥(0) = v cos 0i + v sin 6]

U(t) = vcosOi + (vsin 0 — gt)j

|\7(t)| = \/v2 cos? 0+ (vsinO — gt)2

v(t) +v(0) . (2vsinB®—gt) .
——=vcos 0 i+ —]

<T(H)> =
v(t) 5 5

According to question \/(v c0s0)? + (vsin0 — gt)?

. 2
= \/(V cos0) + (—2\1 sm26 _ gt]

. 2
2vsin 0 — gt
v2cos?0 + (v sin® — gt)? = v2cos?0 + —
gt 3gt
vsin® — gt = - vsin@ + — = —— = 2 v sinB
2 2
4 (vsin®)

sl

20.

21...

22.

23.

usin 1- 1g(1)?=usin®d 3 -1 g (37
2u sin® = 40 = usin 0 = 20m/s
. uzsinze_20x20_20m
Max. height= 2g 20
R+/3
Vertical displacement of particle = Tf
NEY
2xR—
Time for this = 2 _ \/§R
g g
- - - ~ R - - -
v(t) =ui+gtj=ui+gx ,\/g jzui-h[x/gjo
g

780 =usin® 6+ %+ g 36

780 - 180 =usin® 6

usin O = T=100 m/sec

i.e. food package dropped before 10 secs

1000 =u 10 = u = 100 m/s
16)?

che IO ogh
2
Borber v

} —>t
g\

2
0.6v +\/2>{(0'6V)+800J )
g Vs L 2

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

(0.6v)?

S SN
o

20 =

_ 800 + (0.6 x100)°

= 800 + = 980m
(iii) horizontal distance

= Horizontal velocity time of flight

= 100 cos 37 20 = 1600m
(iv) horizontal component

v, = u, = 100 cos 37 = 80 m/s

v,=u, - 10 20 = 100 sec 37 - 200

=140 m/s

" v, = 80i-140j, [V| =+/80% +140

strike

27



JEE-Physics ALLEN

KOTA (RAJASTHAN

H dv
24, ) distance covered by free falling body 28. v=2t5a = FT 4t = a(l) =4
V2 (2 ><12)2
gz—gtz : t= E aN_E_ 1 =4
g
a = \al+al =) +4° =32
T a=42
H2 22
29. (vtv)t=2nR, (0.7 +15)t=2 - 5
B 2><22><5>< 0—1005ec— 143
7x2.2 7 2 see
V., vi 1.5%
vsino, H2 Acceleration of B = EB: = = 0.45 m/s?
¥ voosa 1
= 30, a=ar;ar=0r;o=0t’=>a= =
Y4 t t
In same time, projectile also travel vertical distance | 31. (a) ©=0 +§ X gtz = t = 2sec
f h E—vsinot\/E—l ﬂ T 2
2,ten2 5 29g (b)v—0+§>< =1 m/s
A
vsina = 4/gH ...(1)
H g /__\ S,.=n 1m
also f{=vcoso, [—. vcosa =/,|= _ (i) > |
g H O A T 2_dv
(1,0 a=—mys s
From equation (i) and (ii) 2
‘[anot=iv2 sin” o + v* coszot=gH+Z2g v
/ H
32. r=25m,a_ =25 m/s’

[2
V= QH (1 +?jt

/s*

(a) Radial acceleration = 25 cos® = 25

V3
— m
2

d 10 1/2
_ B¢ ()
25. 102 cos45°+10 10+/2 sin45° (b) 25_:;_5Z>V:L125T) m/s

2
d=20 1=20m.
(c) Tangential acceleration = 25 sin® = 25 Y m/s?
26. Here a, (3T) = (a,) (2T) a, = 2a
33. According to

2
ezlx 72v « 12 =nR:t=5nR
A 2 257R 6v
. Re—vt+(lj 72v*  257°R’ H
Using 2)257R  36v? s
Vv <
72v*
ar = 2
a,.=a,-a.= 2a a*ao 257R :
AB A~ 987 29 T 9 T Al B %
2
R6=V5nR+nR=£n §
v 6 3
- . — - - Angul locity : o= ® + at g
27. a =6i=GxR=dx2] =a=-3k rad/s’ ngular veloclly 1 @7 O, T A vy :
- ) i i v 72v?  5mR _v 12v _17v 3
ar=—8j=03><U=03><(0)R)i36)=—2k1‘ad/8 _R 25nR2 x 6v _R 5R - 5R %
3
289v? 3
Angular acceleration o = &’R = M 3
25R ¢
E

28
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EXERCISE -IV B (+2j)
Velocity of second ship = u X
v P \/g
VT Ve T Vg +20
1 V, —20 “18 v h20 T6 50 73 2u/5 2x10/5
B tan0 = = \/_ \/,
- [1O_u] 1045 1045
—_— \/g
A, A
A <7 B 10 1
Vel (i) t = ——=—sec , minimum distance = 10 km
20 2
=V, +20=3V,-60 |vy=40km/h
4. -25 m/s After 5 sec
6(Vs+20) 6x60 height of balloon = 25 5 =125 m
T = = = 9 min . ..
v, 40 (i) Minimum speed
-25Y°
1 20 ( 80) 125 = —(u = (u - 25)%2 = 2500;
i = — —_— 240 —— ’
2. (i) Area 5 [10 + 30] 3 + 10 3 2g

u-25=50;u=75m/s
1 20
+ 5 [10 + 30] — = 4000

A (ii) u=2 75=150 m/s
125 = (150 - 25) t - 5t2
VA 125 = 125t - 5t2 = t2 - 26t + 25 = 0
30my/s+ . 5. Vip Vi TV TV T (_Vz) vty
240=%+t & %
10my/s € [ >
2
i i >t ¢ = (Vl + V2)
2 7 8_({‘ 20 240sec max 2(a1 + az)
3, 24&37» o
a, = -3, -3, = ~(a; + a)
400 2400_@4_@ = 4000 6. Let t = time of accelerated motion of the
ES 3 A helipcopter.
400 —800 +1200 Distance travelled by helicopter
3 = 1600 = Distance travelled by sound
1 80
800 1 1 = - 3 t2=32030 -1 = t= —sec
3= 1600 2° " 6 2 ’
Final velocity of helicopter
(i) Dist. travelled = 10( 1 6j 800 m v=u+at=0+3 80 _ 80 m/s
S 3x1/ 3
3. It's velocity is 10{ 7. V,=(@4+2) i+3j,V,=(-3+2)i+4]j
——> River
(10, 10) (10t-10, 10) Zkm/hr
P Q
37 J 53
[®) 4 3
) ) _ 100 _ 100
. displacement after time 't' = 10{ t Time to cross the river t,= —3 ;g = —4
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8.

9.

10.

100

6 = 200 m ; Drift = -1 n

Drift = ~o0
ri 3
Remaining distance = 300 - 200 ; 25 m

100 100 100 100
(s = 5 * g = gt
total’ A 3 8 B 4 6

800+300 1100

600+400 1000

204 '

A 24 24 24
From figure (a) 120 B
2d _ V
time t = = 60
1me 1O Cross \/gv 60 v d
60
d )60
Minimum time t = ; A
- Ratio = 2./3
tan 60 = U= 3= 152 Ve = 10V3m/s
u?sin20 1600 x+/3
Range (OA) = = =803

o} 10x2

10x80x80x3

h = 80+/3 x tan 60° =
2 xv?cos60°

Time to strike = vcos 60 t = 80\/§

8043 x2 1043
= t= =

vxl v

2_
hzgﬁxmoﬁ 480 x9 _ 240” - 38400

2
\% \Y v

vZ - 1600 - 18v =0

, _ 18324 +6400
2

- [=50m/d

11.

12.

()  vlt)=(u-gcos30t)i-gsindtj
From given situation
u-gcos30 t=0
t =2 sec

(ii) Velocity u_ = 0, a_ = g cos30 = %

2 =10 m/s

v =0+

X

Distance PO =

N |

(i)

2

10\/§cos90° xt+%x gsin30° x(Z)

PO=10m .. h=10sin30 =5m
u(sin60°’)2
(iv) Maximum height = h + ———
2g
( Y
Lle/g fo
=5+ T: 16.25 m
() Distance PQ
(10@)2
oQ=—-—"—
2gcos30°
0Q = 1043 .
. PQ = |J(PO) +(O R
- 107 +(1043) - 20 m
~ (usin 0)? ~ . 1 )
For stone : 2h = —2g & h = (u sin O)t — 5 gt

J40h +/20h 2
t=——1,  —At=08h = 75 +20n

pod|

Horizontal displacement : vt, = u cos 0 At

30
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JEE-Physics

2+20h

=ucos0 x

10 10

\%

ucos0

_ 2
\/§+1

ucos at =D ....(i)

1
usinoct—ggt2=—H

... (i)

2usina £ +/u® sin® o + 2gH D
= t= =
g ucosa
b (usina)? D?tan® a
2g 4(H+Dtana)
D? tan? o
H b H = S Diana)
u > h
H
¢ D P!

usin @ £ y/u® sin® B — 2ag

=>t=

g

2+Ju®sin® 0 — 2ag

At =

For horizontal motion :

ucos B x 24/u” sin” 8 — 2ag

g
2a=ucos 0 At

= 2a=

At =

= 0=
g

2a 2a \/;
= : -2 |2
ucos0 2 aQXE g

60

EXERCISE -V-A

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

= E(cosd5 )*= E(L] = E

highest point

%) Tz
<
S
u?sin20 >
= T 30°
2 o
R - (10) sin60 EE’ E
10 —
f

R:10x73:5\/§:8.66m

Both horizontal direction speed is same

v 1

_ Yo _
v, cos0 ; = cosB 2

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,.

= 0 =060

_ 2u”sinOcos 0 1

g ! (2usin9](2usin(90°—9)]

g g

1
=S att >R =t

=K ] cos?0

highest point Point of projection

K, = K(cos60°) =K, :%

.. dx
v =K(yi+xj); v, = Ky; pr Ky

similarly d_y = Kx
dt

dy X
Hence — = — = y dy = x dx,
dx Y
by integrating y? = x? + c.
u’ m’R?
R.=":; Area=m?=—"37
g g
2 2

u u
H_ =5-=10mand R =""=20 m
2g g

u =5 and tanf = 2

2

so by y = x tanf - 7 (1 + tan®0)
2u
10x?
=y =2x - (1+4) = y = 2x - bx?
2 x5
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EXERCISE -V-B

Single Choice

_ total displacement 2

1.

v -
av total time

2. v? = 2gh [ it is parabola]

T = 2m/s

and direction of speed (velocity) changes.

10

3. a=- Ht+10 at maximum speed

10
—1t+10 t=11
11 = sec

a =0

1
Area under the curve = 5 11 10 =55

4. S =u+ o @nl)= o @)

a
2

S =x+ %(2n+1) = 2 2n+1)

a
2

MCQ's
1. X =a cospt ; y = bsinpt; ¥ =acos (pt)
- sin’pt + cos?pt =1

X2 y2
t 7

L =1 (elli
Z (ellipse)

f+bsin(pt)]

s

V= —apsin(pt)f+bp cos(pt)j; v, = % =_api

a =-ap’ (pt)f— bp? sin (pt)J7 ;a = ZL

=0

QY
<l

3a=-p° [a cospti + bsin p’ﬂ = —pz;

=_bp?j
p P )

Subjective

1.31)

u is 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 =*usina;a =-g cosH

1
s=ut + Eat220=(usin(x)t— Egcose t?
2usina
=>t=0o0ort= "~
gcosB

X-direction motion

(taking relative terms w.r.t box)

u = +u cosa & s = ut + Eat2

2usina.  u?sin 2a

=0=>s = o =
a s, = U cos gcos0 gcos0
For the observer (on ground) to see the horizontal
displacement to be zero, the distance travelled by

2usina

] should be equal to the

the box in time [
gcos0

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.

u = -v, s =vt+ 3 at?, a=-g sin®
—u?sin2a [Zusina] 1 . (Zusinocjz
= =—v ——gsin0
gcos0 gcos0 2 gcos0
ucos(o + 0)

On solving we get v =
cos0
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(ii)

(iii)

CAREER INSTITUTE

JEE-Physics

Let 't' be the time after which the stone hits the
object and 0 be the angle which the velocity vector

i makes with horizontal. According to question,

we have following three conditions.

ucose

Vertical displacement of stone is 1.25 m.
+1.25 = (u sin6) t - + gt? where g=10 m/s?

= (u sin) t = 1.25 + 5¢? ...()
Horizontal displacement of stone

= 3 + displacement of object A.
Therefore (u cos0) t = 3 + %at2

where a= 1.5 m/s? = (ucos0) t =3 + 0.75t2...(ii)

Horizontal component of velocity (of stone)

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

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

Therefore  (ucosB) = gt- (usinB)

Therefore, gt > u sinB.
In upward motion u sin6>gt.

Multiplying equation (iii) with t we can write,
(u cos0) t + (usin®) t = 10t ..(iv)
Now (iv)-(ii)-(i) gives 4.25 t*-4.25 =0 ort=1s
Substituting t = 1s in (i) and (i) we get

u sinf = 6.25 m/s

=>u, = 6.25 m/s and u cos® = 3.75 m/s

= u_ = 3.75 m/s therefore u= uxi~+uy]7

- i =(3.75i“+6.25}) m/s

From the diagram

B
Vet makes an

7'\ vT
angle of 45 with Vi AA
the x-axis.

(b) Using sine rule 60°
45
Ve Vp

sin135°  sin15°
=>V,=2m/s

Integer Type questions

1. With respect to train :

Time of flight : T= g 10

. _ 1.2
By using s = ut + ;at

we have 1.15 = 5T - %aT2 = a =5 m/s?
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