SOLUTIONS

KINEMATICS

1. The average speed

_ 5 5 _ Sv1v,
- 2X/5+3X/5 3v; +2v,
v, o

2.  Average speed is given by

B 2v, (v1 +v2)

av

2V, +V; +V,

_ 2x3(4.5+7.5) T
- (2x3)+4.5+75

dx dx
3. V=oc\/;:>a=oc\/;:>\/;=ocdt
t

Integrating, j x 1/ 2dx = I oudt
x=0 t=0

2\/; = ot = Jx = at/2
Put this value of /x in the original given eq.
V=oa.x = aat/2) = a?t/2
Voot

V2 =2ax VE = 2Bx,

max max

Vr%lax X vr?lax Xl = B (u)
1. 5\ = T ii
17 20 2798 x, a
X _b x2_hL_B
Now X, 1y So X, t, «
5.  For uniformly accelerated motion, the x must be
quadratic in t. So,
X-a
t? = or X =a + bt?
b
1 1
6 s, = Ea(lO)2 and s= Ea(ZO)2 =4s,
s, =s—5 = 3s,
7.  Velocity changes from v, to v, in time t, + t,, so
_v-v
t, +t,
Vs =V,
_ =
Similarly —

v, —V Vg —V
Thik 2 1|23 2
t, +1, to +1g

8.

10.

11.

12.

13.

0=u*-2as

2
S1 _ Y

=

u

2

s u (4u)’ 16

For first 1m of fa

1
1 :ggt%7
For 2m of fall,
=t t?

2

For 3 m of fall,

1
3=_gt?
2 b

11,

t2:t—t1:\/g—\/§:(\/§—1)\/§

-f
g

t=\/§\E,

t, :t—t2:(\/§—\/§)\/g.

If h is the height of the building, then

va =v* +2gh

and v =(-v)’ +2gh

Clearly V, = V.

2
(Xj =v? -2gx3

2

If h is the further height, then

2
0= Xj _2gh
(2 8
_Vv' _8g_
8g 8g
1
h:Ut1_§9t12

1
Also h=ut, —Egtg

After simplify above equations, we get

1
h= §gt1t2 .

0+a_21(2><5—1) 0+ %2[2 x3 - 1]

a;

Qg

5

5"
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14.

15.

16.
17.

18.

19.

20.

21.

h, =%><10><52 _125m

h2:%x10x32=45m
h=h —h =80m

v t
i—v =at or jdv = I(at)dt
t 0 0
-
2

vy _tan30° _1/43 _1

vs tan60° 3 3
Effective acceleration in ascending lift = (g + a)

(2D _\/2><9.5

g+a 32+6

2x95 _ 1
38 2

The maximum acceleration will occur in the duration
30 s to 40 s. So

v,-v;  60-20
t,—t, 40-30
It is the §—t graph of a body projected upward.
It has uniform acceleration downward.

4 m/s?.

T
The distance, s = V?

Y Y
= T=2
Also, m T -
2
Now S = ZV—m :
Area of (vt) curve = displacements
X =2 + 8t — 4+? JI8T0T=8
01 2
dx
=—=8-8t
Y
v(m/s)
A
8
0 > (s)

22.

23.

24.

Distance travelled fromt = 0 tot = 2 sec
_ %x1x8+%x1x8 _44+4-8m

The height h is covered in time interval t = 1 s to
t=2sort=>5stot=6s.

At maximum height t = 3.5 sec.

h between t, & t, is

1 2 1
h=Za(6-3.5) —§a(5-3.5)2

%x7.5(6.25)—%(7.5)(1.5)2 “15m

time for upward journey P
from this particular point

= (tasc _tl) :|:E_t1:|
g

total time = 2 {E - tl}
g

Let downwards direction is +ve

1
h=-ut + Egtf

1
h =ut, + Egtz2

Multiplying eq”. (1) by t,and eq™. (2) by t,

1
ht, = —ut t, + Egtf t,

1
ht, = utt + §9t§t1
adding eq”. (3) & (4)

1 1
ht, + ht, = Egtftz + Egt§t1

1
= h(t, +t,) ZEgtltz(tl +t,)

1
= h= 59t1t2
for free fall when u = 0, then

e
=5 gt® ....... (6)
From eq". (5) & (6)

1 1
5gt2 = Egt1t2 =>t=tt,
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25. v=px™
o) (j_dz = —4np x !
Nowa = vaL = (px) (-4np x*)
dx
= a=-4np? x5!
1 dx 1
26. x = 410 2V @ - _(t+10)2
Accelerati d__ g2 (velocity)3/2
cceleration, a = —- = ———3 = a«x (veloci
dt (t+10)° g
28. x=50+12t-1t
v:%:()+12—3t2
dt
for v=0 = 12-3t=0
= =4 = t=2sec
= o, =950m
s=50+ 12 x 2-(28 =66
distance travelled = x _,—x _, =66 - 50 = 16 m
ds
29. Instantaneous velocity = i slope of st curve.
a
30. s =u+ 5(2n—1)
120 _0.2012-1)
100 2
_ 6x2
 5x11
a=0.218 m/s?
- X 0-0
32. Average velocity = X : e, === 0
33. Area of (v—) curve = displacement (height)
. % « 120 %1000 = 60,000m = 60km
34. Acceleration is always downward i.e. positive so

slope of v — t curve will always be positive

Hence correct option (3)

36.

37.

38.

39.

40.

41.

Area under a-t graph gives the change in velocity

during given time interval.

LV = %X5 x6 =15 m/s

max

Since initial velocity = 0

.. Maximum speed of the particle = 15 m/s

If v, and v, are the velocities, then

(v,

and

~v,) x 20 = (100 + 100) ...
(v, + v, x 10 = (100 + 100) ...

After solving above equations, we get
= 15 m/s and v, = 5 m/s.

v, =u-gt and v, = gt.

Va

If u is the velocity of projection,

- VB

then 0 = u? - 2g(4h)
u=./8gh
N L t2 (i)
ow y=5g N\
1 5
and h-y-= ut—§gt ...(i)

From above equations, we have

s

For maximum velocity, a =
and so, 0 = b-cx orx —b/c.

dv
Now. v—=b—-cx
»odx

=S — =2

Thus 55:%[[t+3t1)+t}xv

or 55:%(2t+3t1)xv

Bs = %[ZHB\/%JX\/Z fs

1
= ft?
5773

or

()

(i

= (u-gt)-gt =u- 2gt.

= j.vdv = ](‘(b—cx)dx
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42.

43.

44.

45.

46.

u=iz4km/h
1/4

5km/h —Vm
u=4 km/h

v=+5%2-42 = 3km/h
\7m:2§+3j m/s

v, =-4jm/s

<l

_‘Cl

Vim = m

—~4j =9, —(2i +3j)
v, =2i-]
Now for downward motion

U =0, —0,, =21+ (21+3]) =21 -]+ 21 + 3]

m

U, =4i+2] = [7,.|=v20 =25 m/s
V.= 20 km/hr EAST
Vye = 2043 km/hr NORTH

¥ = 204/3j+20i
|[v1|=+1200 +400 = 40 m/s
203

tan0 =
an 20
tanG:\/§
0 = 60°
d d

t=————=
v+vcos90 v

N S
~ v—vcosl20

47.

48.

49.

- - -

Vm = Vr—Vm

=% ~

~ =
= Vrm =—UJ] — vi g_

\Y,
= tan6 = —
u

v
= 0 = tan!| —
u

The velocity upstream is (4 — 2) km/hr and
downstream is (4 + 2) km/hr.

Total time taken = 2+ 2~ L
& otatlmeaen—2 6_3
= 80 minutes

Let v = speed of buses travelling between A and B

The relative speed of bus going from A to B w.r.t.
cyclist = (v — 20) km hr!

and relative speed of bus goint from B to A w.r.t.
cyclist = (v + 20) km hr?

in time T, distance covered by bus = vT

when bus and cyclist are in same direction then

vl
v-20

= 18 min ....(1)

when bus and cyclist are in opposite direction then

vT 6 mi 9

V120 = min ....(2)

. v+20 18
dividing eq (1) by eq (2) v_20" 6 - 3
= v =40 km/h

. . 40xT .
putting value v in eq (1) 10-20 18 min
ﬂ T = 18 mi T = 9 mi
= o0 | = min = T =9 min
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51.

52.

53.

54.

55.

At t = 0 let the man's position be the origin.
SOX = 0

The bus door is then at x, = 6.0 m.

The equation of motion for the man is

Distance covered by person in time t to access the
door is x = 4t

Distance covered by bus in time t is

xB=%x12¥=06¥

and also

X, ~ Xg = 6

4t - 0.6t2 = 6

t=23s&4.4 sec.

The man shall access the door at 2.3 sec.

Be—s510

[Uga| = V107 +10° = 10v/2 kmph

distance OB = 100 cos45°= 50+/2 km

Time taken to reach the shortest distance between
sl 59\5 _50:2

Vea| 10v2
t =5 hrs.

For two particles to collide, the direction of the
relative velocity of one with respect to other should
be directed towards the relative position of the other
particle

L%
ie. |F1 _?2| — direction of relative position of 1 w.rt. 2.

Vo —Vy
& |\72 _\71| — direction of velocity of 2 w.r.t. 1

so for collision of A & B

i)
il

_Vp =Y

xplt) = at + bt2

5[5,y

i)

xqlt) = ft + 2

vp =a + 2bt vo=1f+2t

as Vp=VQ

a+2bt=f+2t:>t:f_—a
2(1-b)

V1 — velocity of Priya
Vo — velocity of escalator
¢ — distance

57.

58.

59.

60.

61.

62.

63.

64.
65.

_ bt
V,+V, £+£ t+t,

At the highest point of trajectory, the acceleration
is equal to g.

_Wsin(2x15°)  u?

R=—— 279 =

g 2g

wsin(2x45°) u?

and Ry=———"—"=—
g g

R,=2R, =2 x15=3km

1960:%><9.8xt2
t=20s

Now AB =ut= (6oox%szo — 3333 m.

The vertical components of the velocities must be
equal so.
v, 1

v,sin 30° = v, or V_1 )
The boy velocity = horizontal velocity of the ball
= u cos 0.

Let u is the velocity of projection, then

U2
l%max :E:d or U:ﬁgd
Let h is the height upto which ball rise, then
u _gd d
— 2 h me— = E
0 = u? - 2gh or 29 29 2

uy=usir19

1 1
y=uyt—§9t2 or 5=(25sin6) x2— §x10><22

sin 0 =5 or 0 = 30°.

R 2uu, _ 2x10x20 y
g 10
Time of motion,
x _80_8,
30 3

40 m

u

X

2u
t= —2
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2 o 2 2
66, HoUSna W g Uy
2g 4q g
67. AP =2 musin 0
u?sin® 0
68. H1: 2
g
u?sin®?(n/2-06) ucos?O
and H,= ( )=

2g 2g

2 qi2 2 2
H1H2:u 521n Oxu c205 0
g g

(12sinBcosd)’ R’

164 " 16
R=4JHH, .
69. V=ai+bj =ucosf=a and usin®=">b
R=2H
b u®sin20  2u®sin® 0
tan® = — also -
a g
=  tanb =2
b
—=2 = b=~2a
a

70. For same range 6, + 0, = 90°

0, = —rad = 60°
3

0,=90°-0, = 30°

u®sin®60°  u®x3 vy,
v; = = = o=
2g 2gx4 8 3
_Wsin®30° _ uix1l oy
25T Togx4 T 3
71. R=2H tane—4—H—i 2
© T - R 2°
2
R:ZLsinecose
g 5 J5
2 2
Ro2, 2 1 av | N
g 5 5 5g

72.

73.

74.

75.

76.

71.

78.

R is same at an angle 0 and (90° - 0)

b 2usin® b 2usin(90-0)  2ucos0
'og ? g - g
2usin® 2ucos® 1?2sinfcosd 2
tit, = X = X —
g g g
2R
= tit, =— = ff, <R
g
2
Rmax = u_
g

N RN\
A

4
X=vt=v = 5= 2m/s

10i

\Y%

X

v, -10j t=1.5sec. a= —gj=-10j
(4,) = -10j - (-10j) x(1.5)

= b, =5 ]
i = 10i+5] = |g=5/5m/s

U, t+u,t=x

u

——c0s30° +ucos60° |t =x
5 }

u N8l X
B3 2 2 = U

U =t+at=(31+4j)+(0.4i+0.3j)x10
=71+7j
or  y=+72+7% =72 unit

x:%x6x42 =48 m

and y:%x8x42:64m

s=4x%+y® =487 +642 =80 m

u =0, g= const. so path is straight line
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79.

80.

82.

R = 2sin (21t) 1 + 2 cos 2nt]

V= (i—lj = 4ncos2nti- 4n sin 2ntj

|v|= 42 m/s

T =cosot X +sinwt§

r ; A .
=-osinot X+ ®cosmty

<
I

= —
dt
dv N . N .
= — =—e’cosot X — o’ sinwty = —o’f

dt
3 is directed towards the origin.

[oh)

=

Also v=0 hence r L v

0 < t < 1s : velocity increases from 0 to 12 m/s
1 <t < 2s : velocity decreases from 12 to 0 m/s
but car continues to move forward

2 <t < 3s : since field strength is same

— same acceleration .. car's velocity
increases from 0 to 12 m/s

18
Total distance = 9 m so average speed = 3—:0 =6m/s

6m

Displacement = 3m so average velocity =35 = 2 m/s

83.

v =At + Btz > %=At+8t2

=

Ct—

=S

ds =

A

2

3
j (At + Bt?)dt
2
B
32 _22 o 33
( )+ 3(

—23)

5A
2

19B

+—
3



