Solution
MOTION IN A PLANE IMP QUESTIONS

Class 11 - Physics

Section A

(c) 60°
Explanation:

The situation is shown in the figure.

If the path OP makes an angle 8 with the x-axis, then
_ 3 _

tan § = 5= V3

s.0=60°

(b) 40 m

Explanation:

Initial velocity u = 54 km/h = 15 m/s
Let Final velocity v =0

Acceleration a = -0.3 m/s?

Time taken to stop =t

Using v=u+ at

= 0=15+(-0.3)t

= t =150 sec

It means it has been stopped before 1 minute.

So distance covered in 1 minute is given by
s=ut +1/2 at?

=15 x 60 + 1/2 x (-0.3) X (60)?
=360 m
Position of locomotive relative to the traffic lights = 400 - 360 = 40 m

(a) 0, 10 m/s
Explanation:

. Displacement
Average velocity = ——— — 0 =
Time t
Distance 2
Average speed = — = ?
time
__ 2x3.14x100 _ -1
=~  —10ms

(d) 2t+/a2 + b?
Explanation:
r=xi+yj+ 2k = at?i + bt?j

= _di _ o 3 ~
V= = 2ati + 2btj

5] = /(2at)2 + (2b2)2 = 2t+/a? + B2
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10.

(@) 2 m/s
Explanation:
Herer =20 cm = 0.20 m

w=10rads?!

cv=rw=0.20 x 10 =2ms™!

(d) Equal path lengths are traversed in equal intervals.

Explanation:

In the two-dimensional motion, If instantaneous speed is constant then equal path lengths are traversed in equal intervals of

time because speed is a scalar quantity.

(d) uy = uy and dx = dy over same time interval dt

Explanation:

Three kinematical equations of motion depend upon values of initial velocity and rate of change of position. The remaining

physical quantities such as final velocity, acceleration can be derived using these two.

(b) The acceleration of the particle is necessarily in the plane of motion.

Explanation:

We know that change in acceleration and velocity is in'the direction of Force (F) by F' = m a and change in velocity is zero so

acceleration will also be zero and will be in the same planes as that of velocity.

(c) 182 m/s
Explanation:
The positions of the observer and the aircraft are shown in the given figure.

Height of the aircraft from ground is given by, OR = 3400 m
Angle subtended between the positions is given by, Z/POQ = 30°
Time=10s

In APRO, we have
°_ PR
tan 15 = OR

PR = OR tan 15 = 3400 x tanl5®
APRO is similar to ARQO.

..PR=RQ

PQ =PR + RQ = 2PR =2 x 3400 tan 15
= 6800 x 0.268 = 1822.4 m

.". Speed of the aircraft is given by = %3'4
=182.24 m/s =~ 182 m/s

(@) 5+/2 units

Explanation:

U=1+at = (2i + 35) + (0.37 + 0.25) x 10
=50 +55

- |9] = /5% + 5% = 54/2 units
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11.

12.

13.

14.

15.

16.

’U4
@,/ 5+ a?

Explanation:
2
— — )
aT—a,ar—aC—— -
Butar 1 a,
.z _ /.2 2 _ Jvt 2
< Gresultant — ac + ar = \/r2 +a

>
A+

7

(d) parabola
Explanation:

Only in the case of parabolic motion, the direction and magnitude of the velocity changes, acceleration remains the same, and

in the case of uniform circular motion, the direction change.

(@)2s,24m
Explanation:

u= uX% + uy3 = 103, uy =0 and uy = 10 m/s

a=ayi +ayj = 8i+2j,
aX:8anday=2rn/s2

X = Uyt + s at?

2
= 16= 3L
2
= t=2sec
2

_ ayt” _ 2x2% _
y=ut+ == =10x 2+ ===24m

(d) Decrease
Explanation:

If a ball is thrown upward at an angle, the ball has a vertical and a horizontal component of velocity. The force of gravity is

acting on it and its acceleration is in the downward direction. The vertical component of velocity is therefore changing. As the

motion and acceleration is in opposite direction so vertical component of velocity decrease.

|
(a)sma—%

Explanation:

Given, u = 60 ms!

.". Maximum height, H =
_ (60)2sin20

= »

30x2g 10
60 x 60 60

a1
:>51n0—\/€

= 30

= sinf =

u?sin?6

29

(b) velocity is perpendicular to the direction of acceleration

Explanation:

At the highest point, the projectile has only the horizontal component of velocity while the acceleration due to gravity acts on it

vertically downwards.
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(b)tan 'L

2
Explanation:
At 0 = 45°,
_ u?sin?45° W2
y= 2g T4
1 u2sin90° _ u?
=73 g 29

() 400 ms™

Explanation:

2

u
Rmax ~ g

or 16000 m =

10 m572

u = /160000 = 400 ms™!

(c) 10.2 m/s
Explanation:
4 At this point, the bike and
rider become a projectile.
= (j —r _?- T *
i 4 -
H-\-"\-\. "I:-c = Vo
= " -
Nq
||.II‘_=__r_-;lh-r'ﬁ___\._K =

the velocity components at t = 0.50 s are

Vx = Vox = 9.0m/s

vy = —gt=-9.8 X 0.50 = ~4.9m/s

The motorcycle has the same horizontal velocity v, as when it left the cliff at t = 0, but in addition there is a downward
(negative) vertical velocity vy.

The velocity vector at t = 0.50 s is given by,

D=1v,1 4 vyj = 9.0 + (—4.9)]

at t = 0.50 s the velocity has magnitude v is given by,

V= /()2 + (vy)? = V/(9.0)2 + (—4.9)2

Hence, velocity is v = 10.2 m/s

(b) Horizontal velocity of projectile is constant.

Explanation:

In the case of projectile motion, the vertical component of the particle’s velocity changes continuously because of the force
acting in the vertical direction which is its own weight. But, in the horizontal direction as there is no force acting on the object.

So that its horizontal velocity remains constant.

(0) 0 =tan’'(4)
Explanation:
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22.

23.

24,

25.

Horizontal range = Maximum height

u? sin 260 _ u? sin® 0
or =
g 2g
sin? §
2

or 2sinfcosf =

ortan =4
= 0 =tan"}(4)

(d) 27°
Explanation:
Horizontal range,
R= u? sin 20

g

..‘ 560 — 82><812031n29

. _ 5600 _
sin 260 = G = 0.82

or 20 = 53.8° = 0=27°

(b) 605.3 m

Explanation:

For vertical motion of the bomb:

y= gt

=80 =3 x 10 x ¢?

S.t=4s

For horizontal motion of the bomb:

x =ut =150 X 4 = 600m

Distance of the target from the dropping point of the bomb

= /22 +y? = /(600)2 + (80)2 m

=605.3 m
(d) 40 m
Explanation:
2 20x20
Rpmax = - = ~15 =40m

(b) 5+/1 + 3cos? 8

Explanation:

Net displacement upto the highest point
2 r)?
i 2)

_ v2 sin? § 2 v? sin 26 2
o \/( 29 ) + ( 29 )
— 2. /sin*0+ (2sin O cosh)?

29
_ 2 \/sin2 0 (sin2 6 + 4 cos? 6)

29

= ’P;ﬂ\/l—i-?)cos?e
g
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26.

27.

28.

29.

30.

31.

32.

T .
Also, t = 7f — using

Net displacement v
Voo ="_1 =3V 1+ 3cos2

201/2
(@) 222
g9
Explanation:
T — 2usin® _ 2x20xsind5® _ 202
g g g

(d) velocity is minimum
Explanation:

If a projectile is at the highest point of its trajectory, then it has zero vertical.

(b) 75 m/s

Explanation:

Initial velocity, u = 150 m/s

Angle § = 30°

Vertical component is given by

vy = usinf = 150sin30° = 150 x 3
=75m/s

(a) 100 m
Explanation:
projectile is fired at 6 = 15°, R = 50 m

R = u? sin 29
g

2 . o
50 = wsin2x15 . 42 =50 g x 2

u?=100g

Now 6 = 45°, u% =100 g
- R= w? sin 26 o 100g x sin 2 x45°

g g9
= R=100m
(a) 30°
Explanation:
u? sin 2 u?sin? 9
T = 4\/§ X 2—g

= 2sinfcosf =2,/3sin’ 4
_ L — 20°
= tanf = N =60=230

(d) remains same
Explanation:

Because there is no acceleration or retardation along the horizontal direction, the hence horizontal component of velocity

remains same.

(a) 3.02s,44.7 m

Explanation:
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33.

34.

W T-,

+=200 % i
T
/’J
=7 h

-\.l"ll
i -
-
~
~
~
b ®
) Y
1 L
Y

M ek
RSO Y =

-
#

5307

The initial velocity of the ball has components
Vox = Vo €OS 0= 37.0 X €0853.1°

=22.2m/s

Voy = Vo 8in ap= 37.0 X sin 53.1°

=29.6 m/s

At the highest point, the vertical velocity vy is zero. Call the time when this happens t;; then

Vy = Voy-8t1 =0

The height at the highest point is the value of y at time t;:
h= ontl — %g(t1)2

=29.6 x 3.02 — 3 x 9.8 x (3.02)”

=44.7 m

(c) 1:3
Explanation:

2 qin2
u® sin® 6
H= 29

i.e., H o sin? 6
CHL sin?300 (127 1
"Hy  sin?60°  (y3/2)? 3

(a) 60°

Explanation:

Suppose the particle is projected with velocity u at an angle theta with the horizontal. Horizontal component of its velocity at

all height will be u cosf.

At the greatest height, the vertical component of velocity is zero, so the resultant velocity is

v1 = ucosf

At half the greatest height during upward motion,

y= %,a},:—g, uy = usin @

Using v2 — ul = 2a,y
We get, v2 — u?sin® § = 2(—g)§
2 _ w?sin? @ _ u?sin? 6 [,_h:uQSin20:|

2209
or v = u”sin“f — g x e 2 %

NG

Given, -+ = ( 2)

] 5
2
LU u? cos? 0 _2
S 2 .
Y u? cos? 0+ (@) b
or + = %
1+Etan20
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35.

36.

37.

38.

or2+tan260=>5 ortan?6=3

or tan 6 = (1/3)
..0=160°

(c) periodic but not simple harmonic
Explanation:
Circular motion with constant speed is periodic but not simple harmonic.

2
ol
(© =
Explanation:
For circular acceleration,

Aec = -
2

(b) 5m/s
Explanation:

— 2 2m 472y
a=rw —r<T) ="

2 —2

_ 4m"x5x10 —Sm/sz

(d) 0.86 ms ™2, 54.5° with the direction of the velocity.
Explanation:

Speed of the cyclist, v =27 km/h = 7.5 m/s

The radius of the circular turn, r = 80 m

Centripetal acceleration is given as:
o 0
C r 7 80

The situation is shown in the given figure:

= 0.7 ms™

Suppose the cyclist begins cycling from point P and moves toward point Q. At point Q, he applies the breaks and decelerates

the speed of the bicycle by 0.5 m/s?.
This acceleration is along the tangent at Q and opposite to the direction of the motion of the cyclist.

Since the angle between a. and a is 90, the resultant acceleration is given by:
a=+/(a.)? + (ar)? =/(0.7)2 + (0.5)2
=/0.74 = 0.86 ms™

a,
tan 6 = =<
ar

where 6 is the angle of the resultant with the direction of velocity.
_ 07
tan 6= -=14

6 = tan"!(1.4) = 54.46° with the direction of velocity.
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39.
(b) 47 rad/s

Explanation:

4 27 x 120rad -
?:M =47rradsl
60 s

w =

40. If the magnitude as well as the direction of the acceleration of a body, is constant, it is not necessary that the path of the body is a

straight line. For example, in projectile motion, the projectile is under g which has a constant magnitude (9.8m/ 52) and constant

direction (vertically downward). The path of the projectile is parabolic and not a straight line.

41. A stone cannot be considered as a projectile because a projectile must have two perpendicular components of velocities but in this

case a stone has velocity in one direction while going up or coming downwards.
Section B

42. Position,

7 = (4cos2t)i + (4sin 2t)] + 6tk

Velocity, ¥ = Z—’Z = [4(—sin2t) - (2)]i +[4(cos2t)- (2)]] + 6k

= (—8sin2t)i + (8cos2t)j + 6k

Acceleration,

o=

dt ) .

=[-8 (cos 2t) (2)] ¢ + [8 (-sin 2t) (2)]j

= (-16 cos 2t) i + (-16 sin 2t)]

When't = 7

a= (—16005%); + (—165sin %)3

= (—=16 X 0)i 4 (—16 x 1)j = —16; ms?
43. Here, straight distance of the object from the radar = OB

OB=+/4* +3°

OB=,16+9

OB=.25=5

= Range =5 km

i A
< 4km

44. In figure,

- —

Initial velocity v; = OA =20 ms'l, due north
% %

Findal velocity vo = OB =15 rns'l, due east

N
.'|L
i \\\ v
N\
| % /
I

:
Of .
| : B

— — —
AsOA+ AB=0OB

— — — . .
,',AB:OB—Oszz—’Ul

= change in velocity

o |v2 —vi| = AB=+/OA? + OB?
=1/20 4 15% = /625 =25ms!

[v2—01] 95 2
7 = = 0.5 ms

Average acceleration =
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45. Radius of the circular path, r =70 m
Time taken to complete one round, t =11 s
i. Total length of path
s=2mr =2 X % X 70 =440 m

ii. As the cyclist returns to the initial position after one round, magnitude of the displacement = 0
440 m

iii. Average speed = ¢ = — =40 ms!
s
. . Displacement 0
iv. Average Veloc1ty = =—==0
Time 11

46. i. To the observer inside the train, the ball will appear to move straight vertically upwards and then downwards because with
respect to an observer sitting inside the train, the ball has only one velocity acting vertically downward.
ii. To the observer outside the train, the ball will appear to move along the parabolic path because with respect to the observer
outside the train, the ball has both horizontal and vertical components of velocity.
47. Clearly, H = %gt2
ct=
g
Distance from the base of the tower,
x=vt=v,/2H/g

48. Equating,
HZ sin20 u? sin® 0

g 29

2 .
. u s;n29_ = R (Horizontal Range)

sin 20 = 1/2sin” 0
. u? sin? @ —h
2g
2sinfcosf = 1/2sin* 0
tanf =4 = 0= "75.96"
49, Let both bodies collide after t sec.

Displacement in the vertical direction by 1st particle = displacement in y-direction by 2nd particle

m (Maximum Height)

1st particle is projected with speed u; at an angle 60° with horizontal.
After time t sec vertical displacement, S

S = u; sin 60°t — %gt2

displacement of 2nd particle after time t sec.

S = ust — 2 gt*

u; sin 60°t — %gt2 = ust — %gt2

uy sin60°t = upt

wo_ 1
u2 "~ sin60°
W _ 2
up V3

50. 1i. Yes, because the initial vertical velocity of both the balls is zero, and both will cover the same vertical distance under the same
vertical acceleration g.
ii. No, because on striking the ground although their vertical velocities will be same but horizontal velocities will be different.
Hence their resultant velocities will be different.
51. Given that Horizontal range, R = 3 km and angle of projection of the projectile as 30°

2 sin 20 ? sin 60° : a
Rz“s;n 0r3=“51;l :“7\/3/2

or % =23
Given that the muzzle speed is fixed

Therefore, maximum horizontal range, is
Runax = = = 21/3 = 3.464km
Hence, the bullet cannot hit the target at 5 km.
52. i. As the motion of body is under gravity and no external force acts on the body, the direction of acceleration is always towards
the center of earth i.e, downward.
ii. As the ball is thrown vertically upward so its component of horizontal velocity becomes zero. At the highest point, the
velocity of the body v, = 0. Hence, the net velocity of the body at the highest point is zero.
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53.Given:uy =0,ay =g = 9.8m/s?

54. The motion of projectile is always parabolic or its part. Its velocity at.any point of its path is always tangentially toward the

56.

Let the projectile's initial velocity be u.
Time of ﬂight T = 3s (given)

gT2

Using T = =h=="
Sh=

x direction: ay =0 = Vy =u

% =44.1m

y direction: Vy = uy + ayT

S Vy

=0+9.8 x 3=29.4m/s

Vy — 0 —
Also v, "~ tan45° = 1
= Vx=Vy=294m/s

o

direction of motion so velocities at points A, B and C are tangentially shown,

Thus initial speed of the projectile u = V4 = 29.4 m/s

The point B is at its maximum height of trajectory. So the vertical component of B vy = 0 and horizontal component is u cosf.

4y

_ﬂ

%

,cf

.-—.‘H\

/F‘\

\.
\
I COS n 1 )

S

|

As the direction of acceleration is always in the direction of the force acting on it. The gravitational force is acting on the body

hence the direction of acceleration is always vertically downward equal to acceleration to gravity (g).
55. In the figure, A and B are two tall buildings that are 180.m apart. W; and W are the two windows in A and B respectively.

-

55 m

P 180 m -

w
109 m
*

Vertical downward distance to be covered by the ball,
= Height of W - Height of W5

=55-109=44.1m

Initial vertical velocity of ball,
uy =0
Asy=uyt + %gt2

L 44.1=0+ 5 x 9.8t

Required horizontal velocity

Horizontal distance 180 m

Velocity of projectile = u = 147 ms

Let the time taken by a projectile from O to A, be t and its velocity is v at point A where the direction is 8 = 45°.

= =60 ms™

Time 3s
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57.

58.

59.

As a horizontal component of velocity remains constant during the projectile motion.

= v cos 45° = u cos 60°
1 1 — 147 -1

=V X \/5—147>< 5 V= 7 ms
For vertical motion,
vy = Uy - gt
= v sin 45° = 45 sin60° - 9.8t

M7 1 V3
=>ﬂxﬁ_147x > 9.8t
98t=LI(v/3-1)

t=5.49s

i i ™
= 5

T |

Let the position vector of the particle in circular motion be
7 = r(i cos(6) + jsin(6))

Differentiating both sides w.r.t. t

dr _ g - d9
S =r(—i SH}(G) +j C()AS(G) o=
= v = wr(—1sin(6) + jcos(h))

or, V=wr

Differentiating both sides w.r.t. t

d?) o 2 ° .

& =—wr(i ccgs(ﬁ) +7 51}1(0))
= a, = —w?r(i cos() + jsin(9))
2

= de = —WT

This shows the centripetal acceleration acts in a direction opposite to T, that is along its centre
= |a. |= wPr

Again we know

V= 1w

thus

ac:T

When an object moves. in a circular path with constant speed then the motion is called uniform circular motion.

Time period - The time taken by the object to complete one revolution
Frequency - The total number of revolutions in one second is called the frequency.
Angular velocity - It is defined as the time rate of change of angular displacement.

W:2—7’f:27w (%:l/)

Here, radius of the horizontal circular loop traversed by the aeroplane r = 1 km = 1000 m,

900x (1000
with constant speed v = 900 km hl= 500 (1000m) _ 250 ms™!
(60 60s)
. . 2 (250)°
We know that Centripetal acceleration, a = -- = ST

a _ (250)° 1o_
Now, 7 1000 X 98 6.38

Hence a_ is 6.4 times more than the g in this case.
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60. As shown in figure (b), let R be the midpoint of arc PQ. Then ZPOR = 45°,
Y

(b)
The magnitude of acceleration at R,

v2 2?2 )
a="T"="7 =1 cms

The acceleration acts along with RO.

The magnitude of component of an along X-axis,

— 0_ A 1 -2

ay =acos45” =1 X N NG cms

I T

.. afq; — \/5 i

The magnitude of the component of an along Y-axis,
_ . o__ 1 -2

ay =1 xsin45° = 5 om

S S

SOy =—5Y

Hence @ = @, + Gy = —%(:&—i—y})

61. In hour hand of a watch (T) = 12h

21
Wy = ET)
For rotation of earth T = 24h
_2r
We= o
= Wgy:We= % =2
WH = ZWE

62. The distance 's' covered by a body travelling in an arc of radius Y and turning its radial line by @' is given by
s=r10

Differentiating both sides w.r.t. time, we have

ds _ .do
@ T
i.e., v=rw

or Linear velocity = radius X angular velocity
Thus, the direction of velocity is always along the tangent at any point in the circular path.

63. Uniform circular motion is an accelerated motion. In uniform circular motion, the speed of the body remains the same but the
direction of motion changes at every point. Figure shows the different velocity vectors at different positions of the particle. At
each position, the velocity vector v is perpendicular to the radius vector r. Thus the velocity of the body changes continuously
due to the continuous change in the direction of motion of the body. As the rate of change of velocity is acceleration, so a uniform
circular motion is an accelerated motion.

Direction of
velocity changes at every
point.

64. No, a physical quantity having both magnitude and direction need not be considered a vector. For example, despite having
magnitude and direction, the current is a scalar quantity. The essential requirement for a physical quantity to be considered a
vector is that it should follow the law of vector addition.
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No, generally speaking, the rotation of a body about an axis is not a vector quantity as it does not follow the law of vector
addition. However, rotation by a certain small angle follows the law of vector addition and is therefore considered a vector.
Section C

65. a. Total distance travelled = 23 km
Total times taken = 28 min = %h

. total dis tan ce travelled
Average speed of the taxi = ———
time interval

Sav = 55 = 49.29km/h

60
b. Distance between the hotel and the station = 10 km = Displacement of the car

10
= 2__8 = 21.43km/h
60
Therefore, the two physical quantities (average speed and average velocity) are not equal.

. displacement
Average velocity = e
time interval

66. Yes, for the longest jump the player should throw himself at an angle of 45° with respect to horizontal. The vertical height for this
angle is
_ ulsin?45° u_2
H= 29 T4
2
where u is the velocity of projection. If the vertical height is different from Z—g, then the angle will be different from 45° and the

horizontal distance covered will also be less.
Clearly, the span of jump depends upon
i. the initial velocity of the jump,
ii. the angle of projection
67. As shown in Figure, the gun at O is directed towards the monkey at position M. Suppose the bullet leaves the barrel of the gun
with velocity u at an angle 8 with the horizontal. Let the bullet cross the vertical line MB at A after time t. Horizontal distance

travelled,
OB=x=wucosf-t
ort = —p @)

usin B

b - = L
w Cos B B
X
Gun

For motion of the bullet from O to B, the vertical range is

z
u cos 6

AB:usinH-t—%gt2 =usin@- —%gt2
= ztan — 2 gt* [using (i)]
Also MB = x tan 6
..MA =MB - AB
=zxtanf — [:c tan @ — %gtﬂ = %th
Thus in a time t the bullet passes through A a vertical distance % gt? below M.
The vertical distance through which the monkey falls in time t
=0+ 39> = 39t
Thus the bullet and the monkey will always reach the point A at the same time. Hence the bullet will always hit the monkey
whatever be the velocity of the bullet.
68. A ball is projected from O at an angle of 45° with horizontal. From O to A body rises up, height increases so its speed & hence
KE (speed) decreases. From A to B it’s speed again increases as its height decreases and become equal to its’s initial speed at O,
because O and B are on the same horizontal line.
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69.

70.

\ ¢
From B to C, its height again decreases so its speed from B to C increases and become maximum at C
m/s at Point B.

U
V2
Now for motion along BC, v, = = remains constant but

VZ

vl, = v, + gt thus velocity along y - axis changes.
y y T 9 y gy g

vy = Uy = ucos(45) =

net velocity v = \/ (,)* + (v),)? become maximum at point C
v= \/ LY
v=/u? + gt
Hence,
i. Greatest speed of ball is at C .
ii. The smallest speed will be at A . Where at maximum height and v, = 0“and has the only horizontal speed of constant value
=%
U=z
iii. For motion between O to A, acceleration a = -g and for A to C acceleration a = +g and is constant during AC.

If the two projectiles are thrown with velocities u; and uy at angle ¢; and 82 with horizontal, then their maximum heights will be
u? sin? 6; u2 sin? 0y
-1 - -2
H, = % and Hs = %
But Hl = H2
u% sin? 0, u% sin? 0o
2g = 2g

or uysinf; = uy sinds ..... (i)
Times of flight for the two projectiles are
Tl _ 2u1 sin01 and T2 — 2’UQ Zill 02

Making use of equation (i), we get
2uq sin 0y 2uy sin o

h=h=""=""7

Times taken to reach the highest point in the two cases will be

uq sin 6
tl — 1 1

ug sin O
and to = =—2

= uq sin 6y Uy s;n()z
2u; siné 2us sin 6 &
— 2 sgm Loor =2 ;m 2 [using (i)]
or [ty + ty = Time of flight of either projectile.

Let u be the muzzle speed of the bullet fired from the gun (on the top of the tower) at an angle 6 with the horizontal, as shown in
Figure.

Clearly, the total range of firing on the ground is

T = uZSigfnza + 100 cot 6

dr _ u?x2cos 20 4100 x (_ COSGC2 9)

Y
_2u® (1 _9u2p) _ _100
= (1 — 2sin?6) =y
= 4500 - 9000 sin? § — -2
sin” @
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1 cos

- 100 m —‘|
e}

Ground

P u sin 20/g — 100 cot ii‘{

For x to be maximum,

dr
& -0
4500 - 9000 sin2 9 — 192 — ¢

sin? -
90sin* 0 — 45sin?0+1=0
45+,/(—45)?—4x90x1
2x90

orsin’ 6 =
_ 45440.80
180

Taking only positive sign,
sin® @ = 0.4767
or sin 6 = 0.6904
or § =43.7°
71. Given: Horizontal Range, R = 3 km = 3000 m
Angle of projection, 8 = 30°
Acceleration due to gravity, g = 9.8m/s?

Horizontal range for the projection velocity ug, is given by the relation:

R= u? sin 20

9
u?
3000 = —sin 60°

u? 3

3000 = 2 x X2

2 g 2
% = 2¢/3 x 1000 ........ )

The maximum range (Rp,,x is achieved by the bullet when it is fired at an angle of 45° with the horizontal)

On comparing equations (i) and (ii), we get:
Rpax = 24/3 x 1000 =2 x 1.732 x 1000 = 3.46 km
Hence by keeping the same muzzle speed u, one can not hit a target which is 5 km away just by changing projection angle.

72. In the baseball game, a player has to throw a ball so that it goes a certain distance in the minimum time. The time would depend
on velocity of ball and angle of throw with the horizontal. Thus, while playing a baseball game, the speed and angle of projection
have to be adjusted suitably so that the ball covers the desired distance in minimum time. So, a player has to see the distance and
air resistance while playing with a baseball game.

73. The horizontal distance covered in time t,
x=utort= = .. (i)

The vertical distance covered in time t,
2

y=0+ %th = %g X % [using (i)]

Also % =tanf ory=xtanf

i

SR =gtanf
u
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74.

75

xr
orzx (g—2 — tan@) =0
2u
242 tan 6
g9

The distance of the point of strike from the point of projection is
D= ./22 + y?> = /2% + (ztan0)?
=z4/1 + tan? 0 = zsech

orD= %tan Osect

As x =0 is not possible, so £ =

Let 6 and (90 - 0) be the angles of projection for a projectile thrown with same initial velocity u.

2 ¢in2
Range of projectile = 4-$2°¢

for angle # Ry = “ZL;‘QG ..(1)

2 sin 2(90—6 2 5in(180—26 2
for angle (90 - 6), R = — smg( )=z sm(g )= u s;n20

_ u%sin26
R, = — ..(2)
from (1) and (2), we get R; =R»

Maximum height for 6 angle of projection is

H, = u? sin” 0

Maximum height for (90 - 8) angle of projection is
u? sin?(90—6) u2 cos? @

H2 = % = %
for 6 = 30°
_ u?sin®30 _ u_2
== "%
_ u?cos?30 _ 3_u2
H2 - 2g - 8¢g
for 8 = 60°
_ u?sin?60 _ 3u?
H== "%
_ uZcos?60 _ u_Z
M= T
4.%#&. —> 100 m/s
Al
"1000 m
% 1

i. Time Taken;
_ [2H _ [2x1000
T= g 10
=104/2sec
ii. When bomb hits the target, it will have 2 components,
vy and vy
vy = 100m/s (*." ay = 0)
Now, Time of Height
T= \/% = ,/%(?00 = /200 sec = 10+/2sec
To find Vy,
In vertical direction, uy = 0,t= 10\/5 ,a=-gs=-1000m
SUE — vl = 2ay8,
v2 = 2(-10)(-1000)
vy =1004/2 m/s
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Vief = 1/1}% + 1)32,

= \/ (100)2 + (1004/2)2 = 100+/3 m/s
iii. Range = (TOF) x Uy

—104/2 x 100 = 10004/2 m
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