_ Projectile Motion

TOPIC : PROJECTILE MOTION

EXERCISE # 1
PART -1

SECTION: (A)

H tan 0
6. R 4

0=45°& R=36m

H=9m
12. At highest point of projection, the vertical component of velocity is zero and there is only horizontal

13.

16.

17.

18.

19.

20.

21.

&
v

component of velocity.
At the highest point

Vx=ucos 8
Vy =0
1 2 1 2 2
—mv;, —mu* cos” 6
Kn= 2 or Ki= 2 0
—mu®cos® 0
Intial kinetic energy is K=<« . (ii)

From Eq. (i) and (ii), we get

2

K x (L] _K

Kn = K cos2 8 = K cos2 45°= ‘/5 2
L = $ =tan14 (initially)

For maximum range
2

R-L
9 = uz =gR
uz = 16,000 x 10 > u=4x100

u =400 m/sec

The horizontal ranges of projectiles whose angles of projection are complementary are equal. Hence their
ratio is 1.

X =at3, y = pt3
dx
Vx = dt = 3at2
dy
Vy = dt - 3pt2
Resultant velocity
V= v2 +v§

N9t ropttt | Ja® 4 p?

Man will catch the ball if the horizontal component of velocity becomes equal to the constant speed of
man i.e.

Vo 1
VoCOS 0 = 2 = cos 6= 2 = cos 6 = cos 60° . 0 = 60°
T nv? 1m(v cos60)? 1m (V_Zj 1 1mv2 K
2 = K, 2 = 2 4 = 4 2 = Z

In projectile motion Horizontal accelereation ax= 0 & Vertical acceleration ay = g =10m/s
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_ Projectile Motion

22.
23.

24,

25.

26.

34.

35.

36.

2

ax=0
ay =10 (down) = only "3" is correct Ans
R- 2u,u,
9
ux: GT + 8J
- ~
u, =6l
A 20U, 2x6x8
u =8/ rR= 9 = 10 =-gp
2usin®
T= 9 =10
u®sin20
R = g =50m
(usiny  (59)° 25¢° 25g
H= 29 - 29 - 29 _ 2 H=125m
2usin6
T=5= g
usine=25
2(usinB)(ucosB)
R = 9 =200
2
10 (25) (u cosB) = 200
200x10
ucose = 50 =40
%5 5 @
tane:40 -8 0 =tan- 8
u=200mls
> y
400 mis
b 0 X

To hit, 400 cos 6 = 200
{- Both travel equal distance along horizontal, of their start and coordinates an x axis are same}
> 6 =60° Ans.

_u?sin20  2u,v,
9 9

~ Range « horizontal initial velocity (ux)
In path 4 range is maximum so football possess maximum horizontal velocity in this path.

R

Horizontal velocity remains constant throughout the projectile motion

u? u?

max —

R
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38.

50.

53.

54.

55.

56.

57.

&
v

_2ab  2b?

R ===
g 2g

y=4t—t,x=3t
dy dx

vy=dt =4_2t,v,= dt =3
u

Ty

=4, u, =v
= Uy = Vy =0 t=0= 3
The angle of projection :

v ewld)
tane:VX =3 = 0 =tana 3 Ans.

u’sin260
rR= 9
u?sin?0
H= 29
R=4H
u?sin20 u?sin?0
g -4 29
sin 206 = 2 sin26
2sinBcosB=2sin206
tan6=1
9 = 450
u?sin20
R = g =50
u?sin30°  u?
50 = g = 29
u? u?

Ri= 9 sinooe= 9 =100m

ax=2m/sz;ay=0

Ux = 8 m/s

uy =—15 m/s.

= Vx +Vy

Vy:Uy+ayt = Vy:—15m/S

Vx = Ux + axt

Vx=8+2t = V=[8+2t) —15]m/s. Ans.
oY d

(Yrae) = dt N dt (10t-t)=10-12t

= Ymax = 10(5) —52=25m Ans "D"

X = 6t y=8t-5t
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L 4

dx dy
dt —¢ dt —g_10t
att=0
Vx =6 m/sec Vy = 8m/sec
JVA+VE ez g2
V= y x - V8" +6 =10 m/sec
R 2u,u, _ ﬁ
61. 9 9
uccnsezﬂ cosE)z—3
64. 2 2
6 = 30°
2 o o
R_ u“ sin60
g
u?sin? 0
mg
mgh - 29
1m(uc:os 0)° lmu2 cos? 0
65. 2 2
66. Range is maximum at 6 = 45°
SECTION - (B)
6. (1) The horizontal distance covered by bomb,
BC = vy x |21 =150, /2280 _ gg0m
g 10
A
B C
~ The distance of target from dropping point of bomb,
AC = AB? +BC? =/(80)* +(600)® = 605.3m
u’sin20  10x10xsin60° J3
7. rR= 9 = 10 =10x 2 =5x1.732=8.66m
2h
V R
8. x= V9
[2x490
100,/ ——
X= 9.8 =103 m=1km
vy
15. = Vy = Vx = 18m/s Ans.

SECTION - (C)

&
v
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) 4

2

(1) Horizontal component of velocity
v, =25c0860°=12.5m/s

Vertical component of velocity
v, =25sin60°=12.5\3m/s

Y

50 m A X

t=5—0=4sec

Time to cover 50 m distance 12.

The vertical height y is given by

y=vytf%gt2 =12.5\/§x47%x9.8x16=8.2m

X
=16x| 1—- —
y {GJ

EXERCISE # 2
X=361 2y = 96t — 9.8t2
dx dy
dt =36 dt —96_196t att=0
Vx = 36 Vy =48
= 3) : 5)
tan¢=36 = 3 = sind>=5 = ¢ = sin-1 5
1 45

AC= 2 gi2= 45m BC=45 V3 m=ut u= V3 2153 e

Alter : Object is thrown horizontally so ux=v & uy=0

from Diagram

1
y=ut 29t
\
30°
y
30°
X
1 1
y= 2 x10x(3): >  y=245m (1)
y
& tan 300 = X:>y\F:x ............ )
&x=vt=3v 3)
from equation (1), (2) & (3)
45= ‘/§3v = v=15 ‘/5 m/s
4
15.—
From given conditions Va = Vs c0s370 = S =12 misec.
2x20
=~ time of flight of A (t)= 10 - 2 sec. = Range = Vat =24 m

L 4

34 | Page

L 4



Projectile Motion

L 4

EXERCISE # 3
PART -1
u’sin 90" 207 _40 m
1. Rmax= g 10
\45") “ i
2. R/2 R/2
u’sin®45°  u?
H= 29 -4 1)
u’sin90° u* R U
rR= 9 -9 .2-29 . @)
v
49
H W 1 [ 1 )
stana= R/2= 2922 . y=gan,\2
3. Horizontal range
u®sin20
R = g . (1) maximum height
u®sin20
W= 29 (2) here (1) = (2)
u®sin20 _ u”sin®0 sin®
. g, . 29 > 2sing= 2 = 6 = tan-: (4) Ans. (2)
4. v =u+at
2i+3])+(0.31+0.2])x10 £, " "l
- (21+30)+(031+02])x10 5}, 5] L V52
5 V, = 2i - 3]
6.
53 9
a N a=98x 25 = a=35
V, = X 54
7. X = 5t — 22 dt ax = —4
- -
y = 10t Vy = 10 ay=0 So, a=—4i

2
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Projectile Motion

&
v

25 m/sec 25 m/sec

I \\\ ’/
200m i
l e— X —pYe— X, —>
« 100m >
Now X1 = 25t ; x2 = 25t
X1 + X2 = 100 = 50t So, t = 2 sec and vertical downward displacement
L
h= 2gt2= 2 x10x4 = 20 meter So, height from ground = 200 — 20 = 180 meter
PART -
R u?sin20  2u?sin6.cos O
g g
2 i
gy sin 0
29
_H_u?sin®0 g sin® R _4cos0 R _ 4coto
R 29 2u” sin0.cos0 — 4cos0 - H sind o H 0
2 o 24
rR_UY sin20 R'_ (2u”)sin20 _4R
g . g
2 2
H=> Xy = 2 = 299 _ oy
29 = U2 2gH For maximum horizontal distance 9 9
2 2 w2000 _ 2
hy = u?sin? 0 hy = u“ sin“(90 6),R _u sin20
29 N 29 g
2 a2 2 ain2r00 _
“hihy = u“sin“ 0 L u”sin (90-10)
Range R is same for angle 6 and (90° — 6) 29 29
u’(sin? 8) x sin?(90 — B)
4g? - _
[sin (90 — 6) = cos6]
_ u*(sin? 8)x cos? B
4g°

[ sin 26 = 2sin6 cose]
u*(sincos0)’ u*(sin20°  (u’sin20)’ R?

492 1692 1692 16 or,Rz=16 hi h2 or R= 4m
H_ v sin?(90 — 0)
Max. height = 29 . 0]
T 2vsin(90-0)
Time of flight = . (ii)
\
©
£l
Horizontal

vcoso fﬁ
From (i) and (ii) g
T_o I2H f8H
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A parabola

Given, ur = U2 = u, 0: = 60°, 82 = 30°
In Ist case, we know that range
_ u? sin2(60°) B u? sin120° B u? sin(90°+30°) u2(00530°) J3u?

R1 = =
9 g g9 g 29
u® sin60° uzﬁ
R2 = = 2
In lind case when 62 = 30°, then 9 g 5 R: = Rz (we get same value of ranges)
PART - 1lI
- - —
v=u +at
2 a s - -
dx
dt =y
dy
dt =«
& oy
dy - Xsy2=x2+¢

- -
Ar = ut+%at2

P - - 1,
rf—r.=ut+§at

?:(2i+4])+(5i‘+4])x2+;(4i‘+4])x22
_ 2i+4j+10i +8]+8i+8j _ 20i+20j

= 2012
m
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