Chapter 4 Projectile Motion

4 Projectile Motion

Self Evaluation Exercise 4.1B (.150)
1. B
In the x direction: v, =v
In the y direction: (v,)* = (0)* + 2(-g)(—h)
v, = —/2gh

v A 2gh

tan §= |- = *——

y v
. . Vi o .
@is maximum when — 1is maximum.
v

where 0° < @ <90°

X

2. C

Speed = /(v,)? +(v,)

Ve =40ms throughout the motion
vy =u,tat

=0+ (-10)(3)

=-30ms"
Speed of the ball 3 s later

= 1/40% +(=30)2

=50ms"
3. C

4. The ball is pulled downwards by gravity. The time # of
flight is
|

- 2
Sy =u,t+ MQN

20 wcovm (u, = 0)

t=2s
The x-component of the velocity of the ball is 10 m s™.
Thus the range R is
R =vt
=10x2
=20m

5. v contributes the x-component of v. v, contributes the
y-component of v.

2 2_ .2
Vi Ty =y

v, =4v? =i vy =u)

At the beginning of the flight, u, is zero. Thus, the time ¢
of flight is

— 31—

Similar to Question 5.
v is composed of the x-component v, and the
y-component v,. When the bullet hits the wall, the
vertical displacement is 0.8 m. Thus, the speed v, is
Sm - §N = 2as, (u, =0)
v,” = 2(10)(0.8)

v,=4ms
The time ¢ of flight is
1
S, =u,t + — ar’
Y Y N
1
0.8=—(10)7
NA )

t=04s
Thus, the horizontal range travelled by the object in
0.4 s is 10 m. The speed v, is

V=R
R
Vy = —
: t
_1o
0.4
=25ms"

Finally, the speed v of the bullet when it hits the wall is

2 2
,\MH<uﬂ +v,

=2532ms!

(a) The time of flight, ¢, from B to C'is

1
Sy =uU,t+ Mam

1 ’
2.5 5 (10) ¢
t=0.71s
The ball travelled a horizontal range of 4 m in 0.71 s.
Then, the horizontal speed u, at B is
Uyt =R
R
U= —
t
4
0.71

=563ms’!




Part 1 Mechanics

Assume that there is no energy loss from A4 to B.
By conservation of energy, the potential energy of
the ball at 4 is equal to the kinetic energy of the
ball at B.

1

mgh = — mu,
& 2

_5.63
2x10
=1.59m
(b) The vertical component v, of v is
&m = :.% + 2as, (1, =0)
v’ =2(10)(2.5)
=50ms"!
Thus, the speed v of the ball at C just before hitting
the ground is
V=ul 1t y?
V=ul ém
Vv =5.637 +50
v=9.04ms"

8. (a) The height of the cliff 7 is equal to the
vertical displacement of the diver. The height / is
h=u,t+ Wmm (u, =0)

! 2
- (10)2.0)

20 m
(b) The horizontal displacement s, is
Sy = Uyl
=24x%x20
=48m

Self Evaluation Exercise 4.1C (p.155)

1. D
In a projectile motion, if there is no air resistance, the
force acting on an object is only the gravitational force.
Therefore, under a constant force, its acceleration is
unchanged throughout the motion.

2. D
In the x-direction
U, =ucost,a.,=0
In the y-direction
Uy =using, a,=-g
1 5

By the equation s =ut+ 5 at

x = (ucosh)t

Y = (usind)t + Wﬁlﬂmv%
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C
Let v, be the horizontal component of the velocity

v, be the vertical component of the velocity
In the projectile motion, the object is accelerating
downwards only. Therefore, only v, is changing while
Vi is kept constant. It means that the rate of change of
displacement is varying in the y-direction but not in the
x-direction. Only option C is possible.

C

At the highest point, all the vertical kinetic energy is
converted to the potential energy.
1 1 1 2

. _ .2 2 _ 1
1e. = M§§ + M:@@ mgh + 3 mu,

_— . . 1
The kinetic energy at the highest point = — E:%

E

N

(@) () The maximum height # is
u’sin’ @

2g
(25.0)%sin?38.0°

2x10
11.84 m
(ii) The time of travel ¢ before the football hitting
the ground is

2usin@

g
2x25.0xsin38.0°

10

h =

Il

=

3.08s
(iii) The horizontal range R of the football is
u’sin26
g
(25.0)*sin 2(38.0°)
10
=60.64 m

(iv) The velocity of the football at the maximum

height is only the horizontal component of the

speed u, . Thus, it is equal to

U, = u cos@

=25.0c0838.0°=19.70 ms™

I

R =
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(b) @ 250ms-

The new maximum height /' is
h=h+10
=11.84+1.0
=12.84m
The time of flight 7 of the football from the
punter’s foot to the maximum height is
usin @
g
25.0xsin38.0°
10
1.54s
At the maximum height, the vertical
component of the speed is zero. And the time
of flight from the maximum height to the
ground, #, is

=

Il

W =uyt+ w at? (u,=0)
12.84 = w (10)%,°
H= 1.60s
Thus, the total time of flight ¢ is
= N_ + NN

=154+1.60=3.145
(ii) The new horizontal range R’ travelled by the
football is
R =urt
=25.0x3.14
=785m

7. (a) Ifthe horizontal range R travelled by the water is
2.0 m, the angle & should be
u® sin 26
g
13.5% sin 260
10
f=3.15°
(b) By conservation of energy, the speed of the water
when it lands is equal to the initial speed of water.
Thus, the speed is 13.5 m s™".

R=

20=

8. va \\\\n.ﬁrz/f/
500ms."" o

3 N
\/\m«u 35° H
R

e
The horizontal range R is
u?sin 20
g
500% x sin 2(35°)
10
=2349232m
(b) The greatest vertical height / is
u?sin’ @
2g
500% x sin” 35°
2x10
=4112.37m
(¢c) The time 7 to reach the greatest height is half of the
total time of flight in air. Thus, time ¢ is
using
g
_ 500sin35°
10
=28.68 s
(d) To achieve the same range with minimum speed,
the projection angle & should be 45° in order to
obtain the maximum horizontal range. Thus, the
minimum speed « is
u”sin 20
g
u*sin2(45 )
g

R=

h=

1=

R=

R =

\m”N&]M
g

u=,/Rg
4/23492.32x10

484.69 m s
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Review Exercise 4 (p.161)

A. @ Structured
X/ QJuestions

1. (a) u,=50cos30°=433ms"
u,=-50sin30°=-25ms"'
S\m = N\@M +2(-g)h)
= (=25)* + 2(—10)(—4 000)
v,=-284ms"
ve=1u,=433ms"

+v,” =28728 ms”’

tan™! |L2| = 81.33°
<».
Thus, it hits the ground at 287.28 m s with an
angle 81.33° to the horizontal.
qu 5\ = N\@ + AI%.VN
—284=-25-(10)t

t=259s
2. X=ult 0"
1
y=sEor )

By (2), -0.52= .N_.Tavm

1=0322s
By (1), 1=u,(0.322)
u,=3.10ms™"
3. x=ul (D
1
y=sC e )
By (2), =1 000 = W?é@
t=14.14s
By (1), x=50x 14.14

=707 m

® O 1
2.

(i) 1.

Overseas & HKALE
Questions

4. (a) (i) The speed of an object is the distance it
travels per unit time.

(i) Speed is a scalar quantity with only a
magnitude whereas velocity is a vector
quantity that has a magnitude (the speed) and
a direction.

Vertical component of initial velocity,
uy=15sin60°=12.99 ms™
Horizontal component of initial velocity,
uy=15cos 60°=7.5m s
Let H = maximum height of the ball
vy = vertical component of velocity
vy = horizontal component of
velocity
At the maximum height, vy =0
Vertical equation of motion:
S\N = §M -2gH
0=12.99"-2x9.81 x H
H=86m
Let 7' = time of flight between the ball
being thrown and returning to
ground level
Deduce thatat =T, vy = —uy
Vertical equation of motion:

vy=uy—grl
-12.99=1299-981xT
T=2.65s

Horizontal range to the point where the
ball strikes the ground,
R=uyxT

=7.5x%2.65

=199m

(iii) Sketch the path of ball (labelled N):

A N

(iv) 1.
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Sketch path (labelled A) assuming air
resistance cannot be neglected.

Air resistance is opposite in direction to
the velocity. Vertically, the ball will
decelerate more when rising although it
will also accelerate less when falling.
The ball’s horizontal speed will be
reduced continuously and, if it travels
long enough, would eventually be zero.
Therefore, the ball will neither rise as
high nor travel as far.
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5. (a)

(b)

(©)

() The directed line O4 represents the velocity
and not just speed because it specifies both
magnitude and direction.

(i) In Fig. (b), the length of 04 = 7.0 cm

The scale used is

lem= K =20ms’!
7.0

(iii) Sketch on Fig. (a), lines OH and OV represent
the horizontal and vertical components of the
veloeity respectively.

v A

O " H
Fig. (a)
1. Horizontal component of velocity,
uy = (14)c0s30°=12.12 ms™
2. Vertical component of velocity,
uy = (14)sin30°=7.0ms"'
v=u-~+at
=uy—gt for the vertical direction
At maximum height, v=10
= 0=70-0981)¢
Time to reach maximum height
t=0.71s
In the vertical direction, the motorcycle will return
to the ramp’s height in time
=2t
=2x0.7136
=143s
Horizontal distance travelled in time 7,
s=uyt
=12.12x 143
=173 m
Number of car lengths
s
width of car
173
16
=10.8
Maximum number of cars jumped = 10

HKALE Questions
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