Meter:
The distance traveled by light in vacuum during a time of 1/299 792 458 second.

Kilogram (kg):

The mass of a specific platinum—iridium alloy cylinder kept at the International Bureau of
Weights and Measures at Sevres, France.

Second:

9192 631 770 times the period of vibration of radiation from the cesium-133 atom.
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Definition:

Projectile : An object that moves through the air only under the influence
of gravity after an initial thrust. Its vertical (y) and horizontal (x) motions
can be considered independent
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projectile motion:
The projectile motion is two-dimensional motion
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the path of a projectile, which is called trajectory(_ ! is always parabola.
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Projeciile Motion
— parabola

The trajectory of a kicked football

Did you understand? If yes, answer the following questions:
1. What is a projectile? Give an example.
2. How does the trajectory of the projectile look like? Draw it.
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Assumptions of projectile motion:

The horizontal and vertical components of a projectile’s motion are

completely independent of each other and can be handled separately,

with time t as the common variable for both components.
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1. The velocity in the x-direction is always constant, therefore the
acceleration in x-direction is always zero over the range of motion,
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2. The velocity in the y-direction varies throughout the projectile motion.

The acceleration in the y-direction is the free-fall acceleration (-g) which is
constant throughout the whole motion and is directed downward.
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3. The time t as the common variable for the motion in the x & y-directions
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4. The effect of air resistance is negligible.



Did you understand? If yes, answer the following questions:

1. What is the acceleration in the x-direction?

2. What is the acceleration in the y-direction?

3. Is the time of fly of the projectile in the x- & y- directions different?

Let us recall the kinematic equations given in Chapter 3:

Uxr = Uy t+at

Ax = vt + Eaxt2



Repeating with the y component and using ;= Uand a;= — g we obtain
)= v t: a = ;81 6;)1 - }g{ 4.12)

Next, from Equation 4.11 we find £ = x7/(y; cos ) and substitute this expression for f
into Equation 4.12; this gives

y:(tann‘),-)x—(g _E,g ? l)xg
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Horizontal Range and Maximum Height of a Projectile:
y

vy =ty — gt = 0 =wsnd, — gg

v; sin #;

£

f@:

Substituting this expression for ¢, /nfo the y part and replacing
Y=y, withh:
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The range R is the horizontal position of the projectile at a time
that is twice the time at which it reaches its peak, that is, at time

tg =21,

R = vty = (v; cos 0;)21,

= (v; cos 6;)

g

. 5 S
2v;sin #;  2v;~ sin 6, cos 0,

Using the wdentity sin 28 = 2 sin # cos #

g

% sin 20,

ir
&




The maximum value of R is R ., = v?/g. This result follows

max

from the fact that the maximum value of sin®, is 71, which

occurs when 6,=90°. Therefore, R is a maximum when 0, = 45°.



Example 4.2 the long jump page 87
A long jumper leaves the ground at an angle of 20.0° above the horizontal
and at a speed of 11.0 m/s.

(a) How far does he jump in the horizontal direction?
(b) What is the maximum height reached?

(a)

_V7?sin20 _ (11)° sin2x20

R
g 9.8
o 121sin40 _121x0.64 __
9.8 9.8
(b) e V,sin” @ _121xsin®> 20 _
2g 2x9.8

Y 121x(0.34)> 121x0.1169
19.6 19.6

=0.72m




Example 4.5 The End of the Ski Jump (Page 90)

A ski jumper leaves the ski track moving in the horizontal direction with a speed
of 25.0 m/s as shown in Figure 4.14. The landing incline below her falls off with
a slope of 35.0°. Where does she land on the incline?

5.0 ms
e

We categorize the problem as one of a particle in projectile ”_L e
motion. As with other projectile motion problems, we use ey
the particle under constant velocity model for the ‘i ‘“‘xm
horizontal motion and the particle under constant . ¢
acceleration model for the vertical motion. \
L x \-"
Figure 4.14 (Example 4.5) A ski jumper leaves

the track moving in a horizonial direction

It is convenient to select the beginning of the jump as the origin. The initial
velocity components are v,; = 25.0 m/s and (v,; = 0). From the right triangle in
Figure 4.14, we see that the jumper’s x and y coordinates at the landing point are
given by: x,=d cos Oand y, = 2d sin O.

1) x,=v,t (2) yp=vt+(1/2) gt

(3) dcosO=vt (4) 2dsin O = - (1/2) gt?



Solve Equation (3) for t and substitute the result into Equation (4):
d cos r,l.'r)'

v

—dsind = —"rg(

X1

Solve for d and substitute numerical values:
_ 2u.sing  2(25.0 m/s)” sin 35.0°
~ geosid (980 m/s?) cos? 35.0°

= 109 m

Evaluate the x and y coordinates of the point at which the skier lands:

x,= decos ¢ = (109 m) cos 35.0° = 89.3m
y;= —dsin¢ = —(109 m) sin 35.0° = —625m

Homework:
15



