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Last time

• trajectory equation

• another projectile example



Overview

• relative motion and projectiles



Relative Motion And Projectile Motion

Observer on the skateboard sees the ball fall straight down.

EXAMPLE 4–3 Dropping a Ball
A person skateboarding with a constant speed of 1.30 m/s releases a ball from a height of 1.25 m above the ground. Given
that and find x and y for (a) and (b) (c) Find the velocity, speed, and direc-
tion of motion of the ball at 

Picture the Problem
The ball starts at and Its initial ve-
locity is horizontal, therefore and

In addition, it accelerates with the acceleration due
to gravity in the negative y direction, and moves
with constant speed in the x direction, 

Strategy
The x and y positions are given by and 
respectively. We simply substitute time into these expressions.
Similarly, the velocity components are and vy = -gt.vx = v0

y = h - 1
2 gt2,x = v0t

ax = 0.
ay = -g,

v0y = 0.
v0x = v0 = 1.30 m/s

y0 = h = 1.25 m.x0 = 0

t = 0.500 s.
t = 0.500 s.t = 0.250 sy0 = h = 1.25 m,x0 = 0

4–3 ZERO LAUNCH ANGLE 85

PROBLEM-SOLVING NOTE

Identify Initial Conditions

The launch point of a projectile deter-
mines and The initial velocity of a
projectile determines and v0y.v0x

y0.x0

y

h h

v0

OO
xx

y

! > 0 v0
! = 0

(a) (b)

O x (m)

y (m)
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

21 643 5 7
▲ FIGURE 4–5 Trajectory of a projectile
launched horizontally
In this plot, the projectile was launched
from a height of 9.5 m with an initial
speed of 5.0 m/s. The positions shown in
the plot correspond to the times

Note the
uniform motion in the x direction, and
the accelerated motion in the y direction.

t = 0.20 s, 0.40 s, 0.60 s, Á .

FIGURE 4–4 Launch angle of a
projectile
(a) A projectile launched at an angle
above the horizontal, A launch
below the horizontal would correspond
to (b) A projectile launched
horizontally, In this section we
consider The next section deals
with u Z 0.

u = 0.
u = 0.

u 6 0.

u 7 0.
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ball is given by

and

This is illustrated in Figure 4–3.
The initial velocity is horizontal, corresponding to in Figure 4–4. As a

result, the x component of the initial velocity is simply the initial speed,

and the y component of the initial velocity is zero,

Substituting these specific values into our fundamental equations for pro-
jectile motion (Equations 4–6) gives the following simplified results for zero
launch angle 

4–7

Note that the x component of velocity remains the same for all time and that
the y component steadily decreases with time. As a result, x increases linearly
with time, and y decreases with a dependence. Snapshots of this motion at
equal time intervals are shown in Figure 4–5.

t2

 y = h - 1
2 gt2  vy = -gt  vy 

2 = -2g¢y

 x = v0t  vx = v0 = constant  vx 

2 = v0 

2 = constant

1u = 02:
v0y = v0 sin 0° = 0

v0x = v0 cos 0° = v0

u = 0

y0 = h

x0 = 0

continued on next page
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Another observer on the sidewalk sees the ball as a horizontally
launched projectile.



Relative Motion And Projectile Motion

#73, page 108

To decide who pays for lunch, a passenger on a moving train tosses
a coin straight upward with an initial speed of 4.38 m/s and
catches it again when it returns to its initial level. From the point
of view of the passenger, then, the coin’s initial velocity is
(4.38 m/s) ŷ. The train’s velocity relative to the ground is
(12.1 m/s) x̂.

(a) What is the minimum speed of the coin relative to the ground
during its flight? At what point in the coin’s flight does this
minimum speed occur? Explain.

12.1 m/s, At the top of its path, where the y -component of
velocity is zero.
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observer on the ground.
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√

v20x + v20,y θ = tan−1

(
v0y
v0x

)
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To decide who pays for lunch, a passenger on a moving train tosses
a coin straight upward with an initial speed of 4.38 m/s and
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of view of the passenger, then, the coin’s initial velocity is
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(b) Find the initial speed and direction of the coin as seen by an
observer on the ground.

v0 =
√

v20x + v20,y θ = tan−1

(
v0y
v0x

)
v0 = 12.9 m/s, at 19.9◦ above the horizontal
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(c) Use the expression for h = ymax to calculate the maximum
height of the coin, as seen by an observer on the ground.
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h = 0.978 m



Relative Motion And Projectile Motion

#73, page 108

To decide who pays for lunch, a passenger on a moving train tosses
a coin straight upward with an initial speed of 4.38 m/s and
catches it again when it returns to its initial level. From the point
of view of the passenger, then, the coin’s initial velocity is
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(12.1 m/s) x̂.

(d) Calculate the maximum height of the coin from the point of
view of the passenger, who sees only one-dimensional motion.
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Summary

• relative motion and projectiles

Test 2 Monday, Feb 24.

Homework
Walker Physics:

• prev: Ch 4, onward from page 100. Con. Ques: 7, 9;
Problems: 1, 40 & 41, 43, 71, 77, 87, 67 (projectile in
disguise)

• Read ahead in Ch 5.


