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A Ball Is Thrown Upward With An Initial Velocity Of 60 Mph. It Is Thrown From A Height Of
5 Feet. What happens to the ball during its trajectory? How high does it go? How long does it stay in
the air? These questions involve understanding the physics of projectile motion, which is fundamental
in fields ranging from sports science to engineering. In this comprehensive guide, we will explore the
physics principles involved, perform detailed calculations, and discuss real-world applications of
understanding upward projectile motion.

Understanding the Basics of Projectile Motion

Projectile motion describes the movement of an object thrown or projected into the air, subject only to
acceleration due to gravity. It combines vertical and horizontal motions, but in our case, since the
motion is purely vertical, the analysis simplifies to vertical kinematics.

Key Concepts and Variables

Before diving into calculations, it's essential to understand the main variables involved:

Initial velocity (v₀): The speed at which the ball is thrown upward. In this scenario, 60 mph.

Initial height (h₀): The height from which the ball is released, 5 feet.

Acceleration due to gravity (g): Approximately 9.8 m/s² downward.

Maximum height: The highest point the ball reaches during its trajectory.

Time of flight: Total duration the ball spends in the air.

Converting Units for Accurate Calculations

Since the initial velocity is given in miles per hour (mph), and the height is in feet, we need consistent
units—preferably SI units (meters, seconds)—for precise calculations.



Conversion Factors

1 mile = 1,609.34 meters

1 hour = 3,600 seconds

1 foot = 0.3048 meters

Convert Initial Velocity

\[
v_0 = 60 \text{ mph} = 60 \times \frac{1,609.34 \text{ m}}{3,600 \text{ s}} \approx 26.82 \text{
m/s}
\]

Convert Initial Height

\[
h_0 = 5 \text{ ft} = 5 \times 0.3048 \approx 1.524 \text{ m}
\]

Now, with the initial velocity approximately 26.82 m/s and initial height 1.524 meters, we are set to
analyze the motion.

Analyzing the Vertical Motion of the Ball

The vertical motion can be described by the kinematic equations for uniformly accelerated motion.

Equation for Vertical Displacement

\[
h(t) = h_0 + v_0 t - \frac{1}{2} g t^2
\]

Where:
- \(h(t)\) is the height at time \(t\),
- \(h_0\) is the initial height,
- \(v_0\) is the initial velocity,
- \(g\) is acceleration due to gravity (9.8 m/s²),
- \(t\) is time in seconds.



Calculating the Time to Reach Maximum Height

At maximum height, the vertical velocity becomes zero.

\[
v(t) = v_0 - g t
\]

Setting \(v(t) = 0\):

\[
0 = v_0 - g t_{max}
\]
\[
t_{max} = \frac{v_0}{g} = \frac{26.82}{9.8} \approx 2.74 \text{ seconds}
\]

Maximum Height Reached

Using the displacement equation:

\[
h_{max} = h_0 + v_0 t_{max} - \frac{1}{2} g t_{max}^2
\]

Calculating:

\[
h_{max} = 1.524 + 26.82 \times 2.74 - \frac{1}{2} \times 9.8 \times (2.74)^2
\]

\[
h_{max} = 1.524 + 73.46 - 36.77 \approx 38.22 \text{ meters}
\]

Thus, the ball reaches approximately 38.22 meters above the ground.

Total Time of Flight

The total time includes ascent and descent. The time to fall back to the ground is when the height
returns to zero.

We solve for \(t\) when \(h(t)=0\):

\[
0 = h_0 + v_0 t - \frac{1}{2} g t^2



\]

Rearranged as a quadratic:

\[
\frac{1}{2} g t^2 - v_0 t - h_0 = 0
\]

Plugging in the known values:

\[
4.9 t^2 - 26.82 t - 1.524 = 0
\]

Apply the quadratic formula:

\[
t = \frac{v_0 \pm \sqrt{v_0^2 + 2 g h_0}}{g}
\]

Calculating discriminant:

\[
\Delta = v_0^2 + 2 g h_0 = (26.82)^2 + 2 \times 9.8 \times 1.524 \approx 719.8 + 29.86 = 749.66
\]

Square root:

\[
\sqrt{\Delta} \approx 27.39
\]

Time to reach the ground:

\[
t_{total} = \frac{v_0 + \sqrt{\Delta}}{g} = \frac{26.82 + 27.39}{9.8} \approx \frac{54.21}{9.8}
\approx 5.54 \text{ seconds}
\]

Alternatively, the negative solution is not physically meaningful in this context.

Therefore, the total time the ball spends in the air is approximately 5.54 seconds.

Implications and Real-World Applications

Understanding how high and how long a ball stays in the air has practical significance across various
domains.



Sports Science and Athletic Performance

In sports like basketball, volleyball, and tennis, players often aim for optimal shot heights and timings.
Knowing the physics behind projectile motion enables athletes to improve their techniques and
optimize their shots.

Engineering and Safety Considerations

Designing safety nets, fall protection systems, and amusement park rides requires an understanding
of projectile trajectories to ensure safety and functionality.

Educational Purposes and Physics Learning

Physics educators use projectile motion problems like this to teach students about kinematic
equations, unit conversions, and the importance of coordinate systems.

Factors Affecting the Trajectory

While the calculations above assume ideal conditions (no air resistance), real-world scenarios involve
additional factors:

Air Resistance: Causes the ball to slow down, reducing maximum height and flight time.

Spin and Air Currents: Can alter the trajectory slightly.

Wind: Horizontal wind can introduce lateral motion.

Understanding these factors is crucial for precise applications, especially in competitive sports or
engineering contexts.

Conclusion

In summary, a ball thrown upward with an initial velocity of approximately 26.82 m/s (which equates
to 60 mph), starting from a height of 1.524 meters (5 feet), will reach a maximum height of around
38.22 meters and stay in the air for approximately 5.54 seconds. These calculations demonstrate the
powerful influence of initial velocity and gravity on projectile motion.

By mastering these principles, students, athletes, and engineers can better predict and utilize the
physics of upward motion, enhancing performance, safety, and understanding of fundamental



mechanics.

Frequently Asked Questions

What is the initial velocity of the ball in meters per second?
The initial velocity is approximately 26.82 m/s (since 60 mph ≈ 26.82 m/s).

From what height is the ball thrown?
The ball is thrown from a height of 5 feet, which is approximately 1.52 meters.

How high will the ball go before coming to a momentary stop?
The maximum height can be calculated using the initial velocity and gravity; approximately 36.69
meters above the starting point.

How long will it take for the ball to reach its highest point?
It will take about 2.43 seconds to reach the maximum height.

What is the total time for the ball to reach the ground after
being thrown?
The total time depends on the height and initial velocity, approximately 6.29 seconds from release to
landing.

What is the velocity of the ball just before it hits the ground?
The velocity just before impact is approximately 26.82 m/s downward, considering symmetry in
projectile motion.

How far horizontally can the ball travel if thrown at an angle?
This depends on the angle of projection; with a vertical throw, horizontal distance is negligible unless
specified otherwise.

What factors affect the maximum height reached by the ball?
The initial velocity, launch angle, and gravity influence the maximum height.

If air resistance is considered, how does it affect the ball's
trajectory?
Air resistance would reduce the maximum height and overall range, causing the ball to fall sooner and
with less velocity.



Can we calculate the acceleration of the ball during its flight?
Yes, the acceleration remains constant at approximately 9.81 m/s² downward due to gravity
throughout the flight.

Additional Resources
Projectile Motion Analysis: Examining a Ball Thrown Upward at 60 Mph from a 5-Foot Height

---

When analyzing the physics of everyday phenomena, such as a ball thrown upward, understanding
the underlying principles offers valuable insights into motion, energy, and forces. In this detailed
exploration, we examine a scenario where a ball is launched upward with an initial velocity of 60
miles per hour (mph) from a height of 5 feet. This case presents an excellent opportunity to delve into
projectile motion, kinematic equations, and real-world applications.

---

Introduction to the Scenario

Imagine a baseball player or a recreational thrower releasing a ball with a powerful initial speed. The
initial velocity, measured at 60 mph, is quite significant—comparable to a professional pitch. The ball
originates from a height of 5 feet above the ground, roughly the height of an average person's hand
when standing. This setup is common in sports physics, projectile analysis, and educational
demonstrations.

To understand how the ball moves, we need to convert units, analyze the motion components, and
consider the influence of gravity. The key questions we aim to answer include:

- How high does the ball go?
- How long is it in the air?
- What is the total horizontal distance traveled if projected at an angle?
- How does initial height influence the motion?

---

Fundamental Concepts in Projectile Motion

Before diving into calculations, it's critical to review the core principles that govern projectile motion:

2.1 Kinematic Equations

These equations describe the position and velocity of an object under constant acceleration:



- \( v = v_0 + at \)
- \( y = y_0 + v_0 t + \frac{1}{2} a t^2 \)
- \( v^2 = v_0^2 + 2a(y - y_0) \)

where:
- \( v \) = final velocity
- \( v_0 \) = initial velocity
- \( a \) = acceleration (gravity, here approximately \(-9.81\, m/s^2 \))
- \( y \) = vertical position
- \( y_0 \) = initial vertical position
- \( t \) = time

2.2 Components of Velocity

A projectile's motion can be decomposed into horizontal and vertical components:

- Horizontal velocity \( v_x = v_0 \cos \theta \)
- Vertical velocity \( v_y = v_0 \sin \theta \)

where \( \theta \) is the launch angle relative to the horizontal.

Note: In our scenario, the initial velocity is given without an angle, implying a vertical launch (or an
unspecified angle). For comprehensive analysis, we'll consider different angles, but initially assume a
vertical throw (\( \theta = 90^\circ \)) for simplicity.

---

Converting Units: From mph to m/s

Physics calculations are most straightforward in SI units—meters, seconds, kilograms. The initial
velocity is given as 60 mph.

2.1 Conversion process

- 1 mph ≈ 0.44704 m/s
- Therefore, \( 60\, mph \times 0.44704\, m/s \approx 26.82\, m/s \)

This initial speed (~26.82 m/s) is quite high—equivalent to a fast pitch in baseball.

2.2 Initial conditions summary

| Parameter | Value |
|------------|--------|
| Initial velocity \( v_0 \) | 26.82 m/s |
| Initial height \( y_0 \) | 5 ft ≈ 1.524 m |
| Gravity \( g \) | 9.81 m/s\(^2\) |

---



Vertical Motion Analysis

Given the initial conditions, the vertical motion is the primary focus for understanding maximum
height and time of flight.

2.1 Assumption: Vertical Launch (\( \theta = 90^\circ \))

In this simplified case, the entire initial velocity is vertical:

- \( v_{0y} = 26.82\, m/s \)
- \( v_{0x} = 0 \)

2.2 Calculating Maximum Height

The maximum height occurs when vertical velocity becomes zero:

\[
v_y = 0 = v_{0y} - g t_{up}
\]

\[
t_{up} = \frac{v_{0y}}{g} = \frac{26.82}{9.81} \approx 2.735\, seconds
\]

The maximum height from the initial point:

\[
y_{max} = y_0 + v_{0y} t_{up} - \frac{1}{2} g t_{up}^2
\]

\[
y_{max} = 1.524 + 26.82 \times 2.735 - 0.5 \times 9.81 \times (2.735)^2
\]

Calculations:

- \( 26.82 \times 2.735 \approx 73.4\, m \)
- \( 0.5 \times 9.81 \times 7.486 \approx 36.75\, m \)

So,

\[
y_{max} \approx 1.524 + 73.4 - 36.75 \approx 38.17\, m
\]

Therefore, the ball reaches approximately 38.17 meters above the ground.

---



Time of Flight and Total Duration

2.1 Total Time in Air

The total time until the ball hits the ground depends on the initial height and the downward motion.

The vertical position as a function of time:

\[
y(t) = y_0 + v_{0y} t - \frac{1}{2} g t^2
\]

Set \( y(t) = 0 \) (ground level) and solve for \( t \):

\[
0 = 1.524 + 26.82 t - 4.905 t^2
\]

Rearranged as:

\[
4.905 t^2 - 26.82 t - 1.524 = 0
\]

Applying quadratic formula:

\[
t = \frac{26.82 \pm \sqrt{(-26.82)^2 - 4 \times 4.905 \times (-1.524)}}{2 \times 4.905}
\]

Calculations:

- Discriminant:

\[
D = 26.82^2 - 4 \times 4.905 \times (-1.524) \approx 719.4 + 29.86 \approx 749.26
\]

- Square root:

\[
\sqrt{749.26} \approx 27.37
\]

- Time solutions:

\[
t = \frac{26.82 \pm 27.37}{9.81}
\]



Two solutions:

- \( t_1 = \frac{26.82 + 27.37}{9.81} \approx \frac{54.19}{9.81} \approx 5.53\, seconds \)
- \( t_2 = \frac{26.82 - 27.37}{9.81} \approx \frac{-0.55}{9.81} \approx -0.056\, seconds \) (discard
negative time)

Total flight time: approximately 5.53 seconds

Note: This is for a vertical throw. If the launch angle varies, horizontal motion would extend the total
duration, and maximum height would change accordingly.

---

Horizontal Displacement and Range

If the ball is projected at an angle \( \theta \), horizontal distance (range) becomes a critical measure.

2.1 Range Formula (for projectile launched from height \( y_0 \))

\[
R = v_{0x} \times T
\]

where:

- \( v_{0x} = v_0 \cos \theta \)
- \( T \) = total flight time, which depends on \( y_0, v_{0y} \), and \( g \).

2.2 Effect of Launch Angle

- At \( \theta = 90^\circ \), the range is zero; the ball goes straight up and down.
- At \( \theta = 45^\circ \), the optimal range for a given initial speed.

2.3 Calculating Range at \( \theta = 45^\circ \)

- \( v_{0x} = 26.82 \times \cos 45^\circ \approx 26.82 \times 0.7071 \approx 18.97\, m/s \)
- \( v_{0y} = 26.82 \times \sin 45^\circ \approx 18.97\, m/s \)

Total time involves solving the quadratic for the vertical displacement, considering initial height:

\[
0 = y_0 + v_{0y} t - \frac{1}{2} g t^2
\]

which is the same as before, with \( v_{0y} \) now 18.97 m/s:

\[
4.905 t^2 - 18.97 t - 1.524 = 0
\]



Discriminant:

\[
D = 18.97^2 - 4 \times 4.905 \times (-
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