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7) A Ball Is Thrown Upward At An Initial Velocity Of 8.2 M/s, From A Height Of 1.8 Meters
Above The Ground.

Understanding the motion of objects thrown upward is a fundamental concept in physics, especially
within the realm of kinematics. This scenario involves analyzing a ball launched vertically with an
initial velocity of 8.2 meters per second from a height of 1.8 meters above the ground. By examining
this problem, we can determine key parameters such as the maximum height reached, the total time
of flight, and the velocity just before hitting the ground. This comprehensive guide aims to explore
these aspects thoroughly, providing insights into the physics principles involved.

Understanding the Problem Setup

Before delving into calculations, it's essential to clearly define the parameters and the physical
situation:

- Initial velocity (u): 8.2 m/s (upward)

- Initial height (ho): 1.8 meters above the ground

- Acceleration due to gravity (g): 9.8 m/s? (downward)

- Final position: The ground level (height = 0 meters)

- Objective: To determine various aspects such as maximum height, time to reach maximum height,
total time of flight, and impact velocity.

Fundamental Concepts in Vertical Motion

Vertical motion under gravity can be described using the equations of uniformly accelerated motion.
The key parameters involved include:

- Initial velocity (u)
- Final velocity (v)

- Displacement (s)
- Time (t)

- Acceleration (a)

For objects thrown upward, the acceleration is negative relative to the initial velocity direction
because gravity opposes the motion.



Key Equations of Motion

The primary equations used in analyzing this problem include:

1. Velocity at any time:

\[

v=u+at

\]

2. Displacement after time t:
\[

s=ut+\frac{1}{2} at"2
\]

3. Velocity based on displacement:
\[

V2 =u"2+2as

\]

Using these equations, we can find the maximum height, time to reach it, total flight duration, and
impact velocity.

Calculating the Maximum Height Reached

The maximum height occurs when the velocity becomes zero (v = 0) at the peak of the trajectory.
Step 1: Find time to reach maximum height (tmax):

Using the equation:

\[

v=u+at

\]

At maximum height:

\[

0 = 8.2\, \text{m/s} - 9.8\, \text{m/s}~2 \times t {max}
\]

\[

t {max} = \frac{8.2}{9.8} \approx 0.837\, \text{seconds}
\]

Step 2: Find the maximum height (Hmax):

Using displacement equation:
\[



H {max} =h 0+ ut {max} + \frac{1}{2} at {max} "2

\]

\[

H_{max} = 1.8 + 8.2 \times 0.837 - \frac{1}{2} \times 9.8 \times (0.837)"2

\]

Calculating each term:

-\(8.2 \times 0.837 \approx 6.864\, \text{m}\)
-\(\frac{1}{2} \times 9.8 \times 0.837"2 \approx 4.085\, \text{m}\)

Therefore:

\[

H_{max} \approx 1.8 + 6.864 - 4.085 = 4.579\, \text{meters}
\]

Result:
The ball reaches a maximum height of approximately 4.58 meters above the ground.

Calculating the Total Time of Flight

The total time the ball spends in the air includes:

- Time to reach maximum height: \(t_{max} \approx 0.837\, \text{s}\)
- Time to fall from maximum height back to the ground

Step 1: Find the total time to reach the ground
We need to determine when the ball hits the ground (height = 0). Using the displacement equation:

\[
0=h0+ut+\frac{1}{2}at"2
\]

Rearranged as:

\[
\frac{1}{2}at"2+ut+h 0=0
\]

Plugging in values:

\[
49t72+82t+18=0

\]

Note: The acceleration due to gravity is negative because upward is positive, so:



\[
a = -9.8\, \text{m/s}"2
\]

Adjusting the quadratic:

\[
\frac{1}{2}at™2 + ut+ h 0 =0 \Rightarrow -49t"2 +82t+1.8=0
\]

Multiply through by -1:

\[
49t72-82t-18=0
\]

Using quadratic formula:

\[
t =\frac{8.2 \pm \sqrt{(-8.2)"2 - 4 \times 4.9 \times (-1.8)}}{2 \times 4.9}
\]

Calculations:

- Discriminant:

\[
D =67.24 + 35.28 = 102.52

\]
- Square root:

\[
\sqrt{102.52} \approx 10.13

\]

Solutions:

\[
t =\frac{8.2 \pm 10.13}{9.8}

\]
Two solutions:

1.\(t =\frac{8.2 + 10.13}{9.8} \approx \frac{18.33}{9.8} \approx 1.87\, \text{s}\)
2.\(t = \frac{8.2 - 10.13}{9.8} \approx \frac{-1.93}{9.8} \approx -0.197\, \text{s}\) (discard
negative time)

Result:
Total time of flight: approximately 1.87 seconds.



Calculating the Impact Velocity

To find the velocity just before hitting the ground, we use the velocity equation:

\[
v=u+at
\]

At impact, the total time is approximately 1.87 seconds, and the initial velocity (upward) is 8.2 m/s.
Since the initial velocity is upward, and the total time includes the upward and downward journey:

\[

v_{impact} = u + at {impact}

\]

\[

v_{impact} = 8.2\, \text{m/s} - 9.8\, \text{m/s} "2 \times 1.87\, \text{s}
\]

\[

v_{impact} \approx 8.2 - 18.3 \approx -10.1\, \text{m/s}

\]

The negative sign indicates the velocity is directed downward.

Result:
The impact velocity is approximately 10.1 meters per second downward.

Additional Insights and Applications

Understanding this scenario has practical applications in various fields:

- Sports Physics: Analyzing how high a ball can go when thrown with specific initial velocities.
- Engineering: Designing projectile systems and safety mechanisms.

- Education: Demonstrating fundamental physics principles through real-world examples.

- Robotics and Automation: Programming movement trajectories involving vertical motion.

Real-World Factors and Assumptions

While these calculations provide a solid theoretical framework, real-world situations might involve
additional factors:



- Air resistance, which can slightly decrease the maximum height and alter impact velocity.
- Variations in gravity in different locations.
- Slight measurement errors in initial velocity or height.

However, for most practical purposes, the idealized calculations above are sufficiently accurate.

Summary of Key Results

- Maximum height: approximately 4.58 meters

- Time to reach maximum height: approximately 0.837 seconds
- Total time of flight: approximately 1.87 seconds

- Impact velocity: approximately 10.1 m/s downward

Conclusion

The analysis of a ball thrown upward with an initial velocity of 8.2 m/s from a height of 1.8 meters
showcases fundamental principles of kinematics. By applying the equations of motion, we can
accurately predict the maximum height, duration of flight, and impact velocity. These calculations not
only deepen our understanding of motion under gravity but also find relevance in practical
applications across sports, engineering, and education. Mastery of these concepts forms a
cornerstone of physics and enhances problem-solving skills in dynamic systems.
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Frequently Asked Questions

What is the maximum height reached by the ball when thrown
upward with an initial velocity of 8.2 m/s from a height of 1.8
meters?

The maximum height can be found using the formula: h_max = h_initial + (v_initial)~2 / (29g).

Plugging in the values: h max =1.8 + (8.2)72/(29.8) = 1.8 + 67.24/19.6 = 1.8 + 3.43 = 5.23
meters.



How long does it take for the ball to reach its maximum
height?

Time to reach maximum height is t = v_initial / g = 8.2/ 9.8 = 0.837 seconds.

What is the total time the ball spends in the air before hitting
the ground?

First, find the time to reach maximum height (=0.837 s), then double it to account for the ascent and
descent, assuming it lands back at the initial height. Since it starts at 1.8 meters, calculate the time to
fall from the maximum height to the ground: t fall = V(2 h_total / g). Total time = 2 0.837 = 1.674
seconds, plus the time to fall from maximum height to ground, which is approximately 0.75 seconds,
totaling roughly 2.58 seconds.

What is the velocity of the ball just before it hits the ground?

Using conservation of energy or kinematic equations, the velocity just before impactisv =
V(v_initial~2 + 2g h_total). With h_total being the maximum height (=5.23 m), v = v(0 + 2 9.8 5.23)
=~ v/(102.52) = 10.13 m/s downward.

If air resistance is neglected, what is the acceleration of the
ball during its motion?

The acceleration remains constant at g = 9.8 m/s2 downward throughout the ball's motion.

From which height and initial velocity does the ball need to be
thrown to reach a maximum height of 10 meters?

Using h_max = h_initial + (v_initial)~2 / (2g), and setting h_max = 10 m, if initial height h_initial is 1.8
m, then (v_initial)~2 = 2g (h_max - h_initial) = 2 9.8 (10 - 1.8) = 19.6 8.2 = 160.72. Therefore,
v_initial = v160.72 = 12.68 m/s.

Additional Resources

A Ball Thrown Upward at an Initial Velocity of 8.2 m/s from a Height of 1.8 Meters: An In-Depth
Analysis

When examining the motion of a ball thrown upward with an initial velocity of 8.2 meters per second
from a height of 1.8 meters above the ground, we delve into fundamental principles of
physics—primarily kinematics and energy conservation. This scenario encapsulates core concepts
such as acceleration due to gravity, maximum height reached, time of flight, and final velocity upon
impact. Here, we explore each aspect comprehensively, providing a detailed understanding suitable
for students, educators, or physics enthusiasts.



Understanding the Basic Setup

Before delving into calculations, it's essential to comprehend the initial conditions and assumptions:

- Initial velocity (u): 8.2 m/s upward

- Initial height (ho): 1.8 meters above ground

- Acceleration due to gravity (g): 9.8 m/s? downward

- Direction conventions: Upward is positive; downward is negative

This setup corresponds to a typical problem in classical mechanics where the motion is uniformly
accelerated in the vertical direction due to gravity.

Key Concepts and Equations in Vertical Motion

Vertical motion under gravity is governed by the kinematic equations. The main variables involved
are:

- Displacement (s or y): Change in position relative to initial point
- Initial velocity (u)

- Final velocity (v)

- Time (t)

- Acceleration (a): -9.8 m/s? (due to gravity, acting downward)

The primary equations used are:

1. Velocity as a function of time:

\[

v=u+at

\]

2. Displacement as a function of time:
\[

y = ut + \frac{1}{2} at™2

\]

3. Velocity at a specific displacement:
\[

v*2 =u"2 + 2a(y-y 0)

\]

4. Time to reach a certain height:
Derived by solving the quadratic equation in t from the displacement formula.



Maximum Height Reached by the Ball

One of the most intriguing aspects of projectile motion is determining how high the ball travels before
reversing direction and descending.

Calculation of the Peak Height

- Step 1: Find the time to reach maximum height.
At maximum height, the vertical velocity (v) becomes zero:

\[
v=0=u+at {up}
\]

- Step 2: Solve for \(t_{up} \):

\[

t {up} = -\frac{u}{a} = -\frac{8.2\, \text{m/s}}{-9.8\, \text{m/s}~2} \approx 0.837\,
\text{seconds}

\]

- Step 3: Calculate the maximum height relative to the initial height \( h_0\):

\[
h {max} =h 0+ ut {up} +\frac{1}{2} at {up}~2
\]

Substituting the known values:

\[

h_{max} = 1.8\, \text{m} + (8.2\, \text{m/s})(0.837\, \text{s}) + \frac{1}{2}(-9.8),
\text{m/s}"2)(0.837)"2

\]

Calculations:

-\(ut {up} = 8.2 \times 0.837 \approx 6.87\, \text{m} \)
-\(\frac{1}{2} at {up}”™2 = 0.5 \times (-9.8) \times 0.837"2 \approx -3.43\, \text{m} \)

Adding everything:

\[

h_{max} = 1.8 + 6.87 - 3.43 \approx 5.24\, \text{meters}
\]

_Result: The ball reaches a maximum height of approximately 5.24 meters above the ground.



Time of Flight: Total Duration in the Air

Next, we analyze how long the ball remains airborne from the moment it is thrown until it hits the
ground again.

Methodology

Since the motion is symmetric, the total time involves:

- Time to reach maximum height (\( t_{up}\))
- Time to descend back from maximum height to ground

However, because the initial height is above the ground, the total time includes:

- The time to rise from \( h_0 = 1.8\, \text{m} \) to the maximum height
- The time to fall from that height back down to the ground (0 meters)

Calculating Total Time of Flight

Step 1: Find the time to fall from maximum height to the ground.

- Displacement during descent: \( y_{descent} = h_{max} - 0 = 5.24\, \text{m}\)

- Equation: \(y = ut + \frac{1}{2} at™2\)

- Initial velocity at the peak is 0, but for descent, initial velocity is zero at the maximum height.
- Time to fall from maximum height to ground:

\[
0 = h_{max} + v_{initial} t {down} + \frac{1}{2} at {down}"2
\]

Since initial velocity at the top is zero and acceleration is downward:

\[
0 = 5.24\, \text{m} + 0 + \frac{1}{2}(-9.8) t {down}"2
\]

Rearranged:



\[

\frac{1}{2} \times (-9.8) t {down}"~2 =-5.24
\]

\[

-49t {down}"2 =-5.24

\]

\[

t {down}~2 =\frac{5.24}{4.9} \approx 1.07
\]

\[

t {down} \approx \sqrt{1.07} \approx 1.03\, \text{seconds}
\]

Step 2: Total time to reach maximum height:

\[
t {up} \approx 0.837\, \text{seconds}
\]

Step 3: Total time of flight:

\[

T {total} =t {up} +t {down} \approx 0.837 + 1.03 \approx 1.87\, \text{seconds}
\]

_Result:_ The ball stays in the air for approximately 1.87 seconds before hitting the ground.

Velocity Upon Impact

Understanding the velocity of the ball when it strikes the ground provides insight into impact forces
and energy transfer.

Calculating Final Velocity

- Method: Use the velocity equation at the point just before impact, considering initial height and
initial velocity.

- Using the energy approach: Since energy is conserved (ignoring air resistance):

\[
v_{impact}"~2 =u”"2 + 29 (h_{max} - 0)
\]

But because the initial height is above ground, and the ball is falling from height \( h_{max} \):



\[

v_{impact} =-\sqrt{u”~2 + 2g (h_{max} - h_0)}

\]

Calculations:

-\(h_{max} - h 0 =5.24 - 1.8 = 3.44\, \text{m} )

- Plugging in:

\[

v_{impact} =-\sqrt{(8.2)"2 + 2 \times 9.8 \times 3.44}
\]

\[

v_{impact} =-\sqrt{67.24 + 67.42} \approx - \sqrt{134.66} \approx - 11.6\, \text{m/s}
\]

_Interpretation: _ The negative sign indicates downward velocity; the magnitude is approximately 11.6
m/s upon impact.

Energy Considerations

Energy conservation provides a qualitative and quantitative understanding of the motion.

Initial Potential and Kinetic Energy

- Initial kinetic energy:

\[
KE {initial} = \frac{1}{2} mu~2
\]

- Initial potential energy relative to ground:

\[
PE_{initial} =mgh_0
\]

- Total initial energy:

\[
E {total} = KE_{initial} + PE_{initial}
\]

The actual mass (m) cancels out when comparing energy ratios, so for energy calculations, we often



consider per unit mass:

\[
E_{per\,unit\,mass} = \frac{1}{2} u”~2+gh 0
\]

Calculations:

\[
\frac{1}{2} \times (8.2)"2 + 9.8 \times 1
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