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An Object Is Thrown Straight Upward From The Edge Of A Building With A
Velocity Of 20m/s. Where Will this object land, and what are the key factors
influencing its trajectory? Understanding this scenario involves analyzing
the principles of physics, specifically kinematics and gravity. Whether
you're a student preparing for exams, an enthusiast of physics experiments,
or someone interested in real-world applications, grasping these concepts
will enhance your understanding of motion under gravity.

In this comprehensive article, we will explore the physics behind an object
thrown vertically upward from a building’s edge, including the calculations
necessary to determine its maximum height, time of flight, and landing
position. We will also discuss factors affecting the object's motion,
practical implications, and common related problems.

Understanding the Physics of Vertical Motion

Before diving into calculations, it’s important to understand the fundamental
principles governing vertical motion under gravity.

Key Concepts and Variables

- Initial velocity (u): The velocity at which the object is thrown upward,
given as 20 m/s.

- Acceleration due to gravity (g): The acceleration acting downward,
approximately 9.81 m/s?Z.

- Displacement (s): The vertical change in position during the motion.

- Time (t): The duration of the motion.

- Maximum height (H): The highest point reached by the object.

- Time to reach maximum height (t:1): When the velocity becomes zero.

- Total time of flight (T): The total duration from throw to landing.

Analyzing the Motion Step-by-Step



The problem involves several stages:

1. The object is thrown upward from the edge of the building.

2. It slows down as it rises until its velocity becomes zero at the maximum
height.

3. It then accelerates downward, passing the initial point and ultimately
landing on the ground.

1. Calculating the Time to Reach Maximum Height

Since the object is thrown upward with an initial velocity of 20 m/s, the
time to reach the highest point is when the velocity becomes zero:

\ [

v=u-gtl

\1

\ [

0 = 20\, \text{m/s} - 9.81\, \text{m/s}"2 \times t 1
\1

\ [

t 1 = \frac{20}{9.81} \approx 2.04\, \text{seconds}
\1]

Interpretation: The object takes approximately 2.04 seconds to reach its
maximum height.

2. Calculating the Maximum Height Above the Starting
Point

Using the kinematic equation:

\ [
H {\text{max}} = u t 1 - \frac{1}{2} g t 172
\1

Plugging in the values:

\ [

H {\text{max}} = 20 \times 2.04 - 0.5 \times 9.81 \times (2.04)"2
\1]

\ [

H {\text{max}} \approx 40.8 - 0.5 \times 9.81 \times 4.16

\1]

\ [



H {\text{max}} \approx 40.8 - 20.4 \approx 20.4\, \text{meters}
\1]

Note: This height is measured relative to the point of projection, i.e., the
edge of the building.

3. Determining the Total Time of Flight

The total time includes ascent and descent:

- The ascent time: approximately 2.04 seconds.
- The descent time: from maximum height back to the ground.

Assuming the building's height is h meters, we need to find how long it takes

for the object to fall from the maximum height to the ground, considering the
initial height of the edge of the building.

Incorporating the Building Height

Suppose the height of the building is H b meters. To proceed, let's consider
an example where:

e Building height, H b = 30 meters.

The total initial height from which the object is thrown is thus 30 meters
above ground level.

4. Calculating the Time to Fall from Maximum Height
to Ground

The total height from the maximum height to the ground is:

\ [

H {\text{total fall}} = H {\text{max}} + H b = 20.4 + 30 = 50.4\,
\text{meters}

\1



The time to fall this height under gravity (assuming no air resistance) is
given by:

\ [

s = \frac{1}{2} g t f~2

\1

\ [

t f = \sqrt{\frac{2 s}{g}} = \sqrt{\frac{2 \times 50.4}{9.81}} \approx
\sqrt{10.27} \approx 3.21\, \text{seconds}

\1]

Interpretation: It takes approximately 3.21 seconds to fall from the maximum
height to the ground.

5. Total Time of Flight

Total time from throw to impact:

\ [
T=1t1+ t f \approx 2.04 + 3.21 \approx 5.25\, \text{seconds}
\1]

Where Will the Object Land?

In this particular case, since the object is thrown vertically upward with no
horizontal component, it will land directly below the point of projection,
i.e., at the base of the building.

However, if the problem involves a horizontal component, such as a projectile
thrown at an angle, the impact point would shift horizontally, and additional
calculations would be necessary.

Practical Implications and Applications

Understanding the vertical motion of objects thrown upward from buildings has
multiple practical applications:

o Safety assessments: Evaluating potential fall zones for objects dropped



from heights.

e Engineering design: Designing barriers or safety nets for construction
sites.

e Sports physics: Analyzing jump heights and projectile motion.

e Ballistics: Calculating projectile trajectories in defense and aerospace
industries.

Factors Affecting the Motion

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

1. Air resistance: Slows down the object during ascent and descent,
reducing maximum height and increasing fall time.

2. Wind: Lateral forces can alter the trajectory.

3. Object shape and mass: Influence how air resistance affects motion.

4. Initial angle: If thrown at an angle rather than vertically, the
horizontal component must be considered.

Related Problems and Practice Questions

To reinforce understanding, consider solving these problems:
e Calculate the maximum height of an object thrown upward from a 50-meter-
tall building with an initial velocity of 15 m/s.

e Determine the total time of flight for an object thrown horizontally
from the top of a 100-meter building at 20 m/s.

e If a ball is thrown upward at 25 m/s from the ground, how high will it
go, and how long will it take to return to the ground?



Conclusion

In summary, analyzing an object thrown straight upward from the edge of a
building involves understanding the principles of kinematics and gravity. By
calculating the time to reach maximum height, maximum height itself, and the
total time of flight, we can accurately determine where and when the object
will land. These calculations are vital in various fields, including safety
engineering, sports science, and physics education.

Remember, real-world scenarios often involve additional complexities like air
resistance and wind, which can be accounted for with more advanced models.
Nonetheless, mastering the fundamental concepts provides a strong foundation
for understanding the motion of objects under gravity.

Key Takeaways:

The time to reach maximum height is given by \( t 1 = \frac{u}{g} \).
Maximum height is calculated using \( H {\text{max}} = u t 1 - \frac{1}{2}
gtilt2\).

- Total time of flight depends on initial height and can be calculated using
kinematic equations.

- In the absence of horizontal velocity, the object lands directly below the
point of projection.

- Real-world factors like air resistance influence actual outcomes and should
be considered for precise predictions.

By applying these principles, you can solve various problems related to
vertical projectile motion and better understand the dynamics of objects in
free fall and upward throw scenarios.

Frequently Asked Questions

An object is thrown straight upward from the edge of
a building with an initial velocity of 20 m/s. What
is its maximum height above the point of release?

The maximum height can be calculated using h = v*2 / (2g). Substituting v =
20 m/s and g = 9.8 m/s?, h = (20)72 / (2 9.8) = 20.41 meters above the
release point.



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

Time to reach maximum height is t = v / g =20 / 9.8 = 2.04 seconds.

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

Assuming it is thrown from the edge of the building and lands back at the
same level, total time in the air is approximately 2 2.04 = 4.08 seconds.

Where will the object land relative to the building
if it is thrown vertically upward?

If thrown vertically upward from the edge of the building without any
horizontal velocity, it will land back at the same point from which it was
thrown, i.e., at the edge of the building.

If the object is thrown from the top of a building
50 meters high, what will be its maximum height
above the ground?

Maximum height above the ground = height of the building + maximum height
above the release point. So, 50 m + 20.41 m = 70.41 meters.

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

Using energy conservation or kinematic equations, the velocity just before
impact is v = V(ve?2 + 2gh). With ve = 20 m/s, h = 50 meters, v = V(202 + 2
9.8 50) = V(400 + 980) = V1380 = 37.15 m/s downward.

How does air resistance affect the motion of the
thrown object?

Air resistance would slow down the upward motion and reduce the maximum
height, and it would also affect the downward velocity, making the total
flight time slightly longer than calculated assuming no air resistance.

Can the object reach a height of more than 25
meters? Why or why not?

Yes, since the maximum height reached is approximately 20.41 meters above the
point of release, it cannot reach more than 25 meters unless thrown with a
higher initial velocity.



What assumptions are made in calculating the
object's motion in this scenario?

The calculations assume uniform acceleration due to gravity (9.8 m/s?), no
air resistance, and that the object is thrown and lands at the same vertical
level.

Additional Resources

An Object Is Thrown Straight Upward From The Edge Of A Building With A
Velocity Of 20 m/s. Where Will It Land?

Introduction

The motion of objects under the influence of gravity has long fascinated
scientists, educators, and engineers alike. A fundamental problem in
classical mechanics involves analyzing the trajectory of an object thrown
vertically upward with an initial velocity. This scenario, deceptively simple
at first glance, opens a window into the fundamental principles governing
projectile motion, gravitational acceleration, and energy conservation.

In this comprehensive review, we examine the case where an object is thrown
straight upward from the edge of a building with an initial velocity of 20
m/s. We aim to determine where will the object land relative to its point of
origin, considering various parameters such as the height of the building,
gravitational acceleration, and possible external influences.

Theoretical Foundations of Vertical Projectile Motion

At the core of this problem lies the kinematic equations governing uniformly
accelerated motion. When an object is projected vertically upward, its
velocity decreases linearly over time due to gravity until it reaches a
maximum height, where its velocity momentarily becomes zero. Subsequently, it
accelerates downward, passing back through the initial height and potentially
reaching the ground some distance away.

Fundamental Assumptions:

- The acceleration due to gravity, \( g \), is constant at approximately 9.81
m/s? downward.

- Air resistance is neglected.

- The initial height of the throw, \( h 0 \), corresponds to the height of
the building's edge.

- The initial velocity, \( v. 0 \), is 20 m/s directed upward.

- The ground level is taken as the reference point, \(y = 0 \).



Mathematical Model

The vertical position \( y(t) \), relative to the ground, as a function of
time \( t \), is given by:

\ [
y(t) =h 0+ v 0t - \frac{1}{2} g t"2
\1]

The velocity at any time \( t \):

\ [
v(t) =v 0O -gt
\1]

The key points of interest include:

- Time to reach maximum height

- Maximum height achieved

- Total time of flight

- Horizontal displacement (if any horizontal component exists, but in this
case, the motion is purely vertical)

- Final landing point relative to the starting point

Scenario 1: Edge of a Building at Ground Level

If the building is at ground level (\( h 0O
considerably.

© \)), the problem simplifies

Calculating Time to Reach Maximum Height:

\ [
t {max} = \frac{v 0}{g} = \frac{20}{9.81} \approx 2.04 \text{ seconds}
\1

Maximum Height:

\ [
h {max}
\1

h 0+ v 0t {max} - \frac{1}{2} g t {max}"2

\ [
h {max}
\1

0 + 20 \times 2.04 - \frac{1}{2} \times 9.81 \times (2.04)"2

\ [
h {max} \approx 40.8 - 20.4 = 20.4 \text{ meters}



\1]
Total Time of Flight:

The object takes the same amount of time to descend from the maximum height
back to the ground:

\ [
t {total} = 2 t {max} \approx 4.08 \text{ seconds}
\1]

Final Position:

Since the motion is purely vertical and there are no horizontal components,
the object lands back at the original point directly beneath the throw point.

Scenario 2: Edge of a Building at a Height \( h 0 \)

In real-world settings, buildings are rarely at ground level; they have some
height, say \( h 0 \) meters. The initial position is then:

\ [
y(0) =h 0
\1

The object's trajectory becomes:

\ [
y(t) =h 0+ v 0t - \frac{1}{2} g t"2
\1]

Landing Time:
The object hits the ground when \( y(t) = 0 \):

\ [
O0=h0+v 0Ot - \frac{1}{2} g t"2
\1

This quadratic in \( t \):
\ [

\frac{1}{2} g t*2 - v O t - h 0O
\1

I
o

Leading to:

\ [
t = \frac{v_0 \pm \sqrt{v 072 + 2 g h 0}}{g}



\]

We discard the negative root (as time cannot be negative):

\[

t {land} = \frac{v 0 + \sqrt{v 072 + 2 g h 0}}{g}
\1]

Example:

If \( h @ =50 \) meters:

\ [
t {land} = \frac{20 + \sqrt{2072 + 2 \times 9.81 \times 50}}{9.81}
\1

Calculate discriminant:

\ [
2072 + 2 \times 9.81 \times 50 = 400 + 981 = 1381
\1]

Square root:

\ [
\sqrt{1381} \approx 37.15
\1]

Total:

\ [

t {land} = \frac{20 + 37.15}{9.81} \approx \frac{57.15}{9.81} \approx 5.82
\text{ seconds}

\1]

The object will land approximately 5.82 seconds after being thrown.
Horizontal Displacement:

If the throw is purely vertical, there is no horizontal displacement.

However, in real scenarios, slight deviations or external influences could
introduce horizontal motion.

External Influences and Real-World Considerations

While the idealized physics provides a clear prediction, real-world factors
can influence where the object ultimately lands.

Air Resistance:



- Air drag slows the ascent and accelerates the descent.

- Typically reduces maximum height and increases the total time of flight.

- Slightly shifts the landing point downward and possibly forward, depending
on the object’s shape and wind.

Wind:

- Lateral wind can alter the horizontal position.
- For the scope of this problem, assuming no horizontal component, wind is
neglected.

Building Shape and Edge Effects:

- If the throw occurs near an overhanging edge, edge effects could influence
initial velocity components.

- Additionally, small deviations in initial velocity angle could lead to
horizontal displacement.

Practical Applications and Implications

Understanding the trajectory of objects thrown from heights has practical
applications:

- Safety Assessments: Estimating where objects might land if dropped from
buildings or cranes.

- Ballistics and Projectile Design: Engineering projectiles with predictable
landing points.

- Sports Science: Analyzing jump heights and throw distances.

- Urban Planning: Considering the potential fall zone of objects from
elevated structures.

Limitations and Further Research
Despite the clarity of the theoretical model, several limitations exist:

- Assumption of constant gravity neglects local variations.

- Ignoring air resistance can lead to overestimations of maximum height and
flight duration.

- External factors such as wind and object shape are not considered.

- The model assumes a perfect vertical throw; real throws may have slight
angles affecting horizontal displacement.

Future research could incorporate computational fluid dynamics (CFD) to
simulate air resistance effects more accurately or analyze the impact of
initial launch angles on the landing position.



Conclusion

In conclusion, the question of "where will an object land if thrown straight
upward from the edge of a building with a velocity of 20 m/s" hinges on
fundamental physics principles. For a simple case with no external
influences, the object will land directly beneath its initial point after
approximately 4 seconds if thrown from ground level, or longer if thrown from
a height.

When considering elevated starting points, the total time of flight
increases, and the landing position remains vertically aligned in the absence
of horizontal components. However, real-world factors like air resistance,
wind, and initial throw angles can influence the final outcome.

This analysis underscores the importance of precise measurements and
assumptions in predicting projectile trajectories, serving as a foundational
model for safety assessments, engineering applications, and scientific
understanding of vertical motion.
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