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Understanding the behavior of objects in motion is a fundamental aspect of
physics and mathematics. One common way to model the height of an object over
time, especially when considering projectile motion under gravity, 1is through
quadratic functions. The function H(t) = -16t”2 + 1600 is a classic example,
representing the height (H) in feet of an object at time (t) seconds after it
has been projected upward. This article explores how to interpret this
function, determine the duration the object stays in the air, and answer the
question: How long will it take for the object to reach a certain height or
to land back on the ground?

Understanding the Function H(t) = -16t*2 + 1600

What does the function represent?

The function H(t) = -16t"2 + 1600 models the height of an object in feet over
time in seconds. It is a quadratic function where:
— The coefficient of t*2 (-16) reflects the acceleration due to gravity,

scaled appropriately for feet and seconds.
— The constant term (1600) indicates the initial height of the object when
t=0, which in this case is 1600 feet.

Physical interpretation of the coefficients

— The term -16t”2 signifies the downward acceleration effect of gravity,
which causes the object to eventually fall back to the ground.

— The initial height, 1600 feet, could represent an object launched from a
tall building or platform.

Analyzing the Motion: Key Questions

1. When does the object reach its maximum height?

To find the maximum height, we need to identify the vertex of the quadratic
function. Since the parabola opens downward (coefficient of t*2 is negative),
the vertex represents the peak height.

2. When does the object hit the ground?

Determining the time when H(t) = 0 helps us find when the object lands back



on the ground. This involves solving the quadratic equation for t.

3. How long is the object in the air?

The total time the object spends in the air is the duration between launch
and landing, i.e., the positive roots of H(t) = 0.

Calculating the Time to Reach Maximum Height

Using the vertex formula

For a quadratic function of the form H(t) = at”2 + bt + ¢, the time at which
the maximum height occurs is given by:

t = -b / (2a)

In our case:
- a = -16
- b =0 (since the function is -16t”2 + 1600, with no t term)

Applying the formula:
t = -0/ (2 -16) = 0 seconds

This indicates that the maximum height occurs at t=0, which suggests the
object was released from its highest point at the start.

Note: Since the function lacks a t term, it implies the object is initially
at maximum height and then descends. To model an object thrown upward, the
function should include a positive initial velocity term, such as H(t) =
-l6t”2 + v_0 t + h_0. However, in this specific function, the initial height
is 1600 ft with no initial upward velocity (since no t term), meaning the
object starts at the maximum height and falls down immediately.

Alternative Interpretation: If the function is intended to model the height
of an object dropped from 1600 ft with no initial velocity, then the maximum
height is at t=0, and the object descends afterward.

Summary:

— The maximum height is 1600 ft at t=0.
— The object is likely dropped or held at 1600 ft initially.

If the function included an initial wvelocity term, such as H(t) = -16t"2 +
v_0 t + h_0, then the maximum height would occur at t = v_0 / 32.

Determining When the Object Hits the Ground

Solving H(t) =0

To find when the object reaches the ground, solve the quadratic equation:



-16t"2 + 1600 = 0

Rearranged:
let”2 = 1600

t*2 = 1600 / 16 100
t = /100 = +10 seconds

Since time cannot be negative, the relevant solution is:
t = 10 seconds

Interpretation: The object hits the ground after 10 seconds.

Implications for the object's flight time

— The object was at height 1600 ft at t=0.
- It reaches the ground at t=10 seconds.
— Therefore, the total duration of the object being in the air is 10 seconds.

How Long Will It Take for the Object to Reach a
Specific Height?

Solving for t given a height H

Suppose you want to find out when the object reaches a certain height H,
where 0 < H < 1600. Set H(t) = H and solve for t:

-l6t”2 + 1600 = H

Rearranged:
-16t"*2 = H - 1600

t"2 = (1600 - H) / 16
t = +/[(1600 - H) / 16]

Since time is positive:
t =V[(1600 - H) / 16]

Example: To find when the object reaches 800 ft:
t = Yy[(1600 — 800) / 16] = Y [800 / 16] = v50 = 7.07 seconds

This indicates the object reaches 800 ft approximately 7.07 seconds after
being at 1600 ft.

Note: If the function were to include an initial velocity, the calculations
would be slightly more complex, involving the quadratic formula with all
coefficients.



Conclusion: How Long Will It Take for the
Object to Land?

Based on the function H(t) = -16t”2 + 1600, the object will hit the ground
after approximately 10 seconds. This is calculated by solving H(t) = 0:
t = v/ (1600/16) = 10 seconds

This duration represents the total time from release to landing, assuming the
object is dropped or thrown from 1600 feet with no initial velocity.

Summary of Key Points

e The function models an object starting at 1600 ft in height.
¢ The maximum height occurs at t=0, with a height of 1600 ft.
e The object hits the ground after 10 seconds.

e To find when the object reaches a specific height, solve the quadratic
equation for t.

e The total time in the air depends on the initial conditions, but in this
case, 1t 1s approximately 10 seconds.

Understanding how to analyze quadratic functions like H(t) = -16t"2 + 1600 is
essential for solving real-world problems involving projectile motion, free
fall, and other physics-related phenomena. By mastering these calculations,
students and professionals can predict object behaviors accurately and apply
these concepts in various scientific and engineering contexts.

Frequently Asked Questions

How do I determine the time when the object reaches
its maximum height using the function
H(t)=-16t*2+16007

Since the function is quadratic with a negative leading coefficient, the
maximum height occurs at the vertex. The time t at the vertex is given by t =
-b/(2a). Here, a = -16 and b = 0, so t = -0/(2 -16) = 0 seconds. However,
because the function is symmetric, the maximum height is at t = 0 seconds,
meaning the object is at its highest point immediately at launch.

At what time does the object hit the ground according
to the function H(t)=-16t*2+16007
The object hits the ground when H(t)

thus, t*2 = 1600/16 = 100; so t = V100
ground after 10 seconds.

0. Solve for t: 0 = -16t”"2 + 1600;
= 10 seconds. The object reaches the



How high does the object go according to the function
H(t)=-16t*2+16007

The maximum height is at the vertex of the parabola, which occurs at t=0, and
H(0) = -16(0)"2 + 1600 = 1600 feet.

What is the total duration of the object's flight
based on the function?

The total flight duration is the time from launch until it hits the ground,
which is at t=10 seconds, so the total flight time is 10 seconds.

Can I find the initial wvelocity of the object from
the function?

Yes. The function H(t) = -16t"2 + 1600 is in the form H(t) = -1/2 g t"2 +
initial height. Since g=32 ft/sec”2, and the quadratic term matches -16t"2,
the initial velocity (v0) can be found from the derivative: v0 = slope of the

velocity at t=0. Alternatively, 1f the problem includes initial velocity, a
more detailed model would be used, but with this function, the initial
velocity is zero at launch if the object was dropped. If it was thrown
upward, additional info would be needed.

How can I determine the height of the object at any
time t°?

You can substitute the specific value of t into the function H(t) = -16t"2 +
1600. For example, to find the height at t=5 seconds, compute H(5) = -16(5)"2
+ 1600 = -16(25) + 1600 = —-400 + 1600 = 1200 feet.

Is the function H(t)=-16t*2+1600 a parabola?

Yes, it is a quadratic function representing a parabola opening downward,
modeling the object's height over time under gravity.

How can I use this function to find the maximum

height?
Since the maximum height occurs at the vertex of the parabola, which is at
t=0 in this case, the maximum height is H(0) = 1600 feet.

What real-world scenario could this function
represent?

This function could model the height of an object (like a ball or projectile)
launched vertically from a height of 1600 feet, with gravity acting downward,
over time.

Additional Resources

Understanding the Function H(t) = -16t? + 1600: An In-Depth Analysis of
Object Height Over Time



When analyzing the motion of objects under the influence of gravity,
quadratic functions often serve as an effective mathematical model. The
function H(t) = -16t® + 1600 specifically describes the height of an object
in feet as a function of time in seconds, assuming it is projected vertically
upward with an initial velocity from a certain height. This comprehensive
review aims to explore this function in detail, explain its significance,
analyze its components, and answer the key question: How long will it take
for the object to reach the ground?

Breaking Down the Function H(t) = -16t% + 1600

1. The Components of the Function

The quadratic function is composed of several elements that inform us about
the motion of the object:

— Quadratic Term (-16t?):

— Represents the acceleration due to gravity acting downward.

— The coefficient -16 is derived from the standard gravitational acceleration
in feet per second squared (approximately 32 ft/sec?), divided by 2, as per
the physics formula for displacement under constant acceleration:

\ [

s(t) = v_0 t + \frac{1l}{2} a t"2

— The negative sign indicates downward acceleration, which causes the height
to decrease over time after reaching the peak.

— Initial Height (1600):

— Represents the initial height of the object at time t=0.

— This initial position could be a launch from a height of 1600 feet or an
object dropped from that height.

2. Physical Interpretation

The function models a scenario where an object is projected vertically upward
with an initial height of 1600 feet. The initial upward velocity can be
inferred from the function's form; specifically, if there was an initial
velocity component, it would be included in the function as a constant term,
but since it is absent here, it suggests that the initial velocity is zero or
embedded within the initial height assumption.

However, to clarify, the function resembles the standard form of projectile
motion:

s
=
Il

—\frac{1}{2} g t7*2 + v.0 t + h_0



) is the acceleration due to gravity (in ft/sec?),
) is initial velocity,
( h_ ) is initial height.

In this case, the function simplifies to:

H(t) = -16 t72 + 1600

which suggests the initial velocity \( v_0 \) is zero, and the object is
dropped from 1600 feet, influenced solely by gravity.

Analyzing the Motion: Key Questions

1. When does the object reach its maximum height?

Vertex of the Parabola

The quadratic function's vertex indicates the maximum height when the
parabola opens downward (which it does, since the coefficient of \( t*2 \) is

negative). The time at which this occurs is given by:
\ [

t_{max} = —-\frac{b}{2a}

\1]

In the general quadratic form:

(t) = a t™2 + bt + c

In our case:

- \(a=-16\)

- \(b=201\)

- \N( c = 1600 \)

Since \( b = 0 \), the maximum height occurs at:
\ [

t {max} = —-\frac{0}{2 \times -16} = 0

\]

This indicates that the maximum height occurs at \( t=0 \). But this
contradicts the physical intuition because the object starts at 1600 ft and
then falls downward, implying the height decreases immediately. Thus, in this
specific function, the maximum height is at the initial moment, meaning the
object does not gain additional height but starts at the maximum height and
then falls.



Conclusion:
— The maximum height is at \( t=0 \), which is 1600 feet.

2. When does the object hit the ground?

Finding the Time When H(t) = 0

To determine how long the object remains in the air before reaching the
ground, solve:

\
H(t) = -16 t"°2 + 1600
\

Il
o

t72 = \frac{1600}{16} = 100

t = \pm \sgrt{100} = \pm 10

Since time cannot be negative in this context, the relevant solution is:

\ [

t = 10 \text{ seconds}
\]

Interpretation:

— The object will reach the ground after 10 seconds.

Note:

— If the object was projected upward with an initial velocity, the function
would include a linear term \( v_0 t \), and solving for the time when \ (
H(t) = 0 \) would involve quadratic formula application considering all
terms.

Physical Significance and Real-World
Applications

Understanding this function provides insights into real-world scenarios such
as:

— Ballistic Trajectories:
Analyzing how long a projectile remains airborne when dropped or thrown from



a specific height.

— Engineering and Safety:
Evaluating the time it takes for objects to fall from structures, important
in safety assessments and design.

— Physics Education:

Demonstrating the principles of projectile motion, quadratic functions, and
the influence of gravity.

Additional Aspects: Key Features of the
Parabolic Motion

1. Symmetry of the Parabola

Since the function is symmetric around its vertex, which in this case is at
\( t=0 \), the object simply falls downward immediately, with maximum height
at the initial moment.

2. The Shape of the Graph

— The graph starts at \( H(0) = 1600 \) feet.
- It decreases symmetrically until it reaches \( H(t) = 0 \) at \( t=10 \)
seconds.

— The parabola is downward-opening, reflecting the acceleration due to
gravity.

3. Effect of Initial Conditions

— If the initial wvelocity had been positive, the function would include a
linear term, and the maximum height would be attained at some \( t > 0 \).
— The current function models a free fall starting at 1600 feet with no
initial upward velocity.

Mathematical and Conceptual Extensions

1. Incorporating Initial Velocity

Suppose the object was projected upward with an initial velocity \( v_0 \).
The height function would be:



\
H(t) = -16 t*2 + v_0 t + 1600
\

— To find the maximum height:

\ [

t _{max} = —\frac{v_0}{2a} = \frac{v_0}{32}

\1

- To find the maximum height itself, substitute \( t_{max} \) into the
function:

\ [

H_{max} = -16 \left (\frac{v_0}{32}\right)"2 + v_0 \left (\frac{v_0}{32}\right)
+ 1600

\1

which simplifies to:

\ [
H {max} = 1600 + \frac{v_072}{64}
\]

This shows that an initial upward velocity increases the maximum height.

2. Calculating the Time of Flight

— With initial velocity, solving for when \( H(t) = 0 \):

\ [
-16 t72 + v_0 t + 1600 = 0

\1]
- Use quadratic formula:

\ [
t = \frac{-v_0 \pm \sgrt{v_0"2 - 4 \times (-16) \times 1600}}{2 \times -16}
\1

— The positive root gives the total time until the object hits the ground.

Real-World Limitations and Assumptions

While the function provides a simplified model, real-world factors can alter
the actual motion:

— Air Resistance:
This model neglects drag, which can significantly affect the fall time,
especially for lightweight objects or high velocities.

— Initial Conditions:
The assumption of zero initial velocity may not always hold; in many cases,
objects are thrown or launched with a certain speed.



- Gravity Variations:
The value of gravity is assumed constant at 32 ft/sec?, but it varies
slightly with altitude and geographic location.

— Structural Constraints:
In practice, objects may encounter obstacles or air currents that influence
their trajectory.

Summary and Practical Takeaways

— Maximum Height:
For the given function, the object starts at the maximum height of 1600 feet
at \( t=0 \).

— Time to Reach the Ground:
The object hits the ground after 10 seconds.

— Implication of the Function:
The
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