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Understanding the motion of objects falling under gravity is a fundamental concept in physics. The
position function S(t) = 16t~2 + v_0t + s_0 provides a powerful mathematical model to analyze such
movements, especially when objects are thrown straight down. In this article, we'll explore how this
function relates to real-world scenarios involving free-falling objects, with a particular focus on a ball
thrown downward, and demonstrate how to analyze motion using this equation.

Understanding the Position Function
S(t)=16t"2+v Ot+s O

Origin and Components of the Function

The position function S(t) = 16t~2 + v_0t + s _0 is derived from the basic principles of kinematic
equations in physics, particularly for objects under constant acceleration due to gravity. Let's dissect
its components:

- S(t): The position of the object at time t, measured from a reference point (usually ground level or
the initial position).

- t: The elapsed time since the object was released or thrown.

- v_0: The initial velocity of the object att = 0.

- s_0: The initial position of the object at t = 0.

- 16t"2: Represents the displacement due to acceleration under gravity, considering the acceleration
due to gravity (g) as approximately 32 ft/sec? in imperial units.

This function assumes constant acceleration and neglects air resistance, making it ideal for idealized
physics problems.

Why 16 T"2? The Role of Gravity

In the formula, the coefficient 16 is related to the acceleration due to gravity:

- In Imperial Units: Since g = 32 ft/sec?, when applying the kinematic equation for displacement S(t) =
v_Ot + (1/2)at”2, the term becomes (1/2) 32 t~2 = 16t"2.

- In Metric Units: The equivalent constant would be 4.9 when using meters and seconds, based on g =
9.8 m/sec?.



For simplicity, this article focuses on imperial units, where the displacement due to gravity is
represented as 16t"2.

Applying the Position Function to a Ball Thrown
Straight Down

Scenario Setup

Suppose you throw a ball downward from a certain height s_0 with an initial velocity v_0. The problem
involves determining the position of the ball at any given time t, as well as other parameters like the
time it hits the ground or the velocity upon impact.

Key parameters include:

- s_0: Initial height from which the ball is dropped or thrown.

- v_0: Initial velocity downward (positive if downward).
- t: Time elapsed since throw.

Example Problem

Let's consider a practical example:

- A ball is thrown downward from a window 80 feet above the ground.
- The initial velocity is 20 ft/sec downward.

- Find:

1. The position of the ball after 2 seconds.

2. The time when the ball hits the ground.
3. The velocity of the ball just before impact.

Calculating Position at a Given Time

Using the Position Function

Given the parameters:

-s 0=280ft
-v_0 = 20 ft/sec
-t=2sec



Apply the formula:

S(t) =16t"2+v Ot +s 0

Plugging in the values:

S(2) = 16(2)~2 + 202 + 80

S(2) =164 + 40 + 80

S(2) =64 + 40 + 80 = 184 ft

Interpretation: After 2 seconds, the ball is at a height of 184 feet. Since the initial height was 80 feet,
this indicates an upward calculation—implying the initial velocity was upward or the model needs
adjustment. However, if the initial velocity is downward, the sign convention must be considered

carefully.

Note: In most physics problems, downward displacement is considered positive, so initial velocity v_0
should be positive if thrown downward.

Refining the Model for Downward Motion

To accurately model downward motion:

- Use the formula: S(t) =s 0-16t"2 + v 0Ot

Alternatively, define downward as positive and adjust accordingly.
Corrected Equation:

S(t) =s 0-16t"2 + v Ot

Applying the same values:

S(2) = 80 - 164 + 202
S(2) =80-64 + 40 =56 ft

Result: After 2 seconds, the ball is at 56 feet above the ground.

Determining When the Ball Hits the Ground

Setting the Position to Zero

The ball hits the ground when S(t) = 0 (assuming ground level at zero).

Using the corrected equation:



0=s0-16t"2 + v Ot

Plug in the known values:

0 =80-16t"2 + 20t

Rearranged:

16t72-20t-80=0

Divide through by 4 to simplify:
4t~2-5t-20=0

Apply quadratic formula:

t =[5 % V(25 - 44(-20))1/(24)

Calculate discriminant:

V(25 + 320) = V345 = 18.58

Compute both solutions:

t =[5+ 18.58]/8 = 23.58/8 = 2.95 sec
t =[5-18.58]/8 = -13.58/8 = -1.70 sec (discard negative time)

Interpretation: The ball hits the ground approximately 2.95 seconds after being thrown.

Calculating the Velocity Upon Impact

Using the Velocity Formula

Velocity at time t can be found from the derivative of the position function:
v(t) =dS/dt =-32t + v 0

Applying t = 2.95 sec:

v(2.95) = -322.95 + 20 = -94.4 + 20 = -74.4 ft/sec

The negative sign indicates the direction of velocity is downward.

Conclusion: The ball strikes the ground at approximately 74.4 ft/sec downward.



Understanding the Significance of the Position
Function in Real-World Scenarios

Predicting Motion and Impacts

The position function provides a precise mathematical tool for predicting an object's location at any
time, which is invaluable in safety analysis, engineering, and physics education. It enables:

- Calculating time to impact.
- Determining velocity at various points.
- Planning experiments and safety measures.

Designing Experiments and Safety Measures

By understanding the parameters involved, engineers and physicists can:

- Estimate the impact speed of falling objects.
- Design safety barriers.
- Calculate the necessary height or initial velocity to prevent injuries.

Limitations and Assumptions of the Model

While the position function S(t) = 16t~2 + v_0t + s_0 provides valuable insights, it operates under
certain assumptions:

- No air resistance or drag.
- Constant acceleration due to gravity.
- No additional forces acting on the object.

In real-world scenarios, factors like air resistance can significantly influence the motion, requiring
more complex models.

Conclusion

The position function S(t) = 16t~2 + v_0t + s_0 is a fundamental tool in analyzing the motion of free-
falling objects, particularly when an object is thrown straight down. By understanding how to apply
this formula, predicting impact times, velocities, and positions becomes straightforward. Whether for
academic purposes, engineering safety, or practical problem-solving, mastering this function allows
for precise and effective analysis of vertical motion under gravity.

Remember: Always consider the appropriate sign conventions and units when applying the formula,



and be aware of its limitations in real-world contexts.

Frequently Asked Questions

What does the position function S(t) = 16t"2 + v 0t +s 0
represent in the context of free-falling objects?

It models the vertical position of a freely falling object over time, where 16t™2 accounts for
acceleration due to gravity (in ft/sec”~2), v_0 is the initial velocity, and s_0 is the initial height.

How can | determine the velocity of a ball at a specific time
using the position function?

First, differentiate the position function S(t) to get the velocity function V(t) = dS/dt = 32t + v 0.
Then, substitute the specific time into V(t) to find the velocity at that moment.

What is the significance of the initial velocity v 0 in the
position function for a thrown ball?

The initial velocity v_0 represents the speed and direction of the ball at the moment it is released or
thrown downward; it influences the initial slope of the position over time.

How do | find the time when the ball hits the ground using the
position function?

Set S(t) equal to the initial height or the height of the ground (usually zero), then solve the quadratic
equation 16t~2 + v Ot + s 0 = 0 for t, choosing the positive root as the time when the ball reaches
the ground.

Can the position function be used to determine the maximum
height of a ball thrown upward?

Yes, but only if the initial velocity v_0 is upward. In that case, find the time when the velocity V(t) = 0
(by setting 32t + v_0 = 0), then substitute that time into S(t) to find the maximum height.

What role does gravity play in the position function S(t) =
16t~2 + v Ot + s_0?
Gravity is represented by the coefficient 16 in the 16t~ 2 term, which accounts for the constant

acceleration due to gravity in feet per second squared, causing the object to accelerate downward
over time.



How can | use the position function to determine the time it
takes for a ball to reach a certain height?

Set S(t) equal to the desired height and solve the quadratic equation 16t~2 + v 0t + s 0 = that
height for t, which may yield two solutions; choose the positive one as the relevant time.

What assumptions are made when using S(t) = 16t"2 + v Ot +
s_0 for free-falling objects?

It assumes constant acceleration due to gravity, neglects air resistance, and considers the motion to
occur in a uniform gravitational field, with initial conditions specified by v_0 and s_0.

Additional Resources

Use The Position Function S(t)=16t"~2+v_Ot+s_0 For Free-falling Objects. A Ball Is Thrown Straight
Down

Understanding the motion of objects in free fall is a fundamental concept in physics, and one of the
most useful tools for analyzing such motion is the position function: S(t) = 16t~2 + vot + So. This
quadratic function encapsulates the vertical position of an object over time, considering initial velocity
and initial position. Specifically, when a ball is thrown straight down, this formula allows us to predict
its position at any given moment and analyze its velocity and acceleration during free fall. In this
comprehensive guide, we will explore how to use the position function effectively for free-falling
objects, with a particular focus on a ball thrown downward, providing insights for students, educators,
and physics enthusiasts alike.

Understanding the Position Function for Free Fall
What is the Position Function?

The position function S(t) = 16t™2 + vot + so is derived from the equations of uniformly accelerated
motion, where:

- S(t) is the vertical position of the object at time t (measured in feet or meters depending on
context).

- Vo is the initial velocity of the object att = 0.

- so is the initial position (height from which the object is released or thrown).

- The coefficient 16 (or \(\frac{1}{2} g\) in physics) corresponds to half of the acceleration due to
gravity, which on Earth is approximately 32 ft/sec? or 9.8 m/sec?.

In the context of free fall:
- When an object is dropped (initial velocity vo = 0), the formula simplifies to S(t) = 16t™2 + so.

- When an object is thrown downward with an initial velocity vo, the formula captures that initial push,
affecting the subsequent motion.



Applying the Position Function to a Ball Thrown Straight Down

Imagine you have a ball at a certain height, and you throw it downward with some initial velocity.
Using the position function, you can determine:

- How far the ball has traveled after a certain amount of time.
- When the ball will hit the ground.

- The velocity of the ball at any given moment during its fall.
Setting Up the Scenario

Suppose:

- The initial height so is 80 feet.

- The ball is thrown downward with an initial velocity vo of 20 ft/sec.
- Gravity's acceleration component is incorporated into the coefficient 16 (since 16 = %2 32 ft/sec?).

Step-by-Step Guide to Using S(t)=16t"2+v _Ot+s 0
1. Write the Specific Position Function
Plug in the known values:

-so = 80 ft
- vo = 20 ft/sec

The position function becomes:

S(t) = 16t"2 + 20t + 80

This function now models the height of the ball at any time t in seconds.

2. Find When the Ball Hits the Ground

The ground level can be considered as S(t) = 0 (assuming ground is at zero height).
Set the position function equal to zero:

0 =16t"2 + 20t + 80

Solve for t using the quadratic formula:

\[

t = \frac{-v_0 \pm \sqrt{v_0"2 - 4 \cdot 16 \cdot s 0}}{2 \cdot 16}

\]

Plugging in the values:



\[
t = \frac{-20 \pm \sqrt{(20)"~2 - 4 \cdot 16 \cdot 80} }{32}
\]

Calculate discriminant:

\[
\sqrt{400 - 4 \cdot 16 \cdot 80} = \sqrt{400 - 5120} = \sqrt{-4720}
\]

Since the discriminant is negative, this indicates that with these parameters, the ball does not reach
the ground in real numbers—meaning either the initial height is insufficient or the parameters need
adjustment. Let's double-check calculations:

Correction: Actually, the quadratic formula is:

\[
t = \frac{-v_0 \pm \sqrt{v_0"2 - 4 \times 16 \times s 0}}{2 \times 16}
\]

Calculating discriminant:

\[
\Delta = v 072 - 4 \times 16 \times s 0 = 20”2 - 4 \times 16 \times 80 = 400 - 5120 = -4720
\]

Negative discriminant indicates no real solution, which suggests the initial parameters need
adjustment. For the ball to hit the ground, the initial height must be greater, or the initial velocity
must be adjusted.

Alternative Example:
Suppose:

-So =80 ft
- vo = 0 ft/sec (ball is dropped, not thrown downward)

Then:

\[
0=16t"2+ 0+ 80
\]

\[
16t"~2 =-80
\]

No real solution—impossible in this case because the object is dropped from rest but starting at a
height of 80 ft. The negative result indicates that the object is initially above zero, and we need to
find the time it takes to reach the ground.



Alternatively, the more precise physics approach uses:
\[

S(t)=s 0+v Ot+\frac{1}{2} gt"2

\]

which on Earth with g = 32 ft/sec? simplifies to:

\[

St)=s0+vO0t-16t"2

\]

The negative sign before 16t”~2 accounts for acceleration downward.

Note: The original formula used S(t) = 16 t~2 + v_0 t + s_0 assuming upward positive and
acceleration downward. To avoid confusion, it's best to clarify the sign conventions.

Clarifying Sign Conventions and Correct Formula

Correct Position Function for Free Fall (Downward Positive)
In many physics contexts, the position function is:

S(t) =so+ vot + \(\frac{1}{2} at™2\)

Where:

- a is acceleration (positive if downward).
- For downward acceleration due to gravity:

\[
a = 32\, \text{ft/sec}"2
\]

Thus, the formula becomes:
\[
St)=s 0+v Ot+16t"2
\]

If you define downward as positive, then the object accelerates downward, and the formula is:

S(t) =so+vot+16t"2

Practical Example: Thrown Downward from a Height

Let's assume:



- Initial height: so = 80 ft
- Initial velocity: vo = 20 ft/sec downward (positive in downward direction)
- Gravity acceleration: a = 32 ft/sec?

Then, the position function:
S(t)=80+20t+ 16t"2
To find when the ball hits the ground (S(t) = 0):

\[
0=80+20t+16t"2

\]

Rearranged:

\[
16t72+20t+80=0

\]

Divide through by 4 for simplicity:
\[

4t72+5t+20=0

\]

Calculate discriminant:

\[
\Delta = 572 - 4 \times 4 \times 20 = 25 - 320 = -295

\]

Again, negative discriminant—no real solution—implying that with these parameters, the object does
not reach the ground in finite time (which suggests an error in the initial assumptions). Adjust the
initial height or initial velocity accordingly.

Corrected Scenario:

Suppose:

-s0 =80 ft
- vo = 0 ft/sec (dropped from rest)

Set S(t) = 0:

\[

0=80+ 0\timest+ 16t"2
\]

\[

16t~2 =-80



\]

No real solution here either; this indicates the object is above the ground level initially, and the fall
will occur after some time:

\[
S(t) = 0 \Rightarrow 80 + 16 t~2 =0
\]

\[
16t"2 =-80
\]

Again, no real solution, because the initial height is above ground. The negative indicates the object is
above the ground and will fall down after some time.

Calculating Time to Hit the Ground
Using the standard physics formula for free fall:

\[
S(t)=s 0+ v Ot+\frac{1}{2} at"2
\]

Set S(t) = 0 (ground level), and solve for t:

\[
0=
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