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The Coasting Car Stops 15m Higher Than Where It Started Coasting. Find The Velocity
When It Began Coasting, is a fascinating physics problem that combines concepts of kinematics,
energy conservation, and motion analysis. Understanding how to determine the initial velocity of a car
based on its stopping position relative to its starting point offers valuable insights into the principles
governing motion and energy dissipation. This problem not only challenges our comprehension of
physics but also demonstrates how real-world scenarios can be analyzed mathematically to reveal
underlying dynamics.

In this comprehensive article, we will explore the physics behind a coasting car that stops 15 meters
higher than its starting point. We will walk through the problem's assumptions, derive the relevant
equations, and demonstrate step-by-step how to calculate the initial velocity when the car began
coasting. Along the way, we will clarify key concepts, discuss the significance of energy conservation,
and provide practical tips for solving similar physics problems. Whether you are a student studying
classical mechanics or an enthusiast interested in real-world physics applications, this guide aims to
deepen your understanding and improve your problem-solving skills.

---

Understanding the Problem: Key Concepts and
Assumptions

Before diving into calculations, it's essential to understand the core concepts involved in this physics
problem.

Scenario Description
- A car starts coasting from a certain velocity.
- It moves along a level surface, gradually slowing down due to resistive forces such as friction and air
resistance.
- The car eventually comes to a stop, but during this process, it has traveled vertically 15 meters
higher than its initial starting point.

Note: The phrase "stops 15 meters higher" suggests the presence of an inclined surface or some
elevation change, or it could imply the car's final position relative to the initial point is 15 meters
above in a vertical sense. For clarity, we will assume the problem involves vertical displacement in
the context of energy considerations.



Key Assumptions
To analyze this problem, certain assumptions are typically made:
1. Constant Deceleration: The resistive forces cause a uniform deceleration of the car.
2. Level Surface or Inclined Surface: The problem's vertical displacement implies a change in
elevation, which can be modeled either as an incline or a vertical movement.
3. Negligible Air Resistance or Significant: Depending on the scenario, air resistance can be ignored
for simplicity or included for accuracy.
4. Gravity is Constant: Standard gravitational acceleration, \( g = 9.81\, m/s^2 \), applies.
5. No Additional Forces: No external forces besides resistive forces and gravity act on the car.

---

Analyzing the Vertical Displacement and Energy
Conservation

The key to solving this problem lies in understanding the relationship between the initial kinetic
energy, work done by resistive forces, and the change in potential energy due to elevation.

Energy Perspective
- Initial Kinetic Energy: \( KE_{initial} = \frac{1}{2} m v_0^2 \)
- Work Done by Resistive Forces: Energy lost as the car slows down, which can be expressed as \(
W_{resistive} \)
- Change in Potential Energy: \( PE = m g h \), where \( h = 15\, m \)

The total energy conservation equation can be written as:
\[
\text{Initial KE} = \text{Work done by resistive forces} + \text{Final potential energy}
\]

Since the car eventually stops, its final kinetic energy is zero, but it is at a height \( h = 15\, m \).
Therefore:
\[
\frac{1}{2} m v_0^2 = W_{resistive} + m g h
\]

---

Calculating Initial Velocity: Step-by-Step Approach

To find the initial velocity \( v_0 \), we need to determine the work done by resistive forces and relate
it to the initial kinetic energy.



Step 1: Express the Work Done by Resistive Forces
If resistive forces cause a uniform deceleration \( a \), then the work done by these forces is:
\[
W_{resistive} = F_{resistive} \times d
\]
where \( d \) is the distance traveled during coasting, and \( F_{resistive} = m a \).

Alternatively, if we don't have the distance \( d \) explicitly, we can use kinematic equations or energy
methods based on the known height gain.

Step 2: Use Energy Conservation Equation
Expressed as:
\[
\frac{1}{2} v_0^2 = a \times d + 2 g h
\]
but since we are dealing with the loss of kinetic energy and gain in potential energy, the more
straightforward approach would be:

\[
\frac{1}{2} m v_0^2 = m g h + W_{resistive}
\]

If resistive forces are the only things removing energy, and the final kinetic energy is zero, then the
initial kinetic energy equals the sum of energy lost to resistive forces and the energy gained in height.

---

Incorporating Deceleration and Distance Traveled

To proceed, consider the following:

- The car's deceleration \( a \) (assumed constant)
- The distance traveled during coasting \( d \)

From kinematics:
\[
v^2 = v_0^2 + 2 a d
\]
When the car comes to rest:
\[
0 = v_0^2 + 2 a d \Rightarrow v_0^2 = -2 a d
\]

The negative sign indicates deceleration \( a \) is negative.

---



Relating Distance, Deceleration, and Vertical
Displacement

Because the problem involves vertical displacement, it might be helpful to relate the horizontal
distance traveled to the vertical change, especially if the surface is inclined or if the elevation change
is due to the terrain.

Case 1: Inclined Surface

If the car moves along an inclined plane of length \( d \) with an angle \( \theta \):
\[
h = d \sin \theta
\]
and the component of gravitational acceleration along the incline is \( g \sin \theta \).

Case 2: Vertical Elevation Change

If the car moves on a slope or some terrain causing a 15m elevation gain, the initial kinetic energy
must account for climbing this elevation, and the resistive work is related to both the horizontal
distance and the elevation change.

---

Practical Calculation: Example Scenario

Suppose the following:
- The car coasts along an inclined plane.
- The total vertical height gain \( h = 15\, m \).
- The surface angle \( \theta \) is known or can be estimated.
- The resistive force causes a uniform deceleration \( a \).

Given Data:
- \( h = 15\, m \)
- \( g = 9.81\, m/s^2 \)

Objective:
Calculate the initial velocity \( v_0 \).

---

Step-by-Step Solution

Step 1: Determine the length of the incline \( d \)

Using the relation:



\[
h = d \sin \theta
\]
If \( \theta \) is known, then:
\[
d = \frac{h}{\sin \theta}
\]

Step 2: Apply kinematic equation

From the initial velocity to stop:
\[
0 = v_0^2 + 2 a d
\]
which rearranges to:
\[
v_0^2 = -2 a d
\]

Step 3: Express work done

The work done by resistive forces:
\[
W_{resistive} = F_{resistive} \times d = m a d
\]

Step 4: Energy conservation

Initial kinetic energy:
\[
\frac{1}{2} m v_0^2
\]

Energy gained in elevation:
\[
m g h
\]

Energy lost to resistive forces:
\[
W_{resistive} = m a d
\]

Total energy balance:
\[
\frac{1}{2} m v_0^2 = m g h + m a d
\]

Dividing through by \( m \):
\[
\frac{1}{2} v_0^2 = g h + a d



\]

Replacing \( a d \) from earlier:
\[
a d = - \frac{v_0^2}{2}
\]

Thus:
\[
\frac{1}{2} v_0^2 = g h - \frac{v_0^2}{2}
\]

Rearranged:
\[
\frac{1}{2} v_0^2 + \frac{1}{2} v_0^2 = g h
\]
\[
v_0^2 = g h
\]

Finally:
\[
v_0 = \sqrt{g h}
\]

Result:
\[
v_0 = \sqrt{9.81\, m/s^2 \times 15\, m} \approx \sqrt{147.15} \approx 12.13\, m/s
\]

---

Conclusion: Key Takeaways

- The initial velocity

Frequently Asked Questions

What is the initial velocity of the car when it started coasting
if it stops 15 meters higher than its starting point?
The initial velocity can be calculated using energy conservation or kinematic equations, depending on
known variables. Assuming no energy losses, initial velocity v₀ can be found using v₀ = √(2gh), where
g is acceleration due to gravity (9.8 m/s²) and h is the height difference (15 m). So, v₀ = √(2 9.8 15) ≈
√294 ≈ 17.15 m/s.



What assumptions are necessary to determine the initial
velocity from the given height difference?
Assumptions include that the only force acting against the car during coasting is gravity (no friction or
air resistance), and that the car's initial velocity converts entirely into gravitational potential energy at
the highest point.

Which physics principle is used to find the initial velocity
when a car coasts to a height 15 meters higher?
The principle of conservation of energy is used, equating the initial kinetic energy to the potential
energy gained at the height of 15 meters.

How does friction affect the calculation of the initial velocity
in this scenario?
Friction would cause energy loss, meaning the initial velocity would be higher than calculated under
ideal conditions. Without accounting for friction, the estimate is a lower bound of the actual initial
velocity.

If the car's initial velocity was 20 m/s, what would be the
maximum height it could reach when coasting?
Using energy conservation: height h = v₀² / (2g) = (20)² / (2 9.8) ≈ 400 / 19.6 ≈ 20.41 meters.

Can the initial velocity be determined if only the height
difference and final velocity are known?
Yes, if the final velocity at the highest point is known (which is zero at the peak), then initial velocity
can be calculated using the kinematic equation v² = v₀² - 2gh, rearranged to v₀ = √(v² + 2gh).

What is the significance of the 15-meter height in calculating
the initial velocity?
The 15-meter height represents the maximum elevation gained during coasting, allowing us to relate
potential energy to initial kinetic energy and thus determine the initial velocity.

If the coasting was affected by air resistance, how would that
change the calculation of the initial velocity?
Air resistance would dissipate some energy, meaning the initial velocity would need to be higher than
the ideal calculation to reach the same height. Accurate calculation would require accounting for
energy losses due to drag.



Additional Resources
The Coasting Car Stops 15m Higher Than Where It Started Coasting is a fascinating physics problem
that invites us to explore concepts of energy conservation, kinematics, and dynamics. Such problems
are common in introductory physics courses and serve as excellent examples to understand how
work, energy, and motion relate to one another. This particular scenario involves analyzing a car that,
after coasting down a slope, is observed to stop at a point that is 15 meters higher than its original
starting position. The key objective is to determine the velocity of the car at the moment it began to
coast.

In this comprehensive review, we will explore the problem in depth, break down the physics principles
involved, provide detailed solution methods, and discuss related concepts that enhance
understanding. Whether you're a student preparing for exams or simply an enthusiast keen on
understanding the mechanics of motion, this article aims to shed light on the intricacies of the
problem with clarity and thoroughness.

---

Understanding the Problem

The problem states that a car, when coasting, stops at a point that is 15 meters higher than its initial
starting point. The primary goal is to find the initial velocity of the car when it began coasting.

Key details:
- The car starts at a certain point with an initial velocity \( v_0 \).
- It coasts (moves without engine power, possibly under the influence of friction and other
resistances).
- It stops at a point 15 meters higher than the starting point.
- The problem asks for \( v_0 \), the velocity at the start of coasting.

This scenario implies a conversion of kinetic energy into potential energy and work done against
resistive forces. To analyze it properly, we need to consider the principles governing energy
conservation and the forces involved during the coasting motion.

---

Physics Principles Involved

1. Conservation of Mechanical Energy
The foundational principle here is the conservation of mechanical energy, which states that in the
absence of non-conservative forces, the total mechanical energy (kinetic + potential) remains
constant.

Mathematically:
\[ KE_{initial} + PE_{initial} = KE_{final} + PE_{final} \]



However, in real-world scenarios, resistive forces such as friction and air resistance do work that
dissipates energy, so we need to account for energy losses.

2. Work-Energy Theorem
The work done by all forces (including resistive forces) equals the change in kinetic energy:
\[ W_{total} = \Delta KE \]

If resistive forces do negative work, the initial kinetic energy decreases as the car moves, eventually
bringing it to a stop.

3. Kinematic Equations
These equations help relate initial velocity, final velocity, acceleration, and displacement:
\[ v^2 = v_0^2 + 2a s \]

Where:
- \( v \) = final velocity
- \( v_0 \) = initial velocity
- \( a \) = acceleration (or deceleration)
- \( s \) = displacement

---

Analyzing the Scenario Step-by-Step

To find the initial velocity, we need to understand the energy transformations and the forces at play.

Assumptions:
- The car coasts without engine power.
- The only significant resistive force is friction (or a similar retarding force).
- The elevation change is caused by the terrain (i.e., the car moves uphill 15 m).

Step 1: Establish the Initial and Final Conditions
- Initial point: at ground level (say, height \( h_0 = 0 \))
- Final point: 15 meters higher (\( h_f = 15\, \text{m} \))
- Final velocity at the highest point: \( v_f = 0 \) (assuming the car comes to a stop at the highest
point)

Step 2: Energy Considerations
- Initial kinetic energy:
\[ KE_{initial} = \frac{1}{2} m v_0^2 \]
- Potential energy gained:
\[ PE = m g h \]
- Energy lost due to resistive forces (work done by friction):
\[ W_{resistive} \]



Since the car ends up stopped at the higher point, the initial kinetic energy plus the gain in potential
energy equals the work done against resistive forces:
\[ \frac{1}{2} m v_0^2 = m g h + W_{resistive} \]

Step 3: Accounting for Resistive Forces
- If resistive forces are constant, then work done:
\[ W_{resistive} = F_{resistive} \times d \]
- The distance \( d \) is the length of the path traveled during coasting, which may be different from
the elevation change unless the path is straight uphill.

Note: In many problems, unless specified, the simplest assumption is that the resistive force is
proportional to velocity, or constant over the distance.

---

Solution Approach

To find the initial velocity, the most straightforward approach is to use energy conservation
incorporating work done against resistive forces. Here’s a typical step-by-step methodology:

1. Determine the Height Gain and Its Effect:
- The potential energy gained at the highest point:
\[ PE = m g \times 15 \]
- Since the final velocity at the top is zero, the initial kinetic energy must account for both the
potential energy gained and energy lost due to resistive forces.

2. Express the Work Done by Resistive Forces:
- If the resistive force is known or can be approximated, then:
\[ W_{resistive} = F_{resistive} \times d \]
- Alternatively, if resistive forces are proportional to velocity, then energy loss is modeled differently.

3. Apply Energy Conservation:
\[ \frac{1}{2} m v_0^2 = m g \times 15 + W_{resistive} \]

Dividing through by \( m \):
\[ \frac{1}{2} v_0^2 = g \times 15 + \frac{W_{resistive}}{m} \]

If resistive work is unknown, further assumptions or measurements are necessary.

---

Simplified Model: No Resistive Forces

If we neglect resistive forces for a moment, the energy conservation simplifies:

\[ \frac{1}{2} v_0^2 = g \times 15 \]



Calculate:
\[ v_0 = \sqrt{2 g \times 15} \]

Using \( g = 9.8\, \text{m/s}^2 \):

\[ v_0 = \sqrt{2 \times 9.8 \times 15} \]
\[ v_0 = \sqrt{294} \]
\[ v_0 \approx 17.15\, \text{m/s} \]

This gives a rough estimate of the initial velocity, assuming no energy losses.

---

Inclusion of Resistive Forces

In real situations, resistive forces are always present, and the actual initial velocity would be higher
than 17.15 m/s to compensate for energy lost during motion.

Estimating Resistive Work:

Suppose the resistive force \( F_{resistive} \) is constant, and the coasting distance \( d \) is known or
estimated. Then:

\[ W_{resistive} = F_{resistive} \times d \]

If the resistive force is proportional to velocity:

\[ F_{resistive} = c v \]

then the energy loss calculation becomes more complex, involving integration over the path.

---

Alternative Approach: Using Kinematic Equations

If the path length \( s \) during coasting is known and the final velocity at the top is zero, the initial
velocity can be found via:

\[ v^2 = v_0^2 + 2 a s \]

At the top, \( v = 0 \):

\[ 0 = v_0^2 + 2 a s \]
\[ v_0^2 = -2 a s \]

Given that deceleration \( a \) is due to resistive forces, we can estimate \( a \) if resistive force \(



F_{resistive} \) is known:

\[ a = \frac{F_{resistive}}{m} \]

Without further data, the ideal estimate remains the simplified calculation assuming no resistance,
about 17.15 m/s.

---

Broader Context and Related Concepts

Features of such physics problems include:

- Application of energy conservation to real-world motion.
- Understanding that potential energy increases when moving uphill.
- Recognizing the role of resistive forces in dissipating energy.
- The importance of initial conditions in kinematic calculations.

Pros of Analyzing Such Problems:

- Reinforces fundamental physics principles.
- Demonstrates practical applications of energy concepts.
- Develops problem-solving skills involving multiple physics concepts.
- Enhances understanding of forces and motion in real-world contexts.

Cons or Challenges:

- Requires assumptions about resistive forces if data is incomplete.
- Real-world conditions are often more complex than ideal models.
- Precise measurements (distance traveled, resistive forces) are necessary for accurate solutions.

---

Conclusion

The problem of a coasting car stopping 15 meters higher than its starting point offers a rich context to
explore energy
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