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Understanding the dynamics of a small car moving along a vertical track involves
exploring concepts from physics such as circular motion, forces, and energy conservation.
When a tiny car with a mass of 0.660 kg travels at a constant speed along the inside of a
vertical circular track, several key principles come into play. This article aims to provide a
comprehensive overview of the physics involved, the forces acting on the car, the
implications of its motion, and practical applications of these concepts.

Fundamental Concepts in Circular Motion

1. Uniform Circular Motion

Uniform circular motion occurs when an object moves along a circular path at a constant
speed. Despite the speed remaining constant, the direction of the velocity vector
continuously changes, resulting in acceleration directed toward the center of the
circle—centripetal acceleration.

- Centripetal Force: The inward force necessary to keep the object moving in a circle.
- Centripetal Acceleration: Given by \( a_c = \frac{v"~2}{r} \), where \(v\) is the speed and
\(r\) is the radius of the circle.

2. Vertical Circular Motion

When the track is vertical, the motion becomes more complex due to the influence of
gravity. The car experiences varying normal forces depending on its position in the track:

- Top of the Track: Gravity acts downward, reducing the normal force.

- Bottom of the Track: Gravity acts downward, adding to the normal force needed for
circular motion.

- Side positions: Gravity acts tangentially or perpendicularly depending on the position.



Forces Acting on the Car in Vertical Circular
Motion

1. Gravitational Force (Weight)
The weight of the car is given by:

\[

W = mg
\]
where:

-\(m = 0.660\, \text{kg}\),
-\(g = 9.8\, \text{m/s} " 2\).

Calculating:

\[

W = 0.660 \times 9.8 = 6.468\, \text{N}
\]

This force acts vertically downward at all points.

2. Normal Force from the Track

The track exerts a normal force \(N\) on the car, which varies depending on the position:

- At the bottom of the track: Normal force is greater than the weight to provide the
necessary centripetal force.

- At the top of the track: Normal force is less, possibly zero if the car is just maintaining
contact.

The net inward force required for circular motion is provided by the combination of \(N\)
and \(W\).

3. Centripetal Force Requirement

The net inward force must satisfy:
\[

F ¢ =\frac{mv~2}{r}

\]

where:

-\(v\) is the speed,

-\(r\) is the radius of the track.

Depending on the position, the sum of forces provides this centripetal force.



Analyzing the Motion at Different Positions

1. At the Top of the Track
At the highest point:

\[

N {top} + W = \frac{mv~2}{r}
\]

Rearranged as:

\[
N {top} = \frac{mv"~2}{r} -W
\]

-If\(N_{top} = 0\), the car is just maintaining contact.
- The minimum speed at the top:

\[

v_{min} = \sqrt{r \times g}

\]

since \(N_{top} \geq 0\).

2. At the Bottom of the Track
At the lowest point:

\[

N {bottom} - W = \frac{mv”~2}{r}
\]

Rearranged as:

\[

N {bottom} = \frac{mv~2}{r} + W
\]

- The normal force here is typically greater than the weight, providing the necessary
centripetal force.
- The maximum speed before losing contact occurs when \(N_{bottom}\) is just positive.

3. At the Side Positions

At the sides, gravity acts perpendicular to the normal force, affecting the net inward force:

\[

N {side} = \frac{mv”~2}{r}

\]

- The normal force adjusts to balance gravity and centripetal requirements.



Energy Conservation in Vertical Circular Motion

1. Mechanical Energy Principles

If we neglect friction and air resistance, the total mechanical energy remains constant:

\[

E {total} = KE + PE

\]

- Kinetic Energy (KE):
\[

KE = \frac{1}{2}mv"™2
\]

- Potential Energy (PE):
\[

PE = mgh

\]

where \(h\) is the height relative to some reference point.

2. Energy at Different Positions

- At the bottom of the track, the potential energy is minimal, and kinetic energy is
maximized.
- At the top, potential energy is maximized, and kinetic energy is minimized.

Using energy conservation:

\[
\frac{1}{2}mv {bottom}~2 + mgh {bottom} = \frac{1}{2}mv {top}~2 + mgh {top}
\]

Practical Considerations and Safety Aspects

1. Maximum Speed and Material Limits

The maximum speed of the car is limited by:
- The strength of the track material.
- The normal force exerted on the car.

- The safety margins to prevent detachment or failure.

Calculating the maximum permissible speed involves:



\[
v_{max} = \sqrt{r \times (g + \frac{N {max}}{m})}
\]

where \(N {max}\) is the maximum normal force the track can withstand.

2. Effect of Friction and Air Resistance

In real-world scenarios, forces such as:

- Friction: Between the car's tires and the track.
- Air Resistance: Acting opposite to the motion.

reduce the effective speed and energy, necessitating additional considerations for safety
and design.

3. Design of Circular Tracks
Designing a vertical track involves:
- Choosing appropriate radius \(r\) to sustain desired speeds.

- Ensuring structural integrity to withstand forces.
- Incorporating safety features like barriers.

Applications and Broader Implications

1. Engineering and Design
Understanding the physics of vertical circular motion informs the design of:
- Roller coasters.

- Amusement park rides.
- Circular tracks for vehicles or robots.

2. Educational Demonstrations

Experiments with small cars on vertical tracks serve as effective demonstrations of physics
principles such as:

- Conservation of energy.
- Circular motion.
- The effect of gravity on motion.



3. Real-World Transportation

Insights from these principles aid in designing efficient and safe transportation systems,
including:

- High-speed trains navigating curves.
- Vehicle safety features like anti-lock braking systems.

Conclusion

The motion of a small car with a mass of 0.660 kg traveling at constant speed along a
vertical track encapsulates fundamental physics principles. Analyzing the forces involved,
energy conservation, and the effects of gravity provides a deep understanding of circular
motion dynamics. Whether for educational purposes or engineering applications,
mastering these concepts allows for better design, safety considerations, and appreciation
of the fascinating interplay between motion and forces in vertical circular paths.

Key Takeaways:

- The normal force varies at different points in the vertical track, affecting the car's ability
to stay on the track.

- Minimum and maximum speeds are dictated by the forces required for circular motion
and the physical limits of the track.

- Conservation of energy helps relate the car's speed and height at different positions.

- Real-world applications leverage these physics principles to ensure safety and optimize
performance.

By understanding these concepts, engineers and physicists can innovate and improve
systems involving vertical circular motion, creating safer and more efficient designs for
various mechanical and transportation systems.

Frequently Asked Questions

What is the primary force acting on the small car when
it moves at a constant speed inside a vertical track?

The primary force is the normal force exerted by the track, balancing the component of
gravity perpendicular to the track's surface, along with the gravitational force acting
downward.

How does gravity affect the motion of the small car on a



vertical track?

Gravity continuously pulls the car downward, which must be counteracted by the normal
force from the track to maintain constant speed without acceleration.

What conditions are necessary for the car to move at a
constant speed along the inside of a vertical track?

The net force along the track must be zero, meaning the normal force must exactly
balance the component of gravitational force at every point, resulting in no acceleration.

How does the mass of 0.660 kg influence the normal
force exerted by the track?

Since force equals mass times acceleration, the mass affects the normal force; a heavier
mass would require a larger normal force to counteract gravity, but for constant speed,
the normal force adjusts accordingly along the track.

Are there any points along the vertical track where the
normal force is minimized or maximized?

Yes, the normal force is minimized at the top of the track and maximized at the bottom
because the component of gravity changes relative to the track's orientation at these
points.

Can the small car move at constant speed along a
vertical track without friction? Why or why not?

No, in a frictionless scenario, the car would need an initial push; however, if the track
provides a normal force that exactly balances gravity at each point, the car can maintain
constant speed without external forces due to the absence of friction.

What role does centripetal force play if the track is
curved inside a vertical circle?

Centripetal force is essential to keep the car moving along the curved path; it is provided
by the normal force and gravitational force working together to direct the car toward the
center of the circle.

How does the speed of the car relate to the normal force
experienced during its motion inside the vertical track?

If the car maintains constant speed, the normal force adjusts depending on the position in
the track—being higher at the bottom and lower at the top—to balance the gravitational
component, ensuring no change in speed.



What safety considerations are important when
analyzing the motion of a small car on a vertical track?

Ensuring the track is securely designed to withstand varying normal forces, preventing
the car from losing contact, and considering the effects of gravity and potential centripetal
accelerations to avoid accidents or derailments.

Additional Resources

A Small Car With Mass 0.660 Kg Travels At Constant Speed On The Inside Of A Track That
Is Vertical: An In-Depth Investigation

Introduction

In the realm of classical mechanics and vehicle dynamics, the study of objects moving
along curved paths offers rich insights into fundamental principles such as centripetal
force, acceleration, and equilibrium. Among such systems, the scenario of a small car with
a mass of 0.660 kg traveling at a constant speed on the inside of a vertical track presents
a fascinating case study. This configuration not only exemplifies the balance of forces
acting on the vehicle but also underscores the complex interplay between gravity, normal
forces, and the required centripetal force to maintain a circular trajectory.

This article aims to explore the physical principles governing such a system, analyze the
forces involved, examine the conditions necessary for uniform circular motion, and discuss
practical implications. Drawing upon classical mechanics, the investigation is tailored for a
review site or academic journal publication, offering comprehensive insights suitable for
physics enthusiasts, educators, and researchers alike.

Fundamental Concepts and Theoretical Framework
Centripetal Force and Uniform Circular Motion

A vehicle moving along a circular path at a constant speed is undergoing uniform circular
motion. Despite the constant speed, the direction of the velocity vector continuously
changes, implying an acceleration directed toward the center of the circle, known as
centripetal acceleration:

\[ a ¢ = \frac{v"2}{r} \]
where:

-\(v\) = speed of the car
-\( r\) = radius of the track

To sustain this acceleration, a net inward force, called the centripetal force \( F_c\), must
act on the vehicle:



\[ F c =m\times a ¢ = m \frac{v~2}{r} \]
where \( m = 0.660\, \mathrm{kg} \).

Understanding how this force is provided in the context of a vertical track is essential for
analyzing the system.

Forces Acting on the Vehicle

When a small car travels inside a vertical track, several forces act upon it:

- Gravity (\( mg \)): Acts downward, where \( g \approx 9.81\, \mathrm{m/s~2} \).

- Normal force (\( N \)): Exerted by the track on the vehicle, perpendicular to the surface.
- Frictional forces: Depending on the track's surface and conditions, these may oppose or
assist motion; however, for idealized analysis, they are often neglected or assumed

sufficient to prevent slipping.

Because the track is vertical, the normal force varies with position along the track, and the
balance of forces differs at the top, bottom, and sides of the circle.

Force Analysis at Key Positions in the Vertical Track

1. At the Top of the Track

At the highest point:

- The vehicle experiences a downward gravitational force \( mg\).

- To follow a circular path, a net inward (toward the center) force must be provided, which
in this case acts downward as well.

Force balance:

\[ N {top} + mg = \frac{m v"~2}{r} \]

Rearranged, the normal force at the top:

\[ N {top} = \frac{m v"~2}{r} - mg\]

Implications:

-If\( N_{top} \geq 0), the car remains in contact with the track.

-If\( N {top} = 0)), the car is on the verge of losing contact; beyond this, it would leave
the track.

Critical speed at the top:

\[ v {top} = \sqrt{r g} \]

At this speed, the normal force is zero; above this, the car might lose contact at the top.



2. At the Bottom of the Track
At the lowest point:

- The gravitational force acts downward.
- The normal force acts upward, supporting the vehicle.

Force balance:

\[ N {bottom} - mg = \frac{m v~2}{r} \]
which yields:

\[ N {bottom} = \frac{m v~2}{r} + mg\]
Implications:

- The normal force at the bottom is larger than at the top.
- To prevent slipping or losing contact, the normal force must remain positive.

Critical speed at the bottom:

\[ v_{bottom} = \sqrt{\left( \frac{N {min} - mg}{m} \right) r} \]

In ideal conditions with no slipping, the minimum speed at the bottom is:
\[ v_{min} =\sqrt{r g} \]

likewise reflecting that the same critical speed applies as at the top, but the normal force
distribution differs.

Practical Scenario: Constant Speed Constraints

In real-world applications, maintaining a constant speed on a vertical circular track is
challenging because:

- Gravity continuously acts downward.

- The normal force varies along the path, reaching a minimum at the top.

- The vehicle's propulsion or energy input must compensate for energy losses and the
work needed to counteract gravity.

For a small car with a mass of 0.660 kg traveling at a constant speed, the key question is:
What is the minimum and maximum speed at various points, and under what conditions
can the speed remain uniform?



Conditions for Uniform Speed in a Vertical Circle

While the idealized scenario assumes no energy loss, real systems require energy input
(e.g., motors) to sustain constant speed. The analysis involves:

- Ensuring the vehicle’s speed exceeds the minimum at the top to avoid losing contact.
- Adjusting drive forces to compensate for gravitational potential changes.

- Considering the energy conservation principle:

\[ E {initial} = E {kinetic} + E {potential} \]

where:

\[ E {kinetic} = \frac{1}{2} m v"~2\]

\[ E {potential} = m gh\]

Given the track height \( h\), the vehicle's speed at different points is constrained by
energy considerations.

Numerical Analysis and Critical Speeds

Assuming a track radius \( r\), let's analyze specific numerical values:
-\(r\) = 2 meters (example value)

-\(m\) = 0.660 kg

-\(g\) =9.81 m/s?

Critical speed at the top:

\[ v {top} = \sqrt{r g} = \sqrt{2 \times 9.81} \approx \sqrt{19.62} \approx 4.43),
\mathrm{m/s} \]

This is the minimum speed required at the top to maintain contact.
Normal force at the top:

\[ N {top} = \frac{m v"~2}{r} - mg\]

At\(v =v {top}\):

\[ N_{top} =01\]

indicating the car just maintains contact.

At the bottom:

\[ N {bottom} = \frac{m v"~2}{r} + mg\]



At\(v =v {top} \):
\[ N {bottom} = m \times (4.43)"2 /2 + 0.660 \times 9.81 \]
\[ N {bottom} \approx 0.660 \times (19.62)/2 + 6.46 \]

\[ N {bottom} \approx 0.660 \times 9.81 + 6.46 \approx 6.47 + 6.46 = 12.93)\,
\mathrm{N} \]

This normal force exceeds the vehicle's weight, providing a safety margin.

Practical Implications and Design Considerations
Safety Margins and Material Constraints

- The normal force at critical speeds guides the design of the track and vehicle to prevent
detachment.

- The small mass (0.660 kg) simplifies the analysis but emphasizes the importance of
precise force calculations.

Energy Input Requirements

- To maintain constant speed, external energy must compensate for energy variations due
to gravity.

- Motors or propulsion systems should be calibrated to deliver sufficient tangential force at
various points.

Limitations and Assumptions

- Neglecting friction simplifies the analysis but is unrealistic; in practice, frictional forces
provide additional support and energy dissipation.
- Assuming a perfectly rigid track and uniform mass distribution for the vehicle.

Experimental Validation and Future Research

Investigations involving scaled models or actual small vehicles can validate theoretical
predictions. Using sensors to measure normal forces, velocities, and positions during
motion provides empirical data to refine models.

Potential areas for future research include:

- Effects of friction and air resistance.

- Impact of track imperfections.

- Control systems for maintaining constant speed.

- Application to educational demonstrations and safety testing.



Conclusion

The scenario of a small car with a mass of 0.660 kg traveling at a constant speed inside a
vertical track encapsulates core principles of circular motion, force analysis, and energy
conservation. Critical speeds at various positions dictate the minimum velocities required
to prevent loss of contact, with the normal force playing a pivotal role in maintaining the
vehicle’s trajectory.

Understanding these dynamics informs the design of roller coasters, amusement park
rides, and physics experiments. While idealized models provide foundational insights, real-
world applications necessitate accounting for additional forces, energy inputs, and safety
factors. As such, the study of small vehicles on vertical tracks remains a vital educational
and engineering pursuit, blending theoretical rigor with practical innovation.
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