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Two Toy Cars With Different Masses Originally At Rest Are Pushed Apart By A
Spring Between Them. Which scenario offers an intriguing exploration of
fundamental physics principles, particularly Newton’s laws of motion,
conservation of momentum, and energy transfer. Understanding how two objects
of differing masses interact when connected by a spring not only deepens our
grasp of classical mechanics but also provides insights applicable in various
engineering and real-world contexts. This comprehensive guide delves into the
mechanics of such a system, analyzing the motion, forces involved, energy
considerations, and the factors influencing the outcome of the interaction.

Introduction to the System: Two Toy Cars and a
Spring

The setup involves two toy cars initially at rest, connected via a spring
positioned between them. When the spring is compressed or stretched and then
released, it exerts forces on both cars, causing them to move apart. The key
variables influencing their motion include:

- The masses of the two cars, denoted as \( m_1 \) and \( m 2 \).

- The initial state of the spring (compressed or stretched).

- The elasticity of the spring, characterized by the spring constant \( k \).
- The initial conditions, notably that both cars are initially at rest.

Understanding the physics requires analyzing the forces during the
interaction and the resulting velocities once the system reaches a new
equilibrium or after the spring's force has been fully transferred.

Fundamental Principles Governing the
Interaction

Several core physics principles underpin the behavior observed in this
system:



Newton's Laws of Motion

- First Law (Inertia): An object remains at rest or in uniform motion unless
acted upon by an external force.

- Second Law: The acceleration of an object is proportional to the net force
applied and inversely proportional to its mass (\( F =ma \)).

- Third Law: For every action, there is an equal and opposite reaction.

Conservation of Momentum

- In an isolated system with no external forces, the total momentum before
and after the interaction remains constant.

- Since both cars start at rest, initial momentum is zero. Therefore, after
the spring pushes them apart, their combined momentum must still sum to zero.

Conservation of Mechanical Energy

- Assuming an ideal, frictionless environment, the total mechanical energy
(kinetic + potential) remains constant.

- The energy stored in the spring (elastic potential energy) transforms into
the kinetic energy of the cars as they move apart.

Analyzing the Dynamics of the System

The motion of the two toy cars can be understood by examining the forces
exerted by the spring and the resulting velocities.

Initial Conditions

- Both cars are at rest: \( v {1i} =0 \), \( v {21} =0 \).
- The spring is either compressed or stretched by a displacement \( x \).

Force Exerted by the Spring

- The spring exerts a force proportional to its displacement from
equilibrium: \( F = -k x \).
- When released, this force accelerates both cars in opposite directions:



-k x \).
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- Car 1 experiences force \( F {1}
- Car 2 experiences force \( F {2}

Equations of Motion

- Using Newton's second law:

\ [
m_{1} a_{1}
\1

-k x

\ [
m_{2} a_{2}
\1
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- Since the system is symmetrical about the spring's equilibrium, the
accelerations are in opposite directions.

Applying Conservation Laws to Find Final
Velocities

Given the initial rest state and no external forces, conservation laws are
key to determining the final velocities.

Conservation of Momentum

\ [

m {1} v {1f} + m {2} v {2f} =0

\1]

This implies:

\ [

v {2f} = - \frac{m {1}}{m {2}} v {1f}
\1]

The negative sign indicates they move in opposite directions.

Conservation of Energy



- The initial elastic potential energy stored in the spring:

\ [
PE {spring} = \frac{1}{2} k x"~{2}
\1

- This converts into kinetic energy of both cars:

\ [
KE {total} = \frac{1}{2} m {1} v {1f}~{2} + \frac{1}{2} m {2} v {2f}~{2}
\1]

Using the relation from momentum conservation:

\ [

KE {total} = \frac{1}{2} m {1} v {1f}~{2} + \frac{1}{2} m {2} \left(
\frac{m {1}}{m {2}} v {1f} \right)"~{2} = \frac{1}{2} m {1} v {1f}~{2} +
\frac{1}{2} \frac{m {1}~{2}}{m {2}} v {1f}~{2}

\1

Simplify:

\ [

KE {total} = \frac{1}{2} v {1f}~{2} \left( m {1} + \frac{m {1}~{2}}{m {2}}
\right)

\1

Set equal to initial elastic potential energy:

\ [

\frac{1}{2} k x*{2} = \frac{1}{2} v {1f}~{2} \left( m {1} +
\frac{m_{1}"{2}}{m_{2}} \right)

\1]

Solve for \( v _{1f} \):

\ [

v {1f} = x \sqrt{ \frac{k}{ m {1} + \frac{m {1}"{2}3}{m {2}} } = x \sqrt{
\frac{k m {2}}{ m {1} m {2} + m {1}~{2} }

\1]

Similarly, for \( v_{2f} \):

\ [

v {2f} = - \frac{m {1}}{m {2}} v {1f}
\1]

This provides a complete description of the velocities after the spring
releases.



Impact of Different Masses on the Motion

The masses of the toy cars significantly influence their final velocities and
the overall dynamics:

Case 1: Equal Masses (\( m {1} = m {2} \))

- Both cars will move with equal magnitude of velocity in opposite
directions.
- For example, if \( m {1} = m {2} \), then:

\ [
v {1f} = - v {2f}
\]

- The velocities are determined by:

\ [
v {1f} = v {2f} = \frac{x \sqrt{k}}{\sqrt{2 m}}
\1]

where \( m =m {1} = m {2} \).

Case 2: Different Masses (\( m_{1} \neq m_{2} \))

- The lighter car tends to achieve a higher velocity.
- The heavier car moves with a smaller velocity.
- The ratio of velocities:

\ [
\frac{|v_{1f}|}{|v_{2f}|} = \frac{m_{2}}{m_{1}}
\]

- This means that the car with less mass will be "pushed" faster and further
than the heavier one.

Implications for Real-World Applications

- In engineering systems, mass disparities affect energy transfer and motion.
- In safety devices, understanding these dynamics helps in designing
effective impact absorption mechanisms.

- In robotics, mass distribution influences movement efficiency and control.



Real-World Examples and Applications

Understanding how two objects of different masses interact via a spring is
fundamental in various fields:

1. Vehicle Crash Dynamics

- Crashes involve colliding objects of different masses.

- The transfer of momentum and energy determines the severity of impact.

- Engineers use these principles to improve safety features like airbags and
crumple zones.

2. Mechanical Oscillators and Vibration Absorption

- Systems with different mass components connected via springs demonstrate
similar physics.

- Vibration damping devices rely on mass-spring interactions to reduce
oscillations.

3. Robotics and Mechanical Design

- Robots often have parts with varying masses connected through springs or
elastic elements.
- Understanding their motion ensures stability and precision.

4. Spacecraft Landing Gear

- Shock absorbers utilize springs to manage different mass loads during
landings.

Factors Affecting the Interaction and Final
Motion

Several factors influence how the toy cars behave after being pushed apart:



Spring Properties

- Spring Constant \( k \): Determines the force exerted for a given
displacement.

- Elasticity: Ideal springs follow Hooke's law; real springs may have
hysteresis or non-linear behavior.

Initial Displacement \( x \)

- Larger initial compression or stretch results in greater energy transfer,
leading to higher velocities.

External Forces and Fr

Frequently Asked Questions

What factors determine the acceleration of the toy
cars when pushed apart by the spring?

The acceleration depends on the force exerted by the
spring and the masses of the cars, according to
Newton's second law (F=ma). The car with smaller
mass experiences a greater acceleration.

How does the mass difference affect the velocities
of the two toy cars after the spring pushes them
apart?

The car with the smaller mass will attain a higher
velocity in the opposite direction compared to the
heavier car, due to conservation of momentum and
differing accelerations.



Is momentum conserved when the two toy cars are
pushed apart by the spring, and why?

Yes, momentum is conserved because there are no
external forces acting on the system, so the total
momentum before and after the push remains the same.

What role does the spring's elastic potential energy
play in the motion of the toy cars?

The spring's elastic potential energy is converted
into kinetic energy of the cars as it pushes them
apart, causing them to accelerate in opposite
directions.

If both toy cars are released from rest and are
pushed apart by the spring, how does their initial
separation distance influence their final
velocities?

The initial separation affects the maximum
compression or extension of the spring, which in
turn influences the amount of energy transferred and
thus the final velocities, assuming a constant
spring constant.

What would happen if the masses of the two toy cars
were equal? How would their motion compare after
being pushed by the spring?



If the masses are equal, both cars will move with
equal speeds in opposite directions after being
pushed, due to symmetry and conservation of
momentum.

Additional Resources

Two Toy Cars With Different Masses Originally At
Rest Are Pushed Apart By A Spring Between Them-a
seemingly simple scenario that opens the door to a
fascinating exploration of classical mechanics,
conservation laws, and real-world physics
principles. Whether you're a student, educator, or
enthusiast, understanding this interaction provides
valuable insights into how objects move and interact
when forces are involved. In this comprehensive
guide, we’ll delve into the physics behind the
problem, analyze the key principles at play, and
walk through step-by-step calculations to uncover
what happens when two differently massed toy cars
are pushed apart by a spring.

Introduction: The Physics Behind the Toy Cars and
Spring System

Imagine two toy cars, one heavier than the other,
initially at rest and connected by a spring. When
the spring is compressed or stretched and then
released, it exerts equal and opposite forces on the



cars, causing them to move apart. This simple setup
encapsulates several fundamental physics concepts
such as Newton’s laws of motion, conservation of
momentum, and energy transfer.

Understanding this scenario helps clarify how
different masses influence motion, how energy is
conserved and redistributed, and how the elastic
properties of the spring determine the final
velocities of the objects involved. This analysis 1is
not only educational but also applicable to more
complex systems like vehicle collisions, molecular
interactions, and mechanical devices.

Key Concepts and Principles

Before diving into the detailed analysis, let's
outline the core physics principles relevant to the
problem:

1. Conservation of Momentum

- Total momentum before and after the interaction
remains constant if no external forces act on the
system.

- Since both cars are initially at rest, the total
initial momentum is zero.

- After the spring pushes them apart, their momenta
are equal in magnitude and opposite in direction,
ensuring total momentum remains zero.

2. Conservation of Mechanical Energy



- In an ideal, frictionless system, the total
mechanical energy is conserved.

- The initial potential energy stored in the spring
is transformed into kinetic energy of the two cars
when they move apart.

- Real-world factors like friction and air
resistance can complicate this, but for simplicity,
we assume an ideal case.

3. Hooke’s Law and Spring Force

- The spring force is proportional to the
displacement from equilibrium: \( F = -k x \), where
\( k \) is the spring constant.

- The energy stored in the spring when compressed or
stretched is \( U s = \frac{1}{2} k x*2 \).

4. Elastic Collisions and Final Velocities

- When the cars are pushed apart by the spring,
their velocities depend on their masses and the
initial potential energy.

- The motion is analogous to an elastic collision
where kinetic energy is conserved.

Scenario Setup: Initial Conditions and Assumptions

To analyze the problem systematically, consider the
following setup:

- Car 1: mass \( m_1 \)
- Car 2: mass \( m_2 \)



- Both are initially at rest, positioned along a
straight line, separated by a spring.

- The spring is compressed or stretched from its
equilibrium length, storing potential energy \( U_s
\).

- The system is isolated, meaning no external forces
act during the interaction.

- The spring behaves elastically, following Hooke'’s
law, and the energy transfer is ideal.

Step-by-Step Analysis
Step 1: Initial Conditions

- Both cars are stationary: \( v_{1i} = v _{2i} = 0
\).

- The initial kinetic energy \( KE.1 = 0 \).

- The initial potential energy stored in the spring
is \( U_s \).

Step 2: After Release — Final Velocities

- Let \( v_{1f} \) and \( v_{2f} \) be the
velocities of the cars after they are pushed apart.
- Due to momentum conservation:

\[
m1lv {1f} +m 2 v _{2f} = 0
\1]

- This implies:



\[
v_{1f} = -\frac{m _2}{m_1} v {2f}
\1]

The negative sign indicates the cars move in
opposite directions.

Step 3: Conservation of Energy

- The initial potential energy in the spring
transforms into the kinetic energy of both cars:

\[

Us = \frac{1}{2} m 1 v {1f}"2 + \frac{1}{2} m_2
v_{2f}"2

\1]

Substitute \( v_{1f} \) in terms of \( v_{2f} \):

\ [

Us = \frac{1}{2} m_1 \left( -\frac{m 2}{m 1} v _{2f}
\right)”~2 + \frac{1}{2} m_2 v_{2f}"2

\1]

Simplify:

\[

Us = \frac{1}{2} m_1 \frac{m_272}{m 172} v _{2f}"2 +
\frac{1}{2} m 2 v _{2f}"2 = \frac{1}{2}
\frac{m_272}{m_1} v_{2f}"2 + \frac{1}{2} m 2
v_{2f}"2

\1]

Factor out \( \frac{1}{2} v_{2f}"2 \):



\[

Us = \frac{1}{2} v_{2f}"2 \left( \frac{m_272}{m 1}
+ m_2 \right)

\1]

Express as a common denominator:

\[

U s = \frac{1}{2} v_{2f}"2 \left( \frac{m 272 + m_1
m 2}{m_1} \right) = \frac{1}{2} v_{2f}"2 \frac{m 2
(m 2 + m1)}{m 1}

\1]

Solve for \( v_{2f} \):

\[
v {2f} = \sqrt{ \frac{2 U s m 1}{m 2 (m 2 + m 1)} }
\1]

Similarly, \( v_{1f} \):

\[

v {1f} = - \frac{m 2}{m 1} v {2f} = -

\frac{m 2}{m_1} \sqrt{ \frac{2 U s m_1}{m 2 (m_2 +
m1l)} } = - \sqrt{ \frac{2 U s m 2}{m 1 (m 2 +m1)}
}

\1]

Final Velocities Summary

| Car | Final Velocity | Magnitude | Direction |



| Car 1 (\( m_1 \)) | \( v_{1f} = - \sqrt{\frac{2
Usm2}{m1 (m 2 + m_1)}} \) | Depends on \( m_1,
m 2, Us \) | Opposite to Car 2 |

| Car 2 (\( m_2 \)) | \( v_{2f} = \sqrt{\frac{2 U_s
m 1}{m 2 (m_2 + m_1)}} \) | Depends on \( m_1, m_2,
Us \) | Opposite to Car 1 |

Physical Interpretation and Insights
Effect of Mass Differences

- The lighter car will generally attain a higher
velocity magnitude after the spring releases, due to
the distribution of energy and momentum.

- If \( m_1 =m2\), the velocities are equal in
magnitude and opposite in direction:

\ [
v {1f} = - v_{2f} = - \sqrt{ \frac{U s}{m} }
\1]

- For unequal masses, the mass ratio determines how
fast each car moves.

Energy Distribution

- The initial potential energy stored in the spring
is fully converted into kinetic energy of the two
cars (assuming no losses).

- The car with the smaller mass gains a
proportionally larger share of velocity.



Conservation Laws at Play

- Momentum conservation ensures the cars move in
opposite directions with velocities that satisfy \(
m1lv {1f} +m2 v {2f} =0 \).

- Energy conservation dictates the relationship
between the spring’s stored energy and the cars'’
final kinetic energies.

Practical Considerations and Real-World Factors

While the idealized model provides clear insights,
real systems involve complexities such as:

- Friction and Air Resistance: These dissipate
energy, resulting in lower final velocities.

- Spring Non-Idealities: Real springs may have
damping or hysteresis effects.

- Mass Distribution and Car Design: The toy cars’
shape and mass distribution affect how forces are
transferred.

- Initial Compression/Stretch: The amount of initial
deformation influences the energy available.

Understanding these factors is crucial when
designing experiments or interpreting real-world
data, but the fundamental principles remain the
same.

Applications and Broader Implications



This toy car and spring system mirrors many physical
phenomena:

- Elastic Collisions: Understanding how objects
exchange energy and momentum.

- Molecular Dynamics: Atoms and molecules interact
via springs (interatomic forces).

- Vehicle Crash Analysis: Studying how different
masses respond to forces.

- Engineering Design
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