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Introduction

Understanding vehicle collisions involves analyzing the principles of physics, particularly the
conservation of momentum and energy. When a car traveling east collides with a truck moving west,
their combined velocities after impact depend on their masses, initial velocities, and the nature of the
collision—whether elastic or inelastic. This article examines such a collision in detail, calculating the
combined velocities post-collision, discussing the implications, and exploring factors influencing the

aftermath.

Initial Conditions and Data



Details of the Vehicles and Their Motion

e Car:
> Mass (ml): 1500 kg

o Initial velocity (v[l): 20 m/s east (considered positive)

e Truck:
> Mass (ml): 2500 kg

o Initial velocity (v[l): 30 m/s west (considered negative)

Note: For simplicity, we define east as the positive direction and west as negative.

Calculating the Initial Momentum



Understanding Momentum

Momentum (p) is calculated as the product of mass and velocity:

\[ p = m \times v \]

The total initial momentum of the system is the sum of the individual momenta:

\[ p_{initial} =p_1+p 21\

Calculations

- Car's initial momentum:

\[ p_1 = 1500 \, kg \times 20 \, m/s = 30,000 \, kg \cdot m/s \]

- Truck's initial momentum:

\[ p_2 = 2500 \, kg \times (-30) \, m/s = -75,000 \, kg \cdot m/s \]

- Total initial momentum:

\[ p_{total} = 30,000 + (-75,000) = -45,000 \, kg \cdot m/s \]

The negative sign indicates the combined momentum is directed west.



Determining the Nature of the Collision

Elastic vs. Inelastic Collisions

- Elastic Collision: Kinetic energy is conserved.
- Inelastic Collision: Kinetic energy is not conserved; some is transformed into other forms such as
heat or deformation.

- Perfectly Inelastic Collision: The colliding objects stick together after impact.

In real vehicle collisions, the collision is typically inelastic, often perfectly inelastic for severe crashes,

as the vehicles deform and move together afterward.

Calculating the Final Velocity After Collision

Assumption: Perfectly Inelastic Collision

In a perfectly inelastic collision, the two vehicles stick together after impact.

Using Conservation of Momentum

The total momentum before collision equals the total momentum after:

\[ p_{initial} = p_{final} \]



Since the vehicles move together after collision with a common velocity \( v_f\):
\[ p_{final} = (m_1 + m_2) \times v_f\]
Thus:

\[ v_f = \frac{p_{initial}}{m_1 + m_2} \]

Calculations

\[ v_f = \frac{-45,000}{1500 + 2500} = \frac{-45,000}{4000} = -11.25\, m/s \]

The negative sign indicates the combined vehicle system moves west at 11.25 m/s after the collision.

Implications of the Final Velocity

Direction and Speed

- The combined mass moves west at 11.25 m/s.

- This velocity reflects significant kinetic energy loss, typical in real-world crashes.

Energy Considerations

- Initial kinetic energy:



\[ KE_{initial} = \frac{1}{2} m_1 v_172 + \frac{1{2} m_2 v_2/2\]

\[ KE_{initial} = \frac{1}{2} \times 1500 \times 20”2 + \frac{1}{2} \times 2500 \times 302 \]
\[ KE_{initial} = 750 \times 400 + 1250 \times 900 \]

\[ KE_{initial} = 300,000 + 1,125,000 = 1,425,000 \, J \]

- Final kinetic energy:

\[ KE_{final} = \frac{1}{2} (m_1 + m_2) v_fA2 \]

\[ KE_{final} = \frac{1}{2} \times 4000 \times (11.25)"2 \]

\[ KE_{final} = 2000 \times 126.56 \approx 253,120 \, J \]

- Energy lost during collision:

\[ \Delta KE = KE_{initial} - KE_{final} \approx 1,425,000 - 253,120 = 1,171,880 \, J \]

This energy loss manifests as heat, deformation, sound, and other forms typical of real crashes.

Factors Influencing Post-Collision Outcomes

Type of Collision

- Whether the collision is elastic or inelastic significantly affects the energy distribution.



- Real-world vehicle crashes are mostly inelastic, leading to deformation and damage.

Vehicle Structural Integrity

- The construction and safety features of the vehicles determine how energy is absorbed and how
much damage occurs.

- Crumple zones and airbags are designed to absorb impact energy and protect occupants.

Speed and Mass

- Higher speeds and larger masses increase the severity of the collision.
- The difference in velocities (20 m/s east vs. 30 m/s west) results in high kinetic energy and impact

forces.

Collision Point and Angle

- The specific point and angle of impact influence the distribution of forces and damage patterns.

Environmental Factors

- Road conditions, weather, and visibility can influence the collision dynamics and aftermath.



Possible Outcomes and Real-World Considerations

Post-Collision Vehicle States

- Vehicles may remain together if inelastic.
- They may separate if collision dynamics favor rebounding, which is rare in severe crashes involving

large vehicles.

Damage and Safety

- Significant deformation is expected, especially for the lighter car.

- Safety features may mitigate injury risks for occupants but do not prevent damage.

Legal and Insurance Aspects

- Determining fault often involves analyzing the collision based on initial velocities and positions.

- Insurance claims depend on damage assessments and collision reports.

Environmental Impact

- Fuel leaks, fluid spills, and debris can result post-collision, impacting the environment.



Conclusion

The collision between a 1500 kg car traveling east at 20 m/s and a 2500 kg truck moving west at 30
m/s, assuming a perfectly inelastic impact, results in the combined vehicle system moving west at
approximately 11.25 m/s. This scenario highlights the importance of momentum conservation and
energy dissipation in vehicle crashes. Understanding these principles is vital for vehicle safety design,
accident analysis, and improving road safety measures. Real-world collisions are complex, involving
deformation, energy absorption, and multiple factors influencing outcomes. Nonetheless, physics
provides a fundamental framework to analyze and predict the behavior of vehicles in accidents,

ultimately aiming to enhance safety features and reduce injury severity.

Note: This analysis simplifies many real-world complexities, such as deformation, friction, and non-
ideal collision behavior, but provides a solid foundational understanding of the key physics involved in

such crashes.

Frequently Asked Questions

What is the total momentum of the system before the collision?

The total momentum is calculated as (mass of car x velocity of car) + (mass of truck x velocity of
truck). Since they move in opposite directions, one is positive and the other negative: (1500 kg x 20
m/s) + (2500 kg % -30 m/s) = 30,000 kg-m/s - 75,000 kg-m/s = -45,000 kg-m/s. The negative sign

indicates the net momentum is directed westward.

What is the combined mass of the car and truck?

The combined mass of the car and truck is 1500 kg + 2500 kg = 4000 kg.



How can the velocity of the system be determined after the collision?

The velocity after the collision can be found using conservation of momentum: v_final = (total initial
momentum) / (total mass). Using the previous total momentum of -45,000 kg-m/s, v_final = -45,000

kg-m/s / 4000 kg = -11.25 m/s, indicating movement westward.

Does the collision conserve kinetic energy?

Not necessarily. Collisions between vehicles are often inelastic, meaning some kinetic energy is
converted into other forms of energy like heat or deformation. Therefore, kinetic energy is generally not

conserved in such collisions.

What factors influence the severity of the collision outcome?

Factors include the masses and velocities of the vehicles, the angle of impact, the point of collision,
and the structural integrity of the vehicles. Higher speeds and larger mass differences typically result in

more severe impacts.

How would the impact velocity change if the truck was moving at 20

m/s instead of 30 m/s?

If the truck moved at 20 m/s west, the initial momentum would be (1500 kg x 20 m/s) + (2500 kg x -20
m/s) = 30,000 kg-m/s - 50,000 kg-m/s = -20,000 kg-m/s. The impact velocity after collision would then

be v_final = -20,000 / 4000 = -5 m/s westward, reducing the impact severity.

What safety measures can reduce injuries in such collisions?

Implementing features like airbags, seat belts, crumple zones, and advanced driver-assistance systems
(ADAS) can significantly reduce injuries by absorbing impact energy and preventing or mitigating

collisions.



Additional Resources
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Introduction

Traffic collisions involving multiple vehicles often involve complex dynamics that require meticulous
analysis to understand the causes and consequences. The collision between a 1500 kg car traveling
east at 20 m/s and a 2500 kg truck moving west at 30 m/s exemplifies a scenario rich with physical
interactions and safety implications. This article aims to investigate the physics underpinning this
collision, analyze the post-impact states of the vehicles, and explore broader safety considerations

based on the laws of conservation of momentum and energy.

The Scenario at a Glance

Before delving into detailed calculations, it is essential to establish the initial conditions:

- Car: Mass = 1500 kg; Velocity = 20 m/s east
- Truck: Mass = 2500 kg; Velocity = 30 m/s west

Assuming a head-on collision, these velocities are directly opposed, which simplifies the analysis to a

one-dimensional problem along the east-west axis.

Fundamental Physics Principles



Conservation of Momentum

In an isolated system (no external forces acting horizontally during the collision), the total momentum

before impact equals the total momentum after impact:

\[ p_{total, initial} = p_{total, final} \]

where:

\[ p=m \times v \]

Types of Collisions

- Elastic Collision: No kinetic energy lost; vehicles bounce off without deformation.

- Inelastic Collision: Vehicles deform and some kinetic energy is converted into other forms (heat,

sound).

- Perfectly Inelastic Collision: Vehicles stick together after impact, moving with a common velocity.

Given real-world vehicle crashes involve deformation and energy dissipation, the collision is typically

inelastic, often approaching perfect inelasticity.

Calculating the Initial Total Momentum

Assigning east as the positive direction:

- Car's momentum:

\[ p_{car} = 1500 \, \text{kg} \times 20 \, \text{m/s} = 30,000 \, \text{kg} \cdot \text{m/s} \]



- Truck's momentum:

Since the truck moves west at 30 m/s, its velocity is -30 m/s:

\[ p_{truck} = 2500 \, \text{kg} \times (-30) \, \text{m/s} = -75,000 \, \text{kg} \cdot \text{m/s} \]

- Total initial momentum:

\[ p_{initial} = p_{car} + p_{truck} = 30,000 - 75,000 = -45,000 \, \text{kg} \cdot \text{m/s} \]

The negative sign indicates the net momentum is directed westward.

Post-Collision Velocity: Inelastic Approximation

Assuming a perfectly inelastic collision where the car and truck stick together:

- Combined mass:

\[ m_{total} = 1500 + 2500 = 4000 \, \text{kg} \]

- Final velocity:

\[ v_{final} = \frac{p_{initial}}{m_{total}} = \frac{-45,000}{4000} = -11.25 \, \text{m/s} \]

This indicates the combined mass moves westward at 11.25 m/s after impact.

Physical Interpretation and Real-World Implications



Kinetic Energy Considerations

- Initial kinetic energy:

\[ KE_{initial} = \frac{1}{2} m_{car} v_{car}*2 + \frac{1}{2} m_{truck} v_{truck}*2 \]

\[ KE_{initial} = \frac{1}{2} \times 1500 \times 202 + \frac{1}{2} \times 2500 \times 302 \]

\[ KE_{initial} = 750 \times 400 + 1250 \times 900 = 300,000 + 1,125,000 = 1,425,000 \, \text{J} \]

- Final kinetic energy (assuming inelastic collision):

\[ KE_{final} = \frac{1}{2} \times 4000 \times (11.25)"2 \]

\[ KE_{final} = 2000 \times 126.56 \approx 253,120 \, \text{J} \]

- Energy lost:

\[ \Delta KE = KE_{initial} - KE_{final} \approx 1,425,000 - 253,120 = 1,171,880 \, \text{J} \]

This significant energy loss manifests as deformation, heat, sound, and other forms of energy

dissipation typical of real-world crashes.

Impacts on Vehicle Safety and Damage

The collision's inelastic nature suggests substantial deformation, especially considering the masses

involved and the high velocities. Such impacts can result in:

- Severe structural damage
- Deployment of safety features (airbags, crumple zones)

- Potential injuries to occupants, especially given the energy involved



Deep Dive: Factors Influencing the Post-Collision Dynamics

Impact Angle and Vehicle Geometry

While the analysis assumes a head-on impact for simplicity, actual collisions often involve angles,

leading to complex debris patterns and varying damage profiles.

Vehicle Mass and Structural Integrity

The disparity in mass (1500 kg vs. 2500 kg) influences how energy is distributed and how the vehicles

deform. The heavier truck tends to retain more of its momentum and structural integrity, whereas the

lighter car may experience more extensive deformation.

Speed Variations and External Factors

- Slight variations in speed or direction can significantly alter the impact dynamics.

- External factors such as road conditions, braking response times, and driver behavior also influence

collision severity.

Post-Collision Trajectories and Safety Outcomes

For the Vehicle System

- The combined mass moves westward at approximately 11.25 m/s.

- The vehicles are likely immobilized or severely damaged, with occupant safety depending heavily on

restraint systems and crashworthiness.



For Occupant Safety

- The high energy involved underscores the importance of modern safety features.

- Seatbelts, airbags, and crumple zones serve to reduce injury risk by managing deceleration and

distributing impact forces.

For Emergency Response

- Such collisions typically require prompt emergency services.

- The extent of damage influences rescue strategies and resource allocation.

Broader Implications: Road Safety and Vehicle Design

Understanding Collision Dynamics

- Accurate physics analysis assists in designing safer vehicles and infrastructure.

- Simulation tools use such calculations to improve crashworthiness.

Policy and Prevention

- Enforcing speed limits and promoting defensive driving reduce collision severity.

- Advanced driver-assistance systems (ADAS), including collision avoidance, can mitigate impact or

prevent crashes altogether.

Limitations of the Simplified Model

While the analysis provides valuable insights, real-world collisions are influenced by:



- Multi-dimensional impacts
- Vehicle deformability
- Variable impact angles

- External forces like friction and air resistance

Therefore, detailed crash reconstructions often employ computer simulations and empirical data to

complement theoretical calculations.

Conclusion

The collision between a 1500 kg car traveling east at 20 m/s and a 2500 kg truck moving west at 30
m/s exemplifies the intense physical interactions inherent in high-speed impacts. Applying principles of
conservation of momentum and energy, the combined vehicle system post-collision would move
westward at approximately 11.25 m/s, with substantial energy dissipation leading to vehicle

deformation and potential occupant injury.

Understanding these dynamics is vital for advancing vehicle safety, informing policy, and developing
effective emergency response strategies. While simplified models provide foundational insights, real-
world crash analysis demands comprehensive approaches integrating physics, engineering, and

empirical data to enhance road safety and reduce fatalities.
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Note: All calculations are approximate and assume idealized conditions. Actual crash scenarios involve

numerous variables that can alter outcomes.
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