A 1140-kg Van, Stopped At A Traffic
Light, Is Hit Directly In The Rear By
A 745-kg Car Traveling With

Introduction

A 1140-kg Van, Stopped At A Traffic Light, Is Hit Directly In The Rear By A
745-kg Car Traveling With a certain velocity. Such a scenario is common in
traffic accidents and provides an excellent opportunity to analyze the
principles of physics, particularly the conservation of momentum, forces
involved during collisions, and the resulting effects on the vehicles and
their occupants. Understanding these aspects not only helps in accident
reconstruction but also enhances safety measures and vehicle design. In this
article, we will explore the physics behind rear-end collisions involving a
stationary van and a moving car, discuss the factors influencing the outcome,
and analyze the effects on both vehicles.

Basic Principles of Collision Physics

Conservation of Momentum

The fundamental principle governing vehicle collisions is the conservation of
linear momentum. According to physics, in an isolated system with no external
forces, the total momentum before a collision equals the total momentum after
the collision.

e Initial momentum of the system: \(\mathrm{p {initial}}
v_{van} + m {car} \times v {car}\)

m {van} \times

e Since the van is initially at rest: \(v_{van} = 0\)

e Initial momentum simplifies to: \(\mathrm{p {initial}}
v _{car}\)

m {car} \times
e Post-collision velocities depend on the nature of the collision (elastic

or inelastic)

Types of Collisions

Collisions can be classified based on energy conservation and deformation:



1. Elastic Collisions: Both kinetic energy and momentum are conserved. Rare
in vehicle crashes.

2. Inelastic Collisions: Kinetic energy is not conserved; some energy is
dissipated as heat, sound, and deformation. Most vehicle crashes are

inelastic.

3. Perfectly Inelastic Collisions: Vehicles stick together after impact,
maximizing energy dissipation.

Analyzing the Scenario

Known Data and Assumptions

Suppose the following data:

e Mass of Van, \(m {van} = 1140\, kg\)

e Mass of Car, \(m {car} = 745\,kg\)

e Initial velocity of Car, \(v_{car} = V\,m/s\) (unknown)

e Van is stationary: \(v_{van} = 0\,m/s\)

We aim to analyze the collision outcomes based on varying initial velocities
of the car, and the type of collision (elastic or inelastic).

Calculating Post-Collision Velocities

Assuming a Perfectly Inelastic Collision

In a perfectly inelastic collision, the two vehicles stick together after
impact. Applying conservation of momentum:

\ [

m {van} \times v {van} + m {car} \times v {car} = (m {van} + m {car}) \times
v_{final}

\1

Since \(v_{van} = 0\):

\ [

m {car} \times V = (m {van} + m {car}) \times v {final}

\1

\ [

v_{final} = \frac{m {car} \times V}{m {van} + m {car}}



\]

Example: If the car travels at 20 m/s (about 72 km/h):

\ [
v _{final} = \frac{745 \times 20}{1140 + 745} \approx \frac{14900}{1885}

\approx 7.91\,m/s
\1]

The combined vehicles move forward at approximately 7.91 m/s (~28.5 km/h)
after impact.

Implications of the Final Velocity

- The van, initially stationary, gains some velocity post-collision.
- The occupants experience a sudden deceleration, which can cause injuries.
- Damage extent depends on the velocity change and vehicle deformation.

Impact Forces and Deformation

Force During Collision

The force experienced during collision depends on the change in momentum and
the duration of impact:

\ [
F = \frac{\Delta p}{\Delta t}

\1
where \(\Delta p\) is the change in momentum and \(\Delta t\) is the
collision duration.

Shorter collision times produce higher forces, increasing the risk of injury
and structural damage.

Factors Affecting Force Magnitude

e Impact velocity: higher speeds increase force.
e Vehicle stiffness: more rigid vehicles transfer higher forces.

e Collision duration: longer impact times reduce force.



Effects on Vehicles and Occupants

Vehicle Damage

- The front of the car absorbs most of the impact energy, leading to
deformation.

- The van, initially stationary, experiences a rear-end deformation.

- Energy absorption depends on vehicle construction and crumple zones.

Occupant Injuries

- Sudden deceleration causes inertia effects on occupants.

- Seat belts and airbags mitigate injuries.

- The severity of injury relates to collision velocity and restraint
effectiveness.

Safety Considerations and Prevention

Design Improvements

- Crumple zones absorb impact energy.

- Reinforced rear bumpers reduce damage.

- Advanced safety features (collision detection, automatic braking) can
prevent such accidents.

Driving Practices

- Maintaining safe following distances.
- Staying alert and reducing speed in traffic.
- Using safety systems effectively.

Conclusion

The collision between a stationary van and a moving car exemplifies
fundamental physics principles like momentum conservation and energy
dissipation during inelastic collisions. The outcome depends heavily on the
initial velocity of the car, the vehicles' masses and structural properties,
and the collision's nature. Understanding these interactions provides
insights into vehicle safety design and accident prevention strategies.
Ultimately, while physics can predict the dynamics of such crashes, safety
features and responsible driving are crucial in minimizing injuries and
damages.



Frequently Asked Questions

What is the initial velocity of the van before the
collision?

Since the van is stopped at the traffic light, its initial velocity is 0 m/s.

How can we determine the velocity of the car just
before impact?

The velocity of the car before impact can be calculated using conservation of
momentum or given data on the car's speed just prior to the collision, which
is typically provided or measured directly.

What is the combined velocity of the van and car
immediately after the collision?

The combined velocity can be found using the conservation of momentum: (mass
of van initial velocity of van + mass of car initial velocity of car) divided
by the total mass, assuming a perfectly inelastic collision.

How does the mass difference between the van and car
influence the collision outcome?

The larger mass of the van means it will experience less change in velocity
compared to the smaller mass car, affecting the final velocities and
potential damage distribution.

What safety measures can be inferred to prevent such
rear-end collisions?

Maintaining safe following distances, using collision warning systems, and
adhering to speed limits can help prevent rear-end collisions like this one.

How would the impact velocity change if the car was
traveling at a higher speed?

If the car's initial speed increases, the impact velocity of the collision
would also increase, resulting in greater force and potential damage, as
determined by the conservation of momentum.

Additional Resources
A 1140-kg Van, Stopped At A Traffic Light, Is Hit Directly In The Rear By A



745-kg Car Traveling With

When examining the dynamics of a rear-end collision involving a 1140-kg van
stopped at a traffic light and a 745-kg car approaching from behind, it
becomes essential to understand the physics, safety implications, and
potential consequences of such an incident. Rear-end collisions are among the
most common types of traffic accidents, often resulting in varying degrees of
damage and injury depending on factors like vehicle mass, speed, and safety
features. This article offers a comprehensive analysis of such an accident
scenario, exploring the mechanics, safety considerations, and broader
implications.

Understanding the Basic Physics of Rear-End
Collisions

Conservation of Momentum

At the core of analyzing vehicle collisions is the principle of conservation
of momentum. When two objects collide, assuming no external forces act
significantly during the collision, the total momentum before impact equals
the total momentum after.

Mathematically:

\[mlv1l+m2v2=mlvI1 +m2v2" \]
where:

-\(m1l, m2)\) are the masses of the vehicles,
-\(v.1l, v .2)\) are initial velocities,
-\(v.1', v.2'"\) are velocities after impact.

In the scenario presented:
- The van is initially stationary: \( v.1 =0 \)
- The car approaches with some velocity: \( v 2

I~

v \).

The collision's outcome, including the vehicles' velocities post-collision,
depends on their relative masses and initial speeds.

Elastic vs. Inelastic Collisions

Most real-world vehicle collisions are inelastic, meaning some kinetic energy
is transformed into deformation, heat, or sound. The level of deformation and
energy dissipation affects vehicle damage and safety outcomes.



Analyzing the Specific Scenario

Initial Conditions

- Van's mass: 1140 kg, stationary at a traffic light (\(
- Car's mass: 745 kg, approaching with velocity \( v 2 \)
- The car strikes the van directly in the rear

vi1=0)\))

Estimating the Impact Velocity

Suppose the approaching car's speed is \( v \). For the purpose of this
analysis, let's consider three different speeds: 20 km/h, 40 km/h, and 60
km/h, to illustrate how impact severity varies.

- Conversion: 1 km/h = 0.278 m/s

- Therefore:

- 20 km/h = 5.56 m/s
- 40 km/h = 11.11 m/s
- 60 km/h = 16.67 m/s

Using these, we can analyze the post-collision velocities and energy
transfer.

Post-Collision Velocities

Applying conservation of momentum for a perfectly inelastic collision
(assuming vehicles stick together briefly):

\[ v =\frac{m 1 v 1 +m2 v 2}{m 1+ m2} \]
Since \(v.1=0\):

\[ v' = \frac{745 \times v}{1140 + 745} \]
Calculations:

- For \( v = 5.56 \) m/s (20 km/h):

\[ v' = \frac{745 \times 5.56}{1885} = \frac{4148.2}{1885} = 2.20\,
\text{m/s} \]

- For \( v = 11.11 \) m/s (40 km/h):
\[ v' = \frac{745 \times 11.11}{1885} = 4.39\, \text{m/s} \I]

- For \( v = 16.67 \) m/s (60 km/h):



\[ v' = \frac{745 \times 16.67}{1885} = 6.59\, \text{m/s} \I]

This simplified model indicates that after impact, both vehicles move
together at reduced speeds, with the van gaining some velocity proportional
to the initial speed of the approaching car.

Safety Implications and Damage Assessment

Vehicle Damage

The severity of damage depends on impact speed, vehicle construction, and
safety features. Generally:

- At lower speeds (around 20 km/h): Damage is often limited to minor dents,
bumper damage, or scratches.

- At moderate speeds (around 40 km/h): Structural damage, rear-end
deformation, and potential damage to safety systems can occur.

- At higher speeds (around 60 km/h): Significant crumpling, possible
intrusion into passenger compartments, and extensive repairs are likely.

Given the mass disparity, the car's lighter weight means it absorbs more of
the impact energy relative to its size, which can increase the risk of injury
for occupants.

Injury Risks and Safety Features

Modern vehicles are equipped with various safety features designed to
mitigate injury:

- Crumple Zones: Absorb impact energy, reducing force transmitted to
occupants.

- Seat Belts and Airbags: Prevent occupant ejection and reduce injury
severity.

- Rear-Impact Sensors and Collision Avoidance Systems: Alert drivers and
sometimes initiate automatic braking.

In the scenario, the van's mass and its stationary position mean it is less
likely to sustain catastrophic structural damage unless the collision is at
very high speed. However, occupants in the car might face injury depending on
the speed and safety features.



Legal and Insurance Considerations

Liability and Fault

In rear-end collisions, the trailing vehicle (the car) is often presumed at
fault, especially if it was following at an unsafe distance or not paying
attention. However, specific circumstances—such as sudden stops, brake
failures, or road conditions—can influence liability.

Insurance Claims

- The driver of the car will likely file a claim for damages caused to the
van and any injuries sustained.

- The van owner may also have property damage coverage.

- If injuries occur, medical expenses, lost wages, and potential legal claims
come into play.

Broader Implications and Lessons

Preventive Measures

- Maintaining safe following distances to prevent rear-end collisions.

- Using advanced driver-assistance systems (ADAS) like collision warning and
automatic braking.

- Improving road signage and traffic light visibility.

Vehicle Design and Safety Standards

- Enhancing rear-impact safety features.
- Designing vehicles to withstand and distribute impact forces effectively.
- Promoting the adoption of autonomous emergency braking systems.

Pros and Cons of Vehicle Mass in Collisions

Pros:

- Heavier vehicles like vans tend to transfer less force to occupants in low-
speed collisions.

- Greater mass can reduce vehicle deformation during impact, protecting



structural integrity.

Cons:

- In multi-vehicle crashes, larger mass disparity can lead to unpredictable
outcomes.

- Heavier vehicles may cause more damage to lighter vehicles and
infrastructure.

- In rear-end collisions, the lighter vehicle (car) is more susceptible to
damage and injury.

Conclusion

The collision between a 1140-kg van stopped at a traffic light and a 745-kg
car approaching from behind exemplifies the complex interplay of physics,
safety technology, and human factors in traffic incidents. While the mass
disparity influences the post-collision velocities and damage potential, the
actual consequences depend heavily on the initial speeds, safety features,
and response times. Understanding these dynamics is crucial for developing
safer vehicles, smarter traffic management systems, and informed driver
behaviors. Ultimately, fostering awareness, maintaining safe following
distances, and leveraging technological innovations are key to minimizing the
frequency and severity of such accidents.
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