Two Trucks Travel At Constant
Velocities Until They Collide. The
Truck On The Right Has A Mass Of 1000

Introduction

Two Trucks Travel At Constant Velocities Until They Collide. The Truck On The
Right Has A Mass Of 1000. This scenario presents a classic problem in physics
involving motion, momentum, and energy conservation. Analyzing such a
collision requires understanding the fundamental principles of kinematics and
dynamics. The situation becomes particularly interesting when considering the
velocities of the trucks, their masses, and the type of collision—whether
elastic or inelastic. In this article, we will explore the physics behind the
collision, examine the key concepts involved, and analyze the outcomes using
appropriate equations and principles.

Basic Assumptions and Setup

Defining the Scenario

To analyze this problem systematically, we need to establish some initial
assumptions:

e The two trucks are moving along a straight line, either towards each
other or in the same direction.

e Both trucks travel at constant velocities until they collide, implying
no acceleration or deceleration during motion.

e The truck on the right has a mass of 1000 kg. The mass of the other
truck is denoted as \( m_1 \), which could be different.

e The velocities of the trucks are \( v 1 \) (left truck) and \( v 2 \)
(right truck) before collision.

e The collision occurs at a specific point in time and space, after which
the velocities change according to conservation laws.

Initial Conditions

The initial velocities are crucial:



e Let \( v {1i} \) and \( v _{2i} \) be the initial velocities of the left
and right trucks, respectively.

e Assuming positive direction is to the right, then:

o If both trucks move rightward, \( v _{1i} > 0 \) and \( v _{2i} > 0
\).

o If they move towards each other, \( v _{1i} > 0 \) and \( v_{2i} < ©
\), or vice versa.

Understanding the Types of Collisions

Elastic vs. Inelastic Collisions

The nature of the collision determines the outcome:

1. Elastic Collision: Both kinetic energy and momentum are conserved. The
trucks bounce off each other without deformation or heat generation.

2. Inelastic Collision: Momentum is conserved, but some kinetic energy is
lost to deformation, heat, or sound. If they stick together, it is
perfectly inelastic.

For simplicity, many initial analyses assume a perfectly elastic collision,
but real-world collisions often tend toward inelastic behavior.

Assumption for This Analysis

In this article, we will analyze a perfectly elastic collision scenario, as
it provides clearer insight into the fundamental physics principles involved.

Conservation of Momentum

Principle Overview

The law of conservation of momentum states that the total momentum of an
isolated system remains constant if no external forces act upon it.



Mathematical Formulation

Before collision:

\ [

p {initial} = m 1 v {1i} + m 2 v {2i}

\1

After collision:

\ [

p {final} = m 1 v {1f} + m 2 v {2f}

\1

where:

-\(m1\) and \( m 2 \) are the masses of the left and right trucks,
respectively.

- \( v_{1i} \) and \( v_{2i} \) are initial velocities.

- \( v_{1f} \) and \( v_{2f} \) are final velocities after collision.

Since no external forces act horizontally:

\[
m1lv {1li} +m 2 v {2i} = m 1 v {1f} + m 2 v {2f}
\]

Conservation of Kinetic Energy in Elastic
Collisions

Energy Conservation Principle

In elastic collisions, kinetic energy is conserved:

\ [

\frac{1}{2} m 1 v {1i}"2 + \frac{1}{2} m 2 v {2i}"2 = \frac{1}{2} m 1
v {1f}"2 + \frac{1}{2} m 2 v {2f}"2

\1

Implications for Final Velocities

These two conservation equations (momentum and kinetic energy) allow solving
for the final velocities after the collision.

Calculating Final Velocities

Standard Formulas for Elastic Collisions Along a
Line

For one-dimensional elastic collisions, the final velocities are given by:

\ [
v {1f} = \frac{(m 1 - m2) v {1i} + 2 m 2 v {2i}}{m 1 + m 2}



\1]
\ [
v {2f} = \frac{(m 2 - m 1) v {2i} + 2 m 1 v {1i}}{m 1 + m 2}
\1

These equations assume the trucks collide along a straight line and no
external forces interfere during the collision.

Applying to the Given Scenario

Given:

- \( m 2 =1000\,kg \),

- initial velocities \( v {1i} \), \( v {2i} \),
- and the masses as known or assumed.

By substituting these into the formulas, we can determine the velocities of
each truck immediately after impact.

Analysis of Collision Outcomes

Case 1: Trucks Moving Towards Each Other

Suppose:

- \( v _{1i} = +20\,m/s \) (left truck moving right),

- \( v_{2i} = -15\,m/s \) (right truck moving left).

Applying the formulas:

\ [

v {1f} = \frac{(m 1 - 1000)(20) + 2 \times 1000 \times (-15)}{m 1 + 1000}
\1

\ [

v {2f} = \frac{(1000 - m 1)(-15) + 2 m_1 \times 20}{m 1 + 1000}

\1

Depending on \( m 1 \), we can calculate the exact velocities. For instance,
if \( m 1 = 800\,kg \):

\ [

v {1f} = \frac{(800 - 1000) (20) + 2000 \times (-15)}{1800} = \frac{(-200)(20)
- 30000}{1800} = \frac{-4000 - 30000}{1800} = \frac{-34000}{1800} \approx
-18.89\,m/s

\1]

\ [

v {2f} = \frac{(1000 - 800)(-15) + 2 \times 800 \times 20}{1800} = \frac{200
\times (-15) + 32000}{1800} = \frac{-3000 + 32000}{1800} = \frac{29000}{1800}
\approx 16.11\,m/s

\1]

This indicates the trucks rebound with velocities opposite their initial
directions, with magnitude changes depending on the mass ratio.



Case 2: Trucks Moving in the Same Direction

If both trucks move to the right, for example:

- \( v _{1i} = +16\,m/s \),

- \( v_{2i} = +15\,m/s \),

then the collision outcome differs, often resulting in the trailing truck
catching up or overtaking.

Energy and Momentum Conservation: Numerical
Examples

Impact of Mass Difference

The mass of the trucks greatly influences the post-collision velocities:

e If the trucks have equal masses, velocities are exchanged in elastic
collisions.

e If one truck is much heavier, it tends to continue at nearly the same
velocity, imparting less change to the lighter truck.

Energy Considerations

In an ideal elastic collision, the total kinetic energy remains unchanged:
\ [

KE {initial} = KE {final}

\1]

Calculations verify this invariance, given the initial velocities.

Real-World Considerations and Limitations

Friction and External Forces

In practical scenarios, factors such as friction, air resistance, and
external forces influence the motion and collision dynamics, making the
idealized calculations approximate.

Deformation and Energy Loss

Real collisions involve deformation, heat, and sound, meaning kinetic energy
is not conserved perfectly, leading to less predictable outcomes.



Safety and Engineering Implications

Understanding collision physics helps in designing safer vehicles and road
systems, as well as in

Frequently Asked Questions

What factors determine the time and place of
collision between two trucks traveling at constant
velocities?

The collision point depends on the initial positions, velocities, and
directions of both trucks. Knowing their initial distances and speeds allows
calculation of when and where they will meet.

If the truck on the right has a mass of 1000 kg, how
does its mass influence the collision dynamics?

The mass affects the momentum and the force experienced during the collision.
A heavier truck (like the 1000 kg one) generally has more momentum at a given
velocity, influencing the post-collision motion depending on the other
truck's mass and velocity.

How can we determine the velocity of each truck if
they collide after traveling certain distances?

By using the initial positions and the time until collision, you can
calculate each truck's velocity as distance divided by time, assuming
constant velocities and straight-line motion.

What impact does the initial separation between the
trucks have on their collision time?

A greater initial separation increases the time before collision, assuming
both trucks move towards each other at constant velocities. The collision
time can be found by dividing the initial distance by the sum of their
relative speeds.

Can we predict the outcome of the collision, such as
damage or post-collision velocities, knowing only
their initial velocities and masses?

Yes, using conservation of momentum and energy principles (assuming an
elastic or inelastic collision), we can estimate post-collision velocities
and potential damage, provided we know the initial conditions.



If the trucks are moving in the same direction at
different speeds, how does that affect when they
collide?

They will only collide if the truck behind is moving faster than the one
ahead. The time until collision depends on their relative velocity and
initial separation.

How does the assumption of constant velocities
simplify the analysis of the collision?

It allows us to model each truck's motion with simple linear equations,
making it straightforward to calculate the point and time of collision
without considering acceleration or other forces.

What additional information is needed to fully
analyze the collision between these two trucks?

We need their initial positions, velocities (both magnitude and direction),
and the nature of the collision (elastic or inelastic). Knowing the mass of
both trucks is also essential for complete analysis.

Additional Resources

Two Trucks Travel At Constant Velocities Until They Collide: An In-Depth
Investigation

In the realm of classical mechanics, the study of moving objects and their
interactions provides foundational insights into the physical universe. Among
such scenarios, the collision of two trucks traveling at constant velocities
presents a compelling case for analysis—combining principles of momentum
conservation, energy transfer, and collision dynamics. This article delves
into the intricate details of such a scenario, focusing particularly on the
truck with a mass of 1000 kg traveling at a constant velocity, and explores
the physics principles governing their eventual collision.

Understanding the Scenario: Basic Assumptions
and Setup

Before embarking on a detailed analysis, it'’s essential to clearly define the
parameters and assumptions of the scenario:



- Two trucks are moving along a straight line (say, a straight highway
segment) .

- Both trucks travel at constant velocities until a collision occurs; no
external forces (like friction or air resistance) are initially considered,

simplifying the model to an idealized physics problem.

- Truck A (the one on the right) has a mass of 1000 kg and moves at a
constant velocity \( v A \).

- Truck B (the one on the left) has an unspecified mass \( m B \) and
velocity \( v. B \).

- The initial positions are such that the trucks are separated by a known
initial distance \( d \).

- The collision occurs when the trucks occupy the same position along the
line of motion.

Key Principles of Collision Dynamics

To analyze the collision, understanding the fundamental physics principles is
crucial.

Conservation of Momentum

In an isolated system (no external forces), the total momentum before
collision equals the total momentum after collision:

\ [

mAv {A,i} + m B v {B,i} = m A v {A,f} + m B v {B,f}
\]

where:

-\N(mA, v {A,i}, v {A,f} \): mass, initial and final velocities of Truck A.

-\(mB, v {B,i}, v {B,f} \): same for Truck B.

Types of Collisions

Collisions can be classified into:



- Elastic collisions: kinetic energy is conserved.

- Inelastic collisions: some kinetic energy is converted into other forms of
energy (heat, deformation).

- Perfectly inelastic collisions: trucks stick together after impact.

The nature of the collision significantly influences post-collision
velocities.

Relative Velocity and Collision Timing

The collision occurs when:

\ [
x A(t) = x B(t)
\1

with:

\ [
X A(t)
\1]
\ [
X B(t)
\1

x {A,0} + v At

x {B,0} + vBt

Given initial positions \( x {A,0} \) and \( x {B,0} \), the collision time
\( t c \) can be found by solving:

\[
x {A,0} + vAtc=x4{B,0} +vBtc
\]

which simplifies to:

\ [

t ¢ = \frac{d}{v B - v A}
\1

assuming \( v B > v A\) and that \( d = x {A,0} - x {B,0} \).

Analyzing the Collision: Case Studies and



Scenarios

To concretize the analysis, consider specific values and scenarios.

Scenario 1: Equal and Opposite Velocities

Suppose:

- Truck A (right) has mass \( m A = 1000\,kg \), moving at \( v_ A = 20\,m/s
\) to the right.

- Truck B (left) has mass \( m B = 1500\,kg \), moving at \( v_.B = -15\,m/s
\) to the left.

- Initial positions:
- \( x {A,0} = 0\,m \)

- \( x_{B,0}

200\, m \)
The trucks are approaching each other with a closing speed of:

\ [
v {rel} = v A-vB=20 - (-15) = 35\,m/s
\1

Time to collision:

\ [
t ¢ = \frac{d}{v {rel}} = \frac{200\,m}{35\,m/s} \approx 5.71\,s

\]

Positions at collision:

\ [
x A(t c)
\1]
\ [
x B(t c)
\1

0 + 20 \times 5.71 \approx 114.3\,m

200 + (-15) \times 5.71 \approx 200 - 85.7 \approx 114.3\,m

They meet at approximately 114.3 meters from the initial position of Truck A.

Post-Collision Velocities: Elastic vs. Inelastic

- Elastic collision:



The velocities after collision are obtained via conservation laws:

\ [
v {A,f}
\]

\frac{(m A - mB) v {A,i} + 2 m B v {B,i}}{m A + m B}

\ [
v {B,f}
\]

\frac{(m B - m A) v {B,i} + 2 m A v {A,i}}{m A + m B}

- Inelastic collision (completely inelastic):

The trucks stick together, moving with a common velocity:
\ [

v f = \frac{m A v {A,i} + m B v {B,i}}{m A + m B}

\1]

This analysis reveals how kinetic energy is redistributed or dissipated
depending on collision elasticity.

The Special Case: The Truck With a Mass of 1000
kg

Focusing on the truck with a mass of 1000 kg, several interesting points
emerge.

Impact of Velocity on Collision Dynamics

- If the velocity of the 1000 kg truck is high relative to the other truck,
the post-collision velocities depend heavily on the mass ratio.

- For example, when the truck with 1000 kg is moving faster, it could

transfer significant momentum, affecting whether the other truck is slowed or
even reversed.

Energy Transfer and Damage Potential

- The amount of kinetic energy transferred depends on the velocities and
masses.

- For inelastic collisions, some energy is lost to deformation, heat, and



sound, which is critical when considering real-world impacts.

Real-World Considerations

- In actual scenarios, external forces like friction, air resistance, and
deformation complicate the model.

- Safety features such as crumple zones and restraints influence energy
absorption and vehicle damage.

Implications for Safety and Engineering

Understanding collision physics informs vehicle design, safety regulations,
and accident analysis.

Designing for Impact Absorption

- Knowledge of how momentum and energy transfer during collisions guides the
development of safety features.

- Engineers aim to maximize energy absorption during crashes, reducing the
force transmitted to occupants.

Predicting Collision Outcomes

- Accurate models enable authorities to predict collision severity based on
initial velocities and vehicle masses.

- This prediction assists in accident reconstruction and in designing safer
transportation systems.

Limitations and Future Directions

- Real-world collisions involve complex factors: multi-directional impacts,
variable speeds, and driver behavior.

- Future research incorporates computer simulations and experimental data to
refine models.



Conclusion: The Physics Underlying Vehicle
Collisions

The scenario of two trucks traveling at constant velocities until they
collide exemplifies fundamental principles of classical mechanics. The case
of the truck with a mass of 1000 kg serves as a pivotal point for analyzing
momentum transfer, energy dissipation, and collision outcomes. While
simplified models provide valuable insights, real-world applications demand
consideration of additional factors like deformation, external forces, and
safety systems.

Understanding these physics principles is essential not only for theoretical
exploration but also for practical applications in vehicle safety, accident
prevention, and transportation engineering. As vehicles evolve with advanced
safety features and materials, the core physics principles continue to
underpin innovations aimed at minimizing injury and property damage during
collisions.
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