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Understanding Relative Motion: Two People on a
Moving Train

Two People Are On A Train That Is Moving At 10 M/s North. They Are Walking 1
M/s South Relative To The train. This scenario provides a classic example of
relative motion, a fundamental concept in physics that explains how the
movement of one object is observed from different frames of reference. When
analyzing the motion of individuals on moving vehicles, such as trains, it is
essential to consider the relative velocities involved. This article explores
the principles of relative motion, how to calculate the actual velocities of
the people involved, and the various scenarios that can arise when multiple
objects are moving within a moving frame.

What Is Relative Motion?

Definition and Importance

Relative motion refers to the calculation of the motion of an object as
observed from a particular frame of reference. Unlike absolute motion, which
considers a fixed, universal frame (like the stationary ground), relative
motion depends on the observer's position and movement.

Understanding relative motion is crucial because:

— It helps determine how fast and in which direction an object appears to
move.

- It explains everyday phenomena, such as passengers walking inside a moving
vehicle.

- It forms the basis for complex physics problems involving multiple moving
objects.

Frames of Reference

A frame of reference is a coordinate system used to measure positions and
velocities. In the context of the train scenario:

— The train itself acts as a moving frame of reference.
— The ground (or earth) acts as a stationary frame of reference.

The velocities of the people walking are measured relative to the train, but
to understand their actual velocities relative to the ground, we need to
consider both frames.



Analyzing the Scenario: Two People on a Moving
Train

Given Data

— Velocity of the train relative to the ground: 10 m/s North

- Velocity of person A relative to the train: 1 m/s South

— Velocity of person B relative to the train: (Assuming similar data for
analysis)

In this setup, both individuals are on the train, which is moving northward
at a steady pace of 10 m/s. Person A walks southward at 1 m/s relative to the

train. The question arises: what are their actual velocities relative to the
ground?

Calculating Actual Velocities

To find the actual velocity of each person relative to the ground, we use the
principle of vector addition:

Velocity of person relative to ground = Velocity of train relative to ground
+ Velocity of person relative to train

Since directions matter, we assign:

— North as positive
- South as negative

For Person A:

- Velocity of train relative to ground: +10 m/s (north)
- Velocity of person A relative to train: -1 m/s (south)

Calculation:

VA = Vtrain + Vperson A | train
VA +10 m/s + (-1 m/s) = +9 m/s

Interpretation:
Person A’s velocity relative to the ground is 9 m/s North.

For Person B (assuming walking at 1 m/s North) :

- Vperson B | train = +1 m/s
Calculation:

VB = +10 m/s + (+1 m/s) = +11 m/s
Interpretation:

Person B’s velocity relative to the ground is 11 m/s North.



Summary of Velocities

| Person | Velocity relative to train | Velocity relative to ground |
Direction | Magnitude (m/s) |

| Person A | 1 m/s South (-1 m/s) | 9 m/s North | North | 9 |
| Person B | 1 m/s North (+1 m/s) | 11 m/s North | North | 11 |

This analysis demonstrates how relative motion calculations are performed and
how the observed velocities depend on the frames of reference.

Applications of Relative Motion in Real Life

Understanding relative motion extends beyond train scenarios. Here are some
common applications:

1. Traffic and Vehicular Movement

— Determining the speed of vehicles relative to each other.

— Calculating overtaking speeds.

— Understanding the motion of pedestrians crossing roads relative to moving
vehicles.

2. Aviation and Maritime Navigation

— Pilots and sailors account for wind speed/direction.
— Navigation charts incorporate relative velocities to ensure accurate course
plotting.

3. Sports and Athletics

— Athletes running on a moving track.
— Analyzing the relative speed of players in team sports.

4. Scientific and Engineering Problems

— Designing systems where multiple moving parts interact.
— Analyzing satellite orbits and space missions.

Additional Considerations in Relative Motion



1. Directionality

The sign convention (positive or negative) affects the calculations. Always
define directions clearly before solving.

2. Relative Velocity in Multiple Dimensions

When motion involves multiple axes (like x and y), vector addition and
Pythagoras' theorem are used to find resultant velocities.

3. Constant vs. Variable Speeds

The calculations above assume steady speeds. If speeds vary, calculus and
differential equations may be necessary.

Common Problems and How to Solve Them

Problem 1: What is the relative speed between the two
people?
Solution:

- Velocity of Person A: 9 m/s North
- Velocity of Person B: 11 m/s North

Relative velocity:

VBA = VB - VA = 11 m/s - 9 m/s = 2 m/s

Interpretation:

- Person B is moving 2 m/s faster than Person A relative to the ground.

- From Person A's perspective, Person B appears to approach or recede at 2
m/s.

Problem 2: If Person A starts walking south at 1 m/s,
how long will it take to pass a point 100 meters
ahead of the train’s initial position?

Solution:

— Person A's velocity relative to ground: 9 m/s North.

— Distance to cover: 100 meters.

- Since Person A is moving north at 9 m/s, and the point is ahead (north),
they will reach it in:



Time = Distance / Velocity = 100 m / 9 m/s ~ 11.11 seconds

Note: This calculation assumes the initial position aligns with the starting
point and no other forces act upon movement.

Conclusion: The Significance of Relative Motion

The scenario of two people on a moving train exemplifies fundamental physics
principles that are essential for understanding motion in various contexts.
By analyzing velocities relative to different frames of reference, we can
accurately predict and interpret movement, whether in everyday life or
complex engineering systems. Recognizing how to apply vector addition,
respect directional conventions, and analyze multi-dimensional motion are key
skills for students, engineers, and scientists alike.

Harnessing the principles of relative motion not only enhances our
comprehension of physical phenomena but also improves practical decision-
making, navigation, and design in a wide range of fields. Whether you're
standing in a train station or designing a satellite path, understanding the
nuances of relative motion is indispensable.
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Frequently Asked Questions

What is the relative speed of the two people walking
south on the train?

Since both are walking south at 1 m/s relative to the train, their relative
speed to each other is 0 m/s.

If the train is moving north at 10 m/s, what is the
actual speed of the people relative to the ground?

Each person is moving south at 1 m/s relative to the train, so their ground
speed is 10 m/s north (train) minus 1 m/s south (person), resulting in 9 m/s
north.

Are both people moving in the same direction relative
to the ground?

Yes, both are moving north at 9 m/s relative to the ground, since they walk
south at 1 m/s relative to the train moving north.

What is the significance of the relative speed of 1
m/s between the two people?

It indicates they are walking in opposite directions relative to each other
only if one walks south and the other north; otherwise, if both walk south,



their relative speed is 0 m/s.

If one person walks south at 1 m/s relative to the
train, and the other walks north at 1 m/s relative to
the train, what is their relative speed to each
other?

Their relative speed is 2 m/s since they are moving in opposite directions
relative to the train.

How does the train's motion affect the actual speeds
of the people relative to the ground?

The train's northward movement adds to or subtracts from their walking
speeds, so walking south at 1 m/s on a train moving north at 10 m/s results
in a ground speed of 9 m/s north.

Additional Resources

Two People Are On A Train That Is Moving At 10 M/s North. They Are Walking 1
M/s South Relative To The Train.

In the realm of physics, understanding how objects move relative to each
other, especially in contexts involving motion of larger bodies like trains,
is fundamental. This scenario—two individuals on a moving train walking in
opposite directions—serves as an excellent illustration of relative velocity,
a core concept in classical mechanics. While seemingly simple, analyzing such
a situation involves delving into the principles that govern how velocities
combine and how observers in different frames perceive motion. This article
explores the physics behind this scenario, clarifies the concept of relative
velocity, and discusses its practical implications.

Understanding the Scenario: Basic Setup and Definitions

Before diving into calculations, it’s essential to clearly define the
parameters and understand the context.

The Scenario:

- A train is moving at a velocity of 10 meters per second (m/s) towards the
north.

- Two individuals are onboard the train:

- Person A walks 1 m/s south relative to the train.

— Person B walks 1 m/s north relative to the train.

Key Definitions:

— Absolute velocity: The velocity of an object relative to a fixed frame of
reference, such as the ground.

- Relative velocity: The velocity of one object with respect to another

object.

Assumptions:



— The train moves uniformly; there is no acceleration.

- The walking speeds are constant.

— The directions are along a straight line (north-south axis).

Understanding these definitions sets the stage for analyzing how each person

perceives their own motion, the other's motion, and their motion relative to
the ground.

The Concept of Relative Velocity

In classical mechanics, the motion of objects is often described relative to
a chosen frame of reference. When dealing with moving objects, especially in
a situation like this, the concept of relative velocity becomes crucial.
What is Relative Velocity?

- It is the velocity of one object as observed from another object.

— It depends on the frames of reference chosen.

— The relative velocity of object A with respect to object B is given by:
vA/B = vA - VB

Where:

— VA 1s the velocity of object A relative to a fixed frame.
- vB is the velocity of object B relative to the same fixed frame.

Why is it Important?
— It helps in understanding how two observers perceive each other's motion.

— It explains phenomena such as the speed at which two people walking in
opposite directions on a moving train seem to move relative to each other.

Calculating the Absolute Velocities

First, we examine each person's velocity relative to the ground—the fixed
reference frame.

Velocity of the train relative to the ground:

- vtrain = 10 m/s north

Velocity of Person A relative to the train:

- vA/train = -1 m/s (since walking south, opposite to the train's direction)
Velocity of Person B relative to the train:

- vB/train = +1 m/s (walking north, same as train's direction)

Converting to ground frame:

— Person A:

vA/ground = vtrain + vA/train



10 m/s + (-1 m/s)
= 9 m/s north

— Person B:
vB/ground = vtrain + vB/train

= 10 m/s + 1 m/s
11 m/s north

This calculation shows that, from the ground's perspective, Person A is
moving at 9 m/s north, while Person B is moving at 11 m/s north.

Relative Velocities Between the Two People

Knowing each person's velocity relative to the ground allows us to find their
velocity relative to each other, which is often more relevant in
understanding their interaction or perceived motion.

Velocity of Person A relative to Person B:

vA/B = vA/ground - vB/ground
= 9 m/s - 11 m/s
= -2 m/s

The negative sign indicates that Person A appears to move southward relative
to Person B at 2 m/s.

Interpretation:

— Although both are walking in opposite directions relative to the train,
from each other's perspective, they are moving apart at 2 m/s.

— This relative velocity is critical in understanding how quickly they are
distancing from each other in their shared environment.

Practical Implications and Real-World Applications

Understanding relative velocities in this scenario isn't merely an academic
exercise; it has real-world relevance across various fields:

1. Safety and Coordination in Transportation:

- In train stations, crew members need to understand how fast they are
approaching or receding from certain points, considering their own motion
relative to the train and the ground.

- For example, signaling and communication depend on precise knowledge of
relative speeds.

2. Engineering and Design of Moving Vehicles:

- Engineers designing systems such as onboard monitoring or collision
avoidance algorithms incorporate relative velocity calculations.

— Accurately assessing the relative velocities of passengers or objects

inside moving vehicles enhances safety protocols.

3. Physics Education and Conceptual Clarity:



— This scenario provides an accessible way to teach students about frames of
reference, velocity addition, and relative motion.

- It exemplifies how different observers perceive motion differently,
fostering deeper understanding of classical mechanics.

4. Navigation and Motion Planning:

— Pilots and sailors often use relative velocity concepts to determine their
course and speed relative to other moving objects or reference points.

- For instance, when crossing a river with a current, understanding the
relative velocity between the boat and the riverbank is essential.

Extending the Scenario: Complexities and Considerations

While the straightforward calculations above assume constant velocities,
real-world situations often involve additional complexities:

Acceleration and Deceleration:

— If the train accelerates or decelerates, the relative velocities change
over time.

— Passengers walking inside the train would perceive their relative
velocities differently, and their velocities relative to the ground would
also vary.

Non—-linear Motion:

- If the train takes curves or changes direction, the analysis involves
vector components and possibly non-inertial frames.

Different Reference Frames:

— Observers outside the train (on the ground) and those inside the train
perceive motion differently.

— Analyzing the scenario from different frames helps illustrate the
principles of relativity and classical mechanics.

Effect of External Forces:

- Friction, air resistance, and other forces influence actual velocities over
time.

— These factors are crucial in detailed engineering models but are beyond the
scope of this simplified analysis.

Visualizing the Motion
To better grasp the situation, consider a timeline:

- At t = 0, both persons start walking.

- Relative to the ground:

- Person A moves at 9 m/s south.

— Person B moves at 11 m/s north.

— The distance between them increases at a rate of 2 m/s, consistent with
their relative velocity.



This visualization helps in understanding how their positions change over
time:

| Time (seconds) | Person A's Position (m) | Person B's Position (m) |
Distance Between (m) |

[ O 1 011 0 1] O |
| 1 | 9 m south (-9) | 11 m north (11) | 20 m |
| 2 | -18 m | 22 m | 40 m |

Note: Negative positions indicate south of the starting point, positive
north.

Summary and Takeaways

- The train moves at 10 m/s north; individuals walking inside it have
velocities relative to the train that alter their velocities relative to the
ground.

- Person A, walking south at 1 m/s relative to the train, moves at 9 m/s
north relative to the ground.

- Person B, walking north at 1 m/s relative to the train, moves at 11 m/s
north relative to the ground.

— Their relative velocity to each other is 2 m/s southward, meaning they are
moving away from each other inside the train at that rate.

— Understanding these velocities is vital in various fields, from
transportation safety to physics education.

Final Thoughts

This scenario exemplifies how relative motion operates in everyday contexts,
bridging intuitive understanding with formal physics principles. It
highlights the importance of frames of reference and vector addition in
analyzing motion. Whether in designing transportation systems, studying
physics, or simply understanding our environment better, mastering the
concept of relative velocity equips us with a powerful tool to interpret the
dynamic world around us.

In essence, motion is always relative. Recognizing the frame of reference is
crucial to fully understanding how objects move and interact, especially in
complex, real-world situations involving multiple moving entities.
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