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Understanding the nature of displacement in physics is fundamental to grasping how
objects move within space. One common question that arises is whether the displacement
of an object depends on the specific location of the origin of the coordinate system used to
describe its motion. This query touches on essential principles of coordinate systems,
reference frames, and how we measure movement in physics. In this comprehensive
article, we will explore this topic in depth, clarifying misconceptions and providing clear
explanations to help you understand the relationship between displacement and the choice
of coordinate origins.

What Is Displacement in Physics?

Before delving into the influence of coordinate origins, it’s crucial to understand what
displacement entails in physics.

Definition of Displacement
Displacement is a vector quantity that refers to the change in an object’s position from its
initial point to its final point. It is represented mathematically as:

\[ \vec{d} = \vec{r}_{final} - \vec{r}_{initial} \]

where:
- \(\vec{d}\) is the displacement vector,
- \(\vec{r}_{initial}\) is the position vector at the initial point,
- \(\vec{r}_{final}\) is the position vector at the final point.

Displacement provides both the magnitude (how far the object has moved) and the
direction of the movement.

Displacement vs. Distance
It’s important to distinguish displacement from distance:
- Distance is a scalar quantity representing the total length of the path traveled,
regardless of direction.
- Displacement considers the shortest straight-line distance between the initial and final
positions, including direction.



Coordinate Systems and Reference Frames

The measurement of displacement depends heavily on the chosen coordinate system or
reference frame.

What Is a Coordinate System?
A coordinate system provides a framework for specifying points in space using numerical
values, such as Cartesian coordinates (x, y, z). The origin of this system is a point
designated as (0, 0, 0).

Types of Reference Frames
- Inertial Frame: A frame that is either at rest or moves at a constant velocity. Most
classical physics problems assume an inertial frame.
- Non-inertial Frame: A frame that is accelerating or rotating, which may require
additional considerations like fictitious forces.

The choice of coordinate system can be arbitrary but must be clearly specified when
describing the position or motion of objects.

Does The Displacement Depend On The Location
Of The Coordinate System’s Origin?

This is the core question. The short answer is: displacement is independent of the
coordinate system’s origin. However, the way displacement appears in coordinates
depends on where the origin is placed.

Mathematical Explanation
Suppose an object moves from point \(A\) to point \(B\). Its position vectors relative to an
origin \(O\) are:

- \(\vec{r}_A\) at point \(A\),
- \(\vec{r}_B\) at point \(B\).

The displacement vector is:

\[ \vec{d} = \vec{r}_B - \vec{r}_A \]

Now, consider shifting the origin to a new point \(O'\). The position vectors relative to
\(O'\) are:

- \(\vec{r}_A' = \vec{r}_A - \vec{r}_{O'}\),



- \(\vec{r}_B' = \vec{r}_B - \vec{r}_{O'}\).

The new displacement vector becomes:

\[ \vec{d}' = \vec{r}_B' - \vec{r}_A' = (\vec{r}_B - \vec{r}_{O'}) - (\vec{r}_A -
\vec{r}_{O'}) = \vec{r}_B - \vec{r}_A = \vec{d} \]

This shows that the displacement vector remains unchanged regardless of where the
origin is placed; it is invariant under translation of the coordinate system.

Implications for Measurement
- Displacement is a relative quantity that depends on the initial and final positions, not on
where the coordinate system is anchored.
- The numerical values of position vectors change when shifting the origin, but the
difference between them—the displacement—does not.

Real-World Examples Demonstrating
Independence of Displacement from Coordinate
Origin

To solidify understanding, consider these practical examples:

Example 1: Moving Along a Straight Line
Suppose a person walks 100 meters east. Depending on where you set the origin:
- If the origin is at the starting point, the displacement is +100 meters.
- If the origin is 50 meters west of the starting point, the initial position vector shifts, but
the displacement remains +100 meters.

Example 2: Moving Between Two Cities
Imagine traveling from City A to City B. Choosing different reference points (say, a
landmark or a coordinate origin) will change the numerical position vectors but will not
affect the actual displacement vector, which is the straight-line distance from A to B.

Special Cases and Considerations

While displacement is generally independent of the origin, some scenarios require careful
analysis.



Multiple Reference Frames
In some cases, especially in physics problems involving relative motion:
- The displacement measured within one frame may appear different when viewed from
another moving frame.
- The relative displacement between two objects depends on the observer’s frame of
reference.

Accelerating Frames and Non-inertial Systems
In non-inertial frames, additional fictitious forces and effects can complicate the
interpretation of displacement. Nonetheless, the fundamental vector difference between
initial and final positions remains a geometric fact.

Displacement in Different Coordinate Systems

The choice of coordinate system (Cartesian, polar, cylindrical, etc.) influences how
displacements are expressed numerically but not the physical displacement itself.

Coordinate Transformations
- Translation: Shifting the origin changes individual position vectors but not their
differences.
- Rotation: Changing the axes’ orientation can alter the components of the displacement
vector but not its magnitude or direction in space.

Understanding coordinate transformations ensures accurate interpretation of
displacement in various systems.

Conclusion: The Independence of Displacement
from the Coordinate System’s Origin

In summary:
- The displacement of an object is fundamentally a difference between the initial and final
position vectors.
- Displacement is a vector quantity that remains invariant under translation of the
coordinate system.
- The numerical components of position vectors change when the origin shifts, but the
displacement vector itself does not.
- This invariance underscores the fundamental principle that physical quantities like
displacement are independent of the arbitrary choices of coordinate origins.

Key points to remember:
- Displacement depends on the initial and final positions, not on where the coordinate



system begins.
- Changing the origin shifts the position vectors but leaves the displacement unchanged.
- Understanding the relationship between coordinate systems and physical quantities is
essential for accurate analysis in physics.

By grasping these concepts, students and professionals can better interpret motion in
physics and ensure that their calculations reflect true physical displacements, independent
of coordinate choices.

Frequently Asked Questions

Does the displacement of an object depend on where the
coordinate system's origin is placed?
No, displacement is independent of the coordinate system's origin; it depends only on the
initial and final positions of the object.

Why is displacement considered a vector quantity
regardless of the coordinate origin?
Because displacement depends only on the change in position between two points, not on
the specific coordinate system or its origin.

Can changing the origin of the coordinate system affect
the magnitude of displacement?
No, changing the origin shifts the coordinate axes but does not alter the magnitude or
direction of the displacement vector.

How do coordinate system origins influence other
quantities like distance traveled?
Unlike displacement, quantities like total distance traveled can be affected by the
coordinate system's origin when measuring path length, but displacement remains
unaffected.

In what way does the choice of coordinate system
impact the calculation of displacement?
The choice of coordinate system can change the numerical values of initial and final
positions, but the actual displacement vector remains the same.

Is displacement relative or absolute, and how does the



coordinate origin factor into this?
Displacement is considered an absolute quantity because it depends only on the initial and
final positions, not on the coordinate system's origin.

Can the displacement of an object be zero even if the
object moves?
Yes, if the object returns to its initial position after moving, the displacement is zero
regardless of the coordinate system's origin.

Additional Resources
Displacement of an object and its dependence on the specific location of the
origin of the coordinate system is a fundamental concept in physics that bridges our
understanding of motion, reference frames, and the interpretation of physical phenomena.
The question of whether the displacement of an object depends on where the coordinate
system originates touches on core principles of kinematics, relativity, and the practical
application of measurements in physics and engineering. This article aims to explore this
topic comprehensively, analyzing how the choice of coordinate origin influences
displacement measurements, the underlying mathematical frameworks, and the
implications in various physical contexts.

---

Understanding Displacement and Coordinate
Systems

What is Displacement?
Displacement is a vector quantity that represents the change in position of an object from
its initial point to its final point. Mathematically, it is expressed as:

\[ \vec{\Delta r} = \vec{r}_{final} - \vec{r}_{initial} \]

where \(\vec{r}_{initial}\) and \(\vec{r}_{final}\) are the position vectors of the object at
the initial and final times, respectively.

Displacement provides information about the shortest straight-line distance from the
starting point to the ending point, including direction. It differs from distance traveled,
which is a scalar quantity summing all the path segments.



The Role of Coordinate Systems
In physics, to quantify and analyze motion, we introduce coordinate systems—frameworks
that assign numerical values (coordinates) to points in space. These systems can be:

- Cartesian Coordinates: Defined by perpendicular axes (x, y, z).
- Polar or Cylindrical Coordinates: Suitable for circular or cylindrical symmetry.
- Spherical Coordinates: Useful for problems involving spheres.

The choice of coordinate system is often dictated by the symmetry of the problem,
convenience of calculations, or specific physical context.

---

Does Displacement Depend on the Origin of the
Coordinate System?

The Principle of Relative Measurements
Displacement is inherently a relative quantity. Its value depends on the coordinate system
chosen, particularly its origin. When defining position vectors:

\[ \vec{r} = \vec{r}_O + \vec{r}' \]

where:
- \(\vec{r}_O\) is the position vector of the chosen origin relative to some fixed reference,
- \(\vec{r}'\) is the position vector of the object relative to this origin.

Consequently, the displacement between initial and final positions becomes:

\[ \vec{\Delta r} = (\vec{r}_{final} - \vec{r}_{initial}) = (\vec{r}'_{final} + \vec{r}_O) -
(\vec{r}'_{initial} + \vec{r}_O) = \vec{r}'_{final} - \vec{r}'_{initial} \]

This shows that the displacement vector in a given coordinate system is independent of
the coordinate origin, provided the same origin is used for both initial and final positions.
In other words, displacement is invariant under shifts of the origin when considering the
same reference frame throughout the measurement.

Key Point: The numerical value of the position vectors depends on the origin, but their
difference (displacement) does not, assuming the origin is fixed relative to the initial and
final positions.

Implications in Different Contexts
- In a Fixed, Absolute Reference Frame: The displacement remains the same regardless of
where the origin is placed, as long as the origin remains fixed during the measurement.



- In Moving or Accelerating Frames: If the coordinate system itself is moving or
accelerating, the displacement measured relative to that frame can differ significantly
from the displacement measured in an inertial frame. Here, the choice of origin and frame
motion become critical.

---

Mathematical Illustration of Origin Dependence

Coordinate Shift and Its Effect
Suppose an object moves in a three-dimensional space with initial and final positions
relative to some fixed origin O:

\[
\vec{r}_{initial} = \vec{r}_O + \vec{r}'_{initial}
\]
\[
\vec{r}_{final} = \vec{r}_O + \vec{r}'_{final}
\]

If we shift the origin to a new point \(O'\), related to the original by:

\[
\vec{r}_{O'} = \vec{r}_O + \vec{a}
\]

then the position vectors relative to the new origin become:

\[
\vec{r}'_{initial}{}' = \vec{r}_{initial} - \vec{r}_{O'} = (\vec{r}_O + \vec{r}'_{initial}) -
(\vec{r}_O + \vec{a}) = \vec{r}'_{initial} - \vec{a}
\]
\[
\vec{r}'_{final}{}' = \vec{r}_{final} - \vec{r}_{O'} = \vec{r}'_{final} - \vec{a}
\]

The resulting displacement relative to the new origin is:

\[
\vec{\Delta r}{}' = \vec{r}'_{final}{}' - \vec{r}'_{initial}{}' = (\vec{r}'_{final} - \vec{a})
- (\vec{r}'_{initial} - \vec{a}) = \vec{r}'_{final} - \vec{r}'_{initial} = \vec{\Delta r}
\]

Thus, the displacement remains unchanged under translation of the coordinate origin,
confirming its invariance in a fixed frame.

---



Physical Significance and Practical Examples

Classical Mechanics
In classical mechanics, the displacement of an object from one point to another is
independent of the coordinate system's origin, provided the origin remains fixed during
the measurement. For example, if a car travels from point A to point B, the displacement
vector is the same whether the coordinate system is centered at a nearby tree, a building,
or even at the Earth's center.

Practical Example:
A drone flies from coordinates (2 km east, 3 km north) to (5 km east, 7 km north). Whether
the coordinate origin is at the city center or some landmark, the displacement vector (3
km east, 4 km north) remains the same.

Astrophysics and Geophysics
In astrophysics, the choice of coordinate origin can significantly influence the
interpretation of motions. For instance:

- Earth-Centered Coordinates: Used for satellite tracking, where the origin is at Earth's
center.
- Sun-Centered Coordinates: Used for planetary motion analysis, with the Sun as the
origin.

In these cases, the displacement of a satellite relative to Earth remains the same
regardless of where the origin is placed, but the absolute position vectors change
depending on the coordinate system.

Key Insight:
The physical motion does not depend on the coordinate origin, but the coordinate
representations do.

---

Relativity and Changing Frames of Reference

Special Relativity and Frame Dependence
While classical mechanics asserts the invariance of displacement under fixed shifts of the
origin, special relativity introduces additional nuances. In relativistic contexts:

- Inertial Frames: Displacement remains invariant when measured in the same inertial
frame.
- Accelerating Frames: Displacements observed can differ due to frame acceleration, and



transformations (Lorentz transformations) must be applied.

This demonstrates that the physical interpretation of displacement is frame-dependent,
especially when moving between inertial and non-inertial frames.

Reference Frames and Observers
In physics, the observer's frame of reference heavily influences the measured quantities:

- An observer on a train moving at high speed might measure different displacements for
the same object compared to an observer standing on the platform.
- Despite these differences, the relative displacement between two objects or points
remains consistent within the same frame.

Conclusion:
Displacement's dependence on the coordinate origin is minimized when measurements are
made consistently within the same inertial frame. Changing the origin or moving to a
different frame can alter the numerical values but not the physical essence of
displacement within that frame.

---

Summary and Final Thoughts

- Displacement as a Relative Quantity: The displacement of an object between two points
is fundamentally a difference between position vectors, which makes it invariant under
translations of the coordinate origin, assuming the origin is fixed during the measurement.
- Dependence on Coordinate Choice: While the value of position vectors depends on the
location of the origin, the displacement does not, provided the same origin is used for
initial and final positions.
- Implications of Moving or Accelerating Frames: When the coordinate system itself is
moving or accelerating, the measured displacement can differ significantly, emphasizing
the importance of frame choice.
- Physical vs. Mathematical Perspectives: The physical motion of an object is independent
of how we choose to measure it; our coordinate system is a tool for quantification. The
invariance of displacement under coordinate translation reflects the object’s true physical
change in position.

In essence, the displacement of an object does not depend on the specific location of the
origin of the coordinate system, provided the same fixed frame is used for measuring
initial and final positions. This invariance underpins much of classical mechanics and
forms a cornerstone for understanding motion, measurement, and the importance of
choosing appropriate reference frames in physics.

---
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