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Understanding the intricacies of planetary orbits is fundamental in celestial mechanics and
astronomy. One intriguing aspect of orbital dynamics is the concept of eccentricity and the position of
foci in elliptical orbits. In particular, the question of when the secondary focus of an orbit coincides
with the Sun is a common point of curiosity for students and enthusiasts alike. This article explores
the relationship between eccentricity and the placement of foci within an orbit, specifically addressing
the eccentricity at which the secondary focus—typically empty—is located at the Sun.

---

Fundamentals of Elliptical Orbits

Before delving into the specifics of eccentricity and focus placement, it is essential to understand the
basic characteristics of elliptical orbits.

What Is an Elliptical Orbit?

An elliptical orbit is a type of orbital path where a celestial body, such as a planet or satellite, moves
around a central object in the shape of an ellipse. The Sun, for example, is at one of the two foci of
the orbit of planets like Earth.

Key features of an elliptical orbit include:

- Major Axis: The longest diameter passing through the ellipse.
- Minor Axis: The shortest diameter of the ellipse.
- Foci (plural of focus): Two fixed points within the ellipse, one of which is occupied by the Sun in
planetary orbits.
- Eccentricity (e): A measure of how much the ellipse deviates from a perfect circle.

The Role of Eccentricity in Orbits

Eccentricity (denoted as e) quantifies the shape of an elliptical orbit:

- e = 0: The orbit is a perfect circle.
- 0 < e < 1: The orbit is an ellipse, with increasing eccentricity indicating a more elongated shape.
- e = 1: Parabolic trajectory (not a closed orbit).



- e > 1: Hyperbolic trajectory (escape trajectory).

Most planetary orbits have an eccentricity between 0 and 0.2, with some exceptions that are more
elongated.

---

The Concept of Foci in Elliptical Orbits

What Are the Foci?

In an ellipse, two points called foci (singular: focus) are positioned along the major axis such that the
sum of the distances from any point on the ellipse to each focus is constant. For planetary orbits:

- The Sun is located at one focus.
- The other focus is generally empty unless considering specific orbital phenomena.

Positioning of the Foci and Orbit Shape

- When the orbit is circular (e = 0), both foci coincide at the same point—the center of the circle,
which is also the Sun's position.
- For elliptical orbits (0 < e < 1), the Sun occupies one focus, and the other focus is located
symmetrically on the other side of the ellipse.
- The distance between the foci increases with eccentricity, making the orbit more elongated.

---

Understanding the Secondary Focus and Its Position

What Is the Secondary Focus?

The secondary focus is the second fixed point in the elliptical orbit that, along with the Sun's focus,
defines the shape of the orbit. It is usually empty—meaning it does not contain any celestial body.

When Does the Secondary Focus Coincide With the Sun?

This is the core of the question: At what eccentricity does the secondary focus actually occupy the
same position as the Sun? The answer hinges on the orbit's shape and the value of eccentricity.



---

Eccentricity at Which the Secondary Focus Is Located
at the Sun

Key Insight: When Does the Secondary Focus Coincide with
the Sun?

In a standard elliptical orbit:

- The Sun is always at one focus of the ellipse.
- The other focus is always located symmetrically across the ellipse's center, at a distance determined
by the eccentricity.

Therefore, for the secondary focus to be located at the Sun's position, the orbit would need to
degenerate into a special case.

Special Case: The Degenerate Ellipse (Circular Orbit)

- When e = 0, the ellipse becomes a perfect circle.
- In a circle, both foci of the ellipse coincide at the same point—the center of the circle, which can be
considered the Sun's position in a simplified model.
- In a perfect circle, the notion of two separate foci collapses into a single point.

Thus, the secondary focus is located at the Sun only when the orbit is a circle, i.e., at zero
eccentricity.

---

Implications for Planetary Orbits and Eccentricity

Why Does Eccentricity Matter?

Eccentricity affects the shape of the orbit:

- At e = 0 (circle): Both foci coincide at the same point—the Sun's location.
- At 0 < e < 1 (ellipse): The secondary focus is located at a fixed distance from the Sun, determined
by the orbit's eccentricity.



Practical Examples in the Solar System

Most planets have eccentricities close to zero, meaning their orbits are nearly circular, and the
secondary focus is effectively at the Sun's position (degenerate case).

| Planet | Approximate Eccentricity | Focus Location Relative to Sun |
|---------|--------------------------|--------------------------------|
| Mercury | 0.2056 | Slightly offset; not coinciding |
| Earth | 0.0167 | Nearly circular; focus nearly at the Sun |
| Mars | 0.0934 | Slight offset; secondary focus away from Sun |

In the case of a perfectly circular orbit (e=0), the two foci merge into one point—the Sun's position.

---

Summary of Key Points

- The secondary focus of an elliptical orbit is usually empty and located at a fixed point opposite the
Sun along the major axis.
- The eccentricity (e) determines how elongated the elliptical orbit is.
- When e = 0, the orbit is a perfect circle, and the two foci coincide at the same point—the Sun's
position.
- Therefore, the secondary focus is located at the Sun only when the eccentricity is zero.

---

Conclusion

The question of eccentricity and focus placement is fundamental in understanding orbital mechanics.
The key takeaway is that the secondary focus, which is typically empty, coincides with the Sun only in
a perfect circle—i.e., when the eccentricity equals zero.

In real planetary systems, orbits are rarely perfect circles, but many are close enough that the
secondary focus remains near the Sun. This understanding is crucial for astronomers calculating
orbital parameters, predicting planetary positions, and modeling celestial mechanics accurately.

---

Additional Resources

- Orbital Mechanics and Celestial Dynamics by Danby
- NASA's Solar System Dynamics Group
- Interactive orbit simulations available online for visualizing focus and eccentricity effects



---

In summary:
The eccentricity at which the secondary focus (usually empty) is located at the Sun is zero. This
occurs in a perfect circular orbit, where both foci coincide at the same point—the Sun's position.

Frequently Asked Questions

Why is the secondary focus of an elliptical orbit often located
at the Sun in planetary models?
Because the Sun's mass is so much larger than the orbiting body's, the secondary focus coincides
with the Sun to accurately represent the elliptical orbit as per Kepler's First Law.

What is the significance of eccentricity in determining the
position of the secondary focus in an orbit?
Eccentricity measures how elongated an orbit is; for planetary orbits, a low eccentricity means the
secondary focus is very close to the Sun, effectively placing the Sun at one focus of the ellipse.

At what eccentricity value does the secondary focus coincide
exactly with the Sun?
When the eccentricity is zero, the orbit is a perfect circle, and the secondary focus coincides with the
Sun at the center of the circle.

How does increasing eccentricity affect the location of the
secondary focus relative to the Sun?
As eccentricity increases, the secondary focus moves further away from the Sun, making the orbit
more elongated, but the Sun remains at one of the two foci.

Is the secondary focus ever occupied by a celestial body in
typical planetary orbits?
No, in most planetary orbits, the secondary focus is empty; it is a mathematical point used to define
the elliptical shape, with the Sun at one focus.

Why do astronomers typically assume the secondary focus to
be empty in planetary models?
Because the mass of the other focus is negligible compared to the Sun, and the focus itself is a
mathematical construct; no physical body occupies that point in standard planetary orbits.
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Understanding the intricate geometry of celestial bodies has long been a pursuit of astronomers and
astrophysicists. Among the many nuanced aspects of orbital mechanics, the concept of eccentricity
and its influence on the positioning of foci in elliptical orbits remains fundamental. Particularly
intriguing is the question: for what eccentricity is the secondary focus, which is typically empty,
located at the Sun? This inquiry probes the very core of orbital geometry and its physical implications,
making it a captivating subject for detailed investigation.

---

Introduction to Eccentricity and Elliptical Orbits

Before delving into the specifics of the secondary focus's location relative to the Sun, it is imperative
to understand the foundational concepts of orbital eccentricity and ellipse geometry.

What is Eccentricity?

Eccentricity (denoted as e) is a parameter that quantifies the deviation of an orbit from a perfect
circle. It ranges from 0 to 1:

- e = 0: The orbit is a perfect circle.
- 0 < e < 1: The orbit is elliptical.
- e = 1: The orbit is parabolic, representing the boundary between bound and unbound trajectories.
- e > 1: The orbit is hyperbolic.

In the context of planetary orbits, eccentricity typically falls between 0 and 1, with most planets
orbiting the Sun on slightly elliptical paths.

Elliptical Orbits and Foci

An ellipse has two focal points, or foci (singular: focus). In planetary orbits:

- The Sun is located at one focus of the elliptical orbit.
- The second focus is an empty point in space—unless specified by particular geometric conditions, it
does not contain any physical object.

The distance from any point on the ellipse to the two foci adheres to the property that the sum of
these distances is constant and equals the length of the major axis.

---

The Geometry of Ellipses and Focuses

Basic Ellipse Properties

The ellipse can be characterized by:



- Major axis (2a): the longest diameter.
- Minor axis (2b): the shortest diameter.
- Eccentricity (e): relates the semi-major axis (a) and the distance from the center to a focus (c) via
the relation:

\[ c = a \times e \]

- Foci positions: Located along the major axis at distances c from the center.

Positioning of Foci and the Sun

In planetary systems, the Sun is located at one focus of the orbit. The other focus remains an empty
point in space unless otherwise specified. The position of the second focus relative to the Sun
depends entirely on the eccentricity:

- When e = 0, the ellipse reduces to a circle, and both foci coincide at the center; thus, the Sun is at
the center.
- When e > 0, the second focus moves away from the Sun, along the major axis, at a distance c = a ×
e.

---

The Eccentricity at Which the Secondary Focus Coincides with the Sun

Theoretical Framework

The question at hand is: for what eccentricity is the secondary focus located at the Sun? To answer
this, consider the following:

- The standard definition of an ellipse with the Sun at one focus: the foci are fixed points, with the Sun
at one focus and the other being an empty point.
- To have the secondary focus located at the Sun itself, the geometric structure must change such
that both foci coincide at the Sun.

Geometric Implication

If both foci coincide at the Sun, then the ellipse's two foci are at the same point—which effectively
reduces the ellipse to a degenerate form. The implications are:

- The foci coalescing at the Sun means the distance between the two foci is zero.
- Since c = a × e, the only way for both foci to be at the same point is for c = 0.

Given that c = a × e, setting c = 0 implies:

\[ a \times e = 0 \]

- As a ≠ 0 (the semi-major axis cannot be zero for an orbit), the only feasible solution is:

\[ e = 0 \]

Conclusion on Eccentricity



At eccentricity e = 0, the ellipse reduces to a perfect circle. In this case:

- Both foci coincide at the center of the circle.
- The secondary focus is effectively at the Sun's position because the Sun is at the center of the orbit.

---

Physical and Astronomical Significance

Implications for Planetary Orbits

- Eccentricity e = 0 corresponds to a circular orbit.
- In such a case, the Sun is at the center of the orbit, and both foci are at the same point, meaning the
second focus coincides with the Sun.

Practical Reality

- Most planetary orbits are elliptical with eccentricities greater than zero but usually quite small (for
example, Earth's eccentricity is approximately 0.0167).
- The second focus remains an empty point in space, located at a distance c = a × e from the Sun
along the major axis.

The Special Case of e = 0

- When e = 0, the geometric and physical model describe a perfect circle with the Sun at the center.
- In this idealized scenario, the secondary focus is located at the Sun itself, because both foci coincide
at the same point.

---

Broader Context and Related Concepts

Elliptical Orbits and Kepler's Laws

- Kepler's First Law states that planets orbit the Sun in ellipses with the Sun at one focus.
- When the orbit is circular (e=0), Kepler's First Law still applies, but the foci coincide at the center,
simplifying the orbit's geometry.

Degenerate Ellipses and Their Significance

- The case e = 0 is technically a degenerate ellipse—a perfect circle—where the two foci merge.
- Physically, celestial bodies rarely have perfectly circular orbits, but the e = 0 case remains a
fundamental idealization.

The Role of Focus in Orbital Mechanics

- The focus's position influences orbital parameters, including perihelion, aphelion, and orbital
eccentricity.
- The distance from the Sun to perihelion and aphelion depends on eccentricity, with e=0 resulting in
equal distances—i.e., a circle.



---

Summary and Final Remarks

The core question: for what eccentricity is the secondary focus located at the Sun? is answered
through geometric analysis:

- The only scenario where the secondary focus coincides with the Sun is when the orbit is a perfect
circle, i.e., e = 0.
- In this case, both foci coincide at the same point, which is at the Sun's position, effectively making
the second focus empty and located at the Sun.

This understanding underscores the elegant symmetry of orbital mechanics and highlights the
importance of eccentricity as a measure of orbital deviation from perfect circularity.

---
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Final Reflection

The exploration of focus positions relative to orbital eccentricity reveals a fundamental truth: the
degenerate case of e=0 signifies a perfect circle, with both foci coinciding at the Sun. This scenario,
while idealized, forms the backbone of classical orbital theory and provides crucial insight into the
geometric nature of celestial mechanics.
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