The Analemma

Why is it shaped the way it is?

A teaching aid for N and JN classes

Although the answer to this question is not required material for either the JN or the N course, it invariably arises during the discussion of the analemma and the Equation of Time in the N course.  The word “analemma” does not even appear in the JN course, but I have always felt obligated to mention it during the introduction to the concept of mean time.  In either case, the question does not come up immediately.  It usually starts with the students discussing it among themselves during a break, after which a heated argument generally ensues.  Ultimately the class wants to know the answer.

The attached questions and answers are not intended to be a quiz, but to be an outline for the instruction of the material.  It begins with some basic questions about the analemma as it is.  It then continues by reducing the “geometry” to its simplest form, and then shows the effect  as each factor that influences the shape of the analemma changes, eventually resulting in the shape as it actually is.  The answers to the questions are correct and complete in themselves, but some will require explanation by the instructor.

Analemma Questions
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Q1) What does the north-south axis of the analemma on a globe represent?

A1) The declination of the sun.

Q2) Why does the declination of the sun change during the course of a year?

A2) Because the earth's axis is tilted with respect to the plane of its orbit.  The orientation of the tilt is constant within the galactic coordinate system, but its orientation with respect to the sun changes throughout the year.

Q3) What does the east-west axis of the analemma on a globe represent?

A3) The difference between the mean sun and the apparent sun, know as the Equation of Time.

Q4) What does the length of the path of the analemma represent?

A4) One year.

Q5) If the earth's orbit was a perfect circle with the sun at its center, how often would the earth be speeding up and how often would it be slowing down?

A5) Never for either.

Q6) If the earth's orbit was a perfect circle with the sun at its center, how often would the Equation of Time equal zero?

A6) Always.

Q7) With an elliptical orbit, how often does the earth be speed up and how often does it slow down?

A7) Twice a year for each.

Q8) With an elliptical orbit, how often does the Equation of Time equal zero?

Q8) Four times a year.

Q9) If the earth's orbit was a perfect circle with the sun at its center, and the earth's axis was perpendicular to the plane of the earth's orbit, what would the analemma look like?

A9) A point on the equator.

Q10) If the earth's orbit was a perfect circle with the sun at its center, and the earth's axis was tilted 23.5 degrees to the plane of the earth's orbit, what would the analemma look like?

A10) A straight line extending from 23.5 degrees north latitude to 23.5 degrees south latitude.

Q11) If the earth's orbit was elliptical with the sun at its center, and the earth's axis was perpendicular to the plane of the earth's orbit, what would the analemma look like?

A11) An east-west line on the equator.

Q12) If the earth's orbit was elliptical with the sun at its center, and the earth's axis was tilted 23.5 degrees to the plane of the earth's orbit, what would the analemma look like?

A12) A figure-eight with equal lobes, extending from 23.5 degrees north latitude to 23.5 degrees south latitude.

Q13) With an elliptical orbit with the sun not at its center, and the earth's axis tilted 23.5 degrees to the plane of the earth's orbit, what would the analemma look like?

A13) A figure-eight with unequal lobes, extending from 23.5 degrees north latitude to 23.5 degrees south latitude.

