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Answer Key: Orbital Mechanics vs. Ancient Skies: 11th Grade Astronom-
ical Synthesis

Learners analyze orbital perturbations and gravitational nuances through 10 high-level challenges focused 
on celestial mechanics and Earth's positioning.

1. The Milankovitch cycles explain long-term climatic shifts on Earth. Which phenomenon describes the 
26,000-year cycle where Earth’s axis traces a cone in space, altering the timing of the equinoxes?

Answer: B) Axial precession

Axial precession is the slow 'wobble' of Earth's axis caused by the gravitational tug of the Sun and Moon on Earth's 
equatorial bulge.

2. The barycenter of the Earth-Moon system is located ___________, representing the true point around 
which both bodies orbit.

Answer: C) inside the Earth's mantle/crust

Because Earth is much more massive than the Moon, the center of mass (barycenter) lies about 1,700 km below 
Earth's surface, not at its geometric center.

3. The 'Analemma'—the figure-eight shape traced by the Sun in the sky over a year—is caused solely 
by the Earth's axial tilt.

Answer: B) False

The Analemma is a result of both the Earth's 23.5-degree axial tilt and its elliptical (non-circular) orbit, which causes 
the Sun's apparent speed to vary.

4. During the Proterozoic eon, Earth's rotation was significantly faster. What physical mechanism has 
since transferred Earth's rotational angular momentum to the Moon's orbital momentum?

Answer: C) Tidal friction

Tidal bulges create friction that slows Earth's rotation and pushes the Moon into a higher, slower orbit at a rate of 
about 3.8 cm per year.

5. To account for the discrepancy between a solar day and a sidereal day, Earth must rotate approxi-
mately ___________ additional degrees each day to realign with the Sun.
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Answer: B) 0.98 degrees

Since Earth travels 360 degrees around the Sun in ~365 days, it moves roughly 1 degree (0.98) per day, requiring extra 
rotation to point back at the Sun.

6. Which specific configuration results in a 'Proxigean Spring Tide,' a rare event causing or exacerbating 
coastal flooding?

Answer: C) Full moon at perigee

A Proxigean Spring tide occurs when the Moon is at its closest point to Earth (perigee) during a New or Full moon 
phase (syzygy).

7. A total solar eclipse is only possible because the Sun and Moon have nearly the same angular 
diameter as viewed from Earth.

Answer: A) True

By cosmic coincidence, the Sun is 400x larger than the Moon but also 400x further away, allowing their apparent sizes 
to match.

8. If Earth's axial tilt (obliquity) were to increase to 45 degrees, the most significant change to the Arctic 
Circle would be ___________.

Answer: B) it would move closer to the Equator

The latitude of the Arctic Circle is defined as 90 minus the axial tilt; higher tilt means the circle of 24-hour sun shifts 
toward the equator.

9. Kepler's Second Law (Equal Areas in Equal Time) implies that Earth's orbital velocity is greatest when 
it is at:

Answer: B) Perihelion (Early January)

Perihelion is the point in the orbit closest to the Sun; gravity is strongest here, necessitating the highest orbital 
velocity.

10. Lunar libration allows observers on Earth to actually see about 59% of the Moon's surface over time, 
rather than just 50%.

Answer: A) True
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Libration is the 'rocking' motion caused by the Moon's elliptical orbit and tilt, letting us peek around the edges of the 
near side.
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