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The Volume of Daylight Hours and the
Theory of the Earth’s Axis

Posted on September 11, 2018

The number of daylight hours at a location depends mainly on latitude, Earth’s axial tilt, and Earth’s
position in its yearly orbit around the Sun. The original essay correctly connects the changing length
of day with the tilted axis, but it also contains an important misconception: summer does not occur
because Earth moves substantially closer to the Sun. Earth’s axis is tilted by about 23.4 degrees
relative to the plane of its orbit, and this tilt causes each hemisphere to lean toward the Sun during
one part of the year and away from it during the opposite part (NASA, 2025). When a hemisphere is
tilted toward the Sun, the Sun follows a longer and higher path across the sky, producing more
daylight and more concentrated solar energy. When the hemisphere is tilted away, the Sun’s path is
shorter and lower, producing fewer daylight hours and less intense heating. Latitude determines how
strongly these seasonal differences are experienced.

Earth’s Rotation Produces Day and Night
Earth rotates around an imaginary axis passing through the North and South Poles. As it rotates, the
side facing the Sun experiences daylight while the side turned away experiences night. One rotation
relative to the Sun defines the average solar day of approximately 24 hours. Earth completes a
rotation relative to distant stars in about 23 hours and 56 minutes, called a sidereal day. The
difference exists because Earth also moves along its orbit while rotating, so it must turn slightly
farther for the Sun to return to the same position in the sky.

The original article states that a day contained only 22 hours in 650 CE. That is not accurate. Earth’s
rotation is gradually slowing over geological time because of tidal interaction with the Moon, but the
change over historical centuries is measured in milliseconds, not hours. Days were meaningfully
shorter hundreds of millions of years ago, not during the early medieval period. For ordinary seasonal
analysis, the day can be treated as 24 hours, while precise astronomical timekeeping accounts for
smaller variations.

Earth’s Axis and Its Fixed Orientation
Earth’s axis is tilted and maintains approximately the same orientation in space as the planet travels
around the Sun. The northern end points roughly toward Polaris, the North Star, although the direction
changes slowly over thousands of years through precession. During part of Earth’s orbit, the Northern
Hemisphere is tilted toward the Sun. Six months later, it is tilted away, while the Southern
Hemisphere experiences the opposite orientation. The axis does not repeatedly tilt back and forth
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during a year; rather, the planet carries the same tilted orientation around its orbit.

This distinction clarifies the original statement that the axis sometimes “points toward” and
sometimes “away” from the Sun. The angle of the axis relative to distant space remains nearly fixed
over the annual cycle, but Earth’s changing orbital position causes one hemisphere and then the
other to face more directly toward the Sun. That geometry changes both the duration of daylight and
the angle at which sunlight reaches the surface.

Why Latitude Changes Daylight Duration
Latitude is the angular distance north or south of the equator. Near the equator, daylight remains
close to 12 hours throughout the year because the day-night boundary cuts the equatorial region in a
similar way during every season. At middle latitudes, summer days become noticeably longer and
winter days shorter. At high latitudes, the contrast is extreme. Areas within the Arctic and Antarctic
Circles can experience at least one day each year when the Sun does not set and another when it
does not rise. Near the poles, daylight or darkness can continue for months.

The difference increases with latitude because circles of latitude become smaller toward the poles
and intersect the illuminated half of Earth differently as the planet tilts. A location at 10 degrees north
may experience only a modest seasonal change, while one at 60 degrees north may have very long
summer evenings and short winter days. Therefore, a statement such as “sunrise is at six and sunset
at seven in summer” cannot apply universally. Sunrise and sunset depend on date, latitude,
longitude, time zone, elevation, and local horizon.

The Solstices
The solstices mark the greatest seasonal tilt of a hemisphere toward or away from the Sun. Around
the June solstice, the Northern Hemisphere is tilted most directly toward the Sun. It experiences its
longest day and shortest night, while the Southern Hemisphere experiences its shortest day. Around
the December solstice, these conditions reverse. The solstice is an astronomical moment, although
people commonly use the word for the entire day.

After the summer solstice in a hemisphere, daylight gradually decreases; after the winter solstice, it
gradually increases. The daily rate of change is not constant. Near an equinox, day length often
changes more quickly at middle and high latitudes, while near a solstice the change slows because
the Sun’s declination is near its maximum or minimum. The original article’s example of sunset
becoming exactly one minute later every day is therefore too simple. On some dates the change may
be close to a minute, on others several minutes, and near a solstice it may be very small. Sunrise and
sunset also do not change symmetrically because civil clock time is affected by Earth’s elliptical orbit
and axial geometry, a pattern described by the equation of time.
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The Equinoxes
The equinoxes occur around March and September when the Sun is directly above the equator. At
these times, Earth’s axis is not tilted toward or away from the Sun in terms of the hemisphere
receiving greater illumination. Day and night are approximately equal around the world, but they are
not exactly 12 hours everywhere. Atmospheric refraction makes the Sun visible when it is
geometrically just below the horizon, and sunrise and sunset are defined using the Sun’s upper edge
rather than its center. These effects make the observed daylight period slightly longer than 12 hours
on the equinox.

The date on which a location experiences exactly 12 hours from sunrise to sunset is sometimes called
the equilux, and it may occur a few days before or after the equinox depending on latitude. This detail
shows that astronomical geometry and observed daylight are related but not identical.

Sun Angle and the Flashlight Analogy
The original essay uses a flashlight analogy, which is a useful way to understand solar intensity. When
a flashlight shines directly at a wall, its energy is concentrated over a smaller area. When it shines at
an oblique angle, the same light spreads over a larger area and appears weaker. Sunlight behaves
similarly. During summer, the Sun is generally higher in the sky, so its energy reaches the surface
more directly and is distributed over a smaller area. During winter, the rays arrive at a lower angle
and spread over a larger surface.

The angle also changes the amount of atmosphere the sunlight travels through. Low-angle winter
sunlight passes through more atmosphere, where scattering and absorption reduce the energy
reaching the ground. Together with shorter daylight duration, this produces less daily heating. NASA
explains that Earth’s axial tilt changes the amount and angle of sunlight received during the year,
creating the seasons (NASA, 2024).

Longer Exposure and Seasonal Heating
Summer warmth results from both a higher Sun angle and longer daylight. More hours of sunlight
allow land and water to absorb energy for a greater part of the day. Winter has fewer daylight hours
and a lower Sun angle, so less energy is received. Nights are longer, allowing more time for heat loss.
However, the shortest day is not usually the coldest day, and the longest day is not usually the
hottest. Land, oceans, and the atmosphere take time to warm and cool, creating seasonal lag.

This explains why many Northern Hemisphere locations experience their highest average
temperatures in July or August even though the June solstice has already passed. The system
continues gaining more energy during the day than it loses at night for a period after the solstice.
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Local climate is also influenced by oceans, winds, elevation, cloud cover, soil moisture, and
vegetation.

Earth–Sun Distance Is Not the Cause of the
Seasons
The original article compares summer to sitting closer to a fire and states that Earth comes nearer to
the Sun in summer. This is one of the most common science misconceptions. Earth’s orbit is slightly
elliptical, so the distance changes, but Earth is actually closest to the Sun in early January, during
Northern Hemisphere winter, and farthest in early July, during Northern Hemisphere summer. If
distance caused the seasons, both hemispheres would experience summer at the same time. Instead,
Australia has summer while the United States has winter, demonstrating that axial tilt is the
controlling factor.

Distance has a small effect on the amount of solar energy reaching Earth, but it does not explain the
opposite seasons between hemispheres. The Southern Hemisphere’s summer occurs near perihelion,
when Earth is closer to the Sun, which can slightly influence seasonal intensity. Oceans and land
distribution also affect the hemispheres differently. These secondary factors operate within the
primary pattern created by tilt.

Why the Northern and Southern Hemispheres
Have Opposite Seasons
When the Northern Hemisphere tilts toward the Sun, the Southern Hemisphere tilts away. Northern
locations receive longer days and more direct sunlight, while southern locations receive shorter days
and lower-angle sunlight. Six months later, the situation reverses. This is why July is generally hot in
the Middle East and much of the United States, both located in the Northern Hemisphere, while it is
winter in southern parts of Australia, South America, and Africa.

The original statement that America is not as hot in July as the Middle East is too broad because both
regions contain diverse climates. Arizona, Alaska, coastal California, and Florida differ greatly, just as
the Arabian Peninsula, Mediterranean coast, mountains, and Iranian plateau differ. Latitude influences
solar geometry, but climate also depends on altitude, continentality, currents, humidity, and
atmospheric circulation.

Sunrise, Sunset, and Time Zones
Clock time is a human system placed over astronomical motion. Two places at the same latitude can
have different sunrise times because they lie at different longitudes within a time zone. Daylight-
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saving rules may shift the clock by an hour without changing the Sun’s actual motion. Mountains can
delay visible sunrise, while elevated eastern horizons or buildings can change when an observer sees
the Sun. Atmospheric refraction also affects observed times.

For this reason, sunrise at 4:00 a.m. and sunset at 5:00 p.m. cannot be described as a typical
universal winter pattern. In many middle-latitude locations, winter sunrise is later and sunset earlier.
Near the equator, the pattern changes little. In polar areas, sunrise may not occur for an extended
period. Scientific explanations should specify a location and date rather than offering one clock
example for the entire world.

Twilight and the Meaning of Daylight
Daylight is often measured from sunrise to sunset, but useful natural light extends into twilight. Civil
twilight occurs while the Sun is up to 6 degrees below the horizon, nautical twilight to 12 degrees, and
astronomical twilight to 18 degrees. At high latitudes in summer, twilight may continue throughout
the night even when the Sun technically sets. This is why northern cities can remain bright late into
the evening.

Researchers and planners must define whether they are measuring the Sun above the horizon, civil
daylight, or total solar radiation. Agriculture, solar energy, ecology, road safety, and human sleep may
use different definitions.

Effects on Climate, Life, and Human Activity
Seasonal daylight regulates plant growth, migration, breeding, and dormancy. Many organisms
respond to photoperiod—the length of light and darkness—rather than temperature alone. Humans
also experience changes in sleep timing, mood, energy use, and outdoor activity. Solar-power
production depends on cloud cover, panel orientation, Sun angle, and daylight duration. Longer
summer days may increase potential generation, though high temperature can reduce panel
efficiency and local weather remains important.

Understanding daylight geometry supports architecture, agriculture, renewable-energy planning, and
education. It also helps correct misconceptions that can persist when learners memorize seasons
without visualizing the tilted Earth in orbit. Models should keep the axis parallel to itself as Earth
moves around the Sun; otherwise, they accidentally teach that the axis changes direction every few
months.
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Conclusion
Earth’s rotation creates the daily cycle of light and darkness, while axial tilt and revolution around the
Sun create the annual variation in daylight. Latitude determines the magnitude of that variation. The
equator remains close to 12 hours of daylight, middle latitudes experience clear seasonal changes,
and polar regions can experience continuous day or night. Summer has longer days and more direct
sunlight because a hemisphere is tilted toward the Sun, not because Earth is closer to it. Solstices
mark the longest and shortest days, while equinoxes mark near-equal illumination of the
hemispheres. The flashlight analogy usefully demonstrates how low-angle sunlight spreads energy,
but accurate explanation must also include day length, atmospheric effects, and seasonal lag.
Correcting these details preserves the original essay’s purpose while replacing common
misconceptions with the geometry that actually governs daylight on Earth.
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