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Why is the daytime sky blue?
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Look away from the Sun on a clear day and the sky is often blue. The light reaching your
eyes from that direction has not travelled straight from the solar surface. Something along
its path has redirected it. The question is why that redirected light has a different balance
of wavelengths from the direct beam, and why our visual system experiences that balance
as blue.

The qualification “clear day” matters. Clouds, dust and haze can change the answer
quantitatively, and sometimes visibly. We are explaining the ordinary blue sky of Earth's
atmosphere, not assigning one universal colour to every atmosphere or every viewing
direction.

1. Two paths through the same atmosphere

Imagine separating the light arriving from a small patch of sky from the light arriving
along the solar direction. A spectrometer would distinguish the wavelengths and the
energy arriving in each interval. The two distributions need not match. Scattering moves
energy between directions; absorption removes energy from the light field and transfers it
to matter. Those are different processes.

For the visible molecular scattering at issue here, the basic approximation is elastic
scattering: light changes direction without the wavelength change that would turn red
light into blue light. The atmosphere preferentially redirects some of the
shorter-wavelength light already present in sunlight. It is not manufacturing blue photons
from all the other colours.

A shorter wavelength can therefore contribute more strongly to light scattered sideways
while being depleted more strongly from a transmitted beam. This explains why a blue sky
and a reddened direct beam are compatible. Their colours describe different paths, not
contradictory properties of one unchanged beam.

2. What the wavelength dependence predicts

In the Rayleigh regime, the scattering structures are much smaller than the wavelength.
The electric field induces a response in matter, and that response radiates into other
directions. For a simplified comparison away from absorption resonances and with slowly
varying material response, the scattering cross section scales approximately as 1/A%. The
cross section measures how effectively a molecule scatters incident light; it is not the
molecule's geometric shadow [1].

Take 450 and 650 nanometres as two illustrative visible wavelengths. Holding the other
factors fixed gives a cross-section ratio of (650/450)%, about 4.35. In this model, the
shorter wavelength is scattered several times more strongly. This is a calculated ratio, not
a measurement of how many times brighter one particular patch of blue sky appears than
another patch of red sky.

The distinction is essential. A sky brightness calculation also needs the incident spectrum,
molecular abundance, scattering angle, attenuation before and after the scattering event,
and any additional scattering. The fourth-power relation supplies one factor in that
calculation. It is not a complete spectrum or a complete theory of colour perception.
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Nor is it an exact power law for every gas at every wavelength. The gas refractive index
varies with wavelength, and molecular anisotropy introduces corrections. Jordan and
colleagues explicitly include refractive-index and depolarisation factors in their scattering
treatment [1]. The elementary law captures the dominant trend without replacing those
refinements.

3. Evidence beyond a plausible story

The mechanism can be tested without taking the blueness of the sky as its own proof.
Jordan and colleagues used a broadband optical cavity to measure extinction spectra of
gases including nitrogen, oxygen and air. Their reported scattering measurements agreed
with literature values within measurement uncertainty [1]. These are laboratory
measurements, not a reconstructed photograph of an outdoor sky.

An optical cavity makes light traverse an effective path much longer than the apparatus
itself. That strengthens small losses enough to measure them. But losses must still be
interpreted: the study distinguishes scattering from absorption contributions. An
instrument detecting less transmitted light has not, by that fact alone, identified the
process responsible for every missing photon.

Polarisation supplies another constraint. Skylight can be partially polarised, with its
pattern depending on viewing direction relative to the Sun [2]. In an ideal
single-scattering description for unpolarised illumination and an isotropic scatterer, the
degree of linear polarisation is sin?6/(1 + cos?0), where 0 is the scattering angle. It reaches
its ideal maximum at 90°. Real skies need not reach that maximum: molecular anisotropy,
aerosols and multiple scattering modify the result.

The point is not that one polarisation measurement uniquely identifies the entire
atmosphere. It is that intensity, spectral dependence and polarisation must be mutually
compatible. A mechanism that merely produces the word “blue” but predicts the wrong
angular behaviour would be incomplete.

4. Why not violet?

The short-wavelength preference continues towards violet, so “shorter wavelengths
scatter more” cannot by itself settle the perceived colour. The answer also depends on
how much light is available at each wavelength and on the wavelength-dependent
response of human vision. NASA's account explicitly notes the visual sensitivity difference
between blue and violet [3].

A patch of blue sky is not normally monochromatic. It delivers a mixture of visible
wavelengths. Our cone responses and subsequent visual processing turn that mixture into
a colour experience. The strongest scattering cross section and the colour name assigned
to the resulting mixture are different quantities. A full numerical colour prediction would
combine the incoming spectrum, atmospheric transfer and an observer model.

Consequently, the ratio 4.35 does not predict a particular shade of blue. No measured
solar spectrum, atmospheric profile or colour-matching calculation has been inserted into
that illustrative ratio. Its job is narrower: to show the scale of the wavelength preference
in a controlled model.
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5. Why the sky does not have one blue

Aerosols and cloud droplets introduce scattering structures with sizes and compositions
different from the molecules used in the simplest account. Their angular and spectral
scattering can differ substantially. Longer paths through the atmosphere also accumulate
more attenuation and more opportunities for scattering. The same physical description
therefore allows a saturated blue in one direction and a paler appearance elsewhere.

A calculation that includes only one scattering event is most useful when repeated
scattering is a limited correction. In optically thicker conditions, light can change direction
several times before reaching the observer. Then the final direction does not identify a
single event with one incoming ray. Radiative transfer keeps track of the combined
contributions.

This is also why attributing the ordinary blue sky to a reflection of the ocean misses the
main mechanism. A body of water can reflect skylight, but molecular scattering does not
require an ocean beneath the observer. Surface reflection can influence particular
radiances without explaining away the atmosphere's own scattering.

6. What the explanation establishes

The secure core is a connection between three things: sunlight contains a range of
wavelengths; air molecules preferentially scatter shorter visible wavelengths; and human
vision responds to the resulting mixture. Spectroscopy and polarisation constrain that
account independently of a colour label.

Uncertainty enters a prediction for a particular sky through quantities such as aerosol
properties, atmospheric paths and the treatment of multiple scattering. That does not
mean the everyday mechanism is unknown. It means that explaining why the sky is
generally blue is a less demanding task than predicting its exact spectrum and appearance
at every point and time.

The question is therefore answered by both atmosphere and observer. The atmosphere
changes the directional spectrum reaching the eye. The eye does not measure that
spectrum as a table of wavelengths; it contributes to the colour we perceive. Keeping
those steps distinct explains the blue without treating it as either a pigment in the air or
an arbitrary invention of the mind.

Related reading

IDE-019 introduces light as a broader physical concept. QTC-002 addresses the darkness
of the night sky, a different question. Both are optional associated reading.
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