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Blackbody radiation is a fundamental concept in physics that describes the
electromagnetic radiation emitted by a blackbody, an object that absorbs all
incident radiation. It is a key area of study in quantum mechanics, and has
played a significant role in the development of quantum theory.

Blackbody Spectrum

The blackbody spectrum is the distribution of electromagnetic radiation
emitted by a blackbody at a given temperature. It is a continuous spectrum,
meaning that it contains all wavelengths of light. The shape of the
blackbody spectrum is determined by the temperature of the blackbody.

At low temperatures, the blackbody spectrum is dominated by long
wavelengths, such as infrared radiation. As the temperature of the
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blackbody increases, the spectrum shifts towards shorter wavelengths,
such as visible light and ultraviolet radiation.

Planck's Law

Planck's law is a mathematical equation that describes the blackbody
spectrum. It was developed by Max Planck in 1900, and it is one of the
most important equations in physics.

Planck's law states that the spectral radiance of a blackbody is given by:

B(λ, T) = (2hc² / λ⁵) * (1 / (e^(hc / λkT) - 1))

where:

* B(λ, T) is the spectral radiance in watts per square meter per steradian
per wavelength * λ is the wavelength in meters * T is the temperature in
kelvins * h is Planck's constant (6.62607015 × 10^-34 joule-seconds) * c is
the speed of light in a vacuum (299,792,458 meters per second) * k is
Boltzmann's constant (1.38064852 × 10^-23 joules per kelvin)

Planck's law has several important implications. First, it shows that the
blackbody spectrum is not continuous, but is instead made up of a series of
discrete energy levels. This is a fundamental property of quantum
mechanics.

Second, Planck's law shows that the peak wavelength of the blackbody
spectrum is inversely proportional to the temperature of the blackbody. This
means that hotter objects emit shorter wavelengths of light than cooler
objects.



Wien's Law

Wien's law is a special case of Planck's law that applies to the peak
wavelength of the blackbody spectrum. It states that the peak wavelength
is given by:

λmax = b / T

where:

* λmax is the peak wavelength in meters * T is the temperature in kelvins *
b is Wien's displacement constant (2.8977729 × 10^-3 meters-kelvins)

Wien's law is useful for estimating the temperature of objects based on
their color. For example, the Sun has a peak wavelength of about 500
nanometers, which corresponds to a temperature of about 5,778 kelvins.

Stefan-Boltzmann Law

The Stefan-Boltzmann law is another special case of Planck's law that
applies to the total energy emitted by a blackbody. It states that the total
energy emitted per unit area per unit time is given by:

σT⁴

where:

* σ is the Stefan-Boltzmann constant (5.670373 × 10^-8 watts per square
meter per kelvin^4) * T is the temperature in kelvins

The Stefan-Boltzmann law is useful for estimating the luminosity of objects
based on their temperature. For example, the Sun has a luminosity of



about 3.8 × 10^26 watts, which corresponds to a temperature of about
5,778 kelvins.

Rayleigh-Jeans Law

The Rayleigh-Jeans law is an approximation of Planck's law that is valid at
long wavelengths. It states that the spectral radiance of a blackbody is
given by:

B(λ, T) = (2kT / λ²)

where:

* B(λ, T) is the spectral radiance in watts per square meter per steradian
per wavelength * λ is the wavelength in meters * T is the temperature in
kelvins * k is Boltzmann's constant (1.38064852 × 10^-23 joules per kelvin)

The Rayleigh-Jeans law is a good approximation of Planck's law at long
wavelengths, but it breaks down at short wavelengths. This is because the
Rayleigh-Jeans law does not take into account the quantization of energy,
which is a fundamental property of quantum mechanics.

Blackbody radiation is a fundamental concept in physics that has played a
significant role in the development of quantum theory. The blackbody
spectrum is a continuous spectrum that is determined by the temperature
of the blackbody. Planck's law is a mathematical equation that describes
the blackbody spectrum, and it has several important implications, including
the quantization of energy and the relationship between the peak
wavelength of the blackbody spectrum and the temperature of the
blackbody. Wien's law, the Stefan-Boltzmann law, and the Rayleigh-Jeans



law are special cases of Planck's law that apply to different aspects of
blackbody radiation.
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