
Lecture 8

Radiation



Electromagnetic Radiation

”…a kind of radiation including visible light, radio waves, gamma rays, and X-
rays, in which electric and magnetic fields vary simultaneously.”

Nearly all energy on Earth is 
supplied by the Sun through 
radiation

Radiation interacts with 
atmosphere 
• absorption (heating, 

shielding) 
• excitation (energy input, 

chemical reactions) 
• re-emission (energy balance)



Transverse wave with oscillating electric and magnetic fields:

Frequency:  ! = ⁄$ %
where c =  3×108 m s-1

Wave number ⁄& ' (cm-1)

Electromagnetic Radiation

Wavelength is 
distance between 
maxima

Electromagnetic wave 
moving through a 
vacuum at c 



For convenience, we divide electromagnetic radiation into different regions 
(electromagnetic spectrum) based on the type of atomic or molecular transition 
that gives rise to the absorption or emission of photons

Electromagnetic Radiation



Measure the emission spectrum light from a very hot gas of atoms:

Light is only emitted at a few different wavelengths, called spectral lines, due to an 
electron moving between quantised energy levels in the atom.

Similar effect if we shine white light through the gas to measure the absorption 
spectrum:

Light energy is emitted or absorbed as photons: ! = ℎ$

Sometimes express the energy of a photon in eV (electron volts)
1 eV = 1.6×10-19 J
• E = 1 eV for λ =1240 nm (infra-red, IR) 
• E = 2 eV for λ =620 nm (red)

Electromagnetic Radiation

Solar flare: 1025 J
Earth energy 

consumption: 1020 J



Molecules have internal energy (∆U) due to intermolecular 
interactions, as well as translational kinetic energy, rotational energy*, 
vibrational energy*, electronic energy (and if you care to include them, 
nuclear energy and the mass-energy of the protons, neutrons and 
electrons themselves).

*Rotational: The whole molecule can rotate. 
*Vibrational: The chemical bond acts like a spring between the atoms, 
so the atoms can vibrate relative to each other.

By saying "ideal", energy due to intermolecular interactions is 
eliminated. By saying "monoatomic", energy due to rotation and 
vibration is eliminated. So only translational kinetic energy and 
electronic energy remains.

Electromagnetic Radiation



Electromagnetic spectrum tells us whether molecules are rotational 
vibrational transitions, and electronic transitions.
• e.g., a molecule absorbing microwave radiation provides transitions 

between rotational energy levels, and infrared radiation provides 
transitions between vibrational levels followed by rotational…

Electromagnetic Radiation

Gamma:

nuclear



Electromagnetic Radiation



Eλ, spectral (monochromatic) irradiance (flux density) 
Radiant power per unit area per wavelength (λ) interval through a plane. 
Units: W m-2 m-1 ( or W m-2 nm-1 )

(E, irradiance (flux density) is the integral of spectral radiance over some 
range of wavelength, λ1 to λ2 ; Units: W m-2)

Electromagnetic Radiation

E = P/A



A blackbody is a body or gas volume that 

• has constant temperature 

• absorbs all incoming radiation completely 

• has the maximum possible emission in all directions and at all 

wavelengths (emissivity = 1)

Planck’s law:

E" T = 2πhc)

λ+ exp hc
kTλ − 1

Eλ is spectral irradiance

λ is wavelength, T is temperature in K,

h  is Planck’s constant, c is speed of light, k is Boltzmann’s constant

describes spectral irradiance of blackbody radiation at a given temperature.

Blackbody Radiation

Not examinable



• Strong dependence on wavelength 
• Emitted power increases strongly 

with temperature 
• Curves from different 

temperatures do not cross each 
other 

• Total emitted power is the integral 
over all wavelengths 

Blackbody Radiation

The wavelength position of the maximum of the Planck curve depends on 
temperature, Wien’s law: 

λ"#$ =
b
T

b is Wien’s constant (2897 K µm) 
i.e. the maximum of emission moves to shorter wavelengths with increasing T

Can assume Sun is a blackbody 
emitter with temperature T≈ 5780 K



The total power emitted per unit area:
E = σT%

σ is the Stefan-Boltzmann constant (5.67x10-8 W m-2 K-4) 
T is Temperature in K

i.e. the emitted power is proportional to the temperature to the 4th power
This is the Stefan-Boltzmann Law for blackbody emission.

A body that does not absorb all incident radiation (known as a grey body) 
emits less total energy than a blackbody and is characterized by an 
emissivity < 1, such that 

E = σεT%

Blackbody Radiation

A black body absorbs all incident electromagnetic radiation. A white 
body is one with that reflects all incident rays completely and uniformly 

in all directions.” If a body is black or white depends on wavelength.



Emissivity, ε(λ):  measure of ability of a surface to emit radiation compared 
to blackbody at same temperature 
Absorptivity, α(λ): fraction of radiation absorbed
Reflectivity, ρ(λ): fraction reflected 
Transmissivity, τ(λ): fraction transmitted

α (λ) + ρ(λ) + τ(λ) = 1 

At the same wavelength, absorptivity and emissivity are identical 
(Kirchoff’s law of radiation): 

α(λ) = ε(λ) 

The emission of a body is proportional to its emissivity: 
E(λ) = ε(λ) Eblack(λ) 

Emissivity and Kirchoff’s Law



Emissivity and Kirchoff’s Law

ε(tin foil) = 
0.03
ε(ice) = 0.97

Snow is a 
blackbody in 
infrared

GOES-R spacecraft



Emissivity and Kirchoff’s Law



Solar Spectrum
• Treating solar emission as blackbody at 5780K only works in visible and near-IR.
• In X-ray, far UV, and microwave regions the solar emission is many orders of 

magnitude larger than expected from a blackbody. 
• In these spectral regions, the emission is highly variable and linked to sunspots, 

flares and the 11-year solar cycle.



Solar Spectrum

• Solar radiation reaching sea level is attenuated by scattering and 
absorption in Earth atmosphere, particularly by water vapour, CO2, 
ozone, and other greenhouse gases.

Solar energy 
distribution:
• 5% UV
• 43% visible
• 52% near IR



Very little overlap between Solar and Earth spectra

5537 °C
15 °C

Solar Spectrum and Earth Spectrum



Earth Spectrum



December 
solstice

The solar power per unit area reaching the Earth varies with latitude and during 
the year due to
• variation of the angle at which the sunlight strikes the surface,
• variation in the length of daylight.

Reminder: Earth in Space



The radiant flux from the sun, P, 

can be calculated from the 

irradiance, E, leaving the surface 

of the Sun.

Total power emitted by the Sun, 

radius 6.955 x 108 m, and 

blackbody temperature 5870 K:

Planetary equilibrium temperatures

Psun = A E = 4 π Rsun
2 σ T4

= 4 * π * (6.95 x 108)2 * 5.67 x 10-8 * (5780)4

= 3.84 x 1026 W 

Rsun



This passes through a sphere at Earth’s orbital radius, 1.496 x 1011m 

So power per unit area at Earth 

E"#$%& =
P)*+
A-.&/$/

= P)*+
4πR"#$%&3)*+4

= 3.84×104;
4π(1.496×10??)4 = ABCDEF3G

This the solar constant, the solar irradiance 
at the top of the Earths atmosphere. 
Total solar output is constant within a 
few percent.

Planetary equilibrium temperatures 1 AU

1 AU

Sun



Planetary equilibrium temperatures



Planetary equilibrium temperatures



For a planet in arbitrary distance, the radiant flux P received is

! = #$% 1 − ( )*+,-.
/0

P : solar radiant flux absorbed by planet 
r  : radius of planet 

A: reflectivity or albedo of the planet 
R : distance of planet from sun, 

normalized to the sun-earth distance 
= 1 

EEarth : solar constant 

Assuming radiative equilibrium, the energy received by the sun 
must be balanced by the thermal emission Pp of the planet: P = Pp

!1 = 4#$%345

Planetary equilibrium temperatures



Planetary equilibrium temperatures



Note that radiation is emitted in all directions but received only by the 
area illuminated by the Sun. 

Solving for the equilibrium temperature yields the following values: 

!" = 1 − & '()*+,
4./0

Here, the measured temperature is the apparent temperature as seen 
from space, not the surface temperature.

Planet R A
Calculated 

Temperature [K] 
Measured 

Temperature [K] 
Venus 0.72 0.77 227 230 
Earth 1.00 0.30 255 250 
Mars 1.52 0.15 216 220 
Jupiter 5.20 0.58 98 130 

Planetary equilibrium temperatures



Summary

• Electromagnetic spectrum
• What is a blackbody?
• Stefan-Boltzmann law
• Solar constant: total solar irradiance at top of Earth’s 

atmosphere

New tutorial sheet #2
Due at 11am lecture on Monday 26th November 


