3. RADIATION

1. Basic Considerations
Radiation describes the transfer of thermal energy in the form of electromagnetic (EM) waves. While the transfer of energy by conduction or convection requires the presence of a material medium, radiation does not. Indeed this mode of heat transfer is the only one that can occur in a vacuum as well as a medium. This is how the sun’s heat can transfer to our planet.
All object radiate EM radiation. The amount and character of the radiation is determined by the temperature and surface of the object. EM waves travels in straight lines and in all directions around the transmitted body. The receipt of radiant energy (energy of EM waves) by another body necessitates it being in the receiving line of radiation.
EM radiation propagates in the form of 2 mutually coupled vector wave, an electric-field wave  and a magnetic-field . The electric and magnetic fields vibrate perpendicularly to one another and perpendicularly to the direction of propagation. 

[image: ]
The speed of propagation of those transverse electromagnetic waves in a medium of refractive index n is given by 

	(1)
where c0 is the speed of light in free space
c0 = 3.0  108 m/s
and n is given by

	(2)


where  and  are the relative permeability and relative permittivity of the medium respectively.


Electromagnetic waves are typically characterized by their frequency  of oscillation and their wavelength  related as follows

	(3)

Electromagnetic waves have a wide range of frequencies (or wavelengths). Light is part of the electromagnetic spectrum as shown in following figure. 
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When radiant energy strikes an object, some may be absorbed, some may be reflected and some may pass right through and be transmitted.
We define:
Absorptivity = fraction absorbed
Reflectivity = fraction reflected
Transmissivity = fraction transmitted
We have:
Absorptivity + Reflectivity + Transmissivity = 1

The fraction absorbed will show up as an increase in internal energy and it therefore has the same effect as if a heat flow had taken place. In this sense, then, all EM radiation regardless of the wavelength is a form of heat or thermal radiation. However, it turns out that the very short and very long wavelengths are not appreciably absorbed, so that radio waves (long ) pass readily through solid objects and x-rays and -rays (short ) similarly are largely transmitted.
Thus the band of thermal radiation may be considered in the range 0.1 to 100 m, which also corresponds to the band of radiation given out by a heated body. A heated body emits radiation in this range and radiation wavelength outside this range cannot be produced simply be heating the body.

2. The Stefan-Boltzmann Law
As we have already stated, all bodies above absolute zero emit some radiant energy. The amount of energy radiated goes up rapidly with the temperature of the body; in fact, it was discovered by Stefan and verified by Boltzmann that the total energy radiated is proportional to the fourth power of the absolute temperature. 
Mathematically, the law may be written:




where:
 is the energy radiated by the surface, in kW
 is the surface area of the body, in m2
 is the emissivity of the surface (varies between 0 and 1) at the temperature T
 is the Stefan-Boltzmann constant, 
 is the temperature of the body, in K

The equation may be written more conveniently as:




Where the  factor is cancelled in the Stefan-Boltzmann constant by dividing the temperature by 1000 before raising it to the fourth power.

In practice, bodies do not radiate into perfect heat sinks (bodies that can absorb finite amounts of heat without undergoing any change in temperature) but also receive radiation from the surroundings. Thus if the body is at a temperature  and the surroundings at a lower temperature , the nett loss is given by:
[image: ]




Important considerations:
i. Difficulty is experienced when the body is outside, since it is hard to determine the sky radiation temperature. On a cold night, the sky radiation temperature will be of the order of 230 K. 
ii. During the day, the sky temperature is often taken to be about 5C below ambient. 
iii. The re-radiation from the atmosphere is often known as diffuse radiation and expressed as a percentage of the direct solar radiation.
[image: ]

Emissivity:
The emissivity of a surface is a function of:
· Nature of the surface (e.g. colour, texture and roughness)
· Temperature of the surface
· Wavelength of the radiation
· Angle of emission

Emissivity defines the ratio of the radiation intensity of a non-black body to the radiation of a black-body. This ratio, which is always less than 1, characterizes the radiation or absorption quality of non-black bodies. 


Published values are readily available for most substances. Emissivity varies with temperature and also throughout the spectrum. For simplified analysis, the emissivity is often taken as an approximate mean value, as shown in following Table.
	Material
	Emissivity 

	Polished aluminium
Oxidised (corroded) aluminium
Anodised (anti-corrosion) aluminium
Polished steel
Oxidised steel
Asbestos
Building brick
Water and Ice
	0.095
0.2
0.95
0.07
0.8
0.95
0.45
0.96



A surface with an emissivity of 1 defines a black body. In other words a black body is a surface that absorbs all radiant energy that falls on it, and radiates EM energy at all frequencies, from radio waves to -rays, with an intensity distribution dependent on its temperature. Because all visible light falling on the surface is absorbed without reflection, the surface will appear black as long as its temperature is such that its emission peak is not in the visible range.
· Very dark and black surfaces have an emissivity value close to 1. They radiate and absorb heat well.
· On the other hand very shiny surfaces have an emissivity value close to 0. They radiate and absorb heat poorly.
3. The Inverse Square Law
Intensity at Surface of Sphere






[image: ]Source Strength S


The energy twice as far from the source is spread over four times the area, hence one-fourth the intensity.
Sphere Area










Any point source which spreads its influence equally in all directions without a limit to its range will obey the inverse square law. This comes from strictly geometrical considerations. The intensity of the influence at any given radius  is the source strength divided by the area of the sphere. Being strictly geometric in its origin, the inverse square law applies to diverse phenomena. Point sources of gravitational force, electric field, light, or sound obey the inverse square law.
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