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Electromagnetic radiation emitted from any substance  is known as thermal radiation. For objects at room temperature  most of the emission is in the infrared region of the electromagnetic spectrum. To compare thermal radiation sources we have to make a brief introduction to units and terms for the measurement of electromagnetic radiation. 

Radiometry is the measurement of optical radiation, defined as electromagnetic radiation within the frequency range from 3∙1011 to 3∙1016 hertz (Hz). This range corresponds to wavelengths between 0.01 and 1000 micrometers and includes the regions commonly called ultraviolet, visible, and infrared. 

Radiant energy Q is energy travelling in the form of electromagnetic waves. 

Radiant flux  Φ = dQ/dt  is the rate of transfer of radiant energy, measured in watts. Power is equivalent to, and often used instead of flux.  

Radiant flux density at a surface is the radiant flux at a surface divided by the area of the surface  Re = Ri = dΦ/dA. The integral of radiant flux density over area is power. 


The radiant flux density emitted from a surface it is called radiant exitance Re.  Radiant exitance  is power per unit area leaving a surface into a hemisphere whose base is that surface. 

The radiant flux density incident on a surface it is called radiant incidance Ri (or irradiance).  Irradiance is power per unit area incident from all directions within a hemisphere onto a surface that coincides with the base of that hemisphere.  

Radiant intensity of a source is the radiant flux proceeding from the source per unit solid angle in the direction considered  I = dΦ/dΩ,  measured in watts per steradian. The integral of radiant intensity over solid angle is power. 

The radiometric quantities refer to total radiation of all wavelengths. A spectral version is defined by adding the subscript  λ  (e.g. rλ)  where for example a radiant exitance dRe = rλdλ is the radiant flux density in a wavelength interval  (λ , λ + dλ). 
Blackbody radiator
[image: image4.emf]
The absorbance αλ  is the fraction of light absorbed at wavelength λ. 

An object for which αλ is constant but less than 1 is called a gray body; an object for which αλ = 1 for all wavelengths is called a blackbody. 

A hole in a cavity is the best approximation to a blackbody.  Photons entering the hole in the cavity bounce from the walls many times before chancing to pass out through the hole again, and they therefore have a greater chance of being absorbed.

When a blackbody is heated, the light given off has a continuous spectrum. The amount of energy coming out of a blackbody cavity depends only on the temperature of the walls. 

The radiant exitance of a blackbody in the wavelength interval (λ, λ + dλ) is ελ(λ, T)dλ. A universal function ελ(λ, T) is called the blackbody radiation function. It has units of W∙m−3. 

The value of  Wλ  is plotted for several different temperatures here. The visible region of the spectrum is marked on the abscissa; even at 1,600 K when the radiating surface appears white, most of the energy is radiated in the infrared. 

The blackbody is an idealization. In nature the spectral distribution of the radiant exitance is not the same as for a blackbody. Kirchhoff’s law states 

rλ = αλ ελ     or  rλ/αλ = ελ.
 The ratio rλ/αλ is a universal function of λ and T. Therefore, good absorbers at one wavelength are good emitters at the same wavelength. 
Kirchhoff’s law tells us that a blackbody is the best possible emitter as well as a perfect radiator.

The spectral radiant exitance Wλ(λ, T) from a blackbody is given by Planck’s formula 

[image: image7.png]



 where Planck’s constant h =  6.6256∙10−34 J∙s; velocity of light c = 2.997925∙108 m∙s−1; Boltzmann’s constant k = 1.38054∙10−23 J∙K−1; T is absolute temperature in Kelvin; λ is wavelength in meters, which gives  ελ(λ, T)  in W∙m−3.  

By differentiating equation we get the wavelength λmax for which ελ (λ, T)  is peaked 

λmax T = 2.8978 mm∙K .

This relation is called Wien’s displacement law. We see that at higher temperatures the peak occurs at shorter wavelengths.


By integrating over all wavelengths we get the Stefan–Boltzmann law 

[image: image2.wmf]4

4

2

3

4

5

15

2

T

T

c

h

k

R

e

s

p

=

=

 
The Stefan– Boltzmann constant, which is traditionally denoted by σ  was known empirically before Planck’s work. It has the numerical value  σ = 5.67∙10-8 W∙m-2∙K-4.
Infrared radiation from the body

The body radiates energy in the infrared, and this is a significant source of energy loss. Infrared radiation has been used for over 40 years to image the body. In the infrared region the skin is very nearly a blackbody. 

The total surface area of a typical adult male is about 1.73 m2. The surface temperature is about 33 ◦C = 306 K (this is less than the core temperature of 310 K). Therefore the total power radiated is 
Wtot = SRe = SσT4 = 860 W.
When there are nearby surfaces, radiation from them is received by the subject, and the net radiation is considerably less than 860 W. 

To calculate the net heat loss assume that a blackbody at temperature T is surrounded by a surface at temperature Ts. Net power radiated by the body is 
Wtot = Sσ (T4 − Ts4).
If the surroundings are at a temperature Ts = 293 K (20◦C), the net loss is 137 W.

Infrared radiation can be used to image the body. Two types of infrared imaging are used. 
In infrared photography the subject is illuminated by an external source with wavelengths from 700 to 900 nm. The difference in absorption between oxygenated and nonoxygenated hemoglobin allows one to view veins lying within 2 or 3 mm of the skin. Infrared film or a solid-state camera can detect the reflected radiation. 

Thermal imaging detects thermal radiation from the skin surface. Significant emission from human skin occurs in the range 4–30 μm, with a peak at 9 μm. The detectors typically respond to wavelengths below 6– 12 μm. 

Thermography began about 1957 with a report that skin temperature over a breast cancer was slightly elevated. There was great hope that thermography would provide an inexpensive way to screen for breast cancer. Thermography has also been proposed to detect and to diagnose various circulatory problems. 

Infrared radiation from the tympanic membrane (eardrum) and ear canal is used to measure body temperature. One instrument is based on pyroelectric sensors, which were developed for use in motion detectors. The sensors have a permanent electric dipole moment whose magnitude changes with temperature. 
Solar radiation

The Sun emits approximately like a blackbody radiator at a temperature of 5,800 K. The maximum intensity of solar radiation is in the green, at about 500 nm. 

The power per unit area from the sun at all wavelengths striking the earth’s outer atmosphere, the solar constant is 1,390 W∙m−2 (2 cal∙cm−2∙min−1). Because of reflection, scattering, atmospheric absorption, and so forth, the amount actually striking the earth’s surface is about 1,000 W∙m−2. 
[image: image5.emf]
Figure shows the effect of absorption of sunlight in the atmosphere. The sharp cutoff at 320 nm is due to atmospheric ozone O3, which absorbs strongly from 200 to 320 nm, more weakly at wavelengths as long as 360 nm. 
Oxygen absorbs strongly below 180 nm. 

The ultraviolet spectrum 

Ultraviolet light come from the sun or lamps.

The ultraviolet spectrum is qualitatively divided into the following regions: 

UV A 315–400 nm 

UV B 280–315 nm 

UV C 200–280 nm 

Far UV 120–200 nm 

Extreme UV 10–120 nm 
The first three are of biological significance, the others are strongly absorbed in the atmosphere. 
Biological effects of ultraviolet light exposure


There are several responses of the skin to ultraviolet light.  The acute effect of ultraviolet radiation is reddening of the skin or erythema due to increased blood flow in the dermis, the layer beneath the epidermis. This is part of the inflammatory reaction. 

The amount of energy that just produces detectable erythema is called the minimum erythemal dose. The minimum erythemal dose at 254 nm is about 6∙107 J∙m−2. There is considerable scatter from one experiment to another. 


Early effects on skin include sunburn, tanning (now thought to be an injury response), and thickening. Daily exposure for 2 to 7 weeks causes a three- to fivefold thickening of the stratum corneum. 

Some patients have an abnormally high sensitivity to ultraviolet exposure. They may exhibit abnormal photosensitivity because of various diseases or from taking drugs and even from drinking quinine water. 

Chronic exposure to ultraviolet radiation causes premature aging of the skin. The skin becomes leathery and wrinkled and loses elasticity. The characteristics of photoaged skin are quite different from skin with normal aging . UVA radiation was once thought to be harmless. But UVA radiation contributes substantially to premature skin aging. 

Studies shows that both UVA and UVB suppress the body’s immune system and this immunosuppression plays a major role in cancer caused by ultraviolet light. 

Ultraviolet light damages the eye. Acute effects include 
· keratitis (inflammation of the cornea, the transparent portion of the eyeball) 
· conjunctivitis (inflammation of conjunctiva, the mucous membrane covering the eye). 

Ultraviolet-light exposure causes thickening of the cornea and disrupts corneal metabolism. Low doses cause photochemical changes in tissues, while high doses also cause thermal damage. Chronic low exposure to ultraviolet light causes permanent damage to the cornea, known as droplet keratopathy or spheroid degeneration. 

Properly designed spectacles and contact lenses can protect the eye against ultraviolet light. However, both must be designed to absorb ultraviolet. Soft contacts are larger and provide more protection than rigid gas-permeable contacts. Protection from high ultraviolet light-intensity requires sunglasses or welding goggles. Wide-brimmed hats also help protect the eye from ultraviolet light.

Ultraviolet light has one beneficial effect: it allows the body to synthesize vitamin D. Brief exposures are sufficient. Many foods are fortified with vitamin D, which has caused occasional overdoses. 
The greenhouse effect

The different molecules which are found in the atmosphere respond differently to incident radiation from the Earth, which is at infrared wavelengths.  

The strong infrared absorption of gases like CO2 and H2O (but not N2 and O2) gives rise to the greenhouse effect. Effect depends on very small concentrations of these heteronuclear molecules, or greenhouse gases, in the atmosphere. 
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Greenhouse gases are capable of absorbing radiation emitted by the Earth, and produce strong absorption in the emitted spectrum as shown in figure.
The radiation at these wavelengths, which would pass out of the atmosphere in the absence of the greenhouse gases, is retained in the atmosphere and increase the temperature at the Earth’s surface. 

This planet would be a very cold place without any of the winter coat effect of greenhouse gases. However, too much winter coat when it is not needed will elevate the temperature of the planet, with potentially disastrous consequences. 


There is now evidence from independent measurements that the concentrations of greenhouse gases are changing as a result of human activity and are giving rise to climate change.  One of the predicted consequences of global warming is the melting of the Greenland ice and cause sea water to expand. Both effects will lead to a significant rise in sea-level and consequent reduction of habitable land on the planet.[image: image3.emf]
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