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Introduction
Electromagnetic radiation is emitted from any substance at non-zero temperature. This is known as thermal radiation. For objects at room temperature, you may not have noticed this effect because the frequency of the electromagnetic radiation is low and most of the emission is in the infrared region of the electromagnetic spectrum. Our eyes are only sensitive to electromagnetic radiation in the visible region. However, you may have noticed that a piece of metal in a furnace glows ‘red hot’ so that, for such objects at higher temperature, your eyes are able to pick up some of the thermal radiation. 
To compare thermal radiation sources we have to make a brief introduction to units and terms for the measurement of electromagnetic radiation. 
Radiometric units 
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. 
There are some background concepts and terminology that are needed before proceeding further. 
Projected area is defined as the rectilinear projection of a surface of any shape onto a plane normal to the unit vector. The differential form is dAproj = e cos(θ)dA, where θ is the angle between the local surface normal and the line of sight. 
Plane angle and solid angle are both derived units in the SI system.  
The radian is the plane angle between two radii of a circle that cuts off on the circumference an arc equal in length to the radius. The abbreviation for the radian is rad. Since there are 2πe rad in a circle, the conversion between degrees and radians is  1 rad = e(180/π) degrees.  
A solid angle is the same concept that is extended to three dimensions. The solid angle is the ratio of the spherical area (Aproj) to the square of the radius, r. The spherical area is a projection of the object of interest onto a unit sphere, and the solid angle is the surface area of that projection. 
One steradian (sr) is the solid angle that, having its vertex in the center of a sphere, cuts off an area on the surface of the sphere equal to that of a square with sides of length equal to the radius of the sphere. 
Divide the surface area of a sphere by the square of its radius to find that there are 4π sr of solid angle in a sphere. One hemisphere has 2π sr. The accepted symbols for solid angle are either lowercase Greek omega (() or uppercase Greek omega (Ω).  The equation for solid angle is 
de Ω = edAproj/r2.
For a right circular cone, Ω e= 2π(1 - cos θ), where θ is the half-angle of the cone. Both plane angles and solid angles are dimensionless quantities. 
Radiometric units can be divided into two conceptual areas: 
1. those having to do with power or energy, and 
2. those that are geometric in nature. 
The terminology employed in radiometry and photometry consists of two parts: 
1. an adjective distinguishing between a radiometric, photonic, or photometric entity, 
2. a noun describing the underlying geometric or spatial concept. 
In some instances, the two parts are replaced by a single term (e.g., radiance). 
In the first category are: 
Radiant energy, Q, is energy travelling in the form of electromagnetic waves, measured in joules. 
Power (also called radiant flux), Φ = dQ/dt is the time rate of change, or 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.  Radiant flux density is the derivative of power with respect to area, M = E = dΦ/dA. The integral of radiant flux density over area is power. 
When referring to the radiant flux emitted from a surface it is called radiant exitance M.  Radiant exitance  is power per unit area leaving a surface into a hemisphere whose base is that surface. 
When referring to the radiant flux incident on a surface it is called irradiance E (also referred to as flux density or radiant incidance).  Irradiance is power per unit area incident from all directions within a hemisphere onto a surface that coincides with the base of that hemisphere.  
Both are measured in watts per square meter. There is no compelling reason to have two quantities carrying the same units, but it is convenient. 
Radiant intensity of a source is the radiant flux proceeding from the source per unit solid angle in the direction considered, measured in watts per steradian. Intensity is the derivative of power with respect to solid angle, I = dΦ/dΩ. The integral of radiant intensity over solid angle is power. 
Radiance in a given direction, is the radiant flux leaving an element of a surface and propagated in directions defined by an elementary cone containing the given direction, divided by the product of the solid angle of the cone and the area of the projection of the surface element on a plane perpendicular to the given direction. It is measured in watts per square meter and steradian. Radiance is the derivative of power with respect to solid angle and projected area, L = d2Φ/dΩdAcos θ, where θ is the angle between the surface normal and the specified direction. The integral of radiance over area and solid angle is power. 
[image: image18.png]


 
All of the radiometric terms have their photometric counterparts. They are related to how the (standard) human eye respond to optical radiation and is limited to the visible part of the spectrum. In Table 5.1 we list the radiometric and the corresponding photometric quantities. To distinguish radiometric and photometric symbols they are given subscripts e and v respectively (e.g. Le = radiance, Lv = luminance). 
The radiometric quantities refer to total radiation of all wavelengths. A spectral version for each may be defined by adding the subscript λ (e.g. Meλ or simply Mλ) where for example a spectral flux Φλdλ represents the flux in a wavelength interval between λ and λ + dλ, with units watts per nanometre (W nm−1) or watt per micrometre (W μm−1). 
Blackbody Radiator 
It is difficult if not impossible to make a surface that is completely absorbing. If the surface is not completely absorbing, we define the absorbance αλ, which is the fraction of light absorbed at wavelength λ. (Why emission and absorption are closely related is discussed below.) 
If the light all passes through some transparent material or is completely reflected, then αλ = 0; if it is all absorbed, αλ = 1. 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. 
The absorption can be improved by making a cavity. 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. Such a hole in a cavity is the best approximation to a blackbody. 
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 and not on the nature of the surfaces. The spectrum of power per unit area emitted by a completely black surface in the wavelength interval between λ and λ + dλ is Wλ(λ, T)dλ. A universal function Wλ(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.[image: image12.emf] As the black surface or cavity walls become hotter, the spectrum shifts toward shorter wavelengths. 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 most radiators are selective radiators, i.e. the spectral distribution of the emitted flux is not the same as for a blackbody. The relative emissive power of a radiating surface expressed as a fraction of the emissive power of a black-body radiator at the same temperature is called emissivity. 
Emissivity is a measure of how a real source compares with a blackbody and is defined as ε = M/W   where M is the radiant exitance of the source of interest and W is the radiant exitance of a blackbody at the same temperature. ε is a number between 0 and 1 and is in general both wavelength and temperature dependent. 
Much work was done on the properties of blackbody thermal or cavity radiation in the late 1800s and early 1900s. While some properties could be explained by classical physics, others could not. The description of the function Wλ(λ, T) by Planck is one of the foundations of quantum mechanics. We will not discuss the history of these developments, but will simply summarize the properties of the blackbody radiation function that are important to us. 
Kirchhoff’s law 
We now wish to discuss how well particular surfaces of a cavity will absorb or emit electromagnetic radiation of a particular frequency or wavelength. We therefore make the following additional definitions: 
1. reflectance ρ or reflection factor is a measure of the ability of a surface to reflect light or other electromagnetic radiation, equal to the ratio of the reflected flux to the incident flux 
2. transmittance τ also called transmission factor is a measure of the ability of anything to transmit radiation, equal to the ratio of the transmitted flux to the incident flux; the reciprocal of the opacity 
3. absorptance  α or absorption factor is a measure of the ability of an object to absorb radiation, equal to the ratio of the absorbed radiant flux to the incident flux.  
Consider two slabs of different materials A and B, and that each is of semi-infinite thickness and infinite area, forming a cavity as shown in Figure.  
A
[image: image2.emf]
B
Assume that A is a black body and that B is a material with emissivity ε, reflectance ρ and absorptance α, and that the materials and cavity are in thermal equilibrium.  Because of the last assumption, the flux onto B must equal the flux leaving B toward A. Thus W = ρW +M   where W and M are the radiant exitance of A (the blackbody) and B respectively. 
From the definition of emissivity we have 
ε = M/W = 1 − ρ. 
Because of conservation of energy, the reflectance ρ, transmittance τ and absorbance α at a surface add up to unity (reflectance ρ, transmittance τ and absorbance α are dimensionless): 
ρ + τ + α = 1.
Since we have assumed semi-infinitely thick materials, the transmittance τ = 0 and we have 
ε = M/W = 1 − ρ = α.
We can anticipate that this equation holds for any given spectral interval which gives the more general form 
ελ = Mλ/Wλ = 1 – ρλ = αλ    or  Mλ = αλ Wλ     or  Mλ/αλ = Wλ
This equation expresses Kirchhoff’s law, which states that the ratio Mλ/αλ is a universal function of λ and T. Therefore, if you fix λ and T, the ratio Mλ/αλ  is fixed and hence Mλ ∞ αλ. In other words ‘good absorbers at one wavelength are good emitters at the same wavelength’. 
A perfect blackbody is an object which is defined to have αλ = 1 for all λ. Kirchhoff’s law tells us that for this maximum value of α, a blackbody is the best possible emitter.  A blackbody at a given temperature provides the maximum radiant exitance at any wavelength that any body in thermodynamic equilibrium at that temperature can provide. It follows that a blackbody is a perfect absorber as well as a perfect radiator. 
The spectral radiant exitance Wλ(λ, T) from a blackbody is given by Planck’s formula 
[image: image3.emf]
 where h = Planck’s constant = 6.6256∙10−34 J s; c = velocity of light = 2.997925∙ 108 ms−1; k = Boltzmann’s constant = 1.38054∙10−23 JK−1; T = absolute temperature in Kelvin; λ = wavelength in meters, which gives Wλ(λ, T)  in Wm−3.  
By differentiating equation we get the wavelength λmax for which Wλ (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: image4.emf] [image: image5.emf]
This is the Stefan–Boltzmann law. The Stefan– Boltzmann constant, which is traditionally denoted by σSB was known empirically before Planck’s work. It has the numerical value [image: image6.emf] 
Early measurements of the radiation function were done with equipment that made measurements vs. wavelength. It is also possible to measure vs. frequency. 
[image: image7.emf]
Similarly by differentiating equation we can show that 
[image: image8.emf] [image: image9.emf]
The product λmaxνmax = 1.705∙108 m s−1 = 0.57c.   
Biological Applications of Infrared Scattering 
Near infrared light in the range 600–1000 nm is used to measure the oxygenation of the blood as a function of time by determining the absorption at two different wavelengths. [image: image13.emf]Figure shows the absorption coefficients for oxygenated and deoxygenated hemoglobin and water. The greater absorption of blue light in oxygenated hemoglobin makes oxygenated blood red. (The graph only shows wavelengths longer than 600 nm—red and infrared.) The wavelength 800 nm at which both forms of hemoglobin have the same absorption is called the isosbestic point. Measurements of oxygenation are made by comparing the absorption at two wavelengths on either side of this point. One of the difficulties with these measurements is knowing the path length, since photons undergo many scatterings before being absorbed or reaching the detector. Scattering from many tissues besides hemoglobin distorts the signal. Nonetheless, pulse oximeters that fit over a finger are widely used. The basic feature is that arterial blood flow is pulsatile, not continuous. Therefore, measuring the time-varying (AC) signal selectively monitors arterial blood and eliminates the contribution from venous blood and tissue. Development of new applications for infrared scattering measurements continue as new detectors with different spectral sensitivities become available. Continuous sources are also used to determine blood oxygenation of tissue. 
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. Measurements of the emissivity of human skin have shown that for 1 μm< λ ≤ 14 μm, ελ = 0.98 ± 0.01. This value was found for white, black, and burned skin. In the infrared region in which the human body radiates, the skin is very nearly a blackbody. 
Let us apply Stefan–Boltzmann law to see what the blackbody radiation from the human body is. 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 = SWtot = SσSBT4 = 860 W.
This is a large number, nearly 9 times the basal metabolic rate of 100 W. The reason it is so large is that it assumes the surroundings are at absolute zero, or that the subject is radiating in empty space with no surroundings. When there are nearby surfaces, radiation from them is received by the subject, and the net radiation is considerably less than 860 W. 
The easiest arrangement for which to calculate the net heat loss is a blackbody at temperature T surrounded by a similar surface at temperature Ts. At equilibrium the temperature of both objects is the same, T = Ts. The power emitted by the body is equal to the power absorbed. Increasing T increases the power emitted according to Wtot = σSBT4. The body then emits more power than it absorbs. Equilibrium is restored when the body has cooled or the surroundings have warmed so that the temperatures are again the same. Net power radiated by the body is 
wtot = SσSB(T4 − Ts4).
If the object is not a blackbody or the wall temperature is not uniform, the net power loss is more complicated. However, this model represents a considerable improvement over our previous calculation. Suppose that the surroundings are at a temperature Ts = 293 K (20 ◦C). The net loss is 
wtot = (1.73)(5.67∙10−8)(3064 − 2934) = 137 W.
This says that a nude subject surrounded by walls at 20 ◦C would have to exercise to maintain body temperature, even if the air temperature were warm enough so that heat conduction and convection losses were zero. 
If you have lived in a cold climate, you have probably felt cold in a room at night when the drapes are open, even though a thermometer records air temperatures that should be comfortable. This is because of radiation from you to the cold window. The glass is transparent only in the visible range; for infrared radiation it is opaque and has a high emissivity. The radiation of the cold window back to you is much less than your radiation to it, and you feel cold. 
This same problem can occur with a premature infant in an incubator. If the incubator is placed near a window, one wall of the incubator can be cooled by radiation to the window. The infant can be cooled by radiation to the wall of the incubator, even though a shiny (low-emissivity) thermometer in the incubator records a reasonable air temperature. One solution is to be careful where an incubator is placed and insulate its walls; another is to redesign incubators with a feedback loop controlling the infant’s temperature. 
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. 
Either 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, but there have been too many technical problems. Normal breasts have more variability in vascular patterns than was first realized, so that differences of temperature at corresponding points in each breast are not an accurate diagnostic criterion. The thermal environment in which the examination is done is extremely important. The sensitivity (ability to detect breast cancer) is too low to use it as a screening device. Thermography has also been proposed to detect and to diagnose various circulatory problems. Thermography is generally not widely accepted, though it still has its proponents. 
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. 
Blue and Ultraviolet Radiation 
Treatment of Neonatal Jaundice
The energy of individual photons of blue and ultraviolet light is high enough to trigger chemical reactions in the body. These can be both harmful and beneficial: 
1. A beneficial effect is the use of blue light to treat neonatal jaundice. 
2. The most common harmful effect is the development of sunburn, skin cancer, and premature aging of the skin. 
Neonatal jaundice occurs when bilirubin builds up in the blood. Bilirubin is a toxic waste product of the decomposition of the hemoglobin that is released when red blood cells die. It is insoluble in water and cannot be excreted through either the kidney or the gut. It is excreted only after being conjugated with glucuronic acid in the liver. Bilirubin monoglucuronate and bilirubin diglucuronate are both water soluble. They are excreted in the bile and leave via the gut. 
Some newborns have immature livers that cannot carry out the conjugation. In other cases there is an increased rate of red blood cell death (hemolysis) and the liver cannot keep up. The serum bilirubin level can become quite high, leading to a series of neurological symptoms known as kernicterus. The abnormal yellow color of the skin called jaundice is due to bilirubin in the capillaries under the skin. 
It was discovered accidentally that when the skin of a newborn with jaundice was exposed to bright light, the jaundice color went away. Photons of blue light have sufficient energy to convert the bilirubin molecule into more soluble and apparently less harmful forms. Photons of longer wavelength have less energy and are completely ineffective. The standard form of phototherapy used to be to place the baby “under the lights.” Since the lights were bright and also emitted some ultraviolet, it was necessary to place patches over the baby’s eyes. Also, since the baby’s skin had to be exposed to the lights, it had to be placed in an incubator to keep it warm. 
A fiberoptic blanket has been developed that can be wrapped around the baby’s torso under clothing or other blankets. The optical fibers conduct the light from the source directly to the skin. Eye patches are not needed, and the baby can be fed and handled. Typical energy fluence rates are (4–6) ∙10−2 W m2 nm−1 in the range 425–475 nm. Acceptance by nursing staff and parents is very high. The blanket can even be used for home treatment, though this is still controversial.
The Ultraviolet Spectrum 
[image: image14.emf]Ultraviolet light can come from the sun or from lamps. The maximum intensity of solar radiation is in the green, at about 500 nm. The sun emits approximately like a thermal radiator at a temperature of 5,800 K. Figure shows the solar spectrum and the approximate spectrum reaching the earth after atmospheric attenuation. 
The power per unit area from the sun at all wavelengths striking the earth’s outer atmosphere, the solar constant, calculated by regarding the sun as a thermal radiator, is 1,390 W m−2 (2 cal cm−2 min−1). Satellite measurements give 1,372 W m−2. Because of reflection, scattering, atmospheric absorption, and so forth, the amount actually striking the earth’s surface is about 1,000 W m−2. 
Figure also 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. It absorbs more weakly at wavelengths as long as 360 nm. Molecular oxygen absorbs strongly below 180 nm. 
The ultraviolet spectrum is qualitatively divided into the following regions: 
1. UVA 315–400 nm 
2. UVB 280–315 nm 
3. UVC or middle UV 200–280 nm 
4. Vacuum UV <240 nm 
5. Far UV 120–200 nm 
6. Extreme UV 10–120 nm 
Only the first three are of biological significance, because the others are strongly absorbed in the atmosphere. 
Response of the Skin to Ultraviolet Light 
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. It is difficult to measure in an objective manner. New instrumentation allows quantitative measurements. The 1987 reference action spectrum adopted by the International Commission on Illumination shows the relative sensitivity of the skin versus wavelength for the production of erythema. It is 
[image: image10.emf]
This is plotted in Figure.  The minimum erythemal dose at 254 nm is about 6∙107 J m−2. There is considerable scatter from one experiment to another. When the degree of erythema is plotted vs energy per unit area, the slope of  the curve 
depends[image: image15.emf] on the wavelength. 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 such as phenothiazines (one of the classes of major tranquilizers), sulfa drugs, dimethylchlortetracycline, the antidiabetic sulfonureas, and thiazide diuretics and even from drinking quinine water. Photocontact dermatitis  is caused by interaction of photons with substances placed on the skin, such as perfumes containing furocoumarins, lime peel, fungi, and fluorescein dye used in lipsticks. 
Ultraviolet Light Causes Skin Cancer 
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. We now understand that UVA radiation contributes substantially to premature skin aging because it penetrates into the dermis. 
There has been at least one report of skin cancer associated with purely UVA radiation from a cosmetic tanning bed. This can be understood in the context of studies showing that both UVA and UVB suppress the body’s immune system, and that this immunosuppression plays a major role in cancer caused by ultraviolet light. 
Ultraviolet Light Damages the Eye
Acute effects include 
1. keratitis (inflammation of the cornea, the transparent portion of the eyeball) 
2. conjunctivitis (inflammation of the conjunctiva, the mucous membrane covering the eye), also known as snow blindness or welder’s flash. 
Laboratory studies show that ultraviolet-light exposure causes thickening of the cornea and disrupts corneal metabolism. UVC radiation is absorbed by the cornea. The crystalline lens absorbs UVB and, in older persons, UVA and visible light. Only a little UVA light reaches the retina. The retina is also susceptible to trauma from blue light. 
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. 
UVA radiation is a significant factor in the development of a pterygium, a hyperplasia of the conjunctiva that may grow over the cornea and impair sight. Rarely, it causes blindness. 
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 Synthesizes Vitamin D
 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. 
Ultraviolet Light Therapy 
Ultraviolet light is used in therapy, primarily for the treatment of a skin disease called psoriasis. Psoriasis is an inflammatory disorder in which the basal cells move out to the stratum corneum in much less than the normal 28 days. The skin is red and has thick scaling. 
UVB radiation, often in conjunction with coal tar applied to the skin, has been used as a treatment for psoriasis since the 1920s. In the 1960s a treatment was developed that uses UVA and a chemical either applied to the skin or administered systemically (photochemotherapy or PUVA— psoralen UVA). The chemical is a psoralen derivative. It affects DNA, and when the affected DNA is irradiated with ultraviolet light, cross-links form, preventing replication. The treatment works, but it has also been found to increase the risk of NMSC. 
PUVA therapy is also useful in cutaneous T-cell lymphoma, a disease that first becomes apparent on the skin and then moves to internal organs. Another treatment, extracorporeal photopheresis, involves removing the patient’s blood, extracting the red blood cells, irradiating the plasma and white blood cells with UVA light outside the body, and returning the red blood cells and the irradiated white blood cells and plasma to the patient. Recently it has been shown that children who are rejecting a transplant in spite of conventional immunosuppressive therapy can benefit from extracorporeal phototherapy.  
The greenhouse effect
[image: image16.emf]The term ‘greenhouse effect’ was coined in 1827 by Jean Baptiste Joseph Fourier. 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. Greenhouse gases are capable of absorbing radiation emitted by the Earth, and produce strong absorption in the emitted spectrum as shown in figure.
[image: image17.emf]What this means is that the radiation at these wavelengths, which would pass out of the atmosphere in the absence of the greenhouse gases, is retained in the atmosphere: the greenhouse gases act as a ‘winter coat’ at these particular wavelengths and increase the temperature at the Earth’s surface. 
To some extent, of course, this is a good thing as this planet would be a very cold place without any of the winter coat effect of H2O, CO2 and the other 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 much accumulated evidence from independent measurements that the concentrations of greenhouse gases and in particular CO2 are changing as a result of human activity and, further, are giving rise to global warming (the elevation of the temperature of Earth’s atmosphere) and consequent climate change. This is termed anthropogenic climate change, with anthropogenic meaning ‘having its origins in the activities of humans’.  

Some consequences of global warming are already apparent: 
1. at the time of writing we have observed a 0.6◦C rise in the annual average global temperature, a 1.8◦C rise in the average Arctic temperature, 
2. 90% of the planet’s glaciers have been retreating since 1850 
3. Arctic sea-ice has reduced by 15–20%. 
One of the predicted consequences of global warming is the rise of 2◦C in the average global temperature by the second half of this century. This will promote 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.
Thermotherapy Devices 

These can be classified into those producing superficial heating and those producing deep heating. All should be used with caution in patients unable to detect heat-induced pain or over tissues with a poor blood supply because these cannot dissipate heat efficiently. 

Deep heating devices produce heat within the tissues via electromagnetic and acoustic fields. The term diathermy is used to describe the conversion or transduction of any form of energy into heat within the tissues. The devices used for deep heating include short-wave, microwave, and ultrasound generators.

Superficial Heating 

This is provided by devices that transfer energy to the body by conduction, convection, or radiation. 
Conduction

Devices that heat by conduction include hydrocollator packs, hot water bottles, electric heating pads, and baths of heated paraffin wax. 

Convection 

This involves immersion of either the whole of the body or part of the body in heated water. Hydrotherapy pools, akin to heated swimming pools, and baths can be used for either total or partial immersion.
Radiation

Heat transmission by radiation is generally provided by infrared lamps. These are photon producers, emitting wavelengths from the red end of the visible part of the electromagnetic spectrum, together with IR. The production of visible light provides a visual indication when the lamps are active. The IR component provides heating. 
Infrared emitters used for heating are either nonlaser or laser devices, the former being the most commonly used. 
Nonlaser
1. Luminous 
2. Nonluminous
Luminous emitters are effectively light bulbs, each mounted in the center of a parabolic reflector that projects a bright beam like a floodlight. About 70% of the energy emitted consists of IR rays in the wavelength range of 700–4000 nm. Luminous emitters can be classified into those with large, high-wattage (600–1500 W) bulbs, and those with smaller, lower wattage (250–500 W) bulbs.

1. The large luminous emitters are used to treat largeregions of the body such as the lumbar spine. They are positioned about 0.6m from the patient and used for 20 min.

2. The small luminous emitters are used to treat smaller regions of the body such as the hands and feet. They are positioned closer to the patient, about 0.45–0.5m away, and they are typically used for 20 min.

The former produce a greater sensation of warmth than the latter. The skin becomes temporarily erythematous, resembling blushing. If the heat is too great because, for example, the lamp is too close to the skin, erythema ab igne, a mottled appearance indicative of damage, may be produced.

Nonluminous emitters are usually cylinders of either metal or an insulating material, the radiation source, around which a resistance wire, the heat source, is coiled. They emit longer wavelengths of IR that penetrate deeper than the shorter IR wavelengths of the luminous emitters. About 90% of the emission of the nonluminous IR device is in the wavelength range of 3500–4000 nm.

When and When Not to Use These Devices 
IR radiation when used as a heating modality can alleviate pain and muscle spasm. It also accelerates the resolution of acute inflammation. It should only be applied to skin free from creams that, if heated, could burn the skin. It should not be applied to skin that is photosensitive. Goggles should be worn to protect the eyes from radiation damage to either the lens or retina. 
Patients with abnormally low blood pressure should not receive any form of treatment that increases the temperature of large areas of skin and subcutaneous tissue because of the redistribution of blood to these areas and away from vital organs such as the brain, heart, and lungs.
 Advantages and Disadvantages
IR heating is suitable for use in the home as well as in clinics and hospitals. Because the devices described in this section are noncontact, they can be used to treat open and infected wounds, but only for short periods because they cause fluid evaporation and wounds need to be kept moist if they are to heal efficiently. 
The main disadvantage is that of burning if the IR heater is placed too close to the patient. Only mechanically stable devices should be used to ensure that they do not fall on the patient. 
Laser
Lasers emitting IR energy have been used to treat injured tissue in Japan and Europe for over 25 years. The term ‘‘LASER’’ is an acronym for light amplification by the stimulated emission of radiation. Laser devices are a very efficient means of delivering energy of specific wavelengths to injured tissue. 
Laser radiation is coherent; that is the waves are in phase, their peaks and troughs coinciding in time and space. Some semiconductor diodes produce coherent and others noncoherent IR radiation. Both can accelerate repair and relieve pain, as does red light. 
The technique of using low intensity lasers therapeutically is usually referred to as LILT, an acronym for low intensity laser therapy, or low level laser therapy (LLLT) to distinguish it from the surgical use of high intensity lasers. 
Surgical CO2, ruby, and Nd-YAG surgical lasers can be used for thermal biostimulation provided that the amount of energy absorbed by the tissues is reduced sufficiently. Manufacturers achieve this either by defocusing and spreading the beam over an area large enough to reduce the power density below the threshold for burning or by scanning rapidly over the area to be treated with a narrow beam. The patient will then feel only a mild sensation of heat. 
Nonsurgical lasers are typically used at power densities below those producing a sensation of heating; although their bioeffects are primarily nonthermal, absorption of light inevitably involves some heating. 
LILT can be used in either continuous or pulsed mode, the latter further reducing heating. Single probes, each containing a single diode, are used to treat small areas of skin and small joints. Some are suitable for home use; their output is generally too low to produce the sensation of heat although the radiation they emit is transduced into heat after absorption. The effects of these devices on pain and tissue repair are essentially nonthermal. 
Clusters of diodes are used in clinics and hospitals to treat large areas of skin, skeletal muscle, and larger joints. These cluster probes generally include, in the interest of cost-effectiveness, nonlaser diodes. Treatment times vary with the type of probe and the area to be treated. Typically they range from about 3 to 10 min. They are calculated in terms of the time taken to deliver an effective amount of energy, generally 4 or more J∙cm-2, joules being calculated by multiplying the power density of the probe (in W∙cm-2) by the irradiation time in seconds. The larger cluster probes have sufficient output to produce a sensation of warmth. They also have essentially nonthermal effects that assist in the relief of pain and the stimulation of tissue repair. 
When and When Not to Use These Devices
LILT devices are effective on acute and chronic soft-tissue injuries of patients of all ages. Most are designed for use in clinics and hospitals, but small, handheld devices are also available for home use as part of a first aid kit. 
The radiation they produce is absorbed by all living cells and transduced into chemical and thermal energy within these cells, which are activated by it. Temporary dilatation of superficial blood vessels occurs, aiding oxygenation.
Contraindications for LILT include the following: 
1. As a matter of prudence, LILT should not be applied over the abdomen during pregnancy to ensure that no harm comes to the fetus although it can be applied to other parts of the body.
2. In patients with epilepsy who may be sensitive to pulses of light in the 5–10Hz range, it is advisable to use either unpulsed (continuous) LILT or much higher pulsing frequencies. 
3. Treatment over the thyroid gland is contraindicated because this gland may be sensitive to absorbed electromagnetic radiation in the red and IR parts of the spectrum. 
4. Patients with cancer or suspected cancer should only be treated by a cancer specialist. 
Advantages and Disadvantages
LILT is easy to apply directly to the skin. The treatment is rapid and painless, the only sensations being of those of contact and, if the power is sufficiently high, of warmth. If used over an open wound, this should first be covered with a transparent dressing through which the radiation can pass unimpeded. The use of goggles is recommended as a precaution. The larger devices require clinical supervision, but some of the smaller predominantly nonthermal devices are suitable for home use. 
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