
Infrared Radiations 

Abstract: 

Extending out from the red edge of the most visible spectrum is a type of invisible radiant energy which 

is called infrared radiation. Infrared radiations can also be called as heat ray. They have short form as IR 

radiations. Moreover, infrared radiation is that portion of the electromagnetic spectrum that extends 

from the long wavelength, end of the visible-light range to the microwave range and invisible to the naked 

eye, it can be detected as a sensation of warmth on the skin and body. Excluding water vapor, bodies of 

water on the surface of our Earth also absorb IR wavelengths well. Glass, wood, brick, stone, lime stone, 

asphalt material and paper all absorb IR radiation. While daily life used regular silver backed mirrors 

reflect visible light waves, allowing you to see your reflection of them, they absorb infrared radiation at 

high quantity. Infrared radiation is invisible to the human naked eye but has a wide range of uses in our 

modern technology. There are a lot of different applications for the different wavelengths of IR radiation. 

There is a variety of radiation sources used in our industry today including blackbody systems, lasers of 

quantum cascade, modular table of electrically IR thermal sources, and diodes of light emitting. These IR 

sources allow for great technical things like in thermal imaging, detection of motion, guidance of weapon 

systems, gas analyzing and monitoring, space and solar imaging, and analysis of environmental health. An 

understanding of Planck’s Law is necessary for comprehension of the functionality of these technologies. 

Reference:  

 https://www.thermo-r.com/introduction-to-infrared-radiation 

https://www.researchgate.net/publication/ 

Discovery of infrared radiations: 

Infrared radiation as called IR was discovered in 1800 by William Herschel, who discovered invisible radiation 

in the spectrum lower in power than red light, by means of its highly effect on a thermometer. The foundation 

for thermal imaging from the infrared part of the electromagnetic spectrum was laid by two members of 

the same family. William Herschel, a talented musician, came to United Kingdom from Hannover in the 

eighteenth century. He became very famous through his discovery of a new planet, Uranus in 1781. In 

1782 he became the King's Astronomer of century and while in 1800 discovered the presence of invisible 

heating rays, now known as infrared radiation. Slightly more than a half of the total energy and power source 
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from the Sun which was eventually found to reach on Earth in the form of infrared rays. Forty years later, 

William's only son John made an image of solar heat and energy using a simple graph, where heat was 

used to carbon particles in an alcoholic suspension system. William carried out many experiments to study 

the relationship between visible and invisible rays. These were simple but yet efficient methods of 

examining reflection and absorption. The balance between emitted and absorbed infrared rays has a critical 

and serious effect on the Earth's climate. 

           

Infrared radiation IR is absorbed or emitted by the molecules only when they change of their rotational and 

vibrational movements. It excites vibrational and rotational  modes in a molecule through a change in 

the dipole moment (A dipole moment is a quantity that describes two opposite charges separated by some 

distance), making it a useful frequency range for study base of Infrared radiations in these energy states for 

the molecules of the proper symmetry system. Infrared spectroscopy examines absorption and transmission 

of photons in the infrared range (700 nanometers).  

Reference:  

Michael Rowan-Robinson (2013). Night Vision: Exploring the Infrared Universe. Cambridge University Press. p. 

23. ISBN 1107024765. 

Reusch, William (1999). "Infrared Spectroscopy". Michigan State University. Archived from the original on 

2007-10-27. Retrieved 2006-10-27. 

Sources of Infrared radiations: 
 

Large variety of IR sources are there and each is used for different purposes. Every object that is having 

temperature above zero degrees Kelvin is radiating some in the form of infrared radiation known as 

thermal radiation. That’s why it makes Infrared radiation such a powerful resource to be used. It allows 
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to gather information of an environment without the need of any visible light. The human body radiates 

a long-wavelength IR source of about 10 microns or 10 µm. Another common IR source is blackbody 

radiation. Blackbody radiation will not be discussed here very much but in essence it is a body or object 

that does not reflect any light or radiation from its environment so that is the only output is the thermal 

radiation from its own temperature and heat. Another common source is an electrically modular table IR 

thermal source. These are similar to a common incandescent light bulb but they use a different filament 

such as tungsten and as they run an electrical charge through the bulb it outputs more thermal energy or 

heat than light. The filament will glow a dark orange color. Another source is quantum cascade lasers 

which emit mid- and long-wave infrared radiation. Quantum cascade lasers are used for precision sensing, 

spectroscopy, medical applications, and military applications. The most common infrared radiations 

source is the light emitting diode (LED). New upcoming advancements in technology are allowing for IR 

LEDs with longer wavelengths. Edwin John, a graduate student, make the high brightness light emitting 

diodes based on the material system have been developed for the use in mid and long wave infrared 

systems. By employing an active region device, high optical output has been used from devices in the 3-5 

µm and 7-12 µm spectral band. Almost all of these technologies would not be possible without the use 

of Planck’s Law. 

Reference:  https://www.livescience.com/50260-infrared-radiation.html  

Planck’s Law 

The law which was explained by Max Planck. Planck’s law is law which allows thermal imaging technology 

for the calculation of the temperature of object in field of the view from the measured infrared radiation 

IR emitted by the object. Planck's law describes the density of electromagnetic radiation which is emitted 

by  black body at a given some temperature T in thermal equilibrium , when there is no flow of matter or 

energy or power  between the body and its atmosphere. At the end of the 19th century, physicists and 

chemists were unable to explain that why the observed spectrum of black body radiation, which by then 

had been measured, diverged significantly at higher frequencies from that predicted by some existing 

theories. In 20th century, he derived a formula for the spectrum which was observed by assuming that and 

was electrically charged in a cavity that contained radiation of black body could only change its energy or 

power in a very minimum increment. This resolved the problem of the ultraviolet (UV) predicted 

by classical physics. This discovery was an inspiring insight way of modern physics and also of the 

fundamental importance to quantum theory of physics. Planck constant value is used in various 
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applications including Planck's equation. The energy associated with a photon is given by the product of 

its frequency and Planck constant (h). Plank Constant is the part of some revolutionary formulas. 

There is a relation between temperature, object and wavelength of the radiation it emits. It is T = 0.0029/λ 

with T as temperature and λ as wavelength. Planck’s law allows you to describe amount of energy a body 

gives off as source radiation of different frequencies.   

 

Bν is the radiation frequency as a function of frequency and temperature.  

h is the Planck constant which is 6.626070040× 1034J⋅s. 

kB is the Boltzmann constant which is 1.38064852(79) × 10-23J⋅K-1. 

C is the speed of light. 

Reference: 

 Planck 1914, pp. 6, 168  

 Planck 1914, p. 42 

Applications in infrared radiations: 

Infrared radiations plays a vital role in daily applications of life. Infrared used as thermal imaging cameras 

are used to detect heat loss in insulated systems, to observe changing blood flow in the skin, and to detect 

overheating of electrical apparatus. Extensive uses for military and civilian applications include target 

acquisition, surveillance, night vision, homing, and tracking. 

Night Vision: Infrared is used in night vision equipment when there is insufficient visible light to see.  

Night vision devices operate through a process involving the conversion of ambient light photons into 

electrons that are then amplified by a chemical and electrical process and then converted back into visible 

light. Infrared light sources can be used to augment the available ambient light for conversion by night 

vision devices, increasing in-the-dark visibility without actually using a visible light source.  
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The use of infrared light and night vision devices should not be confused with thermal imaging, which 

creates images based on differences in surface temperature by detecting infrared heat that emanates 

from objects and their surrounding environment. 

   

Thermography: Infrared radiation can be used to remotely determine the temperature of objects This 

is termed thermography, or in the case of very hot objects in the NIR or visible it is termed pyrometer. 

Thermography (thermal imaging) is mainly used in military and industrial applications but the technology 

is reaching the public market in the form of infrared cameras on cars due to greatly reduced production 

costs. 

 

Thermo graphic cameras detect radiation in the infrared range of the electromagnetic spectrum and 

produce images of that radiation. Since infrared radiation is emitted by all objects based on their 

temperatures, according to the black-body radiation law, thermography makes it possible to see one's 

environment with or without visible illumination. The amount of radiation emitted by an object increases 

with temperature, therefore thermography allows one to see variations in temperature. 

Communications: IR data transmission is also employed in short-range communication among 

computer peripherals and personal digital assistants. These devices usually conform to standards 

published by IrDA, the Infrared Data Association. Remote controls and IrDA devices use infrared light-

emitting diodes (LEDs) to emit infrared radiation that may be concentrated by a lens into a beam that the 

user aims at the detector. The beam is modulated, i.e. switched on and off, according to a code which the 

receiver interprets. Usually very near-IR is used for practical reasons. This wavelength is efficiently 
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detected by inexpensive silicon photodiodes, which the receiver uses to convert the detected radiation to 

an electric current. 

Spectroscopy: Infrared vibrational spectroscopy is a technique that can be used to identify molecules 

by analysis of their constituent bonds. Each chemical bond in a molecule vibrates at a frequency 

characteristic of that bond. A group of atoms in a molecule (e.g., CH2) may have multiple modes of 

oscillation caused by the stretching and bending motions of the group as a whole. If an oscillation leads 

to a change in dipole in the molecule then it will absorb a photon that has the same frequency. The 

vibrational frequencies of most molecules correspond to the frequencies of infrared light. Typically, the 

technique is used to study organic compounds using light radiation from the mid-infrared, 4,000–

400 cm−1. A spectrum of all the frequencies of absorption in a sample is recorded. This can be used to gain 

information about the sample composition in terms of chemical groups present and also its purity (for 

example, a wet sample will show a broad O-H absorption around 3200 cm−1). The unit for expressing 

radiation in this application, cm−1, is the spectroscopic wavenumber. It is the frequency divided by the 

speed of light in vacuum. 

Conclusion: The use of infrared radiation represents a valid alternative to surgical lifting, but cannot 

replace it. The infrared light technique used has turned out to be useful in contrasting skin laxity of the 

face and other parts of the body. The absence of scars and surgical risk makes this technique useable for 

a large number of patients. IR fluorescence imaging of cancer with NIR fluorescence probes has been 

extensively studied over the last decade. Most of the NIR fluorescence probes are based on 

direct conjugation of NIR fluorescent dyes to the targeting ligand, including peptides, antibodies, tamers, 

and so on. Many other strategies such as activatable probes and functional nanoparticles have also been 

reported and validated for NIR fluorescence imaging of cancer. To foster the development of NIR 

fluorescence probes for cancer detection and treatment, cooperative efforts are needed from biologists 

to identify novel biomarkers, from chemists to synthesize the NIR probes, from engineers to develop high 

sensitivity/resolution NIR imaging instruments, and from clinicians to provide critical insights on the 

clinical need. Further development and optimization of new cancer-specific NIR fluorescence probes will 

undoubtedly broaden the clinical use of NIR fluorescence imaging and provide more clinical insights into 

the diagnosis and management of cancer patients. 

https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Photodiode
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Infrared_spectroscopy
https://en.wikipedia.org/wiki/Dipole
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Wavenumber
https://www.sciencedirect.com/topics/medicine-and-dentistry/conjugation
https://www.sciencedirect.com/topics/medicine-and-dentistry/fluorescent-dye
https://www.sciencedirect.com/topics/medicine-and-dentistry/peptide-antibody
https://www.sciencedirect.com/topics/medicine-and-dentistry/nanoparticle
https://www.sciencedirect.com/topics/medicine-and-dentistry/imaging-instruments

