
7.1 Basic definition pertaining to radiation  

Before we further study about the radiation it would be better to get familiarised with the basic 
terminology and properties of the radiant energy and how to characterise it. 

As observed in the table 7.1 that the thermal radiation is defined between wavelength of about 
1×10-1 and 1×102 µm of the electromagnetic radiation. If the thermal radiation is emitted by a 
surface, which is divided into its spectrum over the wavelength band, it would be found that the 
radiation is not equally distributed over all wavelength. Similarly, radiation incident on a system, 
reflected by a system, absorbed by a system, etc. may be wavelength dependent. The dependence 
on the wavelength is generally different from case to case, system to system, etc. The wavelength 
dependency of any radiative quantity or surface property will be referred to as a spectral 
dependency. The radiation quantity may be monochromatic (applicable at a single wavelength) or 
total (applicable at entire thermal radiation spectrum). It is to be noted that radiation quantity may 
be dependent on the direction and wavelength both but we will not consider any directional 
dependency. This chapter will not consider directional effect and the emissive power will always 
used to be (hemispherical) summed overall direction in the hemisphere above the surface. 

7.1.1 Emissive power 

It is the emitted thermal radiation leaving a system per unit time, per unit area of surface. The total 
emissive power of a surface is all the emitted energy, summed over all the direction and all 
wavelengths, and is usually denoted as E. The total emissive power is found to be dependent upon 
the temperature of the emitting surface, the subsystem which this system is composed, and the 
nature of the surface structure or texture. 

The monochromatic emissive power Eλ, is defined as the rate, per unit area, at which the surface 
emits thermal radiation at a particular wavelength λ. Thus the total and monochromatic 
hemispherical emissive power are related by 

(7.3)

and the functional dependency of Eλ on λ must be known to evaluate E. 

7.1.2 Radiosity 

It is the term used to indicate all the radiation leaving a surface, per unit time and unit area. 

(7.4)

where, J and Jλ are the total and monochromatic radiosity. 
The radiosity includes reflected energy as well as original emission whereas emissive power consists 
of only original emission leaving the system. The emissive power does not include any energy 
leaving a system that is the result of the reflection of any incident radiation. 

 



7.1.3 Irradiation 

It is the term used to denote the rate, per unit area, at which thermal radiation is incident upon a 
surface (from all the directions). The irradiative incident upon a surface is the result of emission and 
reflection from other surfaces and may thus be spectrally dependent. 

(7.5)

where, G and Gλ are the total and monochromatic irradiation. 
Reflection from a surface may be of two types specular or diffusive as shown in fig.7.1. 

 

Fig. 7.1: (a) Specular, and (b) diffusive radiation 

Thus, 

J = E + ρG (7.6)

7.1.4 Absorptivity, reflectivity, and transmitting 

The emissive power, radiosity, and irradiation of a surface are inter-related by the reflective, 
absorptive, and transmissive properties of the system. 
When thermal radiation is incident on a surface, a part of the radiation may be reflected by the 
surface, a part may be absorbed by the surface and a part may be transmitted through the surface 
as shown in fig.7.2. These fractions of reflected, absorbed, and transmitted energy are interpreted 
as system properties called reflectivity, absorptivity, and transmissivity, respectively. 



 

Fig. 7.2: Reflection, absorption and transmitted energy 

Thus using energy conservation, 

(7.7)

 
(7.7)

where,  are total reflectivity, total absorptivity, and total transmissivity. The subscript 
λ indicates the monochromatic property. 

In general the monochromatic and total surface properties are dependent on the system 
composition, its roughness, and on its temperature. 

Monochromatic properties are dependent on the wavelength of the incident radiation, and the total 
properties are dependent on the spectral distribution of the incident energy. 

Most gases have high transmissivity, i.e.  (like air at atmospheric pressure). 
However, some other gases (water vapour, CO2 etc.) may be highly absorptive to thermal radiation, 
at least at certain wavelength. 

Most solids encountered in engineering practice are opaque to thermal radiation  Thus for 
thermally opaque solid surfaces, 

ρ + α = 1 (7.6)

Another important property of the surface of a substance is its ability to emit radiation. Emission and 
radiation have different concept. Reflection may occur only when the surface receives radiation 
whereas emission always occurs if the temperature of the surface is above the absolute zero. 
Emissivity  of the surface is a measure of how good it is an emitter. 

 


