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9.5 Maxwell’s equations

Here we list the four Maxwell equations that are thought to apply in every situation
and that define the properties of electric and magnetic fields:

[ s [ e
fom -3 [ e
[ suis=o
fron [ [ +2]

Note that in the second equation the flux of B is taken over an open surface bounded
by the path over which the emf is calculated. In the third equation the flux of Bis
taken over a complete closed surface.

The relationship between the fields D and E is given by

[9.10]

D=gE+P or D=epek, [9.10]

where the first relation is universally true and the second holds for homogeneous
dielectrics. Similarly, the relationship between H and B is given by

B=po@+M) or B= pruof, [9.11]

where again the first relation is universally true and the second holds for homo-
geneously permeable material.

In a region in which there is no free charge (pge. = 0) and which is non-conducting
so that no free currents flow (Jiee = 0), the equations in electric and magnetic fields
show considerable similarities. It is easily shown that these equations combine to
predict a self-propagating electromagnetic wave with a velocity v such that

1
v/ EREOHURHO :

or v = 1/,/EoJig in free space. These expressions predict the velocity of light or radio
waves which are just examples of the general electromagnetic wave in different
frequency ranges. The plane electromagnetic wave is such that the directions of
oscillation of E and B are perpendicular to each other and to the direction of propa-
gation. A rotation from the direction of E to the direction of B will advance a right-
handed thread in the direction of propagation. Two independent modes are possible
for a plane electromagnetic wave travelling in a given direction which have their
electric and thus magnetic fields at right angles to each other.

It is beyond the scope of this book to develop the theory of electromagnetic waves
but, having shown that an oscillating magnetic field will generate an oscillating
electric field and that an oscillating electric field will generate an oscillating magnetic
field, it can come as no surprise that together they form a self-propagating wave, even
in a vacuum.

V=

[9.12]
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Solar Irradiation
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Figure 4.2

Wavelength distributions of the sun’s photons incident on the earth’s atmosphere and its surface.
The curve for the solar irradiation on the atmosphere is an idealized one based on Planck’s
radiation distribution formula. The spectral distribution and the amount of solar irradiation
reaching the earth’s surface depend on clouds, other atmospheric conditions, altitude, and the
sun’s angle in the sky. The pattern indicated by the lower curve is appropriate at sea level on a
clear day with the sun overhead (for further details see Bickford and Dunn, 1972; Gates, 1980;
Monteith, 1973; and Seliger and McElroy, 1965).

Planck’s radiation distribution formula describes the ideal photon flux density per

wavelength interval:
-4 hc | AkT
A (e 1)

Wein’s displacement law describes the wavelength of maximal irradiation as a function

of temperature: 6
A eT=3610° nmeK

Source: PS Nobel 1991. Physicochemical and
Environmental Plant Physiology. Academic Press.
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Figure 4.5

Energy level diagram indicating the principal electronic states and some of the transitions of
chlorophyll. Straight vertical lines represent the absorption of light; wavy lines indicate
radiationless transitions, for which the energy is eventually released as heat; broken lines indicate
those de-excitations accompanied by radiation.

(a) (b)

Figure 4.4

Typical 7 and w* orbitals, indicating the spatial distribution about the nuclei (D) where the
greatest probability of finding the electrons occurs: (a)  orbital (bonding), and (b) m* orbital
(antibonding).

Nobel, Park S. (1991) Physicochemical and Environmental Plant Physiology. Acedemic Press.
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