




































































































































































The downward flux, of long wave radiations by the green house gases, is called
green house flux. This plays a very significant role in keeping the earth warm, at
an average or mean temperature, around (nearly) 15° C. In the absence of this
flux, the earths mean temperature would drop to -18°C. At such a low
temperature , water will frezze and most of life on earth would not survive.

The above phenomenon, of keeping the earth warm, due to the presence of
certain active gases (green house gases) in the atmosphere, is called the green
house effect. The name is based on the existence of a similar warmer interior in
a glass enclosed ‘green house’. In such ‘a green house’, glass panes, carbon
dioxide and water vapour, allow the short wavelength radiations to enter but
‘prevent the escape’ of long wavelength (infra / heat) radiations. (Glass is
effectively opaque to heat). Such green houses are used for growing tropical
plants.

Figure (iv)
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We are now in a position to appreciate the concern of ‘environmentalists’ about
‘Global warming.

This concern is primarily due to ‘human being-caused activities’ which are
resulting in an increase, in the percentage of carbon dioxide in the atmosphere.
It is being feared that this increase in the concentration, of this most significant
of the greenhouse gases, would push up the average temperature of the earth.
This may cause the polar ice-caps to melt which can result in vast spread
flooding and devastation. Scientists and governments, around the world, are,
therefore, thinking of ways and means of minimizing, and avoiding, this possible
danger to mankind and earth!

EXERCISES

1. Sketch the variation of total power radiated by a black body with respect to
the absolute temperature of the black body.
2. A black body, at 2000K, emits maximum energy at a wavelength of 1.56um.

At what temperature will it emit maximum energy at a wavelength of 1.8pum?

[Ans. 1670K]

3. A spherical black body with a radius of 12cm radiates 450 W power at 500K.
What would be the power of radiation if radius were to be halved and the
temperature doubled?

[Ans.1800W]
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4. The spectrum of a black body at two temperatures 27°C and 327°C is shown
in the figure. Let Ay and A; be the respective areas under the two curves.
Estimate the ratio Az / A4

Intensity

327°C
27°C

Wavelength—

Figure (v)

[Ans. 16:1]

5. If each square meter, of sun’s surface, radiates energy at the rate of 6.3 x
10"J/m%s and the Stefan’s constant is 5.669 x 10® W/m%K*, calculate the
temperature of the sun’s surface, assuming Stefan’s law applies to the sun’s
radiation.

[Ans. 5.773K]

6. How much faster does a cup of tea cool by 1°C, when at 373K than when at
303K. Consider the tea as a black body. Take the room temperature as 293K
and Stefan’s constant as 5.7 x 10 W/m?/K*

[Ans. 11.3 times]
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7. Two bodies, A and B, have thermal emisivities of 0.01 and 0.81 respectively.
The outer surface area as of both the bodies are same. The two emit the
same total radiated power. The wavelength A, .corresponding to the

maximum intensity in radiations from B, is shifted from the wavelength A,.
corresponding to the maximum intensity in radiations from A, by 1um. If the

temperature of body A is 5802K, find the temperature of body B and the
wavelength A .

[Ans. 1934 K, 1.5um ]

8. The tungsten filament, of an electric lamp, has a length of 0.25m and a
diameter of 6 x 10°m. The power rating of the lamp is 100W. If the emissivity
of the filament is 0.8, estimate the steady temperature of the filament.
Stefan’s constant = 5.67 x 10 W/m?/K*.

[Ans. 2616 K]

9. “Good reflectors are poor emitters of thermal radiation”. Explain.

10.1f the earth did not have an atmosphere, it would become intolerably cold.
Why?
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SPEED OF A WAVE MOTION
UNIT - X

The speed of a mechanical (elastic) wave, is clearly expected to depend upon
the properties of the medium through which the wave is travelling. The medium
could be a solid, liquid or a gas. All media are characterized by their physical
properties, like mass, density, elasticity, and temperature. Any alternation, in the
properties of the medium, would cause a change in the speed of propagation of a
wave through it. For example, an increase, in the tension of a spring, increases
the wave speed through it. Hence one can say that the speed, of a (given type
of) mechanical wave, in a medium, depends upon the properties of the medium.

For given type of waves (in a given medium), this speed, however does not
change with a change in the characteristics (amplitude, wave length or
frequency) of the wave. For example, the speeds of different types of sound
waves, infrasonic, audible or ultrasonic, in a given medium, are all given by

o= |=
P

where E is the (appropriate) elastic constant and pis the density of the medium.
The speed is thus dependent only on the properties of the medium.
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It is interesting to note that the speed of propagation of electromagnetic waves
is also determined by the ‘characteristics’ of the medium through which they
are propagating. E. M. waves, as we know, are a ‘combination’ of the
oscillations of electric and magnetic fields in mutually perpendicular directions.
The relevant ‘properties’ of the medium, determining their speed of
propagation, are the ‘permittivity’ and the ‘permeability * of the medium. In
vacuum, the speed of propagation (c) of all types of e.m. waves, is given by
1

ﬂUEO

C=

Here u = permeability of vacuum and &, = permittivity of vacuum.

In any other material medium, the speed of propagation () of e.m. waves, is
1

,/u £

where u= permeability of the medium and € = permittivity of the medium. It

however, tuns out that the values of pand €,of a material medium, are not

quite the same for e.m. waves of different frequencies. The speed of
propagation of these different waves, is, therefore, not quite the same and this
leads to the well known ‘dispersion’ phenomenon — resulting in the formation of
‘spectra’.

given by o=
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