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Absorption coeff=Radiation Absorbed/Radiation Incident
For Black Body ®» a=1
Kirchhoff’s Law ® Emissivity e=a
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I(Ty=ec T4, e<1
o = Stefan-Boltzman constant = 5.67x10® Watt/m2K*
T is the temperature in Kelvin
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Example:

Estimate the surface temperature of the sun from the following information's:
the sun’s radius R, = 7.0x108 m

The average earth-sun distance R = 1.5x10' m

The power per unit area (total emissivity) from the sun is measured at the earth to be
1400 W/m?

Assume the sun is blackbody

e=1
I(R)=cT4 i 2
Conversion of energy ®» I(R,).4nR_ = I(R).47R

2
IR,)= I(R)R—z =oT* L TR

s

2
s

I(R)x R? 1/4
T=|———| =5800°K
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Exercise

A heater filament has a radius of 2 mm and a length of 200 mm. If its surface
temperature is 2000 K what is the net radiated power?

* Radiated heat from object of temperature 7 into surroundings
with temperature 7, is given by

I=ecA(T *-T)

+ Since 7=2000K and 7,= 300 K the 7 * term will be much larger
than the 7,* (check!) and so the rate of heat loss is

I=ecAT*

* Surface area of cylinder is given by
A=2nrl=2x3.14 x (2x 103 m) x 0.2m = 2.51x10-3 m?
*  We will assume that e = 1, thus

I=1 x (5.67x10% W m2 K- )( 2.5x10° m? )(2000 K)* = 2.27 kW

Dr. Abdallah M. Azzeer

o)) dasa difae o 3



) dana dilae 2

353 PHYS- CH4 - Part2

Example:

Sunlight falls at the rate of 1.4 kW/m? on the earth’s surface when the sun is directly
overhead. The earth’s orbital radius is 1.5x10™ m while the sun’s radius is 7.0x108 m.
Find the temperature of the sun’s surface.

Solution:

Intensity = Power/Area = P/A

Power = IA = (1.4x103 W/m?)(4r)(1.5x101" m)2 = 3.96x102¢ W
total power radiated by the sun

radiation rate from sun’s surface:
26
PP _SIXICW 107 Wim?
A Adzxr (47)(7.0x10%)

Let e=1

" 6.43x107 "
T=[—| =220 | _58x10°K
(ec) [(1)(5.67>< 10° ]
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Spectrum of black body radiation
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Black body spectral curve
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Wien’s Displacement Law

Experimental

1
1
1

fac‘ia‘.fon

+ + + + +
1000 2000 3000
Wavalength of radiation in nm

Dr. Abdallah M. Azzeer Pane 14

o)) dasa difae o 7



o)) dasa difae o

353 PHYS- CH4 - Part2

Rayleigh-Jeans Formula s L ¢silé
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Planck’s Theory for Black-Body Radiation 23«3 awall £lady by 4, i
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E,=nhv

Where # is the principle quantum number (n=0, 1, 2, 3, ....... )
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Energy

Allowed energy levels for an oscillating molecule: Allowed

87thc 1

hc/AkT
A7 e

I10,T) =
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When Planck first presented his theory most
scientists (including Planck himself) did not

consider the theory to be realistic!

Subsequent developments however showed
that his theory represented the start of one

of the most important theories in Physics:

QUANTUM PHYSICS

Dr. Abdallah M. Azzeer
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2
I(v)dv=8m; hv dv
¢’ exp(hv/kT)-1
What’s this T(X) ?

We know v = ¢/A so dv = — (c/A?)dA
And define I(A)dA = — I(v)dv

so [(A) =—AwvdvidA = Lv)c/2?

8zh ¢ dA _ 8zhc dAa

l(A)d =" =
A* A2 explhc /(AKT )]=1  A° exp[hc /(AKT )]-1

Note: both Stefan’s Law &
Wien’s Displacement law
Can Be derived from the
Plank formula

Dr. Abdallah M. Azzeer Page 93

Exercise

Determine the wavelength of maximum emission for the human body (37° C), assuming
a Black-Body distribution of the emitted EM radiation.

87h

h=6.62608x10" Js , c=299879%x 10" ms” , k=138065x10" JK” , T =310K

The maximum in the energy distribution is obtaining solving:

ar _,  d|[  8he =
di di| 2’ (e"‘MT-I)
T=310

C
el ) I he >S>Ie—>>14
2 kT T w7 > A
A__d = ! =LA R
exp(-"<—) 5
A kT
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700
Visible spectrum
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700
Visible spectrum

Dr. Abdallal M_Azzeer e G

o) dasa dile 3 13



o)) dasa difae o

353 PHYS- CH4 - Part2

EXAMPLE 40.2 The Quantized Oscillator

A 2.0-kg mass is attached to a massless spring of force con-
stant k = 25 N/m. The spring is stretched 0.40 m from its
equilibrium position and released. (a) Find the total energy
and frequency of oscillation according to classical calcula-
tions.

Solution The total energy of a simple harmonic oscillator
having an amplitude A is $£A? (Eq. 18.19). Therefore,

E = JkA? = }(25 N/m)(0.40 m)?

The frequency of oscillation is (Eq. 13.16)

_1 i:i 25N/m:§ﬁ“5ﬁ‘é
f’%\j:n 27 N 20kg it

(b) Assume that the energy is quantized and find the
quantum number, #, for the system.

Solution If the energy is quantized, we have E, = nhf, and
from the result of part (a) we get

E, = nhf= n(6.626 X 10-%]5) (0.56 Hz) = 2.0]

(c) How much energy is carried away in a one-quantum
change? ’

Solution The energy carried away in a one-quantum
change is

E=hf= (663 X 1073 ]-5)(0.56 Hz) = 37 % 10:%]

The energy carried away by a one-quantum change in en-
ergy is such a small fraction of the total energy of the oscilla-
tor that we could not expect to see such a small change in the
system. Thus, even though the decrease in energy of a spring-
mass system is quantized and does decrease by small quan-
tum jumps, our senses perceive the decrease as continuous.
Quantum effects become important and measurable only on
the submicroscopic level of atoms and molecules.
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