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Quiz 2

ZCT 104 Modern Physics

ZCT 104 (group A)

Date: 6 Feb 2009

Name: ________________________________________________

Matrix number:_________________________________________

Answer the following question in 20 minutes.
[Jawab soalan berikut dalam masa 20 minit.]
1. (a)
A typical spectral distribution of radiation energy of a black body for several temperatures is as shown. [Terpapar adalah suatu taburan spektrum yang tipikal bagi tenaga pancaran suatu jasad hitam untuk beberapa suhu. ]
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The shift of the peak of the curve was found to obey the empirical Wein’s displacement law, 


[image: image1.wmf]p

= constant

T

l

,

where the symbol
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refers to the value of the wavelength corresponding to the peak of the curve.  

The total power radiated per unit area of a blackbody is found to be empirically related to its absolute temperature by the the Stefan-Boltzman law 
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where   is the Stefan constant. The radiance,
[image: image4.wmf](

)

,

RT

l

 and 
[image: image5.wmf](

)

IT

 are related by the integral 
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Wein proposed an empirical form for the radiance 
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by constructing a mathematical function to fit the experimental blackbody curve, known as the Wein’s law:
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The quantities a and b are not derived but are simply curve-fitting parameters.

On the theoretically front, Planck derives his famous blackbody radiation law by assuming that the energies emitted from the oscillators are quantized. In his theory, the radiance is given by the theoretical expression
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 (Planck’s law)

[Anjakan puncak lengkungan didapati mematuhi hukum sesaran Wein, 
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 mewakili nilai jarak gelombang pada puncak lengkungan.
Jumlah kuasa pancaran per unit permukaan suatu jasad hitam didapati berkait secara empirikal kepada suhu mutlak oleh hukum Stefan-Boltzman,
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, dengan  pemalar Stefan. Radians, 
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Wein menyarankan suatu bentuk empirikal bagi 
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 dengan membinakan suatu fungsi matematik untuk memadankan lengkungan eksperimen jasad hitam. Ia dikenali sebagai hukum Wein: 
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. Kuantiti a dan b bukannya diterbitkan tapi sekadar merupakan parameter-parameter untuk memadankan lengkungan.

Dalam garis depan teori, Planck menerbitkan hukum jasad hitamnya yang masyur dengan  anggapan bahawa  tenaga terpancar daripada pengayun adalah terkuantumkan. Dalam teorinya, radians diberikan oleh 
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Using Planck’s law as given above, [Dengan menggunakan hukum Planck,]

(i) show that it reduces to Wein’s law in the short wavelength limit. 

[tunjukkan bahawa ia terturun kepada hukum Wein dalam limit jarak gelombang pendek.]

(ii) Evaluate a and b in terms of the natural constants (i.e. k, c, h, ).

[Nilaikan a dan b dalam sebutan pamalar semulajadi, iaitu k, c, h, ) ]

(iii) Evaluate the Stefan constant in terms of the natural constants.

[Nilaikan pemalar Stefan dalam sebutan-sebutan pemalar semulajadi.]

ANS

Elmer Anderson, pg49, problem 2-6. 

(i) For short wavelength, the exponential term in Planck’s law, 
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>>1, hence the term in the bracket in the denominator of the Planck’s law reduces to  
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Eq. (1)

Comparing Eq. (1) and the Wein’s law, we find that both have the same form of dependence,
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[satisfactory argument: 2 MARKS]

(ii) Comparing both equation, we identify the constants a and b to be 
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(iii) Stafan-Boltzman law: 
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Substitute Planck’s law, 
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, into the definition of 
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Hence, the Stefan constant is
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