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: دیران -آهبر فرهی

 

ثخؽی از ػلن فیسیه اظت وِ ثِ تَصیف اًرشی رراتِ ته، در یه ظبهبًِ هی پردازد، ایي  F-Dآهبر  یب دیران-آهبر فرهی

پبٍل  ٍ اًریىَ فرهی دیران پط از-ًبم فرهی. اظت اصل طرد پبٍلی ظبهبًِ ؼبهل تؼذاد زیبدی ررُ هؽبثِِ پیرٍی وٌٌذُ از

 .وِ ّر دٍ ثِ صَرت جذاگبًِ ٍ ّن زهبى آى را وؽف وردُ ثَدًذ اًتخبة ؼذ دیران

ِ ای ثب تؼبدل دهبیی، ثر ررات هعبٍی وِ گردغ -آهبر فرهی ِ صحیح (اظپیي)دیران در ظبهبً . دارًذ اػوبل هی ؼَد ًیو

ایي ثبػث هی ؼَد وِ ثتَاى ایي تؼذاد زیبد از . ّوچٌیي فرض هی ؼَد وِ اًذروٌػ هتمبثل ررات در ایي ظبهبًِ ًبچیس اظت

ُ ای -ًتیجِ تَزیغ فرهی. یه ته ررُ تَصیف ورد حبلت پبیِ ررات را در ٍضؼیت دیران ثر رٍی ایي ررات یؼٌی ّیچ دٍ رر

ِ گیری تبثیر ثسرگی ثر رٍی ٍیصگی ّبی ظبهبًِ دارد از آًجبیی وِ آهبر . ًوی تَاًٌذ حبلت هؽبثِ ّن داؼتِ ثبؼٌذ؛ وِ ایي ًتیج

ِ صحیح اػوبل هی ؼَد، ثبیذ ایي ررات را (اظپیي)دیران ثر رٍی رراتِ ثب گردغ -فرهی ایي آهبر ثیؽتر . خَاًذ فرهیَى ًیو

ِ ای از-آهبر فرهی.  اًذ اػوبل هی ؼَد۱/۲ثِ الىترٍى ّبیی وِ خَد فرهیَى ثب گردغ  هىبًیه  دیران خَد زیرهجوَػ

. پیرٍی هی وٌذ هىبًیه وَاًتَم اظت ٍ از اصَل آهبری

ُ ّبی ثِ ظبّر ۱۹۲۶دیران در ظبل -لجل از هؼرفی آهبر فرهی ِ ّبی رفتبر الىترٍى ثِ دلیل حضَر پذیذ  فْن ثرخی از جٌج

 .هتٌبلض ثعیبر هؽىل ثَد

 

 :دیران -تَزیغ فرهی

 

ِ ای ثب فرهیَى ّبی هعبٍی، اگر تؼذاد هتَظط فرهیَى ّبی ثب حبلت ته ررُ دیران ثِ ؼىل زیر -در تَزیغ فرهی  در ظبهبً

: ثیبى هی ؼَد

 
 

، T=0 در. اظت پتبًعیل ؼیویبیی  ٍ i اًرشی یه ررُ هٌفرد در حبلت  هطلك ٍ دهبی T اظت ٍ ثبثت ثَلتسهي k وِ

هی  تراز فرهی را  درحبلتی وِ الىترٍى ّب در یه ًیوِ ّبدی لرار دارًذ. اظت اًرشی فرهی پتبًعیل ؼیویبیی   ثراثر ثب

 .ًبهین

ًبؼی از اضبفِ وردى   دیران زهبًی جَاة درظت هی دّذ وِ تؼذاد فرهیَى ّب آًمذر زیبد ثبؼذ وِ تغییر-تَزیغ فرهی

 [ :دیران از اصل طرد پبٍلی هؽتك ؼذُ درًتیجِ دارین-از آًجبیی وِ تَزیغ فرهی. یه فرهیَى لبثل صرف ًظر وردى ثبؼذ
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: دیران هی ثبؼذ - ًوَدار ّبی فَق درثبرُ ی تَزیغ فرهی 

 

 

 

 

 

 

 

ثبلاتر افسایػ هی یبثذ  T ثرای  ًؽبى دادُ ًؽذُ اظت زیرا . =  ٍلتی 0.5=   ثرای. ثبلاتر ثبؼذ، ؼیت ًوَدار هلاین تر اظت T ّرچِ .ٍاثعتگی ثِ اًرشی

 

 

 

 

 

 

 

.   ثرای                       ٍاثعتگی ثِ دهب
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: تَزیغ ررات در اًرشی 

 

دیران وِ در ثبلا ارائِ ؼذ، تَزیغ ررات هؽبثِ فرهیَى را در اًرشی ته ررُ ثیبى هی دارد حبلتی وِ گَیی تٌْب -تَزیغ فرهی

دیران هی تَاى تَزیغ اًرشی -درًتیجِ ثب اظتفبدُ از تَزیغ فرهی. یه فرهیَى هی تَاًذ آى حبلت اًرشی را داؼتِ ثبؼذ

. فرهیًَْبی هؽبثِ را چٌبى ًؽبى داد وِ گَیی ثیػ از یه فرهیَى هی تَاًذ ّوبى اًرشی را داؼتِ ثبؼذ

(  تؼذاد حبلات ثب اًرشی)  دیران در-تَزیغ فرهی  را هی تَاى ثب ضرة  تؼذاد هتَظط فرهیًَْب ثب اًرشی

: ثذظت آٍرد

 

 

 

زیرا ثیػ از یه حبلت ٍجَد دارد وِ هی تَاًذ تَظط فرهیَى   ثبؼذ، اهىبى دارد وِ  ٍلتی وِ

 .اؼغبل ؼَد  ّبی ثب اًرشی

. (ثِ هؼٌی تؼذاد حبلات در یىبی هحذٍدُ اًرشی در یىبی حجن)دارد  چگبلی حبلت  ٍلتی یه ؼجِ زًجیرُ اًرشی

: تؼذاد فرهیًَْبی هتَظط در یىبی هحذٍدُ اًرشی در یىبی حجن ثراثر اظت ثب

 

 

 

. هَرد اظتفبدُ لرار هی گیرد  دیران-تبثغ فرهی ًبم دارد ٍ ّوبى تبثؼی اظت وِ در تَزیغ فرهی  وِ

 

 

 

ثٌبثرایي 
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 :وَاًتَم ٍ ًظبم ولاظیه 

 

دیران ثرای هطبلؼِ ظیعتن ّبی فیسیىی وِ ثِ اًذازُ وبفی از حذ -ثَلتسهبى ثِ ػٌَاى تمریجی از آهبر فرهی-آهبر هبوعَل

-ؼرایط ولاظیه وِ در آى آهبر هبوعَل. تؼییي ؼذُ تَظط اصل ػذم لطؼیت ّبیسًجري فبصلِ دارًذ ثذظت هی آیذ

. ثبؼذ  طَل هَج دٍ ثرٍی ، خیلی ثسرگتر از ثَلتسهبى هؼتجر اظت، زهبًی هحمك هی ؼَد وِ فبصلِ هتَظط هیبى دٍ ررُ

 

 
 

ُ اظت  ثبثت پلاًه ٍ  در ایٌجب ولَیي  T=300 در هَرد الىترٍى ّبی ّبدی در یه فلس هؼوَلی در دهبی. جرم رر

ایي هعئلِ از جرم وَچه الىترٍى ٍ . اظت  ظبهبًِ ّوچٌبى از ًظبم ولاظیه دٍر اظت زیرا (دهبی اتبق)

دیران ثرای الىترٍى ّبی ّبدی ًَع فلس هَرد ًیبز -ثٌبثرایي آهبر فرهی. در فلس اظت ()توروس زیبد الىترٍى ّبی ّبدی 

 .اظت

ِ ای اظت وِ از الىترٍى ّبی یه ظتبرُ وِ هتلاؼی ؼذُ ٍ ثِ  ِ ای وِ در ًظبم ولاظیه لرار ًذارد، ظبهبً ًوًَِ دیىر از ظبهبً

ُ اظت ًبم ثرد  ولَیي در ظطح 10،000حذٍد )ّرچٌذ وِ دهب در وَتَلِ ظفیذ ثعیبر ثبلا اظت . یه وَتَلِ ظفیذ تجذیل ؼذ

-ثبز ثِ دلیل توروس الىترٍى ّبدی در آى ٍ جرم ثعیبر وَچه الىترٍى در ًظبم ولاظیه جبی ًوی گیرد ٍ آهبر فرهی (آى

. دیران هَرد ًیبز اظت
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FERMI-DIRAC STATISTICS: 

 

      In quantum statistics, a branch of physics, Fermi–Dirac statistics describes distribution of particles 

in certain systems comprising many identical particles that obey the Pauli exclusion principle. It is named 

after Enrico Fermi and Paul Dirac, who each discovered it independently, although Enrico Fermi defined 

the statistics earlier than Paul Dirac.  

Fermi–Dirac (F–D) statistics applies to identical particles with half-integer spin in a system 

in thermodynamic equilibrium. Additionally, the particles in this system are assumed to have negligible 

mutual interaction. This allows the many-particle system to be described in terms of single-

particle energy states. The result is the F–D distribution of particles over these states and includes the 

condition that no two particles can occupy the same state, which has a considerable effect on the 

properties of the system. Since F–D statistics applies to particles with half-integer spin, these particles 

have come to be called fermions. It is most commonly applied to electrons, which are fermions 

with spin 1/2. Fermi–Dirac statistics is a part of the more general field of statistical mechanics and uses 

the principles of quantum mechanics. 

 

 

HISTORY: 

 

     Before the introduction of Fermi–Dirac statistics in 1926, understanding some aspects of electron 

behavior was difficult due to seemingly contradictory phenomena. For example, the electronic heat 

capacity of a metal at room temperature seemed to come from 100 times fewer electrons than were in 

the electric current.
 
 It was also difficult to understand why the emission currents, generated by applying 

high electric fields to metals at room temperature, were almost independent of temperature. 

     The difficulty encountered by the electronic theory of metals at that time was due to considering that 

electrons were (according to classical statistics theory) all equivalent. In other words it was believed that 

each electron contributed to the specific heat an amount on the order of the Boltzmann constant k. This 

statistical problem remained unsolved until the discovery of F–D statistics. 
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    F–D statistics was first published in 1926 by Enrico Fermi and Paul Dirac. According to an 

account, Pascual Jordan developed in 1925 the same statistics which he called Pauli statistics, but it was 

not published in a timely manner. According to Dirac, it was first studied by Fermi, and Dirac called it 

Fermi statistics and the corresponding particles fermions.  

    F–D statistics was applied in 1926 by Fowler to describe the collapse of a star to a white dwarf. In 

1927 Sommerfeld applied it to electrons in metals
 
 and in 1928 Fowler and Nordheim applied it to field 

electron emission from metals. Fermi–Dirac statistics continues to be an important part of physics. 

 

 

 

 

 

 

FERMI-DIRAC DISTRIBUTION: 

 

    For a system of identical fermions, the average number of fermions in a single-particle state , is given 

by the Fermi–Dirac (F–D) distribution,  

 

    where k is Boltzmann's constant, T is the absolute temperature,  is the energy of the single-particle 

state , and μ is the total chemical potential. At zero temperature, μ is equal to the Fermi energy plus the 

potential energy per electron. For the case of electrons in a semiconductor,  is typically called the Fermi 

level or electrochemical potential.  

     The F–D distribution is only valid if the number of fermions in the system is large enough so that 

adding one more fermion to the system has negligible effect on . Since the F–D distribution was 

derived using the Pauli exclusion principle, which allows at most one electron to occupy each possible 

state, a result is that  . 
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 Fermi–Dirac distribution 

 

  

Energy dependence. More gradual at higher T.  = 0.5 when  = . Not shown is that  decreases for higher T.
[14]

 

  

  

Temperature dependence for  . 
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Distribution of particles over energy 

 

 

Fermi function F( ) vs. energy , with μ = 0.55 eV and for various temperatures in the range 50K ≤ T ≤ 375K. 
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   The above Fermi–Dirac distribution gives the distribution of identical fermions over single-particle 

energy states, where no more than one fermion can occupy a state. Using the F–D distribution, one can 

find the distribution of identical fermions over energy, where more than one fermion can have the same 

energy.  

   The average number of fermions with energy  can be found by multiplying the F–D distribution 

 by the degeneracy  (i.e. the number of states with energy  ),  

 

     When , it is possible that  since there is more than one state that can be occupied 

by fermions with the same energy . 

     When a quasi-continuum of energies  has an associated density of states  (i.e. the number of 

states per unit energy range per unit volume) the average number of fermions per unit energy range per 

unit volume is, 

 

              

 

     Where  is called the Fermi function and is the same function that is used for the F–D 

distribution , 

 

 

 

so that, 

 

 . 
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QUANTUM AND CLASSICAL REGIMES : 

 

    The classical regime, where Maxwell–Boltzmann statistics can be used as an approximation to Fermi–

Dirac statistics, is found by considering the situation that is far from the limit imposed by the Heisenberg 

uncertainty principle for a particle's position and momentum. Using this approach, it can be shown that 

the classical situation occurs if the concentration of particles corresponds to an average interparticle 

separation  that is much greater than the average de Broglie wavelength  of the particles,
 

  

 

 

where  is Planck's constant, and  is the mass of a particle. 

 

    For the case of conduction electrons in a typical metal at T = 300K (i.e. approximately room 

temperature), the system is far from the classical regime because  . This is due to the small 

mass of the electron and the high concentration (i.e. small ) of conduction electrons in the metal. Thus 

Fermi–Dirac statistics is needed for conduction electrons in a typical metal.  

    Another example of a system that is not in the classical regime is the system that consists of the 

electrons of a star that has collapsed to a white dwarf. 

    Although the white dwarf's temperature is high ( typically T = 10,000K on its surface
 
), its high electron 

concentration and the small mass of each electron precludes using a classical approximation, and again 

Fermi–Dirac statistics is required.  
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