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VILLF Yozlasmis Bose Gazi

Ortalama bozon doluluk sayisi,

(VIL50)

Fon N J—
\\?Ik{f_k B

exp p (é[f) — ,u)] — ll

her zaman pozitif olmalidir. Bu, tim K'lar icin S(E)—u’nin pozitif olmasini ve
dolayisiyla (£(k) = h%k?/2m igin) u < min [E(E)]E = 0 kosulunu gerektirir. Yiksek
sicakliklarda (klasik limit), u degeri blUyik ve negatiftir ve sicaklik azaldikga
—kgT In (nA3/g) seklinde sifira yaklasir. Yozlasmis kuantum limitinde w, limit degeri
sifira yaklasir. Bu limitin nasil elde edildigini gérmek ve yozlasmis bose gazinin
davranisini anlamak igin z = exp (Bu) bire giderken denklem (VII.35 )'deki f,(2)
fonksiyonlarinin limitteki davranislarini incelememiz gerekir.

fix(z) fonksiyonlarl, 0 <z <1 araligindaki z degeri ile monoton bigcimde

artmaktadir. z = 1 iken elde edilen maksimum deger soyledir,

1 X dx g1
e — e
m = Fm(1) = (m —1)! /o et —1 (VIL51)

Integrandin x — 0 limitinde bir kutbu bulunur ve burada [ dxx™? seklinde davranir.
Bu nedenle {,,, m > 1 degerleri igin sonlu; m < 1 igin sonsuzdur. Bu fonksiyonlarin
yararh tekrarlamal bir 6zelligi (m > 1) igin) soyledir,

d . [T, ™=t d 1
Ef.m['*} fo ax _(_m _ l)TI (;.—1(3-1. _ 1)

[ d et A\
kl.lsu If (z77e") = —?f = —

zdx (_l(TJ)

- >0 pe—1
- if dr (“171)'(;_{ (%) (kismi integral alarak)
z Jo m — L ar zTrer —

1 [~ rm—2 1 1
__ . _ —rt+ .
E: /0 e (m—2)z—lex —1 f;fm_l(w)'

1 d .
— g

(VIL52)

Bu nedenle, f;f(z)'nin yeterinde ylksek bir tirevi, tim m degerleri icin z = 1’de
iraksak olacaktir.
Dolayisiyla, U¢ boyuttaki goreceli olmayan bose gazinin uyariimig

durumlarinin yogunlugu su sekilde sinirlanir,

q N q . ——
ma = <5 f3a(z) 0" = %gm. (VIL53)
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Yeterince yuksek sicakliklarda,

nA?  n h 5 o e I
7} g \2mmkgT

bu sinir ilgili degildir ve n, = n. Ancak, sicakhdi dusurince uyarilan durumlarin limit

degderi sOyle elde edilir,

h? n 2/3
T.(n) ( ) . (VIL.55)

© 2rmkp 9C3/2

T <T. icin z, (u=0) bir degerinde kalir. Uyarilan durumlarin limitteki yogunlugu,
n* = gQ3,/A* « T3/2,  toplam pargacik yogunlugundan azdir. ny,=n-n
yogunluguna sahip geri kalan gaz pargaciklari, k=0 ile en dusuk enerji durumunu
doldurur. Tek bir bir-parcacik durumunun makroskopik doldurumu olgusu Bose
Einstein yogusmasi olarak bilinir. T < T,, igin gaz basinci,

pP =Lt (1) = %gw ~ 1.341/-\%. (VIL.56)
T5/2 biciminde sifira gider ve yogunluktan bagimsizdir. Bunun nedeni, sadece
uyariimis kisim n*in sifirdan farkli momentuma sahip olmasi ve basinca katki
yapmasidir. Buna alternatif olarak, bose yogusmasi yogunlugu artirarak (hacmin

azalmasiyla) sabit bir sicaklikta elde edilebilir. (VII.54) denkleminden, gecis 6zgul bir

hacimde ortaya ¢ikar,

.1 A2
‘N = — = - .
n* g6z

(VIL57)

v < v* igin, basing-hacim egisil egrisi yataydir, gunku (VI1.56) denkleminde 9P /dv «
dP/on = 0. Egisil egrisinin yatay kismi, birlikte yer alan sivi ve gaz fazlarin
hatirlaticisidir. Benzer bigcimde, bose yogusmasini da v* 6zgul hacimli bir “normal
gaz” ile 0 hacimli bir “sivinin” bir arada bulunmasi olarak alabiliriz. Parcaciklar
arasindaki her hangi bir etkilesme bulunmamasina bagl olarak “sivi” hacminin sifir
olmasi gergekgi olmayan bir 6zelliktir.

Bose yogusmasi, sureksiz (birinci derece) ve surekli (ikinci derece) gegislerin
Ozelliklerini bir araya getirir; sikigabilirlik iraksarken, sonlu bir latent 1s1 mevcuttur.
Gegisin latent isis1, gegis sicakhidinin basingla degisimini asagdidaki sekilde veren

Clausius-Clapeyron denkleminden elde edilebilir,
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i (v — R
dar _ AIW _ Toln lg]l (VIL5S)
dpP Coexistence AS L
Denklem (VII.56), gaz basincini tam gegis noktasina kadar verdigi igin,
dpP 5P
il =2 (VIL.59)
dT’ Coexistence 2T
Yukaridaki denklemleri kullanarak, latent 1siy1 bulabiliriz,
o, dP 5, F q -1
L="Tmv Tl :5191_1 533 ~5Cs/2kBT, (/\3 Cg/z) : -
NoucALIdLELILE . (\ ll.GU)
9 %5/2

0 05/2 ) T e 1,98k T,
2%3/2

Ky = dn/dP|r/n sikisabilirligini bulmak igin, (VI1.35) denklemlerinin tarevlerini

aliniz ve agagidaki sonucu elde etmek icin (VI1.52) denkleminden yararlaniniz,

dP gﬁ BT 1
d" - f)/g{‘)

- ~ . (VIL.61)
dn
= = F;fl/g(")

Bu denklemlerin orani asagidaki esitlige goéturur,
1 2{ )
Ky = — (VIT.62)
nkpl J‘ 5(2)

bu da, limz_,lffy2 (z) » oo oldugu icin gegiste Iraksar; yani, esisil egrileri yatay
birliktelik bolgesine teget olarak yaklasir.

Blyuk kanonik topluluktaki eneriji icin verilen ifadeden yola ¢ikarak,

3 3 & . _—
E= PV =1V ;LBTfm( ) o 'T'B/zf_;;g(;). (VIL63)

e (VI1.52) denklemi kullanilarak, 1si sigasi asagidaki sekilde elde edilir,

dE 3 ) 1 o dz
Chr v = v +‘ 2 - +‘ - = TT1.64
VN Ty 2 BT | o fa() + S1a() g7 . (VIL64)
Sabit parcacik sayisi kosulundan,
dN ] q dz
= == VIL.65
T |y, ol )Tf 32+ f1/ (%) g7 VN ( 2
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kullanilarak dz/dT|y y tlrevi bulunur.

T dz

3 f:itfg(“)
2 dT -

v 2 ff;g(-‘i) ‘

¢6zumunun denklem (VI1.64)’e yerlestiriimesi,

o £+ (02
2doml2)

L AN 8N B T T

Vkg ~ 233 [‘2j5/ 2 T @
esitligini dogurur. Sonucun z'nin kuvvetlerinde acgilmasi, ylUksek sicakliklarda isi
sigasinin  klasik degerden blyik, C,/Nkz =3/2[1+nA3/27/2+...] seklinde

oldugunu gosterir. Dusuk sicakliklarda z = 1 ve

, . e 3/2
Cyv 1! 15 C5 T -
LA -y e (VIL6T)
Nkp 4 nA3 4 (370 \Te

Diisiik sicakliklardaki T3/? davranisinin kaynagini anlamak kolaydir. T = 0 iken, tiim

parcaciklar k = 0 durumunu doldurur. Dusuk fakat sonlu sicakliklarda, yaklasik k,,
degerine kadar sonlu momentumlu durumlarin doldurulmasi s6z konusudur, soyle ki
h?kZ,/2m = kgT. Bu durumlarin her biri, kzT ile orantili bir enerjiye sahiptir. Bu
nedenle d boyuttaki uyarma enerjisi E, < Vk&kgT ile verilir. Ortaya cikan isi sigasi,
Cy x VkgT%? seklindedir. Dusiince, fonon (veya foton) gazlarin 1si sigasini
hesaplamada kullanilana benzerdir. Kuvvet yasalarindaki farklilik, duguk ener;ji
uyariimalarindaki enerji spektrumundaki farkliliktan kaynaklanir (birincisinde (E(k) «
k?, ikincisinde (k) « k). iki durumda da, u = 0 ile uyumlu olarak, toplam uyariima

sayisi korunmaz. Bose gazi igin, bu korunum eksikligi gegis sicakligina kadar

varhigini devam ettirir, bu noktadan sonra tum pargaciklar, u = 0 ile k = 0 durumunda
rezervuarin disina uyarilir. T,de C,, parcacik basina yaklasik 1.92kz’lik maksimum

degere ulasarak surekli durumdadir, fakat bu noktada sureksiz bir tarevi vardir.

Sayfa 5 www.acikders.org.tr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


