LO2-Planck's law again

Saturday, August 27,2016 13 :39

@@qb’ (h/ Jeams were cble o e%p\am he o)~ wave Jep
Toid 8@ the bladk \DDOM Spe@L(uW\ Ukal/\% bagic phySiad pc\ﬂézpjejr

LeT, for simplicity, He  blade body e
o cubic caﬁ‘l %Nl[_HﬂCO\ CSL(/MQQ \%D\G
for e cadidhon o escpe.

“ﬂmeq ossumed 1) the rodichon

was present in modes! inside the couit
whidn satisdal \J)guv\é\aﬁﬁ condihons’

) Hhe enmeru of eacn mode wpoS
@hdom | %Lj\d er\ervv\a\\% aish e

The specal energy density, defined as UD) = ouwe - Aegpe
S oy R Sy g 200 k
#of wodes betaeeh v oud v+ W&? el mode,

Pssumphon# 1= wodes in Fhe caiby:

This s a g(op@@@ cﬂﬂ classicod WAULS but we widl QPP[L/I
e same idlea” o guantum wave fncdions next class.

l) Ci)ms)d@( i\ -4 S%T“t\/\%: M
clowped dl {=0 & = |7 ) |
There ace n half-wae QWS g WL

. N
| = \m% OC sin(c C=NY \)f—g’;\“: %[

a) Now consider a ddb gzuare deunbhesd. The modes
Wil escillode loetiseen evenly spoted node Jines:
[ Ué/y? AN

S = 7

energy

Fall 2016 Page 1



WX OGO VW) (,\)UU\\U( 7WLCU\ VOO C XVWWLS -

NO%Q Qﬂd/\ d\b* \>
occupies one. LWt of Qred | Q 3 *
I~ e ey space.

2) Tn our 24 covit , modes
have three sats of Fode planes.
Wﬁ&g a\rc; la\oel\ed (ren ng ), andh
havt Jreguenty v < 9\/; whee
N=Ne m? N5

The # oF modes befween v & vidy

s Hhe velawe, of a s\/\e\\ &F
radios n and Hadenes  din

[ q)dy = & 4mt dn - T3 v4day | % 2 \Owgg‘;ﬁ“g
Vole Hhe number of medes 15 muda Q&r@@( ot Inigh v,
Assowgtion ¥ The +hermal enecgy of colh m o/de_;ﬁ_gﬁ
fle)= ¢ Tk

Hhe Boltewann &\5#@ botion |

cooclor
wde t\%)ﬁu[m!g
enecon &

Lowe enemy states are o a>

epponanhiolly wore 4] kel
] he el SJm\oiJHOt/\ b(oadems

Fall 2016 Page 2



erponeymodly wore 1 Y\e Moaoe V\“@u[m%

] he Ji SJFCl\oiLJHOU\ bcoademg J ehecoyy £
of W @%@r Tewpecature |

T L E/

+o OO Od\(ﬁ"@ More 6\/@@% T
To calepldde ) we = S & Fole)de
most eke a weighled aecaep: Ve e

The denominator (nommalization ) is calleat +the “Partition finchon

=& uwhe pegy

2(p) = [e™de = ke
There is rick o %@L the nwumerador from Z:

Sa e Hde = S‘C;&é = —% 2Ry = é

Thus E®W)= - g{b,onz %me = '/p ‘L = kT iﬂdéMU@(AJ( DW[\)

This is +he egg}\pavhm whidh stedes HA@ avera
o?freﬁdom (DOFY s z\<

€V\€\(%q (ce
The Two DOF S are 6@( ? W\a@lf\dﬂc Qﬁs
Thus o) = YT =B 5 Uhee x-Sl - A5

How can we restore the mi 1ssing 0N cod o o L\\@‘m
J}CQQWQV\C%) and, \Or@@/ﬁ nhimbe ehergy ?

Planck was dble to exdain his £+ 4o Fhe doz,
bcg v\ma\<‘w\® one addFonal as5um@%@(/\

Assun @ on #31 eneroy is Jimited to discrete packeds
or quuﬁra m&q ok }ar%@( WA &e%uemﬁu() @
Tnsteod ot |n+e@m% g gdg he Su\mmed( oler stepS  £,= Nhv

|
u\)(\)} = gﬂt\%_\)} GX__,

Foc Jow Jre qr“a/‘é? \packeis 30

A=y Fhe Som IS clnce

Fall 2016 Page 3



Foc Jow drequency pockels, S <

5; %\Q/\ the Suwn §s fé\og@ .

o he \occz\ﬂouS Y2 @(fd‘

For hign &equemc ackefs m Cig
5 e T ng own oy Sele

A
“Fhermal energe 1o QY\C’(E even Phe Hrst excrted stfe,
and, Hhus e averag energy of the wode s O,

b, &, o _phy ob h -
Z(@>:é‘)€ /kT:Véoé%r:ZO\ni\b:‘la C\:Cés \):€><

n=0o
% £ I - ey
é}ehe AT = «5%2(@ N e(5 () hy
So EM)= Zefle) — —a%a@ _ wet -y
Z P 2@ \—e* T er]

arde - ulv) = &C@l-eg_\ os  indicded loy experiment.

The modern indecpretedion of Plard’s radical assumption
is Aol ExM waves come in packefs of energy, * ghofors” v
Thus  woves exhibd partide - Like loehauviour.

T\MS was 'mjre(p(d‘aﬁon WS C@W\@vﬂLGd bq Emsﬁe‘m’s @%@amﬁgm

of the \p\/\‘bime\edﬁc 6@@64) and the ew\amﬁﬁ on of Complon
Scafbr‘nf\% inderms of poinT - parﬁc(c kinemafics .

Fall 2016 Page 4



