
DQ - 8 particle in a box - fixed b - C
.

- -

L
4=0 on boundary surfacesat x --ory {y=o in

3=0 , L
" "

-E¥m4 - e 4 energy eigenstates
we know solutions to Schrodinger 's equation ace

- u

ik . r

e with energy Epi Tid§µ= - 2M

TV
But these doff satisfy the descried

boundary conditions .
To see how to construct solutions that will

obey the desired boundary conditions , consider
fist a particle wi a oak box

.

For each k there are two degenerate
plane wave solutions

GE al KEEir both with

Ek = TIE

Any line'm combination of these
ZM
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two is then also a solution with EE hide
2M

lets consider 4h -- 4h - ohh T

z
- E snidey

In = 4ht
= II costkN

ra

Now Iplo) #O so that one is no good .

But 4h10) = o
,
so this is a contender !

We also need 4dL) - O . Thi will happen
if k =

'Em for m integer 1,2 , 3 , - .
.

Note
,
we do not allow m=o because that

would give 42=0 .
And we do not allow

integer m so since

sinfmEx ) = - sin ( mix )

is not a new solution .

We can now construct a solution for the

three dimensional problem that satisfies the
desired boundary conditions

4£81 - JET sinkxx ) sinlkyy ) sinlkzz)



where kx = I m× , by = my
,
kz= Emz

Mx
, My , Mz = I

,
2,3

,
. . .

'

integer
1

The spacing between allowed valuesof any
component of T

is
ok -_ In

and we must have kx , hey , by > 0

The energy of such a state e's

Er = him (hit ki t k's)

Number of states-
The number of States with ez CE will

be the nuke of allowed I that lie

within the volume of a sphere in k - space

of radius k = 2hfEF
Since we require all kµ > 0 , we are

only interested in the octant of the

sphere with kx , Ky , kz > o .
Thi has



volume Is # ITk3 = IaCinq)%
since the spacing between allowed ku
is E

,
the volume of k - space per

allowed value of I is (E)
3

.
So

we then have

# slates = E- ( 2M¥ )"2
-

= '¥fmh⇒%
And finally the number of states per
wit

odeumGCE ) = (wife )3k-
Periodic boundary conditions-
For Thi case the

energy eigenstates are

off =e
it

where k
x
= 2E mx ,

rr



Ky = II my , kg = 212mg

with Mx
, My , my

= O
,

I 1
,
I 2

,
- r . .

all nitegoes , positive ad negative .

The energy of Thi slate Is qEI¥mk2
The member of allowed

states with Enge
is then the murder of allowed

Is

within a sphere in k - space of na dis

k -riff
since k× , Ky , kz can

include negative
values

,
we take the value of the

entire

sphere Iz't te - Iz't@mh#)%
Now the spacing between allowed values
of Kp is 2E ,

so the volume of k
-

space

per allowed value of I is 24273
The number of allowed states with
Ets LE ni therefore



# states = ¥ it (23¥ ) 312

¥73
= V

⇒ c:# It
so the number of States per unit value is

-GCd=¥fm#
This is exactly the same as we found for
the fixed-wing conditions !
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D photon occupation number

Ln> = I e-
Btwn

n n

e
- return

=

3- e-
Btwn

- -

Z W

n

where w = q e-
Btwn

a)

2gpnj-tw-ze-fh-wnnfhwnl-twzkne-M-wt.nl#
= -twine wnnz
-

W

- twztzetstwnn ) (ze-HY.am)
= -Trw Ln

'
> t Trw Ln>

2

so -¥w2fIp=cn7-aI-

2)



b) For photons , an> =1-

so 2¥ =
- tweetw

EPT w- I

-

Le
w
-D
-

so fish w
Cri > - ans

'
= Ew 242 =e-

• B @Btw- c)
2

and

at > - in>
2 PAW

IF
= . @thy

-

= e
phew

Relative fluctuation
' is

✓cnnf ft Wh
- = e 77
LD

so fluctuations are always tag
The bigger is ptw , ie the smaller if kfw ,
the larger the fluctuations are .
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--___r-W
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"{t
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vNr.Z

=hZ-?t talz

by symmetry tix > = 0
so LEXI> = <x'7

r

again 2×7=0
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We could also have done the quantum calculation
a more straightforward way .

The piston
operator for the quantum oscillator is
i -hzmfw.cat ta)

So

£2 =

hz-mw.la#ta1Catta)--zImwoCatattaattatataa)
The thermal average is then

{ 927 = Tr [I 42]

which is most easily evaluated wi the

energy eigenstate
basis

LK ) = Z Gn Cn IK
'
In>

- f.Enwhere
gn =e-

In e-
BEn

And En = twentya) are the energy eigenvalues

2



We have

41K ' In > = zhmIw.sn/atattaattatataaln7
now Lnlatat In > = (n la a ) n> = O

and Ea ,at] - I ⇒ aat = ata t I

%
Ln 152 In ) = Imw. Ln l zatatl In>

Now ata = is is jot the number
operator , so

tnlxln) - t
Embo

( 2n + 1)

= A

Tmo. ( n
t Yz ) =€

must
%
LIZ> = E fn Enmwoz - mtoo SE?

where LE > = two kn > t 42 )
testing his> =1-

EBTWO- I
we recover our previous

result
*


