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ABSTRACT

To understand the relation between temperature and black body radiation which is
continuous photon radiation, we are using the Planck’s Law and Stefan-Boltzmann Law, to
model the heat transfer. Moreover to find the total energy of the free vacuum we are using
the radiation constant which is only dependent to the temperature and the volume.
However in this project to understand the mechanism behind the vacuum energy, our aim is
to find the total radiated light from the black body until it lost all the energy. By deriving this
function we will be able to speak about the total radiation potential of non-zero
temperature free space.

We will start with analyzing Planck’s Law and its temperature dependency then we
will write our function as a time dependent integral. Afterwards, we will try to solve it with
numeric analysis and series solution to find the function we need.
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INFORMATION

The first important equation of the quantum mechanics is the Planck Law which
gives the intensity or energy per frequency with respect to the temperature only. By using
the law we can calculate how much energy produces a hot object at any frequency and how
heat flows as light form hot to cold. Then by integrating the Planck law at every wavelength
and in every direction there is Stefan-Boltzmann law which gives the total radiation power
of a surface area A at temperature T. Afterwards multiplying the Stefan-Boltzmann law by
4/c there is radiation constant which gives the total radiation energy or internal energy of a
constant volume even if there is no particle except light inside the volume.

In thermodynamics, these laws result a new topic which is photon gas. In photon gas
theory, all the radiation inside the box or volume modeled as a light which carries energy
and momentum, no mass and goes with speed of light. We Thermodynamic state functions fora black body

photon gas
know all the information about the photon gas because it is state function (T.V)
modeled as a simple ideal gas. First thing we have to know 25
el . . .. Internal energy —( )VT4
about photon gas, it is a collection of photons inside a box 1563 R3

and we assume that box has no chemical potential energy,
moreover, it has no chemical interaction and for this reason
we are assuming the box as a finite vacuumed volume. As we
said before, we know that radiation constant gives us the
total radiation energy or internal energy inside the constant
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volume at constant temperature and we can say that this Entropy §= % = (%) vT?
internal energy is the amount of heat. So, in our question we "
should calculate everything only with respect to temperature Enthalpy H=3U
and volume but the problem is, we have a non-equilibrium Helmholtz free energy A=ty
thermodynamic system and we can’t calculate everything 3

Gibbs free energy G=0

exactly because only in constant temperature systems it is
possible. Because we are changing the temperature with time we need to find all the
radiation with respect to time which results decreasing the power. The result should be
again the distributed light which has continuous property means it includes all wavelength
photons.

For photon gas theory we have instant photon distribution which is dependent to the
internal energy which is dependent to the absolute temperature of the box. But in our
guestion to find a relation between the temperature and the total radiated light we should
decrease the internal energy with time and we add or sum up all the radiation with time.
So, decrease in internal energy result decrease in power and distribution and we should
calculate it until there is no internal energy left.

The important thing for us is to see how the energies or intensities of photons change
in Planck’s law at every wavelength with respect to the temperature. The solution comes as
in a constant temperature, in black body distribution every photons energies proportional to
the temperature and the number of the photon is proportional to the T3. Because total
energy comes as a T? and with respect to the temperature every photon changes its energy
in constant volume. With a known temperature known photons become other photons
because distribution is always constant and p 70K
it doesn’t change. So, blackbody
distribution and its shape which gives the
spectra is always conserves itself. And it is
simply comes as x3/(e* — 1).
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As you can see both the total energy is proportional with T and the power is
proportional with T#, and from this proportionality if we assume that if box is not supplied
with heat we can say that with a constant surface area, radiation power and the internal
energy changes exponentially with time because both of them dependent to the each other
with T If the total energy of the box changes exponentially with time than we can say that
temperature’s fourth power changes exponentially which means temperature is still
changing exponentially, as you know, fourth power of exponential decrease dependency is
still an exponential function. Another important thing in the Planck law is it always conserves
its shape in every condition which is only dependent to the temperature. If you compare the
spectra of the two temperatures with respect to the intensity and frequency of light you can
see humber of photons increase with T2 and average photon energy increase with T which
says simply every photon become another photon with changing temperature inside the
box.
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If we examine the Planck’s law
which gives the power of the light
radiation coming from the constant
surface area A, at temperature T, at every
frequency, its shape is constant as we
discusses before and if we look the Wien’s
law we can understand how number of
photons changes with respect to the
temperature, our graphs peak point goes
with T? but the area under the curve
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which is the integral of Planck law or Angular frequency of light

simply Stefan-Boltzmann law radiation power is proportional to T* and total energy is
proportional to T# so, if we ask how energy decreases with time, answer is simply

exponential decay function.(U(t) = Uge ™! (tis time))
d _ 4 n? kg'T*, _d m? k' T : :
o (U) = Power = oT* = (A <y )= (33 V) From this relation we can

understand that temperature must decrease exponentially because its fourth power is
proportional to energy. So we should write temperatures time dependency;

dT _ AoT _  AoT_ AcT
E - _4Va o _4-Va%-_ V1ie

cAt
so, temperature function becomes T =Ty e 16V

Than what will we do is simply use temperature in the Planck’s law because we need
total radiated light until our box temperature becomes 0.



The function of the total radiated intensity per frequency of the cooled black body

box;
(o'}
h w3 dt
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If we separate from the constants
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As we can see integral is only time dependent and we have lots of constant that are

o G [ d , L
not dependent so, we can write it easily like fo (e%ﬁ*e”—f")m but if we want to write in
dx

integral in most simple form it becomes fo w51
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canstant volume mA3  areaof cavity totenergy power/mAr2
N U M E R I CAL ANALYSIS 6029.58456 0.6579736 1 5.337056-10 1.00000001 0.040000172
o . . 271828

Thls Integral has no eXGCt SOIUt’on at energy exp time radiation power  rp™1/4)  instanttemperature
s f 1kelvin Kbinw 1.000000006 0.36 0 0.04 04472136 602957807
least it is not known yetl (I have tried to 130926411 0.360000006 0.36 1 0.0384 0.4426728 5968356151
. . 0521600005 0.56 2 0.036362  0.438178 5907.755855
solve it but | COU/dn’tflnd a way and after cinmis 0884736005 0.96 3 0.03538344  0.433729 5847.770869
. . 299792458 0.849346565 0.96 2 0.033973863 0.4293251 5788.394947
lots Of useless conversation | decided to solve 0.815372702 0.36 5 0.032614308 0.4249659 5729.621305
. . hebar injs | 0.782757734 0.36 6 0.031310312 0.4206509 567144562
it numenca”y, however | Changed the way / L0SE-34 0.751447482 0.36 7 0.030057833 0.4163798 5613.350034
go and I calculated everything from the .~ “oemuom s e asmen s
. - 3.14159265 066483264 0.96 10 0.026533306 0.4038249 514458779
energy nOtfrom the tlmE). Inthe end it is 0638239334 0.96 11 0025529573 0.3397246 5369.305633
. 0612709761 0.36 2 0.02450833  0.395666 5334.584784
convergent, and we can solve it by 058820137 096 13 0023528055 0.3916435 5280419588
N . 0564673316 0.96 14 0.022586333 0.3876719 5226.304284
numerical analysis but, we should start from 0 54208633 0 15 oonesuss oavms  suaraHos
i L. 0.520402928 0.9 16 0.020816117 03798393 5121.201392
the energy calculation because it is too 0.499586811 0.96 17 0.013883472 03759826 5069.202766

simple for us to understand. To start, we can take initial energy as 1 joule in 1 m3 with
temperature of about 6029 kelvin and we should have decreased it exponentially with four
exponentialy decreasing power percent at every second (about every
17seconds energy becomes half gone),
than we can found the temperature of
the every second and we should
calculate the time about 1000 seconds
when almost there is no energy. In this
calculation our area is very small
because as we can understand that
cooling rate is dependent to the
: —.. surface area and our area is smaller
Anguler frequency of light than needle, about 5.33*1071%m?2,
After finding the intensity of every second at every frequency we have total radiation. In the
graph we can see the first 20 second radiation and it
exponentially decreases. What will we do is to sum up
all the data which is the logic of integration. After
1000 seconds we can say that there is almost no

Total radiated light

Total radiation’s
peak point

1.60%10"5w

1

energy left. .

After we sum all the 1000 second data we can  °
see a line in the upper part which shows the total : S
radiated light in every angular frequency, and in the ¢ first seconds
lower part of the graph we can see first 20 seconds v Z%%:%EL

radiation again (It is not clearly seen because of 20
tight lines). We can see the total radiations peak point = e 1o
is in the lower frequency range than the Wien’s peak Angular frequency of light

point of 6029 kelvin temperature because with the time passes temperature decreases and

EQUAL INTENSITY peak points of every seconds moves to lower

Total Radiated Light (cooling with time)
First Light (or instantly radiated light)

frequency or higher wavelength range. For
comparison we can look at the graph in equal
intensity which means thermodynamically two cases
have same energy, but frequencies of the photons are
different. In current theory all the heat is light as red
line inside the box, but for us heat becomes the light
after there is no heat inside the box as blue line.
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But we have calculated everything only for one temperature which is 6029 kelvin so,
we should change the temperature and we should try to understand how this graph changes
with respect to the temperature. Good thing is graph’s temperature proportionality is
exactly the same with the Planck’s law,
most probably the constant coming from
the integral have no effect on the Planck’s
Temperature= 6029 kelvin distribution. The number of photon
N . increases with T° and energy of every
photon increases with T (or we can say
average energy of photons increases with T)
and absolutely the area under this graph
gives us T* which gives the total internal
energy that is heat. If we want to give an
example; if we double the temperature
again, height of the graph increases 8 times
and width of the graph increases 2 times.

We should be interested when we see the result because it was good to see an
integral of exponential of exponential function becomes same type of increase in the graph
with respect to the temperature and the good thing is we can easily understand that the
solution must be proportional with the Planck’s Law then we can easily say there must be a
function to multiply the Planck’s Law and it becomes our solution.

Total Radiation

Temperature= 1507 kelvin
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But, we have Area A in the function however, our function must be independent
from the A moreover, it must be dependent to the Volume V because it will give the height
of the graph and it is a linear multiplier for our function. If we think that we need a function
will give the total radiated light per wavelength it must be like

h w3 1
(ehaT — 1)

Because, it has same type of increase and integral is independent from w.
So, we should be annihilate the A in the integral and to write an energy function we
need to multiply it with “V/c” because we need an energy function for a volume.



SERIES SOLUTION
. - o dx
Our integral is in the form of | = fo m
and we will assume u = f§ * eV™*
so,wehavedu =y 3 eV* dx anditisequalto du =y udx
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This integral is in the form of an Exponential series integral + Residue
Totally we have a form of

1—]00 e ZEk + R,
Y—ﬁl_e_uu (ko)

Because of it is infinite series and it is not possible to convert it any kind of function
or even empirical function we can’t use it as a function, only thing we can do is we can use
its table value in the book of “Handbook of Mathematical Functions” (Abramowitz&Stegun)
and we can calculate it until the nth and we can calculate its error function which gives the
limit of the sum of until the nth. So, if we want to convert it at least an empirical formula we
can’t use the series solution.




DISCUSSIONS ABOUT SOLUTION

As we discussed before we have same type of increase in the graph with respect to
the temperature and we can easily understand that the solution must be proportional with
the Planck’s Law then we can easily say that there must be a function to multiply the
Planck’s Law and it becomes our solution.

>~ hw3 dt
/ A : cAt
Jo 4

m2c2 e 16V
ekBT — 1

But, we have Area A in the function however, our function must be independent
from the A moreover, it must be dependent to the Volume V because it will give the height
of the graph and it is a linear multiplier for our function and these constants comes from the
y inside the series solution. We should be annihilate the A in the integral and to write an
energy function we need to multiply it with “V/c”’ because we need an energy function for a
volume. So, our final function must be increase with the same type proportionality of
Planck’s Law which is x3/(e* — 1). For this reason we can make an assumption with the
Radiation Constant and the Planck Law to find an empirical formula to show the real
function because even if it is not fits with the real results their dependencies with respect to
Temperature is same and we can use it as an empirical function.

So, our function becomes like

huw? 1 16V 4k’ 1 _
A4 2.2 _hw fl Vﬂ-QCS fi fl
TiC® okpT _ 1 CA efsT — 1

And when we divide this function to the numerical values we can see an almost linear
graph and we can write an empirical formula.

And it iscomesas fq = [ Fa soin the end our empirical function becomes like
+

BT TR 1

250 fw hw
m2c efpT — 1I;B_T+ 1
We have to know that the function we found has no proof that it is the exact solution
of the integral. However, it exactly fits for all the temperatures with the numerical values, so
we can use it as an empirical formula at least. (The error in the graph comes from the
numeric part and it decreases with the increasing significant digits.)
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33333 —MNumerical value T=3015K
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