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Abstract: The determination of atmospheric temperature needs using complex and expensive technology. This
requires a new approach for temperatures determination by using simple and cheap technology .To perform
this task an attempt was made in this research to relate temperature change to the change of spectra of some
gases which are Bhutan(C;H:;) , Neon (Ne), Fluorine( F2) and chlorine (CL2). These gas were heated at
temperature in the range ( 300 -337°k.) The spectra of these gas were displayed by USB2000 spectrometer.
The result shows appreciable change in the spectral intensity and line width. These changes was shown to be
explained theoretically on the basis of non- equilibrium statistical physics by using plasma equation and
quantum mechanical laws that relates the photon intensity to atomic and electronic wave functions.
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. Introduction

The spectrum of atoms is now widely used in many applications as a finger print characterizing the
elements excited in samples.[1] This comes from the fact that each element is characterized by certain specific
energy levels. Thus each element emits photons due to transition between these energy levels. The energies and
wavelengths of the photons emitted by a certain element is different from that emitted by all other elements [2,3]

Sometimes the wavelength of the emitted photons changes due to some interactions .For example the
thermal motion of atoms can produce Doppler shift due to the effect of velocity [4]. Collision of atoms due to
thermal vibration can also change the wavelength due to Compton scattering[6,5]. Different attempts were made
to accounts for the effect of temperature on atomic spectra .In one of them the spectrum of special fiber Bragg
grating (SFBG) shows increase in power and wavelength with temperature[7 ]. Another work related change of
band width to temperature change[ 8]is also verified experimentally, where line width decreases as temperature
increases .Both of them explain their result on the basis of strain change and change of relaxation time.
Unfortunately both of them does not use quantum or statistical. Laws which are suitable for spectra of atoms and
micro particles

These thermal effects on the spectrum wavelength for some gases is investigated and studied in this
work .Section 2 is devoted for the experimental work including devices materials and methods and results,
.The spectrum of two gases are exhibited here in section 3, Discussion in section 4 and conclusion in section 5.

Il.  Materials and methods:
The following Apparatus and Instruments and Gases are used in the experiment

2-1Apparatus and Instruments:
USB2000 Fiber Optic Spectrometer (Ocean Optics) ,Heater, Thermometer, Laptop, Source of Helium
Neon laser -133, Power supply, Connect cable. Test tubes (Borosilicate Glass).

2-2 gases:
Bhutan (C4,H,;), Neon (Ne), Fluorine ( F,) and Chlorine (CL,).
2-3 Experiment set up:

Glass tube is filled by gases, each gas should be heated in steps about one or two degrees and the
spectrum are recorded at each degree by using thermometer. Helium-133 beams is directed to incident on the
glass tube, the spectrum of each gas including the intensity and band width is recorded for each temperature by
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using USB2000 Fiber Optic Spectrometer. The relations are drawn between intensity and line width of the

transmitted radiation from each gas and temperature.

(2-4) Results

Table (2-4-1): spectrum of Bhutan (€4 Hyy) at different temperatures
T = temperature

A= wavelength

Fig (2-4-1-1)Relation between Intensity and temperature

I = Intensity A = area W=width
o0 | rem | Aam | owem | i@y
‘ 300 H 630.73 H 4390.43 H 6.92 H 126.8
‘ 301 H 630.78 H 2536.69 H 6.96 H 125.89
303 630.83 228257 7.07 125.74
305 630.79 1645.95 7.03 125.79
307 630.78 16459 7.02 125.79
309 630.84 1855.9 7.16 125.13
311 630.78 1888.66 71 124.64
313 630 1698.66 7.03 124.79
315 630.83 1482.01 7.003 124,53
317 630.86 1560.78 7.03 123.96
318 630.84 17175 7.04 1235
319 630.89 2037.01 7.08 123.46
320 630.95 1310.88 6.95 117.62
323 631.01 1265.28 7.02 116.95
324 631.01 1276.02 7.05 116.65
Bhutan Bhutan
120 1.2
=
£ 125 =71
z E
g 120 = 7
E
115 6.8
290 300 310 320 330 200 300 310 320 330
T(K) T(K)

Fig(2-4-1-2) relationship between line width and temperature

Table (2-4-2): spectrum of Neon (Ne)at different temperatures

T(K) H ). (nm) H AM) H W(nm) H I(a.u)
307 630.66 60719 6.41 102.94
312 630.7 2287.59 6.48 103.25
313 630.76 19419 651 103.04
315 630.74 2111.14 6.46 103.45
| s | eoms | sowear | est | 10sa
| s | eorm | ae22 | es3 | 103
| 320 | es07s | se2ss | 64 | 1033
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| 321 H 630.8 H 3515.7 H 6.51 H 103.39 |
| 322 H 630.77 H 2276.22 H 6.53 H 103.25 |
| 323 H 630.77 H 317953 H 6.48 H 103.4 |
Neon (Ne) Neon (Ne)
103.6 6.55
T
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£ 1032 /"V E / \/ V \
g = 645
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£ 103 — /
102.8 6.4
305 310 315 320 325 305 310 315 320 325
T(K)
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Fig (2-4-1-1) Relation between Intensity and temperature

Fig(2-4-2-2) relationship between line width and temperature

Table (2-4-3): spectrum of Fluorine( F,)at different temperatures
T(K) A (nm) A(m?) W(nm) I(a.u)
304 631.02 6337.97 7.04 100.25
305 630.81 5964.04 6.44 98.63
307 630.9 5565.97 7.11 102.13
309 630.01 4442.99 7.16 102
311 631.01 5302.56 7.23 101.88
312 630.98 5332.11 7.25 101.52
314 631.06 4669.27 7.23 101.95
316 631.05 5193.09 7.16 101.82
317 631.08 5193.92 7.19 101.37
319 631.04 4549.7 7.2 101.66
321 631.11 3541.63 7.21 102.04
323 631.07 335155 7.13 102.3
325 631.08 4702.13 7.18 1025
fluorine( F,) fluorine( F,)
103 7.4
E_‘ 102 ’\W/ 7.2 f—’ A
-t_u— l _ 7 1
101 E |
] 100 | “§‘ 08 /
=
g | 6.6
£ 9 v 6.4
98 6.2
300 305 310 315 320 325 330 300 310 320 330
T(K) T(K)

Fig (2-4-3-1) Relation between Intensity and temperature

Fig(2-4-3-2) relationship between line width and temperature
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Table (2-4-4): spectrum of Chlorine (CL,) at different temperatures

T(K) I ). (nm) I A(M) | wem | I(a.u)
301 630.86 15934.5 6.92 122.23
303 630.83 7706.45 7.03 130.73
306 630.96 74788 7 124.24
308 630.95 8890.52 7.01 124.92
‘ 311 H 630.88 H 5738.32 H 7.08 H 126.31 ‘
‘ 313 H 630.94 H 5137.66 H 7.11 H 127.67 ‘
315 63087 4995.6 701 127.81
317 630.88 4764.68 711 128.59
319 630.85 650106 7.006 129.27
321 630.93 4897.88 7.00 13043
323 630.72 7777.74 6.88 131.22
325 630.77 6840.38 7.012 132,51
327 630.75 4907.18 6.92 134.15
329 630.75 580333 7.001 135.56
330 630.77 2866.74 7.05 137.006
331 630.83 204554 7.09 137.77
chlorine (CL,) chlorine (CL,)
140 7.2
£}
RES 7.1
= t
£ 130 E 7
c =
£ 125 6.9
120 6.8
290 300 310 320 330 340 290 300 310 320 330 340
TIK
(K) T(K)

Fig (2-4-4-1) Relation between Intensity and temperature  Fig(2-4-4-2) relationship between line width and temperature

I11.  Theoretical Interpretation
Three scenarios are proposed to explain the temperature effect on the atomic spectra

(3-1)Complex Energy statistical Distribution

Heat energy results from collision of particles which lead to loss of energy that appears as heat thermal
energy. In some theories, like optical theorem the energy is written as a summation of real and imaginary part.
The real part stands for the particle energy, while the imaginary part represents the energy lost by the particle
due to its interaction with the surrounding medium.

E=E, +IiFE, (3-1-1)
If the uniform back ground is the attractive gas ions potential. Then
E=-W, (3-1-2)

According to Shair .S model for non-equilibrium is given by sestem ,the distribution

N=n. r_:l_:E

Where E  represents the non-uniform particle energy, where as £ stands for uniform particle energy thus
substituting this in the equation
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EI +LE 2
n=nge Ym
1 i
N=n,e"'m g'm
[Ea) By By
n=nge 'm' ’CDSI-'_- +i slnr—'] (3-1-3)
Considering the complex term standing for thermal energy
e -
n=nge v [sinZ] (3-1-4)
In view of equations (3-1-4)
[E1) s
I=Iye'vm! [sinZ] (3-1-5)
Assuming E: to be kinetic thermal energy of the particle and E; be the lost thermal energy such that
E: = C:E: = If:kr (3'1'6)
V. =k (3-1-7)
It follows that B
I'=l,esinC,T (3-1-8)
Cp=m
I=10e™ sinIIT
600000
400000
3 200000 l
0 S
0 5 VO 15
-200000
T(2K)
Fig (3-1-1)
However if the uniform background is the negative repulsive electron gas .In this case
E=W, (3-1-9)
Thus equation (3-1-7) and (3-1-8) reduces to
ZEs) B B
n=mn; ¢ T cos = — i sinr—'] (3-1-10)
[ZE1) =
I=l e vm” ’s:’n L—'] (3-1-11)
In view of equations (3-1-8) and(3-1-7) B
I'=1,e7 sinl,] (3-1-12)
C:ZT
I=l,e TsinIIT
6.5
5.5
4.5 ‘\
- 3.5 \
< 15 \
0.5 \ L =
15 \ L2 4 6 8 10
L5 ] \/
-2.5
T(°K)
Fig (3-1-2)
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Using Maxwell _Boltzmann disturbuation for electron

ne =ge %e FlE:riE) (3-1-13)
The imaginary part stands for absorption from medium or emission to the medium
E. =E, + iE, (3-1-14)
For photon the number of photons is given by
n, =e”FEariE (3-1-15)
E, =Es+1Ey
The for composite system medium which consists of electrons emitting photons, the energy is given by
E =E. +E (3-1-16)

Where E is the energy of the electron in excited state, E; is the electron energy in the ground state, while Ej, is
the photon energy Thus the number of photon which is equal to the number of excited electrons is given by
n= e FE = g-BEeEp (3-1-17)

For electron and photons colliding with particles medium, the energy lost appears as an imaginary part. Thus
= e-BEs+Es) ~iBE2) o—I(BEY

For E,—= 0O E;— O
n= e-iBE2) g—ilBES] (3-1-18)
=(cosRE; -isinBE;) (cosBE; +isinBE,) (3-1-19)
Taking real part yields
n= cosRE; cosBE, (3-1-20)
n = cosB, cos B, (3-1-21)

I=cos 8, cos B,
If one assumes energy lost by the electron is 10 times that lost by the photon, it follows that
I=cos 108, cos 6, g6, = 106,
I=cos 10T cos T

I=cos10T cosT

1.5

0.5 \

I{a.u)

[an]
--"""—#
[ —

D

]
NS

(
o
z

VA
-1

-1.5

T(2k)

Fig (3-1-3)

(3-2)Quantum Mechanical approach
According to the laws of quantum mechanics, the density and number of particles = are related to the wave
function ¥ according to the relation
n=|¥|? (3-2-1)

But the intensities of radiation I is related to the total number of excited electrons per unit volume #

I'=Cn,=C (yn (3-2-2)
But the number of electrons n is given by

n= number of atoms excited per second X number of electrons excited per second

dn, dn w 3

n= f-.: * i:z = ::d ir “] I::i ;f -l (3-2-3)
Now consider simple case of free particles. In this case such equation. Reads
——=EY (3-2-4)
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The solution will be

W= Asing x, ¥ = —g*W@ (3-2-5)
e = pw o= (3-2-6)

The probability current density is gi_VeQ by equation to be"

S= “—_ [wryir]=A=2 :— [oc sin @x cosax]

i_“ == "':TT": sin2 ox = cp sin o (3-2-7)
But since
=
mv:  pl
T2 Tom
2mE=p? = nlk* (3-2-8)
From (3-2-6)
a? = K2
o= 22 (3-2-9)

% o

If one heat particles are harmonic oscillator, thus according to equation (3-2-8) the kinetic thermal energy
becomes

KT=F= hw (3-2-10)
x=— (3-2-11)
Thus for atoms and electrons see equation (3-2-7) N
‘:!__‘ = zinz :_ x (3-2-12)
ij_i = g sinl r x (3-2-13)
In view of equation (3-2-2 ) N .
I =CCon=CC,L,C 52 ——sin2 —— (3-2-14)

Uz hi7p

t a certain position x

I = (3-2-15)
I 2 T2 (3-2-16)
For Simi plicate let
(3-2-17)
(3-2-18)
Thus

(3-2-19)

Let also Vg =- vy = -l»
I = Crsin3TsinT =CrsinTsin3T (3-2-20)

¢, =10
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1=10 sinTsin3T

10

AVANYA

T 0
= 0 ‘%0 200 &00 400/500 60\ ﬁ) 800
-5 [ \-/ A4
-10
T(2k)
Fig (3-2-1)

(3-3)Semi Classical Harmonic Oscillator Mod
Consider on electric field that causes oscillation of atoms and electrons to emit radiation. The equation of
motion of the oscillating particle is given by
ma= -F (3-3-1)
(3-3-2)

The force acting on the electron or atom is the electric field. Thus
F=Ee

The displacement is given by _
xX=x; g it
Hence, the speed and acceleration are given by
V= F = —fwpx.a =8 = —wptx
(3-3-3)
Inserting (3-3-3) and (3-3-2) in (3-3-1)
Mooy = —eE (3-3-4)
If resistive force for a medium of particles density n is the form
Fo=T By (3-3-5)
The frequency change from w; to w |, thus the equation of motion becomes
ma= —ek -& (3-3-6)
With
x=xye =t
v=%=—iny.a=¥=—wr (3-3-7)
Therefore, inserting (3-3-4),(3-3-5) and(3-3-7) in(3-3-6)yields
- - i R
—M W X = —Mdy X T _
. tnom
Wy — @t =
Lo+ gy "':c.;:—n:n'—{'w%
(3-3-8)
If
o @y L0+ ey ¥ 2w, wy — o= A (3-3-9)
Thus
Qa)dw) =
(he) =& (3-3-10)
According to quantum harmonic oscillator model, if one treat the electrons and atoms as harmonic
oscillators, their energy is given by
70 | Page
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E, = ke, EF = hw (3-3-11)
The energy difference due to friction is thus given by
AE=E, —E =hl w, —0) = hlw =— (3-3-12)

The imaginary term is not surprising as far as the inelastic scattering is described by imaginary potential.
This is known as optical theorem, in which inelastic scattering, where particles loose energy by collision, is
described by a complex potential.

In atomic spectra thus thermal energy leads to lost or gain of energy by collision leading numerically to the
change of frequency in the from

Af === (3-3-13)
The cores ponding change of length takes the form
=2 o= (3-3-14)
Where
R AA=A-— 4 (3-
3-15)
Thus, in view of (3-3-15), equation (3-3-13) gives
Al=—L—=5% (3-3-16)
But since the number density is related to the wave function according to the relation
n=w*
Thus
Al=TEE (3-3-17)
Using the complex energy statistical distribution in equation
n =ngyett/fm gin—% (3-
0 o
3-18)
Following the same procedures in equation from (3-1-6) to (3-1-12) one gets the line width in the form
We~AA~e T sinmt (3-3-19)
I=l,e TsinIIT
6.5
5.5 "\
4.5 \
—~ 3.5 \
Z 15 \
~ 05 ‘ 7N
220 \ A 4 6 8 10
LV
-2.5
T(°K)
Fig (3-3-1)

If one using the expression for the total number of electrons resulting from multiplying the number of
electrons in each atom by the number of atoms, one gets
w~ai~cosF E, cosfE,

~cosl0TcosT (3-3-20)
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I=cos10T cosT

1.5

=\
0.5 /\ /"130,0.49

_0_. i, V/ v/ . 1N 150

-1.5

I{a.u)

T(°k)

Fig (3-3-2)
Where one follows the same procedures used for the intensity expression derived for complex energy by
using Maxwell's distribution.( see equation )(3-1-20)
The use of quantum expression in equations (3-2-20) together with equation (3-3-17) leads to

WA i~sinTsin3T (3—3-21)

1=10 sinTsin3T

1: ~\ ~\

A N A

p ) fU 200 &00 400/500 GO\V?(O 800
N

-10

I{a.u)

T(°k)

Fig (3-3-3)

IV.  Discussion

The relation between Intensity and temperature for Neon (Ne) see fig. (2-4-2-1) resembles that
obtained theoretically in equations (3-1-5) and (3-1-8) ,for the case when the temperature Is non-uniform[ see
fig (3-1-1)].Thus
E, E;~kT

And the electric static potential is assumed to be uniform. This agrees with the fact that the gas is
heated at the bottom, where it is very hot, while its temperature at the top is less. The same empirical relation for
Ne can be explained by using quantum mechanics model in Fig (3-2-1) .
The model based on semi classical harmonic oscillator and quantum mechanics explains the effect of
temperatures on the line width of the spectrum for the gases Bhutan (C;H;z) , Neon (Ne), Fluorine( F2) and
chlorine (CL2).

The comparison of Figs (2-4-1-2) with Fig (3-3-2), (2-4-2-2) with Fig ~ (3-3-3) , (2-4-4-2) with Fig
(3-3-2) and(2-4-3-2) with Fig (3-1-2) shows that the theoretical relations of line width with temperatures
resembles the corresponding empirical relation .

V.  Conclusion
The effect of temperature on spectra of gases can be explained by using non equilibrium statistical laws
derived from plasma equation as well as aquantum and semi classical models for harmonic oscillator.
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