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Abstract

In this research, the effect of heat on the optical properties of glass was
investigated, and we studied whether ordinary glass shows any non-linear

behavior by heat or not.

The method that was used is by applying a He-Ne laser to a glass sample
(soda-lime glass), then applying a heat source perpendicular to the glass.
Heat increases the kinetic energy of glass particles by vibration of
molecules. This vibration may increase the susceptibility of glass to

absorb light or may turn it into a non-linear material.

From results and graphs, it was found that the optical properties of the
glass has changed, and the glass behaves nonlinearly through heating and

cooling processes (from T = 85°C until the end of cooling process).

——
<
| —




EURECIR|

J Al g el 4 I K 2 ® B e gaadll A3 o8 a8
13) Le sl y0 5 ezla 3l &y el [ailasll Al il e b canall 1aa b
Noal o, all Gish e cha e @lu 6l eday galadl zla ) S

za)) gl due o Garmasbied) ) Guki A e (o Lgaladiul o3 ) 45 k)
e 23 8l pall Zlall e Gasae 58 Cuna 5 )l a sas Gubd &3 (el o gl
AL (e 23 8 Sl YN I Gl all D5l Gk g gl Sl Gl Sl A8 jal) ddl
Ak e bale Jalgay 38 5 guall Galaial Lo zla )

zaol Oy eyt 38 gl Sl &y jeadl Gailadll o aa g bl o gl gl JSA (e
Alas 4les (8 T =85 °C 0o ) 2ol pail) (Jilee 335k o Glad W 1S sl by
(2l




Table of Contents

Topic Topic Page
No. No.
1 ) |
2 Dedication I
3 Acknowledgements Il
4 Abstract v
5 aliinll \%
6 Table of Contents Vi
7 List of Figures VIl
8 List of Tables X
CHAPTER ONE
Introduction
1 Introduction 1
2 The Problem of the Research 2
3 Aims of the Research 3
4 Research Methodology 3
5 The Outline of the Research 3
CHAPTER TWO
Introduction to Laser Physics and Nonlinear Optics (NLO)

1 Introduction 4
2 Introduction to Laser 4
3 Nonlinear Optics (NLO) 15

——

\

'




CHAPTER THREE
Materials and Method

1 Materials 25
2 Apparatus 25
3 Method 28
CHAPTER FOUR
Results, Discussion, Conclusions and Recommendations
1 Results 29
2 Discussion 34
3 Conclusions 34
4 Recommendations 35
5 References 37

——

VI

'




List of Figures

Figure Title Page

No.

Fig. 2.1. Schematic illustration of the three processes: (a) 7

absorption (b) spontaneous emission, (c) stimulated emission.

Fig. 2.2. (a) Geometry of second-harmonic generation. (b) 17

Energy-level diagram describing second-harmonic generation.

Fig. 2.3. Sum-frequency generation. (a) Geometry of the 19

interaction. (b) Energy-level description.

Fig. 2.4. Difference-frequency generation. (a) Geometry of the 20

interaction. (b) Energy-level description.

Fig. 2.5. The optical parametric oscillator. The cavity end 21

mirrors have high reflectivities at frequencies w, and/or ws. The

output frequencies can be tuned by means of the orientation of

the crystal.

Fig. 2.6. Third-harmonic generation. (a) Geometry of the 22

interaction. (b) Energy-level description.

Fig. 2.7. A light wave acts on a molecule, which vibrates and 23

then emits its own light wave that interferes with the original

light wave.

Fig. 2.8. If irradiance is high enough, vibrations at all 24

frequencies corresponding to all energy differences between

populated states are produced.

Fig. 3.1. Soda-lime glass sample. 25

Fig. 3.2. He-Ne laser device. 26

Fig. 3.3. Photo-detector device. 27

——

VI

'




Fig. 3.4. Electric heater device. 27
Fig. 3.5. Shows the setup of the experiment. 28
Fig. 4.1. A graph Showing the relationship between temperature 31
(°C) in the case of heating against current intensity I, (LA).

Fig. 4.2. A graph Showing the relationship between temperature 32
(°C) in the case of cooling against current intensity I, ( LA).

Fig. 4.3. A graph showing the relationship between temperature 33

(°C) in the case of heating and cooling against current intensity
I, , I. (LA). The red line represent the heating case, and the blue

line represent the cooling case.

——
>
| —




List of Tables

Table Title Page
No.
Table 4.1. Shows the current intensity | (LA) readings 29

(in the case of heating (h), and cooling (c) )

corresponding to each temperature T (°C).




