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Abstract

In this study linear and angular scattered intensity of different samples were
measured also the reflectivity of samples as a mean of safety was determined.
Samples were chosen according to the, availability and uses in laser clinics and
laboratories. Samples under study were Aluminum with different coatings, glass, and
ceramic.

Two types of lasers were used as a source of irradiation; He-Ne laser (A =
632.8nm, P = 1mW), Diode laser (A = 808nm, P = 500mW). The detection systems
used were: photomultiplier for the former and I.R detector for the later.

The reflectivity of samples was determined for different materials at different
incident angle (10°, 20°, 30°)

The values of linear scattered intensity was measured at scattering angle (10°),
and the distance between detector and samples had been changed, this shows inverse
relation due to the interaction of the scattered beam with air molecules.

In angular scattering the measurement was achieved using a chamber in two
situations, before and after covering the chamber. The internal reflection increases
the scattered intensity values, and covering of chamber by isolated material that
eliminates the internal reflections.

In all samples the result of angular scatter shows a dependence of the
scattering angle at a fixed incident angle. Al(2) shows higher values of scattered
intensity compared with other samples because it’s a polish surface, that means use of
this sample in clinics and laboratories may be hazardous.

Also the reflectivity (R) was measured for all samples; reflectivity of

aluminum samples is high compare with glass and ceramic.
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Peak values of scattering intensity were obtained when the incidence and
reflectance angle are equal.
The reflectivity of all samples varied with the incident angle the high value in

Al(2).

adlize g9l o sl s9ia) ol il ozl caiid] Gwlé e camdl 13n 0
OloYl o a9 420) . aoaximal| o liusdl oz amwlSa¥l Gubis e Lol wlgall o
bl (8 Lgoloziw] 8,58 g Wy ,94i) Slgall 03 HLiz| o5 lgall 0dd ploaziwl 9
AaSs anall Lol oW Slolsdl (18 asszisol| aslixoll il )slao) avmaxoll
asllas pgigalVl o whsk) (b slgall 03d g calell o) Jolzoll (2 aorximll
(daol g ,zlz aslize 0lsll

=290 Jolau) Vs podligll L Jio aslie ay il obas plasiwl os
0,385 yiogili 808 (zgall algl) bt ) 5 (bolg ol 0,38 , siogali632.8
99 JoYI aaall go igiall cacliasll on paziwl sl cawlSl . (loly (o500
il amolS¥ Gulid o5 .chhamdl e asi¥] cawlS plaxiwl o5 apli] dI
(30°520°510°) bogiw Llg; 2ic lgreaz aoxrsimoll

x> o uio cxiiid] aglj cilSs asluall juss o5 sl cai] Golid aic
sl randl o asluod| s go amuSe asMall colS ,(°10)aul lgiosdg
ol Jami (ngd o)l ol im il cumn caiinid] dowd cals adlucall 550 ju, aissllg
cazio¥| Hangi

s o oS0l Lapas craoo ads plaxiwl pi sol )l el A (o Ll
oo leardis pi g sl Elgil o 95 o addsdl cunom aslixe Llgj N5 caiull
sy il aopd eds WWly sl oSl Julid ol jle oolo plaxiwl J51aJl

SN 2y aine o aod calini aslizedl wlpedl W julaodl il
Lo (AI2 35S0 al ) Lisall oMUl llnall it posisal¥l all> 3 puill alel calnu
caiill ad Glelblxall jags cumy 38 slgall o £oill 13n plaxiw! Ol iz
Liolrdly 5 3l Y ol go ailio porigaldl wlius Al (8 el



bl asgl; aie bogamll asl; pmss > 28 Sl pud calel el

Contents

a Yl

Dedication
Acknowledgement
Abstract English
Abstract Arabic
List of Figures
List of Table

Contents

CHAPTER ONE

Introduction & Basic Concepts
1-1Introduction
1-2 Electromagnetic Spectrum
1-3 Laser Physics
1-3-1 Interaction of Light with Matter
1-3-1-1Induced Absorption of a Photon by Atom
1-3-1-2 Spontaneous Emission of a Photon
1-3-13 Induced Stimulated Emission
1-4 Population Inversion
1-5 Properties of Laser
1-5-1 Monochromatic
1-5-2 Collimated
1-5-3 Coherence
1-5-3-1 Temporal Coherence
1-5-3-2 Spatial Coherence
1-5-4 Brightness
1-5-5 Tunability
1-6 Elements of Laser
1-6-1 Excitation Mechanism
1-6-1-1 Three and Four —Level Schemes
1-6-2 Feedback Mechanism
1-6-3 Active Medium
1-7 Lasing Action
1-8 Types of Lasers

vi

oSVl aglj sl

II
III
v

XI
XIII

VI



1-8-1 According to Active Medium
1-8-1-1 Solid State Laser
1-8-1-2 Gas Lasers
1-8-1-3 Liquid and Dye
1-8-1-4 Chemical Lasers
1-8-1-5 Semiconductor Lasers
1- 8 1- 6 Other Types of Lasers

1-9 Helium-Neon Laser
1-9-1 Excitation Mechanism of He-Ne laser
1-10 Diode Laser
1-11 Laser Hazards
1-11-1 Beam Hazard
1-11-1-1 Eye Hazards
1-11-1-2 Skin Hazards
1-12 Non beam Hazard
1-13 Classification of Laser Hazards
1-14 Optical Detection
1-14-1 Light Detectors
1-14-1-1 Photon Conductive
1-14-1-2 Photo Voltaic
1-14-1-3 Photoemissive
1-15 Detector Characteristics
1-15-1 Responsivity
1-15-2 Noise
1-15-3 Detectivity
1-15-4 Quantum Efficiency
1-15-5 Speed of the Detector
1-15-6 Linearity
1-16 Photon Detectors
1-16-1 Photomultipliers
1-17 Objectives of the Work

CHAPTER TWO

Theoretical Background

2-1 Introduction
2-2 Interaction of Light with Matter
2-2-1 Absorption
2-2-2 Refraction
2-2-3 Reflection
2-2-4 Reflectivity and Fresnel Equations
2-2-5 Diffraction
2-2-6 Scattering

vii

19
19
20
22
22
23
24
25
26
26
27
27
27
29
30
31
32
32
32
32
33
33
33
33
34
34
35
35
35
35
37

39
39
39
40
41
43
44
44



2-3 Scattering Processes
2-3-1 Elastic Scattering
2-3-1-1 Rayleigh Scattering
2-3-1-2 Mie Scattering
2-3-2 Inelastic Scattering
2-3-2-1 Brillouin Scattering
2-3-2-2 Raman Scattering
2-3-2-3 Compton Scattering
2-4 Coherent Scattering
2-5 Differentiating Between Dynamic and Static Light

Scattering

2-6 Mie, Rayleigh, and Fraunhofer Light Scattering Theories

CHAPTER THREE

Experimental Work
3-1 Introduction
3-2 Experimental Set-Up
3-2-1 Chamber
3-2-2 Detector
3-2-2-1 Photomultiplier
3-2-3 Digital Multimeter
3-2-4 Laser Light Sources
3-2-4-1 Helium-Neon Laser
3 - 2-4-2 Diode Laser
3-2-5 Samples
3-3 Experimental Procedure
3-3-1 Measurement of Linear Scattering Using He-Ne

Laser
3-3-2 Measurement of Angular Scattering Using He-Ne

Laser
3-3-3 Measurement of Angular Scattering Using Diode

Laser
3-3-4 Measurement the Reflectivity

Chapter Four

Result and Discussion
4-1 Introduction
4-2Measurement of Linear Scattering by Using He-Ne laser
4-3Angular Scattering Before and After Covering the

viii

46
49
49
51
51
52
52
53
53
54

55

58
58
59
60
60
61
61
61
62
62
63
63

63

63

64

66
66
69



Chamber
4-4Measurement of Angular Scattering Intensity by

Using Diode Laser

4-5 Reflectivity of Samples
4-6 Conclusion

4-7 Future work

4-8 References

List of Figures

1-1 Electromagnetic Spectrum

1-2 Light Wave

1-3 Induced Absorption of a Photon by an Atom

1-4 Spontaneous Emission of a Photon

1-5 Stimulated Emission of a Photon

1-6 Maxwell & Boltzman Distribution for an Atomic System in

ix

76

79
86
87
88

OO bW



Thermal Equilibrium Condition

1-7 Monochromaticity Compared to the Conventional Light 10
1- 8 Collimated Laser Beam Compared with the 11
U Uncollimated Beam from a Flash Light

1-9 Coherent Laser Beams 12
1-10 The Basic Components of a Laser 14
1-11 Three and Four Level Scheme of an Active Material. 15
1-12 Absorption of Visible and Near Infrared Radiation 29
1-13 Basic Structure of the Photomultiplier Tube (PMT) 36
2-1 Refraction Angles 40
2-2 Reflection 42
2-3 Image of Point Source 42
2-4 Reflection from a Rough Surface 43
2-5 Planes of Incidence and the Interface 44
2-6 Scattering of Volume of Particles 48
2-7 Elastic and Inelastic Scattering 48
2-8 Rayleigh Scattering 51
2-9 Interaction of Incident Light with Matter in the Raman 54
Process

2- 10 Coherent Scattering 55
3-1 Block Diagram of Experimental Set-up 58
3-2 Photograph of Experiment Set-up System 59
3-3 Photograph of Sample Inside Chamber 59

4-1 Distance Between Detector and Samples V Scattered

Intensity Using He-Ne laser 68

4-2 Scattering angle V, Scattered Intensity Using He-Ne Laser at 74

Distance (225.5mm) Before Covering the Chamber
4-3 Scattering angle V; Scattered Intensity Using He-Ne Laser at 74

Distance (291.5mm) Before Covering the Chamber
4-4 Scattering angle V Scattered Intensity Using He-Ne Laser at 75

Distance (225.5mm) After Covering the Chamber
4-5 Scattering Angle V, Scattered Intensity Using He-Ne Laser 75

at Distance (291.5mm) After Covering the Chamber

4-6 Scattering Angle V; Scattered Intensity Using Diode Laser 78
4-7 Scattering Angle VReflectivity Using He-Ne Laser 84
at 91:10o
4-8 Scattering Angle V, Reflectivity Using He-Ne Laser 84
at 91:20o



4-9 Scattering Angle V, Reflectivity Using He-Ne Laser

at 912300
4-10 Incident Angle V, Reflectivity at Peak Values

List of Tables

1-1Examples for Solid State Lasers

1-2 Examples for Gas Lasers

1-3 Examples for Liquid and Dye Lasers
1-4 Examples for Chemical Lasers

1-5 Examples for Semiconductor Lasers
1-6 Examples for other Types of Lasers
1-7 Classification of Laser Hazards

2-1 Elastic Scattering Process

2-2 Inelastic Scattering Process

3-1 Specification of Chamber

3-2 Specification of Photomultiplier

3-3 Specification of Digital Multimeter
3-4 Specification of He-Ne Laser Source
3-5 Specification of Diode Laser Source
3-6 Specification of Samples

4- 1 Linear Scattering of Laser Beam from Different Aluminum

Surfaces Using He-Ne
4-2 Angular Scattering of Laser Beam Before Covering the

Chamber Using He-Ne Source at Distance (225.5mm)
4-3 Angular Scattering of Laser Beam Before Covering the

Chamber Using He-Ne Source at Distance (291.5mm)
4-4 Angular Scattering of Laser Beam After Covering the

Chamber Using He-Ne Source at Distance (225.5 mm)
4-5 Angular Scattering of Laser Beam After Covering the

Chamber Using He-Ne Source at Distance (291.5 mm)

Xi

85

85

19
20
21
21
22
22
31
49
49
60
60
61
61
62
62

67

70

71

72

73



4-6 Result of Scattering Intensity Using Diode Laser Source

at Distance (145.5 mm)

4-7 Reflectivity at Incident Angle 10°
4-8 Reflectivity at Incident Angle 20°
4-9 Reflectivity at Incident Angle 30°
4-10 Reflectivity at Peak Value

xii

77

80
81
82
83



