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What do you know about
LASER ?

RUPRECHT-KARLS-
UNIVERSITY HEIDELBERG

Computer Assisted Clinical Medicine

Dr. Melanie Heilmann Acronym

11/12/2009 | Page 4

LASER

Light Amplification by Stimulated Emission of Radiation
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Albert EINSTEIN

*14.3.1879, Ulm / Germany
1 18.4.1955, Princeton / USA
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Components of the first ruby laser
HXFE-reflc

mirvos iaele flash tilse

Theodore Harold
MAIMAN

*11.7.1927, Los Angeles / USA
1 5.5.2007, Vancouver / Canada
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Jfor fundamental work in the field of quantum electronics, which has led to the

construction of oscillators and amplifiers based on the maser-laser principle”

Charles Hard Nikolay Gennadiyevich Aleksandr Mikhailovich
TOWNES BASOV PROKHOROV
* 28.7.1915, Greenville / USA *14.12.1922, Usman / Russia *11.7.1916, Australia
1 1.7.2001, Russia 1 8.1.2002, Moscow / Russia
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T x~
Phﬂ‘on

rad[o

PHﬁTH SELF-IBEMTITY PROBLEMS 7
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Tissue

Dr. Melanie Heilmann Wave —_— Particle Dualism

v

Matter | <

De Broegle
(1924)

Wave-like
behavior of
electrons

\4

particle

Quantum

optics

effect

Einstein (1905)
Quanta of light
in photoelectric
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Light quanta

inology

Photons ()

E =hv

E: energy
h: Planck's constant

v: frequency

El.magn.waves
y(t)=1,-ew

A

>t
N4

A=c/vVv

¢ = 3-108 m/s (light velocity)

A: wave length
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THE ELECTRO MAGNETIC SPECTRUM

Wavelength
{metres)
Radio Microwave Infrared  Visible Ultraviclet X-Ray  Gamma Ray
1 1 1 1 | 1 [
L] L] T T ] T L]
103 102 1075 100 108 10°10 10712
i Quantum
h(v:av;e : (particle
character) Frequerm character)
04 108 1012 ' 1015 1016 1018 1020

[

Visible spectrum: A =400-700nm, v=75-4-10"Hz
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At a planar dielectric surface Normal

* (Total) Reflection
¢ Transmission
» Refraction

media: air, water, glass, ...

dielectric: insulating, non-conducting
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angle of incidence = angle of reflection

Reflected ray

Normal

Incident ray

Mirror
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Light transmission

Virtual Image Observed by Refraction

Normal . .
: refractive index n
/ i ﬂ{gﬁwﬁ mage Seen
0! vacuum: 1 e

air: 1.0003
water: 1.333

crown glass: 1.5

Actual Position
of Fish

L1

n-sin(@) =n"sin(4')
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Examples:

Normal

. (n
Critical angle: | 6, = arcsm(—'j
n

Fiber optic cable
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« refractive index is wavelength dependent: n(A)

n inside

light dispersion

outside

Nousige NIGNeEr or lower than Ny qiqe
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« refractive index is wavelength dependent: n(\)

inside

light dispersion

n higher or lower than n

outside inside
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« refractive index is wavelength dependent: n(\)

* phase velocity # group velocity: Dispersion

light dispersion
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Wavelength Phase velocity
(EM radiation: light velocity ¢ = 3-108 m/s)

A c vacuum
Vph = — = .
T c/n(A) media

Angular frequency:
(velocity in radians per second)

Period

a)=2—”=27£-v
T

1

Frequency: V = —
T 360° 2 27
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EM Fields:

- defined by two vector fields: ’

« Electric Field  E(r,t) ~
» Magnetic Field H(F,t)

- caused by
~

propagation
direction

* Electric charges

« Electric currents
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- Electric Field  E(T,t)
« Magnetic Field H(F,t)

- Wave vector  k(T,1)

~
%
Magnetic Field is in the XY Plane

Electric Field is in the XZ Plane
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Electric displacement field:

Magnetic induction:

Electric Field is in the XZ Plane

Mag\nelic Field is in the XY Plane

In dielectric / magnetized media

D=ef+P
I\

Electric field Polarization
B=,H+M
/ AN

Magnetic field Magnetization
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1. Charges are the sources of electric fields

VD=p

\ E field lines

Divergence of electric field is 7

ﬁ D . dA — q( V) affected by charges Z
oV

2. Magnetic monopols do not exist

Magn_etic
VB =0 Opposite  magnetic  field A feld fines
- divergences are created from
magnetic dipoles. -

In the absence of magnetic

ﬁg . dA = 0 monopoles, divergence of the
aVv

»

magnetic field lines is always
zero.
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3. A changing magnetic field creates an electric field

vxE=_%8
ot
E.d] = - 9es
35 ot

4. Magnetic fields are created by electrical current and by changing electric fields

VA=, +22

ot
A.dT =, + 22os
S at
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LASER

Light Amplification by Stimulated Emission of Radiation
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100 % mirror 90 % mirror

active medium

— R
— :>
LTl

( O
high power flash lamp

LASER light
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Next Lecture

2. LASER Systems |
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