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COURSE SYLLABUS

1- Introduction (historical overview) [1 lecture]

2- Review of E&M theory (Chapter 1) [2 lectures]

3-Ray tracing (ABCD matrix method) (Chapter 2) [3 lectures]
4-Gaussian Beams (Chapter 3) [4 lectures]
5-Optical Cavities (Chapter5 & 6) [2 lectures]

6-Gain Medium (field-atominteraction) (Chapter 7) [5 lectures]
7- Laser Oscillation (Chapter8) [4 lectures]

8- General Laser Characteristics (Chapter9) [6 lectures]

O- Various Laser Systems (Parts of Chapters 10 & 11) [3 lectures]



Introduction (historical overview)

Laser Turns 5@ 52 54.!

LASER: Light Amplification by Stimulated Emission of Radiation

May 17, 1960
Ted Maiman



A Brief History of Laser

>Quantum mechanics is born: Planck (1900), Bohr (1913)




1924: Richard Tolman hints at amplification

“The process of negative absorption... from analogy with classical
mechanics would presumably be of such a nature as to reinforce the
primary beam.” Phys. Rev. 23, June 1924. (First recognition of the
possibility of maser/laser amplification?)



« (1928) Observation of negative absorption or stimulated emission near to
resonant wavelengths, Rudolf Walther Ladenburg
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A Brief History of Laser

» MASER is invented (Townes, Basov and Prokhorov) 1954

1951-1954: The Ammonia Maser

« Townes invents the ammonia beam maser 1951

- The early moming “park bench” invention

+ First successiul operation by Gordon, Zeiger & Townes April 1954

- In Townes' lab at Columbia University

- A weak narmrowband 22 GHz oscillator / amplifier / atomic clock

- Townes and students coin the name MASER

- Basov and Prokhorov achieve similar results in the Soviet Union

«Some critics (then) called it(the MASER) : Means of Acquiring Support for Expensive Research!



1954: Charles Townes and Jim Gordon: the NH3 maser




> Laser operation is predicted by Shawlow and Townes (1957)

Late 1950s: Evolving toward the laser . . .

« Schawlow & Townes’ proposals 1957-1958
- Detailed analysis of laser theory and reguirements
- Published as lengthy Fhys Rev paper in Dec 71958

- Stimulated much intferest among other workers

* The First QE Conference (Shawanga Lodge) Sept 1959
« Organized by Townes, published by Columbia
- Browght fogether all the active peaople i the field

« Gordon Gould & his ideas Late 1957

- The notebook, the candy store nolary,
and the Thirty-Year Patent Wars

Gorgan Gould and colieague in their laboratory.



The Laser Happens!
May 17, 1960

Theodore H. Maiman

" Stimulated optical radiation in ruby " Nature Vol 187 p. 493 (Aug. 6, 1960)

Shielding Tube  Flash Tube

Reflecting Laser beam

Mirror To power supply

.....just another maser !!??




1960: The Laser Era opens.. . .

« The ruby laser (6943 A)
- Maiman, Asawa and D'Haenens, Hughes Res Labs

- Immediately reproduced by numerous laboratories

= Trivalent uranium in cooled CaF2 (2.5 pm)
- Sorokin and Stevenson, [BA Res [abs

- First four-level solid-stale laser

« Divalent samarium in CaF2 (7085 A)

- Also Sorokin and Srevenson. 1B

May 1960

mia—1960

~NMov 7960

- First He-Ne gas laser (1.15 pm)
- Javan, Benneft & Herroft, Bell labs
- RF excitation, ‘collisions of the second kind”

~flec 7960




Alil Javan and the
He-Ne Laser

First continuous-wave (CW), gaseous laser




1963—-1966: The immensely rapid evolution continues

« Liguid /asers Lempicki & Samelson 1963
f - Laser mode locking Various groups 1963
« CO2 /aser Kumar Patel 1964
- Na'YAG /aser Joe Geusic ef al 1964
\° fon lasers Bill Bricdges, Gene Gordon 1964
« Jodine photodissociation /aser Kasper & Fimente! 1964
- HC/ chemical laser Kasper & FPimente/ 1965

- Organic aye /asers Feler Sorokin, Fritz Schaerer 1966



1961: First [aser medical treatments

T December 1967 the Colimmbia-Fresbyternan Hosopital
used a laser on a fhwnnan patient ror the first time,
destroying a retinal tumor with the American Optical

fruby laser] photocoagiuiator. ™

Joan Lisa Bromberg
The Laser in America, 1950—1979

Laser History Project / MIT Press, 1991



Laser was also once called:

“solution looking for a problem!!”

By: Lawrence Sutherland


http://www.imdb.com/video/wab/vi1636107033/
http://www.imdb.com/video/wab/vi1636107033/

Charles Townes, How the
Laser Happened: Adventures
of a Scientist (1999)

How
the Laser
Happened

ADVENTURES OF A SCIENTISTY
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Theodore Maiman, The
Laser Odyssey (2000)

The Laser Odyssey

by
Theodore Maiman

REATOR OF THE WORLD'S ST LA




LASER: The Inventor, the
Nobel Laureate, and the
Thirty Year Patent War
(biography of Gould by
Nick Taylor; 2000)







2.5 Main Components of a Laser

Power Supply or Pump Source

Examples are arc-lamp, another laser, electric discharge, chemical reaction, electrical current,
Gain (Amplifying) Medium

Can be solid, gas or liquid

Laser Cavity (Resonator)

Example: two mirrors

Energy input by pumping

Total Partial
reflector reflector
Qutput
Amplityi di
mplifying medium beam
- Laser cawvity -
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2. What is a laser?

2.1 Whatis light?!

+«»Electromagnetic radiation:

E = éE, cos(awt —kz +qp)‘

-~ 2T . .
k = —§=—§ = wavevector
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A=wavelength
p=phase
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E =instantanous electric field
E, = amplitude

€ = polarization vector
w=2rv =2rc| A=frequency
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Section2.1 p.2

Light Intensity (1) and Power (P)

Since optical frequencies are very high (>10'4 Hz), the detectors measure a time average of the flux
density contained in the electromagnetic field. This is called the light intensity and has units of power
per unit area:

. b
|:%EZZM f:/ eam area
2 °  Adarea)

E,(V /cm) ~ 27 I (W /cm?) /n
» N=refractive index (depends on wavelength: dispersion)

> Cc=speed of light in vacuum (3x10° cm/sec)

> &= permittivity of free space (8.85x10-*2F/m)

Another commonly used attribute of light:
Brightness= Power/(Solid Angle.Frequency)
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2.2 \Whatis a Photon?

In addition to the wave nature, light (electromagnetic waves) also can be viewed as stream of quantum
particles with energy of each particle is given:

E=hv=hc/A
where h=6.63x10-34 J-sec is the Plank’s constant.

Photon density in an optical beam (humber of photons per unit volume):

|
" hve/n

P

useful formulas: A(um)=1.24/E(eV)
A(im)=10000/E(cm™1)
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2.3 Temporal and Spatial Coherence

» Temporal Coherence: The phase ¢(t) can vary randomly with time.

The coherence time (7, ) is defined as the mean interval between such random variations.

W

C

» Spatial Coherence: The phase ¢(r) can vary randomly with transverse distance of an extended source

Spatially coherent

]

v
N

Spatially incoherent

—
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Interferometers

(Measuring the Coherence Properties of Light)

mirrors

A

A

beam splitter

z(delay)

Example: Michelson Interferometer

Intensity

Section2.3 p.2

detector

z(delay)
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2.4 Propertiesof Laser Radiation

> High degree of temporal coherence (almost single wavelength)

»High degree of spatial coherence (highly directional, low divergence)

» Efficient (e.g., wall plug efficiencies of 50% in semiconductor lasers)

»>\ery very short pulses (<10 fs) have been generated

»>High average (e.g. > 100 kW!) and peak powers (e.g. > 10 TW!) can be achieved
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Laser versus white light bulb: a comparison Section2.4 p.2
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