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Summary

Á Some laser history

Á Airborne Laser Testbed & COIL

Á Laser modes and beam propagation

Á Fibre lasers and applications

Á US Navy Laser system ïNRL 33kW fibre laser

Á Lockheed Martin 30kW now 60kW fibre laser

Á UK activity

Á Textron are offering 150kW beam weapons

Á Conclusions
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Brief History and Evolution of 

Lasers

Á1917 - Albert Einstein developed the concept of 

stimulated emission, which is the phenomenon 

used in lasers

ÁIn 1954 the MASER was the first device to use 

stimulated emission (Townes & Schawlow). 

Microwave amplification by stimulated emission of 

radiation
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Brief History of Lasers

Á In 1958 Townes & Schawlow 

suggested that stimulated 

emission could be used in 

the infrared and optical 

portions of the spectrum

Á The device was originally 

termed the optical maser

Á This term was dropped in 

favour of LASER. Standing 

for Light Amplification by 

Stimulated Emission of 

Radiation

Charles Townes & Jim Gordon at Columbia University 

in 1954 with their second working MASER
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1st Laser - Ted Maiman 15th May 1960
- working alone and against the wishes of his boss at Hughes 

Research Laboratories

Electrical Engineer
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Maimanôs Ruby Laser - 694.3 nm

Synthetic pale pink ruby crystal Al2O3 

containing about 0.05% by weight of Cr2O3

New York Times

8th July 1960,

Wrong Ruby Crystal

is shown here.

The journalist didnôt

like the actual stubby

crystal. This crystal 

was used later
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Stimulated Emission

Atoms in Ground State

Flash lamp excites Cr+++

Spontaneous emmision

Stimulated emission

Stimulated emission

Laser output pulse
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Coherence and Focusing

Spatially & temporally

incoherent:out-of-step

& various wavelengths

Spatially Coherent

Temporally coherent

single wavelength

Spatially & temporally

coherent- only 1% left

Laser Light

100% coherent 
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A Beam Focusing Lens and an Assist Gas 

Nozzle is required for all but UV lasers

Gases: Oxygen, Nitrogen,

Argon, Helium etc.

http://www.youtube.com/watch?v=uuLAkC6jrP0 laser cutting

http://www.youtube.com/watch?v=uuLAkC6jrP0
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Evolution of Industrial Lasers

1990 201020001960 19801970

Industrial Application

Research

CW CO2

Excimer 

Diode-pumped

Fibre

Pulsed CO2

Solid State
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High Power Materials Processing 

Lasers

ÁCarbon Dioxide - up to 100kW more usually 2 to 

7kW - 10.6mm[14,16]

ÁNd-YAG - up to 4.5kW - 1.06mm - diode pumped[17]

ÁDiode Lasers 2 kW

ÁFibre Lasers 10kW single mode 50kW multimode 

>25% efficiency 1.064mm

ÁChemical oxygen iodine laser, or COIL, is 

an infrared chemical laser ïwavelength 1.315 µm, 

a transition wavelength of atomic iodine
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The Boeing YAL-1 Airborne Laser 

Testbed (ALTB)

Á The Boeing YAL-1 Airborne Laser Testbed 

weapons system was a megawatt-class chemical 

oxygen iodine laser (COIL) mounted inside a 

modified Boeing 747-400F. 

Á It is primarily designed as a missile defense system 

to destroy tactical ballistic missiles (TBMs), while 

in boost phase.

Á Contractors: Boeing Defence (Aircraft), Northrop 

Grumman (COIL), Lockheed Martin (Nose turret and 

fire control system)
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Megawatt Airborne Laser Test Bed 

(ALTB)

16 years of development and a cost of over $5 billion
Amy Butler (December 21, 2011). "Lights Out For The Airborne Laser". Aviation Week
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Chemical oxygen iodine 

laser (COIL)

Á The laser is fed with gaseous chlorine, 

molecular iodine, and an aqueous 

mixture of hydrogen 

peroxide and potassium hydroxide.[12]

Á The excited oxygen has a spontaneous 

lifetime of about 45 minutes.

Á This allows the singlet delta oxygen to 

transfer its energy to the iodine molecules 

injected to the gas stream; they are 

nearly resonant with the singlet oxygen, 

so the energy transfer during the collision 

of the particles is rapid. 

Á The excited iodine then 

undergoes stimulated emission and lases 

at 1.315 µm in the optical 

resonator region of the laser

Challenging resonator conditions 

difficult to get a low M2
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Chemical oxygen iodine laser (COIL) 

limitations

Á The heart of the system was the COIL, comprising six 

interconnected modules, each as large as an SUV. 

Each module weighed about 6,500 pounds (3,000 kg).

Á Each 747 could carry enough laser fuel for about 20 

shots. 

Á To refuel the laser, YAL-1 would have to land.

Á To maintain a safe (700 km) firing distance from the 

launch site, it would need a laser something like 20 to 

30 times more powerful than the chemical laser 

currently in the plane.

Á The adventure in this project is commendable, only 

the USA could have completed this, I am sure many 

useful technologies were understood.
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Integrated Detection Systems

Space Based Infrared Systems (SBIRS)

Defense Support Program (DSP)

Space Tracking and Surveillance System (STSS)


