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Laser fusion

• Compression of D-T filled glass 

pellet to get

– Temperature: 100,000,000K

– Density: 10, 000g/cc

For 1 picosecond (10-12 seconds)

D-T fuse to form He, plus excess 

energy





Megawatt laser



Target chamber - Vulcan (Oxford)



Optics factory







Engineering applications

• Machining, cutting, welding 
– materials processing

– Small structures

• Sensors

– Remote sensing

– Seismic monitoring

• Displays

– Reprographics

– HUD/VR systems

– Projection TV

– Holography

• Data handling

– Data storage:

• CD, CR/R, CD/RW, DVD, 
etc

– Data processing – optical 
computing

– Optical communications 
– next topic







CD tracks



Laser machining





Microstructures



Microstructures











Laser guide star adaptive optics



Laser guide star adaptive optics

A distant double star system, 53 x Ursa Major, is viewed through a 1.5-m 

telescope at the Phillips Laboratory’s Starfire optical Range.

Uncompensated With compensation



Medical applications

• Surgery – laser scalpels

• Retinal welding

• Corneal ablation

• Selective removal of birthmarks



James bond



Laser eye surgery



Excimer laser beam
from optics

Adjustable iris
diaphram

Stepwise ablation
of corneal surface

Laser eye surgery

Concentric rings expand 

as the iris opens up to

cover the entire area

Side view Face view



Laser cosmetic surgery



Laser cosmetic surgery



0.1 Electromagnetic Waves

An oscillating electric charge creates oscillating variation of the electric (and also magnetic) 

field. The oscillations spread away as an electromagnetic wave propagating at the speed of light. 

In a uniform dielectric medium with permittivity ε = εr ε0 and permeability μ = μ0, Maxwell's 

equations yield simple solutions for the vector fields of electric intensity E and magnetic intensity 

H. 

E = E0 cos (ωt - βz) ax and H = H0 cos (ωt - βz) ay

These two equations represent plane wavefronts (x-y plane) moving in the z direction with speed v = ω/β = 1/sqrt (μe) = c/n,

where c is the speed of light in free space and n = sqrt (εr) is the refractive index of the dielectric medium. There is sinusoidal variation of 

magnitude of the E and H vector fields which are aligned at the right angles to each other, and the direction of propagation.

Electric field E

Power Intensity

I = (1/2) c ε E0
2
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1.1 Monochromaticity

The light emitted by lasers is different from that produced by more common light sources such as incandescent bulbs, 

fluorescent lamps, and high-intensity arc lamps. An understanding of the unique properties of laser light may be achieved 

by contrasting it with the light produced by other, less unique sources. 

All light consists of waves traveling through space. The color of the light is 

determined by the length of those waves, as illustrated in Figure.

Comparison of the wavelengths of red and blue light 

Wavelength is the distance over which the wave repeats itself and is 

represented by the Greek letter λ (lambda). Each color of visible light has its 

own characteristic wavelength. 

The Electromagnetic Spectrum 



The beam of a helium-neon gas laser is a very pure red color (~ 632.8 nm). It consists of an extremely narrow range of 

wavelengths within the red portion of the spectrum. It is said to be nearly ”monochromatic”, or nearly "single-colored“. 

Near-monochromaticity is a unique property of laser light, meaning that it consists of light of almost a single wavelength. 

Visible part of the spectrum 

Black body radiation spectrum 

The spectrum of a typical laser diode 

WL 

700 nm 400 nm 

Lamp LED (Δλ~ 100 nm) 

He-Ne Laser (Δλ ~ 3 x 10-6 nm, Δν ~ 1 GHz) 

LD (Δλ~ 0.2 nm) 

Monochromaticity



Spatial coherence

Spatial coherence is determined by the coherence width Wc = k (λ/D) R, 

where k is a constant dependent on the shape of the source (for a circular source k = 1.22), D is the approximate diameter of

the source and R is the distance from the source. Coherence width is the distance along the wavefront (perpendicular to the 

direction of propagation), within which the amplitude and phase of the wave can be considered well defined and therefore 

predictable. An ideal light source would be a point (D = 0) generating ideal spherical wavefronts. An ideal point source 

would have infinite coherence width. 

Idealized improvement of coherence from an incoherent light source Temporal and spatial coherence for laser beam



1.3 Spatial and spectral brightness

Light Bulb (100 W) The Sun He-Ne Laser

Full power 1 W (1 % efficiency) 1.9 x 1026 W 1 mW (1 mm beam 

diam)

Number of 

photons/sec per m2

6x1016 

At a distance of 2 m

2 x 1021 9 x 1020

Intensity of light 0.02 W/m2

At a distance of 2 m

700 W/m2 300 W/m2

We note that the sun is twice as bright as a typical He-Ne laser, and 35,000 times brighter than a 100 W light bulb 

at 2m distance.

The intensity of the HeNe is about half that of the Sun, but the energy density per unit frequency, ρ(ω), is of order 

107 larger. This high energy density per unit frequency is one of the distinguishing marks of a system that is 

producing light by stimulated rather than spontaneous emission, and is rarely found in anything other than laser 

systems.

Brightness = 
Power [W]

Beam Diameter [mm] x Beam Divergence [mRad]








