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Why Laser Light?

Why not a light bulb?

Lasers are a source of incredibly 
bright narrow frequency light! 



Laser Light

•Laser light is single frequency (                      ) 

•Laser light is collimated  

•Laser light has high spatial and temporal 
coherence 

•This allows you to focus a large amount of 
energy into very small volumes. 

Δν /ν <10−14
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Communications
•Every bit of information that arrives in NZ travels 
along one of two optical fibres as pulses of light!

•Unless you are talking to some-one face to face all the 
information you receive will travel as light for most of the 
journey. 

•Annual global IP traffic will pass the zettabyte (1000 
exabytes) threshold by the end of  2016, and will 
reach 2 zettabytes per year by 2019. By 2016, global IP 
traffic will reach 1.1 zettabytes per year, or 88.4 exabytes 
(nearly one billion gigabytes) per month, and by 2019, 
global IP traffic will reach 2.0 zettabytes per year, or 
168 exabytes per month. (source cisco.com)

http://cisco.com
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•The key component enabling this is the 
EDFA invented in 1987 by researchers at 
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•First sub-sea all-optical fibre link using 
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•Design life of an undersea cable and its 
components is 20+ years.



Erbium doped fibre Amplifier

•The key component enabling this is the 
EDFA invented in 1987 by researchers at 
the University of Southampton.  

•First sub-sea all-optical fibre link using 
EDFAs was installed in 1996.  

•Design life of an undersea cable and its 
components is 20+ years.

This means that optical components designed for 
communications wavelengths are cheap and 
reliable. The cost can be an order of magnitude 
cheaper than components designed for other 
wavelengths!
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•Need to decide what to measure?

•What physical quantity does that 
correspond to?

•What accuracy is needed?

• e.g. length
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Sensors

Gravitational Wave detector 
   Cost - $325 Million USD 
   Resolution 10-18 m

Laser Range Finder 
  Cost - $100 NZD 
  Resolution 1 mm

Both devices use the same physical principals!



 Our Sensors
Canterbury Ring Lasers 
sensitive to rotation, can detect the 
rotation of the earth. 

strain measurements at seismic frequencies. This will allow us to perform laboratory measurements to
calibrate seismic signals from earthquakes and man-made sources. At the next length scale, ring lasers
can measure dynamic processes of the earth at even longer wavelengths.

To complement our geophysical sensing, we will make use of our ring laser to sense earth movement
that is crucial in seismology. The Canterbury ring laser group (in collaboration with partners in Germany,
Italy and USA) has built and operated rotation sensing lasers whose beam paths enclose areas ranging
from below 1m2 to greater than 800 m2 [24]. Ring lasers, in sensing rotation, respond to a mix of change
in the orientation of the axis of rotation, and change in the magnitude of the rotation rate. The Earth
rotation variations seen by our lasers to date are largely due to polar angle changes because the lasers lie
in locally level or vertical planes that are oblique to the polar axis. They see diurnal polar motion, solid-
earth tides and the Chandler wobble [25, 26] as changes in the polar axis relative to local coordinates. In
addition, ring lasers are powerful sensors of local rotations such as those experienced during earthquakes.
This has spawned the new field of rotational seismology with ring lasers developed at Canterbury [27].
Thus this programme fits squarely within the “sensors” category of the National Science Challenges.

Fig. 2: Canterbury Ring Laser: A 6.4 m perimeter
helium neon ring laser gyroscope measuring build-
ing dynamics in an eight story building in Ilam,
Christchurch.

We propose to develop ring laser technology directed
at two different applications with very different technical
requirements. The large ring laser programme is aimed
at Length of Day (LoD) measurements and ultimately,
terrestrial observation of the Lense-Thirring (frame drag-
ging) effect associated with massive rotating gravitational
bodies [28, 29]. To achieve these goals we will develop
a triangular (and hence automatically planar) He-Ne gas
ring laser which measures the absolute rotation rate of
the Earth (⌦E) to an accuracy of one part per billion
(10�9 ⌦E). The laser will be oriented at the celestial pole.
We will minimize/eliminate the residual time varying read
out errors associated with so called backscattering of the
counter-propagating laser beams into each other’s beam
path through a real time correction process developed over
the last two years combined with active stabilization of
the cavity perimeter. We have also developed low power
consumption, compact all solid state ring lasers (SSRLs)
based on high gain phosphate glass operating at the 1.5
µm telecommunications wavelength. The use of high sol-
ubility glass laser gain media (together with the compara-
tively long laser wavelength) has the effect of minimizing
the gain grating which strongly couples the counter prop-
agating laser beams in SSRLs. We propose to develop
monolithic SSRLs having perimeters of 1.2 m, employing
cavity crystalline supermirrors and utilizing longitudinal
spatial modulation of the gain medium to average out the
gain grating — culminating in a rotational sensitivity well
below 10�2 ⌦E (that is, an order of magnitude more sensitive than strategic grade fibre optic gyroscopes).
This will meet the demands of rotational seismology for a mobile, field deployable sensor which can be
battery powered for approximately one month.
Project (SI4) Improved Sensors for NZ Primary Industries
The DWC contains a focused group of researchers working to create the next generation of photonic
sensors that are not only world leading but also uniquely adapted to the needs of NZ as described below.
These technologies will not only have a direct benefit to NZ industry but have the potential to be a
niche high-technology high-value export industry in their own right. A common problem in sensing is
the detection of unknown contaminants in biological samples, such as milk. While detecting known
substances is relatively easy, new techniques and instruments are required to detect previously unknown
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Laser Doppler Vibrometer 
can detect ripeness of fruit! 
or cracks in wine bottles.



 More Sensors

Fluorescence sensing 
Used for real time 
bacteria counting

Laser absorption spectroscopy 

•Can detect trace amounts of gases. 

•Works best in the mid-IR and we are 
developing new lasers to access this region.
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Object detection
Mercedes-Benz factory

•Uses structured light to 
test car parts for 
imperfections. 

•Resolution is sub mm.

•Test is quick and simple.

•Image analysis is 
important, they test for 
aesthetic appeal rather than 
for structural quality. 

•Other robots test glue 
thickness, alignment of 
welds etc.



Structured Light Microscopy

Structured Light 
can be used for 
imaging with sub 
wavelength 
resolution, low 
optical powers and 
high speeds. 

https://www.hhmi.org/news/new-microscope-collects-dynamic-images-molecules-animate-life
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Measuring Time

Optical Clocks have unprecedented Precision! 
—Currently clocks are limited by the general relativity. 

OPTICAL ATOMIC CLOCKS 3

Fig. 1. – Evolution of fractional frequency uncertainties of atomic frequency standards based
on microwave (Cs clocks)[15] and optical transitions. A fractional frequency uncertainty in the
10�18 region have been reported for two optical clocks respectively, the 27Al+ single ion clock
at NIST [16] and the 87Sr optical lattice clock at JILA [17].

designs have led to some remarkable devices. Still the best performing clocks are those
that use carefully chosen atomic transitions to steer the frequency of the oscillator. A
typical atomic clock consists of an oscillator, either microwave or optical (i.e., a laser)
whose frequency is forced to stay fixed on that of an atomic resonance (see fig. 2).
One of the most important parameters describing such a resonance is the atomic line
quality factor, Q, defined as the ratio of the absolute frequency ⌫0 of the resonance to
the linewidth of the resonance itself �⌫.

As we shall see, such resonances can have line Q’s many orders of magnitude higher
than the best mechanical systems, and they can be isolated from environmental e↵ects
to a much higher degree. Atomic clocks have the added benefit that atoms are universal,
in the sense that multiple clocks based on the same atomic transition should have the
same oscillation frequency, thereby o↵ering a degree of reproducibility not possible with
mechanical devices.

For these reasons, atomic clocks have ruled the ultra-high precision timing world for
the past 50 years or so. The famous 9.19 GHz hyperfine transition in Cs has served to
define the SI second since 1967, and as we see in fig. 1, the absolute fractional frequency
uncertainty for this transition has been reduced by about a factor of ten every decade.
We emphasize that this remarkable rate of progress should not be taken lightly, as it
has been the result of dedicated e↵orts and several ingenious advances, particularly in
terms of atomic manipulation via laser cooling techniques. However, the present day
state-of-the-art Cs fountain [19], which uses clouds of laser-cooled atoms that are tossed
vertically through an interaction region, is nearing its practical limitations (astoundingly,
the best Cs systems are approaching uncertainties of 10�16 with a system whose line Q is
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Blowing stuff up

•National Ignition Facility  

•$7 Billion USD 

•500 Tera Watts, few 
picoseconds pulses

•Wicked Lasers  

•$200 USD 

•2 Watts. Continuous Wave



How to make a TW laser

•Master Oscillator, power amplifier (MOPA). 

Seed Amp Amp Amp

High-power  
output with 
characteristics 
determined  
by seed

High control High powerHigh gainHigh gain

•The seed can be any laser you like. 

•You then keep adding amplifiers until you get 
bored or run out of money.



The Remarkable Increase in  
CW Fibre Laser Power

Same picture of growth for all wavelengths and modes of operation 



•A Learning loop can be used to optimize the source 
properties for a given end application 

•The powers required for industrial processes are easily 
achievable  

•Flexibility, rapid control, near-linearity of fiber MOPAs 
greatly enhances scope for adaptive control 

•The technology  is now available for this.

Pulsed 
source Amplification

Amplitude & 
phase control

Process 
• Nonlinear wavelength conversion 
• Materials processing 
• Chemical reaction 
• Detection, imaging

Process 
monitoringIntelligence

Fibre Lasers – the ideal light source



Pulsed Source

•Patented femtosecond 
technology developed at 
University of Auckland 
through a contract with 
Southern Photonics. 

•Robust, self-starting, 
stable with push-button 
operation. 

•Delivers 200fs pulses 
that can be used directly 
or as a seed.



Intelligence
•MBIE targeted 
research grant with 
Finisar, Southern 
Photonics and the UoA 
(Photon Factory) 

•Uses a “wave-shaper” 
to turn our femtosecond 
source into an arbitrary 
pulse shape. Can then 
be amplified further to 
the required power level. 



kW fibre lasers
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Applications

•Joining - Microstructuring of surfaces 
allows better gluing of different materials.
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Conclusions

•Lasers a l low for prec ise contro l o f 
parameters. 

•Can do manufacturing with greater efficiency, 
less waste and individual customisation. 

•Laser based sensors can measure most 
physical quantities - but you need to work out 
what to measure and how accurately to do it.

•LED lighting is perhaps the most efficient use 
of laser light to save money. 
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