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Mapping The Real Jobs Customers Want Done

“A man makes a decision for two reasons – the good reason and the real reason.”
J.P.Morgan

Henry Ford is famously quoted as saying if he’d asked his customers what they wanted,
they would have asked for a faster horse. The quote is often used as an illustration of how
bad customers are at telling companies what they want. Every entrepreneur knows that
business success stems from the Voice of the Customer, and all know how difficult it is to
do the job well.
Ask any potential customer what they want, and the best they can tell us is a better, faster
and cheaper version of what they already know. And more often than not, ‘cheaper’ comes
top of the list. Which is a problem for anyone thinking of entering a market, because
‘cheaper’ very often also means ‘low profit’. And worse, if there’s someone already in the
market, your new ‘low cost’ entrant is very likely to start a price war in which ultimately
everyone loses.
By learning to ask customers better questions, Systematic Innovation proposes, we can
massively increase our chances of long term business success. One of the best questions
to ask customers is ‘why?’ Ask the customer who just asked for a faster horse, why they
want a faster horse, and you are about to learn something important. Knowing that
customers want a faster horse is to all intents and purposes meaningless. Knowing, on the
other hand, that the faster horse will allow the customer to get to the store and back more
quickly is starting to be something you can do something about. Ask them why they want
to get to the store more quickly and hear that the reason is so they can spend more quality
time with their family, and you’re on your way to innovation gold-dust.
Customers pay money for things that allow them to get jobs done. Getting a job done is an
‘outcome’, and the really nice thing about outcomes is that they stay pretty much constant.
Solutions change, but the outcomes they deliver stay the same. We all want to spend
more quality time with our families, but we don’t necessarily need a faster horse to achieve
it.
Defining the outcomes your prospective customer is trying to achieve, and then delivering
them better than your competitors is pretty much the start and the end of the innovation
story.
Not quite the end though, because there comes a point where the additional benefit
accrued from getting to the store a few seconds faster, or getting a few more seconds of
family quality time ceases to make any meaningful sense. This kind of law of diminishing
returns is universal. When you got your first mobile phone it was probably a big, clunky
thing weighing half a kilogram. Minimizing weight was an outcome you were interested in.
Now phones weigh less than 100g and no-one cares anymore. Same with the life of the
battery. Same with queuing at the grocery store. Deliver the outcome better than a certain
value, and the customer doesn’t care anymore. What you need to do when this happens,
is ask the next why and get to the next level outcome that the customer is really interested
in.
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This next why means we start to get to the real underlying outcomes that drive customers.
This next why starts to get us to the underlying intangibles that really drive what customers
do. A really good way to think about this is to divide the world of customer outcomes as
shown in Figure 1:
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Figure 1: Comprehensive Job-Mapping Framework

By way of example, let’s imagine we’re about to set up a new taxi business. We know this
is already a highly competitive, low margin business, so it doesn’t immediately strike us as
particularly appealing. When we observe a business like this it is highly likely that all the
current outcomes are being well-served by the current providers. So, what outcomes does
a taxi deliver? Well, if we look at the bottom left box in the matrix, its main tangible function
is to deliver me from A to B. What else does a taxi do? It carries my luggage, and, moving
up to the top-left box, it carries anyone else I’m travelling with. But that’s about it. What
about outcomes in the bottom right hand box? What ‘intangible’ outcomes does a taxi
deliver? Probably not many. Perhaps, if I’m lucky, I get a taxi-driver who is has a few good
stories to tell and I get to enjoy a pleasant conversation during the journey. Maybe, if it is a
limousine taxi I get the additional intangible benefit of feeling like I deserve the reward for
all the hard work I’ve done.
If those are all the things I can think about, then, and all of those outcomes already seem
to have been served well enough by the other taxi companies, then there is no space for
me to make a successful business. If, on the other hand, I can find a new set of outcomes
that customers would like then I have at least the start of a chance.
So, what other outcomes might customers like to achieve? What about different types of
customers? What ‘intangible’ outcomes might multiple customers (top right hand box of
the matrix) want?
An excellent recent example of a taxi company thinking in this important box are the pinkroofed taxis that started operating in Dubai at the start of last year. What outcomes do
they serve that no-one else thought about serving? Well, firstly the service is aimed at
women and young families and hospitals. The intangible outcome being served? ‘Peace of
mind’:
Why do you want a taxi? Answer to pick the children up from school.
Why do you want to pick the children up from school? Because I can’t be there and I want
to be sure they get home safely.
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Why do you want to be sure they’re home safely? Peace of mind.
As we can see from the success of the concept – not just in Dubai but also in Tehran,
London and Moscow, and no doubt several hundred more places around the world within
the next few years – people are prepared to pay a significant premium to get their higher
level outcomes achieved.

move family/friends
protect family/friends
entertain occupants
minimise environment
damage

move me from A-B
transport goods
protect me
isolate me

‘safe family’
‘peace of mind’

reward myself
my safety
empatheticconversation
‘woman’s touch’

Figure 2: Taxi Service – Customer Jobs

Why weren’t we the people to come up with that concept? Why aren’t we the ones busy
selling the franchise all around the planet?
Most likely answers: because a) we thought this was a mature business with no growth
potential, b) we weren’t thinking about the outcomes customers are trying to achieve that
aren’t yet being adequately served.
This exact same kind of thinking can be applied to any other business we like, from the the
smallest corner grocer to the biggest multi-national ; what are customers trying to get
done? What outcomes are they really trying to achieve? All we have to do to find out is
ask why one more time than your competitors and we’re over half way to your own
breakthrough business success.
Summary:
1. Identify who your prospective customers are
2. Identify the outcomes those customers are trying to achieve
3. Ask ‘why’ they want these outcomes to get to the higher level intangibles
4. Examine how well your potential competitors deliver these outcomes
5. Find a way to deliver them more effectively using other Systematic Innovation tools
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New Trend: Relative Change
Question. Which of the 40 Principles of TRIZ do not have a Trend related to them? Most
readers will have noted the very strong correlation between Principles and Trends already.
This shouldn’t be so surprising given that both things are ultimately doing the same job.
But then why 40 Principles and only 37 trends?
We’ll leave the reader to ponder on other reasons. Meanwhile, the purpose of this article is
to introduce a new Trend to answer at least one part of the discrepancy. Actually, ‘new’ is
probably an overstatement of the reality. The Trend has been observable for a good while
now if you knew where to look. Perhaps the search wasn’t helped by the fact that in the
Classical version of TRIZ, Principle 37 is known as ‘Thermal Expansion’. As we
discovered when we first made the transition from technical to business and software
derivations of TRIZ, ‘Thermal Expansion’ doesn’t tend to resonate too well with business
leaders and software engineers. And so the rather specific Altshuller description became
generalized to ‘Relative Change’, and the strategy of changing one thing relative to
another was added to the Principles description. Relative Change still encompassed the
intended meaning of Thermal Expansion, but it took the basic idea to a more generic level.
Some might argue that it was too generic – surely, they argued, ‘Relative Change’ is
merely a combination of Principles 3 and 15? Well, maybe it could be viewed that way, but
judging by the fact that almost no-one ever managed to derive a relative change solution
in any of the classes we facilitated without being given that explicit direction, we let
common sense dictate that if it was an important strategy and no-one was getting to the
ideas it suggested through other means, then it should be included in the basic list of
Principles.
There are a number of parallels to this story when we look at the ‘new’ Trend version of
this Relative Change strategy. The Trend pattern is illustrated in Figure 1.
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Figure 1: Proposed Relative Change Trend

First off, the Trend certainly seems to have a sense of obviousness about it. Secondly it
might appear as just a special case of the Mono-Bi-Poly trend. In both cases, the
argument is the same as the one made for re-labelling Principle 37. Never in all the
problem solving sessions we have ever done using the trends has anyone suggested
shifting to a higher order control system as a result of looking at the Mono-Bi-Poly trend
and trying to connect it to their problem.
As it transpires, the Trend doesn’t appear to be that obvious even to control engineers. A
look back in history reveals that the evolution of control systems, at least in terms of stepchange jumps, has occurred remarkably slowly.
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Although the Ancient Greeks are probably the first discoverers of feedback, it is James
Watts governor of 1788 (Figure 1) that served as a pivotal moment in, first, launching the
Industrial Revolution, and then subsequently bringing the importance of feedback control
to widespread attention.

Figure 2: Watt Governor – Zero-Order, Delta-Position Controller

Perhaps ironically, the underlying mathematics behind Watt’s ‘zero-order’ design (i.e. it
provided a feedback signal that was purely about positioning a valve) wasn’t fully
understood for another 100 years. At around the same time that this analysis was
completed, another major leap forward in the history of control systems came with the
advent of Butz’s bi-metallic thermostat design of 1885. This device was again a ‘zeroorder’ system – being capable of ‘merely’ turning a switch on and off, but it made the great
leap forward of making use of electrical technology and integrating the control device with
an actuator.
The next leap forward happened in the 1930s with the appearance of vacuum tube
amplifier technology. This technology enabled the creation of first and later higher order
control algorithms – for example the first Sperry gyroscopes used in World War II aircraft
flight control systems.
The shift from analogue to digital that started in the early 1960s (e.g. Texaco
petrochemical plant in 1963) triggered the ability to design much more sophisticated
control algorithms, with proportional, integral and differential algorithms becoming
common place. Today, however, there still exists the situation where 90% of control
applications are based on the first 10% of the known methods and theory (Reference 2).
Perhaps part of the problem is that humans – who, of course, have our own inbuilt
feedback loops and control algorithms – tend to work as first order systems. Take playing
a musical instrument, an activity that requires a lot of precise motion and coordination.
Knowing our finger is positioned over the correct key on a piano keyboard is an example
of zero-order positional control. With a bit of practice, we get good at pressing all the right
keys in the right order. Later on we also begin to realize that how quickly and how hard we
press each key also has an impact on the sound that comes out of the piano. Pressing at
just the right rate means that we have mastered first order (velocity) control. After that,
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however, and things get a little fuzzy human-feedback-loop-wise. Expect a pianist to also
start thinking (actually more like ‘feeling’) in terms of rate of change of velocity (second
order) with which the piano keys are pressed and things can become unstable pretty
quickly. This turns out to be fairly general for all human actions – manual second order
control can be very unstable.
Just because something is unstable when done manually by humans, however, doesn’t
mean that second or indeed higher orders of control are bad. But it has tended to mean
that control engineers have been reluctant to experiment with higher order algorithms. Not
everyone of course, since some applications pretty much demand the control of
acceleration as well as position and velocity. The further we depart from thing that happen
at human size and temporal scales, the more likely second order and higher control will be
necessary. Searching the US patent database for control systems making use of ‘secondorder’ algorithms in their Claims currently reveals close to a thousand solutions at this
point in time. Applications range from lasers to vehicle guidance systems, from integrated
circuit function to control of arc-welding processes.
A similar search then of Claimed ‘third-order’ control algorithms reveals a somewhat
smaller total of just under 400 patents. Almost all of which are digital in nature. The reason
for this seems to be that the cost of the hardware required to achieve third-order (rate of
change of acceleration) control input can become very high.
An excellent example of where a second or third order controller can do a better job than
manual human control is in the micro-surgery domain. Micro-surgery demands very
accurate small scale movements of a surgical instruments as specified by a human
operator. By measuring acceleration and rate of acceleration of the surgeon’s hand it
becomes for the control system to remove the micro-tremors (e.g. pulse) that are
inherently present whenever the human hand physically touches anything.
All in all, looking at the repeating themes that emerge from examining these second and
third order solutions, it is possible to summarise the reasons why control systems jump
from one stage of the proposed ‘Relative Change’ Trend shown in Figure 1 as follows:
-improve measurement accuracy
-improve controllability
-improve ability to identify non-linearities
-improve analysis sophistication
-(increase amount of data without increasing the actual amount of input)
-improved system dynamic performance
-(improved motion realism)
-decreased losses
-increased stability in systems with rapid transients
We have included the Trend in the forthcoming Systematic (Software) Innovation book…
which also includes what we hope is an elegant example of a problem the trend was used
to solve. We are currently undertaking experiments with the more traditional ‘technical
trends’ to see if this new trend also adds value there. More news on that front as we get it.
References
1) Jagacinski, R.J., Flach, J., ‘Control Theory For Humans’,
2) Gorinevsky, D., ‘Control Engineering Lectures’, Stanford University,
http://www.stanford.edu/class/ee392m/Lecture1_Intro.pdf
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Not So Funny Part 79 – Taking Instructions Literally

Picture the scene. You have a new colleague starting work in your office tomorrow, so you
think to yourself, hey, wouldn’t it be great to welcome her with a cake. So you ring up the
local bakery store.
The next morning you head to the store. To find this waiting for you:

Not quite what you were planning, huh. Maybe next time you should have emailed the
instructions. That way absolutely nothing could go wrong.
Or could it?

Nope, far safer to phone the order in after all. Just remember, keep it simple….

Phew, thank goodness that turned out okay.
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Patent of the Month - Effector Machine Computation
Patent of the month this month is actually a spill-over from last month. US7,398,260,
awarded to Fiske Software of San Fransisco, on July 8, though, beats everything we’ve
found this month, so here it is. This from the abstract:
An Effector machine is a new kind of computing machine. When implemented in hardware, the
Effector machine can execute multiple instructions simultaneously because every one of its
computing elements is active. This greatly enhances the computing speed. By executing a meta
program whose instructions change the connections in a dynamic Effector machine, the Effector
machine can perform tasks that digital computers are unable to compute.

One of the first things we noticed about the invention was that it talked about several
jumps along the TRIZ trends that we had not seen in the software domain before. When
plotted on an Evolution Potential radar plot relative to the previous state of the art, the
picture looks impressing:
Jumps made by
Fiske patent

Current state of the art

Perhaps the biggest jumps are the ones predicted by the Dynamization and Connections
trend – both of which point towards the idea of fixed connections between different parts of
a system (chip in this case) becoming able to move according to different circumstances.
And the advantages of being able to do this? This again from the invention disclosure:
In a standard digital computer, the only active computing elements are specialized registers in the
microprocessor. Usually only one machine instruction can be computed at a time. This creates a
computational bottleneck. The Effector machine overcomes this bottleneck because every
computing element is active. When implemented in hardware, the Effector machine can execute
multiple machine instructions simultaneously. This enormously increases the computing speed
over current digital computers.
An Effector machine can be implemented in hardware built from circuits of transistors that operate
subthreshold. This reduces the amount of power consumed by more than 5 orders of magnitude.
Further, the amount of heat produced is greatly reduced, compared to a digital computer.
Executing a meta program whose instructions change the connections in a dynamic Effector
machine, enables the Effector machine to perform tasks that digital computers are unable to
compute.

It’s not often that we see something that promises such enormous potential for step
change improvement. Nor something that makes so many jumps along the trends. In the
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interests of seeing whether the reality matches the promise, in the rare situations where
we see this kind of thing, we go directly to the source. In this case, inventor Michael Fiske.
Michael turns out to be both a serial innovator and possessor of a very fine mathematical
mind. Here’s what he said to us about the invention and its background:
HISTORICAL CONCEPTS AND HOW THEY INFLUENCED OUR DISCOVERY
AND DEVELOPMENT OF EFFECTOR MACHINES
Date: July 27, 2008
Below I briefly describe historical concepts that influenced the discovery and development
of effector and active element machines. In the first patent, I used the expression effector
machine. Subsequently, David Lewis suggested that active element machine is a more
apt description. I agree with him.
EXPERIENCE WITH PATTERN RECOGNITION ALGORITHMS
When I first began designing pattern recognition algorithms, I became frustrated because
the standard digital processors were far too slow. The standard register machine
architecture and chips are not well-suited for implementing geometric algorithms which are
quite often needed in pattern recognition tasks. In short, I did not have the proper tool(s) to
address these kinds of algorithms.
WILFRID RALL'S RESEARCH ON DENDRITIC INTEGRATION
One critical historical strand is Wilfrid Rall's outstanding research in neurophysiology. His
work greatly influenced effector and active element machines -- in particular, his ideas on
dendritic integration and computation. Our goal was to capture the computational
advantages of dendritic computation while keeping the mathematics as simple as possible
and easy to implement in silicon hardware. In short, our goal was to extract only
mathematics that was necessary to adequately represent the computational power of
dendritic integration, but nothing more than this. We also wanted the mathematics used in
the formalization to represent what could be implemented in a practical machine. We were
all too familiar with many math or formal models that were too complicated or unrealistic.
Similar to Occam's principle in scientific theories, this principle was critical in the design of
active element machines.
ALAN TURING'S SYMBOLIC COMPUTATION
Another critical strand of the conceptual history comes from the formal model of the Turing
machine and the subsequent von Neumann architecture. Similar to a large tanker, this
created a large wake for the future of computing: today's computers do not conceptually
work much different than the early computers. The biggest difference is that today's
computers are much faster. If you examine the current notion of an "algorithm", little if
anything has changed in the last 70 years.
We believe the relevant concepts of the Turing computing model are:
A.) A finite set of rules form the Turing program.
B.) Alphabet symbols are read and written to a tape and a finite set of machine states are
updated after each computational step. Computational steps are executed in a sequential
manner with no explicit mention or reference to time.
Our hunch is that the Turing model of the tape head pointing to a particular symbol on the
tape naturally led to the idea of the register machine. In the register machine, there a finite
number of instructions that are executed in a linear sequence, but with no explicit
reference to an absolute or relative time. All subsequent incremental architectures are
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designed to enhance speed, or cost - but with these unchanged assumptions in the
computing model. We believe these assumptions cause today's computer languages to
still reflect the underlying register machine command set -- even in the more abstract
computer languages such as Prolog, Python and LISP. Consequently, the current
computer languages still have the assumptions and limitations and of the register
machine command set.
EXPLICIT REPRESENTATION OF TIME
The Turing strand already had the notion of a programmable machine. This notion is
extremely important. However, there is no notion of explicit time in the Turing computing
model, only the order in which instructions are executed. While Rall's research does not
explicitly address programmability, it did address time, dendritic integration and
adaptability of the synapses. This led us to another critical part of the active element
machine - to explicitly represent time in the machine commands. The explicit
representation of time enables and affects:
1.) Better control over the programmable chip, which helps increase computing speed,
reduce costs and power consumption.
2.) How algorithms are formally represented and interpreted.
3.) The ability to substantially reduce power consumption and increase
computing speed, by orders of magnitude.
Of course, it remains to be seen if and how the world will allow the concepts and ideas to
successfully make the transition from laboaratory to full commercialization, but in the
meantime, I think we can all enjoy basking in the shadows of what is quite possibly a Level
5 invention.
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Best of the Month – Animal Innovation

Whether you’re a killer whale or a guppy, this month’s choice provides ample proof of that
necessity is the mother of invention. ‘Animal Innovation’ was actually published in 2003
following a conference on the subject. As such the book is essentially a collection of the
best papers presented at the conference. In this role it also offers a pretty insightful look
into the world of academic biology. Which to a large extent apparently means presenting
lots of graphs that look like this:

Which is a pretty good way of saying that biologists seem to spend a lot of time gathering
very fuzzy data and drawing dodgy looking lines through it. Spending several months
hiding food from a shoal of guppies to see how quickly they find where you hid it might not
sound like everyone’s idea of fun, but it has to be said that some of the results are quite
insightful.
The book also contains a range of animal innovations – from tail-dipping lemurs, to dietshifting killer whales, from hyper-sensitive moose to potato-washing, macaques – which,
although the authors never actually use the word, all represent the resolution of some kind
of contradiction.
One of the insights, then, is that the most successful species (rats, sparrows for example)
are the ones that are best able to adapt to changing situations. That said, one of the stark
findings of some of the research is that if you put even the most specialized of creatures
under extreme conditions (e.g. losing their main source of food) they will more likely than
not ‘innovate’ their way out of the crisis, and find some other form of calorie intake. Even if
it doesn’t taste too good at first, the smartest innovators will soon evolve the necessary
adaptations.
While you probably needn’t plough your way through all 337 pages of the book (I can
definitely live without a 30 page description of experiments to try and correlate innovation
ability to brain size… is there a link? Yes. No. Yes. No. Yes. Hmm. Yes.), it is well worth a
look, being readable on both academic and lay-person levels.
Nearly all the stories in the book relate to higher life forms. It seems that innovation
requires the presence of either hands, wings or fins. This may be because – another key
point of the book – innovations don’t happen that often. At least they don’t if you take the
definition used in the book, that innovation is all about successful invention. Maybe
animals invent a lot more than they innovate, but the chances of a passing biologist
spotting the failed invention experiments are relatively small to say the least. Inventions
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that catch on – one Sardinian warbler learns to improvise its song, and all the other
Sardinian warblers also learn to improvise – on the other hand are what counts as
innovation in the authors’ eyes. In this respect, animal innovation and our more traditional
definition of innovation in the built environment have an awful lot in common; only the
good stuff makes it to the mass market.

Expect to see a few of the examples from the book to appear in future sections of the
Biology feature of the e-zine. Bottle-top peeling Tits are one things, but I think my favourite
story is still the green herons dropping certain small objects onto pond water to lure fish to
the surface. Although the snowballing macaque has to be eligible for some kind of
weirdest things ever prize. A special biological prize for anyone that can work out the
evolutionary advantage of being good in a snowball fight.

2008, DLMann, all rights reserved

Subscription 0080:

Conference Report – Materials For Armour Systems

The great and the good of the armour world converged at the highly appropriate
Armourer’s Hall in London on June 23. Picture yourself in a medieval banqueting hall
surrounded by walls full of suits of armour, pikes, swords and other potentially deadly
weapons, and the theme for the day was unmissable. We did a short party-piece at the
end of the day on use of TRIZ to predict the future of armour design.
The Dynamization trend slide was particularly well received at first – but then who could
ignore it when the walls were full of living examples of the immobile-jointed-flexible story in
action – but then when the discussion turned from the evolution of armour to the evolution
of the weapons systems that were trying to defeat the armour and it was like the whole,
sold-out room full of armour experts put their hands over their ears and started humming
‘lalalala’ to themselves. But then, I suppose, no-one likes to hear that their five year
programme of research on stopping a certain type of bullet was pretty soon going have to
also think about protecting against a laser.
Which wasn’t the point of why I mentioned it, but anyway, it did draw out the big theme for
the day. Which was that the world of armour is a world of silos out of which no-one wants
to step. ‘I’m a magnesium expert, so I think all armour should be made from magnesium’,
‘I’m a ceramics expert so I think all armour should be made from ceramics’, ‘I’m an
auxetics expert so I think….’ well, you get the picture.
This is not to say that the day was a bad use of time by any means. There were some very
neat technologies on show. Maybe not neat armour solutions, but very definitely some of
them were solutions to problems in other industries. And for that reason alone it was a
very good event.
Here’s the full programme and list of speakers:
09:45 Chairman’s Welcome and Introduction: Professor Ian Horsfall, University of Cranfield
Session 1: Scene Setter
09:50 KEYNOTE 1: Armour of the Past, from Leather to Steel, Robert Smith, Consultant
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10:30 KEYNOTE 2: Armour Systems of the Present and Challenges for the Future, Dr Bryn
James, DSTL Porton Down
11:10 Refreshments
Session 2: Conventional Materials Developments for Armour
11.30 Composite Developments in Armour, Roger Medwell, CEO NP Aerospace
11:50 Magnesium Armour Plate Development, Dr Tim Wilks, Magnesium Elektron
12:10 Testing the Ballistic Performance of Titanium, Professor Malcolm Ward Close, QinetiQ
12:30 Use of Ceramics in Armour, Colin Roberson, Advanced Defence Materials
12:50 Questions to speakers
13:10 Lunch
Session 3: New Materials and Technologies
14:00 Police Body Armour, the Problem and the Solution, Paul Fenne, Metropolitan Police
Technology Group
14:30 Use of Carbon Nanotubes in Armour Applications, Alan Windle, University of Cambridge
15:00 Multifunctional Uses of Auxetic Materials in Armour Systems, Professor Andrew
Alderson, Centre for Materials Research and Innovation, University of Bolton
15:30 Refreshments
Session 4: The Future
15:50 The EPIDARM Project (The European Defence Agency’s European Protective Individual
Defence ARMour Project), Ludovic Ouvry, Société OUVRY, Lyon, France
16:20 Systematic Approach To Armour Development Using TRIZ, Darrell Mann, Systematic
Innovation
16:50 Wrap Up and Close

And here’s the picture that best encapsulated what attendees heard:
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Investments – Negative Refraction Meta-Materials

A Princeton-led research team has created an easy-to-produce material from the stuff of
computer chips that has the rare ability to bend light in the opposite direction from all
naturally occurring materials. This startling property may contribute to significant advances
in many areas, including high-speed communications, medical diagnostics and detection
of terrorist threats. Most profoundly of all it opens up for the first time the possibility that a
completely flat lens can be used to focus light.

The semiconductors that constitute the Princeton invention are grown from crystals using
common manufacturing techniques, making it less complex, more reliable and easier to
produce than other meta-materials.
The new substance is in a relatively new class of materials called "meta-materials," which
are made out of traditional substances, such as metals or semiconductors, arranged in
very small alternating patterns that modify their collective properties. This approach
enables meta-materials to manipulate light in ways that cannot be accomplished by
normal materials.
Previous meta-materials were two-dimensional arrangements of metals, which limited their
usefulness. The Princeton invention is the first three-dimensional meta-material
constructed entirely from semiconductors, the principal ingredient of microchips and
optoelectronics.

0D

1D

2D

3D

"To be useful in a variety of devices, meta-materials need to be three-dimensional," said
Princeton electrical engineering professor Claire Gmachl, one of the researchers on the
study. "Furthermore, this is made from semiconductors, which are extremely functional
materials. These are the things from which true applications are made."
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Light waves and other forms of electromagnetic radiation bend whenever they pass from
one medium to another. This phenomenon, called refraction, is readily observable when a
straw placed into a glass of water appears to be bent or broken. Lenses in reading glasses
or a camera work because of refraction.
All materials have an index of refraction, which measures the degree and direction that
light is bent as it passes through them. While materials found in nature have positive
refractive indices, the material recently invented by Princeton researchers has, for the first
time, achieved a negative index of refraction.
In the case of the straw in a glass, normal water would make the underwater portion of the
straw appear to bend toward the surface. If water were able to refract light negatively, as
the newly invented semiconductor does, the segment of straw under the water would
appear as if it were bending away from the surface
Far more than a neat optical illusion, negative refraction holds promise for the
development of superior lenses. The positive refractive indices of normal materials
necessitate the use of curved lenses, which inherently distort some of the light that passes
through them, in telescopes and microscopes. Flat lenses made from materials that exhibit
negative refraction could compensate for this aberration and enable far more powerful
microscopes that can "see" things as small as molecules of DNA.
In addition, the Princeton meta-material is capable of negative refraction of light in the midinfrared region, which is used in a wide range of sensing and communications
applications. Its unique composition results in less lost light than previous metamaterials,
which were made of extremely small arrangements of metal wires and rings. The
semiconductors that constitute the new material are grown from crystals using common
manufacturing techniques, making it less complex, more reliable and easier to produce.
"Currently, the typical infrared lens is a massive object -- the setups are bulky," Hoffman
said. "This new material may enable more compact mid-infrared optics because we now
have a new material with an entirely new set of optical parameters in our toolkit."
The research is part of a multi-institutional research center called Mid-Infrared
Technologies for Health and the Environment (MIRTHE). Researchers at MIRTHE are
developing compact sensors that detect trace amounts of gases in the atmosphere and
human breath. These could one day be used in devices that monitor air quality and
enhance homeland security, as well as in non-invasive and on-the-spot medical tests for
diabetes and lung disease.
The research relies on a new type of laser that emits mid-infrared light. Gmachl, who
directs the MIRTHE project, said the new material could be used to make the lasers better
and smaller.
Next, the team plans to incorporate the new meta-material into lasers. Additionally, the
researchers will continue to modify the material in attempts to make features ever smaller
in an effort to expand the range of light wavelengths they are able to manipulate.
Expect big things from this one. And add ‘meta-material’ to your general list of things to
keep an eye on. Meanwhile, the best part about this Princeton research is the fact they
constrained themselves to looking at solutions that were easily scalable to large scale
production.

2008, DLMann, all rights reserved

Subscription 0080:

Generational Cycles –
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Biology – Acacia Ants

We have spoken about symbiosis several times already in this column. One of the most
remarkable cases of mutually-beneficial partnership is the 50 million year relationship
between the the acacia ant (Pseudomyrmex ferruginea) and the swollen thorn acacia
(Acacia collinsii) in Costa Rica.

The Acacia Tree is partially protected by large thorns, but it gets extra protection from
Acacia Ants. The plant does 3 things to lure in the ants. First, the large thorns are hollow
and provide a place for the ants to live (see the hole towards the tip of the thorn in the
photo). Second, the plants have swollen glands, nectaries, which produce a sugary
solution the ants drink. The nectaries are obvious as the green region in the photo above.
The third thing the plant does is to produce Beltian bodies, small structures which the ants
bite off and eat (see picture below); the Beltian bodies are rich in protein and supplement
the sugars provided by the nectaries. In return for the room and board the ants chase off
herbivores, kill and eat herbivorous insects, and destroy the epiphytic vines and other
plants that try to compete with the acacia.

Interestingly, if the acacias are fenced so that herbivorous farm animals can’t reach them,
they stop producing the Beltian bodies, thus forcing the ants to go and find an alternative
source of the supplementary sugars they need. Alas for the acacia, this alternative source
often tends to be sap-sucking aphids that the ants encourage to come and live on the tree.
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In this respect, the relative recent introduction of fencing (in evolutionary time at least)
forces the acacia to re-optimize and switch between producing Beltian bodies and having
aphids sucking away at its sap. It is still quite remarkable though that the tree has been
able to adapt so quickly to the changing situation.
Meanwhile, coming back to the basic ant-acacia symbiosis, it is worth looking at the
symbiotic relationship as the simultaneous resolution of two contradictions:

Ant

Acacia

For both tree and ant, there is an overall drive towards increased productivity – both exist
to make new ants and new trees. For the ants, their problems centre around the amount of
energy the need to burn to find food, and finding themselves a secure home, safe from
their predators. For the tree, their problems centre around the herbivores and vines that
cause potentially catastrophic large-scale damage to the trees.
It is interesting to note that the Inventive Principles suggested include both of the ones
used by the ant and tree. The ants solve their problem by Merging (Principle 5) with the
Acacia; the Acacia solves its problems by using the ants as an Intermediary (Principle 24)
to keep away its predators.
For a great website showing dozens of other symbiosis examples, check out
http://www.marietta.edu/~biol/biomes/symbiosis.htm.
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Short Thort
“We are everywhere, and we are nowhere.
Google gallops, Wikipedia whirs, and we have what we need
- whatever we need - in a spin of the hourglass icon.
We’ve assembled our digital Alexandrias, shrink-wrapped our memories
and our memes, and set everything on the windowsill
for our seven billion closest neighbours to see,
what we know, they know; what they see, we see.
Never before has the success rate for ‘finding’ been higher,
even as what we ‘want’ becomes ever more specialized or ephemeral…
…[until] at some point recently, all those search engines killed the search…
…we are a world of lapsed, bored seekers
capable of finding anything
but loath to discover.”
Richard Laermer
2011: Trendspotting For The Next Decade

News
Don’t Faint…The Book That Was Written Three Times
By the time you read this, the manuscript for the long, long overdue Systematic (Software)
Innovation book will have left the office and our printer will be busy getting everything
ready for an October launch. It continues to stagger us that the original promise date for
the book was back at the end of, gulp, 2004. How can anyone get their estimates so
wrong? One of the reasons is that the theme of the book has shifted significantly since we
first committed our programme of software innovation research. The first version of the
book was merely intended to be a description of the tools emerging from the research.
‘We want more case studies’ people said. Enter the problem that nearly all of the case
studies that people then volunteered turned out not to be software problems at all. So the
book was re-written as a book to help software professionals see beyond their usually
limited silo-mentality horizons. Twelve months later and the next round of market research
said, ‘hey, this isn’t a software book’. And so we went back to the drawing board again to
somehow solve the contradiction of making the book appear relevant to software
engineers while at the same time getting them out of their (virtual) box and looking at the
real world. Advance orders, if that thought hasn’t put you off, can be placed by filling in the
appropriate form on the Products page of the website. The first 100 orders will receive
copies marked with the real-life blood, sweat and tears of the author.
ISPIM
We will be presenting a paper ‘(Systematic) Open Innovation’ at the 1st International
Society for Professional Innovation Management (ISPIM) Innovation Symposium. The
theme of the conference is Managing Innovation in a Connected World. The event will be
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held in Singapore on 14-17 December 2008 . Organised by ISPIM together with Singapore
Management University, this symposium is intended to bring together academics,
business leaders, consultants and other professionals involved in innovation management.
More details at http://www.ispim.org/symposium/.
IMechE Essential Management Skills
We will be presenting a series of short TRIZ introduction sessions at the Aberdeen version
of the IMechE’s popular Essential Management Skills conference. Over 200 delegates
attended the April event in England. Scotland in November will perhaps provide a more
stern test of delegate’s resolve. We’ll also be back for the next English event – to be held
in April 2009.
Australian Mining Technology Conference
We somehow managed to wangle a keynote address at this prestigious annual event. The
theme of the conference, this year being held in Melbourne, is ‘smart technologies for
sustaining the minerals boom’. Our presentation ‘Future-Proofing R&D – Art Or Science?’
will happen during the afternoon of Wednesday 17 September.
YourBusiness
We are pleased to announce that we have been commissioned to write a series of 12
articles on innovation for YourBusiness magazine. Based in the Middle East, the hardcopy magazine is targeted at the SME and new-start company entrepreneurs in the
region.
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