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Trends and Constrained Evolution
(case study – the golf tee)

Introduction
A common question when using the trends part of TRIZ is ‘how do I know which trends are
more important than others for my system?’. Although there are some general guidelines
on relative trend importance (we’re writing more on the subject in one of our contributions
to the TRIZ Future conference in Aachen later this year), there are as yet insufficient to
determine with absolute certainty which will dominate over others under what
circumstances. Indeed, it is usually the specific circumstances of a situation that will
ultimately determine which trends can and cannot be used to evolve a system at a given
time. In this article, we examine the future evolution of a simple system and how the
constraints we place on the evolution will influence which trend directions will be used and
which won’t.
The simple system in question is the golf-tee (Figure 1). Despite being such an apparently
simple system, the golf-tee has been the subject of over 400 patents in the last 20 years.
Clearly, it appears to be inadequate in performing its function(s) in some way.

Figure 1: Typical Golf Tee

Setting The Scene – Benefits, Constraints, Evolutionary Potential Resources
A good first step in identifying the future evolution direction of the golf tee is to identify
what is wrong with the current design. Based on a search of the 400 patents and
memories of being dragged around courses by a golf-addicted father during childhood, it
appears that the main attributes of a better golf tee would be:a) (the main one) it doesn’t get lost. Although tees are generally viewed as cheap,
disposable objects, golfers would prefer not to lose one after every tee-shot.
Similarly, lost golf tees create a potential short-term hazard to grass-cutting
equipment and a long-term bio-degradation problem.
b) the tee needs to provide a stable platform under many different ground
conditions – both very hard ground (when the tee is difficult to push into the
ground) and when it is very soft (when the tee may topple once the ball is
placed on it).
c) the golfer may require to set the tee to different heights depending on the type
of shot being played.
d) ease of storage – the golfer should be able to conveniently access the tees
when he/she needs them.
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A good next step involves identifying the constraints that will determine what can and
cannot be done in generating the new tee. Some of these constraints might be:a) low life cycle cost – ideally the tee should be no more expensive than the best
of current systems. The relevant cost factors involve both manufacture and
number of uses before the tee is either broken or lost – i.e. there is a ‘life-cycle
cost’ and not just a purchase cost to be considered.
b) ease of use – good tee designs operate in one motion – the golfer places the
ball on the tee and places both onto the ground at the same time; the ball
generally being used to push onto the tee to drive it into the ground. Adding a
second or third action requirement would not be welcomed by the golfer.
c) The tee should not influence –or even be perceived to influence – the trajectory
of the ball as it leaves the tee post-impact.
d) Development time should be very short (3 months maximum) given the
application and likely market value.
Next up (all of what we have described so far is consistent with the problem definition
process described in HOSI), we might draw an evolutionary potential diagram. For the
golf-tee shown in Figure 1, the evolutionary potential situation looks something like the
radar plot shown in Figure 2.

Figure 2: Evolutionary Potential Plot For Typical Golf Tee

It is preferable when constructing this first plot not to think about the benefits and
constraints that were identified in the first two stages, but rather to do it afterwards since
the skills required to do the two different jobs will require different parts of our brain.
Moving to this next task, then, it is usually better to compare the constraints of the problem
with the trends first. The aim when doing this is to determine which of the trends are
inconsistent with the constraints. In the case of this golf tee case study for example, it
appears quite clear that the cost constraint is going to limit the use of several trends. We
often construct a table like the one shown below in order to identify which trends are going
to fit the constraints and what the possible design implications might be:2003, DLMann, all rights reserved
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Trend
Smart
Materials

Likely impact of evolution on tee design
Increased functionality; most likely to help in
the hard and soft contradiction.

Space
Offers potential in several areas – reduced
Segmentation use of material, increased functionality

Surface
Segmentation
Macro-toNano
Webs and
Fibres

Definite prospects for increased functionality
– attachment to ground, height and storage
Some possibilities in terms of attachment to
ground (?) and influence on ball flight

Decreasing
Density

Possible benefits in terms of bio-degradation
and harm to machinery

Asymmetry

Several possibilities.

Geometric
Evolution
Dynamisation

Several untapped possibilities.

Action Coordination

‘Actions during intervals’ is the only remaining
unused stage. Requirements are not calling
for other functions therefore little point in
considering this trend in this case.
No advantage in adding more elements
identified.

Mono-Bi-Poly
(Time)

Mono-Bi-Poly
(Interface)
Use of Colour Considerable untapped potential which may
match height and location requirements
Transparency Unlikely to match specified functional needs.
Design Point Possibilities in solving hard/soft contradiction
Degrees of
Freedom
Reducing
Little scope as there is already only one
Complexity
component.
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Match with Constraints
Very unlikely to be cheap
enough to match cost
constraint
Possible concerns over
manufacture cost; but
such problems have been
solved in similar situations
elsewhere. Good
prospects for this trend.
No likely cost problems.
Good prospect.
Very unlikely to match
time constraint.
Very unlikely to match
cost or time constraints
given the state of the art.
Several possible low cost
materials may be
possible. Good prospect.
Smart design should not
conflict with constraints.
Good prospect.
As above.
Inevitable increase in
complexity will not match
cost constraint. ‘Fluid’ or
‘field’ solutions will not
meet time constraint.

Increased part count
inconsistent with cost
constraint.
As above.
Possibilities if cost can be
maintained.
Must use other trend
resources.
Unlikely to match cost
constraint as system will
become more
complicated.
No problem.
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Controllability

Human
Involvement
Design
Methodology

Fully automatic tee is present in driving
ranges…
Because tee is seen as a disposable item,
very little advantage has been taken of more
robust design strategies

Okay provided the
feedback comes from one
of the other viable trends
– e.g. colour, geometry.
No need to consider on its
own.
…does not fit cost
constraint imposed here.
May fit with constraints
provided design time can
be maintained within
target.

The consequence of this analysis is that we can draw another radar plot; this time
featuring only those trend possibilities that fit the constraints of the situation. For the
constraints in this example, the revised plot might resemble the one reproduced in Figure
3.

Figure 3: Evolutionary Potential Plot For Golf Tee As Modified By Constraints

So now with this new plot, we see that the imposed constraints have markedly reduced
the possibilities that we have to look at when we wish to evolve the design of the tee.
What we ought to do next is examine how existing intellectual property might impact on
our interpretation and use of the trends that Figure 3 suggests are available. To take one
example, Figure 4 illustrates a number of patented tee designs which have already tried to
take some advantage of the unused space segmentation evolution potential.
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Figure 4: Current Tee Patents Using Untapped Space Segmentation Evolution Potential

While none of these appear to hold any great threat, their existence presents further
constraints on what we can and cannot do to evolve our baseline design and we need to
take account of them.
Similarly, Figures 5 and 6 illustrate how inventors have already been thinking about the
Use Of Colour and Decreasing Density trends. In fact, the biodegradable decreasing
density solutions appear to present a considerable threat to our use of the trend since they
might actually be credible solutions (the golf tee patent sector seems to be very well
populated by bad patents in other regards). In this area, we will need to be particularly
inventive if we are to avoid infringing the existing intellectual property.

Figure 5: Current Tee Patents Using Untapped Use of Colour Evolution Potential
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(in this case to help solve the depth problem – albeit it will be difficult for the golfer to actually see – unless
he/she is laying on the ground – what colour is still showing)
A decomposable organic golf tee is provided, that is made of a compacted mulch material
and water soluble adhesive, so that when inserted into the ground it will decompose after
awhile to blend into the surrounding terrain. A modified decomposable organic golf tee is
also provided, that contains a biodegradable support wall, plant food with grass seeds and
a pair of wedges within, to help break up the tee when a downward force is applied thereto,
so as to promote the growth of grass.

A tee has an earthen body with a binder.
The mixture can be injection molded into
a tee configuration mold. The tee also has
an outer hard shell which is a water soluble
polymer. The tees are environmentally
friendly and are biodegradable and soluble
in water returning the earthen material into
the ground

US5046730
A golf tee formed of a molded composition of matter
comprising 30-90% by weight sugar, 20-50% by weight
cellulosic fiber, 2-30% by weight water soluble polymer
and 2-20% by weight liquid or solid plasticizer. The
molded composition may further include turf treatment
materials such as grass seed and fertilizers.

Figure 6: Current Tee Patents Using Untapped ‘Decreasing Density’ Evolution Potential

It is not the purpose of this article to actually invent a new tee of course (actually, we have
done precisely that, but as we are in the process of actually making some prototypes that
might turn out to be viable products, we will not present them here), merely to illustrate the
process of incorporating constraints into the evolution process.
In summary, we recommend a simple six-step process consistent with the overall HOSI
process:1) identify what benefits are required
2) identify what constraints must be accommodated
3) conduct an evolutionary potential analysis to identify which trends are
relevant to the system under evaluation
4) eliminate those trends where there is either no more potential for
advance or that are inconsistent with the constraints
5) for the remaining trends, establish whether there are any existing
solutions and/or intellectual property that might also act as constraints on
the design directions we are able to take
6) use what’s left to generate new designs.
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The trends are intended to act as signposts towards more ideal systems. A considerable
amount of intellectual property is often inconsistent with these signposts. Inconsistency
with the signposts means a less ideal solution and therefore what we should think of as
‘bad design’. Figure 7 is an example of such a bad design. Fortunately when we are
seriously in the business of designing a new system we can ignore such designs. On the
other hand, they can give us something to smile about as we head towards the patent
office with our world-beating solution.

Figure 7: A ‘Not-So-Good’ Tee Design Is One Inconsistent With The Trend Directions
(Your Guess Is As Good As Ours On This One)
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Paradox and the Creative Personality
It is common for psychology-based books on creativity to examine the subject by studying
excellence in ‘creative people’. A good example of such a book is ‘Creativity’ by Mihaly
Csikszentmihalyi (Reference 1), which is based on exhaustive interviews with over 90
such individuals. The range covers the arts, sciences, business, politics and invention.
The sorts of people involved include Paul MacCready, Stephen Jay Gould, Oscar
Peterson, Benjamin Spock, Edward O Wilson and Linus Pauling. In all 14 Nobel prizes
were distributed across the list.
The book makes an interesting conclusion that runs counter to the prevailing logic of the
large majority of the creativity literature. In making the usual attempt to identify the key
characteristics of a creative individual, Csikszentmihalyi found that it was very difficult to
pigeon-hole individuals into different character traits. It was not possible to say, for
example, that a creative individual was introvert or extrovert, serious or playful, or even
high IQ or low IQ. Rather, the best discriminating feature of a creative person was that
they were carried attributes that were able to oscillate widely across a whole spectrum of
contradictory opposites.
In all, ten key contradictory pairs of traits were identified. Figure 1 illustrates the ten in no
particular order.
Smart
Playful
Extrovert
Fantasy
Competitive

Naive
Disciplined
Introvert
Reality
Cooperative

Energetic

Restful

Sensitive

Rigid

Passionate

Objective

Conservative

Rebellious

Pain

Enjoyment

Figure 1: Ten Contradictory Character Traits Resolved in Creative Individuals (from (1))

Let us look at each of the ten in a little more detail:Smart/Naïve- specifically, this contradictory pair seeks to put paid to the idea that
creativity and high IQ are correlated. Certainly having a very low IQ can be detrimental to
creative performance, but then so can having a high IQ. Creativity demands an ability to
be able to see situations from different perspectives. Being able to apply knowledge and
being able to put it on one side temporarily are the top opposing traits suggested by this
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category. There is a connection here too between divergent (naïve) and convergent
(smart) thinking.
Playful/Disciplined- the recognition that humour and creativity are strongly connected,
but also the fact that there comes a point in the creative process where it is necessary to
apply some rigour to the process. This playful/disciplined pair can be seen to relate to the
need for both divergent (playful) and convergent (disciplined) thinking during the creative
process – see Reference 3.
Extrovert/Introvert- usually thought to be one of the character traits that are very difficult
to fake – i.e. people are thought to be either one type or another. Creative individuals
interviewed in the book seemed highly able to carry both traits at the same time –
recognizing the importance of solitude and also communicating with other people.
Fantasy/Reality- great art and science involve a leap of imagination into a world that is
different from the current map of reality. The fantasy part of the creative personality is the
thing that enables the escape from the current way of seeing things; the reality part is the
part that can discriminate between useful and not-so-useful leaps of imagination.
Competitive/Cooperative- also about being able to be both humble and proud, ambitious
and selfless. A parallel recognition that pushing the frontiers of human knowledge is
fundamentally about going further than anyone has previously gone before, but also that
in doing so, an individual is ‘standing on the shoulders of giants’.
Energetic/Restful- the ability to shift between states of high energy and low energy.
Applies in both a physical and mental sense. The important feature seems to be that the
energy level is under the control of the individual.
Sensitive/Rigid- the ability to carry both what are (over)generally felt to be ‘masculine’
and ‘feminine’ traits. Aggressive and nurturant, dominant and submissive.
Passionate/Objective- passion is a necessary element of creativity (“no great work was
ever done by people who weren’t passionate about it”). Objectivity is the yang to the yin of
passion – being the trait necessary to empathise with the views of others and to
communicate new thoughts in such a context.
Conservative/Rebellious- “generally, creative people are thought to be rebellious and
independent. Yet it is impossible to be creative without having first internalized a domain
of culture.” Cultures have certain ‘rules’ that need to be understood if a creative person is
to successfully communicate their ideas to the masses.
Pain/Enjoyment- “inventors have a low threshold of pain. Things bother them.” This
contradictory pair is about recognizing the importance of pain as a motivating force in
wanting to change things, and also the enjoyment that comes with solving a good
problem. A big problem for many problem solvers in this contradictory pair is the very
strong reluctance to go back and critique a ‘good’ solution for fear of finding something
wrong with it. Although not necessarily enjoying the experience, truly creative individuals
seem able to brave themselves to the necessity of this continual find-a-problem/solve-it,
pain/enjoyment cycle.
The findings of Csikszentmihalyi, if true, seem to confirm the instinctive truth that so-called
personality tests like the Kirton Adaptor-Innovator or Meyers-Briggs are gross oversimplifications. Put simply, ‘creative people’ do not fall into neat categories of ‘adaptor’ or
‘innovator’. Creative people are capable of adapting their behaviour to suit the prevailing
requirements.
Reference 2 talks about the importance of obtaining a good balance of character attributes
when setting up a TRIZ problem solving session. It’s not often that we are afforded the
opportunity of such a luxury. What Csikszentmihalyi is suggesting is that it may be far
more effective to create problem solving environments in which individuals have their
controls adjusted to the right position on the ten different contradiction scales.
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Again, its not about ‘either/or’, its about ‘both/and’.
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Nice Solution of the Month
Sometimes we see a solution that is neither a patent nor an investment opportunity, but is
rather just a neat, elegant solution that we think warrants some attention. This month sees
such an example with the ‘Shock Cone Aluminium Hood’, a recently launched design from
Mazda Motor Corporation. The hood design features an all-new impact-absorbing
structure aimed at enhancing pedestrian protection. Compared to conventional framed
aluminium hoods, this new structure has the potential to significantly reduce the severity of
head injuries that can result when a pedestrian is stuck by a car.
Framed bonnets, which are conventionally used for vehicles, have an inner panel with a
bone structure to act as reinforcement. For pedestrian protection, safety engineers
traditionally control impact absorption by adjusting the way the bone structure crumples.
However, the framed inner panel inevitably leaves some hard points that may not fully
absorb the forces of an impact. Instead of a framed structure, the ‘Shock Cone Aluminium
Hood’ on the RX-8 has an inner panel that is uniquely shaped with numerous craters,
similar to cones – see picture. The structure with these craters, called ‘shock cones’,
yields effective impact absorption across the entire surface of the hood.

Major characteristics and advantages of the new ‘Shock Cone Aluminium Hood’ claimed
by Mazda include:

1) Dramatic reduction in the severity of head injuries sustained by pedestrians in an
accident: The shock cone structure achieves consistent impact absorption capacity
across the entire bonnet surface. This reduces the extent of head injuries sustained by
pedestrians who hit the bonnet after being struck by a car. In internal tests conducted
under European NCAP pedestrian head protection test conditions, the new design was
shown to reduce the degree of head injury by as much as 50 per cent when compared to a
conventional aluminium hood structure.
2) Reduced gap between bonnet and engine:
The gap between the bonnet and engine is designed by taking into account the degree of
intrusion into the engine compartment during in a collision. The relatively even intrusion
level and effective impact-absorbing properties of the new bonnet structure allowed
engineers to reduce the gap between the engine and bonnet by one-third (approximately
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30mm). This configuration, along with the low centre of gravity and compact size of the
rotary engine, made it possible to employ a low hood design for the RX-8 that
complements its athletic, sports car styling.
3) Enhanced rigidity and substantial weight reduction:
Despite a 22 per cent reduction in the thickness of the inner panel, the new bonnet
structure is 1.5 times stronger in torsional rigidity than bonnets made using traditional
construction. With a weight per unit area of 4.87kg/m2, the new aluminium bonnet is 23
per cent lighter than that of the Mazda RX-7, and 9 per cent lighter than that of the Mazda
MX-5.
The design, in other words, challenges a number of conflicts usually tackled in trade-off
and compromise ways. In particular, examining the three features outlined by Mazda
above, the design challenges impact absorption consistency across the entire area of the
hood, deflection versus clearance and, perhaps most significantly, torsional rigidity versus
weight.
The designers used a combination of Principles 1, Segmentation, 17, Another Dimension,
and 14, Curvature to create the design. Only Principles 1 and 17 are suggestions that
would have been recommended by the Classical Contradiction Matrix. Both of these
strategies are used on conventional hood designs. The unique feature in the ‘Shock Cone’
design is the use of Curvature in combination with Another Dimension. The new Matrix will
(of course!) point us towards this solution, but irrespective of that, this seems to be one of
those solutions that should hold a place in all of our memory banks.

2003, DLMann, all rights reserved

Subscription 0080

Conference Report – IEPM, Porto, 26-28 May
We presented ‘SYSTEMATIC WIN-WIN PRODUCTION STRATEGY, PHILOSOPHY AND
MANAGEMENT’ at the International Conference on Industrial Engineering and Production
Management in Portugal last month. The paper was basically a re-run of the business
matrix paper we presented at TRIZCON last year, although it featured a new case study
on ‘just-in-time’ production management strategies, and the idea that most so-called justin-time management systems do little more than shift the same trade-offs from one place
to another. Let us know if you’d like to receive a copy.
The conference as a whole, meanwhile, was attended by over 160 delegates from all
corners of the globe. Dominating in terms of attendees were France (56 delegates!) and
Belgium (14). Quite surprising to us, given the production management topic, was that out
of the 160 delegates, something like around 8 were from industry. We leave you to
speculate on the possible conclusions to be drawn from this statistic. For us, it meant that
there was going to be a whole lot of academic pontificating about nothing in particular. Not
totally true as it happens, but too close for comfort, with a very high quotient of matrix
algebra and complicated mathematical formulae.
Lots of mathematics is a sure sign that there is a lot of optimization going on, and indeed,
looking at the contents of the conference (over 140 papers presented over the three
days), it transpired that well over 80% of papers were solely related to optimization
methods or case studies. Some of the CREAX team used to be mathematicians (it’s okay,
we’re all better now!), so we need to be a little careful in what we say, but the old W.E.
Deming saying – ‘the most important numbers are unknown and unknowable’ – springs
vividly to mind. Didn’t Deming have something to do with production management once
upon a time? Hmm.
Having said that, there were several papers that appeared to be making genuine attempts
to shift the way that production management is carried out. Notable mentions to the multiobjective optimizations work (a step along the mono-bi-poly trend) and autonomous, decentralised flexible manufacturing systems (self?) by Rensselaer Polytechnic/GE and Gifu
University respectively. Check out the full list of papers at
http://staff.fucam.ac.be/~cregi/default.htm.
More worrying, at least as far as the TRIZ community is concerned, was a paper
describing a recently awarded EU research contract on the subject of accelerating
innovation within companies. The acceleration is scheduled to be achieved through a
combination of TRIZ and other tools. Great that the EU is beginning to recognize the
importance of TRIZ. Less great is the fact that in all of our time in the TRIZ arena we had
never heard of any of the names of the individuals running the project. TRIZ is at a
delicate time in its evolution and is very vulnerable to acquiring a bad name as a result of
research programmes conducted by people who apparently know very little about the
subject. Here’s hoping that the researchers give the subject a fair chance to demonstrate
what it can do.
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Humour – The Good Ship Progress
Less than aptly named boat spotted on a recent ‘research’ trip to Devon:-

Anyone interested in purchasing the vessel should send us a bid. Offers over 25 Euros
only please. Buyer collects.
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Patent of the Month
Our hearts were filled with big hopes when we came across US6,570,986 this month. The
patent is for a ‘Double Talk Detector’. Perfect, we thought, for certain elements of the TRIZ
teaching community. Unfortunately, the invention turned out to be a system for helping to
eliminate echo during long distance telecommunications. Maybe next time.
Our real patent of the month this month is US6,566,004, granted to General Motors on 20
May. We maintain an active watch on fuel cell patents, and this one ‘Fuel cell with variable
porosity gas distribution layers’, appears by some considerable distance to be the best
solution we have seen for some time. In particular, our attention was drawn to the use of
foams – a fantastic way of achieving very high surface areas in a very simple and efficient
way (very important in a fuel cell of course!). But then, not only have the inventors
managed to configure an elegant foam structure, but they also appear to have created
ways and means of varying the size and consistency of the pores. This represents a
significant jump, we think, not just in the fuel cell arena, but also in many other
applications where foams are used under conditions which are required to vary.
The abstract of the patent is reproduced here:-

‘A proton exchange membrane fuel cell comprising a proton transmissive membrane, a
catalytic anode layer on one face of the membrane, a catalytic cathode layer on the other
face of the membrane, and a gas distribution layer on each of the cathode and anode
layers defining a gas flow field extending over each of the catalytic layers. Each of the gas
distribution layers comprises a layer of open cell conductive foam material which is divided
into a plurality of generally parallel segments extending from one edge of the fuel cell to
an opposite edge of the fuel cell whereby to define a plurality of generally parallel porous
reactant paths extending across each catalytic layer. The segments may be defined by
selectively varying the porosity of the foam material or selectively varying the thickness of
the foam material. Reactant gases are delivered to the foam gas distribution layers via a
manifold structure in which the reactant gases are moved upwardly along an edge of the
fuel cell stack in parallel paths and selectively distributed within the stack at the desired
cathode or anode levels by selective baffling and partitioning structures. A coolant layer
may also be provided utilizing the same segmented foam construction utilized in the
anode and cathode layers. The resultant fuel cell is lighter, smaller, and less expensive
than prior art cells having comparable per surface area unit electrical energy output.’
Have a look at the whole thing here:- http://patft.uspto.gov/netacgi/nphParser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=/netahtml/srchnum.htm&r=1&f=G
&l=50&s1=6566004.WKU.&OS=PN/6566004&RS=PN/6566004
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Best of the Month
This month we have an actual TRIZ recommendation to make (quite rare these days!)
Check out ‘ Computer-Aided Design: Forecasted Evolution’ in the May edition of TRIZ
Journal. The article is by V. Abate and G. Cascini, respectively of Invention Machine Italy
and the University of Florence. The article examines the use of both Invention Machine
and Ideation software (alas no CreaTRIZ – maybe next time guys?) in the assessment of
likely future directions in the evolution of CAD systems. Of primary concern in the article is
the emerging serious contradiction ‘ease of use produces lack of knowledge’. Personally,
we would have adopted root contradiction and evolutionary potential analysis methods to
examine the problem, but in the spirit of ‘variety is the spice of life’, we recommend you at
least have a look at alternative strategies. Link: - http://www.trizjournal.com/archives/2003/05/b/02.pdf
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Investments – Low Cost Solar Cells
Solar energy is at the top of our interest list in terms of its potentially global significance.
We were very interested, therefore, to read about recent developments to solve one of the
major problems of current state of the art solar cells – that of cost.
This from a recent press release:-

A new type of very thin solar cell made from inexpensive materials has been invented by
researchers at the Hahn Meitner Institute in Berlin, Germany, in collaboration with a
colleague now at Portland State University, Oregon, USA. The new device will be much
cheaper to make because it uses less expensive semiconductor materials than
conventional solar cells. The researchers publish details of their invention in the Institute
of Physics journal Semiconductor Science & Technology on 14 April 2003.
German physicists Rolf Koenenkamp, now at Portland State University, and former
colleagues Katja Ernst and Abdelhak Belaidi have used a layer of titanium dioxide that is
full of tiny pores to make a much more efficient device for harvesting the sun'
s energy.
They formed an extremely thin layer of the light-sensitive cadmium telluride (CdTe) which
forms the material for the solar cell on top of the porous titanium dioxide, which was itself
supported on a sheet of glass. They connected electrical contacts to the back of this
sandwich. When sunlight hits the cadmium telluride layer, the energy is converted into an
electrical current which is tapped off via the electrical contacts. Any stray light bounces
around inside the tiny pores in the titanium dioxide layer and is scattered back into the
cadmium telluride layer, making the device more efficient. This boosts efficiency by a
factor of fifty over a similar cell based on a non-porous support material.
The prototype solar cell produces a voltage of 0.67 V and a current of 8.9 milliamps per
square centimetre when illuminated with just 100 milliwatts per square centimetre of light
typical for a sunny day. The researchers also found that if they alloyed the CdTe with
mercury they could boost the current to 15 milliamps. "Solar cells typically produce
between 0.5 and 1 V voltage," explains Koenenkamp, "In applications, several cells are
connected in series to provide higher voltage as needed."
There are a few wrinkles yet to be smoothed out in the prototype solar cell, but its
properties offer the promise of renewable energy at much lower cost than current solid
state devices. While the present device still uses hazardous or expensive materials, such
as gold, cadmium and mercury in small amounts, the simple design principle could be
used for other cell types, such as silicon and compound solar cells, says Koenenkamp.

We particularly like the part about layers of titanium oxide ‘full of tiny pores’. Somewhere
there is an advantage in adding holes to stuff, but not many would have guessed that the
holes would cause otherwise wasted light to bounce around and be scattered back into
the useful parts of the system.
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We think this is definitely one to watch.
Read more about the design in ‘Solar cell with extremely thin absorber on highly
structured substrate’ at http://www.iop.org/EJ/journal/SST.
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TRIZ and Biology – The Cuckoo Wrasse (Labrus bimaculatus)

Wrasse are unusual in that they are one of the few fish that are able to change sex during
their life. In both the Ballan and the Cuckoo Wrasse, the complex behaviour starts when
the fish are about six years old. In any one stretch of coastline all of the Wrasse will be
female with the exception of a single dominant male. If this male should die, the next most
senior female undergoes a sex change and becomes the new '
top'male. In spring, when
courtship starts, the already colourful male Cuckoo Wrasse becomes even brighter so as
to attract as many females as possible.
The Wrasse, in other words, seems to have come to the conclusion that the male of the
species has only a minor role to play in the continuity of the species. In order to minimize
the waste of valuable reproductive resource, only one is needed. An example of Principle
4, Asymmetry or 25B, Self-Service (‘make use of waste resources’), you decide.
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