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The Ferrometer

Introduction

I have advised you (Ray, Sabrina and Katherine) to take up "Applied Biology" as a vocation, comparing it to "Computer Science" in the 70's; filled with excitement and adventure as well as intellectual, emotional and financial rewards.  As evidence, I offer the following account.  Although it may seem a "lucky" chain of events, similar luck got me into my choice of High School, MIT and contributed to the early success of Calico.  Common to all this luck was getting up every morning, trying something new, paying attention, evaluating opportunities as they presented themselves and leveraging those possessing limited downside and infinite upside.  I hope this story gives you a concrete example of this approach and motivates you to live a life where you can realize your own dreams and write stories for your own kids. 

UC Irvine Visit

I've always been interested in Biology.  However the field was moving rather slowly when I was a young man (in the 70's) and I chose to do Computer Science instead.  After I retired, I kept my eyes open for any opportunity for my kids to learn more about it.  When I discovered that a friend of Raymond's was going to visit Dr. Enrico Gratton's Biophotonics lab in UC Irvine during Christmas 2006, I asked if Ray and I could go along.  My hope was that he could get a summer job there.  We made the appropriate contacts and he got an (unpaid) internship in the summer of 2007.  He was exposed to several projects there and spent some time doing in vitro Hemoglobin absorption measurements above 1000 nm
.

Pulse Oximetry and Hemoglobin

In the spring of 2007 I studied hospital room instrumentation (the pulseoximeter in particular) as I sat with my mother during her various hospital stays.  I learned it used light to measure both pulse rate and dissolved oxygen in the blood.  I was surprised to discover that it did not measure Hemoglobin.  Hemoglobin was of interest to me because in 2004 your mother Marguerite went to see her doctor after feeling especially weak.  The Doctor took a blood sample and then called a few days later in a panic after discovering that her hemoglobin level was 6 (the normal level was 12).  My question at the time was “Why couldn’t he just have measured the level in his office?” 

Dr. Ames and Micronutrients

In the summer of 2007, I took Sabrina to an MIT talk by Dr. Ames at the Bayer facility in Berkeley.  He spoke of the importance of micronutrients such as vitamins and metals.  It seemed obvious (knowing nothing about it) that one might be able measure a variety of micronutrients using whatever approach was used by pulse-oximeters.  I got some information from Raymond, briefly studied pulse-oximetry and learned that it worked by dynamically measuring the differential absorption of multiple light wavelengths by blood and tissue over the course of many heartbeats.  Mona was nice enough to agree to help with the initial market investigation.  I sketched out some thoughts on the idea, which one of Mona’s potential customers dubbed a “Ferrometer”, and then shelved it.

Ferrometer Resurrected

In the fall of 2007 Sabrina took a research course at school, which required that she enter the March 2008 Synopsys science fair.  She reviewed a variety of projects and then decided to resurrect the “Ferrometer”.  The basic idea at that point was to gather blood samples from a large number of people, use a large array of LED light to measure the samples’ absorption and then attempt to cross correlate absorption with known physical conditions.  Neither of us had any experience in this area.  We were clearly out of our depth so we started emailing various universities about the idea.  Many simply didn’t respond.  I then started calling personally, explaining to the universities’ secretaries that my 15 year old daughter was doing a science project.

UC Davis' Center for Biophotonic Science and Technology

Of particular interest was UC Davis’ CBST (Center for Biophotonics Science and Technology).  In addition to doing Biophotonic research, it was local and their NSF charter stipulated that they reach out to high school students.  After a few calls, CBST agreed to a meeting in January 2008
.  My hope was that we might meet with a junior researcher who would allow Sabrina to get some exposure to the research process at their lab (much like what happened with Raymond at UCI).  However when we showed up, four senior team members were there: Dr. Matthews, the head of the Lab, Dr. Lane, the head researcher, Dr. Chuang, a researcher interested in anemia and Tod Stoltz, the business development contact.  It turns out that they had a request from a Dr. Brown working in Senegal for a device to non-invasively detect Iron-Deficient anemia
.  They stated that they had invited us solely based on the project name (“Ferrometer”)
.  When they heard the “Broad Spectrum Analysis” idea, they were clearly disappointed.  However, Dr. Chuang was kind enough to agree to help Sabrina
.

ZPP or "You can't measure Iron Deficiency by looking at Iron"

At our next meeting in February 2008, Dr. Chuang referenced a paper from WHO describing prior diagnostic approaches and current research on Iron Deficiency
.  In particular, the WHO paper indicated that the body stores blood iron in the bone marrow and liver.  These organs attempt to maintain a constant iron level in the blood.  So low blood hemoglobin indicates that these “secondary stores” are depleted, and that the patient is in very bad shape.  WHO’s goal was to detect iron deficiency before the patient reached that point.  Of the indicators mentioned in the report, Dr. Chuang was especially interested in Serum Ferritin.  However, he had been unable to make any progress with it.  He later brought in a grad student, Xiaoyan Chen, who found a 1978 patent by a Dr. Shapiro on the Non-Invasive detection of Zinc Protoporphyrin (ZPP), an indicator of both lead poisoning and iron deficiency.  When the body does not have enough Iron to form hemoglobin, it uses Zinc instead which forms ZPP.  Dr. Shapiro used a reflective geometry
 to excite ZPP with 425 nm light causing it to fluoresce at 594 nm.  Dr. Chuang was very excited about ZPP because its detection was based on fluorescence, not absorption
.  In his words, “You get a real signal out”.  Apparently, noisy readings were an anathema in this field, and an opportunity to get an unambiguous output was important.  I discovered that this sentiment was mirrored in the seminal textbook: “Principles of Fluorescence Spectroscopy” by Lakowicz where the author quotes one of the key figures in the field, Gregorio Weber, as saying “fluorescence spectroscopy depends on the probes first and instrumentation second” 
.

Ferrometer at the Synopsys Science Fair

So Sabrina changed the focus from absorption to fluorescence measurements.  At the time, our view of fluorescence was quite limited.  We had not heard of EEMs
, and were not given any information beyond the WHO article and the patent reference.  So after getting a tutorial on the instrument from Dr. Nelson, Sabrina borrowed an Oceanoptics USB-2000 spectrometer from Harker (her high school).   This would allow her to (hopefully) see multiple different fluorescent peaks
.  Now Sabrina had been putting off the actual experimentation until shortly before the Science Fair, which was in March 2008. The kids at school had been teasing her for taking on a project that was clearly too ambitious.   Marguerite was getting nervous.  So she asked Sabrina to get started on the work while I was at a trade fair in Berlin.  So under my direction via Skype from a Berlin hotel room, Sabrina, Marguerite and Raymond took apart the USB-2000 and attached it to a fiber-optic cable with a collimating lens we had bought from Oceanoptics.  This was her "detector".  We had attached several LEDs of various wavelengths through a single resistor back to a 5 volt power supply.  These were her “illuminators”.  The illuminators plus the detector allowed Sabrina to quickly try out various geometries and probing sites on the human body by simply shining the various LEDs on the site, holding the fiber optic cable at various angles and seeing what arrangement gave the best signal
.  She was guided in her geometry search by reading a paper on a related invasive device
.  Since Sabrina did not have access to any Iron deficient anemic patients, she also showed that the device could detect ZPP in a “tissue phantom” created from Parma Ham (which contains ZPP)
.  This idea came from a Japanese paper where they made a cheap image cytometer from a Sony Camera to examine ZPP concentrations in Parma Ham under 425 nm light
.  Sabrina was afraid that the speed at which she pulled together the work would detract from the results (She did the entire thing: experiments, data analysis and publication in 3 days).  However, it was received very well at the Synopsys Science Fair.  She won several prizes, including the chance to participate in the California State Science Fair (CSSF)
 and perhaps most importantly, the kids at school stopped teasing her about the project.

Ferrometer at the California State Science Fair

Sabrina had found out that a transmissive geometry through the webbing between the thumb and forefinger gave the best results.  So for the May 2008 CSSF, we created a “probe” out of a curtain clip that held the LED in the upper arm and the spectrometer’s collimating lens in the lower arm.  The clip that gave the most differentiated results used a high power 425 nm LED from Roithner-Lasertechnik in Vienna.  She then performed two more experiments.  In the first, she verified that she could normalize readings using the excitation peak intensity
.  In the second, she used the clip to record her blood chemistry during the course of her period
.  Results were pretty good and she got honorable mention at the CSSF.

Ferrometer at the CBST

At this point, our primary goals had been achieved.  Sabrina experienced how research was done, verified that it was "promising" as measured by trophies from judges at the requisite competitions, had something to show the enrollment committees at the colleges she was applying for, etc.  However, in order to protect the Intellectual property, we wrote up the results in the form of a "provisional patent" after doing some further lab work which contrasted the “Transmission Fluorometry” Geometry with the “Front Facing” and “Right Angle” Geometries used in other instruments
. 

The next milestone was to show the results to the people at the CBST.  We arrived the day after submitting our provisional patent with the apparatus and gave a presentation.  Recall that at the last CBST meeting, all we had was the problem definition and a patent reference.  Upon seeing the results, the astonishment of the audience was palpable.  I was afraid that we had done something wrong.  But Dr. Chuang then said that he was surprised that we had accomplished so much in just under 90 days
,
.  He took LOTS of pictures of the apparatus.  Frankly, I was puzzled by what he could possibly be looking for.  It was just a cheap spectrometer connected to some curtain clips connected to some LEDs hooked to a 5 volt power supply.  However earlier, Dr. Chuang had mentioned that he was thinking about using a high brightness Femto pulse laser to excite ZPP non-invasively.  The focus of his interest became apparent in followup calls, where Xiaoyan asked for the part number of the LED we had used to get the results.  It turns out that Roithner-Laser had discontinued the part, however she asked for it again anyway and we were happy to give it to her.  The original plan was to have Sabrina work that summer at CBST assisting Xiaoyan in her ZPP studies.  However things grew tense.  Dr. Lane and Xiaoyan were less than happy upon hearing that we had filed a provisional patent.  They did not invite Sabrina back, and by the Fall of 2008, after we helped them use the results of our work to define a trial of a similar device they were developing (A ZppMeter), the relationship fell apart completely.  I will never know for sure, but I suspect they had trouble duplicating our results and did not want to ask us for clarification.

Fast Forward: Non-provisional Ferrometer Patent

"Fast forward" one year.  The non-provisional patent was due June 12th 2009.  A friend of mine, Hector Franco, had helped me write the original provisional patent and I asked for his help in completing the non-provisional version.  Hector had one guiding principle for patent creation that he constantly reiterated.  In his words: "We have to learn from the example of the Singer Sewing machine."  Now, sewing machines are complicated devices.  They use lots of different technologies to do various things.  However, Singer's key patent was "putting the threading hole near the tip of the needle".  That was novel, easy to explain, non-obvious and most importantly, it was impossible to construct a sewing machine without that technical innovation.

So, what was our "Hole in the Needle"?  Put another way, what was it that Dr. Chuang should have focused on when he was taking all those pictures of the equipment?

Answer: The curtain clip on the thumb webbing.  The high powered LED had comparatively little to do with our results.

In order to see why, consider the equation that governs how light is transmitted through a slab of material filled with a substance that absorbs the light:

Io = Ii 10 –2.303 ε(λ) c t 
Where Io is Light Intensity out, Ii is Light Intensity in, ε(λ) is the molar extinction coefficient
 (which is a function of the wavelength), c is molecular concentration (= mass concentration/molecular weight) and t is thickness.  Assuming a finger about 1/2" (1.27 cm) thick and a thumb webbing is less than 1/16" or about 1/8th to 1/10th as thick, we get the absorbances (the negative exponent part of the equation) for the finger and thumb webbing below.
	Concentration 
	150
	gm/l - Whole Blood is 150 gm/l
	
	
	

	Weight
	64,500
	gm/mole - Hemoglobin is 64,500
	
	
	

	Thickness
	1.27
	cm - A finger is about 1/2" thick
	
	
	

	"t" Ratio
	0.1
	Thumb Webbing is about 1/8 to 1/10 as thick as a finger

	"c" Ratio
	0.1
	Clip blanches 3/4 of blood out, leaving ¼ to 1/10
	
	

	
	
	
	Finger
	
	Webbing
	Blanched

	λ (nm)
	ε HbO2 (cm-1/ M)
	ε Hb        (cm-1/ M)
	Finger HbO2
	Finger Hb
	Web HbO2
	Web Hb
	Web HbO2
	Web Hb

	365 (364)
	89836
	136972
	611.05
	931.67
	61.11
	93.17
	6.11
	9.32

	425 (424)
	376236
	461200
	2559.11
	3137.03
	255.91
	313.70
	25.59
	31.37

	594
	7678.8
	22574.8
	52.23
	153.55
	5.22
	15.36
	0.52
	1.54

	 
	 
	 
	 
	 
	 
	 
	 
	 

	569 (568)
	40172
	46984
	273.25
	319.58
	27.32
	31.96
	2.73
	3.20

	660
	3196
	322.56
	21.74
	2.19
	2.17
	0.22
	0.22
	0.02

	805 (804)
	836
	737.08
	5.69
	5.01
	0.57
	0.50
	0.06
	0.05

	940
	1214
	693.44
	8.26
	4.72
	0.83
	0.47
	0.08
	0.05

	975 (974)
	1150.8
	402.28
	7.83
	2.74
	0.78
	0.27
	0.08
	0.03


Besides controlling thickness, the clip "blanches" (drains some of the blood out of) the webbing.  The blue section is what we get for “Blanched” thumb webbing.  The yellow section below 569 nm are the values you’d see for a pulse oximeter.  They are comparable and explain why we see 425 nm light through the thumb webbing (Which is also Blossom Diagnostics Logo).  Note also that the ratio of Webbing HbO2 output intensity at 425 nm to Finger Hbo2 intensity is 2559 – 25.59 = 2534.  That’s a 10 with 2534 zeros after it.  Now suppose instead of controlling thickness and concentration, you wanted to control output light intensity by increasing input light intensity.  A Femtopulse laser just won't cut it.  Hell, the complete light output of the sun all converted to 425 nm light probably wouldn't do it either.  That's our "hole in the needle".

The Hemometer

Sensor to Instrument

During the summer of 2008 in parallel to helping UC Davis go through the IRB paperwork for the clinical trial, I continued work on the Ferrometer
.  I wanted to transition from having a manually controlled sensor to an automatically controlled instrument.  The key issue at that point was choosing an instrument architecture. I characterized the decision as choosing between either a "Pulseoximeter" style architecture or a "Fluorometer" style architecture.  Ultimately, since I wanted the system to be broadly deployed and used, I chose the "Pulesoximeter" style since it was smaller, cheaper and more rugged.

I then investigated several publicly available designs.  The one that was cheapest, best supported and had the least IP restrictions was a design created by TI and centered on their MSP430 micro-controller chip.  Support was particularly critical, since I had never dealt with a "Surface Mount" Printed circuit board design before (Surface mount makes the board smaller).  Also, the last time I had dealt with a dedicated controller was 30 years earlier.  TI had device programmers, a baseline design and a Customer support staff to answer questions.  This allowed me to take a base commodity technology (into which they had put years of effort and work), extend it with my "value add" application and provide a complete solution as a result
.

Next Steps

The problem is clear enough that we can now define some relatively straightforward experiments.

· Try low power chips

· Samsung - See if we can use the Marubini chip in our clip to extend Samsung’s results.  This is particularly low hanging fruit.  The Samsung paper is already written.  We can use it as a guide for the experiments.  Communication from the author (G Yoon) indicated that the primary issue was that they could not get a 569 nm signal out.  However the table in the previous section indicates that we have a good shot at solving this problem.  Their work is defined as state of the art in a survey paper.  So we can say we "Beat the best".  We could potentially approach Samsung as an acquirer with the IP.  (Need to do Int'l patent in Korea).  
· SamEem - Samsung using EEMs.  "Samsung" using a Spectrometer.

· SamPort - Samsung portable.  "Samsung" attached to an iPhone.

· Try low power systems

· 16 LED - Extend "Samsung" using a "flexible" illuminator built around MicroAlign's condensors.

· 16 LED "Chip" - If 16 LED works out, talk to Marubini about creating a new chip with the required LEDs.

· 16 EEM - 16 LED but using a spectrometer.

· Try high power chips

· 16 LED "Hi Power" - Same as 16 LED, but uses High power.  Do only if low power does not work.  Good news is that the initial design is complete.  In particular, the "Current Mirror" should allow easy (if bulky) control of the illuminator.

Instrument Configurations

We can characterize these next steps in terms of different equipment configurations.

	
	Configuration Name
	PulseOx
	Samsung
	SamEem
	16 LED
	16 EEM
	SamPort

	Base
	Base (MotherBoard + Nellcor)
	(
	(
	(
	(
	(
	(

	Sensor
	Clip (Chip, Fiber)
	
	Chip
	Chip
	Fiber
	Fiber
	Chip

	
	LED Driver (2, 3-5, 6-16)
	
	3-5
	3-5
	6-16
	6-16
	3-5

	
	Receiver (PD, Spectrometer)
	
	PD
	Spectr.
	PD
	Spectr.
	PD

	Comm
	Comm HW (USB, Zigbee, Wifi)
	USB
	USB
	USB
	USB
	USB
	

	UI
	Monitoring Platform
	PC
	PC
	PC
	PC
	PC
	iPhone

	
	Monitoring SW
	Python
	Python
	Python
	Python
	Python
	??

	
	Analysis SW
	
	
	
	
	
	??


This roadmap is good for planning, but we still want to start with Samsung because it is easiest and gets us the most "bang for the buck"
.

Some Final Points

Besides the footnotes, here are some of my "takeaways" from the story:

· Literature Search helps.  I used to despair when I discovered a "new" idea of mine had already been executed by someone else.  However, I then realized that this was almost like being able to magically make my idea appear without doing any work!  I would then study the results, see if they answered any questions I had, and see if I could build on them.  Now, if I cannot find literature on my "new" idea, I am worried that I will discover the idea had such a bad problem that its previous discoverer could not even get a paper out of it!
  In this particular case, the WHO article, the ZPP patent, the Hematofluorometer and Parma Ham papers were all key in developing an insight into the problem.  However, literature search in this case had several downsides:

· Dead Ends: We had originally looked at the WHO Haemoglobin color scale as a possible technology to leverage.  Dr. Chuang showed us that we were off in the weeds (although there was one key paragraph and one great summary paper to be taken from the effort).

· Sheer Volume: Where does one stop?  Our bibliography has about 150 articles in the science part alone.  Many of them may not be relevant, but how do you find the "good" ones?  This leads to:

· Defocusing: At some point, you get more leverage from (properly structured) lab work than by reading papers.

· Money does not help.  Keeping things cheap requires keeping things simple, and increases the chances of finding a simple property that is broadly (and hence profitably) applicable.

· Formal education helps, but often confers arrogance as a side effect.  Ability to set and achieve goals is not automatically granted to either Americans or Phds.

· Biology is a craft, not a science.  Like cooking, great recipes are discovered primarily in the kitchen by people who like to cook, not by people who like to write cookbooks.

· Believe the data, and remember that if you are the "cook", you get to see it first. 

· Few people really understand exponentials
.  Write out all the zeros.

Nothing beats persistence and paying attention, both of which are a lot easier if you can develop an honest interest in the subject.

Scrap

So (tfinger - twebbing) = (1.27 - 1/8(1.27))  = 1.11. So assuming the same input intensity and concentration, and temporarily using logs to simplify the math, the ratio of the output from the thumb webbing to the output from the finger is below.  (Note the sign reversal).

Log10(Iowebbing /Iofinger ) = -( c (twebbing - tfinger) = ( c (tfinger - twebbing) = ( c 1.11

� Just like his 2009 Synaptics' job, Ray got this because of a Harker parent.  What are the chances of Ray finding these two high tech jobs if he went to a school where all the parents were cooks or auto mechanics?  Similarly, I got a summer job when I was 18 sequencing ribosomal RNA in Novikoff Hepitoma cells because my high school friend's father was the head of the department of Pharmacology at the Baylor College of Medicine.  I got into MIT because of references from two Rice University professors: Dr. Ed Hayes and Dr. M. Stuart Lynn.  They referred me because I had done an extraordinary job for them as a labbie in a Computer art class (They were impressed that Howie Johnson and I got computers to compose and play music in real time back in 1975).  I got hired at my first Silicon Valley job because of my exceptional intellect, and the fact that Bob Miller, a college friend, recommended me.  Just imagine what I could have done if I had made one more friend!  If I had to do it all again, I would have worked harder to leave a "good taste" in the mouth of those I met at school.  They could have been the source of even more opportunities.  See also the September–October, 2002 American Scientist Article "Follow the Money".


� Lesson: Phone calls to secretaries got us access, not emails to department heads.


� Lesson: When starting a business, it is important to meet the needs of a real customer.


� Lesson: My initial investigation included Marketing analysis, which had generated the name (“Branding”), which raised interest, which got us the meeting.  At least, in the initial meeting they said they were attracted by the name.  However, my background might have convinced them to take the meeting too.  I later heard that they were looking for money and had hoped that I might become a donor.


� Lesson: Sometimes, surviving the initial meeting is enough.  See Calico’s Cabletron story.


� Reference: 2004 “Assessing the Iron status of populations” World Health Organization (WHO)


� A "reflective geometry" is where one shines light on a subject and examines the light reflected back.  Many pulse oximeters either use this approach or a "transmissive geometry", where light is shone through a finger.  Dr. Shapiro could not use a transmissive geometry because blood effectively blocks any wavelength below 600 nm when it is transmitted through a finger (This 600 nm barrier is called the "Medical Spectral Window").   


� Dr. Chuang was generally unemotional.  When someone gets excited, I want to find out why.


� Page 68


� EEM - Excitation/Emission Matrix, which is a 3d plot with excitation wavelength on the x axis, emission wavelength on the y axis and intensity on the Z axis.


� In fact, although she did not know it, she was measuring one "slice" through an EEM.


� Key Result 1 - Most fluorometers come in a fixed geometry which is not optimal for our purposes.  So, just by futzing around with an illuminator and a detector, Sabrina was able to determine the optimal non-invasive geometry that pierced the "Medical Spectral Window".  This became the basis for the Transmission Fluorometry patent and subsequent "Hemometer" work.  


� Reference: 1977 "The Hematofluorometer" - William E. Blumberg, Josef Elsinger, Angelo A. Lamola, and David M. Zuckerman


� Key Result 2 - The device can detect ZPP in a "tissue phantom".


� Reference: 2006 "Observation of the distribution of Zn protoporphyrin IX (ZPP) in Parma ham by using purple LED and image analysis" by Wakamatsu, J., Odagiri, H., Nishimura, T., Hattori, A


� Lesson: “Luck favors the prepared Mind” – I wanted to show Sabrina that you didn't need a roomful of expensive equipment plus a lot of time and money to do meaningful research.  Our equipment was cheap, borrowed and the principle results were gathered in 3 days.  Our key advantage was that we had no preconception about what we would find, or how to find it.  However, we did have faith that there was something there to see.  Stated in a less flattering fashion, we were clueless and stubborn.  My greatest contribution was that I recognized the implications of her data when Sabrina, an inexperienced 16 year old girl, could not.  But Sabrina produced the data, not I.  That data allowed us to pull together a coherent theory that she was able to refine and present.  So both doing the work and paying attention are important.


� Key Result 3 - We can normalize the readings.  This means we can compare readings taken at two different times and for two different individuals.


� Key Result 4 - We can correlate the readings to an actual physical change in blood chemistry.


� Key Result 5 - The "transmission" geometry overcomes the limitations present in competing geometries.


� Lesson: Importance of external deadlines.  Sabrina (and I) had to hustle to complete 4 events: two science fairs, a patent application and a major presentation.  The key point is that we had no control over the due dates.  We had to make the deadlines.  If you ever mange people (or even yourself), you can make more progress if you are under deadlines over which you have no control.


� Lesson: It was 90 days from Frank's perspective.  Keep in mind that it more than a year from the original conception.  The same thing happened at Calico.  I brag that I booked $1M worth of business from 3 customers in the first 90 days of the Calico's history.  I leave out the part that it took 4 years to find a market and develop a product where I could book $1m in 90 days.


� Confusingly, Wikipedia equates “molar absorptivity”  and “molar extinction coefficient” (ε),  omlc.ogi.edu implies molar absorptivity (µa(λ)) = 2.303 x molar extinction coefficient.(ε(λ)).  I use the stuff from http://omlc.ogi.edu/spectra/hemoglobin/index.html


� This was due primarily Marguerite's encouragement.  My friends at DLA Piper suggested that the cost/benefit analysis of going forward (patents, development and a clinical trial) clearly pointed to simply selling the IP (Intellectual Property) at this point.


� I did the same thing at Calico.  I had determined that I needed an extensible environment in which to implement configuration.  I chose CLIPS (a portable embeddable LISP environment written in "C") as the base and extended it by adding constraints.  CLIPS was free ($300), open source and portable.  It beat the hell out of recreating an available commodity and extending it.  Also, there was no need telling people that I used CLIPS.  Keeping your suppliers secret is part of the company's IP.  This kind of IP is called a "Trade Secret", as distinguished from the other two forms of IP: a Patent and a Copyright.


� The finger may allow us to get a better pulse, so we may need to co-ordinate two sensors, one at the finger and one on the web.  


� Of course, ultimately the patent office will tell us just how "new" the described idea actually is.


� Or maybe I just don't.  Please double check the Ferrometer patent section figures.
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