


Reliability, The Bible and the Second Law of Thermodynamics






Introduction
Part of the result of the disobedience of Adam and Eve was the curse on the whole creation (Genesis 3: 16-19; Romans 8: 20-22).  Although some mechanism which is described by the 2nd Law of Thermodynamics might be assumed to be operational prior to the Fall (i.e. digestion, friction etc.) it appears that God removed some of his sustaining and maintaining power from the universe which he made.  Our everyday life experience demonstrates an irreversible process in which results in an increase in entropy and can be considered an experiential object lesson for mankind.  Man is now experiencing a form of rebellion in the “natural” universe that mirrors how God Himself felt about Adam and Eve’s disobedience in the Garden.  
Part of the theory of Entropy is the quantitative measure of ‘randomness’, disorder, or complexity and can be viewed as the Law of Decay and Death.  It explains why the other part of the theory of Entropy says that ‘the energy available to do work decreases in a closed system in any process or passage of time’.  It is important to remove the confusion on the meaning of entropy so that we can properly apply it to the evolutionary claim that biological evolution-macroevolution is a proven fact.  Despite statements to the contrary, the Theory of Evolution is subject to the 2nd Law of Thermodynamics, as is every other process. 
In the area of the scientific discipline of Reliability Engineering, it can be shown that the principles of System Reliability, which applies to all things, is a probability measure of the Law of Decay, just as spelled out in the Bible.  Reliability can be applied to the theory of evolution to test its validity.  This discussion is not a rigorous derivation, but is presented for consideration of a concept to be used in Apologetics.



Background Information: What is the Second Law of Thermodynamics? 
 The 2nd Law of Thermodynamics is usually understood as an inherent law of physics or chemistry with the consequence that, in a closed system, you can't complete any real physical (or chemical) process with as much useful energy for work as you had to start with.  Energy is conserved as required by the 1st Law of Thermodynamics, but some energy has been transformed into an unusable state, which is called entropy.  Thus some energy is always unavailable to do work at the end of the process.  In High School Science classes, this implies that a perpetual motion machine is impossible.  
The first opportunity for confusion arises when we look at the meaning of the word entropy, as there are really two ways of defining it:
1.  Thermodynamic Entropy
The scientist Clausius invented the term in 1865, when he noticed that a certain ratio was constant in reversible, or ideal, heat cycles.  This ratio was the quantities of heat exchanged to absolute temperature.  Clausius determined that this conserved ratio must correspond to a real, physical quantity, and so he named it ‘entropy’, where for a closed system, it is the quantitative measure of the amount of thermal energy ‘not available to do work’.  So it's a negative kind of quantity, the opposite of available energy.
• Energy consideration, Overall Efficiency is now always less than 100% (Genesis 3: 17-19) 

• Intelligent input or not?
• Clausius’, Lord Kelvin’s Model
2.  Logical Entropy
Entropy is also used to mean disorganization or disorder.  J. Willard Gibbs, the nineteenth century American theoretical physicist, called it ‘mixedupness’, which is a measure of disorder or randomness in a closed system.  Again, it's a negative concept, the opposite of organization or order.  The term came to have this second meaning thanks to the Austrian physicist Ludwig Boltzmann.  The rule as stated above for thermodynamic entropy seems to apply likewise to the logical kind: entropy in a closed system can never decrease.  A corollary would be: things never organize themselves spontaneously on their own.  This rule that things never organize themselves is also observed (or verified) in our everyday experience.  Without someone to fix it, a broken system never mends.  Without maintenance, everything deteriorates with time, under operation usage or not, no matter how well designed and manufactured.  
The concept gets confusing when one considers the arrangement of molecules or atoms in a substance that can appear more organized with a decrease in energy content or temperature fall
.  The answer, if one cares to accept it, is that the total entropy is still satisfied if the tendency to a higher order of complexity is less than the tendency to a lower energy state.  That is, when the tendency for lower energy states is stronger than the tendency for increased disorder, (when the probability for a lower energy state even if the order is more than previously), is greater than the loss of energy available to do work.  
• Disorganization or disorder
• Law of decay (Romans 8:20, 21)
• Law of mixing of gases at the same temperature
• Ludwig Boltzmann’s Model




Experimental vs historical science evidence
The question always comes up in discussions of evolution and creation science as to which one is real science and can be tested and observed? 

•  Evolution- based on a belief in past uniform processes (no catastrophes) or faith that the theory of evolution is true.  No one was there to observe.  A continuation of everything just as it was since the beginning (II Peter 3: 4-7).
•  Creation- based on belief in past events or faith.  We have a reliable document and a record of one who was there.  A one-time event.
•  Reliability- based on observable events.  Everybody today can see the process.  A continual process.  Failure Analysis for cause and effect can be performed.  Failure probabilities can be repeatedly tested in the laboratory.
When we examine evolutionary and creationist theories or models, we find that both are historical sciences based on pre-suppositions (faith or belief), which cannot be tested per the Scientific Method.  Unlike many scientific disciplines, there is only limited scope for experiments, which can be repeatably measured in the laboratory or field.  However, when we examine Reliability Theory, we find an area where these theories can be verified to some degree in the laboratory with repeatable testing.  Failure rates of components (and by extrapolation the system), can be measured by testing a sufficient number of components under usage stresses, until they all fail.  The only difficulty in Reliability determinations is that the measure of a system is in terms of probabilities for the population, but not exact numbers for each individual component unit.





Reliability Engineering
Reliability may be described as ‘Quality in the Time Dimension.’  Classically, it is defined as: ‘The probability that an item will perform its intended function satisfactorily for a specified interval of time.’  The Mean-time-between-failures (MTBF) is a measure of reliability (R) function with time and is equal to the calculus integral of R(t)dt from zero to infinity time (or end of system life).  If the distribution of failure events is exponential as most things are, MTBF = 1/(.  Where ( is the function failure rate, and is usually a constant unless the system is in its ‘increasing wearout’ mode, or in its Infant Mortality mode.  Reliability predictions are not about the actual design item itself, but represent the whole population manufactured from the qualified design.
Now what does Reliability have to do with The Second Law of Thermodynamics (or entropy—the measure of available energy to do work)?  Both of these concepts are a function of the Law of Decay or disorder, which eventually leads to failure of function and ultimately the “death” of  the system.  The Second Law has to do with available energy to do work and the measure of complexity, whereas reliability, or probability of success, is a measure of complexity and operation as a function of time.  Since the Second Law equations do not contain the element of time, there is a requirement that in the reality of observable life, a true measure of entropy must incorporate a time parameter in some way.
Reliability is a probability measure of the time that a system will operate without failure and entropy is a measure of decay of a system in terms of its energy content and organization.  The mathematical equations to describe Reliability or the Second Law must contain all the variable parameters that we know exist.





Why the Second law?
Why did God place this curse (The Law of Decay and Death, i.e. The Second Law) on man in this physical form?  Perhaps we needed an object lesson in physically experiencing the rebellion in Creation that God Himself had felt in the rebellion of mankind (Adam & Eve) against Him.  We can deduce (from Genesis 3 and Romans 8) that the effects of the curse are as follows:
· Things will wear out with time
· Things will decay
· Nothing will be 100% efficient
· Available Energy to do work will continually decrease, when the system is the whole Universe
· Loss of Function of all things will occur given enough time.
· Death for all living systems is an end result of the Law of Decay (or catastrophic failure)
These effects are the baseline of the premises of both the formulation of the Second Law and Reliability Theory.
Instead of trying to equate the two types of the Second Law as if they were equal and the same thing, as noted in many classical textbooks, total entropy would seem to be the logical addition of each contribution to entropy, giving the equation:        (S = ((E + work)/T + (kr /T)[(d(/(](1 - e-(t), which is the adding together of the standard components of the traditional equations for complexity and thermodynamic entropy with the reliability function multiplied with the probability of order (Statistical Entropy). [The student of engineering will understand the various symbols.]
  Remember, that Entropy must have the dimension of time included somehow because that is our experiential exposure.





Other Discussions and Opinions
Dr. Sarfati, a well-known and capable creation scientist associated with Institute of Creation Research, suggests that the Second Law of Thermodynamics was not instituted by God at the Fall of Adam and Eve. He further says that Creationists should no longer use the issue as an argument against Evolution, because it is not a strong argument for Special Creation or the effect of the Fall on that creation.  While Dr. Sarfati has a valid concern, I think that the principles of Entropy can still be used to explain our life experience and refute the claims of Evolutionists when they say that the Theory of Evolution is possible (and especially when they say biological Evolution-macroevolution is a proven fact.) However, it does require that the Creationist be aware of the dual nature involved with the concept (definition) of the Second Law and the Scientific Principle of Reliability Theory.
In the Oct-Dec 2006, Vol 1, number 2 issue of “Answers” (Ken Ham) there is an article concerning the type of life in tree and bush leaves by Dr. Michael Todhunter.  In this article he notes that leaves decay from the breakdown of complex sugars and carbohydrates into simpler nutrients, which he interprets as a result or operation of the Second Law of Thermodynamics. He quotes Jonathan Sarfarti, “The Second Law of Thermodynamics, Answers to Critics”, www.AnswersinGenesis.org/docs/370.asp. In which Sarfarti says that the Second Law, the Law of Entropy, was in operation from the Creation Weeks and was not instituted at the Fall of Adam and Eve. Sarfarti says that the Law of Death was what was instituted at the Fall. He also quotes the example of friction, which was necessary to be operating in the Creation even before the Fall. But, friction is a force –not the parameter of energy and technically is not directly associated with the loss of energy for work during a process.  (Unfortunately, this mixes up the understanding of the Second Law for us lay people more than the Fathers (Boltzmann and Lord Kelvin) of Thermodynamics did in their day.)
The Second Law of Thermodynamics is indeed a slippery Law to define exactly to satisfy all schools of thought and it has been used to shoot down the Evolutionary Theories for years. But, recently has been withdrawn as an argument against Evolution, because the Evolutionist has weaved webs of deception around many Creationists who don’t fully comprehend the application and definition of what took place at the Fall and what is in operation today in the Creation, when we talk about Entropy.
In the Creation Technical Journal, (TJ 18(1), 2004), there is a letter (page 57) by Dr. John Hartnett, a well-known Cosmologist and Astronomer,  in which he quotes the same assumption that Jonathan Sarfarti made in an earlier Creation publication (Creation 24(2): 20-24, March-May 2002), namely that the Second Law of Thermodynamics (Entropy) did not originate at the Adamic Curse (The Fall), but was present from the beginning.  He gives the example of digestion, which Adam and Eve could do before the Fall, as a illustration of the Second Law. 
Now these two men are brilliant scholars and have contributed much to the understanding of God’s Creation, but I do have to humbly take issue with them.  Not because I have any advantage, since like everyone else, I was not there when God did these things, and I have no special Revelation from God himself, but simply because in my study of the Second Law, I conclude something different.
The Second Law of Thermodynamics is defined as the Law of Decay, the Law of seeking a lower Energy State, the Law of Disorder or Complexity, and finally the Law of the Amount of Energy available to do Work decreases with Time if a closed system is left to itself.  All of these variations of definition are based on the action of a system as a whole and is applied only to statistical systems involving large numbers of particles, but not to the individual units of a system.  The Second Law is a process that leads to failure and loss of function as well as an increase in Entropy.  But this process is also the definition of Reliability Theory, except that the parameter of time is addressed and included.  Reliability Theory predicts failure of not only operational systems, but also systems that are in a Standby-mode or a non-operating state.  Systems have been observed to have failures even though they have not been in operation.  There is a decay process of some kind and loss of function just due to the process of time.
Dr. Sarfarti applies the Second Law to the changing of materials to a lower complexity, but the Second Law uses the properties of the probability and energy state to determine if a system will spontaneously decay to a lower state and less complex state.  (Spontaneity may be a non-reality, because every process or action always has a cause.  Reliability Failure Analysis will always find a cause and failure mode for every failure.) He does not necessarily consider the other aspect of the Second Law that has to do with loss of energy to do work at the same time. 
The first key to interpretation of the process of digestion and the decay of leaves is not within the proper (in my mind at least) application of the whole Law.  Since I had a career in Reliability Engineering and studied the process of Physics of Failures and its relationship to Reliability and the Second Law, I have to conclude that the application is limited to a system that decays or has a loss of energy available to do work over time by itself; i.e. systems left to themselves without outside energy inputs or chemical or physical stress in the form of a change in temperature, force vectors, and so on. 
The second key is “spontaneity”. The decay of leaves is a natural process in which the Gibbs Free Energy (that allows a chemical reaction to take place “spontaneously”) is the measure of “spontaneity”, (G (or (F) = (H - T(S; where H is the heat content of the closed system, T is the temperature and S is the Entropy, where Entropy is the measure of the energy that is available (or unavailable) to do work;  (S = (dq/T  from state A to state B, and is not a form of the Law of Decay and Death in which a system left to itself will eventually with time experience a loss of energy available to do work and a decay of complexity and function that leads to system failure.  There is no way that systems will end up with loss of function and failure under the pre-Fall conditions (everything is “very good” pronouncement- Genesis 1: 31).





For discussion:
Now, what would life be like; If God did not impose the law of Decay (which we interpret as the Second Law)? (We know from the Bible with regards to the Israelites in the wilderness (after the Exodus) for 40 years, that the effects would be that clothes and shoes would not wear out.  The fabrics and materials would not disintegrate under normal stress or use.) Still cannot get something for nothing, but …………. 
· The amount of work (energy( (Q(heat) = (W(work) = ((Pressure * Volume)) expended to a system would be available to extract back out.  All systems would have 100% efficiency (or nearly so)
· (S (entropy) could still be negative or positive value due to disorder and lower energy states, but also could be zero change in many processes.
· A manufacturer could design, built and sell appliances to everybody and then they would either go out of business or design something else.  Spare parts suppliers would have essentially no market.  This is because there would be no failures of products due to the Second Law.  Deliberate damage may occur. Or failures due to poor designs could still happen.
· Transistors and microchips would never wear out.  The n-p-n (or p-n-p) junctions would never dissipate over time as they do now.  Electronic equipment would only have quality control type failures.
· Clothing and shoes stores and manufacturers would run out of customers to sell to, except for new designs and styles.
· Buy a new car and you wouldn’t need a warranty and it will last your lifetime.
· Plant a garden and the yield of produce will be more than 100%, assuming you don’t feed the bugs and such. Weeds will have to grow with their own water and food.
· Perpetual motion machines would be possible, until you try to extract work from it, then it would eventually use up the energy content. (Superconductors are sort of there already.)
· Fractals might no longer be possible. (Assuming the chaos theory is correct! Which it probably isn’t
· A Steam locomotive train may have near 100% efficiency instead of the barely 10-15%.
· An electrical transformer (converts voltage to higher or lower values) is nearly 100% efficiency now, but then most systems will be also at this level.
· My computer will most likely never fail.  Microsoft will probably go out of business once everyone has the latest greatest designs of hardware and software.
· Not much will be wasted.  Everything can be used over and over, unless we destroy it somehow.
· Some previously irreversible processes could now be reversible.  We have a bunch of reversible processes now, but what about ……? (Use your imagination)





Conclusions
After all that is said and done, one must remember that entropy is a pure mathematical concept to reflect the little understood reality.  The Law of Conservation does not apply to entropy, in that for every closed system process, entropy is ‘created’ (unless energy is added from outside the system)- it is always increasing.  Once ‘created’, it is never destroyed.  It is energy now unavailable to do work.  Reliability Theory very strongly implies that everything will fail (lose a function) over time.  Even with preventative maintenance actions, nothing lasts very long.  The concepts of both reliability and entropy predict that our observable universe is wearing out and is approaching death, where death is defined as inability to do anything in the physical realm.
Can the principles of Entropy and Reliability be used to explain our life experience and refute the claims of Evolutionists when they say that the Theory of Evolution is possible (and especially when it is claimed that biological Evolution-macroevolution is a proven fact.)? The answer, I believe is yes; although it does require that the teacher be aware of the dual nature (Boltzmann and Kelvin definitions) involved with the concept of the Second Law.
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Appendix: Principles of Reliability Engineering Summary.
Why do things fail?  
· A consequence of the 2nd law of Thermodynamics (Entropy).
· Poor quality/workmanship errors.
· Inadequate design (Design Deficiency, will not operate reliably over the environmental stress conditions). 
 How do things fail? 
· When Stress during operational field use conditions exceeds Strength of materials
· They usually follow the Normal or Exponential Distribution function.
(a) Normal Distribution:
· Probability Density Function:   f(t) = [1/[((2()1/2 ]exp[-(t-()2 )/2(2]
·  Reliability Function:   R(t) = 1 – F(t)       F(t) is the integral of f(t) from zero to infinity;  R(t) = integral [f(t)dt]
· Hazard Function, (instantaneous failure rate): h(t) = f(t)/R(t)
(b) Exponential Distribution:
· Probability Density Function:   f(t) = (exp(-(t)
· Reliability Function:   R(t) = 1 – F(t) = exp(-(t)
· Hazard Function, (instantaneous failure rate): h(t) = ( = inverse function of (
Where  ( is the failure rate; ( is the mean; and ( is the standard deviation.
Components of failure history:
Distribution with time is a “Bathtub” shaped curve, where from time zero to before customer use are the Infant Mortality failures, usually of the quality control type failures (the failure rate is high to start and then drops as they are weeded out and fixed), time from customer purchase to end of useful life for the customer usage is where the failure rate should be constant (these are the environmental use stress related causes), and finally the Wearout failure rate which continues to increase with time because the strength keeps getting weaker than the stresses.
It should be noted that the customer should not see any Infant Mortality, if the manufacturer tests and “burns in” properly the design item prior to selling to the customer.  Also, the customer should throw away the purchased item before the Wearout period starts.  (i.e. replace your car tires before they have thin tread, do not wait till they fail.) A rule of thumb is that if the cumulative repair costs exceed one half of the purchase price, it is time to let go.  The initial purchase warrantee is not cost effective; it is not worth it.  The manufacture builds into the initial cost anyway a 10% or so failure rate of Infant Mortalities that the customer may see.  If the customer experiences failures that occur more and more frequently, then the Design item probably has a Quality or Design deficiency since the time of manufacture that is unacceptable, i.e. a lemon.
4.  What is Reliability?  “Quality in the Time Dimension”.  “Probability that an item will perform its intended function for a specified interval of time”.  The Mean-time-between-failures is a measure of reliability (R) with time and is equal to the integral of R(t)dt from zero to infinity time.  If the distribution is exponential as most things are, the MTBF = reciprocal of ( value.   Reliability Predictions are not the actual single design item itself, but represent the whole population manufactured from the qualified design.
5.  If the reliability is unacceptable; that is, the failure rate is too high, can we do anything about it?  Yes, the same thing that God did with many Bio-systems, namely Redundancy.  Redundancy is where two items are identical in function within the Engineering design, but only one item is needed for successful operation.  There are two types of Redundancy: Standby and Operational.  The standby item is only turned on if it is needed, because the other item has failed.  There are two inherent problems with Standby Redundancy: First the item that has failed has to be electronically or otherwise detected and then the standby item must be turned on.  There is only one problem with Operational Redundancy: the second item operates along with the primary item and wears out just as fast.
Operational Redundancy Reliability is = 2exp(-(t) – exp(-2(t).  The Mean-time-between-failures (MTBF) then is the integral from time zero to infinity of R(t) which is then [3/(2()]. The Standby Redundancy Reliability = exp(-(t) – (texp(-(t).  The integral is the MTBF which equals [1/(2()].  Thus the redundancy improves the inherent reliability of a system significantly and thereby allows complex electronic or mechanical systems to acceptably operate reliably over some set interval of time.
It should be noted that a typical commercial aircraft like a 727, 747. etc. that have four jet engines have quadruple redundancy for the engines and triple redundancy for the Flight Computer System.  A Fighter aircraft like the F-16 or F-15 have a reliability of about two hours or so.  Since a typical flight is about one hour, you can see that the probability of a failure somewhere in the aircraft is about 90% for the second flight, if no maintenance is performed.  Would you like that reliability on your next flight to Los Angeles or somewhere?  What keeps us sane is that the redundancy, design, and maintenance crew keep the critical failures (that would cause a crash) down to a probability of failure of about 0.00001 or a reliability of 0.99999.  The F-16 is not as good. Why? Because it carries a lot of electronic gizmos that are required to win a dogfight or a war, and it is a high performance aircraft that is under very high stress (temperature, g-level and vibration) during a dogfight.  Not the same as a commercial aircraft at all.  The difference is the Stress. (However, this is not the only thing that can be done to improve reliability, but space does not permit discussion here.)
What does a manufacturer have to do to build high reliability products?  (Please note that fewer and fewer companies are required to maintain the following due to government interference, cost competition, downsizing,  and market demands.  The number of qualified Reliability Engineers is less than 1000, nationwide.   There are folks out there who think that they are Reliability Engineers, but they are either just failure-follow data clerks or mis-placed Quality Engineers.  Quality Engineering is a whole other Engineering Discipline and is not the same, even though they are vitally necessary for good product and they do inter-relate.)
The necessary things are Good Program Management, Reliability Requirements and Discipline: Design Policies, Design Verification testing, Development testing (not just Computer Simulation and Qualification by similarity), Failure Analysis and Corrective Action Team backed up by Management, and finally Reliability Qualification testing.  In all of this a company must have a resident Reliability Engineer as well as a Quality Engineer with the authority to stop Production, if the performance or manufacture is not right.  (If Firestone had Reliability and Quality Engineers with authority, the tire tread separation fiasco under heat stress would not have happened.)
What Design criteria should be imposed on the Design Engineer and Manufacturer?  A Reliability Program Plan, vendor Reliability Requirements and Quality Control, Parts Derating Policy (use components only stressed up to 50-70% of their ratings) to be followed, Preferred Parts Selection approval application, and a field follow program to identify and solve unacceptable failure trends.
What Analyses should be performed? Math Modeling including a redundancy plan, Reliability Predictions, Failure Modes and Effects Analyses, Useful Life Analysis, Thermal design and Stress Analyses. And Parts Derating Analysis.
The Reliability Testing always includes a reject and acceptance criteria for failure counts and reliability performance.  Even if a test is conducted under field use stresses and zero failures are permitted before manufacturing is to proceed, there is still a probability of failure of the end product when the customer uses it.  This principle is what many people have trouble with (especially overzealous Congressmen and the NAS) in understanding.  They think that if they buy a good product for a lot of money and it has been shake-and-baked and whatnot by the manufacturer, therefore it should not fail during their use of it.  Remember the Reliability Premise and the Biblical Curse from the Garden of Eden, “Everything will fail given enough time or stress”.
This is only a small part of the whole picture, but I hope that I gave you enough detail to understand why I think that Congress should listen to good scientists, and not to the emotional political agendas. And why the concept of “failure-free” product usage under all conditions is absolutely impossible.   Another concept that Congress should understand is that ( is never zero.  It always has a value, whether large or small.
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