Joe,

I mentioned in my last letter that I had solved an interesting physical puzzle that intrigued me. It involved shotgun patterns (the shape and size of the circular dispersion of the pellets) and why they behaved in what seemed like strange ways. Again, there is very little about shooting involved with this other than providing the problem domain. It is mostly a story of unraveling something and finally understanding it.

It has been known for decades that plated shot (either copper plated or nickel plated) usually patterns better than ordinary lead shot because it is “harder”. It never seemed to make sense to me because the layer of copper or nickel deposited on the outside of the pellets was only a few millionths of an inch thick. How much “harder” could that make the pellets which were still basically lead underneath? There was of course the possibility that even before the plating was applied, the pellets for plated shot were harder to begin with. People talk about “lead” shot, but the pellets are never really pure lead. They are composed of an alloy of lead, tin, antimony and sometimes minute traces of arsenic. The antimony and the arsenic are the hardening elements and the tin helps the lead to combine nicely with the other elements. Commonly the alloy has anywhere from 1% to 6% of antimony, less than 1% of tin and only the most microscopic amounts of arsenic. The molten alloy mixture is dripped through a mesh with holes and allowed to free fall through the air in large enclosed shot tower buildings maybe 200 feet high. As the liquid metal falls,  surface tension causes it to assume a spherical shape and at the bottom of the tower is a water bath that instantly cools the pellets. The process has been in use for hundreds of years without much change. Different sized holes in the mesh produce the different sizes of shot pellets. Usually the shot size is just an arbitrary arrangement of numbers from low to high. Lower numbers are bigger, higher numbers are smaller (just like gauges of electrical wires). By pure coincidence, in the American shot size system (every country has their own different system and there is absolutely no correlation between them), there is a magical relationship between the shot size number and the number 17. If you subtract the shot size from the number 17, the difference equals the diameter of the pellet in hundredths of an inch. For example, using number 5 shot, (17 – 5) = 12 and sure enough the pellets are exactly .12 inch in diameter. This only works in our system though and the relationship is purely coincidental, not a clever feature that was intentional. I stumbled on this magic relationship decades ago.

If you set up a number of large sheets of paper 40 yards away (the standard distance at which patterns are evaluated) and shoot at each sheet with plain pellets, copper plated pellets and nickel plated pellets, as you walk toward the targets, even from ten yards away you can see the difference. Generally nickel plated shot will produce the tightest, most dense pattern closely followed by copper plated shot and lead shot is distinctly inferior. In a particular gun, copper may even produce patterns that are better than the nickel plated shot. It is a very individual thing, with no way to predict what a particular shotgun will “like” best. Needless to say, the plated shot is MUCH more expensive and now you see the need for me to look into this. 

That's pretty much all the shooting background there is to this and the rest of the details are mostly in the realm of “thought experiments” with some materials science thrown in. I began by wondering if it all wasn't a ruse invented by the manufacturers to charge more for their product. Perhaps there was no real difference in the shot at all, the improved performance might be due to improved grades of the other components. For example, all gunpowder seems to burn “fast” from a human perspective, but there are actually many different relative burning rates available. You can use a “fast burning” powder that gives the payload a swift kick in the pants accelerating it almost instantly or you  can use a “progressive burning” powder that smoothly accelerates the payload down the barrel without the tremendous “set-back” forces that the “fast” powders create. There are lots of ways to get to the same velocity.

Recall the last passenger jet takeoff you experienced. Most commercial passenger jet planes get airborne at around 180 MPH, which is only 264 feet per second. You know you feel yourself being pushed back into the seat back during acceleration down the runway. That is only at 264 FPS and a hunting load out of a shotgun departs at about 1330 FPS, quite a crushing difference. Also, your trip down the runway lasted many seconds and a shotgun payload leaves the barrel in 5 milliseconds. The pellets get  deformed and smashed together during acceleration and face it, deformed things do not fly very straight. Maybe it wasn't the pellets at all, maybe it was the powder that was different.

Then too, perhaps it was the wad? Modern shot shells have a polyethylene capsule that contains the shot and keeps the pellets from scrubbing against the sides of the barrel as they race down it. The original such design was called a “Power Piston” by DuPont and that is a very good way to visualize it. Perhaps the manufacturers just use a “better” wad on the plated shot products and THAT was the thing  responsible for the improvement. Again, maybe it was a ruse having nothing at all to do with the pellets themselves.

I decided on a simple way to test both the “different powder” / “better wad” hypothesis in one experiment. Suppose I took a shell loaded with lead shot and just emptied out the lead shot and replaced it with one of the plated varieties and re-closed the crimp? If the performance increase was  due to the better powder or better wads provided in the plated shot loads, now that the plated shot was being used with the components from the lead shot loads, then the plated shot should now perform no better than the lead shot. I did this to several shells, replacing exactly the same weight of lead shot with an equivalent weight of plated shot. Upon firing them, the plated loads still performed much better than the plain lead loads. It was looking like there really was something magical about the plated shot. 

The plated shot really must be harder, I thought. However, I then tested the hardness myself (the tools are surprisingly low tech). If you have ever seen an “automatic prick punch”, then you already can visualize one of the tools. It is like a carbide tipped punch with a spring inside it. As you push down, the spring is compressed and then suddenly released, which drives the carbide tip into the metal leaving a small indentation. The first tool for testing lead alloy hardness looks exactly like that. I selected pellets of each of the plated and lead types, placed them on the flat anvil part of my workbench vise and struck them with the “indenter” tool. It left a small circular depression in the side of each pellet. Since each of the pellets rested on the same unyielding steel anvil, differences in indentation could not be explained by the cushioning effects of different materials beneath the pellets. 

OK, so now I've got some pellets with small indentations in them, now what? The next step involves a 30X pocket microscope (looks just like a blunt ended ink pen, pocket clip and all). In this microscope there is a very fine grid etched into one of the lenses. It is very precise and you can easily measure the diameter of the varying indentation marks to the hundredth of a millimeter. Finally, you take the indentation diameters you have obtained and look them up in a provided tarage table and it tells you the alloy hardness (on the Brinell scale used for soft metals). It is long to write out the procedure, but the whole thing took less than 10 minutes to actually perform.

What were the results? There was no appreciable difference in hardness between any of the pellet types. In fact the individual variances among pellets of the same type were often greater than the relative differences between the three types. Same hardness, yet plated pellets perform better. Now I was nearing the end of the things that could be easily tested.

The plated pellets were better, no doubt about it. Even with the same components used in a lead shot cartridge, the plated pellets performed much better. But why? This was my kind of puzzle. I remember many years ago while trying to get an accurate piano sound from the computer that one night I visualized myself as being a sound wave and carefully thought through exactly what would happen to me from the moment the hammer struck one of the steel strings through to the moment I faded away to nothing. What would happen to me as I encountered a soft object like a drape? How would hitting a hard wood paneled wall affect me? What about angles and corners, partial obstructions, different temperatures encountered at various room elevations, different humidity levels, etc. etc. Thinking it through really helped me back then, maybe it would again.

So now I was seeing myself as a load of pellets about to be launched at 1300+ FPS in an interval of a few milliseconds. What would I experience? For sure there would be crushing set back, but all of the pellet types experienced the same set back forces and they were equally resistant to deformation due to hardness; no difference there. None of the pellets directly contacted the barrel wall because of the polyethylene cups that shielded them, so I could forget about that. But wait, there were TWO points in the trip down the barrel where the pellets were squeezed.

The diameter of the chamber in a 12 Ga. shotgun is about .810 inch, but the barrel diameter is .729 inch (more or less; in recent years there has been a trend towards “back boring” meaning making the bore slightly larger by a few thousandths). Just ahead of the chamber is an area of taper called appropriately enough the “forcing cone”, which steps down from .810 to .729 inch. Some manufacturers do this abruptly, others use a very gradual taper spread over a couple of inches. Near the muzzle, the bore diameter again constricts several thousandths to apply “choke” which tends to keep the pellets together as they travel downrange. Typically, the choke is about .020 inch for a modified choke and about .030 inch for a full choke like I was using here. Once again, individual manufacturers used different tapers; some abrupt others more gradual. Anyway, all these pellets were traveling the same bore, so whatever constrictions they encountered were the same. So what would happen to me as I encountered these constrictions and had to “squeeze down”?

It wasn't until I visualized a swift flowing stream with a boulder in the middle that I saw things clearly. If I were a water molecule, what would I do as I encountered the surface of the rock? Well, I would probably roll along the rock.... wait stop right there. I would roll, the pellets would roll against each other (or try to).

When things roll against each other, they are influenced by their coefficient of friction. I looked up the values of lead against lead, copper against copper and nickel against nickel. Nickel won, copper was a close second and lead trailed badly (even with the coating of graphite that covers lead shot shell pellets). I had my answer. When things encountered a constriction, they had to roll against each other to “squeeze down”. The pellets that could do this easily would avoid being deformed. Pellets that “stuck” to each other instead of rolling would be deformed. In the beginning I said that deformed things don't fly very straight. I had my answer. It fit the physical properties of the metals involved and it fit the observable results at the pattern sheets. It didn't matter that the copper and nickel layers were only millionths of an inch thick. It was the way those thin layers of metal acted as they encountered other like specimens. The difference in pellet “hardness” that I had read about for so many years was a pure crock; what really mattered was how easily the little spheres could roll against each other. Another bit of “universally accepted truth” bit the dust.

At this point it would be nice if I could say I only thought about all this for a half hour or so. The truth is it took me a couple of days to figure it out. Perhaps if my background was in materials engineering it really would have been a simple process, but sadly I don't have much experience in that realm. Anyway, now when gobbler season begins on May 1, I am now positive that if I do my part, any gobbler that I shoot at should be instantly rendered into table fare. 

Without even asking, I am certain you also like to figure things out for yourself, that you do it quite often and with uniformly good results. I feel that you also enjoy the satisfaction that comes when you see the real truth at the end of the process, especially when the truth revealed is not what “everyone knows as fact”. This whole incident is the kind of thing that I simply cannot talk about with other people. Their eyes glaze over and they probably think, “Who cares about any of this?” Part of this foray was driven by my desire to always kill things instantly. I hate seeing anything flopping around when I shoot; I want game instantly dead, not wounded and hurting. I'll do anything to ensure that result. My cousins would say I'm a big baby. Their answer would be, “Use the other barrel and finish it off.” I could never use that method however and perhaps they are right in calling me a big baby. Everyone has their own method I suppose.

It must be boring for you to read about these shooting related things and the more I think about it, I could have used the thought experiment about being a sound wave from many years ago. However, that was so long ago and this was very recent, so I chose to go with the recent. I hope you don't mind too much.

Schoolyard Revisited

I often think about you and your daughters as they were growing up. I'm sure you went to PTA meetings and met some of your daughter's teachers. There is no way I can know what that was like or what you thought of your daughter's teachers. For me, the last contact I had with teachers was from my own experiences with them and you know how long ago that was. We both had some good teachers in the early grades, but after you went to Central, I ran into quite a few teachers who were anything but good. Somehow I had hoped that over all the years that had passed, the quality of teachers might have improved. Cars have gotten better, TV's have improved, it simply seemed reasonable that teachers would have gotten better as well.

I was taking Chad for a walk in his favorite place along the banks of that little stream that runs near my house. Stream banks are highways for animal travel and there are always scents of squirrels, opossum, raccoons and more to interest Chad's nose. Incidentally, I always wondered why they did not use coon hounds to find missing people and I recently saw a film clip of the search for an 11 year old missing girl in Florida and there were two black and tan's leading their handlers forward with a blood hound lagging far behind. Finally someone had put the coon hounds to work doing exactly what they are best at. Anyway, Chad was eagerly scenting along and though he can go underneath most of the thorns, I had to carefully push the blackberry and crab apple tree branches out of my way making for slow going. 

While we were doing this, some of the older kids from the Valley Day School were playing in the nearby field during recess. These kids are referred to Valley Day School by local school districts as “problem” students with varying disabilities. Most exhibit signs of ASD (Autism Spectrum Disorders like Asperger's syndrome and Rett's syndrome) and some were simply too violent and undisciplined.

Some of the older kids began to shout “Get your dog out of here.” I ignored them since I wasn't anywhere the school property, but soon the shouts changed to “Get your God damned dog out of here.” and finally escalated to “Get your fucking dog out of here.”

Since I was over two hundred yards away and heard this clearly, I wondered why none of the teachers who are supposed to be supervising the kids during recess and gym classes said anything. When I got to a less brushy area and could see the field better, I noticed several teachers standing around and apparently oblivious. It wasn't the kids I was angry with. Maybe they had problems with discipline, but the teachers were a different matter. They were after all charged with “supervising” their students.

I walked over to the closest teachers who were standing less than 10 yards away from the kids and asked them why they didn't do anything to reprimand their students. Unbelievably, they claimed that they “did not hear anything”. As I said, I heard all this from 200 yards away and either these teachers (a man and a woman) were profoundly deaf or they simply weren't paying any attention at all. When I explained what had happened, they told me that this was probably the one percent of the times that they just didn't hear the kids and that they would have spoken up if they had heard. The teachers then went on to explain that many of the kids had emotional problems and that they were very protective of “their” school ground. The female teacher added that some of the kids may have had bad experiences with dogs. 

When I showed them where I was when the kids were yelling, they both acknowledged that I was not even on school property and the kids really had no reason to be yelling at me. However, apparently some teachers still have a hard time recognizing the perfect opportunity to say nothing. 

The male teacher (the elder of the pair) said that the kids sometimes complained of dog droppings on their soccer pitch and maybe that was why the kids were yelling. For emphasis, he took me over to see some “dog” droppings. What I saw were the droppings of Branta Canadensis, the Canadian goose. I asked the teacher what subject he taught. Can you just see it coming Joe? He told me he taught biology. I explained to him what we were really looking at and told him that he clearly did not know his shit and walked away. Chad even gave a little snort/cough as though to say “How dumb can you get?”

Thinking about your daughter who would soon be graduating, I thought of all the times you must have visited with their teachers during PTA meetings and the like. I wondered what your impressions were of your girl's teachers and whether you were satisfied with their quality. Without kids of my own, I simply did not have any direct contact with teachers over the years and was left only with the little tidbits that neighbors had told me about their own experiences. They seemed to have quite a few reservations, but I did not put too much stock in their tales because it was all second hand.

It is said that an anecdote is nothing more than an unscientific conclusion drawn from a sample size of one. Still, I wondered if the quality of teachers had not really changed all that much over the years.

The Payoff

The tinkering with shotgun pellets paid off. At 5:55 AM on Saturday May 1, I took a 22 pound gobbler on my cousin Mark's farm. This time of year, the gobblers are supposed to be chasing hens and fighting with other gobblers, but a group of four identically sized males came walking towards me in  single file. Even with all the time in the world to examine those four birds, I don't think I could have found anything to distinguish them size-wise. The really incredible part however is that all four birds were male and they were traveling together (and not fighting with each other). One could expect to see a single gobbler in the company of multiple hens, but seeing four mature gobblers together like that was odd in the extreme. Anyway, one was instantly rendered into table fare, just as I had planned.

It is amazing how loud the woods can be near sunrise. This day, sunrise time was 6:01 AM so the gobblers appeared about 5 minutes before sunrise, but the woods were very well lit by then and very noisy. The bluejays, chickadees, crows, chipmunks, squirrels, thrashers and wrens made such a cumulative racket that the faint sounds of the approaching turkeys were completely drowned out. However, you can't miss the sight of four pale blue and red bobbing heads coming your way, even if you can't hear their approach. It was a good day and as I told Mark, there were at least three equal sized gobblers left in the area.

I slept at my sister Chrissy's place on 429 Vaughn Street on Friday night, so I wouldn't have to drive up early Saturday morning. It is only about a 20 minute drive from Luzerne up to Mark's farm, so I could sleep until relatively “late” (at least late compared to the 2:00 AM time that would have been required if I were to have driven to Mark's farm from Morrisville). As much fun as I had, I was totally exhausted when I got back home on Saturday afternoon (you can only hunt till noon for Spring turkey) and I slept very late on Sunday. It never ceases to amaze me how I can get so tired from the Parkinson's by doing such seemingly easy things. I only walked a short distance and then sat down under a big hemlock tree and waited. It hardly seemed like much energy that I expended. Still, I ended up sleeping about 14 hours Saturday night and into Sunday morning.  

Thoughts About Personnel Departments

This morning I was thinking about how many times over the years I have heard words like these spoken by human resources types, “We hire the best and the brightest.” Whenever I heard those words, I always finished their started thought myself by adding silently “and then boring them to death.” I kept hoping that someday I would meet a person from personnel who avoided that “best and brightest” phrase, but it never happened. Apparently, somewhere in the education process for that discipline the words are beaten in until they become permanent. I heard these words in small banks, ever larger banks, economic icons like CIGNA and IBM and in professional services firms. Everywhere the words were spoken; nowhere were the consequences understood.

Over the years I have spoken with many people who have heard this same phrase and usually I would ask what the speaker thought when he heard this phrase. There was a remarkable unanimity in the responses I received. I have always believed that when multiple people with different backgrounds converge to the same understanding of something, then that something must approach the truth. In general, the responses I got went something like this: “They say that because it sounds good, but the truth is they have very little place in their companies for people who are significantly more capable.” 

I know it sounds depressing, but thinking back it is amazing how many times I heard folks express that same thought in only slightly different ways. Again, perhaps it is because those thoughts come very close to the truth. Often during the same interview process, I also heard the words “being a team player”.  It always surprised me that the personnel types did not see the inherent contradiction in seeking people who were the “best and brightest” and then tasking them with “being a team player”. It is somewhat akin to saying, “We want you to have creative ideas and keep them to yourself.” At least expressing the thought in those words leads one to see the basic contradiction implied. 

You have probably heard the expression, “If you don't know where you are going, it doesn't matter which path you take.” I believe Charles Lutwidge Dodgson (AKA Lewis Carroll) put those words into the Cheshire Cat's mouth in “Alice in Wonderland”, at least that's where I remember them from. You can see why those words remind me of the various human resources people I have met over the years. How can you look for people who by definition will have fresh, creative ideas and then ask those same people to make their ideas subservient to the will of the masses in order to be “a team player”?  It is like asking for sweet lemons and supersonic camels.

It amazes me that the degree of inconsistency expressed by those two diametrically opposed thoughts never seems to be apparent to the HR directors who mouth them. In order to make any sense at all out of it, you have to turn to another of Lewis Carroll's phrases, “you have to spend a half-hour a day believing in the impossible.” 

Despite the inevitable, “Do you have any questions for me?” at the end of interviews, you know you are not really free to speak your mind if you care at all about getting the job. There are things you think to yourself, but know you can never utter. Just for once I would like to tell someone what I always wanted to ask these “best and brightest / team player seeking” personnel representatives: Does history better remember those who made substantive changes or those who were best loved by their peers? Only when they decide that question can they ever get beyond this “best and brightest / team player” nonsense.

For now, until they know where they are going, it really doesn't matter which path they take.
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