First, let's back up a step.

The Laplace Transform allows us to determine how a system that acts in a certain way to a given input will act if we change the input. In this case we can show that if we have a system (rod/line/caster), and we assume a fixed point of rotation (wrist, elbow, or shoulder), and we apply a fixed amount of torque to the handle of the rod, and the rod responds by tracing a near slp with its tip, then it is unlikely that another application of torque (e.g., constantly increasing, exponential) is going to get the rod to respond in the same way. The largest body of experimental data that I'm aware of that tells us how a rod responds to various forms of input is that done by Bruce and Dr. Perkins and it seems to confirm what the Laplace analysis tells us (or more accurately, the Laplace analysis agrees with their findings). I have no reason to dispute any of their findings and even if I had reason to I would be extremely cautious in my approach. I expect it will be some time before we fully discuss and  understand the implications of their work but so far I haven't seen any errors on their part. I have many, many questions but my goal is to achieve a greater understanding – not to find fault.

That brings me to the next step. I've been known to say that science isn't an exact science. The reason is that I doubt if there are any real life systems we can study that are so simplistic in nature that we can ever hope to model them completely. Even the equations of motion for a cement block sitting in my back yard aren't as simple as we would like to think. Sure we can say the block didn't move today and it isn't likely to go anywhere tomorrow but let's change our perspective. First let's look at that block from deep space. The block is now spinning around the surface of our planet, which is orbiting the sun, which is orbiting the center of our galaxy, etc. It gets pretty complicated very quickly. Another way to look at it is to return to our original point of reference (me sitting on my deck, enjoying the sun and a cold drink) but look at a much larger time frame. That block is subject to temperature variations which make the ground heave and swell, it is subject to erosion  and eventually my wife is going to get tired of me staring at my block and make me get up and move it. Eventually that block is going to erode to what appears to be nothingness but is actually a scattering of atoms and molecules that I do not have the ability to individually trace at the quantum level.

A long winded way of saying that we make simplifications in any system we study or we would never get the point of studying them. Bruce, for example, makes the assumption that since a smoothness ratio that approaches the value of 1 results in tight loops with parallel legs and as the ratio is increased the loops lose these desirable qualities that a smoothness ratio of 1 is the desired goal for the ideal cast and that the reason we can't reach this value is that human beings are physically incapable of attaining it. He may be right on both counts and perhaps he can do something to show this with his casting machine. But then he also makes the statement that for 99.9% of all casts the difference between a smoothness ratio of 1 and 1.2 is irrelevant or is an artifact that we can ignore as a simplifying assumption. To me it seems logical that if a smoothness ratio of slightly higher than one is desirable for a significant subset of casts and does not negatively impact the remaining casts then it is something that is relevant to 100% of all casts and not 0.1% so it is worth understanding. Unfortunately, as the dissenter in this case, it falls to me to prove my case and I have neither the time nor the resources to do the required study. If Bruce is willing to do this at some time in the future then I think that speaks volumes for Bruce's willingness to keep an open mind and to make the effort to help further the yardsticks and he is to be applauded for this. At this point I think we can both agree that we are unlikely to see a human being consistently achieve a smoothness ratio of 1 but that a ratio of near 1 is highly desirable so I hope we can agree to disagree and move on until we have real evidence that shows otherwise.

Now on to some other simplifying assumptions that have been made along the way (many of them by me). Aitor has sent in some very nice pictures of a cast where for the middle 90% - 95% of the casting stroke the rod tip moves in a straight line. I, and many of the others in this forum, have seen the full video of that casting stroke. The rod tip starts below the slp portion of the cast and moves up to meet the slp. At the end of the stroke the tip dips below the slp path. We understand the need to drop below slp at the end of the stroke but we ignore the fact that this cast formed a very nice loop (narrow loop with parallel legs) even though the initial portion of the stroke did not come close to following the slp. We have Bruce's video that shows if the rod tip dips below slp in the mid portion of the stroke then the fly leg will form waves. The questions that could be raised are - What portion of the stroke needs to demonstrate slp? To what degree? How does this relate to the smoothness ratio?

We've  had people (Ally for example) who have  pointed out that as the effective rod length changes during the cast so does the amount of force on the line exerted on the rod tip relative to the torque applied. We also know that as the angle of the rod relative to the line changes that the X and Y components of force change. We know that tip lag or rod bend acts as a damper but, again, we make simplifying assumptions about time frames in this case and we look at instantaneous values of torque vs force and try to apply them to some larger portion of the cast.

Now we have some very insightful statements from Aitor about static vs dynamic rod loading and bending profiles along with the question about how we can achieve maximum acceleration when the applied force/torque is constant.

Again – we need to look at our choice of frame of reference in this case. When we look at the rod butt the applied force/torque may be constant but when we look at the system that includes the entire rod then due to the tip lag/damping effect of the rod the rod responds to this applied force by becoming loaded and it will achieve maximum load at some point in time following our initial application of force to the rod butt. Aitor helps us out of the bending profile issue by pointing out that we can use effective rod length to determine when the rod load is at its greatest. We also know from Bruce and Noels' work that when we make measurements at the rod butt that the butt is responding in the same was as a system that is less dynamical in nature, i.e. we have constant torque and the angular acceleration of the rod butt is constant. At the same time the rod begins to load and continues to load (I'm making the simplifying assumptions that the rod does not kick down and that we have a smoothness of 1) until we have a minimum erl at some point in the cast (when the rod tip passes the mid point of its path during the casting stroke) but is this truly the point where acceleration of the line is greatest? For most people the answer is probably, “It's close enough.” Just like for most people the point of loop formation is at rsp is close enough. For the rest of us who haven't fallen asleep yet the answer is, “Not quite.”. We have to look at the components of force applied by the rod tip in the X and Y directions along with the difference torque due to the change in erl and the overall damping effect of the rod.

So does maximum acceleration happen just before or just after maximum load? I'm going to think about it a bit more before giving my answer...  :)

I think Aitor is right though – maximum load is a more precise way of looking at things. As a simplification the point of maximum load is also the point of maximum line acceleration.

One more thing while I am still applying virtual ink to virtual paper. The idea that a bent rod is not necessarily a loaded rod (i.e. a rod leaning against a building is bent but not considered to be loaded). From an engineering standpoint a load and an applied force are the same thing. A loaded rod is therefore a rod to which a force has been applied. As you point out, if the building is taken away, or we could consider a rod leaning against a truck which drives away, the rod will now straighten or unload. Until the definitions committee decides that we need a different definition of load for casting purposes I subscribe to the view that if the rod is bent from its natural state by any applied force (gravity, ice formation, whatever) then it is a loaded rod and anyone who gets into this discussion with a CI candidate during their test needs to lighten up a bit.

