Casting Physics Revisited
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We note that v; X (m;v;) = 0 (the cross product of two parallel vectors van-
ishes). Moreover, from Eq. (15.13) we obtain 37_;m;v; = m¥V, where m is the
total mass of the system and ¥ is the velocity of its mass center. As a result,
Eq. (c) becomes
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Substituting Egs. (b) and (d) into Eq. (a) and solving for 2M,4, we get the

moment-angular momentum relationshi
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Jf A is fixed in an inertial reference frame (v

= 0), or if A is the mass

center of the system (v, = V), Eq. (15.34) simplifies

to

(15.35)




HARD STOP -- In the image above is shown the equation (eqn. 15.35 or 15.34 – your choice) which dictates whether a caster is applying a stop during various portions of a cast.  The equation applies to a general system of particles (meaning that it is true under any conditions) and if the equation is specialized//reduced to apply for a rigid (shape of rigid body cannot change and a fly rod does not qualify as rigid) body then the equation becomes the very useful Equation
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 (where I is the moment of inertia of the rigid body).   I only site the second equation because some readers will be casually familiar with it (it has no applicability in this instance). However as you shall see the later (2nd) equation has little utility to fly casting and it is 
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 which can be directly applied as a requirement to fly casting.  In words the equations says that external vector moment applied to a system of particles (in layman’s terms this means to absolutely anything – flexible rod, rigid rod, flylines, airplanes, etc) is exactly equal to the rate of change of the angular momentum. It’s very easy to simply state right now that a hard stop isn’t what happens but in subsequent paragraphs I’ll provide a little more background and detail.  If you are not interested in knowing any details that’s fine – simply absorb the next statement. From the start of a typical single cast to near the end of rod unloading the total angular momentum is always in one nominal direction and it is always increasing.  This is fairly obvious for the angular momentum of the rod and it is more obviously true for the angular momentum of the fly line.  The conclusion is simply this– the corresponding applied external moment (applied through the caster’s hand plus the retarding aerodynamic resistance if you want to be picky) is continuously in the same direction.   That is, it is never reversed and thus the caster is always applying moment//torque in the same direction. “Hard Stopping” would demand that the caster reverse the applied moment.  To reverse the moment (“hard stop”) prior to the instant of loop formation would indeed be counterproductive and while intellectually it may be confusing given the decades of misinformation on casting mechanics, your bodies senses know what is right and they won’t allow you to reverse the torque/moment until it makes sense to do so!  So that’s the bottom line.  No stopping until you reverse the moment/torque which instinctively you know not to do until around the time unloading is complete.
For those of you not that intimately familiar with the notion of a “hard stop” let me review – the past accepted wisdom has been that at the moment of maximum rod loading the caster is supposed to execute actions to stop the rotation of the rod butt – reverse the moment he exerts on the handle to stop the rod.  All kinds of explanations have accompanied this statement and I guess lots of people have felt that this is actually what they do when casting. Now (based on statements above) you should have some serious doubts about this – and it’s also interesting to me that there never has been any properly interpreted empirical data to support these types of assertions.  The explanations I have heard are usually easy to dispute except for those that really offer no explanation or rational but are just a string of words.  Seems like the process for developing a strong myth.  Let’s examine the case of a typical forward delivery cast where the caster goes through casting phases involving loading the rod, followed by rod unloading, followed by quelling/stopping the rod motion.  The common incorrect paradigm is that “hard stops” would ideally be applied at the instant of maximum rod loading – meaning that here the moment applied to the rod would be reversed (this is the action the caster has to take to execute a stop).  Were this to be actually done it would mean that the angular momentum of the system would peak at maximum rod loading and diminish during rod unloading – a direct consequence of the universally applicable equation above.  I mentioned in the prior message that I and Noel Perkins exchanged very brief statements concerning hard stops and data from the “Casting Analyzer”.  I can’t quote Noel verbatim but the gist of what he said was that the casting analyzer clearly shows the rod butt angular velocity decreasing during rod unloading (remember, it is rod butt angular velocity which the device measures!!).  Applying the equation 
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 while using the rod butt angular acceleration (now negative during rod unloading) in this equation implies that a negative moment is applied and hence it must be stopping moments that are being applied.  It is common in physical analysis to apply approximations and simplifications to real world situations to make life easier, and it is understood that such simplifications affect the fidelity of answers.  In this case the approximation involved in going from the precise general equation to the equation for a rigid body simply turns the tables in the opposite direction and renders the approximation totally useless.  Forget about the fly line for an instant and simply focus on the rod.  The only area of the rod where the angular velocity is decreasing during rod unloading is very near the rod butt and it is clear that that angular momentum of the rod increases during unloading (simply stated, it increases because the moving portions of the rod move faster).  For the fly line it is clear that its angular momentum increases as it speeds up during rod unloading.  What is casting all about anyway and where does the poetry come from? – from achieving a loaded rod which then unloads and in the process yields larger linear and angular momentums.  Thus it is clear that the statements I have made in the past postings apply – namely, hard stops are not generally applied, they would be counterproductive (reduce line speed), stopping should not be started until the loop has been initiated, etc.  I have to say that any descriptions of casting mechanics where “hard stops” are mentioned in the text is in my mind suspect and would have to be examined for accuracy on a case by case basis.  Most paradigms which rely on hard stops in any way probably fall apart.
     Finally, most of you will probably not want to deal with the following information, unless you are intent on checking the validity of what I have written or want to know more about the technical aspects of the subject.  As stated above, the equation between Moments and Angular Momentum are universal.  The equation between Moments and Rigid Body angular acceleration is a specialization/simplification of the general equation that occurs when the system of particles is actually rigid – it comes directly from the universal equation but only applies exactly to systems which are rigid.  For fly casting we have plenty in our system which is not suitably rigid – the line and also the rod.  Both equations are vector equations and in these discussions I have been treating the situation as one where activity occurs in a plane so the moments and angular momenta are always in the single direction perpendicular to the plane where motion occurs.  The general equation 
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 as I like to explain to my students is an “alternate form of Newton’s law” – it is an alternate form of Newton’s 2nd and 3rd law applied to a general system of particles so it is always correct.   The currency of this equation is Euclidean solid geometry, calculus, and vector algebra.  To develop this equation it is necessary to apply the 3rd law which has the effect of eliminating all moments due to forces between particles within the system so we are left with “external moments”.  A moment is the vector cross product of any position vector between the reference point and the line of action of the force, and the force – torque is term/idea which most are generally familiar and is equivalent to “moment”.  Angular momentum is a more foreign term and is an artifact of the mathematical development (starting with Newton’s laws and then developing the moment equation) which yields the equation cited earlier.  It is clearest if your background includes a working knowledge of vector calculus.  However, for any particle you can take the shortest distance between your chosen reference point and the particle and multiple that by the speed of the particle to yield the magnitude of the angular momentum for the particle.  You need a rule to assign a sign to the momenta then add these up for all the particles to yield the total momentum.  Reverse the velocity and the sign of the momenta reverses.
So the message out of all this is that for typical casts there is no hard stop, a hard stop would not be desirable, and casters are actually applying moments in same// single direction throughout rod loading and unloading.

Other items to round out your background on basic casting mechanics starts with noting that the stops for most casters will occur around RSP.  It would be OK to start a little earlier since as I explain later the line begins free flight (loop initiation) earlier but I don’t know how the caster would know how to do that.  Some months ago I started a thread called “what do you feel during a cast”.  I got back one or two follow-ups that had some thoughts but no one understood the real meaning of the thread so I dropped it.  The meaning of the thread was to explore how the caster might know when the meaningful portion of rod unloading was over and he should begin to put the brakes on//quell the kinetic energy distributed across the rod by reversing the torque.  You need a tactile signal from the rod to begin this and what I suspect happens for most casters is that they sense the natural reversal of torque when the rod begins to counterflex.  One of the things you can count on is that if you are holding the rod then the torque you are applying will be consistent with the curvature (layman word would be “bend”) of the rod.  At counterflex you will sense the torque you are applying has reversed.  Hence the meaning of the question in the thread – “what do you feel in casting”.  Can you feel anything beyond the torque between hand and rod and the net force between hand and rod??  I don’t think so but I wanted to hear if someone else was sensing other things.  Secondly, it is worthwhile to discuss something that comes up in “Casting Analyzer” data.  At 2006 conclave Noel ran the analyzer equipment with me as subject.  When casting as I normally do in their standard routine Noel suggested that I try to tighten my loop which I did.  This is easy enough to do on the forward casts simply by accentuating the reverse torque during counterflex.  For most casters the Casting Analyzer plot for a single cast shows the angular velocity increasing during rod loading, decreasing during rod unloading but not passing through zero, rising again during counterflex and then more slowly decelerating to zero.  In tightening the loop as I did when he requested a tighter loop what happens is that the rod butt is first completely stopped and then the direction of rotation is reversed (all during counterflex) which causes the tip to move upward.  This is what causes the loop to tighten – i.e., raising the rod tip during counterflex.  Casters with ideal loops can do this without much trouble on the forward cast – on the backcast I’m not so sure.  However this technique definitely has its limitations because as line lengths increase and the amount of counterflexing increases, I’m not sure how much the tip can be raised.  I would be very interested in others showing me what they can do in this regard.  I also tried to start a thread on this subject some time in the last 6-18 months with no follow-ups.  I consider the process of tightening the loop to be an interesting exercise in casting control and little else because it is only in rare fishing circumstances that I resort to intentional minimal loop sizes.
Thirdly, it is not universally required that you cast in the prototypical manner – Paul Arden has a cast which deviates.
SnapT (snap over instead of under!):

 http://www.sexyloops.com/picofday/sexyloops/sexyloops7.shtml 

Cheers from Alberta!

Paul

He reverses the torque while the rod is still loaded and you can see the rod shaking (called “higher mode contributions”) initially – interesting the bend of the rod just above the butt will always be consistent with torque he is applying.  I site this because I believe it (the “torque//bend relationship”) always holds true in casting and is one reason I have always been suspicious of “hard stops” as a concept.
IMPACTS OF LOOP SIZE – I’m not going to get into all aspects of this but remarks I have seen over the past months go generally in directions I can’t agree with.  Of course if you hold line speed (I call this “free flight speed” and it corresponds with the maximum useful momentum the fly line experiences understanding that some of the fly line momentum is not as useful as others) constant then loop size will effect aerodynamic momentum losses.  But I don’t think this is so critical especially since loop size itself is not an independent quantity.  It is, for longer and highly energized casts, an artifact of line speed and also I believe of the tension in the fly line (varies along the length).  This is because the loop size is a dynamic quantity changing from its initial value to whatever values it has during the process of line extension.  There is plenty of photo and video out there demonstrating this.  I recall video images Jeff Wagner placed on his web site where you could see the rod tip moving below his waist (say knee height for sake of argument) at end of counterflex and the bulk of line moving somewhere above. A rather large initial loop size.  This loop in Jeff’s case won’t be maintained because the line in free flight pulls the small portion of line in the loop upward reducing the loop size.  If running line is in the loop the effect is diminished and once belly line enters the loop the effect is enhanced.  Watch some of the casters displaying long casts at the conclave and in particular watch their backcasts and you can see these effects with your naked eye.  By the way, Paul Arden used the phrase “Sucks the line in” to describe the process of reducing the loop size during the cast – descriptive terminology.  I would say that initial loop sizes for high speed/long casts are more on the order of 5 feet than they are in the order of 1 foot.  By the way this has nothing to do with “straight line tip motion” – in fact with straight line tip motion on an extremely loaded rod a wide initial loop is guaranteed.  I have posted high speed motion data that will support this if the data is interpreted for this information.  The record of Jason Borger I mentioned earlier shows this even better as I recall.
So what about shorter casts – well who cares about loop size anyway??  You can turn over a 30-40-50 foot presentation with a 2 foot loop.  At this moment I can think of just one fishing situation where I intentionally try to bring my loop to its smallest value.  However I do agree it demonstrates a specific casting ability and the way the fly line looks is great.   If you are discussing how to reach a distant target – then the first order is getting SRT path and high peak line speeds and the loop will probably take care of itself.  Inadequate line speed means wide loops (because the lower leg is never pulled up) and you may not reach your target because higher line speed is necessary to achieve the distance.
START OF THE LOOP – I’ve had off-board discussions regarding loop formation and also there have been some remarks on the boards.  So I now give you my analysis of when the loop initially starts to form.  First of all regarding significance – it’s not terribly significant and it’s mainly a theoretical concept.  But we might as well get the theory right.  It’s mainly of academic interest for casting geeks like me I suppose, but it does take same detailed visualizing of what the fly rod is doing dynamically.  My position is that loop formation occurs when the rod tip is several feet ahead of rod start position (RSP).  I have seen two good data records taken with high speed data acquisition and both of those are consistent with what one would expect. The gist of both the off board discussion and the comments on the fly casting boards has been similar in asserting that RSP is initiation of the loop.  Of the two particularly meaningful data records I mention one is of me casting and the other is of Jason Borger.  Mine has been posted on both casting boards so you can make up your mind concerning rod tip motion and dynamics based on that data.  It is not hard to see what has to happen.  Walter S. has made mention of the fact that rod tip speed is largest at RSP which is true but this fact only dictates that loop formation can occur no later than RSP.  However the motion of the tip is very two dimensional (for a highly loaded rod undergoing SRT motion) for tip motion two ahead of and two feet beyond RSP.  It is this multidimensionality which affects the location of the theoretical start of loop formation.  Loop formation starts when the bulk of line begins free flight and is no longer being pulled forward by the rod tip.  Around RSP the tip speed is nearly constant because rod internal forces are low so large increases in tip speed do not occur during that portion of tip travel.  Importantly though, the tip direction is rapidly changing from horizontal toward vertical as the rod straightens. For a typical cast the horizontal component of velocity (this is the velocity component associated with moving the line forward) is about 70% of the total tip velocity so the tip has stopped dragging the bulk of the fly line forward and is only influencing (dragging down) the motion of line near the rod tip which it is directing downward.  In other words, while the tip is moving at its highest total speed, the speed of the tip in the cast direction has already dropped off significantly and the line is overtaking the tip.  This process starts around when the rod tip deviates from SLT motion (assuming a high energy cast) and seriously begins to straighten.  I estimate for a cast with extreme levels of SLT motion this will be two feet or more before RSP.  This is not easy to observe if you are using 30 FPS video (except for the high speed data I mentioned I haven’t seen any other data which illuminates this process).  The calculus of real events is such that near maximum values most processes had zero rates of change so change is harder to see (conversely when values are low it is easier to achieve significant rates of change – this trend of calculus applies especially well to fly casting! For example, it’s very easy to accelerate a stationary/low velocity fly rod and conversely when the speeds reach maximum value the accelerations will be zero.).  So to observe the occurrence of the event based on observing the change is tough because things change so slowly (as they are building up a head of steam so to speak) and (this will be more difficult to understand) if you want to see this event by taking loop measurements it is an additional order of magnitude more difficult yet to observe.  It would take too long to explain this but I will explain in person to anyone who would like to know more.  Suffice it to say that the mathematics dictates that initial loop formation starts at a snails pace and 30 FPS camera data probably doesn’t provide useful information.  But in the end it doesn’t really matter does it since the event is mainly of interest from a theoretical standpoint?
LEADER CHARACTERISTICS – Recent posts have discussed important characteristics about leaders and emphasized leader stiffness.  Leader stiffness should be important in limited situations – especially stiffer leader material.  What a stiffer leader material can do for you is push down the lower leg of the leader and the near-by fly line and the 3rd law effect on the fly is to prop it up.  This should happen because the stiffness of the leader seeks to open, or keep open the loop.  The effect would be useful if one has a situation where the fly is rapidly decelerating and falling and needs help in maintaining a separation between itself and the leader.  However in many cases leader stiffness is not desirable because the leader material is a natural energy sapper because of the viscoelastic properties of nylon type materials – that is they absorb energy in the process of cyclic deformation.  This is why materials such as braided leaders and flat mono leaders can be useful – they inherently undergo smaller distortions (strains) when passing through the loop and maintain more of the energy.  There is nothing magic about maintaining stiffness at the connection between line and leader as long as the leader isn’t too stiff.  Thinking about the extreme cases makes this easy to see.  Visualizing the effect of a rigid leader shows the downside of excessive stiffness.  A braided leader exemplifies the other extreme because of its low stiffness and is obviously of itself not a problem.  Leader linear mass density is more often the key parameter.  Inadequate leader mass density should cause dynamic problems in the line and leaves inadequate kinetic energy in the leader.  To help think about leader mass density it is probably helpful to remember what happens to the end of the fly line when casting a fly line without a leader.
Aerodynamic Lift – Bruce recently mentioned the aerodynamic lift analysis that Noel Perkins developed a few years ago.  I just want to reiterate the bottom line on this because, while I stated this before it has probably flown under some of the radar.  The analysis applies to only line actually in the loop – say 5% of the line.  From recollection, the effect is no more than 10% of gravity so the total effect is the product and no more that .5% - hardly worth worrying about.
Well that is all that I can remember about my continuing review of the posts since last winter when I last posted. The titled items above are opinions that I think can be assessed mainly based on the text supplied here, especially for those that are highly conversant on casting physics/mechanics.
I know this is fairly long and probably requires some digestion but so be it.  I have tried to address the subjects I have been reading about and think are the most important, and did the best I can to close the door on the subjects

For the future, I would say that it would be interesting and useful to move on to other subjects which would be an enhancement to the frontiers in casting understanding as I have outlined them last fall/winter plus other areas which I have not discussed to date;

1) rod preload phase and levels required to advance from intermediate level caster to advanced level caster

2) dealing with undesirable “kickback” – limits associated with “kickback”


3) quantifying benefits of line reversal loading and understanding how the various elite casters make use of it


4) the general area of lift – this reality in casting as far as I have seen hasn’t been broached but I have a feeling it is one of the real separators of world class casters from those who would like to move in that direction.  Bear in mind that if each cast takes about one second (2 seconds for a false casting cycle) then for that single cast 32 ft/s of lift velocity/momentum must be applied and for a false casting cycle 64 ft/s must occur.  This is significant and it would be useful to know exactly how it occurs for different casting styles.

5) physiology – a lot could be discussed here.  It would be especially interesting to discuss the detailed processes in backcasting.  What can be done to increase backcasting performance?

6) acquiring more useful video data – having data from multiple cameras operating on the same clock would be a huge advancement over what I’ve seen.

7) the general subject area of using waves in casting and understanding the associated mechanics (I’m looking forward to seeing Mac Brown, Paul Arden, Jeff Barefoot and others demonstrate some of the casts they can perform.)
I hope to see and meet many of you at the 2007 conclave and gather your thoughts on casting mechanics.

Best regards – Server Sadik
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