
Swing, Spring and Whip 
 
 

On first March 1982, Edward Mosser, a Californian tournament caster, sent me a letter to discuss 
rod dynamics after he received the first article I wrote on this topic from Harry Wilson, the 
founder of Scott fly rods. Ed enclosed his article, a few pages which were neatly taken out of an 
issue of The Flyfisher (Fall 1980), and the story of cast modeling took a new dimension for me. 
 
I keep all documents of our seven months correspondence religiously and here is a little abstract 
of that very first letter, with a bit of nostalgia: 
 

 
 
You may have already seen the stroboscopic photo which was the subject of Ed’s article; I posted 
it once on SL forum (in 2010 I think). 
 

 
 
The title of the article is « The Dynamics of a Flycast », the rod was a 9 foot #11 made of glass, 
and the studied cast was an average one, not a competition cast (there is another stroboscopic 
photo of a competition cast in the article). With the help of an engineer, William Buchman, Ed 



described the energy budget of the cast, and for the very first time I read that there was 83% of 
the energy coming from the swing and 17% coming from the spring. Here is information given in 
the article, I have a more detailed explanation in another letter from Ed: 
 

 
 
Those figures are also mentioned in Grunde’s and Jason’s article « The Rod & The Cast ». One of 
the conclusions of Grunde’s and Jason’s study was about the speed contribution of spring and 
leverage, not energy this time, and that the possible share in the line speed would be 80% 
leverage and 20% spring. The numbers are in the same ballpark, but not the concepts (energy 
versus speed). Nevertheless we live with the 80/20 split about energies in mind, and that is also 
the order of magnitude found with simple casting models.  
 
Incidentally, Ed sent me a few papers from Steve Fry; an engineer at Hughes Aircraft, who used a 
casting model to mimic Ed’s cast. This was before I started my first 1D model, and Steve faced 
some problems with the equivalent mass at tip of the rod, since for consistency, he was using the 
mass who gave the MOI of the rod at butt level, something about three times larger than the 
equivalent mass at tip. On my side, I soon faced problems with a correct equivalent mass at tip, 
but the kinetic energy of the rod was obviously wrong, and it took a long time (35 years) before I 
could resolve the issue by defining the three equivalent masses which represent the MOI of a rod 
at its butt level. Steve included air drag energy losses in his calculations, but recognized the 
difficulty to get a good estimate of it, this is likely why this energy in not included in studies, it is 
good to keep this in mind when looking at results.  
 
Same problem for the haul, if we include it, it will influence the three others (swing, spring and 
whip). I may have a go some day, just by curiosity. 
 



 
Three papers from Steve Fry (circa 1980/81) 

 
An interesting point to notice is that Ed discounted the energy corresponding to the counterflex 
in his calculations. He justified that point in saying that the maximum tip speed occurred as the 
line was launched, at RSP and consequently not in the direction of the cast. Considering that line 
launch takes place very close to RSP, what happens after it in terms of line speed should not to 
be considered for the energy split, and if I correct Ed’s numbers I find 23% for spring energy and 
77% for swing energy. 
 
A second important point is the way Ed defined the respective share of swing and spring. If you 
refer to the stroboscopic document, swing is related to positions 1 to 4, and spring is related to 
positions 4 to 6. In Ed’s detailed description, swing corresponds to the acceleration part of the 
stroke and spring to the deceleration one, the stop. Ed was perfectly conscious that there was 
still some swing during the spring phase he defined, and he did use some spring force to 
calculate the swing part. Here we touch the very heart of the problem, it is not really possible to 
separate the spring function from the lever function, and all that we do in trying to make a 
distinction is basically problematic in terms of physics. We swing the spring to cast the line. The 
maximum energy stored in the spring occurs rather close to point 3, not point 4. If I consider the 
spring energy to be only corresponding to the elastic energy stored into the rod during the 
stroke, which is a kind of convention, then the figures change again a little bit and now I am right 
on 80% swing energy and 20% spring energy for the cast under study. 
 
Today we are aware that there is a « whip » part of energy in a cast. The phenomenon is not easy 
to describe, it is as if some kinetic energy of the rod was transferred from the butt to the tip, 
providing extra speed to the tip during the unloading of the rod, and consequently providing 
extra speed to the line. It is unfortunately extremely difficult to evaluate the corresponding 
energy from a stroboscopic document or a video. However, this phenomenon has been known 
by rod makers for years (mid 1930s, see the photo of the booklet attached), some of them 
referring explicitly to whip behavior as a cornerstone for their design, like Everett Garrison (a 



Legend in the cane fly rod world). This is not the case for modern rods, although the inertial 
effect might be known by some, but the lightness of rods put its influence on the low side. If you 
pay interest to « speed of recovery », then you should have a closer look maybe.  
 
I tried to make a readable photo of two important pages where mechanics are described. Have a 
look at the text from Edwin Powell; it is pretty brilliant for me. In fact, when I finally solved the 
inertia inconstancy in the description of a rod, I just rediscovered warm water, but the 
advantage is that I am able to use this in a model, hoping to get some interesting information 
from it. There was a new edition gathering several booklets from 1910 to 1937, published in 
1989, and I am lucky to have one signed by Walton and Press Powell. Powell rods have 
disappeared since. 
 
 

 
Edwin Powell’s booklet 

 
The data I show below result from my 2D casting model, which incorporates the whip effect in 
some way; more precisely with my way of explicating it. They are illustrative, if I change rod and 
casting style numbers vary, but at least we have orders of magnitude.  
 
We use to analyze the kinetic energy (KE) put into the line, but it is also interesting to look at the 
KE which is put into the rod. I think that it is part of the global feel given by the tackle (rod and 
line) during the cast. You expect to put more energy in the rod than in the line for a short cast 
and vice versa for a long one. On top of that, the energy put into the rod has to be damped 
and/or spoiled to finally stop the rod, reinforcing the perception of the inertia of the rod for the 
caster. 
 
Here is an example for a DH rod, the mass of line cast varies from 10 grams to 50 grams and the 
stroke is adapted in order to increase line speed as you increase the length of carry. 
 



 
 

 
 

 
 
In the graphics, “leverage” is the energy calculated using the actual lever arm of the bended rod 
and the maximum rotation speed of the butt. It is just to show you that this fails to match what is 
called “swing”. “Whip” corresponds to the inertial effect, and “spring” is limited to the stored 
elastic energy during the cast. 
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You can now chose under which conditions you want to compare things. In the middle of the 
mass spectrum, we could say that something like 60% of energy spent by the caster during the 
stroke is in the line, 40 % is in the rod and has to be spoiled one way or the other to stop the rod. 
We could add that speaking of the kinetic energy of the line, 25% is related to whip, 35% to 
energy storage (spring) and 40% is linked to the swing. And the question to know if spring or 
whip is more important for a DH rod is that there is a small advantage to the spring.  
 
We have to split the interaction between whip and spring, and consider that swing is what is left 
when the two others have been discounted from line kinetic energy. I am still bothered to call 
that the “lever” part of the cast, I prefer “swing” as defined by Ed Mosser. 
 
Looking at the global energy spectrum, we could say that the share of whip energy is increasing 
with the mass of the carry, that the share of stored elastic energy is relatively stable and that the 
swing part is increasing, and finally that there is relatively more energy put into the line. You 
may consider that as an indicator of casting efficiency if you wish. 
 
Below you can find the same type of data for a SH graphite rod (9 foot #5 line, medium action). 
Those are examples, and they are not universal laws. 
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For the SH rod, I did not succeed in tuning the casting arc to get smooth curves, there are more 
points involved. The share of stored elastic energy is smaller than for the DH, there is little 
interference in between the whip and elastic energies, and generally speaking the kinetic energy 
of the line represents a larger share than for the DH rod. If we speak of the kinetic energy of the 
line, the swing par represents about 65%, the spring part 20% and the whip part 15%. 
 
To end up this analysis of energy split, here is the case of a cane rod (8’6), on the edge of the 
“parabolic” side of action.  
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The whip effect is pretty large, and this relates to the “mid” component of inertia. If we consider 
the line KE, then we would say that the swing represents about 40%, the spring 20% and the 
whip 40% for a medium load (this rod is in the #6 to #7 range) for its line weight. 
 
Now let’s take an example and look for the energy budget during the cast for an average load. I 
chose the 18 foot DH rod with 30 grams, and here is the illustration: 

 

 
 

The black dotted line represents the KE of the rod as if it was rigid during the cast; it gives you 
the timing corresponding to the rotation speed of the rod. There is no damping in this case in 
order to check what happens after the line launch (the line KE is the green curve). The red curve 
is the elastic energy stored into the rod; you can see a large rebound corresponding to the level 
of kinetic energy staying into the rod at launch time. Now let’s have a deeper look at the kinetic 
energy into the rod: 
 

0%

20%

40%

60%

80%

100%

120%

0 5 10 15 20 25 30

parabolic cane rod, energy split for rod and line

rod & line KE

all line KE

adding lever effect at 
maximum rotation speed

inertial and elastic effects

inertial effect including 
induced elastic energy

inertial effect only

0

10

20

30

40

50

60

0,1 0,2 0,3 0,4 0,5 0,6 0,7

energy budget (Joules) DH #11 rod casting 30 grams
as a function of time (s), no damping

rod & line energy

line KE

elastic energy

rod KE

tip KE

mid KE

butt KE

rigid rod KE

launch time



 
 
The cast allows introducing more kinetic energy into the rod, because the various points of the 
rod travel at a different speed, especially at the tip level. The inertial components can be 
represented separately and you can see how kinetic energy travels along the rod during the cast. 
That could be described as a “load shift” for example. It is however difficult to estimate the 
energy benefit for the line from the graphic. To quantify the whip energy, I use to run the same 
case by cancelling the source of the whip effect in the motion equation, and then make the 
difference. 
 
In the rigid rod case, the three blue curves would just be synchronized and would fit the black 
dotted line curve.  At launch time the KE into the tip is higher than for the rigid rod case, 
illustrating the higher speed of the tip by comparison to the butt. At launch time, there is more 
kinetic energy than the maximum KE into the tip, because the KE corresponding to the “mid” 
component of inertia is not yet zero. 
 
To give a better view of where inertia is important along the rod shaft, here is a graphic showing 
the contribution of mass location to the various components of inertia for a rod of straight taper.  
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The total inertia is represented by the black/orange curve, and you can see that the most 
influential mass is at about ¾ from the butt (peak). The “direct calculation” curve is obtained 
without using the three components of inertia; it would correspond to the “rigid rod” situation. 
 

Each component has a different influential mass distribution, let’s review them: 
 

 Tip: this part of inertia is depending on the rotation of the tip by comparison to the butt 
(we could say that it is represented by the rotation of the chord). The most influential 
mass is at the tip level. This is the illustration of “the equivalent mass at tip”, which in 
fact takes place mainly in the upper part of the rod. 
 

 Mid: this one is depending on the rotation speed of the tip and of the rotation speed of 
the butt, hence its name “mid”. The most influential mass is at about 2/3 from the butt 
end. 
 

 Butt: this part is depending on the rotation of the butt, and its most influential mass is 
just below the middle of the rod. 

 
Using the words “butt, mid, tip” for inertial components is just a simplification, and relates to the 
rotation speed involved (rod axis, rod chord). The key parameter to maximize the whip effect is 
the “mid” inertial component. This illustration gives you an idea of the difficulty for a rod maker 
to manage the three curves at the same time, hoping to maximize the whip effect through a 
smart mass distribution along the shaft. 
 
The following table gives the summary of the relative share of energies corresponding to the 
kinetic energy of the line for an average situation, if we accept the various definitions of these 
energies (remember the difficulty to separate swing from spring in absolute terms): 
 

rod swing spring whip 
SH cane parabolic 40% 20% 40% 
SH graphite medium 65% 20% 15% 
DH long rod 40% 35% 25% 

 
Referring to the basic mechanisms described by some rod makers, cane rods can be designed on 
the whip side, SH graphite are on the swing side and long DH rods are on the spring side, but 
there are many possibilities in between.  
 
And all that stuff started 37 years ago.  
 
 
14 January 2019 
 
 
Daniel LE BRETON 


