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Prologue 
 
To understand the relationship between an arrow’s kinetic 
energy, its momentum, and their implications towards the 
ability of a hunting arrow to penetrate tissues, one must 
rely on the laws of physics.  This discussion cannot be 
made totally uncomplicated.  The following is an attempt to 
impart a fundamental understanding of the applicable 
principles of physicsTc
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Outcome driven studies factor in the probability of 
occurrence when a large number of independently acting 
variables are randomly introduced into the observed 
results.  Another way of saying this is that outcome driven 
studies include the Murphy Factor; to find out what can 
happen; when it is likely to happen; and how often it 
actually happens. 
 
Another major difference between laboratory science and 
outcome driven studies is that outcome driven results have 
an ‘acceptability level’.  Their validity does not have to 
meet any level of ‘engineering credibility’; the ability to 
be repeated at will, each and every time. 
 
For example, how many ‘unsuccessful outcomes’, deaths or 
injuries, caused by an air bag’s failure to perform as 
intended, are required before it is deemed as ‘unacceptable 
performance’ under the real conditions of use?  This 
question is even more valid when the identified cause of 
the incidences is easily preventable. 
 
The gravity of an incident; the tendency for it to occur 
under particular circumstances; the frequency with which 
its actual occurrence is observed; and society’s morals all 
determine the level of acceptability.  So, one has to ask, 
“What is the acceptable level of failure for a hunting 
arrow to perform as expected in tissues?”  As a bowhunter, 
I am interested in outcome; outcome in tissues, not in a 
homogeneous test medium.  I think most bowhunters are! 
 
For many years I tried to find a test medium that would 
give results which correlated to the observed incidents 
which occurred under field conditions, as a hunting arrow 
penetrated real tissues.  Such a test medium would make the 
investigation of terminal ballistics of hunting arrows very 
much simpler, and far less time consuming and expensive. 
 
Ballistic gel, covered with a suitable elastic outer 
covering, gives a reasonable correlation to tissue hits in 
which no hard tissues are encountered, but I have found no 
combination of materials that will correlate with the 
multiplicity of resistance forces encountered in 
penetrating real tissues.  This past year, a European 
forensics team also tried to find a synthetic testing 
medium that would give results comparable to that seen in 
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MASS is a quantity of matter, and is expressed in ‘pounds 
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The left side of the third line is 
called the impulse on the object.  
That is, impulse is equal to the 
net force times the length of time 
over which that force is applied. 
 
The right side of the third line 
is called the change in momentum.  
Thus, the impulse equals the 
change in momentum. 

 
 
The Impulse equals the change in momentum
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Let’s look at two arrows of equal momentum, but unequal 
mass, both of which expend all their available net force in 
the tissues.  If the momentum is equal between two arrows 
at impact, the one with the greater mass has to be 
traveling at a slower velocity.  As shown above, the slower 
arrow will be met by a lower resistance force than the 
faster arrow. 
 
With the momentum of the two arrows equal at impact, their 
disposable net force will be equal, but the resistance 
force will be greater upon the faster arrow.  Because of 
the higher resistance force, the faster/lighter arrow will 
lose velocity more rapidly, and its momentum will diminish 
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As the bullet strikes, a ‘hydraulic force’ is transferred, 
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A “machine” is defined as a 
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Impulse is the FORCE applied by
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The heavier (and lower velocity) arrow “decer (and lower velocity) arrow “
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Shaft drag is one major reason that arrow penetration test 
into artificial test media often differs from actual 
results derived from testing on real animal tissues.  Most 
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A long and narrow single blade (2 cutting edges) broadhead 
will have a higher mechanical advantage than one of equal 
length and width, but having more blades.  Also, as the 
profile of a broadhead’s blade(s) becomes shorter and/or 
wider the mechanical advantage becomes lower.  Having 
either a convex or concave cutting edge profile, rather 
than a straight taper, also lowers a broadhead’s mechanical 
advantage. 
 
Any abrupt rise in the contour of a broadhead results in a 
profile which lowers the broadhead's mechanical advantage.  
This is why a very smooth and gradual fade-in of the 
broadhead’s ferrule into the blade is important in 
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What does all this mean for the bowhunter? 

 
Let’s try to put everything into context.  Relative to 
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Once you have your hunting arrow flying perfect, make your 
practice arrows (be they for target, field, small game, 
roving or stump shooting) shoot just like your hunting 
arrows, not the other way around!  It is foolish to 
sacrifice good broadhead construction, profile and 
mechanical advantage just to get one’s hunting arrows to 
‘shoot just like a target arrow’. 
 
[Tip

 bow/ing arcombinatruc wi smw
(‘shALLs to )]TJ
4721.9 -1.16not w’. 
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