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Basic Concepts 
 
In order to inflict damage on an opponent, or to break something, we must deliver energy 
to the target, the more energy, the more damage. However, the length of time taken to 
deliver the energy and the area over which the energy are delivered can have a major 
impact on how much damage is inflicted. The bottom line is that not only do you want to 
deliver as much energy as possible, but you want to deliver it in as short a time as 
possible and in as small an area as possible. In the following we shall examine these basic 
concepts in more detail. 
 
Consider some familiar examples from everyday life. Let’s look first at energy. What is 
energy? The form of energy we are concerned with is kinetic energy, or the energy of 
motion. Kinetic energy is ½ the mass times the square of the velocity (velocity times 
velocity) of the object in motion. So if you double the mass of a moving object, you 
double the energy, but if you double the velocity, the energy goes up by a factor of 4! We 
know that if we drive our car into a wall at 5 mph we might get a little bump, but as we 
increase the speed, things get much worse. Higher speeds involve much more energy than 
lower speeds (because of the velocity * velocity effect). 
 
The amount of energy in the striking object is important, but that energy must be 
transferred to the receiving object in order to be effective. When two objects collide (such 
as a car and a truck, or a fist and a nose), physics tells us that two quantities remain 
constant, the total energy and the total momentum. Ideally, we would like all of our 
energy transferred to the receiving object. We just saw that energy was ½ the mass times 
the square of the velocity. The momentum is just the mass times the velocity. Fists 
striking body parts are somewhat complex so let’s start with a simpler example. Think of 
two rigid balls. It turns out that the larger the mass of the striking ball, the more energy is 
delivered to the struck ball. We all know that if we are driving in our car, and we hit a 
bicyclist, it will be bad for the bicyclist but we may not feel much in the car. On the other 
hand, if we hit another car things will get rough for us, and if we hit a truck, things will 
get much worse. In other words, we have an intuitive sense that a larger mass object will 
do more damage to us. The important concept from momentum is that a more massive 
object is more efficient at transferring energy to another object than a less massive object. 
 
The time over which the kinetic energy is delivered to the target is important. If someone 
pushes you, with a strong steady push, they will push you backward, but will probably 
not hurt you. On the other hand, if they deliver the same energy, in a short impulse (such 
as a punch), it can break bones. Think of dropping a glass on a cement floor, as opposed 
to dropping it on a soft bed. The bed deforms and spreads the impact out over a relatively 
long time, while the cement floor stops the glass almost instantly, breaking it. This is the 
principal behind most automotive safety features: spread the energy out over time. The 
front fenders of your car are designed to crumple (like the bed) as opposed to being rigid 
(like the cement floor), so that it takes the passenger compartment longer to stop. 
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Similarly, with no restraint, your body would hit internal portions of the car (such as the 
dash board) and stop instantly, thereby causing much more damage. By using a seat belt 
which stretches in an accident, and an airbag which gradually slows you down as you 
approach the dashboard, the energy is spread over a much longer time. What happens by 
spreading the energy out over time, is that your body has time to spread the energy 
throughout your body, away from the area of impact. Of course, in martial arts, we want 
to decrease the time taken to deliver the energy in order to do more damage. 
 
Finally, the area over which the energy is spread has an impact on the amount of damage 
done. If the energy is concentrated in a smaller area, more damage is done. A knife is 
dangerous because the edge is very narrow (sharp). If someone hits you with the side of a 
knife, it might sting a bit but will do little real damage. In contrast, if they strike you with 
the point, all of the energy is concentrated in that small area of the tip, and your skin is 
not strong enough to resist. It is the same energy as the flat of the blade, but concentrated 
into a much smaller area. 
 
Let’s use one more example to bring all of this together. Think about driving a nail into 
wood. The hammer is the source of energy. If you lightly tap the nail, it will not go in 
nearly as deeply as if you bring the hammer down at high speed. Higher speed means 
more energy, which will drive the nail deeper. Similarly, if I hit the nail with a light 
hammer, it will not go in as deep as if I hit it with a heavy hammer – more mass means 
more energy and better transfer of the energy. Now what happens if I put something 
crushable, such as a piece of Styrofoam or rubber on top of the nail? The hammer blow is 
no longer unyielding metal to unyielding metal. When the hammer hits the nail, the 
energy transfer is almost instantaneous. However, when the hammer hits the Styrofoam, 
the Styrofoam slows the hammer down gradually, so the energy is not transferred as 
quickly to the nail. The nail does not go as far. Finally, the nail comes to a sharp point 
where it enters the wood, so that all of the energy is concentrated into that single point, in 
a single instant. The wood cannot withstand the energy delivered in short time, in a small 
area, and the nail goes in. However, if we use a blunt tip (maybe turn the nail over so the 
head is down?), the nail no longer goes into the wood. 
 
Basic equations 
 
Kinetic energy is written E = ½ mv2 where m is the mass and v is the velocity. In our case 
these quantities refer to the object in motion, e.g. a hand or a foot. Assuming the striking 
object comes to a stop upon impact, all of the energy is transferred to the target. If the 
striking object flexes, bends, or recoils, this means that not all energy was transferred. 
 
Momentum (mass times velocity) is conventionally written as p, so p = mv. 
 
The Force applied by the object on the target is given by F = ma where m is the mass and 
a is the acceleration. The acceleration a is the change in velocity (dv) divided by the 
change in time (dt), so a = dv/dt and F = ma = m(dv/dt). So we see that increasing both 
the initial velocity and the mass, increase the force, while decreasing the time in which 
the striking objects stops (decreasing dt), increases the force. Since we typically want the 
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striking object to go from its initial (high) velocity at the moment of impact, to zero 
velocity, we could write F = mv/dt. 
 
The Pressure is the force per unit area, or force divided by area, so P = F/A = mv/(dtA) 
where A is the area. By decreasing the area of contact, we increase the pressure. 
Ultimately, the pressure may exceed the strength of the target material, and the target 
breaks. 
 
Application 
 
Based on the above discussion and equations, our key principals are that 1) We want as 
large a velocity as possible (this also implies quickness which may prevent our opponent 
from reacting and blocking our strike), 2) We want the impact time to be as small as 
possible, 3) We want our striking object to be massive, 4) We want the striking object to 
be rigid so that the delivery time is short, and 5) We want the impact area to be small, to 
increase pressure. How do we achieve these goals? 
 
Perhaps the easiest of these four to deal with is the impact area. We usually strike with 
small well defined areas of our body. We make a fist and strike with the 2 knuckles 
where the index and middle finger join the hand. We strike with a pointing elbow. We 
strike with a heel or the ball of the foot. Compare this with striking with an open, flat 
palm (a slap). The slap may sting, the punch may break. We use other small area striking 
areas: the boney corner of our palm for example. A ridge hand uses a larger striking 
surface, expanding from a point to a line, rather like using the edge of a knife blade rather 
than the tip. The edge is sharp and can cut, but cannot penetrate as well as the point. 
 
There are several ways to generate a large velocity for the striking object (hand, foot, 
etc.). One could slowly accelerate the object over a long time, or quickly accelerate it 
over a short time. Conceptually, you could hold your fist out straight and start running. 
The maximum velocity of your fist would be the maximum speed at which you could run. 
However, this takes a relatively long time to get up to speed and the maximum speed is 
limited. In the martial arts, we have ways of both getting the fist to that speed faster, and 
in fact, of getting the fist to a substantially higher speed. In Tang Soo Do, most power is 
generated from the abdomen, from hip rotation driving the fist or foot (a rule of thumb is 
that 60% of your power comes from the abdomen, 30% from the legs, and 10% from the 
arms). We do two things to achieve maximum velocity. One is we accelerate over as long 
a distance as possible (we maximize the time over which acceleration is applied). Thus a 
low block starts from high up, near the ear, and travels all of the way down. On the other 
hand, a high block begins near or below the waist and travels all of the way up. The other 
thing we do is to maximize the acceleration itself. It turns out that by remaining loose, 
and letting our arms act like strings with rocks (fists) on the end, and driving them with 
our waists, we generate higher accelerations than if we were to simply try to accelerate 
them with our arm muscles. 
 
So far we have studied how we decrease the area of contact, thus increasing pressure, and 
we have studied how we increase the maximum velocity at the point of impact. Next we 
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need to study how we decrease the time in which the energy is delivered, the time it takes 
for the fist or foot to decelerate. This is accomplished by making the striking object as 
rigid as possible, so that it delivers the energy instantaneously, like the concrete floor 
instead of the bed of pillows. However, the fist or foot are attached to the rest of our 
body. This has several important consequences. We can increase the effective striking 
mass from just the mass of the hand or foot to the mass of our entire body. However, this 
in turn requires that we do not absorb energy back into our body, but instead transmit it 
from our fist to the object we are striking. 
 
Let’s start with a basic fist. If the fist is held loosely, upon impact it can compress, 
spreading out the time of impact and thus lessening the force applied to the object. In 
contrast, a tight fist will not compress (it is already compressed). The difference is like 
being hit by a rubber ball versus a rock. Now think of that rubber ball or rock as being 
attached to the end of a stick (your arm). We are going to drive that stick into our 
opponent. If the stick is flexible, it will absorb energy and spread the impact out over the 
time the stick flexes. On the other hand, if the stick is a metal rod, there is no flexure, the 
impact is instantaneous. We can continue the example throughout the body. If the fist is 
rigid, and the arm is rigid, but our body is flexible, our body will bend and spread out the 
impact, so we ki-hap to exhale compressible air and tighten our abdomens. Finally, if our 
legs are loose and bend, they can flex and spread out the impact. So, we make our fist 
rigid, our arm rigid, our abdomen rigid, and our legs rigid so our body is a single 
massive, solid rock. With a good stance we are anchored to the earth and in fact are part 
of the earth, unyielding at the point of impact. Energy is completely transferred and is 
delivered instantaneously, resulting in a huge force. 
 
As a second example, let’s look at some kicks. In a front kick, we strike with the ball of 
the foot, with the foot extended. Now we have a rigid line of bone from the ball, through 
the foot to the ankle, and up the leg. This is almost a straight line, resulting in a good 
rigid structure which will not flex or spread out the impact in time. Similarly, consider a 
good side kick. Here we strike with the heel of the foot. There is now a straight line of 
bone all the way up the leg to the hips. On the other hand, if we perform a poor side kick, 
and strike with the ball of our foot, the foot flexes backward at the ankle. This reduces the 
effective mass applied to the kick and due to the flexing, spreads the impact out over 
time, thus reducing the force applied. 
 
Summary 
 
In order to inflict maximum damage on an opponent, we strive to deliver as much energy 
as possible, in as short a time as possible, in as small an area as possible. As delivery time 
decreases, the Force increases, and as the area decreases, the pressure increases, 
eventually exceeding the material strength of the struck object, resulting in fracture. 
Energy increases linearly with mass, but as the square of velocity, so doubling the 
velocity of our strike increases the energy by a factor of 4. 
 
Techniques to maximize energy delivery and reduce the time, include making our body 
rigid and keeping a solid line of bone so there is no joint flexing to absorb the energy. 



Black Belt Magazine 5 June, 2004 

 
About the author 
 
Dr. Sanders-Reed is a 2nd Dan in Tang Soo Do (International Martial Arts Association of 
Grand master Ki Yun Yi) and co-owner of Tang Soo Do Martial Arts, LLC in 
Albuquerque, NM. He has previously trained in the US Soo Bahk Do and International 
Tang Soo Do Federation (ITF), as well as in Korea. Dr. Sanders-Reed holds a Ph.D. in 
physics from Case Western Reserve University in Cleveland. He is the author of 20 
technical papers and is currently a Technical Fellow with Boeing. 
 


