
Fighting Science

The Laws of Physics for Martial Artists

––––––––
[image: ]


A Complete Compilation of Martial Physics for Personal Training and Fighting Strategy

––––––––
[image: ]


by Martina Sprague

Copyright 2015 Martina Sprague

All rights reserved. No part of this book may be reproduced in any form or medium without the express permission of the author.

––––––––
[image: ]


Acknowledgements:

All text and photos copyright Martina Sprague

Front cover design by Martina Sprague

Front cover image source: Jdcollins13, reproduced under Creative Commons license

Unless otherwise stated, clipart images reproduced under Corel Corporation license

––––––––
[image: ]


Other books of interest by Martina Sprague:

Formidable Fighter: The Complete Series

Lessons in the Art of War: Martial Strategies for the Successful Fighter

Musashi's Book of Five Rings: A Military Scientific Explanation Made Easy for Modern Martial Arts

Knife Offense (Five Books in One): Knife Training Methods and Techniques for Martial Artists

Knife Defense (Five Books in One): Knife Training Methods and Techniques for Martial Artists

Table of Contents

Preface

1. Physics And Strategy


Ten Fundamental Fighting Concepts

Use Stronger Tools Against Weaker Tools

Use Techniques That Can Be Escalated

Eliminate Several Of Your Opponent's Weapons Simultaneously

Use Your Sense Of Touch

Use Several Weapons Together

Use Shock Value To Split Your Opponent's Focus

Rely On Superior Defense

Rely On Speed And Surprise

Build Strength Through The Inferior Position

Use Logical Sequencing Of Techniques

Indomitable Spirit


2. Center of Gravity


The Importance Of Balance

Center Of Gravity

Balance In Stances

Balance When Striking

Balance When Kicking

The Power Of The Lead Leg Kick

Balance In Defense

Balance And Footwork

Balance In Throws And Takedowns

Balance When Grappling

Summary And Review

Balance Quiz

Glossary Of Terms


3. Momentum


Without Movement Nothing Happens

Body Mass In Motion

Momentum When Striking

Working More With Momentum

Momentum When Kicking

A Different Look At Distance And Reach

Speeding Up Your Punches

The Power Of The Sideways Stance

Momentum In Defense

Momentum In Throws And Takedowns

Momentum When Grappling

Summary And Review

Mass And Momentum Quiz

Glossary Of Terms


4. Direction


F = ma: An Unbeatable Combination

Speed In Combinations

The Resultant Force

Direction And Natural Combinations

Resultant Force In Defense

The Dangers Of Exhausting The Motion

The Overhand Projectile

Direction In Throws, Takedowns, And Grappling

Summary And Review

Inertia And Vector Quiz

Glossary Of Terms


5. Friction And Rotational Speed


Circular Movement = Power

Jump Kicks

Jumping, Sliding, And Stepping

Circular Motion

Rotating The Fist

Speed When Striking And Kicking

The Speed And Power Of Spinning Techniques

Rotational Inertia

Defense And The Catch-22

Torque

Circular Motion And Torque In Throws, Takedowns, And Grappling

Summary And Review

Friction And Rotational Speed Quiz

Glossary Of Terms


6. Impulse


Striking Through The Target

Short Time = Large Force

Impulse When Striking And Grabbing

Impulse When Kicking

Impulse And Counterattack In Defense

Impulse In Throws And Takedowns

Impulse When Grappling

Three Types Of Impact

Impulse Exercise

How The Impulse Equation Is Derived

Summary And Review

Impulse Quiz

Glossary Of Terms


7. Conservation Of Energy


The Workload

What Is Power?

The Physics Of The One-Inch Punch

Conserving Energy When Striking

Conserving Energy When Kicking

Using The Spinning Back Kick Strategically

Conserving Energy In Defense

Conserving Energy In Throws, Takedowns, And Grappling

Summary And Review

Energy Quiz

Glossary Of Terms


8. Kinetic Energy


Incredible Physical Feats

The Power Paradox

How Important Is Kinetic Energy?

Target Penetration And Transfer Of Energy

Mind Over Matter

Other Incredible Physical Feats

The Strength Of The Arch

The Best Martial Art

Summary And Review

Kinetic Energy Quiz

Glossary Of Terms


Conclusion

Preview

About the author:

Other books of interest by Martina Sprague:

	[image: ]
	 	[image: ]


[image: ]

Preface


[image: ]


You hate physics? You're just not a math whiz? Many of us squirm when we hear the word physics, and the first that comes to mind are numbers and letters mixed into a sort of incomprehensible language called equations. But don't worry. The physics we will discuss here is conceptual physics, which relies primarily on concepts rather than equations. Concepts are ideas with which we are already familiar. These ideas are then related to the martial arts (power, in particular). Below is a list of the few equations you need to know and their commons symbols. These are explained in detail throughout the text:

1. Momentum = mass X velocity (p = mv)

2. Force = mass X acceleration (F = ma)

3. Torque = force X lever arm (T = Fr)

4. Impulse = force X time (j = Ft)

5. Work = force X distance (W = Fd)

6. Power = work / time (P = W/t)

7. Kinetic energy = 1/2 mass X velocity squared (K = 1/2mv2)

Although many books about power in the martial arts rely on physical conditioning and prompt us to do pushups and situps and plyometric exercises, this book takes us through the back door and shows us the principles of physics behind power. The purpose is not to negate the importance of physical conditioning, but to complement it by broadening our understanding of sound mechanics of technique through the use of the natural laws of motion. It thus takes us to the highest stage of learning (correlation) through the laws of physics. The first chapter compares standup fighting (karate, kickboxing) and ground fighting (grappling), and explores how the concepts of physics and strategy apply to both. Subsequent chapters discuss and define the terms and concepts in detail, breaking them down into their component parts. We will then train using the laws of physics to our advantage.

Before gaining proficiency, however, we must learn proper mechanics of technique. This is called mechanical or rote learning, and is memorization without understanding. The mechanical stage does little good in free sparring, yet is necessary as a foundation for continued growth. The second stage of learning is called understanding. When reaching this level, we know when to do a technique and why the moves follow a particular sequence. We can now answer questions about the technique, without necessarily being proficient in its execution. The third stage of learning is called application. We can now use what we have learned in unrehearsed sparring. The fourth stage of learning is called correlation. This is where the concepts of one technique are applied to another, or where the concepts of standup fighting are applied to grappling, and vice versa. Providing that we have learned sound mechanics of technique, our knowledge and skill from one style of martial art will now carry over to another, allowing us to diversify our skill without spending years perfecting a particular martial art. We can now become our own instructor.

Once we understand the principles that apply to balance, body mass in motion, inertia, direction, rotational speed, friction, torque, impulse, and kinetic energy, the need to memorize hundreds of techniques vanishes. A true principle applies to all techniques and all people, whether we are standing, sitting, kneeling, prone, or supine; whether we are big or small, strong or weak. Physics is neither good nor bad; it can neither be given to us nor taken away. It applies equally to all people at all times. It's how we use it that makes the difference.

As you proceed, keep in mind that certain words that have an exact meaning in physics have occasionally been used in everyday language. An example is the word power. In physics, power is defined as work/time. But to the martial artist, the term power can have diverse meanings and is commonly used to determine how much damage we can do when landing a strike or kick. The way the martial artist uses the word might prove disturbing to the student of physics. But since the book is written for the student of martial arts, power should primarily be thought of as the force of impact of a punch or kick. A student of physics might also frown on the fact that we have chosen to display numbers without specifying units. This is done to simplify the text and retain focus on concepts rather than equations. To ask a student of martial arts to strike with a force of a certain number of newtons, would have meaning only if he or she had some prior knowledge of physics.
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1. Physics And Strategy

[image: ]


An Introduction To The Fighting Concepts
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Martial arts means the intricate study of combat, and the purpose of this book is to use the principles of physics to analyze a most important asset to successful fighting: power. It has been said that a successful martial artist doesn't need size or strength, because "it's all in the technique." It has also been said that the power of a martial artist seems to increase quickly with weight, and the best lightweight fighter in the world will be defeated every time by an unranked heavyweight in a bar brawl. So is it size and physical strength that matters, or is it experience and dedication to correct technique?

I once knew a martial artist who claimed that his instructor had such terrific powers that he could strike you from across the room without being within reach to physically touch you. I had at the time studied the martial arts daily for about seven years and, being a down to earth person, this martial artist's claim did not only seem ridiculous; it didn't even raise in me an ounce of curiosity. Many of us have heard stories of such feats, but we have yet to meet those who can put their money where their mouth is. There are also martial artists who walk barefoot on burning coal. Although it takes fortitude to perform the feat, I'm not sure what it is supposed to prove concerning the martial arts. But intellectually I understand the principles of physics behind this exercise and others. We will talk about this and more as we proceed through the book. For now, we will start with a few fundamental fighting concepts.
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Ten Fundamental Fighting Concepts
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The following concepts are not necessarily listed in their order of importance, nor are they the only important concepts in a fight. However, they give us a good start and will prime our mind for further study. Each concept lists an example of a specific technique. We will then discuss them in more detail. For the purpose of this section, it is assumed that we fight empty-handed and one person at a time.

1. Use stronger tools against weaker tools. In standup fighting, block your opponent's kick with your elbow instead of your hand. In ground fighting, use your leg to break a wrist grab.

2. Use techniques that can be escalated. In standup fighting, finishing strikes should follow setup strikes. A rear cross should follow and not precede a jab, for example. In ground fighting, a joint lock can be escalated to a dislocation technique, which can be escalated to a breaking technique. The idea is to always move a step closer to the finish.

3. Eliminate several of your opponent's weapons simultaneously. In standup fighting, attack when your opponent is at a disadvantaged position, for example, on one leg and unable to move. In ground fighting, apply a joint lock while simultaneously pinning your opponent's head to the ground. Note that the head is an important part of the body to isolate. When your opponent can't move his head, he can't move the rest of his body efficiently, either.

4. Use your sense of touch. In standup fighting shoulder-to-shoulder with your opponent, any small move is telegraphed through our sense of touch. In ground fighting, train with a blindfold to enhance your sense of touch.

5. Use several weapons together. In standup fighting, throw combinations. In ground fighting wrap your legs around your opponent's, simultaneously executing a choke or other finishing technique.

6. Use shock value to split your opponent's focus. In standup fighting, attack the same target multiple times. In ground fighting, grab soft tissue areas where sensitive nerves are located.

7. Rely on superior defense. Defense alone does not win a fight. In standup fighting, combine defense with offense. In ground fighting, continuously seek to exploit weakness.

8. Rely on speed and surprise, and the DON'T WAIT—CREATE principle. Be in charge. In standup fighting, initiate the attack. In ground fighting, be explosive.

9. Build strength through the inferior position. In standup fighting, reverse positions when cornered. In ground fighting, take advantage of your opponent's higher center of gravity when he is straddling you.

10. Use logical sequencing of techniques. In general, logical sequencing of techniques means using techniques that flow smoothly with no awkward movements. Logical sequencing also involves distance and positioning.

	[image: ]
	 	[image: ]


[image: ]

Use Stronger Tools Against Weaker Tools
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Strength is a combination of the anatomical composition of your weapon and correct use of strategy (distance, timing, movement, etc.). The elbow is strong because it is small and hard and can be used to inflict pain against the bony areas of your opponent's body, such as his insteps, shins, or jaw line. Using the small surface area of the elbow rather than the whole surface area of the hand gives us the benefit of greater force-per-square-inch on impact with the target. The close proximity of the elbow to the body allows you to use body mass to generate power, by originating the strike through body movement and keeping your elbow in front of your body. From a strategic perspective, the fact that the elbow is closer than the hand to your body, allows you to use the elbow to protect your midsection and also use it as a striking block. By blocking a kick with the elbow, offense and defense is accomplished simultaneously. You will also inflict pain on your opponent's kick, making him fearful of kicking again. You have now eliminated one of his effective weapons. Remember that the concept is how to use a stronger weapon (or tool) against a weaker weapon (or tool). It is therefore not limited to blocking a kick with your elbow, but applies to a wide variety of techniques. What other types of strong against weak techniques can you think of?

[image: image]

This martial artist uses her stronger knife edge sidekick against her opponent's weaker knee.

When our objective is to reach the highest level of learning: correlation, we must strive to apply the same concepts to standup martial arts and ground fighting. As long as we have a basic understanding of ground work and the anatomical limitations of the joints, we don't necessarily need to study a particular grappling art, such as jujutsu, in order to apply the concepts. Since a grip will break at its weakest point, a ground fighter frequently relies on leverage (torque) to increase his strength, regardless of his martial art background. For example, when your opponent grabs your wrist, break the grip by bringing your stronger leg over the top of his weaker arm. In what other ways might you use strong against weak?

[image: image][image: image]

[image: image]

When grappling, use strong against weak by reinforcing the grip, for instance, with your free hand and forearm, to drop your opponent to the ground.

[image: image]

You can also use your stronger leg against your opponent's weaker neck, and your stronger arm against his weaker elbow, as seen in this arm bar.
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Use Techniques That Can Be Escalated
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To escalate means to increase the intensity. The last move in a sequence should feel worse to your opponent than all previous moves in that technique. In standup fighting, this can be done by throwing combinations that flow naturally, allowing for a steady increase in speed. Natural flow means fewer starts and stops and less need to overcome inertia, or resistance to change in motion. The greater speed of the last strike translates into greater power. Strategically, escalation of power takes us closer to victory, because striking the same target harder and harder multiple times will overcome the anatomical limitation of that target, causing it to give in to the force. Striking multiple targets harder and harder will overwhelm your opponent, destroying his ability to defend effectively against the strikes. Striking multiple targets is likely to create openings for the knockout blow or finish.

[image: image][image: image][image: image]

In standup fighting, force can be escalated by moving from a block, to a strike, to a joint lock.

The concept is how to escalate the force and not how to build speed through combinations, so several techniques fit this definition. When grappling, a technique should be escalated to the point of submission. First, apply a joint lock and just enough pressure to cause pain. If the opponent has a high pain threshold, escalate the technique to a possible dislocation of the joint. (In sports competition, the referee should have intervened by now). The next step involves breaking the joint by going against its natural movement. The use of torque (leverage) and the anatomical limitations of the joint will assist you in doing damage with relatively little force. This is particularly true if the lever arm is long. Strategically, escalation of force gives us pain compliance. At the earliest stage, no permanent damage is done to the joint. As soon as you release the grip, the pain will subside. The knowledge that dislocation or breaking is imminent, is often enough to make your opponent submit. In a high threat street encounter, we might skip the intermediate dislocation stage and move directly to the breaking stage.

[image: image][image: image]

In ground fighting, force can be escalated by going from a knee press to the head with control of the arm to a full arm bar.
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Eliminate Several Of Your Opponent's Weapons Simultaneously
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Whenever we strike or kick, our "weapon" is momentarily tied up in the technique and cannot simultaneously be used in another technique. When your opponent throws a punch, he is unable to simultaneously cover his ribs with the same hand. His offense (the strike) thus creates an automatic opening in his defense. When your opponent grabs you with both hands, he is unable to simultaneously punch you. Providing that he is not grabbing your hands, wrists, or arms, this leaves your hands free for striking or grabbing.

The fewer effective weapons your opponent has available, the less diverse he becomes. In standup fighting, rely on the "completion of motion" principle, which states that before a new technique can be initiated, the motion of the previous technique must be completed. This principle proves particularly beneficial whenever your opponent throws a kick, but can also be used against strikes. When he kicks, the kicking leg is tied up in the technique until the kick is complete. You will therefore know where this weapon is. Additionally, since the legs are used for walking, your opponent can't reposition until the motion of the kick is complete, which gives you a strategic advantage. You are not only tying up his kick (which he is using at the moment), but also his hands. Think about it! How effective is it to punch and kick simultaneously? Your punches won't be very powerful, because your body must reset into a stable stance before you can initiate a powerful strike.

[image: image]

Blocking a kick with your leg and punching simultaneously will counter your ability to generate power, because being on one foot deprives you of full stability in your stance.

When your opponent kicks, rely on his narrow foundation and unbalance him with a counterattack, but make sure your own stance is stable first. When he takes or defends against your strike, he will have difficulty using another weapon against you simultaneously. The principle is about eliminating the use of several of your opponent's weapons, and not about attacking when he is on one leg, and can therefore be used with a variety of techniques. For example, we can eliminate many of his weapons through proper positioning by working from an angle to the side, or by positioning ourselves behind him.

[image: image]

Which weapons are eliminated simultaneously in this sparring match? Both kicks and punches are eliminated: kicks through the leg check, and punches because the fighter has grabbed his opponent around the neck and can therefore not use his hands for striking.

In ground combat, several weapons can be eliminated simultaneously simply by pinning your opponent's head to the ground. The neck is an inherently weak area of our anatomy and therefore relatively easy to control. When your opponent is on his back or belly, forcing his head to the side and placing your shin across his jaw line will restrict his ability to move or apply any kind of effective defense. It can therefore be said that the fighter who controls the head controls the fight.

Applying a joint lock in a chaotic situation can prove rather difficult, because it requires the use of fine motor skills. Once you control your opponent's head, the joint lock can be applied with greater ease. Causing him pain by pressuring against his head can even get him to position his hands for you. Tell him: "Place your left hand against the small of your back! Turn it palm up! Don't move!" Increase the pressure against his head until he complies. When you have compliance and both your hands are free, you can use fine motor skills to apply the joint lock correctly.

When controlling the head by pressing your shin across your opponent's jaw line, you eliminate several of his weapons through the pounds-per-square-inch principle. What is not as obvious is that you are also using leverage by limiting the range of motion in his neck. Once the head reaches its maximum turn, very little force is required to produce a high torque. Impulse is also increased because the neck has little give (or ability to move). Strategically, you are relying on pain compliance and the anatomical limitations of the neck. (We will discuss the physics concepts of torque and impulse in greater detail in chapters 5 and 6.)

[image: image]

Which weapons are eliminated simultaneously? The left leg is eliminated through the ankle lock, and both arms are eliminated through positioning.
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Use Your Sense Of Touch
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Most of us rely a great deal on sight and without it feel extremely impaired. But our sense of touch should complement our eyesight. Furthermore, there are times when we must rely exclusively on touch. In standup fighting, the most obvious time to use touch is in close quarters shoulder-to-shoulder with your opponent. If sensing movement on his right side, he will most likely throw a strike with his right hand, and vice versa. We know this because the movement of a strike originates in the body. If he presses his body against yours, you might press back, sidestep, and counterstrike. This may cause him to lose balance and fall forward into your strike. You have added the momentum of your strike to his forward movement. The result is an increase in power. In essence, you are using your opponent's momentum against him. Strategically, by relying on touch, you can sense the type of technique he is using and can therefore prepare your defense and counterstrike better. Landing a strike the moment your opponent's balance suffers also has a negative mental effect on him.

[image: image]

When fighting at very close range, you can feel any small move in your opponent's body, which will forewarn you of his offense, enabling you to seize the initiative and beat him to the punch.

The close proximity to your opponent in a grappling match creates a situation of limited sight. Your sense of touch can still afford you success when applying a variety of joint locks. Training blindfolded every now and then will help you build confidence. Training blindfolded is more effective in grappling than standup fighting because of the body contact with your opponent. When you control him without access to sight, your situational awareness is heightened.

[image: image]

These fighters are very close to each other with their heads turned in opposite directions. They can therefore not see each other. Who wins this match may be determined by he who is able to control his opponent through feel.

In grappling, your sense of touch is applied mainly through leverage. Head and other presses are a bit more difficult on the account that they require precise action against a small target (jaw line, pressure point on arm, etc.) that may be difficult to find without eyesight. Strategically, your sense of touch gives you many opportunities. You are not helpless even if your opponent blindfolds you. As long as he remains in contact with your body, you will know (roughly speaking) where his weapons are, also when he is behind you.
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Use Several Weapons Together
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Using several weapons together is not synonymous with punching and kicking at the same time. We must ensure full control of balance and proper use of body mechanics. In standup fighting, this is accomplished by throwing strikes in combinations. Singular strikes take a lot of effort, because each time we strike we must overcome inertia. Combinations allow us to build speed and overwhelm our opponent. Since blocking all targets simultaneously is not possible, this gives us many opportunities for striking exposed areas on our opponent's body.

[image: image][image: image][image: image]

Combinations allow you to preserve momentum and overwhelm your opponent, until you can land the finishing blow. Taking different targets in rapid succession, as shown here, will split your opponent's focus, making it more difficult for him to retaliate.

In ground fighting, it is a little easier to use several weapons together without losing balance or power. For example, when straddling an opponent in the prone position (on his belly), lock your legs around his, simultaneously applying a choke hold. Since you are spreading your weight across his body and locking his legs, you are also increasing your stability and decreasing his ability to unbalance you or throw you off. Strategically, you will split his mind and body focus since he is experiencing pain and defeat at two points simultaneously.

[image: image]

This martial artist locks her opponent's leg with her own, simultaneously applying a lock to his neck.
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Use Shock Value To Split Your Opponent's Focus
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The purpose of shock value is to get a desired reaction or instill fear. In standup fighting, this is accomplished by attacking a vulnerable target repeatedly, such as the nerves on the outside thigh. By continuously flicking quick roundhouse kicks to your opponent's thigh, you will make him protective of this leg and reluctant to place it within reach. In physics, shock value has little application. Its true value lies in the strategic advantage.

[image: image]

Muay Thai fighters know the value of a well placed thick kick.

Some grappling matches last in excess of thirty minutes with neither fighter moving much. But inactivity doesn't win a fight. The lighter fighter will likely find himself on his back with his opponent straddling him. He will expend energy struggling against his opponent's weight without accomplishing much. Strategically, shock value is used to get an immediate reaction, momentarily splitting our opponent's focus, enabling us to break free. Grabbing soft tissue areas (love handles, inside thighs, inside upper arms) and pinching or twisting will create a pain reaction, albeit without lasting effect. This allows us to take advantage of the situation and move to a better position.

[image: image]

Digging your fingers into your opponent's eyes would have a most shocking effect.
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Rely On Superior Defense
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It has been said that offense is the best defense. Let's take this a step further and say that creating defense within offense will consistently place you a step ahead of your opponent. In addition to inflicting pain through defense (blocking a kick with your elbow, for example), in standup fighting, you can also use movement and positioning in combination with offense. For example, sidestepping a strike and simultaneously throwing a roundhouse kick not only accomplishes defense, it accomplishes offense and is especially devastating if your opponent walks into the kick, clashing his momentum with yours. Strategically, you are decreasing the time it takes to accomplish your objective.

[image: image]

A superior position toward your opponent's back may allow you to throw a palm strike to his head. You have now used defense (positioning) and offense (palm strike) simultaneously.

In grappling, too, superior defense relies on offense. A grappling match often goes to a stalemate where not much seems to happen. It is possible for a smaller person to prevent a bigger opponent from taking him to submission by covering all vulnerable targets, by not presenting fingers or wrists, and by not exposing the neck. But we can only win the fight if our opponent tires quickly and cannot maintain the pressure. To seize the initiative, look for weaknesses in your opponent's defense, and focus on attacking an area other than the technique he is using against you. For example, if he is trying to apply a choke, rather than grabbing his arms or hands to prevent him from choking you, you might try grabbing his chin to gain control of his head. He who controls the head often controls the fight. Grabbing his chin allows you to raise his center of gravity and destroy his balance. Strategically, this works because he is focused on the attack (on the choke), and not on defending against a counterattack to his head.

[image: image]

Use a defensive throw to unbalance your opponent before he can mount an effective counterattack.
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Rely On Speed And Surprise
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It is generally better to act than react. The martial artist who initiates action determines the pace of the fight. In standup fighting, this means consistently staying a step ahead of our opponent, forcing him into a defensive mode. We might also work on increasing the explosiveness of our technique through rapid acceleration over a short distance. A fast initial strike has the potential to be explosive, and working with different speeds to induce an element of surprise might force our opponent to react to our moves rather than initiate his own.

[image: image]

Explosiveness is also reflected in how you carry yourself. A threatening stance can be used as a good intimidation tactic.

In ground fighting, explosiveness can be used to reverse positions or prevent your opponent from gaining a joint lock or other hold. If in the supine position (on your back) with your opponent straddling you, raise your hips explosively and without warning throw him off. The moment he reacts, it is imperative to avoid pausing and follow through with the full technique until your positions are reversed. A problem that comes with working at close range with only one speed is that your opponent can feel your movements and counteract them. Even if you initiate the move, his sense of touch will warn him of the technique, giving him an opportunity to defend and counter it.

[image: image]

When pinned to the ground, your next move must come with speed and surprise.
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Build Strength Through The Inferior Position
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Some positions are less desirable than others. These include any position that is difficult to fight from, that interferes with movement or restricts the use of our weapons, or that gives us a feeling of mental inferiority. In standup fighting, an inferior position may be with your back against a wall, or in sports competition near the edge of the mat or ropes of the ring. Awareness of when you are about to enter an inferior position may allow you to reverse it before you are too deep in. For example, when within a foot of a wall or ropes of the ring, take action to sidestep the attack. If your opponent pushes with his shoulder, try circling away from the inferior position until your back is away from the wall, ropes, or edge of the mat and toward the center of the fighting arena. We have a natural tendency to mirror our opponent's moves. This bit of knowledge can be used strategically to circle him into the inferior position with his back to the wall. The principle of nonresistance and continuous momentum can help us use less effort than when pressing him back in a straight line. You have now turned your initially inferior position into a superior position.

[image: image]

From the inferior position against a wall, use movement to avoid the attack and force your opponent to the inferior position.

In grappling, a wrist lock can be applied in an outside or inside motion (away from or toward your centerline). The drawback is that a joint lock on the wrist requires the use of fine motor skills and is therefore not practical in a chaotic situation. A wrist lock should follow rather than precede some other controlling technique to prevent you from getting into a wrestling match with your adversary. When moving from one joint lock to another, use the law of nonresistance. For example, when your opponent attempts to break your grip, he will likely apply pressure against the direction of the technique. He can break the outside wrist lock by rotating his arm toward his centerline. If possible, remain a step ahead of your adversary and allow his move to guide you in the transition to an inside wrist lock. Your opponent will in effect position himself in the inside wrist lock for you. Strategically, he has accomplished nothing, because you still have control of his wrist.

[image: image][image: image][image: image]

When grabbed around the wrist, go with the motion underneath the arm and transition 

to a joint lock against your opponent's wrist.
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Use Logical Sequencing Of Techniques
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We have already discussed some of the strategic benefits of working techniques in combinations rather than single strikes. In standup fighting, a jab does not logically follow an uppercut in close quarters, because the uppercut is a short range technique and the jab is a long range technique. A jab thrown from short range can be smothered because we use the wrong distance for the technique. We will thus be unable to build momentum for power. Strategically, the jab is a setup and not a finishing strike and should therefore precede a finishing strike, such as the uppercut. If your opponent steps back to create distance, it is better to follow with a straight right or overhand strike, which are both strong finishing strikes.

The bottom line is that techniques that are logically sequenced require less effort and produce greater speed and therefore greater power. Logical sequencing of techniques helps us maintain optimal fighting range. It is possible to throw an uppercut following a sidekick. But since the sidekick will likely knock your opponent back, you are unable to reach him with the uppercut unless you close the distance first. Aside from the risk of telegraphing the technique, this is also uneconomical.

In grappling, too, logical sequencing of techniques must be considered. For example, using a finger lock after applying a rear choke against an opponent on his belly would not make sense. It is better to work a series of techniques that eventually lead to the rear choke, and finish with the choke.

[image: image]

Is the high sidekick a logical technique? Well, it depends on what happened prior to the kick. If the kick is thrown against a standing opponent, it would indeed be logical. If the opponent is already on the ground, the kick would prove highly illogical.

	[image: ]
	 	[image: ]


[image: ]

Indomitable Spirit
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Before we proceed with the details of physics and martial arts, we should mention the martial spirit. A characteristic of a superior fighter is indomitable spirit. The word origin stems from diamond, which means untamed. A diamond is the hardest material of which we know. In essence, indomitable spirit means a spirit that can't be dominated, conquered, or broken.

The reason why a diamond is so strong is because the molecular pattern is so complex. I once observed a board breaking demonstration where a young kid was going to break a wooden board with his fist. But when his fist struck the board, it didn't break. The young martial artist grabbed the board from the holder, took one quick look at it, and turned it one quarter of a turn. When he struck again, the board broke. This youngster knew something about the material of the board and the points of strength and weakness. Breaking against the grain takes more force than breaking with the grain. Wood grain that is wavy or has knots in it likewise requires a greater force to break. It can therefore be said that the more complex the grain (the pattern) is, the more force is required to break it.

Because of the complex molecular structure of a diamond, we wouldn't dream of trying to break one with our fist. Much of the value of a diamond is also derived from it being multifaceted. In martial arts, we can be multifaceted by cross-training in different arts. On a grander martial scale, this concept can be applied to whole armies. The general who leads an army of a thousand men, whose only quality is muscular strength, will soon be defeated by the opposing army who has a mixture of men with qualities such as strength, speed, and intelligence.

"The brave can fight, the careful can guard, the intelligent can communicate."

—Sun Tzu, The Art of War

The more we diversify our skill, the more likely we are to succeed in battle. I'm not implying that we should be jacks-of-all-trades, but that we should educate ourselves on how to use our skill in different situations. If all we know is how to strike and kick and we end up on the ground, the battle may well be over. The opposite is also true. Today, when cross-training is so popular, we see a lot of grapplers studying Muay Thai and kickboxing, and vice versa. In a nutshell: Don't place all your eggs in the same basket . . . and hide an ace in your back pocket.

Come, follow me on the power trip, and I will show you how F = ma.
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2. Center of Gravity
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The Importance Of Balance
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When looking back, I consider my karate training more ritualized than the kickboxing training I later received. Students of karate are expected to do things a certain way and, if deviating from this pattern, we might suddenly find ourselves on the floor without knowing how we ended up there. Certain rituals must be adhered to: bowing when entering the dojo (training hall), lining up according to rank, and maintaining focus during lessons. Basic punching and kicking drills practiced from a horse stance, so called because it resembles a person sitting astride a horse, often follow warm-up and stretching.

[image: image][image: image]

A man sitting astride a horse and a karateka in a horse stance.

When in the horse stance, we are frequently told to keep our feet approximately shoulder-width and a half apart and knees slightly bent. The instructor might call out the punches, prompting us to follow with loud kiais. If classes are large, one or more assistant instructors might walk between the rows of students. In my early training, I would every so often see, from the corner of my eye, a student in an adjacent row tumble to the floor. The instructor had swept the student's foot, taking him off balance. This was not done with malicious intent, however, but to make us understand the importance of balance and correct posture.

In addition to strengthening our legs, the horse stance gives us stability. In general, when talking about physical stability, we mean an object or person who possesses balance and will not tip over easily. Judoka and sumo wrestlers need a great deal of balance to counteract their opponent's attempts to throw them to the ground.

[image: image]

Sumo and other wrestlers manipulating balance.

[image: image]

Karate fighters also need balance in order to deliver a strike or kick with power.

Successful fighting also depends on gaining a positional advantage. Good strategy dictates movement. It is now necessary to learn all over how to "walk." Moving from one spot to another is not as simple as taking a step forward or back. The Basic Movement Theory states that when moving, we should step with the foot closest to the direction of travel first. To move forward, step with your lead foot first and readjust the width of your stance with your rear foot. To move backward, step with your rear foot first and readjust the width of your stance with your lead foot. The primary reason for the development of the Basic Movement Theory is to prevent a fighter from crossing his feet, which could prove destructive to balance because it causes us to deviate from the stability of the wide stance.

[image: image]

Which fighter appears more stable? Why is the horse or fighting stance more stable than a stance where your feet are close together or crossed?

When we have studied the martial arts for a long time, we know intuitively how to maintain balance, strike with power, and use defense and footwork to our advantage. But when we add an understanding of the laws of physics, we will know each time we learn a new technique if it is mechanically correct and why. This knowledge may save us years of work by eliminating trial and error. The principles of physics can also help us strengthen our fighting tactics. Balance may be the most important of these principles, because without balance, it won't matter how powerful, fast, mechanically correct, or skilled we are, none of our techniques can succeed. Since balance is literally our foundation, we will talk about it first.
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Center Of Gravity
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A few years after starting my martial arts training when I became a martial arts instructor, I loved the pushup routine. Schools of self-defense often advertise that we don't need size and strength to defend ourselves effectively against a bigger opponent, because "it's all in the technique." Being a skeptic, I insisted that my students develop strength. We would do ten pushups, and then I would ask them to hold the down position without touching the floor with any body parts other than the hands and feet. After holding this position for some time, we would do ten more pushups.

[image: image]

The pushup is great for building functional upper body strength for martial arts. An easy way to determine how much weight you're lifting when doing pushups, is by placing your hands on a bathroom scale.

When researching the pushup, I found that doing pushups on our knees is nearly useless for developing upper body strength. I also found that in the regular pushup, men generally lift slightly more of their bodyweight than women. I would tell my students that this is because women have bigger butts. (Since I'm female, I felt it was safe to say this.) In relation to overall body structure, the average man is more top heavy than the average woman. But is the bigger butt necessarily such a bad thing? Well, it depends on what we are trying to achieve. Whether the glass is half-full or half-empty depends on what's in the glass, and how desirable it is to the person who has to drink it. Being bottom heavy is advantageous to the martial artist.

Center of gravity (or center of mass) is the point in any object around which all of its weight is equally distributed. We can also think of center of gravity as the balance point. An object of uniform shape and weight has its balance point in the center. An object of non-uniform shape and weight has its balance point toward the heavier end. Assuming that the weight is equally distributed in relation to the shape of each of the following objects, where will you find each object's center of gravity?

[image: image]

The center of gravity is found toward the heavier end of the object. In the horse shoe shaped object, the center of gravity is in the open space toward the closed end of the arc.

A pyramid has a low center of gravity and is very stable because of its wide base. The wider the base, and the more weight that is concentrated in the base, the more stable the object is. For maximum stability, we should therefore keep a stance that is as low and wide as possible. There is a tradeoff, however. If our stance is too wide, we will sacrifice mobility for stability. If fighting relied only on stability, we would study martial arts that use very low and wide stances. But since force is a combination of mass and acceleration, which further branch off into many other components, we might need to make a sacrifice in one area in order to gain an advantage in another. Take a look at these two pyramids. Which one is more stable?

[image: image]

In both cases, the base is wider than the top. But in relation to their heights, the pyramid on the left has a wider base than the pyramid on the right, and is more stable. Stability depends on two factors:

1. How high we must raise the center of gravity in order to make the object top heavy. The wider the base is, the higher the center of gravity must be raised before the object will tip over. Due to its wide base, quite an effort is needed to tip the pyramid on the left on its side. The pyramid on the right has a narrower base and higher center of gravity and will tip over easier.

2. If we drop a line straight down from the center of gravity of an object of any shape, and it falls within the foundation of that object, the object is stable. If it falls outside of the foundation, the object is unstable. A line dropped straight down from the center of gravity of either pyramid will fall within its foundation, so both pyramids are stable as long as no outside force acts on them to disturb their stability.

Assuming that the pyramids weigh the same, and in addition to being more stable than the pyramid on the right, the pyramid on the left has its weight focused over a larger surface area, resulting in less force per square inch. This principle can be applied to finger pushups. Since the fingers are inherently weak, finger pushups take a great deal of strength. The more we spread our weight, however, the easier the pushups become. When starting to train in finger pushups, keep your hands and feet wide apart in order to spread your weight over a large surface area, creating less force per square inch.  

A handstand takes both strength and balance, but would be even more difficult if your hands were close together. In the next picture, note how the body is pyramid shaped for greater stability.

[image: image]

Pyramid shaped handstand with wide base for balance.

Just as a wide base makes a standup fighter more stable, a grappler is more stable and can expend less effort when pinning his opponent to the ground by spreading his weight as much as possible. Spreading your weight and staying low (wide base, low center of gravity) makes it difficult for an opponent to throw you off, even if he has the size and strength advantage. Standing on your opponent or keeping an upright posture (narrow base, high center of gravity) makes it easier for him to throw you off.

In the following pictures, the fighter on the bottom is in the prone position face down. Would you say that she has a good chance of winning this fight? Much of it depends on how stable the
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