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Disclaimer 
  I do not condone violence or fighting of  any kind 

  Findings from this study should only be used in the context of  science 
or for training purposes 



Krav Maga: History 
  First developed in 1948 by Imi 

Lichtenfeld 

— Chief  Instructor in the Israeli 
Defense Force (IDF) 

— Based on training in boxing, 
wrestling, and military experience 

  Developed out of  necessity for self  
defense in the Middle East 

— Taught to all of  Israel’s elite military 
and intelligence units 

  Under constant evolution due to the 
volatile nature of  the Middle East 

  Brought to the US in the 1980’s 



Krav Maga: Philosophies And Uses 

  Krav Maga = “Close combat” 

  Philosophy: One hit, one kill 

— Goal: 1) Survival, 2) Cause the most possible damage upon your opponent  

— Hand-to-hand, hand-to-weapon, weapon-to-weapon 

— Arguably the most effective and realistic style of  Martial Arts for combat settings 

  Combines the most effective techniques from various traditional Martial Arts and military 
systems 

—  Strikes & blocks – Muay thai, Karate, Tae kwon do, Boxing 

—  Throws – Judo 

— Disarms & grappling – Jiu-jitsu 

— Weapons  

  Currently used by: IDF, Mossad, Shin Bet, Anti-Terrorism Forces, CIA, SWAT, FBI, US 
Special Forces, US Military, and other units across the world 



My Study 
  Main question – How can you increase the effectiveness of  a hand strike? 

  Hand strike techniques 

— Straight techniques 

•  Punch 

— Rotational techniques 

•  Back fist 

•  Hammer fist 

  Questions 

— How can you make a straight punch hit harder? 

— What is more effective: a straight technique or a rotational technique? 

— Which technique generates more pressure on its target upon impact: a 
back fist or a hammer fist? 



My Study 
  Setup – an indirect method of  measurement 

—  Strike a stationary target (soccer ball) using various hand strike techniques 

— Measure the following aspects of  the soccer ball: 

•  Mass 

•  Velocity after impact 

•  Acceleration after impact  

— Also measure various aspects of  my hand: 

•  Area of  striking surface 

•  Velocity of  fist before impact 

•  Acceleration of  fist before impact 

— Calculate: 

•  Force generated on the ball  

•  Momentum change and impulse on the ball 

•  Kinetic energy transferred to the ball  

•  Pressure generated on the ball  



Case 1: The Straight Punch 
  Question  

— How can you increase the effectiveness of  a straight punch? 

  Concept 

— “Throwing your body into it” 

•  Using your whole body and engaging muscles beyond your arm 

•  Twisting your torso 

•  Rotating your hip 

•  Driving with your legs 

  Hypothesis 

— By “throwing your body into it,” your punch will generate more 
force on the ball,  increase the pressure delivered onto the ball, 
increase the change in momentum of  the ball, and increase the 
impulse generated onto the ball. 



  Hitting only with arm 
muscles 

  Minimal hip rotation 

  Legs are planted and 
stiff  

Case 1: Straight Punch Without “Driving” 



  Full torso rotation 

  Full hip rotation 

  Legs drive forward, 
ankle rolls forward 

Case 1: Straight Punch With “Driving” 



Case 1: Comparison Of  Straight Punches 

Without “Driving” With “Driving” 

Vs. 



Case 1: Results - Velocity 

Without “Driving” With “Driving” 

Velocity = 5.836 m/s    Velocity = 11.949 m/s 



Case 1: Results – Acceleration 

Without “Driving” With “Driving” 

Acceleration =  295.700 m/s2   Acceleration = 657.132 m/s2 



Case 1: Calculations 

Formula 
Without 

“Driving” 
With “Driving” 

Force F = (m) × (a)  127.151 N 282.567 N 

Momentum P = (m) × (v) 2.509 kg×m/s 5.138 kg×m/s 

Impulse I = (m) × (Δv) 2.509 kg×m/s 5.138 kg×m/s 

Kinetic 
Energy 

KE = (½) × (m) × (v2) 7.322 J 30.697 J 

Pressure p = (F) / (A) 31,317.989 Pa 69,597.783 Pa 

Mass of  ball (m) =  0.43 kg 
 
Area of  punching surface (A) = 40.6 cm2 = 0.00406m2 

 
Without body rotation:   v = 5.836 m/s     a = 295.700 m/s2 
 

With body rotation:        v = 11.949 m/s     a = 657.132 m/s2 

 



Case 1: Analysis 
Muscles triggered during punch with body 
“driving”: 

  Gastrocnemius – plantar flexion of  foot and 
knee flexion 

  Rectus femoris – hip flexion and knee 
extension 

  Biceps femoris – hip extension and knee 
flexion 

  Anterior deltoid – arm flexion and horizontal 
adduction 

  Upper trapezius – elevation of  the scapula 

  Biceps brachii – elbow flexion and supination 
of  the forearm 

  Tricps brachii – elbow extension 

  Flexor carpi radialis – wrist flexion and wrist 
abduction 

 



Case 1 - Conclusions 

  Using your body engages more muscles 

— Includes additional leg muscles: gastrocnemius, rectus femoris, and 
biceps femoris 

  These additional muscles help generate 2.05x more impulse 

— (5.138 kg×m/s) / (2.509 kg×m/s) = 2.05 

  Therefore, to make your straight punch more effective and damaging to 
your target, make sure to “drive with your legs” and “put your body into 
it” 



Case 2: The Back Fist 
  Question  

— What is more effective: a straight technique or a rotational 
technique? 

  Concept 

— This technique comes across from one side of  the body to the other 

— There is a full twisting of  the legs, hip, and torso, and uses the 
“throw your body into it” concept 

— The back fist hits with the top part of  the hand 

  Hypothesis 

— Due to the rotation and usage of  core muscles, the technique will 
pick up more momentum and engage more muscles, causing the 
technique to be more powerful upon impact.  



  Arm comes across 
the body 

  Hip and torso 
fully rotate 

  Knee and foot 
rotate inwards in 
the beginning, and 
then rotate 
outwards 

Case 2: The Back Fist 



Case 2: Results 

Velocity = 11.949 m/s    Velocity = 11.791 m/s 

Straight Punch With “Driving” Back Fist 



Case 2: Results 

Acceleration = 657.132 m/s2        Acceleration = 788.287 m/s2 

Straight Punch With “Driving” Back Fist 



Case 2: Calculations 

Formula Straight Punch Back Fist 

Force F = (m) × (a)  282.567 N 338.963 N 

Momentum P = (m) × (v) 5.138 kg×m/s 5.070 kg×m/s 

Impulse I = (m) × (Δv) 5.138 kg×m/s 5.070 kg×m/s 

Kinetic 
Energy 

KE = (½) × (m) × (v2) 30.697 J 29.891 J 

Pressure p = (F) / (A) 69,597.783 Pa 44,308.889 Pa 

Mass of  ball (m) =  0.43 kg 
 
Area of  punching surface (A) = 76.5 cm2 = 0.00765m2 

 
Straight Punch:     v = 11.949 m/s     a = 657.132 m/s2 
 

Back Fist :   v = 11.791 m/s     a = 788.287 m/s2 

 



Case 2: Analysis 
  Full rotation of  the body engages 

the core muscles: 

— Rectus abdominus 

— External abdominal obliques 

— Pectoralis major 

— Latissimus dorsi 

— Erector spinae 

  Rotation allows a greater distance 
over which the strike can build up 
power 



Case 2: Conclusions 
  The back fist and straight punch with body rotation produced similar 

results on the target 

— Impulse of  straight punch = 5.138 kg×m/s 

— Impulse of  back fist = 5.070 kg×m/s 

  In theory, the back fist should have been more effective.  Why was it not? 

— The back fist comes straight, there is no rotation of  the forearm 

•  Flexor carpi radialis  is not used 

— The area with which the back fist strikes is much larger 

•  The strength of  the technique is not as concentrated 

•  Pressure of  straight punch = 69,597.783 Pa 

•  Pressure of  back fist = 44,308.889 Pa 



Case 3: The Hammer Fist 
  Question  

— What happens if  we hit with a rotational technique that uses a 
smaller area to hit with?  Will this hit with more pressure? 

  Concept 

— Use the same full body rotation 

— Hit with a smaller area – the side of  the fist 

— Has forearm rotation 

  Hypothesis 

— By hitting with a smaller area, while still using a full body rotation to 
engage more muscles, the hammer fist will be stronger and more 
effective than the previous techniques.  



  Same motions as 
before: 

— Arm comes 
across the body 

— Hip and torso 
fully rotate 

— Knee and foot 
rotate inwards 
in the 
beginning, and 
then rotate 
outwards 

  Forearm rotates 

  Smaller surface area 
when hitting 

Case 3: The Hammer Fist 



Case 3: Results 

Hammer Fist 

Velocity = 11.791 m/s    Velocity = 14.430 m/s 

Back Fist 



Case 3: Results 

Acceleration = 788.287 m/s2   Acceleration = 690.558 m/s2 

Hammer Fist Back Fist 



Case 3: Calculations 

Formula 
Straight 

Punch with 
“Driving” 

Back Fist Hammer Fist 

Force F = (m) × (a)  282.567 N 338.963 N 296.940 N 

Momentum P = (m) × (v) 5.138 kg×m/s 5.070 kg×m/s 6.205 kg×m/s 

Impulse I = (m) × (Δv) 5.138 kg×m/s 5.070 kg×m/s 6.205 kg×m/s 

Kinetic 
Energy 

KE = (½) × (m) × 
(v2) 30.697 J 29.891 J 44.768 J 

Pressure p = (F) / (A) 69,597.783 Pa 44,308.889 Pa 133,756.757 Pa 

Mass of  ball (m) =  0.43 kg 
 
Area of  punching surface (A) = 22.2 cm2 = 0.00222m2 
 
Back Fist :   v = 11.791 m/s     a = 788.287 m/s2 
 

Hammer Fist :   v = 14.430 m/s     a = 690.558 m/s2 

 



Case 3: Analysis 
  Full body rotation engages all the core muscles 

— Also allows for technique to build up power over a longer distance 

  There is a twist in the forearm  

— Engages the flexor carpi radialis 

  The smaller surface area allows for a more concentrated strike 

— Generates more pressure on the site of  impact 



Case 3: Conclusions 
  The hammer fist generates the most impulse on its target 

  The pressure of  the hammer fist  

— 1.92x more than the straight punch 

— 3.02x more than the back fist 

  Engages the most number of  muscles 

— The core muscles 

— The leg muscles 

— The arm muscles including the flexor carpi radialis  

  We can conclude that the hammer fist is the most effective technique 
out of  all of  three that we analyzed 

 



Perspective 
  What do the numbers mean? How 

much damage can such a technique 
cause on a opponent? 

  My instructor always said “12 pounds 
of  pressure will break an opponent’s 
collar bone” 

— Range is 7-13 PSI based on age, 
gender, health status 

— 1 PSI = 6894.76 Pascals 

Pascals PSI Break? 

Straight Punch 
(No Rotation) 31,317.989 Pa 4.54 PSI No 

Straight Punch 69,597.783 Pa 10.09 PSI Maybe 

Back Fist 44,308.889 Pa 6.43 PSI No 

Hammer Fist  133,756.757 Pa 19.40 PSI Yes 



Side Note - Technology 
  iPhones have built in accelerometers 

— Attached my iPhone to my arm to measure 
certain physical aspects of  my arm during the 
techniques using a purchased AccTrack3D app 

— Data from app does not match Logger Pro, 
perhaps calibration is off  

— Apps could be promising tools in the future to 
help athletes perform at a higher level 

iPhone App Logger Pro 

Velocity Acceleration Velocity Acceleration 

Straight Punch 
(No “Driving”) 7.07 m/s 3.69 m/s2 5.260 m/s 169.694 m/s2 

Straight Punch 7.70 m/s 3.74 m/s2 11.349 m/s 299.384 m/s2 

Back Fist 5.31 m/s 3.49 m/s2 14.590 m/s 548.702 m/s2 

Hammer Fist 6.60 m/s 4.20 m/s2 13.804 m/s 651.903m/s2 



Future Studies 
  Use a more precise measuring system 

— Use something heavier than a soccer ball 

•  Not all the energy may have been transferred before the ball 
started moving 

— In addition to Logger Pro, use better mobile apps and tools to 
measure various biometrics 

— Force plates on training pads and bags 



Conclusions 
  Results 

— Using your body makes a stronger technique 

— A rotational technique is more effective than a straight technique 

— A smaller hitting area is more effective 

  To make your hand strike more effective 

— Engage as many muscles as possible 

•  “Put your body into it” and “drive with your legs” 

•  Use a full body rotation 

— Hit with a smaller surface area 

•  Strength of  the technique becomes concentrated 
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