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New Physics of Tennis  
(Improvement of Performance and Injury Prevention with Proper String and Spin by a player) 

Yoshihiko KAWAZOE, Masamichi NAKAGAWA and Shoji UESUGI 

Saitama Institute of Technology. Graduate School of Engineering 
Fusaiji 1690, Fukaya-si, Saitama, 369-0293 Japan 

There has been no question that some strings do provide a better grip than others, but that did not guarantee that the 
ball will produce more spin. Furthermore, experiments with hand-held rackets has been needed to solve the difficult 
question of how players can tell the difference between different strings when laboratory tests indicate that they should 
play the same. The previous paper performed an experiment measuring the spin rates of used, notched strings in both 
their natural condition and after applying a lubricant to the string intersections to facilitate tangential string movement. 
It found that the lubricated notched strings produced 30% more spin than the unlubricated notched strings. The lubricant 
materials are effective to the notched strings, because the lateral movement and snap-back of the main strings increase 
spin. It also showed that the more spin results in the reduction of shock vibrations of the wrist joint during impact. 
Furthermore, it was shown that the used natural gut with notches decrease 70 % of spin rate compared to the new 
natural gut without notches in the another experiment, which has remained to be seen whether the same results will be 
obtained. Recently, International Tennis Federation researchers reported that the same movement that was observed 
with lubricated strings occurs with copoly as well. Copoly strings—slippery and stiff—generate more spin not because 
of more friction, but because of less. The old argument was that the better the grip between the strings and the ball, the 
more spin we would get, but that was not true. Many experiments has started to investigate whether the lateral 
movement and snap-back of the main strings increase spin, which strings generate the most spin, and so on. This paper 
discussed the improvement of performance and injury prevention with proper string and proper body movement of a 
player. 
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Fig.1 Tennis top spin behavior with natural gut (20000 fps)  
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Fig.2 Experimental Setup for measurement of spin(9) (courtesy of Crawford Lindsey [Tennis Warehouse, San Luis Obispo, 
CA, 93401]. Balls fired by ball machine at a stationary but free-swinging racquet rotating about an axis 3.5 inches from 
the end of the racquet and about its longitudinal axis.�
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  (a) String deformation      (b) Ball deformation    (c) Stiffness of string bed  (d) String stiffness vs deformation   
Fig.3 Predicted stiffness and deformations of ball and strings against impact velocity relative to the string tension as a 

parameter. 
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         � � � �  (a) from Brody( 10)        (b) from Kawazoe(20)    � �   (c) from Kawazoe(20) 
          Fig.4 Contact time vs. impact velocity relative to the string tension as a parameter. 
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             (a)                            (b)                                 (c)   
           Fig.5 Measured Contact Time and Restitution Coefficient relative to String Tensions and Impact Velocities. 
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 Fig.6 Side step without kick during backhand stroke by K. Rosewall 15)  

           
 0.000 s    0.033 s     0.067 s   0.100 s    0.133 s 0.166 s 0.199 s  0.233 s   0.266 s    0.299 s     0.333 s   0.366 s  

(a) 

     
    0.000 s           0.033 s           0.067 s            0.100 s            0.133 s           0.166 s 

     
    0.199 s           0.233 s           0.266 s            0.299 s            0.333 s            0.366 s  

                                               (b) 
Fig.7 Side step during receive a served ball by T. Suzuki. 

      

     0.0 s          0.1 s           0.2 s           0.3 s           0.4 s           0.5 s         0.6 s  
Fig.8 Robust instantaneous NANBA forehand-stroke utilizing instability, which uses only small active power. 

     
 (a) t = 0.000 s    (b) t = 0.0627 s   (c) t = 0.0990 s   (d) t = 0.125 s    (e) t = 0.1.82 s    (f) t = 0.201 s   

Fig.9 Forehand-stroke during receive a served ball by K. Date Krumm. 
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            (a)                         (b)                        (c)                    (d)   

                         Fig.10 Development of eco balls that utilize used balls. 
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            0.0 s                                0.3 s                                0.5 s       

� � � � � � � � � � �   Fig.11 Practice test on eco balls that utilize used balls. 
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Fig.12 Predicted shock vibrations maximum peak-peak 

values at the wrist joint vs. impact locations of 
string bed (impact: Ns= 56.9 Nm, VB0 = 10m/s). 
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Fig.13 Initial acceleration amplitude of 1st vibration 

mode component of racket frames(Impact 
location:A, Ns= 56.9 Nm, VB0 = 10m/s). 
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