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Effects of Gut Notches on Tennis Spin performance:
Impact Analysis of Top-Spin and Under-Spin with an Ultra-high-Speed Video Analysis
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The previous paper of the authors made clear the mechanism of top spin performance in tennis and its improvement by
lubrication of strings according to the high speed video analysis. As the main strings stretch and slide side ways more, the ball is
given more spin due to restoring force parallel to the string face when the main strings spring back and the ball is released from the
strings. Since the notches of strings decrease spin rate, the lubricant materials are effective to the notched strings. Furthermore, it
showed that the more spin results in the reduction of shock vibrations of the wrist joint during impact. This paper showed that the
spin rate of newly strung tennis racket without notches is much larger than that of used racket with notches. It also showed the
difference of the topspin and the underspin when a pro and an amateur hits a ball.
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Fig.1 Ball spin behavior and mechanism of spin rate
increase by lubrication of string intersections. Main strings
stretch and slide side ways and spring back when the ball is
released from the strings.
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Fig.2 Spin performance vs. string conditions with average and standard error.
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Fig.3 Calculated effect of contact time on the wrist joint
shock vibrations. Impact velocity: 30 m/s, hitting location:
top side 95 mm from the tip of racket.
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Fig.4 View of the experiment
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(b) Analysis of ball velocity
Fig.5 View of impact and spin analysis.

Fig.6 Ball spin behavior and the mechanism of spin rate
increase by stretching and sliding sideways and springing back
of main strings at the string intersections when a ball is released
from the string bed in the case of new Gut.

Fig.7 Used Gut with notches at the intersections.
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Fig.8 Top-spin swing by a pro tennis player.
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Fig.9 During Impact of the top-spin by a pro tennis player.

0.0 ms

after release

1.0 ms 2.0 ms

Fig.10

3.0 ms 4.0 ms 5.0 ms

Side view of ball top spin behavior by a pro tennis player in the case of new Gut (about 50 rps).
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Fig.11 Top-Spin behavior and the mechanism of spin rate increase by stretching and sliding sideways and springing back of main strings at the

string intersections in the case of new Gut.
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Fig.13 Top-Spin performance of a pro tennis player vs. new and used Guts with average and standard errors.
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Fig.14 Top-spin swing by an amateur tennis player.
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Fig.15 Top-spin performance vs. pro and amateur player with average and standard error.
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Fig.16 Under-spin (Slice)swing (1) by a pro tennis player.
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Fig.17 Under-spin (Slice)swing (2) by a pro tennis player: swing trajectory around the impact.
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Fig.18 During impact of under-spin (Slice)by a pro tennis player.
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Fig.19 Side view of under spin behavior after release of a ball by a pro tennis player.
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Fig.20 Under-spin (Slice)swing (1) by an amateur player.
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Fig.21 Under-spin (Slice)swing (2) by an amateur player: swing trajectory around the impact.
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(a) Ball spin rate (b) Post-impact ball velocity V3 (c) Contact time 7
Fig.22 Under-Spin (Slice) performance vs. Pro and amateur Player with average and standard error.
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