UNIVERSITI TEKNOLOGI MARA

TECHNICAL REPORT

TRAJECTORY OF SHUTTLECOCK USING NEWTON’S
SECOND LAW

NUR ATHIRAH BINTI NURUL AZAM - (2020847606)
SAIBATUL ASMALIAH BINTI AMRAN - (2020462458)
NUR FARAHIN ELIANA BINTI MOHD NOORAIMY-
(2020615336)
(P20M23)

Report submitted in partial fulfilment of the requirement
for the degree of
Bachelor of Science (Hons.) (Mathematics)
College of Computing, Informatics and Media

AUGUST 2023



ACKNOWLEDGEMENTS

IN THE NAME OF ALLAH, THE MOST GRACIOUS, THE MOST MERCIFUL

Firstly, we are grateful to Allah S.W.T for giving us the strength to complete this project

successfully.

We would like to express our gratitude to Puan Nor Aishah binti Md Noh as our supervisor
and Dr Zahari bin Md Rodzi for their guidance and for providing the necessary information
regarding the project. We were able to complete this project thanks to their constant
guidance and willingness to share their knowledge. Furthermore, we would also like to
express our gratitude toward our family members for their encouragement which helped us
to complete this project. Lastly, we want to thank our friends who have willingly helped us

and always been there for us when we faced a hard time during completing this project.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ..ottt sttt 1
TABLE OF CONTENTS . ..ottt bbbttt 2
LIST OF TABLES ... .ottt e e e e e et e e anee s 3
LIST OF FIGURES ..ottt bbbttt bbb 4
ABSTRACT ..ttt bbb bbbttt bbbt et 6
L0 o 1 ol I PSPPI 7
INTRODUCTION ...ttt bbbttt bbb bbb e e e 7
1.1 Background of STUAY .......ccccoeiiiiiiiiiicce e 7
1.2 Problem StatemMent........c.covie i 8
1.3 ODJECLIVES ...t bbb 9
1.4 Significant and Benefit of StUdY .......cccoeiieiiiiiiic e 10
1.5 Scope and Limitation Of StUAY .........cccoeiiiiiiiiiiiiceee e 11
1.6 DefiNItioN OF TOIMS.....ciieieiie ettt nnes 12
CHAPTER 2 ..ottt b bbbt et 13
BACKGROUND THEORY AND LITERATURE REVIEW .......cccccoiiiiiiieeiee e 13
2.1 Background TREOIY .......ccoiiiiiiiiiiiieeee e 13
2.2  Literature Review/ Related ReSEarch ..........ccccovvviiiiinieieie e 19
CHAPTER 3 ettt s e s e e e s st e e e st e e e st e e e teaeeneeeanaeeaneeens 28
METHODOLOGY AND IMPLEMENTATION ..ot 28
3.1 Equations of trajectory by using Newton’s Second Law ..........ccccccvvviiiniiiiennnnn, 28
CHAPTER 4 ..ottt e e e e bt e e e st e e e eae e e e tee e e nseeeanaeeaneeeas 39
RESULTS AND DISCUSSION ...ttt 39
4.1 Evaluation of various angles and positions of the shuttlecock. ............ccccccce.e. 39
4.2 Analyse the opportunity for the opponent player to return the shuttlecock......... 41
(O 1 el I S RRURRSPR 51
CONCLUSIONS AND RECOMMENDATIONS ..ottt 51
REFERENGES ...ttt ettt e s sa e e st e e e ena e e e nnt e e e naeeenneas 53
N e 1 ) PSP 59



LIST OF TABLES
Table 1.1: Definition of Terms and CONCEPLS. ........c.ovivriiiiiii e, 12

Table 4.1: Comparison of terminal position of shuttlecock with varies of angle released.

Table 4.2: Result the trajectories of the shuttlecock with different angle on passing the net
DASEU ON P bbb 43
Table 4.3: The distance between the shuttlecock and centre line when the position of player
is at the centre of the court for angle 15° t0 50° ......ccooiiiiiiiniiniiice e 46
Table 4.4: The distance between the shuttlecock and centre line when the position of player

is at the centre of the coUrt fOr 50° 10 B0° .....veeeeeeeee et eae e 49



ABSTRACT

Sports like badminton require skilled performance to coordinate dynamic interceptive actions
to place the racket in the proper location at the correct moment to intercept the shuttlecock
(projectile) and protect or attack court space. The problem statement on this study is the player
needs to focus on the service angle before releasing the shuttlecock to maximise the distance
the shuttlecock falls on the opposing team's court to obtain the point. The player needs to
strengthen their ability to read their opponent's shots and it might be difficult for the player to
figure out and predict the angles that need to be produced so that the opponent player has
difficulty receiving the shot. Newton’s Second Law in Projectile Motion model is applied to
find the terminal position of the with various angles which are from 15° to 65°. Hence, the
result shows the furthest terminal position is at angle 15°. Then, Vitruvian Man was used in
order to determine the height from waist to feet for average Asian male height which is 1.68 m
. From that, the shuttlecock can be passed over net when player 2 m away from net can be
determined. After that, Theorem Pythagoras was used to determine distance of the shuttlecock
with opponent’s centre line when player at the centre of the right service court. Therefore, the
opportunity for the opponent's players to return the shuttlecock can be analyse at the end of this
study. For angle 15° to 25° are unable to pass the net meanwhile angle 30° until 65°shown
that they were successfully passing the net. By calculating the distance of the shuttlecock lands
at the opponent's court with the centre line, 30° and 40°, are successfully lands on the
opponent's court, compared to 45° and 50°. Meanwhile, 60° is failure to fulfil the rule of
service in badminton. From the result of data, the angle released can be analysed and others
factors to make the optimum trajectory of the shuttlecock after landing on the opponent’s right
service court. The player can improve the techniques and skills in short service and develop the
capabilities in reading opponent’s movements in return the serves. Last but not least, there are
certain issues that arise when finishing this study due to the scarcity of references. No method
can be used directly to determine the trajectory of the shuttlecock. So, as a suggestion to future
researchers, they may utilise the kinematic equation to determine the value of the trajectory in

their research.



