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KHOA HOC DANG SAU MON QUAN VOT

Tennis: The Science Behind Sports

Giai ma toan dién cac dinh luat vat ly va khoa hoc tu nhién trong quan vat: Tién hoéa vat liéu tir gb dén
graphite, ca hoc bién dang va cham 5 mili-gidy, hiéu ting Magnus va I&p 16ng ni khi déng hoc, chudi déng
hoc cl giao bong, cung ca ché than kinh hoc clia hién tugng choking under pressure.
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Phan I: Lich Sir Tién Héa Vat Liéu & Vat Ly Caa Cay Vgt Tennis

Hanh trinh tor long ban tay thoi Trung C6 dén sgi carbon hién dai va giai mé co hoc diém ngot, mé-men quan tinh va dé
cang ddy cudc

I 1. Chuong 1: Lich St Tién Héa — Cudc Cach Mang Vat Liéu Hoc

Lich st cia mén quan vat bat nguon ti thé ky thd mudi hai tai cac tu vién nudc Phap vdi trd chai "jeu de paume" (trd
chai cta ldng ban tay). Ban dau, cac tu si st dung 1dng ban tay tran dé danh mét qua béng bang gé hodc da nhoi toc.
Qua nhiéu thé ky, gang tay da dugc bé sung thém cac thanh nep g6, dan dan phat trién thanh nhitng cay vat cé ludi dan
dau tién vao thé ky th& mudi sdu. Nam 1874, Thiéu ta Walter Wingfield ngudi Anh da dang ky bang sang ché cho mén
"Lawn Tennis" (Quan vgt san cd), ma ra ky nguyén thi dau hién dai. Trong suét gan mot tram nam tiép theo, nhiing cay
vGt gb bang g6 tan bi ép nhiéu I6p da théng tri cac giai dau dinh cao. Tuy nhién, vot gé c6 trong lugng rat niang (khoang
b&n tram gam), kich ¢c& mat vgt nhd bé (khoang sau muai lam inch vuéng) va dd udn cong I6n lam triét tiéu phan 16n luc
danh cla van déng vién. Cudc cach mang vat liéu hoc bung né vao nhitng nam 1970 va 1980 v&i su ra ddi clia vat kim
loai nhém, sgi thay tinh va dac biét 13 sgi carbon t8ng hgp (Carbon Graphite composite). Vat liéu sgi carbon siéu bén, siéu
nhe cho phép cac nha san xudt ma rong kich ¢ mat vat Ién t&i mot tram dén moét tram mudi inch vudng, giam trong
lugng xuéng dudi ba tram gam nhung van ddm bao dé cling viing phi thudng dé truyén tai nang lugng téi da vao qua
bong.
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Hinh 1: Tién trinh cach mang vét liéu ché tao vgt — Tir nhitng cdy vot gé nang né dau thé ky 20 chuyén sang khung kim loai va
dinh cao la sgi carbon graphite hién dai.

I 2. Chuong 3: Sirc Manh & Kiém Soat — DPiém Ngot (Sweet Spot) & Pd Cing Day Cuéc

Vé mat vat ly hoc, cay vot tennis 1a médt don bay co hoc phiic hgp ¢é nhiém vu t6i uu hda nang lugng va cham. Khai niém
"Diém Ngot" (Sweet Spot) clia mat vgt thuc chat bao gom ba diém vét ly riéng biét: Thit nhat, Tam Va Cham (Center of
Percussion - COP): diém tiép xUc trén mat day ma tai d6 luc phan héi truyén vé ban tay cam vgt bang khéng, giup ngudgi
choi khéng cam thay bi giat ¢ tay. Tht hai, NGt Dao Déng (Node of Vibration): vi tri ma bién dé rung lac co hoc cla
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khung vat sau va cham & mdc t6i thi€u, ngan chan cac chadn déng c6 hai truyén 1én khuyu tay ngudi chai. Thi ba, Tam Hé
S8 Phuc Hoi T6i Pa (Center of Maximum Restitution): khu vuic ma mat day vot tao ra luc bat 16 xo manh nhat dé€ day qua
béng di vai van téc I8n nhat. Thai gian tiép xdc gitta qua bong va mat day vat cuc ky ngan ngui, chi kéo dai tir bén dén
nam mili-gidy (khoang mét phan hai tram gidy). Trong khoang thdi gian chdp nhoang dé, ca qua bdéng cao su va mat day
cudc déu bi nén bep va bién dang ca hoc nghiém trong trudc khi dan hoi trd lai. D6 cang day cudc (String Tension) tuan
theo dinh ludt co hoc kinh dién: d6 cang thap (khoang hai muagi dén hai muai hai kilogam) tao ra hiéu (ng bat 1o xo
(Trampoline Effect) manh mé gilp gia tang lyc bdéng; ngugc lai, d6 cang cao (khoang hai muai lam dén hai muci bay
kilogam) gilt qua béng trén mat day it thai gian han, mang lai kha nang ki€ém soat phuong huéng va dé xody tuyét hao.

THE TENNIS RACKET—Sweet Spot and Dead Spot

| Beom Every tennis racket has a sweet
spot and dead spot. The sweet
spotis the saction of strings
wihere the player will get the
best bounce, and the dead spot
is a place where the racket
absorbs all of the energy that
the ball exerts on it at impact,
preventing the ball from
bouncing off the strings.

Sweet Spots
® Node- Minimum vibration
& COP- Minimum initial shock
® COR- Most power

Grp

Hinh 2: So d6 viing chét (Dead Spot) va tdm va cham (Center of Percussion) trén mat vgt — Phan bé ti 1& hoan tra nang lugng
dan hoi khi ti€p xuc béng.
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Hinh 3: Su bién dang cd hoc cuc han trong nam mili-gidy va cham — qua bong bi ép bep va mat day cudc uén cong tich liy
nang lugng thé nang dan hai trudc khi phdng thich qua béng.

Phan II: Khoa Hoc Vé D6 Nay & Khi Pong Hoc Cuia Qua Bong Ni

Vat ly ap sudt khi nén, ma sat cua ba bé mat san ddu, bi mat khi déng hoc caa [dp [6ng ni va hiéu ung xody Magnus Effect

| 3. Chuong 4: Khoa Hoc Vé P6 Nay & Ma Sat Cua Ba Bé Mat San Pau

Mot qua bong tennis tiéu chudn dugc ché tao ti hai nlra ban cau cao su luu hoa ép chat vao nhau, bén trong chira day
khi nitad hoac khong khi nén & ap suat khoang muai hai pound trén mét inch vudng (psi), cao gan gap doéi ap suat khi
quyén théng thudng. Chinh I8p dém khi nén nay tao nén dé dan hoi va dé nay ky diéu ctia qua bong. Hé sé phuc héi dan
hoi (Coefficient of Restitution - COR): theo quy chuén cua Lién doan Quan vgt Qudc té (ITF), khi tha rai tu do mét qua
bong tir dé cao mét tram inch (hai phdy ndam muai tu mét) xuéng san bé tdng cing, qua bong bat budc phai nay ngugc
trd lai tr ndm muai ba dén nam mudai tdm inch (khoang mét phay ba muai lam dén mot phay bén muci bay mét). Nhiét
do moi trudng déng vai tro then chot: trong thdi ti€t mua he oi blc, nhiét d6 lam cac phan ti khi bén trong qua béng
chuyén déng hon loan nhanh han, lam tang ap suat ndi tai va khién qua béng nay cao hon va bay nhanh hon dang ké so
V@i khi thi dau trong diéu kién mua dong gia lanh. Ma sat clia ba bé mat san dau quyét dinh tinh chat chién thuat: San
cling (Hard Court): hé s ma sat trung binh mang lai goc ndy va téc dé chuan xac, dé doan dinh. San dat nén (Clay Court):
cac hat bui gach dé trugt I1én nhau hap thu mot phan déng lugng tinh tién clia qua bdng, lam bdéng bay cham lai va nay
vong Ién rat cao, tao diéu kién cho cac tay vot thi trién cac pha gidang co cudi san kéo dai. San cd (Grass Court): cac ngon
¢4 mém mai va tran trugt lam giam luc ma sat ti€p xdc, khién qua bong trugt ludt di véi géc ndy cuyc thap va duy tri phan
I&n t6c do bay ban dau.
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Hinh 4: Cd ché bao quan ap suat qua bong ni — Hop kim loai nén khi duy tri 4p suat bén trong qua béng tuang ducong 2

atmosphere trudc khi mé nap.

REBOUND ANGLE

With o friction acting cn a tennis ball, if the angle of incidence is 20 degrees, the angle of
reflection will alzo be 20 degrees The forces that actin horiacatal and vertical directions on the
ball will affact its rebound angle. When a ball hits the court, the greund resction wertical force
puzhes it upwards. At the same ime, a fricticn force puzhes it honzentally agairet itz forward
motion, causing it to skow down and rotate, changing the ange of reflecticn after the bounce.

Perpendal, Vebaa
According to the laws of physics, 5 ey lﬁ-i":ﬂ
when an object bounces off another faglestisddmen Bende sisehucsien A
stationary and immavable cbject, the

angle at which it hits (angle of

incidence) equals the angle itleaves

(argle of reflection)”

N(idm‘ with Back Spin

N 7
N - Friction cauzes the ball’s hond-
_____ z £ _‘:_ 2 zontal gpeed to slow down ata

faster rate than its vertical
speead. This couzes most tennis
balls to bounce off the ccurt at
an angle greater than the angle

ofincidence.

/
1 . Incident withTop Spin
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dapedt quanperans s e bouing balhin.

Hinh 5: Cac vector luc tac dung Ién qua béng khi va cham mit san — luc phap tuyén thang diing day béng nay Ién va luc ma sat

nam ngang lam chadm vén téc bay tinh tién cta béng.
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I 4. Khi Dong Hoc Qua Béng Ni & Hiéu Ung Xoay Magnus Effect

Tai sao qua bdng tennis lai dugc boc mét I18p 16ng ni xt xi mau vang chanh thay vi la moét bé mat cao su nhan bong? Cau
tra I6i ndm & nguyén ly khi déng hoc chat luu (Fluid Aerodynamics): Mét bé mat nhén bong chuyén déng véi téc dé cao
sé tao ra sy tach dong khoéng khi rat s6m & phia sau, dé€ lai mét ving ap suat chan khéng hén loan khéng 16 gy ra luc
can khéng khi cuc 16n va khién quy dao bay bi chao dao bat 6n dinh. L8p 16ng ni xu trén qua bong tennis c6 nhiém vy
khudy déng ludng khéng khi sat bé mat, tao ra mét "IGp bién hén loan" (Turbulent Boundary Layer). L8p bién nay bam
dinh 18y qua béng lau hon trudce khi tach dong, thu hep viing chan khéng phia sau va giam luc can khéng khi téng thé,
dong thai gitip qua béng bay theo mét quy dao kién dinh va ém &i. Bén canh dd, I6p 16ng ni bam chat vao khong khi cho
phép cac tay vot khai thac triét dé "Hiéu Ung Magnus" (The Magnus Effect): Khi qua béng xody cudn vé phia trudc
(Topspin), ludng khéng khi & dinh qua béng bi can tré chuyén déng cham lai tao ving ap suét cao, trong khi ludng khéng
khi & day qua béng chuyén déng nhanh tao vung ap suat thap. Su chénh léch ap suat nay sinh ra mét luc hat kéo qua
bong cdm phap xuéng san, cho phép cac tay vot vung hét siic ma bong van cudén nam gon trong san.

Hinh 6: Can canh 18p 16ng ni qua béng tennis — ciu tric vi sgi tao I6p bién khi déng hoc hén loan va gia tdng ma sat xoay
khong khi tao hiéu 'ng Magnus uy luc.
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Hinh 7: Serena Williams khai thac hiéu (rng Magnus — Mat vgt hoi khép Up goc téi d€ vust xody Topspin cudn béng cdm nhanh
vao san daéi phuaong.

Phan IlI: Chuoi Dong Hoc Co Thé & Vat Ly Ca Giao Bng Sam Sét

Nguyén ly céng don déng lugng qua chudi déng hoc Kinetic Chain, tinh todn hinh hoc géc phéng va ciia sé bién an toan khi
giao bong

I 5. Chuong 2: Huan Luyén Thé Luc & Chuoi Pong Hoc (The Kinetic Chain)

Trong quén vt hién dai, nang lugng clia mét ci danh khéng bao gis dudc tao ra don déc bdi mot canh tay. N6 la thanh
qua clia "Chudi Bong Hoc" (The Kinetic Chain) — su phéi hgp tuan hoan nhip nhang clia cac phan doan co thé tir 16n dén
nho, tir géc dén ngon. Quy trinh chuyén giao nang lugng tuan tu tuan theo dinh luat bao toan dong lugng: Mat xich mét:
Luc phan héi tir mat dat. Déi chan nhan géi tao Iuc ddy manh mé vao mat san, mat san phan hdi mét luc tuong duong
dady co thé vuon lén. Mat xich hai: Xoay khung xuong chau va hong. Khéi co dui va cd méng truyén déng lugng lam xoay
khung xuong chau, kéo theo su kich hoat clia cdc nhém ca 18i viing bung. Mat xich ba: Xoay 16ng nguc va khdp vai. Than
trén xoay quanh truc cét séng, kéo theo canh tay cdm vot bung ra phia truéc nhu mot chiéc roi da déo dai. Mat xich bon:
Dubi khdp khuyu tay va xoay sdp cang tay. Cang tay va cé tay xoay chuyén véi van téc goc cuc dai dé quat mat vat cham
vao qua béng. Hon nam mugi phan tram téng luc cla ci danh dugc sinh ra tir déi chan va co héng. Canh tay thuc chat
chi déng vai trd mat xich dan truyén cudi cing. Néu mét mat xich & chan hoac héng bj dut gay, van déng vién budc phai
gong ca canh tay dé bu dap, dan dén chan thuong dau dén cho khdp khuyu tay va khép vai.
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Hinh 8: Gaél Monfils thé hién téc do birt pha va co co léch tdm (Eccentric Contraction) — Luu trit thé nang dan haéi trong gan co
dé d6i hudng tic thi.

Hinh 9: Caroline Wozniacki tdp nhay day rén luyén sitc bén tim mach — Nén tang thé luc hi€u khi dé€ duy tri nhip tim t6i uu
trong cac loat bong bén.
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I 6. Chuong 5: Pua Béng Vao O — Vat Ly Géc Phéng Ci Giao Béng

Cu giao boéng la cd danh phic tap nhat vé mat hinh hoc va khi déng hoc trong moén thé thao nay. Ngudi giao bong ding
cach ludi gan mudi hai mét va phai dua qua bong bay qua chuéng ngai vat 1a mép Iudi cao khéng phay chin tram mudi
bén mét & gilta sdn dé rai vao 6 giao bédng muc tiéu dai sdu phdy bén mét. Hinh hoc goc phdng chitng minh rang: néu
mot tay vot tiép xic béng & dd cao dudi hai mét bén muai centimet va danh mét ci bong phang hoan toan khéng xoay,
khéng cé bat ky goc phéng nao co thé vira vugt qua mép Iudi vira rai vao trong 6 giao bdng néu téc dd vugt qua tédm
muci dam mot gid! Qua bong hodc sé ric vao ludi, hoac sé bay dai ra ngoai 6 phat béng. Day chinh la ly do tai sao chiéu
cao cla van dong vién la mot Igi thé vat ly khéng 16. Nhiing tay vot cao trén médt mét chin muai (nhu John Isner hay
Milos Raonic) co6 thé tiép xic béng & d6 cao gan ba mét, tao ra géc nhin hinh hoc ma réng cho phép ho tung ra nhiing
cl giao béng phang sam sét cdm thang qua mép ludi vao 6 giao bong. D6i véi nhitng tay vat ¢ chiéu cao khiém tén
han, vat ly hoc cung cdp mét giadi phap cu tinh: d6 xody Topspin va Slice. Nhg hiéu (ng Magnus, luc hut khi déng hoc sé

uén cong quy dao dudng bong bay vong qua mép udi roi nhanh chéng kéo bong cdm xuéng 6 phat béng mét cach an

SERVING THE BALL

toan.

When a player serves the ball the elastic energy transfers from
body segment to body segment, from the legs,
through the body, to the arm and,
eventually, the racket and ball.

Hinh 10: Chubi déng hoc trong ct giao béng — tir budc nap luc ctia déi chan, vuon cao than ngudi va giai phéng cang tay tiép
xuc béng & diém cao nhat cua tam vai.

Phan IV: Khoa Hoc Than Kinh & Tam Ly Hoc — Tran Chién Bén Trong B6 Nao

Co ché xu ly tin hiéu thi gidc siéu téc, hién tugng "nghen thd tam ly" (Choking) dudi géc nhin khoa hoc néo bé va giai phdp
kién tgo trang thdi dong chay

I 7. Chuong 6: Toc D6 Phan Xa Thi Giac & Ky Thuat Poc Tinh Huéng Trudc Khi Bong Rai Mat Vgt

Khi d&i thd tung ra cl giao bdng vdi van téc mét tram hai muaci dam mot gid (khoang mot tram chin muai ba kilémét
mét gid), qua bdng chi mat bén tram dén nam tram mili-gidy dé bay ti vach cudi san bén nay sang vach cudi san bén kia.
Trong khi dé, bé ndo con ngudi mat khoang mét tram nam muai mili-gidy chi dé mat ti€p nhan tin hiéu anh sang, truyén
qua day than kinh thi gidc dén vd ndo thij giac va nhan dién rang qua béng da dugc danh di. Ca thé tiép tuc can thém hai
tram mili-gidy dé truyén Iénh van déng qua tly séng dén cac ca bap chan tay nham khai déng budc chéan di chuyén. Diéu
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nay c6 nghia la néu mot tay vt dgi cho dén khi nhin thady qua bong bay ra khoi mat vot déi thu roi méi phan ing, ho sé
khong bao gid c6 du thai gian dé€ trd giao bong thanh cong! Khoa hoc than kinh thé thao da phat hién bi quyét phi
thudng cla cac tay vot chuyén nghiép: ho khong nhin vao qua béng khi déi thl giao bong. Thay vao do, ho theo déi cac
tin hiéu chuyén déng co thé clia déi thu trudc khi ti€p xic bong. Bang cach quan sat géc xoay cua vai, vi tri tung bong
trén khong trung va hudng chuyén déng cla khuyu tay, bd ndo cua tay vot hang dau da du doan chinh xac hudng di va
do xoay cla bong tu trudc khi mat vgt déi thi cham bong nam muai mili-gidy. Day chinh la kha nang dy doan thi giac
chuyén sau (Anticipatory Skill) dugc toi luyén qua hang chuc nghin giG luyén tap.

Hinh 11: Maria Sharapova thuc hién nghi thirc dinh tdm truéc qua giao béng — Ca ché neo tam ly va thiét lap trang thai tap
trung sau.

| 8. Sinh Hoc Cua Con Hoang Loan: Hién Tugng “"Nghen Thé" (Choking Under Pressure)

Trong lich st quan vot dinh cao, khéng c6 vi du nao minh hoa rd nét hién tugng sup dé tdm ly hon tran chung két don nir
Wimbledon nam 1993 giita Jana Novotna va Steffi Graf. Novotna da dan truéc bdn-mét & van thi ba quyét dinh va cam
giao bdng véi diém s6 bén muci-mudi 1am dé chuan bi ndng cach biét Ién nam-mot. Chiéc cup vé dich danh gia nhat thé
gidi chi con cach ¢é vai dudng bong. Dlng vao khoanh khac do, hién tugng "nghen tha tdm ly" (Choking) da tan céng hé
than kinh ctia Novotna. Dudi ap luc tdm ly tét d6 cla vién canh chién thang can k&, ving hach hanh nhan (Amygdala)
trong ndo bo da phat tin hiéu bao déng do, tran ngap cd thé bang hormone cang thang Cortisol va Adrenaline. V& nao
trudc tran — trung tdm diéu khién tu duy phan tich cé y thitc — doét ngét can thiép thd bao vao cac chuyén déng ca bap
vén dudgc 1ap trinh tu déng & ti€éu ndo. Novotna bat dau suy nghi chi tiét vé tiing cir ddng nho cla ¢b tay va canh tay khi
tung bdng giao béng. Hau qua la cac ca bap bi dong cling, chudi déng hoc bi gdy vun. Novotna pham lién ti€p cac 16i
giao béng kép tham hai, danh béng héng ra ngoai nhiéu mét va dé thua lien nam ban dau, dang chic vé dich cho Graf
trong nudc mat cay dang. D€ hda giai phan ng hoang loan nay, cac nha khoa hoc thé thao ngay nay huan luyén van
déng vién ap dung cac ky thuat kich hoat hé than kinh phé giao cam: hit thd sau theo nhip bén-bay-tam dé lam cham
nhip tim, thuc hién chudi nghi thitc hanh vi ¢d dinh trudc mdi ci danh nham neo gilr tdm tri vao thuc tai, va sit dung ky
thudt quan tudng tich cuc (Mental Imagery) dé dua b néo trd lai "Trang Thai Dong Chay" (Flow State) — nai moi chuyén
déng dién ra hoan toan tu nhién va chuan xac.
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Hinh 12: Jana Novotna roi |é sau ct sup d6 tdm ly (Choking) tai chung két Wimbledon 1993 — Bai hoc kinh dién vé sy xam lan
cia hormone cortisol lam té liét vo néo van dong.

Hinh 13: Rafael Nadal sié€t chidt ndm dam kich hoat hung phan tich cuc — Ky thuat kiém soat hé than kinh tu chd va tai tao déng
luc chién dau kién cudng.

Trang 11/ 12



TENNIS: THE SCIENCE BEHIND SPORTS — CARLA MOONEY BAN DICH TIENG VIET DAY BU

I 9. Két Luan: Su Hoa Hop Tuyét Péi Gilra Khoa Hoc Va Nghé Thuat Quan Vgt

Quan vot khéng dan thuan 1a moét trd chai thé luc thd so; do 1a mét phong thi nghiém séng déng nai vét ly hoc ¢6 dién,
k§ thuat ca sinh hoc hién dai, khoa hoc vat liéu nano va tdm ly hoc than kinh giao thoa hoan hao. Méi khi ban buéc ra
san, tUr luc cdng cla sgi day dan, d6 nén dan hoi cla I8i béng cao su, chudi déng hoc giadi phéng nang lugng co thé cho
dén nhiing quyét dinh chién thuat dugc x{ ly trong chdp mat clia bé ndo — tat ca déu chiu sy chi phéi clia nhitng dinh
ludt khoa hoc bat bién. Hiéu ré khoa hoc phia sau mén thé thao nay chinh la chia khéa téi thugng gitp ban mé khoa tiém
nang tiém an, lam chu tiing cd danh va tan hudng tron ven vé dep tuyét my clia mon thé thao quy toc.
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