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Studies on the Velocity of Kicked Ball and Its
Relation to Kicking Form

by

HaruHikKO ToGARI

(Department of Physical Education, College of General Education, University of Tokyo)

The purposes of this study were to test a new speed-meter for measurement of the speed
of a kicked football and to examine the relationship between the speed of the ball and the
kicking form. As it was difficult to analyse the movements of the kicking leg and the pivot
leg at the identical moment, the experiment was divided into two sections.

In Experiment I, the kicking leg was analysed using top Olympic footballers and second
class versity footbllers as subjects. The results were as follows:

1. As to the kicked-ball speed calculated from high speed motion picture films (3000
frames per second), it was found to be 25.8-30.8 m/sec for the top Olympic footballers and
21.2-23.1 m/sec for the second class versity footballers.

2. The locuses of the body parts measured on the top footballers showed longer moving
distances than those of the second class footballers; especially in the straight movement of
the toe of the top footballers when it gave impact on the ball.

3. Angles measured at the ankle joint and hip joint of the top footballers were greater
than those of the second class footballers just when their kicking legs contacted the ball.

In Experiment II, the movement of the pivot legs of the top footballers was analysed
as well as the speed of the kicked-ball was measured. The results were as follows:

4. A new speed-meter for the measurement of a kicked-ball speed was devised by the
author and co-workers. It was found to be easily and precisely applicable to the kicking
movement in soccer. The speed of a kicked ball measured by it was 265-32.8m/sec for
the top Olympic footballers.

5. Average moving distance of the knee of each subject, which calculated from the
locus—from the time when the pivot leg touched the ground through the end of the followth-
rough of the kicking leg—was 38.5cm, 424cm, or 51.5cm. These subjects stepped their pivot
legs with their heels first, and this seemed to make the stepping distance longer.

6. Angle of the knee of the pivot leg was minimal when observed at the moment of
impact, for it was pushed forward. [Proceedings of Department of Physical Education,
College of General Education, University of Tokyo, No. 5. 5~12, 1970] -

I = RHEPD 7 +— 2DGFICE T 5 R X ES
2 W e A= FRBIETAER L TOMEE

HEHAE— VBT EE~1 - A~ FOHIE DE-LDAE - ¥k FOBLOERY 5 - T,
Bl - ks is e fesr e B = &2, A DB
RS RS ENOBREMBZ LB T v —Y—AE~F




6 hHERE 55

OREBMERMD Z Lic L - T S 5
h, TvmuwEhRv EfixHalthed
5. AF— v OBHCIE SEX” BBy AR
ML LB, T, THKEW “H—n .
AC—F" 2HBTHILEL, THRVEREED
F51-bDLBERETHLERLS. heh—D
F oy 2RBREE-L - A~ T, ZOBEY
B A R BN T s N P I W v Ny [ O A Ol e 5 )
bDOD—2>DIRELELZ BB,

F— - A — FOREFHEIBESFGT, H5%
TOEENEEE, 16 mm BERY, A b e Ak
WROBEBXREREXTCAVBR TS,
ChBEOMEFELEREREEDY S D, ToE
i —HRc X RETE . L L, #ERE
BIWThE 7 2~ 2 LRAFFTHENTESDF
BidEE S Tw5 . 16mm BRERFE 1 - AL~
PR 1T 2, —#0EHHEE L BEB OO
F— T BEER S B L0 - BhER O 1 v
A7 ERFEMCORTE, PR TERRAY—F
HHHTHCENTES. A e Y, BHE
KBTI E—- DA~ VOB ELX 5010
Féhtwns, flziE, SrIvivoYy b
2, Z2IXBEINEL, BRBEERTHE D,
LM REE LR T5Y, ZoNECIIESEEY
WEHTERATWA EHEYThTWS, Lk,
BB XD A Y — FREEREEEN &5
BT 7 4 L 2T BDA Y — FitRIC
FEH MY, TSEHENRTEVWOTRREDS
LBV, Bt A Y — FRIED AR EE
THIEBSRDELER TV L0230 4
Ricw., ®, ahic g, BEcREEEE L
CTEMA? X WM Ricy v h—DF » 2 OF)
WHEEBE LSS, ChiXA—1rofEoM & 2R
D FOREFHEZIUETZLVW530THS. &
DHEL, WERVCEROREFEEN LRKDH5
FKiEehs, Lnl, £—ADavir—iLic)
DRERTBEIRBELHHZ EVHERTHA .

—F, 7 x— AGPIRERSICIEARTT R L
DOTHHELHWBRTWAS. LAL, 2,306
L TiE, LTS LM aIMcE Y B
DT, 58, FeRESFoMRTEHETY, B
XY, BE> OB HABRBE LS, 7 +— 4

& performance * oBi{H%A i fiatLicidh
e blewWweE LD, HEACIIBE S &
A ET, oI OBE, BIfM, BORk
O B DA b e EDSE T Bg i 5.

A=A DA~ FRIEYFCHE—1L - AE~F
E7 »— 2D BIEOWTIITTIRE S DRfgEH
¥R TWB, ZRAPIEAE— FRIERX A rE
BETHTIFHLOHEZRBNL, BERAA—Y
QHH, #&, 47, BUEECHST5 L 30HHEN
EL, VVARELIHELZOME L ShTH
HLTwa, BED® LI ERL b O EEHE
XL b, <3 viy, HE BX7F=2
e EOWBERITOWTEI L Lic., BEBILE
AP, HE LR, ~vFE—ArgonTl
FREI3000 2= &5 A - A~ FT 16 mm i
EEEREYIT, 74NV ADERL Ax— I
A= FEHE, £07 +— AL OPBFEEICH
HLic, o d—REFEZ L 3EEHcOWTiE
D234 AT » 7 - F o, 2RSS F - F
y ZIEDWTHEIF CPEMEY, i, A b
e A TR LTV,

AHETEY » P—2RHBFLCLTHDTID
MESLWTHECHMcsID &, SR liug
PREC KE—REFEACEER, 1 27
7 - %, 2 HN5E 27.0m/sec (Fi{E), A4 K -
¥ 5 711 22.0 m/sec (&EfE) TH o, WK ik
FRBCRECREFEAAG, ThER3EF
738, TOFEEERDIHER, 1 A7 7 -
*, 21%20.6m/sec, +1 F#% , 7% 18.0m/sec
TholcbBELTWS. ok, £H? 0Kz
FPEZIZ ST L.

Yoy A= E AR RRE Y o~ bl EDF 20
Btz “IERER”, “&24 3 v7" Lk bAT “HK
X" RERINS. FICEFILMMOER LT
LTH¥A T “EX” ovrd0Ehfs s
LB H Lichide bt FOdicitf—
ADAE — PR " Eh B &
WHXHSRABETSZ LI, A~ FHIFEL X
b, RBHNCAC—- FER5LERES5. X,
BFREELZ LI, AZnwAY—-FEHHT4o0
B ERY 7 s —~ 205 Eh2&E0bB &
THHH, COMBRIVWELRALOEEL K



F 9 FDAE—F &7 5 — AKDWTOPR ¥

Thiwiw, —7%, A¥— FeENoBfiL X
XVLERAHOLDOLEbh DN RMRTHS.
COWEDHMIEY v A —DF y JOAE—F
WECHF LW HERAWEC L E, AE—-FLE7
+— & (Bl OMEFEEYRHTLIZLETHS.

I HRFERUMR

AP 2 Wicbd TERYT-7. WThi
AE— FRIEE 7 +— 2 %BET 500 16mm
MR IT -1, 2 g ]l 7+ —
AGHIOFER AT HHE D & LB AR OB
* 5t Bxllic s s 0T, Wfld & RERCERY
D EGFHPEETHH LD THS.

1 W\ 40FE6 A ZWILKYIVE,
PRE T —WET” L LT2HAREERLA
Vi kE—WET 3 B0 44, ““HEF &
LTHRETHET 3 AW RERFLET 14
D 4 B THD. A — FEEX 1 #HE 3000 =
2l H g « A~ FT 16mm BREHREE L
o7 A X DEBL, 71— 205HIEHH
Rg L, (R LT3)

200 BB 414 9 BEEKFHEET 77 v
F, gRER —HRE okel, £2HENRE
RFEILTHD. AC—FHEEIRAFEO R~
F.z2—x— (242 vTEKKH) X hEHHE,
7 5 — AOSILED MENSc L. (FR I
ET5)

EREIER]L L T CRREDH, “—HEFR
itvwTh i £ A% £ARREREHE KF
D—HBEFE XAz, ¥ v ZIXBIELCREBOA
—AEZAOFEREH, AY— FE—FAIC
EBLA VAT o7 - F o 7 TCHE bR, K-
1 HABRBSAREREY A, BERERTHO
EELE BKAvIEFe N~ Y2 —RADERE
HHL, oA LME L. 7
Vit Eies s LT Bigzk (Acromion) X b
Scm % DictEflBREE, oM KET
(Trachanter major), #}{8i% (Condylus lateralis),
#4 (Malleolus lateralis) B0V & s fERIE T

X HlZ o).
(BRI Av— FUERTC 7 +— 2051
13, Har 16 H B s 2 212 X b 1 #lE 3000

a=wi\ g - A~ FCREET-. 72
5 OIRET L E RS OB D R 5% » 2 HR
wx L TEHATERE D 12.5m thoTt. 74
L HOEORIOWEDIDIL, RE—FEDH
Bo<— 7% F—HEciR Lic. ol
SEDT-DITITABC 7 4 v & RIcZIHIEh3
Yo B O A4 A<vw— 2% FHT.

7 & — ADGHE 7 4 L A RIKKBEL, 57
MR 20 a~Fe7 ey b LA, BEAL

(A) BtoBo#Rs i) B, i) B i) RB%E
(B) BthMopmisa i) B LA, i) i £B,
iii) @H £C, iv) Wi 2D (5B 1 K2R Th
&
(ERID Av— FEENEORFELZEE
LBl TEBAE—F - 2 —2—%#fF
LTHWE., #2 MR 2 & < mlillick (BIH
H) D—EE—ro—ec T L2ENH LT
HEHHBEY AL —F « 2 —2 —OHICEZST
%5, B—rkEs ERPEL Oh, HEOEE
o TREROMPEES L TREL, T0R
EAFELTE-~LOAY —F (W) ZFtEd
Br3kc L., #A-AfihTvag|lAkEEe
AR X e & FICRED b A e h R TT
THIS>E L. ok, BRERCEALRAE - A2
EyZ AP p—AY b AWCHEE:BEEOHM
RE KD,

7+ — A0S PO 16mm R X b
W 64 2~DAE— FTCEEYT-H. 2275
O H RS O BEMN B v 2 HET
W LTHEMATHEBET 14.5m Chot. TD7 4
A AR EAEE LT, Glasson'™® bz X 558 X
he v b RETHERYREELLEGHEEZHWT
WD B> Tok L.

(A) cvMo#Rk 1) B i) & i) BE,
iv) B

ZA

4B
v £C
2D =

* > 2 OFiF]
(Kicking direction)

1R BED Wb
(Fig. 1. Angles measured on the kicking leg)



8 e i

(B) by i) B £A, i) i £B,
iil) BE £C, iv) Wil #D (% 3 R&R)

F2H0 Ar—F-2—%~—
(Fig. 2. Speed-meter)

(1) =i (2) 5l
(elastic cord) (drawer thread)
(3) # 5 (4) FEEH
(pulley) (direct dynamo motor)
(5) IR 6) Fvrursz
(voltmeter) (oscillograph)
ZA
B
£D £C

4 v 7 OFH
(Kicking direction)

FEIR rHLEOBIEH
(Fig. 3. Angles measured on the kicking leg)

IIl HREER

(KBLI] A—n - 2C—-FEEOVHO7 4~ 2
2T

K=l  AE—F HADF—1 .+ 2~ FiT

BLECRT LIS THS. ZOBFEID “—iiE

FATETE) & ““HEFE"(BREET2) &

Dfe W RERAE— FRHBHZ Epibnd. =

DAL~ FDER7 x— 2D X VEEL, 0

5%

1k 16mm iy 4 A 4 kDS hic
AVYAT v 7 - F 9 7DAE— F (W)

(Table 1. The kicked-ball speed calculated
from high speed motion picture films
(3000 frams per second))

- Secoﬁd Class

Top Foothaller Footballer
: speed : speed
Subj. m/sec S ’ m/sec
BB 5 e e 93.1

HK. s = H.s. &
® 30.8 ® 22.8
e ® 29.7 S ® 2L.9
@ 2%.6 @ 22.7
. 7 | : 22.
7 s K.Y. g
. @ 308 @ 22.1
; 21.2

o D 2.5 H.K. ®
® %3’ ® 21.6

Top Footballer (Group A) Subj. Y. 0.

e T
* o 2 QX
(Kicking direction)

Second Class Footballer (Group B) Subj, H. 5.

B P
-
I (hip)
/];/
i# (knee)

5 (toe)

—_—
+ 2 » 0K
(Kicking direction)

BAE A vAT o7 - F o 7 RT5E D OB

(Fig. 4. Locuses measured on the kicking leg.
(P) showes the position of each point me-
asured at the impact)



F o FDAE—FE7 34— A2 TOWYE 9

Top Footballer (Group A) Subj. Y. 0.

Second Class Footballer (Group B) Subj. H. S.
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(A): raising the pivot leg

(B): the kicking leg leaves the ground
(C): the kicking leg was swung backward to the fullest

(D): landing the pivot leg

(E): the kicking leg impacted the ball
(F): the highest point of follow-through of the kicking leg

ﬁGE LA S AT 97 »

F 5 7L B L HO#EES (Subj. RS)

Fig. 6. Locuses measured on the pivot leg (Subj. RS.)



* g POAE—=F L7 32— LD\ TOWS 11

e, 8
1
W B © ® ® ,{":,'E,“,f?r.}

FTE I HHBEIAOZE (Subj. RS)
Fig. 7. Changes of the angles measured on
the pivot leg (Subj. R.S.)

7 ar—« AN—OEEAED

SEBHIDREE cooooevvrmnneremmmrrrnmnnn (F)

Ll Eo#A v b Rdubic 3 ZogiEET oL T
Wit Emnz 5.

BBRELIY » »— ORENBIER IR
HIEOF T B EBWERLEFT, TO7 +— 4
OFPRERRIIVWT +— ADHAE LTELTLE
L,

i) BoBly BirbEozsm (D) T<
b, 4 A7 bR ERTA2E D o
iz ER Ly, ThARISHCHERELY
S TF 9 ZLTWBNLLT, EhHLR3EHBE
B (Crista iliaca) & B % & S8 B HHD
ElfoTwd, ZOZEiZEb , 7BDHK
DA FvARLLTWDELEZEZBRS.

i) Bol BIrbHo&Eo 5 bl
BieHA v ThdH. COMBIIEERELCHE
AT, 7 +— 2D ETIEEH (D) b7 y o —-
A4 V7 ORTE(F) 2 COBBERY, —iic
VbhhTws “BRoFKs” LMLTIVOTI
tuhEEx S, £ T, HEADEOBEIFERED
E#9E L5 & MM. 38.5cm, RS. 51.1¢cm, H.
K. 42.4cm ¢chHo-7. Lal, COEELBLSR
e, ZOEMIE-LOPEERAEL THED
DAL EHR TR, F—n - A~ FO
KigD3 0P F LK E%2 RS k-

oo SOMIEESHE, B—0 - A¥~—FO/NES Y
DEDLKAETHILERDS S .

iii) el BAXFmHTcIUrR5h
55, ChilfhboFHERLTWS. Thic
X WAL OBEEEY TS0 L, BiYEOR 4
Y ADIRERELT D

Blk, kElhH—n - A¢— FEH3T—FEF
DIMBHD 7 x — L OKEEREN TS &, Bl
THolicwLE LELBHERLER (D) TE
{ith. BEoOBEOEXLY» /0D 5
vALLBFRTE X5 THS. BIIKREAH
BET5. B bhchIicErs@ErbEi
L, YbHoMAEHLKE LB LIV
hioiRMEPkEL L, BEEbicAs—Alnd
BoOBBOL L LTS,

BEA &7 KxEMmAoRRMNE{LLZRL
b ooREGITHB (BHE, RS). BELA,
RIS £ DXFHRTE R E V. Thikt+a e
o, EEEiA~HELTWAHRT, BLARZA
VR P C—BNEL BN T s — - A VY
TIHUPAEL . ChizFEoRii~0fiHL
We+y 70 kDT 4+ » 7 EBERHS.
MEEZDRE7 xB— - Aq YZIRBWTAHEN
NEL DD, TS EEMIZHTHO
B fT B L LTI MR THAS. LB
Ry 2 Ay v ZOERELDFRCHT TRER
T, 4 vA7 b tiaehs<ks. &
i “BoFks” —BreuvbhTtwaz L&
BB D, LEOFIH~DBERA L—-XiCL
Tw3, BREZLCHEMLRAT, oz LR
LW OMBAEREY 5L > THBLTWEZ L%
ALTWA,

R, KEWE—2 - 2E— FRHT—IEE
DB OFEITA Vo532 FRIROEOAEDK
EWZ ki, BoBEELENrT 22 PRI
XL ILBETHAHH. T hix—olh & Ao
EBRELEY, B THeiiHEhs W52 ETH
D, {Lo—2REDRMKE1ABED 5 Z LT,
BE, BBRAOCRECHGORTWAS AL v &
—BT5.

B, 3HDOHBEOGIF I8 HIDF » 705 b,
A~ F/hiebdnE, A—FREL3LDOH



12 kR 58

iz iAo by, BB O B fa o E ks s T
L b BTrREDEITRI T, 2D LI,
COVRLDAE— FOETIEZ +— & kg
AEEDTEL, ZXRDBLETHEE TN D
o, Bib, Moz 4 vZ7olE, HihlciRT
530EBbh5, LEZCTCHEEDSZ LT,
3H4OPHED > LI AL~ FokE MM.
AR DA R E C E W S ERDD - T
ChizR s »ZOMNRKEL LD, HoTH—-1
EehbbdNekE<T5—oDERLZE L bR
5.

v = #

ZOWROBIEY » h—DAE—A - AL~ F
WECHFLVWHEXAHWSEZ L L, F— . AY
—FE7 x—20MFEERNTEIZETHS. EH
Bzt o, scbWERREBCST5 &
feocHE @), (D) o 2o,

Fehe (D it b WA s g, s —iEF
ETMBEFEACTHRF L. £of5R

a) FA—A - A~ Fik 16 mm FE#EERE O
7 4 2 (3000 =~ /sec) X HEHL, —dET
oght 25.8~30.8m/sec THDH, “HEFED
T 21.2~23.1m/sec TH -1

b) BN —HET OB R i 2 e ik
, A w2 MR B R e
k&7,

c) MEAR—HEFIMEFIIL, 1 v
A7 FRICETARE ¥ T EoMENRKEN
et

SE (D 1z bz U, B —ie
FDREH T, FOREF

a) A—n - AC— FOUEXEEZLNERL
JeAE~F - 2—z2—%Aiz. ZThilffi#EA->
EfECHETE, ey —0DF, ZITHEAT

X5, ~MEFOE -1 2~ FOREIL
26.5~32.8 m/sec TH -7z,

b) WL BE) IE B oEE» MM. 38.5
e, RS Sl5cm HK 42 4cm oo, 2,
BAZENBA T T Edbnh, Thick
DEGAIEHER KEL LTWBH L5 THS.

c) [HEoPIMifE L v 2 MR BRI
HLIELTCWAHI), TOL TOAEIRINTSH

w7,
X ik

1) REEEE, HE B: Sr I v vRBR3%E
fii bird flight OFEIROE(ICOWT FHEF
e 5 (1), p. 118, 1960.

2) £Mm B F o 7 HOWE HREERKEHE
Wi 144 21~26, 1963.

3) #FFX5HZ: HFHEFREEO EFBHEO HERE
IUMESHC L AHE FHORE 15 (8),
440~442, 1965.

4) BSKMA: BEREEC BT 5 SV #F
HEPFE 10 (2), p. 209, 1969.

5) b EEOEBRRC BT 5 JEHEY
WFoe o BF K REEEICE 4, 6166,
1964.

6) ZFRKE: A—ArOEELY TS HkET
DR HEFPE 4 (1), p. 137, 1958

7) REEEE, i R SEROAHEREREECS
WT FHERE 9 (1), p- 59, 1964

8) BB, Ik B BX7=A0fRHE
HEELoWwT EEHEEMHE 10 (2), p 231,
1966.

9) Wl fh: E—A-RAr—IcoWnT KEHER#H
H 9 (5), 21~23, 1961.

10) MWESEAM: -~V F H—n sl 58RI
o4 HEEFENE 11 (5), p. 250, 1967
11) WEEE: o 270AE— FlllE KEZEH

% 9 (1), p- 156, 1964.

12) Glassow, R.B. and M.R. Broer: A conven-
ient apparatus for the study of motion picture
films. Res. Quart. 9 (2), 41~49, 1938.

13) WHEFEH: 7 12 FPEORIFTONT
VAL (FF vd v o —BgEe 23E) No. 78, 2~

4, 1967.



