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EXPERIMENT: Throw with different sizes of basketballs

1. ORIENTATION

1.1.Research question:

How do the speed and trajectory change during a throw in a basketball hoop?

Sub question:

How do the weight and size influence this?

1.2. Hypothesis

The speed and trajectory of the throw decreases when we increase the weight and size of the balls.

We expect this because when the weight of something increases, the force that creates the

movement has to increase too to obtain the same arc and velocity when the ball is in the air.

2. PREPARATION
2.1. Material:

3 to 5 balls with a different weight (for this experiment we use balls that get

heavier when they get bigger, so the smallest ball should be the lightest)

- A mobile phone to film the different throws

- A computer with the application Tracker on it

- A basketball hoop

- Aruler and some tape to calibrate
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2.2. Method:

- Calibrate by putting 2 pieces of tape on the wall with 30 cm between them
(vertically), make sure this calibration is visible during the entire video

- While filming, don’t move your phone. You need a static image to use Tracker.

- Let a pupil throw a ball into a basketball hoop, while another pupil films the
whole throw. Make sure the whole track of the ball is on the small film for the
Tracker application.

- Do the same thing for the other weights. It's best if the same pupil throws the
balls because the strength will influence the track: the harder you throw, the

farther the ball will get.

3. DATA ANALYSIS and DISCUSSION

3.1.Observations and Measurements:

Belgian experiment (analysed by Belgian team)

Throw with a tennis ball (60 grams)

mass_A
| Measure | Analyze Data Builder... | Refresh | Help
41 markers [v]
T T T T T T T T T T T T T p lines| [v]
351+ style| T
axis horiz vert
30+ 1 A row t s
: [i 0467|  7.936E-3
25L 1 0,500] 09524E-2
2| 0,533 0,222
3 05667 0,468
= Al 4 0,600 0,738
5 0,633 0,944
15F 6| 0,667 1,151
7l 0,700 1,349
1ok 8 0733 1532
9 0767 1,706
05 : 10| 0800 1,960
g 1 1 0833 2,071
b 12 0867 2,245
.. 1 1 1 1 1 1 1 1 1 1 1 1 13| 0,900 2452
050 055 060 0OBS 070 075 O&0 085 090 0895 100 105 1,10 14 0,933 2 595
! The fit lies outside the plot area) : :2 Egg; ;;;3
Fit Name: |Parabola : | Fit Builder HEENE & ate : :;} 13;? §;§§
] _ = A 0.D00E0 : 19| 1,100 3,468
Fit Equation: x = A4*"2 + B*t + C I B 0.000E0 = 20) 1133 3714
= |IC 0 000ED 5 : :
[] Autofit rms dev: 2,162E0
Cirag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable
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Measure | Analyze ‘Data Builder... | Refresh He]p|
} markers| [
i lines| [v]
style] .~ aa
axis| hariz. vert
row | 1 e
0| 0,467
1 0,500 3,214
2| 0,533 5595
3 0,567 7,738
4 0,600 7,143)|
5| 0,633 6,190
6| 0,667 6,071
7| 0,700 5,714
8l 0,733 5,357]
g 0,767 5,428
10] 0,800 5,476||
11 0,832 4,286||
12| 0,867 5714}
13| 0,900 5233
14] 0,933 4,167
15| 0,967 4,881
16| 1,000 5,595
1 1,033 5,119
Fit Name: |Line v | | Fit Build j Parameter Value 1;} 1067 54?5"
] ] ~1= i 19] 1,100 5,786
Fit Equation: vx = At + B ‘ B 6,155E0 20 e
[] Autofit rms dev: 1,020E0 ‘
Drag table columns to yellow (horizontal axis} or green (vertical axis)for cunve ﬁtting. non-editable
vx=-7,08t+ 6,155
Throw with a power ball (5 kilograms)
| mass_A
Measure | Analyze ‘Data Builder... | Refresh | Help
; marker [ [v]
; 7 7 ; 7 ; ; ; . ; 2 lines] v [v]
- | style| e e,
! axis| horiz vert vert
30k ] Fow t W %
0 0,000 -7.812...
25 ] 1) 3,333E-2] 2109|5 469E-2
& 2|6 667VE-2] 2227 0,227
3 0,100 2,109 0,289
x L0F T 4 0133 2578] 0367
5| 0,167 2,930 0,461
15+ ] 6| 0,200 2930 0,562
7] 0233 2461 0656
1oL il 8 0267 2184] 0727
o 0300 1289 0867
. | 100 0333 12378 0812
! 11 0367 3398 0992
0 12| 0,400 2,695 1,039
i i i I i i I I I I 13| 0.433] 3867 1,172
0 oos 010 015 020 025 030 035 040 045 050 055 14| 0467 2109 1,297
t 150 0500 1289 1312
......................................................................................................................................................................................................................................... 16) 0533] 2578 1383
1 0,567 1,484
Fit Name:|Line ~ | | Fit Buildeﬂ Parameter L
= |A 2,654E0
Fit Equation: vx = A*t + B ’i‘ B 4889E-3
[ ] Autofit rms dev: 1,887E0 |
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

vx= 2,65t + 4,89
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throw with a volleyball (260 grams)
mass_A

marker

[ Measure | Analyze | Data Builder... | Refresh _\Hilll
[markerd | vl | 0 | |

< il

lines| v =

style] T |

axis| horiz vert vert

Fow t it ¥

o 0,000 5,897E-3]«
1333362 5279 04188
26 667E-2] 5278] 0,386
3 01000 4448] 0538
4 0133 3517 o662
5 0467 3724 o772
6 02000 4138 0910
7 0233 4241 1048
8 0267 4034 1193
9 0300 4245 1317
100 0333 4655 1483
11 0367 3828 1828
120 04000 3310 1738
13 0433 3517 1848
14 0467 4448] 1972
15 05000 4552 2145

16 0533 3724 2276

; 1 0,567 3,621 2393
Fit Name:|Line x| Ft B"iided| Parameter W : 1g 0600] 3517 2517
= |A -1,495E0 & E ; )

. ) 19 0633 3621 2628

Fit Equation: vk = A" + B = 4,622E0 200 0667 3828 2759
=1 21| o7o0] a3ses|  o28s3l—
Autofit rms dev: 4 649E-1 U'?33 . 3'014 =
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. nan-editable

mass_A

Measure AnaPyze| ‘ Data Builder... | Refresh | Help

z marker v [v]
5 lines| V] [v]
style| . ol b
axis| horiz vert vert
row 1 e ¥
0) 0,000 6,89VE-3|~
1|3,333E-2 5,379 0,186
2|6 667E-2 5276 0,366
3 0,100 4 448 0538
= 4 0,133 3,517 0,662
251 z ] 0,167 3,724 0,772
2l | 6 0,200 4138 0,910
! ?1 0,233 4 241 1,048
151 | g 0267 4034 1193
i g 0300 4345 1317
1.0 —— i i T i i i i i i i i — : 10| 0333] 4855 1483
osL | i ) [N N ) I ) . 1 0367 3828 1,628|=
12| 0,400 3,310 1,738
T S S — : 13 0433 3517 1848
0 005 010 015 0,20 025 0,20 035 040 045 0450 055 0,60 065 0,70 §§ 14 0,467 4448 1,972
t : 15| 0,500 4 552 2145
16 0,533 3724 2276
Fit Name:|Line v | |Fit Buiideﬂ| ST Value : m gggg ggf; 3233
= |A -1,495E0 it - ; 3
] ) 19| 0,633 3621 2 628
AR e ’ii e <ALARE) : 200 0667 2828 2759
[¥] Autofit rms dev: 4 G49E-1 | <1 g;gg S8 gﬁ?i?
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

vx=-1.495"t + 4.622
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throw with a basketball (560 grams) (Belgian experiment)

mass_A

| Measure || Analyze Data Builder... | Refresh | Help ‘
e a5 ¢ f e I iid™; it
; markera [v] [w]
: lines [v] [v]
) : style] e
i axis| horiz vert vert
. 4 row t ¥ W,
: 0| 0,000 0,000
1 1 3,333E-2] 0,215 4,336
2| 6B667E-2| 0,280 3717
1 3 0100 0463 3,965
= 4 0,133] 0,553 3,221
201k o 5| 0167 0877 3,345
G| 02000 0776 3,221
181 1 7| 0,233 0,892 3,221
8| 0267 0,991 3,097
1.0k E 9 0,3200] 1,089 3,221
’ : 10| 0,233 1,206 3,221
05k . 1 §§ 1 0,367 1,313 2,850
§§ 12| 04000 1,396 2,974
o ! 1 ! ! 1 ! ! ! 1 1 1 §§ 13| 04331 1512 3,097
I 0o0as 010 0415 020 025 030 035 040 045 050 055 0,60 §§ 14 0467 1,602 2726
t : 15 0500 1893 2802
......................................................................................................................................................................................................................................................................... §§ 16| 05331 1776 2478
Fit Name:|Line - F“B"Emer“ Parameter Value :; ggg; 132? 2478
=! |A 3,153E0 z : :
Fit Equation: x = At + B ﬂ B 1.200E-1
[w] Autofit rms dev: 4, 211E-2 }
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

vx= 3,15t + 1,2
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masse_A

Mesurer H Analyser Outil de données... " Rafraichir| Aide
4| marqueurs [v]
: T : : : B lignes| [v]
style| — e
axes horizontal vertical
rangée t W,
Q 0,000
1 3.344E-2| 3711
2 6,688E-2| 2,863
3 0,100 2,651
4 0,134 2,651
E| 0.167] 2,333
LS| 0.201 1,809
7 0,234 1,697
8 0,268 1,060
9 0,301
10 0.569]
11 0,602 -1.166
12 0,535 -1,591
13 0,669 -2,144
14 0,702]
0.5
1.0k
1.5
200
a 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65 0,70
i
Nom de la courbe de tendance: |Droite ‘v| |Test de tendance..J‘ Paramétre Valeur
= |A -8,373E0
Equation de la courbe de tendance: w = 2% + B B 3,638E0
Courbe de tendance automatique déviation associée a la moyenne quadratique (rms):—‘
Pour trouver une courbe de tendance, glisser les colonnes sur l'axe horizontal (jaune) ou I'axe horizontal (vert) non éditable

vx=-8.373*t+3.638

Professional player shot analysed by French

Mesurer H Analyser|

Outil de données... " Rafraichir| Aide

1.6
15
1.4
S5
1.2
11
1.0
0,9

o8
0.7
0.6
05
0.4
0.3
0.2
01

Nom de la courbe de tendance: |Parabole

‘V| | Test de tendance..J‘

Equation de la courbe de tendance: y = A%~2 + B¥ + C

Courbe de tendance automatique déviation associée a la moyenne quadratique (rms):—‘

Pour trouver une courbe de tendance, glisser les colonnes sur 'axe horizontal (jaune) ou I'axe horizontal

4| marqueurs [v]
= lignes| [v]
style| o
axes| horizontal vertical
rangée t y
Q 0,000 -8.869E-2
1 4,000E-2| 0,148
2 8,000E-2| 0,315
3 0,120 0,621
4 0,160 0,724
E| 0,200 0,928
LS| 0.240] 1.066]
7 0,280 1,160
8 0,320 1,330
9 0,360 1,424
10 0,400 1.487]
11 0,440 1.543]
12 0,480 1,618
13 0,520 1,675
14 0,560 1,656
15 0,500 1,543
16 0.540] 1,825
17 0,680 1,618
18 0,720 1,518
19 0,760 1,455
20 0,800 1,385
21 0.840] 1;317)
22 0,880 1,229
23 0,920 0,872
0,85 0,90 0,85 1,00 24 0,960 0,859
X 1,000 0,709
Paramétre valeur S S22
H A -5,179E0
B 5,953E0
C -5,772E-2
B non éditable
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masse_A

Mesurer H Analyser|

Outil de données...

" Rafraichir ||A|_c|e |

¢ 005 010 015 020 0,25 0,30 0,35 0,40 0,45 0,50 055 0,80 065 0,70 0,75 0,80 0,85 0,80 0,85 1,00
t +

Nom de la courbe de tendance: |Parabole

%l

Equation de la courbe de tendance: vy = A%"2 + B¥ + C

~ g [rese e ;';n';,;m;..ﬁ

[[] Courbe de tendance automatique

déviation associée a la moyenne quadratique (rms)

1

Pour trouver une courbe de tendance, glisser les colonnes sur 'axe horizontal (jaune) ou I'axe horizontal (ve

4| marqueurs [l
B lignes| [l
style| — e
axes horizontal vertical
rangée t W,
Q 0,000
1 4,000E-2| 4,047
2 8,000E-2| 5,834
3 0,120 5,865
4 0,160 2,841
E| 0,200 2,528
LS| 0,240 2,801
7 0,280 3,292
8 0,320 3,292
9 0,360 1,960
0,400 1,489
0,440 1.646]
0,480 1,548
0,520 0,470
0,560 -0,392
0,500 -0.392
0,540 -0.314
0,580 -1,333
0,720 -2,038
0,760 -1,646
0,800 =1id25
0.840] -1.960
0,880 -4,312
- 0,920 -4,625
0,960 -2,292
1,000 -2.763
2
Paramétre Valeur —
A -1,434E-1
B -1,.006E1
c 5' 846E0 non éditable
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Belgian experiment (analysed by Italian team)

b Puntl‘ <& massaA|v| a
massa A (t, x)
W — ' : ; . ' ,
25}
2,0}
;E; 1,5}
1,01
0,5
0. | | | )
0,8 1,0 12 1,4 16 18 2,0
t(s)
t=0,667 s x=-4,516E-2 m
| Dati‘ < massaA|v’ a
t(s) x (m) y (m)
0,667 4,516E-2 -0,230|«
0,700 0,110 -0,139
0,733 0,235 3,964E-2
0,767 0,346 0,202|=
0,800 0,439 0,445
0,833 0,514 0,681}—
0,867 0,595 0,872
0,900 0,700 1,176
0,933 0,745 1,253
0,967 0,831 1,438
1,000 0,906 1,570
1,033 1,005 1,749
1,067 1,103 1,894
1,100 1,195 2,021
1,433 1,264 2,1132
Measure | Analyze  Data Builder... | Refresh | H
1 Ll
» | marker v
24 _lines, [
2.2 _ styl ; B
axi wert
28 ___ axis wert
row x®
15 0 7.462E-3
1.6 1 9.700E-2
2 0.157
1.4 3 0.201
' 1.2 4 0.291
5 0.366
1.0 f 0.418
0.8 7 0.478|
oF B O.SED!
: 9 0.619
0.4 10 0.686
0.2 11 0.746
: 12 0.813
13 0.880
14 0.948
15 1.022|
16 1.089|
FitName:  Line B  ritsuilder | |Parameter L7 L.149|
. | I 18 1.194
| Fit Equation: x = A*t + B =B | 19 1.239|
L 20 1.321)
| Autofit  rms dev: 7.340E-2 I 21 1:3j§_g

Horizontal displacement of the Belgian shot: x (t) = 1,70t + 0,124
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L= Punti| O massaA|w -

massa A (t, y)
2,51 T L
20
1,5+
E
>10F 1
M
0,5
oL
0,8 1,0 7 1,4 1,6 1,8 2,0
t(s)
1[t=0,900 s y=1,097 m
E] Dati| & massaA|w a
t(s) x(m) y(m) ‘
0,667 -4,516E-2 -0,230[ 4|
0,700 0,110 -0,139
0,733 0,235 3,964E-2]
0,767 0,346 0,202|=
0,800 0,439 0,445
0,833 0,514 0,681}—
0,867 0,595 0,872
0,900 0,695 1,097
0,933 0,745 1,253
0,967 0,831 1,438
1,000 0,906 1,570
1,033 1,005 1,749
1,067 1,103 1,894
1,100 1,195 2,021
1,133 1,264 2,1132‘

Vertical displacement of the Belgian shot y=

3.2.Discussion of Italian by Belgian team:
Newton’s 3rd law says: F = m*a
As we threw approximately with the same force, and the mass of the ball increases, a
should decrease. As we don’t really see the differences in acceleration with different
masses, we can’t say anything about our research questions. We can, however, tell
something about the difference in speed in a throw. In these graph, it looks like the speed
in a throw decreases. When the ball is at its highest point, v=0. From then, the speed will
continue to increase as the

a. Discussion by French team on Italian analysis of Belgian experiments

y=2.63t-1.7
y

4. REFLECTION

4.1.Conclusion:

4.2. Comparison of the results of the different countries
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4.3. Reflection:
We think the measurements of our experiment aren’t really reliable as we can'’t be

sure that the students threw with the exact same force.

5. REFERENCES

Experiment



