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thl‘()llgh fallen leaves / Omura High School

Introduction e down fallen leaves ;e’more; Conclusions

Obijectives m common than face-up ones @ The number of FDL is significantly more than that of FUL

. (2 Wind after leaves falling on the ground makes the number
D To verify that the number of face-down fallen leaves(FDL) of FDL larger than that of FUL

is larger than that of face-up fallen leaves(FUL) 3 Flipping is explained by normal force and lift generated by
2 To clarify the mechanism of this phenomenon wind

Materials Hypothesis 3| The tendency to be flipped by wind

FUL > FDL

Difference in ease of flipping

between FUL and FDL

@Measurement of wind velocity*  Field observation
A m G g T

/ Anemometer -a

p e (DCamphor tree

@zelkova Experiment 3

(3Prunus yedoensis (Cherry tree)

The number of The number of

FDL > FfuL

Hypothesis 1

Fallen leaves

: Collecting fallen leaves and -
Experiment 1]\ othesis testing Result 3| FUL was easier to flip than FDL (p<0.01)
(1) Collecting fallen leaves: 6.0 - H oL n-= Only FUL flipped

» Place : Omura High School’s courtyard @5 omprortree  Zelova  Cherryfree
- Time period : May.2020.~August.2020. = 4.0 I
(2) Hypothesis testing: e v, 8 3.0 =27
- Null hypothesis: 320 17mm -  emm
The ratio of both FUL and FDL is the same 2101
» Testing method: 0.0
X 2 test (one-sides test. significance level =5 %) Fig.4 Comparison of wind velocity for FUL and FDL*velocity at which fallen leaves began to flip
Resylt 1| The number of FDL is significantly more Hypothesis 4| 'f the flipping ratio of The number of
than that of FUL (p<0.05) FUL > DL m FUL < FDL
camper tree Lelkova Lherry tree Experiment 4| The transition of number of FUL & FDL
' . Current state Next state
T e i
499 206 327 FUL : : : Not| flipped leaves :
B FuL FDL : ::fif';g @» Flipped|leaves
Fig.l The number Of FUL and FDL :I::::::::::::::i::::::::::::::::::>"::___::"'::::::::::::::i::::::::::::::::::
5 FDL N i ::t'?gi;g - - FIip\ped leaves
o I ' alisade tissue ' S~ e )
Hyp0theS|S 2 Just after falling op SIde e’ "' " > Not|flipped leaves
The number of Thenumberof F&F e Lo : | . j:,
- /
FDL > o B0 %08l T 2
Lo g i Fig.5 The transition model for FUL and FDL
Experiment 2| Dropping leaves Down side  spongy tisus Recurrence formula Simulation
| _ FUL a.,=(l-a)a,+Bb. > 0—1
. Dropping height : 2.0 m rie-1 Section of Camperleat | DL by, = (L-p)by+aa, .E”ES .
- Experiment location : Biology lab. & Physics lab. c | @ n iﬁ?tza'fnumberof caves) o
- Number of leaves dropped : 100 leaves for each species eneral term ®ms |
n = 1— + n4 i 1
Result 2 The number of FDL was not greater than 4 = (o a+ﬁ)( (@+ ) ﬁ ” a:mppmbabmwmm
that of FUL. b, = (b, a+p)(1 — (a+ B))" A ﬁ i || 5 foobabity
For Camphor tree, the number of FUL was PP : random number
significantly greater than that of FDL. (p<0.01) Result 4 The number of FUL and FDL depends on
2 The phenomenon that FDL are more common flipping ratios. -
: Recurrence formula Simulation
than FUL occurs after falling on the ground. e ISR S — i PPN PN Y AP
Camphor tree Zelkova Cherry tree 80 e
3:: 60 \‘, R ot é ED_FULFDL
'FDL:48 “ 0 | ) NN S S
20 i 20 1
0 0 : : i : i |
0 10 20 20 10 50 60 0 20 40 60 80 100 120

time [step]

Fig.3 The number of FUL and FDL falling on the ground time ]~ Fig.6 The transition of the ratio of FUL and FDL



Hypothesis 9| The cause is :

> Normal force & lift generated by wind

Comparing theoretical and

Experiment 5

experimental values

FUL x

Normal force F, = pv?/1Ssin26

7
/" Lift F, =

1
Momentum > pVv*(1+cos6) S

of wind

y Weight W,

FDL Lift F,

Momentum -~
of wind

Weight W,
Normal force F,,

Fig.7 Normal force and lift generated by wind

Balance of moments of force around O

FUL
p1?/1Ssin20 X I, + - pv?(1+cosO)AS X I

w5 L
=W X Ig

| 2WeX ¢

Windvelocity V = |——————————————————
nav ha \ pAS(2lysin%0 + Iy (1+cos0))

FDL

\ w

cX lg

Windvelocityv = |—————
ind velocity \ PAS(lgcosg— Lysin? )

p > Air density (=1.2 kg/m?)
I\, 1., Ig + Distances from normal force , lift, or weight to line of action

Experimental values were approximately

ReSUIt S| equal to theoretical ones

— > The cause is normal force & lift

Table 1 Theoretical and experimental wind velocity for
flipping (fallen leaves) I

sample FUL '-

Theoretical Experimental Theoretical Experimental

[m/s] [m/s] [m/s] [m/s]
1.6 1.8 2.4 3.0
2 1.9 2.2 2.9 2.7
3 1.7 1.9 2.7 2.7
4 1.7 1.9 2.4 4.3
5 1.6 1.8 2.8 3.2
- Deference between two Deference between two

values : 12 % values : 17 %

Table 2 Theoretical and experimental wind velocity for

flipping (rectangle model) x : standard deviation (n=10) |
Experimental Theoretical

Wind velocity [m/s] Deference between
two values
20° 2.51+0.013* 2.15

9.5%
2.49+0.021* 2.60 4.4% O ~J

2.51+0.017% 2.48 1.2%
2.60+0.028* 2.40 1.8%

10.0cm

mass:4.16 g

W
o
o

Rectangle model
(material : cardboard)

=N
o

Discussion| The meaning of fallen leaves being

curved

FUL

Normal force F,,

F_, cos@

Weight W,

A
v

N N NN NN SN BN BN BN EEN BEN BN BN BN BN BN N B e .
-
v

NN N NN NN NN BN BN BN BEN BN BN BEE EE BN BN N B S .
D
I
]
I
1
I

! (3+cosO)/2

2 + cos@

Fig.8 Modeling fallen leaf by rectangle

—m
Wg(3+cos0)

U= |~ 9 e o e A<
| PAS(2sin“HcosB(2+cos0) + (1+cosh)?+2sin*0)
1.2
g 1.0
()
>
()
E Ol ,I_':?-,Theoretlcal P
~ 0.6 EEEEE | | angle maklng?,”.,"*
Fn | ,‘}thd velomty]
O
< 0.4
>
o
S 0.2
=
0.0
O 10 20 30 40 (50t 60, 70 80 90
O ]
Fig.9 Relation between curvature angle of FUL and wind velocity
for flipping

The curvature of fallen leaves is close to the angle
which makes the wind velocity needed for flipping
leaves minimal. @

1. Curvature of leaf
= the angle making necessary wind velocity
to flip leaves minimal ?

2. Merits of FDL :

Evolutional or adaptational strategy ?
- Hard to blow away = Nutrition for themselves ?

- Easy to decompose ?

Future studies

FDL is easier to decompose ?

= Measuring decomposition speed *
(Experimenting on the rooftop)
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