
⾃然科学の歩き⽅
第3回⽬



前回の復習

グラフにモデルを表す線を
引いた�

モデル予測とデータの差の
⼆乗を合計してみた
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(⼆乗誤差)=Σ[(モデルの予測)‒(データ)]2



良いモデルとは

パラメータの数が少ない�

予⾔能⼒が⾼い�

実験データをそれなりに再現できる�

⼆乗誤差が⼩さい�

理論的根拠がしっかりしている



データの再現性

パラメータを増やせば，原則として再現性はよくなる�

N点の2次元データは，(N-1)次関数によって完全に再
現できる�

無限にパラメータがあるモデルは予⾔能⼒ゼロ 
→データにあわせていくらでも調整可能 
→モデルが正しいかどうか確認できない



von�Neumanの⾔葉
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We define four complex numbers representing the parameters needed to specify an elephantine
shape. The real and imaginary parts of these complex numbers are the coefficients of a Fourier
coordinate expansion, a powerful tool for reducing the data required to define shapes. © 2010
American Association of Physics Teachers.
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A turning point in Freeman Dyson’s life occurred during a
meeting in the Spring of 1953 when Enrico Fermi criticized
the complexity of Dyson’s model by quoting Johnny von
Neumann:1 “With four parameters I can fit an elephant, and
with five I can make him wiggle his trunk.” Since then it has
become a well-known saying among physicists, but nobody
has successfully implemented it.

To parametrize an elephant, we note that its perimeter can
be described as a set of points !x!t" ,y!t"", where t is a pa-
rameter that can be interpreted as the elapsed time while
going along the path of the contour. If the speed is uniform,
t becomes the arc length. We expand x and y separately2 as a
Fourier series

x!t" = %
k=0

!

!Ak
x cos!kt" + Bk

x sin!kt"" , !1"

y!t" = %
k=0

!

!Ak
y cos!kt" + Bk

y sin!kt"" , !2"

where Ak
x, Bk

x, Ak
y, and Bk

y are the expansion coefficients. The
lower indices k apply to the kth term in the expansion, and
the upper indices denote the x or y expansion, respectively.

Using this expansion of the x and y coordinates, we can
analyze shapes by tracing the boundary and calculating the
coefficients in the expansions !using standard methods from
Fourier analysis". By truncating the expansion, the shape is
smoothed. Truncation leads to a huge reduction in the infor-
mation necessary to express a certain shape compared to a
pixelated image, for example. Székely et al.3 used this ap-
proach to segment magnetic resonance imaging data. A simi-
lar approach was used to analyze the shapes of red blood
cells,4 with a spherical harmonics expansion serving as a 3D
generalization of the Fourier coordinate expansion.

The coefficients represent the best fit to the given shape in
the following sense. The k=0 component corresponds to the
center of mass of the perimeter. The k=1 component corre-
sponds to the best fit ellipse. The higher order components

trace out elliptical corrections analogous to Ptolemy’s
epicycles.5 Visualization of the corresponding ellipses can be
found at Ref. 6.

We now use this tool to fit an elephant with four param-
eters. Wei7 tried this task in 1975 using a least-squares Fou-
rier sine series but required about 30 terms. By analyzing the
picture in Fig. 1!a" and eliminating components with ampli-
tudes less than 10% of the maximum amplitude, we obtained
an approximate spectrum. The remaining amplitudes were
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Fig. 1. !a" Outline of an elephant. !b" Three snapshots of the wiggling trunk.
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電流と電圧の例
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オッカムのカミソリ

「何かを説明するのに，必要以上に多くのことを仮定す
るべきではない」�

同じ事柄を説明できる複数の仮説があった場合，より少
ない仮定で説明できる仮説がよい仮説である。�

⾃然科学の場合，より⾼い精度の，よりシンプルな理論
の構築を⽬指すべきという思想



KMモデルによるfit



Λ-CDMモデルによるfit



モデルとパラメータ
モデルを決める�

知識，センス，経験，ひらめき…�

モデルの持つパラメータの値を変えてデータの再現を試み
る�

⼆乗誤差を最⼩にするパラメータがもっともらしい�

これは（時間さえかければ）だれにでもできる�

やってみよう



電流と電圧の例
簡単なモデルとして，I=aV　を採⽤する�

⼆乗誤差Eは，�

様々なaの値を試して，Eが最⼩になる場合を⾒つけ出す
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要するに⾊々線を引いて試す



やってみよう

1. aの値を0.02から0.01刻みで0.06まで変化させる。それぞ
れのaの値について，⼆乗誤差Eを計算し，表に書き込め。 
 

2. 今回調べたaの値の中で，最も良く測定データを表すもの
は何か。そのaを⽤いたI=aVの直線を，グラフ中に実線で
書き込め。

電流Iと電圧Vの間にI=aVという関係があるものと推定し，
今回の推定値を最もよく表すaの値を探すことを考える。

aの値 0.02 0.03 0.04 0.05 0.06
Eの値

3.2 ԋश՝

ଌఆσʔλ

V [V] 1.50 3.00 4.50 6.00 7.50 9.00

I [A] 5.64× 10−2 1.12× 10−1 1.86× 10−1 2.22× 10−1 3.25× 10−1 3.32× 10−1

՝

ిྲྀ I ͱిѹ V ͷؒʹɺI = aV ͱ͍͏͕ؔ͋Δͷͱਪఆ͠ɺࠓճͷଌఆΛ࠷

Α͘ද͢ a ͷΛ୳͢͜ͱΛ͑ߟΔɻ

(1) a ͷΛ 0.02 ͔Β 0.01 ΈͰɺ0.06ࠁ ·ͰมԽͤ͞ΔɻͦΕͧΕͷ a ͷʹ͍ͭ

ͯɺೋࠩޡ E Λ͠ࢉܭɺҎԼͷදʹॻ͖ࠐΊɻ

aͷ 0.02 0.03 0.04 0.05 0.06

E ͷ

(2) ճௐͨࠓ a ͷͷதͰɺ࠷ྑ͘ଌఆσʔλΛද͢ͷԿ͔ɻͦͷ a Λ༻͍

ͨ I = aV ͷઢΛɺάϥϑதʹ ࣮ઢͰ͔͖͜Ίɻ

σʔλɾઢɾ࣮ઢͷ͕͔͖̏ͭ͜·ΕͨάϥϑΛఏग़ͤΑɻ

17



やってみよう

aの値 0.02 0.03 0.04 0.05 0.06
Eの値 0.0767 0.0188 0.00185 0.0258 0.0907
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