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Primum movere, deinde docere.*1 

(Antiquity) 

 

ҚӥΏ ҆ ӊ ꜚ ῐ ֲȂֲ ȁꜚ ȁԊ ȁ Ἕ

ᵥ ꜚ ̙ҹ ̆ ױ ҉ ѿұ ӊ Ȃ ӊ ꜚȂה

ꜚ̆ ᴪẠ₮Έױ ̔ ꜚ ȁ ȁ

ȁ ȁ ἝҌ ץ̆ ̔ Ȃ Ꞌ̔ ѿҩꜚᵬҬ̆

Ȃ ᵥ ₮ Έҩ ץ̆ ҍױ ᵥ ᵌ

ȁ ↕ Ȃ 
 

ף Figure 1 ̆ ꜚ ῒ Һ №Ȃ

Έ ѿ ̆ Έ ⱬ ⌠ 1990 ץ ҈

ץ̔ ȁ ȁ ֲ῀ ꜚȂ 
 

ҹ ̆ ᶷ ̆ Ȃ Ὲ

Ȃ Ȃ 
 

ҹ ̆ ԅ Ҭ ҍ Ȃ 
 

ҹ ֲ῀ ̆ ñ ò Ȃ Ἕѿ ̔

⌠ ̆Ҍ Ḥ ̆ ̆ Ȃ ױ ̆

ᵣ Ȃ ̆ץ ѿᴍ ᶫ Ȃ 
 

ӥ ñdie Menschen stärken̆ die Sachen klären.ò̆

ҹ̔ñTo fortify people, to clarify things./ ָЇ òȂ Ԋ ȁ ̆

שּׂ ̆ ҹֲױ ̆ ᵄ Ȃ ᾥ ̆ ⱬ ̆

ᴪᵣ ⌠ Ȃ ӊ ̆ ԍ ̆ ꜚḂ ῒҬӊѿȂ֣

ӊ Ȃ 

 

ᾥ ·  (Christoph Schiller) יּ

 

 
1* ñᾢ ꞉̆Ῥ Ȃò ף ꞉(moving)( ) Ạ ꞉(motivating)̕ ңҩ Ҁ
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ᵓ⌐  Ⱶ   

 
꜠ ҕ ̔ ғ ֲ Ȃ 

̔ ꜚ, ӏ, , ,  

, (vol.I) 

ᶏ ᾣ, , ,ԅ ֲҍ (vol.III) 

 

ҏ 1/˂ 
̔  ₮  

,  

֙, , , ,  

, , ,

֟ҙ 
(vol.IV and vol.V) 

( ‼ )   

ҏ c/˂ 
̔ ⱴ ,

ᾥ, ᵣ, ץ,

, ,

 
(vol.V) 

῝ Ⱶ  

ҏ 1/4G 
̔  

 ,

, ,

 
(vol.I) 

ӎ   

ҏ c4/4G 
̔ ,

ғ ꜚ

,

ץ ,

, (vol.II) 

῝ Ⱶ   

̔ Ҭ

 
(vol.V) 

ҏ 1/4G˂  

ҏ c 

꜠ ҅  

ҏ  c4/4G ˂ 
̔ ҅⅓ ꜚ, ,֣

, ҍ , ѿ ӏ(vol.VI) 

̔ 

꜠ᵲ (least action principle)

‰ ꜚ 

   ╠ ̔ 

ⱴ ꜠ (motion limit) 

‰  

G 

└ 

 

ꜚ 

 ˂e k 
└ 

 

ꜚ 

c  
└ 

 

ꜚ 

ӎ   

̔ᾣ  

   

E0 = mc2 

(vol.II) 

Figure 1 ᵣ̆ ꜚ Ȃ Ŀ (Matvei Bronshtein, b. 1907 Vinnytsia, 

d. 1938 Leningrad) ₮Ȃ ᵣ׆ ꜚ ̆ ԅ ף ҩ

Ȃ ף ѿ ꜚ ̆ ⌠ ‰ Ȃ ⱬ G └

ꜚ̆ ꜚ ↕ ᾣ c ₮̆ ꜚ №≢ ( ) ᾥ ȁ˂ e

ῗ k ₮Ȃ 
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 Chapter 1 

01ҹᵥ ῏ ꜚ? 

 

ѿ℗ ꜚ Ẋ Ȃ 

(Zeno) *1 

 

˻ ӌ ̆ ♥Ҭ ̆ ԅ ̆ ױ

ⱴ Ȃ ױ ⌠ ѿ ҉ Ȃ ̆

Ȃ ̆ Ҋ ̆ ₮Ԑ Ԑ Ȃ 

ꜚ Ҍ ̆ ₪ ̆ ғ ҼȂ ֲױ ץ ̆ ױ

ꜚ ȁ ӟȁ ȁḠ ẫ ֣ Ȃ ױ ꜚ ̆ ҆

̆ ₮ѿ℗ Ȃҍ ꜚ ѿ ̆ Ӟᶭױ ꜚ ȁ ̕ҍ

ѿ ̆ ױ ꜚ ȁ ̕Ἕ ᵣѿ ̆ ꜚ Ḡױ

Ȃ 

ꜚ ̆ҕ ѿ℗ ꜚ̆ ᶛ Ȃ ꜚ

̆ ꜚ(motion) ҩ ҬԅȂ

ꜚ ⱬ ֲ Ȃ⌠ԅῈᾝ╠ 5ҕ ̆ ꜚ ԍ ԅѿҩ

̔ (physics)Ȃ 

ꜚ ֲ Ӟ Ȃ ױ ָӇ̙ҕ ᵥ׆ ̙ ᵥ׆ױ ̙ҕ

ָӇ̙ ױ ̙ ױ ẠָӇ̙ ױ ẠָӇ̙ ᴪ ָ̙Ӈ ̙֙

ҍ ᵥ ̙ ֓ ῏ ꜚȂ ꜚ ᶫԅ ┴

Ȃ  

ꜚ Ȃ Ҍ ̔ ӊҬȁ ӊ ȁ ֲ ̆ᵖң ԓ

̆ ӂ ָӇ ᾢ ̆ ῒ Ӎ־̔ ꜠? 

‰ ñ ꜠ ᵣ ò̆ Ҍ ̆ Ҍ ֲפ Ȃ ⌠

̆ ԍ ԅҩ ȂҊ Ԋ̆Ḃ ῏ԍ ӊ Ȃ 

ꜚ ֲ ѿ №Ȃֲ (experience) ᵬѿ ̆

ῒ⌠ױ ̆ Ҭ ̆ Ḳ ῃ ӊ ̆ ֲ ѿ℗

῏ ̆ ≢ ꜚ ῏ Ȃ ӊҹ̔ ꜠ (Motion Mountain)*2̆

ᴍ ( Figure 2̕Figure 1 ̆ᵖҌ Ӈ )Ȃ

ӊѿȂ ԅ̆ ̆ ױ ѿҩ ̔ ꜚ ̙ 

 

 
1* ≠֒ (Zeno of Elea, c. 450 bce) ≠֒ Һ ף ӊѿȂ 

2* ̔ ñ ò mountain̆ ̆ ӊ Ȃ 

Ref 1 

Ref 2 
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ꜚ ̙ 

Das Rätsel gibt es nicht. Wenn sich eine Frage 

überhaupt stellen läßt, so kann sie beantwortet 

werden. *1  

(Ludwig Wittgenstein) 

ȇ (Tractatus, 6.5)Ȉ 

 

ҹԅ ꜚ ̆ᾢ Figure 3 Figure 4̆

ᵬ̆ ᵌӍױ Ȃ ѿ ↓ Ӟᴪᵣ ⌠ ᵌ

Ȃ Ҍ ᶃ(Kitaoka Akiyoshi) www.ritsumei.ac.jp/~akitaoka

ꜚ ᶛȂ ױ ᵥ Ḡ ꜚҌ ꜚ ̙ 

ꜚ Ҍ ̆ ֓ ꜚ ̆ ₃ҩҕ

ӊӄȂᶛ ̆ (Parmenides, born c. 515 bce in Elea) ҹ̆ Ҍ

Ҭ ̆ Ҍ Ȃז (permanence)̆ ҹѿ℗

ꜚ (illusion)Ȃ

 
1* ñ Ҍ Ȃ ѿҩ ₮̆ Ӟ Ȃò 

Challenge 2 s  

Ref 6  

 

 

Ref 4  

 

 

Ref 5  

 

 

Figure 2 ̆ ꜚ ץ̆ ױ ѿ Ȃ 

 

Ref 3  

 

 

 
꜠ 

 
 

 

 
 

 ꜠
Ⱶ

 

Ⱶ
 

 

 
 

 

 

 

 

 

 
꜠

 

 ָ

 

 

 

ᴰ

 

 

http://www.ritsumei.ac.jp/~akitaoka
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ᾥ≠ (Heraclitus, c. 540 to c. 480 bce ) Ȃ (Plato)⌠̆

ᾥ≠ Ạ₮ԅ ̔ˊɎɜŰŬ Ů/ panta rhei *1 ñ̓ òȂҍ ̆

ז ҹ Ȃ ң № ̆Ḇᶏ

(conserved quantity)̆ ∕ (creation) Ȃ ױ

Ῥ ̆ ӊ╠̆ᵰ ץ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ҍᴩᵄ̆ (Zeno of Elea, born c. 500 bce )̆ ꜚ ̆

ז ׂׅ ֲ῏ Ȃז ѿ↕ ̆ ז̆ Ҍ

⌠≢ֲ̆ ҹ ⌠ ̆ ᾢ ꜚ ̆ Ῥ ꜚ

̆ ⁞ ȁ҆ҕҌ ̆ Ҍᴪ ⌠ ҉Ȃ ԍ

ꜚ Ҭ (infinity)ҍ ῏ Ȃ ף Ҭ̆ ҩ ῏

ׂׅ Һ Ȃ 

̆ ҩ ╔(instant) ꜚ Ҍױֲ̆

ꜚȂז ҹ̆ ҩ ┴̆ ᵣ ꜚ ≢Ȃז ̆ ѿҩ

┴҉ ̆↕ ѿҩ ῤӞҌᴪ Ȃ ̆ ꜚ

№ԍ ̔ (rest)Ȃ ԍ ҩ ̆ ҉ ױ

ӊ ȁҌ ȂӞ Ḇᶏ ₮ ӈ ̆

ױ ӊѿȂ ױ Ҭ̆ ױ ꜚ ӊ

Ȃ ̆ ױ ԍ ̔ ҩ ┴Ȃ ҩ ԍ ҳ

ꜚӊ ῏ Ȃ  

ױ ̆ ױ ᴪ ӈ҉ ̆ ꜚ

҉ Ȃ ℗ ̆ ױ ̆ ֲ ᴆ └Ҋ

⌠ ꜚȂ ᴪױ ̆ ױ ᵣ ꜚ̆ ΐ Ҋ ̔ 

 
1* Appendix Aԅ ᵥ Ȃ 

Challenge 3 s  

Ref 7  

 

 

Figure 3 ꜚ ̔ ̆ ꜚ ̕ Ҭ ̆ ╠ ꜚ Ȃ 
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¥ ױ ̆ 

¥ ױ ̆ 

¥ ױ ꜚ ᾣ ̆ 

¥ ױ ғ Ҭ̆ 

¥ ױ ҈ Ҭ̆ 

¥ ҍױ ̆ 

¥ ҍױ ̆ 

¥ ҍױ ̆ 

¥ ױ ̆ 

¥ ױ ᵌҹ ᵣ̆ 

¥ ױ ᵌҹ Ҍ № Ȃ 

 

֓ ᴆҬ ᴋᵥѿҩҌ ̆ ױ Ҍ ꜚȂ ̆ΐ ֓

ᴆ ֲ ̆ ױ ꜚ Ȃ Ҋץ׆ױ ̆

֓ ᴆ̔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 ̆ץ ꜚ Ȃ 
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ᵥ ꜚ̙ 

Je hais le mouvement, qui déplace les lignes, 

Et jamais je ne pleure et jamais je ne ris. *1 

· ȇ ֲ(La Beauté)Ȉ 

 

ᵬҹѿ ̆ ң ̔ ‼(precision) (curiosity)Ȃ

‰ ̆ ױ ҍ ̕ ̆ ꜚ ῤ

Ȃ ‰ᶏֲױ ӈ̆ ↕ᶏӊΐ ᴇṿȂ ȁӏ

ȁ ҽ̔ҕ҉ᾟ ֲ ꜚȂ 

  

 
1* ñ Ҍ Ӱ ꜚ̆ ץ Ҍ ӞҌ Ȃò Ŀ (Charles Baudelaire, b. 1821 

Paris, d. 1867 Paris)Ȃ 

Ref 8  

 

 

Ref 9  

 

 

Figure 5 ף ֲ Ȃ ҕ ᴍȂᶛ ̆ Ҽ֒(Maria the 

Jewess)- Ҽ (bain-marie) ̆ יּ (Thales)ѿᵝ Ȃ 

 

 

 

 

 

 

 

 

 

 
 

 

 Hicetas 

  

 

 

 

Straton 

 

Kidinnu 

 

 

Erasistratus 

 

 

Dikaiarchus 

 

Philo 
of Byz.  

Theodosius 

 

 

 

 

 

 

 

 

Phinius  

Senior  

Valerius 
Maximus 

 

Geminos 

 

 

Demonax 

Theon 
of Smyrna 

 Lucian 

Rufus 

Aetius 
Arrian 

Galen 

Alexander 
of Aphr. 

 

       

   Varro 
Maria 

the Jewess Artemidor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Konon 

 

 

 

Biton 

 

 

 

Athenaius 

 

 

   

Nicomachos 

Menelaos 

 

 

 

Dionysius 
Periegetes 

 

 

 

 
 

 

 

600 BCE 500 400 300 200 100 1 100 200 

       

  

 

 

 

 

 

 

 

̔ ⱴԅồ ҉Ҋң қ ֲ̆ Ẓ ̆ ᵬ ̆ᵖ ᵝ ֽᶫ Ȃ 
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ᵰ ⱴ‰ ȁ ԅ ꜚ̆ᵰ ꜚ Ȃ

Figure 6̆ ѿ ̆ ҌῬ ԅȂ( ҹָ

Ӈ̙) ⱴ ̆ ᴪ Ȃ ̙ Figure 6

̆ ץ Ҭ ̆ ᴪ ╠ ꜚ̆ ң

’ ҳ ̙ 

‰̆ ῀ Ȃԅ ᴪ ⱴ ӊӏ*1̆Figure 7₮ԅѿҩ ᶛȂ

ꜚ ҉ ̆ ̆ ױ Ӟ Ȃѿ

ֲפ ҹ ̆ ῒ ׆ Ḳ ṜȂ ױ ̆

ӊѿ̆ ׆ ѿ ̆ ῀ Ҋ Ȃ 

ᶏ ױ ̔ ꜚ ȁ ȁ

ȁ ⱬ ȁ Ȃ ױ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1* ≢Ḥᴋᵥ ᵰ זֲ̆ ᵰ Ȃ Ȃ ױ ꜚ

Ҭ Ḡ Ȃ 

Challenge 6 s  

Challenge 5 s  

Challenge 4 s  

Ref 10  

 

 

Figure 6 פ Ӈָץ̙ ̆ ( Ҍ ̆ )ᴪ

ꜚ ̙(É Luca Gastaldi)Ȃ 

 

Figure 7 Ҋ ̔ 6 Ҭ (© International  

Tennis Federation) 
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֓ ꜚ ̙ 

ѿ℗ ꜚ ԍ Ȃ 

Every movement is born of a desire for change. 

 

 

ӥ ꜚ ̆Table 1ԅ Ȃ ̆ ҩ

Ҍ ꜚ(motion)ȁ ꜚ(movement)ȁ ꜚ(move)Ȃ )ױ

Figure 5 ֲ֓) ̔ ץꜚ ῒ

῏ Ȃ ҹ ҈ ̔ 

 

1. (transport)Ȃ ױ ꜚ̆ ̆ ֲ ȁ

ȁӏ Ȃ ( ᵣ)β Ȃֲױ

ҹ ҉Ӟ ԍ ѿ Ȃ 

2. (transformation)Ȃ ̔ ԍ ȁ ‟ —ȁ

ȁ ȁ ₀ ȁ Ȃ₄ ȁ֦ ȁ ȁ

ῒ Ȃ ҍ Ҍ Ȃѿ֓ ף

ҹᾣ Ӟ ↓Ȃ⌠ԅԋ ҕ ̆ ң ԍ

Ȃ Ҭ ̆ ₮ ̆ Ӟ Ȃ

̆ ȁẫ ȁ ȁ ̆Ӟ(Һ ) Ȃ 

3. (growth)Ȃ ѿ Ӟ ≢ ̆ꜚ ȁ ȁ ȁ ᵣȁ

ȁ ȁ ӂ ᴪ Ȃ ̆Ӟ ̆

(biological evolution)̆ץ ̆ (cosmic evolution)̆№≢

19 20ҕ ԍ ↓Ȃ ֓ Ҍ ᴰ ̆ ױ ₮

̔ ҍ ̆ Ҍ Ȃ  

 

 

 

 

 

 

 

 

 

 

Ref 18  

 

Ref 19  

 

 

Figure 8  

ᶛ̆ 

 

(Mount Etna) 

(É Marco Fulle) 
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ꜚ  ꜚ  

ꜚ(motion)Ἕҍ  ꜚ(motion) 

ꜚ Ref 11 ꜚ(motion)ⱬᵬҹẫ  

ҹẫ ҍẫ ꜚ(motion)   ꜚ(motion) 

ᵣ ꜚ(sports)ҍ Ҭ ꜚ(motion)

└ҍ  

ꜚ(motion)ȁ ȁ

 

ꜚ ӏ Ҭ ꜚ(motion) 

ꜚᵬҹ Ref 12 ȁ ᶏ ꜚ Ref 13 

ꜚ  ꜚ(motional)ӟ ҍ ӟ ῏  

ꜚ(motion)ꜛԍᾥ ⇔ᴴ Ҭ ꜚ Ref 14 

ȁꜚ ȁ ֲ ꜚ(locomotion) ȁ ȁ  

ꜚ(motion) ȁ ȁ ȁ  

ȁ῏ ȁ ȁ ᵣ ᵣ ꜚ ȁ ȁ ꜚ(motion) 

ꜚӰ(commotion)ҍ ⱬ ῑ Ҭ ꜚ(movements) 

ᴪꜚ (motions in parliament) ȁ ꜚ(movements) 

Ҭ ꜚ(movements) ꜚ(movements) 

ꜚ(movement) ᾙ ꜚ(movement)Ref 15 

ӏ (musical movements) ꜚ(movements)Ref 16 

ꜚ(movements) ꜚ(movements) 

Ҋ (moves) ᵬ ҹ(moves)Ref 17 

֟ ṿҍῈ ꜚ (mobility)῏  

 

 

ῐ ̆ ף ̆ ̆ ҹ

Һ Ȃ ꜚ ԍ ԅ̆ ңҩ ↕ Ȃ ̆

ῒ ҹ ̆ ԅ (Figure 2) № Ȃ 

̆ №Ҍ Ȃҽ ꜚ ҹ

ꜚ(volitional motion)̆ ֲ (will)└̕ ꜚ̆ Ҍ

̆ ҹ ꜚ ꜚ(passive motion)Ȃ ֲ̆ ῒ ̆

ӟ ꜚ̆Figure 10ѿ ᶛȂ 

ֲ Έ ᾙ ҩᵣ ‰ ѿҩ῏ ̆ Ḃ

ῃ № ꜚ ꜚҍ ꜚԅ*1Ȃ № ֟ ӈ̔

ꜚ ̕ ӈ Ȃ  

 
1* Ҍ ̆ Ḥ ̆ѿ֓ Ḥ (roulette 

balls)̆ ֓ ᵌẫ ֲ Ḥ ⱬ ꜚ ᵣ̆ ꜚȂ Ŀῌ (James 

Randi)ȇḤ (The Faith Healers Prometheus Books, 1989)ȈҬ ԅ ֓Ḥ

Ȃז ῒ ӥҬӞ ₮ԅ ᵌ Ȃ www.randi.orgȂ  

Table 1 Ὲ῍ ӥ ῏ԍ ꜚ ӥ ῤ Ȃ 

http://www.randi.org/
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ҕ ᶏ ױ ꜚҍ ꜚ ꜚ ≢Ȃ ѿ

Һ ꜚ̆ ᵌӞ ָӇ ꜚȂᵖה ̆ Ҭ ҩ № ῒ №

ꜚ̆ ױ ꜚῒ ꜚ Ȃ ̆ Ӟ ֲ̙ҽ

ꜚ ꜚ ̙ ̆ ꜚ(movement*1)ҍ

ꜚ ꜚ ̆ № ң ꜚȂ ׆̆

̆ԋ ̆ᶛ ᴨ ԍ ꜚȂ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
1* ómovementôѿ ̆ ׆ ῀ ̆ ⌠18ҕ Ȃ ֒

׆ ҩ Ȃ 

Ref 20  

 

 

Figure 9 Ŀ Ŀ   

(É Philip Plisson) 

 

Figure 10 ꜚӊѿ̆ 

Alexander Tsukanov̆ז ҩ

ѿҩ׆ ⌠ ѿ ֲ 

(É Moscow State Circus) 
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ԍ ꜚ ꜚҍ ꜚ ̆ ױ ץ ᵣ ꜚ̆

ԅ ֲ ’Ȃ ‗ ȁ ȁ ȁ ȁ ȁ ҍ ֙ Һ

ҹ Ȃ ᴪױ ╠ ҉ ֓Һ Ȃ 

⌠ԅ19ҕ 20ҕ ̆ῒ ῏ԍ ꜚ ῖḤ ѿ Ȃ

̆ѿ℗ ̆ ҹ ץ ̆ ᶛ

Ȃ ӊ̆ң ̆ ף № ̔ 

 

 ѿ℗ ̆ Ȃ 
 

ץ  
 

 ҍ ꜚ ѿȂ 

 

20ҕ Ҭ ̆ ꜚ ץ ԅѿ↕ ΐᵣ ̆ ↕

ҹ̔ 

 

 ҹ ꜚȂ 

 

₮ ꜜⱬ̆Ҍ ⱴ ‰ ̆ ѿ Ȃ

╠ԓ Ḃ ѿ Ȃ(ᵰ ̙) 

̆20ҕ ԅ ꜚ ̔

Ȃ ה ₮ ѿ ױ ѿ №

Ȃ ҩ ӊ╠̆ ױ Ȃ 

ӊ̆ ֽ̆₡ ꜚ № ̆ ̆ ꜜ

ⱬ ̆ ױ ꜚ Ȃ ̆ Ҍ №

̆ Ȃ (Ernest Rutherford)ᶓ ̔ñѿ℗ Ӈ

̆ Ӈ (All science is either physics or stamp collecting)Ȃò 

‰ ꜚ̆ ᾢᾟ№ ΐᵣ ꜚ ̆ ғ ̆

‰ Ȃ ױ Ҭ ↨ᵣ ꜚ ̆ Ҭ

Ȃ ᴪ ӊ╠ ᴪ қ ̆ ֪ױ Ạ ѿ ӊѿȂ

ῒ׆ץ ₮̔ᶛ Ҁ Ҭ̆Һ (subject)ñ òȁ (object)

 ñ òȁ (interjection)ñ ԍῒ ò̕ (symbol)ñ̓̀ òȁ

(problem)ñ ₮òȁ (emblem)ñ ῀òȁ (devil)҉ ñ ò Ȃ ױ

Ṝ ȁ ΐȁ ᴋᵥқ ץ̆ ȁ ꜚ ̆ ⌠

̕ ױ ׂ Ạ ԊȂ 

   

 

 

Ref 21  

 

 

 

 

 

Challenge 7 s  
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Die Welt ist unabhängig von meinem Willen.*1  

ȇ (6.373)Ȉ 

 

ҍҌ  

 

Ғ ѿ ’̕ Ȃ  

Michael Berry Beresford Parlett  

 

֣ױֲ (perceiving)̆ ₮׆ ╠ ̆ ῒѿ ֣

Ȃ ץ Ӟ ⱳȂ ױ ꜚ Ҋ Ҭ

ᾧ Ȃ ̆ ᾢ ⅎ(distinguish) ⱬȂ₃Ӎ ױ ҩ

№ ѿ ⱳ ̕ᶛ ̆ ̆ ∆ױ ᴪ № ӊ

ᵒҍ Ȃ ҍ ѿ ⱬ ̆ (memory) ⱬȂ ᶏ ױ

ᵣ ֜ ׆̆ Ȃ ȁ№ ȁ ̆῍ ӥ(learning)Ȃ ҈

ⱬ ѿҌ ̆ ↕ ꜚȂ 

ױ ᴪ №Ғ (permanence)ҍ (variability)Ȃױז ᴪ

(recognize)ֲ ̆ ѿ Ҍ ῃѿ Ȃֲ׆ ̆ ױ

ⱬ ⌠ ῒ Ȃ ⱬ Ҍ ̆ғ Ȃ

₮ ᴆ Ԋ̆ ҉ ₮ (Ҍ )Ȃ

(recognition)̆ ⌠ / / (generalization)Ȃ ױ

̆ ױ Ҭ ֓ѿ Ȃ 

ꜚӊ Ҋ ҉̆ ̆ ҍ Ȃױ

ױ Ȃ ̆ ҚҬ ָӇқ ꜚ̆ ױ ̆ Ҭ

Ȃ ꜚ ױ Ҭ ѿ №̆ҍ ꜚ ῍

֣̔ (brain stem)Ȃ ̆ (cortex)№ ꜚ ῒ Ȃ ױ

Ҭ ꜚ̆ ⌠ң Ҍ ᵣ̔ ꜚ ꜚ Ȃ ױ ԍ ₮

̆ԍ ԅҊ Ȃ 

 

 

 

 

 

 

 

 
1* ñҕ ԍ Ȃò 

Ref 22  

 

 

Figure 11 ױ ᵥ № ῒ

̙(É Tony Rodgers) 
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ױ Ӈ №Figure 11Ҭ ̙ ҍ Ҭ

Ȃ ꜚ ֓ ῏ ̆ ₃ Ҋ ꜚ (flip film)ꜛԍᵣᴪ

ꜚ ᵬ Ȃ ̆ ҩ ᾟԅ ̆ᵖ

ꜚ ̆ᵰᴪ ⌠ѿҩ Ҭ ꜚȂ ᴋᵥ ┴̆ №

ҍ ̆ ᴋᵥ ┴ Ȃᵖ ⌠

ꜚȂ*1 ̆ Ҭ ꜚ ̆ ֲ

ⱳ ̆ ӂ ѿ℗ ꜚ ⱬȂ 
Ҋ ꜚ ץ̆ ᵌ ̆ ԅ ꜚ ң Ȃ

ᾢ̆ (object)ץҍ (background)(environment)№ ̆

⌠ ꜚȂ ꜚ ԍ Ȃ*2 ̆ ꜚ ӎ(define) ̆

ױ № Ȃῒ ̆ Ȃ

̆ ꜚ ᵣ ῒҬ ᵝȂ ̙ Ҍ̆ ┴Ȃ 

ױ ꜚ ᵣ(localized entity)̆ ҹ

(physical system)̆ Ȃ ₮ ̆ Ҍ №Ȃ

ץ (physical object)̆ ñ ᵩ(physical body)ò̆ ᵩ̕Ӟ

ץ (radiation)Ȃ ̆ ἥ(image) Ҍ ̆

ȂTable 2 ԅ ֓ Ȃ Ӈ̆ (hole) ̙  

ӊ̆ ױ ꜚ ҬḠ Ҍ ̆ ҹ (object)

ᵩ(body)̆ ᶛ ȁ ȁ Ȃ ױ ӈ̆ץ №

ἝȂ 

ױ ⌠̆ Ҍ ꜚ ̆ ױ ӊҍ № Ȃ

ӊ̆ ѿ׆ױ ꜚ ҹѿ (relative) ̆ ױ ҍ

῏ Ҭ ꜚȂ 

̆ ҍ ≢ Ȃ ̆  (ᵰ

̙)̆ ҩ ץ ᴪ ױ Ȃ ױ ׆ Ҭ ₮ ̆

ױ ȁӟץҹ Ȃᵖ ӊױ ̆ № ҉ Ҍ

˻*3 Ҍ ֲ Ȃҹԅ Ҍ ̆ ױ ᾢ

⌠̆ ԅ ꜚ ᵣ ̆ ױ ӊױ ῏ ȂTable 2 ԅ

Ȃ 

 
1* ֲ ԍ ꜚȂᶛ ̆ ᾣ ꜚ ̆ ԍ ἝҬ ץ №

̆ Ӟ ץ ⌠ᾣ ꜚȂ ῒ ᵌҺ ̆ Ȃ 

2* ꜚ Һ ȂҌ Donald D. Hoffmanȇ :ᵬ (Visual 

Intelligence -- How We Create What We See, W.W. Norton & Co., 1998)Ȉ̆׃ Ȃז

ꜚ ץ www.cogsci.uci.edu/~ddhoff ҉ᵣ Ȃ 

3* Ҭ ץ № ҍ ̆ ҍ Ḛᵬ Ҭ ⌠ Ҍ Ȃ ҍ ӈ

ѿ ̆ Ҍ Ȃ 

Challenge 8 s 

Chapter 15: Ғ ﬞᾟ  

 

 Vol.VI, page 85  

 

 

Ref 11  

 

 

Ref 23  

 

 

Challenge 9 s  

http://www.cogsci.uci.edu/~ddhoff
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҆ ѿ℗ Ȃ 

ᾥ≠ (Heraclitus of Ephesus) 

 

 

 

Table 2 Ȃ 

꜠ 
̔ ԍ ᵝ  

 

ⅎ/  ῗ   

parts/ systems relations background 

Ҍ    
permanent  measurable 

 ֟   
bounded produce boundaries unbounded 

 ֟   
have shapes produce shapes extended 

   

   ԝᵲ    
objects radiation states interactions phase space space-time 

Ҍ ῀ ῀ ῃ     
impenetrable penetrable global local composed simple 

̔ 

  ┴    
mass intensity instant source dimension curvature 

  ᵝ     
size colour position domain distance topology 

 Ἕ ꜚ   ᵣ   
charge image momentum strength volume distance 

 ᴰ      
spin appearance energy direction subspaces area 

etc. etc. etc. etc. etc. etc. 

 
world ï nature ï universe ï cosmos 

№ȁ῏  

 

 

Ref 24  
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ҕ ̙ 

 

Das Feste, das Bestehende und der Gegenstand sind 

Eins. Der Gegenstand ist das Feste, Bestehende; die 

Konfiguration ist das Wechselnde, Unbestªndige.*1  

ȇ (2.027 ï 2.0271)Ȉ 

 

ָӇ № Ҋ Ҍ ̙ ױ ̔ ᵣ ’(situation)

(configuration)Ȃ ץ ԅ Ȃ ѿ

(variable) ̆ ҹ ꜠ ̆ (state)Ȃ ᵥ┴

̙ 

ᾢ̆ ꜚӥ ̆ Ҋ Ȃ ֟ ̔

ѿҩ ̆Ӟ ̆ ̆ ‗ԅ Ȃ

Ҍ ҉ № ’̔ ѿҩ ( ѿ )

̆ ѿҩ ҍӊ ᵒ № Ȃ ᵌ ҩ ┴

Ҋץ Ҍ  

 

ᵝ (position) 

(velocity) 

(orientation) 

(angular velocity) 

 

֓ ‗ ԅѿҩ ̆ ᴧ Ҭ ₮ῒ

ҩ (individuality)Ȃ ̆ ԅ ҍῒ ῏ Ȃ ̆ ᴇ

̔ 

 

 ԅѿҩ ᶭ ԍ Ȃ 

 

ӈ Ҍӎ ̆ ѿҊ̔ (universe)̙ץ ̔↨↨ ₮

ԅ ̙ 

ԅ ̆ ῒҌ ̆ Ὺ (intrinsic property)

Ȃ  

  

 
1* ñҌ ȁ ѿȂ Ҍ ȁ ̕ῒ (configuration)ȁҌ

Ȃò 

Challenge 10 s  
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(mass) 

(shape) 

(colour) 

(composition) 

 

ῤ Ҍᶭ ̆ҍ ῏̆ ғ ѿ ῤ̆ ױ

Ҍ Ȃῤ Ӟ ױ №Ȃ ױ ץ ԅ̔ Ҭῤ

↓ ָӇ ̙ ῤ ̙ 

ῒ ҩ ҹ ( ) (observable)Ȃ ױ

ҩ ∆ ӈȂ 

ҹҌ ᵣ ̆ ꜚ Ȃ ꜚ

ѿ № ꜚ Ҍ ῤ ̆ ꜚ

Ȃ №̆ ꜚ̕ №̆ ꜚ ׆ Ȃ 

↨ ׃ ֓  ֓ ̆ ױ ץ  

 

 ꜚ Ҍ Ȃ 

 

ԍ Ҍ Ὺ (intrinsic property)̆ ԍ (state 

property)̆ ң ℗ №̆ ‗ԍ Ȃᶛ ̆ѿ

Ҍ ̆ ┴ № Ȃ ℗ ̆ ῒ ̆

ῒ Ȃ ̆ ԅ ҍῒ ӊ ≢̕ᵖ

≢ ̆ ױ ╠ԓ Ҭѿ ᶏȂ 

20ҕ ̆ ̆Ҍֽ ᴪ № Ҍ ̕

ӞẠ₮ԅ №Ȃῒ ̆ № ῀ԅ ױ Ҭ˻

₮Ḥ ֟ ԅ ױ қ ̕≠ ֓Ḥ ̆ ᶷ (dorsal stream)

̆ ҍ ꜚ̕ ᶷ (ventral stream)ῤ ̆

ҍ Ȃ 

ӊ̆ ꜚ ̆Ӟ Ҍ ῤ Ȃҹԅ

ꜚ̆ ױ ῤ Ȃֲױ ѿ ҹᵓ

⌐ (Galilean physics)̆ ԍ ‰ ץ̆ ῒҬ

ꜚȂ 

 

Challenge 11 s  
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ᵍ≠ Έ ӈ 

 

ᵍ≠ ꜚ ΐᴇṿ̔ ԅ ҍ ױ

Ȃ ̆ ױ ᵣ  ₮Ӎ Ԋ(surprise)̆

ױ Ȃᵖ ꜚ ̆ ‗Ҍ₮ ̔ ꜚ ҕ ̆

(predictable) ‗ (deterministic)Ȃ 

ױ ꜚ Ԋ̆ Ҭ Ԋ̆ Ҋ ̆

Ȃ ױ ꜚ Έҩ ̔ 

 

1 (Continuity)Ȃ ױ ̆ ȁ ȁ ת № ̆ ױ

ҩ Ȃ ױ Ӟ ҩ Ȃ ֓

̆ᵖ ꜚȁ ꜚ ץ ̆ Ȃ 

2 (Conservation)Ȃ ױ ⌠ֲ̆ᵣȁӏ ȁ ꜚ Ԋ ̆

ᴪẢ ꜚȂᵖה ꜚ ₮ ̔ ꜠ ҒẨ Ȃѿ℗

Ҋѿ℗ ꜚ ҈ҩ Ҍ ̆ ױ Ḡ (conserved)̔ꜚ ȁ

ȁ ꜚ ̆ ≢№ױ Ȃ ҈ ׆ ᶛ  ( ̆ᵖҌ

)Ȃ ̆ ᴪױ ꜚ ῒ ᴋᵥ ᴋᵥ Ṝ

̔ ꜠ (universal)Ȃ 

3 (Relativity)Ȃ ױ ꜚҌ ԍ Ȃᵖה ̆ң

ῤ ≢Ȃ ꜚ ‗ԍ Ȃ ꜚ (relative)̆ Ӟ

Ȃ Ӟ ѿ Ȃ 

4 (Reversibility)Ȃ ױ ⌠̆ ᴪ ̔ ȁ

ȁ ҌῬȁֲ Ҍ Ȃᵖ ꜚ ױ ̆ ꜚ

(reversible)Ȃ ӊҹ ꜚ (reversal)Ҋ ꜚҌ ̆

Ḛᵖ ҹñ (time reversal)òȂ  

5 ἥҒ (Mirror invariance)Ȃ ֲ ◄₴̆ Ώ ̆

Ӟ Ẓ Ȃ ױ ꜚ ἝҌ ̆ ҹ Ҍ

(parity-invariant)Ȃ Ἕ Ҭ Ȃ 

6 (Change minimization)Ȃ ױ ҕ ֲ̔

ȁ ȁ ȁ ȁ ȁ Ȃ ȁ Ҽ ̆ ֲפ

Ȃ ױ ̆ ꜚ ̆ ꜚ Ȃ ױ

̆ѿ℗ ץ ѿ↕ ̔ Ȃ ꜚ

̔ᶏ Ȃ ץ ѿ ñ꜠ ᵲ(action)ò ̆

Ḡ ᵞ Ȃ Ҭ̆ Ȃ ꞋȂ 

  

Έҩ ԍ ꜚȁ ӏȁꜚ ȁ ȁ ӊ ꜚ ῏ Ȃ

ױ ѿ ꜚ Ȃ ≢ ̆ ױ ̆ ѿ℗ ꜚ

Ҭ̆₄ҍ҉ Έ ῏ ̆ Ȃ
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̔ ꜚ1 

 

Ҍ ԍ ꜚ ̆Ἕ ̆ ғӞҌ ꜚ

Ȃҹ Ḡ̆ ױ ₮ԅ (poison)Ȃ ᶛ ȁ ȁ

ȁ ȁ ̕ ȁ Ҁȁ Ȃ ֓

(medicine) Ȃ ץ ̆ ῃᴀחԅ ױ Ȃ 

* * 

҉׆ֲ 9 ⌠Ҋ 1 ↨ ҉ԅ ̆ ̆ ԋ ҉ 9 ⌠Ҋ 1

↨ Ҋԅ Ȃ ң ’̔ ѿ ┴ ѿ ̙ 

* * 

̆ Ҭ ꜚ ѿ ̆Ҍ ԅ̆ Ҍ

Ȃᵰ ̙ 

* * 

ꜚ ѿ ꜚ ̙ 

* * 

ָӇқ פ ꜚ Ả ̙ ᵥ ̙ 

* * 

ꜚ ᵣ̆ ̙ 

* * 

Figure 12 ̆ (block and tackle)h̆

ꜚ ̙ Ҭ ᶷ῾ Ạ Ԋ ̙ 

Ҭ Ȃ ≢ ң ̔ ꜚ

(differential)̆ ԍ└ ̕ (Spanish burton)̆ ֟

Ȃ ἇ (fool's tackle)Ȃ ѿҊ Ȃ 

֓ ׆ ∑(golden rule of mechanics)̔ Ⱶ∑ (what 

you gain in force, you loose in displacement)Ȃ ᴇ ̔ⱬӗץᵝ ԍꜗ

(work)̆ ָӇ ̆ ҩ ⱳ ѿ Ȃ ꜚ

Ҭ ⌠ ѿ Ȃ 

  

 

ñץ * òҹ №̆ ҍ ̆ᶫ ῀ Ȃ 

Challenge 14 s  

Ref 25  

 

 Challenge 18 e  

Challenge 17 s  

Challenge 16 s 

Challenge 15 s  

Challenge 13 s  

Challenge 12 s  
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* * 

ꜚ ̙ 

* * 

̆ ױ (to measure precision itself)Ȃ ӇẠ ̙ 

* * 

ױ ̆ ױ ꜚ ̙ 

* * 

ᵰ ⌠ ᵞ ̙ Ҭ ѿҩ ᵞ ̙ 

* * 

ᴰ ̆ ̆ (caturaἆga) Ŀ Ŀ (Sissa ben Dahir)

(Shirham)ҹז ᶫץҊ ꞉̔ ѿҩ ѿ ̆ ԋҩ ң

̆ ҈ҩ ̆ ҩ ῇ ץ̆ Ȃҕ ҉

֟ Ӈ ̙ 

* * 

ꜚ̆ ᴪ ԍ Ȃ ̆ ⱴ

̆ ᴪ ᵥ ̙ 

* * 

  

 

 

 

 

 

 

 

 

 

 

 

  

Challenge 21 s  

Challenge 22 s  

Challenge 24 s  

Challenge 23 s  

Challenge 20 s  

Challenge 19 s  

Figure 12 ̆Ҍ ꜚ ( ץ( ῾ ( ) 
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Figure 13 ᴪ ָӇ̙ Figure 14 ̙ ץ ≢

̙ 

ѿҩ ꜚ Ȃ ꜚ ҩ ₃ Ȃ

ꜚ ̆ ᴪ֟ Ḥ Ȃᵰ ⌠ ֓ ꜚ ̙ᵰ

Ạ Ḃ ̙ ‰̙ 

* * 

 

 

 

 

 

 

 

 

 

 

ῃ ῃ ȁ ̆ Figure 13 Ȃᴪ ָ

Ӈ̙ ָӇ ҉̙ 

* * 

ѿҩ ̆ ⱬ ꜚȂᵰ

Ӈ ꜚ ̙ 

* * 

Figure 14̆ ѿ ҉ ꜚ̆ ῏ ָӇ̙ 

* * 

ᵰ Ὲ ̙ ᵰ Ὲ ̆ Ặ҈№ ’Ȃ ṿ

ѿ ̆ ᴪ ᵰ ᵣ Ȃֲ ̆ ѿ ӏ Ȃ 

 

1. ҉ ̆ ѿ ̆ѿ ᵰῐ ȁ ȁҺꜚ ’Ȃ 

2. ѿң ̆ chapter 9: ̆ ᴋᵥῒ Ὲ Ȃ 

3. Ῥ ҉ ̆ ⌠ᵰ ҬȂ 

4. Ὲ ̆ 2 3҈ Ȃ 

 

̆ ̆ ⌠ ȂῬ chapter 9: Ȃ Ὲ

ָӇ ̙  

Challenge 28 s  

Ref 18  

 

 

Challenge 29 s  

Challenge 27 s  

Challenge 26 d  

Challenge 25 d  

 

ᾣ  
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* * 

16ҕ ̆ ≠֒*1 ₮ԅ Ҋ Ȃ҈ ᶳ ̆ ѿ

ңֲ Ȃ ױֲ ̆‗Ҍᴪ ῒז ֲ ѿ Ȃ

ӊ ̙ 

* * 

҉ ᵣ̆ Figure 14 Ȃ ᵣᶏ ᵣ

ҍ Ḡ Ȃ ԅ (curves of constant width)̆ ᵥ

ᵣ ⱳ ̙ᵰ ₮ ̙Ҍ ᵣ ̙ 

* * 

҉ Ҍ Ȃ ѿ ̔ ѿ ҉ ָӇ̙

№ Ҍ ̆ ѿ ᾛ ῀ ꜚ Ȃ ԋ ̔

ᵰ Ӈѿ ѿ ҉ ̔ ѿ ץ ң

̆ ҉̆ ғ ₮ᴋᵥѿ ᴪ Ҋ Ȃ҈ ̙n

̙ 

 

 

̔∆ ꜚ 

 

ꜚ̆ ᵝ ̆ Ȃ ꜚ ȁ

Ȃ ᵣ ꜚ Έҩ ̔ ȁ ȁ ȁ ȁ ἝҌ

ȁ ȂῒҬѿ֓ ԍѿ℗ ꜚ̆ ѿ֓ ֽ ԍ Ȃ

̙֓ҹָӇ̙ ױ ѿҊȂ 

 

 

 

 

 

 

 

 

 
1* Ŀү Ŀ ≠֒(Niccol¸ Fontana Tartaglia, 1499ï1557) ῐ Ȃ 

Challenge 32 s  

Ref 26  

 

 

Challenge 34 s  

Challenge 33 s  

Challenge 31 s  

Challenge 30 s  
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 Chapter 2  

׆02 ꜚ ⌠  

 

Physic ist wahrlich das eigentliche Studium des 

Menschen.* 1  

≠  

 

ѿҩ ┴ѿҩ ̆ ѿ Ԋ Ȃ ױ ꜚ

̆ Ȃ ↕ѿ ҈ Ẋ ̔ѿ

Ғ ῇ(impenetrable)̆ ԋ ╔(instant) ̆҈ (point) Ȃ

( ר ̙) ҈ Ẋ ̆ ӈ Ȃ ̆ ױ (embedded)

Ҭ ꜚȂ ҹᵓ⌐

(Galilean physics)̆ (Newtonian physics)Ȃ 

ᵍ≠ Ŀg ≠ (Galileo Galilei, 1564-1642)̆ (Tuscan)̆ ף

ֲȂᵍ≠ ץ ̆ ץ Ȃז

֓ ̆Ҍ ꜚ ‰ Ȃᶛ ̆ᵍ≠ └

ᵝ ꜚȂᵍ≠ ῏ԍ ꜚ қ

Ȃז ̆ ҹ ῐ ≠ Ȃ*2 

ᵍ≠ ӊ ̆ᴯ (alchemy)ȁ ȁ ȁ ȁ

̆ ᾥĿ (Isaac Newton, 1643-1727)ץ ⱬ ѿ ̔Ғ

꜠Ί ̕ Ȃ*3 

̆ᵍ≠ ᵬ ԅ῏ԍ ȁ

Ȃ 

 

 
1* ñ ӂ ֲ ӊ Ȃò ·ᾥ ·≠ (Georg Christoph Lichtenberg, b. 

1742 Ober-Ramstadt, d. 1799 Göttingen) ѿᵝ Ȃ 

2* ̓͂ ԍᵍ≠ ῒ ף ӥ̆ Ŀ қ (Pietro Redondi)Ώ ȁḤ (

chapter 11: ᵍ≠ )Ȃᵍ≠ ₮ ѿ Ȃ ӊ╠̆Ҍז Ạ (paper and 

pencil calculation)Ȃ ᵰ ̆ ץ www.mpiwg-berlin.mpg.deᵍ≠ Ȃ 

3* ԍᵍ≠ ҕ ѿ ѿז̆ № ӊ (philosopherôs stone)Ȃᵬҹ

ֲ̆ ֪ ᴺ ⅝Ȃ῏ԍ ̆

(Dobbs)ӥȂ (misogynist)̕ Ḥ ҉ Ҭ ז̆ ԅ Ҁ

Isaacus Neuutonus̆ ᵝ (anagram)̔ Jeova sanctus unusȂ῏ԍ ῒ ῖⱬ

̆ Clifford Truesdellᵬ Ȃ 

Challenge 35 s  

Ref 27  

 

 

Ref 28  

 

 

file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/三堂会审%23_
http://www.mpiwg-berlin.mpg.de/
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ᵥҹ ̙ 

There is nothing else like it. 

֠· *1 

 

(velocity) ⱬ Ȃ ԍ ̆Ҍֽ ̆ᴋᵥ ꜚ

̆ ᾢ ᶛȂTable 3 ₮ԅѿ֓

̆Appendix Bԅ ᵝ ῒ ȂFigure 16ԅѿ֓ Ȃ 

ױ ῏ԍ ꜚ ̔ ץ ԑ ̕ ץ Ҍ

ꜚ̕ ץ Ȃ Table 4̆ ֓ ױ

ҹѿҩҒ ױז̆ ԅѿҩ ₉ (Euclidean vector 

space)Ȃ*2῏ԍ ҩ Ῥ ₮Ȃ ╠ ̆ ᶫԅ

ΐȂ

 
1* ֠Ŀ  (Jochen Rindt, 1942ï1970) ≠ѿ ̆ Ȃ 

Ὲᾝ╠300ץ *2 ᵟ ֒ ᴯ ₃ Ȃ ₃ Ҍ ᵬ

ȇ₃ᵥ ( ×ŰɞɘɢŮŬ, Elements)Ȉ̆ ֲ ӊ ׃̆ ԅ ₃ᵥ ῃ Ȃ

₃ ῀ԅң ̆ ׂ ҹ ̔ ׆ Ὲ (axioms)₮̕ ↕

Ȃ ӥ ׂׅ ┘̆2000 ѿ ᶫ ₃ᵥ ӥȂ ץ aleph0.cl

arku.edu/~djoyce/java/elements/elements.html⌠ Ȃ 

Chapter 3:  

Figure 15 g ≠ Ŀg ≠  (Galileo Galilei, 1564-1642) 

Figure 16 ѿ֓ ̔ (anemometer)ȁ ȁ(tachymeter)ת ꜚ (sports radar gun)ȁ

҉ (Pitot tube) (ÉFachhochschule Koblenz, Silva, Tracer, Wikimedia) 

file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/aleph0.clarku.edu/~djoyce/java/elements/elements.html
file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/aleph0.clarku.edu/~djoyce/java/elements/elements.html
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Table 3 ѿ֓ Ȃ 

  

 80 am/s 

ᵰ ⌠ ̙ Challenge 36 s 

 0.3 pm/s 

 7 pm/s 

ῖ ꜚ 10 mm/a=0.3 nm/s 

ֲ ̆  4 nm/s 

 30 nm/s 

Ҭ  1 ɛm/s 

ꜚ 60 to 160ɛm/s 

Ҭ ᾣ  1 mm/s 

ꜚ 1mm/s 

Ҭ ᾣ  0.3 m/s 

 0.5 m/s to 1.5 m/s 

ֲ Ҭ Ḥ  0.5 m/s to 120 m/s 

1 12 ( ) <1.5 m/s, >33 m/s 

̆ ‗ԍ  2 m/s to 8 m/s 

̆ (Istiophorus platypterus) 22 m/s 

2009 500 (by҈ᵣ Hydropt¯re) 26.4 m/s 

ꜚ ̆ (Acinonyx jubatus) 30 m/s 

 42 m/s 

̔ Ҭ  50 m/s 

ᵣ ֲ̆ ‗ԍ  50 to 90 m/s 

̆ (Falco peregrinus) 60 m/s 

 70 m/s 

Ҭ №  280 m/s 

‰  330 m/s 

 434 m/s 

 750 m/s 

 1 km/s 

 5 km/s 

ֲ ̆Helios II 70.2 km/s 

 370 km/s 

( ṿ ) 600 km/s (50 Mm/s) 

ױ Ҭ  0.97Ŀ108 m/s 

ῤ  1Ŀ108 m/s 

Ҭ  299 792 458 m/s 

ᾣ  10Ŀ108 m/s 

₮ ᾣ̆ ᾣ  2Ŀ109 m/s 

ֲ ׂ  7Ŀ1013 m/s 

ᾣ   

Ref 29 

 

 Ref 30 

 

 Ref 31 

 

 

Ref 32 
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Ẋ ҹ ₃ ̆ ҹᵓ⌐ Ȃ ҩ

Ȃῒ ̆ ӈ Ȃᵰ Ҍ ̔ Ҍ

̙ ᵰ ̆ᵰ ץ ⌠Ҋѿ ̆ ң ̕ ᵰ Ⱳ ̆

̔ ױ ѿҩ ̆ ױ Ẋ ≢ֲӞ ̆ ғ ҩֲ ⌠

Ȃ ӊ̆ ױ (measurement) ӈҹ̔ҍ ‰ Ȃ ױ

Ẋ ѿ ‰Ȃ ̆Ӟ ץ ⌠ѿ ñ ò

Ȃ׆ ҉ ̆ ꜚ ᾢ ҩ ̆ ҹ ֲ ⌠

‰ Ȃ 

ᴩᾙ ᵥ ̙ꜚ ױ ң ᵀ ̔ѿ ᵀ

ꜚ ̆ ̆ԋ ȁ ȁ ᵝ ԍ

Ȃ ₃ ꜚ ῒ ⱬ̔ ֓ ̆ ֓

Ȃ ֓ꜚ ₮ ̆ ֓

ꜚ Ȃ Ӟ≠ ѿ ↓ ᵌ ̆ Table 5Ȃ 

Ҍ ҩ Ȃ Ҍ ̕ᵖᵰ

Ҭ ̙ 

ῐ Ȃѿ ̆ ̆Ӟ

ȂFigure 17ԅ ӊԍ (cruise speed)’Ȃ Ҭ

ל ̆ ѿ ҍ Έ ᶛȂ( ҹָӇ ̙) Ḃ

ѿ ̆ ꜚ ῒ Ӟᵣ ᵌ (allometric scaling)̓͂ ̆

ױ ᴪ ⌠ Ȃ 

ѿ֓ ֲ Ғ Ҭ ᵞ ױז̔ (geologist)Ȃ

ᴪ̆ѿ ױז ̆ ѿױז ֪ҳ Ȃ 

ӊ ץ ̆ ҩ ̔ ᴪױ Table 4 ҂ ᵌ

̆ ῒ ѿ Ȃ ᴪ ᵍ≠ ȂTable 4

҈ ᴪ ӈ ӈ ̆Ҭ ң ̆╠

ң ѿ Ȃᵖ ╠̆ ױ ᶏ ᵍ≠ ̆

ᶏ Ҭ׆ ₮ ѿҩᵍ≠ ̔ Ȃ 

 

 

ȁ ȁ ̆ Ҍ Ȃ

[é] ̆ [é] №≢ ѿҩ

Ȃ 

֒ * 1ȇ (Physics 3.1)Ȉ 

 

 
1* ֒ (Aristotle, b. 384/3 Stageira, d. 322 bce Euboea) ̆⇔ ԅ

ᾥ (Lyceum) (Peripatetic school )Ȃ 

Ref 33  

 

 

Challenge 40 e  

Challenge 39 d  

Challenge 38 s  

Challenge 37 d  
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Table 4 ᵍ≠ Ȃ 

   ӈ 

№ №  ᾝ  Vol.III, 285 

   Chapter 3: ,  Vol.V page 364 

  ̆  Chapter 3:  

ץ    Vol.IV page 236 

ץ ⱴ ⱴ   Chapter 3:  

ӈ   ₃  Chapter 3:  

ᴋ    Vol.III page 286 

 

 

Table 5 ҍ Ȃ 

   

ҍ Ӳꜚ  ᵣῤ  0 to 33 m/s 

 ҉  to 150 m/s 0 ת

ֲ   0 to 30 m/s 

 ᾣ  0 to 90 m/s 

יּ   0 to 20 m/s 

ꜚ יּ   0 to 3 m/s 

ֲ   0 to 30 m/s 

 ⌠  0 to 20 m/s 

ȁ ȁꜚ ȁ   0 to 5 m/s 

҉   0 to 20 m/s 

 ( ) n.a. 

  0 to 60 m/s 

  0 to 8000 m/s 

 Ẓ  0 to 60 m/s 

  0 to 340 m/s 

 ( / / ) 0 to 80 m/s 

  0 to 20 m/s 

  0 to 20 m/s 

҉ ꜚ GPS, Galileo, Glonass 0 to 100 m/s 

  0 to 1000 m/s 

ꜚ ᾣ יּ  0 to 1000 km/s 

ꜚ ᾣ יּ  0 to 200 Mm/s 
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Figure 17ꜚ ҍֲ ҍ ᵥ ᵣ ̆

ᵣ  (after a graph É Henk Tennekes) ל
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ᵥҹ ̙ 

ꜚ ◐֟ Ȃ 

* 1  

 

Ҍ ̆ ̆

ȁ ȁ Ȃ 

ᾥ ḱ* 2  

ȇ (De rerum natura lib. 1, v. 460 ss)Ȉ 

 

ӊ∆ ₃ ̆ ױ ⌠ Ӱ қ Ȃñ (object)ò ҩ

Ҁ ̆ ñ ╠(in front)òȂ (developmental psychology)

̆ ױ ׆ Ҭ ₮ԅ Ȃ ꜚ

Ӟ Ӈ Ȃ 

Ҭ̆ ױ ץ ӈѿҩ ↓(sequence)̆Figure 18ῒ ᶛȂ

ҍ ԇԅ ױ ⱬȂ Ҭ ̕

ᵝ Ȃᴋᵥ ↓Ҭ ῒᵝ ̆ῒ ӊ

╠ȁӊ ҍӊ Ȃ ױ Ҍ Ҍ ╔(instant) ̆ ┴

Ӟ ҹñ ò̆ ױ ѿ℗ ┴ ↓ҹ (time)Ȃ 

 

Figure 18 : r ῖ , Ҭ̕: ӑӒ ( )̕ ̔

҉ (É Andrew Davidhazy, Max Groenendijk) 

 

 

 

 

 

 

 

 

 

 

 

 

 
1* (Theophrastus of Eresos, c. 371 ï c. 287) ѿᵝ ֲ Lesbian(ѿҩ ) ̆

֒ ᾥ ֲȂ 

2* · ᾥ ḱ· (Titus Lucretius Carus, c. 95 to c. 55 bce ) ֲȂ 

Ref 21  
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Table 6 ѿ֓ Ȃ 

  

 10-44 s 

 10 ys 

ᾣ ѿ ῖ  0.1 to 10 as 

╠֟ ᾣ ‖ 200 as 

 108.782 775 707 78 ps 

 1 ms 

PSR 1913+16 ( Ҭ ) ‖  0.059 029 995 271(2)s 

ֲ ñ ò 20 ms 

 0.3 d 

4ַ ╠ѿ  79 200 s 

ׂѿ  86 400.002(1) 

₮׆ ⌠10ַ  31.7 a 

 4600 a 

ֲ ᶏ  0.2 Ma 

 35 to 55 Ma 

̆ ῌIsuaץ ̆  3.8 Ga 

 4.6 Ga 

 13.8 Ga 

ᵣῤױ  13.8 Ga 

180mTa  1015 a 

209B  1.9(2)Ŀ1019 a 

 

Ҍ ↓̆↕ ҹ ↓ №̆ ҹԐᴌ

(event)ȂԊᴆ ӈ ̆ ≢ ̆ ꜚ Ả ԊᴆȂ(p Ԋᴆ

(exist)̙ ױ Ҋ ҩ ̆ Ῥ Ȃ) 

↓ ҩ ̆ ҹ ᵈ(stretch)ȁ (extension)ȁ (duration)Ȃ

Table 6 *1 ₮ԅѿ֓ ṿȂ ̆ ↓ (take time)Ȃ ױ ѿҩ

↓ ̆ ῒ ↓ ҍӊץ Ȃ 

Ἕ ↓ ֓ ̆ ᵥ׆ Ҭ ₮ ̙ ȁ

ȁ└ ȁ ȁ ̆ ֲ ҩ Ȃױז ̔ 

 

 ꜚ ₮ Ȃ 

 

 
1* ñ (year)ò ᵬ a ( Ҁ ñannusò)Ȃ 

Challenge 41 s  
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ᾙ ꜚ Ӟױ Ӈ Ȃ׆ Ṝ ױז̆ ꜚ

ñ ò Ȃ ץֲ ꜚҹ ‰̆ ֟ ҹ

(local time)̕ ₮ ҹ ֦ (lunar calendar)̕ ҉

̆ ҹ қ (UTC, universal time coordinate)̆ ñ ‰  

(Greenwich mean time)ò *1Ȃ ꜚ ₮ (ephemeris 

time)̕ Ҭ (proper time)Ȃ ꜚȂ 

ָӇ ꜚ ‰Ȃ Ὲᾝ2000̆ ѿ ҌῬἝ

1900 86 400̆ 86 400.002Ȃᵰ ₮ᵰ

ѿ ᴪ ѿ 86 400 ѿ ̙ 

ѿ℗ ӈ ԍ ꜚ Ȃҹԅᶏ ғ ̆

ѿ ‰ ꜚ̆ ӈ ‰ ↓ ‰ Ȃ ᴋⱵ

ҹ (clock) *2Ȃ ױ ץ ̔ 

 

׆ױ  ҉ ⌠ қ Ȃ 

 

̆ ҩ№ Ҭᶏ ѿ℗ ӈ ҍ ̆ ñ ò

ӈԅȂ ֲ ̆↨ ₮ ӈ ̆ ᶏ⌠ԅ ꜚӊ ӞҌᴪ

Ῥ Ȃ Ḃѿ ̆ñmomentòѿ ԍñ ꜚ(movement)ò̆ Ӎԅ

Ȃ ӥ ̆ᵖ ױ ꜚ ˻ 

 

̆ױ  ̆ ᾢ ꜚȂ 

 

ꜚ ױ Һ ᴋⱵ̆ᵬҹ ᴋⱵ̆ Ӟױ

Ȃ 

Ҍֽ ̆Ӟ ҩֲ Ȃ ῤױ ̆ ױ

ȁ ȁ Ҭ̆ Ӟᴪᵣױ ┴ ↓ Ȃ ױ ῤ

ᵣ ҍ ̆ ꜚҬ≠ Ԋᴆ Ȃ

̆ Ҍ ‰̆ ҍ Ȃ*3ֲ ᶏ

̆ ӊᵬҹ ┴ ↓ҍ ̆ ѿԊ Ҭ ⌠ Ȃ

ᶛ ̆ ֲ Ҭ ñv (when)ò Ȃ 

 

 
1* UTCԍ ᵝȁ ԑ Ὲ ȁGPS Ḥ ȂGPS ҕ

ᶏ ̆ ≢ ȁ ȁ ҬȂ www.gpsworld.comȂ

ף ῒ №Ӟ Ȃᵰ ₮ ֓ ̙ 

2* (sundials)Ȃ└ ױ ҹgnomonicsȂ 

3* ῤ Ȃ ̆ ῤ ̆ ‰ ̆ ῒ

Ȃ ԍ ӏ №ӊ₃ ⌠₃№ ֲ̆ №ӊ₃ Ȃ 

Ref 21  

 

Appendix B: :  

Ref 34  

 Vol.V, page 42  

 Ref 35  

 

Challenge 42 s  

Challenge 43 s  

Ref 36  
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№ ҩ Ȃ ᴋᵥ ↓Ҭ̆ ױ ⌠Ԋ

ᴆ ̆ ᵌ Ȃñ ò Ҍ Ҍᴪ

Ȃᵖ ңҩ ┴ӊ ̆ Ӈ ̆ ῒ Ԋᴆ Ȃ

Ҭ̆Ҍ ֲ Ҍ (time intervals)ѿ

̕ ғ̆ѿ℗ ѿҩԊᴆ ↓ Ȃ ̆ Ҭ

ѿ (unique)̆ ̆ Ҭ (absolute)Ȃ 

№ Ȃ № ̆ ȁ ȁ

Ἕ ̆ ῤ Ȃ ῒ ꜚ ῤ Ȃ ֓ №

╠ȁ ( )Ȃ 

ᵍ≠ 17ҕ ꜚ Ṝ Ả Ȃ זץ ѿҩ̆ץ

₃№ӊѿ ⌠₃ Ȃᵰ ז⌠ ӇẠ⌠ ̙ 

Table 7ԅ ױ ⌠ ̆ ҹᵓ⌐

Ȃ ̆Ӟ ԅ ѿ℗ Ȃ ѿ ᴪ ̆

ΐ ҍᵍ≠ ῃ Ȃ ᵍ≠ ’Ҋ̆ ҩ

┴ ץ ̆ ᵬtȂѿ ↓Ԋᴆ Ԋᴆ ∆Ԋᴆ ┴

ӊ ₮Ȃ 

ױ ѿ ̆ ≠ҍᵍױ ᵄȂ ̆ ה

̆Table 7↓₮ ᵍ≠ ѿ ᵌ ̆ ѿҩ Ҥ Ȃҩ

Ҭ ױ Ҭ Ȃ 

 

 

Table 7 g ≠ Ȃ 

┴    ӈ 

┴ № №  ᾝ  Vol.III, page 285 

┴  ↓  Vol.V , page 364 

ӈ    Vol.IV, page 236 

  ̆  Vol.V , page 364 

ⱴ ⱴ   Vol.IV, page 236 

┴ Ҍ   Chapter 9:  

   Vol.III, page 286 

  ѿ  

 

 

 

 

Vol.III, page 295  

Challenge 44 s  
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ֲ қ Ȃ 

  

 

ץ ᵝ ꜚ Ȃ 

̔Ả ȁ ԋ ȁ ȁ ȁ ȂFigure 19

ԅѿ֓Ȃ Table 8̆֓ Ҭ Ӟ ԍ ꜚ ҬȂ 

̆ꜚ Ҥ ↕̔ Ȃ Figure 20 ̆

ñ ò(allometric scaling ólawô) ѿ ᶛȂ 

ץ ᵝ ꜚ Ȃ ̆ ꜚ

̆ ⌠ Ȃ ↕ ꜚ └ Ғ Ȃ ױ Ҋ

ױז ѿ֓ Ȃ ̆ ױ Ȃ 

̙ ̙ ױ ֓ ̆

₮ѿҩ ֲ Ȃ ᾢױ ѿҩ Ҭ ̔ ԍ ̆

Ҭ ѿ ῤ ȁ Ȃᵰ ⌠ ̙ 

 

 

ҹ ̙ 

₃ ԅ̙ 

 

ױ ᴪҬ ᵣ ꜚ̆ ȁ ȁ ȁ —̆

Ȃ*1 ӊҹ (positive rotation)Ȃ Ӟ ֲ

ȂҹָӇ ̙ ҹ ֲ ̆ ᴪ Ȃ ₃׆ ╠

̆ᵣ ̆ ׂ ̆ ᵣ ᶭ

̆ Ӟ Ȃ₮ԍ ̆ Ҭ

҉ ̆ Ҋ ⌠ Ȃ 

└ ᴏ ̆Ҍ ԍ ̆Ӟ ԍ

Ȃ( ̆ ̆ῒҍ12

№ ̆ ↕ Ȃ)ᵰ ̆

ҩ ̆ ̆ױ ᶏ Ȃ 

 

 

 
1* ṿ ᶛ (ᵖҌ ῃ )ѿ Ȃ 

Ref 37  

 Ref 38  

 

Challenge 46 s  

Challenge 45 s  
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Figure 19 Ҍ ̔ ( 30 )ȁ ´ ( 6 )ȁ ( 4

)ȁѿ ȁ ᵍ≠  (© Carlo Heller at www.heliosuhren.de, Anonymous, INMS, 

Wikimedia, NASA) 

̔2025̆ ҉  www.helios-sonnenuhren.de/de/helios-subsolaris-0  

 

ᾣ  

: 

11h00 CEST 

 

(5 15) 

-‏   

 

CEST(Ҭ פ ) 

 

( ⱴ ) 

ᾣ 

http://www.helios-sonnenuhren.de/de/helios-subsolaris-0
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Table 8 ҍ ᶛȂ 

   

(Talitrus saltator) ׆ ֦ ᵝ ҩ

 

 

ֲ(Homo sapiens) â  0.023 to 0.03 s 

  0.08 to 0.13 s 

  0.3 to 1.5 s 

 ã  0.3 to 10 s 

  30 s 

 cellular circhoral 1 to 2 ks 

 ꜚ  5.4 ks 

  4 to 9 ks 

  11 ks 

 ֜ ҉ (SCN),  

, ,  

 

90 ks 

   

  2.4(4) Ms 

 built-in aging 3.2(3) Gs 

(Musca domestica)  30 ms 

(Drosophila melanogaster) Ẽ 34 ms 

ץ  ‏ ̕ 

ף ( ) 

 

ᴮ (Acetabularia) ҈ (ATP)  

(e.g. Neurospora crassa) №   

   

 ̕ ̆ 

GarnerAllardԍ1920

 

 

ᴿ (Arabidopsis) ꜚ  

  ₃  

(Desmodium gyrans) ᶷ  200 s 

 

Forsythia europaea, F.suspensa,  

F.viridissima, F.spectabilis 

ꜚ̆ 

Van Goochԍ2002  

5.1 ks 

 



 

 

 
׆02 ꜚ ⌠  

M
o
t
i
o
n
 
M
o
u
n
t
a
i
n
 

ï
 
T
h
e
 
A
d
v
e
n
t
u
r
e
 
o
f
 
P
h
y
s
i
c
s
 
c
o
p
y
r
i
g
h
t
 
É
 
C
h
r
i
s
t
o
p
h
 
S
c
h
i
l
l
e
r
 
J
u
n
e
 
1
9
9
0

ï
M
a
r
c
h
 
2
0
2
3
 
f
r
e
e
 
p
d
f
 
f
i
l
e
 
a
v
a
i
l
a
b
l
e
 
a
t
 
w
w
w
.
m
o
t
i
o
n
m
o
u
n
t
a
i
n
.
n
e
t

 

48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 20 Ӳꜚ ᵥ ̔ №ӊѿ

 (after data from the EMBO and Enrique Morgado) 

                 

                 

                 

                 

                 

                 

                 

                 

        

-1                 

                 

 

 

 

 

 

(ѿ 100ҩ )  

ף ̆ ᵣ 0.1% 

(ѿ 1 000 000 )  

 

 

(ѿ 30 000 000 )  

 
 

(ѿ 200 000 000 )  

  

(ѿ 300 000 000 )  

  

(ѿ 1 000 000 000 )  

 
 

(ѿ 120 000 000 000 )  

 

ᵣῤ  

(ѿ 3 000 000 )  

 

 

       

ᵩ /kg 



 

 

 
׆02 ꜚ ⌠  

M
o
t
i
o
n
 
M
o
u
n
t
a
i
n
 

ï
 
T
h
e
 
A
d
v
e
n
t
u
r
e
 
o
f
 
P
h
y
s
i
c
s
 
c
o
p
y
r
i
g
h
t
 
É
 
C
h
r
i
s
t
o
p
h
 
S
c
h
i
l
l
e
r
 
J
u
n
e
 
1
9
9
0

ï
M
a
r
c
h
 
2
0
2
3
 
f
r
e
e
 
p
d
f
 
f
i
l
e
 
a
v
a
i
l
a
b
l
e
 
a
t
 

w
w
w
.
m
o
t
i
o
n
m
o
u
n
t
a
i
n
.
n
e
t

 

49 

̙  

Wir kºnnen keinen Vorgang mit dem óAblauf der Zeitô 

vergleichen ï diesen gibt es nicht ï, sondern nur mit 

einem anderen Vorgang (etwa dem Gang des 

Chronometers). *1 

ȇ (6.3611)Ȉ  

 

Si le temps est un fleuve, quel est son lit? *2 

 

ñ ꜚ( the flow of time)ò

Ȃ ᴪñ ꜚò̆ ᵖ Ҍ ꜚȂ Ғ ױ

Ԋᴆ ꜚ ̆ ꜚ̆ᵖ Ҍ ꜚȂ Ҍᴪ╠ ̆ ̆Ӟ

Ȃ ꜚ ̆ Ἕ ֜ ᵌ Ȃ 

ñ ꜚò ѿҌ ̆ᾢ ѿ֓ ᴰ ̆ ᴰ

̆ ׂ Ȃ֒ ץ ₮ԅ Ӟז̆ Ҍ

ᴧȂ ̆ ñ òȁñ Ҍ ò ñ ӊ ò ׅ

̆ Ḃ ⌠Ȃ Ҍ ṕ (reversed)̆ ꜚ ̆ץ

℗ ̆ ץ ̕ ӞҌ ̆ ꜚ ֲ̕ Ả Ҍ

ӊ ̆ Ҭ ꜚȂ ̆ ֲ

Ώӥ Ҍ ñ ӊ ò̆ ױ ԑ Ȃ ̆ Ҍᴪ ₮℗

Ȃ 

 

 Ғ ꜚ̆ ᵣ ꜚȂ 

 

̆ ꜚ Ȃ₮ԍ ̆ ᾧᶏ ñ ( )ò

Ȃ ꜚҒ ᴪ ױ ñ ꜚ ( )òȂ 

 

 

ᵥҹ ̙  

 [é] ꜚ [é]Ȃ 

· ȇ ҍ ӊ Ȉ*3 

 

  

Ҍױ *1 ᴋᵥ ҍñ ò ̆ қ ̆ѿҩ ҍ ѿҩ

( ̆ҍ ᵬ )Ȃ 

2* ñ ѿ ̆ῒ ָӇ̙ò 

3* Ŀ (Hermann Weyl, 1885-1955) ̆ ̆ ңҩ

ῃ ӊѿ̆ ̆ ӊ ̆ ᵬ Ȃ 

Vol.III page 90  

Ref 40  

 

1* :ñ ҉   Ҍ ò̆ Ҍ ̆ᵖ Ḛ ӈҬẼ ӈȂ 

 

Ref 39  

 

Challenge 47 e  
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ױ №ңҩ ᵣ̆ №ң ̆ ױ ᾢ № ױ ᵝ Ȃ ױ

ȁ ȁ ȁ ᵣ (proprioception) №ᵝ Ȃᵝ

Ȃѿ ѿ ѿҩ Ȃᵝ ̆ ᵝ ̆

ҹ( ) (space)Ȃ Ȃ 

(size)ҍ ᵝ ℗ ῏̆ ᵣ ᵝ Ȃ

ᵝ ̆ ᵝ Ȃ ױ Ȃ 

ױ ᵥ׆ Ҭ ₮ ̙ ֲ̆ ( ꜚ )

ᴪ (perception)̆ ȁ ȁ ȁꜚ (kinesthesis)ȁ╠

̆ ѿ Ȃ ҩ ӟ Ҭ ȂἝ

ñ ̙ò ץ ҕ҉ Ȃ ׆↕ֲ Ҭ

̆ ȁ ȁᵣ ȁ ȁ ᵣ ԍ Ȃ

ȁ ȁ ȁ ȁ ȁ ȁ ֟ ̆ ץ

ҹԊҙӊ Ȃ 

 

 Ṣꜛ ̆ ᵣ ѿ℗ᵝ ῏ Ȃ 

 

ֲ ₮ ץ̆ ‰ ȁᵝ ȁ Ȃ 

Ȃֲ ᵟ Қ Ṝ̆ қ ̆ ̆

ΐ̆ Ȃ ׂ̆ ₃Ӎ ԅѿ ↓ Ȃֲ

ᵥ ⌠ ѿ ̙ 

ֲ ₮Қ ȁ҇ ҕ ̆ ԅ ȂTable 9 ԅ

ѿ֓ ̆ ҩֲץ Ȃ ץ ᵝ ̔ᵝ Ҍ

*1Ȃ Ҍץ ᵝ ̆ ץ (length) ӈ̆ ץ ᵣ

̆ ץ (surface area) ӈȂ ץ Ȃ(Table 10 ₮ԅѿ

֓ ̕Figure 23 ԅѿ֓ Ȃ) ᵣ ҍ ȁҍ ᵣ

ᵝ ῏Ȃ Ҭ̆ᴋᵥ҈ ӊ ԍ ˊ̆ ȁ ץ

Ȃ  

̆ױ ҈ҩ (dimension)̆ ױ ӈ҈ҩ ᵝ ↓Ȃ

Ԋ ҉̆ ꜚ ῤ ҈ҩ (semicircular canal)̆ ץ ᵣ ҈

Ҭ ⱴ ̆ Figure 21 Ȃ*2 ̆ ֲ ҈ └( ҈

̙)Ȃ ᶫԅ ҈ ѿ ̔ ԍ҈̆ ԅ̆

ҹ (knot) ԍ҈ ȂҹָӇ ҈ ̙ ӊ

ѿ̆ ױ ғ ҊҌ ̆ Έ Ῥ Ȃ 

 

 
1* ̓͂ ԍҌ ӈ̆ ҈page 288Ȃ 

2* ̆ ҈ ̕ ᴚῗĿ Ꞌ (Luitzen Brouwer, 

b. 1881 Overschie, d. 1966 Blaricum)̆ Ȃ 

Chapter 2:  

Challenge 49 s  

Challenge 48 s  
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Table 9 g ≠ Ȃ 

ᵝ    ӈ 

№ №  ᾝ  Vol.III, page 285 

 ↓  Vol.V , page 364 

   Vol.V , page 363 

҈ҩ   3  Vol.IV, page 235 

ҹ   ̆  Vol.V , page 364 

ӈ    Vol.IV, page 236 

ᵝ  ⱴ   Vol.IV, page 236 

ӈ   ₃  Chapter 3:  

ᵝ  Ҍ    

ᵝ    Vol.III, page 286 

  ѿ Chapter 2:  

 

 

ױֲ Ҍ ȁҌ Ȃ Ҍ Ȃ Ȃᶛ ̆ᵰ

ҬҌ ̙ 

ѿ ̆ Ӟ Ȃ ‰ ᵝץ ֜ ̆

ֲֲ ץ ṿ Ȃ ᵝ ױ ᵍ≠

ѿ ̔ ȁ҈ ȁ ȁ ȁ ȁ ₃ ȁ ѿȁñ

òȂ ҉̆ΐ ҉ ҹ҈ ₉

(Euclidean space)̆ῒᾝ ( ) ̆ ҩ ҈ҩ ̆ ᵬ 

&ᴇ*ᴈ*ᴉ' &/' 

ҹ (coordinate)Ȃѿ ↓ ΐᵣ ₮ ԅ ᵝ Ȃ(῏ԍ ₃

ӈ̆ Ȃ)  Chapter 3:   

Challenge 50 s  

Figure 21 

҈ҩ

ңҩ ̔

Ӳꜚ ( ֲ

)ῤ Ҭ ╠

̆ ҈ҩ

ץ ѿҩ   

(É Northwestern 

University) 

  

 

╦  
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ֽ ῤ ҉ ԅ 2000 ̆ ₮ñ ò

ñ ò ԊȂץ ѿֲ

*1̆(1) זץ  ̆ ҹ (Cartesian coordinate)Ȃ 

ѿ ̆ ҕ Ȃ ױ ’̆

ꜚ ῀ԅ Ȃᶛ ̆ ҉ ᵣ ̆ ױ ᾧᶏ

ӊױ ῏ Ȃ ̆ ᾧᶏ Ȃ 

ױ ̆ ᵥץ Ӟ Ȃ ̆ᵰ

̆ҕ҉ (Table 11Ҭ↓₮ԅѿ֓)̆ ғ ױ ֟

ѿ ̆ ѿ ȁ ȁ Ȃᵰ

⌠ ̙ 

ѿ ̆ ױ ↓₮ Ȃה Ῥ ̆

ᵌ ̆ ̆ ױ ̆ Ŀ

Ȃҕ҉ ԍ῏ז ῀ ꜚ Ȃ ױ Ҋ

ѿ Ȃ 

 

ɀɏŰɟɞɜ ɟɘůŰɞɜ.* 2  

ᾥ ḇ (Cleobulus) 

 

 

ҍ ̙ 

 

₃ ̆ ҍ ң Ȃѿ ̆ ҍ

ᵌ ѿ℗Ԋ Ҍ Ȃ ӊ̆ ҍ ԍԊ ̆

Ȃ ѿ ̆ ҍ ױ ᵣ ῏ ΐ̆

ӊ̆ ױ ԅ ӈ̆ ױ ῏ ̆ Ȃᵰẁ

̙ Ҍ ֜ Ҍ Ȃ ױ Ҭ ̆

‗ӊ ̆ ҈ Ȃ 

 
ῤĿיּ *1 (Ren® Descartes or Cartesius, b. 1596 La Haye, d. 1650 Stockholm)̆

ז̆ ñje pense, donc je suisò̆ ז ӊ ҹñcogito ergo sumò̆ (I think 

therefore I am)Ȃ ז ̆ ѿҩֲ ѿ ץ Ȃ 

2* ñ (Ԋ)Ȃò ᾥ ḇ (Cleobulus of Lindos, c. 620ï550 BCE) ҂ ӊѿȂ 

Challenge 51 s 

Ref 41 

Challenge 52 e 
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 10-85 m (ֽҹ ṿ) 

ᾥ ̆  10-35 m 

 1 fm 

 2.426 310 215(18) m 

ֲ ꜚ 11 pm 

 30 pm 

 0.2 ɛm 

ᾣ  0.4 to 0.8 ɛm 

╖ ₴⃰  5 ɛm 

:  20 ɛm 

ֲ ׆) ⌠ ) 30 to 80 ɛm 

—  20 cm 

ҩֲᵣ DNA  2 m 

ֲ ᴋ  427 m 

≠ ֲ̆  828 m 

̆ (Armillaria ostoyae) 3 km 

 c.5 km 

 40 075 014.8(6) m 

ֲᵣ (T ) 4to16Ŀ104 km 

ֲᵣ (T ) 1.5to8Ŀ105 km 

 149 597 870 691(30) m 

ᾣ  9.5 Pm 

⌠ῖ  10 Em 

 1 Zm 

י⌠  28 Zm 

 125 Ym 

 

Figure 22 ּיῤĿ (1596-1650) 

Table 10 ѿ֓ ṿȂ 
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Figure 23 ̆҈ ( ȁ № ȁ )̆ ҈ ᾣ ( ȁ

ᾣ ȁᾣ ) (É www.medien-werkstatt.de, Naples Zoo, Keyence, and Leica Geosystems) 
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Table 11 ҍ Ҭ Ȃ 

   

ָ  

ᵣ ̆ 

ᶛ ̆ ̆  

ᴰ  0.3 mm to 2m 

ҍ  ᵣ  1 to 100 m 

ҍ   0.1 to 1000 m 

꜠    

  0.5 m 

  100 m 

  3 km 

  1000 km 

 ᴰ  2 m 

ȁ ȁ  

 

 0.1 to 1000 m 

  0.5 m 

 

ᾣ  ᾣ 0.1 m to 400Mm 

  0.1 to 50 km 

 ɛm to 50 km 0.5 ת 

ȁ ȁ‰ ᵣ  ⁞ 125 Ym 

 ⱴ  ᵞ 10-18 m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 24 (curvimeter)  

(photograph É Frank M¿ller) 

Figure 25№ ѿҩᶛ ̔ ᵌ ( ) ῒ Ȃ 
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̔ ҍ ̆ᵣ Ҍ  

 

ѿҩ ῒ (size)Ȃ ҩ ╠ᾙ ӟ ᵥ ꜚҬ≠

Ȃ ֲ↕ ӈҹ ӊ ̆ ֲ ץ

ӈ Ȃ ױֲ ԅ₃ Ԋ Ȃ ₃

ԅ ’ӊ Ȃ 

ҩ ԍ Ŀ *1 ₮ ̔ ̙ 

(odometer, Figure 24 ) ҉ ̆

l ‗ԍ ᶛ ᴂ ( 1:10000 1:500000)̔ 

їᴂװ;װ
.,03 &0' 

( ῒ ῒ Ȃ) l0 ᶛ ҹ 1:1 ȂҺ ̆

̆ Ȃ ̆ ⌠ ̆ӂ ѿ

Ҋ ̆ ץ Ȃ ̙ ̆

Ȃῒ ԅ ̕ ׂ̆ ױ ҹⅎ (fractal)Ȃ

№ ̆Figure 25 ԅѿᶛȂ*2ᵰ Ῥ ѿ ̙ 

ῒ Ȃ ᵹ· ≠(Giuseppe Vitali) ᾢ ̆ ץ

ҹ 1 №◓ №̆ ꜚ̆ ץ ױ

ҹ 2 Ȃᵰ ӇẠ ̙( ̆№◓ №Ȃ) 

ѿҊ 

 

 Ȃᵖ ֽ ӈ̆

℗ץ ᴍ ↕ ӈȂ 

 

̆ ױ ᾧᶏ № ῒ ̆ ῒ ױ

Ȃ ӥ╠ԓ Ẋ ̆ ˻ ױ ѿ

№ ֓Ẋ Ȃ 

҉ ҍץҊ ̆ Ȃ ̆ ᵣ

ӈ Ȃᵰ ̆׃≢̙ Ӈ ̆ ᴰ Ẓ ԅȂ

ᵣ ӈ ΐ ң ̔ṿ ⱴ ̆ ԍ

 
1* Ŀ Ŀ (Lewis Fray Richardson, 1881 - 1953), ȁ Ȃ 

2* ֓ ᵌ (self-similar)̆Ӟ ҍ҉ ᵌ ñ òȂñ№ (fractal)ò

ѿ ᴿꜜ Ŀ + (Beno´t Mandelbrot) ₮̆ ѿ ̔ ױ

ѿ ̆ᵖ ӈ҉ Ȃ + Ὀҍ e ῏

ҹὈ=1+Ὡ̆ ̆ὈӞ ’ ̆ ҉ ᶛҬ̆Ὀ=1.25Ȃ ṿὈ=1.14̆

≠֒ Ὀ=1.13̆ D=1.02Ȃ 

Ref 42  

Challenge 54 d  

Challenge 53 e  
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̆ ᵣ ҩᾝ ᵣ ̕ ֓ṿ

(rigid)̆ Ӟ ̆ ױ ѿҩ ᵣ ℗ ̆ Ҍ Ӈ

↓ ֓ ̆ῒṿ Ḡ Ҍ Ȃ ӈ ̙ ӊ̆ ᵣ

̙ 

ԍ ̆ ‰ ̔ ҹ a b ӈҹ A=ab̕

ԍᴋᵥ ץ ◓ ̆ ױ ҹץ ӈ

ѿҩ ṿȂ ѿ ̆ ץ ӈҹ ҩ

ӊ Ȃ ҹ №(integration)̆ ꜚᵬ ׃ Ȃ 

ᵖ №Ҍ ץ ҹᴋױ ӈ Ȃ(ᵰ ⌠ ᶛ ̙) 

ӈ ΐ̆ *1ԍ 1923 ₮Ȃז ױֲ̆

ҹᴋᵥѿץ ӈѿҩ ̆ ᶏ Ҍ ғ ̆ᶛ ╠ ⌠

№ Ȃ ׂ̆ ӈ ̆ ҉ ѿ ñ ⱴ Ҍ

(finitely additive isometrically invariant measure)ò̆ (Banach measure)Ȃ

ױ ̆ ԋ Ҭ ѿҩ ̆ ѿ ҹᴋᵥѿץ ӈ

̆ᶏӊ ⱴ Ҍ Ȃ*2 ӊ̆ 

 

 Ȃ ԍ ῒ ̆ ӈ ̆ 

ᵖ ԍ ↕Ҍ Ȃ 

 

҈ ӊᵣ ᵥ̙Ҍ ҍץ ̆ ҹa, b, c

ᵣᵣ V ӈҹV=abcȂᵖ ҉ ⌠ԅ ѿҩ ̔ѿ ᵣҌ ◓

ᵣ˻ ᾥ Ŀ *3ԍ1900 1902 Ȃז ‗ԍ

ԋ (dihedral angle, Figure 26) ṿȂ ̔ ѿ ᵣ

ѿҩ ̆ ῒ lӗץ₱ g(Ŭ) ₮̆Ŭ ԋ ̆ Ӈ ₱

g(Ŭ+ɓ)=g(Ŭ)+g(ɓ) g(́)=0̆↕ ᵣ ӊ №◓╠ Ҍ ̆

ҹ Ғ (Dehn invariant)Ȃ ₱ g ѿҩ ᶛ ̆ ṿ0№ ˊ

ᴋᵥ Ṑ ̆ ṿ1№ ˊ Ṑ Ȃ ̆ ᵣ ῒ ԋ ṿ

ץ ֓ Ṑ Ȃ ₱ ̆ ֪ץ ᵣҌ

№ ҹ ᵣ̆ ҹ ױ Ҍ Ҍ Ȃ*4  

 
1* ₄Ŀ (Stefan Banach, b. 1892 Krakow, d. 1945 Lvov) Ȃ 

2* ԍ Ȃ ( ) ’ ̆ Ҍ Ȃ ̆ Ҍ

̆№ Ҭ Ӟᴪ ҉Ȃѿҩῖ ᶛ ֲ ̔ ̆

ṿᴪ₃׆ ⌠ѿ Ҍ Ȃ 

3* ᾥ Ŀ (Max Dehn, b. 1878 Hamburg, d. 1952 Black Mountain)̆ ̆ ᴿ Ȃ 

4* Ӟ ȇM. A igler & G. M. Z iegler, Proofs from the Book, Springer Verlag, 1999.ȈҬ Ȃ

ῒ ᴯ Ḡ Ŀ ָ(Paul ErdŖs)ӟ ז̆

ԍñ ӊӥòҬȂ 

Figure 193 

 

 

 

 

Challenge 57 s 
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Ҍ ӊԊ̆ᵖ ᵣ Ҍ ⱴ ᵣ ̆ ҹ

ѿ ̆ ᵣ ñ ò ̆ῒᵣ ץ № ӈȂ 

ױ ҈ ѿ ◓ ғ̆Ҍֽֽ ⌠ ñ ò ҍ◓ Ȃ

№ץױ - (Banach-Tarski theorem)Ȃ1924 ̆

ҍ *1 ̆ ץ ѿҩ ᵣ℗ ԓᴍ̆ ԓᴍ ץ ңҩ ᵣ̆ ҩ

ᵣ ҍ ᵣ Ȃ - Ȃ ֲ ̆

ҩ ₮ ᴋ̔ ңҩ ̆ ױ Ҍ ᵈ⌠ ғ̆ ҩ ѿҩ

ᵣ(solid sphere)̆ Ӈ̆ ◓ ̆ ѿҩ◓ ѿҩȂ ≢ ̆

ץ ◓ ̆ ӊ֞ Ȃ ᵣ ԅ *˻2 ӊ̆ᵣ Ҍ ҩ

˻ 

- ₮ңҩ ̔ ѿ̆ ԍ ̙

ԅȂ ԋ̆ ץ ̙ ӊ̆ ̙ ױ

ңҩ ̆ ױ ῒ Ȃ ╠̆ ғ ױ └ ᾣ

( ῒ◓ )̆ Ҍֲפ֓ Ȃ └Ҋ̆ ᵣ

̔ ⱴ ȁҌ ̆ ӊ Ȃ*3 - ℗

 
1* Ŀ (Alfred Tarski, b. 1902 Warsaw, d. 1983 Berkeley) ⱬ Ȃ 

2* ̕ᴚ Ŀ (Ian Stewart)ȇParadox of the spheres, New Scientist, 

14 January 1995, pp. 28ï31.ȈҬ ԅ Ȃ ԍӊ ⌠ Ὲ (axiom 

of choice)Ȃ - Ӟ ԍ ҍᴋᵥ ҬȂ ץ Stan Wagon

ᵬҬ ⌠Ȃ 

3* ̆ Ҭ̆ יּ (Lebesgue measure) ԅȂ ⱴ Ҍ

ᶫԅ ӈᵣ ѿ Ȃ 

ԋ  

Ref 43 

Figure 26ѿҩ ᵣ ῒѿҩԋ  (É Luca Gastaldi) 

  

Ref 44 

Vol.III page 286 
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◓ Ҍᾣ ̆ ≠ ₴ ≠ Ҍ̆ ₴

⃰ Ȃ ᵥ̆ ױ ̆ѿҩ ѿ ᵣ ҩ ̆

ױ ᵣ ̆ Ȃ ӊ̆ 

 

 ᵣ ֽ ᵌ Ȃᵣ ֽ ᾣ ӈ Ȃ ᾛ ≠

℗◓̆ѿ Ҍ ᵣ Ȃ 

 

̆ ױ ᾧᶏ ᵣȁ ȁ ̆ ױ ᵣ̆ ױ

≢ Ȃ ױ └Ҋ ȁ ᵣ Ȃ ӥ╠ԓ

Ẋ ȂῬ ̔ ױ └̆ ᶏ ױ ҬҌ Ȃ

ױ ̆Ӟ Έ ⌠ ֓Ẋ Ȃ 

 

 

̙ 

 

₄ ⌠ қ ̆ 99% ֲ Ȃ Ӟ Figure 27 ᶛ

*1Ȃ ׂ ᵣ 18 Ȃᵖ ̆ Ҭ ⌠ ̔ ȁ

ΐȁ ȁӥ ȁ ȁ ̆ Ҍ ԍ Ҭ қ ̔ ȁԐ

̆ Ҭ ָӇ ̆ Ҭ Ȃ 

ᴋᵥѿ ױ ñ ò ̔   ᾣȂ ѿ

ԍ ᾣ ̆ ױ ӊҹ (straight) Ȃ ң ӈῒ ᴇ Ȃᵰ

̙ᵰ Ῥ ҩ ӈ ̙ ̆ ҩ ѿ℗ᵝ ȁ ᴋ ̆

ᾣ ̆ ױ ӊҹ (flat) Ȃ  

ӊ̆ ̆ ᵣ ӈ Ȃῒ ̆ѿ℗ ̆

ѿ℗ ѿ ̆ ꜚ ӈȂ 

 

 

 

 

 
1* ҹָӇ ᵣ ̙ Ҭѿҩҍ ῏ ᶛ ѿ ῌ ̆

ҹ ֲ (Giantôs Causeway)Ȃῒ ⌠ ̆ ֓(₃Ӎ) (₃Ӎ)҈ ̆↕

ᵌȂ 

Ref 46 

  

Figure 299 

  

  

Figure 307 

Ref 45 

Challenge 59 ny 
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Figure 27 Ҭ ̔ (  3 mm, É Stephan Wolfsried) (  15 m, 

É Arch. Speleoresearch & Films/La Venta at www.laventa.it and www.naica.com.mx) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 ׆  (NASA) 

 

 

file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/www.laventa.it
file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/www.naica.com.mx
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Figure 29 ѿҩ ̆ ԅ (É Helmut Diehl) 

 

 

̙ 

 

ԅ Ȃ ֓ ֲ ҹֲ̆ ѿҩ ῤ ̆

ױז ӊҹ (hollow Earth model̆ ñ ò)̔ Ҭ

̆ Figure 29 Ȃױז ̆ᾣ Ҭ ᴰ Ȃᴰ

Ҭҍ r ᵝ ̆ ԍ ᵝ r he=R2
Earth/rȂᵰ

̙Roman Sexl*1 ז Ԋ ҩ Ȃ 

ᵰ̔ ᵰ ̆ ᵰ ԅ˻

Ȃ Figure 29 ̆ ץ ȁ ֜ ץ̆

Ȃ Ҭᴪ ԊӞ Ȃ ῃ ᴇԍ

Ȃ ױ ӈ № ҩ Ȃ 

 

 

 
1* Roman Sexl, (1939ï1986) ≠ ̆ ₃ ⱬ ⱬ

ӥȂ 

Ref 47 

Vol.II page 285 
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̔ ҍ  

 

Ҍ ̆ ᵥ 1 ῤ ̙ ̔

Ӟ ץ ᾣ Ȃ 

* * 

ѿҩ֜ԑ  https://htwins.net/scale2/̆ ץ ᾥ ⌠ ӊ

̆ᵣᴪ Ԋ ᶛȂ 

* * 

ҩ ̔ ₮ ̙ 

* * 

ҹָӇҊ Ԛ ̙ 

* * 

ԅᾣ ̆ Ҭ ѿ ̔ Ȃ ̆

̆ t eӊ ῏ ҹ e = t 0.51 mm/a+88.1 mmȂ

ᵝҬ ñaò Ҁ ñannusò̆ ñ òȂ 

* * 

ᵰ ̆҈ ῤ ԍңṐ ̙ ҉ ҈ Ӈ ̙ 

* * 

ᵰ ѿҩ ԍῒ ̙ 

* * 

Ҁ Ӝ ̆ ҈ ῍ ̆ Ȃ ӇẠ̙ 

* * 

(How fast does the grim reaper walk)̙ ҩ 2011 ȇ

(British Medical Journal)Ȉѿ Ȃ ᵥ ̙ 

* * 

Ȃ Ȃ— Ӟ ̆ ᵬ—

— (ogive)Ȃ ҬӞ ᵌ Ȃᵰ ᶛ ̙ 

* * 

Ref 48 

Challenge 65 s 

Challenge 64 s 

Challenge 63 s 

Challenge 66 e 

Challenge 67 e 

Challenge 68 d 
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ѿ ꜚ ҉ Ȃѿҩֲ ꜚ ҉ ҉ ̆ ԅ 60 ץז̆

ꜚ ҉ Ҋ ̆ 90 Ȃ ꜚ ̙ 

* * 

ңҩ ̔ѿҩ 4№ ̆ѿҩ 3№ Ȃ ᵥ ױ ₮ 5№ ԅ̙ 

* * 

ᵰ ң Ҍ Ḡ Ҝ̆ Ḡ Ҝ ѿ№ ȂҌ ӞҌ̆ױ

Ȃ ᵥ 45 ԅ̙ ̔ ᵥ 10 ԅ̙ 

* * 

҈ҩ ̔ѿҩ 8 ̆ѿҩ 5 ̆ ҩ 3 Ȃ ᵥ

ױ № ңᴍ̙ 

* * 

Ӈ Ḥ ҉ ҩ ̆ ֲ ̙ 

* * 

Figure 30 ̆ Ҭ ̆ ᵥ ̙ 

 

 

 

 

 

 

 

 

 

* * 

ѿ ѿ ̆ ̙ 

* * 

ԓ ѿ ̆ ᵥ ⌠ ̙ Έ №ң ̆

҈ ̆ Έ ‗ ̙ҹָӇ̙ 

⌠ ҈ ̆ ץ ҉ ̙ 

* *  

Challenge 69 s 

Challenge 70 e 

Challenge 71 e 

Challenge 72 e 

Challenge 73 s 

Challenge 74 s 

Challenge 75 s 

Challenge 76 e 

Challenge 77 e 

  Figure 30 ̙ 
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ᵰ ( )҉ ⌠ ҈ ҈ҩ֜ ̙ 

* * 

̔ѿᵝ ֲ ̆ 10 km̆ 10 kmȂ ѿ ̆Ῥ

10 km ⌠ ԅȂ ָӇ ̙ᵰ ҉ ԅȂῬ ̆

Ȃ ̆ ֲ ֓ ץ ҉ ̆ᵖ Ԋ

ԅ̆ Ӈ ᵝԍ ҉≢ ָӇ ̆ ֓ ̙ 

* * 

Figure 31 ̆ ѿ ҉̆ ѿ ҉Ȃ ҉̆

Ȃ ῒῖץ ╠ ̆ ץ ᵈ Ȃ

̔ ⌠ ̙ 

 

 

 

 

 

 

 

 

 

* * 

ԍ ̆1 km 1000 m̆ᵖ ԍ ̆ң Ҍ ˻ ԍ

̆1 km ҩ׃ԍ 0.5 km⌠ 1.5 kmӊ ṿ̆ 1000 m 999.5 m⌠

1000.5 mӊ ṿȂ ץ Ώ ṿ ȂҒҙ ̔1000(8) m

1000±8 m̆ ṿ 68.3% ԍ׃ 992 1008 mӊ Ȃ 

* * 

҉ Ȃ ҍ № ָӇ ̙ ҩ ҹ

(Peirceȭs puzzle)Ȃ 

* * 

Ӟ ѿ ( ᵌ )№ ̆ Ҍ ↕ Ȃ № ҹ 2.7Ȃ

ѿҊ˻ 

* * 

ᵥ ⌠ Ҭ ̙ 

Challenge 78 e 

Challenge 79 s 

Challenge 80 s 

Appendix B:  

Challenge 81 s 

Challenge 82 s 

Challenge 83 e 

  

  

  

  

  

Figure 31  

⌠

Ӈ̙ 

Ⱶ  
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* * 

24 ῤ̆ № ₃ ̙ ̆҈ ̙ 

* * 

№ 24 ῤ ̙ 

* * 

ԋ ң ֜ ᵝ ̆ ׅ ┴Ȃ 12 ῤ ҩ

┴̙ ̆ ᴪ ̙ 

* * 

ѿ№ ₃ №̙ 

* * 

Ҍ ֲ̆ ̙ ₮ ָӇ̙ 

* * 

ѿ ҉Ȃ 1 ̆ ׆ Ҋ ̙

1 ̆ ׆ Ҋ ̙ 

* * 

҉⅞ Ȃז Ҋ ѿ ԅ Ȃ ҡ ̆ ѿ ⅞

ԅ 10№ Ȃ ̆⅞ Ȃ ז ⌠ ̆ ׆ ԅ 600 Ȃ

̙ 

* * 

҈ ᾞ ḬȂ ҈ 18 Ȃ ҈ ׂ Ӈ Ṝ̆

ѿ Ȃ ԅ̙ 

* * 

ñ ̙ò ҩ ̕ñ ָӇ Ṝ̙ò₃Ӎ ̆ ᶏ ῒ

ҬӞ ȂҹָӇ̙ 

* * 

Ҭ ̙ ̙ 

* * 

Challenge 84 s 

Challenge 85 s 

Challenge 86 s 

Challenge 87 s 

Challenge 88 s 

Challenge 89 s 

Challenge 90 s 

Challenge 91 e 

Challenge 92 s 

Challenge 93 s 
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ᵥ ӈ ̙ ̙ 

* * 

ᵰ ̙ 

* * 

ֲᵣ 400 Ȃᵰ Ӈ ̙ 

* * 

(vernier) ᵥ ̙ ῒ ҬӞ noniusȂ╠ ѿᵝ ´Ԋ

*1̆ᵖҌ ז ̕ ѿᵝ Ҁ *2 Ҁ

ñӜò ῏ Ȃ ױ ׂ Figure 32 ̆ ᾥ Ӌ *3ԍ 1600

ז̆ 1582 ≠ (Gregorian calendar) Ȃ Ҍ

10Ṑ̆ ᴋ Ȃ ⌠ ̙ 

 

 

 

 

 

 

 

 

 

 

 

* * 

Figure 25№ ҈ ̔ ѿ ᵣ̕ ҩ҈ ҉ ѿҩ

ᵣ̕ ҈ Ῥ ᵣ̕Ҍ ᵣ ⌠ ҈

҉Ȃ ̆ № ̙  

 
1* Ŀ (Pierre Vernier, 1580-1637)̆ѿᵝ └ ῐ ´ Ȃ 

2* Pedro Nu¶es or Peter Nonnius (1502ï1578)̆ └ Ȃ 

3* ᾥ Ŀᾥ Ӌ (Christophonius Clavius or Schl³sse,l 1537͠1612)̆ ᴠ≠֒ ̆

ҩ ף Һ ӊѿȂ( : ₮ ̆ Ὲᾝ1 ̆ᵖ

Ȃ) 

Challenge 94 s 

Challenge 95 s 

Challenge 96 s 

Challenge 97 s 

Figure 32 ѿ◐9:10 ѿ 19:20 ( ҉ 38:40 ) (É 

www.medien-werkstatt.de).(Éwww.medien-werkstat.de) 

Challenge 98 s  
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* * 

ᵄ Ȃѿҩ Ả ̔Ҍṕ ̆ Ả ᵝ

d ̙(Ẋ Figure 33 ̆Ẋ

ҹ RȂ)Ҋѿҩ ̔ ץ ╠ ꜚ̆ ̙ ᵥᶭ

ԍṕ n̙ ׂ ҬᵌӍ ‗ Ȃ(ᵬ ҹ ѿҩ ᾟ№

‗ ᶫԅ 50 ᾝ̕Ҹ · (Daniel Hawkins) ץ Ҭ

⌠Ȃ) 

 

 

 

 

 

 

 

 

 * * 

ױ ѿ Ώ ̆ ̆ Table 12 Ȃ 

* * 

1996 ̆ ᾥ ҹ 10-19 mȂ( Ҍ

Ώ ҩ ṿ̆ ֲ Ȃ) ҩ ṿ ָӇ̙ 

 

 

 

* *  

     

1 100    

0.1 10-1  10 101 

0.2 2·10-1  20 2·101 

0.0324 3.24·10-2  32.4 3.24·101 

0.01 10-2  100 102 

0.001 10-3  1000 103 

0.000 1 10-4  10 000 104 

0.000 056 5.6·10-5  56 000 5.6·104 

0.000 01 10-5  100 000 105 

Challenge 99 s  

Challenge 100 s  

Challenge 101 s  

Challenge 102 s 

Ref 49 

  

Table 12 ̔ ᵥ Ώ Ȃ 

Figure 33   

Ả ᵝȂ 
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ԅ ꜚ ᵣ ┴ᴪ ָӇȂҹԅⱴ῀ ̆ᵰ‗

└ Ȃ Ȃᵰ ⌠ ̙ 

* * 

Ҍ ̆ᵰ ֽ ₃ᵥ ̙( 30 Ȃ) 

* * 

ҹ ̆ ̆ ₃ (ᶛ Figure 28)̙ 

* * 

ѿ ң Ȃ Ҭ ָӇ̙ 

* * 

ңҩ ҍ ῏Ȃ Figure 34 ̆ ̆ (plane 

angle)̆ ӈҹ ҍ ӊ ̆ ˊ/2 (radian, rad) 90°Ȃ 

ᵣ (solid angle) ҍ ӊ Ȃѿҩ ᵣ ῇ№ӊѿ ˊ/2

(steradian) ˊ/2 srȂ( ᴪ ᵝȂ) ̆ Ἕ ᵣ ᵣ

Ҍ ̆ԋ ָӇ῏ ̙ 

 

 

 

 

 

 

 

 

 

    

* * 

ץ Ȃ׆ ⌠ Ҭ ̆⌠ ⌠ ̆

ҹ T̆ ᵀ ( ) Ŭ̆ ↕ Dҹ 

ׁ;
4k

ᴂí
י &1' 

ҹָӇ ̙cc.oulu.fi/~kempmp ῏ԍ Ḥ Ȃᵈ ῏ ӊ

ҹ 3°ȁ2° 3°̆ ᵈ ҹ 20°Ȃᵰ ҍ ῏ ῒ ̙ 

* * 

  

Challenge 103 s  

Challenge 104 s  

Challenge 105 s  

Challenge 106 s  

Challenge 107 s  

Challenge 108 e 

  

  Challenge 109 s 

Figure 34 ᵣ ӈȂ 

‌ 

‌
ὥ

ὶ
 

ὶ 

ὥ 

ɱ 

ɱ
ὃ

ὶ
 

ὶ 

ὃ 
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Figure 35 ̆≠ ̆ ץ ӈ (sine)ȁᵩ (cosine)ȁ ℗(tangent)ȁᵩ

℗(cotangent)ȁ ◓(secant)ȁᵩ◓(cosecant)Ȃ ѿҊ 

sin15Á=
Ѝ6-Ѝ2

4
, sin18Á=

-1+Ѝ5

4
, sin36Á =

10-2Ѝ5

4
, sin54Á=

1+Ѝ5

4
, sin 72Á=

10+2Ѝ5

4
 

̆ᵰ Ҋ ̙ 

qglᴇ

ᴇ
;amq

ᴇ

0
amq
ᴇ

2
amq
ᴇ

6
&2' 

 

 

 

 

 

 

 

 

 

 

 

 

     

* * 

Ȃᶛ ̆ᵰ ֦ ᵰ

̙ (angular size)̆Ҍ ̆ ת Ȃ 

Figure 36 ᶛ̆ ԅᵀ ̔

Ȃ ף יּ (Ptolemy) ֲ (apparent distance)

֦ (Moon illusion)Ȃ ̆ ֦̆ ֦ ᴪ Ȃῒ ̆ ֦

҉ ̆ ̆ Ȃᵰ ̙ 

Figure 37 ̆ ֦ Ȃ 

* * 

ᵍ≠ ȇ (Dialogues)ȈҬ ז̆ ԍң ̆

y = x2 Ȃ ָӇ̙ᵰ ץ ҉ ⌠( ᵌ) Ȃ 

* * 

  

Figure 35 ȁᵩ ȁ ℗ȁᵩ℗ȁ ◓ȁᵩ◓ ң ᴇ ӈȂ 

  

Challenge 110 e  

Challenge 111 e  

Challenge 112 e  

Challenge 113 s 

Ref 50  

Challenge 114 d  

ҹ1  

 

sin 

cos 

cot 

tan 

ҹ1  

 

sin 

cos 

sec 

cosec 

tan 

cot 
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Figure 38 ̔ ҩ ῏ ̙ Figure 39 ҈ҩ ҈ ̆ ׆

O₮ ̆҈ ABC

̙ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37 

֦

 

(É Anthony  

Ayiomamitis) 

 

 

 

 

 
 

Figure 36 (apparent size)ѿ Ҭ ᵥ Ȃ 

A 

B 
C O 
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Figure 38 ̆҈ҩҌ ̆ ℗̆ Ҭ ҩ ̆ҍ

҈ҩ ℗Ȃ ҩ ṕ Ӈָ׆ ῏ ̙ 

* * 

Figure 39 ̆ ѿҩ ᵣ OABC̆ῒ҈ OABȁOBCȁOAC O

ҹ Ȃ ӊ̆ OAȁOBȁOC Ȃ ᵣҬ̆҈ OABȁ

OBCȁOAC №≢ҹ 8ȁ4ȁ1Ȃ ҈ ABC ̙ 

* * 

῏ԍ ̆Figure 40 ԅң Ȃ5 ҉̆↨ ⌠ѿ

ҩ 1 ̆ ⌠ ̙ ң ң ҉̆

ғ ֜ ̆ Ӈң ̙ 

 

 

 

 

 

 

 

 

 

 

 

 

* * 

ң ̆┴ ̆ ⁞Ạⱴץ Ȃᵰ ץ₮ Ạӗ

̙ 

* * 

̆ѿ ᴪ ̙ 

* * 

Figure 41 Ҭ̆ ᾙ̙ 

* * 

̆ᴪ₮ ѿ Ҍ ᵖ ֲ ̆ Ȃᵰ

Ҋ Ҭ ⌠ ̙ 

Challenge 115 s  

Challenge 116 s  

Ref 51  

Challenge 117 s  

Challenge 118 d  

Challenge 119 s  

Challenge 120 s  

Challenge 121 s  

Challenge 122 e  

Figure 40 

ң ̔ 

Ҭ ̆ 

Ȃ 

 

b 

 

r 

  

h 

d ? 

 

h? 

 

ҹl 

ҹ

b
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* * 

ңҩ ᵣץ ֜Ȃ֜ ᵣ ̙(ᾢ ҩ Ȃ) 

* * 

ҹ 1 dm ᵣ̆ ѿ ᶷ ̆ ⌠ѿҩ ̆ ץ

ҹ 1.06 dm ᵣ Ȃ ̙ 

* * 

ԋ ̙ (Alexander Dewdney) ԅ Ӈҩ ̆ Ώ

̆ ԅ ȁ֜ ȁ ȁ Ȃᵰ ҹָӇԋ Ҍ

̙ 

* * 

̔ ᵣ̆Ҍᴪ ̆₃ӍҌ ᵈ ̆₃ᵥ ₃

ӍҌ ‗ԍ└ Ȃ ֓ ָӇ̙ 

└ ̆ ԍѿ ₃ᵥ ̔ Ҭ ̆

n ̆ Ҭ̆ ѿ Ȃ₮ԍ

₃ᵥ ̆ΐ ῤ ΐ ҉ ̆ ᶏ Ȃң

ȁ҈ ȁ ₃ᵥ Figure 42 Ȃ 

* * 

ѿ֓ ֲ ץ ԋ Ȃ ץ ̙ 

ѿ֓ ֲ ץ ҈ ҉ץ Ȃ ץ ̙ 

Ref 53  

Challenge 123 s  

Challenge 124 s  

Challenge 125 d  

Ref 52  

  

Challenge 126 s  

Challenge 127 s  

Figure 41 

̔

ᵥ ̙ 

(É Peggy 

Peterson) 
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* * 

 

 

 

 

 

 

 

 

 

Figure 42 ң ȁ҈ ȁ Ȃ Ҭ̆ Ḳᴀ №≢ҹ

39.4Áȁ42.8Áȁ43.8Á̆ (zero twist structure)Ȃ Ҋ̆Ҍᴪ

(É Jakob Bohr, from Ref 55) 

 

ꜚ ѿ ñ ᵣ ò Ȃ ṿ

ҹ 2000̆ ֓ ṿҹ 500̆ ֓ ṿҹ 380Ȃ ֓ ׂ Ḡ

Ȃ ȁ ȁ ȁ ȁ ῒ ꜚ Ȃ 

* * 

ҹָӇ ̙ 

* * 

1 ᶏ ̙ 

* * 

ѿҩ ̆ Ȃ ⱴ ⱬ̆ ᴪ ҹ Ȃҹԅ ᾧ

̆ҹԅ ̆ Ῥ ҍ ̙

̆ғ ҍ ᵝԍ ѿ ῤȂ 

* * 

֓ Ȃ2014 ̆ẫ ֲ 30⌠ 40 ӊ

Ȃ ̆ ᵀ 180 300 ӊ Ȃ 

* * 

ᵰ ₃ᵥ̆ ȂClaud i Alsina Roger B. Nelsen ȇ

̔ ԋ (Icons of Mathematics: An Exploration of Twenty Key Images, MAA 

Ref 54  

Challenge 128 e  

Challenge 129 e  

Challenge 130 s  
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Figure 43 ̔ ̙(É Piotr Pieranski, from Ref 55) 

Press, 2011)Ȉ ῀ ӥ̆ ῏ԍ₃ᵥ ֲ Ԋ ̆Ҭ

Ȃᵰᴪ Ȃ 

* * 

҈ ᾟ Ȃ (Euler)ȁ ≠ (Charles Julien Brianchon) ↓(Jean-Victor 

Poncelet)῍ ̆ ᴋᵥ҈ Ҭ̆ Ӝҩ ᵝԍ ѿҩ ҉̔҈ Ҭ ȁ҈

ȁ ҍ ҈ Ҭ Ȃ ̆҈ ȁ ȁ

Ӝ ȁ ᵝԍ ѿ ҉̆ ҹ Ȃ 

῏ ҈ ̆ ҈ ӊ ῃӥ(Encyclopedia of Tri

angle Centers): faculty.evansville.edu/ck6/Encyclopedia/ETC.htmlȂ 

* * 

ҩ῏ԍ ̆ ֲ ‗Ȃ Figure 43 ̆ ѿ ȁ

ᾣ ̆ ҉ ҩ Ȃ ң ԅ ̙ 

 

 

 

 

 

 

 

 

 

̔ ҍ  

 

ꜚ ӈԅ ȁ ȁ Ȃ ҹ ȁ ҹ҈

ȁ ҹѿ (Ӟ )̆ Ḃ ‰ ҍ

Ȃ ױ ᵍ≠ ᶭ ҈ ҹ Ȃ 

ȁ ҹ ḂȂ № Ҭ̆

Ȃ Ȃɒ ̆

ץ ԍ1025 ԍ10-25 ̆ ᵣ ҉ Ҍ Ȃ

ױ ѿ № ’ Ȃ 

 

 

 

 

  

  

Challenge 131 r  

https://baike.baidu.com/item/%E4%B8%89%E8%A7%92%E5%BD%A2/179552?fromModule=lemma_inlink
https://baike.baidu.com/item/%E5%A4%96%E5%BF%83/8952220?fromModule=lemma_inlink
https://baike.baidu.com/item/%E9%87%8D%E5%BF%83/13132777?fromModule=lemma_inlink
https://baike.baidu.com/item/%E4%B9%9D%E7%82%B9%E5%9C%86%E5%9C%86%E5%BF%83/2960056?fromModule=lemma_inlink
https://baike.baidu.com/item/%E5%9E%82%E5%BF%83/5825600?fromModule=lemma_inlink
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 Chapter 3  

03 ᵥ ꜚ̔ ꜚ  

 

La filosofia è scritta in questo grandissimo libro  

che continuamente ci sta aperto innanzi agli occhi  

(io dico lôuniverso) ... Egli ¯ scritto in lingua 

matematica. * 1  

ᵍ≠ ȇ (Il saggiatore VI)Ȉ 

 

̆ᾙ ꜚ ׆ Ҭ ꜚȁ ̆ ȁ ȁ

ȁ ȁ ȁ Ȃ ғ ⌠ Ȃ 

ᾢ̆ ꜚ ᵝ Ȃ׆ chapter 6 ̆ ӥ Ҋ ̆

ץ Ȃ ԅѿҩ ┴̆ ꜚ Ҭ ѿ (

) ᵝ ̆ Ȃ ԍ ┘Ҍ ѿ׆̆ ⌠Ҋѿ ῒ ↨

ץ Ҍ ᾧ Ȃ 

ñ ꜚ ᵝ ò (explanation)Ӟ ӈ(definition)̆ ꜚ

(description)̆ ҹ ᵝ ׆ ꜚ ₮ Ȃ ̆

ҹ ̆ ױ ⱬ ꜚⱬ ѿ ̆ ⱬ ‰

ױ ↕Ȃ ᵝ ῒҒ ̔ ꜠ (kinematics)Ȃ 

ᵝ ꜚ Ȃ Ҍ Ȃ №̆ ױ

ᶛȂҌ ᵣ Ȃѿҩ ᵝ

ῒ (path) (trajectory)Ȃ ̆

׆ chapter 6 ꜚ Ȃ 

Ҭֲ̆ҍ ꜚ ȁ ₃ ҉ ѿ

̆ ץ ̔ ҈ҩ ȁ҈ҩ &ᴇ*ᴈ*ᴉ'̆ ҩ ѿҩ̆ ױ

ᴃ ₱ Ȃ(₱ (function) ӊ Ȃ) ᵬ 

ẞ;ẞ&ᴃ';&ᴇ&ᴃ'*ᴈ&ᴃ'*ᴉ&ᴃ'' &3' 

ҽҩᶛ ̆ᵍ≠ Ả ̆ᴋᵥ ᵣ ᵣ ᴉ  ׆

ᴉ;ᴉї)ᴅᵵї&ᴃ ᴃї'
/

0
ᴃ&צ ᴃї'

0 &4'

 
1* ñ ԍ ױ ╠ ӊҬ( ) ...... ӥΏȂò 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Ref 56  

Vol.III page 289  
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ῒҬt Ҋ ┴̆z ∆ ̆ὺ ∆ ̆Ὣ 9.8 mȾs2

̆ ԍ ѿ℗ ᵣ 300№ӊѿ ῤ Ȃ9.8 mȾs2

ṿ ῒ Ẓ ̙ ױ ₮∆ ̆ᵖ Ҍ ⱳ Ȃ 

∆ ҹ ’ Ȃᵍ≠ ῒ ╠ֲ ̆

ⱬ̆↕ Ὣ ᵣ ѿ Ȃז ̆ᵰ ⌠ѿ↕ ̙ ז̆

ԅ ѿ Ȃ(ᵍ≠ ῒ Ạ ̆ Ẋᴰ

Ȃ) 

ԅ ⌠Ԛ ̆ (6) Ԛ Ȃ ₮

ԅ׆ ҉ Ҋ  ὺ̆  

ᴅ; קצ0 &5' 

3 ֟ 27 km/h ȂӞ ֽҍ Ȃ

ֲ ᵀԅῒ ̙ 

ᵍ≠ ᵝ ₮ ᵣ(free fall) ֲ̔

꜠ Ȃ Figure 44 ז̆ ̆ ₮ Ҋ ҍ

ⱬ ῏Ȃ ᶏ ז ҕ ̆ ᴯ Ӟ Ҍ ѿ ̔1658

̆ (Cimento) ԅѿ ѿ ̆ ԅ ₮

ҍ Ҋ Ȃᵰ ױז⌠ ᵥ ̙Figure 44 ԅ ᵥ

Ȃ Ҭ̆ ᵥ̆ ̆ң ᵣ ᴪ

Ҭ ׆̆ ԅ ѿ Ȃ 

ӊ̆ Ҍᴪ ҉ⱴ Ȃ ⱬ ץ Ҍ ̆ῒ

ꜚ Ҍᴪ ȂӞ ̆ҍ(6) x, yңҩ ҹ 

ᴇ&ᴃ';ᴇї)ᴇᵳї&ᴃ ᴃї'

ᴈ&ᴃ';ᴈї)ᴈᵴї&ᴃ ᴃї' &6'
 

֓ ₮ Ȃ ҹ (parabola)̕

Figures 18ȁ44ȁ45 Ȃ( ᵣӞ ╠ ᾣ Ҭ̆

ָӇ ̙) 

Ȃ Figure 45 ̆ (path) ꜚ ῏

(diagram)Ҭ Ҋ Ȃ ῏ ̆ ֓ ᴪ Ҍ ̔

(space-time diagram)̆ ᵝ ̆ ꜛԍ ̕ (configuration 

space)̆ ᵣ ̆ Ҭ ̆ ԍ ̆

̆ Ҭ ᵬ ̕ ץ ҹ Ҭ

̕ , (hodograph) ñ òҬ ̆ ץ

ԍ Ȃ (phase space)Ӟ ҹ (state space)̆ ꜚⱬ Ҭ ῏

Ȃ 

Challenge 134 s  

 

 

 

Ref 58  

Challenge 132 s  

Challenge 133 s  

 

 

 

Ref 59  

  

 

 Challenge 135 s  

Ref 60  

 

  

 

   

  

 

 

 

Ref 57  
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̔ Ŀ Ŀ₯  

 

ꜚ ꜚ (the kinematic description of motion) ԍ ѿ ↓ Ȃ 

* * 

⌠ ̙2019 ̆ (Usain Bolt)⇔ ԅ 12.5 m/s å 45 km/h

ҕ ̆1997 11 m/s å 40 km/hȂ ̆ ׆ ⌠

9.5 m/sȂ ῃױז ꜛ ױז̆ ױז̙ ӇẠ⌠̙ ̆ ꜚ ץ

20° ̆ ҹױז Ҋ ⌠ Ȃ ױז ⌠

45°̆ ױז ̙45° ᶃ ̙  

Ref 61  

 
space- time diagram 

 

 

Ref 62  

Ref 63  

Challenge 136 s  

Figure 44 ᵣ Ҍ ‗ԍ ң Ȃ 

 

Figure 45 ѿ ᵣ ꜚ ῏ Ȃ 

 

 

ὺ 

ὺ ᾀ 

άὺ 

ὼ 

ᾀ 

ὸ 

ᾀ 

ὼ άὺ 

  
configuration space 

 

 

  
hodograph 

 

 

  
phase space graph 

 

 

ὸ ὼ 
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* * 

ҹָӇ ꜚ (Dirk Nowitzki) ⱳ̙ז ·  

(Holger Geschwindner) ̔ז ҍ 47 ῀ ̆ ⁞ ̆ ҹ

̕ ҹ ѿҩ ҉ ̆ Ӟ ҩ Ҭ ꜚ̕

̆ Ἕ ҉ ѿ ̆ ң ҉ ꜚȂ ֓ ‰

Ҋ̆ ҹԅҕ҉ ꜚ ӊѿȂ 

* * 

Ώ ̆200 ңᵝҕ Ḡ ױז̆ ָӇ῍

ױז̙ ȁẫ ȁ Ҭ Ȃ ֓ ᶏױז ҹᴨ

ꜚ Ȃ ѿ ᶏױז ҹҕ ꜚ ױז̔ ̆₃Ӎ S

Ȃ ̆҆Ҭ ѿ̆ױז Ҍ ֲ ̆ ױז ѿ

ֲ ѿ Ȃ ᶏױז Ҭ ₮Ȃ 

* * 

ꜚ Ҍ ̆ ̆ҹ ̙ ҍ (gait)

῏ֲ̆ ↕Ҍ Ȃ Ҍ ̆ ⌠ ҉Ҍ Ȃ 

* * 

ֲ ₮ ᵣ ֲ̙ ̙ ᵥ ↕̙ ֓

ҍ 1988 ᾥ(Harry Drake) ⇔ 1871.8 ȁ1987 ᾥ

⌠ 1854.4 ץ̆ (Don Brown) ⇔ 1222.0 Ȃ 

* * 

ᵥ ᴮ ̙ ̔ ᴪױ ̆ Ӟ ץ

ᾣ Ȃ ӇẠ⌠ ̙ 

* * 

Ҭ ̆ Ta ⌠ ӊ╠̆ ץ ₃ ̙ 

* * 

ҍ ᴪ ₮ Ḃ̆ ᵝ ȂStanley Caveneyױ ῒ

Ҋԅ ȂFigure 46 ԅѿ (Calpodes ethlius)

Ҭ ȂẊ ⌠ ҹ 1.5 (

(Epargyreus clarus) )̆ ̙ ᵥẠ⌠ ̙  

 

Challenge 137 s  

Challenge 138 s  

Vol.II page 17  

Challenge 139 s  

Challenge 140 s  

Ref 64  
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* * 

ῒҍ ̆ ץ ⌠ ̙ 

* * 

Ҭ̆ ץ ̙ 

* * 

ⱬ̆ ᴪ ⌠ ̙— ̙ 

* * 

Ҭ ̆Ῥ ̙ 

* * 

30 ̆ 12 ԅѿΐ ᵣȂ

̙ 

* * 

Figure 47 ̆ ꜚ ̆ ̆ 2.2 Ȃ ҈ ң

̆ᵰ ̙ ңҩ Ȃ ᵣ Ὲ (6)

’Ҋ ̆ᶛ Ҍ Ȃ ᵍ≠ ̆ ⱬ

̆ ױ ᴪ ҩ Ȃ ԍ ⱬ̆ ӞҌ Ȃ 

ῒ ̆ ֓ ’Ҋ̆ ᶏ ⱬ̆ ᵣ ӞҌ Ȃᵰ ҽᶛ

̙ 

 

Figure 46 

҈ ⱴ ̆ѿ

ѿ

₮(ÉStanley Caveney) 

 

 

Challenge 141 s   

 

Challenge 142 s  

Challenge 143 s  

Challenge 144 s  

Challenge 145 s  

Ref 65  

Challenge 146 s  

Challenge 147 s  
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Figure 47 ꜚ ⌠ Ȃ 

 

 

  

 

֓ ѿҩ ̆ ҈ҩ ҈ҩ№ (component) ̆

ҹ (vectors)̆Ӟ ᵬ ̆ᶛ Ȃ №

̆ ⱬȂ 

ץ *1 Ȃ ̆ ̔ң ȁ

ѿ ̆ ᶏ ׆ױ Ҭ Ҍ Ȃ ҹ ᵌԍ

̆ ץ ⱴ ӗȂᶛ ̆ № Ҭ̆ ẅ;&נᵳ*נᵴ*נᵵ' ⌠

 c Ṑ̆ ԍעẅ;&נעᵳ*נעᵴ*נעᵵ'Ȃ 

Ҭ̆ ҹ (vector space) Ҭ ᾝ Ȃ

ԍ Ҭ ѿ℗ ẅ Ẇ̆ ץ  c  Ὠ̆ Ҋ ̔ 

Ẇע(ẅע;'ẅ)Ẇ&ע ẅף(ẅע;ẅ'ף(ע&* 'ẅף&ע;ẅ'ףע&* */ẅ;ẅ &7' 

ᶛ ̆ѿҩ ѿ℗ ᵝ ̆ ῒѿ℗ ̕

ῒѿ℗ ѿҩ ̙ 

ѿ℗ ᾛ ӈ ѿ (null vector)̆ץ ᾛ ҹ ҩ ӈ

ѿ Ȃ 

̆ ץ ῀ ̆ ñ

(magnitude)òȂ ῀ңҩ (scalar product)Ạ⌠ ̆

 
1* ̔arrow ԅ // ̆ Ҍ ñ (arrow head)ò̆ = + Ȃ 

 

 

Challenge 148 s  

 

 

Challenge 149 e  

  

 

꜠ ᵩ [ m]  

꜡  

     

     

 

 

 

 

  

 

 

 

  

 

  

 

 ָ 
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Figure 49 Ŀ

Ŀ (1646-1716)Ȃ 

Figure 48 ѿ ◓ Ȃ 

ӈ̆ ѿҩ Ȃ (scalar) ̆ᶛ ԍ

Ҍ Ȃ*1ңҩ ẅҍ Ẇӊ Ҋ ᴆ 

ẅẅ .*

ẅẆ;Ẇẅ*

&ẅ)ẅ'Ẇ;ẅẆ)ẅẆ*

ẅ&Ẇ)Ẇ';ẅẆ)ẅẆ*

,'ẅẆ&ע;'Ẇע&ẅ'Ẇ;ẅע&

&/.' 

׆ ӈ Ҍ ѿ ̕Ҍ ѿ ‰(standard) ̆ ‰

ץ ҹ 

ẅẆ;נᵳסᵳ)נᵴסᵴ)נᵵסᵵ &//' 

Ώץ  ẅẆ̆Ӟ ץ Ҭ ẅ ẆȂ ңҩ ҹ ̆

↕ ңҩ ֢ (orthogonal)̆ Ȃ( ѿҊ˻) 

(length) (magnitude) (norm) ץ ӈҹ ҍῒ

;נ̔ ẅẅȂ ̆ Ҭ̆ ᵣӥΏ̆ ⱴ Ȃ Ӟ

Ώᵬנ; ẅфȂΐ ҹ ₉ (Euclidean) Ȃ 

ԍ ≢ ȂԊ ҉ ң̆ҩ ӊ ԅ ӊױ

Ȃᵰ ↕ ῏ ̙ 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
1* Ҭ̆ (number)̕ Ҭ̆ Ҍ (invariant number)̆

Ȃ Ҭ̆ ᾝ ̕ Ҭ̆ Ҍ (invarian)

ᾝ ̆ Ҍ ̆ῒ ᴪἝ № ѿ Ȃ 

Challenge 150 e  

  

 

  

 

Challenge 151 s  

  

 

y 

t 

ȹy 

ȹt 

⅓  

Еdy/dt 

◙ Е 

ȹy/ȹt 
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: ҍ  

 

ᵍ≠ Ҭ̆ ꜚ(motion) (rest) Ȃ ѿҩ ᵣ

ᵝ ( ῒ )̆Ҍ ̆ ԍ Ȃ ӊ̆(ᵍ≠ )

ӈҹ 

ẞ&ᴃ';amlqr, &/0' 

ῒҬ̆ẞ&ᴃ' ҈ҩ ᴇ&ᴃ'*ᴈ&ᴃ'*ᴉ&ᴃ' ΏȂ ױ ⌠̆ ѿ ӈ

ῒ Ҍ ̆ ץ ȂᵖҌ Ӈ ӈ ̆ ץ ᵝ

̆Ӟ ̆ № Ȃױ (velocity) ẚ ӈҹῒᵝ  ẞ 

 ᴃ Ȃ ᵬ 

ẚ;
bẞ

bᴃ
&/1' 

Ҭ̆ b-bᴃ№≢ᵬ ⌠ ҩ ̆ ñ ò̆ ױ

ᵝ (derivative)Ȃ (speed) ẚ (velocity) ẚ ̔ᴅ; ẚẚ Ȃ

Ώ № ץ̆ (slope) Ȃ  

b

bᴃ
jgk
ᵯὪї ᴃ

Ώ &/2' 

Figure 48 ̆ ̆҅ (derivative at a point) ῤ◓

(secant) (limit)Ȃ ӈ ԅ Ҋ ↕ 

b&ᴂ)ᴁ'

bᴃ
;
bᴂ

bᴃ
)
bᴁ

bᴃ
*
b&עᴂ'

bᴃ
ע;
bᴂ

bᴃ
*
b

bᴃ

bᴂ

bᴃ
;
bфᴂ

bᴃф
*
b&ᴂᴁ'

bᴃ
;
bᴂ

bᴃ
ᴁ)ᴂ

bᴁ

bᴃ
&/3' 

ῒҬ ע ץ ᴋᵥ Ȃ ԍ Ҭ ̆ Ӈ ȂἝ bᴃ bᴂ

̆ ҹ ⅎ(differential)̆ ױ Ȃ 

֓ ⱳԍ *1Ȃ ԍ

Ȃ ױ Ὲ Ҭ ᶏ ̆ ≢ ┴

̆ ⱳ ᴯȂ  

 
1* Ŀ Ŀ (Gottfried Wilhelm Leibniz, b. 1646 Leipzig, d. 1716 Hannover)ȁ

ȁ ȁ ȁ ֜ ȁ ֲ̆ ᴯ ӊѿȂז( ӊ╠)

ԅ №(differential calculus)̆ ז ҩ ₮ ԅ ⱬ ᵬ̆ ȇ

(De arte combinatoria)Ȉȁȇ Ẋ (Hypothesis physica nova)Ȉȁȇ ҉ (Discours 

de m®taphysique)Ȉȁȇֲ (Nouveaux essais sur lôentendement humain)Ȉȁȇ

(Th®odic®e)Ȉȁȇ (Monadologia)ȈȂ 

  

 

  

 

  

 

  

 
  

 

Challenge 152 e  
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ӈ̆ ԅ  ᴃὪ.̆ Ӟ Ẋ Ҭ

Ȃӊ ץ ӈ ̆ ҹ (continuous) ̆

̆ ҍ (connected) (complete) Ȃ ῖ ӊ

∆̆ (infinitie) ԍ ҬȂ ױ ӈ ѿ

№Ȃ № ӂ ῒ Ȃ ₮ Ҍ ᶏ Ҍ

‰ȂҹԅḠ ‰̆ ⌠ Ҭ ң Ȃ ӊױ

Ῥ׃ ױ ӈ ῒ Ȃ 

ꜚ Ҭ̆ ₮ ᾢ ⌠ ┬

∞Ȃ ז ҈ Ҭ ̆ ԍ ѿ ┴̆ ԅҍῒ

ѿ № ̆ ┴̆ ӈȂז ₮ ̔ ꜚҌ

Ȃ ׂ̆ Ҍױ ↕ ԅ ꜚ ̆ ԅ ꜚ

̆ ≢ ᶏ № Ȃ(ᵰ ̙) ̆ ∞

Ȃ ┴̔ Ȃ 

Ȃ Ҍ Ȃ ̆

ױ Ҍ № ῒ ҹҌ ᵣ̆ ̆ᵖ ῒ

Ҍ Ȃ ױ ѿ №̆ ױ

̆ Ȃ № ̆ ҹ ‗ ҍז Ҍ ̕ ѿ

̆ ñ ѿ ò ѿ ᾟ№ ȂҌ ̆ ╠ ױ ѿ

̔ Ẋ ̆ ᾣ Ȃ 

ҹᵥ ̙ҹԅ ꜚ̆ ױ ⌠

↓ Ȃ ↓Ȃ 

 

 

ԋ :ⱴ   

 

ᵣ ⱴ (acceleration) ẅ ̆  ẚ  

ẅ;
bẚ

bᴃ
;
bфẞ

bᴃф
&/4' 

ꜚȁ ȁ ̆ ױ ⌠ⱴ ȂTable 13Ҭ ₮ԅ

ᶛȂⱴ ̆ⱴ ѿ ̆ⱴ Ӟ

̆ѿ ᵣ Ȃ  

ױ ҉ ץ ⌠ ⱴ  ( ֓ⱴ ᵞԍρ ̆צ )̆

ⱴ ᵣῤױ ֓ №ҍῒ № ꜚ̔ⱴ ᶏ ױ Ȃ

ꜚ № ץ қ ̆ ץ ̆ ԍ Ȃ ⱴ ᴰ

̆ᶛ Table 14Ҭ↓₮ ᴰ Figure 50Ҭ ᴰ ̆

̆ ץ ᵬȂ  

Vol.III page 288 

  

 

  

 

  

 

Ref 66 

Challenge 153 e  

Vol.VI page 65 
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Table 13ѿ֓ ⱴ Ȃ 

 ⱴ  

ᵰ ⌠ ṿ ̙ Challenge 154 s 

M82 ῒ ⱴ  10 fm/s2 

ⱴ  10 pm/s2 

҉ ⱴ  0.2 nm/s2 

ԍ Ҍ ̆ᾢ ⁞ױ  0.8 nm/s2 

ⱴ  33 mm/s2 

֜ Ҭ ⱴ  50 mm/s2 

ⱴ  1.3 m/s2 

ⱬⱴ  1.6 m/s2 

̆ ҉ ⁞  5.5 m/s2 

ⱬⱴ ̆ ‗ԍᵝ  9.8¤0.3 m/s2 

‰ ⱬⱴ  9.806 65 m/s2 

ꜚ ⱴ  15 m/s2 

 20 to 90 m/s2 

ⱴ  32 m/s2 

ⱬⱴ  25 m/s2 

(Musca domestica) c.100 m/s2 

ⱴ  c.120 m/s2 

ῃ ⱴ  360 m/s2 

ⱴ ( ̆Philaenus spumarius)  4 km/s2 

 0.1 Mm/s2 

ⱴ  2 Mm/s2 

 0.1 Gm/s2 

ⱴ Ҭ ⱴ  90 Tm/s2 

ῤ ⱴ  1031 m/s2 

ⱴ  1052 m/s2 

 

ⱴ ̆ ᵣ ̆ᵣῤ ᴰ Ȃ ⱴ

Ȃᶛ ̆ ң⌠҈Ṑץֲ ⱬⱴ ҉ⱴ ̆ ᴪ ̆ ᴪ

̆ ҹ ⌠ Ȃ צ5 ~ 3 ⱴ Ҋ̆ צ9 ~ 7 ⱴ Ҋֲ̆ᴪҦ

̆ ҹ ̆ ׆ ₮Ȃ ֲ ⱴ

ⱴ ̆ᴪ ₮ Ҭ Ȃ ҙ̆ױז

̆ ץ ⌠ ᵣ҉̆ץ ᾧ Ȃ 

ᵰ ⌠ѿ ᵰ ⱴ ᵖ Ҍ⌠ ’ ̙  

ᵝ ̕ⱴ ᵝ ԋ ̕ ץ ӈ ⱴ

Ȃᵖ ױ ⌠̆ ױ ₃Ӎ ꜛ̆ ֓

ⱴ Ҍ ԍ ꜚ Ȃ  

Ref 67 

Challenge 155 s  

Challenge 156 s  
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Figure 50 ҈ ⱴ ̔ ᴰ ȁ҈ ⱴ ȁֲ ῒ

 (É Bosch, Rieker Electronics, Northwestern University) 

Table 14 ѿ֓ⱴ ᴰ Ȃ 

 ᴰ   

( ȁ ȁ ȁ ) ⱬ  (statolith) 0 to 10 m/s2 

Ӳꜚ ⱴ  ῤ ( ⱴ

)̕  

ҩ Ҭ ( ⱴ

) 

0 to 20 m/s2 

ף ⱴ

 

ᴰ  0 to 20 m/s2 

ⱴ  ᴰ  0 to 2000 m/s2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

╦  
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׆ ⌠  

Wenn ich den Gegenstand kenne, so kenne ich auch 

sämtliche Möglichkeiten seines Vorkommens in 

Sachverhalten.*1  

ȇ (2.0123)Ȉ 

 

ꜚ ӊѿ̆ ⌠ ҍ ‰ ȂṢꜛ ̆

ץ Ȃ ≢ ̆ ׆ױ ̆ ̔

ץ № №(parts)Ȃ ץ ҹ̆ᴋᵥ (object) ᵣ(body)

Ҋң ̔ѿ ̆ (matter) *2̆ ᵣҌ ῀ (impenetrability)

̆ ңҩ ѿҩ ̕ԋ ̆ ᵣΐ (form)

(shape)̆ ӈҹ Ҍ ῀ Ҭ № Ȃ 

‰ ꜚ̆ ׆ ῀ Ȃѿ ̆ ᵣ Ȃ ⌠Ҍ

ῒ № ᵣ ҹ (particle) ( corpuscle ԅ)Ȃ

Ȃ ’Ҋ̆ ҍῒ ꜚ ץ Ҍ ̆

̆ῒᵝ ῃ ѿ ҈ᾝ ̆ ҹ (point particle)̆

(point mass)̆ (mass point)Ȃ(6) Ẋ Ȃ 

̆Ӟ ᴋᵥ ̙ Ӟ Ȃ

ῖ ԅȂ ╠̆ ̆ 2 ɛrad̕ Ҭ

̆ ῒ ‗ 10 nrad Ȃ ᴆ └̆ ױ

̆ ñ òȂ 

( ) ᶛ ̆ ץ ת Ȃ*3

ױֲ ԅѿ֓ ̆ᶛ Figure 51 (Betelgeuse)̆ (Mira 

in Cetus)̆ ԋ(Antares)̆ ԓ(Aldebran in Taurus), (Sirius in Canis Major)̆ ױ

Ҍ⌠ң ᾣ Ȃ ᵣ Figure 52Ȃ ѿ℗

̆ᵖֲױ Ҭ ױ ѿ Ȃ( ̙)  

  

 
1* ñ ѿҩ ̆ Ӈ Ӟ ῒ Ԋ Ҭ₮ Ȃò 

2* (matter)ѿ Ҁ ñmateriaò̆ ҹñ ò̆ ׆ ҹñ ֪ò ñmaterò Ȃ 

( ̔ñ òѿ ӈ̆ ̔matter ̆ҍ ̆ № ȁ ѿȁ

ñ ò̕ substance ԅ Ҍ Һᵣ ᵣ̆ ȁ ñ ò̕ Ȃ) 

3* stars.astro.illinois.edu/sow/sowlist.html׃ ԅ Ȃwww.astro.wisc.edu/~dolan/constellations 

( ̔ Ҍ ̆ user.astro.wisc.edu/~dolan/constellations) ᶫԅ Ḥ Ȃ 

׃ ̆ ȇKenneth R. Lang & Charles A. Whitney, Vagabonds de lôespace ï Exploration 

et découverte dans le système solaire, Springer Verlag, 1993ȈȂ ȇDav id Malin, A View of the Universe, 

Sky Publishing and Cambridge University Press, 1993ȈҬ ץ ֲפ⌠ Ȃ 

Challenge 158 s 

Ref 69 

Ref 68 

  

 

  

 

  

 

  

   

   

 

Challenge 157 e  

  

 

  

 

file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/stars.astro.illinois.edu/sow/sowlist.html
http://www.astro.wisc.edu/~dolan/constellations
file:///C:/Users/94323/AppData/Roaming/Microsoft/Word/user.astro.wisc.edu/~dolan/constellations
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ñ ò ≢ ̔( ˻) ̆ᵖ ҌȂ

̆Figure 53ԅѿ ֦ Ȃ ᶏᾣ

Ẓ (deflection)̆ ₃ ̆Ҍᴪ

̆ ֲ *1̆ ҹ Ẓ ᴪ Ȃ  

 
1* (satellite) ᵣ̆ ֲ̕ ֲ ῀ ̆ ֲ Ȃ 

Challenge 159 e  

  

 

Figure 52 ᵣ (É Dave Jarvis) 

  

 

 

 

 

 

Figure 51 ̔ (Orion, Ӟ ף )  (É Matthew Spinelli)̕ 

̔ Ŭ Ώ(Betelgeuse, ) (ESA, NASA) 

Betelgeuse 
 

Bellatrix 
ԓ 

Mintaka ҈ 

Alnilam ԋ 

Saiph  

Έ 

Rigel  

҂ 

Alnitak ѿ ( Ҏ ) 

ɻ ɾ 

ɿ 
ʀ 
ʁ 

ɼ 
ʆ 
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ԍ ̆ ԍ2ǋ = 0.6 mrad ԅȂᵰ ᵀ ñ

ò ̙ Ḃ ѿ ̆ ԍ ̆ ῒᾣ (luminosity)̆

ᵣ⌠ ᾣ ̆ᵞԍ ҩҳ ṿ̆ Ӈ Ҍ ԅȂᵀ ѿҊ̆

׆ ҉ ⌠ᴋᵥֲ ̙ 

҉ ñ ò ӈ ̆ ᴏ Ȃ ᴇ

̙ Ҍ ѿ ҹ ̙ ̆ ױ Ȃ

ᶏ ױ ₮ ֲ ̔ ֓ Ȃ Ԋ ̙ ᵰ

Ҍ ̆≢ ̆ ֲ Ȃ 

̆ ̆ ȁ ᾥȁᾣ ̆ ѿ℗ Ȃ

ꜚ̆ ᵣ ꜚ̆ ᵣ ↨ ̔ ױ

Ẋ ױ № Ȃ ҍ ꜚ ҩ ᵣ ᵝ ꜚ ꜚ ᵣ ꜚ

Ȃ ᵩ ᵒ(continuum approximation)̆ ᵣ ҹ

Ȃ ױ ҍ ꜚȁ ҍ ꜚ̆

ױ ҍ ῒ ᵣ ꜚȁ Ҭ ȁ ץ ꜚ

̆ ѿ℗ Ҍ Ȃ 

ׂѿ℗ ̆ ᵣ ꜚ ץ ῃ ҹῒ № ꜚ

Ȃ ֲ ԍ ѿ Ȃӊ ᴪ ₮ ᵣ ᵌ Ȃ ᵣ

№ ꜚ ᵣ ꜚ ױ ╠ԓ ̆ ץӞױ

Ȃ ⌠ ѿ ̆ ױ ᴪ ̆ ҉̆ № Ҍ Ȃ 

 

 

Challenge 160 s  

Challenge 161 s  

  

 

Challenge 162 s  

  

 

  

 

Ref 70 

Vol.IV page 15 

Figure 53 

(Regulus)

̆ԍ20106 4

ꜚ  

(wobbling camera)̆

ᾣ ҹ10̆

ԅ Ҍ

≢ 

(É J¿rgen Michelberger) 
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ҍ  

 

ᵣ ҩ №‗ ԅῒ Ȃ ᵣ ̔ ױ ᵥ

ᵣȂ ≢ ̆ ҅ү ᵣ Ȃ ׆̔ ҩԊ ̆ ױ ץ

₮ꜚ Ҍ ̆ ȁ ȁ ȂҹָӇ ̙ 

ѿҩ ̆ ѿ Ȃ׆ ҉ ̆ꜚ

(connected)Ȃֲױ ⌠̆ ȁ ȁ ӊ ̆ ѿҩ №

҉̆ ᴪ ѿ ̆ Ҍ Ȃᵰ ̆Figure 54 ₮ԅѿ ̔ѿҩ

ᵣ ԍ ѿ ᵣ ̆ Ҍᶏ ̔҈ ᾛ (tethered 

rotation)Ȃᵰ ⌠ ꜚ ̙ Ҍ ’Ҋ̆

⌠ Ҭ ᵣ҉̙ 

ꜚ ᴆ̆ᵖ Figure 54 Figure 55 Ҍ ԍ└

Ȃ(ҹָӇ ̙) ᾧꜚ ᵣ₮ ( ) ꜚ ᴆȂ

ȂҌ ѿ └ ᵣᵬҹѿҩ ᵣ

̔ ȁ ȁѿ֓ ȁ ȁ ֓ῒ ꜚ ȁᾙ ȁ

̆ Ẽ ᴪᵬҹѿҩ ᵣ ꜚ Ȃ 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

  

   

 

Vol.V page 365  

Ref 71  

  

 

  

 

Challenge 163 s  

Challenge 164 s  
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Figure 54 ̔ѿҩ ᵥ Ҍҍ ѿ Ȃ 

 

Figure 55 

(҈ )̔ ԍ  

(QuickTime film É Jason Hise) 

 

( : ̆ ȁ

ҺJason Hiseҍꜚ Ȃ

ꜚ ӊѿȂ) 
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̆ ᵣ(large single body)ץ ̆

ꜚ̆ ֽ̆ ԍ ȁ ȁ ȁ ȁ ȁ ȁ ȁ Ȃ ꜚ

ᶏ ᵣ Ȃ 

Figure 56ҍ Figure 57 ԅ ᶛȂ ₃ ᴪ ꜚ ̆ῒҬ

҉ (Cebrennus)Ȃ ױ ꜚ̆ └ ꜚ ̆

҉ 30% * 1ðð ֲ ҽȂ ꜚ ꜚ ץ

www.bionik.tu-berlin.de ⌠*2Ȃ ҉ Figure 127 ̕ ₮

ᶛ ץ̆ Ҭ Ȃ 

ҍ Ҍ ̆ ȁ ῒ ̆ ᵣ ץ

Ҍ ῒ ᴆ ’Ҋ ׆̆ꜚ ᶏץ ȁ ῒ

Ȃ*3 

ӊ̆ ױ ⌠ Ҭ ҩ № Ҍ ꜚ( ғ Figure 54

Ҭ ñ ò)̆ ױ ֲ └ ̔ ̆Ҍ ҩ Ȃ

̆ Ἕ ῏ԍ ѿ ̆ Ӟ ᶛ Ȃ 

ҩ ֽ ₃ҩ№ ̆ Ӈѿҩ ңҩ ᵣӊ ≢

Ȃ ’ ῤ ҹ Ȃ (Escherichia coil, ֲ Ҭ

) (Salmonella) ᵣ ≠ Ȃ (Flagella) ѿ

Ҝ̆ ᵌԍᵈ₮ Ȃ1970 ף ̆ ѿҩ ₃ҩ ҹ₃

№ ̆ ҉ ꜚȂ 

̆ 1000 ̆ ғ ץ

Ȃ ֓ ̆ ̕Figure 58 ԅ Ҭ

ꜚ Ȃ ֓ ֲ ꜚ Figure 59 Figure 60 Ҭ

Ȃ 

ӊ̆ ԍ Ҭ̆p Ȃ ֓ ꜚ

Ȃ ץ ꜚ̆ᵖҌ Ȃ 

 

 

  

 
1* ̔ ҍ ṿ̆ ℗ṿ̆ᶛ 30˿ ҹ17ÁȂ 

2* ֒ CarparachneӞץ ꜚ ̆ ױ ꜚ ץ ҉ ⌠Ȃ 
3* ꜚ ( ҹꜚ , animal)Ҍ ᶏ ᴆ̆ғ ѿᵣ ̆ Ҍ

≠ ̆ᵖ ꜚ ᴨԍֲ Ȃᶛ ̆

ҍֲ Ȃ(  pixelito.reference.be) ңҩ Ȃ ᾢ̆

ԅ ḱῙ ̕ῒ ̆ ץ ῤ Ȃ Ҭ

ԊȂֲᵣᾟ ԅ ᶛ ̆ᵰ ҽ₃ҩᶛ ̙ 
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Figure 57ң ҉ ̔ Cebrennus villosusֲ Homo sapiens

(É Ingo Rechenberg, Karva Javi) 

Figure 56 ױ ҍñ ò̔ Aphistogoniulus erythrocephalus(r 15 cm)̆ ҉

(r 15 cm)̆ Amoeba proteus (1 mm)̆ ꜚ Nannosquilla decemspinosa  

(r 2 cm̆ 1.5/s̆ ץ ҉ ҉ ꜚ)̆ ꜚ Pleurotya ruralis (

Ҋ ̆ ) (ÉDavid Parks, Marcel Berendsen, Antonio Guill®n Oterino, Robert Full,  

John Brackenbury / Science Photo Library ) 

50  
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Figure 58 Ҭ ₃ ╩ ץ ῒҬ҈ ℗ ̆ ֓ Ἕ ‛‟

(cryotomography)Ȃ ҹ 10 nm (É S. Chen & al., EMBO 

Journal, Wiley & Sons) 
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Figure 60

̆ ԅ

№   

(QuickTime film É 

Osaka Univer-sity) 

Figure 59 ꜚ ῒ (QuickTime film É Osaka University) 

( :ң ̆ B ȁ ȁ

῏ Ȃ) 
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̔ ꜚ  

 

ׂ ָӇ̙ 

* * 

ץ 30 m/s ₮ Ȃ ₮ ̆ ҍ

Ҭ ̆ ԋ Ҍ Ȃ ᵥ׆ ̙ 

* * 

ѿ↓ ץ 10 m/s 36 km A Bң Ȃ

ѿҩ Ȃҍ ̆ѿ ץ 20 m/s ׆ A ⌠ BȂ

̆ᾢ⌠ BȂ AȂ ⌠ ̆ ⌠ BȂ

̆ ⌠ ⌠ BȂ ԅ ̙ 

* * 

Figure 62 ̆ Ӈѿ ̆ ӊ Ҍᴪ ₯ҬȂ 17ҕ ̆

≠(Evangelista Torricelli) ף ’Ҋ ԅ ̆ ӊ

ҹ ῃ (parabola of safety)Ȃᵰ ̙ ̆ᵰ

ҩ ҉ ̙ ԅ̆ ῃ Ӟ₮ ֓ ҬȂ 
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Figure 61 ̆ 2007⌠ Ҽ ᾥ (McNaught)̆ Ἕ ᵣ̙ ᵥ ̙

(ҹָӇ ̙) (É Robert McNaught) 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































