Chri Schhphl er

IMOT!I OMOUNTIN



http://www.motionmountain.net/




Chri Scbaphl

MOTION MOUNTAIN

The Adventure of Physic
VolumelV

The Quantum of Change

ition 31, avail at
th fil ms at WWW. T



Editio trigesima prima.

Proprietas scriptoris © Chrestophori Schiller
primo anno Olympiadis trigesimae secundae.

Omnia proprietatis iura reservantur et vindicantur.
Imitatio prohibita sine auctoris permissione.

Non licet pecuniam expetere pro aliqua, quae
partem horum verborum continet; liber

pro omnibus semper gratuitus erat et manet.

AW A

Copyright © 19992023 Christoph Schiller

C 24 w iz
[ 32 w W A
@O0
BY NC ND
pdf o Creative Commons

Attribution-NoncommerciaNo Derivative Works 3.0 Germany

Licence " i

creativecommonsadflf @/ Didenses/ by

[~ i " b Kv FT
n No LaNed a - 3 A
pdf » ®

@, Y a o Nte. a



To Britta, Esther and Justis Aaron



Die Menschen stdken, die Sachen klaen.



r
Primum movere, deinde docere.
1 (Antiquity)
K i B N H A a’ a ‘'Ea v
Ty oo Wy H A M W0
T W@ A A i R Y 3
A Figure 1 Q| 8 - i 4A
J z N EJ 7 EAN G 1990 Y
272 ‘Y 1a a _ - - A
Yy y - 5 o7 Y A E

£
>
>

W - v T b A
W o i o A ‘
- - A - . A
Yy~ RY L A
7 fidie Menschen staken die Sachen klaen(To
fortify people, to clarify thingg. . 1 YVAD H a v
v A, i - i e A @ - Z
i A H ~ - t T i LA,
i H A
&) -+ (Christoph Schillex
B I Ao 1 ) *(mov) Mg : (moti YatHag



L
r
p V-2 H
A ot o0
, b . W l (vd) .
' [ ]
T ¥ I (|l emactti on princinnl e) -
%o - v 7 (motion | imit)
%o
o > F (" )
M o B S ' T ®p uvH
p o W-2 ' v :
‘ , (va)l . &, ¢, Y
Foo i : :
Yi , (vl
( viol
p /'2 (p t ?
’ W , ||)p A 1\4. 1 )
t (vl Hwy o ’ ’
' ' L |_'y 3
= viY/land Vyol .
(o J ( y
[
9 = ~ F
" p " F A
e , ,
, (vo ).
a ©, , v . b (vol )|
Figlre P A L (Mat vei Br obns hit9e0i
d. 1938 )LeniFAgr ad rC : - VL N a
A 0 w : wv [ %o A Z ’ L -
“ ; t® v F : Nez (. ) (W) ‘Ha b}



na
a ai a b A T a
y A - Ty
www. archi Ve. o01Gg % « AW @ pdf Ty
www. mot i onmofnit (@ ni net T D
Apdf ’ Y Adobe ReAder
¥ A Now (eea)dy % (s,
stanadar@ddi ffHa cul t(nresdfireh v _
wu(nyno solution has ye)A been included in
3
57 "0 Ty ow.H A 3° a za
N R W TG i T #£'E
T %3 37 v, 3b R OE:% b T A
% a v X Aawa Y Ab ooy
# 537 0 # a a 53 A
s M A Ne ~ a 3 A
Y & 37 m nws:=yY
3 A
N 3 ) Y ' RY
3 W v A E R W N F A
A[ W P b N [ "E
Fa [ p A 1 [ L T w -
A A A o A" n 3 '
Y 5 v 4 A "y v
a b AA
- T i A b w 7
A R v L~ a i ‘R h
a i TR v @ S T NERW i eh
A A e 3Anvw - A
w

> = >
£
al
X
£
o


http://www.archive.org/
http://www.motionmountain.net/

10

Challencgd
0 A

—_—(

Qs

pdf Y o WA
fb@moti onmouatayh. ne't

H Hah a a

www.motionmountain.net/help.html ® 1 r p

nw A ) v p dif
IR AF A A A

Lb a E L i a o
www.motionmountain.net/donation.htAl

a A A R v T Y Anq

L t

>

)
>

—

?

<l


http://www.motionmountain.net/help.html
http://www.motionmountain.net/donation.html
http://www.amazon.com/

11

15

38

66

79

iha ¥ 3 ¥ o¥ i 10¥ 10
1 N A | .
*b 19" b r 19y quantum23¥
b 4 24¥ F b % - . hz
2™ b : 30¥” b .7 31¥" b
32¢ H 33 “ b 34¥ y 35¥
' b 37
2 ® " b
) Ww3B¥ QD 4G . HANHO ¥ 4 Qo 7
ISVAA) B 48¥% & 51¥ ; 52¥
10 55¥% i b 57% & b Nd  58¢
Co [ 58 ® DY O 5% b 60¥
W v 61¥H O 61¥ OTGY."
‘WH 65
3 * T
bA - 1 66¥ 67"  67¥ b
6% " b 6% D b . 62¥
[ S {0 b v T uy Yy
TN . o 7N : 75¢
, - 76¥ ' ¥ ' y
A 78
4 [
P : b > P 7 b € 81¥
83¢ 84¥ 85¢ 85¢ b
86¥ B 88¢ H : 91¥ z 3
b Y. C 0¥ . (1) 95¥¢ Vs



12

101 5 ' E X
M Ne 101¥ M Ned 102 w Fb~ M Ne 103
" 104¢ 10% b MNe b P 106¢
) W 108¢ bi 108¢ b T108¢
T b~ M Ne 100¥° % 110¢ Lt 111¢ 112
113 6 b ' -
b 113¢ 115¢ 12 b 117
12%¥ a- #b Ao 122¢
125¢ i 126¥ QD+ 127% Ce ., Lo
b T 1o8¥ © bbT M Ne 129
b 129
131 7 Nv b ‘
4w 13% Nv: b 13 133
: 135¢ : 136¢ : 137 v v v oM
138¢ 13% : EPRs  140¢ Ny 142
Ww. H T% L P 143wy ‘H148¢ T 148
' b _ 150¢ £ 152% " n 153
H : : RO .y 153 W 154¢
P - A p 154
156 8 Yi ob eb
156¢ b Nel6% H_ = 166¢
A 169¢ 4 171% A 1T
3 (2)172¢ ® 175¢ 7 175¢ 177
¥ b ATH 17% H 180¢
b 181
182 9 T
182¥ . 183¥ %o b 186¢

z W 186¢ H 187



188

206

220

229

250

254

260

Qs

1B .

SIY B 188¢ H 19%%¥ QY B 19§ Y8 Lo
N B 1oa¥ b % 195 %  19%
197 205
b
206¢ 208 H 21¢f{°H 2147 216¢
[ R 216¢ . 219
b

uo 1 10N

9 InjusaApyIeEayDd AN

Je]

1Jypods  eysdio)l s€1zioiD WO Jreywd 11 Adoo so1sAyd

j@Wmrer o Jal | |



A
.l.

0 = T, 7
F Bt b -
i B -

wb €b A
i )
VY y W 1 N
Yiu. H b'E
w. H L b yi-
W e v A



Chapterl

- b t .l. i}
Natura [in operationibus suis] non facit saltds.
155
- o 303 A VI E Z (4
i ) 2 (4 AT ) Pl
PN Tz (w3 T ))A T X
1la ea A @ b Ar "y Ww'oon b
A
s L _ Figure2 bt yi1 ~ -
v a - Ar ‘
T TKy (scal8A
“ a’ a\ “ a a D~
1| A T W ® "
1 4 a r nag Ma
A Apoouy @ K b H
1B° b y L A
H N V 3 Ns; vaz V- Ne O° p T
z' v ¥ Ne ~ 1 W H Ne H Ne
LYB~ T LA
v L 0~ L N We
b H A ¢ T b L v l *
T by 1| b A
¢ 7T K v A

Ref Lij (i bpTbw Ao



16

. —

01.

uo 1 10N

dINnjusApvIEaYyD AN

}0

so1sAyd

Figure 2 o (© Linda de Volder)
’ A - K v W W
P i H N wop TBPA v T LK
v N Y 1 b1 T L~
A
b R T Aykv D, w o oxl
Challeng € a a a S0 iy
) 11 "R WO a a n’'za: b
’ 0 We o T Tuw Au =z
' o A 1 wb - b T 9@ |
“ o A A
- L I b ywiW b Ty
L ) wb * T A 6fi v eb
H A oo SV I
- G ° ' T A woe i
L Page 14 W7 (Lampyris noctiluci (© John Tyler,

www.johntyler.co.uk/gwfacts.htyA

l@Wrer aJal || 1)ypods ayediofl seizigid @O deywd 11 Adoo



o1. " b ° 1 1
A T u ' EG) Ne - A
Vol Tlalbl e a: a w® G y No
al a A - * A" T "z b
Vol 061 Nd ® u3b T AT apa -
Vol Elqlulat i o ¥Fo T A
Re f [ | W h @ *11899 VI
T [ 6 H /,. 4 %%Hqg " b A
" b A H” ‘EOW
W 1~ b(action A " ¢ *3smallest actiopn Y A
Chal | en (quantum principlf & 1 Au. H ) 1 ey
AT Y A It WA H(
bhAaitch DBopr D™ * (quantum of actioh Q (Pl anck oés
Vo | Elglulat i oconstanyA ) ® (4 r0F Q) 0 = A
A G W T v { [ ~ 3 G
. z A
A F 6 H b A
W Toe ‘ i -
b "H b A i 3 (= © A
¢ . & (Max Planckb. 1858 Kile, d. 1947 Gdtingeh) - b 9
At v 1 n u A b PR B
X Y = T S v [ Y
LwWMm bA1918 ® At © 3
Y] S _ HW( 0 YAty
Y e, b H, T A
* i o ®w AT ( )P; 0 HA I
T 4 "HA
Ref 3 ¥ - - A “ i A
(Niels Bohr b. 1885 Copenhagen, d. 1962 Copenhagen) Ar B
Q Y Y 0 T - Aty 0 =
- 1922 A 1943 R B F b b Y
© e : n oL bA
3 " smallestaction bfi ~bh d 3 °b " the principle of least action b fi b



18

Figure3 @ - (4]

Figure4
(Max Planck 1858 1947) (Niels Bohr, 18851962)
Vo | A0I8 L AW 7 Y~ D (action TO i A ) A 37
Y Y
T [ 6 H; /,. 4 ®3Hqi. A
- b W @ i A K HM
YNy b A “°0b 3 oowb (quantum of
changeA
T i ) T W - Table A
{ ' Tc [ i, " 3b7 [ [
W i EG) G AR e ey
n - - oW H KFAbB
i HEE 1 @ W A
Tablel v Lo T b i HA
L WiT He © d Table 2 Table 3 z A
b v H bi VHG)
[ i b v:H W ®
a i b v:H W ®
i b v:H _Woe
i ) v H H ¥
Y A
W ®

uo 1 10N

dINnjusApvIEaYyD AN

}0

1Jypads  ayedio)) seiziold WO Jeywh 11Adoo so IsAyd

l@wmrer aJal ||



01.

A0 1 w ®

Challeng

Vol AS:

Chall engb

o

Ix =

N 4 W H M
o T ATy
3 ° 'HA Natura facit saltug. i
HA v 7
b R ¢ 3 [ 1
13 by - ‘
© A
- 3 ~ - A
: g AR ) Y Ty
H “Yb N A
b A t H b
3bP AR :is I b ¥y
¢ G YA
TN b z T A
W ( ® (¢ ) @
v v O 7 VAT
Ar [~ 1
[ Y8 7 1B A
@0 ny B” y
Ar ®w va z a’
A)



20 01. " b 1 .
H™ G b - W' A
W® A
® [* Db T 1B 1 1T "Ee ;
b ( 1899 y rp71 L b = Kk A 1 H
Re f ) H VT ¥ H (Erwin)A ® H
N ) Z A& [t © G
lq’?
T W@ EG) b A
EC) A H™ R (waiting) W
g 0] R S N '
A
A &) [~ b Ty W eH A
@ A
Challeng® V' *H F v b - h a a.
A ® v G VI # RXG)
Vo | Alll T N _ A
) [~ b H A 3H " v
T h HWa { v (naturalunipA v *'H y " H G
, 1B~ v4a . 3 *1A Ho H ECH * Ha
b L Figurel ey We " @ A
We b A [ A
A W'l a 4 D T F F1TOD TR
Challeng # 3 1 A @ E ~ (Arthur Erich Haas
G 1910 0 ~ ¥ v 15 A
A A
Challeng™i = & M z 5”3 Y 1BArPuw. H b no



o
[EnY

L
=)
—te

Equati o i *IA I B ‘E Y n-
i A A R ¢ Fs Ve '
e H (Gulliverob tralels)
3 AT P 3Y Ar
Challeng
p F b Y Hw N ) T We r
i Na Ne AW ® 3 NeH eb
Ne 3t Y AW Ne ( Figure5 Ne F.M) i
£ AT Ne b b i y A
TP @ Ne @ Y wub G b A
T c*h ¥ A b N
A
EG) A
EC) No A
|-v r b A cW® ( a
at a ) Hu a a 1B N '
W ® ¢ b A
H™ " Db _ wWe a a a EG) A
@)
H . ‘ H Figure5 Ne ' H (H)
W (o) A
b o WA e2(4 U0 ngex” f2nv, |/ " Noy W

b T " we A



22 01.

Table2w’™ * (N B o v A

b1, b

£

® /[ H
[AYs i I Dp OH
® V,3H
& / H
i vV1H
® v,/ E3H

[ Ne T ¥ v,/|0H

0% v,/|0H

p B v,04H
H" D “ t%eN [W¥aeNe Vv,3'H

v,/ °YH

H @ A v,/|0H
v,/ °9H
P /H
cop /' H
/' H

r T / 'H
Ne V/|3H
. Cq v,/|3H
{ o 1 . 1 v, 0] 4H
mozzarella H @ Ne v1i.H
W Ne v,/. H
v,/ °*H

-
S

—l

(4

(=]
—_
—

€1
—

Ne Dp V,0'H
~ [ H~ Challenge 10 ny
Ne DNA L ye v,/ . H
NI v,/ E2H
Ne T Vv,3'H
W@ v,/ B3H
Ne v,/ EKH
W v,/ ®2H
@ v0o/ °"H

—
—_

v,/|3H
) v,/ YT'H

-1

-1

-1

-l =l =l =




Vo | ALl :

Re f

01. " b * i

Figure6 ‘ Figure7
(Max Born, (Werner Heisenbert
1882i1970) 1901 1976)
v qguan?um
b AP~ Db l i b cGar h ¥
A  ih HW W
F  (quantum mechaniys'A (quantum theory W i A
G T 7 v - v 175 9 # A
o [T e fi (piccolissimi quan)d  ~ N A 1
wo - T %o @ A I #
Ne ~ H 4 (Quantentheor)® i
(theory of quant ¢ Y d@uantund i duansdA
- i (quantumd b W ® Vv v O "=+
, Vl A
Table2 ~ i (microscopig0 4 b
N i xR P N °b
) e Ay @ )
N~ A ' T W (mesoscopi®
S (Max Born b. 1882 Breslau, d. 1970 Gdtingermy i Abw
1 a W R T RWAT L' (Werner
Heisenberf (Pascual Jorddf 0 = z - H G a r a
® a At B [ P i LA T L
(Emilwolf), = » i A i D g TA
Y £ F o, O (Hunda # (Paul)a
(Nordheima (Oppenheimea g - (Goeppert Mayega (Condona
(Paulinga @ (Focka 21 & (Frenke)a (Tamma @ (Diraga (Mott)a @
(Klein)a 1 (Heitlena ¥ (Londona — - w (von Neumanja * (Tellena (Wignen
v, A " Ty G 1933 3 AT Y w ¢
- 120 A Lt » b A & v P B T "

1954 A

uo 1 10N

9 InjusaApyIeEayDd AN

Je]

so1sAyd

@O Jeyd 11 Adoo

1jypods  ayadio}l SEIZID

j@Wmrer o Jal | |



24

o1. " b ' i
T U] (nanoscopidA H @ 7w a
z o A
T ;
1 b T H A b
N W ( B H b UOH buw i
1 N H 1
08) BNL&EzZ, & 6 &) d8NX g%,z BOB O Z 5 &
12 ¥ Y B s b b wiy WAA
£Y ) b B VvV 4 ° v B
Vb A B o K v i n
H
B — &'
0
b b [ " B H A
Challenge Y Ky B L~ i G
H
E n _ &-l
0
i T E B b T b A H i o0
uF T (indeterminacy relatioyt A T "
Wi FIT (uncertainty relatiohd P @ b o b %o
(uncertairy (undetermine}A G b v h
v A w®  ash Kvi vA 1 a
fiF (" Y (indeterminacy relatioppW =~ As - i W il
(principle)o 3 b A
e oo - b T L B b7 b A b - W
b - T 270 A = A b T%
@ AT 8B ¢ [ [ . % T
Re f "B EB | - A
(Werner Heisenberd 901 1976) "N aA
* A1925 - b Mt F @ - Fub K\
¢ YT 6 1932 AT R Aw Tab
i % T EF s G w bAr i We - #
ot [ o W T 4

4 fp E (world formulds P wA



01. " ® [
b (indeterminacjs 'H 4 ’ b H H
T T Y A 7T X T b
TP T b ¢ H
H ) %o v AR 3™
W @ Ab i A" b
%o " A
3 ' b (fuzzyA = a Ao~
b Y T * T u b G
’ A[ H: ~ ] W A
(SR 1 A |7; G (flat)y =~
Ty - A
7 *b
°b ‘H we - ~ i W
pZ a~ a ° A - * b W
Vo | AOI7 : ~ Ap ~ 1 W Ky B
¥ A~ - WA
¢ H T e ( )
o A b %A '
b A
W Ly i A
) ® v ¥ B AH -
b - "7 3b W A
- 3 A G G n N
-P - ~ ~ p t
A
*b ; v, s .

>



Chall enge

Chall enge

26

>

by

o1. °
- b 3b * A
- o - A
o (tachyonA % G
v - A
Ap
K @ LV
b 7. bH ( W
AL b "D "H
F 47 A
T A
. P _
v_..b |'
_..b A Hv
T T
% b A i H
[1 6 5 biA b b
* AJB
A
T s b A
| r A - !
7 b 1B 0 A G
Ly HO O A # ~
: NeA

1

>

>



01. b * i

Figure8 b A E Figure9 - A
L L Oz
Vol Aol : l [~ M Nergs T, a a . ' F W#
- ' [ L A § AT w~ A
W b 3 N 3b nAc
W v "E * Figure8 H~ . "E
A woow C Wu X w EA
T T B "0 6 T bT
[ Ap N ST TR Yo E " 'HO
b 3 7 A H”
_R0 &
o1 x"
17 b aHb W A G . "3 b -
VIF 4 - 37 vy v v v A3
K v Y® Kv A W (tunnelling effedd 7
Figure i " y P Pbw T bH i
1 o - 3 A fi o
A
H b T A & v
b~ T~ A
T s M FKy - A v b
Challenge N 3 Db V H K
B W2""b “dag G } 37y
i A 3 T T~ A
o) 1 hn 3b A N 1Y WYL Figure 9
T rG e ' v b [ v oM A
P G v Ty AkvHU bw WA 3 a



2

Ref ®
Chall enge
Chall enge
Chall enge

i

Chall enge@

Chall enge

8

Q
H
<l

(smallesf b
°b

€l

(@)
ot

0

[vW 27

(quanton

01. " d
0® )
W NeA
0 “ P eb ‘
A (caus@
A7 r W A
B w2~ ¥¢ )
N L 3 ° b N W
- W [
A H . H
T - b B Y T8
T °b (leasp/ A
b~ i r
1 An _ -
Ar- b " 1B 3b
F- A
T
: A
b” 7w ub'E
w o # A -
| oL
W AOH n -
1 1 - Figure 10
H “ye® T ¥ ®
‘ r TT b7 :
5 i ~ D
" M NeH (identical particle3A

p

(breakingA Hu 3':~ W

>

<l

>’

>



01. " b T 2

I| || .

(o]

Figure10 H @ “1 A Figure1l { A
i A H b Y MNe ~  Figurell A
1 T H 3 il b a @ p” 0
' AT A a’ a - A ' -
Chal l enget Ty K N TRy, WA
.
b a (transformationA
3"y "0 a O (reaction w~ A 1 T
NOTT a Yi i [ S G G* b
A
(growth W 1 # A" b
(in small step)sA
TW® A
ok b e Az "1 a
D 4~ AF a a b A
y ° w# avAr Ne ‘
a a YT i W . " py
w o w "E A T [~

(quanton W' 1l Y 1 w3 u A



30
- b t
e 6 b H f ~wd . H
[ (random) A W i T H2 i
/_2 ao .HJ b\- 1_2 T * 1t
H b w | A
Y W2 ¥ - 2 ’{)A
- B = A 3Ty Y
¥ M - B \_/A N
Ne p3b° ® vA ~
b n 1A R ¢! :
) wb A7 G N i
e 'z wh b Lu b
Y A
v oW ) T
Yy w Y T Ar H “Tb
T W b A b” @
Y A
| [ A r
W A oo Ty <
"E Apw LA H Figure 12
VW s W Q A ® -
F -? D ( ) A Nol
Ad T N b A
“p - 1 A
(quantor) © A
“ B - W A
O T B A 1. 0 L

Fu '
b T H
y 'H2A
n [A eb
-.f.‘I.A D
H ) (

(probabilistigA
Wb



01. b * 1
,?\\\ ﬂ/"r
© %?
N
Figure12 '
o —» I o —p
- ¢
°b W
¥ H H Y
G'H b “~p b
3 Figure 13
A
i 1 vW
Vol Edquati or v - H |||=
h b T
B
. T B
3 G A

Hae v

Figurel3 W

W
(4
<l

(Photo © Greta Mansour)
H A
- [ 3 W
H .
A b
" %o
CAw® G
/
— &'
0
cWe " A il

uo 1 10N

9 N jus Apyleayman

Je]

so1sAyd

1@Wrer 848l |} | 1jypdds sysdio)l s€izigiDd WO Jreywd 11 Adoo



32 0o1. " b * 1 .

Fo@a e [ (N
H H
B - 1V E " = &'
0 0
R V™ 31 b '
n * 0 1
N o ;o Hh, H— &
® -  ®6 1899 FluH - 7 E ~ - T A 1905
3 l -7 GWO®L ® ) ' A 1923
1924 ~ *1 "3 GW® T3
Ao 3 A(o 3 [20 HBA) H™ "D ‘
¥F © A
£ b (interferencgA
- b t
b 3 i v K v b K A z
Vol All2 A a r ap a a a° a ° a a'\
H” a a a A
E T W T Kuv b K B o]
A [ w Ne ai Ao " p
[ T I A cWo® Ty T b
W@ A
L : (Louis de Broglieh. 1892 Dieppe, d. 1987 Pafis) - A
Ty ) 3, 1918 1921 : "
o v (i i y ¢ T\ A,
YoM 1927 [ A ¢ gy v ¢ 1929
A u T H PA A vy~ QW= ° -



01. b [
) - . Ob K A T W
W 'Q (photo) Q (light quantumA b i kv 3
A H™ " b ‘
W ® A
G(JO a a X a a r a r [ w
® Ap @0 s M 2016 © G [~ z ~
3 i F  (graviton) b Y
A
H™ "D '
4 T (quantum particle (quanton A
] b H ®@MzA 1 0 °
b N b n b 7! 3b A
H
T T YB wi T /BT (bitchangsdA T
[ 3 Ty H
A s M - ey - LY ‘ H
Ve H "y 7 H ~yG D H D
O bi Ty L~
* A
L H H “'H 7 i Do
’ - i 0O A N
v 'H p VA
L H H Tl T b
L b AP OA b'H L ¢ A
Hl
b L A
" H "t b Lb¥ « A

a



34

o1.*®v * i .
L P 1 A
p b - H4h (commutatiopdA ™~ b '
" A
1 0 "7 b b Y (entanglediA
A0 7 F- ey HWA a T W@
Li W® A " (r ftb) O A
(entanglement W (X ) A
Re f b~ v H HA
1 0 (decoherence il EG)
A0 7 Ao - @ a W't s W a wb” A
T b
| K v b ‘b Top *b b
A £ ~ " b b v A b A
* *
Chall enge
* *
T b v( ) 5 © 3 0_a Ar ° z
Vol Elqlulat i o F- b W w i°b vA T - @ N
b A G W T i b K M
E OA - i e b v A
* *
TA A Q- i wA An W
Challenge 1
* *
T Arn " b
Chall enge9v



01.* b * i

Challenge P G T da
) T Tt T
b (Tom Thump
b~ Ne ° A
Challengg: r H VA
Y Wwer T H H b
bb v A -
H Yb X
b7 b A °b
Challenge [WZ w
Chal lenge Ty - b
D *b
principle) A -
e’ W T Ve
Chal |l engegn o} F 1/
y
\j
Ref 1 ° N ® < A
A 0F A
A ®» wA *

>

ao

(complementarity
6 T)

> <

>

e



Re f

4 1Pcal=4.2PJ

36 01

A T T®W N w7 3@ New 7

A * 99.999 999 99P9%% A

A “" W ' E A

A “" E b W

A * L © 0 A

A “ w0 EF oz A

A Z 0 _G ‘l b A

A * v F A

A oy v oz i

A R O B G A

A o s E Vr !

i A

A T 103 p Ne A

A w 0" 0 [ TA

A Ty i “ U]

Ao o4al T 7 3wi | T

S EE A
i T Ty e v T Kuv
A

A v R A

t q a0 t

A Ky v ¥ A

A * Nob Tk i r Ne n

' A s M =
™ % w020 - 3 200 TNT( %o
J 1 5\ 130A1® (megatonng
@v YV 5%A HY 1o 47 & Ny

G

*1A

<

ao

va

>

y
TNT ¢

>



‘ b
7 " e ' 3 Waf R ¥ 1
a H a a ) “ 5 A
. s - p ¥ .
v R A 3 0 2H [ v
Pl 3 7 R E oo
A A HA fa” [0 [ = T°
i a a z eb A Ho ow A i a
a p " a a T § “yiss3d w 8b
Y A T VR VE A
£ b D HA Wi
Challenge A " h " Il A" b
” - At B TP
v H [ o L 1T A
Page 1 b i . . gn | z O b " !
(indoctrinatior) (disinformatior)A 2N s i A
H:s:" e, Y b AwA[ @ © H
Noaktk b T % O " A
Nie und nirgends hat es Materie ohne
Bewegung gegeben, oder kann es sie geben.
(Friedrich Engels
e (Anti-Dihring )l **
Ref 1n v 3b7 b Ao - (Friedrich Engels

18201895) WB & hy A



Chapter2

©noop a b
Alle Wesen leben vom Lichte, jedes glickliche Geschdpfe.
1 (Friedrich Schilleyg (Wilhelm TelT **
G W ® - ) A
rRef 1 f ° H T3 ) Ao~y (Epicurus 341i 271 bee )
1 Fu W T W A Y A i
» A - wQ (lightquantm) 'Q (photonA®. y H
- d Ty T A
W Y
Ref 1 1930 7 J (Brumberg (Vavilov)0 W
) A b'H fe® ~p I
[ W w L A 1" saep V[ A~
7 Z . A
J v @ - w 0.1 A Figure 12
n p- oy i ®( 200aw,505nm) s Wy
A v 50 & v vAr ni
Ty i o, A 1o [ & [~ [
® n A, F=z o oy 7/ A WA
G vis WA Y G v A N A
3 Ar & T bw SRV W
[ QA : o (& v  YA)
H™ Wae Y '
(AT A
e 9 | 100 2500 v A w vO A
b f NOTT 6o Ao -1 (Friedrich Schillerb. 1759 Marbach, d. 1805
Weimar), AD T AT A



Figurel4 v 1 ® ( YA

Figure 15 & @

o ) E “(
W
© Andrew Young, CRT
un b
N7 mintaka.sdsu.edu/GF/¢

plain/optics/rendering.html )

Figurel6 & : (© Rich Evans)

TC® w 5. H AWe Figure 15
® e N b A C®
b T k ~ 4w bbb A t YW
Ak v ®» wa 0 " T & K } v o i A
W S omb T v4a T e W 5+ 3
! A Figure 16 ’
v ey 1o U A v W ArM p

* A L VA

uo 1 10N

9 InjusaApyIeEayDd AN

Je]

so1sAyd

aysdlio)) sgiziold WO Jreywd 11 Adoo

j@Wrer o Jal |j | 1ypods



40 02 ° b

Figurel7

Yy 6 '

o O (photomultiplier

tubes ) QO R
(avalanche photodiode

N 1cm)

(microchannel plate”

1~ 10cm)

(© Hamamatsu Photonics)

Figure18

& o T ve i TTa E [ @

A Nezw 1a 22 5  (© Delft University of Technology)

1o Ty n [~ ° "y Figure 17 ®» O
Ref 1 a@® KW A v T 3 A Ty

Obw” - T da v ® [ = il F1 :

- 3 - Figure B A -

1ad %o Ad G ) T o G v

) T Y 6 0T (drugA



0 " b
0" D 73
[] o ]
¢ @
Figure19
O L] O FO OO 4 7w (We
Yofrw o We T A
W e ¥ Yy T %o D
wi & i Q (light quantim) e Q (photon @ ¥
1926 )A(1 ) v [N A
v W Ve u D 11 Al @ TTF D
X TP T4+ 0F &t -
Lo i Ao Figure 19 T 0% A
o 7 W @ 0" 7 0 -
A T Ned [ A
TWe & N b A
) - 1 N H A ' b b
' ® W . A ® "y
i i 0 A H 1 ® i o 7
i A
b (smallesty ~ ¥ @ Y K WM P
Vol Ap2i A ‘ b A _ 5t &n
T&B OAF i A P b [ v
k A k 7 v W HY o O oo
A*l
W [. H b'P Y . R T Ne
Ref 1 4@ ~ P, z WA Ty AT
W 0.6 n\W/m 2A [ Tyl [Yed =T &
G 100alA J F o:: w 20 aJA
- Y FO "D ®v Al FO< oA
(i W (quantizationA [ 7 AT gA



02 b

4 2
W T We T i A W W
Y ®© %o W 0T & TN ¥
; HOY; H &'
) ®»G 1899 Fu W Aro T & C b
v: b H FA W) A & @
A
Elglulat i o & vy A A A W
H; /,. 3253085/ X°%Hq &'
Challenge @V (A Kby, A 331k [N 15 KA
® T & Ty ¢l A T
Ref 1 H” b i # (A)TI‘ Taw i b A
Challenge b A F "6 W N oy T
p N (consciously | E & o’ 7
@ A v OA
1 o i A A ) ( ) h
Challenge An 7 L H @ A |[|=V ® ( )
Ref 13: y [ X% g Y 3/ XIOA T
Y w.on T® A
1 Y T T o 1 A ® a
Challenge @ Ty o n ¥
n 'O 1
T H_ Z1 |_y & h
AY)
H ® N 1 ® A . (Arthur ComptonG
Ref 11923 W v Aty ® X )
p s My * A Figure20 1 0 T
X O DT” Z X w1 At WD b Z
i. bz LA Z; H A
i G T 7 Ab T 4 0O 4 wi [0 (recoilA
Db H_ v - A



0D’ " b 4
Z
|
o T e X Dp
T A it A n (© Helene Hoffmann)
® (b " A b b B " 3b7
Challenge ® B An . H™ @ °b A
Vol /0381 T O3 ) Z (polarization A A
Yoo [ A waé C h) o b A
\ W N ® . a; H ¥° Y
(helicity) b 3 37 vye O (spinA H™ O
Y i o - L - i A® Vb u
Vol Elglulat i o N B2 F - T2, - AT ®
: b T dad P 3 a;H 7 b
b A v3 _ b ¥ A v H
i A
W b7
La lumi&e est un mouvement luminaire de corps lumineux.
\ (Blaise Pascyl
17 ~ N ol T ® ' - T
E a AT ‘1 e 97 1t ¥y Ty
' y AP i N W A
A H ' ey g~ y3 Y _A® W
* Ty W fiQ " (uminarymovemend b r : -
i D; V' Qg (uminousbogy =~ W& O T ’
e Oy o Ao -\ (Blaise Pascab. 1623 Clermont, d. 1662 Parg§ H |-

" H Y A

uo 1 10N

9 N jus Apyleayman

Je]

so1sAyd

1@Wrer 848l |} | 1jypdds sysdio)l s€izigiDd WO Jreywd 11 Adoo



Chall enge

' i ;v ;. H a 1; Ha " T
by Y M #G i A
H™ O W o idr ® " 0AD w ' Lt 3p
W ' EG) b A ( )
v Y A w [ 3 A
® b Ne ®o A - 3G
" r' ® HG® A HG ° 3
i E 1 A
i £ (wavé particle dualit)A LW
W (quantor) (quantum particle b 1 “3b
T A B A
b A - ) N Y ® i
® ©H Y © 3 ) Ar
T Kv K A a v -
H T ( HV # ® n A
O N w ) H . - | XTIk
n” ¥ Y . H Ao pbi
W i K | Ay
Fha TP ® W bu A
W b Kv NA ~ @& b Ne rt R b
. (elementanparticle)A 'l vy W LW W
z A (r FO ) A W o Ng o
K (somethin v Y . @ T W

A e T A v F W a A

<l

>



0D’ " b
4 o & ?
Also gibt es sie doch.
e[ [ i { [ W
p IR I ®» A b [A) )
Y T ® TnNA =My H »p ~°
Vol Figur e® U 3 Ty Ao B z
i T ) A
s W b w [F o A o
ro- ®» b I H ®» A
H b ) 7 A JW @
4 a ® GO T 3 A ®
' ® ' H v ¥ b A (Y T
H HL A - T Kv® aky A
® i L B A¢@ D e i b
g F A Bl A L B E : B
b Ar" v, W OE i Az
[ - T D Y - B r]""‘ 1 |'*2
c H
0
E ) o t-H;  -HbL B b é 7'
11 /_
0
G 0F @ Q (thermal ligh) 5= b
b (129 b & b OA
R Ao W 1a@ - [§ & wiOF
@ E n B~ vz A QW T Ne
- T A A
2 X & Yy b - ® " b 0A ®
t amgq gi:,qgi\z

T ToE - E v A

¢ (Max Planch**

>

& 1

>



46 02 ° b
i Q

r

Q
i

@ clicks
S 1 e I S 1 | e B N S N N A N

——
\é

Re
"—-—/
Figure 21 OFT T O ma Man T4 OA
® Q (coherent light*™ T b 8 G /-0A &)
Figure22 A
B (13 /-0 & fHGa vb (0 Figure 21
Ref 1 1 B)HA ® Y " 'Q(nonclassica) 4 Q(squeezedh i &
(hyper) " (sub) A ® 6 0| "
A T® uwda " 3w
H i o ( A)) ( - ) P A
L AN Ne Ne &' i G o A O g
® A (1) ua  (Glauber stat B Q-0
A

n "Q n



02 " b 4
8
sl
AL Figure 2 ® - Bb
=2} W i '
8ol Vs Y
2l A
alb G* T R
5| Ale @ -
s v i 1T i i i 2o Y b @
(a.u.) Ridiger Paschotta)
Figure21 =% h &) [ L B wA( T
W @ 1 "H yA)
W To r 4 'Q(phasesqueezedlighh B 4 ®OT (s M)
o 6T © wo  C[eM) A 4T
@ T ® i b H A AY
B =" B y - T = A
3 W T @ " 4 'Q (amplitudesqueezed
lighty“’T~ B b ~ b 1 i A G v
W v A ) FQ 0 (anti-bunchingA v 3, ¥
Challenge L B4 b 4 ® (Figure 22 A
HIAW @ i ® 0F W I GH 4 oH ' B
A b b A
wa ®a T | £ W ‘
® T ® b We H - b Y A ®
D 3 A b - bW A T © °
T b L poo ® A g Ty "o
Chall enge [N b ® (A
A 6 Y A 4" e v
- * § b g nW * ts3Mb b A
o~ ! [“ K v T J 400@ @
o v A aed © 3 b TOEQ T
Chal l enge® W Aap T W|7|, .
H™ b b "~ ® (countablg’ P b A )
WV zA
L @ A (number statp W "Q (Fock statpA
Ny T F o A



48 oD " b

Fi g3 e
n .
¥ 0.5
(© Féix Dieu and
T ol ¢ Cs " 2 A A ¢ Gaé Osowiecki)
® B
® o T 7 i . Fu Y ' irB A
n T | T Figure 23 nA n
v 1 O @ 37y Ne *¥ H b D~
AT b 1 ® v H T Kv W
Ab H T W il : w 1A H™ @
v OH A Bt A
noE v ® TPIT T Ye® A®
B3 A W s B A
b b ® Ne Ne ' T Wa ©onb 1 b



02 ° b 4

Figure24 R . (Hanbury Browib

(Twisg
z’ (NarrabripfHe & " Y drot g i Ao BGH
TTuQ(T e i [ & E (collected light as rain in a

bucke}o (© John Davis)

® B b v A Cop ¢ - siB
& - * B 6 A" B B b
Chal |l engef FAr LR R (coherence lengjh
oA b A (Y V)3 (temporal
coherencer coherence time ~ Figure 21 A ® B "D Ao
N : b N 3t G H H
““b K4 3 e b HA (& -
Ny i A¥ Ab -~ ' 7 N @
® A
- ®» b ) ww Ao~ &
® "y wvi A® b~ B (unlocalizablg [~ w b
Ad b “3b ~ A i ofd I B Of o)
i (A (photon ensembje b cliaea® A
® "y @ - B~ OT" 17y ® v
® The We A [~ 1| B yApr
@ T & y [
] ) " (photon correlation © HB 0
' R . R . (Robert Hanbury Brown . (Richard Twisjc 1956
Ref 20 ~ [ A Figue24 11 1 Ha Y
s [ 188 ° TH o ® T A R b o ‘
o - A TR e’ A @ L

uo 1 10N

9 N jus Apyleayman

Je]

so1sAyd

1@Wrer 848l |} | 1jypdds sysdio)l s€izigiDd WO Jreywd 11 Adoo



50 02 ° b

sooo[=c -\ ........
w Figure25
v 5

(intensity correlatgr

. . , (coincidence
' D_/ countej @
\ A i B
@ By iA
i[ R - b 0~ 0 W 3 ® T
@ Q Lhae ® H [ Arn QdNmH ~ U
W s ts W H @ B Figure 25
A ooy RO (HB-T  ~ Hanbury Brown Twiss
experimed_. 10 ~ G PP ® Hae T3
® H T (correlatedA ® v oo T
AU " i e T OO W A (bunching
® bu A HWA ®» b TR b
A 2: " B r A [ N (W) A
[N W@ e A 6 i
VFb " Figure2d A L1 W QAR ::”
® Y A [N 7 3 C ;s O6
- O A 300 E .~ 1Hz
Ref 2 A Ny T30 = & 0 s wb
WA
® s M TP by [ A Figure21
T v4a M3 w ¥ “ b 7 F ®
A ® [ O EF@ ) v s B
T W7 YA oW
0 - wow " ay s 3
70 W O® A W ouTyYy TH QT Ne O _c &
LA
H” a "1 F T 0w e b w T
A B y T "0 R



0z

Figure26
T v ® @ To F
- A
W ?
W o - Ar @ A i
Q (photoelectric effedd 4 @ Va3 A 1887 ~
i [ ¢ - v w "H A
T Ow 0 ¥ bl_6®
7 0_6® HObL Ty H AFigure26 =
A
T A A 1905 X ® w' o H ®
Ref 2 v ¥ At TR Ne G g
v Ne c 37" A Yy O 7w F Y bwag
A 1921 ~ Yioo® A @ T
W@ b T F R A a() ‘ T O W
b Ari b ¥ © 3
N A N H4abH €b T
Ref 2~ 3y¥F n As;B RV B v W AR
b &) A
b u® ® AcA” 6w
Ref 2 y vy AF' 1911 1912 * 57 1 BIF s
0 JH v ST ( w T TO =2 b
@) O At TEFGO® Y 0%
A T 7z (s M) A v H
a H” v A v b
*b o H 1 G ‘ @ M
1o A A 1 ® Ne H “P H & &
W WaA




52 02 " b
3 Wa ® i Ne 0o A1995 ~ N (Jacobsop
Ref 2 Ty [ Q ~ (packetof photon A A
1e® Y T® FAT 1 w Wed TV b
ip o 2 "W Ne Y HO - A 1999 ~
(de P&lugt 1 [ = At r
L ox1 0Q / E'Q (biphotory ey 0
PowY o WAy - L [T % @
Ref 2 & A
Figure @ [ |||= [ BV AY B [T"AT I ®
0 A T "z w 0 A
Figure - TOEB vl ) 3 VW T4® v
Ref 20 ) “da bb eb " V3 A HB-T
3 A
S0 | o T3 &) - A A
H” (AN AT i b )
) oo 5 Auw=x @ ' i [ &
BbP O v "7 ' H H A
He HU ) A Ty g a X a a’”
& T & Ar ¢ v - - (& A
Challenge (W) F '
Die ganzen finfzig Jahre bewusster Gribelei haben mich
der Antwort auf die Frage- 06Was
ndner gebracht. Heute glaubt zwar jeder Lump er wisse es,
aber er tduscht sich.
(Albert Einstein, 1951**
& Y & v A
F OO0 A A
W Y bi i O ° R O Y €71 A W
b ® A b b ~ f N n"A 0
bw ¢ Ai 1 eb T 0 W oToe
Vol pugldo b[ A
M 6 & .0« A P oYM
Ref 2 wA S p s Q= H (Michele BesspA

S



02 ° b 5

\
ﬁ \« Figure27

. O @ H b
! @ ® b A
Figure28
O 1 %
b
274 L
oy

(© Mel Bartels, Epzcav

Figure29': ( i o o Wb [ MNYJ He
O O W AW ' H O YW (© Dietrich Zawischa,
Ridiger Paschotta)

9InjJusaApYIRE@yYNAN UO I 10N

Je]

so1sAyd

@O Jeyd 11 Adoo

j@Wrer o J|al |J | 1jypods oyedio)l SEIZIQD



54 02 ° b

H W 17 vH a 8”7 O 1T (
(interference fringegd\ Figure 27 Figure B Figure @ ¥
o A v ¥ oy H M [& . 1
W “Neb ) c® | A '
® w E ° (arrow)A
W CTAF W
5 G ° Ty A
5 Y & 0 ) Ny W BA H™ Y ®
Fo A
8 ( YO &) A
6 wolow N A
8 i ¢ A
s @ B FA
5 ) [ A
@ ¥ Ty T w77y ® T ”
Figure30 A "~y - v H H H w o
"M [& ~ s WM -
"I GH H v T . A ~  Figure27 v
S I B .3 ‘ v ¥ vA
) - G 1 ® DA v W
1 [ v oM Fbw | Mo
Figure A 'IH,|||= [ N ’ AW ® 43 A
H” N Nv W i Nv A
® ) W ® t A ® Ne
A
H™ o A ¥ RV i1
Ty 1 We - F il [ A
L N 7 W ONe H @ Noz ¥ G H~ ® Ho ©
Challenge ( AM. H. )
% GAF “p 3z A vz ; -
He 3 A
( ' b é QED b (QED: The Strange Theory of Light and Matter)

T % b Ao ~ - b A)



Figure30

vh

Re f

Fi gur e

A02:

2¢) (Paul Dirag

H OH
Ne
b
wQ
H'
~ b’?
3 W
.‘I.
-

> o

VWS

== T
€l

—

q) / ---------------------- =
eb L
(A ¥ Ab ®
W NoZ 0 w
We" AG
A
O 7 b © Y Neg
¥ 13
AT T & b
v T o 3 7 b A
S MNeb & A
W { @ (phase space c&ll 1
y A i “p &
b 1 A



Mot i on MbTheaiAmWlventur

Figure31

0 2.

S

56

of Phys

~

cs copyr i gvatr cth Q@Hr2i3s tforpehe Spednfi | fl ie

e Jawn&i

O—

Figure32
b

A

N
\
/

A
Yoy
A~
.
~oN \
N



@ T b
(diffraction) r TR Ky D wi. A
Y ® b LW i - 0 (reflectionA
® G W) Ac | 7Y AAE W
*E oy Gk b~ Ay b
Ar  u=, [ We - 1 H -
Figure31 A
"o 0% Auz, @[ ET @b T
[ B v Aw B ~ E
- No4 A O_o¢ A v
bu ' ® [ = EA T A s Wa "EP
A T M) ew| A
H A T 61 i W s AR
- - 3 ' G M A
£ W Ty ) A3 ' A Figure 32
CoonT vy # i A “a b
- W @ - T A v -
( w'Q gratingy ® b 220 A %o
Ty (diffraction)A H™ X & i 0 A
1 ) woc A s - W
A
Chall enge P Y Y i - 3 - -
G b " b A
L - # . (Richard (6Dickd) Phillips Feynman, b.
Angeles) - tz DHWAT 0 = i (sumoverhistories)
- eb Z A% Atb, . = e H
(Feynman Lectures on Physics =~ y  www.feynmanlectures.info Ar Wb
“h H TPi W w L Wr v At Hi3
- 3 G Arat L -
(0 TR ) K v “YY b oa At (X E b~
T AA T 0. # M A 1965 © 1



58 02 ° b
Figure33 [\
M Tw A
@® ' L No
H AH” 0 _ D A LW
W T H” 0 (i F (refractionA M)
E ® ® T3 T
Chal I engeFigure 33& P TR ® T &
Challenge W A (m ) ATs: 1@ HW
Chal l engelf 3t & A v A
® w Ne ¢ i A b, ® :
T o HWA o - Ty
A0 2 N 4 = 1’ 83 ) Y W
K v %o 7 oM #A A
Lo [&
T A v W
[N A (N ¥ - ' R (Roy Glaubey
Ref 2 AR 3z W N W W@ ®aw
Maw 920 o A v W
% O E ® N A
W » " wh - Tow ‘
W » v 1 OAky 0 b 7
® v A
v wzZ A n W WA & ET Z
® Nv A n Ty zZ &y
b QY BNy A To T "

<

> T &



T ® b MNe A H @ (S ¢ a 00 H
70 2 AT eA T b 0F @ G [ ® A K
Ref 2 1| E ) A® M NeA HB-T
A0 5 W A 0 "6 b~ M Ne A
H™ M0 @ Ty Y A
5 b " ‘ bw T
s b B! bw }
5 a a( ) -~ )
5 B B v~ B b e -
8 w T
5 roopo i ® M Ne il
57 pH "y Okv N
8 2
s ~ *lH ;A
H ® Y - | A - b
G a0 E A

Ao o TYLA @ H% b AT Wl
Challenge A L o AN "
» ¥ A 1) Y K v 0 " il
Bwb L vz T A Yo -
Challengevy 1 ||f 1 ao ® ) Wa b A
H™ ® Q (ealphoton ~ Y & ° - 7 b
'H gw A "4 6" b P w
T ebo vz A
Ref 2 Ye® b b B Ao >~ 7 Y W H
® N H & " H @ v / Az "
07 7 FuH QO T M - Ne A | Ly
FOE) A HIE H @ A f4a wH
® v 3y o A 3 ® P
Challenge b T @ D H b A W A




60

0 b
- Db v ¥ A
3 ) AT ® v T H - Q
(virtual photon) A ® bY ¥ ® ' N7 wE
N A T 1 . (longitudinallypolarizeg” f b
W A & bi W i 0 b i
H
E " = & 2
0
b R G 1 A
Ao 8 F TP b A A
Ho::" 9~ °H - @ &E*3*1' A )
® "B | e Y T7 [E 3 . (Z )A
W W h AR =" & | B ( 6
® bw¥ Yy Ty A
H @ A d Ty Ty b
3 T fFiT T YL [ L ® b A &
h r AHJ“: i @ ¥ K v eb
vol Vv igec TA 1 W i v T z A
Vol A0I2I: 1 [“ W ~ o ® - )
* A uu G T A
H v b ® O bi® P37y T ®
H:.: (in aformalsensg (D A
b
1 [" Db ® b A cd ~ 3
3 3 b LA
Ref 3 (Rosenfeldic 1933 FAT uC o 4 oA b
) b Y '
W AR ) & W & 3
Challenge G6b - BT 1 Fx b N Y ¥
H
; & 4
A EB
i T s B B b A T @ v a Vv b
A



Re f

Re f

Re f

02 ° b
A v ?
@ [ TP Y
G I Ha ~ Av A *t
YH BG E roWo T Y O v
" A © v T woD - T b A)
Ne & " (momentum spa}€ P
Tu 0 "t O Wy v
u v A o:r T A
® Dv s W -7 H v T ouYoy
W T R A gy N8y
H TT® P Nv u : Ty
i T Z' H SR i
” - T i A w oo
“ i N N\ W A
H” “O0_ele O P b
1 A
H o ® ?
1930 ~ G Mo [ ‘
2 ®» 7 b AH b & H bwb A
W H ) Wb £ Ab
3 Ne TPD VA7 W
;¢ D H™ " da H T 3w
(wave interferendd ( b b (radio interferencg
7 OVA) 0 (,0 T K
- b H” W A
1949 “ Heb @ O 30 = A1%0 7§ ~
= ® He & Fo Ao 1963
H o W T FR A
L T & éeMatt MSomei Rrequently Asked

- & D

NeA

0 _
N
A
W
¥ A
al r
T ZA
' W
-
H'

Magyar Mandel

QuedT9 dns

Abou



Chall enge

6 2

H @ bb
Hs 1 A
P L e 3
i} eb A D b
Aw_ H @ T T2 M H
B:a [ o b
V*'i(z)v G Ky
b H Nv A
[ ® ” )
bH Nv A
[ e r
OH i B~ vb
®w ® b 7 )
AR o A
&) O_6 i o y A
) AT H T b H
D i roopT 4T
A @r 1 "HP™ BT M Ned
AR Apb
Y 'H b Ty T rH
® A" p’
- bi A -
E;.tb A
Il'y_"
qagk. ,
agl’
T Y  u. A
AT O T 6
- b i a o

02 -
o E
"‘Ee -~ 3
u W
e A
0 A
[ @ A
A
Ao
H AT
1 "Hp O
5 .
b & b
17y A
D; -"b

A



02 b
IIE‘\ £
‘II
\‘cb
®
Figure34 o A
* *
¥~ 7 1@ 0y
_(b &
l.']' W
Chall enge® .
* *
Chall enge ' T w I i r D Tw \l
r bi A : v i B A
* *
O p W A M0FGEMNW
W 3 T M Ngi A T W o
Challenge Ap N ; T 7z b
* *
Challenge v b ’ I7l, 1 Q 0 (single photontriggered bomp
Avshalom Elitzur Lev Vaidman ¥~ _A
* *
D » 3 ® w0 . H W 1 A
(scattering ToO( kvl ) T K A 0_a
T W TN A 3 A Table 3
N A
W® V_63®Z A B
A0 8 M [ A
A V4 b u Auw_ Hb

Chall enge



6 4

02 b

Figure35
€ Gb
F a ac
(© Giorgio di lorio)A
Table 3¢ A
Scattering r D
Rayleigh # A Ne - i G 3 2
/- & PG -/
Mie r N i G a a
[- 12 - @ r
Y
Geometrt 3 v N r G 8 N
G
Tyndall ¢ b r - W buw aca
G
Smekal Raman’ - i A Ne T Qw G ®
Inverse Ramarl A Ne ALY
Thomson
Compton X @
( Figure 20
Brillouin a «r/ : s GHz G
Von Laue — ' 1 r T ¥6 G r
X

uo 1 10N

dINnjusApvIEaYyD AN

10

so1sAyd

ayedlio)1 sg1zi)ld  @o Jewh 11 Adoo

I@Wrer 9 Ulal |j | 1Jupods



" OH
H Q@ W ® ® AV O i 7
L W b W A vy & W
[ a’ a ' ® [ T b'E
Yo T A® b ® T PAG MNe A
a a A %o TR Y %o &)
Ref 2z { A
® @ u( 1) (
i1 AR s: wuT T
G 7 b A H A I I VYA
[ b T b H wA
b (stream of quantond Hu 'z~
i (correlated Ab @aKyIT Y1
A
b i “da Ve 37 vy W o
i Ne ¢eb ~ W "EW Ai -
' b ~ 1t ¢b T 3
A
w3 H No# 6. H =~ u"y
L b M o 1
‘H
n
i T n; [,2 ] XPoHj i T A
e A Ry " HH

Chall engep WM ? o0

S >



Chapter3

o [
T .

1 Ny 7 R v 3
B o Wa P~
Ty T FL®
bA Ll

- B T [
b A - T~
’ A
n TWe N
( z 4
r n A C A
b[ HA 17 vy Y
[ A BT (
0 EG b AW ®
" b N oWt T
v b N
a OfT e - v T A a
Challenge b A ¥
P T i
A bA -~
v .
Ao 3 W A A
T b A

L fiRest with dignityd

WeB HH A w_ A

R (George Bernard Shaw

Otium cum dignitaté.*

(Cicergé (De oratordi
i H W H M
n A ”
W A [ =
o7 v 4 ’
wa H
we - -
s A Tz 22 A
' © bA A H
A
bA Ao  Figure 36 4
© 3 A WE
p LA T
A
y A H™ A
B bA 1
Y " MK oY & ”



Figure36 p A
" b b ey © 3 " A ‘
v i B A [& = 7 AT
® " - B Apr Gi - r * 3
A - A Ty [ -
B LA H” v 3 A
EG) v A aT a a al
ANe a4 o ra&a r bw A z T
W r 3 VbW Akv A
"6 <IN S [
A "D 1 Wa A
r
" b e bA A v " p WE
3 © A bA ~ (zeropoint fluctuation)
A - o r L3, o A 1 1
(M[s " H )ya "“A[ v ( 1nK) r (trapped gad)
A T A Y Az
- - o r Y ~ "EasM n 6 HO TP by
ve ae@vA v T T W
A (fuzzinesp ~ D A
FuWw A T 4 G 1 A
Chal l enge(® R Ty et v ‘v 1nK v N

Ref ,TRall engel Gl A ! VI,WD . d



68 03. ' T

b
Die Bewegung ist die Daseinsform der Materie.
e (Anti-Dihring)l **
o) b v 3 ub (i A D
T 7 s A” b . H A ® -
" b T We A W ® r
Y AE [ & "3 6 A
T H i b Wt T © A
r b
3 ¥ 1B A [© W@ v K v
VolAL1l (A R P H® 3" A '
A A Ta oo T No
(granularityA % ® G " * A
°b i AR B " Y r A
D b
1Ty [ K b A 1 T 0o JoséCosta
Ref 3Reef Kramerl i He 1996 0 A  Figure37 ~ 1 1. H N
N a -4 Lo N )a - W W
A
W H A Ne | W Y
5 ? - 3 [ A Figure 37 =
A s e A RV I B -
[ v om0 -
H A
HUs's™ Koy ¥ A 7
Challenge Oo-H & o7 . 4% O An @ . ; B Y
K "7 i 09 H v A
" A a ' ¥ -
T A a b v A @/ W N
i AT Y - oy a~ ytL
A

Re f R Ao



03 o T
H- b Y 1B 187 fiNe o i
ofi of A (quantonA H™ " b
A b SR b A
B a- a av a a a ab a - Y1 A
\ - "L~ b A
7
] NP
3
B
L T R
E
Bl M
Q
B2 Mv———
§1 .......................................
o} A . L
0.0 0.2 0.4 06 0.8
(a) Time (ms)
4000 -
o 3000 |
J :
3 :
& “ :
g £ 2000 :
- 2 :
5 Q :
o :
H 1000 | :
3 :
2 :
) :
0 i i i i
0 1 2 3 4 5
(a) Time (ms) (b} Adjusted Conductance (2&°/h)
Figure37 1 - ' abu L e
(© JoséCostaKramer, AAPT from Ref 39)
Figure38

—
0,001 mm

(© Claus Jdnsson)



70

Ref 4 1923

€1
>

Re f 4

v igec | O

Vol
Ref 4 a
Vol V &g ~

1924 ~
At TR T
G Ar [~ 1d
“ .
OH
Nez 1 @ }
Z; W
il 3 w A
b A
A¥ by B
b A
Avel Wa
Owh
il il Fu © A
(Claus Jihsson
1
n o’ n
al a Ne
[ 3

03. '

-

(Louis de Brogli¢ J b
B ub Y U

I 0 R &7
A e - "y Q0
] ; H &0
r [ TP
A W a a -
(quanton -
YO *F 6 Av
A  Figure38 ~ i
A 6 1961 @
' 2002 Y A
Figure ® A
G A na
DA & VR
v S v H VA
Figure39
v i
T
" (@8
@ © (b)270e”
(c)2000@ ~ (d) 6000
@ © 20 Ne
A W
o | '
(© Tonomura

Akira/Hitachi)



b & N S ARV I i N W A
Ne w TP ( E Mb A sel A
® : N i B
Y A u A
E~ 17y ZWe Ax v B b
' n;:0- B 0 b Ly mn”
n D ! &1
0
- 0 Y i v Ly y n”
/
! 0 & 2
# () B I
" 0 '—; o ' '—J & 3
i Y F f (MHeisenbergds injleterminacy
: 6 1925 O - GWe v Ab
7 i W 3 - B3 3
AW % ~ 3 Wa b %0 A E W
Ty BT opg 5B B A
b ey A v 'MA
W @ u "E b " “iH A
W T Yb i 7Y w w /wm(complementary’)A
Challenge - v £ Ar" Y, WA ce |
N H [ A p W . 1 (precision €
H 1 "N (clarity)OA
1 [~ a ®» - Ar ¥ N
Y 0 3b w A wo [T Wi 7
A0 8 : b H & - (virtual particle)A
H™ " b (quantun (quantors) ubs N
'EA £ b W B " b A .
"H T Ve s Wa b A
L 5 3, iR A _ofb TP ® e
2%

“complemesuppy emewt ar yi o fip 6A



72 03. ° i
b ¥
L W A Y [V @ al Ne
Vol Aol | DA 37 yi v A A Ne 7 TWw' Ap
Challenge b 6 A - b T b ¥
o1 W
1] - & 14
H
¥ *IA C [ Kv ¥ 6 VAH st~
Ref 4 [ K v Y VA H " b i Ly A
Yy A Yy
b _ W e _ AWWOeH A
T wWe (composedjuantor) A Noe = 1
TF i A T i Ne * _
© N 67 b A 3 .
Ref 4 -3 H@eanPerrje 1901 a 0O A (Nagaoka Hanta)e 1904 ~ '\ ¥
Ref 4 fi 0A 1913 ~ W b'b .0
Ao 8 A Y He A A A
3 il b Tow 13 MX A ©E W
Av 1 [ At - b b A u' b
Challenge Neo - RG] N A Ne ~ €
Ne A H™ " b ‘
A e A
T Ky A G NS € No
A" b a | Ne Wz " }
€ A Figure 40 € A
o [© ew b 6 ¥y v
))2
] 5 &5
£ (26) @ - Y G Ar H @
Challenge N H T W @



03. - i

Figure40 e G
() e

o )Yy 1~
Dean Dauger 3D b

™~

"AAtom i'n a
daugerresearch.com (

electron orbitals

0 A)
A €Eb ooy W S| e 1AD
i [ W, (chemicabondA, | Ne ~ Ne i
v €N A’ . F ra ra A T |
Ne | rTWe ¥ A b/ eb A
Ty Ne A Ne ~ Ne ~ i W T
’ Ne ~ v A Ne i i
p b i 6 T A Ne
A
H™ " b T b 1 Ao @ Ne H
i H H bw A - T o DNAA W ®
Db v T = Y a W' A
EG) F °Db A u a ' @
Y A7 b A
L~ L
Tristo equel discepolo che non avanza il suo maestro.
(Leonardo da Vinch)*
* A b AH ¢ ?
A o 1 [ b b ° " H Y Js Nmswu Y
BA w © B~ - * b Y b g™ T °
Ref 4 W™ b O A & (Dicke)b @ (Wittke)A F A
A b i~ Ao F 1w ) 2 { (Codice Forster

mi - - Y (Sapienzh . AALa Ginegwshrao



74
Figure 41 ~ W - T - wil:; 0 nTA
T W@ T Y Ky 0 A
9w " Hh; OH A Ty A - N
p_ A H - qgl A
2 T A z - [ * v "qgr
Challenge - Yy 1; "mg|A 32 D [ - Y
2; TAH &6
: H OA 7 * (B w HA
- [ rA( ~ 7 - A)
r * H O A
- Foa * v A " A W
[ = A
A 6" b v W b A °
Ref 47 ., 213 b T ie 0 B Ab 7Y b
Equat i, oln21B1 A i 3 Y
H
] — &7
0
n Wb s Ap 3 W 3~ G
© A : Yy - b 0 A # ~
G ° - a; .o db A#!
: b 3 EC) A Ty T2 Ty
B~ wF b A
3 b AT g H
[ b i B * ArP° Db
v W A b~ A ® - W
3 W b o G A
L= g N "
2 Hixoiaz &
0
TT1& B vy W A ¢ ° - - 10 &' /-0 A
A

Ref )



03. 0
o
.
(@)
oo Figure41 A
b AaNe | i A 1P
[ Db b - yBA 0_oa Ar
' " b~ b : b A
l Wb A ¢Cb n )R
\ A b ] M NeA
W W@ b~ N R ¢
b oyt W A b b~
A T ey T Y0 =L *2 %0 *2 -1,
*2 -3%0 -1 b~ O _ec YA
ea® A A b~ N A i
? 'Y o 2ZNa A Y h b
NeHWw A w * i b &y ° T .10 @ /
* 0 KA
buw Toonc v ¥ © Ty YHOYH
1H*0 BB H*1'H A H” T W (spin’  HO
OA oy W A
v oo b v (picture)i Py
[~ LA ' ‘ - STy
z A - v W A



76 03. ' T

Figure42
- A
W vz” b *1g 1922 JW v ey
(quanton AT 1 - " Ybu r z A
T At noc T 0% A ~ 0
Ref | Ne H ~  Figue42 A A tT H H v
A b 1 nb A
1 twNe ~ FG 4 oo Gi A
A W 'HO” 1 T 6 ° v H b - z
~ H i Al Ne W ‘ T A -
W v T b A1922 ©~ W
“ne i ey A
Ne H 4 T W - A::o TP W e N
A n f::mE " s We Fow i o 1 % A
H Ne®'s 1] 4 b W :WNe A p b u A
p H G W -0 twPNe H " A O
] ~ W ¥ A Ne W
°" Nab "N A w F H pd_6 W A
L . (Otto Stern1888 1969% . (Walther Gerlach18891979) Hlc H®

2 | G 1943 ey A

>
@



| [7 A b 6 @
Challenge - b v [b ArR™ Y WInA) b
" - H W (noncommutativphA 6 W ® 3
“ Ty - T Li b A
Ne b "7 wsMbLZ ) A ~
b "EZ ® b A:UH 0 Yy o i
Y ~ A A P T E J
rTH A
H Ty A uTy p 6 -
* A3 3be A
Y T rb A
Serge Pahaut
b b Ne A’ A e A
Ve i o€ A
* *
A i S B 7 .
Ref ! oyt T tr T € A
b b ' [ A T b b "H A
* *
®» - b w0 A 3w W A 1995 ~ David
Ref Pritchard = ~ A
* *
¥ AW e D H, *  Figure 43
A t 20K1 [ 8000K FH T oc 1n-0 |
3n-0~ [ 5n-0A R W4
* *
s * D An v 3 G

Challenge - # eb



78

»-""M"-f-m_w w2
" Oscillation
P mu L L.l s
/ Rotation
Ll SR S S R P

|
Translation

Ref

PT

Chall enge @

1 ]
100 200 50O 1000 2000 500010,000
Temperature (1)

* *

A (de Sabbatib

T 1992 ' b

H
n

n i

Figure43

i
(© Peter Eyland)

(Sivaram ¥ /W @

W

€l
>



Chapterd

[
Die Quanten sind doch eine hoffnungslose Schweiriéreil
Ref ! Q- (Max Born)
T T "y A oY b o B
a 0 a Ty i 0 v Huv Ty i o H HA
- T " b WA
1 W Ty b A
6" b W @ V> eb b K A
Y b a P Ve *a B A" b
a 'la i - (wave functioh * (state functiol A
1 W A
B b
Ao 3 - T 0 v b - LA Y
- eb T 3 v v A b
(spinmagnitudgb  ~ b " A H™ " b
a ''n M Ng: '
s )
) b’
5 A
b T b il il A0 T b
A ¥ - T A
A i wo(T) i [fi: 03 )/ )
[ ] oFe X/ )A 3 T 4 W p 0 A7
H ~ 4 Gfiro o A
0~ 0 T Ha 7w Ffiro W
Ty (eigenstate : v Y bi A
Isx ® — o



80
- - T1T - Ty ¥ A
T Ve o0 A T T - v A
Y A ¢ b "W e Y
@ ¥ W @ ToonT oy
(state) ( ) A
" (measurement b A
(realnumbef f b T W w A
i Y UM N T T MNe He A
IR VIR B 1A
- K v b eb ~ b i b N
bw T A " W (operatol E
w O (transformatiopA - v W ' b eb
w A AR ‘
C i T (complex vectgr (rotating
Appendi x B: arowA W @ a (Hilbert spaceA
C S T ® 7 o (seltadjoint
operato) 4 (Hermiteanoperato) ( ) A
C sy 7 O (change of viewpoipt (unitary operato}(
) - b ¢ 327 30
N v4 i B 7 [ i W (eigenvalue
v - v)A - i bi v
(eigenvectoA B F v HA
G K v [ Tuw o} -
o & 0
W ( y & Y WA '
v FA
- firo fjo A i T bfi
A 1 v -G ‘ A
H™ " Db a "M Ne 71 T w2 ‘ a
a A*b a " i “ a 'I'MNeb
Y ‘ ‘ A " oA



o4 ‘ b €
ey Apr i , 3 A ®
Ne T * (wave functiopA
W P oo w7 , A T
2 Ty A W (a shglerotating arrow) A
Ny To - W A
T " Tt 0 G ° o~
: FO A "7 Ne L A
r (quantum phagd I [~ B N 1A
L 3 * _ A
TOF a i H P
H W A D G - p AP
0" Ne ww € N N ¥ A @
W@ B Wa A PA
Figure 44  3,W 0o P A @
b v 3 A " T
Appendi x E &gE' L B ! Q@ W @ A N P 6
i i " T A v, H
W E2CY '
P (probability amplitudé
i z&E'? Fue L E O A
H~ P . UH ) - P W € s W o
€ @ W A - e 3w i
P W €A
€ - 3 W A H-
£ B T ~ ¢ P o
D ; r T Ne | * Ty weE * A -
“‘al €0 i AT ¢ Lip 4 €

T A €A

>



82 o4. i1 -

(QuickTime film © Bernd Thallex) CT rA)
.
£ B T » ¢+ P €T W A
b G 3 G % A
1 £ o A 7 € - A
bAKv T H - Ap '
£ T @ AW o
. . . T .
© A
\ vWae [ 1 (feldA Te v
L0 A v P00 €A
A
P Ty W T @ I HW - P
Appendi x B: byuwa rQNY Y a T \j A ¢ R )
i zb T R - T b
AHe P v Vaef A S ) meP A
P NoA T (B a a ) Ty
Chal l engey c P A
H” G W P - W €
W Ne A & € - € @
0 Ad bw¥ Kv ETA € b H A
s M T LW P bw € 1A
3 v € i ’ ! W4 W

Vo |

Apst ) A



Figure45 : (Erwin Schrdalinger 1887~ 1961)
b Y o U &'
v Ak [ b i " A)
&' W oo i i
;)0 ¢ Yy D) F
H— &1
B
y (Schr°odingerds )e'dutati on of
GW® - | HWA
Ref ' { ~ YH b [ = A1 W T v
Ref 'Not Fu A 7 H T 7 Fhe o F
‘ v o T 'ETE A v
T &E' A E~ H P 5 &y
B ol e mA o)
&E'; D &ECIH W 8 2
5 © B 0 A E °
B g o A
L . (Erwin Schrdalingerb. 1887 Vienna, d. 1961 Vienna)
(physicien bohénieji bLHB "8 A1925 Tt o ot " ¢ 1933
A3 t & = & - (VictorHess 3 0
A% (National Socialism) 4~ 1 - i £ K
A T F o 6 . H (Whatis life}l ~ AT 1T s M,
DNA A
2% ' | ¥ 1 e ) H i 5
UH A } / - W VA

moti on



84 04. i1

1 w3 E v 1 W A #
O T sz )& T TOo&B BB
5 A T2
H—; ;X H ® ) >& & 3
B o
- A o - ' H
A B T P T . A1926 ~
(I} P Ta @ i
A AT o 4 p Ya 0 F’ rT SR}
Ao 8 1 TO0F OO A( b A) &
I 7 wOF A N SR I A b W
- [ nB’ N U A’ -
i T A T b ALY HIA
£ [ A H™ " b 0 -
J [0 e A
b T 2T %0
A0 8 A umny A KvZ Ada =~ |
(%) b _ @ T %o "H ’
" vb W [ 138 A
“ve A REC) T2 W@ © 3
¥ * o Figure 38 Figure ® A1 Figure44
- A I *
- Bl v A
H v n L? ‘ 3
e . AL W ® W N @ b
D P - toN B_ AL ®
"va E 3 W A
[ P W d TP w
Figure % Wa A Y * (collapse

of the wave functigi



t =-2.00

Part with positive momenta

t o= 0,00

Part with positive momenta

t = 2.00

Part with positive momenta

t =400

Part with positive momenta

t=6.00

Part with positive momenta

0.6 b.6 1e
b.g 0.4 )4
k .2 ‘2 0.2 ‘ 5. ‘ ! 2 ‘ 1
o ° °
-15 =10 -5 0 H 10 15 =15 =10 -5 [ 5 10 15 -15 =10 -5 [ H 10 15 15 =10 -5 [ s 10 15 =15 -10 -5 [] B 10 15
Part with negative momenta Part with negative momenta Part with negative momenta Part with negative momenta Part with negative momenta
2.6 2.6 0.6 2.6
b4 0.4 0.4 1.4
2.2 A ,A‘. u.: { . v.: i . ;.: I )
=15 -10 -5 [ H 10 15 =15 =10 -5 [ H 10 15 -15 =10 -5 [ H 10 15 -15 =10 -5 0 H 10 15 -15 -10 -5 [] B 10 15
b8 ] .8 )
2.6 1] 0.6 0.6 18
.4 1] b4 0.4 ).t
2.2 “ 0.2 :m 0.2 (-} )2 I-Z
0 ° ° °
=15 -10 -5 0 H 10 15 =15 10 -5 0 5 10 15 -15 -10 -5 ° H 10 15 -15 -10 -5 ° s 10 15 -15 -10 -5 ° 1 10 15
Figure46 * 2 (nnw ) i1 a - Ne ~ A By (Quick
Time film © Bernd Thaller) o I A)
1 (35 A A VW i '
T £ A p E T WA
P T - b H Cd " Ne ¥
- A w0 -~ 3 b T
H AP G ' s M Toomo P
gy b T A
FO O B b i " b N A
A D P A v F b (b ) i At~
- W b T b A 6 b [
- i LA
Figure 46~ W (dispersionA

B
T

(diffusion equatio
T A "
W

Chall enge

>

\l

Chall enge AH

B
(spreadA i
E

b po3

3 G

Q@

3w



86

Fourier tramsform

Fourier tramnsform

I N

Chall enge

Figured7 # 5 ( Y Ne P T ~ No # D
By (QuickTime film © Bernd Thaller} ' N A
] W k_J‘
E Figure48 A
' b
bt A 1 T T 6
H [ AL b~ TKv
A
T X ¥ (potential barriej
vA P v [ kv a > 4 A P
H™ Ky Ty K v x Figure 48
Y (tunnelling effedt b Tz b A
T Kuv Ty Yz & AR
5 0 e w o D [a W " P
3 T A
N | 3y

A

o1& X' '

-

A

H 7

A

07

G

<l

JL.AL

s INnjusaAmYIEeayMmaQWN UO I 10N

}0

1Jypods oyedio)l seiziodd WO Jeywhd 11 Adoo so 1sAyd

j@Wwrer a8l | |



Y o~ X n 1 4 A N
W 0.1m~ A 5 wT; /icT/4. WK uT F°

| e ET & s
Challenge @ ( Wy Y w (b A(
Challenge Arn ¥ W e VT T . )
v 7 FN Yve H O0M&N'' >
Ao~ n oy e T [ 4 Yo T b
A © P Y
31 k _H
D = & 6
J N!
h v wezd” w A 3
A 5 AH T E =z 0 ‘“’ E
E v g I A
L2, ‘ A b A K A1TB
Challenge O r (RAM) T bwiw Ar [w. H H s:
L=, T " An - " 37°C
v . H bd 3,
G Q T 37y > A @ g, > -
5 Yy w A ()JA Y K v [A
[ = R (evanescent waye O G\ A
|) ’///” ,// bi’
e 'lzlg Figure49
.7 T]T b



88 04. Fi -

o Figure50

/ i B A

B
[ . . (probability amplitudg | n
b A [ P B~ = B A
P b " . ueE ( y p “w A
|I|= i P r ' € 3
EA & e - € " p T €
47 B i " A 1 wInA
0.2 : = R v
i vA BTy W A B >
. -H FA H”
oy P - g €
i Y A
- P Ld T A £ Hae@ NoNe T
- P [ O A Figure 38
A BY by A
P B i A A\ A = No= ~
W Ne MU B Wl Figure49 A Y
[ z - [ A
Figure 50 =,z W i B ' 3 i T

B ( Vo« W A



04. 11 ° 8
[ =
] 4
g P )
ft ?
I I/'I I g
—— v . ol
[ -7 7
b= -7 v E
P’ ’/’ ’ 24
(= Jhe 4
= 7/
= / 4
- X /
i = sl &
5 . ‘—8 S 012 011 010
’ W
’ (=
7 X
’ P ="
’ =& [
’ o S
’ P [y
4 -
//’
’/
Figure51AB ' P

(© Doru Cuturela)

Ref ! @ Y 9. v B ' -
(AB  ~ AharonoV Bohm effe¢A AB ¥ H "W TR
G A Figure 51 A W Now H~ Ne
b r HY r A ) rp
A( rooW i A) U
TOF B O_oc vAda ~ “3wh o
Fu O, A
AB 1 g P B 5t _ b T _
vol 111 F A Y - A Y | H Y
%" T A Yy AB b v 77 da b
eb A

t = 0.30 t = 0.95 t = 0.65 t = 0.85 t = 1.0

-7.5 -5 -2.5 0 2.5 5 7.5 -7.5 -5 -2.5 0 2.5 5 7.5

Figure52 AB ' P

Time film © Bernd Thaller)



90 o4. i1 *

o Figure53
AC T 8-

e A

B i Wa © -\ (AC  ~ Aharonov Casher
effecy 0 T 0 T A T Bwi |
A Figure 53 ¥ 0_o¢ v 5> A
W B s We?r * z 37y P OAK ::
Ref ! T Y A
£ BT W Ty A r
N R B A a B\
b % (Josephson effect” Y 0
5 1 Tz (SQID superconducting quantum interference
devic§ Y A
' S B : B~ B
Challenge ~ 8 O Arn W
[t [ X A 8 P B
© 3 i oP h 1 Abky W ° B3
ToFwl | A - v 1 Y
N W ’ b N P



Figure54 DNA Ne n

Ref ! . @
|_ b n * lA p
7 (transversal

5
o

o Y
( ®» )3 *
Ay 3b o

I 7

(coherenf @
fi 37y
i VH
Ho ¢
whe A
Equati o A cb T
3 G '
Ay b

Ref 2002 ~

€l
'
—
-
ot

A

(© HansWerner Fink/Wiley VCH)

Figure 54

(coherence
(Iongitudina)A

eb

¥ A

ot
g

Y-

uo 1 10N

9 N jus Apyleayman

Je]

so1sAyd

1@Wrer 848l |} | 1jypdds sysdio)l s€izigiDd WO Jreywd 11 Adoo



92 o4. i1 -

b THe® H P HQ H
ao ~ D A

g
> €1
T
>

Vol | Aos: * alb. A 1 T ° b A (the principle of least
action) ¥~ o B we" T
b A W 1 ' X~
" ¥ O 4 (variation) 0; . A~ b T, T VWO T A
| t [ A
H b b1 Nd W b 1 T b
H™ b T N u b f o ' 76 T
W@ " § (smallestactiofi YT Nw b a - @ A
W H h ' y wwe” Nv- S
1 b A H EA
W oM 4 (path integral formulatioj ; y We
Ao2: 7 - Nv(F 0A i
h G v A ST A
b v ¢ b )y A
| 7 " b v Am® A
Ho - P “bv A T T b (f ) pu
VolEgluati o Ly N¢ 1 Hu' 5 A T
£ (Julian Schwingdr H " ¥ (quantumactop 1 A
wooy yA He H b L Y
O; 0o Z 1bBZy &7
i T2 ( YA ~ T ¥ L e oA
H- T "b 3 TO T 7w NoA
2 H 3b T T ‘ 2; ' XD W
§ "t b Y OH A W Mz T 1 : B
i 0 q *?A
Loy - - i - B b G P " Heb
-8 P & s A
2 ® ~ . (mixed produdd e L p~ 3 " b~

A b @ A



wu b 1 Ne L [ z V!
O;0 Z 2bBZy & .
b TN g P i i A
[ p e T ‘6 b TN
A - b T Nb uwu ~ oy h b b
A 0o Tz W b
O;0 z 2bBZg; XHo zZyg &/
4 " ¥ 4 (guantum action principle U e A
) H w " [2 1 " b A o; . A -
| f. " e [*b  aF ( )e f A
T A T ¥ - 1/2
® w3 A
H™ W@ *0 3 Z1 il Y
3} " b T Ne GgXIEY™ D HP& Yy H T NoA
N T R Y B L A
[ A N1 b wo A
Ho b u " [ T b[ve H
b A [~ Db A P v 3 VWO H
awe a A
(Everything turnsh
X
b 6. H T "o @ AE cwoC
(quantop3” Y - (spinA Ty o
AG: i - A
A1925 ~ H H a -YJ @ (George Uhlenbegk a
Ref (Samuel Goudsn)it 3 n At W 0
@ (Ralph Kronig3 K W . Ne
HO ¥ avV 1/2 (spin1/2y EC) AL

b - v H 1A)



AG:

AG:

Aa:

Ref

914 04. 11 °
| Ty ¥ Ti a i a
1o A (vo - “y
" A LT A il
"HE | A
H~ J 1 A N
i rT ¢ 0 Ai E T (magnetic momejit b
ND-O' N WA y B
@ SHOI. w Bohros YAdgneton b 1
b A X & -factor) T X W @ '
ND U oH
g Y et TX el G &0
O T Yl o 1T ¥ X w2z 1 v X; /A
0 3@ i (Llewellyn Thoma¥ v X; 0 Y A
[ 2004 ~ IR | ( T)
S A s ‘ A Z
(mrfm)Q A No A
1927 ©  #*L F R 12 - V4 ‘
H @ - W@ A A 1AW Ty
b'E X il T @b \
A @ He O ~ @ il G H
@ Ar ~ 2 z h " W
b . Y A
H~ - P Q@
H @ A v ey A )
3 [~ - 3 G [ :
TA
L 0 - - # (Wolfgang Ernst Paylb. 1900 Vienna, d. 1958 Zirict)1 QF= y
H ab A1 W @ .70 3b ) ~
2 Ny v b H T 2 CPT ~ T Al D)
AT 2 0D i fi (conscience of physigsy At T 3,
(o ' Y FTLb WA’ p WT o HM
b B3 At fi 0 H 1 w 0 a
i A [ #6 1945 2 -
0 b 1 (exclusion principlg 1" ¥ W _ a



04. 11
i (1)
1899 - WL ~ b ' 1905 ¢ 0 H T
C o Vb Ao T b " A
Bart [ - a PFz A
M) b TAW® 0 b A
H i " [ ST A
T P74 RV R
;0 W) wize X Z; 4, &1
H 5 T Y. TD. (T.D.Newton E.P. E.P.
Ref Wigneng 1949 ~ y T L.L. (L.L.Foldy) S.A. (S.A.Wouthuyse)e 1950 ~
Fu o A; M T ‘
Yl
_ J
Cowmeeze ax oy ) o e
X/
1 [~ T " M New, 1 A Y/ RINF H
Y "W oHe” A
1/2 Ty i N @ T Hae G
"He 61 Auw_ H nHE [ He °
Vol Al Y @ a B a A Ne ©
Ae: w ot i A(C @ Ay ~ i
W NeA e i New ~ T H A
H” 1/2 P @ Ne A
L T T B- 7 Ty a'
a; b ; Z & 3
bs VRI B) Vb7
uhet & [ & v A a Wa -
v 4 Z . 3
L VB @) wiZe & 4
i U3 T T H
U: B 2 &5
Ref * Ub H @ \ Af ( ) - (7

) P 7 Ve Ne ~ i 22 @ Ne A



96 o4. i1 -

P eb Ty - } b \
VA 1z z H i WA
Ae: (2) 1 » . . @ A
V'S
H .. (composit (elementary ) :
(bound motiopA ' i ¥ 3 o A
Ref | W o ‘ b G Tz
v’ . A (gyromagneticratip (b b ) Hu
u b 7 UH
u; u & 6
Challenge Y FFEREyyB™ " 4 A-i @ _ T '
Vol Vv [p@y - " "ETP ¥ A R { 112A Y
A A W 1/2 "y Qb
A D
T g A X— & 7
0 01
G o 37y X A ( oH 0!l W
(magnetopA ) X b t oz v( 20 1
¢ Ao T 4Het w 1/2° xv 147103 N 310 Um
¢ A X W 56 f ¥ A 0.9fm~
v’ Ne A
T T “ P v A i b A
A " Ne a a a. A WX o
W ( ae avu aT a oa > aw
Vol Vv @&y az a AT 6 A A
U X o W 3 o " kvl ~
w A o o 1 W o AR ::” H o
Ref A i X- C
XXO0; — &
4
TTn v 7 pny A -4 a -3
Challenge R WA 54 AppendixB 3 v W
A Ho L K o EG W o A



04. ii
0 Y “Kv Gl . A
YA Ty [p =7 A T A w A
p - U 1,0., No * D
Ononn 0 A&l foy, £V &1
I S As W Y e’ b ¢ HO
[A"]~ Q@ D~ 10 K v r *1
H
A< &80
ony
Tvb W ! (Compton(wave length), 2 @
P
;= &1
HERY
ow 7 I 3o n (59
s A o a oa 0 Y A
( 6 2012 O - LI KT A)y i
A R 9 oo 7 b FH o An W
Challenge|7l/1 .
i - R (Steven Weinbeig o W ¥
Vol V el %o T 4% T
Challenge H Arn ! o [|If 3 ©
T A z"v¥ "¢
Vol VI 3pa A W ~ A
Ne X

Challenge™a O 2



98

Die meisten Physiker sind sehr naiv, sie glauben
immer noch an wirkliche Wellen oder Teilchen.

K - (Anton Zeilinge)
b “vB z 2" T 3b il -
"EE W A" D ‘' va rToD T
3 AW ® v A T H K #
A b A b A
* *
A p W4 Figure 240 i A
Eo TWae We A ; )
Ref « “Yadt A T W@ "E A A J
Challenge eb HH W A
* *
P fi o) ® -~ P € W'
A ¥ RMp T° 7 T T "
i Y 61T "MA i Ab T
Challenge ~ 171 N T WA A T B
P AW ® v [
ST Y Huwu A - a ar ° n
P _ Axy a ar P A
* *
W ) H b A - 3 Eb
Chal | engeE® H b - E ° "GAH AF
* *
Challenge A H w. Y W b
* *
b f i H Ad K - (Anton
Zeilingey 3 Y z A



t=047

t =062

t =090

t=1.00

0.8
0.6
0.4
0.2

-0.2
-0.4

-12 -8 -4 0 4 8 12 -12 -8 -4

Figure55 W b w
T A

=4
Y

(Kortewegde Vries

Ref K v G
T T Ne
Chall enge
L
A
Aal
® A
A
\
Ref ~ a a

Vo | ALlO Vot

Challenge '

0

=

12 -12 -8 -4 0

4

8 12 -12 -8 -4 0 4 8 12 -12 -8

-4

5 A B (QuickTime film © Bernd Thaller}
5 AFigure55 W2 A @Y i
i NeA i A A @b T Kdv
@ b " A
* *
Y A"
THP
A(__ih 1
(o] o]} 1 6I|
Yo Ne * ~ & Arn v
* *
W W r “ 4 electronium T
g A T 4/ electroniun€
electroniue 1 T
€ ~ electroniunt W '
* *
A oy v Ar N
* Ap T G (Paul trapa 4
(Trojan electroja v A T 3
b ~r G A
* *



100

A
W
H,
F a
s N
5 -
i SA
Y
C [ A
© A
C
W A #
Y 3y
b~ MNe A

(massive quantgn

<l

>



Chapters

t uE i
v Y . vYVYNe 34 Y Ao « M H™ 7
n - 0 ADb AH - H 3
P Jdb H YA
Challenge Ky M Ne - Y A T 1M Ne
zb i A
1 WA i1 ¢« R Y - 3t
I Ar° b “JvB A b MNe b yL
n N A b” M Ne b M Ne ~ -
A
M Ne
W ‘ (glove problen B W ‘
M T wop AT A A
b [#., « 0" 7
3% i TAo -~ SR T H
Ref - (condom problepf ' o b b 18 AH 3"
2@ A
Challenges \ ' nM"; p; 0 B VR Ar
[ & _ b :
Challenge s D; [F 1w ) & ) /'-07 ’ N"; /F D )
w &) /'-0A e _ Ty A
Ref & Gl T Wae _ - “Op-1) 1-0"7 U TOF
G G E Ao~ 6H M 372 - a7 A
Challenge (b e E b F n '’ ; T VA)
Asrwld ~ _ O_¢ 22 @ A @ W
O H T Y eMNAT " p v T TA ST b o7 -

Y €M NeA



102 05. ' E

Vol VI 1ha H” G . i [ EN A
VoIV pag&4ds oy G 1 | S A ) Mg A
A T a7 Li« MNe A "vMwi
v Wwb'E T A
Ty H M Ne Aw 7y Y M Ne
- a a As W T da o0 o ©oon3
MNe 1° Ky 1 ooy Hb
i MNe A H™ 1Ty 2 M N 0 A
) iBa - a * _ Ay Y M Ng Y
B G A~ b a
Ap b~ O H ) I PR n Y
TUMNe 1~ 7 1 *Ap 6" Db Y1 H b
Ty AR ::7 19p W i “da
3Ab [ W wo L e ( )
TO A
M Nof
Vol Aa: " o DT T W i (simpleparticle)* *
¥ 0” Y
0 p) 1 1
=15 ) & 3
T n i Tl T 5 OHrun
( @ ‘ A T E W M NS 1
Challenge G I n MNS ¢ /iT A v i a
1 T " M NeA

Figure56 . (Willard Gibbs, 1839 1903)




05. ‘ E X 10

H ST ;1T : Al bA

Challenge ! T H r Ty *IA y

Ref | (Gi bbsd )plar adox Ne £~ M4 (indistinguishablg

T a al Ne ~ Ne
A

il b~ M Ne W iy D " Ao~
0 R". " 4w bl b~ M Ne Toow T3 M
LT 4 MNe Ap “H “da Ne 3

M NeA

¢ H¥ T b~ M N W AR s:
Ty b ° Hb MNe b
T b~ M Ne A b
A

O H a Ne 2 Yoy 1A
S U B € - Figure57 ~ o c T
© R ~ A

>

N
C
¢

b~ MNe A

VIR R ¢ [ v M - (SackufTetrodd'E
Challenge ¥ A A B T [

%; j h_r3 1) g @ 4
@ (Otto Sackur18801914b . (Hugo Tetrode1895193)Nez ¥ A
- a 2-T( Tr )b o r ) A
2 T (Josiah Willard Gibh48391903 b O a @

Ly z b "z EAr IR | &Y (ensemble Z
(thermodynamiphasg W A



104 05.
Figure57
. .
W we b~ M Ne
H € T Ne ~ b~ € €As W v
TN Ty € M N 7
Ne A
H™ b~ M Ne b b7
FuNbe '
Y w17 PMNe mAP
1 A W H
sy T P v W A v’
(specification of the vacuyd K v
’ MNe A
H W T 6 )
W @ F " w Yo “ Ty
A
T b~ A il
b G A eb v
vz . 3w A Y6 ab
- w o A H
) TP b G W T g
s’ sen A & G
Vol V 2wy At~ "M Ne b -
Vol Equat i ow A [~ -7 " b
gi A# %

8 >

-
i A
M A
H G
O F b’
A W
b " Y M NS
" A
W
" b
i
Yy B
g .
G
i T
A
ab
2 b
Ildyb) 'ldol)ev
A



Chall enge

05. "E
# «Db T Y 3 0 A
Wk [T 4a T 7SN
A vyl 1 u o/ A G T K
- A bi - W Ar
n” b~ AR - Y Noz
Yo7 H A H™ N (b
H™ L uW i M
v 7 v pA" £ b i w A
E 1 N1 W VW LA
T M Ng n
A (permutation symmetfy 3s | (exchange symmejry
W R - vbi A a a
- A’ G . T
n ) A+ B MNe W A
H~ fib~ M Ngindistinguishabldb G ] (identica)oA H
b ' (sam§ 1 E L A7 i
nn 7 " YMNHae L ya L (@coppyow 3b
n A
v -7 3 n M Ne *'A
L A
« Y 6da 3 M Neo il ¥
A
ne T 1 0O Ne A - Ne I
An F A
L * i M Ne(indistinguishabldg ~ @ EV b H

(identica)o

A

—_—

31



106 05. ‘ E

b MNe b P

B MNe i - A LW N
Challenge B MNe (m Y W@ B uivie Wa
o - X "MNe BT MNe H ~ A
bB” M Ne ~ - H F e |
A H @ Wae B A3 -
b~ M Ne O H N BT
Biuivio » C Buviudo &5
H @ - W P Ty Focho; A
EduHvilg d EdvHup o & 6
H Y M H (symmetrif  HO (antisymmetripA 3
Ty v )/ NIA
- il b MNe H b A *?
L P © 3 GIT fi) o Ty
(boson) *°A
L P i © 3 G9T” fiX O "

(fermion) *“A

S B IV [ A u |
. ., " . A
Z 0w G A w T ) A T W -
Ne A
> (bosond Y . . (Satyemlra Nath Bosgh. 1894 Calcutta, d. 1974
Ref Calcutta) N AT VA A b R . Ny
1 K - (Bosé Einstein statistig#\
b i (fermion) oy G h . (Enrico Fermjb. 1901 Rome, d. 1954
Chicagof n At h a
Aty b W fi (quantum engine}iA T iy
RV O T _ 3 A v W Tt
- G s A W 0 o At
i b E z” A abxl w4 A 7T
v Vh H® T (| " H 3 A



v wid_oe A ’ a aT
A - WA A W (T Y s WA Au = A
- b/ A
H::" E (T ) K (K v ) -
; @ ot Ao~ “He " 3He ’
23Na, 4K, 85Rb, 87Rb, 133Cs Toowond @ b ’ 40K
134Cs (YR YA

20 Tog 5\
v, e o
-7 H Og . o \ A/
N S
wow “~~~ Y ‘_,—’ 07‘<. Ne @
0 S
i ik . [ We
A
1.05-

-
1

Correlation g@)(A2)
T\

0.95

09 ; T E T T
0 1 2 3
Separation Az (mm)
Fi giorie (*He 3He b ) a a (from atomoptic.iota.t

psud.fr/research/helium/helium.hirphoto © Denis Boiron, Jerome Chatin)

9InjJusaApYIRE@yYNAN UO I 10N

Je]

so1sAyd

@O Jeyd 11 Adoo

j@Wrer o J|al |J | 1jypods oyedio)l SEIZIQD



108 05. ‘ E

W Y
S’ Figure 58 i STy [ & W We A T
W 0 H MNe @ ~ vH z ®» A ) G
(entangled stajA\ T Ty N T Wi /
(downconvertey W y oy @ Tun wy ® A [N
v N L HY T No (@ ~ A YA H
Ref B g Ne HeFo A - ® Wu [ bwNe
£ F H A Wi Tw o s W I " yiw
' LR T AWM [F w ‘ HoQ " P
A02: i TR 7 wh A)
) A T W n 1’ Ha
Ref = Nez T Hv [ by W [ A
L
Figur e252 3 W ’ ||f : R . - (HB-T) A
N ub T b -~ F G #b Ao
Fi (antibunchiny ~ ~ F (bunching A R
b &) A A
Ref 2005 ~ L H, b vW A A 500 nK ' ay
VR T F T i A Figure 59
2 3He " “He T t A
. .
a " ¥ ' MNe W H - 3A
b[A o P wr A ono 1
W Weaeabp | Ne Ne PP i 0 A
K v | o A b~ \
al ar yi Ne A
b R S @ T p b
v T A 1 ) * b o
37y — T I b — MNe A b a ''b~

VNS P H o AA



05. ' E

10
/7/‘\ -
= T /'/ _
e - ";// .
Fi gao e W 0() €()A
| - i N € ~ (bulge
0 (excitation) € AFigure60 =uH@ € YI H €
H "E Ty q A M Ne H
1| b P @ @ VA
T ETT p HNe © 7 y VN 7Y Ne
# - A H™ oy W @ -
n” o i A a
VH
;= & 7
l.']
Chall engefp n” 1" MNe T 4 ° WA
Challenge V G ¥ Ab W on i . H ni v Nd
T — . H Nwi A
H” T 1 MNe _ b 7| H' U
Ne 3w oy Wav TA ©E ot W
' r " M Ng A
4y ey A i oo v
T b~ M Ne
1 nwy [~ i Figure 60 € ’ oo
A ’ " (vacuum stafd
W Wa T (excitationA H Yb MNg W W
0" f @ 0 f A 0 W @
(creation operatop | TP e H v
(annihilation operatoy A " (e A



110 05. ‘ E

e y - A *1 7 .
s A v ( ) A
5 i ( ) A
5 - He U i - A
5 i v i A
o m ub s A
A ey n w A
Pow. H y 4. d ! 78
Y n 0~ 3 A 7« b
D A- | [ oo [ e A
%o,
1990 ~ HR  (Rambery (Snow) LW
Ref Y p - ey wAT 1.? Wa
X 0 Arn [kvk Arn ¥ 7 G
R} Ne G
0 / Xbw & 0
H Gl ‘ A
n v A b * H wE ~
A v Tt X 0 A X v
Az v 0 F X A H b
G W ' L uw - F A (Pauli exclusion principlgA
G TNw h A
L * o OH W
YOoU[; TP’NTO; / & "
t * A H A" (commutatoy ~ A” Tyt
~  (daggey "y W " (adjoining b’ H ~ G ~ A
y oL aP) AP/ &l

o A H “ wd (anticommutator = A



05. ' E

Lt &
T 3 b7 M Ne T Ne oty |
n B A H W \o: T "
MNe @ 3 o - L [ 1Q (cloneW e
A
~ Y o KV ap /\‘V ao N‘_,
L~ Ab w 7/ v oW Ar
1982 © H Y - @ (Dennis Diek¥ ]
Ref (Wootters) ) (ZurekNez 0 = L i A F-
Q (no-cloning theorenA
4+ (copyingmachine Yy G41pa Fi Lhbe © §£G 1o
bT A 3 YAp v tio OH ~ bH eb A
T 0 " b H i A T
) bw n A+t
L A L W ‘ 1
[ « A H L A VW @
v . L Nez LA Z z:~ H 4
G Z1) z 1 Nv ~ b a3 A 1 Ww. HA
R - E RS 21 N A ze,
8 Ip G z.- L « ze, n b
N\Z12e,; Z171, &1
8 Ip G z:- L « ze, n b
Nz1®e,; 2121, & 2
H A WwZ) 1 Ap L b
1Z ) 1@, Z1Z1,) 2121, & 3
p b " b "l
-]u_lrz-cl) iz, &) z21'&y) 21y & 4
s My N oLl AR e~ - (Stephen Wiesngr 1970
Ref #F# _ Ty v Cied® Z bu 17T Wea An

Challenge w_ Y b



112 05. ‘ E

- L b n Lve At F™Q (no-cloning
theoremA
L b7 TA  ® Ty ¥ e
T s Wel A H @ ® b o7 b~
A H™ ¢ b A
z L T A Y "H b A
: - Nv wu (chimaerjA N
A
Ref | v L T T " A
v Lo 3 b A - L b A
70 Y "YbABMNe A i rQ Ji A
W J 1 ' a a a Y1 i
Challenge b A(n Pl 3 b ) H” (%) NI
b « A
H- - ipa~ af - Ty M Ne A '
W Tb b ~ b b I
T 3b ® " KvH@ rvMay W -3 A by
T - " YMNe A
G N H M NeA Y H 0 - Now
b A g 3 M Ne A
b7 b~ M Ne ~ 3 L in
s W A Tb w» A
pT @ v Ly T « A
EPR b » HA v Y W' T A
H:: b™ ) .7y b L H A T W

(i 1984 BB84 (BennetiBrassardd ) 1991 E91Ekerty )A



Chapteré

E t

W (polarizatior) ' Y A
" wA3 - i ‘ Y A
Aa: Y (spif b W 3 3 A
7/ Y HOuiYB W ~ e L ‘
V_ % Kv W A
A
b
Ref ! : *1g 1939 v F W Ak v (elementary
N Y iy, F- (irreducible representatioi
i U v O "  (inhomogeneous Lorentz
groupA Ww. H
Vol A® 1 * Wi 6 [T kv ., w
p ¥ v pb ' - ¢ A
b T We a a a
[ [ (boos) |'f - ' 1 a -l a - 'f
A b~ LT o B - T~
A ‘ - ® - ' i -
W IT A
‘ T4 (I p FW T
Vol A® A T W Y F-

(irreducible representatiog

At 500 AT "G Na Ar 3 p i
A

L . (Eugene Wignetb. 1902 Budapest, d. 1995 Princeton) © 1963



114 06. b ' -

hnow Ar 31 L [
" b~ 1A H™ L 1L FR " Y A+t
nT AL 4 ap T Y Y
T W (parity) A
5 Yo, 40 A e” T R
B 7! w A4 bl ~ ¥
T O A
5 v ey ! W
[ w A *? bl 10 G \
" A v b b A
I 7 bi w &) /"H
Wy w 3 3 3 A _ (spin.)0 9 Wy
fi & ) /"HOA VAR VI TOER
! A - Ty 12 O T yboo,
1/2,1,3/2,2,5/2 v A Tabled4 ~ ' a aT
w12 W Z T 4 0A ~ . 0.)/
il v} 00)/aea =~ Ao ~ _ o 1-07
Ho o -~ W fir up)d 4 (downPA'E  ~ 7 0
v’ b T - W @ A
3 A " yib v Ao ~
) 1A W n i
(helicity) - H Y 3 A
- 3 v ! z )HA 0
A
5 Y I b ey I g ‘
" 0  (motion invers@ (spatial parityy 0  (chargeinversg?
A 2@ Y wT,PC 227 b))/
X/ ADw - & [ . v A
H” a* a yi T.,pC "
Ne A
S IEY Ti PRI (unitaryA b~
I 7V - A
2 3 wso® w o oiroC " (SpecialOrthogona) 3 & 3

>



Vo |

06. b ' 11
Table4 %3 T v A Table5 ¥ =
) A 8 (quantum numbgA i
vV p&eyp L €b T a a B Moy T A
Table 4B u A
YH s bi
0 K a ail a
1/2 D A S al aNe a T
1 1 5 ¥ coa aftr a o X
Ne a
312 2/3 a a at a
2 1/2 iz 0
5/2 2/5
3 1/3 c
etc®  etc’ etc’ etc’ b”
a. LW\ B (supersymmetry ' A
b. z [ A
c. A v " [ 10172 51(1 B w H)A Ref83
Table5 b u A
| 2 B rcrolto &
B v C , B e
h i I~ c a’
I ‘
( )
W L& | X0 8 stable &"°'; 000000 0,0
K fRRY
w* 80.398(25) GeV/? 2.124(41) GeV o + 100000 0,0
67.60(27) % hadrons,
32.12(36) %It
VA 91.1876(21) GeVA2 0, 43 &®Bs /. _ =1 000000 0,0
or 2.4952(23) GeV/)?
69.91(6) % hadrons,
10.0974(69) %It I
0 stable £(_')=0(1L %) 000000 0,0



116 06. b

Table5( )b w A
@ B rcd oo &
> v C B e
h i I~ c
| o 2

( )
9.109 382 15(45)10%31 kg >/ 1/ ¥s E
= 81.871 0438(41) pJAP= 0.510 998 910(13) MeVA?
= 0.000 548 579 909 43(23) u
o= 2l NI, .1 34306/18&

X100 000 1,0

0.188 353 130(11) yg 0,/75 .1.=§ X100 000 1,0
=105.658 3668(38)MeV/A2 99 % D¢
=0.113 428 9256(29) u
-SHON L X[, .. 4
1.776 84(17) GeV/\? 290.6(1.0)fs E X100 000 1,0
<2eV/ W R 1,0
<2eV/ W E 1,0
<2eV/ W R 1,0
( )y &
tc 1510 3.3 MeV/ 2 ()= §2)+2+E. . . .0E
% A 3.5t0 6 MeV/ V2 t(.')= §2)xExEo0000 O E
® 70 to 130 MeV/ )2 t(.')=0(2) xE. xpOO 0 E
v 1.27(11) GeV/)? t(.')=0() +$00+100 0, E
0 4.20(17) GeV/y? =133(1)ps ¢(.')=0(F) xEooOx10 O E
B 171.2(2.1) GeV/\2 t(.')=0(2) +20000+1 0, E
126 GeV/? =0
as  Appendix A Sl A7 6 1B eV/¥¥ & AppendixA: A
b. (energy width b i b " : 'HA " (half-life) &4
Li (ifeime) " W &4; (O T TjD .471256 A G Al
1B s Hu 121 1/12 ‘s ’fdlgf%'; /443208 'weéA
IV - i (coloury W ebh 7 % A
He [ TA” A o g€ T v Al
| B) N ‘(b b (topnesy y e A T -
T c|]1A B () TF H ~ guw': @ W ofi

- T A T - T gu o &JTCA



06. b ' ) 11

3 ( (weak chargpA Y ® - r (weakisospifi W@ Ne
Vol V Dhex (" 0 Y bNe - £b A
d. (beautyo - i (bottomness TR (truth) i (topnesiA
oscx| ¥ 7Ty b HA @ ~ & ~ FA
e T n v~ 1 An - T ogun; &/ ET
b 13 ) O TA % T ng - 1
pe n A - L A
f.o® H Y 4 page233A
12 b
W@ il 12 A
W 1/2 - H (70 ) G Y bw |
A i b TP ‘ a
T a 1 aNe 172 A Table A
Vol AG: . (Hermannweyl W 1 E H G a W
b 6 A  Figure6l ~ 0Ha TR b A
8 G 9 A B S VW 3
W e A ( Y 1 il r
Challenge bw ’ ' Tt M) 720 AN Noz '
H N b An ( ) i
: W W e nn ® ' Net 2 0
720 Ap Ty [ w O [ 720
Challenge i i w¥ 360 G © A 1 A

Figure61 W 2 G ( )A



118 06. b

Y A(QuickTimeE Antonio Mart
T ° s M ¥ 127 p ) o 0
(tetheredA W A Figure 62  Figure &
2 G C g i W g 7 1 WY n
A b W W Y. AWAZA A W
Challenge (belt trick” 3 W » Ne (scissor tricka (plate tricka
(string tricka (Philippine wine dance A (Balinese candle

dancéA e W T T a v @ A



ChallengeY N Q@ W

06. b ' ) 11

First, give the belt two full twists.

N -

End of belt has been rotated by 0 deg Path through SO(3)

1 8£0 3 6 50t ‘ 7 0

S ome S Spinor e Spi ke
' J f
N I

7 0F 70E = v
///\/,, Py

Figure 63 W ' 3t E G (QuickTime film €
Greg Egan) ' rA)
r ' A Figure64 "7 4 EFWH7 w3
” 3 W(Q r - - - r - 0 -
P W 7 @ n VA @ b L v 3
Ty o, A LAR" Y H7 7 = ( B
Challenge Y A " Ysit®He | AW W A "
w HoY A

o

bf

Figure & _ /-0 A

uo 1 10N

9 InjusaApyIeEayDd AN

Je]

so1sAyd

aysdlio)) sgiziold WO Jreywd 11 Adoo

j@Wrer o Jal |j | 1ypods



06. bt

120
5 Figure &
H N 1/2
Q w A
B b a a
TAYW H Ty
€ T r
2T o
i A
| [”b b 1/2 \j Yo7 K a a
- [ @ i Figure 65 A d | -
A 13"y - b - W @
R = Lrir® A oq T 0" i
wF N P W - 7 271 P - N
q” b A w . + WHA G
K A www.evl.uic.edu/hypercomplex/html/dirac.htmlt 2, W @ °
- v W Al
H” L ” \ yi ( ) I
7 2 [ 1 b 0B /1A W o3
ChallengeG 1/2 AR 2z P Wy ¥ 1/2
A | H W Ne v - 1/2 b
E A
P - - A
P - P | E L
‘ 1 A
H” F- i 1/2 A 2 ~ F
s A
L ' @ b & https://ariwatch.com/ VS/ Al gorithms
/'l ariwatch.com/ VA/ Al gorithms/ Antit

T lp phttps:



06. b

O > <

Yy A\ i
W H Zb A yw - b
Ref ! b A W Z
“3ai i A W
Ref 7~ _ nH w7 vs M A
C Figure 60 ’ FOooou”
N W H Figure ®
W ) AW K
y W P 0" g [ 27 1
37 H A

Figure &
w

1/2
NP Figure 66\ 1 H @ TN
w A NP - W A H-
H [ Y b W A
H” 0 W - 0 wWa
¥ 12 £ L ! By
b He W A
’ Ty AdH oo
Figure 67 Figure® A Ho Y G v
AR W T y A 3 Mo,
’ H ! |7r 7 ” W
Challengeb - i Yo7 ’ H

N > €l

P W 3G A
1/2 (spiri statistics theorejh 1
w' A ) Y

™

Ref {

> €l

>

<



122 06. bt '

Figure &
H 1/2

A

Y 1/2 A~ - H N e B H T nmw [A
@ €& tb Y A 7 W e w [ n A)
Ty A H Y Y op K
T A 12 W Ng - A

(QuickTime film © Antonio Martos)



06.

(tanglelp

Challenge 4~

Challenge 0O

(knot)A *?

T

-1

P b P A

1| A
(impenetrability

p H

A zb |

Chal |l enge &*

AG:

€l

n»?

Y

(spinopA 1l . A

'{Jt

M Ne

- F
?l

12
A
T3 E Al H
W o_ 1 A
i U
Tb
TA
.‘I.
(string) (belt)
“ERA
} A
(solidity)b u H Tt
[ h v €
- *
A (Paul i 6s exc)usion
b 3b v 3
T W bw Tp
. Y o
0 A)

pri



Kv A

Chall engeA’ Y
Ref !

oy

Ili
3/2
N3

>

Chall enge o

Ref a/2 K

1/2

06 b
b ro Ty Wt o FA
WO A A T v
G Wk~ Y Y G W I N
T kv ' Ap " v ~ A i
T ow b~ TA W F " H ® G
£b A A
a T 9@ b e "~ e A en”
p & ” v b VA kv & ” T
¢ WB A G Ar b~ A #b A
£ A H~ ~ T=3b A A
a zb 13bw ~ HT W zb 1
bw Y b e "1 e [ @
€ A H™ b A A b 1 Al
~ 4 (Paulipressurf ¢ = 4 A
z N 4 a T T 3 AR v 3
A
al € A - T R . - AH
al T (shelA W @ TP w
CWe At ¥ H A
A b A A w'E |
A A 3 G / S
FA b Ao "EN W AR
[ 4 10 0 " A
_Wan ' a I::f (7
a ( ) - T We A)
v 16 ¥ 7 Wae a. b
Wil ab A 0A bw "
Y A
b I G o We ’ uvl € v
a aH Ne A z WOH AW ®
b 1 A H” 1 T
T 1 A
W 1/2 A 1bwy |
5/2A Ty 1/2 , Arn
Ve 1/2 A @ ¥ Tb 0
v W T Y M Ne A
¢ aHb” A~ T~ Kv: 6 0Ob
v A



06. b ' T 12

"Ep T E W W
Ng w " L - AP 3 M “ns i
W 1 1/2 (spinl/2) 8 (rotationj P b
Ao R 2,
12 - w” A 1/2
*1A H- 1/2 E Ar ~ X
Ne A Ty ¥ VA rRMp A T
Tt % - 1/2 b A
WwT Pl Ar - Ne X A wu
T Yb T Ne b whbi _ A
s Wa i A @ G T WKy r
i A cA G T - W b
Ap 1 . H A 1/2 D
"t Wae s W r Ne O A 1
r Waeb i N NoB r U H A
b W A
1 W 0 3 w A 3 - 3  H
“ A
W 1E U« bi E 2=V | b A
- 1/2 - Ty K v A
3w | A H™ 1Ty u W b
K v il 1/2A
H~ R/ 1 X B - b~ - f
Ref Tb Ne ~ H 1/2 W A *?
-y . cey -
b A3 ¥ AT e [ - b [
A om0 W A
Challenge * @ Ty oW T F r b - Ay
2 v v ® b Akvy ° » T 0 F "o b
\ " yi | A W



Vol ARt

Chall enge

Chall enge

126

T b i H
1| [272 ‘ ’
i A 2 "B '
- C [ (spacetimg) " Y
A
vy 3 N N Q7 W
v W w W A 2+1
A b - [ T
Ao  Figure 69 W “YP
W@ 0 EG  He B A*L g
v A pA 1 w T C
E A
B
E
Figure @
’ b
A u Figure 69 b D A A
- E \ A Figure70 ~
W T A
20 A v G v
i r T s TA [~ bL-
A T VI ¥ H-
E b A i A
L - T Figure 65  1/2

>

06.

X

<l



06. b

Figure70 T

QO Der

Vol A@: -

S T

> 9

; /-0

12

‘B B B
E E ——E
A
- b Ar O v
H Ay &b~ €
vl A
b 1A £ ~ A
Y 6 W - "y ¢ "A
A T Ty e i
vy, H Ty v "Eb A
: 1 v A
ub A 2 bw
b A # - w0
v Figure 71 A
Figure71
. .



128 06
Yb | J T FR
statistics theorein
L 3 A
A A £b A
A
Challengen Y. Y n
"YTE e (v )
@ A*l
* v SR A A
Challenge @ ro G W
b
2 @ A EG)
a aT A ¢ T nq
VW@ ‘ * "t
" n TEOH
Chall enge® . b ¥ ¥ 8 -
Ref findeterminacy relation t W T
5 ‘{B
Chall enge
Wb i -
v A
i A
b 5 -
T K v LA - b
¥ (.0 W i G r
Chall enge 0 / 37y
- r bw
A

>

(spini
a. r
[ t
T
|
ywal r
b
A
[
Y

Qs

A
v

Qs

>

3

ap

& 5

) b

v AR

(HeisenbergPauli



Aa:

AB:

v v b A |
» "t L B b i
F A - BT Ty 30Qb
T /
T A b i
- b & w A
W 7 Wae
B b A H™ 1P 0O
T T -3
bbb~ M Ne
H H M Ne
W Nez b v T ]
1 © 3 '
N [ Y
e o Ty, w A
N [ Y
b A H b G W
( N ~ 1y w0 - 3
W b~
a f o] t"H @ €
b
W @
W A
T 1 Y
e A T w W o
A r '\{ Tv K
(fractional quantum Hall effelt 9

P VL) A

12
.
C - b
& b

La, b

a - Bb i

b Y

A

b A b H
W a2 A

A i AR

a Y
A (I A
A H A
U wAb

A b~ A

A

A "W
W @ B~
(@anyoy’ w1 oy
Il (quasiparticle)A 4
0~ K



130 06. b ' -

Vol V ey 11 Y '\ ¥ R -2 (par af)@rmrami on
Ref (p ar a haopsloenk t o IX A VL R (Oscar Gréenberg
3 Ne 3@ c AT '
3+1 T A
Challenge®q @ HT b
Ty 1/2 a a w A ( T
(braids)open | ithks) A) T W
~ N 97 W Ti Ty W i
b - r A1 Kk F W T
EC) A - Y W oy b
Vol VI % aFigures 606570 1 "H o _ @ A




Chapter7

t
Nv b
"HNe 5 Y 1
L X b oM
Ref ! VA
(Murray GeltMann)

<l
>
e
c

B, ., RMp T zZ
a . A 1 10 A z a. |
H ' 3 * (superpositio) (probability)A 1l Heh ~
Y A
TOwE A b H W i v
T% A
F Dv” W' b S VN H @ '
L A (statéb P B L~ irbv H - B
L* b ity P H At T T (system
H Y W bi : b1 (permanent) b £b
Y b A= T H i. A
Nv b Ty b S ) " H
AR 2z Y )
a’ R A
K v Nv fi Eo b~
Challenge (Why ?) Figure72
Ny b~ -
1 T Nv A
g ¥ 3t - W A (Heisenberg
picture . = Ar 7 (Schrdlinger picturgl oM

Lad A



Ref
Ref

(

132 0OMvb
4y
z A - (linearityd v Nv An
STy W T 3 b N LA
W7 L NvA = fi o u (Schrodifigeroés cat
Y i F A " i v TR
H @ Ao~ W b G A o A o)
Nv
Nv 1 A T ' da T3 w A
Z f (interpretatiohO /. AR 2:”
7 v [ = Nv b A
Aw i D~ 1 i A
A b
;1 .) D Nv 1T .b
# N b O A | (macroscopically distingt Q@
b T T T YVMNe Ha A
£ W s W b ¢ HA» ~
A r Heb B 7 b AW H o
3 b A
f 0 ' # Nv A 1 U Nv
A H @ # . s Kv ;1 ,) D, Nv
(pure statdh G . s Y € i Ty (B) =
(coherent superpositigA # Nw P v o Nv
€ 10 A T ys? (densitymatrix) N
gy > A o T° n o F
Ny biyY >, 22, Py o, )i, $)10, P
e 127 30, 7 “r
10 o 7
b amap - v W HW (Niels Boh)a 1930 1)
b H — . ¥ (JohnvonNeumann y i 1970 9 L
T (Heinz Dieter ZeJA



0Mvb

13
Ty Ty G © i * (density
functiona) b A*t G
Tc [ A U\
P i T # He AYHa wuwo
sywe: 22 . D7) @, ;
. AP v &
;&L g . ﬂb’lxl :3,/1
VW @ B AG T (dyadic produdt
He A) b v
Yy a# G . Ty o G A WG
(mixed statg 7 E o6 ( B) s 7 (incoherent
superpositioj T T [ A G
. (on) s A # b W A
oL 4 Nebl M Ny A
"G g 17 [ A
NvT = M Wy T H A
(decoherence ' ' I7L3 Y (disentanglemepit v 0
A
Ref iz T T ooyi oiid i "z A
Chall enge
O; nr&jl’ &0
iTrp (trace) "H N i A
z YA
1 T u  (bathA
oo 37y Q
E xn b e b—-N'I—nY*[ &'
\ b NH ;
H, n e( e 3 Y v (von Neumann equatijyi 1
bWwAKyY N £ 7 3 A

i [

¥

nA



Chall enge

134 0OMvb '
) v e " Y 3 A ® -
( ) (Maty 3 w( " z ) (reservoiy K.y (equilibrium)
A
- T EG' £b A -
W ¥ b ¢ (fluctuation) i A
T 3 W N 4 ‘E W
- v W T bw T A
a A D ' a roa
( i 0 H G )A
y (72 I "H G vA 7 (
) 1 b eb A
H G b eb Web A
I ¢ 0 7 Y (M [ NvA
Table6 i b iih A
T /-
1 ,Y.z) 2} A a a
P 300K 10 pm 103 /m2s 10%9/m2 10%12s 10*%5s
r 300K 10 pm 108 /m2s 10%9/m2 10%%s 10%22 s
50 mK /. k10'8/m2s 10%°/m2 10s 10¥2s
@ 5800 K 900nm 10%/m?2s 10%4 s 10%7 s
€ 300 K 0. k102 /m?2s 10%2s 10¥15s
27K 2mm 107 /m?2s 1¥s 1081s
\
40 zK
10 fm 1/m2s 1085 /m2  10%s 1012 s
>1000 K 10 fm 102 /m2s 10%%/m?2 10¢s 10%s
T U10 MK 10 fm 10 /m2s 108" /m?2 10%s 1015s
T 20K 3mm 107 /m2s 10%62/m2 10%s 10%4s
y4
zZ 3 $K 10%35m
a v T AX w1 A



0Mvb
T Gv . G H ~ 74 6l
- Y W ATable6 W~ o A
K v A
J W b eb
vA b - b eb 7
@ e A 1
eb ) [ 1 Tt
Y A
GW® T Y Kv Nv
"HA sb o H - T va
€D - i A T Nw
H, %o YT ) Y N
A
Y Dp T Y
DpH BgynJ- A ; B
Chall enge G BQ);”%
B By, L
P T v A*' Table6 FuWw 1
r A( [~ Z ”
- Y b A) w Ar
A b Y ¥
| [* b H¥ T 3%
W@ A
L E EH &*E "’ .
"H &*E *g ;  &*E *.'D RNV OTY (localization rat
IRLEEER
Ref ¢ T N - RPN “ A
10 e W ooyn De T
Ref ! ( ) A Hea " F 3 E A

A
o
AH ::7 K
] I"’
ab
a v N
W
L
A
Y
MR
K v ,Vl
&1
vAb [~
A
TA
F A_ub °
W ¥
& 2
[ D

13



136 0Mvtb

o T 3 A b Kv €bh
By A (relaxation® 9 37 b (damping
(fricion) W b~ A o T~ L
A 0 v 3 Neo
* Vo wf~  (rreversible*t Ao~
Q- v L bwP Ne ~ v Ne Ne i
v [ Mu A A
no A 1 Waeb eb
3 0 A ¢ - i STy
AX A T Y - 0 A b
eb "y 1T D Ceyn A
- a_ a - 1 “ih Ty
C CE T 4A v b H eb A
o Ny~ ' , A
b 6 ab., b Nv A N (decoherence
Ref 1time gp - F e
8 BE—EQP, %T:IN/ &5
ce™') /
i TN i s Ty D A
- 8 BA 8 C Ny 1w Nv
H- T A3y ~ B VA
v aH H ¢ . H ¢ o Nez w 27%
o bP ¢ Nv A “0_6
- 01 Ne T T VA
Lo i b’ b T fib”™ o b~ A b
) b ) H A o G fib” ow A
Ref 1% b |F 'w AL eb W ¥
b Bl gg B DB 3
Challenge 1 T T -] eb " B eb A v
Y | H &; ™% 3 "ny A 7l
g %%“, By 1 & 4



0Mvb 13
- B Au = [
Wb W e i AX Wa wo P L
[ - B G I He © 3 G H @ Nv AX
r Y i HaP H - r GHab
B HDw \ A PRI [ Coyn H
Ref 1 A 7 A eyn G N s [
'B'Ege' B, H 'B—O & 6
B B Do napt Ep
VA . H OITNnt' o (thermal de Broglie
wavelengthA
P [~ Db H¥ TA A
T3 M roo 1 B Ao~ N /e*
m, /Fkk*' ;1.1 o [ B-g; /1A b eDb
P H - [ w4101 B
G 510%22 ~ W (d w2 ) W Oy:: A
W A T 4+ (preparg Nv A
b i1 i VA
tb Ae 4 e T R U B VA B
n; /1 kv ;o 21° [ & & "y G Ny~
A T W G - Ty [ AWari D
Ref 1 T wA 14 P A
Ref 1 1996 ~ (Serge Haroche E =
- ey b T H @
Ref 1 Sty Y M NADL - i " [ -
B-8 V A 2004 # T C,Ne b eb Wi
Ref 1f W A
b T A W i
t oz A Waeb” w0 A - W @
T [ A
T T b T Kv eb 7 wa
" L G # Nv AdJa (| v
i , v b L Nv A~
T ) [ A



138 0Mvb
1 TH“
G W N T¢C
Nv A
b b 1T A
1= A Nvr ¥ W
v Y v 4
T T We N~ yb
b " w oeb bw Al
'l %o H A
(system Y K NS - b
b A
(objec) Wae N& ~ b
$ €
W @ W + oof Ty
o M T By o H By
Ref 1 5 b eb A
H,“7 EI 0
A( b G A)
[ b Yy _ R i
A cW® b - v
A 2 b s' p K v A
- " F '
- 61 Kv Ne

(

>

>

Figure72)



0Mvb

W

H y N=uw b eb - v
w [® o A B © 3 A
b eb A0 u (entanglediA
A ob £ T H ] A "0 eb
R (entanglemenA P ) W Li
(entangled wit))&
¢ eb ) Ty O Ne T op A Ne-
il r eb A - b (detachedl
- “  (detachably A T  Ne (detachment) %o €
A Nw W @ o 3 s Ne
b A LayNe A z N F - -
T CY Ne Ty bi " 1 Ne
Ap Nv b "H Ne A X Ne
L I VR | T G D }
u A 1 W o A
¥ Ao~ LW H O ®
z Y 6 1949 AT~ ® T 4 Ne 17 H
z * ¢ 1966 A A &Y 0 )
Ne T Ne s N¢ Y 6 1970 Af [ A
o0& 1 3" A ® T~ & wH ¥
Tiow A - W F O Z
A2001 ~ Hwm WM
Ao 3 A -8B 3 [ o o !
A
J B
R N 8
N
By
Figure 73
S &

13



140 0MNvb
‘ EPRB
[ & 1 b
Ay (James Joyge
& HW (A Painful Casf
1 Yu P (nonrlocal)* ‘A A
W D A Figure 73 A Chapterd
- ! W o (Bohm) A
e¥ H G N Ky P T P
v B T v O A
@ D 'Yy (acausa) (nonloca)A "y
ChallengeS" Figure 73 i A We 6V VA P
v ® ~ b ® A
Ref 1 H T G ~ P e A T "z
T | ) 53w0 A a <@ N
Vol ANt T bm O A : H @ I Y T ,
A Yt T 3 TP H AP -
f ow a Y b N W H
W A v Y l y *
DA H- g~ b W H y~
Hy @ b A
- - & (EPRs Einsteini Podolsky Rosen paradgx
Ref 1R&f 1 T *2F LW - " A
EPR T 280 [ z b A
W W Figure 74 A G 0 W No
- P TW T ts W 3w A T
n i A o - B A H” 3
M v @ HA
v T ® b A b i h “p
b A GWa ‘ 1 Ne ~ u
T e H @ vAHR D
H~ ~ 7 "ED  H” ” ! G (predictionA Yii
s EPR  bH ® HA 1 "z T
Vol AIGI | A
Vol AlQ: Lo v W a | H T =30 b A
2x (David Joseph Bohpd917 1992) W B z AT 6b0 = AB
: Ne b A



0Mvb

A
o O O 0O O
2 =
=
=
=
T
. S
- O O 0O @O
% Figu4e 7
B A
Ref 1 A A W 3 W 1982 ~
3 (Alain Aspecy ® 9 A Ab W n v
A
3 b H T Kv W u e
b~ K v } o o G "T kv WaA(
Y W LA VW @ R 1
L eb A
Pt Ha@ 3 o yw Ty ¥ &)
YbW¥ Al D Ab K I Wa
W . w A 1 W 0 &
B IFVH 3 & W A H
A
v A ¢ O/ WA 0
Ref 1 A (Gerhard Hegerfelgit v W AW
[ = A
v O_6HI Nv ‘ A
Nv”~ S NvT® A
n AT A
H™ P T ® H A
. T L~ L
o A T ey Wt ‘7 b £b



142 0Mvtb

t rJV
W "y [Yyb B wT f nv 1 A
Challenge ! H AuM. H b
* *
W v b Ty
# Nv AH @ D~ Z (Josephson junction
Ref 1T [ A e ~ . [ 1000kg r G | B3y
@ B Nv A & - T 7 =1pA a
Ref 1 T NvA
* *
Ref 1 T [ fi: ob Ao Nv A
* *
Ref 1 1990 Iy “n 1 =W o Nv A
Ref 1 @ p Ay | G Nv i HWA
* *
Ref 11997 ~ t 4 €T w 0% 1 A
* *
G T 03 Ap "H ufi o W
® - 0 WA~ A Afi  (coherend
b A (incoheret® H @ G A 6 b a V4
T D6 seap A
whb b - TP b T -
» A ¥ Yoo ®a T
e T : t b ¥ NI B € A
Ho T Y Y A ) G ¢
a @)y 17y [ g CFIC [ i G b
eb A N A T
Nv b ® I A



0Mvb
Vol V B bLb 0 (decay A n"y A
* *
Chall enge B N G
* *
FauWe A ' oo i (teleportation
Chal | enge contradicts correlatiopA &
* *
Challenge T (ghost imagg U (spurious reflection ~ ~ G
* *
ChallengeH 9 Dwd . H,
* *
Ref 1 . E~ # P Nv™ "y AX ab
I ab (Qubi) . H & Fie /I
Challenge -3 i
w.H T% L P
z T b\ - T% A o
A ¥ A W N -
W) w "Ao 1 T Ky b ® '
(l)Kv K v i ' (2)
‘b A@CATI: ®e A @
VY. H a T YA)
Vol ADT1 v A Kv eb Al
Challenge W Y p Ar ev ' T b
) 7 v ; Y A T b'E T
i i T w AY e Dp
O v ¥ TP s S| B AW
Ky i " A) @ N A Ne
Y A



144 0OMvb
a A 1o~ o Ne
"y P F 'O"®; zP&3 &BFPA o,
Y (first property of quantum measureménts
G } - Wl v 1T
e 1, ., W F
|, zP 2
®
i T, b v, - B A+
U € (second property of quantum measurem)ents
- G b v, , A
Ref 1 13 - T P (collapsed[ =, A
H Y [ v W " A
b Ay W T Lo
T [ = b Ay a a Figure 75 a a n
P wo i (
b b A b I A Y W
G A b 1. A*?
b A H B 1 T
[ - A ) n A H wuy
Yo 4 BT b X H P 0
H. R " b G
H A fi T (hidden variable®A
A v [~ b~ G M G
' A
L T T Nepw W T o - w i
(eigenvectofs eigen i “ guh  selfgA H” roWed )
- F
'&; D
i T T D oy ! - v (eigenvalupdA i
v " (spectrumA
2x X b W KW W -
Vo | A0I4 : 3 A - A



0Mvb

LIV}

Vol ADTI

@ o =<
€

o)
—
@ v QO [

€ 6 > € ‘

e

Ref

> S X

eb

(bathA K v

K v

(apparatu3
a

-1

>

Figu e 7
W @ ¥ Y
W 7
Wi W
A
nQa - K v
W M Auz @E
2
A
A r b
A
H~ r
Ne ° ¥
t (Q ~ ~4
ao W ~
b T
37y
eb A 3
A
(detectoy Hah
Gnn A -
eb U p
4b A v
3 R,
N ¢ 4

14

A
Aboy [
Ta )
- b A
N .
,{J’
“aH P
A
CQ ao
‘PI‘
eb A
A VKV
b - |
“ Figure 76
K v
a ¢€b
ey A
T A(
W



146 0Mvtb

>

Z (b )
(a a )
© ——-
y hr g
[ [ o
- Fgué e 7
a
- b " P ow A
z v A “yQ
' w® l,.lng';(b y@ o LInpoYb
)
I S ( ) w o )
) i LInoYb ‘I : ‘ ; b )
b T (spannedd v ;P . Fx .
, W, (normalized Ao~ 7 B L o ., P
 TYR Vi A i H A
b eb H IF Y enobn
G o Lnp’Yb DPTV Wi BI'ICI].bH 0 A
N Vb ) P . v i A "
" a i v { eb HI . H
H | ¥ Wb ,bub “ A
T M b b eb 3b A
p T . 3w 1 o viNG TA
W Ne w owlr0_6 - T w A
L eb Sty ) g ¥ Ty @A 2
- m-r
[ 1 P
kN y
Chal l enge 1Ty ! An £ H H |
B W2~ W . - [ eb



0Mvb ' 14
FoOAT Wi A Ap
T Ky ® B - ) 0 Kuv B -
T LB T B ' ® AA :
Vl' BnlDbW ) ) B G " ) P o " I )
T %o VA f T W @
i b BHAH b eb H|r~ (' )
G A oo W F
u? LEBﬂ'iDiDJ'I ym o LnoYbndbn & 2
]
P L ( ) A i [ - eb
H .
* o Lngebe & 3
]
t [ - " - . A . #
Nwv' b Nv A o T~ , ~ W
[ SV R VR | Ny Ap "L [ A 1 w. HA
“ . . o F
p. ~ ~ p v
a2 e VoV, o uncibe o Unoabe & 4
[OAN°]
b T A m A 1| AW
ey Nv A 10 ~E ., W A 1
X [Ty b *A - - 7 vl
W F
v T nowbe o Unoivbe & S5
@
Lo W e B S I VL |
w B w ~ L
]w v G 0 UﬂQ'faY@ G 0 A x %|r
H A
b p - n (o H b
%2 b a a A @ T 7 Ny
b onw A



0Mvb

148
Wb eb STy z
H ' P Alkw
a8l u !
B uooonByv B & 6
H G A n [0 P
Ref 1 E A "6 S VIR A
Yy H?
Y u H b H b A
© CHF T ' 6 P
3 A G* b A
oo [~ P H YF W' b Hbu A
P a P Y1 - G1 'HA
Wl [we ¢ H f “* b
Challenge ) wF A G ” b "H
v T w¥ A
__l'.
b " b O_6 b* D v
G AT T - G A
T w 0 (hidden variablegh
z W@ H 6" Yt i -
L r = "A L i b G'H b
A " ) w A A b
i A o THD A
AT i Wt - 9 *EF A " (Kochen
Ref 1b 3¢ (Speckge 1967 0 = 6 | b~ (no-gotheoren)
(John Be)c 1969 0 = A

L ~— - ¥ (John von Neumann / J&os Neumann, b. 1903 Budapest, d. 1957 Washington DC)

¥ N | -

© 20p B a HW”
] Au =

>
Z
N
|
Q:

(Konrad Zuse) At

G A



0Mvb ' 14

- 30 ¥
R 6 63 tb £ i A
w (noncontextual T 9 z o T A " -
30 F' b £ i R Y A W
v 1 R 4 R ¢ 3 A
R i ~ 4 6 T T 2 1T T i
: LA .
v s’ R 3 i A z
o i~ H Y zillion i A b buWa
VA
ey - W i A G
F Bel |l 6s )i neqguaici 1960 70 W1 i
A
aa i TR M A
H T z M Ney A W' o® z
- ( i )t Z i ® A
o "7y Ne A
T ¥y Z AHea Y ok /
N/ A @ H @ 1 2 4 119 QA 6
w1l N/ Qe) 14Q) &EN 1LY, Vv w §0A
Ref 1 X © X [ A"y % 1 b
Challenge ( CHSHb )
RO ) &) &0 &Qz O & 7
iT A i b z
" A
1 O Tz 1 2 6B ©Z
-2 e
RO') &) &0 &,z 0 0<0 &
L i n 1A
C b v % z ~ Nz § A
oA

L 1xgijij bl
2 : . (John Stewart BellL928 1990) “h [ H

>



0Mvb

150
R (Greenbergga (Horma (Zeilingefz , = Yaz
- v b s Wae A w T
Ref 1Y A
H™ b i A~ b uw A i - G z
- G b Y@ W A H T Ve
b HA
' b
Geometrica demonstramus quia facimus; si
physica demonstrare possemus, faceremus.
(Giambattista Vicp+*
1 S FuW T A v
* b W 43 [ W . 6 ' Z
H . - @ v Ju A
T bw¥ b [ A ‘
No e b H v wF A
¥ L i @ i A
H' M Ne i r vE Al ‘
8 ¥ T b Y N ub
eb H A z G Y 6"
b HY i T AT -
(i tT H ) T b A
[ Ty A ¢c*b 3
cfA "z OA
H” T A T G
A # ~ - H
W N T T® h A Y
C b Ao 7 w P fi
AW @ *  (state functiopA
RO e 5y sv T ot Y hAda
T 2 F

(Giovanni Battista Vicpb. 1668 Napoli, d. 1744 Napdli)
v A



Vo |

Vo |

0Mvb
5 T W
T eb
v =
Challenge [Wa Nv 5 A
5 b T
-y -
A W
T - 8 T
[ VA
5 W@ b eb
r i A G
7 T 3bw¥F
5 b 1
091 T b A # ~
b T eb
3vbd A b
v 3 1w
A G.
8 T b
w .
A
i A
o 74
A
AD 91 5 Y =] >
N @ H 7
P a
@ A (interpretatiofO
s 4a N
A v P
A*3
Challengel* T
2 fi o WA
Ref 1A W Har ~ cH A
3% W N _
- v U Ne

15

i P o3 Gb
A u. T
"y 37°C wWH a "z
I " R ez;a® L)
VA by
S p
A Y
I
v b~ v v A
- a
bl - Tbw¥
A
a a #® vy - i
b Kv . K v A
vAdg . T
w o 7
T Jda . T3¢0 F
a. A
eb A 6” b v’
w A %o
) C I,.lng[Yb Un oy
b A
Az T
(explanationd £V b
T A
b N | Y W
i . -
3 b b7 P
b An 1 e .
R Y H
A - b We



152 0Mvb
Hl
z _ A
A
- W' b A
H Tb A, vy bu H A v a
nHa W v XH A
Waeo A 2 '
Ref 1 é z  (nobody understands quantum mechghics
T vda 3b A '
_.b I:; ol A
[ 7 'Hb Y [ A 3 @ A
#
b 6 A T (localizeg” P Tb Au_ Hw
. T b eb ~ P ASb B
" bub B P T OLSB i eb ) A
# ) ? Ye B uT b Nv
H A H- H Y B oo 5b eb A
v w 13, We o A b eb b
s M [ NvA e a aT i Tw
Y [ ‘ bw 6 Nv ~ v "1b eb b
T A
b o A W3 M
eb  bb AR 227 W H g A y
K ° 4w b ebh A
Challenge woo- w B eb . . H
H by b Yoo b MgAR S:7
y B Hub " A b 2
b eb A ub H T | M A



0Mvb ' 15

" n
r T A b TP
Ref 1 TR A T T b
eb A 3 T ' H e TA Tb
_ b A
K v - - b ' A
b A T
Z 't A "E T ‘
Challenge Y 1 T B A (anthropomorphisin Y
Vol VI 89 4l i [T A
H - L “mUERB Y
Aw® v H A - 7 No(P
b n ) H (information theory) A # - i
) "6 H b” “H D I
b n~ HA v W b _ A
Ref 1 Y (cryptology)* - LH i ¥
A w D H ‘o A 9.
H G «. A
" b H " yyGeM) n b A Ve A
G b H ouT oy [ N0 A
T N - P « 0 Twn QT
ooy buH" D H A -
vt A - a G ) H A
(quantum cryptology @ 9 " h No
A n H vy ¢ Y A HH i n
( ® Y .o [ W Hpe 0 A
Y - h p A i -
nA
H” Y b L3,6 v HO 7 A L (s
M) EG i. 1 6° b A
L (cryptology (cryptographya H a Ne (cryptoanalysiyg v H
A7 : 7 @& @ Albrecht Beutelspacher, J&g Schwenk & KlaDieter

Wolfenstiter, Moderne Verfahren der Kryptographigieweg 1995 A



Vo |

A0 8 :

Vo | A0IL :

Ref

154
W
" b L2, H n A"y
A i v4H oA d E
Kv ~ F " B |
o4 A 15}
e T P i
fi b T g b~ aAn )
® Ao yA - Ty
b S H We a a . AP
oy A Han MNe ~ b
THe A T E T K
0 v
' Y- 6 R
y 0 w® b
T W ’ Ve
7 A IA P~ i
. . Y -
H- b"H A
A
P v L, A 1 o
A P 3 A 0 .
v 5 B F P
- 1 (Wheelet Dewit)  )A
Tt ¥ hoesls
| H A ® H T
A
b @ H AW ~ dag -
Wi~ A @
2 AP 1 TH il W

0Mvb

>

(Wheele siquestion)

R

(i T

~ ~

b A V



0Mvb

b

AWM a

>

i

15



Chapter8

Yi Ob b
Rem tene; verba sequentur.
v (Catg
[ ) [ " b A W, 4 . H- r
L eb  { H. & b 0"
N i bL® \ eb A ) T
v rT N A L H eb v i
D T # H A
" T 9@ ' 9@ G A ®
G L® S R C) A
1 v i 1 " A
G i ai Yir o L al aNe
[ ra r A ) Ao~ b U
(asphalt T o (asphalten P ®
Ref 1 b A _v @ A 0 3b v
9 3 NeA
Ref 1  Table7 =" \ L~ ey T A
Challenge( .y )
H € e AH e~ 3 W Ne Z6G
37 6 a a a a A 3 z A
D A W F A T _ i T b
G A As M " b a a a -
) M oa ( )a A 7 0 T
Ref 1F ( YA Ly, A
b f N tHAD - X% - (Marcus Porcius Cato, 2B#49 bce") ¥
(Cato the elddr Ty A



08. YI ®b eb 15
Table 7 ( L8A
o]
r 6 1 O
1. b
a a Ka [ 0¥
a o
(magmaj (lavap 1
r a a a a a
( b © Graela)
5 .
b ®»O
a a o . N
D a a a a
( @® © Sarah Dominggs
i a '
® a -®J
® G T W ;
G :
(" i ©ONASA)
24 r 0
a a G /A
e [\l e a a (r © Pslawinsk]
Q a
T b
0@ 4 b Ne '
a a G

( @® ©Jan Curtiy

04
(K& Cua Csa Ba Ca
© PhilipEvan3



158 08. vi &b eb

Table 7 ( 2/8A
D
3. Ne b
a— a a G Ne
a a L -
a ( — © Marc
a Shandrd
rooW o a
a0
Cu2CO3(0H)2a ' G
3 )
Cu3(CO3)20OH)2a @ G /
Fe203a b
MnOa Mn(OH) 2a @
a Cr203a ( b
a 5 mm
. a 0 G Kolwezi,
1 1 b i Zaire/Congo,
Cro03 X ?403UV Y 1 ©StephanWolfsried
® a roa
oopa T ® ©Planemal
5.
a a
A i a a ®
® 5
(
3cm ©Rob
Lavinsky)

uo 1 10N

9INnjuaAmyYIeaUDAN

10

1Jypods oyadio)l sgizigl WO Jeyhd 11 Adoo so1sAyd

|l@wrer aJal ||



08. YI ®b eb 15
Table 7 ( 3/8A
D
3 Ne
T a ' Fo -
T a dNe T° i
a s M a
T a v
3
T 3 a a T
a a G
a a N ad 3
T a (" ©ThomasLiihi
a © lan Hume's
1 a ©Nathan Wall
‘ 0 T dusdin t 0
a )
0T X a
3 G ®
Ta
3
© o3
0da oa
a
i T a
a 0® 6T Ne ~
' a W IS
a ( v 45J0 -~

a i N ©Steve Haddock




160 08. Y1 @b £b
Table 7 ( 4/8A
o]
7.
a a Wa b A
3 :
FesOay 1 LI T
[ ( a Tib Fe ’
a a G
[ ’
)a ®WNe 3 6 Ne M
a a
a ( Laach)
a N 10 mm’
Fex03a Stephan ©Wolfsried
BN Evelien Willemseh
8.
( )a a i
a a, a G N H
a
(@ © Selme}
9. N ¢
a GaAsa Pbsa b H
HgSa Cdsa ’
Cdsa&a AbQvQa/ N Ly a a a
ZnOa HgSa a ’
t A woon
A4 1 sSmS ( Walkerma t
)
10. A
a a a ’ 3 b H
VATV ’
A\ + ® ' ZnS e - [
Xl vAb/ Xv®Q bi L)
(A ( © Andrey Rogach

uo 1 10N

9 InjusApyieaynan

}0

so1sAyd

l@Wrer aJal || 1)ypods ayediofl seizigid @O deywd 11 Adoo



16

i Ee) -
41+ B (vacang)
(hole)
( © Rob Lavinsky
o i G
@ Ne ( @
(3)? G r T
(.
© Gregory Phillips
h FeQ
T
T zZ 3
r (Ne a ) G
® .
# a o Q
(K . © Altus
Plunkett

© David Lynch

uo 1 10N

9 InjusaApyIeEayDd AN

Je]

so1sAyd

1@Wrer 848l |} | 1jypdds sysdio)l s€izigiDd WO Jreywd 11 Adoo



162 08. vi &b eb

Table 7 ( 6/8A
o]
a ' Fob "
a R B I )]
0 a

(. ©Andreas Kostner

0 a ¢ Feo 3
. a 5,7
a ( Dendroba
a a z u roeegkldancock
3
3

G
T r
b
( © murane
glassshop.i)
a ' a K
a ooyt
W (KDP) IR ®

(800nm  400nm O
@  © Jeff Shermahn

( )
a a a °° %o
a Ty n
T a
a ( ©Anne Elliof)
aw  a

uo 1 10N

9INnjuaAmyYIeaUDAN

10

so1sAyd

Wwo Jreywh 11 Ado o

aysdlio}1 S€IZI0ID

l@wrer alal |j | 1ypads



16

( %4 Figure57)

& acDa

aw

i ¥ b
n " ( Nevit Dilmen
Lo )
FG -
. ¥
¥G
o u

( © Simon Giriffith)

[ ¥G P
T o
i -
v T (@
©Opalsnopals
%G
( ‘"o € OFranz
Kerschbaum
i ¥ t
K
( . ©CD
© Alfons Reichert
We 9

uo 1 10N

9 1IN jJus Apyleaynan

Je]

so1sAyd

@O Jeyd 11 Adoo

1jypods  ayadio}l SEIZID

j@Wmrer o Jal | |



1614 08. YI @b eDb
Table 7 ( 8/8)A
o]
- i Fep
(
© Ingo Dierking
6 as
* 7 & lite.bu.e ¥Fob
dulvision/applets/Color/Benhar b
/Benham.html
tfr " 96 1 o Az( a )
]
¢ A 22 4 Figure 66
T4 www.psy. ' ¥
ritsumei.ac.jp/~akitaoka/color9
html
X F- ) Y )
(Vol Il §4: i) 20 gt [
N a a Y b
22 { Figure156 Ls,
- T < . B - Ao
R ' (melaninA ( F
3°h Dbu C [n T 3b F
2 A) SR R 5 o A
1y b IH ) ' o E
a - L. z T A
R Now E A W Y
g ® Wb Db A v - W #
¥F6™ b HA" b b A aNe a ra r a \(
H i - 1 3 A
H” RVEG) A
i o W C 0 A

uo 1 10N

dINnjusApvIEaYyD AN

}0

1Jypads  ayedio)) seiziold WO Jeywh 11Adoo so IsAyd

l@wmrer aJal ||



08. vYi Ob eb

: 1] ! |3 B!
e m iR T e e | s | S S St 1 SR NS | | B | SRR i

Figure 77 QO d <N ’ ¥ (© Nigel Sharp, NOAO, FTS,

NSO, KPNO, AURA, NSF)

b Ne
18 A vz n L 1,
(William Wollasto) % ' v A Y v
F A Figure 77 T Y (Fraunhofer
line9A 1860 ~ 1 . (Gustav Kirchhoflb R - (Robert Bunsen
‘ T X "How 0% Ay M
T A ey NoA
b 476 T° 13 b Ky
"H A 1868 - . (Jules Janssyha . (Joseph Locky@NoZ
"H A1895 ~ "H 20w W cleveite )
0 A "H W helium ¥ Yo 9 @elps  )A
L - (Joseph Fraunhofdn. 1787 Straubing, d. 1826 Munich) 11 v H
a 3 WA19 "W & E T Y a AV Ne a0
At 0 N b n’ o v O T 476 i
Vol 11 Fi A( o b %oA 0 b ybHe T A N
Ty - - T be Adg t°'p T N v G
WA 1837 ~ " ¥ 1846 : 910 = }

T A G 1819 v A b A

1 uo 1 10N

9 1IN jJus Apyleaynan

Je]

so1sAyd

@O Jeyd 11 Adoo

j@Wrer o J|al |J | 1jypods oyedio)l SEIZIQD



166

08. Y1 Ob )

1925 ~ ‘8  (Cecilia Payngb. 1900 Wendover, England, d.
1979 Cambridge, Massachusetts) \ T# (Sahab (Langmuid
¥ B Vv ® ¥ “H Ne A v
0 b a X v H H A
- " A3z T ey 3° P M
BA | v U\ R BT S B
hk A T~ 3 W UA A
T wy ‘H TP s Ty W b
r AW T 1 A
0 H | "H w, "~ a a
a ra a o T 0 W v A~
a r a 37 " 3EV A
Vol AD3 I TRERN N & LA W v J 0
A ¢ - G b eb A° O~ z
T "z T A
H_ =/
R B B # A T 14 A
A A A Figure B 0@ & Figure 79 v 3
A 1885 ~ (Johann Balmer1828 1898 ~
rT® YWE
L VSN X 0o 123 &1
. 2 e '
A W - o R (Johannes Rydber854 1919)
Y
/ / /
j N %WN .|_qf| & 0
P T "b nw<nm ’ a (Rydberg constapn ; / ,7 5k™" 1 p
W /-n; 7/ 4 KA t YE A 1
W A - RE LNy - z A
W ®E Y (Lymanalpha ling’ [ 041 k
A i 0 - T [
A Y Ty - 1
Ref 1w 1 A 2004 [ W Z [ 1337nnmA s ¥

Chall enge



08. vYi Ob eb 16

Figure 78
204 T v A1
(© Jirgen Bauer at

www.smartelements.coin

E f
A " O
_ |
954.597 niv nm ——— 1B, 1B, 4
A mo1 AN 1By AN, 1B
700 QMNee 1Qa 0
- . E-
] "5 0 0N NS ;
656.2852 nn ] o0 0N {
- h E-¢ - ~— 9. 8 0
656.272 nn — 650 ONE g, 7
— 600
— 550
— 500
486.133 nn ]
| n ; /
— 450 / Vg o 2 5 4
434.047 nn 1 =
4 10y /
410.174 nn i (
397.007 nn — 400 ( ) - D) H B
( ) ) )
Figure ® 4 ‘ T & (NASA) i y s Ap 7

& b



168 08. YI &b eb
Challenge LW - FGl " AM. H )1913 -
0 2 “ b E W A b
b - B 7 G B B B
Equati o A+ X B ‘H o) [ E °
Challenge R n vA N T T AW
3v = ZG A _ A
1926 ~ v > o8& ; 2 AT -
B Ty F R T EFR E °
Ab ~ W A Ty A
1 0b B T o7 H, A
U " b HO O 7y Al w A
- a afF+r ¥ W EBK A u
Ref 1G WtH ' Ky *h 0 7l
o: L o My &1
’O u u? u 2
i T A T * A i = ° b*b s AT T,
0 T (MaslovindeX 1 T~ G &b o
Ovu 2 O OA Ne W A H -
b b b v OA W "y A
w4 A
D28 T Kv Y : b 2,4
Challenge A - Y- - NoZ y
1 - = JCp
ar 01T NO& N
3 2
n; qux 3‘% &7
qg¢l
n : 3&
Z 93y D u: "d’) nymo) /- xF 7 Y [ M
Challenge 1A >&; o2 ,A9" 94y ( ) NeA# W
Lo ey e o ) — &3
0 I N~
[
. > ,
TF E (97A



16

08. Y1 Qb eb
: / P npy vhp @ 0/ 7H | BcT
- NWPO&Z -,"q’H*’; \ Hl(b; N —ond N “dp— N ;Elcp & 5
(energy level Figure 79 A # W 3
o c, Tw [ wdb v ~B | R
Challenge F E b B A M) i
C 1 W o AT T7 0] HA (
Challengea@ X AT 6 Na Au. Hw )
H™ " b P 70 vAm; | v
W (ground stat§ T v 2.19al (ionization energy
Mo bPT G A3 ' G /
- © EL 30 A A
b _ o WEGY A - a
A T Fe” b AR e T W
il ) _ A
A
1 iy Ty 1A v SR £
_ A 4 o0 i P (0 ® ks
P ) Figued = v A 1926 Fu P
T [ 1A bA v Ne A
14 v b v v A
E EW ~ daq iy 3 bwu A ooy A
TP T ro A l N A
€ w, A
D © [ 2013 2 p -
Ref 1(Aneta Stodoli 1 £z W N A Figure &
A" E =a P (node ~ 3 W P wu il
p 9 A
o -



170 08. Y1 Ob eh

Normalized radial distribution

v L A |' ) T ]
' ' ( )b ( ) (© Aneta Stodolna/APS, fromef. 138)

0 02 04 06 08 1 nm

(O Ad | H
weoorng / . LI 0l | M

M i | L

Figure81 o - N i ) '
o a N\ (© Wikimedia)



08. vYi Ob eb 17

A
P2V v
H2 . H .
A "o ey " P8 @/ BLIsK T Xt [0TW &6
[ [
P [ b 71 b 7 "H | * AC ™
Equat i onl11( H ~ Ay ® ~ A A
€ A A ne 53pm u v (Bohr radiug’
) A
A e T A G &)Yy e A
Ref 1 °~ o[ m; 3.. 1 A w 12 K .
P Y o/  (Rydberg atom T [ =°
b 1 - A
H™ " b VY A &Y : - (Arthur Erich
A0 1 Haag 1910 A H
b _ vWeH A
1915 ~ : (Armold Sommerfelyi [7 Y H Q bz
: AN W b e 77 _
7 4 A v z ‘ Figure 81
A A (azimuthal quantum number v o LT In; "N/
Ref 1 A Ty T b o0 A
¥ H ST 3t "L
T b AH sz T W
;/_De'l(p;/_'l(,,lqu’ 45N F x @7
[ 1no 9 fbpo 1no P 1o
Y
/o vV 00Kk-q ., . B
—_— = = ’ & .
D<v 2 ; ‘H n 1] 1
f 1 v 3 A o Ty ‘
W ) Y
Ref 1 A b A
H ¥ A v



172 08. Y1 Ob

R

1
A P A z - [
A
"W EBK* b w Ho O A T
Ref 1
——————s ofP
Y Y B -Var
) ) e
Chall engew Y [
. ' 0 of '
"oeoon o1/ 1 1/ 1
£ 0 )OWI )2.,./5 )ybw
W B - - (fine-structure constajt 4 ; & H ;
2 Hh-1y /-/ 1,51A( W @ "1 Tn; / ,75k*E
Challenge A) EBK™ b
all
wv) yhl ,
/) il
~®
(N R TS BT R Y
W 6 1915 0 4 b
Ari - w 127y 2 TA n; wé /-0~
A Ty 3wy
n P 1 1
ovr Nog )Fp“l )/_NEJI) d
Y v ® A b M}
" Ne "a b *  Figure79 A T " v
z Ne ~ (fine structur@A 0_o¢
@ A 0 3 W "N YT
Y - ne A " eb
Equation ~ X (electromagnetic coupling const}a@ut
| VR i Figure 79 A
L LW ’ ‘B a 1 a
zZ "3 w ® A W ) .

Vol VvV Ip2a5B  (Lamb shiff A



08. vYi Ob eb

17

Figure82 G @ (Paul Dirac, 19027 1984)
i (2)
The equation was more intelligent than | was.
G O T v
Y T W A
W a ab eb - P v
(1™ oy (Foldy)b (Wouthuyseh ¥ B [ 1
eb T A b YA wu [ ¢ Tz b
z 1w A
o, vz W i
G - o*e 1926 0 A ) _ T
(oL T 8 “HA o T
Y
Cryben W)Y Z & .'3
[ D& g, @Ne 4x 4 A
(%) T B EbP B~ v
V7 a o’ L " 3bP V- ’
izZitter(Meywegung b N A
I - - ¢ (Paul Adrien Maurice Dirad. 1902 Bristol, d. 1984 Tallahassedy
B f v (Bristol) 3 N w o
K B Ac 1925 1933 10 W AT Y £ 1 6 1933
A ® W= Y b - i v ey v v
T F X Arp ait a - <L y H O “i W
D At N [ "tz q TP wAT L =
we b~ "B A



174 08. Y1 Ob

Figure83 * (Zitterbewegung) Nw
B JH ToowWw @ 7 HaNe (b
A (QuickTime film © Bernd Thaller) ( ‘ rA)
"] H . L7 ® |
A (minimal coupling = Y W

Vol Elglulati 03 A W 9

Z2°Q7 At
: W AT ® Vb
a A _ T
o T ; - T
Ref 1b eb A( G QED N 1 A)
- ( Ky 1/2 )
b 0Ob ¥
O] Tv(b%E X
tyei OB NV No— I X
|
B ; NI1A -H
T W T F ® ' £ 1/2
v T N A H ” ¥ (JL) ”
v B A » \'A")‘ - ' RV
(quantum electrodynamis QEDA
'~ QED (109 ¥ b
' e D b
A L nw A b
| 138 A " QED



08. vYi Ob eb

QED 5T £
1 TH XA RV
| 3 h
@ya® YA u Y
g @ Ne AHe T He
N He Ne ~ Y b
fre o AT @ a
- . A
Challenge P @ Ne ~ N
(Schrilingeii Kleini Gordon equatiop @ Ne
A
Chall enge =4 @ ' 0 wi”~ "~ =+
bT A 1/2 T wA 1/2
(spinonA
[
1y (antimatte)ow A @
T T D)
T O -
) 7 & ARy My
0 il H i i XD
il G 1 A
® 1920 A9 T (09 =
(109AV - (Carl Andersop b
0 3l v Hw (positronA (
Ta A)
T LY At i BN T -
a i A
"M HA 1928 ~
@ (Oskar Klein N ®
5 i "y 6 1AY i -

W Ne P w 5 A

1
(1:) t
& .
- v
v * A
!i} a o~
A buw -
H @
\
2 a P G
Neo P Y
F @6 A
"
&
A - W
i - G
"N 6 1932
(ositord 6Ad
[v VR 0 €
0 =W b
0 HF 71
t Dp
A ~

7



176 08. YI &b )

£= 700 . & w1250 e 1500 tu 20,00 € n 2300 © s 3150 R
0.6 0.8 0.8 0.6 0.5] 0.6 0.6
0.4 0.4 0.4 0.4 0.4 0.4 0.4
0.2 0.2 £ 0.2 £ 0.2 E 0.2 £ 0.2 B 0.2
o o o 0 o o 0
0.2 0.2 0.2 -0.2 0.2 0.2 0.2
0.4 0.4 0.4 -0.4 0.4 0.4 -0.4
30 -z <10 b 18 28 %0 30 -3 1 0 10 26 3 A0 -z -1 0 10 26 3 A0 -z -1 0 10 20 % I I T U Tt 30 -z -0 0 10 2 3 -30 -3 ci6 0 16 @8 38

Figureg84 = 5 . A P W  Now D - Ne
= i T 1 Ne W A (QuickTime film © Bernd Thaller) ( '

§

1935 ° 0 - . b - (Hans Eulex v 1B N

Ref 1 Armno -~ &) i X v <
z

NPT Tk g

5, H .

=5

v o5 i - Ne A/ 3 1 A

(vacuum polarization 0 T c1 4 A 5 -

G A ®

- b Ve T b b A

i H A Lz, 1 T .

T T [A L .

Vol VvV hRyw . T o X 0 6 )
A .

- b ¢ - Y A <

W W NeAb il 3 6 %

W i = (pair creatioh0 W o £y A £V -

y hw A 5

l@Wrer aJal | | 1jypads



"N b LI b “b3b A
[Wer ' H T ® A v o= [
Ao 2 A [ A b 0
O H & /'
H (virtual particle), eb Thu - [ A
b ¢ T ey R A v § 0 Ty A
bi 0 b A -7 T [
1A 4 A
® ° v Ya a\ a o a Nz A4 H B
A v ® T3 v
v A
G a La a v h A
3 eb TO B ~ v 4 T LW
eb T° vy, Hed b Tyiwu. H viOA
£ i Tyl v v
(vacuumA " A
eb A # ° v 1 A
' b/
" ) ®A G Ne 3
Ref 1 ~ * ¥ bb Ne d . A _ A
700nm( ) & T /-c w /k A
o v T o -
3" A AR "y fi
0] Ay v~ a a ‘7 v #E
: v T 3v A (Sargasso
Se§ 5E T W T Ne “ A w2
A
T 37 A w v
3G H A A



178 08. Y1 Ob eh

"6 O 9 N www.mediatheque.lindaoobel.org Theo
dor Hasch B U 2012 TTW Ne z
G A
* *
A . H A2015 ° Friedmanb Hagen ~ "yt 1 T ©
Ref 1 : 1/ 2/ 37043 E (Wallis formuldA z b A
* *
AT “H W * T A
Ref 1 - e A W Q- (Mark Silverman
FAr - A
* *
QOw (material grating) =~ H WY  @©H (light grating) . b
Ref 1\ G 1937 " y" 6 1986 Y/ Tow - Q
(Kapitsd Dirac effecjA W Y - ¥ 2001
” N VOH A
* *
MY [ TR ~ “ w o ni AW b
Ref 1 v 0" nit o W A | b
W A
* *
Ref 1, ' # feld Y = o A
Figusey e ® ° " Y H a a 'Ea " a 0ba 0 A 1997
N 3 —_ (Steven Ch)a @' v
(Claude CoheiTannoudja - F (William PhiIips)A
* *
Ref 1 H bs & 7 WA aH H H " A No
ChallengeY @ 3 HW ’ b AR [ UA[



08. vYi Ob eb
X 4 (hollowatomy” o Ao
0 ° We A9 A W n )
oY T 4 A [
Ref 1 b A ub A T 4+ 37y
* *
oo L A T
® 5& 6s A v &
©H b A W
1 80 W@ 6s A ¢
b A b i b v
br A
* *
Challenge (phosphorys U () (phosphorescent .
* *
Challenge wo® b H A
r b [ A b _
U H eb 7 U T
NG A
a a a a
o Noy T W’ A
T L™ Db A
W A G A
W .
o .

J.P.Briand 1
K v A

17

G 1990
b

eb

>



08. Y1 Ob )

180
H .
B 0. # T WoH
A( . g # e W 11
" b 0)
Ref 1 - Q@ T Vo
P / , ,
"2 W T L51B7AS@2 . 67539143 & /'0
¥ A T A Ve [
Ref 1 A 'z T ¢ B4 h Y, A
Q" U (strengthof electromagnetisjn H @
D eb ¥ AN H z : a7 T yaQbp
H ‘
o & /'1
il ¥ eb A v -
r H z z A - vV_ o 3l - _
TWOH A
i W T Y i A T
¢ T B MNe A ¢ T H
eb Y 6 Noz - i 0A
F el A G @ -
L " v A i LB ok HWA? L -
J J Kv K .
b z7 [ U H A -
Véu r a r a W a b4 - NQ&‘W[_‘)
Challenge_ HIi ) I7l [ CvowA
120 7y ° v W o9 X H HWA
3 z A1946 -~ 1 T 7 U W2 " b
Ref 1 @ b At - 3 MNe wH W b
T T3 W A A éé
- i TAo - b7 Y
18" b w o /-1 1,51,4&8" A

‘HwD G 1
Challengef WNMu. H H b



eb

>

/-1 1,51 4

v

>

18



Chapter9

¢ T - Ab i i W @
[ " ¥ (smallestactiofi T vwu 'H; /,/ [ *©2HA4 ®
Y YW H'
T"bw [ e H /.32350 5/ %2Hq" b
i A
@ b T AT (quantum of action U WEG)
- o ab 7oA a ab” MNe a -
a a Yoa 1a i A
i A i Y
1 v o 13 %ol r A 1d i v
_ A
) v N ¢ ° ‘
y (quanton A
G Ky GW® [ bL'E G A " K
A a2 a aga - 1 by &b WO
A
" T 10 b 3 © A T
oy Ty - bw¥ Ty
W Hoou A b 1
H W h A
| L~ v ' H a a ¢b 1| ‘
A

Vol All1ll )
. A # ° £b



09. T 18
G.‘l. ~ r A
‘ S a acPT A nay [~ b
1A7 6 ) T bu ¢ -
AZF3uWw?tr '
T p ( ) a a a
Tabl e ToouN { B OA cW® }
T = *F p Y v & A
H,V we - r ' p A
c¥ W L b H G a a aqa' a a a a
Challenge a - W|7l [ " wo UA
Deorum injuriae diis cura®.
(Tiberiug y (Tacitug
b G ' W - ¥ L A
¢ H " H " b At H FO~
¥l 6 y A ih p A
bA A F T (indeterminacy relation © B
E " b Y
E " HO 1X H;// | XZ23Hq & /'2
b T4 ub” A LT T
~ H b H G~ b A 1 G W H
Y Eu A
T T = (probabiliaty)A @ b
eb b v ¥F A E - F GKuy aft.
G* b A
L ® b W 3b A nwd yA



184 09. T

v a

W b T L "7y
JRAR &
Wb Ty ¢ A® W Q (photory ® b A
FT o a al aNe ™ wW® b Wy a
a az Avo Twe Ty a a -
o T QY T & © TA [0 vy f
o "y z i~ 0A Ne / Y
T "3 vy 1 z * A
A
Ty W EA € ) b 7
W A E - Wae r (phasgA
bw A b” " P - b b~
A b il T ® Ky )
K v At - W (tunnelling” ¢
- w 0 (decayA v E b1 oyl i A
EC) b Ty A ) 3 Y (spiy _ =l
w A i v [ AE «a K
W ’ @ Ty A G
i r "ubﬂ - A
. A “
F~ M4 (indistinguishablpA H Y Ty 2 {7 N
Y P bl A i L1 T 947
a ¢b a a a - a a’ ap oyl b~
- A b L A
T T 0 eb A T v
Y ’ (off-shel) eb A " 1. G
T E S z ’ : z A
b A T "vy¥ "3 Ty
(createdd 3~ Y v 3 Ty (annihilategoA
A
0 (antiparticle) v T [ 1 At
b b 6 N T N '“’ A
.. o A
"y 0O (decay . (transformedA v b
A T Ty Tip AW W
b T A

E



Ao 7

09. T 18
E b [ h "B a Ba a’
- Vb b AE Yyi B A
) H ¥ b (scaldA RVEG)
Y - ey Ac F = "
n A z - T T A0 H
A . (Lilliput) A
G b Yib eb 7 b
R A
Ref 1 K b T a\n a D 2a a a T
EPR a a o * ' EPR3 A
Table8 1 a H W A
) T ¢ (9)
r »
b 0 E " 'HO 861 ¥HO 10 k
" 0 H &6/ XPH 10k
vooP LY &6/ X 20k
” 0 ' 100 k
i /-no 861 X 5k
- 0 'H 0 861 ¥™HO 10 k
\ I 0 " &PHY -8 24 861 N 30 k
r
® b sos PV-&734R &8/ X 10 k
H B . B KFx&S/ 50 k
R Ny 5 "1,y ®0p &6/ *nyg 50 k
- . PrR-4 HPYP &81 | X 20 k
B 0; sod &6/ *'0 20k
1.34 G NoH 3 1k
QO -®© 0 QED: 50 M
1 2 2.002 319 304 365(7) 2.002 319 304 36153(53)30 M
e 1 /1l 437 [/ 6%®5 / 437 0Xg. 100M
A / O >1020 4 1
g Ne 4463 302 542(620) Hz 4463302 765(53)Hz 1M
Ne QED G [/ X 20k
a Appendix AT ¥ A



LA Table 8

vb

v

>

Y] % " L Tz 3 B
b [ 138 A
G A H” b
v W A
A 6 1 s MbH
A G b
b A
. L .
®" 3 0 b

v /-1 1,51B7.758 2

Y A T
" Y W NS
y A

%

i 1 £ v
%
A i vow A
%

Toow A
* %
A Ty A
* %

BT MNe A v



Chall enge
A0 1

09.

3

-1

18

TP H A A
* *
B3 M T e A i
1 A
* *
1 C A |
Hoo A A
Yy W2 | W Nd
b A
T i ” T Cod

R H; /,, 32358 B/ *°HA

W ¢ H 7 [ i. A -"0»

%o A A " b H E AW

A3" vy Hoo €  (fundamental truthé\
n T h W i i
W [Web T H v A
' [ W TP { i
A T T - W
1 H P Ao 1 ey H_ =~
4 b _H_ =3 ° A

r r v b "E r ’{JA
“ i H ~ Lo b
Moy h b P Tyt

t Y' b W AP 1 " A



Re f151

AppendixA

iy B
(measuremeht b %o A %y Y ¢ (unit9u Ap N a
b Voo @ ,systems of unijé %o 8 z"
7" T 3 A _
W ' W n %A 18p T ¥ @ 16 FL
Y %Ne ab ab~ L IV aH
vE © W a a W B Y Ve 4
(Syst me Interfnaiudhall dédUnift @E (Convention du
Mare)d HA Y B A W (CGPMYX 1 fi W
(CIPM)O # BIPM)O A W@ G A
SN B
SHB # @ 1B Ay 4 1 g~ yi 1 L
W ( : %GB 3-98p
o fi 133/ H @ H 9192 631
770@ A 0(1967) 2019 Hb E"Jd b A+l
N N T (1/299 792 458) o A 0(1983 2019
Hb E-Jd b At
e« M@ 7 kg SIY B Ay J§ 4 kgm2giluy B~
) P vUOuw 66260701510%3% ¢ kg Y y A 2019 **
«f T T A 186 LAYy C 4 Asuiy B~ )
vUOuw 1602176634108 ¢t A Y yAO0(R019*" @ 1§
' 1 G 4,02/ 310Be. 52puA
@ f 7K z SIVBAY JKRLy Y B~ i
K vV w 138064910823 ¢ K Yy g A0(2019)*!
@ fi " mol (amount of substanfe 1B A1
6.02214076L0?3 @ “H r (elementary entitigd (2019)**
o f W o 00 Y & 0F W 5401012Hz

i TOF 3 W (1/683)W/sr A &(1 9 Y2819 Hb



AYB 18

1 [~ { B gy % ~ (3 ®) A
H v F- - H Ow_ oA "
EC) A BW ~ b *? 1827 Fu ®©
H A
i 1B yB 8 y- SIy B ¥ '
@ Sy B W ' 18 G ATl
H 3 b A y [ b W 10X14 W 10X10
Vg 109 1087 G 10X6 10%6 10%3A
@Sy B W ‘ T A T
a A h ®yv %ol Ai - yB L
- ® 18" Sl H3¥ @ (e VP H DT T K
X, A 200 * CGPM ' ik k 0" YA
@S|y B W ! y B - y B %o
QA = VB "yBa Fypa T yBA
SI . Y (supplementary udit H @' ( ) {8 (rad, radian)y
LY H T H LA H ~ YBy (sr, steradianA
F 2\ ; (derived unity b QO b T
( Abbrevii ( Abbreviati
T hertz Hz=1/s newt o N=kgm/s 2
\ pascaPa=N/m 2=kg/ms ? joul eJ=Nm=kgm Zs2
wat t W =kg m %s3 J coul oC=As
3 wvolt V=kg m %As?3 faraF=As/V=A 2s4/kgm?
ohm o T- 7?2 YA siemQ ; [/ -
R weber Wb=Vs=kgm 2As?2 t es| T=Wb/m 2=kg/As 2=kg/Cs
"# henry H=Vs/A=kgm 2A?2%? °C ( )
l umen Im=cdsr T ® lux Ix=Im/m 2=cdsr/m?2
" becqueBq=1/s gray Gy=Jdkg=m 3%s?
si eveSv=Jkg=m 2/s? kat al kat=molls
Refl52 M #@yB ~  samakgd Ad K& mola cdA §  www.bipmordd 7/
H > a : | i A Hu' -i A '-NXO5/173
b HT% b A BT & G 555.5nni +
- A

2%

Q- p (Jacques Babinet, 179874} A AF b A



190 AYB

1 [~ i B HT M & 120 N/ Arn
Chal |l abge W1 )
admitted SI¥ B Ne a a (6 a [/ & -/ 6p _abNy ;
-/ . 6p.ab / ; -426.p. (be )a 1 (litre)d (tonne) A ®a
i 1BA
T % M (O [ 18
¥ ( © S| %GB 3-28p
10t M da deca 101 Ne d deci
107 h  hecto 102 J ¢ cent
16 Mk kilo 108 m  milli
16 ® M Mega 10 6 micro
10° G Giga 10 ° n nano
1012 T Tera 10 12 p pico
10%° P Peta 10 15 f femto
1018 E Exa 10 18 a atto
1071 Z Zetta 10 21 z zepto
1074 Y  Yotta 10 24 y  yocto
Refl53 ' '
1027 X  Xenta 10 27 X Xenno
100 W  Wekta 10 30 w  weko
10%3 V  Vendekta 10 33 v vendeko
1027 U Udekta 10 36 u udeko
SHB W Y 2 n "~ © 3
Wi &Y 1 BA
SHB W ooy a 3a 3a a T
LiTw 0 F (yoct 0E C oc'tei gletp't )E C septymtta
zettBaexapet a’E i "395d U3 ByeasiEd fijd
"E i1 kavavwavw) Y / (@attoat temo f emt o
f e miMeqry) C mi PRl e centf wm d e cie th
namug £ ( piccolad ¢ (mi crososai pd

deca/ detklbalBiihect 00a UGHE ki |l ocasb®d migga egoWigi ga
agoditeraUsg) UMA
Chal | drédge L [ = 1 5 T 1 (par)sec

" M NeH R A



Chal | er6dee

Chall enge

19

AYB
a A IR ] A
SNB W ‘He SNB & - We SHBA
“kviB Ty SHBA
SNB b W * 1B Py W
A*l
)
L %o ' i %(4 g %o)
A - ey R Y € Ne
A
A - TF b A
v’ D A v OA
v TyMNe | AW eb”
A
W@ A W W A
’ i A K v | A
RS
[ 6=G {8 Lv a
n Y8 LA 1B b v TA - Q
Y r Planckds naturBalYbubity; /*H [* ; [*n; [*
o l-& 2 A Wy B b SI VB
WwiB L6 TablAe 10 y vy 18 LnQ
18 Ly @ D 4w D-D,A
g,y BT Ly B (imperial unitsf . a Ly G A
(mile) miliapassum = WM ({ ) 1480 mm H Ne
(nautical milg™ Huw 1852 A (inch) uncigdonzia(M HuNeH W~ W
(foot) A (pound pondere ) Y libra( ) lbra i Qb A M
W~ dozen) b M 3 3 A i 3 1B 38 i
B ynf o~ a furlong/fortnightb w 1B 00 Hu 1B

N

o A



192 AYB

Tabl e 160 1B *Y( k )HA

H Y
\r
o IN; ;. H-w . /.41 &.0 ] X0k
o By . H-w» L 317 &4 | X2y
Q® TR T C 0/548614 e
o Cnj L2 w- 1,2 5 W / P27
o "N . He- TP c 1,2 Bl Oo%
aVr

®© Dy | Ty ; ., 1Ek-g
@ - Ay  H L 1) ] X
®” b Ly ; H L 1) ] X%
@ Oong 5 N . | BwH
I
@ Ni ; V- 9H ;30 / Kuj eko
o N ;e . 0.EH /0/ ®CcT
(AN "Ni S VR  43Lq
ww I Nj V- c 14/ WY
Wz DN OV 1,0/ 22
@1 "N ; ¥-H . 24 | EEN_
WY Inj © W-H © 34 [ K -ff
o Yni . W-H /7 ] 2°F x
A A ;2 ,VH - /7 _A | [5¢
w 4 N DW-2 cf,. ] T
Y Ny v -2 4y o1,
@ i 2, H-w . 1,6 | X2°D
® = C&-2 0 H-» ;4] R
) N ;-2 (H© : 43 | "ET-k
W N ;o w-2 (H® : 00/ ?°R

. ¥ VP E | T4 APy @ H y~

® A AA a p; OH y A TYB T 2, 3

Equat i onl gy » a 2 ; "t [AKEEA



AYB 19

1B 3 We H bH Y A (
)0 fib k WOy B W (W A i
Vol VI 8PBe H Now h Toows M Wi B~
w1l k p” u - Ly, v -
h A © Ok A T o
v’ ® T w22, w2 . A
v k Wy B { B A -7
Challenge ' v A(® ¥ ' . )
i Y8 L
W @ eb ' T E WY
BLT z w1l b A 7 D V:; H n; [/
Fo -2 7 TG z GA
18l Ve 1B P A.m ¥y %
1By ) T 7 At " H
nro
=N Y[ Y[ Y Yicalpga
I-NC; Y ool YO YW X MG Y
[500; M 8 N[ 0[5 Y[ H v ng Y[ &4
YI; /-Y [ M Mol
YI® /=Y [ Y Y
T T ¥ E B AL ~ a a WY P b
5 1 ba { B LAx2 =3
L T o b HY = 16 L~ {18 L(Gaussiany
Ref 1537 VB L(HeaviLosiadmetz) P L(electyriost dthi kgel ectromagnetic)
Z "y CoM Ty T Mz ca¥pga M Ty R
4 ¥ T oYu oLy R L I I " DM " TNy Tluw
T z o b T ow A
www. chebmérel.ifru. de/ chemi stryagenet @l /UAits_enmn ht ml
H sv 1B Loy, /¥ 7y N &; 0 "iYbhuy
{BA - b i - ) &) H tu A
3 YW é b 17 4T N 3 v oA

>

3 ave L zaye Ly 3 Ao " wbz s


https://www.chemie.fu-berlin.de/chemistry/general/units_en.html

194 AYB

TLMTw Wae %o by
A {8 3 eV A 13 5 w
®Y 4 /cT /.4 XERY

£
¢

/ 1
leT Z_H & I'5

D47 | ¥3c TP g evy B 37

8 Ao v: H; "~
- " ow/cT /6] %Y e

Challenge G a’ a a a
32/ %YL q 02RFx / [4i 1" Y1 /cTE 2/dq/,0 k A
3 eV WYIBT YWY MNe (20°C
293K Y N w 0.025 eV 4.0zJ)A
Ref 1t ¥ - 3x 180 eV(4 48 J)A . v W
L 1P GeV (4 17 n)) S 14 TeV
22 Hw 34 A H w CERN ~ ¢ 27
\ p A
k. v W 280 pK 6F " J T ]
Ref 1t + PA aV p - - @ T ° Ab
T8 . ' Ty 24fev(3.8v] 1vJ
=3.8x/ MYPA ¢ T v v/ .3cT
T ° - W 60nm A
t ‘iB
® GWa._ T E w
Ref 1% 5, p-1D(l; 6. &; .3k-q N "Nl (%) Pl anchoAst rool |
* *
) w |/ EXg Y wWed 10 A
* *
Re f 1¢ . t ! I A y oy
[ R A | H A y
A v L)~ Ci ‘ w 14
B A



19

AYB
Ref 1t~y L 500 p | B g
Ref 1€ Y1997 w /[ XEo | XE3 T vi3i M3 p A
pi | L N (d 1 )(4F t
LA M 0_o6 ’ ) 1ms |
5000sH A | o i v ’
P~y - 20 ~ Q - I 0
Y A
* *
L 5 At . ' D
Ref 1¢ G [/ Xbo A s’ ' T W
Challenge As T ¥ ( @ A n ¥
& - 5 A)
* *
' ; ( 1y v
Ref 1€ T M ( 1°%P)A G T ( 140. )A
* *
i oy Ao -~ z T 1992 |
Ref 1¢ W Ikl 1/ XEK w1l A H™ G6W 1
-7 [ A 30000 i. A
Ref 1¢ N 09A " | MWE n~ o of TA
b %o
A (error)A G M %o
A (precision P "I (accuracy vb
v A
b G (random erroj N I (standard
deviation - Qu 1 Huwu
¢4 / !
; & N & /
T EHp
Chal |l aege | T EH, V E, VAuM, HE Ta "X/ b " )

'6



196 Ay B
N
A
AN
%o
AL
| n
~— FWHM
/ No
\' \)
Fi g&b5e Ne A Ne - Ne T b v W
Tt %o A
G 7 v v Ne W G Ne © 3
W 1 A Figure 304 Ne YW
& s Xhd"
T& ; I ar & I'7
Chal | da6dge %o 3 g (varianceA G v Ne 235 A n A
M %o (systematic errois v 7 T A
b v~ " - 3 wu F (total
Re f1 6 5 uncertaintyA b L v v A
o T F3 v ¥ 0.312(6) m A " p %Z A
B b W B A T X W Ne ~ t 0.312(6)m v
Chal | drvdee Y
1vp W 68.3% o Ty 0.312+ 0.006ny p’
2 VP W 95.4% o Tw 0.312+ 0.01InY p’
3 yp W 99.73% o Tw 0.312+ 0.018nY p’
4 Yp W 99.9937% o Tw 0312+ 0.024ny p’
5vVvp W 99.9999 943% b Tw 0312+ 0.030ny p’
6 Yp W 99.99999 80% b Tw 0.312+ 0.036nY p’
7 V70 W 99.9999 999 74% o Tw 0.312+ 0.041ny p A

Chal | awvge (

H . )



AYB 19

T %o 7 WA I ) F HP™ «
A F % ot w(DA ~ 6F3. ~ 1km 1000mb
H @ vA B v P gi. . v
b T T % 5 $) PA GHe b “vC
D & v Y ) TOT %Z A
Chal | dige X R [Wa 3.0sp * = 1.0m v
%0
%o s Y A Y G 618
Chal | avge E 4 " Ho oW E-E<Il5%ubyiuk A (
Vol . VI9dhat V 3 GZ r . ) WA b R A
P b F H LA™ - Y
( | *E'm) - 268 A 1000
v 228 A E [ = 17
B - 2y Toowy v @ L A
A
T W C T ¥ A~ v YL
vT FA A
! Fu %ol E it o
Refl66 v~ Y 1L 7w 1B A Ty " ns 9 v
A v T W o) %0Z
Al T @ Wy v H P
Refl67 A
Aogse Ty ( ® -~ %o
Vol Aov y o F W Ao~ 1327 Ky a

—<
>



198

AV B
Ta bl le A
~ v ( SIIB) b a
1l M S| r
o © a 299 792 458 m/s 0
& ¢ P 6.626 070 1510%34 Js 0
, ® ° H 1.054 571 817..10%4Js 0
b
¢ 9 0.160 217 6634 aC 0
i c n 1.380 64910823 J/K 0
39 T, 6.022 140 7610%3 1/mol 0
n M Sl N or
Z ' 6.674 30(15)10%11 Nm2/kg 2 2.2 105
|
3+1 07
d . oM &2 HE  1/137.035 999 084(21) 1.5 1010
N, Q1 By = 0.007 297 352 5693(11) 1.510%10
¢ E.j8HH° 1.166 3787(6)10%5 GeV¥2 5.1 107
W& S X2 1/30.1(3) 1 1082
d & 5 X%2  0.1179(10) 8.510%3
q @1, Mo 0.231 22(4) 1.710%4
qg&ly(n 3§ h0.22290(30) 1.310%3
A TR
CKM & Dz ., 75161&®D'508&/, ..". 17
., 005/ &/75074&02'0d
J., . .6/ 28&4271 41 &B87I/N

Jarlskog
PMNS

3.08(18) 105
, 60&0,'33&2' 3. &5

., 15&/,1358&/ /5 /M&s5"
J., 2/ &/1,137 &/, 4 M&5"
9.109 383 7015(28)L0%3! kg 3.0 10810
5.485 799 090 65(16)1L0% u 2.9 10411
0.510 998 950 00(15) MeV 3.0 10810
1.883 531 627(42)10%28 kg 2.2 10*8
105.658 3755(23) MeV 2.2 10%8
1.776 82(12) GeV/\2 6.8 10%5
<2eV/ WV

<2eV/ WV
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- v ( SIIB) b a
Ut Ne0 <2eV/ V¥
W c 0/, 48&).,27- N
MeV/ V2
h o 0 2,45&).,26- X
MeV/ V2
o @ 71&) 11 - NXW¥3'
o Y 1.27(2) GeV/y?
o 0 4.18(3) GeV/)?
& B 172.9(0.4) GeV/\?
® <2 10%% kg
w 5 8 80.379(12) GeV/?
z Z0 91.1876(21) GeVA2
H 125.10(14) GeV/?
€k qu v c. 0 MeV/ )2
a.b %oZ A
b W 10%19 108 A
c. H A
d. w 47 D T . (renormalizatio)w A
X k Torerape 40 D T T VA - n
fv Toox, &% A% -/ 0B6 W - D i v
y' o GECT, ./ A
’ Vuy I . GKy 0
H i v, A7 gy~ ST 1.05410%34 JsA
Tw.H vb G G N @
) 3 b 1B H v \ ¢ (natural
uniy v *TrT, H H A y B H v W F A
H™ 2 A4 a_, a a R VIR \\¢ A N
A ) " vb 1B H A -
7 - A w
Y pg 1w Wy T A

ap - ~
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AN B

Tabll2e ¥
g v ( SIIB) b
i / ,034 415 .40 1510%0
T 8.854 187 8128(13) pF/m 1.510%10
[ 5 154,51. 1/ 1 44151080
T, 2.686 780 111..10%° 1/m3 0
(273.15K, 101 325 Pa)
; T,D 96 485.332 12...C/mol 0
r n; T,N 8.314 462 618...J/(mol K) 0
r D; N'- 22.413 969 54... I/mol 0
(273.15K, 101 325 Pa)
R a Ne ; 'l.a®0p 10973 731.568 160(21) !  1.910%12
E;; 09p 55,26. 7/5 07,0
i p-09 2.067 833 848... f\Wb 0
0o>-p 483.597 8484... THz/V 0
@ p-oP; 03 6/0,6.5 23,0
5 DHO 9.274 010 0783(28) yJ/IT 3.010%10
T A\ £, &2 2.817 940 3262(13)fm 4.510%10
ai P-'lca 2.426 310 238 67(73) pm 3.010%10
A; H'.a & 0.386 159 267 96(12) pm 3.010%10
v @ 1o ; &- @ 52.917 721 0903(80) pm 1.510%10
p-01 3.636 947 5516(11) cri¥'s 3.010%10
9 175.882 001 076(55) GC/kg 3.010%10
Yo~ ; 90", 27.992 489 872(9) GHz/T 3.010%10
v N9.284 764 7043(28) yJIT 3.010%10
v B N1.001 159 652 181 28(18) 1.7 10813
v N1 838.281 971 88(1110° 6.0 10811
- X+ N2.002 319 304 362 56(35) 1.7 10813
e - -1y 206.768 2830(46) 2.210%8
€ N4.490 448 30(10)10%26 J/T  2.210%8
€ g X N2.002 331 8418(13) 6.3 10810
A 1B I's; "ipn-/ 0 1.660539 066 60(5010%27 kg 3.0 10%10
e 1.672 621 923 69(51010%27 kg 3.110%10
1.007 276 466 621(53) u 5.310%11
938.272 088 16(29) MeV 3.110%10
- N p-" oy 1836.152 673 43(11) 6.0 10%11
91 5 9.578 833 1560(29107 C/kg  3.110%10
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g v ( SIIB) b
Ay P A 1.321 409 855 39(40) fm 3.110%10
L5 BHOI 5.050 783 7461(150.0%27 J/T 3.110%10
® 1.410 606 797 36(60)L0%26 J/T 4.2 1010
& b 1.521 032 202 30(46).0%3 3.0 10120
& 2.792 847 344 63(82) 2.9 10110
e; 0 &P 42577 478 518(18) MHz/T 4.2 10%10
g X 5.585 694 6893(16) 2.910%10
T Iy 1.674 927 498 04(95)10%27 kg 5.7 10%10
1.008 664 915 95(43) u 4.810x10
939.565 420 52(54) MeV 5.7 10110
T - I 1 838.683 661 73(89) 4.8 10810
T - -, 1.001 378 419 31(49) 4.910%10
T Aci P-'l,a 1.319 590 905 81(75) fm 5.7 10%10
T . X0.966 236 51(23)10%26 J/T 2.4 1087
oo b X1.041 875 63(25)10%3 2.410%7
o X1.913 042 73(45) 2.410%7
4 - ; ®rP-4 4P 56.703 744 19... nW/mK4 0
B 0, « 4 2.897 771 955... mmK 0
58.789 257 57... GHz/K 0
3 D) 0.160 217 6634... aJ 0
- njlo 1023 bit = 0.956 994...J/K 0
TNT 3.7 10 4.0 MJ/kg 410%2
a. A A
Y ¥ W A
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AN B
Table@
~ %
(19007 ) 31556 925.9747 s
(1994) 1 31556 925.2s
9 01p 489053
b 149 597 870.691(30) km
18 P AU 149 597 870 691 m
® ° 6Q al 9.460 730 472 5808 Pm
pc 30.856 775 806 Pm = 3.261 634 al
Kq 5.973(1) 10?4 kg
z GM 3.986 004 418(8)10% m3/s2
z Il ; OE K-& 8.870 056 078(16) mm
N © Kavy 6378.1366(1) km
N© Kan 6356.752(1) km
- 10001.966 km ()
¢ Gy 1/298.25642(1)
o 5.5 Mg/m3
R, 4.50(4) Ga = 142(2) Ps
%o Z X 9.806 65 m/s?
%o A " 101 325 Pa
Py 1738 km
P, 1737.4kms  H @
Ky 7.351022 kg
o b, 384 401 km
W  363Mm; A° 359 861 km
W 404 Mm; A~ 406 720 km
e ., 3/ 6/1i;1/,.
0.49°; 0.55°
X 3.3 Mg/m3
z X, 1.62 m/s?
A " € 10%9%Pa( )[ 10¢Pa( )
Ke 1.9010%" kg
\ P 71.398 Mm
\ P 67.1(1) Mm
B, 778 412 020 km
Z X 24.9 m/s?
A " ( 20kPa [ 200 kPa

Fol



Chal |l dmgge Refl 68

Chal | avde

AYB 20
) v
K. 1.988 43(3)10%° kg
v4 OE K, - & 2.953 250 08(5) km
E K, 132.712 440 018(8)10'8 m3/s2
Ju 384.6 YW
\ P, 695.98(7)Mm
0.53%
07.04( '/ 666 9 ./ /73
u 1.4 Mg/m?3
AU 149 597 870.691(30) km
R, 4.6 Ga
T Du 4 220(20) km/s
D 370.6(5) km/s
Z X, 274 m/s?
o W oA 15 kPa
T 8.0(5) kpc = 26.1(1.6) kal
13.6 Ga
c. 10?* m or 100 kal
1012 , €. 2102 kg
SXDF-XCLJ 0218-051C 9.6 1(° al
a y T rrNe [ HNe T A W 5 A)
T Am. 4. ) @ W i A
b. 7 30m 20 0F H”
v A - . w(IAU) b {1 B M Ng
H F A - (ightyeap3 IAU 4y u A -
www.iau.org/ public/measuridy
c. b (WGS) A:w ¥ 61984 A " i
- WWW.WgS84.com 2000 v A FoA
fi oA u1bi 07 Ai F A
d. wr T A [ B www.fourmilab.ch/earthview/
moon_ap_per.htrAl” & - www. fourmilab.ch/solar/solar.htdl
e § W 1 ;/i; -1/"61Ngp/_b; /"i% 4=1 ; / AMo(minute) A Ne(first
minute)  (second) 'P Ne(second minuté) fiz No(third minutep A Ne(fourth minuted

Nu FWedi B 1/60

n 1t FuW’ A®r

’1'-]‘{f3

AFm nuted 6 9

Kv )

T A)
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Tabl é

AN B

\

Qiz

()

b4
8 Mpec

runni

Qi QI QIR

ng

L
; Py 100 km/s Mpc
p'l'

A NQB',- @
T e

C. 1 10%52 m&2
4.333(53)10'7 s = 13.8(0.1) 10°a

3.5(4) 10'%s = 11.5(1.5) 10° a

2.3(2) 104185¢1 = 0.73(4) 1010 gt
© Py 1.022710¢10 g1
0.71(4)

X0.66(10)

40.0(6) 1075 m = 13.0(2) Gpc
trivial up to 10 26m

3, for distances up to 1026 m
Po? 1.878 82(24)10%26 kg/m3
=0.95(12) 10%26 kg/m 3
1.02(2)

0.044(4)

0.23(4)

0.001 to 0.05

0.73(4)

X1.0(2)

1.67 1027 kg

0.25(1) /m3

3.8(2) 10828 kg/m 3

1022t 1

1018i 1

2.725(1) K

1080

4.610%31 kg/m3

410.89/cm? or 400/cm3 (' o/ 2.7 K) 3
5.6(1.5) 1046

<071 0

0.84(4)

0.93(3)

X0.03(2)

1.6210%3%5m
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- v
@ B HE-V 5.3910%%s
@® "nis  BEE 0/, 6 e
A 07 8 - 8 8.7(2.8) 10°0
) a Ty &y-l;°8&-g] 10741
p A 1054 kg
a 0 A
b. G 38’ R" w 3000K’ ' "
Vol Tdbl e 16+ 4 |=6(2)-10’-<6'.,.A
1/ 2/ 3438850164241 05.70567471753,/
¢ 764722.671866827776H53/ 31/ 1420375
D) 05/ 6060852. 2B31@65R18H025330. F1 37
Re fl169 ..3558442/7340. 43/ D...B500R2128971218B0,7
j 10 LAT7T135R263B72372010/ 2835484533/ 1423,0
j /. 01.0367D7.428257732452204.// 2466645
/. 1/ 40946446157/ 66723230688/3F3/108,0
(nor mamber . F
Y Hkuv an (0% YT Ky ¥ -
Ty VT A (horimay)” P
A ) T. A @ b
' 3 G O.1234567891011121314151617181920211.T'. i
Challenge An <eFszaP
B wig P "E:T (0,1) Wi He A
i Ha " H a W A
|

7 i TWe v A
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b

w oy A
G - . (Paul ErdRs,
Budapest, d. 1996 Warsaw)

Ty A (sedob A (relation)o A:w ey
“bu i Twy w0 . b7 v
Vol AD8 I ulae, T . " Ty W -
Ref 1 A 3 A
b - b 0 " wWE it 3w ° 3
(hider I A Y (formalismp L
Ap -~ B A ; 1 v
(algebraicstructurdA 1} W 4 W o -
(topologicalstructure’ 2 (orderstructurg” P
T by - T YT A
b i ’ 4  (classificatiopA -
- W " : Ne © b a
1yl L A
bW p F EPx7 8% /|
Chall enge A
(Brahmagupta, b. 598 Sindh,
d. 668) ( b )
1 ‘ "y wva'y & ¢ A W Akv b
(natural numberg W (semiring) Kv b
(integersi w o (ring)A ( N. R
FA N 37y Ay ® ' R+ JH
H"H . N’ H W (additionb  (multiplication) ( b+

L - 8" h Yy f G "H 1*0V N~ ym

b.
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Chall enge

B b 20
an v “41)o0 n”
1) D; D) 1*1) .; 1*1) &2'; 1IN .*1) &) V; &) 0) vV
o n é "4 10nNn”
o n & . 41y, & v’
N N " 42180 V;1921y"&) Vi; D) n°
b v v H E
3 Weé& YB A /1;1/ ;1A
H W (axiomA " E H
H ' E HWa A: E Ny
t E - (unital ring)A
g E “rpvy T H H 5
0" 1) V; D) V' ¢t 1; DA T A i o "H A
U VI 3) i 1 W e ‘ (number fieldl (field)
XN Wa ° f
0 Weé VBP'HI @ "H 2 /1; 1’
3 e H'
3 @ 'H 1° Dae@ ) "H 1%EA
& ~ 7. (commutativp 3 (skew fiel)lA
Ty A ( i mLo "@ 1 ¥ [ A
" A" A) " A Ve
T VE O Ey W . E ’ D .7t WA
n 7 iy wn W H v v ai asé
a ( YA ’ i A
(real numbers - an A *lg 0
“ b
b . (complet@A C Wa -
£ K "t st A
HH” T a H 1b 0 n" . H (totally orderedse)
8 1 0DF D VYV 121 VYV
8 1 DF O 17 t21;0
81 D D2 A
H™ woRwH T NeF K v H @ "H HIE B n
A T Wa A
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B b
T i f Ab ~
ChallengeA’ . H™ W@ 5
Ref 1 A o - A N [ A
A
o 1;1) D &
&, 272
3 >
2z
. [Ty
"3 IXID AN Figmee w oo i
xTy A
P VNY K v A
Ve H A \ H4 1;1)1701 T1 DO
YA { B (imaginary unijA "H1t 1 & 7w
/ 1
/ / 1 & 0.
210 N/
4 ) XA 1;1)707 1 (realparf O w

(imaginarypar)A  Figure 86 A
;1) 270 1§ (complex conjugaje * ( b 1N

v 2z, 1 f; 1*f1; 19) OF

Hu 1*; 1X1 B
A
D1z, ®z27

H
(two-squares theoren

@) 1g&P) Wi AANIEP) &cQ) 10° & 0/
1*0 A x (Diophantus of Alexandria) 'E "F{z p
Bl A
“yQ & Ty w& ') & '; &)0V") " 8@
WA & ' &®T Y1) DA Ty 2
) Ty 5t A & H sy T
Challenge'l "av - Figure 87 A
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Chal l

Chal l
Chall

b 20

B
A
v
a
] > Fig8iTe
X W @ - A
1) 10" Yy uia 2x 2
v 1%y x %0 n & 00
XD
¥ ) v & A~ Ty W
enge A T 2z . H,
: “ ¥ e VW e H W e
A T & 17 R 1% D) y; Ha (
engel; )A
Ty A A Y weyys
Aitw 37y A i B (
A A
18 Qb amq qg’l v E Wa Az
enge amqg)ggl; &mqgoiggl "y Fam@; arffgx q &1y
engel ql; Ogghmg E A & ~ V8 1 QMO ; S&' A
| A & 01
A T v 4 A B (phas¢ E 27 W v (absolute valup
(moduly v (magnitud§ N *T 3 R (amplitudgA
P YO W © 3
cE; c® & 02
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p @ H ~ 1T v F
CE; CE)(bu’ &:E)(bu‘E)(bu’ C&E)q)u'&s)q)u'; CENZH)EU; CENEH & 0'3
Challenge ; ) Hy
3 VY 3 sv A " Y N )
i1 b Ty a ai T “yiil a I a
i A
Challenge B W2~ @ W An
E -~ A
X
H
W N BTy Avae ::\ BTy A
| [ Ar H )
ATy W @ ® (quaternion¥
ek & Az 1a2a4 "y ¥y A
H 6 195 o FrwT Ne
H AR ::™ g 42 HIE @ "z H
Ref 1 A
Vol VvV 3% e W H W n " i /*ren
\ T wWon
1w N
N/ n xXv & 04

/
I
1 1
V| U XN N/ 1
n| n v N1 N/

3 Q P TP N/MYNYUITFIWYNNY FNO NI N VA

"H /*Fwn3 W \ & (generatojA HY b
"H é b»v . A .,H T ~ 2, . " b "H W
& . A & ° ©'H
Challenge W D q3) /. A

L (William Rowan Hamilton b. 1805 Dublin, d. 1865 Dunsink)

Y yé v (Vulgate Acts. 12: 3i W@ 3 "H (quaternionfA
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@ "H o "y NeEg; b Ne & w
D; E;) EL)) EgY) EN; Ey) a; & *EL"EQ'E, ; &;*d & 05
P& w &asd'; &xafl*xl)s3a)a (7 4
QW I & ¢ QY Ty Q) N QQp N MV X T 1 ey) Qg g 06
) VWX eV eVp X O) M) TEQpIETp) TV N Q) el

"H 0 yu O g X & e ndeA "H D nz y
4w AZF; DO Do ef) ef) ef) ef; eFf) aPA " &  (multiplicative)
4 —nz, AmzA
b b " @ "Hbi T n
/
o, Nam)wn)wwn)unn'n & 07
A T (R i "Hi:b A
T H P T b [
ANz, Az1z (four-squares theorejm

ag) 1§) 19) 1w &d) o) W) &

D QERN 1N IO N 10 P) &) 140) 1N 1.0'P) & 1.
QDY) 1,0) 1.QK 10 P) QD) 1.0) 147 X1, ®
G 1, O GKv fl @ A (17071783
1748 0 ~ 1 @ © Ae [ 1770
A)
Now "H W (vectof T 0 =3 @ Y
Y e J top A "H
W "H a "H & H AHe "H o3 ; &*&'bL Y ; &+
&8 wob: &af*a ('~ 1 7T Y ox A Y Ky
H T YQ He H 4 A
e ‘H  &*&' (- W b'E - ’ H
Challenge a; &, *p,*p,’ H 180° A
T A W TN BH 7 3 w7z |/
@ (normedquaterniofA "H™ yQ &mg0Zqghto™ i T
Z; ~"4:*"s*“{ 0 N A i B "H
T ; & mg0Zqgto "H 2 &*& ws W H Y &

b ;1o & 1
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Ty H (2 YY) B~ ¢” 4B H
i A H {8 g FAR 3+ z
v 2 Y EG z - !
; 2 7 & 10
%an?quqgﬁH, 1am0—qz qgal’Man'Bq*Zq 96H
Figure 88 L WTOA B ke 12 -
Ty H . A
n
-
g
Figage
Ref 1 "H " 3Ty W Ab W~ Figure 89
s Qn [*¥w¥n ogr 180° - w8
Challenge i H - L Y8 "H i 1 OA (
MNe)ab X 0 183 A & - A
Challenge, [ @ A) vy Y R I YO A ¥/
i "H"™ A a - “H WA
H- He "H & 295 A 5" P > H
o6 1/ 2y H A "H b v 3 6 172 A "H b
A
\ wooy A 6%
i " (gpecialorthogonal groupd W SO@AP ~ - - : VW e
Vol VvV B&agb b suR A G a . TF vV KT
ta 0 c8y X/ A [ 205 " .1 [ W
- T v ‘ (spinonA |k Ne
Aoe 112 o W T o6 H ~ b Y A H- VB "H

Ref 1 SUE) So@E) 0 (double coveyA



. a 3 H i LB A3D
" ) "H i o YL a A
‘H 9 P20 W ., & ° a Y B "H(dentiy) 0
A "H e - (skewfield i T~ “H D W DNE;
mmmsz IlA’ Y U "H ( DnNEB nNED b )A -,H
W (divisionalgebrdA Hu :': "H A a
9 A 4 H W . 0
A "H T (centrd 4~ b i "H "H T
A
HTy w i
le'-* T X T 1)1 v) g & 11
1 0 Vv A9
IxD 1 xq v} .
N I 1OV & 12
Jxy 5 1 XxO X L
dxq Ny D
iT H D; ") wai)rpwynri v bLé H v bLé
A "H "H b
18, * BN ¢ * BN 4 *  TBNX & 13
TT o, - (Pauli spin matriceg *
4x 4 b W0 37y
1 D X NV
IXD 1 XYV
N & 1'5
J n vV o2 d/1
J v xq xo 2
Challenge H 3x 3 A
‘ ’ "H " bw At b ~ i "H
"H - Y w H & b7 T Erp ; rp-
17w b A
i # 1
Iy« N N N I !
v &/ Y*.D:iO0, b Y* [; 00, A 5 &gd 4-03
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"H "6 R M B I (binary rotatiop 3 G B~
3 s¢ 3 A b T
Vol VI ipa 7 Ao WAy b A
Vol AD2 I ) "H Q=T "z At - -
Ref 1%, 3 Ay’ Ty "H oy N i QA i
Challenge M Ne N/ 'H Y8 *wnA 7 @ "z cw
b N— & 1'6
i T Y T y Ay W
) XIV°
’ -] ,;) ws) n t
;)W) N
)_ ) & 17
b: ) K 4V
; -]J;) ws) n{
T ) N/ _-V
i T Y1 Ne | y A (1399 p b
E n A
"H z°  F “rp3 M T H " h
Wi ~A - A H P b
Wy L A
i H
"H " @® (octonion$s “H A ‘F (Arthur Cayley
18211895) & = A & W f'H s ‘H1 73 [ A
"H - ‘I T n ; /u 5v
/ E K b 0 0¥ W%
I E b b O % W%
| E X/ XY Yy Xy X,
b XY N/ E XYY B N
By O p XE N/ T Ry OXD & 2
e XY, NYON/ E XY b
L L L R Y L
VW XY Xy Y KON/ E
L R L R T I Y
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Hoss 479« E & A 0 W ¥ W (Cayley algebrii
WeltBH W A nq a Lp ’ (alternative’
G ‘H E 3 E& 3; E®3 & 33; E3%" W @
A W 8 ~ 9 A w w Y n
O b “3b N '3 o] AfH
& AT "Ht &1'1; 61& V1T T
A(P Q y [ Qe Y
"H . 1-2-4A

€ T

o - B VX T O T °F 6 6 & 2/
- & bLR'H & A
i

»iz, Az ¥ (eightsquares theoren

&) 1%) 12) 12) 19) 12) 19) 10&p) o) P) ®) @) P) F) F
; QNN QN1 RI,QXI,T XI,0 XD P
) &ey) 1) 1,B:X1:0) 1,0,X1,Q) 1,0X1Q'?
) QK1) 2,0) 10X 1,0) 1,0) 1,3 X1, P
) &cl) 1R X 1oT) 1.0:) 1,0) 1,0 K 1,0 K1Q'? & 20
) &eQ N 140,) 1,0 K10;) 1,0) 1,Q,K1,G) 150 ®
) &EQ,) 1R NN 10 X 1,T) 1,T) 1,0) 1@ @
) @60 K10N 1) 120,) 1, X1,0) 1,0) 14, @
) &) 140) 2,0,) 10X I,TN1, 0 N 1,T,) 1 ®

G 1, DA( ¢ i+ b 7 ~ _A)
\ . V- (Carl Ferdinand Degeti 766 18255 1818 0~
(John Graves 1844 Y T E 6 1845 0 A
(Adolf Hurwitz, 18591919) 1898 b P [ A
iH ™ ¢ v Ty i oyis yA i x
c . XD ¢ U ti tati vidt
D D 0, (@anticommut a |&v2||ly
& D p; c & D' | >(exchan)ge rul e
# b
o n,; f—)&] n nd & 22
H I 74 &y H 7w TOF G aa
Ref 1 (143A "HH 3 (149A fH & 3

Challenge ~ 3 (149A Ry 212 H 4 A
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H' 7 Gi? $# A N HE 8 \
Tvop 0 kv WA
T z JWa A Ay B U@y
ChallengeYB "H SURQA H Y8 RQ'H SUE)
i o 9 mOd "y 0
A " A'H aVv’E'H (sedenios) vO ~ b 3b
g {8 "H .9 A Ty yi 2t Y BH o
N Y i 6 " Adual niudnobuebrl sed finQul n biléshier od
numbeA s Tb b A
yui fAone and a binod A 3
Ref 1Y ' (Gaussianintegejs H4 ") YT 1T T v
Challenge A H3 (Gaussianpriméd ( HA ) 1
b 6 TP T & A
. z WA (g-numberdd P @ A
Ref 1 s W ’ G A (transfinite
Vol A0 &1 numbej (ordinalga (cardinalga (surrealdA 3t
v A gr T
b b T b 3 £V H T E
A A y TO ! T Ar ea?®
Chall enge
Ref 1 (surrealy” N %oNe (nonstandard analysis 3
3 (hyperreal3A b b~ Ha T 1 . ,7777774p
Vol Aog1 i A A % Ty H Ne
Ref 1 NeT g i T A
C [ R
(vector spacg 3 4 (linear spacg 2.2
A K HeH Yy v k®'H "~y & ¥
T tT ., W A
® ) Ni: W LT H Y “
OVYT N T V] ‘







































































































































