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A2 HEl = L= &El
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l'IJo(x) t) = w(x; t)
ih(d/0t)W=-(h2/2m)(0%/0x%)W¥Y +V (x)W
iy = 2iciy;

HEfE T Wiy, )T FAQUT?

AN B (1) < (k, w)
(p, E) = h(k, w)
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1900 Max Planck EX|=2 A}
E=nhv n=0 1, 2, ..v=w/21m
h = 6.626 X 103 J. s
1905 Albert Einstein &%® 21} E =
Kmax:E_(P_hV(-P
1913 Niels Bohr F=2& X} U(= -(1/4me )e?/r
L = nh = nh/(21t) (L = mvr)
= -[me*/(8c,2h?)](1/n?)
hv = E - E
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1924 Louis de Broglie

LAl ItsHE A = h/p AOE p? - (E/0)?2 = -mc?

m=0: p = E/c =hv/VA= h/A

1925 Werner Heisenberg & & ¥at A
1926: Erwin Schrodinger 72|27 2 Al X| ¢
1926: Davisson and Germer QAL

Ni EHOAMO| 2|3 (X4 2[E1p £
1927: Thomson and Reid Al 2f8F = A5
1927: Max Born L& &0 ==X 6
1927: Werner Heisenberg =278 d &l2] Xt
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There 1s no quantum world. There 1s only an
abstract quantum physical description.

It is wrong to think that the task of physics
is to find out how nature is. (EX{ &)

Physics concerns what we can say about
nature. (214 &)
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"ol O| HIH| =3 -H 0ofo| TIZH|(fEFFH) 2= - T

o} S OF otLt? - 2 LR = W HoAH ThE0{ A

S Tt vt 0| AdS ebEet H7H= &1

Eo+H g2 MoiLt X|E Xot==2 8.

gL 3Z7 & FHAL5tD HHEHFH R
T2 SHA E'H HX] (1928)
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K&, AlZH 1KER
St 3K, oA S8 1XHE
= (4, 4) A&
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-O|H X St 4XHRA (9, s, psiE/C)
=l 47<f
AXLR (x,9,z ich)
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Sk cos(kx-wt) 2] A&

Y(x,t) = cos(kx-wt)

Y (x,t) w=21/T

AANANARANAWA
VAAVARVARVAR =




gio| £Al. @i = cosB+7sinf

exp[i(kx-wt)] = cos(kx-wt)+7 sin(kx-wt)
cos(kx-wt) (1)2=-1

ANVANVANVANANYANYA

\VARVARVARVERVERV,

sin(kx-wt)

ANVANYANYANYA

VARVARVERVERVERVERV
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exp[i (kx-wt)], expli (kx-wt+o)] o F&FXE

ANVANVANRVANVANYANYA
IAYAAVAAVALVALVARY,
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Wx b)) = W*xHW(xt) : A M=
expl7 (kx-wt)] = cos(kx-wt) + 7sin(kx-wt)
lexp[7 (kx-wt)]|¢ = exp[-7 (kx-wt)]exp[i (kx-wt)]

= cos?(kx-wt)+sin?(kx-wt) = 1
or =exp0) =1



exp[i (kx-wt)] &2| O &

explix] = cos(x)+7 sin(x)
(d/dx) exp[i x] =-sin(x)+7 cos(X)
=7 [cos(x)+7 sin(X)]
=i expli X]
(d/dx) expli kx] =ik expl[iX]
(0/0x) expl[i (kx-wt)] = ik exp[s (kx-wt)]

(-7)(9/0x) expl[i (kx-wt)] = k exp[i (kx-wt)]
i(0/0t) expl[i (kx-wt)] = w expls (kx-wt)]

ngek, 17X (Eigen-function, Eigen-value)



<W|W>=[W*(x,)W(x,)dx=1 :
<W|x|W>=[W*(x,0)xW(x,/)dx
W(x A = Wrx)W(xs) : T



SEl W(x,9) : &4 M-S oA =+ X2 BoE|E= S5
W(x,)=(1/2m) [P(k,w)exp[i(kx-w)]dkdw
O (k,w) =(1/210) [W(x,)exp[-i(kx-wr)]dxds

g O(kw)E E€H &7 W71 ‘doll x| H,

ST W(x,nE €H & O(kw)7l Holl &
S (9 SOl M 2|e| S+ W(x,)E LIEILH |
5 XS (Fw)0| 27EE|H, O] F SZH0|M
2T W(x)2l x(kw)= MEZ Cf S5t}
t(reciprocal space): G(¥)S 7t &El(HKR)S1H
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SEerro| 4=zt 7| K|
|W(x,)|? EW*(x,)W(x,D) : x,r B
<W|W>=[W*(x, )W (x,)dx=1 :
<W|x|W>=[W*(x,)xW (x,/)dx :

IX(k,w)|? =x*(k,w)X(kw) : k,w HT X2 BE =5




(x, )_L7|-O oI-_JIK_ ), gl. I:II-_L7|- (%, w)OI o|-_J|\_ X _._XH
W(x,H)=(1/2m) [x(k,w)exp[i(kx-wr)]dldw
X (£, w)=(1/2m) [W(x,))exp[-i(kx-wr)]dxd?

w2t R xoll offd =X 2|0
5

EAX 2. E StLEC| B 4 (representation)) A
Mze 3d: 2 TF-0|LHX] St
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<SEl 1> EXMZL HEll= AlSZHe] &+ W(x) 2
E e,

<x>E[W*(x,0)xW (x,f)dx
= 0] EX=2| fX| x 2| 7|C{X|O|C}.

<32 2> & W)l Fa|of Het
D(k,w)= (1/21't)j'LIJ(x,t)exp[ -i(kx-wi)]dxds
O 2 Holg|l= RB7Z (k,w)2 O|H2| 25 F-0fHX]|
S1{10|H,
<k>=[0P*(kw) kP (k,w)didw
<w>=[P*(k,w)wP(kw)dikdw
= 0| EX|=2| 2T £ 0| HX| we| 7|CHX|O|LC}.
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<&t 4> OfH Oief EXH=0] JHf

W = 2icy; (Z. il = 1) [= Y& (JP*EPYEdx=T)]
of QUL o off, X joi| s Z5t= AKX Ak F=&
sH= At 257 =X = X6 e §FAZE 82,
O &= (1) == |o? = =X ?I0 At X5 7|
A, KA g BHS 7hR AEf, 2 W = g, 2 M| AL
(2) 9|_ |_|:| -57(45 '—|'7|X| O+—| )k—||=| LPJ |:||- 7:I

T-|cl* =
Ol A MER, 2 W = St Dol = 11 2 HEECH



=837t MF: EEYAMAT
(AA)2 =<W|(A-<A>)2|W> = [|(A-<A>)W[2dx
(Ax)? =<W|(x-<x>)?|W>
(AR = <W|(k-<k>)2|W> k=-i0/0x
I(o) = [|a(x-<x>)W+ i(k-<k>)W|°dx
=o(Ax)%+(Ak)°+a [ (x-<x>)0/0x [P*W]dx
=0?(Ax)2+ (Ak)?-a [ [W*W]dx =al(Ax)2+(Ak)*-O
I(a) to be positive definite for any real number ¢,
1-4(Ax)%(Ak)%<0
(Ax)(AE)=1/2
(Ax)(Ap)=h/2  p=hk
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(REAS hE 8 Hol) st

h=h/(2) h: Planck &=

AKX fIX]|-A| 2 S2¢ (x, ict) = (x,0)

AXLE oY X|- 28 S (piE/C)= (p, E)

AKXt S-S 7t (k,w) < (-1 0/0x, i 0/0¢)
(p, F)= (hk, haw) < (-ih 8/0x, i h 905
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S80|2 BEHYT c =Y
3KIA (x,y,2) + 1A (H = 4K (x,y,z, icr)
= 4K (x,9)
S5t 453 (kw) (A9 25S)
3Kt (p), po p) +1XHA(E) = 4XH- (v, py, ps5,iE/C)
= 4%H2 (5, )
UXo|E HuEdrh EY
453 (x,0) +4XH R (p,E) = S 4XHH [(x,0), h(k, w)]
= [(x,2), h(-0/0x, i 0/01)]
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1900 Max Planck

E=hv=hw ZSENFAI w=22r/T (AESF)
1905 Albert Einstein

E=hv=hw ZX 2}
1914 Louis de Broglie

p=h/A=hk =ZI k=2n/A (44LST)

T2 SUTE [(x), h(kw)] M2 EX| X511
SO|LF, YUXLES =2te 2 =S 7|9 &



