Hat tv do

Hattw do:V =0
-> Hamiltionian chi con thanh phan déng nang

2 32
Pt. Schroedinger: _Zh_mccllTl/; =Ey [2.90]
d? 2mE
d—xlf = —k*Yvoéi k = - [2.91]
PT c6 nghiém:
1/)(x) = Aeikx 4 pe—ikx [2.92]

Y(x,t) = P(x)e E/h
:Aeik(x—%t)_l_Be—ik()H%t) [2.93]

‘P(x, t) — Aeik(x—%t) + Be—ik(x+%t)

‘P(x, t) = Aeik(x_Vt) + Beik(—x—vt)

4 Bty

gSéng lan truyén theo hwéng + x
véi van toc v
Song lan truyén sang phai va trai
. hk?
k(x, t) =A explt (kx T om t) [2.54]
\V2mE {k > 0 sang phai

S L
k=2 h vol k < 0 sang trai

[2.95]

Nhan xét




. hk?

W, (x,t) =Aexpi|kx — %t)
Trang thai dirng cta hat tw do 1a nhirng
séng lan truyén véi buwée song A = 21/ | k|
— Ching mang dong luong p = hk  [2.96]
— van toc cia song (lwong tir)

hlk|
Vquantum = om [2.97]
C6 dién: v cia hat duwoc cho bdi E = mv? /2
2E
= Vclassical = E = 2vquantum [2.98]

(k duoc goi la vector sdng)

2E

=2v
uantum
m q

Vclassical =

= Ham séng luwong tir lan truyén & van téc bang
nlra van toc cla hat
(duwoc biéu dién bdi séng d6)!!

J23 WiWedx = A2 17 dx = |AJ* (e0) [2.99]
. hk?
W, (x,t) =Aexpi <kx — %t
—>Ham séng clia hat tu do khong thé chuin héal!

Giéng thé vé han Hat tu do
Dao dong tr dieu hoa
h2k?

NLroirac: E = E, NLIliéntuc E =
2m

W (x,t) = Z V(x| w(x, t) = f P(k)W,(x,t) dk

_hk?

W(x, t) = \/% T¢(k)ei<kx th) dk [2.100

400
1 .
W(x,t) = \/T_T[ f ¢(k)el(kx—wt) dk

hk?

W(x,t) = \/%_ﬂ T ¢(k)ei(kx_ﬁt> dk

*  Ham séng chdng chap cla nhidu séng theo vector
séong k .

+ Cothéchuinhodal

s Céthédinhxt (local)

*  Ham séng gdm mdt dai ctia k (= ning luong &
van téc) lién tuc

* = B séng (wave packet)
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Bai toan thuong gap trong QM

Y(x,0) = ¥(x,t)

+ 00
1 .
Y(x,t=0)= NoT felkx dk [2.101
+o0~

‘P(x,t)z\/%_n f ¢ (k)ellkx—wt) gk

P (k)=?

Phép bién déi Fourier

flx) = F(k)e**dk

400
1 f
\/ﬁ_00
F (k) phép bién ddi Fourier cla f(x)
[2.102]

e Fk) = f(x)e ™ dx

+00
=
vom J.

f (x) phép bién ddi Fourier dao cta F (k)

+00
1 .
‘P(x,O)zE f d(k)e™ dk | [2.101]

(k) L rxy( 0)e~tkxg [2.103]
[0) —m_m x,0)e x .




Y nghia vat ly ctia ¢ (k)

1= jl‘P(x 0)|2 dx = f|¢(k)|2 dk

W (x, O)|2. mat d6 xac suit tlm thdy hat & x.
|W(x,0)|?dx: xac suat tim thay hat & gitta
xvax+dx

| (k)|?>mat d6 xac suat do dugc vector séng
k dbi vai hat & trang thai ¢ (k)

| (k)|?dk: xac suat tim duaoc vector séng cla
hat gitta k va k + dk

Vidu: Bé song Gauss

Tim W(x, 0) biét bd song ¢ (k) cd dang
Gauss: ¢ (k) = Aexp[—a®(k — ky)?/4] . Ala
hang sb chuan hoéa can tim.

+oo

e f p()I? dk = |4 f e-a (k)2 g
+oco -

— o\ 1/4
f e—a2y2/2 dy — ﬂ > A= (a_>
a

2T

— 00

2\ 1/4 A2 k — k)2
(k) = (Z_n> exp l%]

a_) f o—a?(e=k)*/4 gikx g}

v = (5

—00

2 1/4 400
Y(x,0) = 1 (= f e~ a*(k=k)?/4 gikx )
' V2m \2m

—00

2 1/4
W(x,0) = (—) e X*/a? gikox

Ta?

Y(x,0) dao dong véi sé séng k, va duwoc bao bai

N A2 2
ham Gauss e ¥ /@

2\ 1/4 _Zk_kz
qb(k):(j—n) exp[ e °)]




v

Y(x,0) dao dong véi sé séng k, va duwoc bao bai

N A2 2
ham Gauss e ¥ /2

B4 sdng Gauss
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a2\ "* —a?(k — k,)?
o= (&) en] 2
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|¥(x,0)]? |p(k)|?
/A _ a ",//\\\ 1
\\Ax ) [\ Ak =—
\ [\ a
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o \\ //
e L Yy \
X 1 k
AxAk = E

B6 séng Gauss la bd séng cé dd bat dinh nhd nhat

Vi du: B6 song chir nhat [vi du 2.6]

Hat tu do. Tai thoi diém t=0 ham séng co
dang:

A, —a<x<a
YO0 =170 Khac
A, a la cac sé thuec.

Tim ¢ (k) vaW(x,t)




Vidu: Bé séng chit nhat [vidu 2.6]

(k) = 1 sin(ka)
Jma k
Wi, 1) = 1 sin(ka) pilkr—wt) gk

nv2aJ-» k

Vidu: Bé séng chit nhat [vidu 2.6]

W(x,0) ¢ (k)
alon alén
‘ > —
Ax N
S~ 4 \\// — ! \\// N
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Lan truy@n cla wave packet
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Lan truy@n cla wave packet
Y(x,t) = 1 f ) P (k)etkx—wt) g
V2mJ)_»

. hk?
Hethircténsic: o = w(k) (0 =2-)

Gia st ¢ (k) tap trung quanh va cé dinh tai k.

Khai trién w (k) quanh k, va bd qua s6 hang
bac cao

w (k) = wo +wp) (k = ko)

A
i




Lan truyén clia wave packet
Y(x,t)
1 [® . /
~ ¢(ko + S)el[(k0+s)x—(wo+a)os)t]ds
V2m J_oo

1 r® .
PY(x,t=0)= E] (ko + s)etlkot)x] g

W(x t) = ei[—a)ot+k0w6t]

¢(k0 + S)ei[(k0+s)(x_w6t)]dk
Y (x — wyt, 0)

).

W(x, t) = ell-wottkowotly(x — !¢, 0)

— B6 song (tap thé song)lan truyén véi
., dw
Vgroup = Wo = dk

k=k0
Vén toc cua "tlrng song" (phase):
)

v = —
phase k

hk? Vgroup = hk/m
w==—5=
2m Uphase = hk/2m

w

B hk? N Vgroup = k/m
- 2m Uphase = hk/2m

C6 dién: v cta hat dwoc cho boi E = mv?/2

_ hk

— E
Vclassical = /m - m

Vclassical = Vgroup = 2vphase




