Hinh th&c luan
(Formalism)

Hinh thic luan

* Mb hinh todn hoc c6 ciu tric “hoan chinh”, “t6ng quat”
* Pt. Schroedinger cd cau tric phuong trinh tuyén tinh
* = Toan t&r tuyén tinh va ham séng trong khéng gian Hilbert

* QM: Schroedinger (wave mechanics) & Heisenbger (matrix
mechanics)

* = Toan trén co s& lién tuc (séng) va roi rac (matrix)
* Dai s6 tuyén tinh (Linear algebra)

Ham séng sdng trong khong gian Hilbert!

Khéng gian Hilbert = Tap hgp cdc ham séng binh
phuwong kha tich (trtl))ng mién xac dinh) f(x) thod man

j F OO 2dx < oo

f(x) dugc xem nhu 1 vector trong khong gian Hilbert
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Khong gian vector
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Cung 1 vector A, nhung duoc biéu dién trong
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nhitng hé cosé {1,,1,},{i{,1,},... khdc nhau.

Khong gian vector

Hé vat ly: Trang thai cha hé duwoc biéu dién bdi
mot vector: |S(t))

Vector |S(t)) cta hé cling c6 thé duoc

biéu dién trong nhi*ng hé co s& khac nhau, nhw
vector A trong cac co s khac nhau_).
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Khong gian Hilbert
Tich trong (inner product) (flg) = jf(x)*g(x)dx

B4t dang thirc Schwarz
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Khong gian Hilbert

Chu&n hod (fIf) =1
Truc giao (fIfy=0
Tryc giao & Chudn hod = Tryc chudn (£ |fi) = S
oy o F0) =) eaful®
n

tn = [ FiGF @ dx = ()

Pai luong co thé quan sat Q

(0) = f YW dx = (¥]QW)
(Q) ER @ (Q) = (Q)" & (¥|0¥)=(Q¥|¥)

Vay: Cac toan tlr biéu thj dai lwvong vat ly (dai lwgng cé thé quan sat duorc,
do dugrc) cé tinh chat dic biét sau

(F1Qf) = (Qf 1) véimoi f (x)
Cac todn tlr nhu thé goi 13 todn tlr Hermit

(£10g) = (0f|g) véi moi f (x), g(x)

Pai lvong cd thé quan sat

Pai lwgng vat ly (dai lwong c6 thé quan sat dworc) dugc biéu dién
b&i toan tir §, dwoc goi 1a todn tlr Hermit thoa diéu kién

(F10f) = (Qf1f) véimoi f(x)




Bai tap nho

* Toan t& xung lwgng cé hermit khéng?

* CMR t8ng cla hai toan t&r hermit ciing 1 todn tlr hermit

«Q 13 todn tlr hermit. a la s6 phirc. Vi diéu kién nao cla a
thi @@ hermit?

* Khi nao thi tich cha 2 todn tlr hermit cling hermit?

* CMR todn tlr vi tri (£ = x) 13 toan t& hermit.

* CMR toan t&r Hamiltonian hermit.

Pai lvong cd thé quan sat
Toan tlr lién hiép hermit ctia 1 toan t&r Q 13 toan t&r Q* sao cho

(f10g) = (Q*flg) véimoi fva g

Pai lvong cd thé quan sat
Trang thai xac dinh
*0? =((8))?)
*Aj=j—=()
* M6i phép do (quan sat) Q tuong ung vdi toan tr Q. Vivay ta

thay j bang Q, (j) bang trung binh cla cac Ian do Q: (Q). Goi
trung binh (Q) 1a g thi ta cé:

=0 =((Q - (N =((Q - )?
(@) =(Q=q=[wQWdx
“(Q) = [P QWdx = (V|Q¥)

Pai lvong cd thé quan sat
Trang thai xac dinh
+ Ap dung nhi*ng cong thirc trén cho toéan tir (Q — q)? thi dwoc:
(@7=) (@ -9 =(¥IQ - *¥)
=@ -a)(@-a)¥) = (¥IQ-a(Q-9%)
* Vi (Q — q) ciing |3 toan t&r hermit nén

(PIQ-(@Q—¥) =(0-¥I(Q—q)¥) (=02




Pai lvong cd thé quan sat
Trang thai xac dinh

* Néu cac Ian do gia tri ('ng v&i toan t&r  déu cho cuing 1 gia tri
q thi d6 léch chuan ((Q — q)?) (“ndm na” la d6 léch cla cac lan
do so véi gia tri trung binh) phai bing 0, tirc |3
(@Q-¥|(@-q)¥)=0.

* Day la tich trong clia ham (Q — @)W vdi chinh né.

* Tich trong nay béng 0 thi (Q — q)¥ = 0

* Hay QY = q¥

Pai lvong cd thé quan sat
Trang thai xac dinh
* PT nay |a phuong trinh tri riéng cho toan t&r Q. ¥ 1a ham riéng
cla Q, va q |a tri riéng twong (ng. Lic nay ham riéng W ciing 13
trang thai xac dinh vi cdc phép do Q trong trang thai nay déu
cho cung gia tri g.

* VAy, cac trang thai xac dinh la cic ham riéng ctia Q.

Trang thai riéng cla todn t& hermit
Phé révi rac

* Cac tri riéng (ctia cac ham riéng) la thuc: Qf = qf,q € R
* Cac ham riéng truc giao

* Cac ham riéng (cua dai lwgng quan sat) thi day da

[Xin xem thém muc 3.3.1, trang 101 sach Griffiths]

Trang thai riéng cla todn t& hermit

Phé lién tuc: Xét toan tlr ddong lwong [Xem 3.3.2 sach Griffiths]

* Xin xem vi du 3.2




Trang thai riéng cla todn t& hermit
Phé lién tuc: Xét toan tlr toa dé [Xem muc 3.3.2]

* Xin xem vidu 3.3

Khong gian Hilbert — Gidi thich théng ké
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Néu Q |3 ndng lwgng: |c,|? 13 xac suat khi do E thi thu dwoc gid tri E,,

Khéng gian Hilbert — Gidi thich théng ké
Toan tl&r dong lwong

+o0
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c(p) = Y =J. OW(x, t) dx = —— J. e XMW (x, t)dx
(») <fp| > fp 21k
, —00
lc(p)|?dp: x4c suat do dong lwong thi thu dwoc p trong khoadng p, p + dp
c(p) la dai lugng quan trong va dugc ky hiéu ®(p, t)

Khong gian Hilbert — Gidi thich théng ké
+o0

d(p,t) = ! e~ PX/hY(x, t)dx

\/Znh_oo
®(p, t) chinh 1a phép bién d&i Fourier clia ham séng khéng gian toa d6
Y(x,t). Vivay @(p, t) cé y nghia la ham séng khéng gian dong luwong.
®(p,t) con dugce goi la ham séng trong biéu dién dong lwgng.
Y(x,t) 1a phép bién d&i Fourier nguoc clia ham séng khéng gian déng
luvong: 1
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|®(p, t)|?dp: x4c sudt dé phép do dong lwgng cho p trong khodng p, p + dp
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Nguyén ly bat dinh

* Xét hai dai lvgng cé thé khdo sit A va B.
*Toan tir twong tng la A va B
*Tim 040}

CM Nguyén ly bat dinh

i ?g— (A))*) = <w|(A —~ (A))2W>
= (P|(4 - (A)A - (4)w)
= (A= anpwI(d - )¥) = (11,
f=({A—-A))v
of = (B~ (B)") = ((B - (BY¥|(B - (B)¥) = (glg)
g=(B—-(B)¥

CM Nguyén ly bat dinh

axai = (fIfXglg) = [{f|g)|* (BDT Schwarz)

2
1z|2 = [Re(@)|? + Im(2)|* = |Im(z)|? = [%(Z —Z*)l
z=(flg)

oi0f =

1 2
5 (flg) = (glf))l

ok = (B - B)") = ((B - BI(B - B)¥) = (glg)
g=(8-(B)¥

CM Nguyén ly bat dinh

ozoh = (fIfNglg) = I{flg)I?

z=(flg)
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(Flg) = (AB) - (A}B)  {glf
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(flg) —{glf) = (AB) — (BA) = (AB — B4)

) = (BA) — (AXB)
(




CM Nguyén ly bat dinh

1 2
oi0f = [Zﬂflg) — <glf>)l
(flg) = (glf) = ([4 B])
= [—([A E])l
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Ky hiéu Dirac
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Cung 1 vector A, nhung duoc biéu dién trong
nhitng hé coso {1;,1,},{i{,1,},... khdc nhau

Ky hiéu Dirac

Hé vat ly: Trang thai cha hé duwoc biéu dién bdi
mot vector: |S(t))

Vector |S(t)) cta hé cling c6 thé duoc

biéu dién trong nhi*ng hé co s& khac nhau, nhw
vector A trong cac co s& khac nhau.
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Ky hiéu Dirac

Hé ham riéng tao thanh hé co s&

Hé co’ s& toa dd: ham riéng toa do (vi tri) tao
thanh hé co s&: |x) |a ham riéng clia toan tir

Vi tri riéng x

Khi d6 vector |S(t)) dwgc biéu dién nhu thé nao?
Vector |S(t)) dwoc biéu dién bdi (x|S(t)) (1a chiéu
cta |S(t)) Ién co s& (ham riéng) |x)).




Ky hiéu Dirac

(x|S(t)) 1a hé sb trong khai trién cda |S(t)) trong
co s& (ham riéng) toa do |x)).

ham séng W(x, t) = (x|S(t))

Trong khong gian dong lwg'ng: ham séng ®(p, t)
la hé s6 khai trién cda vector |S(t)) trong co s&
ham riéng clia toan tr dong lwgng.

P(p, t) = (p|S(1))

Ky hiéu Dirac

Trong hé co’ sé& cia ham riéng nang lwong:
Vector trang thai |S(t)) duoc dién ta qua
cp = (n|S(1))

|n) 13 ham riéng cla toan tir nang luvong (H)

Ky hiéu Dirac
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