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QM Problems — ch. 2 — Harmonic oscillator

Xét bai todn dao déng diéu hoa

e Ham Hamiltonian H trong co ¢d dién twong duong véi ndng luong toan phan (xét
trong bai todn bao toan). Hay viét ham Hamiltionian H.

e Sl dung nguyén tic tuwong ng (gitta co ¢d dién va co lwong t&r), hdy dan ra todn ti
Hamiltionian H (toadn t& ndng lvgng toan phan) trong bai todn dao déng t&r diéu hoa
(trong co lugng tir).

e Dung phép déi bién : (x,p) — (a,,a_) (goi la todn t& bac thang) dugc xac dinh nhw
sau:
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Hay chirng minh rang toan t& Hamiltionian H c6 dang

a; = (Fip + mwx) [1].
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Hay xac dinh giao hodn t& [p, X] .

CMrang[a_,a,] = a_a, —a,a_ =1,véia,,a_ dugc cho bai [1].

Nhitng “bai tap nhd” [Xin cac ban c6 ging lam that chi tiét cac budrc]

- Tim trang thai co ban va nang luvgng co ban cla dao déng t&r diéu hoa, tirc 1a dan ra
cong thirc [2.59] va [2.60]

- [Lam nhom] eM: [ f*(arg)dx = [ (azf)’gdx [2.64]
Véi tinh chat nay, nguoi ta goi ax la lién hop hermit cla a;.

- [Lam nhom] CM: a a_y, =np, va a_a, Y, = (n+ 1Y, [2.65]

- [Lam nhém] S&r dung [2.64] va [2.65] dé dan ra [2.66] va [2.67]

- CM tinh ch&t tryc giao cla cac trang thai dirng (con goi la ham riéng) clia dao dong
tlr diéu hoa : fj;o Y Pndx = 8, [2.68]. Sach d3 lam. Céc ban lam k§ lai!

[Lam nhém] Hay gidi phwong trinh Schrédinger cho bai todn dao ddng tir didu hoa bang

phuong phap giai tich

Tim gia tri trung binh cda dong nang trong trang thai thr n cla dao déng t& diéu hoa.

D3 gidi thich trén 1&p. Xin lam lai that kj/chi tiét.

Tim gia tri trung binh cla thé ndng trong trang thai th n cha dao déng tl diéu hoa. Xin

lam that chi tiét (cong thirc nao chua rd déu can phai dan ra).

Tim gid tri trung binh cla thé ndng trong trang thai th n cha dao déng tlr diéu hoa.

Nhan xét.

Trong dao ddng diéu hoa cd dién, vi du con Iac 16 xo mot chiéu, mién duwoc phép (cd

dién) 13 mién duoc gidi han bdi nhirng “diém quay dau cé dién” (vat dao déng khdng



thé vurot ra khéi mién nay). Bén ngoai mién dwoc phép duwoc goi la mién cam.

Xét hat chuyén dong trong thé dao déng diéu hoa trong co lwvgng tir. Gia st hat & trang
thdi co ban. H3y tinh xac suat tim dugc hat trong mién cAm va mién dugc phép dé xem
c6 kha ndng tim duoc hat trong mién cdm khong.

9. [Lam nhédm] Nguyén t&r khéi lvgng m (trong mot phan t&) dwoc xem nhu hat chuyén
dong trong thé diéu hoa V(x) = %m(uzxz, v&i w 1a tan s6 dao dong clia nguyén tlr. Dao
dong diéu hoa cta nguyén tl&r nay birc xa mét photon ndng luvgng €. Gia sl birc xa nay
do chuyén doi tir trang thai kich thich thap nhat cla dao déng tir diéu hoa vé trang thai
co ban.

i) H3y xac dinh bién dé dao déng A cla nguyén t& nay theo co cé dién.
ii) Tinh xac suat dé tim dugc nguyén tlr & vi tri cach diém can bang mot khoang 16n
hon A.

10. BT 2.11

11. BT 2.12

12. BT 2.13
Trong bai 2.13, néu ham séng ban dau la W(x, 0) = A[2y,(x) + 4ip,(x)] (A 13 s6 thuc
duong) thi két qua ciu a) va d) trong bai tip nay cé thay déi khdng? Hay tinh thir!

13. BT 2.41

14. BT 2.14

15. [Lam nhém] Hat khéi lwvgng m chuyén ddng trong trudng thé cho béi

o x<0

)

V&) = 1mwzx2 ,

> x>0

Todn t&r Hamiltonian cla hat |3

p?
H=—+V(x).
2m

Hay xac dinh (cdc) ham séng va nang luong.
[Goi y: chd y yéu cau lién tuc cdia ham séng tai x = 0]

Ghi chu:

- Nhitng bai té blue thudc loai lam cho gidi hon. Cac ban rat nén cd gang lam “thi”.

- Nhitng bai té green la loai BT ndng cao mot chit xiu. Cac ban can c¢6 gang lam.

- Bai mau den la co ban. Xin c6 gang |am dé hiéu rd hon va “luyén thé duc cho n3o” cla
ban tr& nén “ran chac” hon [=nhanh nhay va thong minh hon]
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