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Classical turning points

(a)

E<V(—)and V(+wo) =
trang thai lién két [trang thai roi rac]



Classical turning point

E >V(—)orV(4+w) = trang thaitanxa
con goi la trang thai lién tuc

V(x) A
C6 dién: lién két |[Luong tdr: tan xa (do “chui ham”)

Classical turning points

X
()
E <V(—)and V(4+o) = trang thailién két
E >V(—)orV(4+w) = trang thaitanxa

E < 0 = trang thailién két

V() 0= {E >0 = trang thaitanxa



Nh3c lai: 2 loai phuong trinh vi phan phé bién

d*p  2mE ) . V2mE
iy Y = —k*Y VO’lk—T (k>0)
Nghiém:

P(x) = Aetk* + Be~tkx

>  2mE .. _\/—ZmE(>0)
- R Y =Ky voix=—0p

Nghiém:  (x) = Ae ™ + Be'™

Giéng dang ham Delta

Ham Delta

6(x) = {

oo, X =
0, X #

(()) voi j+oo6(x)dx =1
f)6(x —a) = f(a)d(x — a)

j f(x)é(x —a)dx = f(a)j d(x —a)dx = f(a)
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Thé dang Delta
V(x) =—ad(x) (a > 0) [2.114]

PT Schroedinger:
h? d*y

_%ﬁ — aé‘(X)l/) = El/) [2.115]

Can xét trang thai lién két [r&i rac] (E < 0) va
trang thai tan xa [lién tuc] (E > 0)

Xét trang thai lién két: E < 0.
Xét3miénx < 0,x >0va(lancan)x =0
1. Trong miénx < 0: V(x) =0

d*y 2mE

_ — 2 2.116

PP .
. V—=2mE

vOi Kk = " >0 [2.117]

Nghiém:y(x) = Ae™™* + Be™* [2.118]

Chon A = 0 d€ loai phan ky x » —o0,e ™" - o

= P(x) = Be™™, (x <0) [2.119]



2. Trong miénx > 0: V(x) =0

Nghiém: Y(x) = Fe ™™ + Ge™ [2.118]

=>Y(x) =Fe™, (x> 0) [2.120]
Y(x) = Be™, (x <0) [2.119]

St dung cac DK bién:
1. ¥ lién tuc (cach riéng tai x = 0) [2.121]

d ,
2. % lién tuc (\ nhitng diém thé o)

Be** x <0 [2.122]

Y(x) = {Be"‘x,x_z 0

Be™ x <0

Ylx) = {Be"‘x,x >0

y(x)

p—

VK

Vk e™

e

xYy

B =7E =?(k =?)
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3. Xét mién (laAn cdn) x = 0
Lay tich phén tr —e dén +¢€ (v&i € — 0) hai vé
phuong trinh Schrodinger khong phu thudc t
2 2

he d
— oY VY = By

2m dx?
+e +e
2 2
_Zm Ccli 1/2de + J V)Y (x)dx = j Y(x)dx
[2.123]
f 1/J(x)dx—> 0 -

V(x) = —ad(x) f F()8(x — @)dx = f(a)
j Vw0 dx = —a j 5GP dx = —ap(0)
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ted?y 2ma
=>f Tz dx = 2

+6d2¢d _dy|™ d¢ _dy
_e dx? T dx dx Cdx
—€ —€
d¢ = 1im ay  dy
dx D0 dx Cdx
—€ [2.124]
dip dy _dy dip
Ll—r}(l) <dx +e ax —e)_ dx x—-07 ax x—=0~

A ap\  Z2ma 0
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dl/) 2ma
@)~ "z O [2.125]
N _|Be™ x <0
b3 c;). Y(x) = Be** x > 0
d d
—¢= Bke™ (x >0) = —— v = —Bk
o Jdx dx| .+
d
—1/) = +Bket™™* (x < 0) - == dyp — +Bk
L dx dx .
d d d
= A _lp = —l/) ——lp = —2Bk
dx dx| o+ dx| -
Co:vw(0)=1RH
Y(0) .  ma
= —2BKx = — 2 = K ? [2.126]
13
o A2 K2 ma?
= b == = — 2.127
2m 2h2 [ ]
Chuan héa:
+ 00 + 00 |B|2
1= [ WeoPdr=21pP [ errar =1
o 0
+/ 2
h ’ 2h2 ([2.129]
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Xét trang thaitan xa: E > 0.

Trong miénx < 0: V(x) =0

d*y 2mE
PR TR
. V2mE
voik = ——— [2.130]
h
P(x) = Ae®* + Betk* [2.131]
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Xét trang thadi tan xa: E > 0.
Trong miénx > 0: V(x) =0

d*y 2mE
proaai A

P(x) = Fe'™ + Ge ™ (x > 0) [2.132]
P(x) = Ae™™ + Be ™* (x < 0)

DK lién tuc cua Y (x) tai x = 0 cho
F+G=A+8B [2.133]
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Pao ham
(@ /dx = ik(Felk* — Ge™¥#x) (x > 0)
(dy/dx = ik(Ae™®™* — Be~%X) (x < 0)
2

- dy/dx| =ik(F—G)

+

> dy/dx| = ik(A—B)

“(d¢> apl dy
= A = —
dx dx N dx

w(0)=A+B

= 9

=

= ik(F—G—A+B)

mao

2
= ik(F ~G—A+B) = ——

(A+ B) [2.134
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F—G=A(+2iB)—B(1-2ip),

voi p=2< [2.135]
~ h%k
F+G=A+EB [2.133]

4 tham sd A, B, F va G va k chwa biét !
Chuin héa: ham séng khoéng thé chuan hoa!

Can “b6 séng” dé c6 thé chuan hoa.
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Y(x) = Aelk* 4 Be~ikx (x <0)
Y(x) = Fe'™ + Ge > (x > 0)

»

A
Aeikx

S ST
Be—lkx

= |

V(x) = —ad(x)
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Xét thi nghiém: hat dwoc ban tir 1 huéng,

vi du tir traj E—)

Y(x) = Ae'™ + Be 7 (x < 0)
P(x) = Fe'™ + Ge ™ (x > 0)

Séng dén Truyén qua
(incident) ——» 1 (transmitted)
Ae'kx Fe'kx
Beikx Gekx G =0
>
. X
i
B = 'B. A
1—-ip
Fo—t 4 ,_ma
1B~ [P =5
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* Xac suat tim thdy hat & vi tri xac dinh: |¥|?
* Xac suit tu‘0n§ do6i dé hat téi phan xa lai:

B|? ,
R—I | = P hé s6 phan xa
A2 14 B2
* Xac suat truyén qua dugc cho bm
hé s6 truyén qua T ik Foiix
2 S Pe—
T — |F| — 1 Be—ikx Ge——ikx
|Al2 1+ p?
R+T=1
21
V2mE _ na
k=—— [2.130 B =757 [2.135]
" [ ] "2k
P 1
1+ (2h2E/ma?)
1 [2.141]
T =

1+ (ma?/2h%E)

Twong tw trieong hop hat tw do: can xay
duwng “bb séng” dé€ c6 thé chuan hoa.
— cac cong thirc trén gan ding!
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Xét thi nghiém: Hat dwoc ban tr 1 huwéng,

vidutrphai <

Hay xac dinh hé s6 phan xa va hé s truyén qua
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V(x) = ad(x)

'

X

Trang thai tan xa

—a — a : Hé s6 R va T khoéng doi vi phu
thudc vao a? : Hat "chui" qua dwoc rao thé!

Hiéu rng chui hAm (tunneling)

24
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