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- 1L GIATHUYETDEBROGLIE

— VE LUONG TINH SONG - HAT CUA VAT CHAT
1. Lwong tinh song — hat caa anh sang.
» Tinh song: giao thoa, nhiéu xa.
* Tinh hat: hiéu irng quang dién, Compton.
2. Lwong tinh song — hat cta vi hat.
» Gia thuyét De Brogli‘e: Moi Vi hat tw do €O nang lwong Xéq dinh,
dong luong Xé(,: dinh déu lién hop voi mot song phang don sdac, goi
la song vat chat hay song De Broglie.
« SOng De Broglie dugc xé}c dinh boi ham song cé dang twong tu
nhu ham song phang don sac cua anh sang:
w(r.t)=w, exp{— ~(Et-p.7)
Trong do E va p la nang luong va dong luong caa vi hat lién hé voi

tan s6 vVa budc song cua séng De Broglie nhu sau:

A C:iviAd
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~—1.2. THUC NGHIEM XAC NHAN GIA THUYET
DE BROGLIE

« Cho mot chum electron (hoac mot electron) qua mot khe hep. Sau
khi qua khe hep, cac electron bi nhiéu xa theo moi phuong va trén
man huynh quang dat sau khe quan sat duogc cac van nhiéu xa giong
nhu trudng hop nhiéu xa anh sang qua khe hep.

- VI hat electron mang tinh séng.

» Trong thé gidi vi mo, tinh hat thé hién

rd hon tinh song, vi: —=
h h —
Z:—:— e

p mv
Gia str qua cau khoi lugng 100 g duoc
ném voi van toc 10 m/s sé lién hop véi
song c6 1=6,625.103 m - budc soONg
qué nhé khong thé do duoc.
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— 1.3. Y NGHIA XAC SUAT CUA SONG DE BROGLIE

« S6ng De Broglie (song vat chat) l1a séng xac suat, khong phai la
song dién tir. MOt hat vi mo riéng 1é cting thé hién tinh song.

* Y nghia ctia s6ng xac suat nhu sau: goi w(X,y,z) la ham séng vat
chat tai diem O(X, Yy, z) ciia mot vi hat. Xac suat dP dé tim thay hat
trong thé tich dV bao quanh diém O:

dP =y dV = ‘w‘z dVv

 Dai luong ‘1/1‘2 duoc goi 1a mat d6 xac suat tim thay hat trong mot
don vi the tich dV.

« XA&c suat tim thay hat trong khéng gian o lubn bang 1:

2 A 2
P, = j w| dV =1| - diéu ki¢n chuin hoa ciia ham séng
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. BATTAPVIDU 1

Mot electron khong van toc dau duoc gia toc boi hiéu dién thé U. Tim
budc séng De Broglie cua electron sau khi dugc gia toc néu:

a. U=0,51V.

b. U=510 kV.

Huwéng dan gidi
« Nang luong nghi cua electron:
E, = m,c? =9,1.10%(3.10°)” =81,9.10°°J =0,51MeV

» Pong ning cua electron sau khi dugc gia toc bdi U: K =qu

*TH a: K=0,51eV << E; = van tdc e rat nho > ap dung co hoc co

dién.
i:h_h_ h h

P mv \/Zm lmvz 2mK
o

=1 72nm
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* TH b: K=510 kV ~ E, - van tbc e rat 16n = dp dung co hoc tuong
d6i tinh.

K = (m—m,)c? = (—==—m,)c? = qU
V2
v o
- c\/qU (qU +2m,c?)
qu +m,c?
- he -
p myv % \/qU(qU +2m,C?) ’
V2
e
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" 2.HE THUC BAT PINH HEISENBERG

2.1. HE THU'C BAT PINH POI VOI VI TRI VA PONG LUQONG
* Goi Ax 12 d6 bat dinh (do chinh Xac) cta toa do X ciia mot Vi hat, Ap,

la d6 bat dinh cua dong lugng cua hat theo phuong X, ta ¢6 moi lién hé
gitta AX va 4p,:

AX.Ap, > h

* Tuong tu ta co: Ay.Ap, = h
Az.Ap, > h

> Khong thé xac dinh dugc chinh xac dong thoi toa do va dong luong
cua cac Vi hat.

- Khaéi niém qui dao khéng ton tai trong thé gidi vi hat. N6 dugc thay
th¢ bang khai niém xac suat tim thay hat.

ongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

—

= BAI TAP ViDU 2

a. Trong thé giéi vi mo:

Xét mot e o trong nguyén tir ¢6 van toc trén qui dao la 108 m/s.
Do bat dinh vé vi tri ciia nd bang Kich thude nguyén tir 1010m.

Po bat dinh vé van toc:

-34
= mhAx - 961’ (:Slf)i’llio—lo =7,2.10°m/s

> P bat dinh vé van téc 16n hon ca van toc = khong thé xac
dinh chinh xac dong thoi vi tri va van toc.

b. Trong thé gi6i vi mo:

Mot qua banh golf c6 m=45 g bay véi v=35 m/s. Van toc duoc do
vo1 do chinh xac 1,5%, tuac la Av=0,525 m/s.

—34
AX > i o =280.10*m

- mAV 00450525 ? ‘
- D0 bat dinh ve vi tri rat nho = C0O thé xac dinh dong thoi vi tri
va dong luong cua qua banh.
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' 2.2. HE THUC BAT PINH
POI VOI NANG LUONG VA THOI GIAN.

Goi At 14 thoi gian vi hat ton tai & mot trang thai, AE 1a do bat dinh

—

nang luong hat ¢ trang thai do.
AE.At>h

> Néu ning luong ciia hé cang bat dinh (AE 16n), thi thoi gian ton tai
cua hé cang nho (At nhd) va nguoc lai.

> Trang théi ctia hé c6 ning luong Xac dinh (AE nho) 1a trang thai bén
(At 16m), con trang thai ciia hé cO ning lugng bat dinh (AE 16n) la

trang thai khéng bén.
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'HIEU UNG DPUONG NGAM - HE QUA CUA HE FHUC
— BAT PINH POI VOI NANG LUQNG VA THOI GIAN

» Gia str 6 mot Vi hat bi giam trong mot giéng
th¢é nang co0 thé nang U.

» Hat khong thé ra khoi giéng vi ning luong cia
no nho hon d¢ sau cua giéng thé (E<U). A
» Tuy nhién, néu trang thai cua hat 1a khdong bén
va hat chi ton tai trong mot khoang thoi gian rat
ngan (At = h/U), thi trong khoang thoi gian nay e
dd bat dinh vé nang luong cua hat la:

h

AE>—=U
At

- Do bat dinh vé ning luong ctia hat 16n hon thé ning cua giéng.
—> Trong khoang tho1 gian At rat nhoé hat co thé thoat ra khoi giéng.
—> Hién twong nay goi la hi€u trng dudng ngam.

« Hiéu (g dudng ngam chi xay ra ¢ thé gidi vi mo. Vi du: phat
electron lanh, phan ra a.

om/tailieudientucntt
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~ 3. PHUONG TRIiNH CO BAN CUA CO HOC LUQONG TU
3.1. PHUONG TRINH SCHRODINGER

a. Phwong trinh Schrodinger tong quat:
Ham song vat chat ¥(x,y,z,t) cua mot hat khoi luwong m,
Chuyén doéng trong truong cO0 thé nang U(X,y,z,t) théa man
phuong trinh Schrodinger tong quat sau:

2
inY _ (—h—A+U)w
ot 2m

Trong d6: #=— - hang so Planck rdt gon.

e :
A:V2=8 2+8y2+8 ~ - toan tir Laplace.
X Z
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b. Phwong trinh Schrodinger dirng: vi hat ¢6 ning lugng toan phan E
chuyén dong trong truong thé niang khéng phu thudc thoi gian

U=U(x,y,z),

Aw+i—T(E—U)w:O

2 2 2
o'y . o'y = o'y
ax2 ayZ 8Z2
e Nghiém ctia phuong trinh trén 1a ham séng ¥ mod ta chuyén dong
(xac dinh trang thai) cua hat trong truong luc the.

Trong do: Ay =

c. Phwong trinh Schrédinger cho hat chuyén dong tw do: U=0

2m
AW‘F?EW:O
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3.2. UNG DUNG CUA PHUONG TRINH SCHRODINGER
Phuong trinh Schrodinger ding dé giai mot s6 bai toan co hoc
lrong tir don gian. Noi dung chinh bai toan co hoc luong tir bao
gom viéc tim ning luong E va ham trang thai y ctia hé.
Bai todn: Hat trong giéng thé v han mot chicu.
Bé rong gieng bang a.
Thé ning cua giéng:

oo khi X<0,x>a %
U(x):{

0O khi O<x<a

U

=D
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_« Phuong trinh Schrédinger cho hat nam trong giéng (U :/O)

dy 2m
. (1)
. Dit: k> :i—TE>O
2
(1) > ?jx”z”+k2w=o

* Nghiém cua (1) ¢6 dang: y(X) =

Asinkx + Bcoskx

e Hat nam trong giéng = X&c suat tim thay hat tai x = 0 v x = a

bang khong: y(0) =0, w(a) =0

°|

y(0)=B=0
—> 3

-

B=0

- her? .

—>E_ = ;
2ma

n

w(a)=Asinka=0
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— Néng/lu’qng ciia hat chi lay nhﬁ’na]ié tri gian doan, phu thudc
vao so luong tir n (n=1,2,3...). Ta noi nang luong cua hat bi luong
tir hoa:

£ _ et
n 2 n
2ma
3 - ; . N
« Ham séng cua hat: ¥, = ASl"l;X

e Piéu kién chuan héa ham séng:

jw*y/.dx = Az_"sinzn—ﬂxdx: A1 A -
- 4 a 2 a
. : - : 2 . nx
- Ham soéng cua hat ¢6 dang: |y, (x)= \/:sm—x
a a
i . r : 2 2 - 9 Nz X
 Mat 6 xac suat tim thay hat trong giéng: ‘Wn (X)‘ = 55'” (?)
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n=1 la trang thai co ban.
n=2 la trang thai kich thich tha nhat.
n=3 la trang thai kich thich thir hai.

\/ Mat do xac suat
7\ /\/\
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. BATTAP VI DU 3 -
Mot vi hat chuyén ddng trong giéng thé mot chiéu sau vO han, bé rong
a. Khi hat ¢ trang thai kich thich ther nhat thi xac suat tim thay hat
trong doan [0, a/3] la bao nhiéu?

Huéng dan gii
« Ham song cua hat & trang thai kich thich tha nhat (n=2):

2 \A
v, (X)= \/:smfx

e X4c suat tim thay hat:

al3 2 al3 2 5= 2
J‘Wn ‘ dx = J‘g(mn?Xj dx =0,402
0 0
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