Trong ngdn nglr nhi phan 1/0, mdt s6 0 hay s6 1 1a mét bit. S6 thap phan tir 0 dén 9
co thé dwoc biéu hién 4 bit cho méi sd nhw sau:

0 1 2 3 4 5 6 7 8 9
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001

Mau tv La-tinh, mbi chir 8 bit:

a b d f

01100001 01100010 01100011 01100100 01100101 01100110
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0. Co hoc lwong tir

6.1 Ludng tinh song hat cua vat chat

6.2 Phudng trinh Schrodinger

6.3 Hat trong giéng thé vo han mot chiéu

6.4 Hé thluc bat dinh Heisenberg

6.5 Kinh hién vi quét qua
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Gia thuyet De Broglie
Vidu

Kiém chirng

Ung dung

© oo T

Ban chat ctia song vat
chat
f. Baitap
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Gia thuyét De Broglie

e Anh sang c6 lwdong tinh séng-hat.

e Cac hat vat chat phai chang cling c6 lwong tinh
song-hat?

e De Broglie, 1923 - cac hat vat chat cling la
song, buwdc song vat chdt (hay séng De Broglie)
cua mot hat c6 dong lwong p la:
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Vidu 1

e Voi Dumbo Kkhoi lwong
1000 kg, bay v&i van toc
10 m/s sé co bwdc song
De Broglie 1a bao nhiéu?

34
2= 0020X10 'S _g o610 m
p 10°kgx10m/s

e Bwdc song nay qua nho
dé co thé quan sat dworc.
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e Budc song De Broglie cia mot hat bui khoi
lwong 10-? kg roi véi van toc 0,020 m/s.

_34
a=1_ _6626x10 /'S _3313x10%m
p 10 kgx0,020m/s

e Buwdc séng nay cling qua nhoé deé co thé quan sat
duorc.

e Cac hat vi mo6 khong thé hién ro tinh song.
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e Mot electron trong mach dién hay trong
nguyen tw c6 dong nang trung binh vao khoang
1 eV, c6 buwéc séng De Broglie bang:

h 6,626x107* ] -5

~2m \/2>< 9,11-10*'kg)x(1,6-107* )

=10°m=10A

e Bwdc song nay vao c@ kich thwéc cua nguyén
t& nén cé thé quan sat duorc.

e Cac hatvi moé thé hién ro tinh séng.
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Kiém chirng thuwc nghiém

e Davisson va Germer, 1927: electron c6 thé
nhiéu xa trén tinh thé Nickel giéng nhuw tia X
vay.

o Nhiéu xa ciua electron trén tinh thé ciing tuin
theo dinh luat Bragg.

e Budc song electron do dwoc phu hop voi gia
thuyét De Broglie.
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6 1 Lu‘o’ng tinh song hat cua

e G. P. Thomson, 1927: electron c6 thé nhiéu xa
tréen mang mong kim loai, tao ra van tron
twong tw nhuw tia X nhiéu xa trén bot da tinh
the.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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o Zeilinger et al,, 1988: Nhiéu xa neutron trén hai

khe.
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e 6.1 Lu’dng tinh song hat cua

vﬁ*

e Séng dirng cda electron trén bé mat dong, anh
chup bang Scanning Tunneling Microscope (IBM
Almaden Research Center).
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Ung dung clia séng De Broglie

e Kinh hién vi dién t&r dung séng electron thay
cho song anh sang, c6 do phoéng dai 1én dén 2
triéu lan.

o Nhiéu xa electron, nhiéu xa neutron dwoc dung
dé tim hiéu cau truc vat chat, twong tw nhw
nhiéu xa tia X.
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g tinh song hat cua

Ban chat ctia song De Broglie

e (Giao thoa cua song electron trén hé hai khe:

e’ % *% LARTTR A 1 AT ST 45 A IR
\ k! X .) ’ . .‘..-V... YR _.')‘-.l:..' LA "‘: '.’:'. .\,-.'. L' A
. . ’ -

Cang nhiéu hat, quy luat
song cang ro.

No1i hat dén nhiéu

cling la noi co cwong

do song lon.

https://fb.com/tailieudientucntt
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Max Born, 1928: song vat chat 1a song xdc sudt.

Binh phwong bién do ham song o mot vi tri thi
ty 1€ v&i xac suat tim thay hat tai do.

Goi W(x,y,z) 1a ham séng vat chat tai vi tri (x,y,2)
cida mot hat, dV 1a mot thé tich nho bao quanh
vi tri nay, xac suat tim thay hat trong thé tich
dV la:

dP = ‘lP(X,y,Z)F dV

W(x,y,z)|* 1a mdt do xdc sudt cua hat tai (x,,2).
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e Y(xy,z) la mot so phirc, nén ta con co:

“P(x,y,z)r —¥.¥

e X4ac suat tim thay hat trong toan b6 khéng gian
V, trong d6 hat ton tai, phai bang don vi, do dé:

“‘P(x,y,z)rdv =1
4

e D6 1a diéu kién chudn hdéa cia ham séng vat
chat.
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Bai tap 2

Ham séng cua mot hat bi “giam” trong khoang
tir 0 dén L 1a Asin(mx/L), A 1a mét hang s6. Xac
suat tim thay hat & vi tri nao sau day la lon
nhat?

(a) L/4
(b) L/2
(c) 3L/4
(d) L
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Mat do xac suat:

w = A%sin?(mx/L)

Cuc tri cua w dwoc
cho boi:

sin(mx/L)cos(mx/L) =
0

nx/L=0,1m/2,m
x=0,L/2,L

w cuwc dal rng vol x =
L/2.

Cau tra loi dung la (

0.21

b).

|
Mat do
Xac suat

Ham
song

LI/Z

ongThanCong.com
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Bai tap 3

Bwoc song De Broglie cua mot electron dwoc
tang toc khong van toc dau baéi hiéu dién thé U

bang:
h h
b
@) \/ZmeeU () ,,./meeU
2h h
(¢) (d)

2m el 2./m elU
J2m,
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Suy ra dong luwong: p = \/ZmEeU
Vay buoc song De Broglie la:
h
.
\/ZmeeU
Cau tra loi dung la (a).
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0. Co hoc lwong tir

6.2 Phudng trinh Schrodinger
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26,2 Phuong trinh Schrodinger (1)

a. Phuwong trinh Schrodinger tong quat
b. Phwong trinh Schrodinger dirng

c. Ham séng cua hat tw do
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26,2 Phuang trinh Schrodinger (2)

2a. Phwong trinh Schrédinger tong quat

e Ham song ¥(x,y,zt) cia mot hat kKhoi lwong m,
chuyén dong trong trwong cdé thé nang
U(x,y,zt) thoa phwong trinh Schrodinger tong

quat:
2
m_a_TZ —LA+U Y I =+/—1
ot 2m

e trong do h=h/2m, va Ala Laplacian:
> 9° 0

+——+
x> dy° 9z°
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":«‘@2 Phuong trinh Schrodinger (3)

2b. Phwong trinh Schrédinger dung

e Khi thé nang U khong phu thudc vao thoi gian
thi nghiem cua phwong trinh Schrodinger co
thé viet dwdi dang:

E
Y (x,y,zt)= e_Iﬁt(I)(x,y,z)

e v0i E la nang lwong cua hat, ®(x,y,z) 1a ham
song dirng, thoa phwong trinh Schroédinger
dung:

hz
(——MU}D:E@ A+ 22 (E-U) D=0
2m h
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26,2 Phuang trinh Schrodinger (4)

2c. Ham song cua hat tw do

e Phuong trinh Schrodinger dirng cua mot hat tw
do chuyén dong theo doc truc x:

2
0D M g =0
ox°~ h

e voi E bay gio la dong nang cua hat. Phwong
trinh nay c6 nghiém tong quat la:

| | /2 E
(D:Ae:kx_l_Be—ka k: rnz :p
h h
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3:;‘@2 Phuaong trinh Schrodinger (5)

e Ham séng rng vé&i sO hang thir nhat:

W=e¢ " .de! = Ae_ﬁwt—m)
. E p
_ —:(at—kx) 0 =— k .
Y=A 7 ”

e 12 mot séng phang truyén theo truc x > 0, ¢4 tAn
sO goc w, vecto song k, va buéc séng phu hop
v&i gia thuyét De Broglie:
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0. Co hoc lwong tir

6.3 Hat trong giéng thé vo han mot chiéu
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w1 6 3 Hat trong gleng thé vo han

Giéng thé vo han mot chiéu
Nang lwong bi lwong tir hoa
Ham song

oo oo

Bai tap
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m A7

6 3 Hat trong giéng thé vo han

.

Giéng thé vo han mot chiéu

e Hat chuyén dong trong U— oo
giéeng thé vo han mot
chiéu cé thé nang xac
dinh boi :

-

0 O<x<a

U=+

> x<0,x2a 0 ; .

s A Ea)

e trong do a la do rong
cla giéng the.

CuuDuongThanCong.com
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6 3 Hat trong gleng theé vo han

Ham séng

e Phwong trinh Schrodinger dwng cua hat trong
giéng thé:
°’® 2m

o — 7 ED=0

e Phuwong trinh nay cé nghiém tong quat:

®(x)= Asin(kx)+ Bcos(kx)

k=~2mE /h=p/h
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6 3 Hat trong gleng theé vo han

e Ham séng & ngoai gi€éng 1a bang khong, vi hat bi
giam trong giéng thé vo han.

e Ngoai ra, dé ham song bién thién lién tuc thi &
hai vach giéng né cling phai bang khéng:

®(0)=0, ®(a)=0
®(0)=Asin(0)+Bcos(0)=0= B=0
®(a)=Asin(ka)=0=sin(ka)=0
k=nz/a n=12...
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6 3 Hat trong giéng thé vo han

e« Ham song dirng phu thubc vao n:

cbn(x)zAsin(nij

a
e Vikbilwong tr héa nén nang lwong cling vay:

2
(hk) — n? nr’ _ 2 h’
2m 2ma* 8ma

n: 2

e Tir diéu kién chuin hoda ta tim dwoc hang so A:

d)n(x):\/gsin{nng
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6 3 Hat trong giéng thé vo han

e Ham song (phu thudc thoi gian) sé la:

VY, (x,t) :\/gexp(—f Eﬁ” ]Siﬂ(ﬁ%k’]

e M4t do xac suat ctuia hat (doc lap véi thoi gian):

“Pn(x,t)‘z =¥ ¥ :Esinz(nﬁxj

n n
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2= 6.3 Ha

»
> =3 N
-,

-

m A7

t trong giéng thé vo han

=

Ham song durn

Mat do xac suat

/\
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m A7

6 3 Hat trong giéng thé vo han

Nang lwong bi lwong tw hoa
e Song vat chat chuyén dong lui téi gitra hai vach
giéng thé, tao nén song durng.
e Khi do bé rong cia giéng thé phai la moét boi so
cua mot nira buoc song: |, -3

A

aan n=12... \/

e Suyra dong lwong hat: =2
h h h
p — — .r = N1—
A 2a/n 2a n=1
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m A7

6 3 Hat trong giéng thé vo han

 Nang lwong hat da bi lwong twr hoa.
e SO n dwoc goi la sé lwong tir ndng lwong.

)

e Mlrc nang lwong thap nhat, dng véi n = 1, la
khac khong, trai véi quan niém co dién.
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m A7

6 3 Hat trong giéng thé vo han

U— oo
=3(A/2)
n=4 \/ !
— a=2(A/2)
n=72
n=1 . a=A/2
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6 3 Hat trong gleng theé vo han

3d. Bai tap 1

M6t vi hat Khoi lwong m, chuyén dong trén truc x
trong truwong thé c¢6 dang ho thé cao vo han, bé
rong a. Khi hat c6 nang lwong:

E= 27r2h.2/ma2

thi kha nang tim thay hat lIa 1on nhat & toa do x
bang:

(@) a/4 va3a/4

(b) a/2

(c)a/4

(d) 3a/4
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_ _pe= 6.3 Hat trong
e N

- -

m A7

gieng the vo han

n=

3

3d. Tra loi bai tap 1

e Nang lrong cia vi hat trong ho thé vo han:
o E_=n*m*h?/2ma*
e Trong trwong hop dang xét:
o E=2m*h*/ma?

e n=2,cautraloi dang la (a).

/N

2

Ham séng dirng

Mat do xac suat

YAVAN

1//’/_\/—\

https://fb.com/tailieudientucntt
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m A7

3-;63 Hat trong giéng thé vo han

&

- -

3d. Bai tap 2

Xét mot vi hat trong giéng thé cao vo han, bé
rong a. O vi tri ndo sau day thi xdc suat tim thay
hat ¢ trang thai n = 1 va n = 2 la nhw nhau (trw
tai hai vach giéng thé):

(a) a/3

(b) 2a/3

(c) (a) va (b) dung.
(d) (a) va (b) sai.
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m A7

3'5*63 Hat trong giéng thé vo han

-

- -

3d. Tra loi bai tap 2
e O'vitri cAn tim mat do
Xac suat cda hai trang W,
thai la nhw nhau:

I].E;
® Wl = W2

e sin?(mx/a) = o
sin‘(2mx/a)

e cos(mx/a)=+1/2 _

o mx/a=m/3,2m/3 .

e x=a/3,2a/3 o

e Cautraloidungla (c).

a3 2a]3

ongThanCong.com
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m A7

3-;63 Hat trong giéng thé vo han

&

- -

3d. Bai tap 3

Mot electron trong mot giéng thé vo han co bé
rong 2 nm chuyeén tir mirc c6 n = 5 xuoéng mirc
co n = 3. Bwdrc song cua photon phatra la:

(a) 97,8 nm
(b) 824 nm
(c) 2 nm

(d) 8971 nm
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m A7

3-;63 Hat trong giéng thé vo han

&

- -

3d. Tra loi bai tap 3
o Khi electron chuyén tir mirc n, vé muc n, thi né
phat ra mét photon c6 nang lwong:

h2
8ma*

h%:Enz ~E, =(n-n?)

e Suy ra bwdc song cua photon:

hc 1 8ma” 1

2 2
, — I

ﬂ_

S .
h’/8ma* n —n; h n
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6 3 Hat trong gleng theé vo han

8x(3-10°m/5)(9,1-10 kg )(2:10°m)" 4

A= .
6,626-107" ] s 5% -3

e 1=824 nm, cau tra loi dang la (b).
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0. Co hoc lwong tir

6.4 Hé thluc bat dinh Heisenberg
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4 Hé thidc bat dinh Heisenberg (1)

a. Heé thirc bat dinh cua vi tri va ddng lwong
b. Vidu
c. Hé thirc bat dinh ciathoi gian va nang lwong

d. Hiéu wng duwong ngam
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6.4 He thidc bat dinh Heisenberg (2)

4a. Bat dinh caa vi tri va dong lwong

e Gilta d6 bat dinh (d6 chinh xac) cua toa d6 va
dong lwong co hé thirc:

Ax-Ap, >h
Ay-Ap,>h
Az-Ap, > h

o Khéng thé xac dinh dwoc chinh xac déng thoi
toa do va déng lwong cua cac vi hat.

e Khong thé xac dinh quy dao vi hat.



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

c bat dinh Heisenberg (3)

4b. Vi du 1

e MOt electron c6 van toc bang 2,05 x 10° m/s,
dwoc do voi do chinh xacla 1,5 %. Tim Ax.

 Dong lwong cua electron:
p=mv=(9,11-10""kg)-(2,05-10°m/s)

=1,87-10""kg.m/s
e DO bat dinh dong lwong:
Ap=1,5%p=2,80-10"kg.m/s

AX Si =24x10"°m=24nm
Ap,

o Ax ~ 200 lan kich thwéc nguyén tir !
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4 Hé thdac bat dinh Heisenberg (4)

4b. Vi du 3

e MOt qua banh golf c6 khoi lwong 45 g dang bay
vdi van toc 35 m/s. Van tdoc dwoc do véi do
chinh xacla 1,5 %. Tim Ax.

e Lam twong tu nhw trong Vi du 1, ta suy ra do
bat dinh vé vi tri ciia qua banh:

Ax >3x10m

e DO bat dinh nay rat nhoé: véi cac vat vi mo van
xac dinh dwoc chinh xac dong thoi vi tri va
dong lwong.
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4 Hé thidc bat dinh Heisenberg (5)

4b. Vidu 4
e BO song la t0 hop tuyén tinh ctia nhiéu song
hinh sin c6 dong lwong rat gan nhau.
e Phan b0 ctia dong lwong cang rong (Ap 16m),
e thi bé song cang hep (Ax nho).
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4 Hé thidc bat dinh Heisenberg (6)

4c. Bat dinh cua thoi gian va nang lwong

o Goi Atla thoi gian hat ton tai @ mot trang thai;

e AE la d6 bat dinh ctia nang lwong hat & trang
thai do.

e Gilra chung c6 hé thuec:

At-AE > h

« D0 bat dinh nang lwong cia mot trang thai
cang 16n thi thoi gian ton tai ciia trang thai doé
cang ngan.

e Do d6 mot bo song khong thé ton tailau.
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c bat dinh Heisenberg (7)

4d. Hiéu tng dwdong ngam

e Xét mot hat bi giam trong giéng thé cé do sau U.

e Giad st trang thai hat 1a khong bén, chi ton tai
trong thoi gian rait ngan At~ h/U .

e Trong khoang thoi gian d6 d6 bat dinh nang
lwong cua hatla:

AE;ﬁzizU

At  h/U
e Hat c6 d6 bat dinh nang lwong lén hon d6 sau
giéng thé, do do co thé thoat ra khoi giéng thé!
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berg (8)
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Giéng thé

D, (x)= %sin[nfx}

22 5
, I _ 2 h

(k)
=n
2m 2ma’

bwéc song vdt chdt

h
A=—
P

E =

n

8ma*
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xac suat tim thay hat
trong thé tich dV la:
dP = “P(X,y,z)‘z dV

=
mat dé xdc sudt cla

hat tai (x,,2).
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