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KHAO SAT NHIEU XA CUA ANH SANG QUA MOT KHE HEP.
NGHIEM HE THUC BAT DINH HEISENBERG
INVESTIGATION OF LIGHT DIFFRACTION THROUGH A NARROW SLIT.
VERIFICATION OF HEISENBERG’S UNCERTAINTY PRINCIPLE
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Tém tit: Hé thire bat dinh Heisenberg la mot hé thirc co ban trong co hoc lwong tir. No phat biéu rcing
khong thé xac dinh dong thoi va chinh xdc tuyét doi mot cap thugc tinh vat ly nhat dinh, chang han nhu
vi tri va dong lwong ciia mot hat vi mé. Bai bdao nay trinh bay sw nhiéu xg cua anh sang qua mot khe hep,
tir do nghiém lai hé thirc bat dinh Heisenberg.

Tir khéa: hé thire bat dinh Heisenberg, co hoc lwong tir

Abstract: The uncertainty principle, also known as Heisenberg s indeterminacy principle, is a fundamental
concept in quantum mechanics. It states that there is a limit to the precision with which certain pairs of
physical properties, such as position and momentum, can be simultaneously known. This paper presents
the diffraction of light diffraction through a narrow slit, thereby verifying Heisenbergs uncertainty

principle.

Keywords: Heisenberg's indeterminacy principle, quantum mechanics

1. Pit van dé

Cubi thé ky 19 dau thé ky 20 vat Iy hoc da thu
dugc mdt loat nhitng thanh tyu maéi: sy kham pha ra
tia X, su phu thudc khdi luong cua electron vao van
tde chuyén dong, buc xa nhiét cia vat den tuyét déi,
hiéu ung quang dién, hiéu ung Compton... Nhiing
hién twong nay da khong thé giai thich dugc néu dya
vao nhitng quan diém ctia Vat Iy c6 dién, nganh Vat
ly dang dung trudc nhitng thach thire méi. Nguoi ta
nhan thiy khi di vao thé gidi ctua nguyén tir, phan
tir (kich thude 10 - 10° m, dwoc goi la thé gidi vi
mo) cac quy luat cua Vat 1y ¢b dién khong con dung
nira, d6 1a hat vi mé c6 tinh chét séng. Do ¢ ludng
tinh soéng hat nén qui ludt van dong cua vi hat trong
thé gidi vi md khac véi qui luat vin dong cia hat
trong thé giéi vi md. Mot trong nhimg diém khac
biét d6 1a hé thirc bat dinh Heisenberg. Hé thirc bét
dinh Heisenberg 1a mot trong nhiing dinh luat co ban
cua co hoc lugng tu. HE thic nay ching to vi tri va
dong lugng cua hat khong duogc xac dinh chinh xac
mot cach d&”)ng thoi. Vi tri cua hat cang xac dinh thi
dong lugng cua hat cang bat dinh va nguoc lai. Bai
bao nay xay dung bai thi nghiém nham nghiém lai hé
thirc bat dinh Heisenberg.

2. No§i dung nghién ciru

2.1. Co s6' Iy thuyét

Theo thuyét lugng tir ciia Einstein thi 4nh sang
duoc céu tao boi vo sb cac photon, mdi photon ¢6
nang lugng W va dong lugng p xac dinh lién hé voi
tan s6 v va budc song cua anh sang A theo cong thirc:

h
EZhV;pZX (1)
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Trong d6 h = 6,625.10* (Js) 1a hing sé Planck;
¢ =3.10%m/s 12 vén tdc 4nh sang trong chan khong.

Dua trén ludng tinh song hat ctia anh sang, De
Broglie da suy rong tinh chat nay cho vi hat khac
(vi du electron, proton,...): Mdi vi hat tu do ¢6 ning
lugng xac dinh va dong lugng xac dinh tuong tng
v6i mot song phang xac dinh. Nang lwong W va dong
luong p xac dinh lién hé véi tan sé v va budc song
cua anh sang A theo cong thue (1).

Do ¢6 ludng tinh song hat nén quy luat van dong
cua cac hat vi moé mang dac diém khac voi hat vi mé.
Dé hiéu diéu nay chung ta xét hién twong nhidu xa
cua anh ang qua mot khe hep.

Khi cho chum 4nh sang chiéu vuéng goc vé6i khe
hep ¢6 do rong b, khi truyén qua khe hep cac photon
bi nhiéu xa theo cac phuong khac nhau tmg véi goc
léch ¢ khac nhau va tuyén t6i cac vi tri khac nhau
trén man quan sat dat song song v6i mét phing cua
khe hep (hinh 1). Thuc nghiém chimg to anh nhiéu
xa clia chum photon trén man quan sat gdm nhiing
diém sang cach nhau boi nhimg diém t6i. Diém séng
goi la cuc dai, diém tdi goi la cuc tiéu. Theo quan
diém song, sy phan bd cuong do sang trén man quan
sat 1a két qua cua su giao thao cia séng anh sang bi
nhi€u xa qua khe hep b.

Tai goc nhiéu xa thoa man diéu kién sinp=0,
tai d6 cuong do sang lon nhét va goi la cuc dai trung
tam.

Nhitng cuc tiéu nhidu xa ung voi vi tri tai do cac
song sang nhidu xa thoa man diéu kién:
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sinp=—/: ;k=+1;£2;+3...
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Nhiing cuc dai nhiéu xa ing voi vi tri tai do cac
song sang nhiéu xa thoa man diéu kién:

sin(p:(2k+l);—b;kzl;i2;i3... 3)

Theo quan diém hat, sy phan bd cuong do sang
trén man quan sat 1a két qua cta sy phan bd mang
tinh xéac sudt ddi voi cac photon bi nhiéu xa qua khe
hep. Nhimng cyc tiéu nhidu xa tUng voi tai d6 mat
d6 xac suat tim thdy photon c6 gia tri bang khong.
Nhiing cuc dai nhiéu xa ung voi tai vi tri d6 mat do
x4c suat tim thiy hat c6 gia tri 1on nhat.

Xét toa do cua hat theo phuong x, nam trong mat
phing khe va song song v6i bé rong khe. Toa do x
ctia hat trong khe s& c6 gia tri trong khoang tir 0 dén
b (0<x<b). Nai cach khéac, vi tri cua hat trong khe
dugc x4c dinh voi d6 bat dinh Ax~b.

Sau khi hat qua khe, hat bi nhiéu xa, phuong dong
lugng p thay déi. Hinh chiéu cua p theo phuong x
s& c6 gia tri thay ddi trong khoang 0<py <psing
, nghia la sau khi di qua khe, hat c6 thé roi vao cuc
dai gilta hodc cuc dai phu va pxdugc xac dinh voi
mot do bat dinh nao d6. Xét trudong hop hat roi vao
cuc dai gifta, o bat dinh v& hinh chiéu cua p theo
phuong x la:

Ap, ~psing, 4

\ r I y. A I A . }\4
¢, 1a goc ung voéi cyc tiéu thr nhat: sing Y
. Do do ta co:
AX.Apy =b.psin@; =p.A

Theo gia thuyét de Broglie p= % . Thay vao biéu
thirc trén ta nhan duoc hé thirc bat dinh Heisenberg:

Ax.Ap, ~h (%)

Ly luan tuong tu: Ay.Apy = h; AzAp,~h

H¢ thac bat dinh Heisenberg 1a mdt trong nhiing
dinh luat co ban cua co hoc luong tir. HE thiic nay
chung to vi tri va dong luong cia hat khong duoc
x4c dinh chinh xac mot cach déng thoi. Vi tri cta hat
cang xac dinh thi dong lugng cua hat cang bét dinh
va nguoc lai.
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Hinh 1: Do thi phdn bé cuong dé sing
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Tir hinh 1, nhan thiy: tg @, = % (6)

Trong d6 a 1a khoang cach tir dinh cuc dai nhiéu
xa chinh gitta dén cuc tiéu nhidu xa bac 1 va L 1a
khoang cach tir man quan sat dén mit phang khe hep.
Néu thay (6) vao (4) va cha y dén (1), ta cé:

Ap, = hsin(arct aj
Py =y &L @)
Thay (7) va (1) vao (5) va chia cho h ta dugc:
bsin(arct a) ~1
x &L )° ®)

Vi rat kho xac dinh vi tri cyc tiéu nhidu xa bac

1, nén nguoi ta thuong thay do khoang cach a bang
phép do khoang cach a’ tinh tu dinh cuc dai nhicu xa
chinh gitra dén dinh cyc dai nhicu xa bac 1. Vi tri dinh
nhiéu xa cuc dai bac 1 ung voi goc 1€ch o] duge xéc
dinh tr hinh (1): tg@]| = af mit khac theo didu kién

. o, 3 .

cuc dai nhicu xa (3) thi sin¢| = BT nhung vi géc o,
At oA , LA e ., "3h
va @) rat bé nén ta co thé coi: tgo] ~sing; — af ~ b

Ao s .
~—, tir do ta co:

\ . a
vat rsinQ, - —
g0, Py Lo

_a _A_2a
SR TS
Thay (9) vao (8) ta co:
2a’
3L ) ~1 (10)
Nhu vay, sau khi xac dinh dugc a’ va L, ta ¢o
thé nghiém lai hé thirc bat dinh Heisenberg gian tiép
thong qua hé thic (10) néu biét do rong b ciia khe
hep va budc song A cia anh sang chiéu t6i.
2.2. Dung cu thi nghiém
Nguén Laser
Khe hep
Cam bién quang dién
Bo khuéch dai
Cassy, may tinh

2.3. Trinh tw thi nghiém

Khe hep
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Hinh 2: So d6 thi nghiém khdo sdt nhiéu xa dnh sang qua
mot khe hep

Khoi dong chuong trinh CASSY Lab va chon ché
do do:

- Trong man hinh Desktop cua Windows, chon
Start\ Program\ CASSY Lab\ CASSY Lab. Hodc ¢o
thé nhay dup chudt vao biéu twong cua Cassy Lab
trén man hinh.
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- Nhén F5 dé Iya chon cac thiét bi: ctra sb Settings

hién ra, chon Genaral, trong ph?m Serial Interface
COM1, chon CASSY.

Assignment, trong khung
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"4 CASSY Lab

nemel o 85 A [Bu x
Standard |
xd mm 17cd Al
870 183
183

400
a7s %= 5.18 mm
880
885
290
885
200
a5
210
215
a20
925
230
935
240
945
250
955
980
965
a70
a75
a80

300—

200—

100—

x=1.45mm
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v x/mm

Matking: % =8.77 mm by LEYBOLD DIDACTIC GmbH, 1333-2001

Settings
CASSY ] Parameter/Farmula/FFT ] Display I Comment General ]
Serial Interface Assignment: Recognized CASSY Modules:
comt gl [on -
-

COM2 S/ [4SCH [confiquiable)

Balance -

WideoCom [337 47)
COM3 %% [IR Position Detector (332 11]
COM4 e/ [0 9 Update CASSY Modules |
Language: English L4 Save New Defaults |

Close Display Measuring Parameters ‘ Load Example | Help ‘

Hinh 3. Khoi dong chuong trinh CaSSY

Trong ciia sO “input setting” chon “Averaged
Valuse”. “left”.

Trong cira s6 “Measing parametes” chon “Manual”.

Cai dat cac truc toa do, o day hoanh do biéu thi
toa do ctia cac vach nhiéu xa, tung do biéu thi cuong
d6 sang. Mudn khai bao bién can do thi trong ctra s6
“setting” chon “parameter Formula FFT”.

* Khai bao cuong do sang:

- Chon “new quantity”.

- Trong hop “select quantity” dién vao tén dai
lwong maéi “cuong do sang”.

- Chon “formula” dién cong thirc: UA1/0.45%150

- Pién trong “symbol”: I~ Unit: Cd ~ From: 0
To: 450 Decimal Places: 1

* Khai bdo toa dé vach nhiéu xa:

- Chon “new quantity”.

- Trong hop “select quantity” dién vao tén dai
luong maéi “toa do vach”.

- Chon “formula” dién cong thirc: (n-1)*0.1

- Dién trong “symbol”: x  Unit: mm  From: 0
To: 30 Decimal Places: 1

* Chon hién thi do thi I-x.

- Trong “setting” chon display”.

- Chon “new display”.

- Trong hop “select display” ghi tén d6 thi I —x

- Trong X — Axis chon x va Y — Axis chon |

Sau d6 bam F9 d¢ bat dau do, v6i mdi lan dich
chuyén cam bién trén man quan sat 0,1 mm (twong
tmg v6i quay thudc Panme 10 vach chia) thi bAm
mot lan F9.

2.4. Két qua thi nghiém

Trong bai thi nghi¢ém nay cé khoang cach L =
600 mm; budc song anh sang dung trong thi nghiém
A = 6,33 10*%(mm) va hai khe hep vdi do rong b=
0,16mm va b=0,08mm.
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Hinh 4: Phé nhiéu xa dnh sang qua khe hep c6 dg rong b =
0,16 mm
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Hinh 5: Phé nhiéu xa dnh sang qua khe hep c6 dg rong b =
0,08 mm
T két qua thi nghiém hinh 4 va hinh 5, xac dinh
duoc a’, sau d6 thay vao (10) dé nghiém lai hé thuc
bat dinh Heisenberg.

b (mm) a’ (mm) b . ( zarj
—sin| arctg
A 3L
0,16 3,60 1,011
0,08 7,15 1,004

3. Két luan

Bai thi nghiém da vé& dugc do thi phan bd cuong
do sang cua hién tuong nhiéu xa séng anh sang
phang qua mot khe hep, tir d6 thi da nghiém lai duogc
hé thac bat dinh Heisenberg véi s6 liéu hoan toan
pht hop véi 1y thuyét sinh vién da dugc hoc.
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