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Tong hop kién thic Luong t anh sang: Hién
tuong quang dién & Cong thic Anh-xtanh

1. Thuyét luong ta anh sang
a. Gia thuyét Plang (Planck)

Nam 1900, nha vat ly ngudi Ddc Max Planck cho rang nang lugng ma moi lan
moOt nguyén t( hay phan ti hap thu hay phat xa cé gia tri hoan toan xac dinh va

bang hf, goi la lugng t& nang lugng.
e Cong thuc:e = hf = hc/A
e Giai thich:
o € (epsilon): Lugng t& nang lugng (don vi: Jun, J).
o h: Hang s6 Plang, h = 6,625.10°34 J.s.
o f: Tan so6 cla anh sang (don vi: Héc, Hz).
o ¢: Toéc dd &nh sang trong chan khong, ¢ = 3.108 mys.
o A (lambda): Budc séng cua anh sang trong chan khéng (don vi: mét, m).
e Vidu: Tinh lugng t& nang lugng ctia anh sang mau do cé budc song A = 0,76

um.

PGi don vi: A = 0,76 um = 0,76.10° m.
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Ap dung céng thic: € = he/A = (6,625.10734 * 3.108) / (0,76.107°) = 2,61.10°
19]-

b. Thuyét luong tt anh sang (Thuyét photon)

Phat trién gid thuyét clia Plang, Anh-xtanh da dé ra thuyét lugng tlr anh sang,
hay con goi la thuyét photon, véi cac ndi dung chinh:

e Anh sdng dugc tao thanh bdi cac hat goi la photon.

e VGi mbi 4nh sang don sac c6 tan sé f, cadc photon déu giéng nhau, moi

photon mang nang lugng la € = hf.

e Trong chan khdng, photon bay véi toc do ¢ = 3.108 m/s doc theo céc tia

sang.

e MGi lan mo6t nguyén t& hay phan t& phat xa hoac hap thu dnh sdng thi ching
phat ra hay hap thu mot photon. Photon chi ton tai trong trang thai chuyén

déng, khéng cé photon ddng yén.

e Cuong d6 chum séng ti l1é véi s6 photon phat ra trong mot giay.
2. Hién tuong quang dién ngoai

a. binh nghia

Hién tugng quang dién (ngoai) la hién tugng anh sang lam bat cac electron ra

khoi bé mat kim loai.
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b. Thi nghiém cua Héc (Hertz)

Chiéu mot chum sang ho quang dién (giau tia t& ngoai) vao mot tdm kém tich
dién am gan trén dién nghiém, kim dién nghiém ti tir khép lai, chitng té tam
kém da mat dan dién tich am. Diéu nay xay ra do anh sang da lam bat cac

electron ra khdi bé mat tam kém.
c. Cac dinh luat quang dién

Thuc nghiém cho thay hién tuong quang dién tuan theo 3 dinh luat sau:

1. Pinh luat 1: Vé giéi han quang dién

Po6i véi mbi kim loai, ton tai mot budc séng giGi han Ae clia anh sang kich
thich, goi la gidi han quang dién. Hién tugng quang dién chi xay ra khi

budc séng clia anh séng kich thich nhd hon hodc bang gidi han dé.

o Diéu kién xay ra hién tuong quang dién:\ = Ao hoac f = fo (v6i fo =

c/Mo la tan soé gidi han).

o Cong thoat (A): La nang lugng toi thi€u can thiét dé bt mot electron ra

khai lién két véi mang tinh thé kim loai. A = hc/Ae.

o Vi du 1: Gidi han quang dién cta Natri la Ao = 0,5 um. Chi€u vao Natri lan
lugt cac bic xa c6 budc s6ng A1 = 0,4 um va A2 = 0,6 um. BUc xa nao gay
ra hién tuogng quang dién?

Ta so sanh: A1 = 0,4 um Ao = 0,5 um - BUc xa A1 gay ra hién tugng quang
dién. A2 = 0,6 um > Ao = 0,5 um - BUc xa A2 khdng gay ra hién tugng

guang dién.
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o Vi du 2: Tinh cong thoat clia kém, biét gidi han quang dién cla kém la Ao
= 0,35 um.

A = hc/ho = (6,625.10734 * 3.108) / (0,35.107°) = 5,68.1019 ).

2. Pinh luat 2: Vé cuong d6 dong quang dién bao hoa

Khi hiéu dién thé Ung du I6n, dong quang dién dat gid tri bao hoa. Cuong do

dong quang dién bao hoa ti |é thuan véi cuong dd cla chum sang kich thich.

o Gidi thich: Cudong do chum sédng cang manh, s6 photon tdi catot trong
mot giay cang nhiéu, lam bat ra cang nhiéu electron. Do dé, dong quang

dién bao hoa cang Ién.

3. Pinh luat 3: Vé déng nang ban dau cuc dai

Pong nang ban dau cuc dai cda cac electron quang dién khdong phu thudc
vao cuong d6 chum sang kich thich, ma chi phu thudc vao budc séng (tan so)

cla anh sang kich thich va ban chat cta kim loai lam catot.

o Giai thich: Dong nang cla electron phu thudc vao nang luong photon
truyén cho né, ma nang luong photon (¢ = hf) chi phu thudc vao tan sé f,

khong phu thudc vao cudng dé chum sang.
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3. Cong thuc Anh-xtanh (Einstein) vé hién tuong quang
dién
a. Noi dung

Theo thuyét photon, mbéi photon khi bi hap thu sé truyén toan bd nang lugng €

= hf cla ndé cho mdt electron. Nang luong nay dugc electron dung vao hai viéc:

1. Cung cap mot nang lugng téi thi€u A (cong thoat) dé thang luc lién két va

thoat ra khdi bé mat kim loai.

2. Phan nang lugng con lai (néu cd) tré thanh dong nang ban dau cla electron

khi vtra bat ra, Wd'

b. Cong thuc

Phuong trinh bao toan nang lugng cho hién tugng nay chinh la cong thirc Anh-

xtanh:

e Dang 1:hf = A + WdOmax

e Dang 2:hc/A = A + (1/2)mV02max

e Giai thich:
o hf = hc¢/A: Nang lugng cla photon anh sang kich thich.

o A = hc/Ao: CONng thoat cua electron khéi kim loai.

o W = (1/2)mVo2m

domax X" Dong nang ban dau cuc dai cua electron

a

quang dién. (m la khoi lugng electron, m = 9,1.1031 kg).
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c. Gidi thich cac dinh luat quang dién bang céng thic Anh-xtanh

e Gidi thich dinh luat 1: TuU cong thic, dé€ cé hién tuong quang dién thi
electron phai bat ra, tdc la WdOmax > 0. Suy ra hf = A, hay hc/A = hc/Ao, tic

la A = Xo. Diéu nay hoan toan phu hgp véi dinh luat 1.

e Giai thich dinh luat 2: Cuong dé chum séng ti I1é véi s6 photon. Nhiéu
photon han sé& lam bat nhiéu electron han, dan dén dong quang dién b&o hoa
|6n hon. Céng thic Anh-xtanh chi ap dung cho 1 photon va 1 electron, khéng

mau thuan véi dinh luat nay.

e Giai thich dinh luat 3: TU cong thic W = hf - A, ta thay dong nang

dOmax
ban dau cuc dai chi phu thudc vao tan soé f cia dnh sang kich thich va cong
thodt A (ban chat kim loai), khéng phu thudc vao cuéng dd chum sang. Diéu

nay hoan toan phu hgp véi dinh luat 3.
d. Vi du ap dung

e Vi du 1: Chiéu mot bic xa ¢é budc séng A = 0,25 um vao moét tam kim loai
c6 cong thoadt A = 3,45 eV. Tinh dong nang ban dau cuc dai cla electron
quang dién (biét 1 eV = 1,6.10719)).

P6i don vi: A = 3,45 *1,6.1019 = 5,52.10719 .

Nang luong photon: € = hc/A = (6,625.103% * 3.108) / (0,25.100) = 7,95.10"
19,

Ap dung céng thic Anh-xtanh: W =¢g-A=17951019-5521019 =

dOmax
2,43.10719
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e Vi du 2: Chiéu dnh sdng c6 tan so f = 1,5.101° Hz vao mét kim loai thi cac
electron bat ra c6 van toc ban dau cuc dai la Vo oy = 6.10° m/s. Tim gidi han
guang dién Ao cta kim loai do.
Dong nang ban dau cuc dai: W

= (1/2)mvo? = 0,5 * 9,1.10731 *

dOmax a

(6.10°)2 = 1,64.10719 .
Nang lugng photon: € = hf = 6,625.1034 % 1,5.101° = 9,94.10'19J.

Cong thodt: A =€ - W =9,94.10119-1,64.1019 = 8,3.12017.

dOmax
Gi6i han quang dién: Ao = hc/A = (6,625.103% * 3.108) / (8,3.1019) =

0,24.10°m = 0,24 um.

4. Hién tuong quang dién trong
a. Pinh nghia va co ché

Hién tuogng quang dién trong la hién tugng anh sang gidi phdng cac electron
lién két dé chlng tré thanh cac electron dan, dong thai tao ra céc 16 tréng clng
tham gia vao qua trinh dan dién. Hién tuong nay xay ra bén trong moét khéi chat

ban dan.

Khac véi quang dién ngoai, cac electron khong bi bat ra khéi vat ma van & bén

trong khoi ban dan, lam tang d6 dan dién cda no.
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b. So sanh Hién tuong quang dién trong va ngoai

Hién tuong quang dién
Hién tuong quang dién trong

ngoai

Thudng xay ra ¢ kim

Chéat xay ra Thuong xay ra & chat ban dan.
loai.
Can nang lugng Ién Can nang lugng nhé hon (Nang
Nang lugng (Céng thoat A 16n), lugng kich hoat A' nhd), cé thé Ia
kich thich thuong la anh sang t anh sang nhin thay hoac hong
ngoai. ngoai.

Electron sau

Bi bat ra khdi bé mat Tré thanh electron dan, van 6
khi nhan nang

kim loai. trong khoi chat ban dan.
luong

c. Ung dung cua hién tuong quang dién

e Pin quang dién (Pin mat troi): La nguon dién bién doéi truc ti€p quang
nang thanh dién nang. Hoat dong dua trén hién tugng quang dién trong xay
ra tai mot I6p chan p-n cda chat ban dan.

e Quang dién tré: La mot dién trd lam bang chat ban dan c6 gia tri dién tré
thay déi khi dugc chiéu sdng. Hoat dong dua trén hién tugng quang dién

trong. Khi dugc chi€u sang, dién tré cia né gidm manh.
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