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] ) CHUONqu ] ]
TINH CHAT HAT CUA ANH SANG

Giao thoa anh sang '
Nhiéu xa anh sang } |:> Anh sang c6 tinh chat song

Ton tai mét s6 bai toan ma dung céc dinh luét vat ly co diém khong
the giai thich dwoc

¢

. Btrc xa nhiét cua vat den 2. Hiéu trng quang dién

Electron phat ra khi vat bi

Btrc xa dién tir phat ra khi D
chiéu sang

vat bi nung nong
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I.1. BUC XA NHIET CUA VAT PEN

1. Blrc xa nhiét la gi?

Hién twong cdc véat thé phdt ra cac séng dién tor do chuyén déng
nhiét dwoc goi la hién twong birc xa nhiét. Cac song dién tir phat ra
twr vat dwoc goi la cac bire xa.

Phu thudc vao tinh chat bé mat va nhiét do clia vat.

Bwdc séng phan bd lién tuc trong phd dién tur

O nhiét dé phong, buwédc séng clia birc xa nhiét nam trong viing héng ngoai.
Khi tdng nhiét 6, bwdc séng chuyén sang mau dé va tham chi la mau trang.
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I.1. BUC XA NHIET CUA VAT DEN

2. Pho birc xa nhiét

y R(T)

v

——— La sw phan bo cwéng dé cua birc xa theo bwéc séng twong tvng.

e
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I.1. BUC XA NHIET CUA VAT DEN

3. Can bang nhiét

Lwong nang F
lwong hép thu [

Trong trang thai cdn bang nhiét, ltong ndng long ma vét hdp thu va phét ra

dudi dang birc xa nhiét trong mot don vi thoi gian la bang nhau.

~—~

vat nao c6 khd ndng hép thu cang manh thi khd ndng phét
ra btrc xa ciing manh.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

I.1. BUC XA NHIET CUA VAT DEN

4. Hé s6 hap thu don sac

v
|—]
v

phan nang lwong ma vat hap thu dwoc

a(L) =

[

Phu thuéc—

CuuDuongThanCong.com

Téng lwong nang lwong dén vat

Buwdc song

Nhiét dé

Vat liéu

Tinh chat bé mat cda vat

Vat mau den héap
thu va phat xa manh
hon vat mau trang
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I.1. BUC XA NHIET CUA VAT DEN

5. Vat den tuyét doi

Vat den tuyét doi Ia mét vat ly twéng, cé
kha nang hap thu moi birc xa dién tir
chiéu vao no, nghia Ia né c6 hé sé hap
thu don sac a(l) = 1 doi véi moi bwdc
song A.

I::> Blrc xa phat ra tir vat den goi la birc xa nhiét caa vat den

|::> Vat den tuyét doi c6 kha nang hap thu manh nhat nén n6
ciing birc xa manh nhat.

https://fb.com/tailieudientucntt
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I.1. BUC XA NHIET CUA VAT PEN

6. Nang suat birc xa nhiét caa VBTD
La dai lwong dac trurng cho kha nang birc xa cua VDTD.

dw
TOK skl -0

j———' } A2 A+ dA
dS
Nang suat birc xa dwoe dinh nghia:

dW
R:(A) = S (W.m2.m-1)

:> R;(1).dA la lwgng nang lwgng ma bwrc xa phat ra trén mot
don vi dién tich trong mot don vi thdi gian
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I.1. BUC XA NHIET CUA VAT DEN

6. Nang suat birc xa nhiét caa VBTD

Nang suat birc xa toan phan (cwéng dé birc xa cia VDTD)

I(T) = TRT (L)dA

Cdng suat birc xa

P=1S

CuuDuongThanCong.com
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I.1. BUC XA NHIET CUA VAT DEN

6. Nang suat birc xa nhiét caa VBTD
THi NGHIEM

@10:)\
~.

. Khj T c‘émg cao, dién tich cua
mién nam dw¢i dwong cong
R;(A) cang lén, nghia 1a I(T) cang
&N

Ning sudt bifc xa don sic R(A) (W/em®.1um)
o
o

KET QUA

1.0 2.0

70 T T

T
60l 2200

| Rayleigh-Jpans
50
\c20008 \” 08
AT A

w
o
T

L]
o
T

-
o
T

o

\ 3.0 4.0

S 1800K

= ¥ R

L 1600K

A }"mafxl 7Lmax3\ Amaxd-

bude séng A (pm)

« Ung v&i méi nhiét dd, c6 mot buwdc song Amax Ma rng v&i budc song
nay nang suat birc xa R;(A) cua vat dat cwc dai, nhiét dé cang cao, A,

cang dich vé phia song ngan.
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I.1. BUC XA NHIET CUA VAT DEN

6. Nang suat birc xa nhiét caa VBTD

Dinh luat Stefan-Boltzmann (S-B)

(T) = 6.T4

c = 5,670.108 (W.m2.K+4) dwoc goi 1a hang sb Stefan-Boltzmann.

Dinh luat Wien

« Khi nhiét do thay déi, buéc song A,... ng voi sw phat xa cuwc dai cling

thay doi, nhung tich so cta nhiét dé tuyét doi T va budc s6ng Ay, tuong
tng la khong doi »

Mg T = b
b = 2,898.103 (m.K) dwoc goi la hang s6 Wien

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

I.1. BUC XA NHIET CUA VAT PEN

MOT SO Vi DU AP DUNG

Vi du 1.1: M6t vat den tuyét ddi cé nang suat blrc xa toan ‘phén
| =100 ’W.m'2 tai nhiét 6 T = 3000 °K. Khi tang nhiét d6 1én 2 lan thi
nang suat blrc xa tang hay giam bao nhiéu lan?

Vi du 1.2: Mét vat den tuyét dbi co cdng suat birc xa P phat ra tr mét
clra 10 dién tich S. Hai,

a) Dé tang cong suat birc xa nhiét 1&n gap 16 lan thi can tang hay gidm
nhiét d6 bao nhiéu?

b) Bwdc séng rng v&i ndng suat birc xa cwc dai lic nay tang hay
giam?

Vi du 1.3: Hay tinh nhiét d6 bé mat cia Mat Troi néu biét cac thong tin
nhw sau: ban kinh Mat Troi R, = 7.108m, khoang cach trung binh tir Mat
Troi dén Trai Pat R = 1,5.10"m. Nang suat bire xa toan phan phat ra t
Mat Trdi dwoc do tai bé mat Trai DPat 1a 1400W/m2. Gia sir Mat Troi la
vat den tuyét doi.
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I.1. BUC XA NHIET CUA VAT PEN

7. Giai thich két qua thi nghiém

bé giai thich ding két qua thi nghiém vé sy phan bo pho birc xa nhiét,
nguoi ta ¢ gang tim mét biéu thire todn hoc dung cho R(L), tie 1a:

R(}) = (SO lwgng bure ra tir 16)x(Nang lwong trung binh ctia birc xa)

A. CONG THUC RAYLEIGH - JEANS

Bang ly thuyét song dién tir cia Maxwell, Rayleigh va Jeans tim dwoc
27C
k4

S6 lwong bire xa phatratv 16 =

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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I.1. BUC XA NHIET CUA VAT DEN

7. Giai thich két qua thi nghiém

A. CONG THUC RAYLEIGH - JEANS

Bang ly thuyét cb dién vé nang lwong, cho rang nang lwong do vat bic
ra la lién tuc c6 gia tri tr 0 dén «

Nang lwgng trung binh dwegc tinh:

j E.exp(~E / k ,T)dE j E.exp(—BE)dE
E= = ,
j exp(~E / k,T)dE j exp(—BE)dE
" d d 1
=——In(| exp(— BE)dE)———ln( )=—=k,T
dp I g BB

~=
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I.1. BUC XA NHIET CUA VAT PEN

7. Giai thich két qua thi nghiém

A. CONG THUC RAYLEIGH - JEANS

Cudi cung, ndng suat birc xa tinh dwoec:

27C

———— COng thirc Rayleigh - Jeans

ks =1,381.1023 J.K-1 |a hang sb Boltzmann.
« Pung trong vung bwédc song dai ctia vang hdng ngoai.
« Khoéng dung cho vung buwéc song anh sang nhin thay va tir ngoai
* Ly thuyét séng dién tir cia Maxwell va thuyét déng hoc 1a PUNG

-TAI SAO khéng giai thich dwoc trong viing séng ngan?

CuuDuongThanCong.com
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I.1. BUC XA NHIET CUA VAT DEN

7. Giai thich két qua thi nghiém

B. CONG THU'C PLANCK

Sau khi nghién ctru ky cong thirc va luan diem
cua Rayleigh — Jeans, Planck cho rang:

1858 — 1847

“Cac nguyén tir, phén tir phat xa (hodc hap thu) nang luong dudi dang
btrc xa mdt cach gién‘ d‘oqn. Phan nang lrong ‘phét xa (ha){ hép thu)
dwdi dang birc xa co tan s6 via mét sé6 nquyén lan cua tich sé hv.”

E = nhv (n=1,2,3,..)

h =6,625.10-34 J.s : Hang s6 Planck

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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I.1. BUC XA NHIET CUA VAT PEN

7. Giai thich két qua thi nghiém

B. CONG THU'C PLANCK

Nang lweng trung binh duwoec tinh:

_ 1858 — 1847
E_Zﬁ:EneXp( E_/k,T) = he/\
a Z> " he/AkgT
> exp(-E, /kyT) e -1
Nang suat brc xa tim dwoc:  [Rt(h) = 2;0 ILCC/}‘ <:| Cbng thire Planck
Ak, T
e e —1]

That ngac nhién, cong thirc Planck mo ta dung cho dwéong cong thwce
nghiém doi vé&i moi budc song —— —

):> Planck nhan giai Nobel vao nam
1918 cho kham pha nay.

x4
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I.1. BUC XA NHIET CUA VAT PEN

8. Mot s6 két qua khong thé tin khac tir cong thire Planck

(1) B6i v&i bwde séng rat dai:

hc

<<1

k/IT —

Thu dwoc codng thirc Rayleigh - Jeans

(2) L&y tich phan cong thirc Planck:

[(T)= [R(T)dr =oT*
0

CuuDuongThanCong.com
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Thu duwoc dinh luat Stefan-
Boltzmann.
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I.1. BUC XA NHIET CUA VAT PEN

8. Mot s6 két qua khong thé tin khac tir cong thire Planck

(3) Bao ham cdng thirc Planck theo budc séng dé tim bwdc séng tng voi

nang suat blc xa cwc dai:

AR, (D) ey Hugng thym g

dA

{z= Dinh luat Wien

trén vat ly cd dién, di nhién 1a vé vong.

Chinh ban than Planck cling khong tin ndi gia thuyét tuyét voi ctia minh
cé dwoc két qua nhw vay, va éng phai mat 10 nam dé giai bai toan dwa

Ciing gidbng nhw Newton, Planck da tiéu tdn phan d&i con lai cia minh

dé chirng minh rang Chua Tri ton tai trén thé giéi nay.

Ly thuyét lwong tir va vat ly hién dai khéi dau tiv gia thuyét nay.

CuuDuongThanCong.com
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I.1. BUC XA NHIET CUA VAT PEN

BAI TAP

4.1  Nhiét d§ cia vat den tuyét ddi tang tir 500°K dén 2000°K thi nang sudt phit xa
toan phan cua no tang lén bao nhiéu lan ? \ ‘
a) 4 lan b) 16 lan c)64lan  d)256 lan

4.3 Nang sut phat xa don sdc ciia mot vat:
a) Chi phu thudc vao budc song ma vat phat xa.
b) Chi phu thudc vao nhiét do cua vat.
c¢) Chi phu thudgc vao budc song phat xa va nhiét dg cua vat.
d) Phu thudc vao budc song phat xa, nhiét d va ban chat cua vat.

44  So sanh kha nang hap thu, kha nang phat xa cac birc xa dién tir c6 cling budc song
A 6 cung mdt nhiét do T gilra vat A — 1a vat den tuyét d6i va vat B — la vat thong
thuong, két luan nao sau day la ding?

a) A phat xa manh hon B, hap thu yéu hon B.

b) A hap phat xa manh hon B, dnng thot cling thu manh hon B.
c)A hap thu yéu va phat xa yéu hon B.

d) A hap thu va phat xa giong hét B.
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I.1. BUC XA NHIET CUA VAT PEN

BAI TAP
4.6 Goi fA, g, fc lan Iuot la ti s glu‘a y f(v,T)
nang suat phat xa don sac va hé sé
hap thu don sic cua A — vit den tuyét
ddi, B — vat kim loai, B — vat b%’mg g5
¢ cung mot nhiét do T. Quan hé nao
sau day la dung?
a} fa=> g > fc
b) fa<ftg>fc
C} fA = fE = f{: -
d) fA = fB - ﬁ:‘ 0
4.9 Mot vat birc xa nhiét coi la vat den tuyét di, phat ra cac birc xa dién tir c6 bude
song A. Néu nhiét do cua vat 1a 300°C thi vat phat xa manh budc séng nao? Cho hing
s6 Wien b=2,9.10> m/K.

2) 9,67 um b) 5,06 um ¢) 6,13 um d) 1,03 um

4.10 Khi nhiét do cua vat den tuyét doi tdng 1én hai lan thi budce song rng vo1 cuc dai
clia ning suat phat xa ciia vat do sé:
a) tang 1én hai lan. b) tang lén 16 lan.
b) giam di hai lan. ¢) giam di 16 lan.

A%
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I.2. HIEU UNG QUANG PIEN +

1. Khai niém
Khi chiéu éanh séng c6 budc séng (tan sob) thich hop vao mét kim loai thi ¢
electron bat ra goi la hiéu trng quang dién. Cac electron bat ra goi la cac
quang electron.

2. Thi nghiém va két qua

THI NGHIEM
Light /9
CATHODE ANODE
*—> |
° 3 Electrons g
i

Evacuated quartz tube a
L

T
ll
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I.2. HIEU UNG QUANG PIEN 4>>

2. Thi nghiém va két qua

KET QUA
: Satoration o Khi V tang thi |, tang, khi V tiép tuc
P t tang thi |, = l,,.
i o Khi |, tang gap doi thi |, cling tang
2 ! gap déi.

o KhiV <0 thi I giam.
o KhiV=-V,=-U,thil, =0.

-V, 0 —
) |:> KOmax - el"h

Po dwoc U, sé biét duwoc
doéng nang cua €.

* Ie - Ias

* U, khéng phu thuéc vao I..
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I.2. HIEU UNG QUANG PIEN

2. Thi nghiém va két qua

KET QUA

o Khiténg tan sb anh sang thi U, tang

v

U,~v

= n =il

/ >V o K_.. phuthudéc vao v

-Voi1-Voz-Vos O => DS - -

20 . : o Knax khong phu thudc vao I
o 181 i — 5
'_g. - d l . N ~ yd ~
£ e | At Khi v < vy (A > Ay) thi khong c6 e bat ra
5 8] —
ra. 6
e ' ‘A s ‘ n > .

‘ e ~ 1 | Hiéu ing quang dién xay ra khi v > vy hay A < A,.

o2 4 s e yor ngwdng quang dién; Ay giéi han quang dién
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1.2. HIEU UNG QUANG DIEN +

3. Cac dinh luat vé hiéu trng quang dién

Dinh luat th nhat (dinh luat vé giéi han quang dién): Hiéu (ng quang
dién chi xay ra khi anh sang kich thich c6 buéc séng nhé hon hay bang
gioi han quang dién (A < A,)

DPinh luat thir hai (dinh luat vé cwérng dd dong quang dién bao hoa): Khi
xay ra hiéu tng quang dién, cwwong dé dong quang dién bao hoa ti Ié thuan
voi crong do chum sang kich thich (1, ~ 1)

———  Dinh luat thir ba (dinh luat vé déng nang ban dau cwc dai): Khi xay ra

hiéu &g quang dién, déng ndng ban dau cuc dai cta cac quang electron
khéng phu thuéc vao cwong dé cua chum sang kich thich ma chi phu
thudc vao buwdc song cua anh sang kich thich va ban chat kim loai dung

lam catod. :

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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I.2. HIEU UNG QUANG PIEN +

4. Thuyét lwong tir anh sang cia Einstein

Nang liong cua anh sang tap trung thanh nhirng bo
cé kich thude rat nhé va lan truyén véi van toéc bang
van téc &nh séng trong chén khéng c, nhiing bé nay
dwoc goi la photon (hay lwong tr anh sang), nang
long ctia mbi photon cla énh sang don séc tan sé v
tf 16 v&i tan sb nay qua hang sé Planck. (1879 - 1955)

E = hv = hc/A

Cwong dé anh sang = Nhv

Khi e nhan nang lwvgng hv tr photon thi e~ bat ra c6 déng nang:
N

Céng can thiét dé bit e ra khoi bé
— "mat kim loai

CuuDuongThanCong.com
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I.2. HIEU UNG QUANG PIEN

4. Thuyét lwong tir anh sang cia Einstein

Cac electron & mirc ngoai cung cua cac nguyén to

trén bé mat kim loai c6 W bé nhat la W,
W, dwoc goi la cong thoat.

=> Komax - hV - WO
hay hV - % - WO + KOmax

« Giai thich dwoc dinh luat 3: K

= COng thirc Einstein

Omax

« Dé e bat ra thi hv > W, hay v > v, (v, = W,/h)

A < A Ao = hcIW,

e v (L) va Wy; Kooy € |

(1879 — 1955)

Nhan giai Nobel
cho phat minh
nay vao 1905

as

} =) Thda dinh luat 1

- Tang cwdéng dd anh sang tire 1a ting s6 photon trong chum = déng
quang digntang =) Théa dinh luat 2

CuuDuongThanCong.com
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1.2. HIEU UNG QUANG DIEN *

Vi du : Chiéu anh sang c6 cwdng do 1,0 pW/cm?2 vao mau sat (Fe) dién tich

1,0cm2. Gid st mau sat phan xa 96% anh sang va chi cé 3% nang lwong bi

hap thu nam trong ving tim ctia phé cé tan sé Ién hon tan sé nguwdng.

(a) Tinh cwdng dd kha dung dé hiéu ng quang dién xay ra?

(b) Gia st tat ca photon trong vung tim c6 buwéc séng 250nm, cé bao nhiéu

electron thoat ra mdi gidy? Hiéu suat quang dién la 100%

(c) Tinh cwdng dd dong dién qua dién ké G theo don vi Ampe?

(d) Néu tan s ngwdng la v, = 1,1.10"5Hz, hay tim céng thoat cla electron doi
Vi s

(e) Hay tim hiéu dién thé ham cla sat néu cac quang electron dwoc tao ra voi

O

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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I.2. HIEU UNG QUANG PIEN

5. Khéi lwong va déng lwong cua photon

Theo Einstein, PHOTON la HAT va ANH SANG 1a CHUM HAT

>

Anh sang vira cé tinh chat séng, vira cé tinh chat hat

Vay, khdi lwong? Bong lwong clia photon?

Theo thuyét twong déi cha Einstein:

: m,c’

Nang lwong toan phan cua hat: :::>E - >
\%

]——

CZ
Bong nang —— Nang lvong nghi

CuuDuongThanCong.com

Do6i véi photon: v =c¢

l

Khéi lwong nghi:
m,=0

bong lvong:
p =E/c=h/A
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I.2. HIEU UNG QUANG PIEN

5. Khéi lwong va déng lwong cua photon

Vi du: Mot bong dén phat ra céng suat 100 W. Biét hiéu suat cta bong

dén phat ra trong ving anh sang nhin thay la 3%.

(a) C6 bao nhiéu photon thudc anh sang nhin thay phat ra méi giay? Gia
st bwdc song trung binh clia anh sang nhin thay 1a 500 nm.

(b) Toan bd sb photon nay héi tu tai mot to giday den va bi hap thu hét. Tinh
dC)’ng lwong ctia modt photon. Tinh lwe do tat cd photon tac dung 1&8n toi
giay.

s
[
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1.3. HIEU UNG COMPTON
(Tan xa Compton)

1. Thwec nghiém

Hiéu rng quang dién cho thay anh sang la dong hat photon c6 nang
Iwong va dong lwong xac dinh.

Néu la hat, liéu photon c6 va cham dwoc véi electron khéng? -

THUYC NGHIEM KET QUA

Bia carbon Cuongdj - Cuongdp -

| ' - - . - —
| 4 .
| \ . N
(= ko A= Ay N =) Arthur Holly Compton
(1892 —1962)
#=135°f1
I
Nguon tia X :
ﬁong ion hoa :
&

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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I1.3. HIEU UNG COMPTON
(Tan xa Compton)

2. Tim biéu thirc dé dich chuyén bwéc séng

. L y 4 D/p
Dinh luat bao toan nang lwvong: ; p El\; -
Photon t6i i reen s
2 P —— "
hv+m_c® =hv'+ = WA B | / *
1— v? ) ; ; Photon
: v’,R
Dinh luat bao toan déng luvong: 1
—— Khio=0,Ar,,=0
p=p+p
c a
Khi 6 = 180°, Ak, = 2h/m_C

Chiéu xudbng truc x va y, ta tim dwoc s ,
Nang lwgng photon sau tan

Ad =g = D (1—cos 0) = 2h . 20 xa E’ nhw thé nao néu biét
m_c m_c 2 nang lwong photon trwdc tan

xa E?

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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1.3. HIEU UNG COMPTON
(Tan xa Compton)

2. Tim biéu thirc dé dich chuyén bwéc séng

Bwdc song Compton: /

A, = him,c = 0,0243 A® = 2,43.10"'2 (m)

Photon t&i cé nang lwong Ién hon nhiéu so véi ndng lwong nghi cda
electron (~511 keV) thi c6 thé quan sat dwoc hiéu irng Compton?

KET LUAN

Qua 03 hiéu wrng: Blrc xa nhiét, hiéu trng quang dién va hiéu rng

Compton chirng td anh sang (blrc xa dién tir) cé tinh chat hat.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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1.3. HIEU UNG COMPTON
(Tan xa Compton)

EXAMPLE 27-8 | X-ray scattering. X-rays of wavelength 0.140 nm are

scattered from a very thin shee of carbon. What will be the wavelengths of X-rays
scattered at (a) 07, (b) 907, (c) 180°7

Example 2

X-rays with an energy of 300 keV undergo Compton scattering with a target.

o If the scattered X-rays are detected at 30° relative to the incident X-rays, determine the Compton shift
at this angle, the energy of the scattered X-ray, and the energy of the recoiling electron.

g
-
2 , =
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1.3. HIEU UNG COMPTON
(Tan xa Compton)

BAI TAP

Chap1'27, Problem-28: A beam of 0.68-nm photons undergoes Compton scattering from free

electrons. What are the energy and momentum of the photons that emerge at a 45° angle with respect to the
incident beam?

Problem 8.
Calculate the scattering angle and the energy transterred to the electron com-

pared to the energy of the incoming photon in a Compton effect, if at wavelength
A =0.01nm AX = 0.0024 nm.

] Example 3.7

X rays of wavelength 02400 nm are Compton-scattered.,
and the scattered beam is observed at an angle of 60.0%
relative to the mcident beam. Find: (@) the wawvelength
of the scattered X rays, (5H) the energy of the scattered
MN-ray photons. () the kinetic energy of the scattered

clectrons, and () the darectrion of trawvel of the scattered
electrons.
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~ Chuong 2 '
TINH CHAT SONG CUA VAT CHAT

E, Anh sang!
Anh la song hay

Toreidng khdng
biét ntra! Co
nguwdi bao toi la
hat, c6 nguQi
bao tbi la séng?

A, anh VAT CHAT la
song hay hat?

roi, nhwng khong
biét t6i co la song
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I1.1. GIA THUYET DE BROGLIE

“Bat ky hat nao ma cé khdi lwong khac khéng
(electron, proton, qua bong,...) chuyén dong voi
déng luong p thi két hop véi mét séng cé bude séng
A lién hé voi dong luong p’.

A E h= 6,6?5.10‘34 J.s=
D hang sO Planck

Buw&c séong De Broglie (bwéc song vat chat)

v

Louis de Broglie (1892-1987,

? Bwéc song vat chat dai hay ngan? Liéu ta co thé

quan sat dwgc khéng? c
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I1.1. GIA THUYET DE BROGLIE

| Example 4.1

Compute the de Broghe wavelength of the followimnmg: (a) A
1000-kg automobile traveling at 100 m/s (about 200 mih).
(H) A 10-g bullet traveling at 500 m/s. () A smoke particle
of mass 10—° g moving at 1 cmv/s. (d) An electron with
a kimetic energy of 1eV. () An electron with a kinetic
energy of 100 MeW.

solutions

(@)L =6,6.103m
(b) A =1,3.103 m
(c)L=6,6.10"m
(d)A=12nm ]_ Bwdc song co cung kich thuwéc véi hat nhan —
(e) 2 =1,2fm nguyén tir!

<_>

Quéa nhd, ta khéng thé quan séat duwoc trong
phong thi nghiém!

Chi c6 cac hat dwéi nguyén t&r méi cé co hdi quan sat
dwoc tinh chat séng cua nd!
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I1.2. CAC THUC NGHIEM KIEM CHUNG

1) Thwec nghiém Davisson - Germer

Chi c6 tinh
b chat séng moi
thu nhan dwoc
blrc tranh nay

S

Bia tinh thé Ni 54 U(v)
Hinh 2.6a: So d6 thi nghiém. Hinh 2.6b: Két qua thi nghiém.

- | TV két qua thi nghiém nay, ta tinh bwéc song electron da vao tinh
chat séng va tinh chat hat cua electron, liéu c6 nhw nhau khéng?
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I1.2. CAC THUC NGHIEM KIEM CHUNG

1) Thwec nghiém Davisson - Germer

Tinh toan dwa vao tinh chat séng cta electron

&

| NHI

[T

U XA

Incident
ray Y

pifiracted  DINH LUAT BRAGG

ray

dsmo=n\ n=123,...

———————— | V6id =0,215nm, ¢ = 50° va n =1

\ 4

A=0,165 nm
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— vaK="54¢eV

I1.2. CAC THUC NGHIEM KIEM CHUNG

1) Thwec nghiém Davisson - Germer

Tinh toan dwa vao tinh chat HAT cua electron

Bwdc song De Broglie

V&i h =6,625.1034Js, m = 9,1.10-3"kg

A

A=0,167 nm

i:} Tir hai phép tinh trén, nhan thay rang electron cé tinh chat SONG.
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I1.2. CAC THUC NGHIEM KIEM CHUNG

2) Thwec nghiém G.P. Thomson

. - Két qua
wC ngniem Screen > s oar X
5 Chi c6 tinh chat
ﬁD 5 song moi  co
et hinh anh nay!
P —
..i'f.-"#,r - -
AL a S
g -"'*n.h[j'ﬁ"f:}
Crystal

Electron beam

V&i két qua nay, Thomson cuing Davisson — Germer cuing nhan giai Nobel
vao nam 1937

Chu y rang cha cia G.P. Thomson, J.J.Thomson nhéan gie’}i Nobel vao nam
1906 cho viéc kham pha ra electron va do ti so e/m.
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I1.2. CAC THU'C NGHIEM KIEM CHUNG

3) Cac thwc nghiém khac

100

152 \ proton

1072 ﬁ\l&

s ¥,
%

0 4 8 12 16 20 24 28
Scattering angle (degrees)

neutron

Intensity of scattered protons

FIGURE 4.7 Diffraction of neutrons

by a sodium chloride crystal. FIGURE 48 Diffraction of 1-GeV

protons by oxygen nuclei. The pat-

Cac két qua khang dinh rang, ngoai electron ra thi cac hat khac déu cé
' tinh chat SONG.
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I1.2. CAC THU'C NGHIEM KIEM CHUNG

| Example 4.2

Protons of kinetic energy 1.00 GeV were diffracted by
oxygen nuclei, which have a radius of 3.0 fm, to produce
the data shown 1n Figure 4.8, Calculate the expected angles
where the first three diffraction minima should appear.

DPap s6: 6 = 8,5% 0 = 17,20; 0 = 26,4°
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I1.3. HAM SONG

Vat chat cé tinh chat SONG. Vay SONG cua vat chat la séng gi? Séng
co hoc? Song dién twr?

1) Ham séng va y nghia xac suat

¥: Ham séng

Séng vat chat 1a song XAC SUAT
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I1.3. HAM SONG

Y nghia xac suat cia ham séng

“Ban thdn ham séng Y(x, y, z, t) khéng c6 y nghia vét ly truc tiép, ma chi
binh phuong cua tri tuyét déi caa no,|¥Y(x, vy, z, t)|? méi la mot dai lwong vt
ly ma chung ta c6 thé do duoc. |Y(x, v, z, t)|? cho biét xac suét dé hat nam
trong mét don vi thé tich bao quanh diém (x,y,z) tai thoi diém t. Do d6 nguoi
ta goi [ (x,y, z, t)|? la mat db xéc suéat’.

la xac suat dé hat nam trong thé tich vi phan

|:> ‘\V(X,y,x,t)‘de: dV = dxdydz bao quanh diém (x,y,z) dé tai
thoi diém t.
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I1.3. HAM SONG

2) Diéu kién chuan héa va nguyén li chong chéat trang thai

* Piéu kién chuan hoéa

[jw(E tf av =1

(V)

CXéC sgét phat hién hat trong toan bd khén
gian bang 100%

* Nguyén |i chdng chat trang thai

Y= \Pl + \Pz +....\Pn

\Pl +LP2 +....LPn =¥

+’HAM SONG la ham TRANG THAI

CuuDuongThanCong.com

=
=

M6t ham song co thé tach ra
thanh nhiéu ham song

Nhiéu ham song két hop
thanh mot song maoi.
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I1.4. NGUYEN LI BAT PINH HEISENBERG

Wﬂm‘mjm ¢ H.at CO song f\hu’.va’y k,hong’] the xac
dinh chinh xac vi tri cua no6, nhung
(@ c6 thé biét chinh xac buwdc song
cua no!

(®) Hat c6 séng nhw vay co thé xac
dinh chinh xac vi tri cia nd, nhwng
khéng biét chinh xac bwdc song
cua no!

1) Bat dinh veé toa do va dong lwong

Ta khéng thé do chinh xac dong thoi cé b
toa d6 va dong lwong cua mot vi hat AXxAp = —
trong mét hé lvong ti. 2
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I1.4. NGUYEN LI BAT PINH HEISENBERG

Wﬂm‘mjm ¢ H.at CO song f\hu’.va’y k,hong’] the xac
dinh chinh xac vi tri cua no6, nhung
(@ c6 thé biét chinh xac buwdc song
cua no!

(®) Hat c6 séng nhw vay co thé xac
dinh chinh xac vi tri cia nd, nhwng
khéng biét chinh xac bwdc song
cua no!

2) Bat dinh vé nang lwong va thoi gian

Ta khéng thé do chinh xac dong thoi cé
nang lwong va thdi gian ciia mét vi hat AE x At 25
trong hé luvong tw.
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I1.4. NGUYEN LI BAT PINH HEISENBERG

| Example 4.5

An electron moves m the x direction with a speed of

3.6 x 10° m/s. We can measure its speed to a precision of
1%. With what precision can we simultaneously measure

Pap sb: Ax = 1,6 nm

its x coordinate?

| Example 4.6

Repeat the calculahons of the previous example in the case

of a pitched baseball (m = 0.145 kg) moving at a speed of | Dap sO: Ax=8,6.103 m

95 m/h (42.5 m/s). Again assume that its speed can be
measured to a precision of 1%.
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I1.4. NGUYEN LI BAT PINH HEISENBERG

| Example 4.8

(@) A charged pi meson has a rest energy of 140 MeV
and a lifetime of 26 ns. Find the energy uncertainty of the
p1 meson, expressed m MeV and also as a fraction of its
rest energy. (b) Repeat for the uncharged p1 meson, with
a rest energy of 135 MeV and a lifetime of 8.3 x 1077 s,
(c) Repeat for the rho meson, with a rest energy of 765 MeV
and a lifetime of 4.4 x 107*s.

Dap so:

(a) AE/E = 9,05.10-17
(b) AE/E = 2,94.10°
() AE/E = 0,1

| Example 4.9

Pap sb6: Av = 5,3.10-34

Estimate the mimimum velocity that would be measured m/s

for a billiard ball (m ~ 100 g) confined to a billiard table
of dimension 1 m.
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CHUONG 11
PHUONG TRINH SCHRODINGER

lll.1. Phwong trinh Schrodinger

"'El- i

E__

P

Erwin Schriodinger

11.2. Hat trong ho thé mét chiéu

(1887-1961)

111.3. Hiéu &ng dwéng ngam
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I11.1. PHUONG TRINH SCHRODINGER

HAM SONG

Tinh chat, khai niém

T~

~

Tim nhw thé nao, dwa vao phwong
trinh nao?

Pa biét

~

Chwa biet

?

Phwong trinh Schrodinger

/

Phu thuéc th&i gian

CuuDuongThanCong.com

N\

Khéng phu thudc théi gian
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I11.1. PHUONG TRINH SCHRODINGER

1. Phwong trinh Schrodinger phu thudéc th&i gian

Ham song clia mét hat cé nang lwong E chuyén déng trong mét trwéng thé U:
LII(X, t) — Aei(kX—(Dt) (1)

|

M6 ta song truyén theo phwong x va song truyén theo phwong nguoc lai

7

SONG DUNG

= Dbivoihattwdo (U=0): |p=hk| va |E=ho

o
Tw (1) |:> ol —k>W Ta dung:
E = p?/2m = R%k?*/2m
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I11.1. PHUONG TRINH SCHRODINGER

1. Phwong trinh Schrodinger phu thudéc th&i gian

2 2 9
Thu dwoc: _ﬁ_@_‘l’ _ P g (2)
2m Oz 2m

Twong ty: %_T = —jwWv Tadung: |[E = hw
v
Thu dwoc: ih%—t = hwt = EW.

Khi hat chuyén déng trong trueéng thé V(x) |:> E = PE/Z’-"”- + Vi(z)

2

_ P ,
|:> EVv = %‘I’-I-V(LE‘)‘I‘ (3)
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I11.1. PHUONG TRINH SCHRODINGER

1. Phwong trinh Schrodinger phu thudéc th&i gian

Thay (3)vao (2): | n’ aZLIJ+V(><)LP=iha—LP (4)
2m gy 2 ot
~

Phwong trinh Schrodinger cho hat chuyén déng mét chiéu

Co hoc co6 dién

Phwong trinh Newton

F=ma

Giai phwong trinh cho ta biét vi tri
cua hat theo th&i gian

CuuDuongThanCong.com

Co hoc lvong twr

Phwong trinh Schrodinger

(4)

Giai phwong trinh cho ta biét xac
suat cua hat trong khong theo thei
gian
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I11.1. PHUONG TRINH SCHRODINGER

2. Phwong trinh Schrodinger khong phu thudc th&i gian

P (x,t) = Aei(kx_wt)

U(z,t) E*ﬁ
;@( DY

Phu thudc thoi gian

Phu thuéc khong gian

B dy(x)

_2 - e zEtﬂi_I_V( ) ( ) —1Etfh_iﬁ iE/ﬁE_i’Etm ( ) Et,,‘( ) —zEtﬁﬁ,
m M

Rut gon, ta thu duwoc:
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I11.1. PHUONG TRINH SCHRODINGER

2. Phwong trinh Schrodinger khong phu thuéc th&i gian

h? d%i(x) | |
—5 73 + Vi(z)Y(x) = EY(x)
< £ . d2 2
Sap xep lai: d\V(zX)JF I;[E—V(X)]\V(X)=O
X h

~

Phwong trinh Schrodinger cho hat chuyén déng mét chiéu

CHUNG TA SE LAM VIEC TREN PHUONG TRINH NAY
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I11.1. PHUONG TRINH SCHRODINGER

3. Piéu kién cia ham séng

o Hitu han, néu khéng thi diéu kién chuan héa khéng dugc
thoa man,

o Pon tr1, vi ing von moi trang thai, tai mét vi tri va tar mot thn
diém chi co mot xac suat tim thay hat,

o ¥ va dao ham béc nhat cua né theo cac toa do khong gian phai
lién tuc. Diéu kién nay la do phurong trinh Schriédinger ¢é chira cac
dao ham béic hai cua W theo cac toa d6 khong gian. Pé phuong trinh
¢0 nghia, dao ham bac hai cia W phai hitu han, muén vay thi ¥ va
dao ham béc nhat cua no theo toa do phai lién tuc.
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I11.1. PHUONG TRINH SCHRODINGER

3. Piéu kién ctia ham séng

. ~ -
/ /o / «—f—— KHONG
v N
()
N\ Ya%s
o ‘ \ /| «<+—— KHONG
HAM SO‘NG NAO THOA '
DIEU KIEN? (&)
~ |__\.
/| Y
Ift']
-
(e)
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I11.2. HAT TRONG HO THE MOT CHIEU

i)

ikt

g g (]

I
1II| 1 |i w khi x<0
A = V

° - 2 U(x) =140

w khi x=a
L--Lrﬂ
U=0

khi 0<x<a

U(x)

-

a X

Hinh 3.1: Hinh anh mét hé
thé mot chiéu

Phwong trinh Schrodinger trong trweéng ho’p nay:

hay

dx” i

dlq.r(:l-:]+2m By (x)

0

2
d d“:i(;{] + kzm[x)

0

CuuDuongThanCong.com

(1)

vOi

Xét hat chuyén doéng tw do trong 0 <x < a
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I11.2. HAT TRONG HO THE MOT CHIEU

Phwong trinh (1) cé nghiém:

. A="7?
w(x)=Asin(kx) + B cos(kx) B =
Dwa vao diéu kién bién  w(0)=y(a)=0 w(0)=B=0
E> w(a)=Asin(ka)=0
sin(ka) =0
= k=nm/a m=1,2,3...) 4 E, = 16K,
nht o, _
hay E“ =2m33 1 j{n_ Ijz} 3"‘] n=3 Eq=9E,
< >
Nang Iwgng bi lwong tir hoa - s
| O trang thai lwgng tir, hat luén chuyén déng! =l E = Eg
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I11.2. HAT TRONG HO THE MOT CHIEU

Bay gi® ta tim hang so6 A?

Dwa vao diéu kién chuan héa cia ham séng

hw(x]ldx =1

) A-.2/a

IAE sin“(n.mx/a)dx =1
LIl

Vay ham séng cda hat trong hé thé thu dworc la:

v (x)=+2/asin(n.mx/a)

Tuy nhién, ban than ham séng khéng cé y nghia vat ly, ma chi cé6 mat
do xac suat méi coé y nghia vat ly.
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I11.2. HAT TRONG HO THE MOT CHIEU

Mat do xac suat phat hién hat:

x 2 . L nux
— ul -
Wy, (x) ==sin"| —
n=1 n=23
g e e T A
= = s 1 7 3 F: 1Y
- . y. 3
- - K ’ % £
=7 B £ ) s \ F b
& y £ 3
- o . B, o \ 4
I 1 ) N = T
x=0 r=L x=10 ™ g r=L
"'~-~-.._\___.--'K
n=2 n=4d
.-"’_‘-‘ s A £ .-f“\ -’f\\
- '\_\ # LY i % Jl'r "'5' F L ! A
Fa LY .1
m £ : Pxﬂ{i f B ,'i/ﬁ\" -"Ir 1I'-.
& » F, -
.-'.';.')‘f B B ,"é \"’ \,-"/ s H‘.-'I
r 3 A "\ ™ A
o
r=10 -, wx =L =1 % kK % =L
. _____.-' e i

FIGURE 5.11 The wave functions (solid lines) and probability densities (shaded regions) of the first four
states in the one-dimensional infinite potential energy well.
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I11.2. HAT TRONG HO THE MOT CHIEU

| Example 5.2

An electron i1s trapped 1n a one-dimensional region of length
1.00 x 10~1% m (a typical atomic diameter). (a) Find the
energies of the ground state and first two excited states.
(5) How much energy must be supplied to excite the elec-
tron from the ground state to the second excited state?
{c) From the second excited state, the electron drops down
to the first excited state. How much energy 1s released in thas
process?

| Example 5.3

Consider again an electron trapped in a one-dimensional
region of length 1.00 x 107" m = 0.100nm. (a) In the
ground state, what 1s the probability of finding the electron
in the region from x = 0.0090 nm to 0.0110 nm? (5) In the
first excited state, what i1s the probability of finding the
electron between x = 0 and x = 0.025 nm?

CuuDuongThanCong.com

Pap sb:

(a)E,=37,6eV
E, = 150,4 eV
E, = 338,4 eV

(b) AE = 300,8 eV
(c) AE = 188 eV

Pap sb:
(a) P, = 0,38%
(b) P, = 25%
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I11.3. RAO THE - HIEU UNG PUONG NGAM

JUix)
0 khi x <0 Ug
. l I 11
U=4U, khi O<x<a —Ei'-
0 khi x = a =
0 a x

Hinh 3.4: Hang rio thé hinh chir nhat.

3

o Mién (I) va (III): d—"';’+k§\p=n, kf=3_'}’E
dx h*
. A d_l.l..[ 3 3 EI]'I
o Mién (II): —-—kly =0, kI==-[U,-E]
dx~ i~
— ]

»Song tdi trong mién |

v, =B YB e

v, =Ae™ +Be

L S6ng pxa trong mién |

Song PXA trong mién I

£ ik, (x=a) =ik, (x=a)
Wi = Ale | BJE |

————I"Sdng truyén qua trong mién I
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I11.3. RAO THE - HIEU UNG PUONG NGAM

Pé tim A, va B, ta can cac diéu kién:

ll'rj([:.]=]'l"][[ﬂ) e Ay +B1=A2+Ba>

d&{ _dyy e iki(A; — By) = -ka(As — By)
dx | dx

1 jl> s Ae ™ +Be " =A
1|J'J[[ﬂ]:“l"[u{ﬂ] - . :

_d\.p I = _dlp L e -k, [Az':_kla - Bzekla ]= ik A,
dx dx

X=a =1

Hé so truyen qua:

-

2
16n ~Tk.a n= K _ =
k, \Uy-E

D=|A3

2

2
Al | | D-

N

Néu U, = 10E thi D = expli—zf\fﬂm(ljn —E)}
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I11.3. RAO THE - HIEU UNG PUONG NGAM

7.20. D61 véi hat ¢6 nng lrong E < Up tdi rio theé cd dang:

0 x<0
U(x)=
u xz0
. . . . . 2mE
Vi, x < 0 ham song co dang: yg(x)=Asinkgx +Beoskyx, kj = -
h=

_ |’2m Uy,—-E
Vo, x = () ham song co dang: qu{x}=Cek'x +De Eix, k)= #
ﬁ_

Hay ap dung diéu kién bién tai x = 0 dé tinh ham s6 B va D theo A

7.30. Mot chum proton ning luong 25 MeV tdi rao thé c¢6 chiéu cao U = 20 MeV. Tinh % so hat
phan xa va % so hat truyén qua.

(xem vi du 3.5 trong giao trinh)
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

Me"T,u nguyén twr nay dwoc kham pha boi Rutherford va Bohr, cho
thay rang electron quay quanh hat nhan giong nhw cac hanh
tinh quay quanh Mat Troi vay!
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.1. Cac tinh chat co ban cuia nguyén tir

O Nguyén tir 1a rat nhé, ban kinh khoang 0,1 nm
=) Moi cb gang dé nhin thiy nguyén t& bang anh sang nhin thay l1a vé vong

O Nguyén tir 1a bén virng
Nguyén t& khéng tw nhién v& ra thanh cach hat nho hon, cho nén cac
# ndi lwc gilr nguyén tir véi nhau phai can bang nhau.
O Nguyén tir chira electron mang dién am, nhwng né lai trung hoa
dién tich
» Néu ta Idm nhiéu loan nguyén tlr bang mét lwc A manh thi cé electron
phat ra.

0 Nguyén tir co6 thé phat xa va hap thu birc xa dién tir
mm) Gilip ta biet dwoc cau tric nguyén tu.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.2. Mau nguyén tir cia Thomson

“Bé't ky thiy gl‘ ma mang dién tich X Electrons
phai c6 nguén goc tw vat chat ké ca et S
cac hat bén trong vat chat” - [ B

Thomson cho rang, nguyén tir c6 dang hinh

cau mang dién tich dwong va cac electron Q
phan b6 deu bén trong nguyén twr, né giong
nhw 13 sw phan b6 cia nhirvng hat nho khé
trong cai banh pudding.

e @
Bahh puddin
; .p ding

-
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.2. Mau nguyén tir cia Thomson

Gdc tan xa cua hat mang dién dwong (hat alpha) v&i nguyén ti

0=+/N(0)

Theo mau ctiia Thomson thi goc tan xa <6> phai Mau Thomson
Ion, nhung thwe nghiém lai xac dinh dwgc <0> =) khéng diing
kha nhd?
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.2. Mau nguyén tir cia Thomson

MAau nguyén ttr dang nay co6 thé giai thich dworc:

* Sw trung hoa dién tich cua nguyén tu.

- Nguon goc cua electron.

« Nguon goc cac tinh chat hoa hoc cta nguyén to.

Tuy nhién mau Thomson khéng giai thich dworc:

« Cac vach phd nguyén tl (theo nhw mau nay thi cac blc xa phat ra la
don sac; tuy nhién thwc nghiém véi nguyén t&r hydro cho thay mot day
cac vach roi vao cac vung khac nhau cta pho dién tw).

< Phong xa (ban chéat cua cac tia phat ra va nguén gbc cla ching trong
nguyén tr).

% Tan xa cua cac hat mang dién b&i nguyén tir.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.2. Mau nguyén tlr cia Thomson

Vi du 1: Xét mot electron nhu hinh v& bi giam trong mot hinh cau mang
dién tich +Ze tai khoang cach r tinh tir tdim hinh cau.

(a) Bang cach dung dinh luat Gauss, hdy chimg minh rang dién trudng trén
electron la

1 Ze
E= T
47580 R3 \
(b) Tinh lgc dién truong tac dung lén electron. R/r s

Vi du 2: (a) Tinh tan s dao ddng cla electron va bwéc séng phat xa hodc
hap thu trong nguyén t& hydro theo mau Thomson. Dung R = 0,053 nm. So
sanh v&i budc séng phat xa hoac hap thu dai nhat quan sat dwoc 1a 122
nm. (b) Lap lai phép tinh dbi véi nguyén tir Na (Z = 11). Dung R = 0,18 nm.
So sanh v&i bwéc séng quan sat dwoc la 590 nm.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.3. Mau nguyén tir caa Rutherford

Mong doii Ngoai mong doi
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.3. Mau nguyén tir cia Rutherford
Nam 1911, Rutherford da dwa ra mau hanh tinh nguyén tcr.

a Theo mau nay, nguyén tor gom mot hat nhan mang
gan nhw toan bé khéi lwong nguyén tor nam & tam,
xoay quanh cé cac electron chuyén déng.

O Hat nhan tich dién du’o’ng, dién tich am cua cac
electron cé gia tri bang gia tri dlen tich dwong cua
hat nhan.

ad Nhwng theo thuyet dién tw c6 dién, khi electron
chuyen dong cé gia téc xung quanh hat nhan tat
yeu sé phai birc xa nang lwong va cudi cing sé rovi
vao hat nhan

—Nhw vay nguyén tw sé khong ton tai.

Thém vao do, khi nghién clru quang pho phat sang cta nguyén tir
Hydro, ngwoi ta thu dwoc quang phé vach.

— Cac sw kién dé vat li co dién khéng thé giai thich dworc.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.4. Mau lwong tir cia nguyén ttr (mau nguyén tir Bohr)

Tt nhirng thanh céng cua li thuyé; lwong tr cua Planck va Einstein,
nam 1913 Bohr da de ra mot li thuyéet méi ve cau trac nguyén tw, khac
phuc nhirtng mau thuan cia mau hanh tinh nguyén tir cia Rutherford.
D6 chinh la tién dé cho sw ra d&i cia co’ hoc lwong tir.

Bohr da tré& thanh mot trong nhirng ngwoi da dat nén méng cho mé6n co
hoc m&i do khi 6ng bat nhip cau gilra hai the gioi vat li: thé gioi vi mo
va thé giéi vi mo.

Quy dao cao, E,

Quy dao thép,
*Tién dé 1
*Tien de 2

hv

Hap thu photon Phat xa photon

Niels Bohr (1885-1962)
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro

4.5.1 Nang lwong nguyén twr hydro ) -
Lwc hat Coulomb bang véi lwe hwéng kezl
tam cua electron va theo dinh luat Il / :
Newton, ta co:

electron

‘—#,..__._._
.-f'. .

v B ke’ (4.1) Y ,
m f— 2 ‘\. f
r r s .

ke*
my* = —— (4.2)

I ’/'

Pong ning cua electron 1a K = mv2/2 va thé nang dién cta né 1a U = - ke?/r,

Péi v&i electron chuyén déng tr@n quy dao tron quanh hat nhan thi
doéng nang va nang lwong toan phan la
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.1 Nang lwong nguyén twr hydro

K=—1y (4.3)
2
2
EogiU-ty—_lke” (4.4)
2 2 r

Nang lwgng toan phan cé gia tri am cho thay rang electron lién ket
v&i hat nhan va khéng thé thoat ra ngoai nguyén tu.

Phép phan tich & trén la dwa vao co hoc c6 dién va khéng chi ra
dwoc nang lwong cua electron bi Iwong twr héa.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.1 Nang lwong nguyén twr hydro

Gia thuyeét ctia Bohr cho rang mémen dong lwgng cta electron (L = mvr)
bi lwong ttr héa va bang bdi so cua hang so6 Planck, doi v&i quy dao
tron:

L:mvr:ni:nh (44) h=£=1,055><10_34].8
2T 271

Khi dé, ban kinh qui dao cua electron tinh dwoc:

2 2 2.2
S m{ﬂ} g rn:nzh —nZa, | (4.5)
r ke“m

ban kinh quy dao cua electron bi lwong tir hoa

2

h
ag =—5—=0,0529 nm| ban kinh Bohr
ke“m
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.1 Nang lwong nguyén twr hydro

T ban kinh quy dao r, c6 thé tinh dwoc cac mirc ning lwong trong
nguyén tr hydro nhw sau:

ke’ 1
E = _i_z (4.6)
2a, n
Sv lvong t&r héa nang lvong
B, = 13,26 (V) (4.7)
n

S6 nguyén n rng v&i cac gia tri nang lwong gian doan ctia nguyén
ter dworc goi la so Iwong twr chinh.

Trang thai dirng thap nhat dwoc goi la trang thai co ban cé6 n =1 va
c6 nang lwong E; = -13,6 eV. Trang thai tiep theo dwoc goi la trang
thai kich thich thir nhat cé6 n =2 va c6 nang lwong E, = - 3,4 eV.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.1 Nang lwong nguyén twr hydre

 Nang Ilwgng
nguyén t& hydro theo tinh toan
cua Bohrla 13,6 eV.

4

ion hoda cua

Dung vé&i gia tri thwe nghiém

Nang lwong photon hap thu hay
phat xa tr nguyén t&r hydro trong
qua trinh electron dich chuyén
gi(ta quy dao n va m (n > m) co
thé xac dinh dwoc

E,=E,-Ej =

k€2

1

1

230

|

m2

n2

|

CuuDuongThanCong.com
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Lo o |

i

'4 W
2% _'I’ yYTYTv
paschen
B i § W ¥ ¥
Banmer

ITT'T

Lyman
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro

4.5.2. Cong thirc Balmer-Rydberg

Vao nam 1885, mot thay giao ngwdi Thuy Sy tén la Jakob Balmer
(1825-1898) da phan tich so6 liéu vé pho nguyén tir hydro va cho thay
rang cac bwéc séng cua birc xa phat ra quan sat dwoc lién hé theo
coéng thirc:

1 1 1

~ —Rul———_1In=3,4,5,86. (4.9)
A H(4 nzj

theo Balmer gia tri cia R, = 0,0110 nm-"

S'au doé Johanes Rydberg phat trién thém céng viéc cua Balmer cho
tat ca cac vach pho phat xa gl]a nguyén tr hydro, va cho rang bwéc
séng cua cac vach quang pho quan sat dwoc théa man:

1 | |
X:RH(—z——zl m<n (410)

m n

cdng thirc Balmer - Rydberg , va R, 1a hang so Rydberg.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro

4.5.2. Cong thirc Balmer-Rydberg
Vao nam 1913, Niels Bohr da phat trién mét mau nguyén tlr méi dé da
giai thich cho trwoong hop pho hap thu va phat xa cua nguyén tw
hydro.

Céng thirc Balmer - Rydberg dwoc viet dwéi dang ’néng lwong
photon phat ra khi electron chuyén twr trang thai nay déen trang thai
khac nhw sau:

1 1
Ey:Rhc( >~ 2) m<n (4.11)
m- n

Hang sé Rydberg dwoc tinh nhw sau:

2
R ke 1 _ 1,44eVnm 1 —0,0110nm™
2a, hc  2x0,0529nm 1240eVnm

Phu hop vé&i gia tri thwe nghiém cua Rydberg
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.2. Cong thirc Balmer-Rydberg

| Example 6.6

Find the wavelengths of the transitions from n; =3 to bap so:
n, = 2 and from n; = 4 to n, = 2 in atomic hydrogen. Azo = 656,1 nm
Ago =486 nm

| Example 6.4

) | - Pap sob:

iFI.I.. series limit of the la:r-LJ.'mn.mnesmn : 3) 18 E!-.J.:I..l . 7\‘1 = 1875 nm

What are the three longest wavelengths of the Paschen

series’ 7\‘2 =1281 nm
Az = 1094 nm
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.2. Cong thirc Balmer-Rydberg

Sau khi biét dwo'c kham pha cua Bohr, Lord Rutherford phat biéu:

“| y thuyét lwong tir vé phé nguyén tir cia Bohr la mét trong nhirng
cuéc cach mang vi dai nhat, va téi khéng biét cé ly thuyét nao thanh
céng hon thé.....Téi xem céng viéc ctua Bohr la mét trong nhirng
thanh twu Ién nhat caa tri tué loai nguwoi”.

Trong khi d6, Albert Einstein néi ngan gon sau khi biét tinh toan ly
thuyet vé hang s6 Rydberg:

“D6 la mét trong nhitng kham pha vi dai nhat’.
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro
4.5.2. Cong thirc Balmer-Rydberg

Bohr da thay rang c6 mét so vach bi an nao d6 quan sat dwegc trong
Mat Tr&i va cac Vi Saq khéng thé'do nguyén tr hydro tao ra ma da
dwoc dw doan ding bang ly thuyet cua 6ng, dé chinh la ion helium
(He*).

Ban kinh quy dao cua nguyén twr & trang thai n:

7. a
= (%) (4.13)
Nang lworng cua nguyén twr & quy dao thw n:
2 2 2
B, = _&(Ej - —13,6(eV)(Zj (4.14)
2ap \ n n
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

4.5. Nguyén twr hydro

4.5.2. Cong thirc Balmer-Rydberg

| Example 6.7

Calculate the two longest wavelengths of the Balmer senes

Pap so:
of triply 1omzed beryllium (£ = 4). -
Py lonizechely Ay =41 nm

A, = 30,1 nm
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_ CHUONG 4
LY THUYET CO PIEN VE NGUYEN TU

BAI TAP AP DUNG

1. Nguyén t& hydro ban dau ding yén & trang thai n = 3, sau dé phan ra dén
trang thai co ban va phat ra mét photon.

(a) Tinh bwdc séng cua photon phat ra.

(b) Tinh déng lwgng giat lti cia nguyén tir.

2. Nguyén t& hydro dang & trang thai kich thich th(r nhat. Dung ly thuyét
Bohr, hay tinh:

(a) Ban kinh quy dao & trang thai nay.

(b) Bong lwgng cua electron.

(c) Mbmen dbéng lwong cua electron.

(d) Bong nang cua electron.

(e) Thé nang cua electron

(f) Nang lwong toan phan cua electron.
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5.1. Phwong trinh Schrodinger

Nguyén t& Hydro gobm cé mdt hat nhan . .
mang dién tich +e va mot electron mang

dién tich —e chuyén ddéng quanh hat nhan.

Hat nhan dwoc coi la dirng yén tai O, con

electron quay xung quanh.

Trong toa d6 De-cat

i a2 e
- ( AP A w)+U(x,y,zw(x,y,z}=EwmazJ (5.1)

2m \ 9x? dy? dz*

Phwong phap dé giai phwong trinh nay la tach bién
D[ V(0.0 =XWYWZE)]  (52)

Khong thé
— 9

Tuy nhién, ham thé nang| U(x, v.z) = —e /ane, /2 1 2 4 -2 =y Khong
- tach bién

(5.3)
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5.1. Phwong trinh Schrodinger

X =r sind cosd

Trong toa do cau: y =r sind sing

z=rcosb

Kt o2 20 1 % ] 1 37
— {. L4 +_f|1;; + r sm!f:Jﬁ HE . {. L4
2m | or? r or r2sind r}ﬁ a6 2 s8in“ @ a¢2

+UNY(r,6,8) = EV(r,6,)

4\_}, (5.4)
~

{} " R(r) = ham ban kinh (ham xuyén tam)
U(r,60,¢) =R(r)OE)P(@) | 5§  @(0)=ham phan bd goc
g (5.5) L ®(¢) = ham phuwong vi

C6 03 phwong trinh vi phan, méi phuong trinh, mo6i phwong trinh chi c6 01
bién (1, 0, )
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5.1. Phwong trinh Schrodinger

Trang thai lwong t&r cia mét hat chuyén dong trong treong thé U(r) duoc
mo ta bdi cac so lwgng tir / va m,.

Ham phan bo géc ©(0) va ham phuwong vi ®(¢) dugc cho trwde. Van dé con
lai la ham ban kinh R(r) thu dwoc bang viéc giai phwong trinh:

W (d*R 2 dR - (1 + D2
—— (':—T+—'i—) (-0 )R(r]zER(r] (5.6)
2m \ dr- rodr dme,r 2mir-

V

Phwong trinh cé thé gidi dwoc, nhwng ta khéng quan tam & day!
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5.2. Cac so lwong tir va ham séng

Khi gidi phwong trinh Schrodinger 03 chiéu, ta thay phat sinh 03 thong so
trong cac nghiém. 03 théng s6 nay dwoc goi la sO lwong ti.

n principal quantum number 1,2,3,...
/ angular momentum guantum number O Lodiaan—1
ny magnetic quantum number b [T o 0 o S s ol

o S6 lwong tor chjnh n da dwgc nhan dang qua sw lwgng t&r héa nang
lwgng trong mau Bohr.

me* ]

E =— — e
32 eph” n’ (5-7)

@ U’ng VOi m0| gia tri n co n gia tri co thé co cua /.

o Ung v&i mdi gia tri I c6 (21 + 1) gia tri khac nhau ctia m,.
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5.2. Cac so lwong tir va ham séng

Lac nay ham séng dwoc biéu dién béi:

Eb:r,f,m,r(r'-' H= t,‘b] = RJJJ(F}G}LH:;(HJ¢::r;{¢}

Co 01 trang thai

(5.7) ( |

\

0 Déi v&i trang thai co ban (n=1):/=0vam,;=0 == | Wipo(l; 6, 9)
a Dbi voi trang thai kich thich tho nhat (n=2):1=0,1vam, =0, £1

=

Waoo(ls 0, ¢)

Wa1o(ls 0, ¢)

Waq41(T, 0, ¢)

\

}

|
Co 04 trang thai

TOM LAI: Ung v&i 01 gia tri n sé c6 n2 ham séng, tirc l1a cé n? trang
thai kha di cé the c6 cua electron trong nguyén tir.

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



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

CHUONG 5

LY THUYET LUQONG TU CUA
NGUYEN TU HYDRO

5.2. Cac so lwong tir va ham séng
TABLE 7.1 Some Hydrogen Atam Wawe Functions

| = | 4 -, R{r) ae) D)
.. | I
! 0 0 e - S
ay' n' 2 o 2
I r 1 1
9. 0 0 T == [T S —
.Eaﬂ]jlf_ iy -n.,-'._--l L% 2
2 1 0 L  F e g !
LT _:I'l: 2“';‘ I"-h'll" L= IH 2 '\."-:_1'
I " w3 I :
2 I 41 ——— + —— sin# g
PN T pe.s P E TR - 7Y = 2oy
X i i} % { _.:.'- — :LF__\_ t"_r'r!ut' L_ L_
(Sag )32 il 27wy, w2 o 2T
& . - ER I
3 1 0 = 1:"—— rﬂ)e—'ﬁ-ﬂ | —cosd
B T(3a )W \Nag  Ga | ' 2
K - = ~'3
3 I =23 | — — [—— _.Ju_""']""“ F— sin# .r‘—-_*'_*
l:J-"..".: |_3\.I..||:|-| 32 iy f:IIJE a MR
4 2 s . :
3 2 (¥ L { —(3cos?g — 1)
27100 3ag )32 ag VE ot 2T
4 . 3 f15 I
£ 2 41 — _.'F: oy g F,. —=m & cos & i
27100 3, Y32 g Vo4 2w
4 "‘ S 1 i
3 2 32 _ gt Y sint e o
27T 3ag) > o i T
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5.3. Mat do xac suat

dV = 1” sinBdr db de

Xéc suat tim thay electron trong yéu t6 thé tich dV Ia

Wty (72 6, D) AV = |R, 1 (P 1O, (B | @, (9)*+ sinbdr d6 dp

(5.8)

rsingdg

I=0,m=0 I=1,m=0 I=1,m=1

I=2,m=0 =2, m=1 I=2, m=2
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5.4. Mat do xac suat theo ban kinh

Thay vi ta mudn biét hoan toan mat dé xac suat dén vi tri electron, nhwng &
day ta chi mudn biét xac suat tim thay electron cach hat nhan mét khoang

nao do la bao nhiéu, bat chap goc 0 va ¢.
o o~

|:> P(r)dr = |R"_!{1'J|J:’? df

7T 2

1O, (O)] sin 8 d6 f
0

| @, (¢)I* d¢ (5.9)

P(r) = IR, ()

¢—

(5.10)

CuuDuongThanCong.com
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5.4. Mat do xac suat theo ban kinh

0.8 0.2
i=1 n=2
n=11=0 =
0.4
_ I=0
= £ 0.1 o~
T £
02 |
10
0 I | I T 0 | I | || | |
0 1 2 3 4 5 0 2 4 6 8 10 12
r r r
| Example 7.5 | Example 7.6

For the n = 2 states (/ = 0 and / = 1), compare the proba-

Prove that the most likely distance from the origin of an
bilities of the electron being found inside the Bohr radius.

electron inthe n = 2,1 = 1 state 1s 4a,,

https://fb.com/tailieudientucntt
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5.5. Mat do xac suat phan bo géc

P(6,¢) = 10,,,(0)@,,(#)] (5.11)

| Example 7.7

For the n= 2. =1 wave functions, find the direction

in space at which the maximum probability occurs when
m; = 0 and when m; = +1.
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5.6. Mbmen dong lwong quy dao

AP - L
Co hoc co dién [L=txp
i T — flli— —_—
Co hocluongtw | |IL| = il + L)k (l=0,1,2,...) (5.12)
Y
Hinh chiéu cta vector mé men déng lwong L 18n truc khong gian:
L. = mh (my; = 0,x1,£2,...,X) (5.13)
~z
Lwong t&r hda khéng gian
, R . . ] B L. B m,
Goc phan cuwc hgp boivectorLval, | cost = RN (5.14)
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5.6. Mbmen dong lwong quy dao

| Example 7.3 | Example 7.4

Compute the length of the angular momentum vectors that What are the possible z components of the vector L that
represent the orbital motion of an electron in a quantum represents the orbital angular momentum of a state with
state with / = 1 and in another state with / = 2. [ =27

- — — — =42
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5.7. MOmen twr

: q ? q q 7
=t Eﬂn'mqur 2m Eml | (5.15)
- € |»
by =-—7,L (5.16)

Hinh chiéu ctia md men tt [&n truc khdng gian

€ eh

e
==L = —gomfi= —som = —myy | (5.17)

J

Ciing bi lwong tr héa khong gian

efi -1
Trong d6: | us = pp=9.274 x 107 J/T

" 2m

Magneton Bohr
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BAI TAP ON

9.43. M{t electron trong nguyén tir hydro dang ¢ trang thai ¢ / = 3. (a) Tinh d§ lon vecto mémen dong
luong L cua electron. (b) C6 bao nhiéu hinh chiéu ciia L1én truc khong gian z? Liét ké cac thanh
phan hinh chiéu ciia L trén truc z. (c) Tinh tit ca cac goc ma Lhop véi truc z.

9.44. Chimg minh ring cac ham séng sau ddy dugc chuan hoa:

0 2 -r/a,, B I B 1
() W100(r.0,0)=R((r)Og (0)D(9) V01 ng(r)=a%Te : @(9)_55 (1)(4))_E

- I I\ -r/2a,, ~ 1
(b) W200(r,0,0) =R (r)®0y (B)o (¢) VO Rpq(r) = (230)3 5 (2 » ]e ; 9(0)= N

; ¢(¢)=ﬁ
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BAI TAP ON
9.46. Chimg minh rﬁng mat d¢ xéc suat theo ban kinh r & trang thai 1s dat gia tri cuc dai tai r = ay.

9.47. Tinh x4c suat phét hién electron ¢ trang théi 2p nim trong khoang tir ap dén 2ap.
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