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Loi noi dau

LO'1 NOI BAU

Tap VAT Li PAI CUONG (A2) nay la tap hai cia bo sach hudng dan hoc tdp mon
Vit li dai cwong cho sinh vién hé dao tao dai hoc tir xa cua Hoc vién Cong ngh¢ Buu chinh
Vién thong, di duoc bién soan theo chuong trinh cai cach gido duc do Bo Gido duc va Pao
tao thong qua (1990).
B sach gém hai tap:
Tap I: VAT Li DAI CUONG (A1) bao gdm cac phan CO, NHIET, PIEN, TU do
Ts. Vii Van Nhon, Ts. V6 Dinh Chau va Ks. Bui Xuan Hai bién soan.

Tap II: VAT LI BPAI CUONG (A2) bao gém cac phan QUANG HQC, THUYET
TUGNG DPOI HEP, CO HQOC LUONG TU VA VAT LI NGUYEN TU do Ts. V3 Thi
Thanh Ha va ThS. Hoang Thi Lan Huong bién soan.

Tap sach Vat 1i dai cuong A2 gdm 8 chuong:
- Chuong I: Dao d@ong dién tu
- Chuong II: Giao thoa anh sang
- Chuong III: Nhiéu xa 4nh sang
- Chuong IV: Phan cuc anh sang
- Chuong V: Thuyét tuong ddi hep
- Chuong VI: Quang hoc lugng tur
- Chuong VII: Co hoc lugng tir
- Chuong VIII: Vat li nguyen tu.
Trong mdi chwong déu co:
1. Muc dich, yéu cau gitip sinh vién nam dugc trong tam cua chwong.
2. Tom tit ndi dung giup sinh vién nim bat dugc van dé dat ra, hudng giai quyét va
nhiing két qua chinh can nam ving.
3. Cau hoi li thuyét gitp sinh vién tu kiém tra phan doc va hiéu ctia minh.
4. Bai tap gitp sinh vién ty kiém tra kha nang van dung kién thuc 1i thuyét dé giai
quye¢t nhitng bai toan cu the.
Phén cong bién soan tap VAT Li PAI CUONG (A2) nhu sau:
V& Thi Thanh Ha bién soan 1i thuyét cac chuong II, II1, IV, V, VI, VII, VIII.
Hoang Thi Lan Huong bién soan 1i thuyét chuong I va bai tdp cua tit ca cac
chuong. 1

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Loi noi dau

Tap VAT LI PAI CUONG (A2) nay méi in lan dau, nén khong tranh khoi nhimng
thiéu sot. Chiing t6i xin chan thanh cam on sy déng gop qui bau cia ban doc cho quyén
sach nay.

Ha N¢i, ngay 1 thang 11 nam 2005
NHOM TAC GIA
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Chuwong 1: Dao dong dién tir

CHUONG I: DAO PONG DIEN TU

Dao dong dién tur 1a su bién thién tuan hoan theo thoi gian cua céc dai lugng di¢n va
tir, cu thé nhu dién tich q trén céc ban tu di¢n, cuong do dong dién i trong mot mach di¢n
xoay chiéu, hiéu dién thé gitra hai dau mot cudn day hay su bién thién tudn hoan cua dién
truong, tir trudng trong khong gian v.v... Tuy theo ciu tao ciia mach dién, dao dong dién
tir trong mach chia ra: dao dong dién tur diéu hoa, dao dong dién tu tat dan va dao dong
dién tr cudng birc.

I. MUC PiCH - YEU CAU

1. Nim duge dao dong dién tu diéu hoa, dao dong dién tu tt dan, dao dong dién tu
cudng buc, hién tuong cong hudng.

2. Nam duoc phuong phap tong hop hai dao dong diéu hoa cing phuong va cung tan sd,
hai dao dong diéu hoa cung tan sd va c6 phuong vudng goc.

1. NOI DUNG:

§1. DAO PONG PIEN TU BIEU HOA

1. Mach dao dong dién tir LC

Xét mot mach dién g(‘A)m mot tu dién c6 dién dung C, mdt cudn day cod hé¢ s6 tu
cam L. Bd qua dién tré trong mach. Trudce hét, tu dién C duoc bd nguén tich dién dén
dién tich Qo, hi€u dién thé U,. Sau do, ta bo bd nguén di va dong khoa cua mach dao
dong. Trong mach cé bién thién tuan hoan theo thoi gian cua cuong do dong dién 1, di¢n
tich q trén ban tu dién, hiéu dién thé gitra hai ban ty, nang lugong dién trudng cua tu
dién, ning luong tir trudng cta éng day ...

h

Céc dao dong dién tir nay co6 dang hinh sin

- -

vé1 tan sO wgpva bién do dao dong khong doi.

Do do6, cac dao dong nay duoc goi la cac dao

e .

dong dien tw dieu hoa. Mat khac trong mach chi
c6 mat cac yeu to riéng cua mach nhu tu dién C

e =T=r=r=t=

va cudn cam L, nén cac dao dong dién tu nay

duoc goi la cac dao dong dién tir riéng. Hinh 1-1. Mach dao dong dién tir

riéng
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Chuwong 1: Dao dong dién tie

Ta xét chi tiét hon qua trinh dao dong ctia mach trong mot chu ky T. Tai thoi diém
t = 0, dién tich cua tu 1a Q, hi€u dién thé gitra hai ban 1a Uy =Q /C, nang luong

dién truong cua tu dién co gia tri cyc dai bang:

_%

Ee(max) 2C (1'1)

Cho tu phong dién qua cudn cam L. Dong dién do tu phong ra tdng dot ngdt tu
khong, dong dién bién d6i nay lam cho tir thong giri qua cudn cam L tang dan. Trong
cudn cam L c6 mdt dong dién ty cam ngugc chiéu véi dong dién do tu C phong ra, nén
dong dién tong hop trong mach ting dan, dién tich trén hai ban tu giam dan. Luc nay

nang luong dién trudong cua tu dién E.= q2 /2C giam dan, con ning lugng tir truong

trong 1ong 6ng diy E,, = Li%/2 taing dan. Nhu vdy, co su chuyén hoa dan tir ning
luong dién truong sang nang lugng tir truong.

I=0 I=1, I=0 I=1, I=0
33)J) - 20))) - 2J)J))
t=0 t="Ti4 t=T/2 t=3T/4 t=T

Hinh 1-2. Qua trinh tao thanh dao dong dién tir riéng

Khi tu C phéng hét dién tich, ning luong dién truong E. = 0, dong dién trong
mach dat gia tri cuc dai Iy, nang lugng tur truong trong 6ng day dat gia tri cuc dai

E i1 (max) = LI(2) /2, d6 1a thoi diém t = T/4. Sau d6 dong dién do tu phong ra bat dau

giam va trong cudn day lai xuat hién mot dong dién ty cam cung chidu v6i dong dién do
tu phong ra . Vi vdy dong dién trong mach giam dan tir gia tri Io vé khong, qua trinh nay
xay ra trong khoang tir t = T/4 dén t = T/2. Trong qua trinh bién d6i nay cudén L dong
vai tro cua nguén nap dién cho tu C nhung theo chiéu nguoc lai, dién tich cua ty lai tang
dan tir gia tri khong dén gia tri cyc dai Qo V& mat nang lugng thi nang lugng di¢n
truong ting dan, con nang lugng tir truong giam dan. Nhu vy c6 su chuyén hoa tir
ning luong tir truong thanh nang luong dién trudng, giai doan nay két thiic tai thoi diém
t = T/2, ltc nay cudn cam da giai phong hét niang lugng va dién tich trén hai ban tu lai
dat gié tri cuc dai Qpnhung ddi dau & hai ban, nang luong dién trudng lai dat gia tri cuc

dai E(max) = Q3/2C . Téi day, két thiic qua trinh dao dong trong mot nira chu ky dAu.

Tu C phong dién vao cudn cam theo chi€u nguoc voi nira chu ky dau, cuén cam lai
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Chuwong 1: Dao dong dién tir

dugc tich nang lugng 1oi lai giai phong nang luong, tu C lai dugc tich dién va dén cubi
chuky (t=T) tu C dugc tich dién v6i dau dién tich trén cac ban nhu tai thoi diém ban
dau, mach dao dong dién tur trd lai trang thai dao dong ban dau. Mot dao dong dién tir
toan phan da duoc hoan thanh. Duéi day ta thiét 1ap phuong trinh mo ta dao dong dién

tu trén.

2. Phwong trinh dao ddng dién tir diéu hoa
Vi khong c6 su méat mat nang luong trong mach, nén nang luong dién tir cia mach
khéng doi:
E. +E,, =E =const (1-2)

o> Li2
Thay E, = %Vé E, = TVéo (1-2), ta duoc:

2 -2
q_+L; = const (1-3)
2C
Lay dao ham ca hai vé cua (1-3) theo thoi gian roi thay dq/dt =1, ta thu duoc:
g9, Ldi_, (1-4)
C dt
Lay dao ham ca hai vé ctia (1-4) theo thoi gian rdi thay dg/dt =i, ta duoc:
2.
g tihag (1-5)
dt2 LC
o1 2
Dit — = oj, ta dugc:
LC
2.
d—zl +o3i =0 (1-6)
dt

D6 1a phuong trinh vi phan cdp hai thuan nhat co hé s6 khong doi. Nghiém tong quat
cua (1-6) co6 dang:
i=1I, cos(opt + ) (1-7)

trong d6 Iy 14 bién do ctia cuong do dong dién, ¢ 1a pha ban dau cua dao dong, opla tan

s0 goc riéng cua dao dong:

00 =7 (1-8)
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Chuwong 1: Dao dong dién tie

T @6 tim dugce chu ky dao dong riéng t

A
Ty cua dao dong dién tur dicu hoa:
g=Cpsinopt
2n
Tp =— =2nvLC (1-9) .

A <\ A Je M ‘A ’ -0 .-‘. ': ‘.‘. = »
Cuoi cung ta nhan xét rang dién tich \/ \/ t
cta tu dién, hiéu dién thé giita hai ban /
tu.... cling bién thién véi thoi gian theo i=1,cos ot

nhiing phuong trinh c6 dang tuong tu
nhu (1-7).

Hinh 1-3. Puong biéu dién dao dong

diéu hoa
§2. DAO PONG PIEN TU TAT DAN
1. Mach dao dong dién tir RLC

Trong mach dao dong bay gido c6 thém mdt dién R
trd6 R tugng trung cho dién tré cua toan mach (hinh |. |.

1-4). Ta ciing tién hanh nap dién cho tu C, sau d6 cho tu
dién phong dién qua dién tro R va 6ng day L. Tuong tu
nhu di trinh bay ¢ bai dao dong dién tir didu hoa, & day
cling xuat hién cac qua trinh chuyén hod giita ning
lugng dién truong cua tu dién va nang luong tir truong

ctia ong day. Nhung do ¢ sy toa nhiét trén dién tro R,
Hinh 1-4. Mach dao dong dién

nén cac dao dong cua cac dai lugng nhu i, g, u,... khong e
tUr tat dan

con dang hinh sin nita, cac bién d9 cua chung khong

con 1a cac dai luong khong doi nhur trong trudng hop

dao dong dién tir diéu hoa, ma giam dan theo thoi gian. Do d6, loai dao dong nay dugc
goi 1a dao dong dién tir tit dan. Mach dao dong RLC trén duogc goi 1a mach dao déng
dién tir tat dan.

2. Phwong trinh dao dong dién tir tit dan
Do trong mach c6 dién tr& R, nén trong thoi gian dt phan ning luong toa nhiét
trén dién tré Ri*dt bang d6 giam ning luong dién tir -dE ctiia mach. Theo dinh ludt bao
toan va chuyén hoa ning luong, ta co:
—dE = Ri’dt (1-10)
2 -2

Thay E = q—-i-L;VE‘).O (1-10), ta co:
2C 2
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Chuwong 1: Dao dong dién tir

2 -2
S 9L BT Rz (1-11)
2C 2

Chia ca hai vé ctia phuwong trinh (1-11) cho dt, sau d6 lay dao ham theo thoi gian va
thay dq/dt =1, ta thu duogc:

9, 9 g (1-12)
C dt
LAy dao ham ca hai vé cua (1-12) theo thoi gian va thay dg/dt = i, ta thu duoc:
7. .
CLRA, iy (1-13)

+ +—
dt2 Ldt LC
bat R_ 2B 1 3, ta thu dugc phuong trinh:

d?i di 7.
—+2—+owp1=0 1-14
dt2 Bdt 0 ( )

D6 1a phuong trinh vi phan cap hai thuan nhat c6 hé sé khong d6i. Voi diéu kién hé sd
: 1 (R q
tat du nhd sao cho wy > P hay c >(ZJ thi nghi¢ém tong quét cua phuong trinh

(1-14) co6 dang:
1= IOe_Bt cos(ot +¢) (1-15)

trong d6 Iy, @ 1a hang s6 tich phan phy thudc vao diéu kién ban dau, con  1a tan sb goc
ctia dao dong dién tir tit dn va co gid tri:

2
1 R
O=,|——|—| <o 1-16

u:(nj ) (1-16)
Chu ky ctia dao dong dién tir tat dan:

T:E: 27 2z

® 1_(Rj2\/®(2)_[32
LC (2L

Nhu vay, chu ky dao dong tat dan 16n hon chu ky dao dong riéng trong mach.

(1-17)

Dai luong Ioe_Bt 1a bién d6 ctia dao dong tit dan. N6 giam dan véi thoi gian theo qui
luat ham mii. Tinh chét tit dan cua dao dong dién tir dugc dic trung bang mot dai luong
goi 1a lugng giam 16ga, ky hiéu bang chir §: lugng giam 16ga c6 gid tri bang loga tur
nhién cua ty sd gitra hai tri s6 lién tiép cta bién d6 dao dong cach nhau mot khoang thoi
gian bang mot chu ky dao dong T. Theo dinh nghia ta co:
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Chuwong 1: Dao dong dién tie

Ioe_Bt

SZIHW:BT (1-18)

trong d6 B =R /2L, rd rang 1a néu R cang
16n thi B cang 16n va dao dong tat cang
nhanh. Diéu d6 phu hgp véi thyc té.

Chu y: trong mach dao dong RLC ghép nbi

tiép, ta chi c6 hién tuong dao dong dién tir 0

khi: \/ \/ f
1 (R L

— > — h R<2,/—

LC [2Lj YRS ) 1/

Tri séRO = 2\/% dugc goi la dién tré toi

Hinh 1-5. Pudng biéu dién dao dong

han cta mach. Néu R > R, trong mach dién tir tit dan
khong c6 dao dong.

§3. DAO PONG PIEN TU CUONG BUC

1.Hién twong:

Dé duy tri dao dong dién tir trong mach dao ]
dong RLC, nguoi ta phai cung cip ning lugng cho
mach dién dé bu lai ph'?ln nang lugng da bi t6n hao 1 § L
trén dién tré R. Mudn vay, can méc thém vao mach
mot nguén dién xoay chiéu co suat dién dong bién

thién tudn hoan theo thoi gian vdi tan s6 gocQ va

bién d6 &: &= &osinQdt Hinh 1-6. Mach dao dong dién
Luc dau dao dong trong mach la chong chit cua tir cugng birc

hai dao dong: dao dong tit dan véi tan sd goc @ va dao dong cudng birc véi tan sb goc

Q. Giai doan qua d6 ndy xay ra rat ngin, sau d6 dao dong tit dan khong con nira va

trong mach chi con dao déng dién tir khong tit ¢ tan sd goc bang tan sd goc Q cua

nguén dién. B¢ l1a dao dong dién tir cwong burc.

2. Phuong trinh dao dgng dién tir cwdng birc
Trong thoi gian dt, ngudn dién cung cdp cho mach mét ning luong bang &idt.
Phan ning luong nay dung dé bu dip vao phan ning luong toa nhiét Joule - Lenx va

10
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Chuwong 1: Dao dong dién tir

tang nang lugng dién tir trong mach. Theo dinh luat bao toan va chuyén hoé ning lugng,

ta co: dE + Ri%dt = 6idt (1-19)
2 2
d I Ri2ae = sidt (1-20)
2 2

Thuce hién phép 13y vi phan va thay &= §osinQt ta dugc:
di

LS+ Ri+ = g sinQt (1-21)
dt C

L4y dao ham hai vé theo thoi gian cia (1-21), thay dg/dt =i, ta dwoc:

7. ..
L R L cos (1-22)
dt2 dt C

R 1 )
dat — =2, — = oy , ta thu dugc phuong trinh:
at T p [c_ @0 phuong

d—22i+2[3£+m6i:@cos§2t (1-23)
dt dt L
Phuong trinh vi phan (1-23) c¢6 nghiém 1a tong cua hai nghiém:
- Nghiém téng quat cua phuong trinh thudn nhat. D6 chinh 13 nghiém cua
phuong trinh dao dong dién tur tat dan.
- Nghiém riéng cua phuong trinh khong thuan nhat. Nghiém nay biéu dién mot
dao dong dién tir khong tat do tdc dung ctiia ngudn dién. Nghi¢ém nay c6 dang:
i =1 cos(Qt + D) (1-24)
trong d6 Q 13 tan s6 goc cua ngudn dién kich thich, Iy 1a bién do, @ 13 pha ban dau cua
dao dong, dugc xéac dinh bang:

i4
o - 1

Iy = 0 , cotgd = _ L QC
1 ) R F
R% + [QL —j
QC o A .
1) hd
Pit Z=,/R?>+|QL———| va goi la tdng tré

Hinh 1-7. Puong biéu dién dao
dong dién tur cudng birc

cua mach dao dong, Z; = QL va Z¢ =é lan

lugt 1a cam khang va dung khang ctia mach dao
dong.

11
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Chuwong 1: Dao dong dién tie

3. Hién twgng cong hudéng
Cong thirc trén chimg t6é bién d Iy cia dong dién cudng birc phu thudc vao gia tri
tan sb gdc cua nguén xoay chiéu kich thich. Pic biét véi mét dién tré R nhat dinh, bién
do Iy dat gia tri cuc dai khi tan s6 gdc Q co gia tri sao cho téng tr¢ Z cua mach dao dong
cuc tiéu, gia tri do cta Q phai thod man diéu kién:
1 1
QL-——=0 hay Q=—— (1-25)
QC

JLC

ta thay gid tri nay ciia Q dang bang tan s goc ciia mach dao dong riéng:
Qch =0 (1-26)

Hién tugng bién do dong dién cua mach dao b

dong dién tor cudng buc dat gid tri cuc dai o[
duoc goi la hién tugng cong hudng dién. Vay
hién twong cong hwong dién xay ra khi tan sé

goc cua nguon xoay chiéu kich thich co gid tri

bang tan so goc riéng cua mach dao dong. o

oY

Gia tri Qg clia ngudn xoay chiéu kich gy
thich dugc goi 1a tan sd cong huong. Puong ¢ 4 a x
biéu dién (1-8) cho ta thy rd sy bién thién ciia flinhl & Du?ng bl_?u dién cong
bién d6 dong dién Iy cua mach dao dong cudng hudng dién
bure theo tan s6 goc Q ciia ngudn xoay chiéu kich thich.
Trong thyc t&, mudn xay ra cong hudng dién, ta dung hai phuong phap sau:
- Hodc thay dbi tan sb goc Q cta ngudn kich thich sao cho né bang tan sé goc
riéng ®o cua mach dao dong.
- Hoac thay ddi hé sb tu cam L va dién dung C cuia mach dao dong sao cho tan
s6 goc riéng my diing bang tan s goc Q ciia ngudn kich thich.
Hién twong cong huong dién duoc tmg dung rat rong rii trong ky thuat vo tuyén
dién, thi du trong viéc thu song dién tir ( mach chon song).

§4. SU TONG HQP DAO PONG

1.Téng hop hai dao dong diéu hoa ciing phwong va cing tin sb
Gia str c6 mot chat diém tham gia dong thoi hai dao dong diéu hoa cung phuong
va cung tan sd:

X] = A cos(opt +@q) (1-27)

Xy = A, cos(wgt +¢)) (1-28)

12
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Chuwong 1: Dao dong dién tir

Hai dao dong nay cing phuong Ox va cung tan sd goc oo, nhung khac bién do va pha
ban dau. Dao dong tong hop ctia chat diém bang tong ctia hai dao dong thanh phan
X=x+x, = Acos(a)ot + go) (1-29)
C6 thé tim dang ctia x bang phuwong phap cong lugng gisc. Nhung dé thuan tién, ta ding
phuong phap gian db Fresnel.

V& hai véc to OM;,OM, cung dit tai diém O, c6 d6 16n bang bién d6 A, A, cta
hai dao dong . O thoi diém t = 0, chung hop véi truc Ox cac goc @1 va ¢, 1a pha ban dau.
Khi d6 tong hop cia OM;,OM, 1a mét véc to

OM = OM, + OM, (1-30)
véc to OM trung v&i dudng chéo cua hinh binh hanh OM;MMs,, ¢6 d6 16n bang A va
hop véi truc Ox mot goc ¢ va dugc xac dinh boi hé thure:

Aqsin@y + A, sing,

A= \/Alz +A% +2A1A5cos(py — ;) , tge = (1.31)

Ajcos@;+Ajycosy

2 H: H H X

Hinh 1-9. Tong hop hai dao dong diéu hoa cing phwong, ciing tan sd.
Hai véc to OMl va 01\7[2 quay xung quanh diém O theo chiéu duong véi cling van
téc goc khong doi bang tan s6 goc 0. O thoi diém t, hai véc to nay s& hop véi truc Ox
cac goc (mot + @) va (ot + @2) diing bang pha dao dong x; va x,. Hinh chiéu trén

phuong Ox cuia hai véc to OM;va OM, c6 gia tri bang:

thXOMl =A, cos((oot + (pl)z Xq (1-32)
hCOXOMz =A, cos(ooot+(p2)=xz (1-33)
13
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Vi hai véc to OMIVé OM ,quay theo chiéu duong véi cling vén téc goc ®, nén hinh
binh hanh OM; MM, giir nguyén dang khi né quay quanh diém O. Do d6, & thoi diém t,
véc to tong hgp OM van c6 d6 16n bang A va hop vai truc Ox mot goc (mot + ¢). Hinh
chiéu trén phuong Ox cia véc to tong hop OM c6 tri s bang:
hCOXOM = Acos(wot + (p) =X (1-34)
Mat khac theo dinh ly vé& hinh chiéu, ta co:
he gy OM = hey OM; +he o, OM, (1-35)
Nhue vy, tong hop hai dao dong diéu hoa x; va x; cing phwong, cing tan sé goc
ciing la mét dao dong diéu hod x c6 ciing phwong va cing tan sé gée g véi cac dao
déng thanh phan, con bién dd A va pha ban dau ¢ ctia né dugc xac dinh bai (1-31) . Hé
thirc (1-31) cho thdy bién d6 A cua dao dong tong hop x phu thudc vio hiéu pha
(¢, — @) cia hai dao dong thanh phan x; va x:
-Néu (¢, — ;) =2kn, voi k=0,+1,£2,+3,..., thi cos(¢, —@;)=1 va bién do A
dat cuc dai:
A=A1 +A2 =Amax (1-36)
Trong truong hop ndy, hai dao dong x; va x, cting phuong, cung chiéu va dugc goi 1a
hai dao dong cung pha.
- Néu (o —01) =2k +Dm, vé1 k=0,£1,£2,+3,..., thi cos((pz — (p1)= —1va
bién do A dat cuc tiéu:
A:|A1 _A2|:Amin (1-37)

Trong trudng hop nay, hai dao dong x;va x, ciing phuong nguoc chidu va goi 1a hai dao
dong ngugc pha.

2. Tong hop hai dao dong diéu hoa cé6 phwong vudng goc va ciing tan sb géc
Gia sir mot chat diém tham gia dong thoi hai dao dong diéu hoa x va y c6 phuong

vuodng goc va cung tan soO g0c g :

x = A cos(wqt + (pl)—>Ai = cosmptcos Q| —sinmgtsin Qg (1.38)
1
y=4A, cos(coot & (pz)—> AL = COS®tCcos Py —sin®ptsin @, (1-39)
2
14
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Lan lugt nhan (1-38) va (1-39) véi cos@,va —cos@q,

roi cong ve vai ve:

icoscp2 —Lcoscpl =sin wotsin((p2 —(Pl) (1-40)
Ay A,

Tuong tu, 1an lugt nhan (1-38) va (1-39) véi sing,va

—sin @, roi cong ve voi ve:

X . y . .
——sin ———sin @y = cos®ptsin — 1-41
A, P2 TSIl otsin(ey —oy)  (1-41) i B

Hinh 1-10. Hai dao dong diéu

hoa vuong goc

Binh phuong hai vé (1-40) , (1-41) rdi cong vé véi vé:

x? y2 2xy

+ p—
AP A AA

cos(pz — 1) =sin*(ps —¢;) (1-42)

Phuong trinh (1-42) chimg t6 qui dao chuyén dong tong hop ctia hai dao dong diéu hoa
c6 phuong vudng goc va co cung tan sé goc 1a mot dudng elip. Dang cua elip ndy phu
thudc vao gia tri cua hi¢u pha (q)z — (pl) cta hai dao dong thanh phan x va y.

-Néu (¢, — @) = 2km, voi k=0,+1,£2,+3,..., thi (1-42) tré thanh:

2 2
— - XY _0 pay X -Y g (1-43)
A7 A5 AlAp A Ay

Phuong trinh (1-43) ching t6 chat
diém dao dong theo dudng thang nam
trong cung phan tu I va III, di qua vi

-8
> tri can bang bén cua chat diém tai goc

O va trung v6i duong chéo cua hinh

chir nhat co hai canh bang 2A; va

Hinh 1-11. Qui dao cua chit diém 2A3.
khi P2 — 01 =2kn

~Néu (97 — 1) =(2k + I)m, v6i k =0,+1,+2.+3, ... thi (1-42) tré thanh:

b 2
XY L2 g ohay X4 Y op (1-44)

+
A2 A% A1A, Al Ay

15
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¥ Phuong trinh (1-44) chimg to chat
diém dao dong theo dudng thang nam

.....................

trong cung phan tu II va IV, di qua vi

' i
P A LA, : ‘ T Ha
" . > tri can bang bén cua chat diém tai goc
5 \ O va trung v6i dudng chéo cua hinh
A, chit nhat c6 hai canh bang 2A; va

Hinh 1-12. Qui dao cua chat diém 242

khi ¢> — @1 =(2k+1)m
-Néu (9 —¢p) = (2k + 1)%, véi k=0,£1,£2,+3,.., thi (1-42) tr& thanh:
2 2

"—2+-‘/—2 =1 (1-45)
Al A2

-P!q "'é""l 'A1
>
x H
Hinh 1-13: Qui dao cua chét diém khi Qui dao cua chat diém khi
¢2-¢1=(2k+1)n/2 -1 =Qk+1)/2 va A=A,

Phuong trinh (1-45) chimg to chat diém dao dong trén mot qui dao élip dang chinh tic
c6 hai ban truc 14 A;va A, . Dic biétnéu A{ =A, = A thi (1-45) trg thanh:
x2 +y2=A? (1-46)

Trong truong hop nay, qui dao ciia chit diém 13 duong tron c6 tam tai gdc toa O va ban
kinh bang A.

- Néu (¢, — @) co céc gia tri khac véi cAc gid tri néu trén thi chat diém s&

chuyén dong trén nhimng qui dao é&lip xién.

16
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02— ¢ =3m/2

______________

___________

3n/2<@,— ) <2m

P2 —

¢ =21

Hinh 1.14. Cac dang qui dao cua chat diém khi C2—1= 0+ 2nvaA;=A;

Nhu vay: Tong hop hai dao dong diéu hoa co phuong vudéng goc véi nhau va cling

tan s6 goc 1a mot dao dong c6 dang elip (trong nhimg truong hop riéng 1a mot dao dong

diéu hoa).

III. TOM TAT NQI DUNG

1. Dao ddng dién tur diéu hoa: Mach dao dong chi co L va C (R =0), cc dai lugng dién

va tir tham gia dao dong theo qui luat diéu hoa hinh sin ( hodc cosin) cua thoi gian véi

tan sO riéng wo, bién do dao dong khong doi.

CuuDuongThanCong.com
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2. Dao dong di¢n tur tat dan: Trong mach dao dong LC c6 thém dién tré R, do d6 co su
hao t6n nang luong do toa nhiét Joule — Lenx, bién d6 dao dong trong truong hop nay
gidm theo qui luat ham mi, chu ky dao dong T 16n hon chu ky dao dong riéng Tj.
3. Dao dong dién tir cudng birc: Trong mach dao dong RLC mic thém mot ngudn dién
kich thich c6 tan s6 Q dé cung cap tuan hoan phan ning luong bi mat do toa nhiét. Dao
dong dién tir s& dugc duy tri v6i tan s6 goc Q cua ngudn kich thich. Mot hién tuong
quan trong trong trudng hop nay 1a khi tin s6 goc Q cua ngudn kich thich bang tan sb
gbc riéng o cua mach dao dong thi c6 hién twong cong hudng xay ra. Khi do, bién do
ctiia dong dién sé& cuc dai. Tan s6 Q d6 duoc goi 1a tan s6 cong huong Qq = wo. Hién
tugng cong hudng co rat nhiéu ung dung trong khoa hoc k¥ thuat, nhat 1a trong nganh
v tuyén dién.
4. Tong hop hai dao dong diéu hoa cung phuong, cuing tan s6
Gia str c6 mot chat diém tham gia dong thoi hai dao dong diéu hoa cung phuong

va cung tan sd:

x| =Aj cos(ogt+¢p)

Xy = A, cos(wgt +¢y)

Dao dong tong hop c6 dang: x = X] + Xy = Acos(ogt + @)

Aysing) +A,sing,

Trong d6: A =+/A? + A% +2A,A, cos — , tgp =
g JAT +A3 424145 cos(oy — 1) » teo 7 T S——

-Néu (9p — @) =2kn, véi k=0,£1,#2,43,.... thi A=A + Ay = A«
-Néu (93 —¢)) =k +Dm, v6i k=0, 1L,+2,£3,.., thi A=|A] —As|[=Ap,
5. Téng hop hai dao dong diéu hoa cling tan s6 co phuong vudng goc:
Gia st mot chat diém tham gia dong thoi hai dao dong diéu hoa x va 'y ¢c6 phuong
vuong goc va cung tan sO goc @ :
x=A cos(ooot + (pl)
y=4A, cos(ooot + (p2)
Phuong trinh qui dao chuyén dong tong hop cta chat diém:
x? v y2 _2xy
A7 A3 AA

cos(py — @)= Sinz((Pz -¢p)

- Néu (@3 —@1) =2kn, v61 k=0,£1,+2,£3,..., thi phuong trinh qui dao
chuyén dong tong hop cia chat diém:

18
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2 2
=+ 2XY_ 0 hay -Y g
AT A A A Ap

- Néu (pr —01)=Ck+Dn, véi k=0,£1,+2,£3,..., thi phuong trinh qui
dao chuyén dong tong hop cua chit diém:
2 2

Y BY gopay Xy Yo

;T ot
A7 A7 A Al Ay

- Néu (pr —(pl):(2k+l)g, vol k=0,£1,£2,+3,..., thi phuong trinh qui

dao chuyén dong tong hop cua chit diém:

2 2
X_+y_:1

2 2
A1 A2

IV. CAU HOI LI THUYET

1.Thiét 1ap phuong trinh dao dong dién tir diéu hoa riéng khong tit cho dong dién:
i =1y cos(wpt + ).

2. Viét biéu thirc tan sb va chu ky cua dao dong riéng khong tat.

3. Mo ta mach dao dong dién tur tat dan. Thiét lap biéu thuc cua dong dién trong mach
dao dong di¢n tur tat dan.

4. Viét biéu thirc tan sd va chu ky ctia mach dao dong dién tir tat dan. So sanh chu ky
dao dong tat dan voi chu ky dao dong riéng.

5. M6 ta mach dao dong dién tir cudng birc. Thiét 1ap bicu thic ciia dong dién trong
mach dao dong dién tir cudng birc. Néu y nghia ciia cac dai lugng co trong biéu thirc.

6. Hi¢n tugng cong huong la gi? Khi nao xay ra hién tuong cong hudng?

7. Viét phuong trinh dao dong tong hop cua hai dao dong diéu hoa cing phuong, cling
tan sd. Khi nao thi bién d6 dao dong téng hop dat gia tri cuc dai va cuc tiéu?

8. Viét phuong trinh dao dong tong hop cua hai dao dong diéu hoa cing tan sb co
phuong vudng goc voi nhau. Véi didu kién nao thi dao dong tong hop c6 dang dudng
thang, elip vudng, dudng tron?

V. BAI TAP

Thi du 1: Mot mach dao dong dién tir diéu hoa gdm mot cudn diy thuan cam cé hé sd
tu cam L = 5.10°H va mot tu dién c6 dién dung C = 2.10°F, tu duoc tich dién téi hiéu
dién thé cuc dai Ug= 120V. Tinh:

19
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1. Tan s6 dao dong cua mach.
2. Nang lugng dién tir cia mach.
3. Dong dién cuc dai trong mach.
Bai gidi
1. Tan s6 dao dong cua mach:
R 1
T 2n/IC  23144/5.10722.107

=500 Hz

2. Nang luong dao dong ctia mach: E = %cug = %2.10‘6.(120)2 =0,014]

3. Dong dién cuc dai trong mach:

2 -6 2
1 .o 1.5 CU,;  [2.107°.(120)
E=—CU; =—LI :10=,/ = =0,76A
270 270 L | 5102

Thi du 2: Mot mach dao dong dién tir gém mot tu dién c6 dién dung C = 7uF, cudn day
c6 hé s6 tu cam L = 0,23H va dién trd R = 40Q. Ban dau dién tich trén hai ban tu Qp =
5,6.10"C. Tim:

1. Chu ky dao dong dién tir trong mach.

2. Lugng giam 16ga cia mach dao dong dién tir tuong tng.

3. Phuong trinh bién thién theo thoi gian ctia cudng do dong dién trong mach
va hi¢u dién thé gitra hai ban tu dién.
Bai gidi
1.Vi dién tr& R = 40Q # 0 nén dao dong dién tir trong mach 1a dao dong di¢n tu tat dan.
Phuong trinh dao dong cua dién tich trén hai ban tu: q= Qoe_'3t cos((ot + q))

Khit=0thi q=Qqcos¢ , nhung theo gia thiét q = Qynén ¢ = 0 — phuong trinh dao

dong cua dién tich trén hai ban tu: q = Qoe_l3 t cosmt
Chu ky dao dong ctia mach:
T 27 i 2.3,14 810735

1_(R]2 L (40
LC "\2L 0,23.7.107% (2.0,23

2. Luong giam loga cua dao dong di¢n tir trong mach:

-3
_RT_408.107° _

5=pT=—o= -
2L 2023

b
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3.Phuong trinh bién thién theo thoi gian ciia cudong do dong dién va hiéu dién thé gitra

hai ban tu dién: o= 2T_n =250m (rad/s), 1= ccli_? = —0,446_87t sin 2507t (A)
u= % =80e 57t cos 250mt (V)

Bai tap tw giai
1. M4t mach dao dong dién tu diéu hoa gém mot tu dién co6 dién dung C = 2uF va mot
cudn day thuan cam c6 do tw cam L = 0,5H. Tu duoc tich dén hiéu dién thé cuc dai Us=
100V.Tim:

1. Nang lugng dién tir ciia mach.

2. Dong dién cuc dai trong mach.
Ddp sé

1.LE= %cug = %.2.10‘6.(100)2 =1072J

2.E= =0,2A

cui \/ 2.1070.(100)>

2 1.
CU2 =—LI12 51, =
0= 507770 \/L 0.5

1
2
2. Mot mach dao dong dién tur diéu hoa gém mot tu dién co6 dién dung C = 0,25uF va
mot cudn day thuan cam c6 do tu cam L = 1,015H. Dién tich cuc dai trén hai ban tu
Qo= 2,5uC. Tim:

1. Chu ky, tin s6 dao dong ciia mach.

2. Nang lugng dién tir cia mach.

3. Dong dién cuc dai trong mach.

Pap sé: 1. T=2nJLC =3,16.10"s, f:%:316 Hz

2 2
2 B2 1551076y, 3.10=,/&=5.10‘3A
b LC

3. Mot mach dao dong dién tir diéu hoa gém mot cudn day thuan cam c6 hé sb tu cam
L = 1H va mdt tu dién c6 dién tich trén hai ban tu bién thién diéu hoa theo phuong trinh

5107
q:

c0s400xt (C).

1. Tim dién dung cua tu.

2. Tim nang lugng dién tir ctia mach.
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3. Viét phuong trinh bién thién theo thoi gian cia cwong d6 dong dién trong

mach.

-6 2
Pipsé: 1. og=——=c=—1 19 g 5 E=%%=2.10—4J

Y LC (D%L 176

3. i= % =-2.10"2 5in 400xt (A)

4. Mot mach dao dong dién tir didu hoa goém tu dién c6 dién dung C = 6,3.10"'F va mot
day thuan cam c6 hé so tu cdm L. Phuong trinh biéu dién sy bién thién theo thoi gian
cua cuong do dong di¢n trong mach i = —0,02sin 4007t (A) Tim:

1.Chu ky, tan s6 dao dong.

2. Hé s6 tu cam L.

3. Nang luong di¢n trudong cuc dai va nang lugng tir truong cuc dai.

4. Hiéu dién thé cuc dai trén hai ban tu.

Ddp so
1. T:2—n:5.10_3s,f=l:200Hz; 2. L:%le
®g T CO)O
z it

cu . .
3. Eemax) =TO=1,97.10 21, Enmmax) = — - = 197.10 4y

4. Uy =252(V)
5. Mot mach dao dong dién tir didu hoa gom tu dién co dién dung C = 9.10”F va cudn
day thuan cam c6 hé s tuy cam L. Hiéu dién thé giira hai ban tu dién bién thién diéu hoa
theo phuong trinh u = 50 cos10*nt (V)
1.Tim chu ky va tin s6 dao dong.
2. Tim hé sb tw cam L.

3. Viét phuong trinh bién thién ciia cuong do dong dién trong mach theo

thoi gian.
4. Tim nang lugng dién tir cia mach.
Ddp so
LT=2% 01074, f=2=510%Hz ;2. L =L2= 1073 H
® T CO)O
du CU%

3. i:CE=—1,4sin104nt (A) ; 4. EzT:O,ll.IO_ZJ
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6. Mot mach dao dong gém tu dién c6 dién dung C = 0,4.10'6F, mot cudn day c6 hé )
tw cam L = 10°H va dién tro R = 2Q.
1. Tim chu ky va tan s dao dong cua mach.

2. Sau thoi gian mot chu ky hi¢u dién thé giira hai ¢t cua tu dién giam di bao
nhiéu lan.

. §)
Ddp so: 1.T=4.10"%, f= L 25002 0 2.—1-=1,04
T Uit

7. Mot mach dao dong gom tu dién cé dién dung C = 1,1.10”F, cudn day co do tir cam
L = 5.10"H va luong giam 16ga & = 0,005. Tim thoi gian dé ning luong dién tir trong
mach giam di 99% .Coi gan dung chu ky dao dong ctia mach T = 2nJLC .

Ddp sé: Nang luong dao dong tai thoi diém t 1a E,, nang lugng dao dong tai thoi diém
t+ Atla Eq+ ar.

Sau thoi gian At nang lugng gidm 99%, nghia 1a con lai 1%

Bt 2 —B(t+At)\2 E
g, = Qo )" Qe )" Bt 100, At=68107s
2C 2C Etiat

8. Mot mach dao dong dién tur gé)m tu dién c6 dién dung C =0,2. 10'6F, mot cudn day cod
d6 tu cam L = 5,07.10°H va dién tré R. Tim:

1. Luong giam 16ga, biét hiéu dién thé trén hai ban tu giam di 3 1an sau 107s,
Coi gan dung chu ky dao dong ctia mach theo cong thirc T = 2nJLC .

2. Pién tré R cua mach.
Up
Ulj 2.107%1n3

1073

Tln(
Dap §6: 1.T=2nJLC = 2.107% (s), 6= A =0,22

218

2. R —111Q

9. Mot mach dao dong dién tir dicu hoa gom mdt cudn day thuan cam c6 do ty cam

L = 3.10°H va mot tu dién. Mach dao dong cong huong voi bude song A = 750m. Tim
dién dung cua tu dién. Cho c= 3. 10%m/s.

2
Pip sé: T=2—2nfIC=>C=—2 _—052107%F
C

4nzch
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CHUONG II: GIAO THOA ANH SANG

I. MUC PICH - YEU CAU

1. Ndm duoc mot sd khai niém nhu quang 19, cuong do sang, ham soéng anh sang, dinh li
Malus va nguyén li Huygens la nhitng co sé cuia quang hoc song.

2. Nidm duoc dinh nghia va diéu kién dé c6 giao thoa anh sang.

3. Khao sat hién tuwong giao thoa anh sang (diéu kién cuc dai, cuc tiéu giao thoa, vi tri van
sang, van toi) trong thi nghiém Young, giao thoa gdy bdi ban méng (ném khong khi, hé van
tron Newton).

4. Ung dung hién tugng giao thoa trong do ludng, kiém tra d6 phang, d6 cong cua cac vat,
khtr phan xa...

II. NOI DUNG

§1. CO SO CUA QUANG HQC SONG

Quang hoc séng nghién ciru cac hién tuong giao thoa, nhiéu xa, phan cuc... dua trén
ban chét song dién tir ciia anh sang. Nguoi dau tién dé ra thuyét song anh sang 1a nha vat 1i
nguoi Ha Lan Christian Huygens nim 1687. Theo Huygens, anh sang 1a song dan hoi
truyén trong mot moi truong dic biét goi 1a “éte vil tru” 1ip day khong gian. Thuyét song
anh sang da giai thich duoc cac hién tugng cua quang hinh hoc nhu phan xa, khiic xa anh
sang. Vao dau thé ki thir 19, dwa vao thuyét song anh sang Fresnel da giai thich cac hién
tugng giao thoa, nhiéu xa anh sang. Nhung khi hién twong phan cuc 4nh sang duoc phat
hién thi quan niém vé song dan hoi trong “€te vi try” da bdc 10 16 nhiing thiéu sot. Hién
tugng phan cuc anh sang ching to séng anh sang 1a song ngang va nhu chung ta da biét,
song dan hoi ngang chi co thé truyén trong moi truong chét rin. Pén nam 1865, dua vao
nhitng nghién ctru li thuyét cia minh vé trudng dién tir va song dién tir, Maxwell da néu 1én
thuyét dién tir v& song anh sang. Trong tiét nay ching ta s& nghién ctru vé mot s nhiing
khai niém co ban clia séng anh sang va cic nguyén li nhu nguyén 1i chong cht cac song,
nguyén li Huygens la co s¢ cua quang hoc song.

1. Mt s6 khai niém co' ban vé song

Song 1a qué trinh truyén pha cua dao dong. Dua vao cach truyén song, nguoi ta chia
song thanh hai loai: song ngang va séng doc.
Séng ngang 1a séng ma phuong dao dong ctia cic phan tir vudng goc véi phuong truyén
song.
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Séng doc 1a song ma phuong dao dong cta cac phan tir tring voi phuong truyén song.

Khong gian c6 séng truyén qua duoc goi 13 truong séng. Mat séng 13 qii tich nhing
diém dao dong cung pha trong truong séng. Gidi han giita phan moéi trudng ma song da
truyén qua va chua truyén toi goi 13 mdt dau séng. Néu séng c6 mat dau song 1a mit cu thi
duoc goi 14 séng cau va néu miat ddu song 1a mat phang thi duoc goi 13 séng phang. D6
v6i moi truong dong chit va ding hudng, ngudn song nam & tim ctia mét song ciu, tia song
(phuong truyén soéng) vudng goc voi mit dau song (hinh 2-1). Néu ngudn soéng ¢ rat xa
phan moéi truong ma ta khao sat thi mit song 1a nhitng mit phiang song song, cac tia song la
nhitng duong thang song song voi nhau va vudng goc véi cac mit séng (hinh 2-2).

-
-
o

>

v

Hinh 2-1. Soéng ciu Hinh 2-2. Séng phang

2. Thuyét dién tir vé anh sang ciia Maxwell
Anh sang 1a song dién tir, nghia 13 trudng dién tir bién thién theo thoi gian truyén di
trong khong gian. Song anh sang la song ngang, boi vi trong soéng dién tir vecto cuong do

dién truong E va vecto cam tng tir B luon dao dong vudng goc v6i phuong truyén song.
Khi 4nh sang truyén dén mat, vecto cuong do dién truong tic dung 1én vong mac giy nén
cam giac sang. Do d6 vecto cuong do dién truong trong séng anh sang goi la vecto sang.

Ngudi ta biéu didn song anh sang bang dao dong cia vecto sang E vudng goc v6i phuong
truyén song.

Mai song anh sang c6 bude song A xac dinh gay nén cam giac sdng vé mot mau sic
xac dinh va goi 13 anh sang don sic. Tap hop cac 4anh sang don sic c6 budc song Ao nam
trong khoang tir 0,4 pm dén 0,76 um tao thanh 4nh sang tring.

3. Quang 19
Xét hai diém A, B trong mdt moi trudng dong tinh chiét suat n, cach nhau mot doan
N . . ’ ) LR A \ d ) \ A A 7 Je
bang d. Thoi gian anh sang di tr A dén B la t =—, trong do v 1a van toc anh sang trong
v
moi truong.
Pinh nghia: Quang 16 giita hai diém A, B la doan dwong dnh sdng truyén dwoc trong chdn

khéng véi ciing khodng thoi gian t can thiét dé séng dnh sang di dwoc doan dwong d trong
méi trieong chiét sudt n.
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L=ct="d=nd -1
A%

Chiét sudt n = ¢/ v véi c 1a van toc anh sang trong chan khong.

Nhu vay khi anh sang truyén trong méi truong chat, véi viéc st dung khai niém
quang 16 chiing ta di chuyén quing duong anh sang di dugc trong moi trudng chiét suit n
sang quing duong twong ung trong chan khong va do do ta c6 thé sir dung van tdc truyén
ctia 4nh sang trong chan khong 1a ¢ thay cho van tdc v truyén trong méi trudng.

Néu anh sang truyén qua nhiéu méi truong chiét suat n;, n,, ns ... voi cac quing
duong tuong ung d,, d,, d; ... thi quang 10 sé€ 1a

L= Znidi (2-23.)
i

Néu anh sang truyén trong moi truong ma chiét suat thay doi lién tuc thi ta chia doan
duong AB thanh cac doan nho ds dé coi chiét suat khong thay doi trén mdi doan nho d6 va
quang 10 s€ la

B
L = [nds (2-2b)
A

4. Pinh li Malus vé quang 1§

a. Mat truc giao la mat vuong goc voi cac tia cua mot chum sang.

H o [

Iy i
y¥Y¥Yv¥YY

Hinh 2-3. Mat truc giao

Theo dinh nghia néu chum sang 1a ddng qui thi mat tryc giao 13 cic mit cdu dong
tam, con néu 1a chum sang song song thi mit truc giao 1 cic mat phang song song.

b. Pinh li Malus: Quang [0 cua cdc tia sang giita hai mat truc giao cua mot chum sang thi
bang nhau.
S. Ham séng anh sang

Xét song anh sang phang don sic truyén theo phuong y véi van toc v trong moi
truong chiét suat n. Gia st tai O phuong trinh ctia dao dong sang 1a:
x(0) = Acosmt (2-3)

thi tai diém M cach O mét doan d, phuong trinh dao dong sang la:
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L E
x(M)=Acoso(t—1)=Acoso(t——)
C i
2n L 2nL 4
:Acos((ot——n—):Acos((ot—L) ¥
T ¢ A . :
. A . o I v
trong d6 t la thoi gian anh séng truyén tor O dén M, L Ia
quang 16 trén doan duong OM, Ala budc séng anh sang
2nL
trong chan khong, A 1a bién d¢ dao dong va ¢ = ™ a Hinh 2-4

pha ban dau. Phuong trinh (2-4) duoc goi 13 ham séng dnh
sdng.

6. Cwong do sang

Cuong d6 sang dic trung cho do sang tai mdi diém trong khong gian c¢6 song anh
sang truyén qua.

Pinh nghia: Cuong do sang tai mot diém la dai heong c6 tri s6 bang nang lwong trung binh
ciia séng dnh sdng truyén qua mét don vi dién tich dat vuéng gée véi phwong truyén sang
trong mot don vi thoi gian.

Vi mat d nang lugng cia song dién tur ti I¢ thuan vdi binh phuong bién do cua vécto
cuong do dién truong nén cuong do sang tai mot diém ti 1& vé6i binh phuong bién do dao
dong sang tai diém do:

[=KkA’
k: Hé sb ti 16. Khi nghién ciru cac hién tuong giao thoa, nhiéu xa dic trung cho tinh chét
song cla anh sang, ngudi ta chi cn so sanh cuong do sang tai cac diém khac nhau ma
khong can tinh cu thé gia tri cia cudng do sang, do d6 qui wéc lay k = 1:

[=A’ (2-5)

7. Nguyén li chong chit cic séng

Khi ¢6 hai hay nhiéu séng anh sang truyén t6i giao nhau tai mot diém nao d6 trong
khong gian thi sy tong hop cta cac song tuan theo nguyén li chong chét cac song. Nguyén li
nay duoc phét biéu nhu sau:

“Khi hai hay nhiéu séng dnh sing gdp nhau thi timg song riéng biét khong bi cdc
song khdc lam cho nhiéu loan. Sau khi gdp nhau, cdc séng dnh sdng van truyén di nhi cil,
con tai nhitng diém gdp nhau dao déng sang bang tong cdc dao déng sang thanh phan”.

8. Nguyén li Huygens

Nguyén li Huygens dugc phat biéu nhu sau: " Méi diém trong khéng gian nhén duwoc
séng sdng tir nguon sang thwe S truyén dén déu tre thanh nguon sang thir cap phdt séng
sang vé phia trieée né".

Nguyén 1i Huygens duoc mé ta don gian trén hinh 2-5 nhu sau: Séng phing duoc
phat ra tir ngudn sang & vo cing téi mat AB, tat ca cic diém trén mit song AB déu tré thanh
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nguodn thr cap va lai phat song cau vé phia trudce, bao hinh CD cua tat ca cac song cau nay
lai tré thanh mat song.

v L ¥ ¥ Y v ¥ ¥
A —w— . . . — . «— B
c \ S&M/ D
Hinh 2-5
§2. GIAO THOA ANH SANG

1. Dinh nghia:

Hién twong giao thoa anh sang la hién twong gdp nhau cua hai hay nhiéu séng dnh
sdng két hop, két quad la trong truong giao thoa sé xudt hién nhitng van sang va nhiing vin
16i xen ké nhau.

E
;vén sang

van sang
gitra

Y
~ van téi

Hinh 2-6. Thi nghiém giao thoa khe Young (Yang)

Piéu kién giao thoa: hién tuong giao thoa chi xdy ra d6i v6i song anh sang két hop.

Song anh sang két hop la nhitng séng c6 hiéu pha khéng thay déi theo thoi gian.

Nguyén tic tao ra hai song anh sang két hop 1a tir mot séng duy nhat tach ra thanh hai séng
riéng biét. Dung cu dé tao ra cac song anh sang két hop: vi du khe Young (hinh 2-6), guong
Fresnel.

2. Khao sat hién tuwgng giao thoa
a. Diéu kién cuc dai, cwe tiéu giao thoa

Xét hai ngudn song anh sang don sic két hop S; va S,. Phuong trinh dao dong sang
cua chung tai vi tri cua S; va S; la:
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Chuwong 2: Giao thoa anh sang

x(Sy)=A;cosmt
Xx(Sy)=A, cosmt

Tai M ta nhan dugc hai dao dong sang:
27‘CL1

X] =Ajcos(ot—

)

2TCL2

Xy =A, cos(ot -

)

L, va L, la quang 1§ trén doan dudng r; va r».

Vi khoang cach S;S, nhé hon rat nhiéu so vdi khoang cach tir mat phiang cua hai khe
dén man quan sat nén ta coi day 1a trudng hop tong hop cua hai dao dong cung phuong,
cung tan s6. Ta biét rang bién do dao dong sang tong hop tai M phu thudc vao hiéu pha cua
hai dao dong

27
Ap = T(Ll -Ly)

Néu hai dao dong cung pha, hiéu pha A = 2kn, thi bién do dao dong sang téng hop
tai M s€ co gia tri cuc dai va cuong do sang tai diém M la cuc dai. Nhu vay diéu kién cuc
dai giao thoa la:

A@:%(Ll ~L,)=2kn (2-6)

= Ly-L, =kA voi  k=0,t1£2.. (2-7)
Néu hai dao dong nguoc pha, hiéu pha Ag=(2k+1)x, thi bién d6 dao dong séng

tong hop tai M s€ c6 gia tri cuc ti€u va do do cuong do sang cuc tieu. Nhu vay diéu kién
cuc tiéu giao thoa la:

A(pzzx—n(Ll “L,)=2k+)n (2-8)

= L;=L,=02k+ 1)% voi k=0t112... (2-9)
b. Vi tri ciia van giao thoa

Hé théng khe Young nhu hinh v&, dugc
dat trong khong khi. Xét diém M trén man E,
diém M cach diém O mét khoang 1a y. Tur S, ké
S;H L SM. Vi S;S, = £ rat nhé va khoang
cach D tir khe dén man E 16n nén S;H~ 11, =
(sina = (tga va

Ly
h—n= D (2-10) Hinh 2-7. Vi tri cta van giao thoa
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Trong khong khi nén L;-L, = r;-r,. T diéu kién cuc dai, cuc tiéu giao thoa ta dé dang
tinh dugc vi tri cadc van sang va van toi.

V1 tri cac van sang (cuc dai giao thoa):

L.
1'1 —1'2 = gs =k7\.

Vs :kXTD véi  k=0,+1,+2... (2-11)

V1 tri cac van t01 (cuc ti€u giao thoa):

gyt 7\4
n—1m=—=02k+1)=
1T = ( )2

Vi =(2k+1)7;—]; véi  k=0,£1,%2.. (2-12)

Tur cac cong thirc (2-11) va (2-12) ta théy anh giao thoa trén man E c6 cac dac diém:
- Voi k=0 thi y,=0, ttrc 1a géc O trung v6i van cyc dai giao thoa. Van nay duogc goi
la van cyc dai gitra.

- Cac van cuc dai giao thoa tng voi k ==%1,+£2... va cac van cuc tiéu giao thoa nam
xen k& cach déu nhau ca hai phia doi véi van cuc dai gitra. P61 voi van sang, bac giao thoa
tring voi [k| . D6i v6i van tdi, khi k > 0 bac giao thoa tring véi k+1, khi k < 0 bac giao
thoa trung véi |k| .

- Khoang céch giira hai van sang ké tiép:
AD

%D %D
0 8

Tuong tu, khoang cach giita hai van t6i ké tiép ciing 14 i va i duoc goi 1a khodng vdn.

i= Y - vk = (kD)o k (2-13)

Céc van giao thoa 13 cac doan thang ndm trén mit phang vudng goc voi mit phang
hinh v&, do d6 néu dich chuyén dong thoi Sy va S, theo phuong vudng goc vi mit phiang
hinh v& thi hé thong van chi truot trén minh né va khong thay ddi gi. Do d6 ta co thé thay
hai ngudn sang diém S, va S, bﬁng hai nguén sang khe dat vudng goc véi mit phang hinh
v& dé cho hinh anh giao thoa 16 nét hon.

c. Hé vén giao thoa khi dung anh sang tring

Néu ngudn sang S; va S, phat anh sang tring gdm moi anh sang don sic c6 budc
song A = 0,4 +0,76um , thi mdi 4nh sdng don sdc s& cho mot hé van giao thoa c6 mau sdc
riéng va do rong i khac nhau. Tai géc toa do O, moi anh sang don sdc déu cho cuc dai, nén
van cyc dai giira 1a mot van sang trang, hai mép vién mau (trong tim, ngoai d6). Nhimng van
cuc dai khac tmg voi cting mot gia tri cua k 1a nhitng van c¢6 mau sic khac nhau nim chong
1én nhau tao thanh nhimg van sang nhiéu mau sic. Cac van nay cang bi nhoe dan khi xa van
sang tring ¢ trung tm.
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§3. GIAO THOA GAY BOI BAN MONG

Khi nhin vao mang xa phong, vang dau trén mit nude, ta thdy mau sic rat dep, mau
sdc d6 duoc tao nén boi su giao thoa cua cac tia phan xa trén hai mat cua ban mong. Trudc
khi di vao nghién ciru vé giao thoa giy boi ban mong chiing ta xem xét hién twong giao thoa
do phan xa.

1. Giao thoa do phan xa

Pé nghién ciru hién tugng giao thoa do phan xa Lloyd da lam thi nghiém sau: Guong
G duoc bodi den dang sau, chiét suit cua thuy tinh 16n hon chiét suat cua khong khi ny > ny.
Nguon sang S rong va cach xa. Man E duoc dat vuéng goc v6i guong. Mot diém M trén
man E s& nhan dugc hai tia sang tir S giri dén. Tia truyén tryc tiép SM va tia SIM phan xa
trén guong, sau d6 dén M. Hai tia nay giao thoa v&i nhau.

Hinh 2-8. Thi nghi¢ém cua Lloyd

Theo 1i thuyét: néu r-1r,=L;-L,=kAL thi diém M sang, néu
-1 =L -L, =(2k+ 1)5 thi diém M s€ toi. Tuy nhién thuc nghiém lai thay rang:

nhimng diém i thuyét du doan 12 sang thi két qua lai 1a t6i va nguoc lai, nhitng diém 1i thuyét
du doan 1 tdi thi lai 1a sang. Vay hiéu pha dao dong cua hai tia sang trong truong hop nay

khong phai 1a A(pzz—f(Ll —L,) ma phai la sz%(Ll -Ly)+m. Pé Ap thém mot

lugng m thi pha dao dong ctia mdt trong hai tia phai thay d6i mot lugng 7. Vi tia SM truyén
tryc tiép tir ngudn dén diém M, nén chi c¢6 tia phan xa trén guong méi thay ddi, cu thé 1a
pha dao dong ctia né sau khi phan xa s& thay d6i mot lwong 7. Twong duong vdi viée pha
thay di mot lugng 1a 70 thi quang 16 ctia n6 s& thay d6i mot luong 1a:
2n 2n 2n
=—1L = '=—L;+n="—"L]
?1 2 1 ¢ 2\ 1 N 1

L =L, +% (2-14)

Trong d6 ¢; va L, 1a pha va quang 1§ khi chua tinh dén su thay d6i pha do phan xa, con (p'l

va L; 1a pha va quang 10 cua tia sang khi c6 tinh dén su phan xa trén thiy tinh 13 moéi
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truong chiét quang hon méi truong anh sang toi. Trong trudng hop phan xa trén méi truong
c6 chiét suat nho hon chiét suat moi trudng anh sang t6i, vi du ta cho anh sang truyén trong
mdi truong thuy tinh dén mit phan cach giita thuy tinh va khong khi roi phan xa lai, khi d6
pha dao dong va quang 16 cua tia phan xa khong c6 gi thay doi.

Két ludn: Khi phan xa trén méi truong chiét quang hon méi truong dnh sang tdi, pha dao
déng cua dnh sang thay doi mot lwong ., diéu dé ciing twong dwong véi viéc coi tia phan

oA . A
xa dai thém mot doan 5

2. Giao thoa gay béi ném khéng khi
Ném khong khi 1a mot 16p khong
khi hinh ném gidi han bdi hai ban thuy
tinh phiang G, G, c6 d6 day khong dang
ké, dit nghiéng v6i nhau mot goc nhod o.
Chiéu chum tia sang don sic song song,
vudng goc voi mit G, . Tia sang tir ngudn
S di vao ban thuy tinh G; t6i M chia lam
hai: Mdt tia phan xa di ra ngoai (tia R)),
mot tia di tiép vao ném khong khi, dén K
trén G, va phan xa tai d6 roi di ra ngoai
(tia Ry). Tai M c6 su gdp nhau cua hai tia
phan xa ndi trén va chung giao thoa véi

Hinh 2-9. Ném khong khi

nhau. Trén mat G, ta nhan dugc van giao thoa. Tia R, (la tia phan xa trén mat G,) phai di
thém mot doan 2d so vdi tia R, (la tia phan xa trén mat G;) va vi tia R, phan xa trén mat
trén cua G, (thity tinh) chiét quang hon méi truong anh sang dén (khong khi) nén quang 16
cua tia nay dai thém mot doan 1a A /2. Con tia R; phan xa trén mat dudi cia G, thi khong
thay d6i pha vi day 1a phan xa trén méi truong khong khi, kém chiét quang hon moéi truong
anh sang td1 (moi truwong thuy tinh). Hi¢u quang 10 cua hai tia la:

L2_Ll :2d+% (2—15)
d 12 bé day cua 16p khong khi tai M. Céc diém toi thoa mén diéu kién:
Iy A
Ly-L;=2d+—=02k+1)—
2—L 3 ( )2
Do do:
A .
d= kE v6i k=0,12.. (2-16)

Tap hop cac diém c6 cung bé day d cua 16p khong khi 13 mot doan thing song song voi
canh ném. Tai canh ném d = 0, ta c6 mot van ti.

Céc diém sang thod man diéu kién:
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L2_Ll =2d+%=k}h

Do do:
A .
dg =(2k—1)z voi k=1,2,3... (2-17)
Van sang ciing 1a nhitng doan thang song song véi canh ném va nam xen k& véi véan tbi.

3. Van tron Newton

Heé cho van tron Newton gdm mot thdu kinh phang - 16i dat tiép xtic véi mot ban thuy
tinh phang (hinh 2-10). Lop khong khi giira thau kinh va ban thily tinh 13 ban méong c6 bé
day thay d6i. Chiéu mot chum tia sing don sic song song vudng goc v4i ban thity tinh. Cac
tia sang phan xa ¢ mdt trén va mat dudi cia ban mong nay s¢€ giao thoa véi nhau, tao thanh
cac van giao thoa c6 cung do day, dinh xt & mdt cong cua thau kinh phéng— 16i.

Giong nhu ném khong khi, cuc ti€u van giao thoa (van t61) nam tai vi tri tng voi bé

day cua 16p khong khi:
d = k% véi k=0,1,2... (2-18)
va cuc dai van giao thoa (van sang) nam tai vi tri tng v6i bé day 16p khong khi:
dg =(2k —1)% voi k=1,23... (2-19)
.. C
S ,
v,l l’wr, l l l
1 R
v L
d- M H
L ) P

Hinh 2-10. Van tron Newton

Do tinh chat doi xing cia ban mdng nén cac van giao thoa la nhitng vong tron dong
tam goi la van tron Newton.

Ta tinh ban kinh cta van thu k:
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e =R* —(R—dy)*
trong d6 R 1a ban kinh cong ciia thau kinh, d, 1a bé day ciia 16p khong khi tai van thir k. Vi
dyi <<R do do:

r2 ~ 2Rdy
Néu van thtt k d6 1a van t6i, ta c6 d, = k% , do do:

r, =vRA~Kk (2-20)

Nhu vay ban kinh cua cac van toi ti 1€ vdi can bac hai cua cac sO nguyén lién tiep.

§4. UNG DUNG HIEN TUQNG GIAO THOA

1. Kiém tra cac mat kinh phf’lng va 16i

Pé kiém tra do phé‘ing ctia mdt tAm kinh hodc do cong cua mot mat cau 16i nguoi ta
dat chting trén mot tam thuy tinh c6 d6 phéng chuén dé tao ra mot ban mong hinh ném hoac
mot hé cho van tron Newton. Néu tim kinh khong that phing hodc mit cau khong cong déu
thi cac van giao thoa s& khong thanh nhitng dudng song song cach déu hodc khong phai 1a
nhirng van tron ddng tim ma bi méo mo tai nhimg chd bi 15i.

2. Khir phan xa cac mat kinh

Khi mdt chum sang roi vao mat thau kinh
hay lang kinh thi mot phan anh sang sé& bi phan xa
tré lai. Anh sang phan xa nay s& 1am anh bj mo.

Pé khir phan xa, ngudi ta pha 1én thuy tinh mot -
mang mong trong sudt, c6 chiéu day d va chiét al | o,
suat n. Khi chiéu chum tia sang song song theo g n, }
phuong vudng géc voi mang mong thi cd sy giao

thoa ctia hai tia phan xa, tia thit nhat phan xa trén
mat gidi han gitra mang moéng-thuy tinh va tia thir
hai phan xa trén mit phan cach giita khong khi-mang mong. Chiét sudt n va bé day d cua
mang dugc chon sao cho hai tia phan xa ngugc pha nhau. Goi ng va ng la chiét suét cua

Hinh 2-11. Khtr &nh sadng phan xa

khong khi va chiét suat cta thity tinh thi nyy <n< ny . Hiéu quang 16 cua hai tia phan xa

théa man diéu kién cuc tiéu giao thoa:

AL=2nd+&—&=2nd=(2k+l)&
2 2 2

suy ra: d=2k+ l)i (2-21)
4n

A 13 budc song anh sang trong chan khong. Do day nho nhat ciia mang mong la:
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A
dmin = 4_ (2-22)
n

Ta thiy khong thé khir dong thoi moi anh sang phan xa c6 budc song khac nhau.
Trong thuc té thuong chon bé day d thoa mén diéu kién (2-22) tmg véi 4nh sang mau xanh
luc A = 0,55um la anh sang nhay nhat v6i mat nguoi.

3. Giao thoa ké Rayleigh (Rélay)

Giao thoa ké Rayleigh 1a dung cu dung dé do chiét suat (hay nong do) cta chat long
va chat khi véi d6 chinh xac cao. M6 hinh cua giao thoa ké Rayleigh dugc trinh bay trén
hinh 2-12.

Anh sang don sic tir ngudn S sau khi qua thau kinh hoi ty L, va hai khe S, S bi tach
thanh hai chum tia song song. Hai chum d6 s& giao thoa v4i nhau trén mit phang tiéu cta
thau kinh hoi tu L,. Nho thi kinh L ta c6 thé quan sat dugc hé théng van giao thoa do6.

II.I -__n0£:_-|
|

3, [—

1|r|51_ - - |
Ly L,

Hinh 2-12. Giao thoa ké Rayleigh

Trén duong di cta hai chim tia ban dau ta dat hai dng chiéu dai d dung cting mot chat
long chiét suat n, da biét. Ghi hé théng van giao thoa trén man quan sat. Sau d6 thay chat
1ong trong mot 6ng bang chat 1ong can nghién ciru. Vi chiét suat cia chat 1ong dung trong
hai 6ng bay gio khac nhau nén hiéu quang 16 ctia hai chum tia bi thay d6i mot luong

ALZLl —Lz =(n—n0)d (2-23)

n 14 chiét sut cua chét 1ong can do. Két qua 13 hé thong van giao thoa bi dich chuyén. Pém
sO van giao thoa bi dich chuyén ta c6 thé tinh duoc chiét suat ciia chat 1ong. Ta biét rang khi
hiéu quang 16 thay d6i mét bude song thi hé thdng van dich chuyén mot khoang van. Do d6
néu hé théng van giao thoa dich chuyén m khoang van thi hiéu quang 1 s& thay d6i mot

khoang bang:

AL =(n—-n,)d = m\A (2-24)
Tir @6 suy ra chiét suat cua chat 1ong can do la:

n = me +1, (2-25)

Ta ciing ¢6 thé do chiét sudt mot chit khi bang cach sir dung giao thoa ké Rayleigh,
so sanh chit khi d6 véi mot chét khi co chiét suat biét trude.
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4. Giao thoa ké Michelson (Maikenxon)

Giao thoa ké Michelson ding dé do d¢ dai cac -
vat véi d§ chinh xac cao. Hinh 2-13 trinh bay mo

4 . A I4 \ - -’:J F
hinh cua giao thoa k¢ Michelson .Anh sang tur <l
ngudn S chiéu t6i ban ban ma P (dugc trang mot 16p l | P s
bac rat mong) dudi goc 45°. Tai ddy anh sang bi tach g ﬁ%E

thanh hai tia: tia phan xa truyén dén guong G, va tia
khtc xa truyén dén guong Gs. Sau khi phan xa trén

hai guong G, va G, céc tia sang truyén nguoc trd lai,
di qua ban P va t6i giao thoa vdi nhau ¢ kinh quan ﬂ
sat. Vi tia thir nhat chi di qua ban P mét 1an con tia Dot

thir hai di qua P ba lan nén hiéu quang 16 cta hai tia
16n, van giao thoa quan sat dugc 1a nhitng van bac
cao, nén nhin khong rd nét. Bé khic phuc diéu nay

Hinh 2-13. Giao thoa ké Michelson

ngudi ta dit ban P’ gidng hét P nhung khong trang bac trén duong di cua tia thir nhat.

Néu ta dich chuyén guong G, song song véi chinh né doc theo tia sing mot doan
béng nua budc song thi hi€u quang 16 cua hai tia s€ thay d6i mot budc song, két qua hé van
giao thoa s& thay d6i mot khoang van. Vay mudn do chiéu dai ciia mot vat ta dich chuyén
guong G, tir ddu nay dén dau kia cta vat va dém s6 van dich chuyén. Néu hé théng véan dich
chuyén m khoang van thi chidu dai ctia vat can do la:

A
l=m— (2-26)
2
Giao thoa ké Michelson ding dé do chiéu dai voi do chinh xac rat cao, toi phan trim
micrémet (10 m).

III. TOM TAT NQI DUNG

1. Giao thoa anh sang cia khe Young

* Giao thoa anh sang 14 hién twong gap nhau cua hai hay nhiéu séng anh sang két
hop. Két qua 14 trong trudng giao thoa s& xuét hién nhimg véan sang va nhimng vén tbi xen ké
nhau.

f Song anh sang két hop 1a nhitng song ¢ cuing phuong dao dong va hiéu pha khong
thay doi theo thoi gian.
* Piéu kién cuc dai giao thoa la:
- Tha ko k =0y,
Diéu kién cuc tiéu giao thoa la:

Ll —L2 = (21( +1)%, k = O,il,ir2

* Vi tri cac van sang (cuc dai giao thoa):
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Vs =k7‘7D, k=0,+1,%2...

Vi tri cac van t6i (cuc ti€u giao thoa):

D
Vi :(2k+l)L, k=0,£L,+2...
20
Khoang cach giita hai van sang (hodc van ti) ké tiép:
. AD
i=—o0
1

2. Giao thoa giy béi ban méng

* Giao thoa do phan xa: Khi phan xa trén mdi truong chiét quang hon méi truong anh
sang td1, quang 10 cua tia phan xa dai thém maot doan A/2.

* Giao thoa ciia ném khong khi: Ném khong khi 1a mot 16p khong khi hinh ném giéi
han baoi hai ban thuy tinh phéng Gy, G c6 46 day khong dang Kké, dat nghiéng véi nhau mot
goc nhd a. Do su giao thoa ciia cac tia phan xa & mat trén va mat dudi ctia ném, ta thu
duogc cac van thoa & ngay mat trén ctia ném. Cuc tiéu van giao thoa (van tbi) nam tai vi tri
g v6i bé day cua 16p khong khi:

A
di =k—, k=0,1,2...
2
Tap hop cac diém co cing bé day d cua 16p khong khi 13 mot doan thing song song vai
canh ném. Tai canh ném d = 0 ta c6 mdt van toi.

Cuc dai van giao thoa (van sang) nam tai vi tri ing véi bé day 16p khong khi:
dg =(2k—1)% k=1,2,3...

Van sang ciing 14 nhitng doan thing song song véi canh ném va nam xen k& véi véan tbi.
* Van tron Newton: HE cho van tron Newton gém mot thau kinh phﬁng - 161 dat tiép
xuc voi mot ban thuty tinh phang. Lop khong khi gitta thiu kinh va ban thiy tinh 14 ban

mong cb bé day thay dbi.
Gidng nhu ném khong khi, cuc tiéu van giao thoa (van toi) nam tai vi tri ing v&i bé
day cua 16p khong khi:
d; zk%, k=0,1,2...

va cuc dai van giao thoa (van sang) ndm tai vi tri tng v&i bé day 16p khong khi
dg :(2k—1)%, k=123..

Do tinh chat doi xtmg cta ban méng nén cac van giao thoa la nhitng vong tron dong
tam goi l1a van tron Newton.
Ban kinh cua van to1 thtr k:
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I'k =\/R_7L\/E

Su giao thoa cho béi cic ban mong c6 rit nhiéu ung dung trong viéc kiém tra do
phing va d6 cong cua cac thiu kinh. Nguoi ta dung giao thoa ké Milchelson dé do d¢ dai

ctia mot vat, phép do dat do chinh xéc tdi 10°m.

IV. CAU HOI Li THUYET

1. Néu dinh nghia hién tugng giao thoa anh sang, diéu kién giao thoa anh sang. Thé nao la
song anh sang két hop ?

2. Tim diéu kién cyuc dai, cuc tiéu giao thoa. X4c dinh vi tri cac van giao thoa cuc dai va cuc
tiéu, be rong cua cac van giao thoa.

3. MO ta hién tuong giao thoa khi ding 4nh sang trang.

4. Trinh bay hién tugng giao thoa gy bdi ném khong khi va ng dung.

5. Trinh bay hién tugng giao thoa cho bdi hé van tron Newton va ing dung.

6. Mo ta va néu mg dung cua giao thoa ké Rayleigh.

7. Mo ta va néu ng dung cua giao thoa ké Milchelson.

V. BAI TAP

Thi du 1: Hai khe Young cach nhau mot khoang ¢ = Imm, dugc chiéu bang anh sang
don sic c6 bude song A = 0,6pum. Man quan sat dugc dat cach mat phéng chira hai khe
mot doan D=2m.

1.Tim khoang van giao thoa.

2. Xéc dinh vj tri ctia ba van sang dau tién ( coi van sang trung tim 13 vin sang
bac khong).

3. Xac dinh dd dich cua hé van giao thoa trén man quan sat néu trudc mot trong hai
khe dat mot ban mong song song, trong sudt cd bé day e =2pum, chiét sudtn=1,5.

Bai gidi
-6
1. Khoang van giao thoa: 1= M3 = vg10 .2 = 1,2.10_3m
4 1073

2. Vi tri ctia van sang duogc xac dinh bdi cong thuc:

Vs =@, ) 2 3.

-6
yg = AP 25070, Ve, = 2D 5 41073 m
Loy 1073 2 !
3AD _3
ys3 :7:3,6.10 m
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3. Do dich chuyén cua hé van:

Khi dit ban mong trong sudt
trudc mot trong hai khe, hi¢u quang

A e % g
16 gitra cac tia sang tr hai khe dén 1

7 o o
mot diém trén man thay doi. Mudn r2
e A A . 2 e S
biet hé¢ van dich chuyén nhu the : D
nao, ta phai tinh hiéu quang 16 cta o M

hai tia sang tai mot diém trén man.
Tu hinh v€ ta ¢6 hiéu quang 16
Ly —Ly =[(r —¢)+ne]-r, =(r, —rp )+ (n~1)e
Ma n—n =y—’€ , do @6 Ll —L2 =ﬂ+(n—1)e
D D
Vi tri van sang duoc xac dinh bdi diéu kién:

Li-L,= y];€+(n—1)e=k7»—>y’s # k?;D_(n—gl)eD

Vi tri van toi dugc xac dinh béi di€u kién:

Ly-L, :%+(n_l)e=(2k+l)7;_];_>ylt :(2k+1)7‘D_(n—€1)eD

Mt khac: yy :ktD, vy :(2k+€1)kD

e(n—-1)D 2.107%.0,5.2

3 :2.10_3m
l 10~

He¢ van dich chuyén mot khoang: Ay =

Thi du 2: Mot chum sang song song ¢ budc song A = 0,6um chiéu vudng goc voi mit
ném khong khi. Tim goc nghiéng ciia ném. Cho biét do rong ctia 10 khoang véan ké tiép &
mit trén ciia ném bang b = 10mm.
Bai gidi:
Hiéu quang 10 hai tia:
A A
AL =2d+= =2k +1)=
2 2
Do day cia ném khong khi tai vi tri van tbi
thtr k:

dy =k—j, k=0,1,2,3...

b0 day ctia ném khong khi tai vi tri van tdi thir k+10:
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(k+10)
dk+10:T
A A
Ao —d (k+10)5—k5 - ,
o ~ sin o = —K+10 k _ =—=3.10""rad
L1, b b

Thi du 3: Mot chum sang don sic song song chiéu vudng goc véi mit phang cia ban mong
khong khi ndm giira ban thuy tinh phang dat tiép xtc voi mat cong cta thau kinh phang -
16i. Ban kinh cta mat 11 thau kinh 1a R = 6,4m. Quan sat hé van tron Newton trong chum
sang phan xa, nguoi ta do duwoc ban kinh cua hai van toi ké tiép lan luot 1a 4,0mm va
4,38mm. Xac dinh budc song cuia chum sang chiéu t&i va sb tht tu cta cic van ndi trén.

Bai gidi: Ban kinh cua hai van t6i ké tiép tha k va k + 1 trong hé van tron Newton duoc xac

dinh boi cong thic:
I =1,kR7\,, Ty =q/ik+1iR7u

Budc song chum anh sang chiéu tdi:

2 2 -3 =3
ro -7 -~
3 = et~ _[e38107F a0 = 0,497.10 5 m
R 6,4

S6 tht tu cua van tdi tha k:

k:i_ (4.10‘3)2 .

R 64.0497.10°°

S thir tu ciia véan t6i ké tiép 1a 6.
Bai tap tu giai
1. Hai khe Young cach nhau mét khoang ¢ = Imm, duoc chiéu bing anh sang don sic, hé
van giao thoa quan sat dugc trén man c6 khoang van i = 1,5mm. Khodang cach tir man quan
sat dén mat phang chua hai khe D =3m. Tim:

1. Budc song cta anh sang chiéu t6i.

2. Vi tri ctia van sang tht ba va vén t6i thir tu.
Dap 50

Li=2P o= 05.10m

1 D

3AD

2 ¥g == 4510 m,

= (_21%@ ~525.103m

ty

2. Hai khe Young cach nhau mot khoang ¢ = 1mm, duoc chiéu bang anh sang don sic
c6 budc song chua biét. Man quan sat dugc dat cach mat phéng chtra hai khe mot doan
D = 2m. Khoang céch tir van sang tht nhat dén van sang thr bay 1a 7,2mm. Tim:

1. Budc song cua anh sang chiéu téi.
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2. Vi tri ctia van tdi thir ba va van sang thu tu.
3. Do dich chuyén cua hé van giao thoa trén man quan sat, néu dat trudc mot trong
hai khe mot ban mdéng song song, trong sudt, chiét suat n =1,5, bé day e = 0,02mm.

DPdp s6: Khoang cach tir van sang thir nhat dén van sang thr bay 1a 61 —1i=1,2. 103 m

Li=22 o2 061070m,
¢ D
_ (2k+DAD o
2.¥43 —2—€—3mm,yS4 =41 =4,8mm
-3
3 Ay= e(n-1)D _0,02.10 7.0,5.2 _ 0.02m

4 1073

3. Hai khe Young cach nhau mot khoang ¢ = 2mm, dugc chiéu bang anh sang don sic
¢ budc séng A = 0,6pum. Man quan sat dugc dat cach mit phang chira hai khe mot doan
D=1m.

1. Tim vi tri van sang tha tu va van t6i thi nam.

2. bat trudéc mot trong hai khe mot ban mong song song, trong sudt, chiét suit n =
1,5, hé van giao thoa trén man quan sat dich mot khoang 2mm. Tim bé day ciia ban mong.

Ddp so
Ly, =8P 212007m, v, = B a5 10
2 ay=S0=DD AV g6

¢ (-1D

4. Hai khe Young cach nhau mot khoang ¢ = 1mm, duoc chiéu bang anh sang don séc
budc song A = 0,5um. Man quan sat dugc dat cach mat phéng chtra hai khe mdt doan D
=2m.

1. Tim khodng van giao thoa.

2. bat trudc mot trong hai khe mot ban mong song song, trong sudt, bé day e = 12um,
hé van giao thoa trén man quan sat dich mot khoang 6mm. Tim chiét sudt ctia ban mong.

Ddp so
—6
L i:k_D: 0,5.10 °.2 :10_3m,
!l 107
2 Ay = e(n—-1).D g 4 Ay.l +¢eD _1.25
14 eD

5. Hai khe Young cach nhau mot khoang ¢ = 1mm, dugc chiéu bang anh sang don sic
¢6 budc song chua biét. Khi hé thong dit trong khong khi cho khoang cach giira hai van
sang lién tiép i = 0,6mm. Man quan sat dugc dat cach mit phang chira hai khe D = Im.
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1. Tim budc séng cua anh sang chiéu toi.

2. Néu d6 vao khoang giita man quan sat va mat phang chira hai khe mot chét 1ong thi
khoéng céach giita hai van sang lién tiép i = 0,45mm. Tim chiét suat ctia chat 1ong.
Dap s0

Li=™P o 06100 m. 2. i':i:n=i=§

l D n 1
6. M6t chum 4nh sang don séc song song ¢ bude séng A = 0,5um chiéu vudng goc véi mot
mat cua ném khong khi. Quan sat trong anh sang phan xa, nguoi ta do dugc do rong cua
moi van giao thoa bang i = 0,5mm.

1. Xac dinh gbéc nghiéng cua ném.

2. Chiéu dong thoi vao mat ném khong khi hai chum tia sang don sic c6 budc song
lan luot 1a A1 =0,5um ,A, =0,6um . Tim vi tri tai d6 cac van t6i cho boi hai chim sang
noi trén tring nhau. Coi canh ciia ban mong ném khong khi 1a véan t6i bac khong.

Dap 50
1. Do day cua ném khong khi tai vi tri van t6i bac k 1a: dy = %

) . d -d A A _
Do rong cua mot van giao thoa: 1 = kil Tk _ 6= —=0,5.10 3rad
o 200 21

2. Goi x 1a khoang cach tir canh ném dén van toi tht k trén mat ném. Vi ban ném c6 goc

. : J d
nghiéng rat nho nén: o = sina = —k
X
N S ka .
Vi tri cia van toi thr k: x = 2— =ki
a

Vi tri tai d6 cac van toi cia hai chum sang don sac A; va A, trung nhau:

M:@%k ékl

20 2a 276
K, 0 6 12 18...
Ky 0 5 10 15...
X=X, (mm) 0 3,0 6,0 9,0...

7. Mot ban mong ném thuy tinh c6 goc nghiéng o = 2 va chiét suat n = 1,52. Chiéu mot
chim sang don sic song song vudng gbc véi mot mit cliia ban. Xac dinh budc song cia
chum sang don sic néu khoang cach giira hai van t6i ké tiép bang i = 0,3mm.

Ddp so:

Cac van t6i thoa man diéu kién cuc tiéu giao thoa:
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AL=2nd—&=(2k+1)&
2 2

Do day cua ban ném tai vi tri van toi tho k: dy = (k + 1)— . Goi x 1a khoang cach tir canh
n
ném dén vi tri van tdi thi k trén mat ném. Vi goc nghiéng ciia ném rat nho nén coi gan

, . d
dung: o =sina =—
X

Do rong clia mdi van giao thoa:
A —d _ A
o 2na

1=Xyy] — Xk = — A =2noi = 0,529um
8. Xét mot hé thong cho van tron Newton. Xac dinh bé day cia 16p khong khi & d6 ta quan
sat thdy van sang dau tién, biét ring anh sang t&i co budc song A = 0,6pm.

Ddp sé: dg = (2k—1)%, k=1,2,3. > dg = % =0,15um

9. Cho mét chum sang don sic song song budc séng A = 0,6um, chiéu vudéng goc véi mit
phing ctia ban mong khong khi nam gitta ban thuy tinh phing dat tiép xic véi mit cong clia
mot thau kinh phang - 16i. Tim bé day cua 16p khong khi tai vi tri van t6i thir tu ciia chum
tia phan xa. Coi tdm cuia hé van tron Newton 1a van s6 0.

Dip s6: d; = % k=0,12,..—>d, = % =1,2um

10. Cho mét chum sang don sic song song chiéu vudéng goc voi mat phang ciia ban mong
khong khi nam gitra ban thuy tinh phang dit tiép xic v6i mét cong ciia mot thdu kinh phing
- 16i. Ban kinh mat 161 thdu kinh 1a R = 8,6m. Quan sat hé van tron Newton qua chim sang
phan xa va do dugc ban kinh van tdi thir tu 13 1y = 4,5mm. Xac dinh budc song cua chum
sang don sic. Coi tAm clia hé van tron Newton 13 van s6 0.

2
Pipsé: 1 =JKRL , k=0,1,2,3... > 15 = VARA -} = ;iR = 0,589um

11. Cho mét chum sang don sic song song chiéu vudng goc voi mat phang ciia ban mong
khong khi nam gitra ban thuy tinh phing dat tiép xtc voi mat cong ciia mot thiu kinh phang
- 16i. Ban kinh mit 16i thdu kinh 1a R = 15m. Quan sat hé van tron Newton qua chiim sang
phan xa va do duoc khoang cach giira van t6i thir tu va van ti thir hai muoi 1am bang 9mm.
Xac dinh budc séng ctia chim sang don sic. Coi tim ciia hé van tron Newton 1& véan s6 0.

Dap so

2
ric = VKRA —> 1y5 =14 = (v25 —JAWRE — A = (r25—r4)2 =0,6.10"%m
R(vV25 -4)
12. Nguoi ta ding giao thoa ké Michelson dé do d6 dan n¢d dai cia mot vat. Anh sang don

sdc dung trong thi nghiém c6 budc song A = 0,6.10°m. Khi dich chuyén guong di dong tir vi
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tri ban ddu (&mg véi lic vt chua bi nung néng) dén vi tri cudi (img véi lac sau khi vat d bi
nung néng), ngudi ta quan sat thdy c6 5 vach dich chuyén trong kinh quan sat. Hoi sau khi
din nd vat da dai thém bao nhiéu?

Ddp sé: Khi dich chuyén guong mot khoang A/2 thi hiéu quang 16 thay doi A va c6 mot van
dich chuyén. Vay sau khi nung noéng vat din né thém A /¢, s6 van dich chuyén 1a m, nén:

_mA

Al ~1,5.10 2 cm

13.Trong thi nghiém dung giao thoa ké Michelson, khi dich chuyén guong di dong mot
khoang 0,161mm, nguoi ta quan sat thdy hinh giao thoa dich di 500 van. Tim budc song cua
anh sang dung trong thi nghiém.

Ddp so: \ = 246 0,644um
m
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CHUONG IIl: NHIEU XA ANH SANG

I. MUC PICH - YEU CAU

1. Nam duoc nguyén li Huygens — Fresnel va phuong phap d6i cau Fresnel dé tinh bién do
dao dong sang tong hop tai mot diém nao do.

2. Van dung phuong phap déi cau Fresnel dé xét nhidu xa qua mét 15 tron nho, mot dia tron
nho va mot khe hep.

3. Nim dugc nhiéu xa qua céch tu, nhiéu xa trén tinh thé.

II. NOI DUNG

§1. NHIEU XA ANH SANG CUA SONG CAU

1. Hién twong nhiéu xa anh sang

Anh sang tir ngudn S truyén qua mot 15

tron nhé trén man P. Sau P dat man quan sat E, . E
trén man E ta nhan duoc hinh tron sang duong R Y
kinh B’D’ dong dang véi 16 tron BD. Theo dinh gl oW

ludt truyén thiang cia 4nh sang, néu thu nho 18
tron P thi hinh tron sdng trén man E nho lai.
Thuc nghiém chung t6 rang khi thu nhoé 18 tron
dén moét mirc nao do thi trén man E xuét hién
nhitng vén tron sang tdi xen k& nhau. Trong ving
t6i hinh hoc (ngoai B’D”) ta ciing nhan dugc

Hinh 3-1: Hién twong nhiéu xa anh sang
van sang va trong ving sang hinh hoc (ving B’D’) ciing c6 van tdi. Tai C c6 thé nhan dugc
diém t6i hay sang phu thude vao kich thudc cua 15 tron va khoang cach tir man E dén man
P. Nhu véy anh sang khi di qua 13 tron da bi 1éch khoi phuong truyén thang.

Dinh nghia: Hién twong tia sang bi léch khoi phuong truyén thang khi di gan cdc chwéng
ngai vat co kich thuoc nho dwoc goi la hién twong nhiéu xa anh sang.

Chuéng ngai vét cé thé 1a mép bién hay vat can hodc mét 16 tron c6 kich thudc cung c&
budc sdng cuia anh sang chiéu toi.

Hién tugng nhidu xa anh sang c6 thé giai thich dua vao nguyén li Huygens-Fresnel. Nguyén
li d6 duoc phat biéu nhu sau.

Nguyén li Huygens - Fresnel
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- M6i diém trong khéng gian dwoc séng dnh sang tiv nguon thuc giri dén déu tré
thanh nguén sang thir cdp phdt séng dnh sang vé phia trude.

- Bién d¢ va pha ciia nguon thir cdp la bién d¢ va pha do nguon thuc gdy ra tai vi tri
ciia nguon thir cap.

Theo nguyén li Huygens—Fresnel, khi anh sang chiéu dén 15 tron, cac diém trén 15 tron
déu tré thanh ngudn thir cap phat song cau thir cdp. Bao hinh ciia cac mat song cau thi cip 1a
mit séng. O mép cua 16 tron mét séng bi udn cong va tia song luén vudng goc voi mit séng,
do d6 & mép bién cac tia song bi ddi phuong so v6i phuong cia séng toi (hinh 3-2)

“-—

Hinh 3-2. Giai thich dinh tinh hién tugng nhiéu xa

M&i ngudn sang thir cdp trén mat 16 tron BD c¢6 bién d6 va pha dao dong ding bang
bién d6 va pha dao dong do ngudn sang S gay ra tai diém d6. Dao dong sang tai mdi diém
trén man anh E s& bang tong cac dao dong sang do nhitng ngudn sang thir cip trén 15 tron
BD giy ra tai diém d6. Tir biéu thirc cia ham song, dwa vao nguyén li Huygens-Fresnel
nguoi ta co thé tim duge biéu thic dinh lugng ctia dao dong sang tai mot diém M trén man
hinh E, nhung viéc tinh toan kha phtrc tap vi phai tinh tich phan. Fresnel da dua ra mdt
phuong phap tinh don gian goi 12 phuong phap d6i cau Fresnel.

2. Phwong phap déi cau Fresnel

Hinh 3-3
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Xeét nguén sang diém S phat anh sang don sdc va diém duogc chiéu sang M. Léy S lam
tam dung mit cau ¥ bao quanh S, ban kinh R < SM. Pat MB = b. Liy M lam tim v& cc

mit cau 20,21,27...c0 ban kinh lan luot 1a b, b+%, b+2% ... , trong d6 A la budc song

do nguén S phat ra. Cac mat cau 2(,21,27...chia mat cau ¥ thanh cac déi goi la déi cau

Fresnel. Vé&i cach dung nhu vay, nguodi ta chiing minh dugc rang dién tich cac déi cau bang
nhau va bang:

R
As= TR0, (3-1)
R+b
Ban kinh 1, ctia d6i cau thi k bang:
RbA
r = Jk véi  k=1,2,3.. (3-2)

R+b
Theo nguyén li Huygens, mdi d6i cau trd thanh ngudn sang tht cap phat anh sang t6i
diém M. Goi a, 1a bién d6 dao dong sang do déi cau thir k gay ra tai M. Khi k tang, cac doi
cdu cang xa diém M va gbc nghiéng 0 ting (hinh 3-3), do d6 a, giam: a;> a, > a; ... Khik
kha I6n thi a) = 0.
Vi khoang cach tir d6i cau dén diém M va goc nghiéng 0 ting rat cham nén a, giam
cham, ta c6 thé coi a, do d6i cau thir k gy ra 14 trung binh cong cta ay., va ag:

1
ay :E(ak—l +agi) (3-3)

Khoang cach cua hai d6i cau ké tiép téi diém M khac nhau A/2. Cac d6i cau déu
nam trén mat séng 3, nghia 14 pha dao dong cua tat ca cac diém trén moi déi cau déu nhu
nhau. Két qua, hiéu pha cua hai dao déng sang do hai déi cau ké tiép gy ra tai M la:

2= (L= Ly)= 20 2 (3-4)

Nhu vay hai dao dong sang d6 ngugc pha nhau nén chung sé khir 1an nhau. Vi M &
khé xa mat X, ta coi cac dao dong sang do cac doi cdu gy ra tai M cung phuong, do d6 dao
dong sang tong hop do cic doi gay ra tai M sé la:

a=aj-a+az-ast... (3-5)

Sau ddy chiing ta s& sir dung phuong phap déi cau Fresnel dé khao sat hién tuong

nhiéu xa cua 4nh sdng qua 16 tron, dia tron va qua khe hep.

3. Nhiéu xa qua 1 tron

Xét ngudn sang diém S, phat anh sang don sic qua 16 tron AB trén man chan P dén
diém M, S va M ndm trén truc cua 1 tron. Léy S lam tdm dyng mat cau T tua vao 16 tron
AB. Lay M lam tim v& cac ddi cau Fresnel trén mdt . Gia st 16 chira n d6i cau. Bién do
dao dong séng tong hop tai M 1a:
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a=aj—ap+tazg—ayg+..ra,

M

Ta co thé vieét:

a=2L g[8y B8 By 2
2 2 2 2 an-1 . _2n
_an ~ ——
2 2
Vi cac biéu thie trong ddu ngodc bang khong, nén:
a] an
a=—=— (3-6)
2 2

Lay dau + néu d6i n 1a 1¢ va dau - néu ddi n 1a chan. Ta xét cac trudng hop sau:

* Khi khong c6 man chan P hoic kich thudc 15 tron rat 16n: n—>oo, a, =0 nén cuong do

sang tai M:
2
A
[p=a"=— 3-7
0 4 (3-7)
* Néu 16 chtra s6 1é d6i cau
a=21,8n
2 2
a, a, )
1= 4% 3-8
(2+2) 3)
1>1,, diém M sang hon khi khong c6 man P. Dic biét néu 16 chira mot déi cau
a4 . 2
a=—+-—=a va [=ai =41 3-9
, T T i 0 (3-9)
Cuong d6 sang gip 4 1an so véi khi khong c6 15 tron, nhu vay diém M rat sang.
* Néu 16 chira s6 chan déi cau
a1 a4y
qa=—1_°n 3-10
o (3-10)
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2
a; a,
[=| -1 3-11
[2-2) G-11)
I < I, diém M t6i hon khi khong c6 18 tron. Néu 16 tron chtra hai d6i ciu thi
a a . ‘ .
a=71—72~0,d0d() 1=0, diém M i nhét.

Tém lai diém M c6 thé sang hon hodc t6i hon so véi khi khong c6 16 tron tiy theo
kich thuéc cua 16 va vi tri cia man quan sat.

4. Nhiéu xa qua mjt dia tron

Gitra nguon sang S va di€ém M c6 mot dia tron

chin sang ban kinh r,. Gia st dia che khuat m di cau r KT
Fresnel dau tién. Bién d6 dao dong tai M la: g b
M
a=ami) —aAmy2 tamy3 T 5

a a a
q = m+1+[ m+1_am+2+ m+3j+m

2 2 2 Hinh 3-5. Nhiéu xa qua mt dia tron

Vi céc biéu thirc & trong ngodc c¢6 thé coi bang khong, do do:

Am+l
a=— 3-12
) (3-12)

Néu dia chi che it d6i ciu thi an,; khong khac a; 1a miy, do d6 cuong do sang tai M
cling gidng nhu truong hop khong c6 chudng ngai vét gitra S va M. Trong trudng hop dia
che nhiéu d6i cau thi am =~ 0 do d6 cuong do sang tai M bang khong.

§2. NHIEU XA ANH SANG CUA SONG PHANG

1. Nhiéu xa ciia séng phing qua mdt khe hep

Pé tao ra chim sang song song, ngudi ta dit ngudn sang S tai tiéu diém cua thiu kinh
hoi tu L,. Chiéu chum sang don sdc song song budc song A vao khe hep ¢ bé rong b (hinh
3-6). Sau khi di qua khe hep, tia sang s& bi nhidu xa theo nhiéu phuong. Tach cic tia nhidu
xa theo mot phuong ¢ nao d6 ching s& gip nhau & vo cing. Mudn quan sat anh nhiéu xa
chung ta st dung thau kinh hoi tu L, chum tia nhidu xa s& hoi tu tai diém M trén mit phéng
tiéu ctia thau kinh héi tu L. Vi cac gia tri @ khac nhau chum nhiéu xa s& hoi tu tai cac
diém khac nhau. Ty theo gia tri cia ¢ diém M co thé sang hodc tdi. Nhitng diém sang tdi
nay nam doc trén duong thang vudng goc véi chidu dai khe hep va duoc goi 1a cac cuc dai
va cuc tiéu nhiéu xa.
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s L L
Litg,_DLr_—y_—:tf‘“”
S m
Syi TR F
J B -. 1
.". "I.z]
El't: 21

Hinh 3-6. Nhiéu xa qua mot khe hep

Vi 4nh sang giri &én khe 13 song phang nén mat phang khe 1a mat song, cac song thir
cap trén mat phang khe dao dong cing pha. Xét cac tia nhidu xa theo phuwong ¢ =0, ching
hoi tu tai diém F. Mt phéng khe va mat quan sat la hai mat tryc giao do do theo dinh li
Malus, cic tia sang gui tir mat phang khe t6i diém F c¢6 quang 16 bang nhau va dao dong
cung pha nén chung tang cuong nhau. Diém F rat sang va duoc goi la cuc dai giira.

Xét truong hop @ #0. Ap dung ¥ tuong ciia phwong phap déi cau Fresnel ta v& cac
mit phang 20,21,29,... vudng goc véi chum tia nhi€u xa va cach déu nhau mot khoang

L/2, chiing sé& chia mat khe thanh cac dai sang nam song song v&i bé rong ciia khe hep. Bé

va sO dai trén khe sé la:

rong cua moi dai 1a ¢ =

2sin@
N:E:M (3-13)
/ A

Theo nguyén 1i Huygens, nhimng dai nay 1a nguon sang thir cdp dao dong ciing pha (vi
nam trén cling mot mit soéng) va phat anh sang dén diém M. Vi quang 16 cua hai tia sang tir
hai dai ké tiép dén diém M khac nhau A /2 nén dao dong sang do hai dai ké tiép gui toi M
nguoc pha nhau va chung s& khir nhau. Két qua 1a néu khe chtra s6 chin dai (N = 2k) thi
dao dong sang do ting cap dai ké tiép gay ra tai M s& khir 1an nhau va diém M sé& t6i va la
cuc tiéu nhiéu xa. Piéu kién diém M tdi 1a:

N = 2bsin@ _ 9k
A
hay
. A .-
s1n(p:kg voi k=%1,£2,+£3.. (3-14)

Néu khe chira mot s6 1é dai (N = 2k+1) thi dao dong sang do timg cap dai ké tiép gui
t6i diém M sé& khir 1an nhau, con dao dong sang do dai cudi cung guri t6i thi khong bi khir.
Két qua diém M sé& sang va dugc goi la cuc dai nhiéu xa bac k. Cuong do sang cua cac cuc
dai nay nho hon rat nhiéu so voéi cuc dai gitra. Diéu kién diém M sang la:
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2bsin@ k4]

hay

sin(p=(2k+l)% voi  k=1,+£2,+£3.. (3-15)
Tém lai ta c6 cac didu kién cuc dai, cuc tiéu nhidu xa qua mot khe hep nhu sau:
- Cuyc dai gitra (k=0) : sinp=0
- Cyec tiéu nhiéu xa : sin(p=i&,i2&,i3&,...
b b b
- Cuc dai nhiéu xa : sin(p=i3£,i5£,...
2b 2b
D6 thi phan bb cudng do sang trén man quan sat cho boi hinh 3-7.
I
In
VaNWAN VAW
R ¢ Ao 3 s
s B b b B B

Hinh 3-7. Hinh nhiéu xa cta song phing qua mot khe hep

Nhan xét thay cac cuc dai nhiéu xa bac k = 1,2,3...nam xen giita cac cuc ticu nhiéu xa
va phan bo doi xung ¢ hai bén cuc dai gitra. Cuc dai gitra c6 bé rong gap doi cac cuc dai

khac. Theo tinh toan li thuyét, cuong do sang cua cac cuc dai nhiéu xa tuan theo hé thirc sau

Ip:Li:L:I3:..=1:0,045:0,016:0,008 : ...

2. Nhiéu xa ciia séng phing truyén qua cach tir phing

Cach tir phang la mét hé nhiéu khe hep giong nhau cé @ réng b, nam song song cdach déu
trén cung mét mdt phang. Khoang cach d giita hai khe ké tiép duoc goi 1a chu ki cua cach

tur.

. C A qas 1
S0 khe hep trén mét don vi chiéu dai: n = E
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Xét mot cach tr phang c6 N khe hep. Bé
rong cua moét khe 1a b, chu ki ctua cach tr 1a d.
Chiéu chum sang don sic song song budc soéng A
vudng goc voi mat cach tir. Vi cac khe c6 thé coi
1a ngudn két hop, do d6 ngoai hién twong nhiéu xa
gay bdi mdt khe con co hién tugng giao thoa gay 3
boi cac khe. Do d6 anh nhiéu xa qua cach tir s&
phtrc tap hon nhiéu so v&i anh nhiu xa qua mot
khe hep. Ta s& khao sat anh nhiéu xa qua cach tir:

Hinh 3-8. Nhiéu xa qua cach tir

- Tat ca N khe hep déu cho cuc ti€u nhicu xa tai nhitng diém trén man anh thoa man diéu
kién:

sin(p:k% voik=+£14243... (3-16)

Nhitng cuc tiéu nay dugc goi 1a cuc tiéu chinh.

- Xét phan bd cudng do sang gitta hai cuc tiéu chinh:

Hiéu quang 16 cua hai tia sang xudt phat tir hai khe ké tiép dén diém M la
L;-L,=dsing. Néu hiéu quang 16 d6 bing sb nguyén lin budc song
L, -L, =dsing=m\ thi dao dong sang do hai tia d6 gay ra tai M cung pha va ting
cuong 1an nhau. Két qua diém M sang. Cac diém d6 dugc goi 1a cue dai chinh. Vi tri cac
cuc dai chinh la:

L A A
s1n(p:mg voim=0, £1, £2, £3.... (3-17)
Sb nguyén m la bac cua cuc dai chinh. Cuc dai chinh gitra (m = 0) nam tai tiéu diém F cua
thdu kinh. Vi d > b nén giita hai cuc tiéu chinh c¢6 thé c6 nhiéu cuc dai chinh. Vi du: k=1
A A d : .
vad/b=3.Do |m|g < |k|g nén |m| < kg =3, nghia la m = 0, £1, £2. Nhu vay gitta hai

cuc ti€u chinh ¢6 5 cuc dai chinh.

Nhi&u xa qua ba khe

Al

Hinh 3-9 Anh nhiéu xa qua ba khe hep
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- Xét phan bd cudng d6 sang gifta hai cuc dai chinh:

Tai diém chinh gitra hai cuc dai chinh ké tiép, gbc nhiéu xa thda man diéu kién:
) A .
sing=(2m+1)— véim=0,£1,42...
2d
Tai cac diém nay, hiéu quang 16 cta hai tia gui tir hai khe ké tiép co gid tri la:
. A A g g . x
dsingp = (2m+1)5. Day la dicu kién cuc ti€u giao thoa, hai tia d6 s€ khir lan nhau. Tuy

nhién diém chinh giita d6 chua chac da tdi. Pé minh hoa cu thé ta xét hai truong hop don
gian sau:

+ Néu s6 khe hep N =2 (sé chan) thi cac dao dong sang do hai khe hep giri toi s&
khir nhau hoan toan va diém chinh gitra d6 s& t6i. Diém tdi 46 duoc goi la cue tiéu phu.

+ Néu s6 khe hep N = 3 (s6 1¢) thi cac dao dong sang do hai khe hep giri t6i s& khur
nhau, con dao dong sang do khe thir ba gy ra khong bi khir. Két qua 1a giira hai cuc dai
chinh 1a mdt cuc dai. Cuc dai nay cé cuong do kha nho, nén duoc goi 1a cuc dai phu. R6
rang gitra cuc dai phu nay va hai cuc dai chinh hai bén phai c6 hai cuc tiéu phu.

Nguoi ta chimg minh duge rang, néu cach tir c6 N khe hep thi giita hai cyc dai chinh
s& ¢6 N-1 cuc tiéu phu va N-2 cuc dai phu. Hinh 3-9 biéu dién anh nhiéu xa qua ba khe hep.
Céch tir phang c6 thé dung dé do budc séng anh sang, tmg dung trong may don sic...
Tir cong thirc (3-17) néu ta biét duoc chu ki ciia cach tir, bang cach do goc ¢ ung véi cuc

dai chinh bac m ta c6 thé xac dinh dugc bude song anh sang.

3. Nhiéu xa trén tinh thé

Céc nguyén tu (phan tir hay ion) céu tao
nén vt ran tinh thé dugc sip xép theo mot ciu
triic tudn hoan goi la mang tinh thé, trong do vi
tri cua cac nguyén tr (phan tu hay ion) goi la nut
mang. Khoang céach giira cac nut mang, dac trung
cho tinh tuan hoan, dugc goi la chu ki ciia mang
tinh thé. Chiéu 1én tinh thé MOt ChUm tia 3 oo st
Ronghen, mdi niit mang tr& thanh tAm nhiéu xa
va mang tinh thé dong vai tro nhu mot cach tir
v6i chu ki 1a chu ki cia mang tinh thé. Chum tia

Hinh 3-10. Nhiéu xa trén tinh thé

Ronghen s& nhiéu xa theo nhiéu phuong, tuy nhién chi theo phuong phan xa guong
(phuong ma goc phan xa bang goc t6i), cuong do cua tia nhidu xa du 16n dé ta co thé quan
sat dugc anh nhiéu xa. Nhing tia nhiéu xa nay s& giao thoa v4i nhau va cho cuc dai nhiéu
xa néu hai tia nhiéu xa ké tiép co hiéu quang 16 bang sb nguyén 1an budc song

AL =2dsinp=kA

hay
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sin(p=k2—7:1 (3-18)

d 12 khoang cach giita hai mat phiang nguyén tir ctia vat rén tinh thé (chu ki mang tinh thé).
Cong thirc (3-18) goi 1a cong thirc Vulf-Bragg. Péy 1a cong thirc co ban dé phén tich ciu
tric cua vat rin tinh thé bang tia Ronghen. Néu biét budc song cua tia Ronghen va do goc
¢ tacod thé xac dinh dugc chu ki d cua mang tinh thé.

III. TOM TAT NQI DUNG

1. Hién twong nhiéu xa 4anh sang
* Pinh nghia: Hién tuong nhiéu xa anh sang 1a hién tuong tia sang bi léch khoi
phuong truyén thang khi di qua cac chudéng ngai véat co6 kich thudc nho nhu 16 tron, khe hep,
dia tron...
* Nguyén 1i Huygens - Fresnel:
- M6i diém trong khéng gian duwoc séng dnh sdng tir nguon thuce giri dén deu tré
thanh nguon sang thw cap phat song anh sang vé phia truoc.
- Bién d¢ va pha ciia nguén thir cap la bién dg va pha do nguén thuwe gay ra tai vi
tri cua nguon thir cap.
2. Phwong phap déi cau Fresnel
Dién tich cac d6i cau bang nhau va bang:

AS = nRb 2
R+b

Ban kinh 1, ciia d6i cau thit k bang:

f =+ RO: A k=1,2,3...
R+b

trong &6 R 1a ban kinh ciia mit song bao quanh ngudn sang diém S

b 12 khodng céach tir diém dugc chiéu sang M t6i d6i cau thir nhét.
A 12 bude séng do nguodn S phat ra.
3. Nhiéu xa séng ciu qua 15 tron
Ap dung phuong phéap dé6i cau Fresnel, ta tinh dwoc bién d6 cua anh sang tong hop tai
M, céach nguon S mdt khoang R+b:
_ A1,
R -2

Lay dau + néu n la 1é va dau - néu n 1a chan. Ta xét cac truong hop sau:

a

* Khi khong c6 man chan P hodc 16 tron rat 1én: n — oo, a, ~0 nén cuong do

sang tai M:
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Chwong 3: Nhiéu xq anh sing

2

a

IO :212 Sl
4

* Néu 15 chira s 1é d6i cau:

a; a

l1,%n

a=—
2 2

a; a, )
I — _1 + -n
2 2
[>1,, diémM sang hon khi khong c6 man P. DBéc biét néu 16 chira mot doi cau
a; a
a=-14L_y va  I=af =4I,
2 2
Cuong d6 sang gap 4 1an so v6i khi khong c6 16 tron, nhu vy diém M rat sang.
* Néu 15 chua s6 chin déi cAu
I

2 2

2
(31 _2n
2 2

I < I, diém M tbi hon khi khong c6 15 tron. Néu 18 tron chira hai déi cau thi

a=21_22 20 dodo 1=0,diém M t5i nhit.
2 2

Tom lai diém M c6 thé sang hon hodc tdi hon so v&i khi khong c6 1 tron tuy theo
kich thude cua 10 va vi tri cia man quan sat.
4. Nhiéu xa ciia song phiang qua mot khe hep

Ap dung phuong phap ddi cau Fresnel ta tinh toan dugc bién d6 dao dong sang tong
hop tai mdt diém M trén man quan sat. Két qua ta co cac di€u kién cyuc dai, cuc ti€u nhicu
xa qua mot khe hep nhu sau:

- Cyc dai gitra (k=0) : sing=0
- Cyec tiéu nhiéu xa : sin(p=i&,i2&,i3&,...
b b b
- Cuc dai nhiéu xa : sin(p:i3i,i51,...
2b 2b

Trén dd thi phan bd cuong do sang ta théy cuc dai gitrta rat sang, cac cuc dai nhiu xa
bac k=1,2,3...ndm xen gilra cac cuc tiéu nhidu xa va phan bd ddi xung ¢ hai bén cuc dai
gitra. Cyc dai gitra ¢6 bé rong gip doi cac cuc dai khac. Theo tinh toan 1i thuyét, cwong do
sang cua cac cuc dai nhiéu xa tuan theo hé thirc sau:

Ip:Ii:L:13:...=1:0,045:0,016: 0,008 : ...

5. Nhiéu xa qua nhiéu khe — Cach tir
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Chwong 3: Nhiéu xa dnh sdng

Céch tir phang 1a mot hé nhiéu khe hep giéng nhau ¢ d6 rong b, nim song song cich
déu trén cung mot mat phang. Khoang cach d giita hai khe ké tiép dugc goi 1a chu ki cua
cach tr. Nguoi ta co thé ché tao duoc cac cach tir dai 10cm, trén mdi mm co tir 500 — 1200
vach. Cac cach tir nay co thé sir dung dé xac dinh budc song anh sang don sic, xac dinh
thanh phan ciu tao cia cac chat va dung trong may quang pho...

Dbi voi vat rin tinh thé, mang tinh thé dong vai tro mot cach tir khong gian ba chiéu.
Su nhiéu xa clia cac tia X trén cac nat mang cho ta Kkét qua:

2dsin = kA
d 1a khoang cach giita hai niit mang, goi 1a hang s mang. Pay 1a cong thirc Vulf-Bragg,
dugc dung dé x4c dinh cAu trac cua vat ran tinh thé.

IV. CAU HOI Li THUYET

1. Néu dinh nghia hién twgng nhiéu xa 4nh sang. Dung nguyén 1i Huygens gidi thich dinh
tinh hi¢n tugng nhicu xa.

2. Phét biéu nguyén i Huygens-Fresnel.

3. Trinh bay phuong phap déi cau Fresnel.

4. Giai thich hién twgng nhiéu xa 4nh sang qua 15 tron nhd. Xét cac trudng hop 16 tron chia
mot sO 1é dai cau, mot s6 chan dai cau, dac biét chira mot doi cau va hai doi cau.

5. Mo ta hién tuong nhiéu xa anh sang qua mot khe hep. Tim diéu kién cuc dai, cuc tiéu
nhiéu xa. V€ anh nhicu xa cua séng phang qua mot khe hep.

6. Pinh nghia cach tir phang va néu img dung ctia cach tu.

7. Trinh bay nhifu xa cta tia X trén tinh thé. Cong thirc Vulf- Bragg. Néu Gmg dung cia
hién tugong nhicu xa tia X.

V.BAI TAP

Thi du 1: M6t ngudn sang diém chiéu anh sang don sic budc séng A = 0,5um vao mot 15
tron ¢6 ban kinh r = 0,5mm. Khoang cach tir ngudn sang dén 15 tron R = Im.Tim khoang
cach tir 16 tron dén man quan sat dé tim nhiéu xa 1 t6i nhat.

Ddp s6: Dé tam cua hinh nhiéu xa 13 t6i nhét thi 13 tron chi chira 2 d6i ciu Fresnel, ban kinh
ctia 16 tron bang ban kinh ctia d6i cau thi 2

R Rr; 0.25.1076 L
2 g =i = = —_ —
R+b 2RA-12 205107 -025107% 3

2

Thi du 2: Mot chum tia sang don sic c6 budc song A = 0,5um duge chiéu vudng goc véi
mot khe hep chit nhat co bé rong b = 0,1mm, ngay sau khe hep dat mot thau kinh héi tu.
Tim bé rong cua van cuc dai gitta trén man quan sat dat tai mat phéng tiéu cua thau kinh va
cach thdu kinh D = Im.
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Bai giai: Bé rong cua van cuc dai giita 1a
khoang cach giira hai cuc tiéu nhiéu xa dau
tién ¢ hai bén cuc dai gitra. B 16n ctia goc
nhiéu xa @ tng véi cac cuc tiéu nhiéu xa do

la: sin(p=g.

Tir hinh vé ta thay
¢ =2Dtgo ~ 2Dsin @
_2Dh 21051070

-/ 3 =1lcm
b 01.10~

Thi du 3: Cho mdt chum tia sang don sic song song c6 bude soéng A = 0,5um, chiéu vong
goc véi mit ciia mot cach tir phang truyén qua. O sat phia sau ciia cach tir nguoi ta dat mot
thau kinh hdi tu c6 tiéu cu f = 50cm. Khi d6 trén man quan sat dat tai mat phang ti€u cua
thau kinh, hai vach quang pho bac nhat cach nhau mot khoang a = 10,1cm. Xac dinh:

1. Chu ky cach tir va s6 khe trén 1cm chiéu dai cuia cach tir.

2. S vach cuc dai chinh trong quang phé nhiéu xa.
Bai gidi
1.Vi tri cac cuc dai chinh trong quang phé
nhieu xa xac dinh boi cong thure:

sin(p:m?}L, m=0,+£1,+2,+3...

Do vay vi tri hai vach cuc dai chinh cua

quang phd bac nhat (mg véi goc léch ¢

. . A . z by B
bang: s1n(p1:E, vi ¢, rat nho nén

tgp) = sin @y .
MF L

Tur hinh vé, ta co |tg(p1| = E = E

So sanh |tg(p|1 voi |sin (p|1 ta cd chu ky cach tu:

_2fn2.50.1072.0,5.107°

d
E 10,1.1072

=4,95um

S4 khe trén 1cm chiéu dai caa cach tir: n = % =2020khe/cm

. A 1076
2. Tt cong thurc: sm(p=mT,me‘1 sing (1->m ( gzﬂzgp

0,5.107°
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Chwong 3: Nhiéu xa dnh sdng

Vim nguyén nén c6 thé 1dy cac gia tri: 0, 1,2.,3 4,5, 6,7, 8, 9.
Do d6 cac vach cuc dai chinh t6i da trong quang phd nhiu xa cuia cach tir bang:
Niax = 2.9 + 1 =19 vach.

Bai tap tw giai

1. Chiéu anh sang don sic budc séng A = 0,5um vao mot 18 tron ban kinh chwra biét. Ngudn
sang diém d3t cach 15 tron 2m, sau 18 tron 2m dit man quan sat. Hoéi ban kinh cua 16 tron
bang bao nhiéu dé tAm cta hinh nhiéu xa 13 ti nhat.

Dap so: DE tam cua hinh nhi€u xa 1a toi nhat thi 10 tron chi chira 2 déi cau Fresnel:

-6
e /kak :\/2.2.2.0,5.10 _1053m
R+b 4

2. M6t man anh dugc dat cach ngudn sang diém don sic bude song A = 0,5um mot khoang
2m. Chinh giira man anh va nguén sang dat mot 16 tron dudng kinh 0,2cm. Tim sb d6i cau

Fresnel ma 10 tron chira duoc.

Ddp s6: Ban kinh cua 16 tron bang ban kinh cta déi cau thu k

2
p_ (KRR T(R+D)
R+b RbA

3. Mot nguodn sang diém chiéu anh sang don sic bude song A = 0,5um vao mot 1 tron co
ban kinh r = Imm. Khoang cich tir nguon sang dén 16 tron R= 1m. Tim khoang cach tir 15

tron dén man quan sat dé 16 tron chtra ba d6i Fresnel.
Ddp s6: Dé 15 tron chi chira ba ddi cAu Fresnel c6 nghia 1a ban kinh cia 15 tron bang ban
3RbA R} 107

kinh ctia d6i cau thi ba: 13 = =b= 7= g g =2m
R+b 3RA-13  3.05.107° -10"

4. Pit mot man quan sat cach mot ngudn sang diém phat ra 4nh sang don sic budc song
A = 0,6um mot khoang x. Chinh gitra khoang x dat mot dia tron nho chan sang dudng kinh
Imm. Hoi x bang bao nhiéu dé diém My trén man quan sat c6 do sang gan gidng nhu chua
dat dia tron, biét diém M, va nguén sang déu nam trén truc cta dia tron.

Ddp s6: Mudn cuong do sang tai Mo gan gidng nhu khi chua co dia tron thi dia tron chi
chdn mot déi cau Fresnel:

2 —3\2
4.(0,5.1
= Roh ;R:b:R:—Zr— ; x:ZR:MZIﬁﬁn
VR+b A 0,6.10°°

5. Mot chum tia sang don sic song song budc song A = 0,589um chiéu thing goc véi mot
khe hep ¢ bé rong b = 2um. Hoéi nhimg cuc tiéu nhidu xa duge quan sat dudi nhitng goc
nhidu xa bang bao nhiéu? (so voi phuong ban diu)

Ddp sé: Ap dung cong thirc:

58

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chwong 3: Nhiéu xq anh sing

sin(pz% ,sing (1 > @y = 1708', ¢y = 3605', Q3 = 620

6. Chiéu mot chum tia sang don sic song song vudng goc voi mot khe hep. Bude song anh
s o1 . X . R
sang bang s bé rong cua khe hep. Hdi cuc tiéu nhieu xa thur ba dugc quan sat dudi goc

léch bang bao nhiéu?
Ddp sé: ¢ =30°
7. Mot chum tia sang dugc roi vuong goc voi mot céach tir. Biét réng gbc nhiéu xa d6i voi
vach quang phd A; = 0,65um trong quang phd bac hai bang ¢, = 45°. Xac dinh goc nhidu
xa tmg véi vach quang phd A, = 0,5um trong quang phd béc ba.
Dap 50:
3k, sin@
2—k1 N
8. Cho mot chum tia sang don sdc song song ¢ budc soéng A = 0,7um chiéu vuong goc voi
mat ciia mot cach tir truyén qua. Trén mat phang tiéu cia thau kinh hoi tu dat ¢ sat phia sau

sin@) =myni; =2nk; , sin@y =myni, =3nk, —>sinQ, = ¢y = 54040’

cach tir, ngudi ta quan sat thay vach quang phd bac ba léch ¢ = 48936' . Xac dinh:
1. Chu ky céch tir va s6 khe trén 1cm chiéu dai cua cach tir.
2. S cuc dai chinh nam trong khoang gitta hai cyc tiéu chinh bac nhat trong anh
nhiéu xa. Cho biét mdi khe cua cach tir c6 do rong b =0,7um, sin 48°36' = 0,75

Ddp so:
1.Goc nhiéu xa tng véi cac cuc dai chinh dugc xac dinh boi cong thire:
. mA A _
sing=———>d = m =2,.8.10 4em
d sin @

S4 khe trén 1ecm chiéu dai cua cach tir: n = % ~ 3571 khe/cm

2. Géc nhiéu xa tng voi cuc tiéu chinh trong anh nhiéu xa duoc xac dinh bai cong thuc:
. k}\' A - ’ N s~ . + R ’ A A 5 . 5 ~ A A

sinQ = T , s0 cuc dai chinh nam gitra hai cuc ti€u chinh bac nhat phai thod man diéu kién:

mp. [k [kld N L .

e ( o - |m| ({ k4 = 4. Vay gitra hai cyc tiéu chinh bac nhat c6 7 cuc dai chinh.

9. Cho mot cach tir phéng ¢o chu ky cach t&r d = 2um. Sau céch tir dat mot thau kinh hoi ty,
trén man quan sat dat tai mat phang tiéu cia thdu kinh nguoi ta quan sat thdy khoang cach
giita hai quang pho bac nhat ing véi budc song A; = 0,4044pum va A, = 0,4047um bang
0,1mm. X4c dinh tiéu cu cua thau kinh.

Dap so:
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Go6c nhieu xa tng voi cuc dai:

sinQ = mA 1
- d
. it
Vi tri cuc dai ing vi goc nhieu xa:
y = MF =f.tgop F
_ —_——
—f =M, yy —y; = 0,Imm,
tgpy — 2oy v
sin@, = A sin @y = M
¢2 1’ ?1 d

—{=0,65m

10. Mot chum 4anh sang tring song song chiéu vuéng goc vao mat mot cach tir phang. Cho
biét trén mdi milimet chiéu dai cta cach tir c6 n = 50 khe. Phia sau cach tir dat mot thau
kinh hoi tu. Xac dinh hiéu s cac goc nhiéu xa ing voi vach do co budc song A, = 0,76um
nim & cudi quang phd bac nhit va vach tim c6 budc séng A, = 0,4pm nam & dau quang phd

bac hai.
Ddp s6: d = 1 =0,02mm
n

Goc nhidu xa & cubi quang phd bac nhét mg véi anh sang do:
. A 0,76.107
sing === =—~——=0,038 > ¢; =2"11'
d 0,02.10”
Géc nhidu xa & dau quang phd bac hai tng v6i anh sang tim:
2,y 2.04.107°

+=00450, =2018’
d 00210

singQ, =

Hiéu s6 ctia cac goc nhidu xa: AQ =@y — @y =7’

11. Cho mdt chum tia sing don sic song song chiéu vudng goc vao mit cia mot cach tir
phang c6 chu ky d = 2um. Xac dinh bac 16n nhét cia cac vach cuc dai trong quang phd
nhidu xa cho béi cach tir dbi voi anh sang d6 c6 bude song A = 0,7um va ddi v6i anh sang
tim c6 budc song A, = 0,42um.

.. A d.si
Dap so: sm(p=mg—>rn= S;Ln(P,mé sing ( 1,nén m (%

D6i voi anh sang do: my ( xi =2,86 = mj(max) = 2
1

Do6i v6i anh sang tim: my ( I 4,76 > mj(;max ) = 4
2
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CHUONG IV: PHAN CUC ANH SANG

Trong hai chuong trudc chung ta da nghién ctru hién tugng giao thoa va hién tuong
nhiéu xa 4nh sang chi dwa vao ban chit song ctia 4nh sang ma khong can phan biét séng anh
sang la song ngang hay song doc. Trong chuong nay chiing ta s ching minh anh sang la
song ngang qua hién tugng phan cuyc anh sang. Ta da biét song dién tu la song ngang, la
song co6 cac vecto cuong do dién truong va vecto cuong do tur truong dao dong vuong goc
v6i phuong truyén song. Chi c6 séng ngang méi co thé thé hién tinh phan cuc cho nén
nghién ctru sy phan cuc cua anh sang ching ta mot 1an nita khang dinh ban chit song dién
tir cua anh sang.

I. MUC PICH - YEU CAU

1. Nam duoc su phan cuc anh sang thé hién anh sang 13 song ngang. Phan biét anh sang tu
nhién va anh sang phan cuyc (mdt phan, toan phan). Thiét 1ap dinh luat Malus.

2. Nam dugc su phan cuc anh sang do phan xa, khuc xa, phan cuc do ludng chiét tu nhién.
3. Nam duogc tng dung cia hién tuong quay mit phang phan cuc dé xac dinh ndng do cua
cac chat hoat quang trong phéan cuc ké (duong ké).

II. NOI DUNG

§1. ANH SANG PHAN CUC

1. Anh sang tw nhién va anh siang phén cue

—>

E;

.

»

Tia sang

() (b)

Tia sang

»

Hinh 4-1. Anh sang tu nhién (a) va anh sang phan cuc thang (b)
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Anh sing do mot ngudn sang phat ra 1a tip hop ciia vo sd cac doan song ndi tiép
nhau. Trong mdi doan song, vecto cudng d6 dién truong E ludn dao dong theo mot phuong
xac dinh vudng goc véi tia sang. Nhung do tinh hdn loan ciia chuyén dong bén trong mdi
nguyén tir nén vecto E trong cic doan séng do mot nguyén tir phat ra co thé dao dong theo
cac phuong khac nhau vudng géc véi tia sang. Mat khac ngudn sang bao gdm nhiéu

nguyén tr, do d6 phuong dao dong cua vecto E trong cac doan song do cac nguyén tur phat
ra cling thay d6i hdn loan va phan bé déu xung quanh tia sang. Anh sdng cé vecto cuwong do
dién truong dao dong déu dan theo moi phwong vuéng goc tia sang duoc goi 1a dnh sing tw
nhién. Hinh 4-1a biéu dién 4nh sang ty nhién, trong mat phing vudng goc vdi tia sang cac
vecto E co tri sb bang nhau va phan bb déu din xung quanh tia sang.

Anh sang ty nhién khi di qua méi trudng bat ding hudng vé mit quang hoc (vi du ban
tinh thé Tuamalin), trong nhitng diéu kién nhét dinh nao d6 do tic dung ctia moi truong nén
vecto Echi dao dong theo mot phwong xac dinh. Anh sdng ¢é vecto E chi dao déng theo
mét phwong xdc dinh dwoc goi 14 dnh sdng phdn ciee thang hay dnh sdang phdan cuc todn
phan. Hinh 4-1b biéu dién anh sang phan cuc toan phan E; . Hién tugng 4nh sang tu nhién
bién thanh anh sang phéan cuc goi 1a hién tugng phan cyc anh sang. Mat phang chia tia sang
va phuong dao dong cua E duoc goi 1a mit phing dao dong, con miat phiang chira tia sang
va vudng goc véi mat phang dao dong goi 1a mat phang phan cuc.

Vi dinh nghia anh sang phan cuc toan phan thi mdi doan séng do nguyén tir phat ra
12 mot anh sang phan cuc toan phan. Nhu vdy anh sang tu nhién do cic nguyén tir cia mot
ngudn sang phat ra 13 tdp hop cua vo s anh sang phan cuc toan phan, dao dong déu din
theo tat ca moi phuong vudng goc véi tia sang.

Trong mot sd truong hop do tic dung cta moi truong 1én anh sang truyén qua no,
vecto cuong do dién trudng van dao dong theo tit ca cac phuong vudng goc véi tia sang
nhung c6 phuong dao dong yéu, co phuong dao dong manh. Anh sang nay dugc goi 1a dnh
sdng phdn cue mot phan.

2. Pinh luit Malus vé phan cyc 4anh séng

Thyc nghiém ching té rang, ban tinh thé Tuamalin (hop chét silicoborat aluminium)
v6i chiéu day Imm c6 thé bién anh sang tu nhién thanh anh sang phéan cuc thing. Nguyén
nhan ctia hién twong nay 1a do tinh hap thu 4nh sang khong déu theo cac phuong khac nhau
trong tinh thé (goi 1a tinh hip thu di hudng). Trong ban Tuamalin c¢6 mdt phuong dic biét
goi 13 quang truc cua tinh thé (ki hiéu 13 A). Theo phuong quang truc, anh sang khong bi
hap thu va truyén tu do qua ban tinh thé, con theo phuwong vudng goc véi quang truc, anh
sang bi hdp thu hoan toan. Khi ta chiéu mot chum tia sang tu nhién vudng goc vi mat
ABCD ciia ban tinh thé tuamalin c6 quang truc song song canh AB, vi anh sang 14 song
ngang nén tia sang sau ban tuamalin cd vecto sang E song song voi quang truc cua ban
(hinh 4-1b). Duéi day ta s& xét ki hon vé sy truyén anh sang qua ban tuamalin.
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Xét 4nh sang ty nhién truyén téi ban tuamalin T;, bat ki vecto sang E nao cua anh
sang ty nhién ciing déu c6 thé phan tich thanh hai thanh phan: Ejx vudng goc véi quang

truc Ay va E1y song song vdi quang truc A;. Khi do

E* =iy +E7, (4-1)
Do anh sang tu nhién co Ephﬁn bd déu din xung quanh tia sdng nén ta co thé lay
trung binh:
B2 _p2 _lo2
Eix :Ely :EE (4-2)

Do tinh hip thu di huéng cua ban tinh thé tuamalin, thanh phan Elxvuc‘)ng gbc voi
quang truc bi hip thu hoan toan, con thanh phan Ely song song vai quang truc duge truyén
hoan toan qua ban tuamalin T, anh sang ty nhién da bién thanh 4nh sang phan cuc toan
phan c6 vecto sang El =E ly song song véi quang truc Ay (hinh 4-2) va cuong do sang I,
sau ban T, béng:

— 15 1
th%zE%:EEzzgm (4-3)

trong do6 I = E? 1 cuong do ctia 4nh sang tu nhién truyén téi ban T).
Lay mot ban tuamalin T, c6 quang truc A, dat sau T,. Goi a la goc gilra quang truc

Ayva A, . Vecto sang E1 sau ban tuamalin T, s& duoc phén tich thanh hai thanh phan:
E> =Ejcosa  song song VvOi quang truc A2 va By
E5 =Eisino vudng géc v6i A,. Thanh phin Ej sé truyén

qua ban T, con thanh phan E> s& bi hdp thu hoan toan. Nhu
vay sau ban T, ta cling nhan dugc 4nh sang phan cuc toan

phﬁn co vecto sang E2 =E> va cuong do sang I, béng

I, :Eg =E12 cos? o =1 cos” a (4-4)
I, 1a cuong d6 sang sau ban tuamalin T;. Nhu vy néu giit ¢b
dinh ban T, va quay ban T, xung quanh tia sang thi I, s thay

- . . , . - - Hinh 4-2
doi. Khi hai quang truc song song voi nhau, o =0 thi [, s€

o . o <1 . A . L T . ~
dat gia tri cuc dai va bang [,. Con luc hai quang tryc vuéng goc véi nhau, o = 5 thi I, s&

bang 0. T, dwoc goi 14 kinh phén cuec, T, duoc goi 14 kinh phdn tich (hinh 4-3)
Cong thuc (4-4) biéu dién mot dinh luat goi l1a dinh luat Malus.
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Pinh ludt Malus: Khi cho mét chim tia sdng tw nhién truyén qua hai ban tuamalin cé
quang truc hop véi nhau mét géc a. thi cwong dé sang nhdn dwoc ti 1é véi cos’a.

Do tinh d6i xting cua 4nh sang ty nhién xung quanh phuong truyén nén néu ta quay
ban tuamalin xung quanh tia sang thi ¢ vi tri ndo ciing c6 anh sang truyén qua. Con khi tia
sang chiéu dén ban tuamalin 13 4nh sang phan cyc thi khi quay ban tuamalin cudng d6 sang
sau ban s& thay ddi. Nhu vdy ban tuamalin co thé giup ta phan biét dugc chum sang tu
nhién va chum sang phan cuc.

By

Hinh 4-3

3. Su phén cuc anh sang do phan xa va khuc xa

Thuc nghiém chimg t6 rang khi cho mot tia sdng tu nhién chiéu t6i mat phan cach
giita hai moi truong dudi goc t6i i # 0 thi tia phan xa va tia khiic xa déu 14 4nh sang phan
cuc mot phﬁn. Vecto cuong do dién truong cla tia phan xa ¢ bién dé dao dong 16n nhét
theo phuong vudng goc vi mit phang téi, con vecto cudng d6 dién trudng cua tia khic xa
¢ bién do dao dong 16n nhit theo phuong nam trong mat phang t6i (hinh 4-4) . Khi thay
dbi gbc to1 1 thi mirc d§ phan cuc cua tia phan xa va tia khuc xa cling thay doi. Khi gbc toi 1
théa mén diéu kién:

tg ip=ny; (4-5) 8
thi tia phan xa s& phan cuc toan phan, a: : -3 - ~
| A
Ny =—2 1a chiét sudt ti dbi cua moi | T
nj khéng khi / n
truong hai d6i véi moi truong mét, ip dugce {h
goi la gbéc té1 Brewster hay gdéc phan cuc L, N
\ A , . , 9 = / iy inh 1 s
toan phan. Vi du khi phan xa tor khong khi . i f{ #
. \ . 3 g A L : |
trén thuiy tinh thi ig = 57°. Tia khtc xa khong %,

bao gid 1a 4nh sang phan cuc toan phan,
nhung khi i = ip thi tia khic xa ciing bi phan Hinh 4-4: Phan cyc do phan xa
cuc manh nhat. va khuc xa
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§2. PHAN CU'C DO LUONG CHIET

Thyc nghiém ching to ring mot so tinh thé nhu bang lan, thach anh... ¢6 tinh chat
dic biét 1a néu chiéu mot tia sang dén tinh thé thi néi chung ta s& dugc hai tia. Hién
tugng nay goi 14 hién tuong ludng chiét. Nguyén nhan 13 do tinh bat dang hudng cua tinh
thé vé mat quang hoc (tirc 13 tinh chat quang cua tinh thé & cac huéng khac nhau thi s&
khac nhau). Dé nghién ctru hién tugng ludng chiét ching ta xét tinh thé bang lan.

Tinh thé bang lan 1a dang két tinh cua Fe0g
canxi cacbonat (CaCO;). Mdi hat tinh thé bang L4 Pl
lan c¢6 dang mot khdi sau mat hinh thoi (hinh 101527 \
4-5), trong d6 duong thang Péi hai dinh A va 1}1 ol T _‘ij Cy
goi la quang truc cua tinh thé. M{t tia sang truyén T
vao tinh thé bang lan theo phuong song song véi B D1
quang truc s€ khong bi tach thanh hai tia khuc xa. Hinh 4-5 Tinh thé bang lan

Chiéu mot tia sang ty nhién vudng goc voi mit
ABCD cua tinh thé. Thyc nghiém chiing t6 ring tia ndy s& bi tach thanh hai tia khiic xa
(hinh 4-6):

- Tia truyén thang khong bi 1éch khoi phuong truyén goi 1a tia thuong (ki hiéu 1a tia
0). Tia nay tuan theo dinh luat khuc xa anh sang. Tia thuong phan cuc toan phan, c6 vecto
sang E vudng goc v6i mot mat phang dic biét goi 14 mat phang chinh cua tia ¢ (mat
phang chtra tia thuong va quang truc).

- Tia léch khoi phuong truyén goi 1a tia bat thuong (ki hiéu 1a tia e). Tia nay khong
tuan theo dinh luat khuc xa anh sang. Tia bat thuong phan cuc toan phén, c6 vecto sang E
nam trong mat phang chinh ctia n6é (mat phang chira quang truc va tia bat thuong).

Khi 16 ra khoi tinh thé, hai tia thuong va tia bat thuong chi khac nhau vé phuong phan
cuc. Chiet suat cua tinh thé bang lan doi véi tia thuong ludn khong doi va bang n,=1,659.

Chiét sudt n, cta tinh thé bang lan dbi véi tia bat thuong phu thudc vao phuong
truyén cia no trong tinh thé va thay doi tur 1,659 (theo phuong quang truc) dén 1,486 (theo
phuong vuong goc voi quang truc). Nhu vay doi voi tinh thé bang lan ta co:

n.<n, (4-6)
Vi chiét sudt n = ¢/v, vdi ¢ 1a van tdc anh sang trong chan khong va v 1a van tdc anh sang
trong moi truong, do do:

VeV, (4-7)
nghia 13 trong tinh thé bang lan, van tdc ctia tia bat thuong néi chung 16n hon van tdc ctia
tia thuong.

Tinh thé bang lan, thach anh, tuamalin... 13 nhiing tinh thé don tryc. Trong tw nhién
con c6 tinh the ludng truc, do 1a nhirng tinh the c6 hai quang truc theo hai hudng khac nhau.
Mot tia sang tu nhién truyén qua tinh thé ludng truc cling bi tdch thanh hai tia khtc xa
nhung ca hai tia nay déu la nhiing tia bat thuong.
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Tiae

C &y Tiaa

Hinh 4-6. Tinh ludng chiét cua tinh thé

§3. KINH PHAN CUC

Nguoi ta sir dung cac tinh thé ludng chiét dé ché tao kinh phéan cue. Kinh phan cyc 1a
nhimg dung cu c6 thé bién anh sang ty nhién thanh anh sang phan cuc, vi du nhu ban
tuamalin, ban pélaroit, lang kinh nicon...

1. Ban polaroit

Mot sb tinh thé ludng chiét c6 tinh hip thy di hudng manh d6i voi mét trong hai tia
thuong va bat thuong. Vi du ban tinh thé tuamalin day hon 1mm hau nhu hép thu hoan toan
tia thuong va chi cho tia bt thudng truyén qua né. Vi vdy ban tuamalin c6 thé ding lam
kinh phan cuc.

Trong nhitng nam gan day nguoi ta da ché tao nhimg kinh phan cyc lam bang
xenluyldit, trén c6 phit mot 16p tinh thé dinh hudng sunfat-idt-kinin ¢ tinh hép thy di
huéng manh. Nhitng ban nay goi 13 ban polardit. Ban polardit day khoang 0,1 mm c6 thé
hap thy hoan toan tia thudng va tao ra anh sang phan cuc toan phan sau khi di ra khoi ban.

Ban polardit trong ddi ré nén duoc sir dung nhiéu trong nganh van tai. Dé khic phuc
hién tuong ngudi 1ai xe 6td bi loa méit do anh sang tir cac dén pha cua cac 6t6 khac chay
nguoc chiéu gy ra, nguodi ta dan cac ban polardit 1én mat kinh dén pha 6t6 va kinh chan gi6
phia trudc nguoi 1ai 6t6 sao cho quang truc cua cac ban song song va cung nghiéng 45° so
v6i phuong ngang. Khi hai 6t6 chay nguoc chidu toi gip nhau thi cic ban polardit trén hai
6t0 ndy co quang truc bat chéo nhau. Nhu vy anh sang phan cyuc phat ra tir dén pha cia 6t6
thir nhit chay t6i khong thé truyén qua kinh chin gié cta 6t6 thi hai chay nguoc chiéu dé
chiéu vao mat nguoi l4i xe. Trong khi d6 ngudi 1ai xe thir hai vin c6 thé nhin thay 4nh sang
phan cyc phat ra tir dén pha ctia xe minh chiéu sang cac vét & phia trudc, vi anh sang phan
cuc nay sau khi phan xa trén cic vat van giit nguyén phuong dao dong song song v6i quang
tryc ctia kinh chan gié trude mat nguoi lai xe.

2. Lang kinh Nicol (Nicon)
Lang kinh Nicol (goi tat 13 nicon) 13 mot khéi tinh thé bang lan dwoc cit theo mit chéo
thanh hai nira va dan lai v6i nhau bang mot 16p nhura canada trong sudt c6 chiét suat n= 1,550.
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Tia sang ty nhién SI chiéu vao mit AC cia nicon theo phuwong song song voi mat day
CA'bj tach thanh hai: tia thuong va tia bat thuong. Chiét suat cua tinh thé di véi tia thuong
n,=1,659, con chiét suat cua tinh thé d6i véi tia bat thuong n, phu thudc vao hudng, no thay
d6i tir 1,486 dén 1,659. Vi n, > n, nén tia thuong bi khic xa manh hon tia bat thuong. Chiét
sut cua tinh thé di véi tia thuong 16n hon chiét suat cua 16p nhya va hinh dang, kich thuéc
cua nicon dugc chon sao cho tia thuong khi dén 16p nhya canada bi phan xa toan phén va
sau d6 bi hip thuy trén 16p son den ctia mat day CA'. Con tia bat thuong (n. < n) truyén qua
16p nhya canada va 16 ra khoi nicon theo phuong song song vdi tia toi SI.

A c’

tia o

Hinh 4-7. Lang kinh Nicol

Nhu vy, nicon da bién anh sang tw nhién (hodc phan cyc mot phan) truyén qua nd thanh
anh sang phan cyc toan phﬁn cO mat phéng dao dong trung véi mat phéng chinh cuia nicon.

Néu cho mét chum sang ty nhién qua hé hai nicén N; va N, thi cuong d6 sang I, &
phia sau ban nicon N, ciing dugc xac dinh theo dinh luat Malus (cong thuc 4-4), voia 1a
goc giira hai mat phang chinh ctia nicon N va N,.

Khi hai nicon N; va N, dat ¢ vi tri song song, ung véi o = 0, cuong do sang sau
nicon N, dat cuc dai I, = L. (sang nhét). Khi hai nicon dit & vi tri bit chéo, ung voi
o =n/2, cuong do sang sau nicon N, dat cuc tiéu I = Lyin (téi nhét).

My E Iy £

3

a)
Nl E H2
s S 7 \\Z_ _______
oL/ 161 mhsi
b
Hinh 4-8. a) Hai nicon song song b) Hai nicon bat chéo
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§4. ANH SANG PHAN CUC ELIP

Trong céc tiét trude chiing ta dd nghién ctru anh sang phan cyc thang, d6 13 anh sang
c6 vecto sang E dao dong theo mot phuong xac dinh, tirc 1a E dao dong trén duong thang.

Thuc nghiém chi ra ring ta c6 thé tao ra dnh sdng phdn cuc trong dé dau miit vecto
sang E chuyén dong trén mot dwong elip (hay dwong tron), anh sang phan cuc nay duoc
goi la dnh sang phan cuc elip hay phdan cuc tron.

Xét ban tinh thé T c6 quang truc A va do day d. Chiéu vudng gbe voi mat trude cia
ban tinh thé mot tia sing phan cuc toan phan c6 vecto sang E hop véi quang truc mot géc
o. Khi vao ban tinh thé, tia sdng nay bi tach thanh hai: tia thuong va tia bat thuong. Tia
thuong co6 vecto sang Eo vudng goc véi quang truc, con tia bat thuong ¢o vecto sang Ee

song song v4i quang truc va ca hai vecto sang déu ndm trong mit phang vudng goc voi tia
sang (hinh 4-9).

¥
= E -
B = X s E
! Eeié
. A
! - E
I - .
1a
T

Hinh 4-9. Anh sang phan cuc elip

Vecto sang tong hop cua tia thuong va tia bat thuong tai diém M sau ban tinh thé
bang:

E:EO +Ee (4-8)

O trong ban tinh thé, hai tia nay truyén di v6i van téc khac nhau (do chiét suit cua
tinh thé ddi voi hai tia khac nhau, n. # n, ) va khi 16 ra khoi ban ching lai truyén di véi cting
van toc. Do do, hiéu quang 10 cua tia thuong va tia bat thuong tai mot diém M sau ban
bang:

AL=L,- L,=(n,-n.)d (4-9)

twong g voi hi¢u pha la
2n 2n
A@:T(Lo'Le):T(no'ne)d (4-10)

trong d6 A 1a budc song anh sang trong chan khong.

68

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuwong 4: Phdn cuc anh sang

Céc vecto sang Eo va Ee dao dong theo hai phuong vudng goc véi nhau, do dé du
mut vecto sang tong hop s& chuyén dong trén mot dudng elip xac dinh boi phuong trinh:

x2 y2 2xy

J’— -
A A3 AA;

cos A =sin2A 4-11
¢ ¢

v6i A; va A, lan luot 13 bién d6 va Ag = @, - P la hiéu pha dao dong cta hai vecto sang
Eo va Ec. Néu truée khi vio ban tinh thé, anh sang phan cuc toan phin c6 bién do 1a A thi
A=A.sina va A,=A.cosa .

Nhu véy, anh sang phan cuc thing sau khi truyén qua ban tinh thé s& bién thanh anh
sang phan cuc elip. Ching ta s€ xét mdt vai truong hop riéng phu thudc vao do day d cua
ban tinh thé.

1. Ban phan tw buéc séng
Ban phan tu budc song 1 ban tinh thé c6 d6 day d sao cho hiéu quang 16 cua tia
thudng va tia bat thudng truyén qua ban bang mot s6 1¢ 1an cua phan tu bude song:

AL = (n, -ne)d:(2k+l)% (4-12)
Khi d6 hiéu pha cia hai tia bang:
Ao = (2k+l)g (4-13)
va phuong trinh (4-11) s€ thanh:
X—22 +y—z =1 (4-14)
AT A3
, 7 ¥

PV

[
N NP
Hinh 4-10a: Phan cuc elip
dang chinh tic

Hinh 4-10b: Phan cuc tron

Trong truong hop nay, dau mt cia vecto sang téng hop E phia sau ban tinh thé
chuyén dong trén mot elip dang chinh tic co hai ban truc 1a A, va A, dugc xac dinh boi
phuong trinh (4-14) (hinh 4-10a). Pic biét, néu a = 45° thi A; = A, = A, va phuong trinh
(4-14) sé thanh:

x2+y2=A} (4-15)
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Khi d6 ddu mut cua vecto sang téng hop E phia sau ban tinh thé chuyén dong trén dudng
tron tdm O, ban kinh Ay dugc xac dinh bdi phuong trinh (4-15) (hinh 4-10b).

Nhu vay, sau khi truyén qua ban phan tu budc séng, anh sang phan cyc thiang da bi
bién d6i thanh anh sang phan cuc elip dang chinh tac hodc phéan cyc tron.

2. Ban nira buée song
Ban ntra budc song 1a ban tinh thé c6 @ day d sao cho hiéu quang 16 cua tia thuong
va tia bat thudng truyén qua ban bang mot s6 1¢ 1an nira budc song:

ALz(no-ne)dz(Zk—kl)% (4-16)
Khi d6 hi¢u pha ctia hai tia bang: v 4
Ap=(2k+1D)rn (4-17)
va phuong trinh (4-11) s€ thanh: =
XY ) (4-18)
A Ay
Pay 1a phuong trinh ctia duong thang, mat vecto sang tong Hinh 4-11

hop E phia sau ban s& chuyén dong trén dudng thiang nim

trong goc phan tu thir hai va thir tw cia hé toa d6 Oxy (hinh 4-11), duong thang d6 hop voi
quang truc mot goc o . Trude khi vao ban tinh thé, mit vecto sing cta anh sang phan cuc
thang dao dong trén duong thang. Nhu vay sau khi truyén qua ban nira budc séng dnh sdng
phén cue thang van la anh sang phdn cuwc thang, nhung phiwong dao déng da quay di mot
goc 2a. so voi truoc khi di vao ban.

3. Ban mgt buéc song

Ban mot budc song 1a ban tinh thé ¢6 d6 day d sao cho ¥
hiéu quang 16 cua tia thuong va tia bat thuong truyén qua ban S I .

bang mot sO6 nguyén lan budc song: | B

AL =(n, -ng,)d =kA (4-19)

khi d6 hiéu pha cua hai tia bang:
Ao = 2kn (4-20)

Hinh 4-12

va phuong trinh (4-11) s€ thanh:

£ AT~ (4-21)
Al A

Day la phuong trinh ctia dudng thiang, nim trong goc phan tu thir nhat va thi ba cta hé toa
d6 Oxy (hinh 4-12), dudng thang d6 hop véi quang truc mot goc o . Nhur vay sau khi truyén
qua ban mét buée song dnh sang phan cwc thang gii nguyén khéng doi.
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§5. LUONG CHIET DO PIEN TRUONG

Mot sb chit long nhu sulfua cacbon, benzon... khi chiu tac dung cua di¢n trudong thi
tré nén bat dang hudng vé mit quang hoc. Hién twong nay duoc Kerr tim ra nam 1875 va
goi 1a hiéu ung Kerr. So d thi nghiém vé hiéu ung Kerr dugc trinh bay trén hinh 4-13.

H E | 2

A/ R i AN
4 7 ot =5 -_-—I__ — k! i

Hinh 4-13. Thi nghiém vé hiéu tmg Kerr

Khi chwa c6 dién truong, cac phan tir chat 16ng chuyén dong nhiét hdn loan nén chat
long 1a ddng hudng va khong 1am thay doi phuong ciia 4nh sang phan cuc toan phan sau
nicén N, truyén t&i nd. Do d6 anh sang phan cuc toan phan nay khong thé truyén tiép qua
nicon N, (bét chéo voi Nj) va sau nicon N, s€ hoan toan t0i.

Khi chat long chiu tac dung cua dién truong gitra hai ban cuc cua ty dién, cac phan
tir cia né tré thanh cac ludng cuc dién nam doc theo phuong cua dién truong. Chat 10ng trd
thanh méi trudng bat dang hudng véi quang truc 1a phuong ciia dién truong. Trong trudng
hop nay, chim 4nh sang phan cuc toan phan sau nicon N truyén t6i cht long bi tach thanh
tia thuong va tia bat thuong. Tong hop cia hai tia ndy sé& 14 4nh sang phan cuc elip, ¢ thé
truyén tiép qua nicon N (bat chéo v&i Nj), nén sau nicon N, s& sang.

Thuc nghiém chimg to véi mdi anh sang don sic, hiéu sé chiét suit n, - n cta cht
16ng (chiu tac dung cta dién truong) ddi véi tia thuong va tia bat thuong truyén trong nod cé
d6 16n ti 18 v6i binh phuong cudng do dién truong E tac dung 1én chat 1ong:

ny —ng =kE? (4-22)
v6i k 14 hé s6 ti 1& phu thudc vao ban chét cua chét 1ong. Hiéu pha giita hai dao dong cua tia
thuong va tia bat thudng sau khi di qua 16p chét 1ong co bé day d s& 1a:

A@z%(no —ne)dz%kEzdzanEzd (4-23)
trong d6 B = k/A goi 1a hang s6 Kerr. Gia tri cia B phu thudc nhiét do cua chat long va
bude song anh sang.

Thoi gian dé cac phan tir dinh huéng theo phuong cua dién truong va thoi gian dé
céc phan tir tro vé trang thai chuyén dong hdn loan chi vao ¢& 10'%. Tinh chit ndy cta hiéu

mg Kerr da dugc tng dung dé ché tao van quang hoc dung dong ngit anh sang rat nhanh
khong c6 quan tinh.
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§6. SU QUAY MAT PHANG PHAN CUC

Mot sd tinh thé hodc dung dich ¢6 tic dung 1am quay mit phang phan cuc cia chim
anh sang phan cyc toan phan truyén qua chung. Hién twong ndy goi 1a hién tuong quay mat
phing phén cuc. Céc chit 1am quay mat phing phan cuc ctia anh sang phan cuc goi la chat
hoat quang, thi du nhu thach anh, dung dich duong...

Hién tugng quay mit phang phéan cuc dugc thé hién nhu sau: Cho 4nh sang ty nhién
di qua kinh phan cuc T, va kinh phén tich T, dit vudng goéc voi nhau. Két qua 13 anh sang
khong di qua dwoc kinh phén tich T,, sau ban T s& toi. Bay gio néu dat gitra kinh phan cuc
T, va kinh phén tich T, mot ban tinh thé thach anh c¢6 quang truc ndm doc theo phurong
truyén cua tia sang thi thiy anh sang
di qua duoc kinh phan tich T,, sau
ban T, s& sang. Mubn cho anh sang
khong di qua dugc ta phai quay kinh
phan tich mot goc ¢. Pidu d6 chung
t6 dudi tac dung cua ban tinh thé anh
sang phan cuc thang sau ban T, di bi

quay di mot goc ¢ (hinh 4-14), hay ta
n6i ban tinh thé di lam quay mait
phang phan cyc méf goc . Do lahién  pinh 4-14. Hién twong quay mit phing phan cuc
tugng quay mat phang phan cuc.

Thuc nghiém cho thiy gbc quay ¢ ciia mat phang phan cuc ty 1& thuan véi d6 day d
ctia ban tinh thé:

¢o=ad (4-24)
o 1a hé s6 quay, n6 c6 gia tri phu thudoc ban chét, nhiét d6 cua chat rin quang hoat va budc
song A cua anh sang. Vi du dbi véi ban thach anh & 20°C: o = 21,7 d6/mm tmg voi
A=0,589 um; o =48,9 do/mm tng voi A = 0,4047 um.

Déi vai cac dung dich, goc quay ¢ ciia mat phang phéan cuc ty 18 véi do day d cua 16p

dung dich ¢6 4nh sang phan cuc truyén qua va ty 18 véi ndng do ¢ cua dung dich:

¢ =[a]cd (4-25)
trong do [a] dugc goi la hé ) quay riéng, n6 co6 gia tri phu thudc ban chét va nhiét d6 cua
dung dich hoat quang, dong thoi phu thudc budc séng A cua anh sang. Vi du dbi v6i anh
sang vang Na (A = 0,589um) & 20°C, [a] cta dung dich duong 14 66,5%cm?/g.

Hién tuong quay mit phang phan cuc duoc ing dung trong mot dung cu goi 1a duong
ké dé xac dinh nong do duong trong dung dich.

Anh sang tir bong dén S truyén qua kinh loc sic F va kinh phan cuc P bién d6i thanh
anh sang don sic phan cuc toan phan. Quan sit trong dng ngam O, dong thoi quay kinh
phan tich A cho t6i khi thi truong trong 6ng ngam tré nén t6i hoan toan. Khi d6 kinh phan
tich A nam & vi tri bat chéo véi kinh phan cuc P va mét phiang chinh ciia ching vudng goc
v6i nhau. Goc @; xac dinh vi tri ctia kinh phan tich A doc dugc trén thudc do goc K. Dat
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ong thuy tinh H chtra ddy dung dich hoat quang can nghién ctru vao khoang gitra hai kinh A
va P, thi truong trong dng ngam O lai sang. Nguyén nhan 1a do dung dich hoat quang da
1am mit phang dao dong ciia anh sang phéan cuc toan phan truyén qua nd quay di mot goc ¢
t6i vi tri khong vudng goc v6i mét phang chinh cua kinh phan tich A nira. Bay gio ta quay
kinh phén tich A cho dén khi thi trudng trong dng ngam O tdi hoan toan. Poc goc @,, xac
dinh vi tri nay cua kinh phéan tich A. Tur d6 tim ra dugc goc quay ¢ cua mat phﬁng phan cuc
¢ =2- Q1.

IF S H AK!:II
ooy -
K a

Hinh 4-15. M6 hinh cua duong ké

Theo cong thirc (4-25), néu biét d6 day d va hing sé quay riéng [oc] cua dung dich hoat

quang, ta dé dang xac dinh duoc nong do ¢ cua dung dich :

_ 9 920 ]
““Told [ald (420

I1I. TOM TAT NQI DUNG

1. Sw phan cuc anh sang

* Anh sang c6 vecto cudng do dién trudng dao dong déu din theo moi phuong
vuong goc tia sang dugc goi 1a anh sang tu nhién.

* Anh sang c6 vecto cuong do dién truong chi dao dong theo mot phuong xac dinh
duogc goi 1a anh sang phéan cuc thang hay anh sang phan cuc toan phan.

* Anh sang c6 vecto cuong do dién truong dao dong theo tat ca cac phuong vudng
gbc vai tia sdng nhung c6 phuong dao dong yéu, c6 phuong dao dong manh duogc goi 1a anh
sang phan cuc mot phan.

* Mit phang chira tia sing va phuong dao dong cia Eduqc goi 1a mat phing dao
dong, con mit phing chira tia sang va vudng goc véi mat phang dao dong goi 1a mit phiang
phan cuc.

* Trong ban Tuamalin c6 mot phwong dic biét goi 1a quang truc cua tinh thé (ki hiéu
1a A). Theo phwong quang truc, anh sang khong bi hdp thu, ma truyén qua hoan toan con
theo phuong vudng goc véi quang truc, anh sang bi hip thu hoan toan.

* Pinh luat Malus: Khi cho mgt chum tia sang ty nhién truyén qua hai ban tuamalin
¢ quang truc hop véi nhau mot goc o thi cuong do sang nhan dugc ti 18 véi cos’a.
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I, =1 cos? a
2. Su phan cuc do phan xa, khuc xa:

Thyc nghiém chimg to rang khi cho mét tia sang tw nhién chiéu t6i mat phan cach
giita hai moi truong dudi goc téi i# 0 thi tia phan xa va tia khiic xa déu 14 4nh sang phan
cuc mot phﬁn. Vecto cuong do dién truong cua tia phan xa c6 bién do dao dong 16n nhét
theo phuong vudng goc vi mit phang téi, con vecto cudng do dién trudng cua tia khic xa
¢6 bién do dao dong 16n nhat theo phuwong nam trong mit phang ti. Khi thay ddi goc t6i i
thi mtrc d6 phan cuc cua tia phan xa va tia khic xa ciing thay d6i. Khi goc t6i i thoa mén
diéu kién:

tg iB =1y
thi tia phan xa s& phan cuc toan phn, ny; 1a chiét suat ti ddi ciia méi truong hai déi v6i moi
truong mot, ig dugc goi 1a goc té1 Brewster. Tia khuc xa khong bao gio 1a anh sang phan
cuc toan phﬁn, nhung khi i = ig thi tia khiic xa cling bi phan cuc manh nhét.
3. Sw phan cuc do ludng chiét

Thuc nghiém chung to rfmg mot s6 tinh thé nhu bang lan, thach anh... c6 tinh chét dic
biét 1a néu chiéu mot tia sang dén tinh thé thi noi chung ta s& thu dugc hai tia. Hién tugng
nay goi 1a hién tuong ludng chiét. Nguyén nhén 1a do tinh bt ddng hudng cua tinh thé vé
mit quang hoc (ttc 1a tinh chét quang cia tinh thé & cac hudng khac nhau thi s& khac nhau).
Tia sang khi chiéu vao tinh thé ludng chiét s& bi tach thanh hai tia khuc xa:

- Tia tuan theo dinh luat khuc xa goi 1a tia thuong. Tia thuong phan cuc toan phan, co
vecto sang E vudng goc v4i mat phang chinh cia tia thuong.

- Tia khong theo dinh luat khiic xa goi 14 tia bat thuong. Tia bat thudng phan cuc toan
phan, c¢6 vecto sang E nam trong mit phang chinh cua no.

Khi 16 ra khoi tinh thé, hai tia thuong va tia bat thuong chi khac nhau vé phuong phan
cuc. Chiét suit cua tinh thé bang lan ddi vdi tia thuong luén khong doi va bang n,=1,659.
Chiét suat n, ciia tinh thé bang lan ddi véi tia bat thuong phu thudc vao phuwong truyén cta
no trong tinh thé va thay doi tir 1,659 (theo phuwong quang truc) dén 1,486 (theo phuong
vudng goc véi quang truc). Nhu vy d6i v6i tinh thé bang lan ta co:

ne= 1,
Vi chiét sudt n = c/v, vdi ¢ 14 van tdc anh sang trong chan khong va v 1a van tdc anh sang
trong moi truong, do do:

VeZ Vo
nghia 13 trong tinh thé bang lan, van toc ctia tia bat thudng noi chung 16n hon van tbc cua
tia thuong.

Tinh thé bang lan, thach anh, tuamalin... 1a nhitng tinh thé don truc. Trong tu nhién
con ¢6 tinh thé ludng truc, d6 1a nhitng tinh thé c6 hai quang truc theo hai huéng khac nhau.
Mot tia sang ty nhién truyén qua tinh thé ludng truc ciing bi tach thanh hai tia khuc xa
nhung ca hai tia nay déu 1 nhiing tia bat thuong.
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Ngudi ta sir dung cac tinh thé ludng chiét dé ché tao kinh phan cyc. Kinh phén cuc 1a
nhimg dung cu c6 thé bién anh sang ty nhién thanh anh sang phan cuc, vi du nhu ban
tuamalin, ban poélaro6it, lang kinh nicol...

Mot sd chat long nhu sulfua cacbon, benzon... khi chiu tic dung cua di¢n truong thi
tr& nén bat dang hudng vé mit quang hoc (c6 tinh ludng chiét). Hiéu ung nay goi 1a hiéu
tmg Kerr va duoc ting dung dé ché tao van quang hoc

4. Anh sang phan cuc elip

Anh sang phén cuc trong 6 dau mut vecto sang E chuyén dong trén mot duong elip
(hay duong tron) dugc goi 1a d&nh sang phan cuc elip (hay phan cyc tron) .

Chiéu vudng goc v6i mit trude cua ban tinh thé mot tia saéng phan cuc toan phan co
vecto sang E hop véi quang truc mot goc a. Khi vao ban tinh thé, tia sang nay bi tach thanh
hai: tia thuong va tia bat thudng. Tia thuong va tia bat thuong 13 hai tia sang két hop, chiing
giao thoa vdi nhau. Cac vecto sang Eo cua tia thuong va Ee dao dong theo hai phuong
vudng goc voi nhau, do d6 dau mut vecto sang tong hop s& chuyén dong trén mot dudng
elip xac dinh bdi phuong trinh:

x2 y2 2Xy

—+ -
A? A3 AA,

cosA(pzsin2 Ao (1)

X, y 1a @0 doi dao dong, A;, A, l1a bi€n do dao dong cua Eo va E¢. Hi€u pha cta cac tia
thudng va tia bat thuong 1a

2n 2n
A(PZT(LO'Le):T(no'ne)d )

* Ban phan tu budc song
Ban phan tu budc séng 1a ban tinh thé c6 d6 day d sao cho hiéu quang 16 cua tia
thuong va tia bat thudng truyén qua ban bang mot sd 1é 1an cia phan tu budc song:

AL = (1, -ne)d:(2k+l)% (3a)

Thay (3a) vao (2), sau d6 vao (1) ta thu dugc phuong trinh cua dudng elip dang chinh tic.
Do d6 sau khi truyén qua ban phan tu budc song, anh sang phan cuc thang da bi bién d6i
thanh 4nh sang phan cuc elip dang chinh tic hodc phan cuc tron.
* Ban ntra budc song

Bén nira budc song 1a ban tinh thé c6 d6 day d sao cho hidu quang 16 cia tia thuong
va tia bat thudng truyén qua ban bang mét s6 1¢ 1an nira budc song:

AL =(n, —ne)d:(2k+l)% (3b)
Thay (3b) vio (2), sau d6 vao (1) ta thu dwoc phuong trinh ciia dudng thang, quay mot goc

2a. Do d6 khi truyén qua ban nira budc song anh sang phan cuc thing van 13 4nh sang phéan
cuc thiang, nhung phuong dao dong di quay di mot goc 2a so voi trude khi di vao ban.
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* Ban mdt budc song

Ban mdt budc song 1a ban tinh thé c6 d6 day d sao cho hiéu quang 16 cia tia thuong
va tia bat thuong truyén qua ban bang mét s6 nguyén lan budc soéng:

AL =(n, -ng)d =kA (3¢)

Thay (3¢) vao (2), sau d6 vao (1) ta thu dugc phuong trinh cua duong thang. Vay sau khi
truyén qua ban mot budc song anh sang phan cyc thang gilt nguyén khong doi.
5. Sw quay mit phiang phan cuc

Mot s6 tinh thé hodc dung dich c6 tac dung Iam quay mat phﬁng phan cuc cua chum
anh sang phan cyc toan phan truyén qua ching. Hién tuong nay goi la sy quay mat phang
phén cuc. Cac chat lam quay mat phang phan cuc cua anh sang phan cuc goi la chat hoat
quang, thi du nhu thach anh, dung dich duong...

Thuc nghiém cho thiy goc quay ¢ ciia mdt phiang phan cuc ty 18 thuan véi do day d
ctia ban tinh thé: ¢o=ad
o 12 hé sd quay, nd co6 gia tri phu thudc ban chit va nhiét do cua chat ran quang hoat va
budc séng A cua anh sang.

Dbi v6i cac dung dich, goc quay ¢ cta mit phang phan cuc ty 18 voi d6 day d cua
16p dung dich c6 anh sang phan cyc truyén qua va ty 16 voi ndng do ¢ ciia dung dich:

o =[a]cd

trong do [a] dugc goi la hé sb quay riéng, no co6 gia tri phu thuoc ban chat va nhiét d6 cua
dung dich hoat quang, dong thoi phu thudc budce song A cua anh sang.

Hién twong quay mit phang phan cuc duoc tng dung trong mot dung cu goi 1a duong
ke de xac dinh nong d¢ duong trong dung dich.

IV. CAU HOI Li THUYET

1. Hién tuong phan cuc chimg té ban chét gi ctia anh sang ? Anh séng 1 song ngang hay
song doc ? Giai thich tai sao ?

2. Phan biét anh sang tu nhién va anh sang phan cuc toan phan, anh sang phan cuc mot
phan.

3. Phat biéu va viét biéu thitc ciia dinh luat Malus.

4. Trinh bay su phan cuc do phan xa, khic xa.

5. Trinh bay tinh ludng chiét ctia tinh thé.

6. Néu sy gidng nhau va khac nhau cua hai tia thuong va bat thuong khi di qua tinh thé
bang lan.

7. Trinh bay hi¢u trng Kerr.

8. PBinh nghia anh sang phan cuc elip, phan cuc tron. Trinh bay cach tao ra anh sang phan
cuc elip. Xét cac truong hop bé day ban mot phan tu budc song, ban nira bude song va ban
mdt budc song.
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8. Néu tmg dung cta hién tugng quay mit phiang phan cuyc.

V. BAI TAP

Thi du 1: Hoi goc nghiéng ctia mit troi so v6i chan troi phai bang bao nhiéu dé nhing tia
sang mat troi phan chiéu trén mat hd bi phan cuc toan phan. Biét ring chiét suit cua nudc
hon=1,33.

Bai gidi:

Theo dinh luat Brewster, mudn tia
sang phan chiéu bi phan cuc toan phan thi
goc toi ciia nd phai bang goc téi Brewster,
xac dinh badi cong thic:

tgig =n =133 > ig =53%5'

Do d6 goc nghiéng ctia mat troi so véi duong chan troi: o = 90 - ig = 36%55'

Thi du 2: Cho mdt chum tia sang phan cyc thang c6 budc soéng trong chan khong 1a
Ao = 0,589um chiéu vudng goc véi quang truc ciia mot ban tinh thé bang lan. Chiét suat cia
tinh thé bang lan ddi véi tia thuong va tia bat thudng 1an luot bang ny = 1,658 va n. = 1,488.
Xac dinh budc song cia tia thudng va tia bat thuong.

Bai gidi: Budc song A cia anh sang truyén trong moi trudng co6 chi€t suat n lién h¢ véi budc

A
song Ay cua anh sang trong chan khong: A = =0
n
. : . A 0,58
Budc song cua tia thuong trong tinh thé bang lan: A, = 20 - 1,652 =0,355um
1’10 .

Budc song cua tia bat thuong trong tinh thé bang lan: Ay, = 2—0 =0,396um

€
Bai tap tu giai
1. Cho biét khi anh sang truyén tir mot chét ¢ chiét sudt n ra ngoai khong khi thi xay ra
hién twong phan xa toan phan cta énh sang tmg véi goc gidi han ign = 45°. Xéc dinh goc toi
Brewster cta chat nay, moi truong chura tia toi 1a khong khi.
Pdp s6:  Goc gi6i han:

sini g e LB o414

no V2

tgipg = —— = 1414 > ig = 54043’
Nyk
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2. Anh sang tu nhién truyén tir khong khi ti chiéu vao mot ban thuy tinh. Cho biét 4nh sang
phan xa bi phan cuc toan phan khi goc khiic xa r = 33°. Xac dinh chiét sudt ctia ban thuy
tinh.

Dap 50:
Khi chim phan xa bi phan cuc toan phan thi goc t6i i thoa man:
. . sin1i sini
tgl=tglg =n—>n= ,B: B

. . , , sini o . .
Theo dinh lut khic xa anh sdng: —— =n, ma sinig = sini = n.sin 339
sinr

n.sin 33°
—>n=
\/1 — (n.sin330)Z

3. Xac dinh goc t6i Brewster clia mdt mat thuy tinh c6 chiét sut n; = 1,57 khi méi trudong
anh sang toi la:
1. Khong khi.

2. Nudc c6 chiét suat n, = 4/3.

—>n =156

Dap sé: ig =57°30", ig =49%43’
4. Mot chum tia sang sau khi truyén qua mot chat 16ng dung trong mot binh thuy tinh, phan

xa trén day binh. Tia phan xa bi phén cuc toan phan khi gbc t6i trén day binh bang 42937 ,
chiét suét ctia binh thuy tinh n = 1,5. Tinh:

1. Chiét suét ctia chat 1ong.

2. Goc t6i trén day binh dé chum tia phan xa trén d6 phan xa toan phan.
DPdp so: ' =1,63, i= 66°56
5. Cho mot chum tia sang ty nhién chiéu vao mat ciia mot ban thuy tinh nhung trong chét
long. Chiét suat cua thuy tinh 1a n; = 1,5. Cho biét chum tia phan xa trén mat thuy tinh bi
phan cyc toan phan khi cac tia phan xa hop voi cac tia téi mot goc ¢ = 97% . Xac dinh chiét
suét n, cua chét long.

. X . . nj
Dap so: tg1 = tglg = —
nj

Theodiéukiendéubai:i:iBzzﬁ—ng%:n—l—mzz 133,

n, 979

6. Mot ban thach anh dugc cat song song v6i quang truc va c6 do day d = Imm. Chiéu anh
sang don sic co budce song A = 0,6um vudng goc v6i mit ban. Tinh hiéu quang 16 va hiéu
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pha cia tia thuong va tia bat thuong truyén qua ban thach anh, biét ring chiét suat ciia ban
d6i voi tia thudng va tia bat thudng lan lugt bang ny = 1,544, n. = 1,535.
Ddp s6: Hiéu quang 16 cia tia thuong va tia bat thudng truyén qua ban thach anh c6 gi tri
bing: AL = (ny —n, )d = 0,009mm
Hiéu pha cia tia thuong va tia bat thuong truyén qua ban thach anh c6 gia tri bang:
2
A = T" AL =307 (rad)
7. Cho biét d6i v6i anh sang don sic c6 bude song A = 0,545um thi chiét suat ciia ban phan
tu budc song ddi véi tia thudng va tia bt thudng truyén trong ban ¢ gia tri 1an lugt bang
no = 1,658 va n. = 1,488. Hoi ban phan tu budc song c6 dd day nho nhat bang bao nhiéu?

Pdp s6: AL =(ny—n )d = (21<+1)Z k=0,1,2,3,.

Ban phan tu budc song co do day nho nhat khi k = 0.

Vay dpin = 800nm.
8. Mot ban nira budc séng c¢6 dd day nhé nhit bang duin = 1,732um. Cho biét chiét sudt caa
ban ddi véi tia thuong va tia bat thuong 1an lugt bing ny = 1,658 va n. = 1,488. Xac dinh
budc song cua anh sang truyén ti ban nay.

. A
Pdp sé: AL =(ny —n.)d = (2k + 1)5, k=0,1,2,3,...
Ban nira budc song c6 do day nho nhat khi k = 0.
A

) 2(n0 _ne)

9. Mot ban tinh thé dugc cit song song v6i quang truc va c6 do day d = 0,25mm. Ngudi ta

Vay d i — & =2.dpin(ng —ng)=0,589um

dung ban tinh thé nay 1am ban phan tu budc séng ddi v6i anh sang cd bude song A =
0,53um. Xéac dinh ddi v6i nhitng budc séng nao trong ving quang phd thay duoc, ban tinh
thé nay ciing 14 ban phan tu budc song. Coi rang hiéu sd chiét suit cua ban dbi voi tia bat
thudng va tia thuong khong ddi va bang n, — ny = 0,009 tmg vi moi budc séng trong ving
quang phd thdy duoc co gia tri tir 0,4pm dén 0,76pm.

Pdp s6: AL=(n, —ng)d= (2k+1)4

4d(ne —no) 3
2k +1 2k +1
ra 5,42 <k <10,75, ma k nguyén nén k=6, 7, 8,9, 10.

Budc song clia anh sang truyén ti ban: A = ,ma 0,4 <A<0,76, suy
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k=6—>A= =0,09um, k=7->A= =0,6um
26+1 2.7+1

k=8—XA= =0,53um, k=9—->A= =0,47um
2.8+1 29+1

k=102 A= 9 =0,43um
2.10+1

Vay ban tinh thé con 13 ban phan tu budc song dbi véi cac anh sang co budc song
trén.
10. Mot ban thach anh dugc cit song song v6i quang truc cua nd véi do day khong vuot qua
0,5mm. Xac dinh d6 day 16n nhit ctiia ban thach anh nay dé chum anh sang phan cuc phan
cuc thing c6 bude song A = 0,589um sau khi truyén qua ban thoa man diéu kién sau:
1. Mit phang phan cuc bi quay di mot goc nao do.
2. Trd thanh anh sang phan cuyc tron.

Cho biét hiéu sd chiét sudt cia tia thuong va tia bat thuong ddi voi ban thach anh
n. —ny = 0,009.
Ddp s6: 1. dpax = 0,49mm.  2.dpax = 0,47mm
11. Gitra hai kinh nicon song song nguoi ta dat mot ban thach anh c6 cac mat vuong goc voi
quang tryc. Khi ban thach anh c6 d6 day d, = 2mm thi mét phang phan cyc ciia anh sang
don sic truyén qua no6 bi quay di mot goc ¢ = 53°. Xac dinh do day d, cia ban thach anh
nay dé anh sang don sic khong truyén qua duogc kinh nicon phan tich.
Ddp s6: Khi truyén theo quang truc ctia thach anh mat phang phan cuc cua anh sang bi quay
mot goc @;: @ = a.d;

Dé anh sang don sic khong truyén qua duogc kinh phén tich thi ban thach anh phai c6
d6 day d, sao cho mit phing phéan cuc quay di mét goc @, =90°, ma ¢, =a.d,

d
L9 _92

—>dy =3,4mm
di o

80

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt
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CHUONG V: THUYET TUONG BOI HEP EINSTEIN

Theo co hoc ¢b dién (co hoc Newton) thi khong gian, thoi gian va vat chat khong phu
thude vao chuyén dong; khong gian va thoi gian 1a tuyét dbi, kich thude va khoi luong cta
vét 12 bat bién. Nhung dén cudi thé ki 19 va dau thé ki 20, khoa hoc ki thuat phét trién
manh, ngudi ta gip nhimg vat chuyén dong nhanh véi van toc ¢& van tdc anh sang trong
chan khéng (3.10° m/s), khi d6 xuat hién sy méu thudn vdi cic quan diém cua co hoc
Newton: Khong gian, thoi gian va khdi luong ciia vat khi chuyén dong véi van toc gn bang
van téc anh sang thi phu thudc vao chuyén dong. Nam 1905, Einstein moi 25 tudi da dé
xuét 1i thuyét twong dbi cua minh. Li thuyét twong d6i duoc xem 1a mot 1i thuyét tuyét dep
vé khong gian va thoi gian. Li thuyét d6 di dung viing qua nhiéu thir thach thyc nghiém
trong sudt 100 nim qua. Li thuyét tvong d6i dua trén hai nguyén li: nguyén i twong dbi va
nguyén i v& sy bat bién cua van toc anh sang.

I. MUC PICH - YEU CAU

1. Hiéu duoc y nghia ciia nguyén li twong dbi Einstein, nguyén 1i vé tinh bat bién cua van
tdc anh sang.

2. Hiéu va van dung dugc phép bién d6i Lorentz. Tinh twong ddi cta khong gian, thoi gian.

3. Nam dugc khbi luong, dong lugng tuong dbi tinh, hé thirc Einstein va ung dung.

II. NOI DUNG

§1. CAC TIEN PE EINSTEIN

1. Nguyén li twong ddi:

“ Moi dinh ludt vt Ii déu nhw nhau trong cac hé qui chiéu quan tinh”.

Galileo di thira nhan rang nhitng dinh lut ciia co hoc hoan toan giéng nhau trong
moi hé qui chiéu quan tinh. Einstein d@ mo rdng y tuong nay cho toan bd cac dinh luat vat li
trong cac linh vuc dién tir, quang hoc...
2. Nguyén li vé sw bét bién ciia van tdc 4nh sang:

“Vin toc anh sang trong chdn khéng déu bang nhau doi véi moi hé qudn tinh. N6 ¢6
gia tri bdng c=3.10m/s va la gia tri van téc cuc dai trong tw nhién”.
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§2. PONG HQC TUONG POI TiNH — PHEP BIEN POI LORENTZ

1. Sw mau thuin ciia phép bién ddi Galileo véi thuyét twong déi Einstein

Xét hai hé qui chiéu quan tinh K va K'. Hé K' chuyén dong thang déu véi van toc V
so v6i hé K, doc theo phuong x. Theo phép bién ddi Galileo, thoi gian dién bién mot qua
trinh vat Ii trong cac hé qui chiéu quéan tinh K va K’ déu nhu nhau: t = t”. Khoang cach giita
hai diém 1 va 2 nao d6 do duoc trong hai hé K va K’ déu bang nhau:

Al = X5 — X1 = Al' = x5 - X]
trong h¢ K trong hé K’
Vian toc v cua chat diém chuyén dong trong hé K bang tong cic van toc v' clia chit diém
do6 trong hé K’ va van tdc V cuia hé K' d6i véi hé K:
v=v+V

Tét ca cac két qua trén day déu dang ddi véi v << c. Nhung chiing mau thuin véi li
thuyét twong dbi cua Einstein. Theo thuyét twong ddi: thoi gian khéng c6 tinh tuyét doi,
khoang thoi gian dién bién ctia mot qua trinh vt li phu thudc vao cac hé qui chiéu. Dac biét
khai niém déng thoi phu thudc vao hé qui chiéu, tic 1a cac hién tugng xay ra d(‘A)ng thoi ¢
trong hé qui chiéu quan tinh nay s& khong xay ra dong thoi & trong hé qui chiéu quan tinh
khac. Dé minh hoa chung ta xét vi dy sau:

Hai hé qui chiéu quan tinh K va K’ voi
cic tryc toa do x, y, z va x’, y’, . H& K’ y
chuyén dong thang déu véi van toc V so véi
hé K theo phuong x. Tur mot diém A bat ki,
trén truc x* c6 dat mot bong dén phat tin hiéu S
sang theo hai phia ngugc nhau cua truc x.
Déi v6i hé K> bong dén 1a dimg yén vi nd o Ba_A_LC
cung chuyén dong véi hé K’. Trong hé K’ 0 -
cac tin hiéu sang s& t6i cac diém B va C &
cach déu A cung mot luc. Nhung trong hé K,

diém B chuyén dong dén gip tin hiéu sang,
con diém C chuyén dong ra xa khéi tin hiéu
sang, do do trong hé¢ K tin hi¢u sang sé dén
diém B sém hon dén diém C. Nhu vay trong Hinh 5-1. Thi du minh hoa khai niém
hé K, céc tin hiéu sang téi diém B va diém C

X , ddng thoi co tinh twong d6i
khong dong thoi.

Dinh luat cong van tdc, hé qua cua nguyén li twong ddi Galileo ciing khong ap dung
dugc. Theo dinh ludt ndy thi anh sang truyén dén B v6i van toc ¢ +V > ¢, con 4nh sang

truyén dén C voi van téc ¢ -V< c. Didu ndy méu thudn v&i nguyén li thir 2 trong thuyét
twong ddi Einstein.
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2. Phép bién ddi Lorentz

Lorentz tim ra phép bién ddi cc toa do khong gian va thoi gian khi chuyén tir hé
quan tinh nay sang hé quéan tinh khac, thoa min cac yéu cau cua thuyét twong ddi Einstein.
Phép bién d6i nay dugc goi 1a phép bién dbi Lorentz. Phép bién ddi Lorentz dya trén hai
tién dé cua Einstein.

Xét hai hé qui chiéu quén tinh K va K. Tai t = 0, hai géc O, O’ tring nhau, K’ chuyén dong thang déu so véi
K v6i van toc V theo phuong x. Theo thuyét twong doi thoi gian khong cd tinh chat tuyét d6i ma phu thudc vao hé qui
chiéu, nghialat=t".

Gid st toa d) x’ 1a ham cua x va t theo phuong trinh:

X" = f(x,t) (5-1)
Pé tim dang ciia phuong trinh trén ta hiy viét phuong trinh chuyén dong cia hai gbc toa do O va O’. Déi v6i hé K,
goc O’ chuyén dong voi van toc V. Ta co:

x=Vt hay x—Vt=0 (5-2)

x la toa do cua géc O’ trong hé K. bbi voi he K, géc O’ dung yén, do d6 toa do x’ cuiia nd s¢ la:

x’=0 (5-3)
Phuong trinh (5-1) ciing phai ding dbi véi diém O, didu d6 c6 nghia 1a khi ta thay x* = 0 vao phuong trinh (5-1) thi
phai thu duoc phuong trinh (5-2), mudn véy thi:

x'=a(x — Vi) (5-4)
trong d6 o 1a hing s6. Déi v6i hé K°, gbe O chuyén dong véi van tde —V. Nhung déi v6i hé K, gbe O 1a dimg yén.
Lap luén tuong ty nhu trén ta c6

x = B(x'+Vt") (5-5)
trong d6 B 1a hang s6. Theo tién dé thir nhat ciia Einstein thi moi hé qui chiéu quén tinh déu twong dwong nhau, nghia
13 tir (5-4) c6 thé suy ra (5-5) va nguoc lai bang cach thay V-V, x <> x’,t <> t’. Suy ra: a.=p.
Theo tién d& hai: x=ct —t=x/c

X’=ct’ »>t'=x"/c

Thay t va t’ vao (5-4) va (5-5) ta co:

, xV , X'V
X'=a|x—=—15 X=o|x+—
c c

Thay o vao cac cong thie trén ta nhan duoc cac cong thirc cia phép bién dbi Lorentz.
Phép bién doi Lorentz:

x—Vt (5-6)
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va t'= (5-7)

Vih¢é K’ chuyén dong doc theo truc x nény =y’ vaz=12".
Tir két qua trén ta nhan thdy néu ¢ — oo (twong tac tirc thoi) hay khi V& — 0 (su
gan dung c6 dién khi V << c¢) thi:
X =x-Vt,y =y,z2=z,t' =t
x=x"+Vt,y=y,z=27",t=¢
nghia 1a chuyén vé phép bién d6i Galileo.

Khi V > ¢, toa d6 x, t tré nén ao, do d6 khong thé cé cac chuyén dong vai van toc
16n hon van toc anh sang.

§3. CAC HE QUA CUA PHEP BIEN POI LORENTZ

1. Khai niém vé tinh dong thoi va quan hé nhan qua

Gia str trong hé quan tinh K ¢6 hai bién ¢b A (x1, y1, z1, t;) va bién ¢b Ax(xa, y2, 72,
t)) v&i X| # X, . Chung ta hdy tim khoang thoi gian t5 —t] giita hai bién c6 do trong hé K'
chuyén dong déu d6i voi hé K véi van tde V doc theo truc x. Tir cac cong thirc bién doi
Lorentz ta co

A%
th =t =5 (Xp=xp)
C

2
s
C

T (5-8) ta suy ra rang nhiing bién cb xay ra dong thoi & trong hé K (t; = t,) s& khong
dong thoi trong hé K” vi t'5—t';# 0, chi c6 mot trudng hop ngoai 1¢ 1a khi hai bién cb xay

t'y—t'| = (5-8)

ra dong thoi tai nhitng diém co cung gia tri cua x (y ¢ thé khac nhau). Nhu vay khdi niém
dong thoi la mot khai niém twong doi, hai bién ¢ xay ra dong thoi & trong mot hé qui chiéu
quén tinh nay néi chung c6 thé khong dong thoi ¢ trong mot hé qui chiéu quan tinh khac.
Nhin vao cong thirc (5-8) ta thay gia sir trong hé K: t, - t;>0 (tirc 1a bién cd A, xay ra
trude bién b A;), nhung trong h¢ K’: t’, - t’; chua chic da 16n hon 0, n6 phu thudc vao dau

\ A 17 5 V A A ’ 2 j4 A A r A A \
va do 16n cua —Z(Xz —X1) . Nhu vay trong hé¢ K’ thir tw cua cdc bien co co thé bat ki.
c
Tuy nhién diéu ndy khong dugc xét cho cac bién ¢d ¢6 quan hé nhin qua véi nhau.
Méi quan hé nhan qua 1a mdi quan hé c6 nguyén nhan va két qua. Nguyén nhan bao gio

cling xay ra trudc, két qua xay ra sau. Nhu vay: Thur tw cua cac bién co co quan hé nhdn
qua bao gio cing dwoc dam bdo trong moi hé qui chiéu quan tinh. Thi du: vién dan dugc
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ban ra (nguyén nhan), vién dan trang dich (két qua). Goi A,(xy, t;) 1a bién ¢b vién dan ban
rava Ax(xz, tp) 1a bién ¢b vién dan trang dich. Trong hé K: t, > t;. Goi u la van tdc vién dan
va gia su X, > X1, ta ¢ X, - X1 = u(t,-t;). Thay vao (5-8) ta co:

A% Vau
ty =ty ——u(ty —ty) (tz'—t1)[l—-2}
' ' C C
t'y—t' = =

(5-9)

Ta ludn ¢6 u<<c, do d6 néu t, >t thita cling c6 t, > t;. Trong cd hai h¢ K va K’

bao gio bién c0 vién dan trung dich ciing xdy ra sau bién co vién dan dugc ban ra.

2. S co ciia d9 dai (sw co ngin Lorentz)

Xét hai hé qui chiéu quan tinh K va K'. Hé K' chuyén dong thang déu véi van toc V
so vo1 hé K doc theo tryc x. Gid st c6 mot thanh dirng yén trong hé K’ dat doc theo truc x’,
dd dai cua no trong hé K’ béng: lo,=x"5-X"]. Goi / la d6 dai cua thanh trong h¢ K. Tu

phép bién doi Lorentz ta co:

(5-10)

Hé K' chuyén dong so voi hé K, néu ta ding ¢ h¢ K quan sat thi théy thanh chuyén
dong cung hé K'. Chi€u dai cua thanh ¢ hé K nho hon chi€u dai cia n6 ¢ trong h¢ K'.

Vay: “dé dai (doc theo phwong chuyén dong) cia thanh trong hé qui chiéu ma thanh
chuyén dong ngan hon do dai cua thanh o trong hé ma thanh ding yén”.

N6i mot cach khac khi vat chuyén dong, kich thudc cta nd bi co ngin theo phuwong
chuyén dong.

Vi du: médt vat ¢6 van toc gfin béng van tbc anh sang V=260000 km/s thi

V2 , ,

l—c—2 ~0,5 khi d6 ¢ = 0,5/, kich thudc cta vat sé bi co ngan di mot nira. Néu quan

sat mdt vat hinh hop vuong chuyén dong voi van tdc 1on nhu vay ta s€ théy nd c6 dang mot
hinh hop chit nhat, con mot khéi ciu sé& co dang hinh elipxoit tron xoay.

Nhu vay kich thuéc ciia mot vat s& khac nhau tuy thudc vao chd ta quan st no &
trong hé dimg yén hay chuyén dong. Didu d6 néi 1én rang khong gian c6 tinh twong dbi, nd
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phu thudc vao chuyén dong. Khi vat chuyén dong véi van tdc nho (V <<c¢), ttr (5-10) ta c6
l=1,,tatrd lai Kkét qua cua co hoc cd dién, khong gian dugc coi 1a tuyét ddi, khong phu

thudc vao chuyén dong.

3. Sw gian cua thoi gian

Xét hai h¢ qui chiéu quén tinh K, K’. H¢ K’ chuyén dong déu véi van toe V so véi hé
K doc theo truc x. Ta dat mot dong hd ding yén trong hé K’. Xét hai bién ¢ xay ra tai ciing
mot diém A trong hé K’. Khoang thoi gian giira hai bién c¢d trong hé K’ 1a At'= t'y—t'.
Khoang thoi gian gitta hai bién ¢ trong h¢ K 1a At=t, —t;. Tur phép bién ddi Lorentz ta

co:

V2
hay At'= At [1-— < At (5-11)
C

Nhu vay: “ Khodng thoi gian At’ ciia mot qud trinh trong hé K’ chuyén déng bao gio
ciing nho hon khoang thoi gian At cua qua trinh do xay ra trong hé K dung yén.”

Vi du: néu con tau vii tru chuyén dong voi van tdc V=260000 km/s thi At’=0,5.At, tirc
1a néu khoang thoi gian dién ra mot qua trinh trén con tau vii try 1a 5 ndm thi & mat dat lac
d6 thoi gian da troi qua 1a 10 ndm. Dic biét néu nha du hanh vil try ngdi trén con tau chuyén
dong voi van toc rit gan v6i van te anh sang V=299960 km/s trong 10 nam dé dén mot
hanh tinh rat xa thi trén trai dit dd 1000 nim troi qua va khi nha du hanh quay tré vé trai
dat, nguoi d6 moi gia thém 20 tudi, nhung trén trai dat da 2000 nim troi qua. Co6 mot didu
can chu yla dé dat dugc van toc 16n nhu vay thi cAn tdn rat nhiéu nang luong, ma hién nay
con ngudi chua thé dat dwgc. Nhung sy troi cham cia thoi gian do hiéu tng cua thuyét
tuong dbi thi da dugc thue nghiém xac nhan.

Nhu vay khoang thoi gian ¢é tinh tuong ddi, né phu thudc vao chuyén dong. Truong
hop vén tdc chuyén dong rat nho V << c, tir cong thie (5-11) ta c6 At'~ At, ta trd lai két
qué ctia co hoc co dién, & day khoang thoi gian dugc coi 1a tuyét ddi, khong phu thudc vao
chuyén dong.

4. Phép biéen do6i van toc
Gia s v 1a van toc cua chat diém doi véoi hé quan tinh K, v' 1a van toc cua cling chat

diém d6 dbi voi hé quan tinh K'. Hé K' chuyén dong thang déu voi van toc V dbi voi hé K
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doc theo phwong x. Ta hdy tim dinh luat tong hop van toc lién hé giita v va v'. Theo phép

bién d6i Lorentz:

dx — Vdt dt—lzdx
dx'= T, di'=——S"
V2 V2
C C
N V,Xd_x': dx—\)/dt _ VXV—V 5-12)
dt dt- ) dx 1- X
C C2
2 2
-V iV
dy’=dy — vy = VC = ch (5-13)
dt—TdX 1— 2X
C C
2 2
T
dz’=dz — v, = ¢ - ¢ (5-14)
dt—lzdx 1—VV2X
C C

CuuDuongThanCong.com

Céc cong thirc trén biéu dién dinh li tong hop vin toc trong thuyét twong ddi. Néu V/e << 1

thi viy =vyx -V, v'y=vy, v, =v, nhu co hoc o dién.

y7
, c—V
Néu vy, =¢ —»Vv'y = =C
X X Ve
==
c

dieu d6 chirng minh tinh bat bién cua van toc anh sang trong chan khong doi véi cac hé qui
chiéu quan tinh.

§ 4. PONG LUC HQC TUONG POI

1. Phwong trinh co bén ciia chuyén dong chét diém

Theo thuyét twong d6i, khi mot vat chuyén dong voi van tdc gan bang van téc anh
sang thi khoi lugng cua vat khong phai 1a mdt héng sb, ma phu thude vao van tbc theo biéu
thirc:

(5-15)
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trong d6 m, la khdi luong cta chit diém do6 trong hé¢ ma n6 dung yén, dugc goi la khoi
lirong nghi. Khéi lugng c6 tinh twong ddi, né phu thude hé qui chiéu.

—

X s - d .
Nhu vay, phuong trinh bicu dién dinh luat IT Newton F = md—: khong thé mo ta

chuyén dong cua chat diém véi van toc 16n duoc. Dé mo ta chuyén dong cin co phuong
trinh khac tong quat hon. Theo thuyét twong ddi phuong trinh d6 ¢6 dang:
F= i(m?z) (5-16)
dt

Khi v << ¢, m = my= const, phuong trinh (5-16) s€ tr¢ thanh phuong trinh cua dinh luat 11

Newton.

2. Pong lwgng va nang lwgng

Dbong lugng cua mot vat béng:

p=mv=——20_y (5-17)
V2
1_7
C2

Khi v <<c ta thu dugc biéu thirc ¢6 dién: p=m_v.

Ta hdy tinh nang lugng cua vat. Theo dinh luat bdo toan nang lugng, dd ting nang
lugng cua vat béng cong cua ngoai luc tac dung 1én vat:

dE = dA = Fds

Pé don gian ta gia sir ngoai lyc F cung phuong véi chuyén doi ds , khi do:

Sau khi bién déi ta duoc:

(5-18)

Mait khac tir (5-15) ta co:
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m,v dv

dm = 372 (5-19)
2 \%
c 1——2
So sanh (5-18) va (5-19) ta rut ra:
dE = ¢2dm
hay E=mc?+C

trong d6 C 1a mot hang s tich phan. Do m = 0 thi E =0, ta rit ra C = 0. Vay:

E = mc? (5-20)
H¢ thue (5-20) duoc goi 1a hé thirc Einstein.

Y nghia cta hé thirc Einstein: Khoi lwong 1 dai lugng dic trung cho mirc quéan tinh
cua vat, nang lugng dac trung cho mic d6 van dong cua vat. Nhu vay, h¢ thuc Einstein ndi
lién hai tinh chat cta vat chét: quén tinh va mtrc d6 van dong. H¢ thirc d6 cho ta théy 1o,
trong diéu kién nhit dinh, mot vat co khéi luong nhat dinh thi cling ¢6 nang luong nhét dinh
tuong tmg v6i khdi lugng do.

3. Cac hé qua
a. Nang lwgng nghi cia vat: do 1a nang lugng luc vat dung yén.

E= m0c2

Luc chuyén dong vat ¢6 thém dong ning Eq:

rnc2 = moc2 +E4

1
—> Eg=mc? —m002 :m002 —1 (5-21)
V2
==
c
Khi v<<c thi:
-1/2
1 v2 v2
=|1-— ~l+——+
v2 c c
=2
c
2 2
1 m
—>Edzmoc2 14— =TV
22 2

Pay 1a biéu thirc dong ning trong co hoc ¢b dién.

b. Ning lwgng va dong lwong ctia vat

&9
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2
Binh phuong hai vé ta co: mgc4 g2 1-L
c
Thay E = me? va p=mv, ta co:
E2 =m2c? +p2c? (5-22)

bay la biéu thurc lién hé gitta nang luong va dong luong.

I1I. TOM TAT NQI DUNG

Co hoc Newton chi tng dung cho cac vét thé vi mé chuyén dong voi van tdc rat nho
s0 voi van toc anh sang trong chan khong. Cac vat thé chuyén dong vai van toc 1on vao c&
van toc anh sang thi phai tuén theo thuyét twong d6i hep Einstein.

1. Céc tién dé cia Einstein

* Nguyén li twong ddi: “ Moi dinh ludt vét Ii déu nhw nhau trong cdc hé qui chiéu
quan tinh”.

* Nguyén 1i vé su bat bién ciia van tc anh sang: “Vin toc dnh sdng trong chin khéng
déu bang nhau doi voi moi hé qudn tinh. N6 ¢é gid tri bang ¢ = 3.10° m/s va la gid tri vin
téc cuc dai trong tw nhién”.

2. Phép bién ddi Lorentz

D6 1a phép bién d6i giita cac toa do khong gian va thoi gian trong hai hé qui chiéu

quan tinh K va K’ chuyén dong thang déu véi nhau vai véan tée V (doc theo truc x):

v
x'=a(x-Vt),y'=y;2'=zt'= o{t ——ij
C

A%
X =a(x+Vt)y=yiz=27";t= o{t'+—2x'j
C

trong do: o =

Tir phép bién ddi Lorentz ta rit ra cac hé qua:

* Khi vt chuyén dong, kich thudc ctia né co ngan theo phuong chuyén dong:
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Chirong 5: Thuyét twong déi hep Einstein

* Pong hd chuyén dong chay cham hon dong ho dung yén:

2

At'= At l—v—2 < At
C

* Poi voi cac bien co khong c6 quan hé nhan qua vdi nhau, khai niém dong thoi chi
¢o tinh tuong doi. Con doi voi cac bién co ¢6 quan h¢ nhan qua, thu tu xay cac bién cd dugc
dam bdo: nguyén nhan bao gio ciling xay ra trudc két qua xay ra sau, dieu nay khong phu
thudc hé qui chicu.

3. bong luc hoc twong doi tinh

Hé thirc Einstein:

trong do:

m, 13 khéi lugng nghi cta vat (khi vat dimg yén)

Nang lugng nghi cua vat: E, = m,c*
P 2 1
Dong nang cua vat: Es=E-E, =mgc -1
1-v2/c?
2 V2 2
Néu v<<c, c¢ thé tinh gan ding: Eqr mgyc™| 1+ 2—2 —l|=—mgv
c

Ta tim lai duoc biéu thirc dong ning trong co hoc cb dién.

Biéu thtrc lién hé gifta nang luong va dong luong: E2 = m2c* +p2c?

IV. CAU HOI LI THUYET

1. Néu gidi han ing dung cia co hoc Newton.

2. Phat biéu hai tién dé Einstein.

3. Viét cong thirc ctia phép bién ddi Lorentz.

4. Giai thich su co ngén cua do dai va sy gian cua thoi gian.

5. Phan tich tinh twong ddi ctia su dong thoi giita cac bién c¢b khong c6 quan hé nhan qua
v&i nhau.

6. Dua vao phép bién d6i Lorentz, chimg to trat tu ké tiép vé thoi gian giita cac bién cb co
quan h€ nhan qua vé1 nhau van dugc ton trong.

7. Chig t6 co hoc Newton 13 trudng hop gidi han cia thuyét twong ddi Einstein khi v << ¢
hay coi ¢ 16n vo cung.
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8. Viét biéu thirc ching té trong thuyét tuong dbi Einstein, khoi luong m cua mot vat tang
1€n khi chuyén dong.

9. Ttr cong thirc cong van tdc trong thuyét tuong ddi, tim lai dinh luat cong van tdc trong co
hoc Newton.

10. Viét va néu y nghia cuia hé thirc Einstein vé ning lugng.

11. T hé thirc E = mc?, tim lai biéu thac dong nang cua mot vat chuyén dong vai van tbc
v<<c trong co hoc co dién.

V.BAI TAP

Thi du 1: Vit chuyén dong phai c¢6 van toc bao nhidu dé ngudi quan sat ding & hé qui
chiéu gén v6i trai dat thay chiéu dai cia n6 giam di 25%.

2
DY s A A A ’ . ~ / \'
Bai giai: Chicu dai ctia vat chuyén dong xac dinh theo cong thic: /= 501,1 - theo
C

dau bai:

2

lo—1

‘2 :0,25—>€i=0,75—> l—V—2=O,75—>X=\/1—O,752=0,6615—>V=198600(km/s)
0 0 c ¢

Thi du 2: Tim vén tdc cua hat mézon dé nang luong toan phan cua n6 16n gip 10 1an ning
luwong nghi cua no.

Bai gidi: Theo thuyét twong d6i:

2
E
gm0 _ B B _ 1 0,V _0995

V2 V2 EO V2 C
L -
C C C

Suy ra véan toc ciia hat mézon 1a: v = 2,985. 108m/s

Bai tap tu giai
1. Vat chuyén dong phai ¢6 van tdc bao nhiéu dé kich thudc ciia n6 theo phuwong chuyén
dong trong hé qui chiéu gén v6i trai dat giam di 2 lan.

2

, | /

Dip sé: (=1, [1-"— =70:> v=259.10m/s
C

2. Khéi lugng cia electrén chuyén dong bang hai 1an khéi luong nghi ctia né. Tim vén tdc
chuyén dong cua electron.
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Ddpsé: m= =2my = v =2,59.108m/s

3. Khoi lugng cua vat ting thém bao nhi€u lan néu van toc ctua no tang tir 0 dén 0,9 lan
van toc cua anh sang.

Dap so: m =

4. Hat mézon trong céc tia vii tru chuyén dong véi van toc bang 0,95 lan van téc anh sang.
Hoi khoang thoi gian theo dong hd ngudi quan sat dimg trén trai dat ing v6i khoang “thoi
gian séng” mot gidy ciia hat mézon.

Ddp so: A =32s.

5. Hat electron phai chiu mét hi¢u dién thé tang tbe U béng bao nhiéu dé van toc cta no
bang 95% van tdc anh sang.

Ddp sé: Sau khi ting téc ning luong cua electrdn: me? = m002 +eU =

theo dAu bai — = 95% — U =11.10°V
C

6. Tim hiéu dién thé ting téc U ma proton vuot qua dé cho kich thude ciia nd trong hé qui
chiéu gin véi trai dat giam di hai 1an. Cho m, = 1,67.10kg.

2

\ Y on A |-
, L=y 1——2 , theo diéu kién dau bai
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Chirong 5: Thuyét twong doi hep Einstein

2
Eq = m062 N L 2m0c2 > 86,6 > v=26.108m/s
v2 c 100
-
c

8. Khéi luong cta hat electron chuyén dong 16n gap hai 1an khdi luong cua no khi ding
yén. Tim dong nang cua hat.

Pip s6: Eg+myc? = mc?, theo didu kién diu bai —— =2 —> Eq = 8,2.10™%)
mg

9. Pé dong ning cua hat bing mdt nira nang lugng nghi cia né thi van tdc caa hat phai bang
bao nhiéu?

2
. 1 1 2
Bépsé:Ed:mOc2 —1 =5m0c2 - l—V—=——>V=2,22.108m/s

\ Cz

10. Khi nang lugng clia vat bién thién 4,19J thi khdi lugng ctia vat bién thién bao nhiéu?

, AE _
Dip sé: Am = = ~ 4,65.10 ke
C
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CHUONG VI: QUANG HOC LUONG TU

Hién tuong giao thoa, nhidu xa 4nh sang 1a nhitng hién tugng ching t6 ban cht song
ctia anh sang. Nhung vao cudi thé ki 19, dau thé ki 20 nguoi ta di phat hién nhing hién
tuong quang hoc mdi nhu hién tugng buc xa nhi¢t, hiéu ung quang di¢n, hi€u ung
Compton. Nhirng hién tuong nay khong thé giai thich dugc bang thuyét séng anh sang. Dé
giai quyét nhitng bé tic trén, nguoi ta phai dua vao thuyét luong tir ciia Planck va thuyét
phéton ciia Einstein, tirc 1 phai dwa vao ban chat hat ctia 4nh sang. Phan quang hoc nghién
ctru anh sang dya vao hai thuyét trén goi la quang hoc lugng tir. Trong chuong nay chung ta
s€ nghién cuu cac hi¢n tugng birc xa nhiét, hi¢u ung quang di¢n, hiéu tng Compton cung
v6i thuyét luong tir cia Planck va thuyét photon cua Einstein.

I. MUC PiCH - YEU CAU

1. Ndm dugc hién tuong buc xa nhi¢t. Cac dinh luat phat xa cta vat den tuyét dbi. Su bé tic
cua quang hoc song co6 dién trong viéc giai thich sy burc xa cua vat den tuyét doi.

2. Nidm duoc thuyét lugng tir ciia Planck va thanh cong ctia n6 trong viéc giai thich cac dinh
luat phat xa cua vat den tuyét doi.

3. Ndm duogc thuyét photon cta Einstein va giai thich cac dinh luat quang dién.

4. Giai thich hiéu trng Compton.

I1. NOI DUNG

§1. BUC XA NHIET

1. Birc xa nhiét cAn bang

Buc xa 1a hién tugng céac vat bi kich thich phat ra song dién tir. Co nhiéu dang buc
xa khac nhau do nhiing nguyén nhan khac nhau gay ra: vi du do tac dung nhiét (miéng sit
nung d6, day toc bong dén chay sang), do tac dung hoa hoc (phét pho chay sang trong
khong khi), do bién déi nang luong trong mach dao dong dién tir... Tuy nhién phat birc xa
do tac dyng nhiét 1a pho bién nht va duoc goi 1a birc xa nhiét.

Dinh nghia: Birc xag nhiét la hién twong song dién tur phat ra tir nhirng vat bi kich thich boi
tac dung nhiét.

Khi vat phat ra bic xa, ndng lugng cia né giam va nhiét d¢ cua no cling giam theo.
Nguoc lai néu vat hép thu buc xa, nang lugng ctia n6 tang va nhiét do ctia n6 tang. Trong
truong hop néu phan ning luong cua vat bi mat di do phat xa bang phan ning luong vt thu
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duoc do hép thy, thi nhi¢t d6 cua vat s€ khong ddi theo thoi gian va buc xa nhiét ctia vat
cling khong d6i. Birc xa nhiét trong trudng hop nay dugc goi 13 bite xa nhiét cin bang va
trang thai nay duoc goi 13 trang thai can bang nhiét dong.

2. Cac dai lwong dic trung cia birc xa nhiét cin bang
a. Ning suit phat xa toan phan
Xét mot vat ddt néng dugc giltt ¢ nhiét d0 T khong doi

(hinh 6-1). Di¢n tich dS cua vat phat xa trong mot don vi thoi
gian mot nang lugng toan phan déy . Pai luong
dot

Ry =—L (6-1)
dsS Hinh 6-1

duoc goi la nang sudt phat xa toan phdn cua vat ¢ nhiét do T.
Pinh nghia: Nang sudt phat xq toan phdn cua vat o nhiét do T la mot dai lwong co gia tri
bcing nang luong burc xg toan phci‘n do mot don vi dién tich cua vat do phat ra trong mot
don vi thoi gian o nhiét do T.

Pon vi clia niang suat phat xa toan phan Ry trong hé don vi SI 14 04t trén mét vudng
(W/m?).
b. Hé s6 phat xa don sic

Birc xa toan phan do vat phat ra & nhiét d6 T noi chung bao gdm nhidu buc xa don
sac. Nang lugng buic xa phan bd khong dong déu cho tat ca moi biic xa c6 budce song khéac
nhau. Vi thé ning luong phat xa g voi budc song thay doi trong khoang A dén A+dA chi
1a mot vi phan cua ning sudt phat xa toan phan . Pai luong

dR 1

n,T= an (6-2)

duoc goi la hé $6 phat xa don sdc cua vat 0 nhiét @6 T ung voi bude song L. N6 phu thude

vao ban chat va nhiét do cua vat va phu thudc budc song A ctia buc xa don sac do vat phat
ra.

Pon vi ctia hé sd phat xa don sdc: W/m?.
Béng thuc nghiém ta c6 thé xac dinh dugc r) TUng véi buc xa don séc buéde song A

cua vat phat ra & nhi¢t do T, tur do ta s€ xac dinh dugc nang suét phat xa toan phén
(0 0]
RT = JdRT = ,[rK,Td)\‘ (6'3)
0

c. Hé s6 hip thu don sic
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Gia su trong mot don vi thoi gian, chum buc xa don sdc co bude song nam trong
khoang tir & dén A+dA giri téi mot don vi dién tich cua vat mot ning luong dd)x,T nhung vat

d6 chi hap thy mot phan ning lugng d¢'7»,T . Theo dinh nghia, ti s6

(6-4)

duogc goi la hé 56 hcfp thy don sdc cta vat & nhiét do T ung voi bude song A. N6 phu thudc
vao ban chit va nhiét do cua vét, phu thudc vao budc song A cia chum bic xa don sdc gui
toi.

Thong thudng vat khéng hip thu hoan toan nang lugng ctia chum bire xa giri t6i, do
do a) T < 1. Nhitng vat ma a)T = 1 v61 moi nhiét d0 T va moi budc song A dugce goi la

vt den tuyét doi. Trong thuc té khong co vat den tuyét ddi ma chi c¢6 nhiing vét co tinh chat
gz‘in v6i tinh chat cua vat den tuyét ddi, vi du bd hong, than bach kim...Dé tao ra vat den
tuyét doi ngudi ta ding mot cai binh rdng cach nhiét, ¢6 khoét mot 16 nho, mit trong phi
mot 16p bd héng. Khi tia birc xa lot qua 16 vao binh, né sé bi phan xa nhiéu lan trén thanh
binh, mdi lan phan xa nang luong cta no6 lai bi binh hé,p thu mot ph?ln. Két qua co thé coi la
tia burc xa da bi hép thu hoan toan.

3. Pinh luit Kirchhoff

Gia sir dat hai vat c6 ban chat khac nhau trong mot binh cach nhi¢t. Cac vat nay sé
phat xa va hép thu nhiét. Sau mdt thoi gian trang thai can béng nhiét dong s€ duogc thiét lap,
hai vat s& cing & mot nhiét do T nhu trong binh. O trang thai can bang thi hién nhién vét
nao phat xa manh thi cling phai hép thu burc xa manh. Ttr nhan xét d6 Kirchhoff dd dua ra
dinh luat mang tén 6ng nhu sau:

“Ti s6 giita hé s6 phat xa don sdc 0T fur ¢
va hé s6 hd'p thu don sdc a)T ctia mot vat bat

ki & trang thdi birc xa nhiét can bang khéng
phu thugc vao ban chdt cia vat o, ma chi phu
thugc vao nhiét do T cua no va budc song A cua
chiim birc xa don sdc”.

-+ ;?T

Nghia la "
T _ £ (6-5) Hinh 6-2. BPuong dic trung plyl(x) phat xa
arT cua vét den tuyét doi

trong d6 f; T la ham 56 chung cho moi vét nén dugc goi 13 ham phé bién. Vi vat den tuyét

d6i c6 hé sd hap thy don sic bang 1 nén ham phd bién chinh 13 hé sé phat xa don sic cua
vat den tuyét dbi. Lam thi nghiém véi mo hinh ctia vat den tuyét ddi nguoi ta xac dinh duoc
foT bang thuc nghiém. Hinh 6-2 1a d6 thi cia ham phd bién f, 1 theo bude song A ¢ nhiét
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d6 T. Pudng cong niy duoc goi 1a dudng dic trung phd phat xa cua vat den tuyét dbi. Nang
suét phat xa toan phén cua vat den tuy¢t ddi duogc xac dinh theo cong thirc (6-3) s€ co tri sb
bang toan bd dién tich giéi han bai duong dic trung phd phat xa va truc hoanh A trén hinh
6-2.

§2. CAC PINH LUAT PHAT XA CUA VAT DPEN TUYET POI

1. Dinh luét Stephan-Boltzmann
Hinh 6-3 biéu dién dudng dic trung phd

T
Lo o h
phat xa cua vat den tuyét doi ¢ cac nhiét do 9
khic nhau. Ta nhan thdy khi nhiét do ting,
‘A ’ c~ \ - A , \ & 6000 K

dién tich gitra duong déc trung pho phat xa va .
truc hoanh A cling tang theo. Nhu vay ndng : o 5000 K
suit phat xa toan phan cua vat den tuyét d6i > J TN KSOOOK
phu thudc vao nhiét d6 cua vat. Stephan (bang VLt s S e
thyc nghiém) va Boltzmann (bing 1y thuyét) we 1000 ;L1{iﬂn?] e e
da tim ra sy phu thudc nay va da thict lap Hinh 6-3

dugc dinh luat Stephan-Boltzmann.

Pinh ludt Stephan-Boltzmann: Ning sudt phdt xa toan phan cia vt den tuyét doi ti 1é
thu@n voi lity thira bdc bén cia nhiét do tuyét doi cua vat dé:

Ry =oT* (6-6)
trong d6 o duoc goi 1a hang s Stephan-Boltzmann, 6=5,6703.10° W/m’K*,

2. Pinh luat Wien

Nhin trén hinh 6-3 ta thiy rang mdi dudng dic trung phd phét xa cta vat den tuyét
ddi & mot nhiét d6 T nhat dinh déu c6 mot cue dai ung véi mot gia tri xac dinh cia budc
song dugc ky hi€u la A va khi nhi¢t o tang thi budc song Ay, giam. bbi véi vat den
tuyét dbi thi nhiing blrc xa c6 budc soéng 1an can gia tri cua Anax la blrc xa mang nhiéu nang
luong nhéat. Nghién cuu mbi quan h¢ dinh lugng gitra budc song Anax va nhi¢t do T cua vat
den tuyét ddi, nam 1817 Wien da tim ra dinh luat mang tén ong.
Pinh luit Wien: Péi véi vit den tuyét doi, budc SONG Amay ctia chum burc xa don sdc mang
nhiéu nang luwong nhat ty 1é nghich voi nhiét do tuyét doi cua vt do.

b

max — -
T

A (6-7)

b=2,898.10° m.K va dugc goi la hiang s6 Wien.
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3. Suw khiing hoang & vung tir ngoai
Xuat phat tir quan niém cua vat li ¢b dién coi cac nguyén tir va phan tir phdt xa hodc
hcfp thu nang luong mot cach lién tuc, Rayleigh-Jeans da tim dugc mdt cong thirc xac dinh
hé sb phat xa don sdc cua vat den tuyét dbi nhu sau:
B 2mv?

fyr=——KkT (6-8)
C

trong d6 k 1a héng s6 Boltzmann, T 1a nhiét do tuy¢t ddi, v 1a tan sb cua bure xa don séc (tﬁn
s6 va budc song lién hé v6i nhau qua cong thirc v = c/A).
Theo cong thue (6-8), f 1 ti 1€ vdi lily thira bac 2 cua v, nén f,, T s€ tang rat nhanh

khi v ting (tc A giam). Cong thirc nay chi pht hop véi thue nghiém & ving tan sé nho
(budc song 16n), con & ving tan sé 16n (budc séng nho), tirc 1a ving séng tir ngoai, nd sai
1éch rat nhiéu. Bé tic nay ton tai sudt trong khoang thoi gian dai cudi thé ky 19 va duogc goi
la sy khuing hoang ¢ vung tr ngoai.

Mit khac, tir cong thire (6-8) ta c¢6 thé tinh duoc nang suat phat xa toan phan ciia mot
vat den tuyét d6i & nhiét do T:

o0
27kt [vZdv =co (6-9)
0

0
RT = JfV,TdV =
0

Nang lugong phat xa toan phﬁn ciia vat & mot nhiét dd T nhét dinh lai b'fmg v0 cung.
Diéu nay 1a sai. So di co két qua vo 1i @6 1a do quan niém vat li c6 dién vé su phat xa va hip
thu ning luong blic xa mot cach lién tuc. Dé giai quyét nhimng bé tic trén, Planck di phu
dinh 1i thuyét co dién vé birc xa va dé ra mot 1i thuyét méi goi 1a thuyét lugng tir ning
luong.

§3. THUYET LUQNG TU PLANCK VA THUYET PHOTON EINSTEIN

1. Thuyét lwgng tir ning lweng cia Planck

Phat biéu: Cdc nguyén tir va phan tir phdt xa hay hdp thu nang lwong ciia birc xa dién
tir mét cach gidn doan, nghia la phan nang lwong phdt xa hay hdp thu luén la béi s6 nguyén
cua mot luong nang luwong nho xac dinh goi la lwong tw nang lwong hay quantum nang
lwong. Mot luwong tw nang luong cua buc xa dién tir don sac tan so v, buoc song 1 la:
_he
T

trong d6 h 14 hang s6 Planck, h = 6,625.107*Js, ¢ 1a van toc anh sang trong chan khong.

e=hv (6-10)

Xuét phat tir thuyét lwong tir, Planck di tim ra cong thirc cia ham pho bién, tirc 1a hé
sb phat xa don sdc cua vat den tuyét ddi nhu sau:

27w2 hv

fvT =
; 2 VKT

(6-11)
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trong d6 k 1a hang s6 Boltzmann, T 1a nhiét d tuyét d6i. Cong thirc nay dwoc goi 1a cong
thure Planck.

2. Thanh céng ciia thuyét lwgng tir ning lwong

* Cong thire Planck cho phép ta vé dugc dudng dic trung phd phét xa cua vat den tuyét ddi
phu hop véi két qua thue nghiém ¢ moi vung nhi¢t 6 va moi vung tan s6 khac nhau.

* Tir cong thirc Planck ta co thé suy duoc cong thirc ciia Rayleigh va Jeans va cac cong thirc

thé hién cac dinh luat cua vat den tuyét ddi. Trong mién tin sé nho sao cho hv << kT thi

2
h 2
eMV/KT 1~ é Do d6 cong thirc Planck s€ thanh: f, 1 = n;
c

cong thurc cua Rayleigh va Jeans.

kT, ta lai thu duoc

* Tur cong thure Planck ta tim dugc dinh luat Stephan-Boltzmann:

Nang suét phat xa toan phén cua vat den tuy¢t ddi tai mot nhiét @6 T nao d6 bﬁng:

e ©mv? hv
Ry = [fy pdv=[—————dv (6-12)
0 0 ¢~ e =l

bat x = hv/kT ta duoc
B 2k AT © x3dx B 2k AT 1t

2h3 E[)ex—l_ c?hd 15

R
c
Cudi cung ta dugc Rp = oT* trong d6 6=5,6703.10° W/m>.K*. Pay chinh 1 dinh luat
Stephan-Boltzmann.
* Tur cong thue Planck ta tim dugc dinh luat Wien
Néu ta léy dao ham cua f, t theo v va cho no triét tieu 01 tim Viax (hay Amax) tai cac nhiét do

khéc nhau, két qua thu dugc 1a A T = 2,897 8107 mK. Day chinh la dinh luat Wien.

3. Thuyét phéton cia Einstein

Thuyét lugng tir ciia Planck dd néu 1én quan diém hién dai vé ning lugng: ning lugng
dién tir phat xa hay hap thu c6 nhiing gia tri gian doan, chung ludn 12 bdi nguyén cia luong
tir nang luong €. Ta noi rang ndng lwong dién tir phdat xa hay hdp thu bi lwong tir hod.
Nhung thuyét lugng tr cua Planck chua néu dugc ban chét gian doan cua buc xa dién tu.
Nim 1905, Einstein dya trén thuyét luong tir vé ning luong cua Planck da dua ra thuyét
lwong tir anh sang (hay thuyét photon).
Noi dung thuyét photon cua Einstein:

a. Birc xq dién tir gom vé sé nhitng hat rat nhé goi la lwong tir dnh sang hay phéton.

b. Véi méi bire xa dién tir don sdc nhat dinh, cdc phéton déu giong nhau va mang mot
ndang leong xdc dinh bang
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_he
A

c. Trong moi méi truong (va cd trong chdn khéng) cdc phéton dwoc truyén di véi

g=hv (6-13)

ciing vén toc ¢ = 3.10° m/s.

d. Khi mot vat phat xa hay hcfp thu buc xa dién tir co nghia la vat do phat xa hay hd'p
thu cac photon.

e. Cuong dé cia chim birc xq ti 1é véi s6 phétén phdt ra tir nguon trong mét don vi
thoi gian.

Thuyét photon cua Einstein da giai thich duoc cac hién tugng thé hién ban chét hat
cua anh sang nhu hién tuong quang dién, hi¢u tmg Compton.

4. Dong lwc hoc photon
Ning lugng ctia photén ing voi mot birc xa dién tir don sic tan sd v 14
€=hv (6-14)

Khéi lugng ctia photon

m-t v b (6-15)
c c ch
m 2
A A- o i v
Theo thuyét tuong doi m = > ,dodo my,=m 1-—2
v C
1-
C2

Vin toc ctia photon bang ¢, do d6 photon co khéi lugng nghi bang 0
Dong lugng cua photon
h h
p:mCZ—V:— (6-16)
O A,
Nhu vay dong luong ctuia photon ti 1€ thuan voi tan s6 va ti 18 nghich véi budc song cia buc
xa dién tir.

§4. HIEN TUONG QUANG PIEN

1. Pinh nghia:

Hiéu vng ban ra cdc electrén tir mot tam kim loai khi roi vao tam kim logi @6 mét birc
xa dién tw thich hop dwoc goi la hién twong quang dién. Cdc electron bin ra dwoc goi la
cdac quang electron.

Pé nghién ctru hién twong quang dién ngudi ta dd 1am thi nghiém véi té bao quang
dién nhu sau:
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Té bao quang dién gdm mot binh chan
khoéng co6 hai ban cuc lam bé“mg kim loai: ban
cuc duong andt A va ban cuc am catdt K. Catdt
lam bang kim loai ta cin nghién ctru. Té bao
quang dién dugc mic nhu hinh v&. Nho bién tré
ta co thé thay ddi hiéu dién thé U giita A va K
vé d6 16n va chiéu.

Khi D dén vi tri C: Upg =0 D'"" a1l N

Khi D bén phai C: A+, K-, Upg>0 R DT

Khi D bén trai C: A-, K+, Upax <0

Khi roi chum btrc xa dién tir don sic budc song Hinh 6-4. Thi nghiém quang dién

) thich hop vao catdt K, chum anh sang nay

s€ giai phong cac electron khoi mat ban cyc am K. Dudi tac dung cua dién truong gilra A va
K, cac quang electron s& chuyén dong vé cuc dwong andt, tao ra trong mach dong quang
dién. Pién thé G do cuong do dong quang dién con von ké V s& do hiéu dién thé Uxk giira
A va K. Thay d6i Uk ta duoc d6 thi dong quang dién nhu hinh 6-5.

* Uak > 0: Khi Uk tang thi I tang theo, khi Uxk dat dén mdt gia tri nao d6 cuong do
dong quang di¢n s& khong tang nira va dat gia tri Iy, dugc goi la cuong do dong quang di¢n
bao hoa.

* Khi Upg= 0 cuong do dong quang di¢n I
van c6 gia tri 1#0. Pidu d6 ching t6 quang
electron ban ra di c6 san mot dong nang ban
dau.

* Pé triét tiu dong quang dién ta phai
dat 1én A-K mot hiéu dién thé nguoc U sao cho

cong can cua dién truong it nhat phai bing U, 0 -T:J
dong nang ban dau cuc dai cua cac electron bi
but khéi ban K, nghia la: Hinh 6-5. D6 thi I-V
W
eU, = Emv0 s (6-17)

U, duoc goi la hi¢u dién thé can.

2. Cac dinh luat quang dién va giai thich
Tir cac két qua thi nghiém nguoi ta d3 tim ra ba dinh ludt sau day goi 1a ba dinh luat
quang di¢n. Céc dinh luat nay chi co thé giai thich dwoc dwa vao thuyét photon cua Einstein.

a. Phuong trinh Einstein

Khi ¢c6 mdt chum anh sang thich hop roi dén catbt, cac electron tu do trong kim loai
hép thy photon. Mdi electrdn hip thu mot photon va s& nhan dwoc mot ning luong bang
hv. Ning lugng nay mot phan chuyén thanh cong thoat Ay, electrén ra khoi kim loai, phan
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con lai chuyén thanh dong ning ban dau cua quang electron. Pong niang ban dau cang 16n
khi electron cang & gan mat ngoai kim loai, vi ddi v6i céc electron & sau trong kim loai, mot
phan ning luong ma né hap thu duoc cua photdn s& bi tiéu hao trong qua trinh chuyén dong
tur trong ra mat ngoai kim loai. Nhu vy dong nang ban dau s& cuc dai ddi véi cac electron &
sat mat ngoai kim loai. Theo dinh luat bao toan nang lugng, Einstein da dua ra phuong trinh
cho hiéu Gng quang dién

2
hv=Ayg, +% (6-18)

Phuong trinh nay duoc goi 1a phuong trinh Einstein.

b. Pinh luat vé gi6i han quang dién

Phét biéu: Poi véi méi kim loai xdc dinh, hién twong quang dién chi xay ra khi budc séng
A (hay tan sé v ) cua chum burc xa dién tur roi toi nho hon (lon hon) mot gia tri xac dinh A,
(v,), A, goila gioi han quang dién cua kim logi do.

Gi6i han quang dién A phu thudc vao ban chét cta kim loai 1am catét. Dinh luét nay
no6i 1én diéu kién can dé c6 thé xay ra hién tugng quang dién. O ddy can nhan manh rang,
néu chum sang tdi co budc song A > Ao thi du cuong d sang rat manh, no ciing khong thé
gay ra hién tugng quang dién.

2
m
Giadi thich: Trong phuong trinh Einstein (6-15), vi % >0 vadat Ag,=hvynén

hv>hv, = V>V,

hc  he
I = A< 7\40
A A,

Nghia la chum anh sang gay ra hi¢u trng quang dién phai c6 budc song A nho hon mét
gia tri xac dinh A, = hc/Ag (A <A, ). A, chinh la gi6i han quang di¢n va rd rang né chi phu
thudc vao cong thoat Ay, trc 1a phu thudc vao ban chat kim loai lam catbt.

c. Pinh luit vé dong quang dién bao hoa
Phat biéu: Cuong do dong quang dién bdo hoa ti l¢é voi cwong do cua chum birc xa roi toi.
Gidi thich: Cuong 6 dong quang dién ti 1€ véi s6 quang electrén thoat ra khoi catdt dén
andt trong mot don vi thoi gian. Dong quang dién trd nén bio hoa khi s6 quang electron
thoat khoi catét dén andt trong don vi thoi gian 1a khong d6i. S6 quang electron thoét ra
khoi catbt ti 16 voi s6 photon bi hap thy. SO photon bi hp thu lai ti 16 voi cuong do cua
chum buc xa. Do d6 cuong do dong quang dién bao hoa ti 1€ thuan voi cuong do chum birc
Xa roi toi.

N, ~ Nph , Nph ~ Iph = N, ~ Iph

Ion ~Ne = Ioh ~ Ipn
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d. Pinh luit vé dong niing ban diu cue dai ciia quang electron

Phat bieu: Pong nang ban dau cuc dai cua quang electron khong phu thugc vao cuong do
chum birc xa roi téi ma chi phu thugc vao tan so cua chum birc xg do.

1 1
Giai thich: hv=Ay + Emvg max =hvg + Emvg max

1 -
Emvomax = h(V'Vo)

eU, =h(v-v,)

Ta théy rd dong nang ban dau cuc dai cua quang electron chi phu thudc vao tan sd
cua chum btrc xa dién tir, ma khong phu thudc vao cuong do cua buc xa do.

Thuyét photon da giai thich dugc tat ca cac dinh ludt quang dién, né da dua ra mot
quan niém m&i vé ban chit anh sang. Theo Einstein, mdi photon c6 mét nang luong € = hv.
Tinh chét hat thé hién ¢ ning lugng & gidn doan. Tinh chat song thé hién & tan s6 v (va budc
song A) cua anh sang. Nhu vay anh sang vira ¢6 tinh song, vira c6 tinh hat. Ta noi rang anh
sang c6 luong tinh song-hat.

§5. HIEU UNG COMPTON

Hiéu tng Compton 1& mot trong nhitng hi¢u Gmg thé hién ban chat hat ciia cac buc
xa dién tur, déng thoi né chirg minh sy ton tai dong luong cua cac hat photon.

1. Hi¢u irng Compton

Thi nghiém Compton: Cho mdt chum tia X budc song A chiéu vao graphit hay
paraphin...Khi di qua cac chéat nay tia X bi tan xa theo nhiéu phuong. Trong phd tan xa,
ngodi vach co budc song bang bude séng A ctia chum tia X chiéu téi con c6 nhitng vach
g véi bude song A > A (Hinh 6-6). Thuc nghiém ching t6 ring bude song A" khong phu
thudc ciu tao cia cac chit duoc tia X roi dén ma chi phu thudc vao goc tan xa 0. DJ tang
ctia bude song Ak = A'-A duoc xac dinh bai biéu thuc:

AN =20, sinzg (6-19)

trong do A, =2,426.10"% m 1a mot héng sb chung cho moi chét, duogc goi la budc song
Compton.

Theo li thuyét song thi khi tia X truyén dén thanh graphit né 1am cho céc hat mang
dién trong thanh (& day 1a electron) dao dong cudng birc véi cing tan s6 cua tia X, do do
céc birc xa tan xa vé moi phuong phai ¢ cting tan sb vdi bire xa toi. Nhu vay 1i thuyét song
dién tir c6 dién khong giai thich dugc hién twong Compton.
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graphit
photéntd e ¢

- ﬁﬂﬂﬂ{’"‘“ .&'

tia X

tAn xa

A

Hinh 6-6. Thi nghiém Compton Hinh 6-7. Va cham dan hdi giita
photon va electron

2. Giai thich bang thuyét lwgng tir Anh sing

Chung ta c6 thé coi hién tuong tan xa tia X nhu o
mot va cham hoan toan dan hdi gitra mot photén va
mot electron trong chat ma tia X chiéu ti (Hinh 6-7).
Trong phd tan xa, nhimg vach co budc séng bang
budc séng cua tia X chiéu toi twong Gng véi sy tan xa

cua tia X 1én céc electron ¢ sau trong nguyén tir, cac
electron nay lién két manh voi hat nhan, con vach co

Hinh 6-8

budc song A'>A twong ing véi su tan xa tia X 1én

céc electron lién két yéu v6i hat nhan. Ning luong lién két cua cac electrén nay rat nho so
v6i nang luong cua chum tia X chiéu toi, do d6 céc electron dé co thé coi nhu tw do. Vi day
12 va cham dan hoi gitta photén va electrdn ty do nén ta s€ ap dung hai dinh luat bao toan
nang luong va bao toan dong lugng cho h¢ kin “tia X - ™. Gia thiét trudc va cham electron
(¢)) dung yén. Tia X c6 nang luong 16n, khi tan xa trén electrén tu do tia X s& truyén ning
lugng cho electron nén sau va cham van tbc cua electron rat 16n, do do ta phai 4p dung hi¢u
mg tuwong dbi tinh trong trudng hop ndy. Ching ta xét dong luong, ning luong cua hat
photon va electrdn trudce va sau va cham:

Trudc va cham: ¢ dung yén:  Nang lugng : m0c2
bong luong : 0
Photon : Nang lugng : E=hv
bong luong : p=mc=h—v=E
c A
Sau va cham: Photon tin xa:  Nang luong : E'=hv'
hv’  h

bong luong : p' =

s
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e : Ning luong : Mo 2 _pe?
V2
-
c
Dong luong : pe = Mo yomy
v
CZ
(m, 12 khéi lugng nghi cia ¢)
Theo dinh luat bao toan nang lugng va dong luong:
hv + m002 = hv' + mc? (6-20)
pP=p'+pe (6-21)

Goi 0 14 goc gifta p va p' (hinh 6-8). Sau khi bién di cc biéu thirc (6-20) va (6-21) va sir
dung cong thirc lién hé giita nang luong va dong lugng trong co hoc twong ddi tinh (5-22),
cudi cung ta duoc:

m002 (v-v')=hvv'(l-cosB) = 2hvv'sin? g (6-22)

C -2 , A
Thay v = X vao bicu thure trén ta dugc:

pae 2 B a2 8 Doy in 28 (6-23)
m,cC 2

h - s / . e . . ,
trong d6 A, =—=2,426.10 2ma hang so chung cho moi chat, goi la budc song
m,c
Compton. Pai lugng AL =A'-A 1a d6 bién thién ctia budc séng trong tan xa, nd chi phu
thugc vao goéc tdn xa ma khong phu thude vao vat li¢u lam bia.

Khi phéton vao sau trong nguyén tir va va cham véi cac electron lién két manh véi
hat nhan, ta phai coi va cham nay la va cham cta ph6ton v6i nguyén tir (chir khong phai véi
electrén), cong thirc (6-23) van dung nhung phai thay khdi lugng cua electron bang khi
lwong ciia nguyén tir, né 16n hon nhiéu 1an so véi khéi lwong cia electrén. Do d6 hau nhu
khong c6 sy thay doi bude song. Nhu vdy trong birc xa tin xa co mit nhitng photon voi
bude séng khong doi.

Qua hiéu ing Compton nguoi ta chiing minh duogc hat photon c6 dong luong p=h / A.
bong luong 1a mdt dac trung ctua hat. Nhu vay tinh chét hat cua anh sang da duogc xac
nhan tron ven khidua vao thuyét photon giai thich thanh cong hiéu img Compton.

III. TOM TAT NOI DUNG

1. Hién tuwgng birc xa nhiét
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* Song dién tr do cac vat phat ra goi chung 1a bitc xq. Dang btic xa do cac nguyén tir va
phan tr bi kich thich boi tac dung nhiét dugc goi 1a birc xa nhiét. Néu phan ning luong cua
vat bi mat di do phat xa béng phén nang luong vat thu dugc do hép thu thi burc xa nhiét
khong ddi va duoc goi la birc xg nhiét can bcing.

* Cac dai lugng dac trung cho buc xa nhiét :

, ) i d

- Nang suat phat xa toan phan cta vat ¢ nhiét do T: Rt = %

d¢7 1a nang lugng do dién tich dS cua vat phat xa trong mét don vi thoi gian.

A A . L, cAl 2n . e 1 p dRT
- H¢ s0 phat xa don sac ¢ nhiét do T, tng vdi budce song A: nT= W

A A LA z P , ‘e - . dd)k,T
- H¢ so hap thu don sac ¢ nhié¢t @6 T, ung vdi budc song A: ag 7= a0

AT

d¢k,T la nang lugng cua buc xa toi, d¢'k,T 1a ning luong vat hap thy.

Thuc té vat khong hép thu hoan toan buc xa téi nén ay v < 1. Vat cé ap v =1 v6i moi nhiét do
T va moi budc song A goi la vat den tuyét ddi.

* Pinh luat Kirchhoff: Ti s6 cta hé sb phat xa don sdc va hé sé hép thu don séc ciia mot vt
& trang thai cin bang nhiét khong phu thudc vao ban chat ctia vat ma chi phu thudc vao

in, aA s o , \ , - LT , v s £
nhié¢t d§ va budc song cua chum burc xa, nghia 1a *— =1f) 1, trong d6 f, 1 1a ham so
anT ’

chung cho moi vat, nén duogc goi l1a ham ph5 bién. Ddi voi vat den tuyét doi: nor="5hHir
r 1 r S CD
Niéng suat phat xa toan phan cla vét den tuy¢t doi bang R = ,[dRT = Jfk rdA
0

* Cac dinh luat phat xa cua vat den tuy¢t ddi

- Stephan-Boltzmann da thiét l1ap dugc dinh luat lién hé gitra Rt va nhiét do T cua vat:
Rt = oT?. Hing s6 o duoc goi 1a hing s6 Stephan-Boltzmann.

- Wien tim duoc dinh luat lién hé gitra budc song A, cia chum birc xa mang nhiéu
nang luong nhat (fi r 16n nhat) voi nhiét do tuyét doi T cta vat do: A, = T’ trong

doé b duoc goi la héng s6 Wien.
* Duya vao quan niém cd dién coi cic nguyén tir va phan tir phat xa va hap thu nang luong
mdt cach lién tuc, Rayleigh-Jeans da tim dugc mot cong thuc xac dinh hé $6 phat xa don

2nv2

CZ

kT

sic clia vat den tuyét doi: fyT1=

Nhung cong thic ndy gip hai kho khin chu yéu:
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- Cong thirc nay chi phu hop véi thue nghiém & viung tan s6 nho (budc song dai),
con ¢ vung tan so 16n (budc song ngan), tirc 1a viung soéng tir ngoai, n6 sai 1éch rat
nhicu. B¢ tac nay dugc goi la sy khing hoang ¢ vung tir ngoai.

- Tir cong thirc nay ta c6 thé tinh duoc ning suat phat xa toan phan ctia mot vét den

, ® 27kT %
tuyét d6i & nhiét do T Ry = [f, pdv =" [vidv =0
0 Y 0

Nang lugng phat xa toan phén ctia vat & mot nhiét do T nhat dinh lai béng v0 cung.
S& di c6 két qua vo 1i d6 1a do quan niém vat li cd dién vé sy phat xa va hap thu ning
luong birc xa mot cach lién tuc. Pé giai quyét nhitng bé tic trén Planck da phu dinh li
thuyét c6 dién vé buc xa va dé ra mot 1i thuyét méi goi 13 thuyét lugng tir nang luong.
* Thuyét luong tr ciia Planck: cdc nguyén tir va phén tir phdt xa hay hdp thu ning
lwong mot cach gian doan e=hv=hc/A

Xuét phat tir thuyét lwong tir, Planck di tim ra cong thirc ctia ham phd bién, tirc 13 hé
sb phat xa don sdc cua vat den tuyét ddi:

2mv2 hv

fvT =
; 2 GhV/KT |

Cong thic ciia Planck di khic phuc duge khé khin & ving tir ngoai, duong dic trung
phé phét xa cta vat den tuyét doi tinh tir cong thirc nay phi hop véi két qua thuc nghiém &
moi vung nhiét do, moi vung tan s6 khac nhau. Tu cong thue Planck ta co thé tim lai dugc
cac cong thuc Stephan-Boltzmann va cong thirc Wien.

2. Hiéu irng quang di¢n

Do 1a hiéu Gng bén ra cac electrdn tir mot tAm kim loai khi roi vao tAm kim loai do
mot buc xa di¢n tu thich hop.

Nguoi ta tim dugce ba dinh luat quang dién:

* Pinh luat vé gi¢i han quang dién: Hién twong quang dién chi xay ra khi budc séng A
cua anh sang t&i phai thoa man:

A <A, hoacv>v,
Ao, Vo tty thudc vao tung kim loai va dugc goi l1a gidi han quang dién ctia kim loai 6.

* Pinh luat vé dong quang dién bao hoa: Cuong dd dong quang dién bao hoa ty 18 véi
cuong do anh sang chiéu téi kim loai.

* Pinh luat vé dong nang ban déau cyc dai: bdng nang ban dau cuc dai cua cac quang
electron khong phu thudc vao cuong do anh sang chiéu téi ma chi phu thuoc budc song cia
anh sang chiéu t6i va ban chat kim loai.

Dé giai thich ba dinh luat trén, Einstein da dua ra thuyét photén. Thuyét nay cho rang
anh sang bao gdm nhitng hat photén. Mdi photon mang nang luong € = hv = he/A, chuyén
dong vai van toe ¢=3.10° m/s. Cuong d6 cia chum sang ti 18 v6i sb photon do ngudn sang
phét ra trong mot don vi thoi gian.
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Nhu vay anh sang vira c6 tinh chat song vira c6 tinh chat hat.
3. Hiéu irng Compton

Chum éanh sang (chum hat ph6ton) sau khi tdn xa Ién cac hat electron tu do thi bude
song A cua no tang 1én

AL =20 sinzg

Thyce nghiém da xac dinh dugce dg tang budc song AL nay. Do tdng budc song khong
phu thudc vét liéu 1am bia ma chi phu thudc vao goéc tan xa. P& giai thich hiéu ung
Compton, nguodi ta da dua trén hai dinh ludt bao toan: bao toan nang lugng (vi va cham dan
héi) va bao toan dong luong (vi 1a hé kin gém hat photon va hat electron). Qua hi€u ung
nay nguoi ta chirng minh dugc hat ph6ton c6 dong lugng p=mc=hv/c=h/A.

Dbong lugng 1a mot dac trung cua hat. Nhu vay tinh chét hat cta anh sang da dugc
x4c nhan tron ven khidwa vao thuyét photon giai thich thanh cong hiéu img Compton.

IV. CAU HOI LI THUYET

1. DBinh nghia birc xa nhiét can béng.

2. Viét biéu thtrc va néu y nghia cua cic dai luong: nang suat phat xa toan phan, hé s6 phat
xa don sac, h¢ s6 hap thu don sac ctia blric xa nhiét can bang ¢ nhiét do T.

3. Pinh nghia vat den tuyét dbi.

4. Phat biéu dinh luat Kirchhoff. Néu y nghia ctia ham phd bién. V& do thi duong dic trung
pho phat xa cua vat den tuyét doi.

5. Phat biéu céac dinh luat phat xa cua vat den tuyét ddi .

6. Néu quan niém cb dién vé ban chat cua bl:l’C xa. Viét cong thirc cua Rayleigh-Jeans. Néu
nhiing kho khan ma cong thirc d6 gap phai doi voi hién tugng birc xa nhiét.

7. Phét biéu thuyét luong tir cua Planck. Viét cong thirc Planck. Néu nhiing thanh cong cua
thuyét luong tu.

8. Dinh nghia hi¢n tuong quang dién. Phat biéu ba dinh luat quang di¢n.

9. Phat biéu thuyét photon cua Einstein. Van dung thuyét photon dé giai thich ba dinh luét
quang di¢n.

10. Trinh bay ndi dung hi¢u ung Compton. Trong hi¢u rng nay, chum tia X tan xa Ién
electron tu do hay lién ket ?

11. Giai thich hiéu tng Compton.

12. Tai sao coi hi¢u tng Compton la mot béng chung thuc nghiém xéc nhan tron ven tinh
hat ctia anh sang.
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IV. BAI TAP

Thi du 1: Hoi nhiét d6 ctia 10 nung bang bao nhiéu cho biét mdi gidy 16 phat ra mot ning
luong bang 8,28 calo qua mot 16 nho ¢6 kich thude bang 6,1cm?®. Coi biic xa dugc phat ra tir
mot vat den tuyét ddi.

Bi gidi: Ning suit phat xa toan phan cia vat den tuyét dbi: R = oT* , R 14 ning suét do

mdt don vi dién tich phat ra trong mot don vi thoi gian, nén R lién hé voi cong suét phat xa
la:P=R.S

—>T=i/i =4 8’288‘4’18 5 =1004(K)
c.S 5,67.107°.6,1.10~

Thi du 2: Cong thoat cua kim loai dung lam catdt cua té bao quang dién A = 5eV. Tim:
1. Gidi han quang dién ctia tam kim loai do.
2. Van toc ban dau cuc dai cua cac quang electron khi catét dugc chiéu béng anh
sang don sic budc song A =0,2pm.
3. Hiéu dién thé ham dé khong c6 mot electron nao dén duogc anét.
Bai gidi
he  6,625.10743.10°

1. Gi6i han quang dién cua catdt: Ao = N ¥ = 2,48.10_7 m
5.1,6.10™

2. Van toc ban dau cuc dai cia cac electron:

hc 1 ) 2 (he
TZA-FEH’IQVOmaX—)VOmaX: m—e(T—Aj
Bo |V g
Vomax = | — o SR '63'10 ~5.16.10"7 | =0,65.10°m/s
9,1.10~ 0,210

3. Hiéu dién thé ham:

he l

7=A+eUh_>Uh:<%-A) :[ =12V

-34 8
6,625.10343.10 _5'1’6'10_l9j
(S

0,2.107° 1,6.107°

Thi du 3: Photon mang nang luong 0,15MeV dén tan xa trén electron tu do. Sau khi tan xa

budc séng chia chim photon tin xa ting thém AL = 0,015A°. Xac dinh budc song cua

photon va gdc tan xa cua photon.

_he 6,625.10743.10°
e 015161071

AL =2 sin? g —> sin? g = ZA—X =031 sing =0,556 — 6 = 6733’

C

Bai gidi: € = % S =8,28.10°m

110

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuwong 6: Quang hoc luwong tir

Bai tap tu giai

1. Tim cong suét birc xa cua mot 1o nung, cho biét nhiét do cua 1o bé“mg t =727°C, dién tich
clia cira 10 bang 250cm?. Coi 16 1a vat den tuyét doi.

Dip s6: P =TS =1417,5 (W)

2.Vt den tuyét d6i co dang mét qua cau duong kinh d = 10cm & nhiét 6 T khong dbi. Tim
nhiét 6 T, cho biét cong sudt birc xa & nhiét do da cho bang 12kcalo/phit.

) 12.103.4,18

Dapso: P=—=836 (W), T= —— =828 (K
p o (W) S =828 (K)

3. Nhiét d¢ cua s¢i day toc vonfram cua bong den dién ludn bién d6i vi dugc dbt néng béng
dong dién xoay chiéu. Hiéu sb giita nhiét d6 cao nhat va thap nhat bang 80°, nhiét do trung
binh bang 2300K. Hoi cong suat birc xa bién ddi bao nhiéu lan, coi day toc bong dén 1a vat
den tuyét doi.

; T + Ty
Dap s6: Tpyay — Tin =80K, w =2300K — Ty =2340K, Ty =2260K

4
Pmax :(Tmaxj :115

Pmin min

4. Nhiét d6 cua vat den tuyét d6i tang tir 1000 K dén 3000 K. Hoi:
1. Nang suat phat xa toan phan ciia né ting bao nhiéu lan?

2. Budc song tng véi nang suit phat xa cuc dai thay d6i bao nhiéu 1an?

4
. . R T \
Ddp s6: 1.—2 =| -2 | =81 lan ,
R T
Am2 Ty
5. Mot vat den tuyét dbi & nhiét d6 T, = 2900 K. Do vit bi ngudi di nén budc séng tng voi
nang suét phat xa cuc dai thay ddi AL=9 um. Héi vat lanh dén nhiét do bzing bao nhiéu?
. b b 1 1 bT
Pap s6: Ay = — Ay =— > AL =b| — —— | > T, =——1— =290 (K)
Tl T2 T2 Tl TIAX +b
6. Tim gidi han quang dién ddi voi cac kim loai ¢ cong thoat 2,4eV, 2,3eV, 2eV.
hc he

Pip s6: Loy =—=518.10""m, hop =——=54.10""m,
Al Aj
hos =€ =621.10m
Az
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7. Gidi han quang dién ciia kim loai dung 1am catdt cta té bao quang dién Ao = 0,5um. Tim:
1. Cong thoat cua electron khoi tdm kim loai do.
2. Van toc ban dau cuc dai cua cac quang electron khi catot dugc chiéu béng anh

sang don sic budc séong A =0,25um.

-34 8
desé':l.7»0=%—>A=E=6’625'10 3107 _ 3975107205

Ao 0,5.107¢

2. %:A+%mevgmax—>\/0max= i(%_ j:0,93,106m/s

(S
8. Chiéu mot birc xa dién tir don sic budc song A = 0,41 um 1én mot kim loai dung lam catot
ctia té bao quang dién thi c6 hién tugng quang dién xay ra. Néu ding mot hiéu dién thé him
0,76V thi cac quang electron ban ra déu bj gitr lai. Tim:

1. Cong thoat cua electron dbi véi kim loai do.

2. Van tbc ban ddu cuc dai ciia cac quang electrén khi ban ra khoi catot.

. . hc hc )
Dip s6: 1. —= = A+eUp > A=—=-eUp =3632.10 204

2.

) T
2 1,6. .
—meVOmaX = eUh —> VOmax = eUh = 2 1,6 10 0376 B 0,52106m/s
2 m, 9,1.10731

9. Cong thoat ciia kim loai dung lam catdt cia té bao quang dién A= 2,48eV. Tim:

1. Gi6i han quan di¢n cia tam kim loai do.
2.Van tbc ban dau cyc dai clia cac quang electrén khi catot dugce chiéu bang anh sang
don sic bude song A = 0,36um.

3. Hiu dién thé ham deé khong cé mdt electron nao dén dugc anot.

-34 8
Dip s6: 1. 0y =26 2 86210 73107 5 156,

A 248161077

2. 2 A v e 5 Voma = i(E—A]=0,584.106m/s
2 me \ A

A
hc
T:A"‘eUh —> Uy, =097V

10. Khi chiéu mot chum 4nh sang c6 budc song A = 0,234um viao mdt kim loai ding lam
catdt cuia t& bao quang dién thi c6 hién twong quang dién xay ra. Biét tan sé gi6i han cia
catdt vo= 6.10'*Hz. Tim:

1. Cong thoat cta electron dbi véi kim loai do.

2. Hiéu dién thé ham dé khong c6 mot electron nao dén dugc andt.
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3. Van toc ban dau cuc dai ctua cac quang electron.

Pip sé: 1. A =hvy =39,75.10707,

2. E:A+eUh = Uy :(E—A)l:2,83v
A A e
2
3. lmev(z)max =eUp 2 Vomax = Un =10%m/s
2 m,

11. Khi chiéu mot chim 4nh sdng vao mot kim loai ding lam catét cta té bao quang dién
thi c6 hién tugng quang dién xdy ra. Néu dung mot hi¢u dién thé ham 3V thi cac quang
electron bén ra déu bi gitr lai. Biét thn sb gidi han cua catot vy= 6. 10"*Hz. Tim:

1. Cong thoat cua electrén ddi v6i tim kim loai do.

2. Tan s6 cuia anh sang chiéu t6i.

3. Van tdc ban dau cuc dai cua céac quang electron khi bén ra tir catot.
Ddp s6: 1. A =hv,=39,75.10%],

A
2. hv=A+eUy > v =+T6Uh ~13,25.10"*Hz,

3. Vomax= i(hv—A) =10%m/s
m,
12. Cong thoat ctia kim loai ding lam catbt cua té bao quang dién A =2,15¢V. Tim:
1. Gi6i han quang dién cua tam kim loai do.
2. Van tbc ban dau cuc dai cua cac quang electron khi catot dugc chiéu bﬁng anh
sang don sic budc song A = 0,489um.
3. Hiéu dién thé ham dé khong c6 mot electron ndo dén dugc anét.

-34 8
Dip sé: 1. 1y = 1¢ = 6:625:10 '3'1190 =0,578.10 °m
A 2]15.1,6.10°
2. B A b S vy = i[E—Aj=O,37.IO6m/s
A 2 me \ A

3. E=A+eUh - Uy =(E—A)l=0,39 A%
A A e

13. Tim dong lugng, khoi lugng cia photon co tan sd v = 5.10"*Hz.

-34 14
Dapsb: :%:h% a 6,625.130108.5.10 1110~ kgl

34 14
. :h_;/ _ 6,625.10 1.65.10 3710 kg
c 9.10
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14. Tim nang lugng va dong lugng cua photon ing véi budce song A = 0,6um.

-34 8
Dip s6: g 1c _ 662510 5.10 =33.107°7
A 0,6.10~

-34
_h 662510 7 1072 kg mis
A 0,6.107°

15. Tim ning luong va dong luong clia photon tng véi budce song A = 10" m.

-34 8
Dip sé: ¢ =16 2 $625:10 73107 1500 1145
A 10—12

—34
h 662510 7 _ ¢ 610722 kg.m/s

N 10—12
16. Photon co ning lugng 250keV bay dén va cham véi mét electron dung yén va tan xa
Compton theo goc 120°. Xac dinh ning luong cta photon tan xa.

14 h -_— . —
Pap s6: =X =5.10"2m, k’—X:2X051nzg—>k’:8,64.10 12m
e

=34 8
he _ 6,625.10 .132.10 ~23.10714)
8,64.10"

Nang lugng cta photon tan xa: €' = Y

17. Photon ban dau co nang luong 0,8MeV tan xa trén mot electron ty do va thanh phéton
g véi birc xa co budc song bang bude song Compton. Tinh:
1. Goc tan xa.

2. Nang lugng cta photon tan xa.
. . h _ A
Dip sé: 1.7C ~08.1,6.1071% 51 =1,553.10"2m,
: .26 017
A=A =2A,sin 5—)6:50 11
, _hc ~14
2.¢'=—=819.10 "'J=0,2MeV
18. Tinh ning luong va dong lwong cta photon tan xa khi photon co bude song ban dau
A =0,05.10""m dén va cham vao electron tu do va tan xa theo goc 60°, 90°.
Dap sé: 1.Buée song cua photon tan xa:
.20 s _ _
A —A=2, sin® S oh=510 12.42242610712025=621310"m

-34 8
Nang lugng cua photon tan xa: €' = h—C, = 6,625.10 '31'210 =3,2. 107145
A 6,213.10~
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~34
Dong lugng ctia phdtodn tan xa: p' = E, = % =1072? kgm/s
A 6,213.107
2. Budc song cia photon tan xa:

2
A=A =20, sin’ g SN =5.10712422426107 2(%} =7,42610%m

he _ 6,625.107°%3.10°
Mo 74260071

Nang lugng cta photon tan xa: &' = =2,68. 107147

A S ,_h _6625107*
Dong luong cua phéton tan xa: p' = — = —————

= -22
Y 7,426‘10_12—0,89.10 kgm/s

19. Trong hién tugng tan xa Compton, birc xa Rongen c6 budc song A dén tan xa trén
electron ty do. Tim budc song do, cho biét dong nang cuc dai cua electron bén ra bﬁng
0,19MeV.

. 1
Ddp so: Dong nang cua electron: Eq= mec2 = m()ec?‘ = m()ec2 —1
V2
==
c
. hc h 1 1
Theo dinh luat bao toan nang lugng: E4= —C——C, =hc| —— ,
AoA A A+AL

AN =2\, sin? % , dong nang cuc  dai  khi sin? g =1. Do d6

h I+ 2moc2

~1]=0,037A"
mgeC Ed

A‘:

20. Tim dong lugng clia electron khi c6 photon bude song A = 0,05A° dén va cham va tan
xa theo goc 0 = 90* Lic d4u electrén ding yén.

Dap s6: Theo dinh luat bao toan dong luong: p=p'+ps —>Pe =p—p’

2 .2 &% 2 n?
Ppe =P HDPT D Pe =45

5~ 1,6.10_22kg.m/s
7\‘!
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Chuong 7: Co hoc luong tir

CHUONG VII: CO HOC LUONG T

Co hoc lugng tir 1a mon co hoc nghién ctru sy van dong cua vat chét trong thé gidi
ctia cac phan tir, nguyén tir (kich thude 107 - 107° m, goi 1a thé gidi vi mo, céc hat trong d6
goi 14 vi hat). Co hoc lugng tir cung cp cho ta kién thirc dé hiéu cac hién twong xay ra
trong nguyén tir, hat nhan, vat ran...

I. MUC PiCH - YEU CAU

1. Nam duogc gia thuyét de Broglie vé ludng tinh song - hat ciia vi hat. Tir 6 di dén biéu
thirc cua ham séng y va phuong trinh Schrodinger.

2. Hiéu va van dung duogc h¢ thac bét dinh Heisenberg.

3. Hiéu va van dung phuong trinh Schrodinger dé giai mot s6 bai toan co hoc lwong tir don
gian nhu hat trong giéng the, hi¢u ung duong ngam, dao dong tir di€u hoa lugng tir.

II. NOI DUNG

§1. LUONG TINH SONG HAT CUA VI HAT

1. Luwdng tinh song hat cia anh sang

Nhu chuong trude ching ta thiy 4nh sang vira ¢6 tinh séng vira c6 tinh hat: hién
tuong giao thoa, nhidu xa thé hién tinh chét song, con hiéu ung quang dién, hi¢u Gng
Compton thé hién tinh chit hat ctia anh

h -
E =hv va dong luong p= F Ta thay

sang. Ludng tinh song hat cia 4nh sang \
. . N e e, . \III'III-\---\”_,.,-/""-'-/-lr
duogc Einstein néu trong thuyét photon: g :
anh sang dugc cdu tao boi cac hat — #/T n
photon, mdi hat mang nang luong — — -
- 0 T d ——=

cac dai lugng dac trung cho tinh chét
hat (E,p) va cac dai lugng dac trung
cho tinh chat song (v,A) lién hé truc
tiép v6i nhau. Chiing ta s& thiét Hinh 7-1. Su truyén song phang anh sang
1ap ham soéng cho hat photon.

Xét chum anh sang don sic, song song. Mit song 1a cac mit phiang vudng goc véi
phuong truyén song. Néu dao dong sang tai O la
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x(t)=Acos2nvt (7-1)

thi biéu thirc dao dong sang tai moi diém trén mit song di qua diém M cach mit séng di qua
O mot doan d 1a:

x(t -g) =Acos2mv(t -g) = Acos2n(vt-g)
c c A
2nd 72
= Acos(ot- T)

trong d6 ¢ 1a van tc anh sang trong chan khong, A 1a budc song anh sang trong chan

C . X X Y ST ; o 5 ,
khong: A =cT =—,véi T la chuki, v latan so ciia sobng anh sang. Tt hinh 7-1 ta co:
%

d=rcosa=rn (7-3)

n: vecto phap tuyén don vi. Thay (7-3) vao (7-2) ta nhan dugc:

- —

x(t— g) = Acos2n(vt— 1) (7-4)
C A

D6 1a ham song phang don sic. Sir dung ki hiéu y cho ham séng va biéu dién n6 dudi
dang ham phuec ta cé

Y=y, exp{—Zni[vt—%H (7-5)

. E h h
Néuthay v=—, p=— va i =— vao (7-5) ta duoc:
y V=L PES o (7-5)
v=vo exp[— e BE)] (7-6)

2. Gia thuyét de Broglie (Pobroi)

Trén co s¢ ludng tinh song hat cia anh sang, de Broglie da suy ra ludng tinh song hat
cho electron va cac vi hat khac.
Gia thuyét de Broglie:

Mot vi hat tie do ¢6 nang lwong, dong lwong xdc dinh tirong vmg véi mot séng phang
don sac. Nang luong cua vi hat lién hé voi tan so dao dong cua song twong ung thong qua
hé thirc: E=hv hay E =hwo. Dong lwong cua vi hat lién hé voi budc song ciua song twong

h o R

ung theo hé thirc: p = r hay p =hk.

T 1y . . A 1a A A r A 14 2n

k 1a vecto song, c6 phuong, chiéu la phuong, chiéu truyén song, c¢6 d6 lon k = o Séng

de Broglie 1a song vét chét, song cta cac vi hat.
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3. Thuwe nghiém xac nhén tinh chit sng ciia cac hat vi md
a. Nhiéu xa ciia electrén qua khe hep:

Cho chum electron di qua mot khe hep. Trén man huynh quang ta thu dugc hinh anh
nhidu xa gidng nhu hién twong nhiu xa cua anh sang qua mot khe hep. Néu ta cho timg
electrén riéng biét di qua khe trong mot thoi gian dai dé sb electron di qua khe du 16, ta
van thu dugc hinh anh nhidu xa trén man huynh quang. Pidu ndy ching té mdi hat electron
riéng 1¢ déu c6 tinh chét song.

i
Hinh 7-2. Nhiéu xa cta electron qua mot khe hep

b. Nhiéu xa ciia electrdn trén tinh thé

Thi nghi€ém cua Davisson va Germer quan sat dugc hién tuong nhiéu xa cua electron
trén mat tinh thé Ni (hinh 7-3). Khi cho mét chum electrén ban vao mat tinh thé Ni, chim ¢
s& tan xa trén mat tinh thé Ni dudi cac gdc khac nhau. Trén man hinh ta thu dugc cac van
nhiéu xa. Hién tugng xay ra giéng hét hién tuong nhiéu xa cua tia X trén mit tinh thé Ni.
Tinh thé Ni nhu mot cach tir nhidu xa. Hién tuong electron nhiéu xa trén cach tir ching to
ban chat song cta chung. Thay Ni bang cac tinh thé khac, tat ca cac thi nghiém déu xéac
nhén chum electrén gay hién tugng nhidu xa trén tinh thé. Céac vi hat khac nhu notron,
proton ciing gay hién tuong nhidu xa trén tinh thé.

Céc két qua thi nghiém trén Chim electmn : )
déu xac nhan tinh chat séng cta vi i Cng dém
hat va do do ’chl'rng minh sy dung din @ / E o
cua gia thuyét de Broglie. / |
Cubi cung, ta phai nhan manh \/
vé ndi dung gioi han cua gia thiét de [[77TTTTTTTTTITT] Tiohthd M

Broglie. Budc song de Broglie ti 1€
nghich v6i khoi lugng cua hat: i ‘7
Hinh 7-3. Nhiéu xa cta electron trén tinh thé

h

7\‘222
p mv
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do d6 dbi véi nhitng hat théng thudng ma khdi luong rat 16n, tham chi 1a vo ciing 16n so voi
khéi lwong cia electron chang han thi bude song de Broglie twong Gmg o gia tri vo ciing bé
va khong con ¥ nghia dé mo ta tinh chit song nita. Nhu vay, khai niém ludng tinh song hat
thue su chi thé hién & cac hat vi md ma théi va song de Broglie c6 ban chét dic thu luong
ttr, n6 khong tuong tu v4i sdng thyuc trong vat 1i ¢6 dién nhu song nudc hay song dién tir...

§2. HE THUC BAT PINH HEISENBERG

Do c6 ludng tinh song hat nén qui luat van dong cia vi hat trong thé giéi vi mé khac
voi qui ludt van dong cua hat trong thé gidi vi mo. Mdt trong nhirng diém khac biét d6 1a hé
thure bat dinh Heisenberg. bé tim hé thurc d6 chung ta xét hién tugng nhiéu xa ctia chum vi
hat qua mot khe hep co bé rong b.

Sau khi qua khe hat s€ bi
nhidu xa theo nhiéu phwong khac
nhau, tuy theo goc nhidu xa @, mat

d6 hat nhi€u xa trén man s€ cuc dai —

hodc cuc tiéu. Xét toa do cua hat — R
. v v v . H F

theo phuong x, nim trong mit
phing khe va song song véi bé
rong khe. Toa d§ x cua hat trong
khe s€ c6 gia tri trong khoang tr 0 ¥

dén b (0<x<b). N6i cach khac, E
vi tri cua hat trong khe dugc xac
dinh véi d bat dinh Ax ~b. Hinh 7-4

Sau khi hat qua khe, hat bi nhiéu xa, phuong dong luong 5 thay ddi. Hinh chiéu cua
5 theo phuong x sé& c6 gia trj thay doi trong khoang 0 <p, <psin, nghia la sau khi di
qua khe, hat c6 thé roi vao cuc dai gitta hodc cuc dai phy va py dugc xac dinh v61 mot do

bat dinh nao d6. Xét trudong hop hat roi vao cuc dai gilta Ap, ~psin@;, @; 1a goc tng véi
I L. A
cuc ti€u thr nhat: sing = B Do d6 ta co:
AX.Apy = b.psin@| =p.A

. ; . h .2 .
Theo gia thuyét de Broglie p = x . Thay vao biéu thuc trén ta nhan dugc hé thuc bat

dinh Heisenberg:
AX.Apy =h

Ly luén tuong tu: Ay.Apy =h (7-7)
Az.Ap, ~h
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Hé thuc bat dinh Heisenberg 1a moét trong nhitng dinh luat co ban cua co hoc lugng
ta. H¢ thue nay chung to vi tri va dong lugng ctua hat khong dugc xac dinh chinh xac mot
cach d@)ng thoi. Vi tri cia hat cang xac dinh thi dong lugng cia hat cang bat dinh va nguoc
lai.

Vi du: Trong nguyén tir ¢ chuyén dong trong pham vi 107"’ m. Do d6 d6 bat dinh vé
van toc 1a:

Apy _ h 6625107

6
~ = =7.10"m/s
mg  meAx 91973110710

Avy =

Ta thy Av, kha 16n cho nén e khong c6 van tdc xac dinh, nghia 13 ¢ khong chuyén
dong theo mot qui dao xac dinh trong nguyén tir. Diéu ndy ching to rang trong thé gidi vi
mo khai niém qui dao khong c6 y nghia.

Ta xét hat trong thé gidi vi mo khéi lugng cua hat m = 10°"° kg, d6 bat dinh vé vi tri

Ax =10"8m. Do d6 do bt dinh v& van téc 1a

=6,6.10 1 m/s

h 66251074
AV S Ak 1015 08
mAx 1071210

Nhu vay dbi v6i hat vi mo Ax va Avy déu nho, nghia la vi tri va van tde c6 thé duoc
xéc dinh chinh xac dong thoi.

Theo co hoc ¢ dién, néu biét dugc toa do va dong luong cua hat ¢ thoi diém ban dau
thi ta c6 thé xac dinh duoc trang thai cua hat & cac thoi diém sau. Nhung theo co hoc luong
tu thi toa do va dong luong cua vi hat khong thé xac dinh duoc déng thoi, do d6 ta chi co
thé doan nhan kha nang vi hat & mot trang thai nhét dinh. Noi cach khac vi hat chi co thé &
mot trang thai voi mot xac suét nao do. Do do qui ludt van dong cua vi hat tuan theo qui
ludt théng ké.

Ngoai h¢ thtc bat dinh vé vi trf va dong luong, trong co hoc lugng tor nguoi ta con
tim dugc hé thirc bat dinh gitta nang lugng va thoi gian:

AEAt~h (7-8)

Y nghia ctia hé thirc bat dinh giita nang luong va thoi gian: néu nang luong cia hé &
mdt trang thai ndo d6 cang bat dinh thi thoi gian dé hé ton tai ¢ trang thai d6 cang ngan va
nguoc lai, néu nang luong cia hé¢ & mét trang thai nao do6 cang xac dinh thi thoi gian ton tai
clia hé ¢ trang thai d6 cang dai. Nhu vay trang thdi c6 ning luong bat dinh 1a trang thai
khong bén, con trang thai c6 nang lugng xac dinh 1a trang thai bén.

§3. HAM SONG

1. Ham song:

Do ludng tinh song hat cua vi hat ta khong thé xac dinh d@)ng thoi duoc toa d0 va
dong lugng cua vi hat. bé xé4c dinh trang thai cua vi hat, ta phai dung mot khai niém mai do
la ham song.
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Theo gia thuyét de Broglie chuyén dong cua hat tu do (tirc 1a hat khong chiu mot tac
dung nao cuia ngoai luc) duge md ta boi ham soéng twong tu nhu song anh sang phang don
sic

Y=y, exp{—%(Et - 5;)} =y, exp[— i(c)t - 1_5)] (7-9)

Trong d6 E =ha;p =7k va Y 1 bién do dugce xac dinh boi:

*

2 2
vo =l = vy (7-10)
w* la lién hop phuc cua v .
Néu hat vi mé chuyén dong trong trudng thé, thi ham séng cua né 1a mot ham phic

tap cua toa do r va thoi gian t
y(r,t) =y(X,y,z1)

2. Y nghia thong ké ciia ham séng

Xét chum hat photon truyén trong AV
khong gian. Xung quanh diém M 1y thé “:*""-"?/i—'*
tich AV batki (hinh 7-5) ‘“““:'_'j_:ﬂ;j_’_’_’_'_t:
*Theo quan diém song: Cudng do ——---::-_:-_:::—'*
sang tai M ti 1¢ v&i binh phuong bién do N A p -

A . . 2

daod tai M: [ ~ .

a0 CONg sang tal Yo Hinh 7-5. Chum hat ph6ton truyén qua
thé tich AV

*Theo quan diém hat: Cuong do sang tai M ti 1€ voi nang lugng cac hat trong don vi
thé tich bao quanh M, nghia 13 ti 1& voi s6 hat trong don vi thé tich d6.Tir ddy ta thay rang

s6 hat trong don vi thé tich ti 16 v&i w2 . Sé hat trong don vi thé tich cang nhiéu thi khd

ning tim thiy hat trong dé cang 16n. Vi vdy c6 thé néi binh phuong bién d6 song ‘\V‘Z tai

M dic trung cho kha ning tim thay hat trong don vi thé tich bao quanh M . Do d6 ‘\V‘Z la

mdt d xdc sudt tim hat va xac suat tim thiy hat trong toan khong gian 1a f|\u|2dV . Khi tim
v

hat trong toan khong gian, chiing ta chic chin tim thiy hat. Do d6 xac suat tim hat trong
toan khong gian la 1:

[l[2dv =1 (7-11)
\'%
Day chinh 1a diéu kién chudn hod ciia ham song.

Tom lai:
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- Pémo ta trang thai cta vi hat ngudi ta ding ham séng v .
2 .20 4% Ar AA o Ay oy A . roar

- |\|/| bicu dien mat dd xac suat tim thay hat ¢ trang thai do.

-y khong mo ta mot song thuc trong khong gian. Him séng mang tinh chat thong
ké, n6 lién quan dén xac suét tim hat.

3. Piéu kién ciia ham séng

- Ham soéng phai hiru han. Piéu nay dugc suy ra tir diéu kién chudn hod, ham song

phai hitu han thi tich phdn méi hiru han.

- Ham song phai don tri, vi theo 1i thuyét xac suat: mdi trang thai chi ¢6 mot gia tri
xé4c suat tim hat.

\ , 2t 1eA . £ 2 114 2 A1
- Ham séng phai lién tuc, vi xé&c suat |\|/| khong the thay doi nhay vot.

- Pao ham béc nhat cua ham song phai lién tuc.

§4. PHUONG TRINH SCHRODINGER

Ham séng de Broglie mé ta chuyén dong cua vi hat tu do ¢d ning luong va dong
luong xac dinh:

U} (;, )=y, exp{— % (Et - 5;)} = \u(;) exp[— %Et} (7-12)

trong do \4/(;) =V, exp[%f);} (7-13)

1a phan phu thudc vao toa do ctia ham séng. Ta co thé biéu dién w(;) trong hé toa do Dé

cac nhu sau:
~ i
udr)=\voexp{%(pxx-kpyy>kp22{} (7-14)

Lay dao ham oy /0x, ta dugc:
oy (i .
— " e r
. (hpxjw()
Lay dao ham bac hai cua y theo x:
52 W oo - pl -
SE o piv =-Ey(m) (7-15)
h h
Ta ciing thu duoc két qua twong tur cho cac bién y va z.

Theo dinh nghia ctia toan tir Laplace A trong hé toa do bé cac :
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) 2 2 2 N
s =| (7-16)
ox~ 0y~ 0z
ta duoc:
2,2 .2 )
- Px +Py+DP - -
Ay(r) =———F Ly =-Loy(m) (7-17)
h h
Goi E4 1a dong nang cua hat, ta viét duge:
2 2
mv p 5
=7 Tom LA

Thay p* vao (7-17) va chuyén sang vé tréi ta thu dugc:
> 2 -
AY(r) + =T Equ(r) =0 (7-18)
h

Phuong trinh (7-18) duogc goi 1a phuong trinh Schrodinger cho vi hat chuyén dong tu do.
Mé rong phuong trinh cho vi hat khdng ti do, nghia 1a vi hat chuyén dong trong mot trudng
luc c6 thé nang U khong phu thudc thoi gian. Nang lwong ctia vi hat E = Eq + U. Thay
Es=E - U vao (7-18) ta duogc:

Ay(r) + i—g‘ [E - U(})]w(}) =0 (7-19)

Biét dang cu thé cia U(;), giai phuong trinh Schrodinger ta tim dugc \|I(;‘) va E,
nghia la xac dinh duoc trang thai va nang lugng cua vi hat. Ta gidi han chi xét h¢ 1a kin hay
dit trong trudng ngoai khong bién thién theo thoi gian. Nang lugng cua hé khi d6 khong dbi
va trang thai cua hé duoc goi la trang thai dung. Phuong trinh (7-19) dugc goi 1a phuong
trinh Schrodinger cho trang thai dung.

Cho dén nay ta van xét hat chuyén dong véi van toc v << ¢, do d6 phuong trinh (7-9)
mb ta chuyén dong ctia vi hat phi twong ddi tinh, c¢6 khdi lugng nghi khac khong. Phuong
trinh Schrodinger mo ta sy van dong cua vi hat, né c6 vai tro twong ty nhu phuong trinh ctia
cac dinh luit Newton trong co hoc c¢d dién. Mot diém can chu y 13, phwong trinh
Schrodinger khong dwoc chung minh hay rut ra tir dau. N6 dugc xay dung trén co s¢ ham
song phang don sic cua anh sang va gia thuyét song-hat de Broglie, do d6 dicoc coi nhw mot
tién dée. Viéc mo rong phuong trinh Schrodiger cho hat ty do sang truong hop hat chuyén
dong trong truong thé ciing dugc coi 1a mot sy tién dé hoa. Dudi day 1a nhimng tng dung
phwong trinh Schrodinger trong nhitng bai toan cu thé nhu hat trong giéng thé, hiéu tng
duong ngm...

123

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 7: Co hoc luong tir

§5. UNG DUNG CUA PHUONG TRiNH SCHRODINGER

1. Hat trong giéng thé niing

Trong nhitng bai toan thuc té, ta thuong Iy o
gip nhimg truong hop hat chi chuyén dong
trong mot pham vi gidi han bdi mot hang rao
thé nang co chiéu cao kha 16n, vi du nhu
electron trong mang tinh thé hay nuclon trong

hat nhan bén, khi dé ta noi rang hat & trong : »
a z

giéng thé nang.
Ta hdy xét truong hop hat ndm trong Hinh 7-6. Giéng thé nang
giéng thé ning c6 thanh cao vo han va chuyén dong theo mot phuong x bén trong giéng thé
(hinh 7-6). Theé nang U dugc xac dinh theo dicu kién:
Ue {0 khi 0O<x<a
oo khi x<0 , x>a
Nhu vay bén trong giéng thé hat chuyén dong ty do va khong thé vuot ra ngoai giéng.
Phuong trinh Schrodinger ctia hat trong giéng thé (U = 0) mot chiéu (chiéu x) c6 dang:

2
d—‘;’ + 2m—2E\|; =0 (7-20)
dx n
bat k2 = @, ta co:
hZ
2
d—‘;’+k2w=0 (7-21)
dx
Nghiém cua phuong trinh (7-21) c6 dang
y(x) = Asinkx + Bcos kx (7-22)

A, B la nhiing héng s6 duoc xac dinh tir diéu kién cua ham song. Theo dau bai thi hat chi &
trong giéng thé, do d6 xac sudt tim hat tai ving ngoai giéng thé bang khong va ham séng
trong cic vung dé ciing bang 0. Tu diéu kién lién tuc cia ham song ta suy ra:
y(0) =0, y(a) = 0 Thay diéu kién nay vao (7-22) ta c6

y(0)=Asin(0)+B=0 — B=0

va y(a)=Asin(ka) =0
B =0 nén A phai khac 0 (vi néu A = 0 thi y ludn bang 0 13 mot nghiém tdm thudng). Do
do ta co:
sinka =0 =sinnx voin=1,2,...
Tur d6 rut ra:
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k=— (7-23)
a

Nhu vay ta c6 mot day nghiém ham song c6 dang:

y,(x)= Asin 2T x (7-24)
a

théa man diéu kién bién cua mién. Héng s6 A duoc xac dinh tir didu kién chuén hoa (7-11)
ctia ham song. Vi hat khong thé ra khoi giéng nén xac suit tim thay hat trong giéng 1a chic

chan:
a
[y o[ dx =1
0
Tinh gia tri tich phan:
a 2 a 2
IAZ sin? 2% xdx = A—j'(l —cosﬁx)dx AT
0 2 0 a 2
Ta tim dugc:
A= 2
a

Nhu vay ham song dugc xac dinh hoan toan:

2 .
Wi @)= of— sin 2% x (7-25)
a a
Ning luong cia hat trong giéng thé ciing dwoc tim thay khi ta thay biéu thic (7-23) vao
12— 2mE :
h2
252
h
E, =% -’ (7-26)
2ma

Tu cac két qua trén ta rut ra mot s6 két luan sau:
a. Moi trang thdi ciia hat ttng voi mét ham song ,, (X)

b. Ndng lwong ciia hat trong giéng phu thudc vio sé nguyén n, nghia 1a bién thién gidn
doan. Ta noi rang nang lwong da bi lwong tir héa.
2 h2

Véi n = 1 ta co6 mirc nang luong cuc tiéu E| = 57 0 Ung voi ham song
2ma

2 ...m 5 L. 2 N ) 5 5 ; .
Y1 =,|—sin—x, md ta trang thai chuyén dong co ban cia hat. Ham song y(x) khac
a a

khong tai moi diém trong giéng, chi co thé bang 0 tai cac vi tri bién (Hinh 7-7).
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Khoang cach giita hai miec nang lwong ké tiép nhau img véi cac s6 nguyén n va n+1
bang:

n2h2

ma2

AEn =Ep —Ep =

(2n+1) (7-27)

AE, cang lon khi a va m cang nho. Diéu d6 c6 nghia 1a trong pham vi thé gidi vi
mo, su lugng tr hda cang thé hién rd rét. Cu thé, néu xét hat electron m = 9,1.10°kg, a ~
5.10"°m thi AE ~ 1eV, khoang cach giita E,:, va E, tuong dbi 16n, ning lwong bi luong tir
hoa. Nhung néu xét mot phan tir c6 m ~102°kg chuyén dong trong mién a ~ 10cm thi
khoang céach giita cic muc ning lugng AE~ 10%V kha nhé. Trong trudng hop nay co thé
coi ning luong ctia phan tir bién thién lién tuc.

c. Mdt dj xdc sudt tim hat trong giéng:

wa (o = 2sin? 2 (7-28)
a a

Z . . . N ot U, i 4 . e
Mat d6 xac suat cuc dai khi: sm(—xj ==1. Do d6 xéc suat tim thay hat 16n nhat

a
. a
tai: x=2m+1)— <a m=0,1....
2n
2
Eg Wy ] i
=3 A= 1 b IR
=2 Qv M
=1 /\\— A
8] a x 8] a = 0O a P

Hinh 7-7. Hat trong giéng thé niang mot chiéu, cao vo han

. 4 - £ 2 42 R a ..., £ . , £
Vi du: Khi n = 1, x&c suat tim thay hat & diém x = E 1a 16n nhat. Khi n =2 xac suat

e ) 3 a R 3a \ 17 A
tim thay hat ¢ diém x = 7 va X = ¥ la 16n nhat...

Ay 3A 7 £ o .. (DT L IR £ , I
Mat @6 xac suat cuc ti€u khi: s1n[—x} =0. Do d¢6 xac suat tim thay hat nho nhat tai
a

ma
X=— <a
n
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Két qua duoc biéu dién trén hinh 7-7.

2. Hiéu trng dwong ngim

Ta xét hat mang ning luong E, chuyén dong theo phwong x tir trai sang phai dap vao
hang rao thé nang nhu hinh 7-8. Theo quan diém cua co hoc ¢b dién, néu E < U, hat khong
thé vuot qua hang rao. Theo quan diém cta co hoc lwong tir ta s& thdy hat van c6 kha ning
xuyén qua hang rao thé niang. Hién twong xuyén qua hang rao thé nang nhu vay duoc goi 1a
hiéu g dwong ngam.

Chung ta s& nghién ctru trudng hop hang rao thé nang dang don gian nhu hinh 7-8:

0 x<0 T4
U=4U, O<x<a (7-29) 3
0 X2a F ¢
. 3 *
Phuong trinh Schrodiger doi v&i cdc mién I II I1I
nhu sau:
2 =
> d : 2mE
Mién I: Wzl +k12\|1 1=0voi klz 2% . ? *
dx h

Hinh 7-8. Hang rao thé hinh chir nhat

2
<A d 2 L. 2 2m
Mién II: W22 —kyy =0 véi k5 = —2(U0 -E) (7-30)
dx h
L d?
Mién II: =3 + kfy 3=0
dx
Trong mién I ¢ ca song tdi va song phan xa. Nghiém v, trong mién nay c6 dang:
wi(x) = Ae¥1X 4 Bje iK1X (7-31)

S6 hang thir nhét ctia vé phai biéu dién song t&i truyén tir trai sang phai. S6 hang thi hai cua
vé phai biéu dién song phan xa trén madt hang rao thé ning, truyén nguoc trd lai tir phai
sang trai.
Nghiém tong quat trong mién II la:

Yo (X) =A,e k2% 4 Byek2x (7-32)
Nghiém tong quat trong mién I11 ¢6 dang:

W3 (x) = Agelk1(x78) | g eiki(x-2) (7-33)

S6 hang thir nhat ciia phuong trinh (7-33) biéu din song xuyén qua hang rao va truyén tir
trai sang phai. S6 hang thr hai biéu dién séng phan xa tir v cuc vé, nhung song nay khong
¢o, nén ta co thé cho B;= 0.
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Heé s truyén qua hang rao D dugc dinh nghia 1a ty sd giita s6 hat xuyén qua dugc
hang rao va sb hat di ti hang rao. Va s hat lai ty 18 v6i binh phuwong cia bién d6 séng.
Bién d¢ song tdi hang rao la A; va bién d¢ song xuyén qua hang rao l1a A;, do do ta co

D=0 (7-34)

Heé s phan xa R dugc dinh nghia 1a ty s6 giita s6 hat phan xa va s6 hat di t6i hang
rao, do d6 ta co:

2
_[Bi|
R = 05 (7-35)
Al
trong d6 B, 12 bién d6 song phan xa trén mat hang rao. Do diéu kién bao toan s6 hat, ta phai
¢6 |As]” +[By|* =|A; |, do dé:
D+R=1 (7-36)

Pé tinh dugc hé s6 D vaR ta phai tinh dugc cac bién do song. Muén vay ta dya vao
diéu kién lién tuc ciia ham song va dao ham cua no tai cac vi tri bién (x = 0 va x = a). Tu
cac diéu kién bién:

y1(0) =y, (0)
y1(0)=y3(0)

(7-37)
V2 (a) =y3(a)
ys(a)=y3(a)
ta rat ra cac hé thuc sau
Al +B1 = A2 +B2 (7—38)
ik (A; -Bp)=-ky(Ay -B)) (7-39)
Aye K28 1 Byekad = A (7-40)
—kz(Aze_kza —Bzekza) = ik1A3 (7-41)
Tir (7-40) va (7-41) ta c6 thé biéu thi Ay, B, qua As:
ol SRS (7-42)
Bl SRy o koa (7-43)
Trong do:
ky E
n=— 4=
ky, \|Ug-E
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Vi |1—in| = |l+in

,nén ta suy ra |Ay|>>|B,|. Do d6, c6 thé dit B,=0. Tir (7-38) va (7-39)
ta rat ra dugc A, theo A,, sau do st dung (7-42) ta tinh dugc:

l-in)i+n k-a
A= Aze 2 7-44
1 ( 2 j( 2nj ’ (7
Tir déy ta thu dugc hé sb truyén qua:
2
A 1 _
D=| 3|2 _ 6n2 e 2ksa (7-45)
|A1| (1+n%)

16n2

Néu vao ¢& 1 (Ug vao c¢& 10E) thi c6 thé viét:

D ~ e—2k2a

hay D= exp{—zh—a,ﬂmiUo ) )} (7-46)

Tir (7-46) ta nhan thay rang, ngay khi niang lwong E ciia hat nho hon thé nang cuta riao
(E<U)) thi D van luén ludn khac khong, nghia 1a vin c6 hat xuyén qua rao. Néu D 16n, hat
xuyén qua rao nhiéu va nguoc lai, nhung ludn khac 0.

Vi du hat electron m = 9,1.10°'kg. Néu U-E ~ 1,3.10°'], ta c6 duoc sy phu thude
ctia D vao bé rong cua hang rao thé nang theo bang sau:

a[m] 10710 1,5.10" 2.107° 5.101°

D 0,1 0,03 0,008 5.107

Hé s6 D c6 gia tri dang ké khi a nho, nghia 1a hiéu tmg duong ngdm chi xay ra rd rét
trong kich thuéc vi mé. Hiéu tng dwdong ngam 1a mot hién tugng thé hién rd tinh chit song
cua vi hat, diéu nay khong thé co d6i véi hat vi mo.

Hiéu tmg duong ngam cho phép ta giai thich nhiéu hién tuong gip trong ty nhién. Vi
du hién tugng phat electron lanh, hiéu rng phan ra hat a...

Hién twong phat electron lanh: u
electron mudn thoat ra khoi kim loai can
¢6 du ning lugng thing coéng can, vuot
qua hang rao thé nang U,, nhu vay ta can
phai nung néng kim loai. Tuy nhién, vi c6
hiéu tmg dudng ngdm, nén ngay ¢ nhiét

do thuong, du E < U, van c6 kha ning 0 -
lectron thoat ra ngoai kim loai. Hién 4
electron g ai. s Kich thuc hat nhs

tuong nay duoc goi 1a hién twong phat

electrén lanh. Hinh 7-9. Hién tuong phan rd a

Hién tugng phén ra a ciing dugc
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giai thich twong tu. Hat nhan nguyén tir gdm c6 cac hat proton (p) va notron (n). Trong hat
nhan cac hat p va n twong tac v6i nhau bang luc hat nhan, cho nén ¢ thé xem nhu chiing
nim trong giéng thé nang. Hat o gdm hai hat p va hai hat n, mic du ning lugng cua hat o
nho hon d6 cao rao thé nhung do hiéu tmg dudng ngam, hat p va n cia hat a van co thé bay
ra khoi hat nhan, hién tugng nay goi 1a hién tugng phan ra o (hinh 7-9).

3. Dao ddng tir diéu hoa hrong tir

Mot vi hat thyce hién dao dong nho diéu hoa xung quanh vi tri can béng la mét vi du
vé dao dong tir diéu hoa lugng tir. Dao dong ciia nguyén tir trong phén tir, dao dong cua cac
ion xung quanh nut mang tinh thé... déu 1a nhing vi du vé dao dong tir diéu hoa. Dao dong
ttr diéu hoa 12 mot hién tugng rat quan trong cua vat li n6i chung va co hoc lugng tir noi
riéng.

Ta xét vi hat dao dong (mot chiéu) trong trudng thé ning. Trong phan dao dong ta di
biét thé ning cua dao dong diéu hoa mot chidu bang:

2.2
1 mo-x
U=—kx?="22

2 2

trong d6 m 1a khdi luong cua vi hat, 13 tin sb goc cua dao dong. Phwong trinh

(7-47)

Schrodinger cho dao dong tir diéu hoa co dang:

d2\|/ 2m mo’>x >

—+—E-——"—y=0 (7-48)
dx?  #n? 2
Co hoc lugng tir da giai phuong trinh (7-48) va tim dugc biéu thirc ning luong cia
dao dong tir diéu hoa

En:hm(n+%j véin=0,1,2... (7-49)

Ta thay ning luong cua dao dong ttr chi lay nhiing gia tri gian doan, c6 nghia rang ning
luong cua dao dong tir da bi lugng tir hoa. Nang luong thip nhat ciia dao dong tir didu hoa
ung voin = 0.

1o
2

Ning luong nay duge goi 1a nang luong “khéng”. Nang lugng “khong” lién quan dén
dao dong “khong” ciia dao dong tir, nghia 1a khi T = 0K, dao dong tir van dao dong. Piéu
nay da dugc thyc nghiém xéc nhéan trong thi nghiém tan xa tia X. Tia X bi tan xa la do céc

EO

dao dong nguyén tir trong mang tinh thé giy ra. Theo co hoc cb dién, khi nhiét d6 cang
giam, bién d§ dao dong cua cac nguyén tu giam dén khong, do d6 sy tan xa cta anh sang
phai bién mat. Nhung thuc nghiém chtng to, khi nhiét d6 giam, cudng do tan xa tién toi
mot gia tri giéi han nao d6. Piéu d6 c6 nghia rang, ngay ca khi T— 0, sy tin xa anh sang
van xay ra va cac nguyén tir trong mang tinh thé van dao dong, twong tng voi mot ning
luong E, nao d6. Nhu vay thuc nghi€ém da xac nhan sy dung dén cta co hoc luong ti.
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Su t6n tai cta nang luong “khong” ciing phu hop voi hé thirc bt dinh Heisenberg.
Thuc vay, néu mirc ning luong thap nhat cia dao dong tir bang 0, nhu thé c6 nghia 1a hat
dung yén va van tdc va toa do cua vi hat duge xac dinh dong thoi (déu bang 0), diéu nay
mau thuin v4i hé thirc bt dinh. Sy tOn tai cuia mirc nang lugng “khong” cua dao dong tir
diéu hoa 1a mot trong nhitng biéu hién dic trung nhét ciia ludng tinh séng-hat cia vi hat.

1. TOM TAT NOI DUNG

1. Luong tinh song hat cia vi hat

Trén co so ludng tinh séng hat cia anh sang, de Broglie dd@ mo rong ra cho cac vi hat.
Theo gia thuyét nay, moi vi hat tyr do ¢6 niang lwong xac dinh, dong lugng xac dinh twong
duong v6i song phang don sic. Ludng tinh song hat ciia cac vi hat duge biéu dién bang cac
hé thuc:

E=hv va p=mv=h/A

Ngoai ra, theo thuyét twong d6i Einstein, moi hat vat chat c¢6 khéi lwong m déu mang

nang luong bang E = mc?

mg,

\/1—V2/c2

m, 14 khdi luong nghi cua hat (khi v =0).

trong do m =

2. Ham séng

Ham song ctia vi hat tu do ¢6 dang ctia ham song phang:
Y=y, exp[—%(Et —5;)} =y, exp[—i((ot — E;)]

trong d6 h = h/2r goi 14 hing s6 Planck rit gon va ‘k‘ =2n/ ) duge goi la s6 song.
Ham song y khong nhitng mo ta nhiing tinh chat ctia hé tai mot thoi diém nao d6, ma
nod con xac dinh duge dong thai ciia h¢ & nhiing thoi diém tiép theo. Ham soéng cd ¥ nghia
A 298 cny an o SO . e, Ty S .
thong keé. |\|I| la mat d§ xéac suat tim thay hat tai mot di€ém nao do doi voi mot trang thai

lugng tir dang xét. Nhu vay, ham song y khong mo td mot song thuc, ma mo ta song xac
suit. Do d6 ham song phai thoa man ba diéu kién: ham song phai lién tuc, hiru han va don

tri. Diéu kién chuan héa ciia ham song l1a [lv[*dv =1
v

3. Nguyén li bat dinh Heisenberg
Nguyén li ndy thu duoc tir ludng tinh song hat cia vi hat, dugc biéu dién qua hé thirc
dudi day khi xét vi tri x va dong lugng p cta vi hat

Ax.Apy ~h

Néu Ax cang nho (vi tri cang xac dinh) thi Ap, cang 16n (dong lugng cang bat dinh)
va nguoc lai. Nhu vay ddi véi vi hat, vi tri va dong luong khong duoc xac dinh chinh xac
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dong thoi. Do d6, trong thé gidi vi md khai niém qui dao khong c6 y nghia. Néu ta biét
dugce vi tri x & thoi diém t, thi dén thoi diém t + dt ta chi c6 thé xdc dinh vi tri hat v6i mot
x4c suat nao do thoi. Bi voi cac vi hat khai niém qui dao dugc thay thé béng khai niém xac
suét tim théy hat tai mot vi tri nao do ¢ trang thai lugng tir dang xét.

Ngoai hé thuc gitta vi tri va dong lugng, vi hat con tudn theo hé thuc bét dinh cho
nang luong

AEAt ~h

Y nghia cta hé thirc bat dinh giita ning luong va thoi gian: néu niang lugng cia hé &
mot trang thai ndo d6 cang bat dinh thi thoi gian dé hé ton tai ¢ trang thai d6 cang ngén va
nguoc lai, néu nang lugng ctia hé & mot trang thai nao d6 cang xac dinh thi thoi gian ton tai
cua hé ¢ trang thai do cang dai.
4. Phuong trinh Schrodinger va irng dung

Tir biéu thic ciia ham song, Schrodiger da dua ra phuong trinh co ban cua co hoc
luong tir mang té€n 6ng cho vi hat.

Péi véi vi hat tu do: Ay(r) + 2—r2nEd\|;(}) =0
h

Dbi véi vi hat trong trudng thé Ay (I‘) + 2—? [E - U(;)]\u (I‘) =0
h

Cén chu ¥ rang cac phuong trinh Schrodinger thu dugc trén co s cua gia thuyét de
Broglie, thuyét luong tir ctia Planck va thuyét photén ciia Einstein, do d6 ciing duoc coi 1a
céc tién dé.

Hé thirc bat dinh Heisenberg va phuong trinh Schrodinger 12 nhitng nguyén li co ban
cua co hoc lugng tir.

Ung dung cua phuong trinh Schrodinger:

- Phuong trinh Schrodinger dugc ap dung dé giai mot sb bai toan don gian cua co hoc
lwong tir nhu tim nang lugng va ham séng cua vi hat khdi lugng m trong giéng thé ning, c¢6
bé rong a va thanh cao v han. Két qua ta cd ning luong cua vi hat trong giéng thé bi lugng
tur hoa:

222
nh
E, = n?

MBOi gia tri cuia ning lugng E, trong Ung véi mot trang thai luong tir
2 . nn
N )y —sin —X
a a

Tir day ta tim dwoc xac suit tim thdy hat tai cac diém khac nhau trong giéng mg vai
moi trang thai luong tir.

- Van dung phuong trinh Schrodinger, ta xét chuyén dong cta vi hat qua hang rao thé
U, Tir @6 phat hién hiéu ing duong ngam. D6 1a hiéu tmg mot vi hat co niang lugng E < U,
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van co xac suat vuot qua dugc rao thé U,. bay 1a hiéu tng thuan tay luong tur, vi trong co
hoc ¢6 dién mot hat c¢6 ning lwong E < U, thi khong thé vuot qua duoc hang rao thé ning.

- Mot ing dung nita hay gip cua co hoc luong tir 1a dao dong tir diéu hoa. D6 1a mot
vi hat thuc hién cac dao dong nhd bac nhat quanh vi tri can bfmg. Chuyén dong nhiét cua
mang tinh thé ciing duoc biéu dién dudi dang tap hop cua cac dao dong tir didu hoa tuyén
tinh. Thay biéu thirc thé ning U cia dao dong tir diéu hoa vao phuong trinh Schrodinger, ta
tim dugc cac mirc nang lugng cua dao dong tu:

1
E, =ho (n +Ej
hw

Néu n = 0, ta tim dwgc muc nang luong thp nhét cta dao dong tir E,= N E,
dugc goi 1a “ning luong khong”. Két qua nay di dugc thyc nghiém xac nhan. N6 noi 1én
rang cac nguyén tir ciia mang tinh thé khong bao gio dimg yén. Suy rong ra, sy van dong
cla vat chét khong bao gid bi tiéu di¢t. Po6 1a co s¢ khoa hoc cua triét hoc duy vat bién
chung.

IV. CAU HOI Li THUYET

1. Phét biéu gia thuyét de Broglie vé ludng tinh song hat ctia vi hat.

2. Viét biéu thirc ham song cho vi hat va néu y nghia cta cac dai luong c6 trong biéu thirc
do.

3. Viét phuong trinh Schrodinger cho vi hat tu do va vi hat chuyén dong trong trudong luc
thé. Néu y nghia céac dai lugng c6 trong phuong trinh.

4. Hay néu ban chat va y nghia thong ké ctia ham séng. Cac diéu kién ctua ham song.

5. Phat biéu va néu y nghia cta hé thuc bat dinh Heisenberg cho vi tri va dong lugng.

6. Phat biéu va néu y nghia ctia hé thirc bat dinh cho niang lugng.

7. Phan tich tai sao trong co hoc luong tir khai niém qui dao cua vi hat khong con cod y
nghia. Khai niém qui dao cta vi hat dugc thay thé bang khai ni¢m gi ?

8. Hay tim biéu thirc ciia ham song va ning luong cua vi hat trong giéng thé ning mot
chi€u, co6 chiéu cao vo cung.

9. Pinh nghia dao dong tir diéu hoa lwong tir. Viét phuong trinh Schrodinger va biéu thirc
nang lugong cua dao dong tir diéu hoa. T d6 rat ra bicu thirc cua “ndng luong khong”, néu y
nghia cta biéu thirc nay.

V. BAI TAP

Thi du 1: Electrén chuyén dong twong dbi tinh véi van tc 2.10%m/s. Tim:
1. Bude song de Broglie cua electron.

2. bong lugng cua electron.
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Bai gidgi
1. Ap dung co hoc tuong ddi tinh:
2
N h [1- 5
h=——m=—20e -1 € 57502y
mv | v2 mgV
C2

2. Bong lugng cua electron: p = % =2,44. 10722 kgm/s

Thi du 2: BDdng nang cua electron trong nguyén tir hidrd c6 gia tri vao cd 10eV. Dung hé
thirc bat dinh hay danh gia kich thudc nho nhét ciia nguyén tir.

Bai gidi: Theo hé thuc bat dinh Heisenberg: Ax.Ap, =h

Gia st kich thudc ctia nguyén tir bang ¢, vay vi tri ciia electron theo phuwong x xéac

dinh béi: 0<x S%, nghia la Ax zg

Tir hé thite bat dinh: —> ~Ap, ~h —> ¢ ~ 2%
2 Apy

Mit khac Ap, <p ma p=.2m.E4 , trong d6 E4 12 dong nang.
2h

412meEd

Vay gia tri nho nhat ctia kich thudc nguyén ti: £ ., = = 1,24.10_10m
Bai tap tw giai

1. Electron phai c6 van tc bang bao nhiéu dé dong ning ciia n6 bang ning luong cua
phéton co bude séng A = 5200A°.

2
paipsé: DeV— _he o 120 g0 105 mys
2 A mgh

2. Tim van toc cua electron dé dong lugng cua nd bang dong lwong cia photon cd bude
song A = 5200A°.

h

Amg

=1400m/s

Dip so: p=mev=x—>v=

3. Tim dong luong cua electron chuyén dong véi van toc v = 0,8c

Ddp sé: Ap dung co hoc twong dbi tinh:
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p=mv=—20Y_ _364102kem/s
v
(:2

4. Tim budc song de Broglie cua:
1. Electron dugc ting toc boi hiéu dién thé 1V, 100V, 1000V.

2. Electrén dang chuyén dong tuong dbi tinh véi van toe 10°m/s.

Ddp so:
2 34
L=l eu=MeYs L, o b 662510 =122510"%m
meV 2 V2meeUp 911031161071
h 10 h 10
Ay =t =122510 " 0m , Ay=—o =0338.10 "m
v2meeU, : y2mqeUs
2
) h[1-5
2h=—im=—0 -V € _069.10 ' 'm
mv v2 mgeV
-
C

5. Xac dinh budc song de Broglie cua electron c6 dong nang

1. Eq4=100eV.

2. E&=3MeV
Ddp sé:
1. Nang luong nghi cua electron Eg = 0,51MeV
Khi E4 = 100eV nhé hon rat nhiéu so véi ning lugng nghi cua electron, do d6 ap dung co
hoc phi twong dbi tinh:

2 =34
25.1
Edzmev o 6,625.10
2 V2.1,6.10717.9,1.1073!

2. Khi Eq = 3MeV 16n hon ning lwong nghi cia electron, do d6 ap dung co hoc tuong dbi

=1,23.107%m

tinh:
mgov mgov 2 1
p= = , BEgq= mgcC o= 1
1_ﬁ VI_BZ I_BZ
2
C

E _
—>p=_[2mEq| 1+—95 =2 0621070m
2mgc p

135

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 7: Co hoc luong tir

6. Electron c6 budc song de Broglie A = 6.10"°m. Tim van téc chuyén dong cua electron.

h
S v=

=0,12.10"m/s
megV mgA

Ddp s6: A=

7. Electron khong vén toc ban dau duoc gia téc boi mot hicu dién thé U. Tinh U biét ring
sau khi gia toc hat chuyén dong tmg v6i budce song de Broglie 107 'm.

2 hZ

=>U=——+=150V

meVv 2 2mgel

Ddp so: =

8. Mot hat mang dién duoc gia tdc boi hiéu dién thé U = 200V, co budc song de Broglie
A =0,0202.10®°m va dién tich vé tri s6 b@fmg dién tich cua electron. Tim khéi luong cua hat
do.

h mv? h?
J2mE4 2 2¢UM?
9. Electron c¢6 dong nang E4 = 15¢V, chuyén dong trong mot giot kim loai kich thudc
d = 10m. Xac dinh d6 bat dinh vé van toc ctia hat do.

h ﬂ N Av _ 2h 2h
mAx md v mvd /2mdE4

=1,67.10"*"kg

Dip s6: ) =

=0,06%

Ddp sé: Av =

10. Hat vi mo c6 do bat dinh vé dong luong b@ing 1% dong lugng cuia nd. Xac dinh ty s6
gitra budc song de Broglie va do bat dinh vé toa do cua hat.
. A h  100h h A
Pipsi: 22 19, ax = 1000 B JAX 09
p Ap p p A
11. Viét phuong trinh Schrodinger d6i voi hat vi mé:

q g - kx?
1. Chuyén dong mot chieu trong trudong the U = %

2
2. Chuyén dong trong trudng tinh dién Coulomb U = — ze
4negr
2 2 2
pipsé 1 SV 20 E R 0 oAy 20 B2 =0
dx?  n? 2 n?\ 4megr

12. Dong hat c6 nang lugng E xac dinh chuyén dong theo phuong x tir trai sang phai dén
gip mot hang rao thé nang xac dinh boi:

B 0khti x<0
| Ug khix )0, Uy ( E

Xac dinh hé s6 phan xa va h¢ so truyén qua hang rao thé doi voi electron do.

136

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuwong 7: Co hoc luong tie

Ddp sé: u
Giai phuong trinh Schrodinger ¢ hai mién
. I
I vaIl. Trong mién I ham séng vy (x) thoa : N
2 My

d 2m
man: _\lle + —26 Ey; =0

dx h —

L 2me 2 ‘A )
bat —2E =k*, nghiém cta phuong
h o

trinh: yq(x)=Ae™™® + Be KX

S6 hang Ae™ mo ta song truyén tir trai sang phai (song tdi), sé hang Be™ mo ta song
truyén tir phai sang trai (song phan xa trong mién I).

3 d? Yy, 2m
Trong mién II, ham song v, (X) thod man: St —Ze(E ~Uglys =0
dx h
2 I . s
bat %(E ~Ugy)= klz, phuong trinh ¢6 nghiém tong quat: , = Cel¥1* 4 pe kX,

Trong mién II chi c6 song truyén tir trai sang phai nén D = 0. Vay y, = Celkix,

beé tim A, B, C ta viét di€u kién lién tuc cua ham soéng va cua dao ham cap 1 ciia ham soéng:

dy1(0) dy,(0
vi(0)=w,(0) W0 2v20)
X dx
Taduge: A+B=C, k(A-B)=kC2¥B_k ~B_k-k
A-B kl A k+k1
2 2
k; Uy
2 2 = 1-.1-=2
. B L
Héséphénxa:R:| |2:[ll§ llilj X k = E

2
. . k-k 4kk
Hésﬁtruyénqua:D:l—Rzl—( IJ :( 1

k+k1
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CHUONG VIII: VAT Li NGUYEN TU

Nam 1911 duya trén két qua thi nghiém v& su tan xa cua cac hat a qua la kim loai
mong, Rutherford da dwa ra mau hanh tinh nguyén tir. Theo mau nay, nguyén tir gdm mot
hat nhan mang gin nhu toan bd khdi lugng nguyén tir ndim ¢ tdm, xoay quanh co cic
electron chuyén dong. Hat nhan tich dién duong, di¢n tich am cua cac electron c6 gia tri
bang gia tri dién tich duong ciia hat nhan. Nhung theo thuyét dién tir ¢b dién, khi electrén
chuyén dong c6 gia tdc xung quanh hat nhan tit yéu s& phai birc xa ning luong va cudi ciing
s& roi vao hat nhan. Nhu viy nguyén tir s& khong ton tai. D6 1a mot kho khin ma mau
nguyén tir cia Rutherford gip phai. Thém vao d6, khi nghién ctru quang phd phét sang cia
nguyén tir Hidrd, nguoi ta thu duge quang phd vach. Céc sy kién d6 vat i ¢6 dién khong thé
giai thich duogc.

Duya trén nhitng thanh cong cua li thuyét luong tir ctia Planck va Einstein, nim 1913
Bohr da dé ra mét 1i thuyét méi vé cdu triic nguyén tir, khic phuc nhirng mau thun cia mau
hanh tinh nguyén tir ciia Rutherford. Tuy nhién, bén canh nhimg thanh cong rd rét, thuyét
Bohr ciing boc 16 nhitng thiéu sot va han ché khong sao khic phuc nbi. Thuyét Bohr duoc
véan dung thanh cong dé giai thich qui luat cia quang phd nguyén tir Hidrd, nhung nhiéu dic
trung quan trong khac ctia phd va dbi v6i nhitng nguyén tir ¢6 nhiéu electron thi 1i thuyét
ciia Bohr khéng thé giai quyét duoc. D6 chinh 1a tién dé cho sy ra doi cua co hoc luong ti,
nén tang ciia mot li thuyét hoan toan méi co kha niang giai quyét diing dan va chinh xac moi
hién tuong va quy luat cia thé gidi vi mé va Bohr di tré thanh mot trong nhimg nguoi da
dit nén moéng cho mén co hoc mai d6 khi 6ng béc nhip cau giita hai thé giéi vat li: thé gioi
vi mo va thé gi6i vi mé.

Trong chuwong nay ching ta s& van dung nhimg két qua cta co hoc luong tir dé nghién
ctru pho va dic tinh ciia cac nguyén tir.

I. MUC PiCH - YEU CAU

1. Van dung co hoc lugng tir dé nghién ctru nhiing tinh chét cua nguyén tir hidrd va cac
nguyén tir kim loai kiém. Tu d6 rut ra nhitng két luan co ban.

2. Giai thich dugc hi¢u rng Zeeman.

3. Hiéu duoc khai niém spin cua electron va vai trd ciia né trong viée tach vach quang pho.

4. Giai thich duoc qui luat phin b céac electron trong bang tudn hoan Mendeleev.
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II. NOI DUNG

§1. NGUYEN TU HIPRO

1. Chuyén dong ciia electrdn trong nguyén tir hidrd

Nguyén tir Hidrd gdm c6 hat nhan mang z
dién tich +e va mot electron mang dién tich -e. Hat
nhan dugc coi la dung yén, con electrdn quay
xung quanh. Ta lay hat nhan lam gbc O ciia hé toa
d6 va r 1a khoang cach tir electron dén hat nhan
(hinh 8-1). Tuong tac gitra hat nhan va electron 1a

tuong tac Coulomb (Culdng). Thé ning tuong tic F:
la:

2 %

U=-——°
4dne,r Hinh 8-1
Do d6 phuong trinh Schrodinger c6 dang:
o) 2
Ay+ el gy & ly=0 (8-1)
72 4ne,r

Vi bai toan c6 tinh d6i xung cau, dé thuan tién ta giai n6 trong hé toa do cau véi ba bién lar,
0, ¢. Ham song trong hé toa do cau s& 1a y = \|/(r,6,(p). Bién d6i tir hé toa do Pé cac sang
hé toa d6 cau (hinh 8-1) ta co: X =rsinOcos@, y =rsinBsing, z=rcos.
Toén tir Laplace trong hé toa do cau:
2
1 1 . 1
A\V :—22(1‘2 a—\u]+2—i£8m98—\vj+ﬁ6—\2‘l (8-2)

r or or ) r<sin@ 90 r°sin” 0 o

Thay (8-2) vao (8-1) ta c6 phuong trinh Schrodinger trong toa do cau:

2 2
RN /7 NNV S W
r? o o) t%ging 00 r<sin“ 0 o h r

Phuong trinh nay dugc giai bang phuong phap phan li bién sd. Ta dit :

y(r,6,¢0) =R(r)Y(6,9)
trong d6 ham xuyén tdm R(r) chi phu thudc do 16n cua r, con ham Y(0,9) phu thudc vao céac
goc 0,¢. Giai phuong trinh Schrodinger nguoi ta nhan dugc biéu thirc cta nang lugng va
ham song.

Biéu thirc nang lugng cua electrén trong nguyén ti Hidro:
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By=-——¢% = (8-4)

R 1a hing s6 Rydberg (Rittbe), R = 3,27.10"° 5!, da dugc thuc nghiém kiém chtng, n c¢6 gia
tri nguyén duong, dugc goi la sd luong tir chinh.

Ham xuyén tam R(r) = R, ¢ phu thudc hai ) luong tarn, 7. Sé nguyén ¢ dugc goi la
s6 luong tr quy dao. Ham Y(0,¢) phu thudc vao hai sé luong tir ¢ va m. S6 nguyén m duoc
goi 14 s6 luong tir tir. Nhu vAy ham song cua electron ¢ dang

V=Wn ¢ m(©0,0) =Ral (DY £ m(0,0) (8-5)
trong do s6 lwong tir chinh n ldy cac giatrin=1, 2, 3...

) luong tir quy dao léy cacgiatri / =0, 1, 2,...,n-1

) lugng tir tr m léy cacgiatri m=0,%1,£2,...+ /.

DangcuaR,/ vaY /n rat phuec tap. Dudi day, ta néu mot sb dang cu thé cua cac ham

do:
1 /3
Yoog=— Yig=.—cos0O
0.0 47 1.0 47
Y| =,/=sin0e Y, | =—/-—sinOe
’ 87 ’ 87
_ _ 1 _ _
Rl’():za 3/26 r/a RZ,O:*a 3/2(2_£)e r/Za””
8 a
4me hz -10 :
trong do6 a=—292—=0,53.100 "m, abing ban kinh Bohr.

2
mee

Tu cac két qua trén ta thu dugc mot s6 két luan sau day.

2. Cic két luan

a. Ning lwong ciia electrén trong nguyén ti hidré chi phu thuoc vao sb nguyén n (cong
thirc 8-4). Ung voi mbi sé nguyén n ¢6 mot muic ning lugng, nhu vay ning luong bién thién
gian dogn, ta noi nang lugng bi lugng tir hoa. E, [udén am, khi n - E — 0. Nang lugng
tang theo n.

Mirc ning luong thap nhat E; ing v6i n = 1 duge goi 1a mirc ning lugng co ban. Cac
mirc ning luong lan luot tang theo thi tw E; < E; < Ey ... So d0 cac mirc nang luong trong
nguyén tir hidré dugc biéu dién trong hinh 8-2. Cang 1én cao, cic miic ning luong cang
xich lai va khi n — o ning luong bién thién lién tyc. Trong vat 1i nguyén tr ngudi ta ki hiéu
Ei: mtc K, E, : mtc L, E; : mc M...

b. Nang luwong ion hod ciia nguyén tiw Hidro

D6 1a niang lugng can thiét dé electron but ra khoi nguyén tir, co nghia 1a electron s&
chuyén tir muc ning lugng co ban E; sang mirc nang luong E..:
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E=E, —E; =0-(-Rh) =13,5¢V
Gia tri nay cling phu hop véi thuc nghiém.

c. Gidi thich cdu tgo vach ciia quang phé E‘J‘J E————
Hidro E

Khi khong c6 kich thich bén ngoai electron . -
bao gi® cling & trang thai co ban (ing voi E e
muc E;). Dudi tac dung cﬁa”kich thich, E Il i
electron nhan nang lugng chuyén lén trang b

thai kich thich Umg vé1 mirc nang lugng E,
cao hon. Electron chi ¢ trang thai nay trong
thoi gian rit ngin (~107s), sau d6 tro vé
muirc ning lugng E, thip hon. Trong qua a
trinh chuyén muc tir E,— E,- electron birc xa

nang luong dudi dang song dién tu, nghia la 55, &
& wone ANg SONg CIe g Hinh 8-2: So d0 pho hidro: a. Day Lyman,

hat hoton nang | hv. Theo dinh
pAaL Ta puolon nang wong v co G b. Day Balmer, c. Day Paschen

luét bao toan nang luong:

vy =E, -Ey = _R_il +% (8-6)
n~ n
hay Von' = R(%—%} (8-7)
n n
Pay chinh 1a tan s6 ctia vach quang pho duoc phat ra.
Khi n’=1 ta cé:
Vil = R(liz—n%] n=234..

Céc vach quang phd tuan theo cong thic nay hop thanh mét diy co budc song trong ving
tr ngoai, goi la day Lyman.

Khi n’=2, n=3.4.5... ta ¢6 cac vach nam trong diy Balmer, c6 budc song trong ving nhin

thay:
1 1
7 22 n?

Khi n’= 3, n=4,5,6... ta c6 cac vach nam trong diy Paschen, c6 budc séng trong ving hong

1 1
. 32 n2

Tiép dén 1a diy Bracket, Pfund trong ving hong ngoai. So dd cac diy dugc cho trén
hinh 8-2.

ngoai:
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d. Trang thdi lwgng tir cua electron

Trang thai cta electron dugc mo ta bdi ham song:

Vi (1,6,0) = Ry (1) Yy (6, ¢) (8-8)
trong do n: s6 luong tir chinh, n= 1, 2...

0:sd lugng tir qui dao, ¢/ =0, 1, 2...(n-1).

m: s6 luong tr tr, m =0, +1,£2,...,+/ .

Ham song phu thudc vao cac sd luong tir n, £, m. Do d6, néu it nhat mot trong ba chi
sé n, ¢, m khac nhau ta d3 c6 mot trang thai lugng tir khac. Ta thdy ung véi mdi gia tri cta
n, ¢ co6 n gia tri khac nhau va ung véi mdi gia tri cia ¢ ta c6 2 ¢ +1 gia tri khdc nhau ctia m,
do d6 véi mbi gia tri cta n ta c6 s trang thai luong tir bang:

nil(%*'l): [1+(2n—1)]n=n2
/=0 2

Nhu vay ing véi mot s6 lwong tir n, tire la véi moi mike nang lwong E,,, ta ¢o n’ trang

(8-9)

thai luong tir Yy, khdc nhau.

Vi du:
n l m S trang thai
1 0 0 1 V100
2 0 0 4 W00
1 -1 V21-1
0 V210
1 Vai1

Ning luong E, (mirc ning lugng thap nhit) c6 mot trang thai lugng tir. Trang thai
lugng tr & mic E; duoc goi 1a trang thai co ban. E, c6 n” trang thai luong tir, ta néi E, suy
bién bac n’. Cac trang thai luong tr & cac muirc nang lugng 16n hon E; dugc goi la trang thai
kich thich.

Trang thai lugng tir duoc ki hi¢u theo cac ) luong tur, cu thé bé“mg nx, n 1a sd luong
tu chinh, con x tuy thude vao so lugng tir qui dao / nhu sau:

l 0 1 2 3
X s p d f
Vi du: trang thai 2s la trang thdicon=2va ¢ =0.

e. Xdc sudt im electrén trong thé tich dV ¢ mot trang thdi nao do
\ 2 e £ n . £, A . A 2 .1 ,
Vi |‘l’n£m| la mat do xac suat, nén x4ac suat ton tai cia electron trong thé tich dV &

toa do cau la:
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W nm|* AV =|R Yy | r2drsin 046 do (8-10)
trong do phﬁn Rlzlgrzdr chi phu thudc khoang cach r, biéu dién x4c sudt tim electron tai

Ay R . A N . . 2 . .2 .X . F
mot diém cach hat nhan mdt khoang r, con |ng| sin0d0de biéu dién xac suat tim
electron theo céc goc (0,9).

Ta xét trang thai co ban (n = 1). Khin =1, ¢/ =0, ham xuyén tdm ¢ trang thai co
ban la R, o. Xac suét can tim Wi béng
Wi = Rlz,or2 =4a 3222
Hinh 8-3 biéu dién sy phu thudc cua w theo . Pé tim ban kinh r ung voi xac suit
cuc dai ta léy dao ham cua w, o theo T, roi cho dao ham béng 0. Két qua ta tim dugc wy o co
cuc tri tai r=0 va r = a. Gia tri r = 0 bi loai, vi hat electrén khong thé roi vao hat nhan. Vay
xac suit cuc dai tmg voi ban kinh r = a = 0,53.10""° m. Khoang cach nay dung bang ban
kinh ctia nguyén tir hidré theo quan niém c6 dién. Tur két qua trén ta di dén két luan:
electrén trong nguyén tir khéng chuyén déng theo mét qui dao nhdt dinh ma bao quanh hat
nhan nhwe “dam mdy”, dam mdy ndy day dic nhdt & khodang cdach g véi xdc sudt cwc dai.
Két qua nay phu hop véi ludng tinh séng hat cua vi hat.
Electron ciing phan b theo goc. O trang thdi s (=0, m = 0) xac sut tim thiy
electron:

i
4n
khong phu thude goc, nhur vay phan bd ¢é tinh dbi xtimg cau. Hinh 8-4 biéu dién phan bd

2
Wim = W0 =‘Yo,o‘ =

xac suat phu thudc goc ung véi cac trang thai s, p.

=l

el tre=ll =1
Hinh 8-3: Su phu thudc r ciia xac suit Hinh 8-4: Phan b6 electron theo goc doi véi
tim hat & trang thai co ban trang thai s (£=0) vap (£=1)
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§2. NGUYEN TU KIM LOAI KIEM

1. Niing lwong ciia electrdn héa tri trong nguyén tir kim loai kiém

Céc nguyén tir kim loai kiém (Li, Na, K,...) hoa tri mot. Trong mau vo nguyén tir, 16p
ngodi cung cia cac nguyén tir ndy chi c6 mot electron hoa tri, lién két yéu véi hat nhan. Néu
kim loai kiém c6 Z electrdn thi (Z-1) electrén & cac 10p trong va hat nhéan tao thanh 15i
nguyén tir co dién tich +e, con electrén hoa tri dién tich -e chuyén dong trong trudng
Coulomb gay boi 16i nguyén tir, giéng nhu chuyén dong ctia electron trong nguyén tir hidrd.
Do d6 cac tinh chat héa hoc cia kim loai kiém vé co ban giéng tinh chat cua nguyén tur
hidré. Cac nguyén tir kim loai kiém 1a nhiing nguyén tir ddng dang hidrd, tuy nhién khong
gidng hoan toan. Trong nguyén tir kim loai kiém, ngoai nang lugng twong tac giira hat nhan
va electron hoa tri, con c6 ning lugng phu gy ra boi tuwong tac gitra electréon hoa tri vdi cac
electrén khac. Do d6 ning luong cua electrén hoa tri trong nguyén tir kim loai kiém co khéc
chut it so voi nang luong cia electron trong nguyén tir hidro.

oJORO)

Hinh 8-5. MAu vé nguyén tir ciia cac kim loai kiém

Khi tinh thém tuong tic nay, co hoc luong tr di dwa ra biéu thirc ning luong cua
electron hoa tri ddi véi kim loai kiém:
4
1 m.e
En = 3

— (8-11)
(n+A,)% 2(4ney )’ n?

trong d6 A, la s6 hiéu chinh phu thude vao ) luong tir qui dao /. S6 hiéu chinh nay co

gia tri khac nhau ng véi cac trang thai khac nhau. Bang 1 s& cho cac gia tri cua sd hiéu

chinh cho mét sb nguyén t6 kim loai kiém & céac trang thai khac nhau.

Bang 1
, | Joes SO T T N | s
kim loai kiém
3 Li -0,412 -0,041 -0,002 -0,000
11 Na -1,373 -0,883 -0.010 -0,001
19 K -2,230 -1,776 -0,146 -0,007
37 Rb -3,195 -2,711 -1,233 -0,012
55 Cs -4,131 -3,649 -2,448 -0,022
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Nhu vay, nang lugng cua electron hoéa tri cua kim loai kiém phu thudc vao ) lugong
ttr chinh n va s lugng tir qui dao /. Su phu thudc cia mirc nang luong vao ¢ la su khac
biét giita nguyén tir kim loai kiém va nguyén tir hidr. Trong Vit li nguyén tir mirc ning
lwong duoc ki hidu bang nX, n 1a s6 lwong tir chinh, con X tiy thudc vao sd lugng tir ¢ nhu
sau: =0 1 2 3

X= S P D F

Vi du: mtc 2D la muce nang lugng tng véin =2, ¢ =2. Bang 2 dua ra cdic muc nang lugng
cho cac 16p K, L, M.

Bang 2

n l Trang thai Mtrc nang luong Lop

1 0 Is 1S K
0 2s 2S

: 1 2p 2P .
0 3s 3S

3 1 3p 3P M
2 3d 3D

2. Quang pho ciia nguyén tir kim loai kiém

Tuong tu nhu nguyén tir hidro, . “ W

khi c6 kich thich bén ngoai, electron ~4D
, . A o o o 4F

héa tri chuyén tu ’trang thai Ung voi 45
murc nang luong thap 1én trang thai tng ¥ D
véi mirc nang luong cao hon. Nhung d
electron ¢ trang thai kich thich nay 3P
khong l1au (10P%s), né lai chuyén vé
trang thai ing véi mirc ning lugng thap 33
hon va phat ra photon c6 nang lugng
hv. Viéc chuyén muc nang lwong phai v 1
tun theo qui tic lya chon: h c P

Al =41 (8-12)

Vi du, nguyén tod Li gém 3 e .

electron: 2 electrdn & gan hat nhan
chiém mirc nang lwong 1S, con electron
héa tri khi chua bi kich thich chiém Hinh 8-6. So d quang phd cua Li
muc nang lugng 2S (n =2, ¢/ =0). b6
1a murc thap nhét cia no.

a

a. Day chinh b. Day phu II

c. Day phu I d. Day co ban
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Theo qui tac lwa chon, electron hoa tri & mirc cao chuyén vé muc:
- 28 (£ =0), thi mtc cao hon chi co thé 1a mérc nP (/=1,n=234.)
- 2P (¢ =1), thi mirc cao hon chi c6 thé 1a mic nS (/= 0, n = 3,4...) hay muc nD
({=2,n=34..)
Tan s6 cta burc xa dién tir phat ra tudn theo cong thirc:
hv=2S—nP  céc vach nay tao thanh day chinh
hv=2P—-nS  céc vach nay tao thanh day phu II
hv=2P-nD  cac vach nay tao thanh day phu I
hv=3D —nF cac vach nay tao thanh day co ban
Céc két qua nay da duoc tim thiy tir trudc bang thuc nghiém. Tir li thuyét nguoi ta
con tim thay day hv = 3D — nP va sau d6 dugc thuc nghiém xac nhén. So d6 cac vach quang
pho cua Li dugc biéu dién trén hinh §-6.

§3. MOMEN PONG LUQNG VA MOMEN TU CUA ELECTRON

1. Momen dfng luwgng qui dao

Tuong ty nhu trong co hoc ¢ dién, electron chuyén dong quanh hat nhan nén c6
moémen dong luong L. Nhung vi electron quay quanh hat nhan khong theo qui dao xéc
dinh, do d6 & mdi trang thai vecto L khong c6 hudng xac dinh. Tuy nhién, vecto mémen
dong luong lai co gia tri xac dinh. Co hoc lugng tir da chirng minh rang gia tri cua n6 bang

L=l(l+1)h (8-13)

trong d6 ¢ duogc goi la $6 luong tir qui dao (¢ =0,1,2,...,n-1). Nhu vay sb lugng tir qui dao
lién quan dén momen dong luong qui dao.

Z 4 ]

2R

+#

3 kha ning dinh huéng cta L 5 kha ning dinh hudng cta L

Hinh 8-7. Sy lugng tir hod khong gian cua E
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Co hoc lwong tir con chimg minh rang hinh chiéu cia mémen dong luong qui dao L
1én mot phuong z bét ki ludn duoc xac dinh theo hé thire:

L, =mi (8-14)
trong d6 m la sb nguyén goi la $6 lugng tir tir, c6 cac tri s6 m=0+1,42+3,... +/, nghia la
v6i mdi tri sb cho trude ciia £ ¢6 2/ + 1 tri s6 cua m.
Vidu: Khi /=1, m=0,+1thi L= \/Eh va L 63 su dinh hudng sao cho hinh chiéu cua
n6 trén z (ki hieu L) ¢6 cdc gia tri: L =0, LY =7, L,! =—# (hinh 8-7).

Khi /=2, m=0,+1,+2thiL = \/g hova L c6 5 su dinh hudng sao cho hinh chiéu

ctiané trénz co cac gid tri: LY =0, LY =7, L' =—n, L2 =24, L;> = —2A (hinh 8-7).

2. Momen tir

Electron quay quanh hat nhan tao thanh mot dong
dién i, co chiéu ngugc voi chiéu chuyén dong cua
electron. Dong dién nay c6 momen tir 1 = iS, trong d6 S
1a vecto dién tich. Theo co hoc cd dién, electron chuyén
dong trén duong tron ban kinh r véi tan sb f, ta c6 cudng

d6 dong dién 1 = ef va do 16n ctia mOmen tir sé b?mg
p=1S= efnr?
Momen dong luong qui dao: Hinh 8-8.
L = mevr = meor’ = m2mnfi’.
Do d6 ta thady momen tir ti 1& véi mémen dong luong qui dao. Electron mang dién tich

am, str dung qui tic ban tay phai ta thdy vecto momen dong luong qui dao va vecto moémen
tir cing phwong vudng géc véi mat phang qui dao nhung ngugc chiéu nhau, do do:

.y (8-15)

M:_2me

Tinh toan theo co hoc Iugng tir ta cling nhan dugc biéu thirc (8-15). Vi Ekh(‘)ng co

hudéng xéac dinh, do d6 p ciing khong c6 hudng xac dinh. Hinh chi€u cia moémen tir 1én

phuong z bat ki bang:
e
o= L=1 (8-16)
2m,
Thay (8-14) vao (8-16) ta dugc:
eh
M, =-m———=—mup (8-17)
€
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voi ug = e _ 10723 Am? goi la manhéton Bohr.

Me

Nhu vay: Hinh chiéu mémen tir ciia electron quay quanh hat nhan 1én mot phirong z
bdt ki bao gio ciing bang sé nguyén lan manhétéon Bohr, nghia la bi lrong tir héa. Thuong
ngudi ta chon phuong z bat ki 1 phuong cua tir trudng ngoai B, do d6 sb nguyén m duoc
goi 1a s luong tir ti.

Co hoc lugng tir ciing ching minh dwoc rang khi electron chuyén trang théi thi sy
bién d6i ciia m phai tuan theo qui tac lua chon:

Am =0,t1 (8-18)

Hién tugng lugng tr hda momen tir dugc xac nhéan trong thi nghiém vé hién tuong
Zeeman ma chung ta s€ xét dudi day.

3. Hién twgng Zeeman

Thi nghiém: Pat ngudn khi hidrd phét sang vao giita hai cuc cia nam cham dién
(hinh 8-9). Néu quan sat cic burc xa phat ra theo phuong vudng goc véi vecto tir truong B
thi thdy mdi vach quang phd cta nguyén tir hidrd bi tach thanh ba vach sit nhau. Hién twong
tach vach quang phé khi nguyén tir phat sang ddt trong tir truong dugc goi 1a hién tuwong
Zeeman.

Hién tuong Zeeman dugc giai thich nhu sau: Vi
electron c6 momen tir 1 nén khi nguyén tir hidrdé dugc T T
dit trong tir truong B, momen tir ¢6 khuynh huéng sip

xép theo phuong song song voi B do do electron c6 thém
nang lugng phu:

AE = —1B (8-19)

LI

Chon phuong z 1a phuong cua tir truong B ,tacod

AE = —1,B = mupB Lt Ll
A . N N B=0 EZ(
Nhu vay khi nguyén tr hidré dat trong tr truong,
ning luong E’ cua electron con phu thude vao sb luong tir Hinh 8-9. Hiéu tmg Zeeman
tor m:
E'=E+mugB (8-20)

trong d6 E 1a ning luong cua electrén khi nguyén tir hidroé khong dat trong tir trudng. Néu
electron dich chuyén tir trang thai ung véi niang lugng E, sang trang thai ung véi ning

luong E‘l thap hon thi n6 s& phat ra buc xa dién tir. Tan sé vach quang phd bang:

'

_Ey-E; _Ep-E; (my-—m)upB

8-21
h h h (8-21)
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E, —E,

S6 hang thtr nhat 2 o =v 1a tan s6 cua vach quang phd hidro khi nguyén tir hidro

khong dét trong tur truong, do do:

'

- B
yiey oy (M2 —mup

h

Theo qui tac lua chon dbi véi sb luong ttr m: Am =0,%1, ta théy tan s6 v' co thé ¢o

(8-22)

ba gia tri:
y_ kBB
h
v'i= Jv (8-23)
h

Nghia 1a mot vach quang phé (khi khéng co tir truong) duoc tach thanh ba vach quang phd
(khi co tir truong), trong d6 vach gitra trung véi vach cili.

§4. SPIN CUA ELECTRON

1. Swr ton tai spin ciia electrén

Li thuyét co hoc lugng tir dd giai quyét kha tron ven bai toan cau trac nguyén tir hidrd
nhu d trinh bay & trén. Trang thai luong tir ciia electron duoc mé ta boi ba sé lugng tir n,
¢, m. Tuy nhién co nhiéu su kién thuc nghiém khéc ching té viéc md ta trang thai lugng tir
nhu trén 1a chua du. O day ching ta xét hai hién tuong: sy tach vach quang phd cua kim
loai kiém va thi nghiém Einstein — de Haas.

a. Su tach vach quang phd kim loai kiém:

Nho ¢6 nhitng may quang ph6 ¢6 ning suit phan giai cao, ngudi ta phat hién thay cac
vach quang phd khong phai 13 vach don ma 1a vach gdm rat nhiéu vach nhé nét hop thanh.
Vi du vach vang cua nguyén tr Na dugc cAu tao boi hai vach sit nhau ¢ buéde song 5890 A
va 5896 A. Vach nhu vay duoc goi 1a vach kép doi. Theo hiéu ing Zeeman, sy tdich mot
vach thanh ba vach chi xay ra khi ¢ tir trudng ngoai, con vach kép déi trong quang phd
kim loai kiém quan sat thiy ngay ca khi khong co tir truong ngoai. Sy tach vach nhu vay
chimg t6 rang murc ning luong cuia nguyén tir kim loai kiém khong chi phu thudc vao hai s6
luong tr n va /¢, ma con phu thudc vao mét dai lugng nao do nira da lam thay doi chat it
ning lugng ciia muc. Pai lwong nay co d6 16n rat nho. C6 thé doan nhan rang electron phai
c6 thém mot bac tu do nita anh hudng dén qua trinh btrc xa. Néu ki hiéu s luong tr tuong
g v6i bac tu do nay la s, goi 1a spin, thi mic nang luong s& phai phu thudc vao ba sb
lugng tun, 7, s.

b. Thi nghiém Einstein va de Haas

Einstein va de Haas da lam thi nghiém sau. Treo mot thanh sat tir vao mot soi day
thach anh. Thanh sit s& duoc tir hoa nhd dong dién chay qua cudn diy bao quanh thanh
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(hinh 8-10). Khi chua c6 dong dién chay trong cudn day, cadc vecto momen tir cia cac
nguyén tir sat tir da duoc dinh huéng mot cach ngau nhién, do d6 tac dung tir ctia ching bi

triét ti€u ¢ tat ca moi diém bén ngoai thanh sat. Khi c6 dong dién chay qua cudn day, cac

vecto momen tir nguyén tir s& sap xép thang hang theo hudng cua tir trudng ngoai lam cho
cac momen dong luong nguyén tir ciing xép thang hang nhung theo huéng nguoc lai. Vi
thanh sit dugc c6 lap voi bén ngoai (hé kin) nén mémen dong lugng dugc bao toan va ca

thanh sit phai quay di.

Néu dong dién thay d6i, momen tir ciing thay doi,

do d¢6 moémen dong luong L ciing thay ddi. Day treo sé& bi

xoan lai. Po géc xoan nay ta co thé xac dinh duoc L va
kiém nghiém ti s6 u/ L. D61 voi electrdn ti s6 nay phai am
vi dién tich cua electron la —e. DPiéu d6 d3a duoc thuc

nghiém xac nhan, sy to hoa cua st tir gay boi chuyén
dong cua electron. Nhung thi nghiém lai cho két qua cua ti

s6 1/ L khong bang —e/2m, nhu cong thirc (8-15) ma bang
—e/ m.. Néu thira nhan sy tir hoa chét st tir khéng phai do
chuyén dong qui dao cua electrdn ma do spin electron thi
ngudi ta nhan duge ti sé p / L phai bang —e/m., phu hop
v6i két qua thyc nghiém.

Tir cac két qua thuc nghiém trén, ngudi ta di dén két luan 1a ngoai chuyén dong quanh

Hinh 8-10

hat nhan, electron con tham gia chuyén dong riéng lién quan t6i sy van dong noi tai cua

electron, chuyén dong nay dugc dac trung bédi mémen co riéng, goi la spin, ki hi¢u S. Co

hoc lugng tir da chimg minh ré‘mg, twong ty nhu mémen dong lugng qui dao L, mémen co

riéng S ciing 1y nhitng gia tri gian doan:

1 iy g )
trong d6 s = > goi 1a so lugng tir spin, do d6 S =

S=,s(s+1) 7

By

2

Ta thay cong thic (8-24) c6 dang gidng
cong thie (8-13). Chi khéc la spin c6 mot gia tri
duy nhét, trong khi mémen dong luong qui dao co
thé nhan nhiéu gia tri khac nhau. Vi sb luong t
spin bang 1/2 nén thuong 201 tit spin cua electron
bang 1/2 hodc electrén ¢d spin ban nguyén. Hinh

chiéu cia moémen spin S theo phuwong z bét ki

béng :

CuuDuongThanCong.com

(8-25)
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trong d6 mg goi 1a s6 luong tir tir riéng (hay s luong tir hinh chiéu spin), n6 chi ¢ hai gia
tri = 1/2. Hinh 8-11 trinh bay hai sy dinh huéng cia mémen spin. Chd ¥ rang spin 1a mot
khai niém thuan tay luong ti, trong trudng hop ¢b dién né hoan toan khong co.

Ung v6i mémen dong lugng qui dao L, electron ¢c6 mémen tir qui dao p. Tuong tu,
rng v6i moémen co riéng spin S, electron ¢6 moémen tir riéng . Theo thi nghi¢m Einstein-

de Haas:

. e -
_ &3
me

U

va hinh chi€u cua mémen tr riéng trén tryc z :

e _eh  _
U, =——S, =+ =+up (8-26)
m, 2m,

2. Trang thai va nang lugng cua electron trong nguyén tir
Do ¢6 mémen spin nén moémen dong lugng toan phan J ciia electron bang:
J=L+8 (8-27)
Co hoc lugng tir da ching minh duogc gia tri cua jb@fmg:

I=4jG+Dh (8-28)

trong d6 j la ) lugng tr toan phﬁn duoc xac dinh boi:

(8-29)

Do c6 xét dén spin nén trang thai luong tir cia electron phu thudc vao bon sb lugng
tu: n, £, m, mg hay n, /, m, j. Hai trang thai lugng tir dugc coi la khac nhau, néu it nhit mot
trong bdn sb lugng tir n, ¢, m, m, khac nhau. Trén day ta da tinh duoc: Ung v6i mdi )
lwong tir chinh ¢ n® trang thai lugng tir khac nhau. Néu ké dén spin thi do mg c6 2 gia tri :
+1/2 nén tng vai s lugng tir chinh n, ¢6 2n* trang thai lugng tir khac nhau:

n—1 )
23 (20+1)=2n (8-30)
=0

Su c6 mat momen tir spin cua electron cho phép giai thich vach kép doi trong quang
phé cua kim loai kiém. Céac electron chuyén dong quanh hat nhan tao ra mét tr truong dac
trung bdi momen tir qui dao cua cac electron. Momen tir spin cua electron tuong tac voi tu
truong do, twong tac nay duoc goi la twong tac spin-qui dao. Do tuong tac nay, s€ c6 mot
nang lugng phu bo sung vao bicu thirc nang luong cua electron. Niang lugng phu nay phu
thudc vao su dinh huéng ciia mémen spin va nhu vy ning luong con phu thudc vao sb
luong tir toan phan j. N6i cach khac, ning lwong toan phan cua electron phu thudc vao ba sb
lugng tirn, ¢, vaj: E,¢;. Tt (8-29) ta nhéan théy mdi murc nang lugng xac dinh tach thanh
hai muc j = £-1/2 va j =¢+1/2, trir mic S, chi ¢c6 mot mirc, vi khi d6 ¢ bang 0. Khoang
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cach giita hai muc nang luong nay rat nho. Cau tric nhu vay goi 1a ciu trac té vi cia cac
muc nang lugng.

Trong vt li nguyén tir, trang thai cia electrén duoc ki hiéu bang nx;, muc nang luong
cua electron ki hiéu béng n2X j» trong dénlasd lugng tu chinh, X =S, P, D, F... tuy thudc
¢ =0,1,2,3,...Chisd 2 & phia trén bén trai chit X chi ciu tao bdi kép ctia mirc ning luong.
Béang 3 néu cac trang thai lugng t&r va mic nang lugng kha di cua electron hoa tri trong
nguyén tir hidré va kim loai kiém.

Bang 3
n l ] Trang thai cua electron hoa tri Miic nang lugng
1 0 1/2 1sin 1 °Sip
2 0 1/2 281 2 S,
1 12 2pin 2 *Pip
32 2p3n 2 °Pyp
3 0 12 3512 3 *Sip
172 3pin 3 Py
3/2 3p3n 3 %Py
2 3/2 3dsp 3 "Dy
5/2 3dsp 3 °Dsp
3. Céu tao bdi ciia vach quang phd
Trén co s& cau trac té vi ctia muc [ Pan
ning lugng ta c6 thé giai thich dwoc céu 2 - 3P,
tao boi ciia vach quang phd.
2
Do nang lugng cua electron trong 23 ET ————— L ‘r;r 255
nguyén tir phu thudc vao ba sb lugng tir
n, 7, j, nén khi electron chuyén tr muarc
nang lugng cao sang muc nang luong Hinh 8-12.
thip hon, ngoai qui tic lira chon doi véi a. Vach quang pho khi chua xét dén spin
{, electron con phai tuan theo qui tac b. Vach kép khi c6 xét dén spin.
lwa chon d6i véi j:
W= O (8-31)

Cu thé, ta xét su tdch vach cta quang phé kim loai kiém. Khi chua xét dén spin, vach
don c6 tan so trng voi chuyeén muc:
hv=2S - 3P
Khi xét dén spin, ta c6 vach kép:
hvi=2281,—-3?P1, (Al =1,Aj=0)
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hv, =2%S1,-3°P3, (AL =1,Aj=1)

§5. BANG HE THONG TUAN HOAN MENDELEEV

Nam 1869, Mendeleev da xay dung nén hé théng tudn hoan cia cac nguyén t6 hoa
hoc va da thiét l1ap nén bang tuan hoan trudce khi co hoc luong tir ra doi. HE théng tuan hoan
nay cho phép rit ra cac tinh chat vat 1i va hoa hoc co ban ciia cac nguyén td, dong thoi ciing
gitip Mendeleev tién doan ra nhidu nguyén té ma vé sau thuc nghiém mdi phat hién dugc.

Dua trén co sé clia co hoc lugng tir, chung ta c6 thé giai thich qui luat phan bd cac
electron trong bang hé théng tun hoan.

Su phan bé cac electron trong bang tuan hoan dya trén hai nguyén li: nguyén li cuc
tiéu nang luong va nguyén li loai trir Pauli.

Nguyén li cwe tiéu nang lwong: Moi hé vit Ii déu ¢é xu huwéng chiém trang thdi cé ning
lirong ciee tiéu. Trang thai d6 1a trang thai bén.

Nguyén li loai trir Pauli: Méi trang thdi heong tir xdc dinh boi 4 56 heong tir n, £, m, my
chi ¢6 t6i da mét electron.

Céu hinh electrdn 1a sy phan bd cac electrén trong nguyén tir theo céc trang thai v6i cac sb
lugng tir n, ¢ khac nhau.

Khi chua dé y dén spin cta electron thi vi mdi tri s6 ctia n ¢6 n’ trang thai luong tir.
Khi dé v dén spin thi vi mdi tri s6 clia n ta ¢ thé co 2n? trang thai luwong t. Theo nguyén
i loai trir Pauli thi s& co toi da 2n? electron. Tap hop cac electron co cing s6 luong tir chinh
n tao thanh 16p cua nguyén tir. Cac 10p ctia nguyén tir duge ki hiéu bang nhing chit K, L,
M... theo bang sau:

S6 luong tir n 1 2 3 4 5
Ki hiéu 16p K L M N o)
S e tbi da 2 8 18 32 50

Theo nguyén li cuc tiéu ning luong, cic electron bao gio ciing co khuynh hudng chiém
murc nang luong thap nhat (n nho nhat).
Vidu: Nguyén tu H c6 1 electron ¢ 16p K
Nguyén tir He ¢6 2 electron ¢ 16p K (du sd electron)
Nguyén tir Li c6 2 electron ¢ 16p K va 1 electron ¢ 16p L,...
MBbi 16p lai chia thanh 16p con mg véi cac gia tri khac nhau cua ¢. Mdi 16p con co
2(2 7 +1) electron.
Vidu: Lép L (n=2) ¢6 2 16p con:
-LépconS (£ =0)cotdida2 (20 + 1) =2 electron,
-Lép con P (£ =1) c6 tdi da 6 electron.
Lép M (n=3) c6 3 16p con:
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- Lép con S ¢6 toi da 2 electron,
- Lép con P ¢6 t6i da 6 electron,
- Lép con D ¢6 tdi da 10 electron.
Bang 4 1 bang phan bé electron di v6i mot vai nguyén to.

Bang 4

Lép K L M

Nguyén tw IN 28 2P 3S 3P 3D

z

(¢
DN D NN NN NN NN NN DN DNDDND NN —
[\ I NS NS T O R O e S N O e S R S S S S S S
AN NN NN R W N

NS RN SRR ST \S I S I S R S
AN L N W N

Ar

Duya theo bang tuan hoan Mendeleev, ta viét duoc cu hinh electrén cho cac nguyén
tir. Vi du:

C: 1s%2s%2p” F: 1s2s%2p°
N : 1s%2s%2p’ Ne : 1s%2s%2p°
0 : 1s*2s%2p* Al : 15%25%2p®3s%3p!

Vi du d6i v&i Neon (Ne) c6 2 electron & trang thai 1s, 2 electron & trang thai 2s, 6
electron & trang thai 2p. Nhur vay, cic electrdn di lap day cac 16p con. Déi véi Cacbon (C)
cac electrén chua 1ap kin hét cac 16p con vi 16p con P ¢6 thé chua t6i da 6 electrdn, trong
khi d6 16p con P & C méi chi c6 2 electron.
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III. TOM TAT NQI DUNG

1. Nguyén tir hidro
Chung ta nghién ciru chuyén dong cua electrén trong nguyén tir hidrd trén co so
phuong trinh Schrodinger, phuong trinh co ban cta co hoc lugng tu

2m

Ay +—=(E-U)y =0
52

trong d6 U 1a thé ning twong tac giita hat nhan va electrén. Bai toan dat ra 1a tim ning

luong cua electron va ham song ctia no. Giai phuong trinh Schrodinger trong hé toa do cau,

ta thu dugc mot sb két luan sau:

a. Nang luong cia electron trong nguyén tir hidrd phu thude vao sé nguyén n, goi la sb
Rh

luong tir chinh: E,=——+

1,12

trong d6 R 13 hing s6 Rydberg. Ta noéi rang ning lugng da bi luong tir hoa.
b. Ning luong ion hoa 1a nang lugng can thiét dé but electron ra khoi nguyén tir
E=E, -E; =Rh =135V

c. Khi khong c6 kich thich bén ngoai, electron ¢ trang thai ning lugng thip nhat, goi 1a
trang thai co ban. D6 1a trang thai bén. Khi co kich thich bén ngoai, electron thu thém ning
lugng va nhdy 1€n mirc nang lugng cao hon goi 1a mirc kich thich. Nhung electron chi &
trang thai nay trong mot thoi gian ngan (107%s), sau d6 tré vé trang thai ning luong E, thip
hon va phat ra birc xa dién tir mang nang luong hv, nghia la phat ra vach quang phd co tan

1 1
Vo' = R| A S
nn (na nz}

Véin’=1,n=234... taduoc diy Lyman nam trong viing tir ngoai.

SO v:

Voin’=2,n=34... ta dugc diy Balmer trong ving 4nh sang nhin thdy.
Voin’=3,n=4,5..... ta dugc ddy Paschen ndm trong viing hong ngoai....
d. Ung v6i mot sb lugng tir n, tic 12 v6i mdi mirc nang luong E,, ta c6 n’ trang thai lugng
ttr khac nhau khi chua xét dén spin, ta néi E, suy bién bac n*.
e. Ham song cua electron trong nguyén to H
Yo £ w(1,0,0) = Ra £ (1)Y £ m(6,0)
trong dé n 1a sO luwong tr chinh, /¢ la sO luong tr qui dao vam la s6 luong tr tur.

Tir biéu thirc cua ham song ta tim dugc xac sudt tim thay electrén theo khoang cach
va theo goc 0, @ tng vdi cac trang thai luong tir khac nhau.

Tinh toan cho thdy x4c suit tim electrén trong nguyén tir H tai khoang cach tinh tir
timr = a = 0,53A c6 gid tri 16n nhét. Gi4 tri ndy tring v6i ban kinh b dién cua nguyén tir
H. Tu day nguoi ta hinh dung electron chuyén dong quanh hat nhan nguyén t¢ H nhu mot
dam may. Pam may nay day ddc nhat & khoang cach rng vi xac suat ton tai electron cuc
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dai. Khai niém qui dao dugc thay thé béng khai niém xac suét tim hat. Nguyén nhéan 1a do
ludng tinh song hat cia electron.
2. Nguyén tir kim loai kiém

Nguyén tor kim loai kiém hoa tri mot va kha dé dang bi i6n hoa. Ching c6 mot
electrén & vong ngoai cung, electron nay chuyén dong trong truong thé hiéu dung tao boi
16i nguyén tir (gdm hat nhan va (Z-1) electron ¢ cac vong trong). Tinh chat hoa hoc ciia kim
loai kiém vé co ban gidng cua nguyén tir H, nhung ning luong cua electron hoa tri phu
thudc thém ca vao sb luong tir £

Rh

Enf :_—2
(1’1+A€)

Trong vt li nguyén tir trang thai lugng tir dwoc ki hiéu bang nx, con mtc ning luong
1a nX, n 14 s6 lugng tir chinh, con x va X tiy thudc sd lugng tir qui dao:

(= 0 1 2
X = S p d
X= S P D

Sy chuyén mirc nang lwong tuan theo qui tic: A ¢ = +1
Vi du dbi véi Na, tan s6 birc xa tuan theo cac cong thuc:

hv=3S —nP n=4,5,6... va Al =1

hv =3P —nS n=4,56... va Al =-1
3. Mémen dong lwgng qui dao va mémen tir

Electron quay quanh hat nhan khong theo qui dao xac dinh, do dé6 & mdi trang thai

vecto L khong c¢6 hudng xac dinh, nhung c¢6 do lon xac dinh: L =,//(/+1) # va hinh
chiéu cia moémen dong luong qui dao L Ién mot phuong z bt ki luén duoc xac dinh theo
h¢ thtrc: L, =m#h, trong d6 m 1la s& nguyén goi 1a sd luong tir tir, c6 cac tri sd
m =0,+1,42,43,...,.+¢, nghia 13 véi mbi tri s6 cho trudc ctia ¢ ¢6 2/ + 1 tri s6 cua m.
Electron quay quanh hat nhan tao thanh dong dién, gitta momen tir va momen dong lugng
qui dao c6 moi lién h¢

VL

lyl:_Zme

va hinh chiéu 1én phuong z bat ki:

e
2m,

Ry =— L, =-mup

ug =eh/2m, la manhéton Bohr. Khi electron chuyén trang thai thi m phai tuin theo qui

tac lua chon: Am = 0,+1.

156

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuwong 8: Vat ly nguyén tir

4. Hi¢éu irng Zeeman:

Hién tugng tach vach quang phd khi nguyén tir phat sang dit trong tir truong duge
goi la hién tugng Zeeman.

Giai thich: Khi nguyén tir H dat trong tir truong ngoai, electron c6 thém nang lugng phu
AE =—u,B=mugB

Ning lugng E’ ciia electron lac nay con phy thudc vao s lugng tir tir m:
E'=E+mugB

Khi electrén chuyén trang théi, tan s6 vach quang pho phat ra bang:

'

_Ey-E; _Ep-E; (my-m)upB

YT h h
m,—m; =Am= 0, £1, do d6 v’ s& co thé c6 ba gia tri tuong img vadi su tao thanh ba vach
quang pho.
5. Spin:

Ngoai chuyén dong quay quanh hat nhan electrén con tham gia thém chuyén dong do
van dong ndi tai, dugc dac trung boi spin, ki hi¢u S. DY 16n cta S va hinh chiéu cta no 1én
phuong z dugc xac dinh theo cac hé thirc:

S=s(s+1) A va S, =mgh
trong d6 s 1a s6 lugng tir spin (s=1/2), con ms 1a s6 lugng tir hinh chiéu spin. Khac véi sb
lwong tir tir mg chi 14y hai gia trj +1/2.
Spin 13 dai lugng thuan tay lugng tir, né khong co sy twong duong cb dién. Dua
vao khai niém spin, nguoi ta gidi thich dwoc vach kép doi ciia quang phd Na va cau tao boi
ctia cac vach quang phd.

6. Trang thai va nang luwgng cua electron trong nguyén tir
Do ¢6 spin nén moémen dong lugng toan phan J cua electron bang: J = L+S
vGi gia tri cua Jbang: T =4/j(j+ D

r+l

trong do j 1a s6 lugng tir toan phan dwoc xac dinh boi:  j= 5

Do c6 xét dén spin nén trang thai luong tir cia electron phu thudc vao bon sb lugng
to: n, ¢, m, mg hay n, ¢, m, j. Hai trang thai lugng tir dugc coi 1a khac nhau néu it nhit mot
trong bon sb luong tr n, ¢, m, m, khac nhau. Trén ddy ta da tinh duoc: tng véi mdi sb
luong tir chinh ¢6 n® trang thai lugng tir khac nhau. Néu ké dén spin thi do m, c6 2 gia tri :
+1/2 nén tng voi s6 lwgng tir chinh n , ¢6 2n? trang thai lugng tir khac nhau:

n-1 2
23 (20+1)=2n
/=0
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Su c6 mdt mémen tir spin cua electron cho phép giai thich vach kép doi trong quang
phé cua kim loai kiém. Céac electron chuyén dong quanh hat nhan tao ra mét tr truong dac
trung boi momen tir qui dao cua cac electron. Momen tir spin cua electron tuong tac voi tu
truong do, twong tac nay dugc goi la tuong tac spin-qui dao. Do tuong tac nay, s€ c6 mot
ning luong phu bd sung vao biéu thic ning luong cua electréon. Niang luong phu nay phu
thudc vao sy dinh hudng ciia mémen spin va nhu vay nang lugng con phu thude vao s6
lwong tir toan phan j. Noi cach khac, nang luong toan phan cia electrén phu thude vao ba sb
luong tirn, ¢ vaj: E, ¢ ;. Mdi mirc ning lugng xé4c dinh tach thanh hai muc j= /-1/2 va
j = £+1/2, trt mc S chi c6 mot murc, vi khi d6 3 = 0. Khoang céch gilra hai mirc nang
lwong nay rat nho. Cau triic nhu vy goi 1a cau trac té vi ciia cac mirc nang luong.

Khi chuyén tir miic nang luong cao sang mirc ning luong thap, cac sé luong tir 7, j
phai tudn theo qui tic Iya chon: A¢ =+1 va Aj=0,+1

Duya vao cac qui tdc lwa chon trén, ta giai thich duoc cac vach kép doi va boi ba khi co
xét dén spin.

7. Giai thich bang tuin hoan Mendeleev

Duya trén co sé cia co hoc lugng tir, chung ta c6 thé giai thich qui luat phan bd cac
electrén trong bang hé thong tudn hoan. Su phan bd céc electron trong bang tuan hoan dya
trén hai nguyén li: nguyén li cuc tiéu nang lugng va nguyén li loai trir Pauli. Cau hinh
electron 13 sy phan bd theo cac trang thai véi cac sd lugng lugng tir n, ¢ khac nhau.

Tap hop cac electron cé cung s lugng tir chinh n tao thanh 16p ciia nguyén tir. Vi du :
Lép K tmg v6in =1, 16p L ting véi n = 2... SH electron t6i da ¢ trong mot 16p bang 2n’
(theo nguyén 1i Pauli). Nang lugng 16p K nho hon 16p L. Cac electron s& 1ap day 16p K
trude réi méi dén 16p L.

Moi 16p lai chia nhé thanh nhitng 16p con véi ¢ khac nhau. Tap hop cac electron cé
cung gia tri ¢ tao thanh mét 16p con. Trong mdi I6p con c6 tdi da 2(2 £ +1) electron. Vi du:

Lép con S (£ =0) co tdi da 2(0 + 1) = 2e¢"
LépconP (£ =1)cotdida22+1)=6¢...

Dua vao bang Mendeleev, ta viét duoc cdu hinh electron trong nguyén tir. Vi du cu
hinh electron cua nguyén tir C: 15?2s*2p? (¢6 2¢” ¢ 16p 1S, 2¢” ¢ 10p 28 va 2e & 16p 2P, cac
e chua xép kin 16p con P, vi 16p con nay c6 thé chira tdi da 6e).

IV. CAU HOI Li THUYET

1. Hay néu céc két luan cia co hoc luong tir trong viéc nghién ctru nguyén tir Hidrd vé:
a. Nang lugng cua electron trong nguyén tir Hidro.
b. Céu tao vach cia quang phd Hidrd.

c. D6 suy bién ctia muc E,.
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2. Néu su khac nhau gitra nguyén tir Hidré va nguyén tu kim loai kiém vé& mit céu tao. Viét
biéu thirc ning luong cua electrdn hoa tri trong nguyén tir Hidrd va nguyén tir kim loai
kiém. Néu su khac nhau giita hai cong thirc do.

3. Viét qui tic lwa chon ddi voi sb luong tir qui dao £. Véan dung qui tic nay dé viét cac day
vach chinh va day vach phu cua nguyén tir Li.

4. Viét biéu thirc moémen dong luong qui dao L cua electron quanh hat nhan va hinh chiéu
L, ctia n6 1én phuong z. Néu ¥ nghia ciia cac dai lugng trong cac cong thirc d6. Viét qui tic
Iwa chon cho m. Biéu dién bang so d6 cic dai lugng L va L, trong cac trudng hop £ =1 va
0=2.

5. Viét biéu thirc méomen tir p cta electrén quay quanh hat nhan va hinh chiéu cia n6 theo
phuong z.

6. Trinh bay va giai thich hién tugng Zeeman.

7. Trinh bay nhiing su ki¢n thyc nghiém noi 1én sy tdn tai cua spin electron.

8. Viét biéu thuc xac dinh momen spin electron va hinh chiéu ctia né trén phuong z. Tir d6
dua vao thi nghi¢m Einstein va de Haas, viét biéu thirc cia mémen tir pg va biéu dién hinh
chiéu ctia pg qua manhéton Bohr.

9. Hay chung té rfing, néu xét dén spin thi g v61 muc nang lugng E, cua electron trong
nguyén tir H, c6 thé ¢6 2n” trang thai lugng tir khac nhau it nhit & mot trong bdn s6 luong
ten, £/, m,s,.

10. Pinh nghia c4u hinh electron.

11. Sy phan b6 céc electrdn trong bang tudn hoan Mendeleev tuan theo nhitng nguyén li
nao?

12. Viét ciu hinh electron cho cac nguyén t6 O, Al... Giai thich cach viét va néu ¥ nghia.

V. BAI TAP

Thi du 1: Xac dinh budc séng cua vach quang phé thir hai, thir ba trong ddy Paschen trong
quang pho hidro.

Bai gidi: Budc song cua vach tht hai trong day Paschen:

A== =13.10"%m

)
3 5

Budce song cua vach thir ba trong day Paschen:

A=< ¢ _1110%m

e
3 6
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Chuong 8: Vat ly nguyén tr

Thi du 2: Tim s6 bd chinh Rydberg d6i v6i s6 hang 3P ctia nguyén tir Na, biét rang thé kich
thich dbi voi trang thai thir nhat bang 2,1V va nang luong lién két cua electron hod tri &
trang thai 3S bang 5,14eV.

Bai gidi:

Theo dé bai: — % _si4ey, R0 Rh 1 v,

=3,04eV
(3+AS)2 (3+AS)2 (3+Ap)2

2
(3 + A P )
Thay R va h ta tim dugc: Ap =-0,88
Bai tap tu giai

1. Xac dinh dong nang, thé ning va ning luong cua electron trong nguyén tir hidrd chuyén
dong trén qui dao Bohr thir nhat. Cho ban kinh qui dao Bohr thir nhat r,=0,53.10"""m.

desé':
15 -34
E:_thl _ 3271006625107 ) oo,
n 1
2 9( —19)2
P A 1,6.1010 34179
n 0,53.10"

Es=E—-E =21,81J
2. Xéc dinh budc song 16n nhét va nho nhat trong diy Paschen trong quang phd hidrd.

Dap so:

Ay =———————=0,83.10"%m
11
R [
32 002

3. Xac dinh budc séng ctia vach quang phd thir hai, thir ba trong diy Balmer trong quang
pho hidrd.
Ddp sé: Budc song ciia vach thir hai trong diy Balmer:

C

Agp =————
42 (1 lj
Allys-ayry
22 4

Budc song cua vach thir ba trong day Balmer:

~0,49.10 %m

C

Wy S —
52 (1 lj
Rl
2 5

~0,437.10 %m
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Chuwong 8: Vat ly nguyén tir

4. Xéc dinh budc song ctia vach quang phd thir hai va tht ba trong diy Lyman trong quang
phé hidrd.
Dadp s6: Budc séng clia thir hai trong diy Lyman:

C

)
1 3

Budc song ciia vach quang phd tht ba trong diy Lyman:

A3q = =0,103.10 °m

Cc

1 1
R(z - zj
- 4
5. Electron trong nguyén tir hidrd chuyén tir mirc ning lugng thir ba vé mirc nang luong thi

nhét. Xéac dinh budc song cua buc xa dién tir do né phat ra.

Dipsé: By—F =0 g, o R p RO ¢ 103107m
N v I b

=

6. Xac dinh budc séng 16n nhat va nho nhit trong ddy Lyman trong quang phé hidro.

Agy = =0,98.10 ' m

Dap so:

C C

e ©  _ya & &
max R(l_lj
12 22

1 1
RiA2IL) 1
(12 nzj
c

A i = ——————
min (1 1 j
Rl ————

2 o2

7. Xac dinh gi4 tri 16n nhat va gia tri nho nhit cta ning lugng photon phat ra trong quang
ph tir ngoai ctia nguyén tir hidrd (day Lyman).

=0,92.10"'m

RNLY
12 72

] _10.2(eV), hvygy = Rh——=135(cV)

Ddp sé: hv iy = Rh[ 7=
1

8. Xéac dinh cac gia tri kha di cia momen dong lugng qui dao cuia electron trong nguyén tu
hidré bi kich thich, cho biét nang lugng kich thich bang E = 12eV.

Ddp sé: Momen dong luong qui dao cua electron: L = €(£+1)h, trong do

; ) Rh
?=0,1,2,..,n =1 , do d6 can tim n. Nang lugng electron ¢ trang thdin: E, = - nang
n

luong kich thich E = 12eV chinh 1 ning lwong ma electron hap thu dé nhay tir trang thai co
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Chuong 8: Vat ly nguyén tr

Rh Rh
ban lén trang thai E, > E, — E; = 12eV—>——2—(—Tj =12—->n=3.Vay /=0,1,2, do

n
do: L =0, \2h, J6h

9. Phéton co6 nang lugng 16,5¢V lam bat electron ra khoi nguyén tir dang ¢ trang thai co
ban. Tinh vén tdc cua electron khi bat ra khoi nguyén tir.

Ddp sé: Dong ning cua electron khi bat ra khoi nguyén tir:

2
mgv

=hv-|E)|=16,5-13,5=3(eV) > v=10"m/s

10. Nang luong lién két cua electron hoa tri trong nguyén tir Liti ¢ trang thai 2s bang
5,59eV, o trang thai 2p bang 3,54eV. Tinh céc sd bd chinh Rydberg d6i v6i cac sé hang
quang phd s va p cua liti.

Rh

=539 ¢V, (2 N Ap)z

Dap so:

=354 eV - A, =—041, A, =0,04
(2+A,)

2
11. Tim budc song clia cac birc xa phat ra khi nguyén tir Li chuyén trang thai 3S — 2S cho
biét céc s6 bo chinh Rydberg déi v6i nguyén tir Li: Ag = 0,41, A, = 0,04

Dap sé: Khong cé su chuyén muc truc tiép tir 3S dén 2S vi vi pham qui tac lua chon. Su
chuyén trang thai dugc thuc hién nhu sau:

1.3S — 2P, phat ra ra btrc xa 0,82pm.

2.2P — 28, phat ra birc xa 0,68um

12. Nguyén tr Na chuyén tir trang thai nang luong 4S — 3S. Tim budc séng cua cac birc xa
phat ra. Cho s bo chinh Rydberg ddi voi Na bang Ag = -1,37, A, = 0,9

Dap s6: 1.4S — 3P, L = 5890A°, 2.3P — 3S, k= 11400A°

13. Budc séng cua vach cong huong cua nguyén tir kali Gmg v6i sy chuyén doi 4P — 48
bang 7665A°. Budc song gidi han cta diy chinh bang 2858A°. Tim sb bo chinh Rydberg A,
va A, doi voi kali.

3 R & c
(@4+AP (4+a, P 7665.1071°

Dap so:

R _ c _y
(4+Ag)>  2858.1071°

ma Ay =-223, A, =-1915

14. Tinh d6 16n cia mé men dong lugng qui dao va gia tri hinh chiéu ctua mémen dong
luong qui dao cua electron trong nguyén tu ¢ trang thai f.
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Chuwong 8: Vat ly nguyén tir

Ddp sé: Trang thai f Gmg voi ¢ =3. Cac gia tri cia m = 0, £1, +2, +3. Gia tri hinh chiéu
moémen dong lugng qui dao Ly = 0, £74, £ 24, 34 . B 16n mémen dong luong qui dao:

L=/0(¢+1)n = 2/3n

15. Nguyén tir hidrd ¢ trang thai co ban hap thu photon mang ning lugng 10,2¢V va nhay
1€n trang thai kich thich n. Tim d¢ bién thi€én momen dong luwong qui dao cua electron, bict
trang thai kich thich cuta electron ¢ trang thai p.

Ddp sé: Trang thai co ban s c6 ¢ =0, trang thai kich thich p ¢6 ¢ =1. Tir cong thirc
L=/0(¢+1)h - AL = /2h
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PHU LUC

MOT SO HANG SO VAT LY CO BAN

Hing sb Ky hiéu Gia tri
Vin toc anh sang trong chan khong c 3.10%m/s
Dién tich nguyén to e 1,6.10°C
Khéi lugng electrén m. 9,11.10%'kg =5,49.10"%u
Khdi lugng proton m, 1,67.10"kg = 1,0073u
Khdi lugng notron m, 1,68.10°"kg = 1,0087u
Hang s6 Placnk h 6,625.10%].s
Budc song Compton cuia electron Ae 2,426.10"m
Hing s6 Avogadro Na 6,023.10%mol™
Hing s6 Boltzman k 1,38.10%1/K
Hing s Stephan — Boltzman o 5,67.10° W/m’K*
Hing s6 Wien 2,868.10° m.K
Hang s6 Rydberg R 3,29.10"s™
Bén kinh Bohr I 0,529.10"m
Manhéton Bohr LB 9,27.10%)/T
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