PHAN 5
ANH SANG VA QUANG HOC

Anh sang 13 co s& cho hau nhu moi sy sdng trén trai dat. Vi du, thuc vat chuyén d6i ning
luong cua anh sang mat troi thanh nang luong héa hoc thong qua qua trinh quang hop. Ngoai
ra, anh sdng la phuong ti¢n chinh ma ching ta c6 thé truyén va nhan thong tin dén va di tir
c4c vat thé xung quanh ciing nhu tir trong vil tru.

Anh séng 1a mot dang btc xa dién tir, truyén ning lwong tir ngudn sang toi ngudi quan
sat. Nhiéu hién tuong trong cudc sdng hang ngay cua ching ta phu thudc vao tinh chat cua
anh séang. Khi ban xem tivi hoac xem anh trén man hinh may tinh, ban s& thiy hang triéu mau
duoc tao thanh tir sy két hop chi c6 ba mau la: do, xanh duwong va xanh luc. Mau xanh cua
bau troi ban ngay, mau d6 va mau cam trén bau troi luc binh minh hay hoang hon 1a két qua
cua hién tugng tan xa &nh sang boi cac phan tir khong khi. Ban thay hinh anh caa minh trong
guong phong tim budi sang hoac hinh anh cua nhiing chiéc xe khac trong guong chiéu hau
khi dang lai xe 1 két qua tir sir phdn Xg anh sang. Néu ban deo kinh dé nhin cho rd thi ban
dang nho vao hién tuong khic xg anh sang. Mau sic cta cau vong la do sy tan sdc anh séng
khi n6 di qua nhitng hat mua lo ltng trén bau troi sau con mua. Néu ban di tirng nhin thay
nhitng vong tron mau caa hao quang xung quanh cai bong cua chiéc may bay ban dang di
trén nhitng dam may thi ban dang thay két qua cua hién tugng giao thoa anh séang.

Trong phan gigi thiéu cia chuong 35, ching ta s& thao luan vé lwéng tinh séng-hat cua
anh sang. Trong mot sé trudong hop, anh sang duoc mo hinh nhu mét dong hat; ¢ nhiing
truong hop khac, md hinh séng hoat dong tét hon. Chuong 35 dén hét 38 tap trung vao cac
khia canh cua anh sang duogc hiéu rd nhat théng qua mé hinh séng caa anh sang. Trong phan
6, chling ta s& tim hiéu vé ban chdt hat cua anh sang.



Chwong 35: Ban chat ciia anh sang va cac dinh luat

quang hinh hoc

j huong nay bat dau gidi thiéu hai md hinh lich sir cua anh sang va thao luan cac
4 phuong phap do toc d6 &nh séng truéc day. Tiép theo Ia nhiing hién tuong co ban
cuia quang hinh hoc: su phdn Xa (reflection) cua anh sang tir mot bé mat va su khac

: xa (refraction) khi anh sang di qua bién gisi gitra hai méi truong. Chung ta ciing s&
nghién cau sy tan Sac (dispersion) cua anh sang khi n6 khic xa qua vat liéu, dan dén hién
tugng Xuat hién cau vong. Cubi cuing, chlng ta s& nghién ciru hién trgng phdn xg toan phan

(total internal reflection), 1a co s& cho hoat dong cua soi quang va cong nghé sgi quang.

Ban chét cia anh sang

Trong lich sir ¢6 hai mé hinh co ban vé ban chat cia anh sang. Trudc thé ky tha 19, anh
sang dugc xem nhu mot dong hat. C4c hat nay hodc duoc phat ra tir c4c vat hoic xuat phat tur
mét ngudi quan sat. Newton 13 ngudi chu xuéng cho Iy thuyét hat anh sang. Ong cho rang
cac hat anh sang xuat phat tir cac vat va di dén mat dé kich thich cam giac sang cua ngudi
quan sat.

35.1

Christian Huygens thi lai tin rang anh sang c6 thé 1a mot dang séng chuyén dong nao dé.
Ong d3 chi ra rang cac tia sang giao thoa véi nhau. Nhirng nghién ctu khac sudt thé ky thir
19 da dan dén mot sy thira nhan chung vé Iy thuyét séng cua anh sang. Thomas Young la
ngudi cung cap bang chimg rd rang dau tién (nam 1801) vé ban chat séng cia anh sang. Ong
da gidi thich hi¢n twong giao thoa cua anh sang dya trén nguyén ly chong chat. Hién tuong
nay khdng thé giai thich dwoc bang ly thuyet hat anh sang. Maxwell da khang dinh rang &nh
sang la mot dang song dién tir ¢6 tan sé cao va Hertz di cung cap bang chuang thuc nghiém
cho ly thuyét cia Maxwell vao nam 1887.

Mic di md hinh séng va ly thuyét c6 dién vé dién - tir ¢d thé giai thich duoc hau hét cac
tinh chét ciia anh sang, nhung chiing khong thé giai thich dugc mot s két qua thi nghiém sau
d6. Noi bat nhat 13 hiéu tng quang dién duoc phat hién boi Hertz: Khi anh sang ban vao mot
bé mat kim loai thi c4c electron c6 thé duoc thoat ra khoi bé mat. Cac thi nghiém cho thiy
dong nang cua mot electron thoat ra doc 1ap vai cuong do anh sang. Phét hién nay mau thuan
vGi mo hinh song. Einstein da dé xuat mot giai thich vé hiéu tng quang dién vao nam 1905
st dung md hinh dua trén khai niém luong tir hoa dugc Max Planck phét trién vao nam 1900.
Mo hinh luong tir gia dinh nang lwong cua séng anh séng nam  trong cac hat goi 1a photon va
do d6 ning lugng dugc cho 12 bi lugng tir hda. Theo Iy thuyét cua Einstein, nang lwong E cua
mot photon ti 1& thuan véi tan s6 f cia song dién tir :

. ) E =hf
h =6,63. 103* J.s la hiang so Planck.



Nhu vay, anh sang phai c6 ludng tinh séng hat. Trong mét s6 hoan canh anh sang biéu
hién cac dac trung cta song va trong mot so6 hoan canh khac anh sang lai biéu hién cac dac
trung cua hat.

Po tdc dp anh sang

Vi anh sang di chuyen Véi tde d6 rat cao (c = 3,00. 108 m/s) nén nhiing co gang trude day
dé do tdc do cua no déu khong thanh cong. Galileo di cb gang do téc do anh sang bang cach
cho hai ngudi quan sat dang cach nhau 10 km xac dinh thoi gian anh sang truyén di qua

35.2khoang céch gitra hai ngudi va ong da két luan rang vi thoi gian phan @ng cua ngudi quan sat
I6n hon nhiéu thoi gian chuyén dong cua anh sang nén khéng thé do duoc tde d6 anh sang
bang céch nay.

35.2.1 Phuong phap Roemer

Néam 1675, Ole Roemer da sir dung céc quan sat thién van dé e
udc lugng toc do anh sang. Ong da stir dung chu ky quay cua lo, the Earth travels 90° around the
mot mat trang cua sao Mac, khi sao Moc quay xung quanh MEt  aels oty st v o
Troi. Goc quay cua sao Moc trong khoang thoi gian Trai Dat quay "
quanh Mat Troi mot goc 90° cé thé tinh duoc. AT

Chu ky quay dai hon khi Trai Dat Ui xa dan sao Mdc, ngan ol !
hon khi Trai Dat tién lai gan. E@-Y !

Str dung s6 liéu cua Roemer, Huygens da wdc tinh gidi han (_/' N/
dudi cua toc d anh sang la 2,3.10° m/s. Pay la mot ket qua rat L0
quan trong trong lich str vi né da cho thay rang anh sang c6 toc do ek h

hitu han va di cho mot ude luong vé tde do do.
Hinh 35.1: Phuong

35.2.2 Phwong phap Fizeau ph&p Roemer

Phuong phép thanh cong dﬁu’tién dé do toc d6 anh sang bang
cac k¥ thuat thuan tay trén mat dat duoc phat trién vao nam 1849
bai nha vat Iy nguoi Phap Armand H. L. Fizeau.

P/ d ”/)‘

Hinh 35.2 biéu dién mot so dd don gian caa thiét bi do. Néu
d la khoang céch giita nguon sang (duoc xem 1 vi tri cua banh
xe) va guong va At 14 thoi gian anh sang di chuyén tir banh xe dén oot o
guong thi tbe do cua anh sang l1a ¢ = 2d/At. wheel

D¢ do thoi gian van chuyén, Fizeau da st dung mot banh xe  Hinh 35.2: Phuong phdp
rang cua, chuyén doi mgt chum anh sang lién tuc thanh mot loat Fizeau
cac xung anh sang. Néu mot xung anh sang di chuyén vé phia
guong va di qua khe ho tai diém A trong hinh 35.2 va quay trd lai banh xe tai rang B thi xung
phan xa s& khdng toi duoc ngudi quan sat. Véi tée do quay 16n hon, diém C c6 thé di chuyén
vao vi tri dé cho phép xung phan xa di téi nguoi quan sat. Biét khoang cach d, sé ring cua
banh xe va tc do gdc cua banh xe, Fizeau di xac dinh duoc gié tri tbc d6 4nh sang 1a 3,1x108
m/s.



Céc phép do mang lai gi4 tri chinh xac hon dwoc chap nhan hién tai 1a 2,997 924 58x108
m/s.

Gan ding tia trong quang hinh hoc (quang hec tia)

Quang hoc tia (Ray Optics), con gol la quang hinh hoC 1 e which atvays pointin
(Geometric Optics), nghién ciu sy lan truyén ciia anh sang. NO sir ~ lediecionofiewase
dung gia thuyet rang &nh séng truyen di theo duong thang trong mot  perpendicular o the wase fronts.

35.3moi trudong doéng dang va thay doi huong khi gap bé mat cua mot
moi truong khac hodc néu nhu tinh chat quang hoc cua méi trudng | Rays
1a khong dong dang. Gan dang tia (Ray approximation) duoc st
dung dé bicu dién cac chim sang. CAc tia sang I nhing duong thang
vuong goc véi mat song (front wave). Vi gan dung tia, chung ta gia
thiét rang mét song anh sang truyén di trong moi truong trén mot

duong thang theo hudng cua cac tia do.

Wave fronts

Néu mot séng gap mot vat can véi budc song A << d thi song .
d6 s& xuat phat tr khoang tréng va tiép tuc di chuyén theo mot Hinh 35.3: Quang hoc
duong thang, d 1a duong kinh cua khoang tréng. Day 1a mot gan tia
dung t6t dé nghién ciru guong, kinh, lang kinh ...Cac hi¢u tng xay
ra d6i véi nhitng khoang trng c6 kich thugc khac nhau.

When A << d, the rays continue When A = d, the rays When A == d, the opening
in a straight-line path and the spread out after passing behaves as a point source
ray approximation remains valid. through the opening. emitting spherical waves.
T - -
‘ ‘ d
ks > -
A<<d - A=d - A>>d

35.4
Hinh 35.4: Mét s6ng phdang buéc song A chiéu téi man chan cé mét 16 trong dweong kinh d.

Sw phan xa anh sang

Mot tia sang (tia toi) di chuyén trong mot méi truong khi gap bién gigi voi mot moi
truong thir hai thi mot phan cua tia téi s& bi phan xa nguoc lai moi trucmg dau tién, c6 nghia
la n6 s& hudng nguoc lai mdi truong thir nhat. Bbi vai cac song anh séang truyén trong khong
gian ba chiéu thi huéng cua cac tia phan xa khac véi huéng cua céc tia toi.



Phdn xg gwong (specular reflection) la sy phan xa tur
mot bé mat nhan. Cac tia phan xa song song véi nhau.

Tat ca hién twong phan xa anh sang trong sach nay déu
duoc gia thiét 1a phan xa guong.

Sw phdn xg tran lan (Diffuse reflection) la su phan xa
trén mot bé mat thd. Cac tia phan xa truyén di theo nhiéu
huéng khac nhau. Mot bé mit dugc coi 1a bé mat thd néu su
bién do6i bé mat nho hon nhiéu budc sdng anh sang.

Pinh luat phan xa (Law of reflection)
Phap tuyén 1a mot duong thang vudng goc voi bé mat.
NG nam tai vi tri tia toi dap 1én bé mat. Tia toi tao vai phap
tuyen mot goc 01. Tia phan xa tao véi tia téi mot goc 0'1.
G6c phan xa bang goc tai :
01=0: (35.1)
M&i lién hé nay duoc goi 1a dinh luat phan xa.
~Tia t6i, tia phan xa va phap tuyén déu nam trén mot mat
phang. Bai vi sy phan xa song la mét hién tuwgng pho bién, thuong
xay ra nén chung ta sé dua ra mot mé hinh phan tich cho truong
hop nay duoc goi la md hinh phan tich song bi phan xa (the wave
under reflection model).

Hinh 35.5: Si phdn Xa guong

The incident ray, the reflected
ray, and the normal all lie in
the same plane, and 8] = 6.

Normal

Reflected
ray

Incident
ray

Cau hgi 35.1: Trong phim, ban cd thé nhin thiy dién vién nhin
vao mot chiée gwong va thdy mat minh trong dé6. C6 thé ndi chac
chan rang trong canh d6 nguoi dién vién nhin thay trong guong a)
mat anh ta b) mit ban ¢) mit dao dién d) camera quay canh e)
khong thé xac dinh dugc.

Hinh 35.6: Dinh lugt
phan Xa

Bai tap mau 35.1: Phan xa nhiéu lan

Hai guong hop nhau mét géc 120° nhu hinh vé. Tia t6i
chiéu 1én guong M1 dudi goc 65°, tia phan xa hudng dén
guong M». Hay xac dinh hudng cua tia sang sau khi phan
Xa trén guong M.

Giai:

Theo dinh luat phan xa, tia phan xa trén M1 hop véi
guong mot goc

& =90° — 65° = 25°

y = 180° - 25° - 120° = 35°

Hinh 35.7: Sy phan xa
nhiéu lan



Om2 = 90° - 35° = 55°
Tia phan xa trén guwong M2 hop Véi phép tuyén mot goc
0’m2 = Omz = 55°

Sw phan xa ngwetc (retroreflection)

Gia sir goc hop giita hai gwong 1a 90° thi chim tia phan xa s& quay tré vé nguon phét
song song vai chum tia tdi ban dau. Hién tugng nay duoc goi la su phdn xa ngwec. Co nhiéu
ap dung cua hién twong nay nhu do khoang céch téi Mat Trang, guong chiéu hau, tin hiéu
giao thong...

An antomobile willight has

This panel on the Moon small retroreflectors 1o ensure
reflects a laser beam directly that headlight beams are
back to its source on the Earth, reflected back toward the car

that sent them.

© Cergaps Leaming/George Semple

Courtesy of NASA

This stop sign appears to glow
in headlight beams because its

A light ray hitting a transparent surface is covered with a layer
sphere at the proper position is of many tiny retroreflecting
retroreflected. spheres.

© Congage Laarsing/Gacrge Semple

Hinh 35.8: Ung dung hién tirong phdn xa nguoc

Vao nim 1969, mot bang gdm nhiéu guwong phan xa nhé da dwgc cac phi hanh gia tau
Apollo 11 dwa 1én Mit trang (hinh 35.8a). Mot chum tia laser tir Trai dat chiéu dén bang
guong nay s& duoc phan xa truc tiép trg lai chinh n6 va thai gian di chuyén cua né co thé do
duoc. Tir d6 co thé xac dinh dugc khoang cach tir Trai dat dén Mat trang vai sai s6 15 cm.



Mot ing dung hang ngay khéc duoc tim thay trong dén hau 6 t6. Mot phan nhya cia den
hau dugc tao thanh bsi nhieu géc hinh khoi nho (hinh 35.8b) d€ cac chum den pha tir 0 t0
phia sau chiéu dén sé phan xa lai nguoi lai xe.

Thay vi cac goc hinh 13p phuong, cac hinh cau nho doi khi duoc s dung (hinh 35.8c).
Nhitng qua cau nho trong suét duoc st dung trong mot vat liéu phu trén nhiéu bién bao duong
bo. Do su phan xa nguoc tir nhitng qua cau nay, diu hiéu ding xe trong hinh 35.8d s& sang
hon nhiéu so vai khi n6 chi don gian 1a mot bé mit phing, sang béng. Su phan xa nguoc ciing
duoc sir dung cho c4c tim phan quang trén giay chay bo va quan 4o chay dé cho phép nguoi
chay bo duoc nhin thiy vao ban dém.

All rays and the normal lie in the
same plane, and the refracted
ray is bent toward the normal
because v, < v;.

Sw khuc xa &nh sang

Khi mot tia sang lan truyén trong mot moi truong trong

15 Ssuot dén gap mat phan cach véi mot méi truong trong suét
khac thi mot phan tia ti bi phan xa va mot phan s& di vao moi focident: Notmal: ‘Refiocted]
treong tha hai. ray ray '

~ Tia sang di vao mdi truong thir hai nay c¢6 hudéng bi thay
doi. Su gay tia sang nay duoc goi la khic xa (refraction).

Air
Tia t6i, tia phan xa, tia khic xa va phap tuyén déu nam i

trong cung mot mat phang. Goc khuc xa (angle of refraction)

phu thudc vao vat liéu va goc toi (angle of incidence).

|
|
|
|
|
I
|
|
|
|
|
|

Refracted
ray

sind, v,

sing;, v; (352)
v1 12 tdc do anh sang trong méi trudng thir nhat va v, 13 toe do
anh sang trong moi truong thu hai. Duong di cua tia sang qua
bé mat ,khl:lC Xa Ia,cé thé dao nguoc. Vi du mot tia séng truyen
tr A den B thi néu co6 mot tia xuat phat tir B sé€ di theo con
duong AB dé den A.

Cau hgi 35.2: Trén hinh 35.9, tia t¢i ta tia (1), hdy chira cac  Hinh 35.9: Sy khic xg anh sang
tia phan xa va tia khic xa trong nhirng tia sang 2, 3, 4, 5.

Normal Normal

When the light beam !

moves from air into
glass, the light slows
down upon entering the
glass and its path is bent | Air
toward the normal. Glass

When the beam
moves from glass
into air, the light

speeds up upon
entering the air
and its path is

bent away from

the normal.
Hinh 35.10: (a) Sw khlc xa danh sang khi di vao. méi truong co téc dé nho hon,
(b). moi truong cé toc do lon hon



Anh séng cd thé khlc xa vao trong mot vat liéu ma & dé tée
do cua n6 nho hon. Goc khiic xa nhé hon goc ti. Tia sang bi gap
vé phia phéap tuyen (hinh 35.10.a). A 4 A4

Anh séng cd thé khlc xa vao trong mot vat liéu ma ¢ do tdc —»——o—o—o-0-—»—
dé cia n6 16n hon. Géc khiic xa I6n hon géc t6i. Tia sang bi léch 45 4
xa khoi phap tuyén (hinh 35.10.b).

Trong mot mdi trudng, anh séng cé téc d6 nho hon trong chan
khong. Diéu d6 co thé giéiq thich nhu sau. Anh sang dap vao mot . .
electron. Electron d6 co the hap thu anh sang, dao dong va bic xa AH'nt] 35;115 Su’,glam )
anh sang. Su hap thu va phat xa c6 thé lam cho téc do di chuyén Vén toc cua tia sang khi
trung binh trong méi truong giam xuong. di vao moi truong
35.5.1 Chiét suat - Chi s6 khuic xa

Tbc do cua anh sang trong maot vat liéu bat ky déu nhé hon téc do anh sang trong chan
khong. Chiét suat n cia mot moi truong duge xac dinh nhu sau:

== (35.3)

Trong d6, ¢ 1a tc do anh sang trong chan khong, v 1 toc d anh sang trong moi trudng.
Doi véi chan khong n = 1, doi véi khong khi n ciing dugc coi |a bang 1. Doi vaoi cac moi
truong khac, n > 1. Chiét suat n la mot s6 khdng tha nguyén 16n hon 1.

Bang 35.1: Chiét sudt cia mét s6 méi trieong

Some Indices of Refraction

@ICICEDEDD [ndices of Refraction

Index of Index of
Substance Refraction Substance Refraction
Solids at 20°C Liguids at 20°C
Cubic zirconia 2.20 Benzene 1.501
Diamond (C) 2.419 Carbon disulfide 1.628
Fluorite (CalF,) 1.434 Carbon tetrachloride 1.461
Fused quartz (S5i0) 1.458 Ethvl alcohol 1.361
Gallium phosphide 3.50 Glycerin 1.473
Glass, crown 1.52 Water 1.333
Glass, flint 1.66
Ice (H,O) 1.309 Gases al 0°C, 1 atm
Polystyrene 1.49 Air 1000 293
Sodium chloride (NaCl) 1.544 Carbon dioxide 1.000 45
Note: All values are for light having a wavelength of 589 nm in vacuuwm.

35.5.2 Tan sb anh sang giira hai mdi truwong

Khi anh sang truyén tir mot méi truong sang moéi truong khéc, tan s6 (frequency) cua nd
khong thay doi nhung ca toc d6 va budc song déu thay doi. Bé hiéu tai sao nhu vay thi hay

8



xem hinh 35.12. M6t s6ng anh sang truyen qua ngudi quan sat
tai diém A trong moi truong 1 véi mot tan s nao do va di toi S

the media, its wavelength
bién glorl gitta moi truong 1 va moi truong 2. Tan sé ma song changes but its frequency
truyen qua ngu:orl quan st tai diém B ‘trong moi truong 2 phai remains constant.
bang tan sé6 ma ching truyén qua diém A. Boi vi néu khong ;
phai nhu vay thi ning lwong sé tich liy lai hoic bién mat trén
bién gigi gitta hai méi truong. Do khéng ¢o co ché ndo cho
diéu d6 xay ra nén tan s phai khong doi khi mét tia sang
truyén tir moi trudng ndy sang méi trudng khac.

As a wave moves between

Vi v="fAvafi=1f,=1 nhung vi# vz suyra A1 # A2

Ti s6 chiét suat cua hai méi treong c6 thé duoc biéu dién
bang mot céng thirc khéc.

C
AV /M Ny

/12_V2_7 _nl (35.4) N A Az

n, Hinh 35.12: Tan so anh
Chiét suat ti 1é nghich véi tdc d6 anh sang. Khi tdc do anh sang gia hai méi trirong

sang giam xudng, chiét suat ting 1én. Chiét suat cang cao thi

moi truong cang lam cham tdc do anh sang. Maéi lién hé nay co thé dugc dung dé so sanh

budc song va chiét suit:

A1n1 = A2N2

Vi trong chan khdng va khong khi chiét suat bang 1 nén chiét suat n caa vat liéu co the
duogc xac dinh theo budc séng A cda anh sang trong chan khong va buwdc séng A, cia anh
sang trong moi trweong nhw sau :

n=A/An (35.5)
35.5.3 Pinh luat khac xa Snell

Trong phuong trinh (35.4) thay ty s6 n2/ni bang phuong trinh (35.2) ta thu duoc phuong
trinh

N1SinB1 = N2sino: (35.6)
01 la goc toi, 62 1a goc khac xa.
Ngudi kham phé ra méi lién hé nay bang thuc nghiém 1a Willebrord Snell va vi vay n6
duoc goi la dinh luat khiac xa Snell.
Khuc xa 1a mot hién tuong rat phé bién, vi vay c6 mot mé hinh phan tich cho hién tuong
nay. Do 1a mo6 hinh song bi khic xa (the wave under refraction model).

Céu hdi 35.3: Anh sang chiéu tir mdi truong c6 chiét suat 1,3 sang moi truong 6 chiét suat
1,2. So vai tia téi thi: (a) tia khic xa gap vé phla phap tuyén nhiéu hon (b) tia khdc xa khdng
bi léch (c) tia khlc xa léch xa khoi phép tuyén nhiéu hon.




Bai tap mau 35.2: Anh sang truyén qua mét
ban song song

Mot chiim sang truyen tir moi truong 1 sang moi
trudng 2 1a mot ban phang, day, lam bang vat liéu
c6 chiét suat n,. Hay chirng to rang chum sang di
vao moi trrong 1 tir mat khac cua ban song song
véi chum sang téi.

Giai:

Gia sir nz > n; thi tia sang s& gap vé phia phap
tuyén khi di vao ban phang va léch ra xa phap
tuyén khi di ra khoi ban phang.

Ap dung dinh luat khlic xa Snell d6i véi mat trén,
ta co:

Hinh 35.13: Bai tdp mdu 35.2

. n siné,
sing,=—*+——

2

Ap dung dinh luat khuc xa Snell d6i véi mat dudi, ta co:

. n,sind, n,(nsin@ .
sing, =2 zz—z[gjzsmq

n n n,

Nhu vay, 03 = 01. Do d0, hai tia sang di t6i va di ra khoi ban phang song song véi nhau.

Bai tap mau 35.3: Po chiét suat bang mét ling

kinh
Go6c léch caa tia sang chiéu qua mot lang kinh 1a -
cuc tiéu khi goc tai 01 o gia tri sao cho tia khic 4 i
Xa bén trong lang kinh tao vai phép tuyén cua hai DI
mat bén lang kinh cung mot goc nhu nhau nhu /?A’ffmm )
hinh v&. Hay thiét 1ap bieu thic cho chiét suat n al Lla _ am\ -,
cua vat liéu ling kinh theo g6c léch tdi thiéu Smin . \/H) T G\ :
va goc & dinh ¢. Q S
2
Giai: !
|

T hinh Vg, ta co: . ‘s x

Y © Hinh 35.14: Bai tgp mau 35.2
02 = ¢/2
Omin = 20

in

91:92+a:¢/2+5min/2:M

Ap dung dinh luat khic xa:



sinB1 = nsino
Chiét suat cua vt liéu lang kinh

P ¢+5min
_sing, sm( 2
sin @), sin(¢j
2

Dua vao cong thuc nay, néu biét dugc goc & dinh @ va do dugc goc léch cuc tiéu Smin
ta co thé xac dinh duoc chiet suat n cua vat liéu lam lang kinh. M6t lang kinh rong co
thé duoc dung dé do chiét suat cua cac chat long.

Nguyén ly Huygens

Huygen da cho rang dnh sang la mot dang chuyén dong séng chir khong phai la mot dong

35.6hat chuyén dong. Nguyén 1y Huygens (Huygens's Principle) 1a mot giai thich hinh hoc dé

xac dinh vi tri cia mot song mai tai mot diém dya trén dir lieu vé mér dau song (wave front)
trude do.

Tat ca cdce diém trén mot mar dau song da biét duoc coi nh ld nhirng ngua”‘n diém tqo ra
cac song cau thee cdp, dioc goi 1a wavelet, truyén vé phia trueéc nd véi mét toc dé dac tring
cho séng trong moi truong do. Sau mgt khoang thoi gian nao do, vi tri méi cua mat dau song
la mat tiép xUc Véi tat ca cac song thiz cap.

35.6.1 Giai thich Huygens déi véi song phang
Tai thoi diém t = 0, mt dau séng ndm tai mat phang AA’. Cac diém cham trén mat phang
AA’ 1a cac nguon dai dién cho song thir cap. Sau khi cac song thir cap di chuyén mét khoang
CAt thi mit dau s6ng méi BB’ 1a mit duoc Vé tiép tuyén véi cac mat song thir cap, trong dé ¢
la toc d6 anh sang trong chan khong va At la khoang thoi gian song truyén di.
The new wave front is drawn tangent to

the circular wavelets radiating from the
point sources on the original wave front.

A B
Old wave e— At —| New wave 0Old wave New wave
front front front front

A B

Hinh 35.15: Nguyén ly Huyghen
11



35.6.2 Giai thich Huygens déi véi song cau

Céc vong cung bén trong biéu din mot phan cua séng cau. Cac cham 12 nhitng diém dai
dién ma cac song thir cap da duoc lan truyen. Mat dau séng méi tiép tuyén véi cac song thur
cap tai moi diém.
35.6.3 Nguyén ly Huygens va dinh luat phan xa

binh luat phan xa c6 thé dwoc dan xuat tr nguyén ly .~
Huygens. AB la mat dau song phang cua song anh sang téi khi Sert ont byl |[ss sent ot ot
tia sang 1 dap 1én mat phang tai diém A (hinh 35.16). Song tai LECRpotl ] || hseengs Gue

A géi di mot séng thir cAp c6 tam tai A vé phia D. Song tai B 2-);‘.:?}:;,?,,[ B

goi di mot séng thir cip co tam tai B vé phia C. : 4
Vi AD = BC = cAt, nén AABC = AADC, va

cosy = BC/AC,

cosy’ = AD/AC

Vi vay, cosy = cosy’

suyra y=v Hinh 35.16: Nguyén ly

dodd 61=07 Huyghen va dinh ludt phan xa
Do chinh 1a dinh luat phan xa.

35.6.4 Nguyén ly Huygens va dinh luat khuc xa

Pinh luat khdc xa Snell cling ¢6 thé dugc dan xuat tir T (=
. N . X This wavelet was ~ This wavelet

nguyén ly Huygens. Tia 1 dap Ién bé mat tai A va sau mot sentoutbywave  was sent out at
khoang thoi gian At, tia 2 dap lén bé mit tai C (hinh 35.17). | !fompointd.  the same ime
Trong khoang thoi gian nay song tai A da giri di mot song cau 5 [
tam tai A hudng téi D. Song tai B giri di mot song cau tam tai
B huéng téi C. Hai song cau nay di chuyén trong hai moi
truong khac nhau, vi vay ban kinh cua chung khéac nhau. Ban
kinh ctia song cau xuat phét tir A 13 AD = V2At, trong d6 v2 12
téc do song truyén di trong méi treong thi hai. Ban kinh cua
s6ng cau xuat phat tir B 1a BC = viAt, trong d6 v1 1a toc do
song truyén di trong méi truong thi nhat. Tir hai tam giac
ABC va ADC, ta co:

from point B.

ing. — BC v,At Hinh 35.17: Nguyén ly
sinG, = AC AC Huyghen va dinh lugt khic xa
va
: AD _ v, At
sing, =
AC AC

12



suy ra

Do d6: n;sinB, =n,sinb,

sinB;

sing,

Vi

Va

c/n, n

_y
C/ n2 nl

bay chinh 1a dinh luat khac xa Snell.

Swr tan sic

Chiét suit ciia mot vat liéu thay doi theo budc sdng cua &nh séng truyén qua vat liéu do
(hinh 35.18). Su phu thudc cta n vao A dugc goi la sw tan sac &nh sang (dispersion).

35.7

1.54

1.52

1.46

Hinh 35.18: Su thay déi chiét suat theo

' =

The colors in the refracted beam
are separated because dispersion

- in the prism causes different
- [ 1 | wavelengths of light to be
\w* refracted through different angles.
Ncrylic
——
i \'\Fu*fd -quartz
[ A (nm)
400 500 600 700

buoc song

Hinh 35.19: Khlc Xa qua lang kinh

Theo dinh luat Snell, anh sang c6 budc song khac nhau s& bi gap nhirng géc khac nhau
khi truyén qua vat liéu khuc xa.

Chiét suat cua mot vat ligu n6i chung giam khi bude song tang 1én. Anh sang tim bi gap
nhiéu hon anh sang do khi bang qua moi truong khic xa.

Gia sir c6 mot chim &nh sang trang chiéu téi mot lang kinh nhu hinh 35.19 thi vi cac mau
€6 goc Iéch khac nhau nén &nh sang trang s€ trai ra thanh maét pho anh sang nhin thay duoc.
Tia tim bi Iéch nhiéu nhat, tia do bi l1éch it nhat, cac mau con lai nam ¢ gitra.

Sy tan sac anh sang trang thanh mot pho cd thé duoc minh hoa mot céch rd rét nhét trong
tu nhién thdng qua su tao thanh cau vong trén bau troi 10c troi sap mua.

13



The violet light refracts The highest-intensity light

through larger angles traveling from higher raindrops
than the red light. toward the eyes of the observer
is red, whereas the most intense

wight / light from lower drops is violet.

White

Y

42°
40°
White -
.
1%
Hinh 35.20: Tia sang bi nhiéu xa trén giot Hinh 35.21: Cdu vong

nuoc

Mot tia séng qhiéu |én mot giot nudc trong khong khi s& bi ca phan xa va khuc xa (hinh
35.20). Khl]c Xa dau tién & mat anh séng’chiéu tai cua giot nudc lam cho anh sang tim bi léch
nhiéu nhat con anh sang do bi léch it nhat.

O mat sau cua giot nuéc, 4nh sang bi phan xa, né s& bi khiic xa lan nita khi dén mét trude
cua giot nudc rdi di vao khong khi. Cac tia sang di ra khoi giot nude dudi nhirng goc léch
khac nhau: Goc giita tia sang trang va tia tim manh nhat 1a 40°, g6c giira tia sang trang va tia
do6 manh nhat 13 42°.

Néu mét giot mua & phia trén cao trén bau troi dugc quan
sat thi tia d6 dugc nhin thay, con giot nudc & do cao thap hon
trén bau troi s& chiéu tia tim téi nguoi quan séat. Vi vay, nguoi
quan sat trén mat dat s& nhin thay cau vong nhu trén hinh 35.21.
Céac mau khac caa phd &nh sang nam gitta mau do va mau tim.

Hinh 35.22 con cho thay su xut hién cia mot cau vong doi.
Cau vong tha cap nhat hon ciu vong so cip, mau thi nguoc lai.
Céu vong thir cap tao thanh do anh sang bj phan xa hai lan ¢ mt
bén trong cua giot nudc trudce khi di ra ngoai. Cac cau Vong cap
cao hon ciing c6 thé xuat hién nhung véi cuong do rat yéu. Hinh 35.22: Cdu vdng déi

Cau héi 35.4: Trong nhiép anh, cac 6ng kinh trong may anh sir

dung hién tuong khic xa dé tao thanh hinh anh trén bé mat nhay sang. Ly tuéng nhat 1a ban
mudn tit ca cAc mau trong anh sang tir vat thé duoc chup s& bi khic xa véi ciing mét luong
nhu nhau. Trong s cé&c vat lidu duogc hién thi trén Hinh 35.14, ban s& chon loai nao cho éng
kinh may anh mot thanh phan? (a) crown glass (b) acrylic (c) fused quartz (d) khéng thé xac
dinh.

14



35.8

Sw phan xa toan phan

As the angle of incidence #) increases,  The angle of incidence producing

the angle of refraction ﬂ? increases an angle of refraction equal 1o 90°
until #y is 90" (ray 4). The dashed line is the critical angle 8. For angles
indicates that no energy actually greater than @, all the energy of the
propagates in this direction. incident light is reflecied.
Normal MNormal
|
| i) = g Ty = Ny

|

|

|

|

| 0
|

|

1y

|

g
111

For even larger angles of
incidence, total internal
reflection occurs (ray 5).

Hinh 35.23: Sir phdan xa toan phdan

Mot hién tuong duoc goi la phan xa toan phdn (total internal reflection) cé thé xay ra
khi &nh sang chiéu tir mot méi truong dén moi trudng co chiét suat nho hon.

Trén hinh 35.23, mot tia sang chiéu tir moi trudng 1 dén mat phan cach voi moi truong
2. Cac huong kha di cua tia sang dugc danh so tur tia 1 dén tia 5. Cac tia khdc xa bi gap xa
khoi phap tuyen khi ny > no.

C6 mét goc téi 1am cho tia khic xa bi 1éch véi goc khic xa bang 90°, khi d6 tia khuc xa
nam trén mat phan cach. Goc tai d6 duoc goi 1a goc téi han Oc (critical angle). Str dung dinh
luat khudc xa véi 02 = 90°:

N1SinBc¢ = nsin 02

sinB, = Ny (n,>n,) (35.6)
nl
Déi véi goc ti 16n hon goc toi han thi tia toi s& bi phan xa hoan toan tai mit phan cach
hai méi truong. Tia nay tuan theo dinh luat phan xa tai diém téi. Hién tuong phan xa toan
phan chi xay ra khi anh sang dugc chi¢u tir mot moi truong tdi moi treong cd chiet suat thap
hon.

G6c téi han ddi 1a nho khi ny 16n hon n2 dang ké. Vi du, goc téi han caa mot vién kim
cuong trong khong khi 1a 24°. Bat ky tia sang nao bén trong vién kim cuong ti€ép can bé mat

15



& goc 16n hon 24 ° dugc phan xa lai hoan toan tro lai tinh thé. Bién nay khién cho kim cuong
trg nén Iap lanh. Cac g6c cua cac mit dugc cat sao cho &nh sang bi phan xa nhiéu lan bén
trong vién kin cwong. Nhiéu phan xa 1am cho &nh sang di long vong trén mét con duong dai
trong méi truong va su tan sic dang ké xay ra. Vao thoi diém anh
sang di qua bé mat trén cing cua tinh thé, cac tia véi nhitng mau
sic khac nhau da duoc tach khé rong ra véi nhau.

Céu hgi 35.5: Trong hinh 35.27, nam tia sang di vao lang kinh
thay tinh tur bén trai.

(i) C6 bao nhiéu trong s céc tia nay s& phan xa toan phan tai bé
mat nghiéng cua lang kinh? (a) mét (b) hai (c) ba (d) bén (e) nam?
(i) Gia su lang kinh trong hinh 35.27 c6 thé duoc quay trong mat
phang cua to giay. Pé cho tat ca nam tia déu phan xa toan phan
tir bé& mat nghiéng thi lang kinh duoc quay (a) theo chiéu kim
dong ho hay (b) nguoc chiéu kim déng ho? Hinh 35.24: Cau hgi 35.5

Quang hoc sgi (Fiber Optics)

Mét ¢rng dung cuaa hién twong phan xa toan phan 1a st dung
cac thanh 1am bang chat déo hoac thuy tinh dé dan &nh sang tur
noi nay dén noi khac (hinh 35.25). Cac tng dung thuc té
thuong gap 1a noi soi trong xét nghiém y té hozc truyén tin. N\

Mot 16i trong sudt duoc bao quanh boi mot mot 1op vat
licu ¢ chiét suat n nho hon chiét suat cua I8i (hinh 35.26).
Piéu nay lam cho &nh sang truyén di chi trong 16i do hién tuong
phan xa toan phan. Bén ngoai 1a 16p vo boc.

ey

Hinh 35.25: Anh sang
. , ) o ) _ truyen di trong m¢t thanh
Mot ong anh sang mém duoc goi la mot soi quang. Mot po mém, trong sust do phdn xa
cac soi quang song song véi nhau tao thanh mét duong truyen toan phdn '
quang nhu hinh 35.27.
Glass or
plastic core

Jacket

Cladding

Hinh 35.26: Cdu tric mét sei quang hoc Hinh 35.27: Mét b6 sei quang hoc

16



Tom tit chwong 35

Gén ding tia (Ray approximation): Trong mot moi trudng dong dang, anh sang truyén di
theo duong thang.

Hién tugng phdn xg toan phan (total internal reflection) c6 thé xay ra khi anh séng chiéu tir
Mot moi trudong co chiét suat cao dén moi trueong cd chiét suat nho hon.

Goéc tgi han & (critical angle) la goc téi lam cho tia khac xa bi 1éch véi géc khic xa 6, =
90°. Tur dinh luat khuc xa:

sing, = % (n,>n,) (35.6)

1

Dinh lugt phdn xg (Law of reflection)
Khi mot tia sang (hay mot séng bat ky) chiéu 1én mot bé mat nhin thi géc phan xa 0'1 bang
goc tai 1

01=01 (35.1)
Sy gdy (su doi hudéng) cua tia sang khi truyén qua mat phan cach giita hai méi truong duoc
goi la sy khic xa (refraction). Tia ti, tia phan xa, tia khlic xa va phéap tuyén ciia mat phan
cach déu nam trong cling mot mat phang.

Dinh lugt khac xa Snell (Snell’s law of refraction)
Goc khuc xa (angle of refraction) phu thudc vao vat liéu va goc tai (angle of incidence) theo
hé thic

N1SinB1 = n2sind: (35.6)

|
|
0, |
|
\< .
| ny
v

01 1a gébc té6i, 62 la gbée khuc xa.
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1.

Cau héi ly thuyét chwong 35

M6t song anh sang di chuyén gitra méi truong 1 va méi truong 2. Phét biéu nao sau day
la ding khi n6i vé toc do, tan s6 va budc song cia né trong hai méi trudng, cac chiét suat
ctia méi trudng, goc téi va goc khiic xa? Nhiéu hon mot phét biéu co thé dang.

(@) v1/sinB1 = vz /sinB2 (b) cscO1 / n1 = cscO2 / nz (c) f1/ sinB1 = f2 / sinB2 (d) n1 / cosO:
=n2 / coso:

(cscH = 1/sinb)

Diéu gi xay ra véi song anh sang khi truyén tir khong khi vao thay tinh?
(a) Toc do cua nd van giit nguyén.

(b) Tdc d6 cha né tang l1én.

(c) Budc song cua no tang.

(d) Buéc song cia nd van giit nguyén.

(e) Tan sb cua nd van giit nguyén.

MGt tia sang chira ca bude song xanh va do chiéu 1én mot tam kinh nhu hinh v&. Nhirng
phac thao nao trong hinh dudi thé hién két qua co thé xay ra nhat? (a) A (b) B (c) C (d)
D (e) khéng céi nao.

DN )

L&i ctia mot soi quang truyén anh sang vai ton that nang luong téi thiéu néu né bi bao
quanh bai cai gi? (a) nude (b) kim cuong (c) khong khi (d) thuy tinh (e) thach anh.

Anh sang mau nao khiic xa nhiéu nhat khi chiéu tir khéng khi vao thiy tinh dudi géc toi
0 = 0? (a) tim (b) xanh lam (c) xanh (d) vang (e) do.

Tai sa0 mot mau kim cuong 1ap 1anh hon mot mau thay tinh ¢6 cung kich thudc va hinh
dang ?

Mot quang cao san pham ban mot vat liéu cé chiét suat 0,85. Do ¢6 phai 1a mot san pham
t6t dé mua hay khdng? Tai sao mua hay tai sao khong?

18



Bai tap chwong 35

Tim ning luong cua (a) mot photon cé tan sé 5,00x10Y7 Hz

va (b) mot photon c6 budc séng 3,00x102nm. Két qua tinh

bang electron von (eV), biét 1 eV = 1,60x10% J.

Mot tia sang chiéu tir khdng khi qua mét 16p dau rdi di vao

nuéce nhu hinh BT-2. Biét chiét suat cia dau la n = 1,48, cua

nudc la 1,33 va cua khong khi la 1 ; géc ¢ = 20,0°. Hay tinh

gocOvao’.

Mot tia séng chiéu vao mot khéi thay tinh phang (n = 1,50)

c6 d6 day 2,00 cm dudi mot goc 30,0° so vai phap tuyén. Tinh

cac goc tGi va khic xa & mdi bé mit cua tia sang xuyén qua

khéi thay tinh.

Mot tia sang tir trong nudc chiéu téi mot moi trudong trong

subt dudi goc t6i 37,0° va tia truyén qua bi khic xa mot goc

25,0°. Tinh toc d6 anh sang trong chét trong suét do.

Mot ling kinh c6 goc & dinh @ = 50,0° dwoc 1am bang khdi

zirconia. Gac léch tdi thiéu Smin cia N6 bang bao nhiéu?

Mot tia sang di qua khoi thuy tinh c6 chiét suat n = 1,50 bj

dich chuyén ngang boi mot khoang d nhu trong hinh BT-6.

(a) Tim gia tri cua d.

(b) Tim khoang thoi gian can thiét dé anh sang di qua khoi
thay tinh.

Anh sang c6 budc song 700nm chiéu Ién mit caa lang kinh
thach anh (n = 1,458 d6i véi anh sang 700nm) dudi goc toi
75,0 °. Goc dinh cuda lang kinh 1a 60,0°. Tinh

(a) goc khic xa & bé mit thi nhat,

(b) goc téi & bé mat thir hai,

(c) goc khic xa & bé mat tha hai va

(d) géc gitra tia toi va tia 16 ra.

M6t chuim anh sang vira phan xa vira khic xa & bé mit gita
khong khi va thity tinh nhu trén hinh BT-8. Néu chiét suat cua
thay tinh 1 ng, hay tim goc toi 01 trong khong khi dé tia phan
xa va tia khic xa vudng goc véi nhau.

0 |

I Air

N Linseed oil
’%
I

[

[

} Water
0 )

N’ |

Hinh BT-2

Hinh BT-8

Mot chiim anh sang chira bude song do va tim chiéu 1én mot phien thach anh dusi géc
tgi 50,0°. Chiét suat cua thach anh 1a 1,455 d6i vai anh sang do (budc séng 600 hm) va
chiét suit cua n6 1a 1,468 di véi anh séng tim (budc song 410 nm). Tim do tan Sic cua
ban méng, duoc dinh nghia 13 sy khac biét vé goc khic xa cho hai budc song.
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10.

11.

12.

13.

14.

15.

16.

Chiét suat cua thuy tinh ddi voi anh sang .
; \  ghs .y , ) 1 - Deviation of
tim 1a 1,66 va doi véi anh sang do la 1,62. e ’\/ red light
Mot tia sang trang chiéu qua mot lang N P | |

kinh c6 goc dinh 12 ¢ = 60,0°. Goc toi cia " siPle

tia sang trén mot mat bén la 50,0°. Hay el §
tinh do trai rong (angular spread) cua CY
chum anh sang 16 ra & mat bén kia (hinh B
BT-].O). ;‘\ng'ular v
Mot soi quang thuiy tinh ¢ chiét suat n = spread Screen
1,5 duwoc nhung trong nudc (n = 1,33). Hinh BT-10

Hay xac dinh goc t6i han ddi véi su phan

Xa toan phan bén trong soi quang do.

Mot thanh trong suét duong kinh d = 2,00 mm c6 chiét suat

1,36. Xac dinh goc 0 16n nhat dé cac tia sang chiéu toi mot ld

dau thanh nhu trong hinh BT-12 bi phan xa toan phan bén __ /) \__

trong doc theo mat ngoai cta thanh. 97

Mot chim &nh sang chiéu tir khong khi 1én bé mat mot chat T

long duédi goc tai la 30,0° thi goc khic xa la 22,0°. Hay tim

goc toi han dé anh sang bi phan xa toan phan bén trong chat Hinh BT-12

long khi duoc bao quanh bai khéng khi.

Mot tia sang di vao bau khi quyén cua Trai dat va chiéu thang dang xudng bé mit Tréi

dat bén dudi cach mot khoang h = 100 km. Chiét suat caa khong khi noi anh sang di vao

bau khi quyén 14 1,00 va né ting tuyén tinh theo khoang cach dén gia tri n = 1,000293

tai bé mit cua Trai Dat.

(a) Tia sang di hét quing dudng nay hét bao 1au?

(b) Néu khong c6 bau khi quyén Trai dat thi 4nh sang sé truyén di trong khoang thoi gian
nhanh hon bao nhiéu phan traim?

Hinh BT-15 cho thay duong di cua chum sang
Xuyén qua mot sé tam phang véi chiét suat khac
nhau.

(a) Néu goc 61 = 30,0°, thi goc 0, caa chim tia 16
ra bang bao nhiéu?

(b) Géc t6i 01 phai bang bao nhiéu dé c6 phan xa
toan phan trén bé mat véi méi trudong co chiét
suatn=1,20 van = 1,00? n=100

Hinh BT-15

Mot chiim &nh séng 1 sw ¢6 tir khdng khi trén bé mat chat long. Néu géc téi 1a 30,0 © va
goc khuc xa la 22,0 °, hay tim géc tdi cho tong phan xa bén trong cua chat long khi duoc
bao quanh bai khong khi.
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