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GIOI THIEU

Quang hoc: La nganh vat Iy hoc nghién ciru vé
ban chat, sw lan truyén va twong tac cua anh

sang

v&i moi trwdng vat chat.

Céac thuyét vé ban chat caa anh sang:

Thuyét hat caa Newton (cudi thé ki 17)
Thuyét song cua Huygens (cuoi the ki 17)

la mh

Thuyét dién tir ctia Maxwell (1865)

la mh

Thuyét photon cta Einstein (1905)

Quang hoc s6ng: nghién ctru vé ban chat, sw lan
truyén va twong tac cua anh sang véi moi treong
vat chat dwa trén co’ s& tinh chat song cua a/s.
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§1- CO SO CUA QUANG HINH VA QUANG SONG

I- Nhitng co sd cia quanqg hinh hoc

1. Pinh

2. Bbinh luit vé tac dung doc lap cua cac tia sang

luit vé sy truy€n thang dnh sang

3. Cac dinh luat Descartes

* Pinh luat phan xa I'=1

* Pinh luatkhic xa  n,Sini; =n,sinl,
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4. Nhirng ph4t bi€u tuong duong cla dinh luit Descartes
a. Khdi niém vé quang 16 (quang trinh)

+ Trudng hdp 4nh sdng truyén trong moi trudng dong
nhat

Quang 10 khi 4nh sdng truyén tir A dén B 1a:

AB d
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+ Trudng hop 4nh sdng truyén qua nhiéu moi trudng

dong nha't khic nhau: A "
1
Quang 10 khi 4nh sdng d, B

truyén tt A d€n D 1a:

LABCD — [ABCD]

!

LABCD — nldl T nzdz T n3d3

L:Z:nisi
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II- Nhitng co sd cua quang hoc song
1. Thuy€&t dién tir vé 4nh sdng cia Maxwell
* Anh sang 1a song dién tu
Anh sdng va séng dién tif c6 nhi€u tinh chit giong nhau:

Van tdc 4nh sdng = van tdc séng dién tir

C 1 C
Vs = Vsdt

o REATEETI

Anh sdng va séng dién tir déu 12 cdc séng ngang:

> Anh sdng va séng dién tit d€u tuin theo cdc dinh luit phin
xa, khic xa nhu nhau

> Anh sdng va séng dién tir c6 thé giy ra cdc hién twong giao
thoa, nhi€u xa tuin theo c4c qui ludt nhw nhau
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* Anh sdng thiy dudc 12 song dién tir c6 budc séng (trong chan
khong):

25 0,41um < A <0,76um
* Anh sdng don sic 1a séng dién tir don sic

Trong séng 4nh sdng don sic cling c6 dién trudng E , tir trudng B
o

~ Electric field g,

Direction of
propagation

/B B Magnetic field
ELB
E, B, V (theo thit tu trén) tao thanh tam dién thuin

EvaB tyle: E=Vv.B

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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DoV ritlénnén: E>>B = E dugc goi la vecto song sang

S6ng 4nh sdng dugc bi€u dién bing vectd dién trudng E
Phuong 4 E

dao | /T
dong I [ W I W [ Phuong truyén séng

AZ

* Ham séng dnh sdng don sic

Mot s6ng dnh sdng don sic M r/i}/y
dugc bi€u dién bSi ham séng: R
>
X

i iba bOLRRS -
E _ Eoel(mt—k.T’) 0O
T : vectd vi tri cia diém khdo sat /

y
M =27V V6i V 1a tan s6 séng 4nh sing

N : vecto don vi trén phuong truyén séng

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2T P AZ
K— vGi k la vectd song

K =

n

IQéuT’TMT~ﬁ thtIZJ?::kJ'::———r T -
2nL _ 2l R Pl
KT = /

nk k y

7\, : 1a buGc séng dnh sdng trong Nhan Xét: Séng tai M luén tre
moi trudng chi€t suitn pha hon séng tai nguon mét

lwong:
27l
Ap=——
- T
S6ng 4nh sdng don sic thuc:
E—E_cos| ot—2F
E=E, cos(ot—KrF)hay: — —° A
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no

2T M =7
K

>
X
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* Li€én hé gitra hi€u pha cua hai s6ng va hiéu quang 10:
E; = Eys; COSot d, M
Sl
d
2
S2

Eg = Eqys, COSo

Dao dong sang tai M do 2 ngudn S, va S, gdi t6i:

E...=E,, cos(mt —~ zxdlj

E,., =E,, cos(oot — 2;%)

n
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Hiéu pha cua hai song tai M:

AP =, — (d _d)

Ap = Z(ndz - ndl)
7\,

Thay: A, = L,=nd,, L, =nd,:
2T 2T
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* Cuong dd sang (don vi W/m?)
Cudng do sdng tai mot di€ém chinh 12 cudng dd séng
dién tu ta1 do:
|=(P) i P=EAH
£,& 1 |e¢
| = |[—=(E?)== |==E°
Ho 2\ poH

L =150.C.E ;
2

Trong chan khéng C = \/
gOILlO

|=(E® hay | ~ E?
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Vay cudng dd sdng tai di€ém M 1a:

=1, +1,+2JI,1, cos%’”(L2 —L,)

Cudng dd sang tai M phu thudc hiéu pha cua hai
song t41 ta1 M:

2
AQ = ;(Lz - Ll)

=> | phu thudc hi€u quang 16 AL =L, - L, cua
hai sOng tG1 ta1 M
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Vidu 1: cho cac dit kien nhu hinh vé

Ch&ng minh rang tai diém
P

¢

I = [hcos™—
052> 9

0 E, = E cos wt /

E, = Ecos (wt + ¢)

Iy = 2€ocE?
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N ° A A / . < o A .
bi€u ki€n dé€ co cuc dai va cuc ti€u giao thoa

a) Cuc dai1 giao t

104.

|=1__ khi COS(ZKR(L L )j -

(L -L,)=

k2n = L,-L =kAi
Véi: k=0,+1,+2, ..

b) Cuc ti€u giao thoa:

I/=1__ khicos 2/7;([,2 - L)|=-1

ZQZT(L2 —L,)=n+k2n— LZ—LI:(k+;jk

Véi: k=0,£1,£2,...
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¢ Hinh dang va vi tri van giao thoa
* Hinh dang van giao thoa trong khong gian

bo6i véi cyc dai giao thoa: L, —L, =kA
Hiéu khodng c4ch tir hai nguon két hgp dén céc
di€m nay Ia: N

d,—d, =kA, "
DP6i véi cuc ti€u giao thoa: L, —L, = (k + ;)k
Hiéu khodng cdch tr hai ngudn két hop dén cac

di€m nay la: 1
d2 _dl =(k+2)7\‘n
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N\ /\ /N
AVAAVARV,
NWANA

ANVA
VARVARV/
A AN

\NANVA
AVARVARV/

Ir-—.?'.—-4+

\/*\/\/

VARV

\/*\/\/

A
VAV

AN
JAVAY
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Tap hdp cdc diém c6 cudng do sdng cuc dai 1a
mot ho hyperboloid tron xoay (cé tiéu di€m la
hai nguon k€t hgp S, va S,) tng vdi céc tri s0 clia

TAp hop cic di€m cé cudng dd sdng cuc ti€u cling
la mot ho hyperboloid tron xoay xen ké vdéi ho
mat trén
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* Hinh dang vAn giao thoa trong mit phing

Anh g1a0 thoa thudng dugc hing trén mot man
phing (E) d€ quan sit

Do hé van giao thoa khong dinh x&t & mot vi tri
dic biét nao nén cé nhicu cach dit man (E)

Giao thoa d4nh sdng gy bdi 2 ngudn di€m két
hgp la giao thoa khong dinh xu
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Man (E) song song vGi S;S,, van giao thoa c6 dang hinh hyperbol

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Man (E,) vudng goc v6i S;S,, van giao thoa c6 dang hinh tron

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Man (E,) cit S,;S, nhu hinh vé, van giao thoa ¢6 hinh ellip
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Man (E;) cdt S,;S, nhu hinh vé, van giao thoa ¢6 hinh parabol

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Khong co giao thoa

Giao thoa

https://fb.com/tailieudientucntt
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2. Thi nghiém khe Young

max
™
B\
X .
min
o /y/
% P s
i R //f’
| A
& \{ | max
@ %
?
| - % [ .
S Nl \l_9 . x4 | min
N l " P Wy o | e B L
I DX
A o e
< E R4 —¢—¢—¢| | max
a':’~~~_ | ‘
~) 1D a8
|/ 3‘\\.‘ fo hh"“,‘-s_»_. .
S. Ve I g y min
1 ¢ ol Y o
= ™ .
~ o
@ .\-\ 4 ¢
~ max
| \F
- b3 \'\r\
{ o R
o i < S
Barrier s min <
¢ =
o 4
v, 8
o
max &
=
i ¥
R
S
L, . =
Viewing
screen
(a) (b)
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Thue té...thi nghiém khe Young

(a) Interference of light waves passing through two slits

Coherent wave ¥
Cylindrical ~ fronts from two slits
wave fronts
Monochromatic Bright bands where
light wave fronts arrive in
—t -::phase and interfere
. constructively
T |
- *Dark bands where
+" wave fronts arrive out
of phase and interfere
destructively
(b) Actual geometry (seen from the side) (c) Approximate geometry
SE- L d sin ﬂ Screen

& & —+

s

P
< —R >
g ... S0 we can treat the rays as
In real situations, the distance R to the parallel, in which case the path-length
screen 1s usually very much greater than difference is simply r, — r; = dsin 6.

the distance d between the slits ...

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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* V1 tri van giao thoa trén man song song v41 S, S,

a: khodng cdch gita hai nguén két hop S, S,

D: khodng cach tir hai nguén k&t hdp S;S, d€n man
quan sat
Do a << D nén van giao thoa c6 dang cac doan

uuuuuuuuuuuu
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J 12 trung di€m ctia S,S,, JO vudng géc v6i man (E) tai O

x’O x 13 giao tuyén ctia man (E) va mit phing qua S,S, dong thoi
vuong goc vé1 man (E)

x’O X song song v41 S,;S, va vudng goc vaG1 van giao thoa

Vi tri vin giao thoa trén man dugc xac dinh bdi
hoanh d6 x = OM

Ké cung tron tim M bdn kinh MS,, cat MS, tai H
Géc: 0=S,SH=0IM
Hiéu khodng cédch tir hai ngudn két hop dén diém

M:
d,—d,=5,H=SS,sin6=a.sin6
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Do a << D nén goc 0 rat nhd, ta co:

sm6~tge—6 = d, —d, = I);
x d,—d, =KkA,
a§=kkn = xs=k7”nD
D a
' dz—d1=(k+;)kn
ag=(k+;)kn = xt=(k+;)k;D

* Khoang cdch van i: 1a khoéing cach gitta hai van
sdng hay hai van t01 ké tlep /1 D i DA

=> —

a a
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k(m)van k+% Vd2: Tinh budc song?

Sang vantoi o
<1172 . .
Slits
5 —> [EEE ]
<92 N
4 > L T I, _ 0200 mni—-
<72 y
3>
< 5/2 g
2> =
Ak l<—R = 1.00 m
1=
<12
= d = 7.50 km, L = 14.0 km,
Cilli N 4 y = 1.88 km
-1—=> 8 ko
< =32 0 Q, Iy
—-2—=> |
< —35/2 b
g .
a2
= R p—— j o
49 < 92 Tin hi¢u manh
—5 = LSt s N
<1172 ) . =
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VD3: Hai an ten phat cach nhau 400m, phat song véi
tan s6 1500 kHz

m=10
m= —1 9 = 0° m= +1
0 = —30° 0 = +30°
300 30
m= —2 . m= +2
6 = —90° 0 6 = +90°
- O—L—0 -
Slez
400 m

Ho1 hudng nao thu dugc cuong do song hai an ten cuc
dai va cuc tiéu nhat?
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Viewing

Sl.l’ dél pha — Gll’O’Ilg Lloyd screen
« “Khi 4nh sang truyén tur P
~ - . , X A Real
MOl truong COMchlet sua,t couf
nho hon sang mol truong CO S
chiét suat 16n hon thi: I P
| PL
+ Hiéu pha gitra song to1 va Virtualé,/ Mirror
song phan xa trén mat phan source s’
! 2 => _ __
CaCh.bang T Aqo =@ — @, =7
+ Hi¢éu quang 10 gitra song Py Py
phan xa vasong toi bing a2 = AL=, A=
Vay tai mat phan cach: AL = |_p —L, = &
2

A : 12 budc séng 4nh sdng trong chan khong

CuuDuongThanCong.com com/tailieudientucntt
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3 Giao thoa gdy bdi ban mong
1. B4n mdng c6 bé day khong doi
B4dn mdng cé bé day e (hodc d, t) va chiét sudtn
Chum tia song song twr k. khi (n,,) t6i ban mong (n) dudi
gbc tdii, phan xa tai I va J, cho chum phan xa song song
a. Hiéu quang 10 2 tia phan xa trén 2 mat ban mong:

L, = LSIR_LM +4/2
L, = LSIJKRZM

L, —L,=2n13—(IH+2/2)

Thay: IJ=e€/cosr
vyi: IH=IKsInI

IH = 2e.tgr.sini
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e A

L,—-L,=2n.— —2e.tgr.sini ——
COSTr 2
L, —L, = 2ne _2ne.3|n r_&
COSTr COSTr 2
2ne
L. —L, = 1—sin®r
¢ cosr( )
L2—L1:2neJ1—sin2r—7£
- 2.
SIN“1 A
L. —L :2neJl— —
o n> 2

L, — L, =2evn’? —sinzi—;L
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b. Pi€u kién d€ c6 van sdng, van t81 (0, <n):
* Van sang: L, —L, =KA .

2 . D . .
Thuec té: i~0 De\n’ —sin 1—5_](/1

2n.e = (K + %M @ammm (Giao thoa cuc dai
) 1
* Van to1: L —-L =(k+ 2)/1

eVt —sin®i— & = (](+ 1)/1
2 2

Giao thoa cuc tiéu — 2ne = kA
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c. Hinh dang van giao thoa:

Hi€u quang 10 L, - L, phu thudc goc td1 1

Van giao thoa c6 dang cdc van tron sdng tdi dong
tAm c6 tAm 13 tiéu diém cia thau kinh hoi tu L va
cO ban kinh f.tg1
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Néu 2 séng 4.s phdn xa truyén theo céc tia IR, va IJKR, dong pha
vGi nhau (a1 mat ngudi quan sat thi ngudi quan sat thdy ving IK
trén ban mdng sdng (mau dd, néu séng 4.s tdi truyén theo tia SI 12
a.s do)

Néu 2 séng 4.s phdn xa truyén theo céc tia IR, va IJKR, d0i pha
vGi nhau (a1 miat ngudi quan sat thi ngudi quan sat thay ving IK
trén bdn mdng to1.

Mit ngudi

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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M@i truong a (truyén cham) Mai truong b (truyén nhanh)
n, > n

Song phan xa

Trudc >

Song toi

Sau | ;:"

Song phan xa
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Moi truonga 1, — p MOl truong b
Giong nhu a
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M@i truong a (truyén nhanh) Mai truong b (truyén cham)

Song phan xa

Song t6i

'

Song phan xa
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SPX déi pha 180°

SPX ddi pha 180°  Khéng déi pha 1 £
1 il
2
SiO \ 4
Air n=1.45
A
Film T

< ~

Air

3 4
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Néu anh sang truyén tu tdi ¢ diéu kién binh thuong

va c0 budc song A,, trong phim mong

a. Néu khong co hoic tat ca cac song phan xa 6
miit phan cach cung doi pha 1800 thi

+ Glao thoa cuc dai 2€ = kﬂ'n

+ Giao thoa cuc tiéu 2p — (k + E),I
2 n

k=0,1,?2,3,.

b. Néu mdt trong cac song co sw doi pha 180° thi

1
+ Glao thoa cuc dai 26 = (k it E)/In
k=0,1,2,3,...
+ Giao thoa cuec tié 5
cuc ti€u e = k/’Ln


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

d. Ung dung: Khit phan xa trén cdc mit kinh

N
Trang 1én mit kinh mot 16p mang mong day e, chiét

sudt n sao cho 2 tia phdn xa trén 2 mit bdn mdng giao
thoa cuc ti€u

+ DPi€u kién cho chiét suidt bdn mdng:

n=+N
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+ Diéu kién cho bé day bdn mdng:

P& khit 4nh sdng phdn xa thi 2 tia phdn xa giao thoa cuc
ti€u
1
2
Hiéu quang 10 cua 2 tia phan xa trén 2 mit ban mong:
L,—-L,=2ne

1\ A A

€ . = —-
> |5 —— win =~
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2. Bdn mdng c6 bé day thay doi:

a- Ném khong khi:
D6 1a 16p khdng khi gidi han gitta hai ban thuy tinh hgp
vGi nhau mot géc o rat nhd
Chi€u chum tia sdng don sic song song vudng gbéc vdéi ban thiy
tinh duGi
Hai tia phan xa 6 mit trén va dudi cia ném giao nhau tai mat
trén cua ném
Van giao thoa ndm & mit trén cua ném khong khi

* Hiéu quang 10 cua 2 tia phan R, 5

xa trén 2 mat ném kh. khi:

A
L1 — LSIR , Ly =Lgys "‘E
A

C uongThanCong.com https./7Tb.com/talieudrentucntt
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* Hinh dang van giao thoa:
Hiéu quang 16 phu thudc bé day 16p khong khi

VAan giao thoa c6 dang cdc doan thing song song véi
canh ném

N ° A A s, A , A Ao
* P1€u ki€én d€ c¢6 van sang, van to1:

A 1\A
+ Véansing: 2e, + 5 =k, = €4

|
-
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e A 1 N
+ Vén toi: Zetk+2_(k+2)k — etk —k

Van t6i back =0, tng véie =0 2
Vay tai canh ném c¢6 van t01
e, e_k
sSinat o
S 1
+ Vitrivansang: Xy = K
2
| ) A
+ V1 tri van to1: X = kK —
20

Cac van giao thoa cach déu nhau

X

* V1 tri van giao thoa: X =

>

20

+ Khodng caich van: 1= X,y = X = 2

m/tailieudi entucnz a
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c- Bdn cho vdn tron Newton
Gom mot ban thiy tinh phing va mot thau kinh phiang 161
dit sao cho mit 101 ti€p xdc véi ban thiy tinh

Chi€u chum tia sdng don sic song S O

song vudng gdc v4i ban thuy tinh \
* Hi€u quang 10 cdc tia sang
phdn xa trén mit cong cua thiu
kinh va trén ban thuy tinh:

A
L. —L, =2e+—
2 1 2

AOMH) = OM*®= MH’ + OH*
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r2

R?=r?+(R*-2Re+e’) = 2e=
* Hinh dang van giao thoa:
Van giao thoa c¢6 dang cdc dudng tron dong tim, c6 tAm
12 di€m ti€p xdc gilta ban thdy tinh phing vd mot thau
kinh phang 161, ¢6 bdn kinh r.
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B4n kinh van t6i
(Giao thoa cwec tiéu)

2
2e:rL=kﬂ

R

{
r, = KRA

SPX khéng déi pha

SPX déi pha
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a. Po chi€t suit ciia chat 1dng hay chat khi bang giao thoa
k€& Rayleigh

n, 1a chi€t suat khong khi
n 12 chi€t suat chit khi hay chat 1dng can do

Né&u hé van giao thoa trén man dich chuyén m khodng van thi:

(Nn—n_)d=mhx =" n

ongThanCong. ittps://fb.com/tailieudientucntt
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b. Do budc séng 4.s bing giao thoa k& Michelson (1881)
G,
Dich (G,) mot khodng d E

P’

Hi€u quang 10 gitra 2 tia sang (tuw S
dén man quan sat trong kinh ngidm)
thay d&i 1a 2d

<P
Y

Né&u hé van giao thoa trén man
dich chuyén m khodng van thi:

2d =mA :K:E
m



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

c. Do chiéu dai bing giao thoa k& Michelson (1881)

Pit vat ¢6 chiéu dai d can do sat
vao gudng (G,) sao cho tia sang
khong truyén qua vat

Dich (G,) doc theo chiéu dai d
cua vat

s

0 >
Hi€u quang 10 gitra 2 tia sang (to S
dén man quan sat trong kinh ngdm)
thay d&i 1a 2d
N€u hé van giao thoa trén man
dich chuyén m khodng van thi:

2d =mA :d:m
9 (EEEEETRIRELNT]
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G,
bat ban mong cé bé day can do B

sat vao guong (G,) dé cho tia
sing qua ban mong

Hi€u quang 10 gitra 2 tia sang (tu S

dén man quan sit trong kinh

S
¢ =

N€&u hé van giao thoa trén man
dich chuyén m khodng van thi:

2e(n—1)=mA

m\ 53
e =
o(n—1) ee—
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PI
ngim) thay doi 1a 2e(n-1) 5

I —

R
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Michelson dudc nhin gidi
Nobel vé Vit 1y nim 1907 1 >

LiGO wng dung
- s6ng hap dén
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