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Hién tugng nhiéu xa

Nhiéu xa s6ng phang qua 15 tron
Nhiéu xa song cau Fresnel

Nhiéu xa song phang Fraunhofer
Nhiéu xa qua nhiéu khe hep

Cach tir nhidu xa, quang pho nhiéu xa
Nhiéu xa tia X

N g ok~ w b E

QUANG SONG NHIEU XA ANH SANG . Nguyén Kim Quang

1. Hién tu'gng nhiéu xa anh sang (Diffraction)
Viewing
Thi nghiém anh séng di qua
vat can bi “léch” phuong
truyén, cuong do sang khong
déu ¢ vung bién sang - toi va [ =g

xudt hién cac van sang, i |
goi la hién tugng nhiu xa Source
anh séng. Opaque object

Hién tuong nhiu xa thé hién rd tinh chit séng cua anh sang va duoc giai
thich boi nguyén ly Huygen (ngudn song tha cap) va tinh chong chat ctia &nh
s&ng gay ra giao thoa.
Khao sat hai loai nhiu xa:
- Nhidu xa Fresnel: song cau. Ngudn sang,
man quan sat, vat can gan nhau.
- Nhiéu xa Fraunhofer: song phang. Nguon
sang, vat can va man quan sat du xa nhau dé
tia song la song song. (Nhiéu xa béi vét can)

—d
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2. Nhiéu xa soéng phang qua 16 tron (Fraunhofer )

Chiéu chim sang song song (song phang)
bude song A L v6i 16 nho ban kinh D. A
C6 thé tinh cuong 4o sang tai diém P trén anh o e
nhifu xa bang céch &p dung nguyén Iy P
Huygen Fresnel dién tlch mat song tai 16 nho e
gdm céc ngudn thir cép cling bién do va pha. "“'
Tinh bién do dao dong tong hop song thir cap /

tir mat 16 nho truyén dén diém quan sat.

A Nhiéu > 16 tron nho
Két qua anh nhiéu xa qua 13 tron gdm céc van (Nhiéu xa qua [0 tron nho)

sang, toi bao quanh van sang trung tim goi 1a
dia Airy.

- Goc léch wng voi cac van toi dwoc xac dinh lan luwot:

A A
sinfy = 1,225 ,SinB, = 2,235 ,Sinf 3 = 3,245

- Goc léch g vdi cac van sang dwoc xdc dinh lan luot:

A A
Sin951 = 1,635 ,Singsz = 2,685 ,Sin953 = 3,705

—d
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3. Nhiéu xa song cau qua 16 tron nhé - PP déi cau Fresnell
Ngudn sang diém S phat ra séng cau bude séng A. V& cac mat ciu ban kinh
b, b+A/2, b+2)/2,... chia mat song ban kinh R thanh cac ddi cau.

b+3
A
b2

b+is2
b

S g

Phwong phap déi ciu Fresnel:

s . . mRb
Dién tich cac doi cau Fresnel bang nhau va bang: AS = 7D A
. s RbA
Ban kinh doi chu thi k: |1 = [p=— gk k=123,

a,: Bién do song tai P do doi thir k truyén dén. Hai song ké tiép co Ad=nt

Bién do séng tong hop tai P: a=a,- a,+ ag- a,+ ... gl
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3. Nhiéu xa séng cau qua 16 tron nhé - PP déi cau Fresnell
Giai thich nhidu xa bang phwong phap dé6i ciu Fresnel
Ph}) thudc kigh thudce tuong géi giira 16 tron, vi tri‘nguén sang
diém S va diém quan sat P, 10 tron s€ chtra n ddi cau:
Bién d¢ song tong hop a tai tim diém P:

+a,:nlé
R a=ap—aytag—da, {—a::n chin
+an IE
—:nlé
a (31 33) (33 as) 2
=—+(5-at+=)+(=—a+ =)+ +
S 2 2 2 2 2 el an:n chin
2
41 Anf+:nlé
Sa=—+— .
AT {—:nchén
PR ,_ai
- Khi khéng ¢6 man chan hoac 16 16n (a, 0): Iy =a =7
. a;  ap\? .
-Khiso doilé: [ = (71_‘_711) > I , max khi n=1
LA e a;  ap)? . .
- Khi 56 d¢i chan: I=<?—7) < Iy , minkhin=2
—‘
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4. Nhiéu xa qua khe hep Fraunhofer

In reality, we see a diffraction........ \

5. s LT
pattern—a set of interference (2
fringes.

_
L el
\
A

S6ng phang don sic chiéu qua khe hep tao ra anh nhidu xa gdm cac van sang,
toi trén man.

Van sang trung tdm rong hon chiéu rong ctia khe hep. Ning lugng 4nh sang
nhiéu xa tap trung chu yéu ¢ van trung tam.

Bé rong khe hep cang nho thi van séng trung tam cang rong.

Nhidu xa Fraunhofer khao sat séng phang va giai thich dya trén co s& nguyén
Iy Huygen — Fresnel.

—d
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4. Nhiéu xa qua khe hep Fraunhofer
Chiéu chum séng phiang don séc A
theo‘phuong 1 mat chua khe hep
cObéronga << D.

-
Assumption of infinite tan = D
source distance gives . y
plane wave atslitso ~ tanf=sinf =0 = >

that all amplitude

TS. Nguyen Kim Quang

Xét chum tia // gc')c 1éch 6. Khe hf_}p elements are in phase.
dong pha chia thanh n day hep (n _{l ..o
nguon thir cap) sao cho hiéu quang _ ,.79-/’"
16 song phat ra tir 2 day hep ke tiep a| :
1a M/2 (nguroc pha nhau). e

A yx 5 . (s For D>>a
SO day hf_bp cua khe: this approaches Condition for minimum

\o O 2asind S a0
A/ A O vl
2

Chum nhiéu xa goc 0 gip nhau (giao thoa) cwre tiéu khi s6 day hep 12 s6 chan
hay hi¢u quang 10 & ctia 2 tia & 2 bién khe hep bang s6 nguyén budc song :

A
n=2m = §=asin@f=mxr = Sin9=ma ,m= +1,12, ..

A
Cuc dai phu:  sin® = 2m + 1)% ,m=+1,%2, ..

QUANG SONG NHIEU XA ANH SANG

4. Nhiéu xa qua khe hep Fraunhofer

Sln 9 = 0 sinG = —
Bright Dark Dark
——mE
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4. Nhiéu xa qua khe hep Fraunhofer

A converging lens images a
Fraunhofer pattern on
a nearby screen.

Converging
cylindrical lens

@ | SR e ]

il

Trong nhiu xa Fraunhofer, chim tia nhidu xa cting goc léch 6 song song nhau
nén phai dat man quan sat rat xa. C6 thé st dung thau kinh hoi tu dé hién anh
nhiéu xa trén mat phang tiéu, rdt ngan khoang cach quan sat.

—d
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4. Nhiéu xa qua khe hep Fraunhofer — Thi du

Chiéu 4nh sang don sic A= 580 nm thang g6c Ién khe rong a= 0,30 mm. Man
quan sat cach khe D=2 m. Tinh bé réng van sang trung tam.

Be rong van sang trung tam bang khoang i
cach 2 van t6i thir 1 canh bén. . max
A A A L. , 7\ - 7]
Diéu kién van toi thir 1: sin® = +— el DL VIR (S
a — [ Slit

G6c 0 nho, \ { max

~——L——{ min
sinf =~ tge = % - y= Dsin® =D- Incoming

a

i Viewing screen

Bé rong van sang trung tam:
580 x 10™°m

W =773 X 1073m = 7,73 mm

A
L=2yl = ZDE =2(2m)

Néu mo rong khe hep dén 3,0 mm thi bé rong van trung tam 1a 0,773 mm.

—d
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5. Nhiéu xa qua nhiéu khe hep (Multiple Slits)
Chiéu chim séng phing don sic A L mit
chira N khe hep giéng nhau rong a, song
song cach déu nhau trong mot mat phang,
khoang céch 2 tam cua 2 khe ké tiép la d
(d>a). Kich thuée a va d di nho dé xay ra
hién twong nhiéu xa nhiéu khe.

Két hop hién twong nhidu xa qua khe hep
va giao thoa gy boi cac khe:

- GOc 0 tmg véi diéu kién cyrc tiéu nhitu %
xa cia moi khe hep 1a cac cuc tiéu chinh: ¥

sinf = m; m= +1,+2,..
- GOc 0 g vai didu kién giao thoa cuc

dai gitra cac khe la cac cuc dai chinh:

. A
dsind=kKL= sin0=k—-,k=0,+1,4+2, .. -=
d a d

(Truong hop 2 khe hep, d= 4ai 2]

o[>
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5. Nhi€u xa qua nhiéu khe hep

N = 8: eight slits produce taller, narrower
maxima in the same locations, separated by

Téng quét véi N khe hep: Giita 2 cuc dai  seven minima,
chinh ¢6 N-1 cwe tiéu phu va N-2 cue
dai phu (ning lugng rat nho so véi cuc
dai chinh).

-Thidu8 !(he hep: Gitra 2 cuc dai chinh
€6 7 cuc tiéu phu va 6 cuc dai phu.

m= —1 m =0 m =1

- Thi du 16 khe hep: Gitta 2 cuc dai

chinh ¢cé 15 cuc tiéu hu va 14 cuc dai N = 16: with 16 slits, the maxima are even
: pit N B taller and narrower, with more intervening
phu minima.
1

________ SN R
S6 khe hep cang 16n, cuc dai chinh cang
hep, cuc dai phu cang yéu. Anh nhiéu xa
tré thanh cac vach sang tng véi cac cuc
dai chinh // va cach déu nhau. L

1
m=—1 m =10 ’
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5. Nhiéu xa qua nhiéu khe hep — Anh sang tring

Anh sang
tradng

Il

N0 Nl e

TS. Nguyen Kim Quang

Second-order
rainbow

First-order
rainbow

Central
white

First-order
rainbow

Second-order
rainbow

—d
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6. Cach tir nhiéu xa

Nhiéu xa nhiéu khe hep: S6 khe hep cang 1on va
cach déu nhau 1am cho céc cyc dai chinh cang hep va
viéc do bude sdng anh sang cang chinh xac.

S6 16n khe hep cing bé rong a xép //, tm cach déu
nhau mot khoang d (chu ky) trong mot mat phang goi
la cach tir nhiéu xa.

Cach i ¢6 thé dwoc ché tao bang cach dung miii kim
cwong rach nhiéu dwong ranh Il 1én mdt phang thiy
tinh (cach s truyén qua) hay mdr kim logi (Cach nr
phan xa). Ddc trung cua cach tr 14 so khe hep (vach,
dieong ké) trén mét don vi chiéu dai.

Phy thugc budce sdng anh sang khdo sat, nguoi ta sir
dung céch nr thich hop. Budce song ngdn (tir ngoai)
thwong dung cach ur phan xa 1én dén hang ngan
vach/mm. N

Piéu kién cue dai chinh:sing = ka Jk=0,41,+2, ..

Ung v6i mdi gié tri cia k goi 1a quang phd béc k.

TS. Nguyen Kim Quang

Cdch tir truyén qua

:{]f/

To point P
on viewing
screen

This path
length
difference
between
adjacent rays
determines the
interference
Path length
difference
between adjacent rays

_____

T ~
d
v
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6. Cach tir nhiéu xa - Thi du

Chiéu &nh sang laser Helium — Neon budc song A= 632,8 nm thing goc 1én
cach tir nhiéu xa chira 6000 vach/cm. Tinh goc tmg voi cuc dai bac mot va hai,

Khoang céch giita 2 khe ké tiép:

lcm

d= m= 1.667 nm

Picu kién cuc dai:

A
sinf = ka Jk=0,1+1,+2, ..

Cuc dai bac mot:

Incoming plane

wave of light ,
First-order
maximum
(m=1)

Central or
zeroth-order
maximum

(m=10)

= First-order

> maximum
. m=—1)
Diffraction (
grating

) A 632,8nm
sin@; = 3 = 1667 nm =0,3797
=0, = 22,31°
Cuc dai bac hai: 8= dsinf
) A 632,8 nm
sin@, = ZH = ZW = 0,7594
= 0, = 49,41°
—d
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6. Cach tir nhiéu xa

TS. Nguyen Kim Quang

diffraction
Néu chiéu vao cach tir bang anh sang trang, b”‘"‘k
cuc dai chinh giira (k=0) c6 mau trang, MOL e fight

cuc dai chinh bac k gdm mdt phd mau anh
sang thay duoc, goi la quang phd nhiéu xa.

Anh sang

donsic Néu chiéu biang anh sang don sic, mdi
cuc dai chinh (bac K) img véi 1 vach.

Anh sang

tl"(fl1g

Direct View

BLASED SIDE OF GRATING Hydrogen Source

Ung dung: cach tr nhidu
xa dung dé do budc s6ng
anh séang, dung trong may

Alpha Beta  Alpha gerg

phan tlch quang phO 2nd order 1st ordc;

Beta Alpha

¢ 1at order

Grating Spectrum of Atomic Hydrogen
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6. Cach tir nhiéu xa

~

Mau sdc ldp lanh ciia canh bueom, 16ng chim thay doi theo goc nhin Ia
hinh d@nh nhiéu xa - giao thoa cua séng phan xa trén hang #riéu cau tric
vi mO (16 nho co vai um) tac dung nhu cach tr nhieu xa.

—d
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6. Cach tir nhiéu xa

Substrat l

/\ /Pt \Land/ \

Spiegel + Label

CD hay DVD véi cac pit (16) ghi dit liéu, tAc dung nhir c&ch ui nhiéu xq,
tach anh sang trang thanh phé mau va thay doi theo géc nhin.

—d
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7. Nhiéu xa tia X

Tia X duoc khdm pha boéi Réntgen nam 1895 cd
bude séng ¢& 10-°m. Trong tinh thé rén, céc
nguyén tir dugc xép déu dan véi khoang céch
cling ¢§ 10°m. S6ng tan xa trén tinh thé c6 thé | |
giao thoa nhu s6ng nhiéu xa tir cach tir.

The blue spheres represent
Cl™ ions, and the red spheres
represent Na™ ions.

The incident beam can

Reflected J
reflect from different beam / /

planes of atoms. / o "

V / i { (J
A4 T 1

Upper o i b N

plane

S e

Incident
beam

Lower = 3—@—_»

dsin e w

Céu triic tinh thé mudi NaCl.

Diéu kién song phén xa giao thoa cuc dai:
Canh a= 0,562737 nm

2d.sind=ki , k=1, 2, 3...

= sin® = k= ,k = 1,2,3 ... : Diéu kién Bragg

Z_d )
Ung dung phén tich cau tric tinh thé. Biét A, do goc 0 c6 thé tinh dugc d.

QUANG SONG NHIEU XA ANH SANG TS. Nguyén Kim Quang
TOM TAT CONG THUC
1) Phuong phap d6i ciu Fresnel 5
L RbA ‘ > 4
-Bénkinh déicduk: 1= |[——Vk ,k=1,2,3, ... S
R+Db i

cn an A a1 , Ap|+4:ndoilé 3 saen s
- Bién d tai tam P: a=—+— -

161 €0 song fat fam 272 {—: n déi chin

Yy
Assumption of infinite tanf = D

source distance gives . y
plane wave atslitso ~ tanf=sinf =0~ —
that all amplitude

elements are in phase.

- S6 day hep: n= o

2) Nhiéu xa khe hep Fraunhofer
asin®

A i
| A / 2 a D
-Cuctiéu: sin@=m—-— ,m= +1,+2, ... 5 FrD>>a
a —_—"r—= this approaches  Condition for minimum
aright angle RO B
=8 mAD

A
- Cuc dai phu:  sin6 = (2m + 1)% ,m=+1,%2, ..
3) Nhiéu xa nhiéu khe hep Fraunhofer

2 A
- Cyc tiéu chinh:  sin@ =m- ,m = +1,+2, ...
a

A
- Cuc dai chinh:  sinf = ka Jk=0,+1,+2, ..
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TOM TAT CONG THUC

4) Céch ti .
- Cuc dai chinh: sin@ = ka Jhk=0,£1,£2, ...

5) Nhiéu xa tia X

A
- Cyc dai:  sinB = kﬁ Jk=1,2,3 ...
(Piéu kién Bragg)
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