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Nghiém chinh xac ciia chum khéng nhiéu xa. I. Li thuyét vé hwéng
Tom t&t:Ching toi da tim cac nghiém khong ki di, chinh xac clia phwong trinh séng vo
hwdng d6i voi chim khdng nhiéu xa. Diéu nay co nghia 1a phan b6 cwong do theo mat
phang ngang khong thay déi khi truyén trong khéng gian tw do. Nhitng ch im nay c6 thé
co bién dang cuong do cuc ki hep véi do rong hiéu dung nhé c& vai bwdc song va van
con ¢6 do sau trwdng anh vo han. Hon nita, bang cach ding md phong s6 dua trén i
thuyét nhiéu xa vo hwdng, ching téi chitng to rang thuc chat vé méit vat li, phép gan ding
khe xac dinh ddi vai cac nghiém chinh xac cling c6 thé c6 mot do sau truong anh cue ki
réng.

Bat cir mot trvong budc song A ban dau bi giam cam trong mot vung xac dinh
ban kinh r trong mat phéng ngang s& bi mé rong do nhiéu xa khi n6 truyén tir mat phang
d6 vao khong gian tw do. Khoang cach dic trwng ma qua do si mé rong do nhiéu xa ting
dang ké lakhoang Rayleigh r?/ . Vi li do ndy, thong thwdng ngudi ta thudng xem rang
bat ki mét trvong dang chum (nghta 13, cai ma cwong dod cta né cuc dai doc theo truc
truyén va c6 khuynh huwéng tién téi khong khi tang toa do theo ph wong ngang) cudi cung
phai chiu mot sw m& rong do nhiéu xa khi nd truyén. Bidu nay hién nhién dung, chéng
han nhu ddi v&i chim Gauss: tai khoang cach z>>r?/ tinh tir ¢c6 chim, chim Gauss
co kich thwét chdm sang lar c6 goc phan ki ti 1é vai A/r .

O day, ching toi dwa vao nghiém chinh xac, dang chum, khéng gian tu do khong
bi m& rong theo phuong ngang (nhiéu xa) phia sau mat phang noi chum dwoc hinh thanh.
Nhitng nghiém nay khang ki di, giéng nhw cac séng phang, c6 mat do nang lvong khong
xac dinh chir khong phai xac dinh. Quan trong nhat, phan b6 ¢ wong do ctia ching van ré
nét trong vai budc séng trong mbi mat phang ngang, khong phu thudc khodng céch

truyén.
Chuing ta bat dau vai phwong trinh song trong khéng gian tv do:
2
v2 - L) Br, 1) = (1)
c? at®

Nguoi ta co thé dé dang chi ra rang nghiém chinh xéc ctia phwong trinh (1) d6i voi cac
truong v hudng truyén vao trong vung khéng cé nguén z>0 la
Ex,y,z=0,t)

= expli(Bz — wt)] ] A(¢) explialx cos ¢+ sing)ldg, (2)
& day B2+a?=(o/c) va Ap) laham phic tiy y cia ¢ . Khi B thuc, phuong trinh (2)

biéu dién mot loai tredng khdng nhiéu xa theo nghfa la bién dang cudng do trung binh
theo thoi gian tai z=0,

I(x y,z20) =% |E(r, t)
= I(x,y,z = 0), (3)
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duoc tao lai chinh xac doi voi tat ca z>0 trong moi mat phang vudng géc voi truc z.
Chi c6 truong khong nhiéu xa [phuong trinh 2] ¢6 d6i xténg truc la tredng ma doi
voind Alg) khdng phu thudc vao ¢ , cu thé, mot truang ma do 1n clia no ti 18 voi
2x ) . dtﬁ
E(r, t) = expli(B8z — wt)] [ explia(x cos ¢ + ¥ sin ¢)] o
0

= expli(fz — wt)lJo(ap). @

o day p?=x>+y* vaJylaham Bessel bac 0 loai I. Khi oo =0, nghiém don gian la song
phang, nhwng d6i véi 0<a <o/c nghiém la chum khdng nhiéu xa ma bién dang cudng
dod cua nd suy giam véi téc do ti lé
nghich v&i ap, nhr duwgc biéu
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— ' ] dién trong hinh 1.
& r ]
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= : 1 Do rong hiéu dung clia chum duoc
g o6k 1 xac dinh b&i o, va khi
= [ 1 oa=mn/c=2rn/Ar(gia tri cuc dai
€ o4 1 kha di d6i véi truvdng binh thudng)
= i ] cham trung tam c6 duong kinh cuc
% ook 1 i tiéu kha di cia né khoang 3i/4.
= _- N i B&i vi phan bd cudng do
- ok menﬂ. . i cla chum Jo suy gidm theo 1/p,

10 5 ap P 5 10 rlén no ,kh()ng binh ph ong kha
Fig.1. Intensity distribution Jy2(ap) (—) and its envelope function tICI:]. QUAa thuc, ChO_dli bl,en dang
2/wap (----). cwong do dat cuc dai rd nét, lugng

ning lwong trong mdi vong gan
bang v&i nang lwong dugc chita trong cwe dai trung tdm. Do d6 d oi hdi mot lwong ndng
lvong vo han dé tao ra chim Bessal J trén toan bd mét phang. Tuy nhién, ngudi ta co thé
tao ra mot chum nhu thé trén mét dién tich xac dinh, vabay gi¢ chlng ta sé khao sat tinh
chét truyén clia cac chum Jo khe xéc dinh bang cach dung |i thuyét nhiéu xa vo huong.
Nhw da biét, Ii thuyét nhiéu xa vo hudng mang lai cac két qua tuyét voi khi budc
song nhdé so Vvoi
kich thudt cia khe 1.0 «rr.-

va cac goc truyén
khong qua doc
ding. Ca hai tiéu
chi nay dugc thda
man trong nhirng
trwong hop sau, va
ching téi dadung li
thuyét  Rayleigh-
Sommerfeld Green
dé thuc hién mo
phéong sé cla qua
trinh truyén truong.
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Chuing ta hdy gia st rding & mat phang z=0 chlng ta c6 chum Jo v&i dwong kinh
chdm trung tdm 200 pm

(a =240.5cm™) va ban kinh ] A T o
khe 2 mm nhu duoc biéu dién
trong hinh 2a. Trong hinh nay
cling c6 moét chum Gauss voi
do rong t6i da tai ntra cuc dai la
100 um. Nang lugng toan
phan trong chum Jo [6n hon 10
lan chum Gauss. Hinh 3 biéu
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dién md phong s6 cla su o5l % ;
truyén cuong do peak trung TN ]
tam (nghia 1a, cwong dé tai e ]
p\:O doi vm’ moi ,churr\1 nhvu’ Qs e =08 1.0 12
ham theo khoang céach tr mat Z (METERS}

phéng z=0 khi A =0.5um. Fig 3. Intensities I(p = 0, z) at beam center, as a function of
\ A s N distance, of the Jy (—) and Gaussian (- - - -) beams whose initial
Cu’ong dQ peak cla chum Jo intensity distributions at z = 0 are shown in Fig. 2(a).

dao dong lam chang ta hoi )
twdng lai phan bo cudong dd cla van nhiéu xa Fresnel clia mot 1 udi dao.
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Fig. 2. Intensity distributions for a Jy beam (—) and a Gaussian beam (--=-) ie.i initi

— -==-): (a) when z =0 (i.e., in the initial plane wh -
sume_d to be formed), .(]J) whlen 7 =25 cm, (c) when 2 = 75 cm, (d) when z = 100 cm, and (e) when z = 120 cm, assﬁmiggvihi?}\tfob gan:; arlfJai
that in 2(b)-2(e) th_e intensity of the Gaussian beam has been multiplied by 10. opm. o
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Hinh 2(b), 2(c), 2(d) va 2(e) bi éu dién bién dang cwdng do chium twvong (ng tai z=25, 75,
100 va 120 cm, v&i cwdng do cla cac bién dang Gauss dwgc nhan véi hé s6 10 (nghia la
nhitng bién dang chum Gauss ndy |a két qué ctia chum Gauss tai mat phing z=0 cé do
réng t6i da tai nira cyc dai bang 100 pm va ning lveng toan phan bang chim Jy). Chum
Jo ¢6 d06 sau trwong anh Ién hon dang ké so voi chum Gauss, va diéu nay phan 16n lado
phan bd nang lugng ctia n6. Chi 5% nang lugng toan phan cla chum Jo ban dau duoc
chtra trong cuc dai trung tdm, nhung digu nay da dé tao ra mot chdm trung tdm sac nét
voi duong kinh khong thay doi 200 um trén khoang cach khodng 1m. Nguoc lai, ban
dau, chum Gauss hau nhuv tap trung 100% nang lwgng cla nd trong dudng kinh vét
200 um va bi mé rong dang ké sau khi
truyén lcm. B B
Bay gi0, ching ta hay gitr duong . ! 1
kinh cham trung tdm cta chum Jy khoéng
ddi tai 200 um va tang ban kinh khe tir
2mm lén 10 mm nhv dwoc biéu dién
trong hinh 4a. Cham 200 um s8 hién r6
vatruyén hon 5 m ma khéng bi mé rong,
nhv dwoc minh hoa b&di md phéng sb

duoc biéu didn tir hinh 4(b) dén 4(d). ﬁ “ ]
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Fig.4. Intensity distributions foraJobeam: (a) whenz =0, (b)whenz =2m, (g) when z = 4m, an ]
h:i a radius of lim. but only the central 4 mm of the beam is plotted in (b)-(d) in order to show clearly that the central spot diameter has not

changed.
Hinh 5 biéu dién su tdng do rong khe 1én 5 1an khong chi tdng khoang truyén mot | wong
twong ty nhuw thé ma con gidm do Ién cla bién ddng trong cwong do peak. Mot chum véi
mot dd sau treong anh 16n nhw thé sé rat hitu dung, chang han trong viéc diéu chinh hodc
ti dong chuén tryc véi do chinh xac cao.

Van con mdt phwong phéap don gian nhung chinh xac dé tim khoang ctia chim Jo
khe xac dinh. Tir phuong trinh (4), ngudi ta thdy rang chim Jola chéng chét clia cac song
phang co cuing bién dd vatruyén cung goc 6 =sin™(ai /2r) d6i véi truc z nhung cé goc
phuong vi chay tir 0 dén 2r rad. D&i voi mot treong nhu thé, nhr dwoc biéu dién trong
hinh 6, quang hinh hoc tién doan rang ving chan hinh nén bat dau xudt hién tai khoang
céch

Zax = Itan 0

= r[(2n/a))? — 1], (5)

& day r 1a ban kinh clia khe & d6 chum Jy dugc hinh thanh. Chang han, trong trudng hop
chiing ta dang nghién ctu & hinh 2 va 3 tan® =1.9x10°2, ban kinh khe ban dau r=0.2
mm, chlng tatim duoc zme=1.05 m. Trong tredng hop & hinh 4 va 5, goc truyén 6 van
nhw cl, nhung r tang 1én 1 cm, vavi thé z,x=5.25m. Trong ca hai trudng hop zmax twong
(tng v&i mot diém dwoc dat tai gbc cla suy giam cudi cing Sic nét trong cudng do dinh
clia chum Jp.

Qua thuc, nguoi ta nhan thady phwong trinh (5) datién doan chinh xac khoang hiéu
dung clia cac chum Jy khe x&c dinh d6i voi tat ca cac gia tri cla o trong khoang
o/cza>2n/r. Khi o/cza>2r/r. Khi a >w/c, sdng bién méat, va zmx=0. Khi
o < 2r /r, treong ngudn vé co ban chi 1a mdt dia ban kinh r, va zma béng vai khoang
Rayleigh.

Trong phan | clia bai béo cdo nay, ching t6i chi dwa vao li thuyét chum khéng
nhiéu xa vo hwdng; trong phan Il ching toi s& dwa vao i thuyét truedng dién tir hoan
chinh. Vai phuong phap tao ra chum Jo khe cd dinh da duoc thuc hién, va sy xac nhan so
b6 vé mat thuwc nghiém cua tién doan vira dua ra & trén dathu dugc. Cac thi nghiém thém
nita dang duoc tién hanh, va céc két qua chi tién dwoc dua vao mot cach riéng biét.
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Cudi cuing, chiing ti mudn chi ra rang loai truong khong nhiéu xa dwoc cho boi
phuong trinh (2) c6 thé dugc téng quat hoa thém nita dé gdp ca cac nghiém da sic. Co
thé dé dang chitng td rang si chdng chat tuyén tinh ctia cac tr wong khdng nhiéu xa
(phuong trinh 2), tit ca déu c6 cing o nhwng cd tan s6 khac nhau o > co , van khong
nhiéu xa theo nghta |a phan b6 cudng do trung binh theo thoi gian giéng nhau & moi noi
trong mét phang vudng goc voi truc z. Loai xung khong nhiéu xa theo ph wong ngang c6
thé dwoc xay dwng hién tai dang duwoc nghién ciu.
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