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Thi nghiém nghién ctru cham sang “‘khéng nhiéu xa”
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(Nhén 17 thang 11 1998; duyét 5 Thang 3 1999)

ChUng toi gi¢i thiéu mot thi nghiém don gidn dé qua do sinh vién cd thé tao ra va nghién ctru chum
Bessel bac 0. Nhitng chum nhu thé thuong duoc goi 1a khong nhiéu xa (bat bién khi truyén) vi
chling c6 curc dai trung tdm cd thé truyén vai khodng cach dai ma khong bi mé rong dang ke.
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I. GIOI THIEU

Nhiéu xa 1a mot hién twong dugc nghién ctu rong rai
trong cac gido trinh quang hoc & dai hoc. Hién twgng nay thé
hién ban chét song clia anh sang va co thé xuat hién khi bat ctr
mat dau song nao bi che khuét theo ki€u nao dé. Bién do va
pha clia mat dau song bién d6i va nhiéu xa xuét hién. Mot so
phan clia mat dau soéng khi truyén khong bi giao thoa dap tat
va tao ra cac van nhiéu xa. Di voi co hoc lugng ti, nhiéu xa
la diém mau chot dé hiéu nguyén Ii bat dinh Heisenberg va
lién hé truc ti€p voi quan niém De Broglie vé cac hat c6 buoc
séng ti I& nghich véi dong lwgng clia ching.

Hién twong nhiéu xa anh hudng dén sy truyén cda cham
Gauss. Bau ra cua laser giong nhu hinh dang cay but chi trong
tw nhién va c6 dod phan ki rét thdp, nhwng cling van con bi
nhiéu xa lam cho né mé rong. Hién twong nay la déi tuong
nghién ctu cla Ii thuy€t chum Gauss. Khoang Rayleigh z_
dugc dung nhv mot tiéu chudn xac dinh sy md réng cdia chum
Gauss don séac khi n6 truyén trong khong gian tw do. N6 la
khoang cach ma khi truyén qua do tiét dién chum Gauss tang
hai lan:!
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& day w, la ban kinh ¢6 chim va A 1a bwdc song.

Durnin®® 1a nguoi dau tién chi ra rang ching ta cd thé thu
dwoc mot tdp hop cac nghiém clia phuwong trinh séng vo
hudng khong gian tw do “khéng nhiéu xa”. Chum Bessel bac
0 la m6t nghiém nhu thé va dan dén mot chim cé ving trung
tdm hep duoc bao quanh b&i mot loat cac vong dong tam.
Doi v6i chum Bessel i tuéng, dién trwong ti 1& véi ham
Bessel bac 0 Jg:

E(r,¢.z,t)=Eyexp(i(— wt+kz)) ok, 7). (2)
0 day k =(2n/1)cosd . k, =(2n/2)sin@ Va0 lagdc xac
dm?féc nghiém Bessel nay c6 tinh chat 14, khi truyén theo
huéng z cuong do 1(x,y,z) ~[E(x,y,z) tudn theo

Ix.y,z=0)=I(x,y). (3)

Nghta I, bién dang cudong do khong thay doi khi lan truyén
trong khong gian tuy do. Chum Bessel c6 phan b6 cuong do ti
16 voi JZ2(k.r) voi kich thuét chdm trung tam x&p xi
2.405/k , 2 ¢4 hai déu khong phu thu thudc z. Vi thé, cuc
dai trung tam truyén theo kiéu “khong nhiéu xa”. Can chd y
rang dé nhan ra mot chim nhu thé nguoi ta can phai c6 mot
chum c¢6 kich thwét khéng xac dinh. Khi cwong do dién
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trvong [phuong trinh 2] khong binh phuong kha tich (khong
giong chum Gauss), diéu nay doi héi mot chum nang luong
khong xac dinh. Bang cach xét bién ddi Fourier clia phuong
trinh (2), nguoi ta nhan thdy rang mdt cham Bessel truyén
doc theo truc z c6 thé duogc xem nhu sy chdng chéat clia vo sd
céc song phang trong do céac vecto séng cla chidng dugc phan
b6 trén mot nén trén truc z. Cac mat dau séng hinh nén nay
xac dinh tinh chét ctia chim Bessel.

C6 thé tao ra mot chim sang gan nhu chum Bessel bang
mot s6 phuong phap va vi thé, dung phép gan ding khe xac
dinh, dé biéu dién tinh chat ‘‘khdng nhiéu xa’’ ndi chung cla
cuc dai trung tdm cGa mot chum nhuw thé. Vi du vé mot
phuong phap nhu thé la dung mot khe hé hinh vanh khuyén &
mét phang tiéu phia sau thdu kinh.® Tuy thé, ki thuat nay dan
dén sy mat mat anh sang cao trong hé théng. Céac yéu to
quang hoc hinh non chuyén biét duoc goi la cac axicon hiéu
qua hon trong viéc tao chum “‘khdéng nhiéu xa’’. Mot phuong
phap day hira hen khac dé tao ra nhitng chim nay la dung K7
thuét toan ki.*°> Tuy nhién, can chl y rdng d6i voi nhitng
chim Bessel dugc tao ra bang cac phuong phap gan ding
nay, cuc dai trung tdm chi khong ddi trén mot khodng cach
truy@n xéac dinh va cudng dd clia né khdng phai 1a hang s6 khi
truyén. Cac thao luan chi ti€t hon vé mot s6 thi nghiém nén
tdng va so sanh tinh chat clia cdc chum “khong nhiéu xa”
dwoc tao ra bang nhitng phuong Ehép nhu thé ¢ thé tim thay
trong cac bai bao cla Lapointe. ° Cac chum Bessel dugc tao
ra nhan duoc nhiéu sw quan tdm khong chi do tinh ch 4t bat
thwong clia ching khi truyén trong khéng gian tw do, ma con
do kha nang (*ng dung cla chdng trong diéu chinh khoadng
cach dai va cac qua trinh Lithd . °

Trong bai bao nay ching t6i dwa ra mot ki thuat dé sinh
vién c6 thé dé dang tao ra va nghién ctru mdt chum “khéng
nhiéu xa” nhuw thé. Cac thi nghiém ma ching t6i mo ta st
dung céc thiét bi quang hoc ma trong bat ki phong thi nghiém
nao ciing co thé co.

II. CACH TAO CHUM SANG “KHONG NHIEU
XA

Nhuv d& ndi, co6 mot s6 ki thuat dé tao ra chim Bessel. Dé
phu hop vai tinh hinh trang thiét bi trong cac phong thi nghiém
& dai hoc, chlng tdi d4 tao ra chim Bessel bing mét khe hinh
vanh khuyén don gian.® Mot vanh duoc tao ra bang may tinh
dwgc in trén mot may in laser binh thuong (600 dpi) va sau do
dugc photo trén mot photographic slide. DEé dat dwoc do
twong phan can thiét, chiing tdi da st dung phim in quang hoat
(KO- DALITH ortho film 6556, loai 3). B0 rong cla hinh
vanh khuyén c& 15 micromet va duong kinh cla toan bo vong
tron 1a 3.8 mm. Vanh dwoc dat &@ mat phang tiéu phia sau clia
mot thau kinh nhu degc minh hoa trong hinh 1. Khi dugc chiéu
sang bdi mot song phang, moi diém doc theo khe dong vai tro
nhu m Ot nguon
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Vanh khuyén
duong kinh R

Song
phang

diém mathéu kinh chuyén thanh song phéng.

Vecto song clia nhitng séng phang nay ndm trong mdt hinh
non. Nhuw d& dé cap tir trudce, day la tinh chéat dinh nghia cla
chim Bessel. Dung |7 thuyét nhiéu xa vo hudng tiéu chuan,
c6 thé chiing té rang trudng gan truc quang hoc c6 dang nhuw
phwong trinh (2).

[11. THi NGHIEM VA KET QUA

Laser He— Ne cong suat ImW (Melles-Griot 05-LHP-
211) duoc dung dé chiéu sang khe hinh vanh khuyén. Chim
laser He—Ne dwoc mé rong bang vat kinh clia kinh hién vi va
thdu kinh dwong kinh khoang 1 cm. M6t khe hinh vanh
khuyén dugc dat & mat phang tiéu phia sau cia thdu kinh cé
tiéu cu 150 mm.

Trwoc tién, sinh vién co thé gitt mot to gidy trong chim &
céc khoang cach khac nhau tir thdu kinh. Nguoi ta ¢ thé thay
rd bang mat thuong (d6i véi laser He—Ne cong sudt 1 mw
hodc l6n hon) modt cuc dai trung tdm trong chum xuét hién
(khi di chuyén ra xa khe hinh vanh khuyén) va gan nhw khong
thay ddi kich thwot clia nd. Sau mot diém nao do cuwc dai trung
tam nay bién mét do chum Bessel bi tan lui. Diéu nay cho phép
sinh vién xac dinh khoang truyén cla chum. Dé c6 thé nghién
clu chi tiét hon, ching ta c6 thé ding mot camera CCD
(Pulnix 2015) vathé/phan mém frame grabber méy tinh dé thu
chiim va bién dang ctia no tai cac diém khac nhau. Chum duoc
16ng nhau (do phéng dai khoang 2.5) dé téng kich thudt clia n6
trén camera. Anh cla chum Bessel théng thuong thu duoc

Hinh 2. Anh ctia chum Bessel chup & khoang cach 400 mm tir thau kinh.
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Z max

H. 1. B6 tri thi nghiém. Laser He-Ne dwgc dung dé chiéu sang khe hinh vanh khuyén dé tao ra chim Bessel.

qua hé thdng ctia chiing toi dwoc biéu dién trong hinh 2. Bién
dang ctia chum & ba vi tri khac nhau dugc biéu dién trong
hinh 3. D€ loai trlr nhitng sw bat doi xtrng nhd, cac bién dang
dugc tinh trung binh phuong vi trén méy tinh. Nhu trong hinh
3, cuc dai trung tdm cutia chum gilr nguyén kich thu¢t clia né
khi chum truyén xa hon 500 mm. Néu biét kich thwot pixel
va dd phdng dai clia hé thong ong kinh clia ching ta, c6 thé
tim duoc kich thuét clia cuc dai trung tdm ¢& 20 micromét.
V. SU PHUC HOI CHUM BESSEL

M@t thi nghiém don gian hon nita cling c6 thé duoc thuc
hién bai sinh vién. Diéu nay c6 lién quan dén nhitng gi xay ra
khi mot chum Bessel bi can tré bdi mot chwéng ngai vat.
Dung nhr mong doi, nhiéu xa chiém wu thé, tuy thé, dang chu
y 1a, sau mdt khodng cach nao do6 vuwot qua chuéng ngai vat,
blp bén ngoai ctia chim Bessel hoat dong dé bu lai cuc dai
trung tdm va vi thé chum dwoc phuc hoi lai. Hiéu ng dang
kinh ngac nay c6 thé duoc tao lai mot cach don gian trong
phong thi nghiém bang cach dat vao mot ban trong sudt mot
cham t6i rat nho trén duong di cla chum Bessel. Tiép theo
do, chum lai xuét hién tai nhitng diém phia sau chuéng ngai
vat. Hinh 4 biéu dién nhiing gi ¢ thé dwoc quan sat. Ngay
khi vrot qua chwéng ngai vat, bién dang chum bi léch mot
cach dang ké so voi hién dang Bessel. Tuy nhién, khi
camera dwoc di chuyén ra xa chuéng ngai vat chum tu tao lai
va hinh thanh chum Bessel. Bién dang dugc chup clia chum
chirng t6 rang digu nay dang. Hinh 5 so sanh bién dang duoc
phuc hoi lai nay voi bién dang ctia chum Bessel ban dau. Bac
biét, cong suét & cwc dai trung tm chi gidm mot phan. Hiéu
tng phuc hoi ctia chum Bessel nhw thé nay hién nay da duoc
giai thich theo nguyén Ii Babinet trong quang hoc.’

V. KET LUAN

Chum Bessel |i tha béi vi chiing ¢6 ving trung tam khong
bi hién tugng nhiéu xa. Khi so sanh cuc dai trung tdm cla
chum Bessel bac 0 va chum Gauss cung kich thwét, cuc dai
trung tam clia chim Bessel khdng bi m& rong do nhiéu xa.
D0 dai lan truyén clia chum Bessel ¢6 thé dugc viét 138

/D

111&!'.': R *

Z (4)

v6i cac s6 hang dugc dinh nghifa nhu trong hinh 1. D6i voi

chum cla ching ta, ching ta c6 mot khe hinh vanh khuyén
duong kinh R=3.8 mm va do mé cta thau kinh khoang
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H3. Bién dang chum Bessel tai khoang cach (a) 310 mm, (b) 400 mm, va
(c) 500 mm tir thdu kinh chitng t6 rdng cuc dai trung tim cla cham gifr
nguyén kich thwdt khi chum truyén.

D=18 mm. Tir day suy ra khodng cach truyén cltia chum
Bessel khodng 710 mm. Tuy nhién, khoang cach nay trong
thurc té 1a 600 mm. Su chénh léch nay co6 thé la do chiing ta
da khong chiéu sang day di thau kinh vi vay chlng ta nén xét
dwong kinh thau kinh ““hiéu dung”.8

Chum Bessel ma chlng ta tao ra cé cuc dai trung tam
khoéng 20 um vatruyén qua khoang cach 600 mm makhong
thay d6i dang ké kich thudt. Con ddi véi chim Gauss ¢ kich
thuét c6 chum & 20 um (tai 633 mm) c6 khoang Rayleigh
[xem Pt. (1)] chi khodng 6.2 mm.

Céc chum Bessel cling c¢6 tinh chéat phuc hoi cho phép
chiing phuc hoi lai bién dang cwong d6 ban dau cla chiing sau
khi gdp chuéng ngai vat. Céc vong bén ngoa cla chum
Bessel hoat dong dé bu lai cuc dai trung tdm. Can nhdn manh
rang chum Bessel khdng phai 1a chim sang theo nghta théng
thuong.

VI. KET LUAN
Chlng toi dagidi thiéu mot ki thuat don gian qua dé sinh
vién c6 thé tao ra chum Bessel. Nhi*ng chum nay tuan theo
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b)

H 4. Sy phuc hoi clia chum Bessel. (a) biéu dién chim bi méo ngay sau khi
qua chudng ngai vat va (b) shiéu dien chum phuc hdi lai & khodng cach 400
mm tir thau kinh.

i thuyét nhiéu xa tiéu chuin nhung c6 cuc dai trung tm co
thé truyén qua nhiéu khoang Rayleigh ma khéng md rong
dang ké khi so sanh véi mode Gauss TEMg, clng dudng
kinh. Thi nghiém dwgc m6 td minh hoa mot cach ré rang cach
thire kich thuét cla cuc dai trung tdm ctia mot chum nhu thé
gitr khong doi khi chum truyén. Chung toi cling da mo ta
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Fig. 5. So sanh bién dang clia chum Bessel ban dau (dvong cham cham) va

chum Bessel duvgc phuc hdi lai (dwong lién nét), tai cung khoang cach
400 mm tlr thau kinh.
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céch thiic dé sinh vién tao lai nhitng tinh chat dang quan tam
khéc ctia chum nay, do Ia sv phuc hoi lai clia ching sau khi
ching gap chuong ngai vat. Nhirng thi nghiém nay s& lam
cho cac nghén citu clia sinh vién vé nhiéu xa anh sang thém
phan Ii tha.
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ELECTROMAGNETIC THEORY FOR POETS

Ask engineers about electricity moving through the grid, and they’ll tell you to think of water
flowing through pipes. Electricity, like water, fills the system under constant pressure, and is
drawn off each time somebody turns on a light or plugs in an appliance, just as if that person were
turning on a faucet. Electricity (like water) doesn’t necessarily flow in one direction; it flows from
generators to consumers. The individua generators al pump power into the system—at high
voltage, because electricity can be transmitted more efficiently at high volume. The power gets
‘“‘stepped down’’ at substations, then stepped down again as it hits secondary lines and then
stepped down to usable 110 volts before finally entering your house. It’s impossible to tell where
the electrons originated that flow through the system and into your toaster. Electrons al mix
together, much the same way water from feeder streams mix in a reservoir.

Jim Collins, *“The Power Grid,”” U.S. Airways Attache, November 1997, 43-45.
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