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Co s06 cua co hoc lugng tir 1

1 Ludng tinh song-hat cua vat chat

Chung ta da biét anh sang von dugce coi 1a séng, roi sau do, véi cac phat hién ciia Planck, Einstein va Compton,
n6 lai dugc coi 1a gdm cac hat photon. Vay rdt cudc anh sang 1a song hay 1a hat? Ngay nay cac nha vat 1y chip
nhan rang anh sang vira 13 hat, lai ciing vira 1a séng. Khi can giai thich cac hién twong nhu giao thoa hay nhiéu
xa, chiing ta coi anh sang 1a song, con khi can giai thich cac hién tugng quang dién hay tan xa Compton, ching
ta lai coi anh sang nhu cac hat photon. No6i cach khac, anh sang c6 luong tinh song-hat.

Thé con cac hat vat chat thi sao? C6 khi nao céc vat chét thong thuong, ma chiing ta van coi la hat, lai ciing déng
thoi 1a song khdng? D6 1a cau hoi ma De Broglie ddt ra nam 1924.
1.1 Gia thuyét De Broglie - S6ng vat chat

Dé tra 10i cau hoi trén, De Broglie da dua ra gia thuyét sau: vt chit thong thuong ciing phai ¢ ludng tinh song-
hat nhu anh sang, song twong Ung véi vat chat dugc goi 1a séng vat chat hay song De Broglie; mot hat ty do
chuyén dong voi dong lugng p c6 budc song vat chat xac dinh badi:

A= (1)

trong d6 h = 6,63 x 10 J.s, 1a hang sb Planck quen thudc.

1.2 Mot so6 vi du vé budc song vat chat

Vidu 1:

Voi Dumbo niang 1000 kg, bay véi van tdc 10 m/s s& co budc song De Broglie 1a bao nhiéu?

—34
ok _663x107

P 10’10
Budc song ndy qua nho, vi vy chii voi khong thé hién tinh song clia minh.
Vi du 2:

Budc séng De Broglie cia mdt hat bui nang 10 kg roi véi van tbc 0,020 m/s:

—34
_h_663x107 | o

P 107°%0,020

Mot lan nira, budc song nay cling qua nho dé c6 thé quan sat duoc.

Vi du 3:
Mot electron trong mach dién hay trong nguyén tr c6 dong néng trung binh vao khoang 1 eV, c6 budc song De
Broglie:

h 6,63.107*J
A: = =31 —19
V2mK  \2%(9,11.10 kg )X(1,6.107°J)

=1,6X10"m
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Co s06 cua co hoc lugng tir

Budc song nay vao cd kich thude cia nguyén tr nén c6 thé quan sat dugc.

Qua céc vi du trén ddy, ching ta nhan thdy tinh séng ciia vat chit binh thuong 1a rat "yéu", khong thé quan sat
duogc, con cac hat vi mo thi thé hién tinh song 16 rét hon.

1.3 Kiém chirng thuc nghiém

Thi nghiém Davisson-Germer (1927): quan sat dwoc nhidu xa cia electron trén tinh thé Nickel, tuong tu nhu
nhi€u xa cuia tia X trén tinh thé.

Thi nghiém Thomson (1927): quan sat dugc cac van nhiéu xa hinh tron khi cho chum electron ning lugng cao di
qua bdt da tinh thé hay mang mong kim loai.

Ngay nay, nguoi ta cd thé thuc hién duoc nhidu xa cia song vat chét trén mot khe, hai khe ... nhu ddi véi song
anh sang vay. Dé minh hoa, moi cac ban xem Hinh 1, 1 anh nhiéu xa cia mot chum hat neutron trén hai khe.
Ngoai ra, nguoi ta cling dung hién tugng nhiéu xa cua cac hat nhu electron, neutron dé khao sat ciu tric cia vat
chat, gidng nhu dung nhidu xa tia X dé khao sat cau tric tinh thé vay.
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Hinh 1. Nhiéu xa neutron trén haj khe: do cuwong do chum hat o sau hai khe, nguoi ta thu dwoc sy phan bé cuong do theo vi
tri nhu trong hién twong nhieu xa. (A. Zeilinger,R. Gdihler, C.G. Shull, W. Treimer,and W. Mampe, Reviews of

ModernPhysics, Vol. 60, 1988.)

1.4 Soéng vat chat la séng xac suat

Khi n6i t6i song, ching ta lién tuéng ngay den nhiing loai song quen thudc nhu séng nudce, song am ... Cac loai
song nay gan lién voi sy dao dong cua mot sO 16n cac hat (phan tir nude hay khong khi), cac hat nay hen két voi
nhau nén khi mot s6 hat dao dong thi cac hat khac cling dao dong theo, tao nén sy lan truyen dao dong, tirc 1a
song. Séng vat chét thi hoan toan khac han, chi mot hat vi mé riéng 1¢ ciing thé hién tinh séng. That vy, ngudi
ta c6 thé giri timg electron hay photon riéng 1¢ dén mot khe ma van quan sat dugc hién tuong nhiéu xa.
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Co s06 cua co hoc lugng tir 3
Nhu vay, ban chat ctia song vat chat 1a gi? Theo Max Born thi song De Broglie that ra 1a séng xdc sudt, day ciing
1a cach giai thich dugc chap nhan rong rai nhat ngay nay.

Y nghia ctia sdng xac suit 1a nhu sau - Goi Y(x,y,z) 1a ham song vat chat tai vi tri (x,y,z) cua mot hat vi mo, va
dV 1a mot thé tich nho bao quanh vi tri nay, ta c6:

Xéc suét tim thiy hat trong thétichdV = |¥(x,y,z)PdV )
Pailuong |¥(x,y,z)f duoc goi la mdt do xdc sudt cua hat tai (x,y,z).

Neu liy tong cua (2) trong toan b khong gian chung ta s&€ duoc xdc sudt dé tim thdy hat & moi noi, va xac suét
ay duong nhién 1a bang don vi. Vi vay chung ta c¢6 tinh chat sau day ciia ham song:

JV"|Y<x,y,z>|2dV=1 3)

H¢ thure trén day con dugc goi la diéu kién chudan hoa cua ham song vat chat.

2 Phuong trinh Schrodinger

2.1 Phuong trinh Schrédinger tdng quat

Ham song vat chat W(x,y,z 7) cia mot hat khéi luong m, chuyén dong trong truong cé thé nang U(x,y,z 1) thoa
phuong trinh Schrédinger tong quat sau day:

oY K
el 4
in a7 ( 2mA+U) (4)

trong d6 # = h/2x, i=+v—1 ,va A la Laplacian:
82 62 82

A=—=+—+—
ox° 0y 07

2.2 Phuaong trinh Schrodinger dirng
Trong truong hop dirng, khi thé ning U khong phu thudc vao thoi gian, U = U(x,y,z), thi nghiém téng quat cia
phuong trinh Schrodinger trén day coé thé viet dudi dang:
. E
‘F(x,y,Z,t)=exp(—l;t)¢'(x,y,z) (5)

voi O(x,y,z) 1a ham soéng ding, thda phuong trinh Schrodinger dung sau day:

bP=EP (6a)

hZ
——A+U
( 2m
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Co s06 cua co hoc lugng tir 4

hay:

Aq>+2h—”Z(E—U)¢=o (6b)

trong d6 E 1a nang lugng toan phan cia hat.

2.3 Ham song cua hat tu do
Dbi véi mot hat tyr do chuyén dong theo doc truc x, phuong trinh Schrédinger dimg (6b) tré thanh:

v6i E bay gio 1a dong ning cua hat. Phuong trinh nay c6 nghiém tong quat 1a:
d=Aexp(ik x)+Bexp(—ikx), voi k=\2mEIR’=plh

Ham song Gmg véi riéng s6 hang tht nhat trong nghiém trén la:

‘F=exp(—i%t). Aexp(i%x)=A eXp[—l'(%t—%x)

hay:

‘I’=Aexp{—i(wt—kx)}, v6i w=Elh, k=plh (7)
Day chinh 1a biéu thirc cia mot song phing lan truyén theo chiéu duong cia truc x, co tin sb goc 14 w va budce
song la  A=2m/k=h/p . Két qua ndy phu hop véi gia thuyet De Broglie vé budc song vat chat cia mot hat

tu do.

Twong ty nhu vy, ham song tmg véi s6 hang thir hai trong biéu thirc ctia @ trén day 1a ham séng mé ta mot séng
phéang truyén theo chiéu am cua truc x.

3 Heé thirc bat dinh Heisenberg

3.1 Heé thic bat dinh do6i vai vi tri va dong lugng

Goi Ax la do bat dinh (hay do chinh x4c) cta toa do x cua mot vi hat, va Apy 1a do bt dinh cua dong luong hat
trén phuong x. Theo co hoc lugng tir thi gitta ching cé hé thire sau:

Ax.ApSh (8a)

Nghia 1a tich cua hai d§ bat dinh cua x va py 1 16n hon hay vao c¢& hing sé Planck. Twong tu, chung ta ciing c6
cac hé thuc bat dinh d6i véi y va py, z va p,.
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Co s06 cua co hoc lugng tir 5
Ay.Apy;h, Az.Ap.>h (8b)

Hé qua cua hé thie bat dinh 1a ching ta khong thé xac dinh dugc chinh xac déng thoi toa d6 va dong luong cia
cac vi hat, hay noi cach khac, chiing ta khong thé xac dinh dugc quy dao cta chung. Diéu nay cling c6 thé hiéu
duoc, vi that ra cac vi hat 1a song.

Vidu 1:

Mot electron c6 van tbe bi“mg 2,05 x 10° m/s, dugc do voi do chinh xé4c 1a 1,5 %. Dong lugng cua electron 1a:
p=mv=(9,11 x 107" kg) x (2,05 x 10° m/s) = 1,87 x 10* kg.m/s

Do bt dinh ciia dong luong 14 1,5 % gid tri d6, tirc 1a bang 2,80 x 10 kg.m/s. Thay Ap, trong (8a) bang gia tri

nay, ta suy ra do bat dinh vé toa do:

AxSL=2,4x10‘8m:24nm
Ap,

tic 1a khoang 200 lan dudng kinh ciia nguyén tir — dbi voi mot hat vi mo thi sai s6 nay 1a qué 1on!

Vi du 2:

Electron trong nguyén tir c6 do bat dinh vé toa do vao khoang kich thudc cua nguyén ti, tirc 14 0,1 nm. Tir (8a)
ta suy ra do bat dinh vé dong lugng:

~ h  6,63x107Js Y
Ap S——=—"—""=663x10""kg.mls
P AT 01107 m &

Chung ta biét dong ning ciia electron trong nguyén tir 1a ¢ 1 eV, do d6 dong luong cua electron la:

P =V2mK=v2x(9,11.10" kg)Xx(1,6.10™"° J)=54%x10 "> kg.m/s
Nghia 14 do bat dinh vé dong luong 16n gan gép 10 1an dong luong!

Vi du 3:

Mot qua banh golf ¢6 khdi lugng 45 g dang bay véi vén tdc 35 m/s. Vén toc dugc do véi do chinh xac 1 1,5 %.
Lam tuong tu nhu trong Vi du 1, ta suy ra do bat dinh vé vi tri cia qua banh:

AxS=3%X10""m

Do bat dinh nay rat nho, nghia 1a ngudi ta van co thé xac dinh dugc chinh xac dong thoi vi tri va dong luong cua
qua banh. Mot 1an nira, chung ta thay tinh chat song cua céac vat vi mo la rat yéu, vi vay dé khao sat chuyén dong
cua chung nguoi ta van dung Co hoc c6 dién.

3.2 Heé thic bat dinh do6i véi nang lugng va thdi gian

Goi At 1a thoi gian’hat tdn tai & mot trang thai, va AE la d6 bét dinh cua nang lugng hat & trang thai do. Giira
chung c6 h¢ thuc bat dinh sau:
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Co s06 cua co hoc lugng tir 6
At.AESh )

Hiéu ing chui ngam

Hé thirc bat dinh nay dan dén mot hé qua rat dic biét — Gia s c6 mot vi hat bi giam trong mot chiéc hop, hay

theo cach noi ctia cac nha vat ly, 1a bi glam trong mot giéng the Hat khong thé ra khoi hop dugc vi ning luong

toan phan cua né nhé hon do sdu cua giéng thé. Tuy nhién, néu trang thai cta hat 1a khéng bén va chi ton tai

trong mot khoang thoi gian rat ngan, At = h/U, thi trong khoang thoi gian d6 do bt dinh nang lugng cia hat la:

At WU
Do bat dinh nay con 16n hon ca chleu sdu cua giéng thé! Didu ndy c6 nghia 1 hat co thé thoat ra khoi gleng thé

trong nhiitng khoang thoi gian rat ngan ¢ At~ h/U, mac du c6 nang lugng trung binh nh6 hon d sau cua giéng.
Ngudi ta goi d6 14 hiéu img chui ngam hay hiéu iing dwong ngam (Hinh 2).

—a

——
AE

|
|
|
;
|
|
|
|
|
|
|
i
|
\ 4

Hinh 2. Hiéu ung chui ngam - Trong nhitng khoang thoi gian rdt ngdn, hat ¢é dg bat dinh nang lwong AE i lén dé thodt
khoi gieng the.

4 Hat trong giéng thé vo han mot chiéu
4.1 Giéng thé vo han moét chiéu
Giéng thé v6 han mot chiéu duoc xac dinh bai:

=10 khi 0<x<a
oo khi x<0 hay x=>a

trong d6 a 1a d6 rong cua giéng thé (Hinh 3). Electron ty do trong kim loai 1a mét vi du vé hat chuyén dong trong
mot giéng thé vo han.

4.2 Nang lugng bi lugng tur hoa

Theo quan diém séng, hat trong giéng thé 1a mot séng truyén lui téi giita hai vach giéng. Séng t6i va song phan
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Co s06 cua co hoc lugng tir 7

xa két hgp voi nhau tao nén song dung, twong ty nhu séng trén mét soi day dan vay. Khi do bé rong clia giéng
the phai 1a mot bdi s6 cia mdt nira budc song:

=l
p
Suy ra dong luong hat:
:ﬁ: h :ni
P=X"2aln "2a

Do d6 nang lugng cua hat la:

_p_ o K

2m 8ma

E (10)

n

Theo d6 thi nang luong cua hat trong giéng thé vo han thay d6i mot cach gian doan theo 72, hay noi cach khac,
nang luong hat da bi lugng tr hoa. S6 n duoc goi 1a s6 luong tir nang lwong. Ngoai ra, murc nang luong thap
nhat mg v&i n = 1, 1a khac khong. Trude ddy, nguoi ta hay nghi 1a khi nhiét d6 tuyét dbi tién dén 0 thi cac hat
céu tao nén vat chat s€ ngung chuyén dong, do d6 muc ning luong thap nhat ctia hat 1a bang khong. Tuy nhién,
co hoc lugng tir cho thdy mirc ning luwgng thap nhat ciia cac vi hat 1a khac khong.

a=3A
Y /N -] —
\\/
a= 232 n=4
n=3
a= Al
n=2
I’l:1 >
0 a X

Hinh 3. Giéng thé v6 han mét chiéu — Hat chuyén dong lui toi giita hai véch, tao nén séng dimg khi bé réng giéng bang n
lan nita buoc song, hé qua la nang luong cua hat bi lwong tir hoa theo n.

4.3 Ham séng
Phuong trinh Schrodinger ding cta hat trong giéng thé:
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Co s06 cua co hoc lugng tir 8

Nghiém téng quat ctia phuong trinh nay c6 dang:
&(x)=Asin(kx)+ Bcos(kx) véi k=N2mEIh=plh

Vi giéng thé 12 v han nén hat khong thé ra ngoai giéng dugc, ham song & ngoai giéng 1a bang khong. Ngoai ra,
dé ham song bién thién lién tyc thi ¢ hai vach giéng n6 ciing phai bang khong:

®(0)=0
®(a)=0

Suy ra:

B=0
sin(ka)=0 < k=nmla n=1.2,..

Do d6 ham song dirng ciing phu thudc vao sé luong tir ning lugng n:
P (x)= Asin(nlx)
a

Tir didu kién luong tir hoa trén day ddi voi k, chung ta cling c6 thé tim lai ning lugng cua hat nhu trong (10):

P 10 S
! 2m 2ma 8ma’

Cubi cing, chung ta dung diéu kién chuén hoa cia ham song (3) dé xac dinh hang sé 4, két qua thu duogc 1a
=+v2/a .Vay ham song ding ctia hat trong giéng the c6 dang:

d>n(x)=\/%sin(n:—x) (11)

Ham song (phu thudc thoi gian) s€ la:

‘I’n(x,t)=\/%exp(—ig—"t)sin(nazx) (12)

Tir d6 chung ta tim dugc mat do xac suat cua hat trong giéng thé vo han:

|an(x,t)|2=‘1fn5’f*=%sin2(n1x) (13)

n a a
Céc két qua trén day dugce minh hoa trén Hinh 4.
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n=73 Hatn sdng dimg

\\/ It d zdc sudt

n=1 /\

Hinh 4. Ham séng dirng va mdt d¢ xdc sudt ciia hat trong giéng thé vé han mét chiéu.

5 Toan tu trong co hoc lugng tur

Chung ta da biét 1a trong co hoc lugng t chuyén dong ctia mdt hat fiuqc m76 ta br:ing ham séng. Cac ban cé thé
hoi: thé con cac dai lugng vat 1y dac trung cho hat thi sao? Lam thé nao df: tim cgic dai Iuwong vat ly nhu dong
luong, nang lugng v.v..., mot khi ching ta da c6 ham séng? Cau tra 101 s€ bat dau bang khai niém fodn tir.

5.1 Toan tu la gi?

Toan tir 1a mdt phép bién ddi bat ky dugc thyc hién trén mot ham $6.

Vi du:

Toan tir 14y dao ham theo x, ky hiéu 1a éx , dugc dinh nghia béi éx f=0flox

Toan tir nhan v&i mot s ¢, ky hiéula ¢ , duoc dinh nghiaboi ¢ f=c f .

Céc ban luu ¥ 12 thong thuong, chung ta thém dau » & trén ky hiéu cia mot toan tur.

5.2 Tririéng va ham riéng cua mot toan tur

Cho mot toan tir bit ky 4, néu ton tai ham ® sa0  Ad=ad , vdi a la mot con sb, thi ® duoc goi 1a ham riéng
cua toan tir A, con a 14 tri riéng twong tmg véi ham riéng do.

Mot toan tir co thé ¢ nhidu ham riéng va tri riéng, tp hop céc tri riéng duoc goi 13 phé ciia todn tir. Phd cia
toan tir c6 the 1a lién tuc, gian doan hay két hop ca hai.

5.3 Toan tu vatly

Trong co hoc lugng tir mdi dai lwong vat 1y déu dugc dit tuong tmg v6i mot toan tir, vi du:

A

bong lugng trén phuong x < toan tr dong lugng trén phuong x, P,
Nang lugng < toan tu nang lugng H .
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Phé cua mot toan tir vat 1y chinh 1a cac gia tri co thé co cua dai luong vat ly tuong ung. Chéng han, néu hat &
trang thai c6 ham song ® vatacd P, P=p P , thi tri riéng p« chinh 1a dong luong clia hat ¢ trang thai do.

Bay gio chung ta hdy lam quen vdi cac toan tir vat ly thuong dung.

Dai lwong vit ly Toadn tir
Toaddx,y,z X=x, y=y, z=z
Hinh chiu cta dong lwong py, py, ps P ==ind,, P=—ihd, P.=—in0,
Binh phuong dong lugng p* P*=P24 P*+ P’=—1’ A
Dong nang K R=P2m=—RAl2m
Nang lugng E=K+ U H=K+U=-r*A2m+U
Hinh chiéu ctia momen dong £, 1, I, ﬁx=yﬁz—zﬁy, £y=z};x—x P £Z=x};},—yﬁx
Binh phuong momen dong 7 1= £i+ LAi-l—LAi

Vidu 1:

Mot hat tu do chuyén dong theo chiéu dwong cua truc x c6 ham song la ¥’ =4 exp [—i (wt—k X)} , chung ta s&
tim dong lwong cua hat bang cach tac dong toan tt P, 1én ham séng dé:

PY¥Y=—iho VY=hkY¥
Vay dong luong cua hatla  p,=hk .

Vi du 2:

Nang lugng cua mot hat c6 ham song ¥ dugc xac dinh béng cach tac dong toan tir nang lugng 1€n ham soéng.
Neu:

HY=(-r’Al2m+U)¥=E¥
thi £ 1a ndng lugng cia hat. Pay chinh l1a phuong trinh Schrédinger dung.

5.4 Toan tu giao hoan

Chi khi nao hai toan t& A4 . B giao hodn véi nhau thi hai dai lugng vat Iy twong tng 4, B méi cd thé xac dinh
duoc chinh xac dong thoi:

AB—BA=0 < A, Bxac dinh chinh x4c ddng thoi.

Vi du:

Hai toan tir vi tri va dong luong khong giao hoan nén vi tri va dong lwong khong thé xac dinh chinh xac dong
thoi (nguyén ly bat dinh Heisenberg). That vay, ta co:
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(3P,-P.%)¥=

ol oY 8( ¥)
MY ex Ox

}=i RY = %P —P
5.5 Tririéng cua toan td* momen dong
To4n tt hinh chiéu ctia momen dong lugng trén mot phuong nao do, chéng han EZ , €O cac tri riéng gian doan
cho boi:

L=hm, m=0,%1,=2,... (14)
my dugc goi 14 s6 lwong tik tir.
Toan tir binh phuwong momen dong luong iz ¢0 cac tri riéng gian doan cho béi:

L’=hiI(I+1), 1=0,1,2,... (15)

[ duoc goi 12 56 lwong tir qui dao.

6 Lam quen v@i mot s6 bai toan co hoc lugng tu

6.1 1d - Quantum States Applet

Sau khi hoc co hoc Newton, cac ban da tré nén rat quen thudc v6i quy dao ciia chat diém trong mot sO bai toan
chuyén dong "kinh dién", chang han nhu roi ty do, ném xién, dao dong dicu hoa v.v... Thé bay gi0, sau khi hoc
xong phén co sé co hoc luong tir, thir hoi cac ban c6 hinh dung dugc séng vat chit trong mot sé trudng hop tiéu
biéu chwa?

Dé gitp cac ban 1am quen v&i 16 giai ctia phuong trinh Schrodinger dimg trong mot s6 bai toan co hoc luong tir,
to1 xin gidi thiéu sau day mot Applet do Paul Falstad (http:/www.falstad.com/mathphysics.htm) viét. D& bat
dau, cac ban click vao lién két sau day: 1d — Quantum States Applet.

6.2 Giai thich thuat ngir tiéng Anh

Néu can trg gitip vé thuat ngit chuyén mon tiéng Anh dung trong Applet nay, cac ban hiy tham khao bang sau
day:

Anh Viet
Infinite well Giéng thé vo han
Set eigenstate Chon trang thai riéng (hay ham riéng)
Normalize Chuén hoa
Ground state Trang thai co ban
Maximize Lam cho (bién d ham song) cuc dai
Rescale graphs Thay d6i thang v& hinh anh
Simulation speed Téc d6 md phong (su thay d6i nhanh, chdm ciia ham
song)
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Anh
Resolution

Particle mass

Viét
Do phan giai hinh anh
Khoi luong hat

Well width Bé rong giéng
Energy Nang luong
Position Vi tri
Momentum bong luong
Wave function Ham song
Probability Xéc suat

Uncertainty, uncertainties

State phasor

6.3 Huéng dan

Do bat dinh (sé it, s6 nhiéu)

Pha cua trang thai, tuc 1a phﬁn phu thudc thoi gian clia
ham song

Céc ban luu ¥ 12 applet nay khao sat rat nhiéu bai toan v6i nhiéu lya chon khac nhau nén cac ban co thé thay kho
hiéu. Néu vay cac ban c6 thé lam quen véi n6 theo hudng dan sau day:

Trong menu "View", cic ban hiy bo khong danh dau trudc cac muc "Momentum", "State Phasors" va
"Expectation Values", chi dé lai "Energy" va "Position". Ciing trong menu nay, dudi muc "Wave
Function" cac ban hay chon "Probability". Lam nhu vy dé applet chi hién thi cac mirc ning lugng, ham
song va mat do xac Suét.

Trong danh sach mé xudng thi nhat & bén phai cua applet, cac ban thdy "Setup:Infinite Well", cir gt
nguyén nhu thé vi ching ta mudn khao sat bai toan Giéng thé vo han.

Trong danh sach mo xudng thir hai & bén phai cua applet, cac ban thdy "Mouse=Create Gaussian", hiy
click vao mili tén m¢ xudng dé md danh sach va chon "Mouse=Set Eigenstate", nhu thé chung ta chon
trang thai bang cach click vao mot mirc niang luong.

Panh diu vao 6 "Stopped" dé ngung hiéu tng dong theo thoi gian, vi ngay luc ndy chung ta chi mudn
coi ham song dung.

Giam "Well Width" bang cach kéo thanh truot twong tng vé bén trai, cho dén khi thiy chi con mat it
muc nang lugng tach roi nhau rd rang.

Click vao mot muc ning lugng dé xem ham song dirng va mat do xac suét Gng v6i mic d6. Pudng mau
vang 1a ham s6ng dimg, con duong cong c6 t6 mau trang bén trong 1a mat do xac suét.

Sau khi da quen v&i mot bai toan, cac ban cé thé chon mot bai toan khéc trong danh sach mo xuéng thir
nhit & bén phai ciia applet. Ngoai ra, hiy doc phan hudng dan chi tiét clia tic gia Paul Falstad dé khai
thac hét tinh ning cua applet.
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