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Muc dich thi nghiém

Quan sat hién twong tan xa nguwoc Rutherford st dung mau vang méng trén kinh. Xac dinh tiét dién tan xa
ngwoc Rutherford, so sanh véi ly thuyét.

Gi&i thiéu chung

C6 thé néi rang chwa cé mot thi nghiém nao trong lich st Vat ly hat nhan cé anh hwéng I&n nhw thi nghiém
tan xa Rutherford. K&t qua tinh toan cta Rutherford dwa trén thwc nghiém tan xa nguoc dwoc thwe hién bdi
hai hoc trd cia dng (Geiger va Marsen) da dwa dén mé hinh nguyén tl dung dén dau tién. Trwdc thi nghiém
Rutherford, nguyén t& dwoc gia thiét nhw mot thé tich hinh cdu ddng nhét chira cac proton va electron duwoc
trén 1&n mét cach ngdu nhién nhiéu hon hay it hon. Md hinh nguyén t&r nay dwoc dé xuat b&i Thomson va vao
thdi diém 4y 1a mé hinh nguyén tl tét nhat so véi cac md hinh nguyén tir khac.

Geiger va Marsen da thwc hién nhiing thwe nghiém tlr kha som do hat alpha tan xa trén tdm kim loai ndng
mdng. Ho phét hién ra rang phan bb goc cua hat alpha tan xa dat gia tri Ion nhat & hwéng tan xa phia trwéc.
Tuy nhién, ho ciing quan sat dwgc mét sbé cac sw kién tan xa & goc > 90°. Sw ngac nhién ctia Rutherford
trwdc hién twong quan sat dwoc nay dwoc thé hién & cau néi cta 6ng trong mot bai gidng: "It was almost as
incredible as if you fired a fifteen-inch shell at a piece of tissue paper and it came back and hit you."(Dwdng
nhw 14 khéng thé tin dwoc khi néu ban ban mét phién dan 15 inch vao mét t& gidy &n va né lai dap ngwoc tré
lai ban)

Rutherford da phan tich sy phan bb géc nay dwa trén mé hinh nguyén t&r dwoc dé xuat béi Thomson. Tuy
nhién, 6ng nhan thay rang mé hinh nguyén t& Thomson khang thé giai thich dwoc mét tién dién tan xa ngwoc
I&n dwoc tim thiy bang thue nghiém. Phép do cla Geiger va Marsden cho thdy mét sé lwong hat bang 1/8000
hat alpha t&i tan xa trén foil bang plantium & goc > 90°. Diéu nay mau thun véi tinh toan trwdc dé dua trén
mé hinh nguyén t&r Thomson, theo d6 chi cé 1 hat alpha trén téng s6 10 hat t&i c6 thé tan xa véi goc dd.

Bang nd lwc cla minh cdng véi cai nhin Vat ly sac x&o, Rutherford da phat trién mé hinh hat nhan nguyén to
cta riéng minh. Tinh toan cta 6ng dwa vao md hinh tan xa Coulomb trén I16i dac gébm céc dién tich dwong da
gidi thich dwoc sé lwong gap 10% 1an cua tiét dién tan xa can phai tang thém dé phu hop véi gia tri tim duoc
b&i Geiger va Marsen. Vé&i cac thiét bj thi nghiém thoi bay gi (gdm budng da hut chan khéng véi 1 kinh hién
vi c6 thé di chuyén dwoc trén man nhap nhay lam bang kém sunfat), rat kho dé do dwoc tiét dién nay. Ho da
phai quan sat va dém twng nhay sang mot gay bdi tivng hat alpha trén man kém sunfat. Thi nghiém phai dwoc
tién hanh mot cach rat ti mi va can trong dé c6 thé do dwoc phan bd géc doé.

Thuat nglr "tiét dién tan xa" dwoc dé cap & trén cé y nghia la xac suat phan (rng tan xa & mot goc tan xa nhat
dinh. Pon vj cla tiét dién dwoc dién gidi bang don vi dién tich. Vi xac suét twong déi ciia mét hat alpha bén
vao hat nhan vang ti I& v&i dién tich hiéu dung cua hat nhan dé. N6 twong ty nhw viéc ta ném vao qua bong
tennis vao mot qua bong ré dwoc treo trén mot soi day. Xac suat dé qua bong tennis dap tring qua béng rd ti
& vai dién tich dwoc "nhin thay" b&i qua bong tennis bay téi (bang 1 x dwdng kinh cta quéa bong rd) cla qua
bong rb. Bon vi cla tiét dién 1a "barn", 1 barn = 1X10724 cm?. Day la mét dién tich rat nhd. Tuy nhién co thé
hiéu dwoc viéc st dung don vi nay néu ching ta xét dén kich thwéc kha nhd cta hat nhan so véi kich thuéc
I&n hon rat nhiéu cGa nguyén t&. T& "barn” c6 ngudn gbc tir dw &n Mahatan, khi cac nha thwc nghiém tim ra
tiét dién phan (rng qua I&n cha neutron cham véi nguyén tl, ho d& mé ta rang né Ion nhw mét cai "kho théc”
(barn).
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Céc két qua thi nghiém tan xa Rutherford dwoc dién dat mét cach thuan tién nhat bang tiét dién trén moét don
Vi goc khoi. Goc khoi ¢ day la goc khoi cuia detector so voi bia, do bang don vj steradians (sr). Cong thirc tinh
goc khoi nhu sau:

Aq
" R?
VGi Ag 1a thé tich nhay cta detector va R 1a khodng céach gitra bia va detector. Tiét dién phan ¢ng dwgc do
bang don vi barn/steradian hay thuan tién hon la milibarn/steradian (mb/sr). Tiét dién nay la tiet dién vi phan,
dac trung cho >,(éc suat trén mot don vi g6c khdi ma hat alpha bj tan xa & mot goc tan xa xac dinh 6. Biéu thirc
ly thuyét cua tiét dién tan xa dan hoi Rutherford trong hé toa d6 PTN nhu sau:

AN

(E,0) = 9 0.0207302 x (lez)z (x + cos 0)® b 1
TRET) = qn T 26,) | xsmig | /T D
M 2 1/2 i
Véix = (1 — (Z) sinze) , Z1 va Z, twong rng la s6 hiéu nguyén tlr cla hat té¢i va bia, Eo la nang lwong cua

chum hat t&i don vi MeV, M 1a sé khéi ctia nguyén ti hat t&i, A 1a sé khéi ctia hat nhan bia.
S6 hat nhan tan xa dan hoi trén mét Iép méng @ don nguyén td theo mét géc # dwoc cho béi biéu thirc:
(NE)N,, 20z (Eo, 0)
A= 2
F - cosa @
Trong do: N, la téng s hat t&i bia, 2 (sr) 1a goc khdi, oz (E,, 6) la tiét dién vi phan cho bai cong thirc (1), a la
géc gitra chum hat toi va phéap tuyén clia mat phang téi, F 1a hé so hiéu chinh @ ; N 1a mat d6 khdi cia nguyén
tr bia, tinh theo don vj hat /cm3, t la bé day bia theo don vi cm, (Nt) chinh la mat d6 mat cua nguyén tl bia,
tlrc 1a s6 nguyén t& bia trén mot cm?, trong nghién ctru phén (ng hat nhén, nguoi ta thwong st dung don vi
mat dd6 mat nay (ngwoi ta cling c6 the dung mat dé mat tinh theo khoi lwgng).

M6t thong s6 quan trong khac trong thuc nghiém tan xa ngwoc Rutherford 1a hé s6 dong hoc tan xa nguoc,
dwoc xac dinh badi biéu thirc:

) 1/2 2
|[(1 - (%) sin29> + %cos@}
K= | i | 3)
l 1+ a J
Dai lwvgng nay coé y nghia la ti Ié gilra nang lwvgng clda hat t&i va nang lwgng cua hat tan xa, do dé nang luvgng
hat tan xa di vao detector dwoc tinh:

E=K-E, 4)

Trong thi nghiém thyc hién Geiger va Marsen,han ché vé mat ky thuat thoi diém 4y chi cho phép tién hanh
dem so hat alpha téan xa dap vao man chan bang kém sunfat ma khong thé xac dinh dwoc gia tri nang lwgng
cla hat alpha tan xa. Trong thi nghiém nay, v&i viéc sir dung detector do hat tich dién(detector Si hang rao

1 péi véi mdu mdng, s suy gidm nédng lwong cuia chum hat qua I6p ld khéng ddng ké.
2 Hé s6 nay duoc cho trudce khi tién hanh thi nghiém, lién quan dén sai sé hé théng cua thiét bi.
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mét), hoan toan c6 thé xac dinh dwoc phd nang lugng cla hat alpha tan xa véi mét d6 phan giai nang lwong
nhat dinh.
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Hinh 1. Phé tan xa Rutherford ctia m4u vang maéng trén kinh, bé day ~200 x 10*° atom/cm?.

Phé tan xa nguwoc Rutherford di véi 16p méng cé dang twa Gauss nhw hinh trén, dién tich ctia dinh phé chinh
la gia tri A clia cong thire (2).

Tp’ thywc nghiém do phé tan xa nguwoc xéc'dinh dwoc dién tich dinh phé twong (rng v&i hat tan xa ti I&p méng
can khao sét, dwa vao dé xac dinh dwoc tiét dién tdn xa dan hoi Rutherford theo cdng thirc (2). Ngoai ra, tw vi tri
ctia dinh phd xac dinh dwoc ndng lwong clia hat tan xa ma dwoc tinh theo cong thire (4).
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THWC NGHIEM 1. Quan sat hién twong tan xa Rutherford
Dung cu thi nghiém
- May gia téc tinh dién Tandem 5SDH-2, ndng lwong cwe dai 3.4 MeV/q.

- Hé phd ké RBS gom: Detector sillicon hang rao mat SSB, c6 d phan giai nang lwong 11 KeV & dinh
5.486 MeV cua ?**Am, tién khuéch dai, khuéch dai, bd phan tich da kénh, may tinh thu thap di liéu.

- Detector dwoc dat & vi tri goc tan xa 6 = 170°.

- B6 dém dong.
- Bia la mau chuén vang trén kinh, cé bé day I&p vang ~200 x 1015 atom/cm2.
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Hinh 2. So dé bé tri thi nghiém tan xa nguoc Rutherford

Cac bwéc tién hanh
1. Thiét 1ap hé do nhw hinh v&, kiém tra cac két néi.
2. Khé&i ddng hé may gia tbc, gia tbc chum tia véi cac théng sb sau:
e Loai chum tia: “He* ©
e Nang lvong: 2.428 MeV
e Cuwdng do chum tia: >10 nA
3. Cho mé&u vang trén kinh vao budng chiéu mau (theo chi dan cta g.v hwéng dan).
4. Khéi ddng chwong trinh thu thap di¥ liéu RC43
a. Tw man hinh chinh,click chon chwong trinh RC43, 2 clra sb sé& xuét hién sau do.
b. S dung ctra s Manipulator tién hanh diéu chinh vi tri ctia mau sao cho vj tri chum tia dwoc danh dau
trén man hinh ndm tron trong bia vang trén kinh va goc gitra chum tia va phap tuyén mat phang mau a=0
(theo chi dan cda g.v hwéng dan).

3 Ty theo diéu kién cu thé, cé thé phai sir dung chum tia H*, nhwng y nghia cda thi nghiém khéng thay déi.
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c. Chon ctra sé NEC RC43 ANALYTICAL DATA COLLECTION, vao muc DATA COLLECTION, chon
Collect data.
d. Ctra sb Full Energy Data Collection s& xuét hién, bé chon & phan MCAs displayed 3 lwa chon RBG, PIX
va NRA.
5. Téang cao thé cla detector hang rao mat mét cach tie tir cho dén diém lam viéc & 100V.
6. Dat trwdc gia tri tdng dién tich ghop ctia chim hat trén ctra sé Full Energy Data Collection, & 6 charge uC.
Dat tén file di¥ liéu tuy y & 6 Filename.
7. Kiém tra lai mét 1an niva cac théng sé can thiét dé tién hanh thi nghiém
8. Trén ctra sé Full Energy Data Collection, click vao nat Manual collect dé bat d&u cho chiim ion tan xa vao
mau. Quan sat phd RBS thu duoc.
9. Khi gia tri bén phai trong 6 Charge uC vé 0, phép do két thic, chwong trinh sé ty déng lwu lai file c6 chira
phd RBS & mot thuw muc nhét dinh.
10. Ghi nhan lai cac théng sb cua thi nghiém va phé RBS thu dwoc.

Bai tap
T phd RBS thu duoc

e Xac dinh dién tich cha dinh twong tng véi lép vang méng cla mau

e Xac dinh nang lwong hat tan xa tai d6 (v&i gia tri chuan nang lwong cta hé phd ké RBS duoc cho

trwée).

Két hop véi cac thdng sb thi nghiém, st dung céng (2) xac dinh tiét dién tan xa, so sanh véi gia tri ly thuyét
dwoc tinh b&i cong thire (1).
T nang lweng hat tan xa da xac dinh dwoc, tinh hé sé dong hoc tan xa ngwoc st dung cong thirc (4), so sanh
v&i gia tri ly thuyét dwoc tinh béi cong thire (3).

Cau hai

1. Tai sao trong thi nghiém Geiger - Marsen, can phai str dung mau vang dat méng?

2. Néu st dung chum tia v&i ndng lwong khac nhau thi gia tri chuan nang lwong clia hé phd ké c6 khac nhau
khong? Tai sao?

3. Phd RBS cta mau vang sé thay déi nhw thé nao néu st dung bia vang trén kinh c6 bé day Iép vang 16n
hon?



