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(180 pht khdng ké thoi gian phat d&)
Caul

Mot khdi khi Iy twong gdm N nguyén tir ndm trong thé tich V, & trang thai can bang
nhiét img vo1 nhiét d§ T, hoan toan c6 1ap voi moi truong bén ngoai. Gid su tai

Nl + R A 5 ’ A 5 r A - 1 \ A
thoi dieém t=0 tat ca cac nguyén tir c6 dong nang Emv2 > kT, (m la khoi luong

cua nguyén tu, k la hang sé Boltzmann, & >0la hang sd) thoat ra ngoai thé tich V.
Sau d6, s6 nguyén tir con lai s& dan tré vé trang thai can bang nhiét Gmg vdi nhiét
dO Tz.

a. Hay xdc dinh nhi¢t 6 T, nhu 1a ham cua e.

b. Tim biéu thirc ctia T, ¢ gidi han € >> 1 va g << 1.

Goi y:

e Xéc xut hé co ning luong E khi & trang thai can bang nhiét voi nhiét do T 1a
E

W =Ade KT , trong d6 A 1a hé s chuan hoa.
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Bai giai

a. Ky hiéu N; va N, lan luot 13 s6 nguyén tir trong khdi khi ltc ban dau va luc cubi
o thé tich V, E; va E; 1a ndng lugng tuong trng cua khoi khi. Ta cé

Suy ra
T _NyEy
T, Ny E
Mat khac, ta co
o | _mv2 vo _mv2
jdv—mv“e KTy _[dv mvie 0
E =2 , E,=-" ,
1 © _mVZ 2 © _mVZ
J.dV Vze 2kT1 J.dV Vze Zle
0 0



sz

Vo _
J.dV VZC Zle

N, =N, N, =N-2 .
0 _mV
J'dv v2e KT
0
Do do,
0 _IIlV2 Vo _l’I’lV2
J.dV Vze 2kT, IdV V4e 2kTy
T _o 0
T vo _mv2 " _mV2
Idv vZe KN Idv vie 2Kh
0 0
hay
o0 X0
jdx x12e™* jdx x>
T, _o 0
X0 [e¢]
T I Ix x 26X I dx x32e™*
0 0
,. mv% 2¢e le S A
VOl X = , Vo= = X =¢ . Cudi cung, ta nhan duogc
2kT1 m
&
, J‘dX XS/Ze—x
T,=-T &
jdx x12e™¥
0
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Trong tich phan cubi cung, ta di thay cin trén & — oo.

Cau 2

Gia str mién khong gian x > 0 bi lap day boi vat lidu c6 chiét suat n(x) thay d6i theo
toa do x. Mot tia sang truyén theo phuong l1ap géc o so véi truc x di vao méi
truong noi trén.
a. Chtng minh rang ban kinh R ctia quy dao tia sang tai diém x > 0 thoa man
hé thuc

R do = dx ,

cosa
trong d6 « 1a gdc giita phuong truyén cia tia sang tai diém x véi truc x.

b. Hiy tim biéu thic x4c dinh ban kinh quy dao cua tia sang nhu 12 ham cua x
bén trong moi trudng.

c. Chiét suat n(x) phu thudc vao x nhu thé nio dé phan quy dao cong cua tia
sang trong mién x > 0 c¢6 dang tron? Trong truong hop ndy, tia sang di vao
moi trudng dén d6 sau bao nhiéu? Hiy phac hoa dudng di cua tia sang.

Bai giai

Xet quy dao cua tia sang trong khoang (x,x+dx). Voi dx rat nho, c6 thé xem doan
quy dao nay c6 dang tron va dg dai cung tron nay gan bang do dai day cung tuong
g (xem hinh v&). Géc giira truc x véi tiép tuyén ctia quy dao tai diém x 13 o, tai
diém x+dx 1a a+da. D& dang thidy 6= 8= da. Ta co

dx
cosa

RO =Rda =

b. Xét mot 16p mong do day dx c¢6 bé mit vudng goc vai truc x. Co thé xem 16p vat
li¢u nay l1a dong nhat co6 chiét suat »; .



X x+dx

Tia sang di té1 16p mong dudi goc té1 o va di ra dudi goc o’. Ta cd

n=n(x) n’ =n(x+tdx) ad=atda
sina  n sina;, n'
; =—1 s . lv = (1)
sina; n sina'  n
Do @0,
nsinag =n'sina' hay ncosa da:—sina%dx : (2)
X
Mat khac, ban kinh quy dao R tai x théa man hé thirc
Rda=—= 3)
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O day, ny va ap 1a chiét suat va goc téi cia tia sang tai bé mat x = 0.

¢. Quy dao cua tia sang trong méi truong cd dang tron néu 1/R = const. Khi d6

daf 1 =K hay L=Kx+A 5)
dx\ n(x) n(x)
v6i K va A 1a cac hing sb, K co thir nguyén (1/d6 dai). Vay
ny
nx)=——— 6
(x) Kngx +1 ©)

Néu K > 0, khi x tang thi n(x) giam. Theo (2) ta c6 nsina = const, suy ra sin(o)
tang. Do do, tai khoang cach 16n nhat x,,,, ma tia sing di vao moi truong thi a =
90° . Chiét suit tai diém nay co6 gia tri n= nysina,, . Thay vao (6), ta co

) n
nysinogy=—mm 7
0 0 Kngx . +1 )
suy ra
1 1
Xy =—— -1 . 8
ax Kn, (sin a j ®)

Khi d6 duong di cua tia sang c6 dang
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Néu K < 0, n(x) tang khi x ting, do d6 sin(a) giam. Gi4 tri nho nhét cua o 1a 0. Khi
doé tia sang truyén song song véi truc x va khong bi khiic xa. Trong truong hop nay
tia sang di vao moi truong ra xa vo cung. Puong di cua tia sdng c6 dang

""" ocy
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Cau 3
Photon c6 dong luong p, va cham vo1 electron dung yén (p, =0). Khi do, co thé
x4y ra hai qua trinh:
a. Photon bi tan xa, bay ra véi dong luong P, theo phuong lap géc 9 véi
phuong ctia p,, con electron thi chuyén dong véi dong lwong P, theo phurong
lap goc @ voi p,. Hay biéu dién |p, |, |p,| va @ qua|p,|va 9.

b. Photon bi hiy va sinh ra mdt cap electron + positron. Nhu vay, sau qué trinh
va cham, c6 ba hat ty do co cung khéi luong nghi m. Hay xac dinh nang
lwong tdi thiéu ctia photon dé qua trinh nay co thé xay ra.

Bai giai
a. Dinh luat bao toan nang lugng va xung lugng cho cac phuong trinh

P T P, :51 + 132 ) (1)

cp, + mc? :cp'1 + c\/(p'z)2 + (mc)2 , (2)
hay
p, = p'lcos 3+ p'2 cosop
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p,sind=p,sing ,

(b, +me—p; ] =(p))? + (me)’

Tir d6 ta nhan duoc

p;=p; mc [mc + p;(1-cos 9)]"' , (3)
tang = p, sin9 /[p; - p, cos9] , 4)
p,=[p1 - p,cos9] / cose . (5)

b. Nang lugng cuc tiéu ctia hé ba hat sau va cham dugc xac dinh trong h¢ quy
chiéu khéi tam S°. Nang luong d6 13 E,, = 3mc”. Khi d6, ca ba hat déu dung yén
trong hé quy chiéu S’. Trong hé quy chiéu phong thi nghiém S, ba hat c¢6 ciing xung
luong p = pi/3. Theo dinh luat bao toan nang lugng ta cd

cpy + me” =3[(pic/3)” + (me?)’]? . (6)
Do d6, nang lugng t6i thiéu cua photon Ej, 1a
Epn=cp1 =4 me® . (7)

Ciau4 Mady gia téc betatron

cuc nam cham dién

|
| g i
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ong chan khong

By

.\N burc xa ¥

ong chan khong

quy dao on dinh

nguon phat electron

Betatron 1a mot loai may gia toc tron dung dé gia tdc electron, ¢ thé cho cac
chum electron nang lugng cao 1én té1 300 MeV (rat 16n so v6i ndng luong nghi cua
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electron m.c’ = 0,51 MeV). Trén hinh v& 13 so dd may gia toc betatron. Tl truong
cua nam cham dién tang Ién c6 tac dung lam tang toc dJ cua electron dong thoi gitr
cho electron chuyén dong theo quy dao tron ban kinh r,. B6 1a nguyén tac lam vigc
cua betatron.

Tir truong ciia nam chdm dién khong dong nhat va ¢ d6i xtng truc. Truc ddi
xung cua tu truong di qua tdm va vuodng goc vol mat phang quy dao tron cua
electron. Trén mat phang nay (duoc chon 1a mat z= O) tr truong khong co thanh
phan hudng tam, tc 1a B(r z=0)= B(r)z trong d6 z la véc to don vi hudng theo
truc z, r la khoang cach dén truc d6i xtmg. Gia sir tai thoi diém ban dau ¢ = 0,
electron dirng yén va tu truong bang 0.

a. Tim mdi quan hé gitta dong luong p cua electron va ban kinh quy dao 7.

b. Ching minh rang dé giit cho electron chuyén dong theo quy dao tron c6 ban

kinh o khong d61 ma van dugc gia toc, can théa man di€u kién

By = B

trong d6 B(ry) = By 1a gia tri tir truong trén quy dao tron, B la gia tri trung binh
cua tur truong xét trén toan bd dién tich S gidi1 han béi quy dao do,

— 1
B—EiB(r)dS

Diéu kién nay dugc goi la diéu kién Wideroe hay diéu kién betatron.
Bai giai
a. Bé giit electron chuyén dong theo quy dao tron ban kinh r, khong doi, Iyc tir tac

dung 1én electron phai cAn bang véi luc ly tam:

2
v
|evB(r0,t)| =myy— , (1)
o
trong d6 v va m, lan luot 1a tde d6 va khoi luong nghi cua electron,

2
v

Do d6, dong luong cia electron lién hé véi ban kinh quy dao boi biéu thire
p(t):mev:‘erOB(FOat)‘ . (2)

RS rang 1a khi p tang, tir truong B ciing phai ting dé ban kinh quy dao r, khong
thay d6i.

b. Khi tir truong thay doi, trén quy dao cta electron c6 suat dién dong cam tng U



1o ) LB ) LI I LG (3)
dt| |5dt L dt
Mit khéc, ky hiéu E 1a dién truong xody tao béi tir truong bién thién, ta co
‘U‘: §Ea’; =2y E(ry,t) . 4)
C

O day, C ky hiéu quy dao cua electron. Do dbi xtmg, dién trudong E c6 phuong tiép
tuyén voi quy dao cua electron. So séanh (3) va (4) ta nhan dugc

1 |dB(7)
E(ry,t)=—r, 5
(19,1 >0 (5)
Phuong trinh chuyén dong cta electron 1a
dp
— =eE(r,,t 6
J t‘ |eE(ry, 1) (6)
Tt cac phuong trinh (2), (5) va (6), ta cé
dB(ry,1)| 1|dB(r) 1—
— Y = ha B ,t = _B t . 7
‘ & > y (15,1 5 (1) (7)




