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CAU 1.

Trén gian d6 p-V (xem hinh v&) c6 biéu dién cac qua trinh dugc thuc hién boi
mdt khoi khi 1y tuong don nguyén tir ¢6 nhiét dung dang tich ¢, khong doi,
bao gdm hai dudng doan nhiét va ba doan thang c6 phan kéo dai di qua gbc
toa do O. Hay so sanh hiéu suat cua cac dong co nhiét dung khdi khi 1y tudng
trén lam tac nhan, hoat dong theo cac chu trinh sau:

a. 12431 va 12651

b. 12431 va 34653. Biétrang p|: p,: pi=1:2:3.

A
p
1,

' P duong doan nhiét
L S —

1] ’/ I,’ ”/
Py A . »
" et duong doan nhiét

1 ///:/// 1

»
»

\Y%

Bai gidi
Khi chi trao d6i nhiét trong cac qua trinh 12, 3<>4 va 5>6. Goi dj 16n
lwong nhiét trao doi trong cac qua trinh d6 lan lugt 1a Q,, Q, va O;.
a. Xét chu trinh 12431, hiéu suit cua chu trinh nay la

@)
| 2431 :l_é . (1)
Tuong tu, ta c6 hi€u suat cua hai chu trinh 34653 va 12651 1a
0
M3a653 =1 — Q_Z (2)
. 0
va Taes1 =1— aj 3)
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Vi <1 nén Q; <Q,.Dodo, tir (1) va (3), suy ra

Thaes1 = Thaazi

b. Dang chung cua phuong trinh mo ta ba doan thang (tirc 1 cac qua trinh 1-2,
3-4,5-6)1a p=kV ,trongdo klahangsdé =dp=kdV .
Tt phuong trinh trang thai (gid st c6 n mol khi) ta co
pV =nRT — pdV +Vdp =nRdT . (4)
Thay biéu thirc ctia dp vao (4) va chiy p =kV , ta duge
pdV +kVdV =nRdt = 2pdV =nRdT .
Theo Nguyén ly I ta ¢

o0 =dU + A =nCVdT+pdV:nCVdT+%anT :

Suy ra, nhiét dung trong cac qua trinh 1<>2, 3<>4, 56 1a

oo
dT

Goi nhiét do cac trang thai 1, 2, 3,4, 5, 6 lan luot 1a L, .,,1T,T1, I, Ty va
phuong trinh mé ta cac qua trinh

1
=nC, +§nR = const .

121a p=kV ; (5)
3e41a p=kV; (6)
56la p=kV . (7)
Suy ra
pi=kV, s py=kV, ; pi=kV, = |kikyik;=1:2:3
Ta cling c6 0=CTL-T); O&=CI-T); O=CI-T) .
Suy ra 0:0,:0, =1, 1) (T, -T5) :(I; - T)

Tt phuong trinh trang thai ta co

T _T = pVy—pVi _ kVy — k1’ _ ks (Vs V1) '
2 nk nk nk
Tuong tu, ta co
2 _ 2 2 _ 2
T4—T3:k2(V4 I/3) va T6_T'5:kl(V6 I/S) )
nR nR
Suy ra
0:0,:0;= k3(V22 _V12) : kz(V42 _V32) : kl(V62 _Vsz)- (8)

Xét cac qua trinh doan nhiét 1-3-5 va 2-4 - 6, tacod
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pV =pV] =pV{ va  pV) =pV]=p{
Dung cac phuong trinh (5), (6) va (7), ta dugc
k3V1y+1 = szsyJrl = lesyH va k3V27+1 = k2V4y+1 = leg+1

Suy ra
1 Vi Vs
. h n_V_,
1 Vs
Thay vao (8) ta duoc:
0:0,:05= 1‘731/12(0‘2 —1): k2V32(052 —1): lesz(az -1)
=k V7 k VS kVE . 9)
bat
k3l/1}/+1 — kzl/:;}/+l — k1V57/+1 — ﬁ}/+1 ,
b b b
suy ra Vi = Pk, i ) Vi = Pk, 7! ) Vs = Bk 7!
Thay vao (9), ta co
2 2 2
0:0,:0;= k3V12 3k2V32 3k1V52 = 3ﬂ2k3 i 3k2/82k2 s :klﬂzkl i
71 71 r=1
— k37+1 . k2;/+l . kly+1
Ta co
771 7-1
1
Moaz =1 - G _ 1- (hjﬂ =1- (z)yﬂ
o) ky 3
Tuong tu,
r-1 7-1
+1 +
Maaesy =1 — %] =1 —(ﬁ)y =1 —(l)y :
0, k, 2

Vi [g]y+l>(ljy+l nén
3 2

34653 = Th2431



CAU 2.

Mot ty dién c6 dién dung C méc ndi tiép véi dién tro R vao mét bo pin co sut
dién dong E. Cac ban cia tu dién dich chuyén lai gan nhau rat nhanh trong
khoang thoi gian A¢ dén khi khodng cach gitra ching chi con bang mot nia
khoang cach ban dau. Gia thiét ring trong thoi gian cac ban tu dich chuyén,
dién tich cua tu gan nhu khong doi.
a. Hay tinh nhiét lugng toa ra trén dién trd cho téi thoi diém két thuc su
phan bd lai dién tich.
b. Hiy danh gia do 16n cia R dé gia thiét néu trén (dién tich cta tu gan
nhu khéng d6i) dugc thoa min, cho biét A7 = 107s, C=10""F.

Huwong dén:

Cho phuong trinh vi phan
d
L gy=4
dx

trong dé g(x) la mot ham cho trude ciia x, A la hang sé. Pt
G(x)=[dx' g(x")
0
Nghiém ciia phwong trinh dd cho véi diéu kién bién y(x=0)=y, la

y(x)= eG(x){AJ-dx’eG(x') + yo} .
0

Bai giadi
a. Theo dinh luat bao toan ning luong, sau khi cac ban ty dich chuyén lai gan
nhau, ta co
Q=A4-4W,

trong dé QO 1a nhiét }u:o’ng téa ra trén dién trd, 4 1a cong cua lyc la trong bd
nguon, 4% la do bién thién néng luong cua dién truong gitra hai ban tu. Ky
hiéu 4q 1a do bién thién di¢n tich cua tu trong qué trinh phan bo lai dién tich,
ta co

Ag=EAC=(2C-C)E=CE , A=4q.E=CE .

Sau khi hai ban tu dich lai gﬁn nhau, dién dung cua tu 1a 2C, con dién tich cua
tu thi khong thay doi (theo gid thi€t). Vi vay hi€u dién thé gitra hai ban tu la
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E/2. Ngay sau khi két thac sy phan bd lai dién tich, hiéu dién thé lai 1a E. Do
do,
_ 2CE? B 2C(E/2)* 3

AW ==CE".
2 2 4

1
== CE’
2=

b. Ky hi¢u x(z) la khoang cach gitra hai ban tu ¢ thoi diém ¢, x(0)=D, trong do
D 1a khoang céach ban dau gitta hai ban ty. Dién tich cta ty ¢ thoi diém ¢ 1a
q(t). Ta c6 cac phuong trinh

q(t)=(E-IR)C(t), I=dq/dt,  C(t)=kS/x(1).

O day, S 1a dién tich cta ban tu dién, & 12 hang s6 (k=¢, néu mdi truong giira
hai ban tu 1a khong khi).
Ta c6 phuong trinh vi phan

dg E

ar sk TR

F(t)= jdﬂ xX(t)

101 giai cia phuong trinh trén la

_LF t)

a=¢ " E

1
t I
o lave we" L pC
0

Sau khoang thoi gian Af rt nho, ta co

q = E(C+At/R).
Pé c6 thé xem dién tich la khong d6i trong thdi gian hai ban ty dich chuyén, R
phai thoa man diéu kién

R>>ﬂ=108s2 .
C



CAU 3.

Trong mot s nghién ciru hat nhan, nguoi ta can gia toc cac hat tich dién
(proton, doteron, electron, cac ion, ...) dé cac hat d6 co nang luong du 16n gay
ra phan Ung hat nhan. Mot trong cac thiét bi gia toc hat 13 may gia tdc
xiclotron (xem hinh v¢).

Xiclotron gém mot hinh try réng bang kim loai duoc cit thanh hai phan
theo duong kinh, goi la cac cuc dé hay cuc D. Ca hé théng duoc dit trong tir
truong déu khong dm c6 cam Ung tur B vudng goc voi mat phang cua céc cuc.
Hai cuc ndy dugc ndi voi ngudn dién xoay chiéu tan s6 cao dé tao mot dién
truong xoay chiéu & khe giira chung. Hat tich dién can gia téc dugc tao thanh
¢ tam hai cyc, di vao cac cuc D rong va chuyén dong trong do theo quy dao
tron voi toc d6 khong d6i. Hat chi dugc gia tbc mdi khi di qua khe gilra cac
cuc D néu chiéu chuyen dong phu hop voi chiéu cua dién truong. De co su
cong huong do, tan sd goc cua chuyen dong tron cta hat phai bang tan so goc
cta dién truong xoay chiéu. Ket qua 1a hat chuyén dong theo dudng xodn b¢
va duoc 14i ra ngoai qua cira s6 W boi bo phan 14i L.

Do khéi lugng cua hat phu thudc vao tdc d6 nén tan sb gbc cua hat thay
d6i, dan dén sy cong hudng bi pha vd. Dé khong xay ra su mat dong bd pha
trong xiclotron, ngudi ta c6 thé thay doi tin sb cta dién trudng xoay chiéu ma
van gift tir trudng khong doi. Khi d6 ta c6 may gia toc phazotron.

Néu dung phazotron dé gia tbe doteron thi can thay doi tan s cua dién
truong theo thoi gian nhu thé nao, biét rang cir sau mdi vong quay, hat nhan
dugc nang luong trung binh la A? Pé dong nang cua hat dat dén 200 MeV thi
tan sd cia dién truong thay d6i bao nhiéu phan trim? B qua dong nang ban
dau cua hat. Cho biét nang luong nghi ciia doteron 1a Eq = 1876 MeV.

B® e, DUIONE SUC tU

Duong
suc dién
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Bai giai

Ky hi¢u E Ia nang luong cua hat, A 1a nang luong hat nhan dugc sau mot
vong quay, o la tan s6 géc cua nd. Toc do tang nang luong cua hat 1a
dE oA

2 1
dt 2= @
Mait khac,
2
cqB
0= 2
B (2)
Do @0,
t 2
Ed+ﬁn9é=°qB 3)
0 2 ®

Do B = const, lay dao ham hai vé ctia (3) theo t, ta nhan dugc phuong trinh
ldo 1d ( 1 j_ A

o dt  2dt\e’ __27tcqu’
d(1 A
—(T]ZT : (4)
dt\ ® ncqB

Cuo1 cung, ta nhan dugc bi€u thire biéu dién sy phu thudc vao thoi gian cua
tan sO goc cua hat, tuc 1a tan s6 cua dién truong,

hay

® - wgA
o(t) = \/ﬁ Vo A= chqu , (5)
trong d6 @, 12 tan sb tai t=0.
Tu (2) tarutra
0 —0,

|E_EJz9ﬁ% .
| E |

‘0)0‘



CAU 4.

Mot photon tia X (ky hi¢u 1a v) c6 bude song A, =0,125zm va mot electron
chuyén dong véi van tdc khong doi va cham véi phau. Sau va cham, ta dugc
electron dung yén va photon v' (xem hinh v¢). Biét goc 1ap boi phuong truyén
ciia photon v v&i phuong truyén ctia photon v/ b?lng 0 =60". Tinh budc
song de Broglie cua electron trudc va cham. Cho khoi lugng nghi cta electron
m, = 9,1.10_31kg, héng s6 Planck 4 =6,625.10"*Js va van toc anh sang
c=3.10°m/s.

Bai giai

Goi f,(4,) va f(A) lan lugt 1a tin s6 (budc song) cua hai photon v va v'.
Ky hiéu E, va p,lan luot la ning luong toan phan va dong luong ciia electron
trudc va cham, mec2 l1a nang lugng nghi cua electron. Theo dinh luét bao toan
nang luong va dong lugng, ta co:

hfy, + E, =mc” +hf , (D)
p sin(p—isinH—O (2)
e /10 b
h h
CoOSQ +—cosl =— ) 3
p.Ccos@ Py P (3)
Ta s& khir ¢ tir cac phuong trinh trén va thay 8 = 60°. Tur (2) va (3) ta c6
s ., 3h?
sin“p=—+ ,
pP. Q 4 Zﬁ
hon Y
2 2
cos“p=| ————
p. @ ( 19 ﬁoj

Cong hai phuong trinh trén vé&i nhau ta dugc

1 1 1
2o . 4
Pe A A QA “)

Mat khac,



2 2 4
Z_Ee—mec
Pe = 2
c

Tu (1) taco
mc® =E, +h(fy =)
Thay vao biéu thirc trén cua p?, ta dugc

» _EL-[E.+h(fo - D) _=2hE(fy =) =W (S~ f)

P.
c c

2 2
= <2 (fy = )25 (o= =5 (fy = )’

2
=h2£i—l] —2mehc£i—lJ : (5)
A, A A, A

So sanh (4) va (5) ta dugc

2
pr=h’ i2+i2—L =h? N —2m hc N
Ay A AA A, A A, A

Sau khi rat gon, ta co

Suy ra

Ay —A = h
2m,c

Thay A, =0,125nm, ta tim dugc A =0,1238nm .
Theo cong thuc tinh budc séng de Broglie, ta co

Dung (4), ta dugc

hay

L:£L+L_Lj . L:\/L+L_L
2\ A Al A, 2 5 A4
Thay céc sb lidu da biét, ta duoc

A, =0,124nm



