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PHAN GIAI BAI TAP
(180 phut khong ké thoi gian phat dé)

Bai 1.

Cho mét vanh manh lam bang chat dién moi, ban kinh R, tich dién Q > 0 phan b déu
trén vanh. Vanh duge dit nim ngang trong trong trudong. Mot hat bui rat nho khéi
luong m, tich dién q > 0, nam trén truc cuia vanh & phia trén cach tam vanh mot
khoang z, (xem hinh v&). Bing dd thi, hiy khao sat chuyén dong cua hat bui phu
thudc vao vi tri ban dau z, (xét tinh chét cua chuyén dong: déu, nhanh dan, cham dan,
dao dong ..., cac vi tri can béng). Gia thiét réng hat bui chi chiu tdc dung cta trong
luc va lyc tinh dién gay ra bdi vanh.

Bai giai

Chon tryc z trung voi truc cua vanh, hudng 1€n trén, diém z = 0 dat tai tAm cia vanh.
Luc tong cong tac dung 1én hat bui 1a

F(z)=F,+F,
:k—(R2 552)3/2Z_mg , (1)
trong do k = de, =8,99.10° Nm*/C* , g 1a gia tdc trong truong, F, 1a lyc tinh dién,
Fylaluc hap dén.



D& thiy F, (0)=0, F, > O khi |zl > 0, F,>0v6iz>0,F,<0vSiz<0.Do thi
biéu dién sy phu thudc cua F, vao z ¢c6 dang

z/R

Gié tri cuc dai F, . cua F, dat dugc tai diém z; > 0 1a nghi¢m ctua phuong trinh

dF, _ . 2490
I =0. Ta nhan dugc z; = R/\/_ Fy max = k33/2R2

Do thi ctia luc tong cong F(z) c6 dang glong d6 thi cta F,, nhan duoc bang cach tinh
tién d6 thi F, nguoc chiéu truc z mot doan bang mg.

o Truong hop F,max < mg:
Lug téng cong FF < 0 tai moi diém, hat bui sé& chuyén dgf)ng nhanh dan nguoc
chiéu truc z ra xa vo cung, khong phu thudc vao vi tri ban dau cta hat bui.

o Truong hop F, max = mg:
F<0néuz = zy va FF'=0taiz=z. Do do, néu z, # z, hat bui chuyén dong nhanh
dan nguoc chiéu truc z ra xa vo cung. Vi tri z = z; 1a vi tri can bang khong bén.

o Truong hop F,max > mg:
Do thi cua lyc tong cong F(z) nhu 13 ham cua z ¢6 dang

F(z)i
0 Zz_:Zl %3 z

D

Luc tong cong F=0tai hai diémz, , z3 (0 <z, < z;<z;). F <0 néuz< gz
hodcz>z;, F>0néu z, <z<z;.Thé nang tong cong cua hat bui la




Uz) = —[dz F(z) = —kqO[ d= z
!)- g (R2 + 22)3/2

+ mgz

1 1
=kqQ {—,—Rz e - E} + mgz (2)

v6i diéu kién U(z=0)=0. Do thi ctia U(z) ¢ dang

U

Ky hi¢u z4 1a diém ma U(z,) = U(z,). Do do,

- Néu zy < z; hoac zy > z, : hat chuyén dong nhanh dan nguoc chi€u truc z ra xa
vO cung.

Néu z; < zy < z4 , hat dao dong xung quanh vi tri z;. Néu z, rat gan z3, lyc tac dung
1én hat c6 bi€u thirc gan diung

Fi)=-ag 3)

trong do

dF
=z—-z3 , O=——
g 3 5

2
— 49 {1— 323 }o. 4)

/2 2, .2
z=z3 (R2 —kz%)3 R” + 23
Trong trudng hop ndy, hat bui dao dong diéu hoa xung quanh vi tri z; v6i tan sd

. a0 aa
goc a):1fz,blendo $o :‘zo —23‘ :

Vi tri z; 1a vi tri can bang khong bén,vi tri z; 1a vi tri can bang bén.



Bai 2.

Xét mot chu trinh gom hai qué trinh dang tich va hai qué trinh dang ap. Trén hinh v&
1a gian do p-V cta chu trinh. Hoat chat 1a 1 mol khi ly tuong gom cac phan tu hai
nguyén tu. Diém gita dudng dang ap phia duoi H va diém gitra duong dang tich bén
trai E ndm trén cung mot duong dang nhiét Gmg voi nhiét do T;. Dlem gitra duong
dang ap phia trén F va diém gitta duong dang tich bén phai G nam trén cting mot
duong dang nhiét ing véi nhiét do T,.

a. Xac dinh nhiét do cua khéi khi tai cac diém A, B, C, va D.

b. X4c dinh cong khdi khi thuc hién trong chu trinh ABCDA.

¢. Xac dinh hiéu suat 1y thuyét cia may nhiét hoat dong theo chu trinh nay.

pA
T, T,
B \F C
\G
E\ ~_
A H D
\Y%
Bai giai
pA
T, T,
B \F
Ii G
FRTT
A H D
v

a. Trong qua trinh dang tich, 4p suét ty 1& thuan véi nhiét do. Tuong tu, trong qué
trinh déng ap, thé tich cling ty 1€ thuan véi nhiét do.

Puong EG 1a duong dang ap, duong FH 1a duong dang tich. Tai giao diém I cua
duong EG va FH ta co



Tg + T, 1
Ty =——— ) ¢ :E(Tl +T,) . (1)

Ta cling co

T_B:T_CZE TA:TD:TH (2)

Tg Te T , Tg T T
Do do,

TeT  2T\T, TcTy 2TT,

TB = T = T , TD = = )
T, Ty 2T TeTy 2T

b. Cong W do khdi khi thue hién trong mot chu trinh béng dién tich hinh chir nhat
ABCD. Do d6
W =g —Pa)(Vp =Va)=pPVp =PVa =PaVD +PaVa

=pcVe =PV —PpVp +PaVa =R(Tc =Ty =T + T, ) (4)
2
—2R (T2 — Ti)
T, +T,
¢. Nhiét dung mol dang tich C, va dang ap C, cua hoat chat 13
5 7

Hoat chat nhin nhiét trong cac qua trinh AB va BC. Nhiét luong twong tng 13

5 2T(T,-T,)
=C,(Tg -T,)==R=—12_VU 6
Qup =Cy(Ty ~Ta)=7 L+T, (6)
7.2T,(T,-T))
=C (Tp - Tg)=—R=—22_ "1V 7
Que =Cp(Te ~Ty)= R "5 (M
Nhiét lugng téng cong hoat chit nhan duoc 1a
(7T, + 5T, (T, - T;)
_ n _RV 12 N2~ 8
Q=Qus +Qsc T 4T, (8)
Vay hiéu suat 1y thuyét cia may nhiét 13
_E_ 2(T2 _Tl) (9)
i Q 7T, +5T,



Bai 3. Sw mé rong ciia vach phd nguyén tir
a. Pé mo ta phd birc xa dién tir cia nguyén tir, ngudi ta ¢6 thé sir dung mo hinh dao
dong tir di€u hoa. Trong md hinh nay, nguyén tor duoc xem nhu mot hat cd khoi
lugong m, dién tich e, dao dong mot chiéu véi luc phuc hdi — m(n% x.0 day, ogla tan
s0 gbc cua brc xa dién tir do nguyén tir phat ra.

Pé mo ta do rong tu nhién Aoy (vi du, do phat xa tu phat) cua vach phé, ta co thé
dua vao lyc ma sat ty 1€ vo1 van toc cua dao dong tu diéu hoa, F, i =—y xchot> 0,

v6i v 13 hang sd, 0 < T, Luc ma sat ddn dén dao dong tat dan, ning luong cia
mawmg
dao dong tir giam theo thoi gian.

Néu ning lugng ctia dao dong tir giam theo thoi gian theo quy luat ham s6 mi thi sau
khoang thoi gian t nang lugng cua dao dong tir giam di e lan. Khi doé t duge goi 1a
thot gian song cia mure nang lugng kich thich ctia nguyén tu.

Hay tim bi€u thic mo ta su suy gidm ndng lugng cua dao dong tir theo thoi gian va
xac dinh d¢ rong tu nhién Awry cua vach phd Ung vo1 tan s ®(trong mo hinh noi
trén.

b. Ngoai m¢ rong tu nhién, md rong Doppler Awp
1a sy mod rong vach phd do hiéu ung Doppler trong
hé nguyén tir hay phan tir c6 mot phan bb van tbc
nhat dinh. Céc hat (nguyén tir hodc phén tir) phat
xa ma c6 van toc khac nhau s& c6 do dich Doppler
khac nhau, din dén vach phé bi m¢ rong. Su md
rong do chuyén dong nhiét cua cac hat dugc goi la
m¢ rong Doppler do nhiét. Trong truong hop nay,
d6 mo rong vach phd 13 d6 rong cia phan bd phd
cuong do bic xa & ntra cyc dai, chi phu thudc vao
tan sd cua vach phé, khoi lugng cua hat phat xa va
nhiét do cua hé hat (xem hinh v¢).

Cho mot khéi khi don nguyén tir. Xét vach pho Gmg véi tan sb ®, do cac nguyén tu
phat ra khi dung yén. Gia sir khbi khi & nhiét d6 T va phan bd véan toc clia nguyén tir
tuan theo phan bo Boltzmann

2
PV)dv =, |—— e ™D 4y
2n kT

trong d6 m 1a khéi lugng cua nguyén tir, k 13 hang sé Boltzmann, v 13 thanh phan van
toc theo mdt hudng cho trude nao do.

Hay chimg minh d6 md rong Doppler do nhiét dugc cho bai biéu thic

Ao =220 [2m2)kT
C m



Céac nguyén tir chuyén dong nhiét c6 téc dd nho so voi toc do anh sang trong chan
khong c nén co6 thé bdé qua cac hi¢u ung tuong doi tinh.

¢. Mot dén thuy ngan phat xa 10'® photon trong mot gidy tng véi vach phd 2537 A.
Gia thiét rang hoi thay ngan trong dén c6 mat d6 nho va ¢ trang thai cAn bang nhiét
c6 nhiét 6 T = 300 K. Hiy tinh 46 mé rong Doppler ctia vach phd. Cong suét birc xa
ctia dén & vach pho nay 13 bao nhiéu?

Cho biét khdi luong mot nguyén tir thily ngan 12 m = 3,33x10% g, hang sb
Boltzmann k = 1,38x107 J/K, hang sb Planck h = 6,626x10™"* Js .

Huwong din
Xét phuong trinh vi phan
d? d
A—f(xX)+B—f(x)+C=0
dxz dx

trong d6 A, B, va C la cac thong sd khong phu thudc vao bién sb x. Loi giai cia
phuong trinh trén c6 thé tim dudi dang

Sf(x)oce””
v6i 13 thong sb khong phu thudc vao x va duoc xac dinh boi cac thong sé 4, B, C .
Bai giai

a. Phuong trinh chuyén dong cua dao dong tir diéu hoa khi c6 luc ma sét

miiz—m(o(z)x—yx : (1)
Tim nghi¢m dudi dang
x(t) ~e* 2)
ta nhan duoc
.
x(t)=xpe 2m ™00 | >0, (3)

Ta c6 thé chon mot trong hai nghi¢m trén, vi du, nghi¢ém timg véi diu +.
Ning luong cua dao dong tir diéu hoa W ty 18 véi x|, do do

T,

W = WO e m . (4)
Theo dinh nghia (43 néu & dau bai), thoi gian séng cua mirc ning luong kich thich
cua nguyén tur 1a
m
Y

Tuong mg, theo nguyén 1y bat dinh giita ning luong va thoi gian, d6 rong clia mirc
nang lugng kich thich I' théa man

(5

T=



[t>n , do do F:ﬂ : (6)
m

Do mirc nang luong kich thich c6 d6 rong I nén vach phd twong tmg c6 d6 rong tu
nhién

ACOTN = =— . (7)

b. Gia st nguyén tir chuyen dong vai van toe v theo phuong hudng vé ngudn thu burc
xa: v > 0 (v < 0) néu nguyén tu chuyen dong vé phia nguon thu (ra xa ngudn thu).
Khi d6, do hiéu tmg Doppler, ngudn thu ghi nhan birc xa co tan sb

O =M 1+V/sz0(l+zj : (8)
1-v/c C

Cudng d6 buc xa c6 tan sb trong khoang (o,0+dw) ty 18 véi sb nguyén tir c6 van tde
trong khoang (v,v+dv). Do do,

I(0)do =1Ije do , 9)
trong d6 I(®) 14 phan bd phd cuong do birc xa, I, 13 gia tri cuc dai ciia phan bd pho.
Ky hi¢u Amp 1a do rdng Doppler. Ta co

I(w-Awp/2) = [(wytAmp/2) =1,/2 . (10)
T (9) va (10) rat ra

Aop =220 ) kT (11)
C m

¢. Bi€u thure lién h¢ tan s6 vai budc song cua buc xa la
2nc

(DZT ) (12)

do 6, tmg voi budc song A = 2537 A 1a tan s6 o = 7,43 .10 s Do rong Doppler
cua vach pho la

Aop=6,5.10" s . (13)
Cong suat buc xa A duoc cho bai biéu thire
A=nho , (14)
trong d6 n 1a s6 photon phat ra trong mot don vi thoi gian. Vay
A=0,78W . (15)



Bai 4.
Mot tia laser di vao moi trudng cd ddi xting cau (xem hinh v&). Chiét sut ctia moi
truong thay doi theo khoang céach r to1 tam doi xing O theo quy luat

n d r 2T

0~ > =10
n(r) = Ty

n . r<ry
Puong di cua tia laser nam trong mit phang chia tam O. O khoang cach r; > r,, tia
laser 1ap géc ¢ vdi véc to ban kinh r; (xem hinh v€). Tim bi€u thuc xac dinh khoang
cach nho nhat tir tam O dén tia laser.

Tinh khoang cach nhé nhat d6 véing = 1, ry = 30cm, r; = 40cm, Q= 30°.

Bai giai

Chia méi truong thanh cac 16p cau co do day di nho dé c6 thé xem mdi trudng trong
tung 16p 1a dong nhat c6 cung chiét suat. Xét hai 16p ké nhau bat ky co chiét suat n;
va n, nhu trén hinh v&. Theo dinh luat Snell ta c6

n;sinf =nj,siny . (1)
Mat khéc, ta cling co
I I : Ry .
SO _ sinp — sinp =—Lsina . (2)
R, Ry R;

Thay (2) vao (1), ta nhan duogc



nR;sina =n,R,siny . (3)
Tong quat, doc theo duong di cua tia laser, ta co
r n(r) sing(r) = const. (4)
trong do ¢(r) la goc gitra tia laser va ban kinh tai diém t6i trén miat cau ban kinh r.
Hang s6 bén vé phai ctia (4) ¢6 thé chon 1a

const =ryn(ry )sing(ry) . (5)
Thaylﬁéuth&ccﬁan@)véo(4)Vé(5)tanh&nduqc
%o 2smgp(r) ——rl sing(1)) néu r>r, , (6)
To To
. g 2 . A
rng sing(r) =—r1; sing(r;) néu r<ry . (7)
To
Tai khoang cach cuc tiéu 1 = 1y, ta co
dr’)=0 hay rdr=0 . (8)

Diéu nay c6 nghia hudng truyén cua tia laser vuéng goc vdi ban kinh r, tirc 13 @(fmin)
=90°. Do d6

n 2 n x
—Ormin ——Orl sing(ry) néu rppp >ty 9)
To Io
n 2 . X
Tin Do = r—Orl sing(ry) neu Ipin <Trp . (10)
0

Suy ra

Tmin = I14/S1NQ; néu r./sing, > 15 , (11)

2
T; . x s

Tmin =Lsm(p1 néu r/sing; <1y . (12)
To

2
4 . 4 \ . r 14 *~ 14 /‘\ 9 .
(Néu r4/sing <1y, tcla sing < (—OJ , g0c (1) = g gilta huong truyén cua tia
|

laser v6i ban kinh tai khoang cach r, nhd hon 90°. Tia laser s& di thang trong mién
ban kinh ry).

Vi céc gia tri s6 da cho, ta co

2
1 I'O 9
SIH(P1 = —< =—
2 I'l 16

Do d6 1., duge xac dinh bai biéu thic (12), rmin = 26,7 cm.
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