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PHAN BAI TAP

Caul

Mot thau kinh 15i 1am tir vat liéu c6 chiét suat n > 1, mot mat 13 mat phéng, mat kia
duogc tao bang cach quay dudng parabol y=kx’ quanh truc cta né (xem hinh v&).
Ky hiéu R 14 ban kinh ctua dudng vién mat thau kinh phing. Gia st d6 day cua thau
kinh rit nho so v&i ban kinh R, tirc 1a kR* << R. Hay tinh ti€u cu cua thau kinh.

Bai giai

y

Theo gia thiét cua dé bai, ta c6
kR <<1 . (1)

Chon hé truc toa do sao cho truc x tiép xUc vo1 mat cong cua thau kinh tai dinh thau
kinh, truc y di qua dinh. Xét tia sang di t&i thdu kinh trong mit phing xy, song song
truc y va cach truc y khoang x, < R. Diém t&i M cua tia nay tai mat cong co toa do
la (xq, kxoz). Tiép tuyén vOi mat cong tai M c6 hé ) gbc

tanf =y (M) =2kxy,<<1 . (2)
Ky hiéu goc giira tia toi va phap tuyén cta mit cong tai diém M 13 o, goc khiic xa
la B. Tacod

a=460 , sin f=nsina .

Goc 1ap boi tia khte xa va tryc x 1a
T
n=0+ (5 - ﬂj : 3)

H¢ s6 goc cua tia khuce xa la



V4 1+ tan ftand
tanp=tan| @ +—— fF |=cot|f—0)= . 4
7 ( 2 ﬂj ('B ) tan f —tand ¥
Phuong trinh cua tia khic xa la
—kx 1+tanBtand
Y 0 _ ﬂ (5)

x—Xx, tanf —tan0

Giao diém cua tia khic xa véi truc y ¢6 toa do (0, L). Thay vao phuong trinh trén,
ta duoc

L—kx02 _1+tan fBtan@

(6)
- X tan 5 — tan &
hay
L:kxg B 01+tanﬂtan6’:x0 ltan9_1+tanﬂtan9 ‘ 7
tan f —tand 2 tan f —tan &
Tur dinh luat khic xa rat ra
tan [ = ntan g ~ntanf . (8)
\/1+(1—n2)tan29
O day ta da bo qua sd hang nho chira tan® 6. Do d6
2
L=x, Liang 1Fntan’ 0 % 1 : €))
2 (n—1)tané@ (n—1)tané@ 2k(n—1)

Vi L khong phu thudc vio x, nén chum tia sing song song véi truc ctia thau kinh,
sau khi di qua thau kinh, s€ hdi tu tai mdt diém. Vay ti€u cy cua thau kinh la

1
f—m . (10)

Cau 2

Mot laser dit tai diém A phat ra anh sang budc song 500 nm theo hudng lap mat
goc a = 45° so voi truc y trong mat phang xy. Tia sang dap vao guong phang M
chuyén dong v&i véan tdc v = ¢/5 theo chiéu truc x va bi phan xa dén nguoi quan sat
B dung yén trén truc y. Guong M Iudn luén vudng goéc véi truc x. Hoi

a. Goc 0 bang bao nhiéu (xem hinh v&)?
b. Nguoi B quan sat dugc anh sang c6 budc song bao nhiéu?
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Goi y: Theo thuyét twong d6i hep, khi chuyén tir hé quy chiéu quan tinh ndy sang

» ) E )., .z . .z , .

hé quy chiéu quan tinh khac, cac dai luong (—, pj bién doi giong nhu cac dai
c

luong (ct,7), tac la
= 7(x—,8ct) , V=y , Z'=z ct'=7/(ct —ﬂx) ,
trong d6 f =Y , y=1/41- ,82 .0 day, cac truc toa do twong ung cua hai hé
c

quy chiéu thi song song voi nhau va hé quy chiéu S’ chuyén dong doc theo truc x
cuia hé S véi1 toc do v.

Bai giai
Cach 1
Ky hiéu S 13 hé quy chiéu phong thi nghiém (dtng yén), S’ 13 hé quy chiéu riéng
cua guong (tirc 1a guong dung yén trong hé S”). S’ ¢6 cac truc toa do song song voi
cac truc tuong tng cua hé S va chuyén dong véi van tc v so v6i S. Xem anh sang
gbdm cac photon ¢ dong lugng (trong hé S)

E h 1 h
=—=—, =p, =pcos(45°)=—— . 1
P=1_77 Px =Py =pcos(45”) e (D
Trong hé S°, dong lugng cua photon to1 la
v Ev . . 1 -1 _ 2 Vv
px_’Y(px_c_zj > py_py_pﬁa Y = I_B > B_E >
P 2 2
= J1+y2(1-+2 : 2
AR RUED @
Nhu vy, trong hé S’, hudng truyén cta anh sang 1ap goc o’ so vai truc y’=y:
tan a'zp%‘zy(l—x/?B) : (3)
y
Dong lugng trong S’ cua photon phan xa la (-p'y,p'y ).
Déi v6i ngudi quan sat B, photon phan xa c6 dong lwong
p"X — ’Y(- p'x +pT) , pny — pvy . (4)

Do do,

P x
"

-3 pie -3 | ®)

a. Thay gia tri ciia y va 3, ta nhan dugc
tan 0 = 0,4945 - 0=26,3°
b. Xét trong hé S, dong luong ctia photon phan xa Ia

tan 0 =

{ g boenid

py y




p"y p
"= = : 6
, cos® /2 cos ©
Vay B quan sat thay anh sang c6 budc song

k':gzﬁcosehzkﬁcow:&%nm . (7)

p" p
Cach 2

Theo hiéu tng Doppler, néu ngudn sang chuyén dong doc theo truc x ctia hé quy

chiéu phong thi nghiem v6i van téc v, phuong truyén cta nh sang lap goc n VO’i

truc x, f 1 tan sd 4nh sang, thi goc n’ giira phuong truyén voi truc x” va tan sb f

cuia anh sang xét trong hé toa do riéng cua ngudn sang duogc cho boi cac biéu thic
cosn—v/c

cosn':— , f' :fy(l—v/ccosn)
1—-v/ccosn

Goi S 1a hé quy chiéu phong thi nghiém, S’ 1a hé quy chiéu riéng cia guong. Ky
hiéu o, 1a goc gitra hu’ong truyén cta 4nh sang va truc x trong S thi goc o giita
huéng truyén va truc x” trong hé S’ duoc cho boi

' CcoSOq — sin o —
cos 0y = 1 B: p

1-Bcosa; 1-Psina

Tan s6 anh sadng x¢&t trong h¢ S’ 1a
f'=yf(1-PBeosa;)=yf(1-Psina) .

Trong hé S°, gbc t61 & guong la go' = ai; goc phan xa bang goc toi go'.

Déi v6i B, goc phan xa 1a ¢

COS(p'—B B cosal'—B

cCos @ = , ,
1-Bcosep 1—Pcos

Tac606=90-¢.
Tan s6 nguoi B ghi nhan dugc 1a £ '

f = yf'(l —Bcos gp') = yf'(l —Bcos al') :
Thay gia tri s6, ta nhan dugc 0 =26,3° , A”=634nm .

Cau 3
Xét khoi khi 1y tuéng gém N hat khéi lugng m chira trong hinh hop 1ap phuong thé
tich V (V=L?). Khdi khi ndm trong truong thé c6 cuong o G =-by va & trang théi

can béng voinhiét do T (b 1a h.'?lng $0, ;z l1a véc to don vi hudng theo truc toa do y).



Gia su trong truong G, hat c6 thé ning V(y)=mby, trong d6 y 1a toa do cua hat
(-L/2 <y <L/2). Hay

a. tinh nang lugng cua h¢.

b. tinh nhiét dung ctia h¢.

c. tinh ap sut trong khoi khi.
Goi y: Khi Iy tuong & trang thai cin bang véi nhiét d6 T tuan theo phan bd
Maxwell-Boltzmann

E

£(E) =%e_"BT ,

trong do E 1a nang lugng cua hat.

Bai giai
a. Nang luong caa hé: E =T + U, trong d6 T 1a dong ning téng cong, U 1a thé
nang tong cong cta hé hat. Ta co
T=N (372)kgT . (1)
Ky hiéu N(y’)dy’ 1a s6 hat c6 toa d6 y nam trong khoang (y’, y’+dy’). Haim N(y) la
ham phan b Boltzmann

_mby
N(y)=Ae ‘BT, )
trong d6 A 1a héng s6 chuén hoa duoc xac dinh tir diéu kién
L2 Ly Wby
[N(y)dy=A [dye BT =N . (3)
-L/2 -L/2
Suy ra
A= iml; 1 . (4)
B" sinh mbL
2kgT
Thé ning tong cong cia hé 1a
L2
U= | mbyN(y)dy= NkBT{l _ mbL coth( mbL j} . (5)
L2 2kgT 2kgT
Nang luong cia hé 1a
E =2 NkyT - VMO ipf MO | (6)
2 2 2kgT

b. Nhiét dung ctua hé



oE 5 N(mbL)? 1

C:a—TZENkB - b
4kpT* of mbL
2k T
5 bL Y 1
::NkB-E—[;E Tj . 7)
B sinh? LbL
2%k T

c. Tir phuong trinh trang thai suy ra ap suét tai vi tri c6 toa do y 1a
P(y)=n(y)kgT

_ mby
b1 et ®)
2L . mbL
sinh
2k T
trong d6 n(y) 1a mat d6 hat tai diém c6 toa do y.

Cach khac:

Xet lop khi co toa do y trong khoang (y,y+dy). Néu biéu dién sb hat trong 16p khi
ndy c6 thanh phan van toc theo truc x ndm trong khoang (vy, vytdvy) 1A
N(vy,y)dv,L*dy thi

_d mv2 +mby)/(kgT)

N(v,,y)dv, [*dy=Ce 2 dv, L*dy
v6i C 13 hing sb chudn hoa,
_ 1 Nmb m v 1
sin
2kB

Cac hat trong 16p khi nay va cham vdi thanh hop vubng goc voi truc x. Bién thién
thanh phan dong lugng hudng theo truc x cta khoi khi nay, xét trong thoi gian dt,
la

dP, = Tdvx (2mv, ) N(vy,y) (Ldy) (vdt)
0

3/2
—dKLdyX§£:(2kBTj
4 m
Do d6 ap suét tac dung 1én thanh hop 1a
mb
_LdP Nmb 1 i
Ldy dt 212 . ( mbL j '
sinh
T



Chu y: Dinh nghia ctia ham hipebolic

) 1 _ 1 _
s1nhx=5(ex —e x) , coshng(ex +e x) ,
tanh x = sinhx e* —e™” h _coshx e"+e™
an x—COth— — ) cothx = T
e +e smhx e —e

Ciau4 Biy quang hoc

Ngudi ta dung cac chum laser giao thoa v6i nhau tao thanh bay quang hoc dé bat va
giam gitr cac nguyéen tur si€u lanh (nguyén tir co nang lugng chuyén dong nhiét rat
thap). O gan tam bay, cdc chum laser tao ra dién truong c6 dang

2
E(x)=Eo|1->5 e, .
X0
trong do é,1a véc to don vi hudng theo truc z, x 1a khoang cach dén tam bay theo
phuong truc x. Gia tri dac trung cua Ey va xg la Eo=5000 V/m, xo =5 um.

Mot nguyén tir rubidi § 37 Rb chuyén dong doc theo tryc x voi toc d6 v = 0,1 mmy/s,

dén vi tri x = 0 thi bay quang hoc dugc bat dé hoat dong. Xét mo hinh nguyén tur
rqbidi gom hat r}hén la dién tich diém bao boc boi dam may dién tich am phan bd
déu trong qua cau ban kinh R (ban kinh nguyén tir rubidi). Tam qua cau dién tich
am trung voi hat nhan nén moé men ludng cuc dién cua nguyen tir bang 0. Gia thiét
rang khi nguyén tr nam trong di€n truong, ddm may di¢n tich am khong bi bién
dang nhung hat nhan va tam dadm may dién tich am bi dich chuyén, dan dén nguyén
tir ¢c6 m6 men ludng cuc dién khac 0.

a. Hay tinh hé s6 phan cuc o cua nguyén tir (o = md men ludng cuc dién / cudng
do dién truong).

Hing sd dién moi cua khi nguyén tir rubidi c6 mat do nguyén tir N=1,01x10"" cm™
la £=1,00004. Hay danh gi4 ban kinh R cua nguyén tur rubidi.

b. Cho biét R=25 A. V6i cac gia tri dic trung ctia biy quang hoc, hdy mo ta dinh
lugng chuyén dong cua nguyén tir rubidi noi trén sau khi bay bat dau hoat dong
(x4c dinh céc thong so cuia chuyén dong va nhiing gia thiét da st dung).

c. Xé~c dinh téc d6 cuc dai v,,,, cla nguyén tir rubidi dé nod con co thé bi bit vao bay
khi bay hoat dong.

Cho biét héng s6 dién moi ctia chan khong &) = 8,85.10"2 Cz/(Nmz), khoi luong cua
mot nucleon m, = 1,67.10°% kg.



Mot so khai niém: Véc to phan cuc P cua khoi khi 1a tong mé men ludng cuc di¢n
cua cac nguyén tu trong mdt don vi thé tich. Véc to phan cuc lién hé véi dién
trudng ngoai boi bi€u thic

trong do6 y goi la do cam dién, & la hang s6 dién moi ctia chan khong. Hang so dién
moi ¢ cia khoéi khi duge cho boi biéu thuc &= 1+ .

Bai giai
a. Ky hi¢u z, va z, lan luot 1a do dich cua hat nhan va tim qua cau dién tich Am khi
dat trong dién trudng cta cac chum laser. Ky hi¢u ¢ la dién tich cua hat nhan. Cong
cua dién truong thuc hién khi lam dich chuyén hat nhan va qua cau dién tich am la

Ay = E(x)z, + qE(0)zy =gE()d (1)

trong d6 d 1a khoang céach gitra hat nhan va tdm qua cau dién tich am, x 14 vi tri cta
nguyén tir trén truc x. Dé nguyén tur khong bi pha v3, d < R . Theo dinh luat bao
toan nang luong, cong 4, bang nang lugng tinh dién 4, ctia nguyén tu khi vi tri ciia
hat nhan Iéch khoi tam qua cau dién tich am. D& dang tinh duoc thé tinh dién U(r)
gay bai dién tich 4m tai diém cach tdm qua ciu mot khoang r < R

1 q >
U(r)= —r° . 2
= o @)
Do do,
1 6]2 2
Ay =—-"-d° . 3
2 872'80 R3 ( )
Suy ra
3
i =270 gy | (4)

do d6 m6 men ludng cuc dién ciia nguyén tir 1a

p =816, ROE(x) . (5)
Hé s6 phan cuc clia nguyén tir 13
o =87s,R> . (6)
Néu N 1a mat d6 nguyén tt cta khdi khi thi véc to phan cuc ciia khoi khi 13
P=Np=8mgNR*E=¢yyE . (7)

Theo dinh nghia, hang s6 dién moi ¢ ctia khi nguyén tir lién hé v6i d6 cam dién y
theo cong thurc

e=1+y . 8)
Tu (7) va (8) rat ra



1/3
&= 1+87NR’ hay R= (‘;—_]\;) . 9)
7

Thay gia tri s6 vao (9), ta nhan duoc R=2,52 x10™® cm.
b. Thé ning cua nguyén tir tai diém x trong dién truong ciia cac chum laser 1a

2

- 2 4
V(x)=—p.E(x)=—876yR*E* (x) = —87£,R°E] {1 2t x—4] . (10)
Xy X

Db thi cua V(x)

V(%)

Tai thoi diém bay bat dau hoat dong, =0, nguyén t& ¢ vi tri x=0, nang lugng téng
cong cua nguyén tu la

W =%mv2 — 876 R°E] = %mvz +Vo (11)

7Z'80R3

Vi v<4E, ~1,02 cm/s nén W < 0. Toa dd x 16n nhit cua nguyén tr 1 x,,,,,

m
thoa man phuong trinh

W—-Vix) =0 . (12)
V1 Xpax < Xo N€N
mv?
X =xq./1— |1+ } 13
max 0 2Vmin ( )

Thay cac s6 liéu da cho trong dau bai, ta nhan dugc X = 0,065 X, , tic 1a
Xmax << Xo . (14)

Véi gia thiét (11) va bat dang thirc (14), ta c6 biéu thirc gan ding cho thé ning V(x)
cua nguyén tir rubidi da cho



2
V(x)~—8me,ROEL (1 - 2"—2] . (15)
X0

Nhu vay, nguyén tur chiu tac dung cua luc

32
F(x):_dV(x):_kx véi kzm _ (16)
2
dx X0

Dudi tac dung cua luc F(x), nguyén tir thuc hién dao dong diéu hoa xung quanmh
vi tri can bang x = 0 v&i tan so

3
=30 8ok 45 ¢ (17)
Xo | 7m
va bién do
\% m

~

~

X X =0,035 um . 18
max 04REO 272'80R H ( )

c. Theo d thi ctia V(x), dé nguyén tir bi bat va giam giir trong by, van toc ban dau
cua nguyén tir phai thoa man di€u ki¢n

72'6‘0R3
v<y

V6i v, =4E, = 1,02 cm/s . (19)

max
m

10



