39 2 Vol.39 No. 2
2020 2 COLLEGE PHYSICS Feb. 2020
§ {
i/x/;mmmwmvmg
( 710049 )
0 413.1 A :1000-0712( 2020) 02-0005-05
[DO1)10.16854 /j.enki.1000-0712.190178
3 ).
1925 7 Kramers
N Jordan Kuhn —Thomas
( )
. 1
> 1925 1927 N 1924
3 Kramers  Slater
Q
BOthe ~ ~
Kramers
“ 7 ( Kramers  Ladenburg
:2019-04-23; :2019-09-02
(41530422) ;
(2012121101)
(1978—)

E-mail: zem@ xjtu.edu.cn

£ 75 b

httpsighowd.bni.-edu ah



39

Kramers
.1924 12 Kramers
Kramers —
( KH)
Jordan
.1925
Kramers
45
w(1) =3, x e (1)
x( 1) x_ =x,
(1)
x( n l) eia)( nl)t ( 2)
(1) (2) lIl=n-7 (1)
x(l n)=x(nl)* o(l n)=-w(n
[) x(n 1)
3€pdq =J J=nh (3)
q p J
n h

(1)

mx =m2 x,itw( n) et
émidx = %moﬁzdt =2mmY, xx_ 7mw(n) =
—e T

21'rm2 I x| **w(n)
T
-

1 r itw
5 ) ——%foe de.
(3)
d

an

(4)

h) = dinﬂgpdq = %ﬂgmizdt

3 d
h=2mm>, 7—(1w(n) | x, 17?)
% 7 dn

(5)

1 dE
Tw=7 ———w(n n-7)

h dn

dE
T deE( n) —E( n—7)

n

=7 mﬂﬂ n) —f{ n-7)

dn
fn)
f n
(5)
Kuhn-Thomas

Kramers

h= Zwmz Ix( n+r n) w(n+r n) -

lx(n n-1) Pw(n n-r1)

(6)
h=m3, la(ntr n) Pal ntr n) -
i(n ner) Poln n-g) =
—2m§r|xhln—7)“whln—ﬂ
(6 (7)

6 .

A2 0 0

0
Oo 3/2 0 .U
E=hw0[| O
0 0 572 H

0--- e[

Jle 0 0

oo
_ h S/Tei’"ot 0 ﬁ e oo 0
x_@E 0 J2 e 0 J3e o

. ﬁeiw()t

(6)
E=Ecos( 2mvt)
KH

|x(n n+7) *v(n n+7)

(5)

(7)

OCOooOO

e’Eycos( 2mvt) %

2

h rm

\x(n n-7) [*v(n n—T)]

v'(n n+r) =’

v'(n n-1) -



2 7
hoof hoof
—=fg-qf —=pf- 12
v>>v(n ntr) KH i dp Ja=af i dq P (12)
e’Eycos( 2mvt) = . _
P:_O—ZE lx(n n+7) 1’w(n n+r) - / H P
hy == _OH . _oH (12)
lx(n n-7) ’v(n n-7) aq 1 ap
ki e =t T g =t (13)
e’ E,cos( 2mt) 1 1
Pr=——— I
4Tr2my2 q~p 0(p ‘I)
(6). ih0 =OH-HO= 0 H (14)
Jordan (14)
3
(7) (11)
" - (3) p=SpS™ =548
2m/w
J =j§pdq =f pqdt (8) -
0 qp—pq=ih=S¢S™' SpS~' -SpS~'S¢S~" =
. . SqpS~' =SpgS~ =ikSS =ik (15)
p=X p.e™ q=% q.e SST'=57S=11
S S'=8".
q =2 iwrqe™
(8) SHS"'=E  SH=ES (16)
J E (16)
1= Zﬁii Ti( q.p-.) = 2wi§ Ti( q.p* )
= a] = aJ H=H+AH" +A>H? +---
(9) §=504AS ) 422812 oot
5 1 g E=H+AE" 4+12E? 4. (17)
= 1A
(@) 21716 H EOD g (17)
J=nh (9) (16)
A% S'HY =H"S" (18)
2w A STHY 45 H =S 4B S° (19)
st Crer gl ) = A STH? 45 HY 5 O =
g(n n-1)p* (n n-7 = H'S +EM 81 + gD §° (20)
2mi =
SRS pln ) glntr ) =g n=r) pln=r 1) (1)
T 2 ( Sgu'H([)n - Hf:n‘s?n) = ng( H?n - Hf?nn) = 0 ( 21)
(10) i
0 _ 0
q~p (10) anijlm#O Swm=0 S
S'S=1I
pg—qp =—ih (11) S"SPHA( ST S 4SS o=l (22)
hzh/( 21T) ( 11) S()+S():I SO:I’
§MsN 41g(N+g0 = St 45h+ = N
. S =0. (19)
\Jordan 3 H(mll) +S(mll) ( H(lzn _H{I:l"l) = Efnln) 5mn ( 23)
R AN (23)

EVV =) (m=n)

mm mm



8 39
(1) ‘ ma\ 2 ;
S = () (25) e =(50) (7]
mn H() _H() 2h mw
172 .
(20) age = @) (q—Lp) (33)
H2 43 SO D 45 (B0 g0 y g0 p() _p(2 5 2h maw
‘ (26) (33)  qwp
. t=0 (33)
(26) mo\ 2 ;
HD gy |HD |2 “0:(2) (‘Io"' Po)
( ) _ ( ) . mi m _ ( ) mi h
Emzm _Hm%n + (2# ) ﬂ_Hm%n + é ) H{) _H() 12
H=m mm ii w=m mm ii mw 1
o= = 34
(27) @y ( Zh) (’]0 Po) (34)
o (HO-H)H) HD (34)  qo-po
S — mm nn mn + mn +
(H,,~H,)* H,, ~H,
g g (33)
. mi m 28 + — _
’.'(2#”) ( H?nm - HS/:) ( H(/:::m - H?l) ( ) hwaoao H hw/z ( 35)
( ) .
hwaya, =H+hw/2 (36)
(35) (36)
5 ayay—aya,=1 (37)
(35)  hwagaya, =a,H-Fkwa,/2 (36)
fiwaya,a,=Ha,+hwa,/2
' H-Ha,=h 38
L. mh 12 i+ Qg Ay = Nwa, (38)
n ( (37) n
] +\ n +\ n +) n—
2 . a (a,) "=(ag) "ay=n(a,) l (39)
) L Pauli Runge - o H H
L L
enz
(35)
fiw H'laga,|H) = H |H-tw/2\H") =
(H-hw/d) (H'|H)
(H laga, | H)  ay | H?)
1 Hla" yag | H) =0 H'IH") =0
P H =hw/2 (40)
1
H=——(p’+m’0’’) (29) (38)
m Hay\H") =ayHIH") ~tway | H*) =( H'~fw) a, | H")
m ® (41)
ag|H) H H’ - hw
§=qH /ik=" 0 ( 40) H H~ho H-2ho"
m
haw/?2.
p=pH /ih=-mw’q Hayay | H) = ( ayH - hwa,) a, | H) =( H —
: 2Hiw) aga | H) .
172 .
mw 2 ( 38)
a=|—_— q+p) (31)
( 2h) ( mw Hay|\H) =ayHIH") +hway | H) =( H +bw) ag | H?)
(31) (30) a =-iwa H +ho H +2how H
aglH*) (a})>1H )
a=a,e (32) Hagay | H) =( ayH+hway) ag |H) =( H+2kw) agay | H”)
(32) (31) ay |H) =0 ay |H") =



2
0
0=hw H'layay |H) =( H+hw/3 (H'1H")
H'=-hw/2 (40)
hw/2  3hw/2  Shw/2  Thw/2 - (42)
10) hw/2
a,10) =0 (43)
10Y  all0)  (al)?10)  (al)’10) -
(44)
(n+1/2) bw (ag) "10)
n . (39) Ol ay
(ag) "10) =n!
0) ayl0)  (ap)?10)  (ap)’10)
JT V2! V3!
ay) "10)
L=|n> Hin) =(n+1/2) holn).
Vvn!
ag) "10)
Lﬂm (39) ailn) =
n!
Vn+lln+1)  ayln) =Jnln-1) nla,ln+1)
=/n+1(n=0 (mla)lm-1)=/m(m=1).
(32)
0o Jie™ 0 0 -0
O , ad
oo 0 J2e™ 0 -
=0 it U
=00 0 0 J3e g
0o 0 0 0 --0
O a
0 a
0o 0 0 0 -
JTe” 0 0 0 g
=0 it ...0 (45
a’=5 0 e 0 0 g (45)
0o 0 3e“ 0 -0
0 Ve 0
O - O
(31)
g=vh/(2mw) (a+a’) p=ivEmw/2(a -a)
(45)
00 Jie™ 0 0 -0
o . gy O
D/Telwt 0 ﬁe iwt O "'I:I
q: h/( 2m0)) g O ﬁeiwt O ﬁe—iwt ”B
|:| iwt D
0 0 3 0
0 Ve 0
g - O

N
2

0o -J/le™ 0 0 -0
g 1e 0 -J/2e 0 ---B
p=i hma)/ZB 0 J2e 0 ~/3e %
g0 0 J3e 0 g
(47)
(32)

(af)"10)//nl =1n)

Zeeman Stark

1 Beller M. Matrix theory before Schrodinger: philosophy
problems consequences J .Isis 1983 74( 4) : 469-491.
2 Casado CD. A Brief history of the mathematical
equivalence between the two quantum mechanics J . Lat
Am J Phys Educ 2008 2(2): 152-55.
( 17



17
4 M.
: 2011.
1 . 5 . ( ) M.
] 1987 1(4):11-11. 1985.
2 ], 6  Wei-Tian Deng Xu-Guang Huang.Event-by-event gener—

2012 31( 1) : 20-20. ation of electromagnetic fields in heavy—on collisions.
3 ) Physical Review C 2012 85:044907.
J. 2017. 36(9) : 111-11.

Discussion on the upper limit of electrostatic shielding
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Abstract: The conductor shell in external electric field will produce inductive charge on its outer surface and
reach the electrostatic balance. The electric field in its cavity is zero everywhere this is so called electrostatic shiel—
ding. However if the external electric field is extremely strong or the number of free electrons in the conductor is
too small so that the inductive field cannot offset the external field completely. This is so called the upper limit of
electrostatic shielding. In this paper we simplify this problem as a toy model in which the conductor shell is illus—
trated as a pair of parallel metal plates. Through calculation quantitatively we have found that due to the large a—
mount of free electrons in the metal any macroscopic conductor devices are far from encountering this upper limit

in non-extreme question.
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Heisenberg’s matrix mechanics

HUANG Yongvyi SHAO Guo-yun ZHANG Chun-min
( School of Science Xi‘an Jiaotong University Xi‘an Shaanxi 710049 China)

Abstract: The paper recalls the theoretical frame of matrix mechanics including the fundamental commutation

relation Heisenberg motion equation of operators and non-degenerated perturbation theory. The matrix mechanical

treatment of one-dimensional harmonic oscillator is also given.

Key words: quantum mechanics; Heisenberg picture; energy representation





