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[SIXTH SERIES.]

JULY 1913.

1.0n the Constitution of Aioms and Alolecules.
By N. BoHR,Dr. plail. Copenhagen.
Introduction.
IN order to explain the resalts of experiments on seattering of a rnys by matter Prof.
Rutherford has given a theory of the strueture of atonis. According to this theory, the
atoms consist of a positively charged nncleus surrommded by a system of electrons kept
together by attractive forees from the mucleus; the totnl negative charge of the electrons
is equal to the positive charge of the mucleus.Further, the nucleus is assumed to bo the
sent of the essntinl part of the mass of the ntom, and to have linear dimensions exceedingly
small compared with the linear dimensions of the whole atom. The number of oleetrons in
an ntom is dednced th be approximately equal to half the atomie weight. Great interest
is to be attributed to this atom-model;for, as Rutherford has shown, the assumplion of
the existence of muclei,as those in question,seems to be necessary in order to aeeount
for the resnlts of the experiments on large angle senttering of the a raysl
In an attempt to explain some of the properties of matter on the basis of this atom-model
we meet, however, with Jifficulties of a sorikous. naturo arising from the apparent
*Communicated by Prof. E. Rutherford,F.R.S.
E. Rutherford,Phil. Mag. xxi,p-660(1911).
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8 | In this paper I wish to consider, first, the simple case of
the hydrogen atom (non-relativeistieand unperturbed), and show that
the customary quantum conditions can be replaced by another
postulate, in which the notion of “whole numbers”, merely as such,
Is not introduced. Rather when integralness dose appear, it arises
in the same naturnl way as it does in the ease of the node-numbers
of a vibrating string. The new conception 1is capable of



generalissation, and strikes, | believe, very deeply at the true
nature of the quantum rules.

The usul form of the true nature of the latter is conneeted with
the Hamilton-Jacobi difierential equation,

15 =
() H(a)=E

A solution of this equation is sought as can be represented as
the sum of functions, each being a runction of one only of the
independent varinbles g.

Here we now put for S a new unknown W such that it will appear
as a produd of related functions of the single co-ordinates, 1.e.
we put

)

The constant K must be introduced from considerations of
dimensions; it has those of aclion. Hence we get
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Now we do not look for a solution of equation(l’), but proceed
as follows. If we negleet the relativistie variation of mass,
equation(l’) can always be transformed so as to become a quadratic
form (of Wand its first derivatives) equated to zero.(For the
onc-clectron problem)

(D 804) B
14-3 1926 ( )
)
1926 1
( ) [1] -
H t H E
& SO
H —~I=E 14.2.1
8q a5 ( )
qs
= S
q e p q
S gy
q

S=klogy (14.2.2)



& ko

H —==E 14.2.1'
8q ] Tae ( )
Y

_ 1 k2S¢ &ﬂj L, oY
2mj 2 %‘ﬂxb 8 gﬂzﬂ

v=-2 (r=x>+y?+2%)

:ik_z%“ 0 m-“ %ﬂ 0 u_e_
2m| ? ko Sty %ﬂze r

o o &ﬂJO aéTjt_')2 2m eg )
8@,2, &y o gﬁg-ﬁg i =0 (14.2.1" )

o o 60 MO, 6 2ma €8,
di=d d qj 0, ¢ 2m&x €0
(ijdy Z%ﬂxﬂ gﬂyg +%ﬂzg kzg + rgj E

=0 (14.23)
2
La-= (plfdj - Cagyixdydzd eNj +_ma=E +&£9 3:0
2 g ro g
(14.2.4)
é. 2. 626 u
&V’] +—23 +—5a=0 (14.25)
e a
cifdj —=0 (14.2.6)

df



(14.2.5) r 8 )
P =xu(q j) u P™(cosg)cosmj " (cosg)sinmj
O< me | I=0 1 2 m 1)
(14.2.5) x(r)
d’x  2dx a@@mE  2me® n(n+1)o
o ra Sk Tk (1427
n=0 1 2 3 E (14.2.7)
% E E
n,EZ
—:n
k~/- 2mE
_n'e4
:—2k2 5 n=1.2 (1428)
n
k k=L
2p
92l
E::—ggiggi— (14.2.8")
P
- g
E V:E-&
h h
)
1926 2 (



W 14312
Mt
w W=g (T
V)dt t Ok
T
W gy V
W=-Et+S(qy) (14.3.2)
& Wo
2T —+=2 E-V 14.3.1
el 19 5 ( )
E S(a)
(14.3.1%)
T Ok
(ds)? = 2T(gk, gk)(dt)? (14.3.3)
] « ,
w (14.3.1) gradwW
fa,
(14.3.1%)
(gradW)2=2(E-V) (14.3.1" )
| gradw| =.2(E-V) (14.31"")
(14.3.2) W
t
W= q
W W
(14.3.1"")
W
14-4
W, 14-4 W
dw,
ds= —== 14.3.4
J2(E-V) ( )
Wo+dW,
(14.3.2)
t+t W



W
W
W, t+dt
t W,+Edt (14.3.4)
W, dt
Edt
ds=—— 14.35
J2(E-V) ( )
ds E
U=—=— 14.3.6
dt  J2(E-V) (14.30)
E u
W= q
(14.3.6)
ds) “ " (14.3.6)
q
0= L =g BEEY) = 45 o= Lagj oren
1 U 1 E E 1
(14.3.7)
E
w
=— 14.3.8
Py 9. ( )
Pk
(imagepoint) u
E 1 14.3.3
u
uj—f = /2T = [2(E-V) (14.3.9)
(14.3.8) W
W u
W



q W
W
Y
a2pW 6_ . @ 2pEt _2ps(q,)
St TSN T
E
v=—
h
q
(14.3.6) (14.3.11)
_Y_ h
v J2E-V
(14.3.6) (14.3.9) (14.3.11)
_ dv
d)
u

¢ )

QIO

(14.3.12)

(14.3.13)

(14.3.10)

(14.3.11)



(

" (Path)

( )
)
q
X 2 1 "_
N2y -—= ¢ =0 (14.5.1)
u
(14.3.6) (14.3.10) (14.3.11)
2
N +8rf)2 (v - V)i (14.5.1')
2
sz-+f%§—(5-\oj =0 (145.1")
2
-&fmﬂﬁ +\] =FEj (145.1")

(14.5.1)



(14.5.1)

W] (14.5.1)

(14.5.1)
( )

1926 5 ( )

(wavemechanics)

)[3326 6 (14.5.1) (

(14.5.1) E
U7

U =g (q)exp[2m i(E/h)t]

T _2pE _
Mt h v
_h 0
EY ~ 2pi Tt
(14.5.1"")
LU _h 7
8&mNJ+w_2mﬂt (14.5.2)
)
g
g
g
Wy’ (weightfunction)
p =ey ¢ "[4]

1926 6



| w2

P
&y 2)
" (phantomfield)
Y-
" [1]
[13]
1926 9

)

[10]

" [1]

[10]

dv

25

" [13]

1926

Py dv
12 4
" [12]



1926

" [14]

[15]

" [18]

1926 4

" [7]

1926 4



1929 5

[5]

MaxJammer

" [4]

[1] “ " 1987 8
[2]F.A.M. “
” 1987 4

31 " "

[4]Max Jammer The Conceptual Development of QuantumMechanics
MCGraw-Hill NewYork 1966 248 266-267

[5] “ ” 1982 3

[6]Felix Bloch Reminis cences of Heisenberg and theearly days
of guantum mechanics PhysicsToday Dec 1976 23

[7] ( )

[8] ( )

¢ )
[9] SCHROdinger Quantisationas aProblemofProper Values(part

) Collectedpapers on WaveMechanics 102—104[10]
1987 11 346—347
[11] “ ” 1987 10 8

[12] 1
1976 1 221
[13] 1
1985 1 777
[14] “ ” 1987 4
[15] ‘ " [14]
[16] ‘ "



1987
[17]

11






	物理学基本概念和基本定律溯源
	序 
	前 言
	一、万有引力定律的建立
	二、能量概念的发展及能量守恒定律的发现
	三、热力学第二定律的发现
	四、统计概念的发展以及麦克斯韦分布的建立
	五、熵的概念的建立和热寂说的起源
	六、电流磁效应的发现以及电流元作用定律的建立
	七、电磁感应现象的发现和电磁感应定律的确立
	八、麦克斯韦电磁场理论的建立
	九、光的本性认识的发展
	十、黑体辐射定律的建立及普朗克常量的发现
	十一、狭义相对论的建立
	十二、玻尔原子的起源
	十三、物质波理论的创立
	十四、薛定谔方程的提出
	参考文献


