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I. Izitroduction

Although the quantum theory as known and usad today has mada
mihle tremendous advances in physical lmowladga » it nevertheless

‘ fﬁrs from considerable conceptual difficulties, and is found
licable when distances imvelved are of the arder of 167 gm
less. Most physicists have accepted or adjusted to the

eptual difficulties, but there are still a few notably among
En.nsteinl who do not accept whola-heartedly the present inter-
ltakt.’i.on of quantum thaory. In the years since the development of
mmm theory there has been considerable discussion on this

msticn of intérpretation. The whole controversy is very well summed

p in the book Alberf Einstein, Philosopher—Scientist?,

 David Bohm in a recent series of papers 3ak has sugges‘oed a new
erpretation of quantum theory in terms of "hidden varisbles.”
dafines a "quantum-mechanical® potential such that when added to
e ordinary classical potential, this total potential may be used
> £ind the motion of the system using ordinary Newtonian equations
émeftien. Bohm calls this "quantum-mechanical" potential an
Jectively real potentdal and he states that his suggested inter-
tation,provides a broader concépma:}, framework than the usual
‘@i!argrétaticn; because it makes possible a precise and continuous
m;:ription; of all processes. He also suggesté that his new inter-
tétion may serve to resolve the difficultiaé encountered 1n the
omain of distances of the order of 1073 em, or less.
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'rm purpose of this thesis is to investigate a number of ‘specific
les in terms of Bohm's "quantum-mechanical® pot-antiai with &
icular view towards providing an increased understanding of the
fﬁw of this potential. Having worked through a number of

les k,we should be in a position to comment upon Bolm's contention
at fthis “quantum-mechanical" potential has an objective reality |
ﬁmt this interpretation provides a broader coricapmal framework

t-he usual interpretatdion.
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. II. The Usual Physical Interpretation of Quantum Theory

. The usual interpretation of quantum theory is based on two
dmntal assumptions. The first assumption is that the wave function
k;:'mines only probabilities of actugl experimentai results, but never-
;;‘#’a provides the most éomplete possible specification of the

ntum state of an individual gystem. The Bsecond assumptim is that

process of transfer of a single quantum from observed system to

measuring apparatus is inherently unpredictable; uneontrollable,

and unanalyzable. From either of these two assumptions the uncertainty
,\,_c‘:ipl:a is readily deduceds. The unceriainty principle states that
ore is an inherent and irreducible limitation on the precision with
@h one may even conceive ‘of momentum and pdsition as simultaneously
ined quantities. Thus, if either the position or momentum is

Cisja;ly known then all knowledge of the other variable is loat.
Kntenly is this knowledge lost but ons mgy ﬁot even conceive of there
beﬁ.ng a position or momentum, as the' case may be, ascribable to the
tem, |
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III. Bohm's Interpretation of the Schroedinger Equation -

; }We shall consider here Bohm's physical interpretat'ion’ of the

sent mathematical formulation of quantum theory for the case of the

_y"éi‘-gar'ticie Schroedinger eQu;ti'on. This wave equation is
; " .
T Zm

2 4 O% : .
v;ﬂ+'t/%'=m‘§;— W
e V=V (T ) is the classical potential and ¥= ¥ ( T,t) is
omplex function and may be written in the form
50 = /€€ ‘;% (2)

e R and S are real functions of position and time, Substituting
" in’oo (1) we obtain a differential equation in terms of R and 8

2 2 P Py ‘ . ‘;)__ IB)
£ vieeR) + yre Koo it g (ReVE)

Spx

ch upon expanding and cancelling a factor ¢ from each term

__‘It__‘ 2 ' __._...- + Y4 -——,?—‘22-"&'{'%6
,“‘(&’V.S"I'ZVQ—VS) + /Q/VJ'} V © + R ot

yon equating the imaginary terms, we get

S5 = s (R Vs +2veVS). Y
And ,équating the real terms,

5 _ AN |
fn [ZM(VS) V- e (L)

T
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Lot us now write P( r,t)=R(r,t)orR P » where P

ﬂwrei‘ore is, accord:mg to the usual interpretation, the probability
2P %_ -t
:,density. Then V&= PP "= £pP= VP and a%‘? 5‘? #F zat R

"'i'fngquat,ion (3) then becomes

L pi - L (Phvs s PEDP.TUS).

%:——(/7754- vA. \75) -% V(PVS),

which may be written in the form
_____ap . _Z‘_S = QO
52+ VY (’D > ) '(5)

_ Now, equation (i) may be written in the form

L(Us) A VR
at m TV am e =9 (6)

~ Now, in the classical limit, as %4 —O, this last equation has
- the exact form of the Hamilton~Jacobi partial differential equation of
i : :claasmal mechanics. The soiution of this equation, S, is the action
|  function defined by § = 2 j Tdt, where T is the kinetic energy of the
: ‘:partlcleé. A property of S is that p = VS is the momentum of the
i paz"blcle.

The classlcal equation of motion of the particle is then

a—— .
—a—f— v .

i
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OF OB dx By ,OEdE _ OB, 1z.v)7
§f+5§;’?*§f&?‘i*a}dt = 5% + (& V);o

=5 (vs) +(B-v)vs

»e§+ﬁﬁi]=evu

=V ot 2m

»

, .
oo

whieh is the Hamilton-Jacobi partial differential equation we sought.
o Bohm now makes the assumption that even when A¥o Eq. (L) |
represents a Hamilton-Jacobi Partial differential equation in which
t.he entire quantity [V -;é,;:' Y/gﬁ } is considered a potential, the
;st term being the usual classical potential, and the secohd term
‘,;;fnew type of potential which he calls the ®guantum-mechanical®
«.;’;zgctential,

" ; Thecman‘blty VS can still be regarded as the particls momentun

~and the motion of the particle may still be treated by an equation of
ﬂ‘ﬂie".classical form, but containing the additional force derived from

e " the “guantum-mechanical® potentials

a/z-nu élvzle )
z—?—wv{v-;;,?}' (8)
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£-7, ve may write Eq. (5)

2L+ V(PF) = | )

| &]~fThia~equation1says’that'we may still regard P( T, ) as the probability
f}ipﬁﬁngity for in that case Pi?ié the probability current and this
f7@f§§nation gxpresses the.consérvation'of probability.
- The foreg01ng interpretation leads Bohm to regard the wave function
 "59b( T,t ) of an individual electron as a mathematical representation
;’,;Qf an objectively real field. From its absolute value, R, can be found
f:he "quantum-mechanical® force acting on the particle. But since the
~ § 13itial conditions of an individual electron cannot, for purely
f ,i :practica1 reasons, be determined the equation of motion (8) cannot
V’fﬁevédmpletely solved and the motion of an individual eiectron is not
‘ﬁﬁégisely determined. However, th; probability density of a statistical
:%Sémble of electrons is given by P( ¥,t )e
¥; Hence all the results of the usual interpretation are obtained
’ ; “ erm Bohm's interpretation if the following three special assumptions
| i fﬁ5fare made which are mutually consistents:

(l) That the ¥«field satisfies Schroedinger's equation.
~(2) That the particle momentum is restricted to P =Vs( %t )
’ (3) That we do not predict or control the precise location of
tha particle, but have, in practice, a statistical ensemble with
;iaifz&ababnit,y density P (Tot ) = /¥ ( Fot )/ ® . The use of statistics
ﬁis; however, not inherent in the conceptual structure, but merely a

‘#pnaaquence of our ignorance of the precise initial conditions of the
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IV. Stationary States of the Hydrogen Atem

In order to learn more about the propertms of this “quanh:m-
mhmisal“ poténtial it is desu-able to study a number of sPecli‘ic

The wave functions for the five lowest states of the hydrogen-—like‘

L ‘at.om are as follows':
G !

% = /—/a) e {wlé% | | | (16)
% 1
Yoo = zf"(a.)( Z)e | (11)

% Zr - gf—“f;l%t

%/o 2V ow (Qo) ws O e (12)
3, = , -£F —1'5% £ ¢

.4, 3/"(4) “‘55""96 “ 7 (13)

2

: 'uhera Z is the atomic number of the atom, 4,=mel the Bohr radius, and
: E is the energy.
| Iet the absolute value of %ao be Ri. Then

2+

€- ()=

"
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vr

f’/d}r“_(“J’ )_Z— Z 2)'

3 — Sk - = E:—”_;;.
r(g)z @ %
itvk AT Z Z‘—Zj.
= TZm R T Tzm %\% v
At
g this becomes
FA 2 4
(7)= F -5 o

2A™
The equation of motion for this electron is therefore

PAL Fe' K Let  F
m G5 ==Vl = -V 55+ 55 - z:‘e/ .

S{ence i—i—-— = gonstant = ¢, gince if it is not zero the electron w:.ll

fmava the atom, which it cannot do. Therefore the electron in this

I
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ta of zero angular momentum aiso has’ zero radial momentum. The

ectron is simply at rest at some distance r from the mucleus. The

ﬁﬂhbﬂity density for r is given by /¥(P)/% ‘The coulomb

k"&,’tiaction .szfce Betmen the nucleus and electron is just cancelled
bythe "quantum-mechanical" force.

For the %.. state the "quantum-mechanical' potential turns out

- (15)

and the same interpretation as before applies. .

 Tne %, state again has zero angular momentum, and the forces
on the electron again cancels But the probability density for the
k,,; poaition of the electron now involves 6 as well as r. |
. Te £, state has angular momentum of magnitude *4. The

- "‘ﬁ@an*hm—mechauical" potential turns out to be

L

{r ) zm do 440 T 27nr“,<51n6 (16)
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If U,7V,% are the unit vectors in the direction of increasing

3, respectively, then

QU » , 4 U » U
Vi = r«*+5r5a " Pime S W -

' The quantum-mechanical’ force thus becomes

£t - AT cos & 2
u —
mr sin G

v, = (Z% -
1 = (7= aseie -
The first term in the ¥ direction is again just equal and opposite

"E.élfthe coulomb ,f'orce.‘ The last two terms can be written

iy | |
b n @@+ osO 7)

mr’sin’e
The absolute magnitude of this is

A

- 5
‘hvr" s’ &

-~ If we note that the angular momentum % --msépa, and that the

mirifugal force F,*=m ylp, then we may eliminate ¢ and write

T
L= m; 5~ « Thus we see, that the last two terms of the “quantum-

 mechanicall force can be interpreted as composing a force equal and

Fige. 1 shows p and the orbit of the electron. This orbit is

k a eircle lying in a plane parallel to the XY plane and a distance
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Z

tog @ above or below it. This is a

ther surprising result for it says that "~
;ﬂ"iié;;electron doss not nscessarily revolve 7 |
sbout the center of coulamb attraction 2 ! i
mﬁft;rather about a statistical ensemble | —,i _:‘::\J:/ /
nfi"pointa at a distance r cos @ from | )(
the’ center. , : Fig. 1

(i " We have seen that for the sta’oes we have considered the “quantum-
: “7m§chanica1“ potential is of such a nature that the force derivable
from it is in each case equal and opposite to the classical forces
acting on the alectro?. Thus the net force on the electron is zero
and the term “stationary state" is very appropriate.

o " let us 1nvest1gate the general form of the “quantum-mechanical®

1 Otentlal for stationary states. For stationary states the wave
‘jction has the form a

he wave equation then becomes
2 . '
—-A—Vza + Ve = Feu (18)
Zm , : .
1ff}:;a,_:g"ener.s\l u(?) is complex and may be written in the form

‘S (/-//x

a(r) KL(F) e (19)

ﬁnbstimting this into the wave equation and equatmg the real and
im,nary parts, we get
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VS +2V5-VR =0 (20)
...I-—(VSZ—NA'I__V__Z@ ::f-—l/'
m[ ) ) ] » (21)

The ‘Wguantum-mechanical® x;otential can be found from the last equation

m e T EV- ’—\(‘75) (22)
Tm Nquantum-mechanical® force is
-Vl = v+ v(7s)”

= —F ¢z, v(Vs)"

" 'Khem F is the classical force on the electron. If the total force
ien an electron in a stationary state is the sum of the classical and
;,y-quanmm-mechm:.cal" forces, then the total force Fp is

L= WV VE S FoE V() @)
since VS=%, the total force may be written
L2 2 Pl o '
A=z VB = Vp* =vk = VT (21

@era T is the kinetic energy.
We arrive 'a‘o the interesting result that in a stationary state
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: mt force on a particle is always equal to the gradient of the
kinetic energy, In the case of uniform rotational motion, as was the

@ase with the ¥,¢, state o:ﬁ' the hydrogen—-like system, the kinetic

onargy may be written T = ”’”2" -—-Eﬁ- » where is a constant

: B
— r

[ 5 oi' ‘the motione Then
V7= -—~’f— V(;-) = —mw'F

i’whidh is the negative of the centrifugal force.
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Ve Diffraction Problenms

When a collimated beam of particles such as electrons is
dent upon a narrow slit, the particles passing through the
k’,,siit;would, by classical considerations, produce an image of the

liton a scrgen such as a photographic film placed behind the

slit. Experiment shows, however, that this is not the case but
inatead a pattern of light and dark fringes is produced on the film
vm'y similar to that of an optical diffraction pattern. If a
aecend slit is opened parallel to and near the first slit, the
pat‘tcrn on the screen will be altered, It is possible that some
mgiancn the screen that is "illuminated® with only one slit

"w may become "dark®™ with both slits open,

. . The treatment of this problem by quénmm mechanics leads to
results that correspond to eipériment. but one mst give up the
pa:::t::.cle picture in favor of a wave picture. Yet in the final
ana.lysis it is the particle that strikes the film and produces an
" image‘ So although the cm_anmm mechanical treatment predicts the
p&*oper density distribution on the screen, it is no help in undere
standing how it is possible for the opening of a second slit to

g inf inence the behaviou.r‘of the particles going through the first
slit.

| The treatment of the problem by Bohm's interpretation may be

7 “x;yrigjreysatisi‘ying from a conceptual point of view. To employ this
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jhu:ipmtation we mist first find the exact wave function from

which we can find the “guantum-mechanical® potential. Using this

patsntial in a classical equation of motion we can determine the

: “k:i.m:x of particles coming through the slite. The difficulty in

» ing out this procedure is, however, that the exact wave function

n@ét be found, tuat only approximét.ions which are go;\d at some

'Lanco from the slit. But if we wish to determine the trajectory

8 :ﬁarticle we must know the exact force on it at every instant

@f’té.m. and hence we must know the exact wave function for all

_‘peilr)zts fuf'om the slit te screen.

: - However, let us assume that we have an exact wave function

| 72 for a beam of particles passing through a slit, We can then
md a ®quantuz~mechanical® potentiai. Uy, which 18 exact at all

paints. Now if we open a second slit at a distance d from the

;: gt, the wave function for the system becomes #-%*% where

% 1is the wave function when only the second slit is open, Although

m wave functions are additive, the total "quantum-mechanicalt

potentc't.a.l is not the sum Uy + Up since the total "quantum-mechanical®

p@tentdal depends on the absolute value of ¥. But - .

/4 =1% %G/ % .

(% %0] = (%] 4/ + 200 %) <o ()

_Hence the *'quanMahmical" potential for the system of two slits
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“eontain interaction terms between the two slite which will
n’.gcbunt for the influence of the second slit on the diffraction

‘of the first slite
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Vi. Potential Barrier Problems

~ The classical treatmént of the problem of a free particle of
amxgyE approaching a region of potential V gives as its solution
e result that if V is greater than E the particle will be totally
reflected, and if V is less than E the particle will be totally
e mitted, but with energy E-V. Experiment shows that electrons
X ;dther elementary particles do not behave in this mamner. It is
found that when the potential barrier has a height V greater than E

;§‘ertain fraction of particles will penetrate to any finite depth.

If the depth of the barrier is finite, those penetrating to that

pth will be transmitted, while all others will be reflected. If

the barrier is infinite in depth all particles will eventually be

lected. And it is found tmt when the potential barrier has a
ght V less than E that a cértain fraction of the particles
,i'oaching the barrier will be reflected and the remaindei' will be
’aranamitted with energy E~V. Obviously classical considerations do
no;b‘qgree with experiments The treatuent of the problem by quantum

mechanics, however, leads to results that agree very well with

Wﬁmnt. But in making use of the quantum~mechanical “treatment

wa are forced to give up completely the particlé-picture and treat

the particle as if it were a wave. The only justification for this
18 that 1t gives results that agree with experiments But it is
cerﬁm]y not a satiéfaétory treatment from a cdncepmal point of view.

If Bolm's interpretation is employed for this problem we are
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mad of results that agree with experiment. But we do not have to
up the éarticle picture, for the Wwave-function®, . ¢ , no longer

_needs to be interpreted as dealing with a wave. It is now simply a

icldfrom which is derived the "quantum-mechanical® force on the
5 We shall apply this interpretation to a number of potential

rrier problems. '

- Iat us consider first the case of a stream of particles of mass m
and energy E directed toward a potential barrier of width a and of
hnight VDE, as shown in Fig. 2.

S I N S

_~~I _ !
l | .

Y a

Fige 2
Following the usual procedure we set down the ¥ -functions in terms

il}pf}fhconsktants which mist be evaluated by the boundary conditions:

oy 6 .y
for x<o )= D %, ek \
Fa'r‘ o<x<a %(x} ‘=€€,'¢"1K _/;Cél'lézx > (25)
;- < x
x>0 %(x) =Ae )

_f‘S:S.nce one of the five cmstants is arbitrary, let us set D = 1, Then
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B, C, E are complex constants to be determined by the boundary

é@idit_ions. Let us write

/4 = a, L‘Qz Y
B = é/ bt Léz .
) ' C=c¢reic, ? (#6)
£ =& +eg, 7
Yix)= e“F #(grie) R
Klx) = (hrih )€ 0 (Gric) 804
%3(/‘) = /d/*“éz) eééx /

 We wish to find the "quantum-mechanical® potential in region 1,

fqheze x<0, given by

" "‘,-"‘:_‘".:l;hguabsolute value of £ (x) is
8] = Jl1+e) coskx + @unkx #i(-e)smku + i s hx] -

Ve

"ﬁ{[(/+ e )coskx + &,5n & 34]1+ [(/*6) sin ki x + & Cos 'é'%lz}

W

2 | . . //2.
{(/"f,l*ez_) + .2é€ Cos Zlé/x +_,<"ezsmz,é,k} .

Ll annl
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frl?q"igmdient of /¥/ is

c//¢/ Rk 3sinlhkx ~ ek cos 2k %
| {(He,z»«e,’) 426 cos 2 x +2¢, Sin Dk x}//"

V4= 75

-

The Iaaplacian of /%/ is
. 2
o v ‘7/%/ z/if/ 4.4;‘[—6,5/;12%,74 + &, Cos Z,éy]
‘ T dxt [(Na %&7)+ 2o, cos 2k X +3e, 5 zé,y}

3/2

4,62[6, COSZ x + & Sin K x]
{(/+é}z,¢€lz) +2e€ cos X +26, S:hiéx} e .

—

Upcn s:.mplifying and zmlt,iplymg by = E we obtain for the "quaniume-

machanical" potentials

.[[,(XJ { 6,11445; —(r+e?+832) +Z} (26)

[(1+¢%¢6}?) +26 cos 24 x +2¢, 5im 26x]*

¥ Let us now find the "quantum-mechanical® potential in region 2,

v/
Uy (x) =~ 27

xagmer to find the absolute value of % we must note that since

E—-V: is negative kaz will be an imaginary quanta_ty and hence e foko K .is

n

"’gr,eal quantity. Thus
35N A o, é 2 . Yy . I/Z
/g/:{[é,e‘é‘k,cqe‘ gk} +[ézezﬁzx+qeeézx}a}

2k, X

]

- ¢ ' &
(e85 4 (e d T r2heah )"
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e gradient of /#/is

Zcf x

)= L~ cikalhe ) € FE il
2 a'x | {(6 #éz)ezhéx—/—(c "‘f')? fZ(t}é*(é)}

m Laplacian of /4] is ,
‘ ‘ - " Zl‘ég 2
W/ [-ib,(6%42) %" 1 ch () E % ]
»y . . 3
{(élv‘-éz}ez‘é‘xf((,z.;('z)ezé‘xf—Z((,é,‘szé,)} /2.

261/5 -/-él) ‘?lé K*Zé‘ (Cz*‘(;) eZzéz
{(ész) ik + (C,Z,L(z)c 4 2 XL 2@ 4 4¢ é)}

b h? .
~ Upon simplifying and nmltiplying by = Sm e obtain for the “"quantum-

v V/4/ =

mecham.cal“ potential
YA b, ~c.5,)°
[[(X-) Zm. (é+£) -2 ke, X +[g+c)g“’"z(cé+(éj] ]} (29)

~In region 3, x>»a, it is immdlately seen that /f‘/lt A = constant
and hence U3(x) = 0,

S Let us now consider the boundary conditions. Since the 4 -function
and its first derivative must éverywhere be continuous, thls requires
ﬂzat at x =0

- /| +E = B+C

b (1~ E) = -ik,(8-¢)

anda'b X = g

- ik, (55%’4 - CC‘AQ) = z'/é,/‘{eaéd
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yfat,ing A from the last two, we getl
i(h4,) B Li(h-4)Ce® =0
| 1ininat1ng E from the first two, we get

Zik, =l -4)B +i(44)C .

Salvn.ng these last two for B, we getl

3= é/‘é ‘oéz) €“’é4 (30)
(4 1*4‘95//74 fa ‘Zéél cosh ik a
\ C= 'é(’é/*/éZ)e—iézd
(674 47) sivh i@ - 264 cosh cha (31)
£= (47 42) snh ida
| (6744}) sinh cka - 24,k cosh iha (32)

 In order to simplify the analysis of the problem we shall consider

& specific example. ILet us choose E = 9 electron volts, V = 13 ev.,

ﬁnd am= ].O"8 cme - Then

~/

. |
=1/ £ =45 x0% cmn

/ Kl

chy =i ZHE) = 10 10" o
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bstituting these values of ki, ka, and a into the expressions for
G,and E, we get

A= 0.05-6} + L0197
(= /_/75' - 10945
£ = 0235 - §0.798
‘chia Wle the "quantum-mechanical® potentials are

”,[")= 9{ 0./ /} ev.

[1-6/4 + 0970 cos (3x10° ) -1.996 5in (3300 x)}

Z{z(")= _4{ e ZnoVx 2 ’L/} ev.

[0.642 759X 4 7.278¢ —0.23%

N,

In Table 1 we have tabulated U versus x, and in‘the graph of Fig.
,::Véé;_platted the net potential, V + U, versus %X, This plot shows that
na point is the net potential grea‘oer‘ than E, A particle moving
;fleft to right. obeying a classical equation of motion would
tvmately slow down and speed up aslit passed the high and low

gi of the net poten'bial As it passed through the "barrier" its
'mity would increase from a small value at x = 0 to the value

k"v ~]/———— at x = a and remain constant thereafter. There really is no
1<mgar 8 barrier since the “quantum-mechanical potential cancelled
jﬁé’\b,mough “of the classical potential to bring the nét potential
balm‘ the energy of the part.icles. ' Furthe&more 'this is not just an
;f:acaidant due to the way we chose ‘the numbers in this partclcular example.
¢ ia :inherent in the way U depends on ¥ through the 54~£‘uncta.on.
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TABIE I
2m | (1,61 + 0,470 cos 3X10 x = 1.L96 sin 3x10°x)*
22 [ |
1 = 55 (omadt 1% ?..ziwe"? 0% o238
-cm. A U;(x)-(év.) x - cm. Ua(x)-ev.
x 1078 +8470 0 1429
x 10;8 €7.29. | -E- = %_x 10~8 {1488
x 1078 -88.1 S=gx 10~ ~6455 ‘
x 103 1749 ﬁ-a- ~% x 1070 ~10.2
1078 + 7,97 e e 110" ~13.0
T x 107 + 8,75
- g x 10~8 + 8486
+ 8485
- + 8.70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



STTIULAHY) SO ADHINT T&L0) = T
éi\kﬁm\ THOI8S87) = A

T LANILO v, - N = .
\a P INYHIZY ) -1 L §0¢ Vs

WIWON ST/ XYY

VW\\K\,\.WKQ r Jo .NT\K)\N\ND\ LFN

g 014

&/— -

01—+

nagg -~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-27 -

: This interpretation has enahled us to keep the particle-picture

éatlll allow a particle to penetrate a potential barrier. But

p talls us nothing about any reflection atir. = 0, Does this inter-
‘éfbgtibn then give us less information than the usual intérpreta’oion?

I yfe congider that the oniy physically measurable quanti’cy in such

axperiment is the particle density, then we find that both inter-

X ,,"’Vtia.tions giire didentical results, as indeed we have seen they muste |

‘ﬂ,i'é;fmyefficients of reflection and transmission generally discussed

1 the usual treatment of potential barrier problems are not physically
a@rable quantities.

Suppose the electron beam has an intensity of N electrons per
cmd. Then
T N = pv : (33)
whare‘p = p(x) is the electron density or number of electrons per unit

ngth of beam at x, and v = v{x) is the velocity of the electrons
x. pdx is proportional to the probability of finding an electron
d‘&a‘b x. If p1 and pz are the densities at two different points

ong the beam, then

Q.l.ﬂf.},' |
el | (3L)
fo_ s R I
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x'e /5‘/ ‘and #¥% / ‘ave the probability densities as obtained from the
nanal interpretatz.on of quantum mechanics. A _ | | A
We have here a relationship betwsen the velocities and probabllity
"m:%.m‘es. Let us see if this holds for the problem just considered in
the region x<0. We mist show then that

vn) _ 1%0,)] "
' H(x) 4

(35)

irst let us find v(x). The equation of motion of a particle in the

region x <0 is

XN

p 45
a’t

= F(x)

where F(x) is the force on the particle as derived from the sum of the
‘ ‘,:s:i.cal and ‘quantum-mechanical potentials which in this case, since
x)f'? 0 in x<0, is simply the "quantume-mechanic al" potential, U(x).
: éi'der o integrate the equation of motion let V= %x{ . Then
- SPETNC\ QU

13

dv
V;/—;“ = ;;{,"/—_(x)’

 Integrating, we have

;¢ b4

/ U-a/b“ = m——(—/ (x )OIJ(.
X

—L/ VU )dx =~ H(x) }

X,

a

X

i

L) - rx)?]

e

h

-5l + 5 (%)

|

Hx)t - vx,) ,,-‘-f*[l{(xo) - Z((x)]'

G
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» i8 chosen so that Ua(x,) = O, then the velocity at x, will be
) = 72k = fiky, Solving for v(x) we have then

Vix) = 7 YRR Zml (k) | (36)

3equllng Eq. (28) for Ui(x), Eq. (36) becomes

i /z"é, , ['4q1~4€az+//+€,z+€:)l_1//l

2M(x) i
M [(1+€%8°) + 2e,cos 2kbx +2e, sin 2 x |

vix) | L(1#6%48}) £ 26 cos 2k x, +Re, sin 24%/]
vx,) [(1+8%+ &}) + 2e, cos 24 X, + 2¢,5n 24, X,

_ We recall also that
J¥/ = [(/+é,‘+e;‘) +2¢ cos Sk + Le, sin 2k x ] %2
Idi‘;’ therefore

/e LGretegd) 426 cos 24 % 28,5k 2K, ]
&N (467 €Y) +2¢ cos 24k, * 2, Sin 2k%, ]

mgh is identical to v(xz)/v(xi) above. Hence we have shown that

TS ‘jf‘gf.kiOnahip Eq. (35) holds in this problem, indicating that the two

.y ”bé‘;fpremtions-gi\re the same physical resulﬁs.

. Let us consider now the same problem but with the barrier of
infinite extent. That is, let a-—> %0, as shom in Fig. L.

¥
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PNy P
, (37)

‘we find that

kika o ..2ka *
E= Katka kitke ( 38)

- Since we have used the same notation as in the previous problem,

R 2
&= e G T 4E 4 =09
— - Zé,éz — . 'Zé/é& o~
TR ST 0
ince €+ g =/
2, 2
Uy = 2 = £ C9)
and gince by = ba =
‘ /2
x) = % = £-V )
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Consequently the net potential is everywhere equal to E, as shown in
ﬁ‘ig. 5‘.‘ This means that a particle with total energy E <V, no matter

T

|
‘ |
F P | 1
L= : v . V= E
¢ Co [[z:g.,/ . ,
. L

wfar from the barrier to the left, 'will have gzero kinetic energy

andbenca will be at rest. This would seem to indicate that the
;;f;fluence of the potential barrier is felt.all the way to —o0,

'ﬁhan considering only a single particle such a phenomenon is contrary
te our experience. But when a beam of particles is directed at the

bbi‘rier. information about the barrier is obtained by the approaching

,;r,pé.r,t;icles from the reflected particles. This result really corresponds
| %o the fact already mentioned that for an infinite barrier of this
Wpe all the particles/ are reflected and the net flow of particles,

- or net velocity, is everywhere zerc.

d ¢ "We have found that the Bohm treatment gives us no information about
. raflecticn in the problems already treated. If we consider a wave-

= pa.ckat instead of ak beam of particles apprbaching the barrier, we are
certain to observe the splitting of the wave packet into reflected and
'hrzmsmtted ecwponents. It would be interesting to see if and how the

}Ebhm,yin‘berpretation accounts for this reflection.
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: For simplicify we shall consider an infinitely high but infinitely
‘Ehin barrier. This type of barrier depends on one parameter only (the
Vﬁargamader the curve) and thus leads to a more atraiightfdrward treate

°. Thus the potential energy function can be written

Vx) = ¥ & (x) | (1)
0 ‘x # 0
§() =

o X=0
7 ia the Dirac delta function, and has the property that
/ d(x)dx = 2

s Y is the parameter that determines the area under the potential energy

-

S ,i:fr.mctmn.

To further Blmpllfy the problem we shall employ atomic un1t89.

 In these units the Schroedinger equation is written

~EVE Y =S
le our ’case this becones
“21 @' = —Y¢dix)+ig . (L2)

,]Since the }‘-function mst be everywhere continuous it is necessary that
- (o) = (oM = #(0) . W)
'.Ehis is one boundary condition on ¥ . Another is found by integrating

"ﬂm ‘Schroedinger equat.:mn (42) within a small interval about the origin.
-z 5‘" x = ‘{Z/-iéJ(x)v’x e 56':/;4
- 4 | [, "

-,_24[;4'(5*) -%%0-)] = - V¢c)
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b,"a;;_ast integral being zero because ¢ is continuous. The second
boundary condition is thus

Llo+) -~ ¥'(0-) = 2/5‘/0) . (Lk)

'Ehia tells us that there is a dlscontimuty in the der:watlve of ¢ at
t&ie orig:t.n.

~ Bines the Schyo'edinger equation (L42) is a free particle aqua't,ion
or here except at x = 0, the problem consists of finding a sclutn.on
Atoha free particle problem with 2 break in the der:.vat:we atx =0

aa"givan by (hb,) Such a solution may be written as

“ixt) = Yix¢) + Alx) %(xt) o (L5)
/<o
A(x) =
x>0

db@th %‘ (x,t) and %_(x,t) are solutions of the free particle

blem. That is, they satisfy the Schroedinger equation

—$4" ) s i bt | k42 - (ke)

- J

- In order that % (x,t) satisfy the boundary conditions given in
I:(l@)"and (Lh) it is necessary that
%(q¢) =
S
%(s¢)

i
0

(L72)

W

-_Y¥%(ot) (L7v)

AN
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e If a function ¥ (x,t) is a continuous solutién of (L6), then
¥ (x,0) 13 sleo. e odd part of £ (x,8) = £ Fwt) - Flx,v)]

Yixe) =A£[E0x¢) - £(-x,¢) ] (48a)
11 satisfy (L7a). Then

Lixe) =£[FHe)r 15 ¢)]
Ylot) = 2 £ Ltat) = .—za’ﬁf(o,t)

;by‘{«(mb). We may take

¥ix,t) = Fx¢) (48b)

‘ ' ‘ . . /
,_quvmded we set% = - b} s Since }Z (x,t) is also a continuous solution

;‘bﬂ’?(hé). Thus we have

Y(x )

[}

Lix ¢
(L8)

l

Yixe) =-Y|Ene) - £C-x6)]
v d;"lhe,nce o

Sixe) = Elxt) - A | Eixe) - £exe)] (o)

is a solution of our problem, where ¥ (x,t) is an arbitrary contimious
solution of the free particle Schroedinger equation.

The particular choigce of ¥ (x,t) that we make depends upon the
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1 t:.al conditions that we desire. A convenient choice for our purposes

g a Gaussian functions

: ‘ / : (X*X,'vf/z . _ ‘.__ql
EOt)c G Y {— 2(ect) TLREIY iz t} (50)

hare X, is the initial position of the peak of the function, and v is

the velocity of propagation of the peak.
Let us denote for x <0

¥ixe) = 4(x¢) = f’/vx,zf} -V [ e) - Ztxe)]
and for x>0
Yo,t) = Lixe) = £xe)

: ! Ko~ XK+l _ ] B ()C-’}Q—U"t)z _ -gz
}‘b‘(xlt)z Wﬁm( 1+t Y QX,O{ 2(//-"{) *e (Z X)V ‘zé

/ : (xX+%- Wf) ©3
ey oo S e -ite] s

V- x+yj (ke /z‘

- P 4 (X - "t"Ql N
St = 7/4,77? [ 7ot e\~ 2gie) ORI f} (52)

 We are now ready to find the "quantum-mechanical® potentials. The
V’ ~functions are so complex here that a direct approach is very

tedious and the results difficult to interpret. To simplify the work
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'y.iz;'ll aarr;y out the ealculations for specific values of X5 V, and
&nﬁ at only certain values of x and .
’ . The "quantum-mechanical® potential in atomic units is

VY -
Utxe) == 707+ | (53)

ﬁma /¢/? is a simpler function to work with than /%/ , we should

li‘.ke to gbt (53) in terms of /¥/’. We note that

VY= VeVt = 2 Ve

2/ O+ 2 VIV =2 [/¢/Vz/¢/ # /(7/¢/)z]

]

Therefore

%ﬂz # = /W"‘ (//W)

V/e: = 2/4) VI¢/

A7

40 2/ ¢/
8o we finally get
7 v/¢/* _ vy (54)
Q'(X/Z.L) - (2/¢/z 4/54/2 . ‘

o The procedure to be followed now is to calculate the functions
/ = . R L% » and V 7¢/%and evaluate them ind;i.va.dually at the
. dﬂsired paints. From the tabulated results U(x,t) can be constructed

a.nd plottad ag a funetion of x for‘ varicus times.

Rt 2
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Considering first the functions on the left of the origin, we

have for the square of the absolute value of ¥ 1

€, ./ (%-%) +uef /xa—xuft) _(x~x°-wz‘)z
%% -VF/F?T[ 23> - Z,/ ret ]W{ +ET
PR | vl (x+% +0&)"
frizeer U et

2y («a—xwt _,)@ (Zéxét, 1)
/’/,;*gr /L ? e

Ko-x)t-0 \_. [ ztx(x, +vt) e (Xrut)?
(/ﬂ" )M( 1+¢? )] y{ /rEd } (55)

- ~ The gradient of /% /zis:

s e ROCX2 2(x-%,- ut)((x. W) 2%, -x vl e
V/‘f/ '/F//w{ #e® re® ret® .

{ A% ”fj r 2(x+x,+2) (x+14,fai‘)l
X op /e t* F/;_,_Tz]_ 1t T /et?

+2Y ‘[__{__Cos(_zéx{n*«»t})_(z;xig;_y Zé/x,*ut‘) 2ex (vt
AOTIR Wit /e t? /Lt /+2% TR

- s,h(,zéx/xofatj (/n x)Z - U-YZé/’Cfuf)) cos [~ <Ex (%, +uf))]

/#er /+E€F -y W E /+E2

el x-at ) 2tx(%ted)]  [(x-x) ¢t -0 2éx (%, v
+{/’°tl}{( /T dc ’< T ET (/+t‘7 { /+tLD)

z z
 onf- 2otz ]

/et

(56)
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The Laplacian of /¥£/ PR

g lz———/—— 2 4{4\"&‘“& ~2(y°—’x)1‘zy
v ‘;frr-,//:?l-{/-ftz vl

' -%,-vt)2 2 [ (%) Fut-28 (- x+ot) } (x;q,ué)
+[4( r+¢d —/+czji /+Et * Mf et

S a I_z XX rul)? (x-x,-vt)"
+/,,:'/“",_,t‘2 /+t1+4 l+¢E4 ) }ex_p{ /el .

2ty (% rvl) [ 2 (—5xt-zot Yt L,)
/+t?

L 3/n
/ P

Y exo)- 2% (xHot)t
/+E? /+ &2

+ ——————————
Vrymé?

- __((X,-X)t —U*}(.Zi(‘)(of-vf) z— Ix /xo-kfut_%lé(bfuf))

/¢ /rT? /+t‘( /+Z /+Ed

‘ #xC (X (x,-x)¢ - v
? Gee)? ” \ncz/( 1+2° )J

-2¢x(x,+vt) [ Zf(zé(x, fet)-(x,~ x+ut) )
/t+E*

+Cos
( /rEd /r2t

_( Ky~ X ful ‘YX Zé/x,foz‘/ Ax ((X-3)t -V ) 28fx,*vt)

1+t eIy AP ey JU /4t
Ix Zx XKo-xtul :l :
+//+’t’~}2‘ * /+t') Py 4 57
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These functions have been evaluated and tabulated in Table II
c‘i’r‘:'t.he particular case when x, = =l, v = L, and Y = L, all being
am;maasedin atomic units. These values were founci conv_eniént because
w 0 the center of the wave packet is at x = -~ and‘diminishes
pidly to either side so that its amplitude is negligible at the

igin, and yet is not so far away from the origin that it spreads

ﬂuttoo mich before reaching the barrier. With the velocity v = L
,kpacket moves rapidly enough so that it does not spread out too
mr:h by the time t = 2, At time t = 1 the center of the packet is
naar the origin and at + = 2 the reflected -part.'of the‘ packet is back
atx = «lj and the transmitted part at x = L. By choosing ¥ = L it
mm out that just half the packet is reflected and half transmitted.
i!t;is is determined by setting /4(o/)/%/4lo,)"s the condition for
which is that Y= v.
In Figs. 6, 7, 8 are plotted /Q/za.nd U for t=0,1, 2.
‘Carrying out the same procedure now for the function to the |

ght of the origin, we have for the square of the absolute value of

, ¥, () + ot _ (x-X%-ot)* '
146" %% = g U (5

‘  The gradient of /%/ iss

n 2 | (xX-%-vC) (-4, vE
V/f‘e/ = /.—//#tl/yz.{(g x) # = ,fzz [(x, X) v ]}Wp{- 5;;—;; ‘(59)
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528
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«207
«0009
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15.9
17.4

6439

3.03
oSk
.038
0011
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398
066
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TABLE II
_-v/4/ J_( \Z
z2/4/ 2 \z/¢/*
vt Vs
"‘002 ol)-l
-2.03 6456
=14.95 9415
,J,.Sz "’35 -OO
11.63 19.95
«87 3.25
«005L ol2
1'005 "‘hool
106 ""5 u98
3.75 1.69
1.19 2.11
«00L3 - L0161
-0563 0770
““1019' o 20868
065 : 6.05
' “1005 "1078
"'lch 2007
"'1.3 ,“‘10335
"00136 "1062
1-32 ”0795
1.5 436
. 695

‘- ba‘“

2 g%4/?
4/%/?
VY /3 V/%/ )
4= z/sf /2
17.8 1.24
746 2.36.
3.11  1.85
+269 .386
".hah .0078
96 626
3.92 2.20
11.66  L.S0
"'QShS .OOOh
-,23L .0078
AL 0 a9
«98 607
2,205 1,217
3.78 2.0
5-7’4 2‘98
166 029
1.80 1.12
22.9 12,12
=927 . W60
«301 +083
- =102 020
-.0995  1,Lx107%
'o%l -0202
«059 077
«261 .184

-16.6

- 502)4
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+¢117
+.1192
-e33L
-1e72
"'7 016
+e548

+.242
+1051
- 37
-~ 988
"1078
~2.76

=137
~068

~10.8
‘+1053

"-218
+.122
+.10

+.081
+.018
077
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The. Laplacian of / &/ zis:

ot e 2 =X+t 4(x-x)
V;{"/ - /“//ft‘)’ﬁ—{ It e 2 7/ ~%-2t)

2
-2 [ LAt [y ]| enp {- o2 E) } ()

o These fuhctions have been evéluated and tabulated in Table III
crr the same conditions as before, namely xo = =k, v = L, Y= b
,»z};f?igs'. 9, 10 are plotted /%/ and Ue for b = 1,2.

From these figures of the probab:.llty density, / 78 » and the
n“qnan‘mm-machanical“ poten‘w.al we see that the wave packet spreads
;a;z{c{a,s it travels along, as expected. We also see that the "quantum~
,méchanical" potential has a‘maxinmm value at the same point as the
‘bé.bility density, and drops off on either side. The shape of the

quantum-mechanical' potential moves aldng with the wave packet, and

omes flatter as the wave packet spreads out. But we do not, yet
‘have ‘any information ahout the ”quantumrmchanical”potential at the

rigin,
: v/

= 77

"::‘ia defined by equation (L5). We shall make use of the boundary

. Our problem is to find the value of U = = at x = 0, where

ndit:.ons as expressed by (47a and b). The derivative of the absolute

l‘value of a complex funétion is

/2 ;(.v/ *, 7
/y'/ a/)(-(’é ¢) = zZ "'—/;L—"Z/ﬁ”g"
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/¢/

. fif; Atx » 0 these become

L g ) e 4 (L 20 AR A AR oA

M) £ o “Z

o AT 4 2
G 1‘_1'“/,%/016)//: .—ZL /%)

The discontinuity in the derivative of /¥/ at the origin is. thus

gimn by' Y

I%00e) ~/bloe)) = 24/ Glee)] (e)
The derivative of /¢/ may be written in the following forms

) 9(xt) - Y/%)) , X <o
/Y= (62)
j(x,t) # J/fé/d,z‘//, X >o
‘ ‘l:hera g(x,t) and g*(x,t) are continuous functions of x. It is readily
:'J:,;";saan that (62) satisfies the condition that /4/" is continuous every-

~>}whem except at the orig:.n where it has a discontimity as given by (61).

i The second derivative of /#/, or, what is the same thing, the
. laplacian, may thus be written

V74 = gixe)+ 2% ) I(x) | .(63‘)
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at this is valid can be shown by integrating from O- to O+:

o+ ‘ or o+
/V‘/;z/o/x = /j'/x,f)o’z + .ZX/V/o,éj//J[x)q(x
o= 0~ o~

[400v)) - Jucos] = glor) - 960w 27/ t0,0)] = 28] 4to,c))

“8(04-) = g(0=) = g(0)s We see thus that (63) leads to the

ﬁBr discontimuity in /¢/

Uy =-- 2% _ 905 e)+2¥/$0t)/d0x)
, r¢/ 2/gixe)/
When x £ 0
i 9%¢)
i oy I
Utx,¢) Py

which is the quantity that has already been calculated and plotted

n Figs. 6, 7, 8, 9, and 10. When x = 0

glrot) +28/ %)/ 8C)

[[/le} = - ‘ 2/‘%[016//
o) gy
= R A AN (<
2/4t0t)/ gdte) .
Thua, for all x,
. Itxe) _
Uixe) = Jite] Ydx) | (6l)

Recalln.ng that the classical potential V = )/ cs(x), we see that the net

&«

otential is
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. g(x,tz
VT T T 2y

k;ﬁh§ ¢1assica1 potential is completely cancelled at all times by the

f’;-#qmmm-mchani cal' potential and the only potential affecting the

o : :,particles is that shown in the figures.

: - The question now is how to account for the spreadlng and reflect::.on
'iéffthe wave packet in terms of the net potential acting on the particles.
:fAn analysis of the figures 6 to 10 will give us a qualltatlve under-
Vyﬁstanding of the process. The function /36/ represents the distribution
Vfin>x of an ensemble of particles at an instant of time. There is a
i:*"ccn:*ac‘espandz_ng distribution 1n velocities which can be found by a
'w, ?our1er analysis of the 74—functlon. As a convenient apprcximatlon

 let us find the Fourder analysis at t = O of -
i t

i

/ (x-%-ut)" 3
T&/;_:‘__Z_W{ —tcs— U (x-%, ) ¥ z—-—é}

o Zlrect)
-/ ,‘” ‘xv ‘
Px0) < ,&-,;/ Crvy e ot (65

‘4,'1$5the Fourier analysis. The Fourier transform gives

Clv) ’1/}—1;7/ Lixo) e *o/x

-— o
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’4 i ARy
Clx) = g /6 * T du

oo

. A convement formula for this integral is found in Hojansk:;s ‘s

‘In:troductox:y_ Quantum Mechanics .

an “obtain then
2
’ . / - QO_Z_,—ZZ' —(x (66)
C(Zﬂ) = % e :

;,for the coefficients of the Four::.er analysis. The distribution in

:velacity is thus given by
few))* = & e () (67)

| which is a normal distribution about v o’ the velocity of the wave
ket o | |
‘ : ~We have, therefore, an ensemble of particles with a distribution
X as given by / %)/ *and a non-correlated distribution in v given
‘by / c(v) / Let us consider what' happens to particles at A and B
n‘i‘»?:}.g. 6. First we observe that there are an equal muber of particles
Aand B, since they are symmtrical points on the distribution
curva. The particles at A have a distribution in velocities exactiy
aimilar to those at B. To be specific, half the particles at A or B
are going faster than the velocity of the packet envelopa, Vs and
half are go:\.ng slower,
k Three situations may arise at A. (1) If a particle is going

lmr than Vo it will tend to go even slcwer and eventually go in
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;"negative x direction because it is on a portion of the potential
rve, A', with positive slope. (2) If a particle is going only
sla.ghtl:y faster than v, so that it is not able to surmount the slight
potential hill to the right of A', it will slow down and turn back,
.:fevenmally go off to the lei't; (3) If a particle is going faster

'an:,ff’vo so that it can surmount the potential hill it will then enter
";gion where the potential curve has a negative élope end it will
;._kn,’acceleréte to the righte A corresponding argument holdé for

_ particles at point B. Clearly no particle will maintain the same
osition over a period of time relative to the /¥(x,0)/? curve
axcept a particle having exactly the veloaity vo, and, of course,
ythera are no such particles.

This discussion accounts for the spreading out of the density
'diéﬁribution. and it also shows that as time increases more and more
!'ﬁcles will have negative velocities, thus making up a "reflected"
ziﬁ:ket.‘ If the potential function, U, is symmetriecal then it appears
tﬁa‘b just half the particles will be “transmitted“, and half "reflected"
f{thefwords transmitted and reflected are put in quotation marks because

the,y' certainly no longer have their original meaning in terms of the

r&sult of an interaction of a wave packet with a potential barrier.

e
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VII. Conclusions

We have examined _a' numbe’r‘ of quantum mechanical problems by

: VB};%)hm's interpretation. The proéess consistéd of finding the wave~
f@ction or ¥ -field, as it should now be called, from it a "quan tum—
o mchanlcal" potential and with the aid of this potential treating the
k::,kIj"leem in a classical manner. : .

In order to carry out this process with a reasonable facility

e have seen that the f‘ ~function mst be of a fairly simple form.

Any complexity in the ¥ =function is magnified many times by the

,‘g‘:p::»vbcess of taking its absoclute value and finding the Laplacian, as

was geen in Case 3 of the potentiai barrier problem. The Iabor

involved in most problems would get compietely out of hand. And those

prablems for which an exact ¥ ~function cannot be found cannot be

treated by this method at alle

Of course, it is not necessary to find the "quantum-mechanical®

yart;;ential when solving a problem for all physically varifiable
ihi‘ormati.on comeg from the probability density /{4/ L. | But if we are

’ 1o have a betiter understanding of ‘this “quantum-mechanical® potential .

and the classical behaviour of avs‘ystem with this potential taken

‘;into acc,ount, and if we are to be able to. make a judgment as to the

reallty of this potential, then we must gain some experience in

’l‘:}gs:{bually' working with this potential. That has been the purpose of

" tt;‘h,ﬁ_s work. , | i

~ We have obtained some interesting and som times unexpected

esults, In the case of stationary s‘dates we have seen that the
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uvantum=nechanical® potential is always composed of two parts, one

dffwhich is just equal and opposite to the classical potential, and
4 the other is the negative of the kinetic energye The force derived

f:rem this second part is equal and opposite to the :v.nert.lal forces of.‘

thg«aystem. In the case of the ¥, state of the hydrogen atom it
naé found that the plane of the arbit bf the eleetron did not in
ganei'al include the nucleus. This is something entirely new in our
\rience and certainly leads to conceptual difficulties.

‘ In working on the potential barrier problems the fact is brought.
bﬁi‘ththat one cannot consider thé behaviour of vonl;} a single particle
for if we attempt to do so we find that the particle is infiuenced
by the potential at an infinite distance. But it is not surprising
ﬁhat we cannot consider a single particle because the potential
mhction being derived from the % -function holds only for a
contimous stream of partic:les,v as does the § -function. Thus we
mst always deal with an ensemble of particles whether we use the
usual interpretation or 'Bohm's interpretation, even if we suppose that
th&k"initial conditions are known. The implication of Bohm's inter-

' f"eta’olon is that if we could know the initial conditions of a particle

,»’_we’could determine its trajectory by means of classical equatlons of

: ‘m*t.:.on, including the "quanmm—mechanlcal" potential. But since we
‘cannot write a Y -function for a single particle, we also cannot find
8 Yguantum-mechanic al"» potential applying to a single particle, and so

we cannot £ind the motion of a single particle,
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It seems therefore, that we are even in Bohm's interpretation

:mherently, not merely by practical necessity, restricted to the
be h ;”Wri'our of ensembles of particles. This being the case it would

0*} seem that this new interpretation really offers a much broader

‘ééﬁc‘ejpmrai framework as Bohm claims.

|  We must now look into the questions of the reality of the "quantum-~
mechanical® potential and the validity of Bohm's interpretation. There
undeubtedly are mumerous tests that must be applied to Bphm'a new |
fté’;rpre'bati‘on of quantum theory before it will be generally accepted
,ff{é.lido It seems to this wrlter that a necessary, élthough‘ not
gx\;jfficient, condition for the validity of Bohm's interpretation is
i'«hat this "quantume-mechanical® potential have an objectiva reality.
Bobm clains that it does but he does not define what he means by
Mobjective reality", and he does not substantiate his claim.

Of course, "objective reality" is a difficult concept to define.
We think we have some intuitive feeling about what is and is not
Bjé,gitively real, but this is not dependable. Bohm's “quantume
chan:wal“ potential is reminiscent of another device invented to |
ccount for observed facts, and that is the FitzGérald%mntz con=

_'acr‘bion. The assumption that a body moving with a velocity v

ix:%iajﬁft.i‘,acted a fractional amount 77/-%%:z of ite length in the

direeticn of motion exactly accounted for the observed facts.. There
igno phyéical experiment that can prove this assumption wrong, and
y8t it is doubtful if any physicists today consider the FitzGerald-

N,
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t;z contraction an objective reality. The reasén for the
cmment of the FitiGeral-dQLorentz éontraction assumption is that
m‘k‘si::érbile-—it does not lead to any new or deeper understanding

"«'.VI‘he ‘writer believes that this “quantum-mechanical' potential
i‘a,d‘evice of the same nature. We can say that if there were such
éﬁntial. then observed facts could be accounted for. But there
é}:pmfsical experiment that can prove or disprove the existence
this potential. Does this assumed potential 'iead to any new or
per understanding of nature? We believe not and so we believe
t it does not have an objec’tive reality.

According to our premise, then, we m;lst conclude that Behm's

 interpretation is not a valid one.
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