Exploration into the formal logic and material foundation
of quantum mechanics
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13. 4.3 Heisenberg Schrédinger
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<ih3—ﬁ1)xp(x, H =0
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(H—E)g =0
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Schrédinger

(ih%—a)ﬂz) —0

“ ”»

b b b
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Schrédinger® Heisenberg ) )
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dr dt ik 1<A>Hei = (P(x) | Alx, ©) | w(x)) (13.4.5)
7 & domain of quantum
, Schrédinger , Heisenberg
13.4.4 Heisenberg Hamilton

,  Heisenberg Hamilton ,
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, . Heisenberg
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.
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(A = (T | A|w (13.5. 1a)
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o ) ) Schrédinger
(H—E) | ®) =0 (13.5.2)
(A—A) | ¢) =0 (13. 5. 3a)
I ” , AK “ ” A
W =D ol W = De. | g (13. 5. 3b)
(13.5.1),
(A= (WA W) =(W|g| Al W
= > A, (13.5.3¢)
A A,
: (13.5.1)
(A = (T |A|® A : ¥ > (A
W b b
(13.5.2), : “o ,
(W, A} € (¢g) N {w. A} € (p) (13.5.4)
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““ ”» . y 77/1
0 (— )
Vie) = @
o (|x|=a)
— 5 77-(2#'2 = cee
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Y (x) =, /lcosﬂ
a 2a

|z [<<a




o (p) = ﬂ%ﬁjdxqflmexp(ﬂ)
Pip) =l g(p) |* = g—zj[ﬁ— (;‘—2)2] . COSZ(%) (13. 5. 52)
Einstein, Pauli, « o
p=+3
P =5t =Pi(r = F)=1 (13. 5. 5b)
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1 Ao adef ) L “ -
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A<>measurement on A (13.5. 6a)
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13.6.1 EPR
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,  Einstein-Podolsky-Rosen s
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s s ERP
~ d
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(21— 20 pr+p2] =0 (13.6. 1
j X1 — Xy — a — const
(13.6.2)
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“ (thing in itself)”,
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“ »

(thing for us)”,

“

observed phenomenon. )

,  Springer

o b b
“ » “ »
b o
“ »
b o
; .~ (No phenomenon is phenomenon until it is as
s .”(We can see what we intend to see. )

”»

» (Oneness of heaven and man. )

, Walter Greiner { (Theoretical Phys-

ics) ) ,
. s s
4 » The Problem of Reality( )

A fundamental question of any theory of the physical world deals with the nature of that which really
exists. This problem is particularly acute in quantum mechanics.

For quantum mechanics, the wave function has no direct physical meaning, but is a theoretical construc-
tion that can be used to derive the probability of later events. On the other hand, we have seen that the
assumption of additional properties of quantum system (namely, hidden variables), which are not contained in
wave function, lead to results contrary to experiment. If the wave function is not physical, and there are no
hidden variables, what, in fact, does exist

One possible answer to this question is again offered by subjectivism: all we know to exist is that which
we perceive through our senses; therefore only they are real. Another answer is given by positivism, which
claims that the question we are posing is senseless, since the existence or nonexistence of objects which we do
not perceive cannot be verified. Assuming that we are part of a gigantic brain (computer) where all objects of
the universe, their motion etc. exist as fabrication (as computer games), it would not be possible to distin-
guish between that brain and a real world.

The base of an objective theory of reality could be given by the concept of indelible recording.
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b
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Measurement : Event belong to objects — Observation (13.6.5)
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If nobody looks, there must not be moon. ( ) o)

o

[} b

No phenomenon is phenomenon until it is as observed phenomenon. (
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b b b
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b o

We can see what we intend to see. ( , o)

b o b b
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Oneness of heaven and man. ( o)

Formal definition of idealized material object

in logic

Construction of a unique and unambiguous possessor of all the formcl system
(13.6.6)

Does the physical reality described by an idealized material object really exist
(13. 6. 7a)

How do both a physical reality and its idealized definition differ from each other
(13.6.7b)
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3 0 j® 0 i = A
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s Poisson
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General relativity
Frame-dragging confirmed
Neil Ashby

According to a prediction of general relativity the spinning mass of
the Earth affects the motion of satellites. A measurement of this
‘ frame-dragging effect confirms Einstein s theory.

General relativity predicts that a spinning mass distorts space-time—one of a variety of
‘ gravitomagnetic¢ phenomena that are absent in Newtonian gravity. Unfortunately gravita-
tional forces are so weak that it is useless to try to detect this warping of space-time unless
the mass is very large and spinning rapidly — an astronomical body say such as the Earth
or the Sun or a neutron star. After many years work and through the analysis of millions of
‘ laserranging measurements made from more than 50 Earth-based stations Ciufolini and
Pavlis' have confirmed the twisting effect of the spinning Earth on the orbits of two artificial

satellites page 958 of this issue . The remarkable precision they have achieved is due in




large part to recent improvements in the modelling of Earth' s gravitational field.

According to general relativity a spinning flywheel imparts a twist to space and time in
its proximity that can affect a nearby gyroscope. If a frictionless gyroscope is placed near the
flywheel s axis of rotation thegyroscope s spin axis will be dragged along in the direction of
the flywheel' s rotation. However if the gyroscope is placed near the flywheel s perimeter
its spin axis will be dragged in a direction opposite to the flywheel s rotation. First analysed
by Joseph Lense and Hans Thirring soon after Einstein published his general theory of rela-
tivity the phenomenon is known as the Lense— Thirring effect—or* frame-dragging  be-
cause the spin axes of ideal gyroscopes could be used to track the directions of coordinate ax-
es in an inertial reference frame.

Frame-dragging is one aspect of the class of relativistic phenomena loosely known as
gravitomagnetism through their analogy with the effects of ordinary magnetic forces on
moving electric charges. General relativity describes gravity in terms of a set of ten independ-
ent quantities the components of a second-rank tensor . The gravitomagnetic terms how-
ever vanish unless the mass producing the gravitational field is moving. Among the effects
caused by gravitomagnetic forces are precessions similar to the wobble of the axis of a spin-
ning top of the orbital plane of a satellite around a spinning body such as Earth  or pre-
cessions of the orbit of an Earth satellite as the Earth - satellite system orbits the Sun. This
latter effect is usually called de Sitter or geodetic precession.

Precise measurement of these effects predicted by relativistic gravity theories is crucial
as they have important implications for our view of the cosmos. Gravitomagnetic effects can
be significant in many astrophysical systems. For example in the binary pulsar B1913 16
geodetic precession of the orbits may cause the pulsed beam from this star to precess out of
our line of sight in a few dozen years and to reappear some centuries later’. However the
uncertainties in such distant systems are usually too large for astronomical objects to be used
for precision tests of gravitomagnetic effects.

In the case of the Earth—Moon system the Moon' s orbit may be thought of as a gyro-
scope with its spin axis perpendicular to the Moon' s orbital plane. A change in the direction
of this axis can be measured by observing the change in the nodal angle this is the angle be-
tween an astronomical reference line the first point of Aries in Earth' s equatorial plane
and the line of intersection between Earth' s equatorial plane and the Moon' s orbital plane.
According to general relativity the geodetic precession of the nodal angle is only a little more
than five-millionths of a degree per century which amounts to motion of the node on the
orbit of about 3 metres per month. This prediction has been verified® to an accuracy of a-
bout 0. 7% through many years of accurate laser ranging — bouncing laser signals off retro-
reflectors placed on the lunar surface by Apollo astronauts — and by the development of ex-
tremely sophisticated models of the perturbed orbital motion and rotations of the Moon.
However frame-dragging of the Moon' s orbit caused by the spin of the Earth is negligible
because the effect falls off rapidly with distance and the Earth is not spinning particularly
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fast.

But near-Earth satellites suffer larger perturbations owing to gravitomagnetic effects.
These perturbations are still extremely tiny and require enormous effort to measure as
Ciufolini and Pavlis' have shown. The two satellites used in their analysis are LAGEOS and
LAGEOS 2 for Laser Geodynamics Satellite . LAGEOS was launched in 1976 the satellite
is compact completely passive and consists of a heavy sphere covered with retroreflectors.
LAGEOS 2 was launched in 1992 from the Space Shuttle. Accurate laser ranging to these
satellites is used to develop better models of Earth’ s gravity field. This field is not spherical
but has many ripples because of the variations in Earth’' s mass distribution Fig. 1 . As a
result any frame-dragging experiment must take account of large orbital perturbations that
are a solely due to ordinary Newtonian gravity.

In fact uncertainties in some of the ripples in Earth’ s gravity field are large enough to
mask frame-dragging effects almost completely for a satellite at an altitude of 12 000 km
frame-dragging of the node is only about 1. 9 metres per year whereas the nodal precession
due to oblateness of the Earth is many thousands of kilometres per year. Geodesy missions
such as CHAMP and GRACE4 5 whose purpose is to further refine models of Earth’ s grav-
ity field and study crustal motions have been essential in reducing the uncertainties. Ciufoli-
ni and Pavlis] have used two observable parameters — the nodal precession rates of both LA-
GEOS satellites — to eliminate the principal uncertainty caused by Earth’ s oblateness. From
the remaining data which consist of more than 100 million laser-ranging observations be-
tween Earth and the satellites the frame-dragging effect could be measured. The result —
the first reasonably accurate measurement of frame-dragging — confirms the general theory
of relativity to within a conservative error estimate of 10%. Further analysis is anticipated as
additional geodesy missions are undertaken to improve our knowledge of Earth’ s gravity
field. And results are eagerly awaited from NASA’ s Gravity Probe B which was launched
into polar orbit in April this year. This satellite had been under development for more than
40 years and seems to be performing well. Its array of gyroscopes and readout systems
should produce an even more precise measurement of gravitomagnetic precession to an accu-
racy better than 1%. Precise observations of such theoretical predictions will improve our
understanding of the cosmos. In all experiments performed up to now general relativity has

been accurately confirmed.
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