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Can the observed vibration of a cantilever of supersmall mass be
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Abstract. — An attempt has been made to test experimentally the consequences of the “alternative
quantum theory” by electron microscopy technique. It has been found that the free end of a cantilever

of 10~15 — 10~16 g in mass performs chaotic jumps of < 100 A amplitude; the mean frequency of
jumps of = 20 — 30 A amplitude is & 1 Hz. An increase in the mass of the object under observation up

to (5 — 7).10_15 g by growing the load on the free end of cantilever results in damping the vibrations
for 5 — 10 days. It has been deduced that the obtained results confirm the macroscopic center-of-mass
quantum fluctuations and spontaneous localization of the object, predicted by the theory.

1. Introduction.

Traditional quantum mechanics has not introduced any criterion for separating microscopic quan-
tum and macroscopic bodies [1]. The motion of a body of any mass can be described by the wave
function and its spreading with time should give rise to “monstrous” quantum states of macro-
scopic bodies [2]. It would be natural to ask why no such states have ever been observed in Na-
ture, and this question is basic in quantum mechanics, since it is tightly related to the problems of
measurements and the Observer.

The generally accepted viewpoint consists in a statement that the body “is being continuously
measured” by its environment. As a result, the wave packet connected with the body is reduced
and body’s behaviour is classical [3]. Such an approach leads to different paradoxes (for instance,
“the Schrodinger cat” [4]), their resolution in the framework of the traditional quantum mechanics
is rather difficult.

In an approach alternative to the generally accepted theory of the Copenhagen school, the
reduction of a wave packet has been accounted for by the self gravitational effect of the body,
preventing the wave packet from spreading [5]. In this approximation the motion of a body is
described by the modified nonlinear Schrodinger equation, into which an additional term, arising
from the body’s self-gravitation, is introduced. Proceeding from this concept, all bodies (from an
elementary particle to astronomical objects) possess quantum properties, but the quantum state
of any physical body is metastable: after some time, 7, macroscopic quantum fluctuations (of the
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center-of-mass, for instance) are damping. In a quantum state the body should perform Brownian
movement, damping with time, which is not caused by any external classical forces [6-8]. The time,
7, when a body is in a quantum state depends on its mass. The lifetime of such a quantum state
can be given by the well-known equation [1]:

r=HT (1)

Here I' = GM? /R is the energy level width, G is the gravitational constant, M is the mass of the
body, R is the size of the body. For elementary particles and atoms the gravitation term is small,
and, hence, 7 > 10'%, i.e., the time is longer than the age of the Universe. For macroscopic bodies
the time 7 is very short. For the body of 10~ — 107 g in mass and 10~ cm in size the quantum
state’s lifetime amounts to 10° — 107 s, that allows observing such a state in experiment.

But as far as we know, in none of experiments this concept [5] has been verified up to now. The
main difficulty in the observation of “new” quantum properties is the production of rather free
bodies of an extremely small mass (which must be much smaller than that of common macroscopic
bodies and, at the same time, much greater than the atoms), and the observation of their position
in space with the high precision. Provided the mass of a body amounts to 1075-10716 g and the
rate of motion of the order of 1 A/s, the length of the de Broglie wave associated with it is equal
to 100-1000 nm, which much exceeds the side of the body itself. And it is thus possible to observe
quantum features in the behaviour of such bodies.

But the observation of quantum behaviour of suspended dust particles, discussed in some the-
oretical papers (see, for example, [9]), cannot in our opinion be realized in experiment. Small par-
ticles, deposited on the substrate, cannot be regarded as suitable objects because of their strong
interaction with such a more massive substrate, and they practically form a single body with it. In
a number of papers devoted to the problem of quasimelting of small gold particles [10-12], it was
possible to diminish this interaction. The particle of < 10 nm in size displayed chaotic motion,
but the reason of such a motion has not been elucidated [12]. In experiments, aimed at studying
fringes in an electron-microscopic pattern of protein fibrils, permanent motion of a small fibril of
~6 nm in diameter and ~100 nm in length, positioned on a carbon film with holes, was observed.
However, no reasons of the motion of a fibril were discussed in the paper.

It should be noted that in the above papers the study of the dynamics of these bodies was not
the purpose of the experiments. Yet, in our opinion, the study of the dynamics of nanoobjects is
of fundamental interest. We believe that the use of an electron microscope may assist in creating
small bodies of the required mass and their quantum features can be observed in their dynamics.
Proper objects may be self-supporting carbon rods grown outside the substrate in the scanning
mode of an electron microscope [14]. These rods can be considered as quasi-free when studying
their quantum properties.

2. Experiment.

We have produced a body of a required small mass in a scanning transmision electron microscope,
VG HB501, with a 10 A beam diameter, using carbon deposition stimulated by an electron beam.
While the electron beam was moving from substrate’s edge, a self-supporting rod (cantilever)
was grown with one end fastened to the edge of the substrate [15, 16] (Fig. 1). It consists of
amorphous hydrocarbons [14, 16]. Typical sizes of rods are 200-500 A in width and 0.2-2.0 ym in
length. The displacements of the grown cantilever free end relative to the fixed reference point
were observed on the screen of a transmission electron microscope, JEM-2000FX, with 10— 107
magnification, involving a x 10-fold magnification caused by the binocular. We were able to detect
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minimal displacements amounting to < 5 A. The image drift was < 0.2 A/s. Observations were
performed at a very low density of the beam current (about 0,1 pA/ cm?) in order to exclude
buildup of new carbon layers on the cantilever and reduce the electrostatic forces.

Fig. 1. — General view of a cantilever (TEM micrograph).

3. Results and discussion.

Cantilever free ends performed random jumps. The length of jumps changed chaotically and
reached the maximum value (100-150 A) with the frequency of 0.1-0.2 Hz (Tab. I). The mean
frequency of jumps of ~ 10-30 A in length equaled ~ 1 Hz. Sometimes two or more subsequent
jumps occurred in the same direction. The blurring of the cantilever image in figure 1 could be
due to this vibration (the cantilever image becomes more and more diffuse towards its free end;
the exposure time was 8 s). At the same time the images of the substrate and of the basis of the
cantilever are sharp in this figure.

Let us consider the possible reasons which might induce vibrations of cantilever.

1) Mechanical vibrations of the cantilever support. None of them were observed in our exper-
iments (as one may see from figure 1 the rod bottom and substrate are depicted sharp). Besides,
the resonant frequency of the cantilever vibrations has to be 10% — 10851, so the observed vibra-
tions (with frequency 0.1 — 1 s~1) cannot be related to the resonant effect.

2) Time-variable forces, induced by heating the cantilever with an electron beam and also by
electrostatic or electrodynamic effects of the beam. The effect of these forces is negligible because
a change of the beam current by a factor of 10 (from 0.1 pA /cm2 to 1 pA/ cm?) did not affect
either the amplitude or the vibration frequency. Besides, to eliminate such an effect of the beam,
we have grown cantilevers on metallic substrates and then coated them with a thin layer of metal;
and in this case vibrations of the cantilever did not vanish either.

3) Vibrations set up by impacts of residual gas molecules against the cantilever. The observa-
tions show that the amplitude and frequency of vibrations do not depend on the vacuum level in
the microscope column which could be modified by a liquid nitrogen cooled trap. Note that the
theoretically estimated value of virtual deflection of cantilevers resulting from molecule impacts
is below the detection limit.

It should be emphasized that the classical external forces mentioned above cause cantilevers
of lower rigidity to be displaced to a greater extent [17]. In our case the average amplitude of the
displacement depends on the cantilever mass as well, therefore the displacement of lower rigidity
cantilevers can be smaller. For instance, the rigidity coefficient of the cantilevers No 13-15 (Tab I)
is substantially lower than that of cantilevers No 7-12, while the vibration amplitude of the latter
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Table 1. — Cantilever parameters and observed mean amplitudes of vibrations.

Sample | Length I, | Width d, | Mass M*, | Rigidity K**,| Mean

number | 10~*cm A x10716g dyn/cm amplitude
Az, A

1 2.0 200 32 0.1 150

PAN 19 250 91 0.28 30

K 1.1 200 60 0.6 30

4> 0.51 200 9.6 6 30

5 0.40 200 6.5 12.5 20

6 0.42 200 6.9 11.8 20

7 0.20 150 1.8 320 20

8 0.19 150 2.0 360 20

9 0.34 250 8.3 57 10

10 0.39 350 19.2 126 10

11 0.31 350 15.2 260 5

12 0.18 250 4.5 340 5

13 1.8 500 181 4.7 0

14 1.95 550 236 6.2 0

15 1.6 600 232 15.9 0

* mass was estimated from the mean density of the carbon fibres (~ 2 g/cm3 [18]);

** rigidity x was estimated taking E = 10''dyn/cm?® (bend rigidity of the carbon fibres [18])
and J = d3b/12 - the rotary inertia of the rectangular rod (b is thickness of the rod); in our case
b~ 2d;

*** cantilevers with the load on the free end; the time of vibration damping for cantilever No 2 is
4 days, for cantilever No 3 is 11 days;
**** cantilever on the metal substrate.

is bigger. A progressive increase of loading on cantilevers No 2 and 3 resulted in a vibration
amplitude some times smaller (e.g., with cantilever No 2 it was 5 times smaller).

The observed vibrations of cantilevers cannot thus be caused by any classical external forces. In
our viewpoint it could be assumed that the jumps of cantilever are caused by quantum potential
[19]. The kinetic energy, T, required for the cantilever of rigidity K to deflect, as a result of
an external impact (strike, impulse), by the value of Az, can be found from the equation of the

strength of materials theory [17]:
K

2
where K = 3EJ/13, E is the bend rigidity, J is the rotary inertia of the rod, ! is the length of the

rod. For Az ~ 100 A, T =~ 10~ erg. It follows directly from the uncertainty principle that a body
of mass M has a kinetic energy ~ f%/2M(Aq)?. Provided its center-of-mass is localized in the

region of Aq = 1072 cm (the size of an atomic nucleus) this energy will equal the above value
of the kinetic energy (10‘12 erg) . The localization of a solid body to such an accuracy is possible

[20].
To verify the deduction of the theory [6, 7] on the Brownian movement damping with growing

(Az)? )



N°4 ON THE VIBRATIONS OF A CANTILEVER OF SUPERSMALL MASS 405

mass we increased the mass of a cantilever without changing its rigidity. For this purpose a sphere-
shaped load of ~ 1075 cm in diameter was grown on a free end of the cantilever, a stationary
electron beam being applied (Fig. 2). It is a most important experimental fact that the vibrations
of cantilevers with a load on the end damped out over 5-10 days before an unobserved value was
achieved (varying with the mass of consoles (Tab. I)). This time of vibration damping fits that
predicted by theory, 7 = 10° s, for bodies of 10~ ¢m in size [6, 7] At the same time cantilevers

without loads vibrate with the same amplitude and frequency, as in the prevnous case. According
to the estimation performed above, for these cantilevers 7 = 107 s, i.e. it is about a year. Whereas
the time of fluctuation damping for microobjects (elementary particles, atoms, molecules) exceeds
the age of the Universe, for these objects the predictions of the traditional quantum mechanics
are valid [6-8].

Fig. 2. — TEM micrograph of a cantilever with a load grown on the free end.

4. Conclusions.

Both the chaotic vibrations of the cantilever ends and their attenuation with time observed in the
TEM could only be explained as macroscopic quantum fluctuations of the cantilever mass center.
Thus, this paper reports for the first time expenmental observations supporting the theory [6, 7]
according to which the reduction of a wave packet is caused by gravitation forces, and not by the
event of measurement and presence of an Observer.
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