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We consider the problem of nuclear gamma-resonance observation and the effects of displacement energy gamma rays in conditions
of combined linear and quadratic Doppler effect. The main result of this experiment was concluded in the possibility of realization of
second order Doppler shift observation in the range of the combined shits with help of commutation electronic schemes for coherent
transverse and linear shifts. This gives simplifications in experimental procedure. We reached the values of minimum measurable
linear velocity of about 10~ mm/s- pulse using the isotope Sn''’. It confirms the real possibilities of measurement method Doppler
shift using the Mossbauer effect to determine the maximum acceleration and the prospects for development of such researchers.
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HABJIOJIEHUE SITIEPHOI'O TAMMA-PE3OHAHCA B YCJOBHUSIX KOMBUHUPOBAHHOI'O JTUHEMHOI'O M
MNONEPEYHOI'O JOIIVIEPOBCKHUX CABUT'OB 1 OCOBEHHOCTU TEOPUU OTHOCUTEJBHOCTHU
B.I'. Kupuuenxo', O.B. KoBasenko', T.A. Kopasuenko', FO.1. Fodpman
! Xaporosckuii nayuonanvuwiii ynugepcumem umenu B.H. Kapasuna, Hucmumym 6bicokux mexnonoauti
61108, 2. Xapvros, np. Kypuamosa, 31
Hepycanumexuii mexnonozuueckuii uncmumym - Maxon Jles, Omoenenue npuxiadnoii usuxu

n.s. 16031, HUepycanum 91160, Hzpaurw
PaccmoTpena mnpobnema HAOMIONEHUS SAEPHOTO TaMMa-pe30OHaHCAa M CMEIIEHHE DSHEepPruM TraMMa-M3Iy4eHHs B YCIOBHSIX
KOMOHMHHMPOBAHHOTO JIMHEHHOTO M KBajgpaTuaHoro 3¢ dekra Jlorrepa. OCHOBHOH pe3yibTaT 3TOTO SKCIIEPUMEHTa 3aKIII0YAeTCs B
BO3MOJKHOCTH PeaTH3aliy HaOIIOJCHHS JOIUIEPOBCKOTO CIBHIAa BTOPOTO MOPSAKA C TOMOIIBIO MIEKTPOHHBIX CXEM KOMMYTAIUH IS
KOTEPEHTHBIX MOINEPEUHBIX M JIMHEHHBIX CIBUIOB. JTO yNpOLIaeT MPOBEICHNE IKCIIEPHMEHTa. MBI JOCTUIIIM C TIOMOLIBIO M30TOMNA
Sn'" MHHEMATBHO H3MEPUMOTo 3HAUCHHS THHEMHOH CKOPOCTH 0K0710 107 MM/C-HMIT. DTO MOATBEP/KAACT peaIbHbIE BO3MOKHOCTH
METO/Ia W3MEPEeHUs JOIUIEPOBCKOro cOBHra ¢ momoupio 3ddexra MeccOayspa s ompeneneHuss MaKCHMalbHOTO YCKOPEHHS M
MIEPCTIEKTUBHI JUIS Pa3BUTHS TAKUX UCCICIOBAHHH.
KJIIFOUYEBBIE CJIOBA: snepHblii ramMMa-pe3oHaHC, JMHEWHBIH W KBaipaTW4HeId 3¢ ¢ext Jlomiepa, cxema perucTparii,
CMeIIIeHHe CIEeKTPa, PACIIMPEHHAs! TEOPHUsI OTHOCUTEIBHOCTH, MAKCUMAJIFHOE YCKOPEHHE

OCOBJUBOCTI CHOCTEPEXEHHSA AAEPHOI'O TAMMA-PE3OHAHCY OBEPTOBUX OB'EKTIB TA
PO3IIUPEHA TEOPISI BITHOCHOCTI
B.I'. Kipiqemcol, 0.B. Kosasenko!, T.0. Koanenko', 10.11. FO(I)MaHZ
Xaprxiecokuil nayionaneHull ynieepcumem imeni. B.H. Kapa3zina, Incmumym eucokux mexnonoziu
61108, m. Xapxie, np. Kypuamosa, 31
2Epycanumncoruii mexnonoziunuii incmumym - Maxon Jles, Bidoirenns npukiadnoi izuxu
n.c. 16031, €Epycanum 91160, I3paine

PosrisiHyTO mpoGiiemMa CrOCTepeXeHHS SAEpPHOTO TaMMa-pe30OHaHCy 1 3CyB eHeprii raMMa-BHIPOMIHIOBAaHHS B YMOBax
KOMOIHOBaHOTO JIiHiiHOTO 1 KBagpaTHyHOTO edekty Jlomiepa. OCHOBHHUIA pe3yibTaT IbOT0 EKCHEPUMEHTY IOJSrae B MOXIIMBOCTI
peanizarii cnocTepeKeHHs! JOIIePiBCHKOr0 3CYBY APYroro IMOPsIKY 3a JOMOMOTOK0 €IEKTPOHHUX CXeM KOMYTalil s KOTepeHTHUX
TOTepeyHHX i THIHHIX 3pyuieHs. Lle CrpolLye MpoBeAeHHs eKCIIepUMEHTY. M1 10oCArH 3a gormoMoroko izotomy Sn''® miniMansHo
BUMIPHOTO 3HAYEHHS NiHiitHOT mBHAKOCTI 61H3pko 10~ MM/crimm. Lle MiATBEpIKYe peatbHi MOKIHBOCTI METOLY BHMIpIOBAHHS
JOTIIEPIBCBKOTO 3CYBY 3a JomoMoroio edexty MeccOayepa [l BU3HAYEHHS MAaKCUMAIbHOTO IPUCKOPEHHS 1 MEPCIEKTUBH IS
PO3BUTKY TaKHUX HOCIIIKCHb.
KJIFOYOBI CJIOBA: sinepuuii ramMmma-pe3oHaHC, JiHIHHAN 1 kBampatnuHuil edekt Jlomuepa, cxema peecTpamii, 3CyB CIEKTpa,
po3MmpeHa Teopist BiJHOCHOCTI, MAKCHMAaJIbHE IIPUCKOPCHHS

Some fundamental problems of physics such, as gravitational red shift, Planck mass /,, and Planck length /,,
acceleration of particle to ultrahigh energies corresponded to wave length A~ /,, expansion of the universe and many
others solved and can be solved by using Doppler effect. As well known, Doppler effect is the dependence of wave
frequency from velocity of observer or analyzer relative to its source. Doppler effect is widely used in astronomy to
measure radial velocities of stars and galaxies, temperature measurement in plasma physics and astronomy, Doppler
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radars, medical imaging, flow measurements and many other applications [1, 2].

In recent years, scientific and technical interest to the problem of monitoring and implementation of the Doppler
effect in the Mssbauer spectroscopy was renewed. This is due both to the possible use of the Mossbauer effect in the
technique of detection of small shifts, angles, speeds and acceleration for implementation of the Mossbauer effect in
solving the fundamental physics problems of space — time: the unit of length, the anisotropy of space, the stability of the
temporal and spatial intervals, minimum and maximum velocities and accelerations.

For effective using of the unique resolution of the nuclear gamma-resonance known as Mossbauer effect [3] is
necessary to create new methods of observation. Application of the nuclear gamma - resonance for the experimental
verification theory of relativity and theory of gravity is based on minimum ratio AE/E (4E = I' - line width and E - the
energy of gamma - quanta) which values reaches 3.1 - 10" and 5.2 - 107 for the isotopes Fe*” and Zn®’ respectively,
and on the rare possibility of using for it’s observation combined linear and quadratic Doppler effect. This made it
possible to verify the presence of the gravitational red shift on Earth [3] with accuracy to within 1%, to test the central
field of the Schwarzschild equation [4-8]. It is noted that in nuclear gamma - resonance experiments it is necessary to
use more accurate measure of linear and quadratic Doppler effect. This method should include the improvement devices
of measurement and control the speed and acceleration of moving objects in space, which have previously created
gyroscopic device based on the Mossbauer Effect [9-11].

An important application of the Mdssbauer effect in modern physics is an experimental verification of the
extended theory of relativity (ETR). It obtained from the new approach to the analysis of relativistic effects which is
based on the symmetry of space-time, the isotropy of the space and principle of relativity [12,13]. This approach
explains existence of the limit speed of light from fundamental properties of space-time, in particular. ETR predicts the
existence of a maximal acceleration [14]. This is fundamentally new relativistic phenomenon, which relates the special
and general relativity, requires a careful verification. Evaluation of maximum acceleration
a=(1.006 + 0.063)-10" m/s2, was given in [14] from experimental date [7]. But it requires repetition and new types of
experiments with the use of modern high-precision experimental techniques, of course. A maximum acceleration effect
is more shows at high values of accelerations, thus. It expect or very high force or very small masses or both together.
Analysis of the acceleration for different physical phenomena in cosmology, nuclear physics and other areas of modern
physics show that the greatest acceleration observed in collisions of nuclear particles [15], in particular.

The aim of this study is to improve the accuracy of nuclear gamma-resonance observation and the effects of
displacement energy gamma rays in conditions of combined linear and quadratic Doppler effect in physical systems
related with moving and rotating objects.

EXPERIMENTAL RESEARCH METHOD
For alternative to [16, 17] the source of the Mossbauer isotope Sn''’gamma - rays was used the nuclei Sn''’ in
CaSn'!”™O; matrix. The refined wavelength with energy 23.87 keV is A = [18]. The scheme of observation of combined
linear and transverse Doppler shifts is given on Fig. 1.

Absorber This scheme was realized the synchronous
motion of the source Sn''’gamma — rays (linear
Source Doppler shift) and absorber SnO, (transverse
_ [Modulator 1 :D Detector Doppler shift). It was very simple and gives the
time interval of synchronization with accuracy 107

s.
Spectrometer 2 Modulator 2 Operation of the scheme is to the
synchronization of the radial and transverse motion
| —‘ [ of the source and absorber in the same spatial plane.
Synchronization The ability to change the angle between the axes of
scheme the source and absorber is provided. This can be
used to study the effects of anisotropy. The number
Spectrometer 1 of studies to measure the second order Doppler
shifts using the Mossbauer isotope Sn''’is small.

This is because the line width is much greater than
Fig. 1. The scheme of combined linear and transverse Doppler shifts that of the isotope Fe’’. On the other hand, the
observation 119

119

observation of the Mossbauer effect on Sn " is less
sensitive to vibrations. Previously it was shown that at the measurement of small linear and angular displacements of
objects the cross Doppler effect with the Mossbauer technique obstacles arise first of all due to the vibrations, the
pulses, disturbance of the strict orientation of objects in space, the inhomogeneous distribution of resonant nuclei on the
surface of the object.

RESULTS AND DISCUSSION
Traditionally, the experimentally measured value of the isomer shift of the absorption line or scattering relative to
the standard is the resultant of two shifts: the shift determined by the electron density distribution 8cpiy, and the shift
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determined by the rms velocity fluctuations of the nuclei Semp:
8is = Schim+ 6temp- (1)

Determination of second order Doppler shifts was carried out by measuring demp. According to the Einstein model
of solids for dimp the following expression can be obtained:
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Values g, in turn, can be determined from the temperature dependence of the effect probability
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The calculation results suggest that the observed increase &;, with decreasing temperature fully explained by the
second order Doppler effect. And besides this shift of the spectra in the direction of positive values of the Doppler radial

velocity does not depend on the type of the Mdssbauer isotope, because it does not include the nuclear characteristics,
unlike to the shift defined by electron density.
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Fig. 2. Mossbauer spectrum of SnO, Fig. 3. Mossbauer spectrum of SnO, under influence transverse
motion

We try to show that in our case, spectral shift toward positive values Doppler of radial velocity is observed under
the transverse motion of the absorber. It is shown the spectrum of the initial absorber SnO, at absence of transverse
motion (Fig. 2). The splitting of a single line of SnO, and the formation of an asymmetric doublet spectrum with very
weak asymmetry (Fig. 3) is observed at synchronization with an accuracy of up to 10™*s a linear shift required for the
registration of the spectrum and the transverse motion.

In our case the source and absorber, characterized by single lines of emission and absorption were used. The
dependence of the resonant transmission of gamma rays from linear radial Doppler velocity (spectra on Fig. 2, 3) under
the parameter X = Ao for the determination of small displacements was obtained, where the A — amplitude © —
frequency of transverse motion.

The Doppler shift energy of gamma - rays for the laboratory coordinate system, i.e. the frequency U of y — rays, is

given by:

g 19
v=y, 1+—cosoz—5—2 ) 4)

C C

Here v, - frequency of ) - rays for fixed relative to each other the source and absorber, & - the angle between the

recording ¥ - rays and the velocity vector of the relative motion of the source or sink, U - the relative velocity of

source on to the absorber. Usually in the expression (4) it is necessary to take the instantaneous values ¥ (t) .

It is necessary to search for ways to effectively eliminate its influence on the instrument readings. In addition to
measuring the linear velocity and displacement by nuclear gamma - resonance it is possible to carry out measurement
and control of transverse velocities and accelerations.

It were built dependences of the velocities of linear displacement of the number recruited in each point of the pulse
and had a trend line (Fig. 5,6) for a more complete analysis of the asymmetry of the weak positive (velocity in Fig. 3)
and the negative part of the spectrum.
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Fig. 4. Slow asymmetry of Mossbauer spectrum of SnO, under
influence transverse motion
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Linear dependences (Fig.3,4) allow us to
evaluate the achieved accuracy of spectrum shift in the
transverse displacement, which is standard value of
0.01 mm/s under normal conditions reached maximal
accuracy  evaluation is  10° mm/s-pulse  at
measurement accuracy of the resonance transmission.
Shift of the right side of the spectrum relative to the
left side is 3-10”. This is due to the use of an isotope
with a broad emission line, which eliminates the
advantages of insensitivity to vibrations.

The main result of this experiment was
concluded in the possibility of realization of second
order Doppler shift observation in the range of the
combined shits with help of commutation electronic
schemes for coherent transverse and linear shifts. This
gives simplifications in experimental procedure.

As example the values of the contributions from
the second order Doppler shift for Fe’’ nuclei are
small and approximately equal to 0.00005 mm/s [16].
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Fig. 6. Dependence of the linear Doppler velocity of the number of

pulses on the most steep part of the resonance curve of the positive
part of the spectrum (Fig. 3,4)

N-10%, pulses
Fig. 5. Dependence of the linear Doppler velocity of the
number of pulses on the most steep part of the resonance curve
in the negative part of the spectrum (Fig. 3,4)

The maximum high accuracy of electromagnetic irradiation frequency measurement using Mossbauer effect
allows to test of one of the consequences of general relativity -"transverse Doppler effect" [16]. As shown [12] in the

ERT Doppler shift between inertial system K' and accelerated system K moving together is determined by the

coefficient (1 - a/A) due to the acceleration K relatively K'. Evaluation of maximum acceleration a = (1.006 + 0.063)
10" m/s2, using experimental data [5] was carried out. Such a significant acceleration it is possible to reach at modern
experimental installations, at particular, at CERN’s the muon storage ring [17].

CONCLUSIONS
The main result of this experiment was concluded in the possibility of realization of second order Doppler shift
observation in the range of the combined shits with help of commutation electronic schemes for coherent transverse and
linear shifts. This gives simplifications in experimental procedure. We reached the values of minimum measurable
linear velocity of about 10'mm/s- pulse using the isotope Sn'". It confirms the real possibilities of measurement method
Doppler shift using the Mossbauer effect to determine the maximum acceleration and the prospects for development of
such researchers.
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