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DusnyecKas rpaBUTALUA
Physical Gravity

A. L. Dmitriev

Beenenue

du3MKa ecTb «HayKa O CBOHCTBAaX M CTPOEGHHM MaTepuu, o Qopmax ee
JIBIKEHHSI M M3MEHEHHs, 00 0OLIMX 3aKOHOMEPHOCTSIX SIBJICHHH HPHPOIBD).
3HauuTeNbHas PONib GU3MKK B HAYYHOM MHPOBO33PEHHH, B CTAHOBJICHHU
TEXHHYECKHX HAyK W WX TONE3HBIX M MPaKTHKH IPHIOKCHUIH
obmen3BectHa. du3nKa HaYMHAIACh C MPOCTEHIIMX OIBITOB, C ITOUCKOB
OOBSCHEHUI NPUYNH B3aUMOJICHCTBUI TEN U PE3yJIbTATOB MHOTOYHCICHHBIX
9KCIIEPUMEHTOB: MEXaHWYECKHX, Ta30BBIX, JJIEKTPHYCCKUX, AKYCTHYECKHX,
ONITHYECKHUX. YTBEPKICHUS, YTO MMEHHO JIKCIIEPUMEHT JISKHT B OCHOBE
OU3UKN W YTO TpaKTHKAa - KPUTEPHH WCTHHBI, HUKOTJA HE BBI3BIBAJIM
comHeHuit. Ho, ¢ BBeaeHHMEM BEPOSTHOCTHBIX  CIIOCOOOB  OIMHCAaHUS
B3aUMOJICICTBUI DJIEMEHTAPHBIX YaCTHI[ ¥ CBS3aHHBIM C TAKMMH HOAXO0/IaMU
CTATUCTUYECKUM  HCTOJIKOBAaHHEM  CaMHUX (u3IICCKUX 3aKOHOB,
aOCTpakTHbIC (U3NYECKAE MOJCIH TPUOOpETr OCOOYI0 MOIMYJIAPHOCTD.
Crano O4YeBHIOHBIM, YTO YBJIEYb ceOs B 0OJIACTH YMCTBOBAaHHS — HAYYHOI
CXOJIaCTUKH, CIOOPCHHOW «KPAcHUBOW» MAaTEMaTHKOH, (H3UKa BIIOJNHE B
coCcTOSHUH. VIMEHHO 53TO MPOHM30III0 B MHHYBIIEE CTONETHE C Tak
Ha3BIBAEMOM OpPTOAOKCATBbHOM (pr3nKkoi TrpaBUTAanMM MPHHABLIEH (HopMy
«MaTEMaTHIeCKO» TpaBUTAIlNH. 3/eCh (PHU3MKa, B CYIIHOCTH, «HCUE3Tay,
MpeBpaTHiach B pa3fiel XPyCTAIbHO-YUCTOM MAaTEeMAaTHKH, a €€ HaydHOe
000CHOBaHHE CBENOCH K IPOMO3AKHM  MaTeMaTHYECKAM MOCTPOCHUSM B
JIOBOJIFHO «CMEJIBIX» TMONBITKaX OOBACHEHHS  OECKOHEYHO JajieKux B
Maciitabax BpPeMEHH M pPacCTOSHUM  acTPOHOMHUYECKHX  SIBJICHUH.
Tpynoemkwuii, JI0OPOCOBECTHO BBITIOJTHEHHBIN nabopaTOpHBII
TPaBUTAIIMOHHBIN SKCIIEPIMEHT YTPATHII aBTOPUTET W 3HAYUMOCTD, YCTYIIHB
MecTo OOHKMM  acTpodusndeckuM  (aHTaswssM H  pa3HOro  poja
MaTeMaTH4YecKuM crekymsusaM. CBoeoOpa3Has HaydHas «XpaOpoCThy,
HAMEPCHUE B MPHHIUIEC U3MEHHUTH SKOOBI YCTAPEBIINIA CTHIIb MBIIIICHUSI
€CTECTBOMCIBITATEIIS, CTAla HOBATOPCKUM IIPHEMOM  DEIICHHS CIOKHBIX
Hay4HBIX mpobneM. [IpuMepamu Takoro HOBaTOpCTBAa  SIBIUIHCH — CMEJOE



oTOpachlBaHUEe OHHINTEHHOM IMOHATHS d¢upa (BBULY €ro SKOOBI MOJHOH
0eCIONe3HOCTH) ¥ KaHOHU3alWs, Npu3HaHUE (yHIAMEHTAJIbHBIM «3aKOHOM
MPUPOJBD», TpeoOpa3oBaHUi KoopauHaT JIopeHia, BEIBEIEHHBIX Ha OCHOBE
MPOCTBIX KIACCHYECKHUX TpejcTaBiIeHui. bomee Toro, «(hU3NKU-TEOPETUKNY
(B cymrHOCTH, - OECCMBICICHHOE CIIOBOCOYETAHNE) BEPHYIINCH K yCTapeBIIeH,
HO yIOOHOH B JKUTCHCKOM OTHOUICHWH HAEE O TOM, YTO JUIS MOHUMAHFSI
¢u3nUecKux SBICHUH BOOOIE HET HEOOXOAUMOCTH B MOCTAHOBKAX KaKHX-
00 HKCIEPUMEHTOB, M YTO «KPacoTa U 3JIETAaHTHOCTh» YpPaBHEHUI TEOPUHU
SIBIISIFOTCS. TJIABHBIMH KPUTEPHSIMH €€ LIEHHOCTH M COJICPIKAaTEIbHOCTH.
IIponaranna «pensTUBUCTCKONW» TPAKTOBKM MPUPOJBI TPABUTALMM, THICSAUU
KpPacoyHO WUTIOCTPHPOBAHHBIX KHUT, OpOIIIOp M TOPTPETOB IPH3BAHEI
BHEJPUTHh B CO3HaHHWE uuTaTeNeill yOexIeHue B CIPaBEATHMBOCTH HMEHHO
SUHIITEHHOBCKOMN Mozaenu TAroTeHus. HaoOopoT, Hecorjacue ¢
PENATUBUCTCKON PUTOPHUKOW, CTPEMIICHHE MOCTPOUTH TEOPHIO TPaBUTAIIUU
Ha aJbTEPHATUBHBIX, OCHOBAaHHBIX HA OMBITE (PH3WIECKUX MPUHIIHIIAX,
MOJIBEPIIIUCH L1€JIbMOBAHUIO CO CTOPOHBI apMuu YUEHBIX
«QHIUKIONEIUCTOB» U PaQUHUPOBAHHBIX MATEMAaTHKOB, CUHTAIOUIMX CeOs
¢usukamu. Mexnay TeM, HETePHUMOCTh PENATUBUCTOB K KPUTHUKE €CTh
OIMH W3 TPU3HAKOB WX HIEHHONH HECOCTOSTENHHOCTH, ©CJIM HANlOMHHTH
BEpHOE 3aMeuaHue . Y. MengeneeBa: «CHOKOWHAs CKPOMHOCTH
YTBEpKACHNH OOBIKHOBEHHO COMYTCTBYET HMCTHHHO HAaydYHOMY, a TaMm, TIe
XJIECTKO M C CyJEHCKMMH MpHEeMaMH CTaparoTcs 3a)XaTb POT BCIKOMY
MPOTUBOPEYHIO, UICTUHHON HAYKH HET».

PensTuBHUCTBHI — BOMHCTBYOIINE IPUBEPIKEHITBI TEOPUH OTHOCHUTEIFHOCTH
— TpeaNoYHWTAlOT 3aMalyuBaHWEe Kak HauOonee 3(QeKTHBHYIO Mepy
O6oppObl ¢ HayuHbIM HMHaKoMbIcIMeM. CerofHs  HOAKOHTPOJIbHBIE
peNATUBUCTaM  M3JaTelbCTBa M PEJAKUUM aKaJeMHUYECKHX Hay4YHBIX
JKypHaJloB 0€3 pPAacCMOTPEHHUS OTKJIOHSAIOT Hay4Hble CTaTbU Jaxke C
OTHAJCHHOW KPUTUKON TEOPUU OTHOCUTEIBbHOCTH. Takue MpUeMbl «UACHHOMN
00prOBI» B HAYKE W3BECTHHI CO BpeMeH bpyHo n [ammiest, BupodeM, oHH
BCerza NMPUHOCHUIIY JIUILb Bpell Hay4YHOMY IIpOrpeccy.

XoTs1, KaKk 4acTo MPUHITO TOBOPUTH, (PH3HKA — HAYKA SKCIICPUMEHTAIbHAS,
T1000My (DU3UUECKOMY DKCICPUMEHTY MPEALISCTBYET 3aMBICEN, HEKOTOpasI
ujest, 6e3 KOTOPOi ATOT KCIIEPUMEHT HEBO3MOXKEH B MpHHIUIE. Takas uzes
3apoXKaaeTcs B mporiecce 000OIIeHUsT pe3yIbTaTOB OMBITOB M HAOJIOJICHUH,



HX TIIyOOKOTO OCMBICIICHHUS, TIONCKA aHAJIOTHH B Pa3JInYHbIX, IOPOH BechMa
VAJICHHBIX APYr OT Jpyra oOmactsax 3HaHUH. «DPumocodpus» TBOPUECKOIO
mporecca B (u3MKe, KaK M B JIPYrHX OOJIACTSIX HAYYHOH JAEATENbHOCTH,
CJIO)KHA ¥ JO0 KOHIIA HEIMOCTIKMMA. TeM He MeHee, MHOTI'OJICTHHH OIIBIT
pa3BUTHS HayKd TOATBEPXKIAET, YTO TMOCTPOCHHE paIOHAILHOM,
MPAKTHYECKU TOJe3HON (DH3MUYECKOW MOJENTH WM TEOPHH, OTKPBIBAIOIICH
HOBBIC TPOTPECCUBHBIC NYTHU pa3BUTHs (U3UKH, BO3MOXKHO HMEHHO Ha
OCHOBAaHMM JAHHBIX JKCIEPHUMEHTOB MpU  OrpaHUYEHHOM Habope
YMO3pUTENBHBIX TUMNOTe3. Bo3BpameHne K (U3HYECKOH TpaBUTALUU
HEHM30EKHO.

HacTosmmii cOOpHUK COAEPKUT TEKCThI OMyOJIMKOBaHHBIX B 1998-2018 .
crared W JOKIaJ0B aBTOpa, IMOCBSILIEHHBIX 3JEKTPOIUHAMUYECKUM
aQHANIOTUSIM W «HEKIIACCHYECKUM)» OKCICPUMEHTAIbHBIM  SBJICHUSM B
TpaBHUTAIHH. Vx HOBM3HA W Hay4yHas 3HAYNMOCTD KpaTko
XapaKTEePHU3YIOTCS B HYKenpuBoauMoi TaOwie.

Ne ABTOpI)I, Ha3zBaHUEC CTaTbU W HWCTOYHHUK HOBMBHaI/IHay‘IHOB 3HAYCHHUEC

My OJIMKaLuu
1. A. JI. Amutpues, B. C. CHeros Biustane | C yuerom JeHCTBHS pasiMYHBIX (U3NUECKUX
OPUEHTALUU CTEPIKHS Ha €ro Maccy. (hakTOpOB, OSKCHEPUMEHTANbHO  IOKA3aHO,
W3meputensHast Texuuka, Ne 5,22 - | 4T0 BeC BEPTHKAIbHO OPHUEHTHPOBAHHOTO
24 (1998) HEMarHUTHOTO  META/UIMYECKOTO  CTEPXKHS
NPEBBIIIACT €ro BEC B TOPU3OHTAIBLHOM
A. L. Dmitriev, V. S. Snegov MOJIOKEHUU.  DTOT pe3ysbTaT  MOXKET
Influence of orientation of bar on its mass. | paccMaTpuBaThCs Kak IPaBUTALIMOHHBII
Measurement Techniques, Vol.41, AHAJIOT  YCHICHHS ONTHYECKOTO 3TyUCHNs B
No 5, pp 425 - 429 (1998) aKTHBHBIX  cpemax. IlomoOHbiid  3ddext

(u3MUECKOil OPHEHTALMOHHOW 3aBUCHMOCTH
B3BCLIMBAGMOM Macchl, paHee HaOMIoNaics B
METPOJIOTHH TIPH TOYHBIX M3MEPEHHAX Macc
JIMCKOBBIX (piston- gage) rupk.

2. A.JL. Imutpues O BiusiHUM BHEIHUX | PaccMoTpeHa aHanorus TIpaBUTalMOHHBIX U
YIpPYrux (2JeKTPOMArHUTHBIX) CHII HA JNIEKTPOMArHUTHBIX CHJI HPOTUBOJIEHCTBYS,

CHITY TSDKECTH. BBEICHEl KOD(G(HUIHEHTH B3aUMOACHCTBHI
Wssectus BY3 «@usuka». Ne 12, 65 | ynpyrux M IpaBUTALMOHHBIX CHII, KPaTKO

- 69 (2001) OIMCAHBl HKCIIEPUMEHTHl II0 B3BELIMBAHHIO

MEXaHHYEeCKOr0 POTOpa C TOPH30HTAIBHON
A. L. Dmitriev On the Influence of | ocbto  Bpamenus. Ha ocHoBe maHHBIX
External ~ Elastic  (Electromagnetic) | u3mMepenuii K03()(HHUIIHEHTOB BOCCTaHOBICHHI

Forces on the Gravity. Russian | npu ynpyrom yzaape mapa o IUIMTYy OLIEHEH
Physics Journal, Vol. 44, No 12, pp 1323 | nopsinox BEJINYMH YKa3aHHBIX
— 1327 (2001) K03 UIIMEHTOB B3aNMOCHCTBHIA.




A. JI. Amutpues, B. C. Cheros
B3BenmmBanue MeXaHHYECKOTO
THPOCKOIIA C TOPU3OHTAIIBHOM H
BEPTUKAIBHOM OpHEHTaruelt ocu
BpAIICHUS.

M3meputensHas Texuuka, Ne 8, 33 -
35(2001)

A. L. Dmitriev, V.S. Snegov The
Weighing of a Mechanical Gyroscope with
Horizontal and Vertical Orientation of the
Spin Axis. Measurement Techniques, Vol.
44, No 8, pp 831 - 833 (2001)

OmnucaH 9KCHEPHMEHT 10 B3BEIIHBAHUIO BYX
CIAPEHHBIX ~ MEXaHUYECKHX POTOPOB  C
IPHMEPHO HYJIEBBIM CyMMapHBIM
KHHETHIECKHM MOMEHTOM,
IPOJIEMOHCTPHPOBAHO PA3JIMYUE UX Beca MPH
BEPTUKAJILHOM u TOPU30HTAIBLHOM
OpUEHTAIMAX MX OOIEeH OCH BpalleHHs.
JlaHHBIM  pe3yibTaT IOATBEPKAAET CBS3b
YCKOPEHHH, 00yCIIOBICHHBIX
LEHTPOOCKHBIMHU (371€KTPOMArHUTHBIMH)
CHJIaMH, C CHJIOH IPaBUTALIUH.

A.JI. AImutpues HepaBeHCTBO
K09(HUIMEHTOB BOCCTAHOBIICHUS IIPU
BEPTHKAIBHOM M FTOPH30HTAIbHOM
KBa3UyNpPYTux yJapax Inapa mno
MAacCUBHOH IUIUTE.

IMpuknagnas Mexanuka, Tom 38, Ne
6, 124 - 126 (2002)

A. L. Dmitriev Inequality of the
Coefficients of Restitution for Vertical
and Horizontal Quasielastic Impacts of a
Ball Against a Massive Plate.
International Applied Mechanics. Vol. 3,
No 6, pp 747 - 749 (2002).

BrepBble 3KCIIEPUMEHTAILHO yCTAHOBIIEHO
paznmure Kod(h(UIHEHTOB BOCCTAaHOBICHUS
P TOPU3OHTAIPHOM M BEPTHKAIBHOM
ylapax mapa no MaccuBHoi rumire. Ilpu
mapa 10*
HOPMAaJIbHBIX YCKOPEHHI CHIIBI TSDKECTH, YTO
MO3BOJIMIIO  OIEHHTh CTENEeHb BIIUSTHUS
3JIEKTPOMArHUTHBIX CHJI YIPYTOCTU Ha CHILy
rpaBUTalMy. JaHHEIA pe3yabTaT — IPSIMO
HOTBEPIKIAET B3aUMOCBSI3b
3JIEKTPOMArHUTHBIX (YNPYTHX) CHJI U CHIIbI
TSDKECTH.

9TOM  YCKOpEHUs JIOCTHT AT

A.JI. Amutpues, E. M. Hukymenko, B.

C. CHeroB BimsiHue TeMnepaTypsl Tela
Ha ero Bec.  V3MepuTenbHas TeXHHKA,
Ne2,8-11(2003)

A. L. Dmitriev, E. M. Nikushchenko,
V. S. Snegov Influence of the
Temperature ofa Body on its Weight.
Measurement Techniques. Vol. 46, No
2, pp 115 - 120 (2003)

[lepBast B Hay4yHOU JMTEpaType ITyOJIMKALMS
pe3yJIbTaTOB CUCTEMATHYECKUX M3MEPEHMI
BJIMSIHUSA TEMIEPATyphl HA BEC HEMarHUTHBIX
METAJIJIMYECKUX CTEpIKHEH,
JIEMOHCTPHUpYIOLIas OTPULIATENIBHYIO
TEMIEPAaTypHYIO 3aBUCUMOCTh Beca  Tell
[Ipeanoxxena  mpocrast TeopeTHYecKas
Mojens 9Toro dpdexra U  HOKazaHa
CTEeTIeHHAs] 3aBHCHMOCTh (PU3HYECKOTO Beca
Tel OT WX aOCONIOTHOM TemnepaTypsl (B
KJIaCCUYECKOM IPHOIIKCHHH, npu
TeMIepaTypax BbllIe TeMneparypsl [ledas).

A.JI. Imutpues, H. H. Yecnoxos

OKCIIepUMEHTaIbHO MOATBEPIKICHO PA3IIHIue

BiusiHue opyeHTaluy aHU30TPOITHOTO BECOB aHU30TPOITHOTO KpUcTaa,
KPHCTaJlIa Ha €ro Bec. U3MEPEHHBIX  IIPH PA3IHMYHBIX OPHEHTAIUAX
N3mepurenbHas Texuuka, Ne 9,36 - | ero KpHCTa/IIOrpadgpuaeckon ocu.

37 (2004) Ousnueckass npuuuHa  3Toro  dddexra
o0yclOBIICHa ~ aHU30TPONMEH  CKOpOCTeH

YIPYTHX BOJIH B KpUCTaJLIe H




A. L. Dmitriev, N. N. Chesnokov
The effect of the orientation of an
anisotropic crystal on its weight.

Measurement Techniques, Vol.
47, Issue 9, pp 899-901 (2004)

COOTBETCTBYIOIIHX YCKOPEHHH  aTOMOB
KpUCTAJula IIPU UX TEIUIOBOM JIBHXKEHHHU.
JlaHHBIH SKCIEPUMEHT TakXkKe IIOATBEPKAacT
B3aUMOCBSI3b JIEKTPOMAarHUTHBIX u
TPaBHTALIMOHHBIX CHIL.

A. L. Dmitriev

On Possible Causes of Divergencies in
Experimental Values of Gravitational
Constant.

arXiv: physics/0610282 ( 2006)

TlokazaHo, 4YTO  NPUYMHOH  3aMETHOrO
pasbpoca a0CONIOTHBIX 3HAUCHUIH
IPaBUTAllMOHHON IIOCTOSTHHOM, H3MEPEHHBIX
B OKCIIEpUMEHTaX pa3IMYHBIX aBTOPOB,
MOXET  OBbITh pasHHIIa  aOCOJIOTHBIX
TeMIeparyp rpaBUTallMOHHO-
B3aMMOJEHCTBYOIUX IPOOHBIX  TelL.
Hab6mromaemblii pa3zdpoc IKCTIepUMEHTAIBHBIX
3HAYEHUH  TPaBUTALMOHHON  MOCTOSHHOM
KOCBEHHO MOATBEPKAAET BIIUSIHUE
TEMIIEepaTyphbl Ha CHITYy TPABUTALIUH.

A. L. Dmitriev

Temperature dependence of gravitational
force: experiments, astrophysics,
perspectives.

arXiv: physics/0611173 (2006)

O630pHas cTaThs II0 MaTepHaIaM JOKIaja Ha
MexayHaponHoi  koHpepenimun  GRG-18
(Cunueit, Ascrpamus). Ilokaszano, uTO
OTpHIIaTeNIbHAsL TeMIIepaTypHas 3aBHCHMOCTD
CHJIBI TPABUTALMH (haKTUUECKH HAOIIONAIACh
eme B ombitax Illoy um J[pBH, pe3ynbTaThl
KOTOpHIX omyOiukoBanel B 1923  rony.
OTMEYEHO, 4TO TEeMIIEpaTypHasi 3aBUCUMOCTb
CHUIBI TPAaBUTAIMH JODKHA YUHTHIBATHCS MPH
00BSCHEHUH psiga  acTpopU3NUECKUX
9 }eKTOB, B TOM YHCIE, IPELECCHH OpOHUT

[UTAaHET, M3MCHEHMSX MEpHOAa JBOWHBIX
IyJIbCapOB, a TaKKe JMHAMUKH
OKOJIOCOJIHEUHOH  IUIa3MBI  (COJIHEYHOT'O
BETpPA).

A. L. Dmitriev

Experimental Study of Gravity Force
Temperature

Dependence, in 18" International
Conference on General Relativity and
Gravitation (GRG-18), Sydney, 2007,
Abstract Book, pp. 77-78.

Pestome Jnokiiana aBTopa Ha KOH(EPEHIMH
GRG-18 no npobiemaM rpaBUTaLMU B UIOJIE
2007 rona. Kpatko mosicCHOTCS (hH3HUECKUe

OCHOBAaHMs U CIEJCTBHA  OTPHUIIATENBHOM
TeMIepaTypHoOi 3aBUCHMOCTH CHIIBI
TpaBUTALMH.




A. L. Dmitriev

Measurements of the Influence of
Acceleration and Temperature of Bodies on
their ~ Weight.

Proceedings of Space Technology and
Application International Forum
(STAIF-2008), edited by M. El-Genk,
AIP Conference Proceedings, Vol. 969,
NY, 2008, pp. 1163-1169.

arXiv: 0803.1730 (General Physics,
2008)

CraTest 1O MaTepHalaM JOKIaga Ha
MexayHapoaHoi kondpepenunu STAIF-2008
B Anb0Oykepke (CIIIA). Kpatko paccMoTpeHa
B3aMMOCBSA3b CHMJIBI TSDKECTH M YCKOPEHHS,
00yCIIOBIICHHOTO ACHCTBHEM CHII YIPYTOCTH.
IIpuBeneHsl pe3ynbTaThl DKCIEPUMEHTOB IO
B3BCIIMBAHUIO CIIAPCHHBIX POTOPOB, IO

HU3MEPEHHUI0 K03 PUIHEHTOB
BOCCTAHOBJICHHH MpH YIOPyroM yaape, IIo
TeMIIepaTypHOi 3aBHCHMOCTH Beca

HEMAarHuTHBIX CTep)KHeﬁ 1 110 B3BCIIWBAHUIO
AHU30TPOITHOT'O KpHUCTaJLIa.

11.

A. L. Dmitriev
On the nature of inertial mass.
arXiv: 0806. 0796 (2008)

O6cyxnaercst (uzmyeckas npupoza
MHEPTHOH Macchl Tema. B cooTBeTcTBHM C
uzneeir O. Maxa, BrepBble IOKa3aHa MpsMas
MIPOIOPIHOHAIBHOCT (ue
«TOXIECTBEHHOCTb», Kak B OTO) wuHepTHOI
u l"paBPlTaLLHOHHOFl MacC M UX 3aBUCHUMOCTb
oT KO UIMEHTOB  B3aUMOJCUCTBHS
YIPYTUX U TPAaBUTALOHHBIX CHIL

12.

A. L. Dmitriev

On the Experimental Substantiation of
Anisotropy of Inertial Mass of Body in the
Earth Gravitation Field.

arXiv: 0903.4433 (General Physics, 2009)

IIpuBeneHst 000CHOBaHYS BO3MOXKHOM
AQHM30TPONIMM MHEPTHOM Macchl Tel B
rpaBUTAllMOHHOM mone 3emun. CiencrBuem
3TOr0  JIOJKHO OBITH  pasnuyue Xoja
MEXaHMYECKMX 4YacOB IIPU BEPTHKAIBHONH M
TOPU30HTAIIBHOM OpHEHTaLHUAX ocu
BpAILEHUA MaATHUKA; IPH 5TOM HCKJII0YaeTCs
BJIMSIHUE ~ TE€XHMYECKUX (dakropoB
0COOCHHOCTEH KOHCTPYKIMH TAKUX YacoB.
IpuBenens! pe3yIbTaThl HU3MepeHui
OpPHEHTAlUOHHOM 3aBUCUMOCTH XoJa
MasTHUKOBBIX 4YacOB, M3IOTOBJIEHHBIX Ha
IlerponBopuioBoM  uyacoBoM 3aBoje. Ha

OCHOBE 9TUX pe3ynbTaToB naHa
MIPUOIIKEHHAS OLICHKa  a0CONIOTHOM
BEIIMYMHBI YCKOPEHHsS CHIIBI TPaBUTAIHH,
00yCIIOBIICHHON «OECKOHEYHO»

YZAaleHHBIMH MaccaMu B IIpeJeliax II0JHOrO
TEJIECHOTO  yIjia,  BeJIMYMHa  KOTOpPOM
NPUMEPHO B ThICAYY pa3  IPEBbIIIACT
HOpPMaJbHOE 3E€MHOE  YCKOPDEHHME  CHIIBI
TSKECTH.




A. L. Dmitriev, E. M. Nikushchenko,
S. A. Bulgakova
Nonzero Result of Measurement of
Acceleration of Free Falling Gyroscope with
the Horizontal Axis.

arXiv: 0907.2790 (General Physics,

OKCHEepUMEHTaJbHO  ITIOKa3aHO  pa3iiHyue
YCKOPEHHI CBOOOIHOTO MaJieHHs! KOHTeHHepa
C YCTaHOBICHHBIMH B HEM pOTOpaMH C
TOPHU30HTATBHO OPHEHTHPOBAHHOH OCBIO H
HyJICBBIM IIOJIHBIM KHHETHYECKUM MOMEHTOM
OpH HEMOABIDKHOM pOTOpPE U HPH €ro
BpAaILCHUH.

2009)

14. | A. L. Dmitriev O030pHas CTaThsl 10 MaTepHaiaM J0KIa a Ha
Analogue of Lenz’s rule in MmexayHapogHoM ¢opyme SPESIF-2009.
phenomenological gravitation. OOcysx/ieHa  TpaBUTALMOHHAST  AHAJIOTHS
AIP Conference Proc. SPESIF-2009, Vol. | mpasuia Jlenna, KpaTko OIHCaHbI
1103, pp 345 —351 (2009) pe3yabTaThl 9KCIIEPHMEHTOB o

B3BCIIUMBAHUIO MEXaHUYECKHUX T'MPOCKOIIOB U
[0 TEMIIEPATypHOH 3aBUCHMOCTH Beca TelL
O6cyxaeHa  TpaBUTalOHHAs  IIPUPOJa
HMHEPTHOW  Macchl  Tena.  PaccMmoTpeHsl
acTpoU3HIECKHE CIIECTBUS TEMIIEPATypPHOI
3aBHCHMOCTH Beca Tell.

15. | A. L. Dmitriev, E. M. Nikushchenko and OO030pHBIIl  JI0KJTaA, MpEJICTaBICHHBIH Ha
S. A. Bulgakova MeXayHapoaHyo koHdepenmuo AIP B 2010
Dynamic Weighing Experiments — the Way | romy. OTMe4eHO, 4YTO 3KCIEPUMEHTHI II0
to New Physics of Gravitation. AIP JMHAMUYECKOMY  B3BELIMBAHUIO Ten
Conference Proc., Vol. 1208, pp 237 — 246 OTKPBHIBAIOT HOBOE HampapieHue B Qusuke
(2010) TpaBUTAIMN. OOcyx/ieHa  B3aUMOCBS3b
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OCBIO BpAIICHHS M HyJIEBHIM KHHETHYECKHUM
MOMECHTOM.

16. | A. L. Dmitriev IIpeacraBnensl  pe3yabTaThl  U3MEPEHHIH
Frequency Dependence of Rotor's Free YCKOpEHHsI CBOOOTHOTO MaJIeHHsl KOHTeHHepa
Falling Acceleration and Inequality of C HaxONAIIMMCS B HEM pOTOPOM C
Inertial and Gravity Masses. FOPU30HTAIBHON OCBIO OT YaCTOTHI BPALICHHUS
arXiv:1101.4678 (General Physics, 2011) poropa. BmepBble [OKa3aHO, 4YTO Ha

OTZETBHBIX 4YacTOTaX BpalleHUus poTOpa
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17. A. L. Dmitriev, E. M. Nikushchenko IIpuBeneHsl pe3ynbTaThl HM3MEPEHUH Beca

Experimental confirmation of the
gravitation force negative temperature
dependence.

KOHTEHHepa C 3aKPEIUICHHBIMH BHYTPH HETO
[bE30KEPAMUYECKUMH  IPeoOpa3oBaTeIIMHU.
[Toka3aHO yMEHBLICHHE Beca KOHTeiHepa,




arXiv:1105.2666 (General Physics, 2011)

CBSI3aHHOE C
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MOATBEPIKTAIONINH OTPULATETBHYIO BHYTpH HEro MEIHBIM o0pasiom,
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—51(2012). obpasua CONpOBOXKIACTCSI YMCHBILICHHEM €ro

A. L. Dmitriev  Simple Experiment Beca, KOTOPOE HE OOBSCHSCTCS  BIHSIHHEM
Confirming the Negative Temperature IUIaBY4YECTH U BO3JLYIIHOH KOHBEKIUH.
Dependence of Gravity Force.

arXiv:1201.4461 (General Physics, 2012)

19. | A. JI. Imutpues, E. M. Hukymenko OnucaH  3KCIEPUMEHT 10  M3MEPEHUIO
YacToTHAs 3aBUCHUMOCTh YCKOPEHHUSI 3aBHCHMOCTU YCKOpEHHS CBOOOHOTO
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BO3MOXHOCTH HCKYCCTBEHHOTO H3MEHEHUs
Physical Substantiation of an Opportunity of | du3nueckoro Beca Ten. Brnepsbie nsnoxena
Artifical Change of Body Weight. (SPESIF- | >1€MeHTapHas Teopus, obpacHsIONAs
2012).  Physics Procedia, Vol. 38, pp 150 — | 33BHCHMOCTb CPEJIHETO BECA MEXAHHHECKOTO
163 (2012). OCLMIUIATOPA OT 4aCTOTHI €ro KoJIeOaHH.
Takoil 3dekT BO3MOXKEH NpU HEOOIBIINX
KOJIeOaHMAX BEIIMYMHBI YCKOPCHHS
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Negative Temperature Dependence of MexIyHapoqHol koHpepeHunun B Ocno B
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World Academy of Science, Engineering | sxcriepuMeHTOB, JTOKa3bIBAIOIMX
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22. | A JL Jmurpues, E. M. Hukymienko, Onwucan 9KCIEPUMECHT no TOYHOMY
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B3BEILMBAHUIO I'€PMETHYHOIO KOHTeifHepa ¢
YCTaHOBJICHHBIM BHYTPHU HETO MEXaHHYECKHM
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V3MeHeHre Beca FePMETHYHOTO KOHTEHHEepa
C BCTPOCHHBIM JIEKTPOMEXaHHIECKIM
BuOpatopom. MHxenepHas ¢pusuka, Ne 9,
27-30(2014)

Beca KOHTelHepa B HauOOJbLICH CTENEHU
00YCIIOBJICHO HAarpeBaHHEM 3JICKTPOMArHHUTa
BUOpATOpa U TMOATBEPKIACT OTPULATEIBHYIO
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23. A. L. Dmitriev Marepuansl J0KJIaja, MPEACTAaBICHHOTO Ha
koH(pepeHuun APSAC-2015 (r. Bena, uroib
Prospects of high-frequency gravimetry. | 2015 r.). M3noxena snemeHtapHas Teopus
BIMSIHUSL ~ BEPTHKAIBHBIX KoneOaHuit
Proc. Of the International Conference MCXaHMICCKOro  ocllritopa  Ha  €ro
APSAC 2015, Vienna, Austria, March CPCHHUHA ~ BEC,  NPHUBCCHEI  PESyJIBTATHI
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. - IIpeoxeHo HOBOC  HANpaBICHHEC B
International Journal of Circuits, P p
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Thermogravimetry and the Negative OKCIICPUMCHTBI, IIOATBEPXKIAIOIHNE  TaKylo
Temperature Dependence of Gravity. 3aBHCHMOCTb.  [lOKa3aHO, YTO  JaHHBIC
TepPMOTPaBUMETPHU - U3BECTHOTO
Applied Physics Research, Vol. 7, No 6, | HarpaB/IcHus B TOXHHKe ¢usmxo-
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pp 43 — 48 (2015) P ’
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TPaBUTALMOHHBIM ITOJIEM.
25. A. L. Dmitriev, E. M. Nikushchenko ITpuBeneHbl pe3yabTaThl HKCIIEPUMEHTOB IO

Expulsion of Plasma in A Gravity Field.

Applied Physics Research, Vol. 8, No 2,
pp 38 —39(2016)
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BO3JyXe, B MEPEMCHHOM TOKE W JaBICHHU
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28. | A. JI. Amutpues, B. C. Creros, 0. 1. Ornrcassl Ppe3yibTaThl BBICOKOTOYHOTO
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INFLUENCE OF ORIENTATION OF BAR ON ITS MASS

A. L. Dmitriev and V. S. Snegov UDC 531.78

The influence of vertical gradienis of gravity, air density and temperature, magnetic induction, as well as air
convection on the d mass of an ded specimen is th ically estimated. An experi designed
to compare the mass of a vertically oriented nonmagnetic titanium bar to the same bar when oriented in the
horizontal plane is described. Possible faciors responsible for the discrepancy between the experimental results

obtained and the theoretical estimates presented are discussed.

It is known that the i of a variety of ic and physical factors must be taken into account in precision

ighing, for ple, the di ions and shape of the body, irregularities in the gravitational, temperature, electrical, and
magnetic fields, as well as the density, moisture, and convection of the ambient air, and so on. In the present article the role
of these factors is analyzed in a comparison of the mass of a bar with markedly different longitudinal and transverse dimensions
between the case of orientation in the vertical plane as opposed to orientation in the horizontal plane. The effect of these
perturbing factors on the measured mass of such a bar is considered and the influence of variations in the orientation of the

bar on its weight is investigated experimentally.

VERTICAL GRADIENT OF GRAVITY

Far from massive bodies, under laboratory conditions the dependence of free-fall acceleration g(z) on the altitude z of
a point of observation over the surface of the Earth may be represented in the form
g =9,—kz,

where gg is the free-fall acceleration at z = 0 and k is the normal gravity gradient, equal to 3.086-10~% sec=2 [1].
The weight P; of a homogeneous bar with density p,,, cross section s, and length ! in the z direction is given by

i
P = [g(z) pm5dz = mgg - mkil2,
0

where m = p, sl is the mass of the bar.
The relative difference vS, in the mass of a bar of length / and thickness [, = /5 measured in the vertical and
‘horizontal positions is given by

For example, with /; = 15 cm, Il = 3 cm, gy = 9.82 m-sec™2, we have 3, = —1.9-1078,

VERTICAL GRADIENT OF AIR DENSITY

The vertical gradient of air density « is governed by its normal (height) dep #y and the temp €
x, if the vertical gradient of air temperature  is nonzero. Representing the function p(z) of air density in the neighborhood of
the specimen in the form

Translated from Izmeritel’naya Tekhnika, No. 5, pp. 22-24, May, 1998.

0543-1972/98/4105-0425520.00 ©1998 Plenum Publishing Corporation
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TABLE 1

Measured value of Position of specimen in balance pan
difference in masses left right
X, A B
X, A+ 8-
X, B Ai:
X, 8- A
Y, A= E*
Y, A= B8
Y, B* A
Y, 8 Ao
’ L L L L L L L
O Tam, e +
&1 + H +'<}:%_ +i“}:{~ -
20+ { % } L
N T T T T T T T
11 13 15 Th

Fig. 1. Apparent difference in mass Am of a titanium bar in the vertical plane
as compared to the case of horizontal orientation measured at different times
of the day T (legal summer time of the day is shown).

p(2)=p,—xz M
we esti the magnitude of the y force F, acting on a weighed bar of height ! thus:
!
Fa =gs [p(2)dz, @
o

where s is the horizontal cross section of the specimen and g is free-fall acceleration which, in the present estimation, is
assumed to be constant. In light of Eqs. (1) and (2), it is easily proved that the relative difference &, berween the mass of a
bar when in the vertical plane as compared to the case when it is oriented in the horizontal plane and anributable to the action
of buoyancy forces exclusively is given by

Sa :2—;;(‘1 = l3). [©)]
With a constant air temperature in the neighborhood of the specimen, the normal density gradient kg = 1.133 104
kg'm™* [2).

The temperature dependence p(¢) of the density of dry air at atmospheric pressure 760 mm Hg is described by the well-
known empirical formula

12932 -
#1 = TToo0%erT KM @

where ¢ is temperature (in degrees Celsius). By Egs. (1) and (4), the vertical gradient of air density «, autributable to its
temperature gradient 7 = d/dz is given by k, = 4.746:1073 7.
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Under laboratory conditions, even without special protective measures, a typical value of 7 will not exceed 0.3°C/m,
with x, = 1.42-1073 kg'm™*, which is more than 12 times the value of xg- Substituting this value into Eq. (3) for a specimen,
for example, one made of titanium (g,, = 4.5-10° kg'm~3) with dimensions ; = 15 cm and &, = 3 cm, we obiain &, =
+1.9-1078,

ELECTRICAL AND MAGNETIC FIELDS

In weighing dielectrics, for example, glass or plastic specimens, electrical polarization induced by simple impact of
the specimen may exert an influence on the results of exact weighing. If the body that is being weighed is a good conductor
(metal), the difference in the potentials of the specimen and of the parts of the mechanism of the scale will be negligibly small,
and the electrostatic forces will have virtually no influence on the readings of the scale. Thus, the force F, of interaction of
a plane metallic balance pan with the base of the scale, assuming a potential difference U between them, is given by

_ e AU
where A is the area of the pan; d, the distance between the pan and the base; and &, the permittivity of a vacuum. Supposing,
as an example, that A = 30 cm?, d = 0.5 cm, and a clearly overstated value U = 1 V, we obtain F, = 5.3-10710 N, a
quantity that is a small fraction of the ultimate sensitivity of moedern mechanical scales.

Magnetic fields may have a more noticeable effect on the results of exact weighing of metallic specimens. In a
nonhomogeneous magnetic field with induction B (z), the force Fp acting on a specimen with vertical projection of the magnetic
moment M, is given by

Fg =My 8.

The influence of a magnetic field on the results of weighing is ch ized by the di ionless ratio 85 = Fp/mgy,
where m is the mass of the specimen. This ratio may assume comparatively great values (1075-10~%) when weighing

ized i made, for le, from iron alloys. In comparing the mass of a bar made of nonmagnetic substances
(brass, titanium, etc.) and weighing up to 0.5 kg berween the case of horizontal versus vertical orientation of the bar, the
intrinsic magnetic moment of such specimens will not exceed 10~% A-m?. With a typical laboratory value of the vertical
gradient of the magnetic induction 3B/8Z < 105 T-m ™1, the relative variation of the mass of such bars upon reorientation
amounts to at most 8 = 2-10710,

CONVECTION AND AIR HUMIDITY

Disturbances induced by thermal convection of air in direct proximity to a specimen that is being weighed are very
difficult to control, since their magnitude depends on the distribution of air temperature and the shape and dimensions of the
specimen. Free convection is due to a difference in the temperature At of the specimen and of the ambient air within the scale
housing. Moreover, as a consequence of heat exchange, Af is not a constant quantity (it is exponentially falling) and the effect
of convective forces is also decreasing over time. In [3] the following expression was presented for the excess (apparent) mass
Am (expressed in grams) of a cylindrical specimen attributable to the action of convective air flows:

am,=—9.2. 107 Al™ A, &)

where [ is the height of the cylinder in centimeters; 4, the area of its lateral surface, expressed in square centimeters; and Ar,
the difference in the temperature of the specimen and of the ambient air, expressed in degrees.

The relative difference &, in the mass of a bar when it is oriented in the vertical plane as compared to the case in which

it is oriented in the horizontal plane and auributable to the effect of air convection is given by

8 = Tt ©)
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where Am,, and Am, are the excess masses of the specimens calculated according to Eq. (5) with / = [y and [ = [,
respectively.

Note that it is not entirely correct to apply Eq. (5) for calculation of the excess mass of a horizontally oriented cylinder.
Nevertheless, bearing in mind the noncritical dependence Am(/}, by means of the expression in Eq. (6) it is possible to
estimate, at the least, the highest value of 5. Supposing, as an example, I; = 1Scm, [, = 3 em, A4 = 141 cm?, m = 500 g,
and Af = 0.1 °C (a virtually overstated value), we obtain &, = +3.0-1078 (the " +* sign corresponds to At < 0).

‘The humidity of the ambient air is responsible for adsorption of moisture by the surface of the specimen, which must
be taken into account in precision measurements of the absolute mass of bodies. In comparing the mass of a bar oriented in
the vertical plane to the case in which it is oriented in the horizontal plane, the influence of air humidity on such measurements
will be practically immaterial assuming that all necessary safety measures have been observed in the process of reorientation.

Cylindrical bars made of brand VTI titanium measuring /; = 15 cm in length and /, = 3 cm in diameter, and with
mass 476 g were used as the specimens in experimental investigations of the influence of orientation on the weight of bodies.
Measurements of the difference g Am of a bar when oriented in the vertical plane as compared to the case in which it is
oriented in the horizontal plane, in either case resting on the balance pan of a scale, were conducted on a first-class mechanical
specimen scale with range of weighing up to 1000 g. A i for exact weighing at an
air temperature of around 20 °C and relative humidity 60% was used A dlffercnnal medlod of measurement was employed,
with two specimens A and B with different orientations being placed in the balance pan. The mass of the bar when oriented
in the vertical plane was compared to the case in which it was oriented in the horizontal plane according to method of Gauss
substitutions. Each simple weighing was repeated twice with reorientation (shown in Table 1 by an arrow) of the vertically
oriented specimen. Measurements were performed successively according to Table 1.

The mass of the bar in the case in which it is oriented in the vertical plane was compared to the case in which it is
oriented in the horizontal plane, with the actual difference in masses Am being calculated by means of the following formula:

am = {05+ %) - (2 + %) = [0+ %) - (0 + ).

In the ions of i the oscillation period of the scale’s lever amounted to around 9 sec. The adjustment
error of the specimens on the balance pans did not exceed +3 mm. According to the estimates, the difference in temperatures
between the upper and lower edges of the vertically oriented bar in the closed housing of the scals did not exceed 0.03°C and
the difference in air temperatures in the housing of the scale and the specimen did not exceed 0.1°C. According to data of
direct magnetic measurements, the vertical gradient of magnetic induction in a neighborhood of the scale’s balance pan was
in the range 0.3-1075-3.2:10~% T-m~".

In the experiments we are describing, the standard deviation of measurements of the difference in masses Am amounted
1o 10 pg. The standard deviation of the measurement results averaged over the entire data file did not exceed 5 pg.

The experimental values of the difference in masses Am for a specimen made of tiranjum and obtained at different times
of the day for a period of several days of observations are presented in Fig. 1. The mass of the bar in the case in which it was
oriented in the vertical plane was compared to the case in which it was oriented in the horizontal plane, with the mean value
of the relative difference in weights (masses) amounting to & = +1.0-10~7 with error +£10%.

According to the theoretical estimates presented here, the total relative value 5 of the difference in the mass of a
specimen between the case of vertical and horizontal orientation § = 8, + 8, + 8y + dc. Substituting into this formula the
numerical values obtained earlier, which correspond quite closely to the conditions of the experiment we are describing, we
find § = +3.0-10~8. The magnirude of these estimates is only slightly affected by the fact that the weighed specimen has the
shape of a cylinder, and not that of a bar. Obviously, even if there is uncertainty as to the direction of the convective air
currents, which determine the sign of 8¢, the result obtained in the experiment does not correspond to the theoretical estimates.

This discrepancy is apparently attributable to the following factors: the fact that the theoretical models were not
properly applied; incorrect numerical esti of the and other itions of the weighing process; and systematic
(hardware or procedure) errors in the course of weighing the speci From the avai data it is not clear which of these
factors should be given preference.

Note, too, that, in theory, the possibility that there are other physical factors that could account for the experimental
result is not precluded. Thus, a decrease in the value of Am is observed at around 1400 in summer legal time, which is close
1o astronomical noon. It should also be kept in mind that in the experiment we have described, the comparison of the mass of
a specimen in both of the positions was, in fact, carried out in a dynamic weighing mode, i.e., with weakly damping
oscillations of the weight lever. Under these conditions, the weighed bodies shifted along the vertical with periodic
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accelerations, a circumstance that, together with factors related to the dimensions of the bodies could, in theory, influence the
nature of the gravitational interactions. Note that the dynamic mode of weighing is essentially an indirect method of
measurement that does not correspond to the strict definition of weight as a force acting on a support that is fixed relative to
the Earth.

Thus, the actual factors responsible for the observed inequality between the mass of a nonmagnetic bar when in the
vertical plang as opposed to its mass when in the horizontal plane will have to be established in the course of further precision
experiments carried out under the conditions of a vacuum under strictly controlled weighing conditions.
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ON THE INFLUENCE OF EXTERNAL ELASTIC

(ELECTROMAGNETIC) FORCES ON THE GRAVITY

A. L. Dmitriev

Abstract. Consequences of the possible effect of external elastic (electromagnetic) forces
applied to a test body on the gravity are considered phenomenologically. The results of
experimental estimates of the coefficients of interaction between elastic and gravitational forces
are briefly described.

Direct measurements of gravity, as a rule, are carried out when the gravity is
compensated by external forces electromagnetic in nature. For example, in the
Cavendish and Eo6tvos experiments, the gravitation force acting on a test body was
determined from measurements of the elasticity of a twisted thread [1]. As a matter of
fact, already in these classic experiments a close relation between gravitation and
electromagnetism forces in their phenomenological interpretation was directly
manifested. However, a question arises: is there a reaction force when this relation is
described? Or can an elastic (in its essence, electromagnetic) force influence the gravity
force applied to a test body? This problem formulation is natural if we take into account
numerous analogies in the behavior of many physical and chemical systems that tend to
preserve their steady state (including the Lenz rule and the Le Chatelie—Brown
principle).

It should be noted that modern treatment of gravitational interaction as a
manifestation of space-time curvature and modern field (including quantum) theories of
gravitation impede or completely eliminate the formulation of the problem on the
influence of external electromagnetic forces on the gravitation force. Meanwhile, simple
phenomenological approaches to a description of interactions of bodies repeatedly
demonstrated their usefulness and efficiency for solving many physical problems.
Consequences of the possible influence of external elastic forces applied to a body on
the gravity experienced by it are examined below.

Let an acceleration due to gravity of a body in a homogeneous gravitational field,

which is at rest relative to the Earth or is freely falling, be constant and equal to &y . If
under the action of an external elastic force this body, for example, a ball, moves upward
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with acceleration, the increment to the gravity force acceleration Ag. in the first

approximation can be set directly proportional to the acceleration of the external force,
namely,

Ag =a.a (1)

c c’g

a

where % is the vertical component of acceleration caused by the external force. For

accelerated (also under the action of the external force) motion of the test ball
downwards, the corresponding acceleration due to gravity changes its sign and generally
magnitude:

Nondimensional coefficients &, and & p entering into Egs. (1) and (2) characterize a

degree of influence of external nongravitational, for example, elastic forces on the
gravity. The question arises: are these coefficients nonzero? What are their numerical
values? This question can be answered only experimentally. To this end, it is necessary
to perform a high-precision weighing of the test body which strongly accelerates under
the action of external nongravitational forces.

4 5 6

Fig. 1. Design of the container being weighed comprising electrical
windings 1 of the stator of an asynchronous gyroscope motor, massive
cylindrical rotor part 2, housing of the first gyroscope 3, terminals of the
gyroscope motor supply unit 4, housing of the second gyroscope 5 (shown
without sectional view), and housing of the container 6.

In practice, precise weighing of bodies is quite often accompanied by their
accelerated motion, because during such measurements a scale beam undergoes slowly
decaying angular oscillations. Small values of accelerations of test bodies during their
weighing could be a reason for the influence of these accelerations on the results of
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precise weighing that remained unnoticed for a long time. Until recently, no special
investigations into the influence of test body accelerations on the results of their
weighing have been conducted (some anomalies observed during precise weighing of
extended test bodies indicate that such influence is possible in principle [2]).

A simple method of estimating the difference between the coefficients Ag. and

Ag pis based on weighing the rotor of a mechanical gyroscope with the horizontal

gyration axis. Gyration of the solid rotor is accompanied by centripetal accelerations of
material particles forming it; in this case, the role of external nongravitational forces
acting on particles of the rotor is played by elastic forces. Based on Egs. (1) and (2), and

integrating the increments Ag. and Ag p over the entire rotor volume, we can
demonstrate that the weight P of the horizontally oriented rotor shaped as a cylinder

with the internal radius R1 and the external radius Rz is

AR -R)

P=mg, 1—(ap—ac)3@ R _R w
0 2 1

where M is the rotor mass and @ is the angular velocity of its gyration.

The high-precision weighing of rotors with large kinetic momenta is complicated
by the gyroscopic effect caused by the diurnal rotation of the Earth [3]. This difficulty is
eliminated by weighing of a pair of coaxial rotors with vectors of kinetic momenta
opposite in directions and equal in absolute values. The total kinetic momentum of the
container being weighed with rotors placed in them is equal to zero. This eliminates the
influence of the gyroscopic effect. Such experiment was carried out with the use of two
GMS-1 high-quality evacuated rotors of aircraft gyroscopes placed in a closed heat-
insulated container with a mass of about 1609.845 & and dimensions of 70 x 70 x 145
mm (Fig. 1).

The successive weighing of the container with horizontal and vertical gyration
rotor axes was performed with a high-precision SS2000 comparator produced by the
SARTORIUS corporation in a special metrological chamber at an air temperature of 20
C, a pressure of 1015 GPa, and a relative humidity of 40%. The influence of temperature
effects, electromagnetic background radiation, and buoyancy was also taken into
account during measurements. Figure 2 shows the measured dependence of the
difference between masses of containers with horizontal and vertical gyration rotor axes
on the gyration rotor frequency V' and on the time of rotor coasting.

2

, 3)
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Fig. 2. Experimental dependence of the measured mass difference of the container
with horizontal and vertical gyration rotor axes on the coasting time and the rotor
gyration frequency.

It seems likely that the constant component of the measured mass difference of about
3.2 mg (at V =0) is caused by the residual magnetization of metal rotor housings.
Considering this circumstance, the difference between the interaction coefficients

( &, — &, ) was estimated based on Eq. (3), which by the order of magnitude was close

to 1077 (internal and external rotor radii were 15 and 25 mm, respectively, and the rotor
mass was about 250 g).

We note that precise measurements of masses of gyrating rotors of mechanical
gyroscopes were repeatedly performed (for example, see [4-6]), and no influence of the
rotor gyration on balance readings was found. The above-described experiment differed
radically from [4-6] because its purpose was measuring the rotor masses with the
horizontal gyration axis in addition to the vertical one, as in the above-indicated works.

As can be demonstrated based on Egs. (1) and (2), when a body of mass
undergoes harmonic oscillations under the action of a periodic external force, its weight
P averaged over the oscillation period is

Aw’
P=mg, 1—(ap —ac)—

ﬂ:g 0 (4)
where A is the amplitude and @ is the ciecular oscilation frequency. The quadratic
dependence of P on @ indicates that the influence of acceleration due to external
forces on the weight of the body must be significant at high, for example, ultrasonic
frequencies of body oscillations. We performed preliminary experiments on weighing a
piezoceramic plate (of the CTS-L trade mark) in an ac electric field at frequencies close
to the natural oscillation frequency of the plate (about 6 MHz). Unfortunately, the
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electric field inhomogeneities in the bulk of the sample being weighed that gave rise to
the ponderomotive field forces significantly impeded these measurements. In principle,
careful measurements of weights of bodies oscillating in the vertical direction carried
out for sufficiently large amplitudes and oscillation frequencies with allowance for a
number of external physical factors can be used to verify Egs. (1) and (2).

Weighing test bodies rotating or oscillating in the vertical plane allows one to
estimate only the difference between interaction coefficients ap and &, . Absolute

values of these coefficients can be measured, for example, based on a careful analysis of
mechanical impact phenomena. Thus, on quasi-elastic impact of a ball with a massive
plate, the acceleration of the test ball during the impact reaches several ten thousand

normal acceleration &y [7]. In such impact experiments, the increments to the

acceleration due to gravity Ag. and Ag p caused by the interaction between elastic and
gravitational forces may be significant, thereby allowing one to estimate magnitudes of

coefficients & and ap .

For vertical impacts of a ball with a plate (Fig. 3a), the magnitude of the average force
F1 acting on the ball during the impact is (£ —G —AG ), where F' is the elastic force
acting on the ball from the plate, G=mg 0, AG =mAg ¢,and M is the ball mass. For
horizontal impacts (Fig. 3b), the normal component of force F, , which causes the ball

to accelerate after the impact, is equal to the elastic energy: F, =F . Obviously, for

a.#0 and Ag e 0 we obtain F, <F,, and generally, the difference between these
forces depends on the magnitude of ball acceleration due to the impact.

il

Fig. 3. Vertical (a) and horizontal (b) impacts of a ball with a plate.
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Fig. 4. Experimental dependence of recovery coefficients for horizontal (solid curve) and vertical
(dashed curve) impacts of the ball with the plate on the ball velocity before impact.

The inequality of forces F 1 and F. 2 , in its turn, causes the difference in recovery
coefficients (the ratio of normal components of ball velocities after and before the

impact) measured for vertical (&), and horizontal impacts (k2 ). Simple manipulations
yield the following approximate relation for estimation of &, :
k,—k
a, ~ 2 1 5)
1+k, :

It was found experimentally that quasi-elastic impacts of a steel test ball 4.7 mm
in diameter with a massive polished steel plate actually yield unequal recovery

coefficients k; and kz (Fig. 4) measured for ball accelerations

5
a, 210" m/s’ (in this case, the ball velocity before impact was greater than 3

m/s).
Assuming that this inequality is caused by the above-indicated impact interaction
between elastic and gravitational forces, we obtain the numerical estimate of the

interaction coefficient &, , which for initial ball velocity of about 3.5 ml/s is
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) . . . .
~10™ . This means that the interaction between elastic and

unexpectedly large: ‘CKC

gravitational forces is sufficiently strong and can be measured in laboratory experiments.

Some dynamic analogs borrowed, for example, from nuclear and laser physics
can be useful for an analysis of the gravitation phenomena. Thus, the above-considered
changes in gravity under the action of an elastic (electromagnetic) external force are
associated with changes in the potential energy of a test body analogous to atomic
transitions to higher or lower excited energy states. Ensuring the ordered (coherent or
resonant) excitation of high or low energy levels simultaneously for a large number of
matter particles forming the test body, considerable macroeffect of changing its total
weight can be obtained.

The problem on the influence of external elastic (electromagnetic) forces on the
gravitational force based on the phenomenological approach is worthy of notice. This is
also confirmed by the results of the above-described laboratory experiments. Of course,
they must be further validated and refined. High-precision measurements of interaction

coefficients ¥. and &, and investigations into generally nonlinear functional

dependences of the increment to accelerations due to gravity on the acceleration due to
external forces are expedient. These studies will provide additional insights into the
nature of gravitational interactions and their relation with electromagnetic phenomena.

The author would like to acknowledge V. S. Snegov, V. K. Ponomareyv,
and N. N. Chesnokov for their help in the experiments.
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THE WEIGHING OF A MECHANICAL GYROSCOPE
WITH HORIZONTAL AND VERTICAL ORIENTATION

OF THE SPIN AXIS
A. L. Dmitriev and V. S. Snegov

An experiment on the weighing of two coupled mechanical gyroscopes
with zero total angular momentum is described. Possible reasons for the
observed difference in the masses of the gyroscopes with vertical and
horizontal orientations of their spin axis are discussed.

Highly accurate weighing of bodies, which are in a state of oscillatory or
rotational motion, requires a particularly rigorous consideration of a large number of
factors — mechanical vibrations, temperature changes, the gyroscopic effect, buoyancy,
convection etc. Interest in such measurements of the masses of bodies is due not only to
purely practical problems, but also due to the information provided by such experiments
when solving certain problems in gravitational physics. Mendeleev [1] pointed out the
promising possibilities of such dynamic weighing. In 1989 Hayasaka and Takeuchi
published a paper [2] in which they describe the change in the mass of a mechanical
gyroscope with a vertical axis as a function of the velocity and sign of the rotor spin.
The results obtained were placed in doubt by repeated experiments [3, 4], which showed
that spinning had no effect on the mass of a gyroscope with a vertical axis. The
conclusions reached in [3, 4] are fairly plausible if one takes into account that, when the
axis of the gyroscope has a vertical orientation, the vectors of the centripetal
acceleration of the material particles of the gyroscope rotor are orthogonal to the vector
of the acceleration due to gravity. Conversely, when the spin axis of the gyroscope has a
horizontal orientation the vectors of the instantaneous accelerations of the rotor particles
lie in the same plane as the vector of the normal acceleration due to gravity, and the
probable interaction of the forces corresponding to these vectors should be more
pronounced. In this paper we describe the results of weighing a mechanical gyroscope
with horizontally and vertically oriented spin axis.

Accurate measurements of the masses of mechanical gyroscopes are complicated

by the influence of the gyroscopic effect (the rotation of the Earth) [5], vibrations of the
gyroscope, and various temperature effects connected with the heating of the gyroscope
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due to loss of spin energy of the rotor. The greatest disturbing effect, namely, the
gyroscopic effect, can be eliminated by weighing two coupled coaxial gyroscopes with
equal but oppositely directed angular momentum vectors. The two other factors (the
effect of vibration and temperature) can be minimised by an appropriate choice of the
construction of the weighed container — by using high-quality gyroscopes and reliable
thermal insulation and magnetic screening.

We weighed a closed container with two rotors of GMS-1 aviation mechanical
gyroscopes, placed accurately coaxially in it. A sketch of the container is shown
schematically in Fig. 1. Each rotor was mounted in a vacuum-tight steel body.

The mass of the heavy cylindrical part of the rotor was 250 g, the internal and external
radii of the cylinder were 15 mm and 25 mm, the maximum spin frequency was 400

s , and the coasting time of the rotor was 14 minutes. The external dimensions of the
container, made of Dural, was 70 X 70 x 145 mm and the total mass of the assembled
container was 1609.845 g. The container was weighed on CC2000 laboratory
comparator balances made by the Sartorius Company (Germany). The

Fig. 1. The weighed container: / are the electrical windings of the
stator of the induction motor of the gyroscope, 2 is the massive
(steel) cylindrical part of the rotor, 3 is the body of the first
gyroscope, 4 are the electrical supply terminals of the motors of the
gyroscopes, 5 is the body of the second gyroscope (shown without
the cut-away view), and 6 is the body of the container.

310 160 Am.mg g1} a
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Fig. 2. Experimental curve of the measured mass difference m of
the gyroscopes with horizontal and vertical orientation of the axis
against the coasting time ¢ and the spin frequency v of the rotors.
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guaranteed accuracy of the measurement of the container mass did not exceed 0.3 mg.
Measurements were made in a special laboratory room at an air temperature of 20°C, a
pressure of 1015 GPa and a relative humidity of 40%.

The rotors of the gyroscopes were spun in opposite directions up to a spin

frequency of 400 S_l, after which the electrical supply to the rotors was disconnected
and, while the rotors were coasting freely, the container was measured in succession
with vertical and horizontal orientations of the rotor axis. Thanks to the thermal
insulation of the container and the precautionary measures taken, the change in the
temperature of the container and the air in the closed container of the balance while the
measurements were being made did not exceed 0.5°C.

The experimental dependence of the mass difference m of the container, measured
with horizontal and vertical orientations of the axis of the rotors, on the coasting time
and spin frequency of the rotors is shown in Fig. 2. The figure shows the values of the
mass difference corresponding to the instants of time half way between successive
measurements of the mass of the container with horizontal and vertical orientations of
the axis of the rotors.

As can be seen from the figure, when the rotors are at rest (v = 0) the measured
mass difference m, is approximately equal to 3.1 mg. This constant apparent mass
difference can be explained by the effect of the small inherent magnetic moment
(residual magnetization) of the steel bodies of the rotors, weighed in the uniform
magnetic field of the Earth (the laboratory). The presence of this nonzero magnetic

moment is confirmed by the change in the sign of Am, when the weighed sample is
inverted. At high angular spin rates of the rotors a reduction in the mass of the rotors

with horizontal orientation of the spin axis of up to 1.4 mg is observed. The frequency
dependence of the measured mass difference is close to quadratic.

Possible reasons for the time (frequency) dependence of the mass difference
obtained may be temperature and magnetic changes in the sample. However, this
explanation is not very convincing. First, during the first minutes of measurements,
when the spin rate of the rotors is a maximum and the observed mass difference

‘Am —AmO‘ is a maximum, the heating of the rotors and the body of the vacuum-tight

unit of the gyroscope is small and is not in such a state as to be able to change the
inherent magnetic moment of the weighed container so considerably (by a factor of 1.5—
2) (see Fig. 2). Second, the weak magnetization effects of the spinning rotors have
practically no effect on the measurements, since the rotors of the gyroscopes are in
magnetically screened steel housings and spin in opposite directions. Third, as
mentioned above, the changes in the temperature of the container surface during the
measurements do not exceed 0.5°C and this, as direct calculations using the theory given
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in [6] show, can cause an apparent change in the mass of the container due to convection
phenomena in the container of the balance not exceeding 0.1 mg.

Thus, we can cautiously suggest, that the observed frequency dependence of the
mass difference of the container for vertical and horizontal orientations of the spin axis
of the rotors may be due to features of the interaction between gravitational and elastic
(essentially electromagnetic) forces, acting on the material particles of the gyroscope
rotor. Certain anoma-lies, observed during accurate weighing of oscillating extended
bodies [7], also indicate that accelerations may affect the results of weighing due to the
action of extraneous elastic forces on these bodies.

Highly accurate laboratory experiments to investigate the possible effect of
extraneous elastic forces on the gravitational force, carried out on accelerating
(oscillating, spinning or colliding) nonmagnetic test bodies of different sizes and

composites, would be extremely useful for solving problems in both metrology and
physics.
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INEQUALITY OF THE COEFFICIENTS OF RESTITUTION FOR
VERTICAL AND HORIZONTAL QUASIELASTIC IMPACTS
OF A BALL AGAIST A MASSIVE PLATE

A. L. Dmitriev

It is experimentally found out that there is a difference between the
coefficients of restitution for horizontal and vertical quasielastic impacts of
a steel ball with an initial velocity of no greater than 3 m/sec against a
massive steel plate. Possible causes of the difference are considered.

A quasielastic impact of balls against plates is a classical problem in impact
mechanics. This phenomenon was analyzed in many experimental and theoretical
studies [1-3, 5-8]. The majority of precision measurements aimed to find how the
coefficient of restitution depends on the ball velocity just before impact were performed
on a ball vertically falling on a plate. However, we are not aware of experimental
comparisons of the coefficients of restitution for horizontal and vertical impacts of a ball
against a massive plate. The present study partially makes up this gap.

We measured the coefficients of restitution for horizontal (ko) and vertical (k,)
impacts of a steel ball 4.7 mm in diameter against the polished surface of a steel disk 90
mm in diameter and 20 mm in thickness. The disk was rigidly fixed on a steel plate 230
mm in diameter and 25 mm in thickness, which, in turn, was fitted to a special metal
rack that can take either vertical or horizontal position. The coefficients of restitution
were measured for initial velocities of the ball from 2 to 4 m/s. The undesirable plastic
deformation of the ball and the associated thermal effects hardly affected the results of
measurements. To measure k, , we dropped the ball on the disk, and to measure &y, we
used the spring mechanism inside the rack to impart a required horizontal velocity to the
ball.

The velocities of the ball just before and just after impact were measured by the
stroboscopic method: the impact area and a scale located in the immediate vicinity of it
were illuminated by pulse light (a source with a pulse duration of 0.15 ms and an
interpulse interval of 8 ms) and photographed. The pictures were thoroughly measured
to determine the parameters of the ball trajectory and then the velocities of the ball
before and after impacts and the coefficients of restitution &y and k,. For the above-
mentioned range of velocities, the impact time, measured by the method described in
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[4], ranged from 16 to 18 us. Note that at velocities from 2 to 4 m/s, the air drag
practically does not affect the measured results.

Figure 1 shows the measured horizontal (ko, solid line) and vertical (k,, dashed
line) coefficients of restitution versus the normal (to the disk surface) velocity (V) of the
ball just before impact. These coefficients are averages over the measurement data for
more than 50 impact events and four ranges of velocities (2.0-2.5), (2.5-3.0), (3.0-3.5),
and (3.5-4.0) m/s. The uncertainty of measurement is specified in the figure.

As is seen from Fig. 1, for initial velocities of the ball higher than 3.2 m/s, at
which the acceleration of the ball during an impact exceeds 3-10° m/s’, the difference
between the coefficients k, and k is appreciably greater than the measurement error.

Currently, it is not quite clear why the coefficients are different at high velocities
of the ball. In fact, the physical conditions for the measurement of the coefficients k, and
ko were different: the tangential velocity practically equals zero just before a vertical
impact and reaches 0.15 of the normal velocity (due to the action of gravity) just before
a horizontal impact (note
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that this value decreases with increase in the velocity and with increase in the difference
between the coefficients &k, and k,, and the nonzero tangent velocity cannot be
responsible for that difference).

A possible cause of the difference between the horizontal and vertical coefficients
of restitution is may be an elastic longitudinal acoustic wave generated at the instant of
impact and reflected from the back surface of the plate—it affects the ball at the final
stage of the impact. The thickness of the two, steel plates pressed up against each other,
the upper of which the ball hits, is 45 mm, which is approximately equal to half the
distance the acoustic wave passes in both plates during an impact. The longitudinal
elastic wave reflected from the back surface of the plate reaches the ball somewhere on
its way back after the impact. The reflection factor for this wave (at the metal-air
interface) in the vertically oriented rack is higher than that (at the interface between the
metal and the wooden bench supporting the whole structure) in the horizontally oriented
rack. Therefore, the vertical coefficient of restitution (ko) will be greater than the
horizontal coefficient (k;). Note that our qualitative model of the phenomenon does not
answer the question of how the difference k, — k, depends on the velocity of the ball just
before impact.

Note one more possible cause of the observed difference between the coefficients
ko and kg, which is physical rather than physic-technical and is, in principle, consistent
with well-known facts of classical mechanics. At high initial velocities, the ball
experiences significant accelerations, reaching during the impact tens of thousands of
the gravitational acceleration g;. The acceleration vector of the ball and the normal
gravitational acceleration vector are opposite for vertical impacts and orthogonal for
horizontal impacts. If the gravity acting on the ball highly accelerating under external
elastic forces was slightly different from its normal magnitude, then the coefficients ko
and k, might differ from each other. It is well known that precision measurements of the
gravitational force are, as a rule, carried out on bodies moving with insignificant
accelerations, and experimental data for bodies moving with accelerations of about 10*g,
under the action of external elastic forces are practically absent.

In further experimental and theoretical studies, we intend to find out the real
causes of the observed difference between the vertical and horizontal coefficients of
restitution for a ball colliding with a massive plate.
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INFLUENCE OF THE TEMPERATURE OF A BODY
ON ITS WEIGHT
A. L. Dmitriev, E. M. Nikushchenko and V. S. Snegov

The physical preconditions are considered for the temperature of a body
to influence the force of gravity experienced by it. The results are given of
experiments on weighing metal rods heated by ultrasound which confirm a
dependence of the weight of the rods on their temperature.

Key words: temperature of a body, weight, heating, ultrasound, metal rods.

The influence of external elastic (electromagnetic) forces on the force of gravity was
considered in [1-3] and experiments were described supporting this proposal. According
to [1], an increment Ag in the force of gravity is in a first (linear) approximation
proportional to the acceleration a of the external elastic forces acting on a body, the
magnitude and sign of g depending on the direction of the vector a. If elastic forces
really do influence the force of gravity, then a necessary consequence should be a
dependence of the gravitational attractive force applied to a test body on the temperature
of the body. A brief justification of this assertion is given below and experiments are
described on measuring the influence of the temperature of a body on it weight.

It was shown in [1] that a material point (or body) of mass m which executes vertical
harmonic vibrations under the action of an external elastic force experiences a force of
gravity p, averaged over a period of the vibrations, equal to

2
a, Ao

=mg,| 1-
p g() ﬂgo , (1)

where g is the normal acceleration of the force of gravity; & . = (o » a,) is the
difference between the coefficients of interaction of the elastic and gravitational forces
for accelerated motions of the body which are parallel (&, ) and antiparallel (&, ) to the

direction of the gravitational force; A and @ are the amplitude and angular frequency
of the vibrations.
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2
The product Aw , equal to the maximum acceleration of the oscillating mass,
is expressed in terms of the total energy E of vibrations of a mechanical oscillator as

Aw® =2¢ /mJE @

where C is the coefficient of elasticity [4].
It is evident that the average force of gravity p acting on the oscillator depends on the

energy E ofits vibrations with P o€ V E .
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Fig. 1. Change in mass of a brass rod mounted in an open holder. Ultrasound frequency
131.25 kHz. The dashed lines indicate the moments when the ultrasound was switched
on and off.

A massive weighed body can be represented by an ensemble of such mechanical
oscillators linked by the elastic forces of interatomic interaction and executing chaotic

thermal vibrations characterized by a frequency distribution function & (CU) [5]. The
three-dimensional thermal vibrations of the particles are accompanied by their
significant accelerations and the projection of the instantaneous vectors of the
accelerations on the direction of the force of gravity depends on the energy of the
thermal vibrations of the particles in a way similar to that given by Eq. (2). In the
classical approximation, for a temperature exceeding the Debye temperature, the energy
E of the oscillators is proportional to the absolute temperature 7' of the body and,
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consequently, taking into account Egs. (1) and (2) the total weight P of the body can be
represented in the form

(94
P=Mg,|1-—CJT 3
0

where M is the mass of the body; C is a constant which depends on the physical
properties of its material.
It can be shown that, assuming a slow frequency dependence of the vibrational

amplitudes of the particles, the quantity C is related to the function & (CU) of the
distribution of the frequencies of the thermal vibrations:
@,
I g(w)w’dw
C=C, S 000000
[2)

[ g(@do @

where @, is the maximum vibration frequency; C,, is a coefficient which depends on
the density and on the elastic properties of the material of the body.

According to Eqgs. (3) and (4), the temperature dependence of the weight of a body is
mainly determined by the high-frequency component of the distribution & (CU) . The
relative change AP, / P of the weight of a body heated from a temperature 7 to a

temperature 7+ AT is conveniently given as
AP/P=-DAT /2T 5)
where D :ach/ﬂg(); AT << T .
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Fig. 2. Time dependence of the temperature of a part of the surface of an ultrasonically
heated brass rod (open holder). Ultrasound frequency 131.28 kHz. The point ‘3.2 min’ is
moment when the ultrasound was switched off.

When the latter condition is satisfied, there is evidently direct proportionality
between the increments P and 7, and the value of the constant D can be estimated by
accurately weighing heated test body samples.

It is well known that the temperature regimes play an important role when
weighing with high accuracy. The basic reasons for temperature influencing the results
of such measurements are thermal expansion of the bodies, temperature changes in the
magnetization of the weighed sample, adsorption of moisture by the surface of the
sample (a change in the buoyancy), thermal convection of the air near the surface of the
sample, the influence of the heated sample on the balance mechanism (through thermal
radiation, heat conduction, or convection). These factors are quite well known in modern
measurement technology and their contribution to the results of measuring the mass of
samples can be estimated quantitatively.

In the present work, metal rods made of nonmagnetic materials were weighted
while they were being heated by a standing or traveling wave. The ultrasonic method of
excitation was chosen on the basis of the intention of creating vibrations of the particles
of the body which were orientated along a definite direction (the axis of the rod). The
wavelength of the sound in the rods was several times longer than their diameter and
this provided preferentially longitudinal modes of the elastic vibrations in the cylindrical
samples [6]. Ultra-short waves were excited using a piezoelectric transducer fixed to an
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end of the rod. A 12-mm diameter 9-mm high cylindrical transducer was used, made of
(PbTiO; — PbZrO;) piezo-ceramic (PZT). The metal rod and the transducer were
mounted in a special holder and were held at the ends by foam plastic spacers providing
a high reflection coefficient of the acoustic waves at the boundaries of the assembly. The
electrical signal was led to the transducer contacts inside the window of the balance by
15-cm long 85- 4im diameter light copper wires. The corresponding additional load-ing
on the balance pans was insignificant and was eliminated by calibrating the balance
prior to each weighing.

The holder with the samples mounted in it was weighed using an ADV-200
analytical balance. The temperatures in the upper and lower parts of the window of the
balance were monitored with an error of less than 0.1°C and the vertical temperature
gradient in the balance compartment was 0.2—0.8°C/m. During the measurements, the
balance beam executed slow damped vibrations with a period of 15-17s, the readings of
the balance (elongations) were continuously recorded, and the resulting error in
measuring the mass of the samples was less than 50 £g .

The resonant acoustic system including the investigated sample and the
piezoelectric transducer was quite sensitive to changes in the frequency of the applied
electrical signal. The standing-wave regime and the accompanying effective volume
heating of the rod was set for the minimum level U using the oscillator output voltage
with the load (the piezoelectric transducer) connected to it. The open-circuit output
voltage U, of the oscillator was 100 or 150 V.

Figure 1 shows a typical experimental dependence of the change of mass of a
weighed sample on the duration of ultrasonic heating of the rod.

The dependence of the temperature of a section of the surface of the sample on
the time for which the ultrasound was applied was measured in separate experiments
under the same conditions as those used for the weighing at the resonant frequency. An
example of such a dependence is shown in Fig. 2.

The temperature distribution in the volume of the rod in the field of a standing
acoustic wave is periodically inhomogeneous. The rate at which the temperature in the
volume of the rod equalizes is determined by the thermal conductivity of its material and
the conditions of heat exchange at the boundaries of the rod. It is characteristic that the
temperature rise of a considerable mass of the rod also takes place some time after the
ultrasound has been switched off, depending on the heat exchange conditions on its
surface.
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The weighing of the ultrasonically heated sample was performed with the sample
mounted in a closed and sealed container (a Dewar vessel) in order to eliminate almost
completely the influence of thermal convection on the results of the measurements (see

Fig. 3).

Pl
IS

Fig. 3. Arrangement of the air-tight container: /- Dewar vessel; 2-
metal rod; 3- holder pillar (textolite cloth-based laminate); 4-
piezoelectric transducer; 5- foam plastic spacers; 6- cold weld; 7-

holder base (ebonite).
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Fig. 4. Change in mass of a brass rod mounted in a
closed Dewar vessel. Ultrasound frequency 131.27
kHz. The dashed lines indicate the moments when the
ultrasound was switched on and off.

Figure 4 shows the corresponding dependence of the change of mass of the Dewar
vessel on the heating time of a sample.

The maximum rate of change A%t of the mass of the container with the
sample during heating of the sample was determined from the graphs in Figs. 1 and 4.
The maximum rate of change of the temperature A%t of the sample was deter-mined
from the graph in Fig. 2. On the assumption (not entirely rigorous) that the indicated
values of the parameters A%t and AT/At are close to those of a uniformly heated

solid rod, the relative change ) of the apparent mass of the sample, reduced to 1 K, was

calculated: 7 = Ar%m Al)- In this approximate calculation, no account was taken of the

influence of the heating of the piezoelectric transducer since its mass was much lower
than that of the investigated metal samples. Table 1 gives the characteristics of the
investigated samples and the results of calculations of the parameter } .
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TABLE 1. Characteristics of Samples and Results of Measurements

y-10°
Dia- ?At
Length, [ meter, | Mass, |Ultrasound| U/ U, T/t
Material frequency, mg/ Sample in
mm mm g kHz V/V_| min K/min| K
Lead 80.2 8.0 45.6 13543 [100/92| 1.06 | 5.1 4.6 air
Copper
(braid) 71.6 10.5 39.2 129.68 |100/60 | 1.08 4.0 6.9 air
Copper thermal
(braid) 71.6 10.5 39.2 129.70 | 100/60 | 1.15 4.5 6.5 insulator
Brass 140.0 | 8.0 58.5 131.25 |150/140( 3.43 | 11.6 5.0 air
Brass 140.0 | 8.0 58.5 131.27 |150/130 2.64 | HI10 4.5 | Dewar vessel
Duralumin | 140.0 8.0 19.1 13490 [150/140] 1.66 7.5 11,6 air

The spread of the experimental values of 7 obtained for identical rod materials is
evidently explained by the conditions for their heating not being identical and by
inaccuracy of the average temperature estimates in the volume of the sample.

TABLE 2. Experimental Values of Coefficient D

D10* K
Material
Lead 1.6
Copper 2.2;24
Brass 1.5; 1.7
Duralumin 4.0

The copper sample used in the experiments was made in the from of a braid of
0.8-mm diameter copper wires, glued with epoxy adhesive. This achieved better
suppression of undesired radial vibrational modes of the rod. The copper sample was
placed in a thermal insulator in order to estimate the influence of thermal convection on
the measurements (the rod was covered with thermally insulating material). The
remaining samples were made in the form of monolithic cylinders having a high quality
of surface machining.
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The mass of the ultrasonically heated samples was measured with them orientated
vertically and horizontally. In the horizontal position, the relative temperature change
of the mass of the sample was lower, as a rule, than for the vertical orientation of the
rod. The disagreement between the corresponding values of } was evidently due to a
detuning of the acoustic resonance caused by a change in the position of the holder and a
change in the sample temperature caused by a change in the heat-exchange regime at its
surface.

The experiments showed the same characteristic laws to be observed for all the
investigated samples of rod materials, namely a marked reduction in the mass of the

rods as they were ultrasonically heated. The time dependence Am(t ) of the change of
mass of the samples when they were heated ultrasonically corresponds closely to the

time dependence AT (t) of the temperature change of the samples (see Figs. 1 and 2),

i.e., there was a direct proportionality between the increments Am and AT |

The change with time of the mass of a sample heated in the closed airtight Dewar vessel
confirms this conclusion. Under conditions of high thermal insulation of the heated
body, there is a characteristic slow change in the temperature in the Dewar vessel after
switching off the ultrasound (see Fig. 4).

From among these possible reasons for the apparent change of mass of a heated
sample, the most important are thermal convection caused by a difference between the
temperatures of the surface of the rod being weighed and air in the balance enclosure.
This question was analyzed in detail in [7]. According to [7], an apparent change of
mass of an 8-mm diameter 140-mm long rod caused by convection, for example by 10
mg, is achieved with a temperature difference of the surface of the rod in air of more
than 800°C. Thermal convection can evidently not be the reason for the large change in
the masses of samples, up to 15-16 mg, observed in the experiments described. The
closeness of the /' values calculated from the results of weighing a brass sample in an
open holder and in a Dewar vessel confirms this conclusion.

Other possible reasons for a temperature dependence of the measured mass of
samples, along with those mentioned above, could be particular features of the mass
heat transfer in the ultrasonic field near the sample, acoustic flow, and the action of heat
and ultrasound on the balance mechanism. These factors mainly influence the results of
the weighing, although such an influence is small and should be strongly random in
nature. For the measurements taking place in the experiments described involving low
levels of ultrasonic power and temperature, these ultrasonic effects fail to explain the
regular and stable temperature-related considerable reduction in mass of the samples
observed in the experiments. A characteristic feature is that the change in mass of the
samples occurs over a relatively long time and after the ultrasound has been switched
off, and this confirms that the temperature of the bodies plays a decisive role in the
phenomena considered.
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Taking the above discussion into account, there are grounds for assuming that the
probable reason for the observed change of mass of the ultrasonically heated metal
samples is the temperature dependence of the force of gravity considered earlier. The

relative change A% of the apparent mass of a sample with temperature is

satisfactorily described by formula (5) if one takes in it the condition A% = A%

The corresponding experimental values of the coefficients D are given in Table 2.

The situation that the coefficients D are small for heavy and viscous materials
(lead) and assume large values for light elastic media (Duralumin) agrees with the
physical sense of the constant C,, in Eq. (4). The fact that a change in orientation of a
rod in which a longitudinal acoustic wave has been excited fails to result in a null effect
7 = 0 indicates that it is the high-frequency thermal vibrations of the particles from

which it is made, characterized by a distribution (@), which play a dominant role in
the change of mass of the sample. To a large extent, the anisotropy of the distribution
g(®w) which is inherent in single-crystal media must influence the possible
orientational dependence of the coefficient D. Relatively low-fre-quency acoustic
vibrations in a rod with large amplitudes can also introduce a marked contribution to a
change in the mass of a sample, especially under conditions of a resonant dependence of
the maximum amplitude A(®) of the vibrations. These questions, and certain others
noted in the present article, should be the subject of special investigations. Such
investigations will promote a deeper understanding of gravitational phenomena, and
their results will possibly find useful application in var-ious areas of measurement
technology, in gravimetry, in technical physics, and also in astrophysics.
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THE EFFECT OF THE ORIENTATION OF AN
ANISOTROPIC CRYSTAL ON ITS WEIGHT

A. L. Dmitriev and N. N. Chesnokov

1t is shown experimentally that the weight of a crystal of rutile depends on
its spatial orientation. The observed difference in the apparent masses of
the crystal is explained by the fact that the interaction factor of the elastic
and gravitational forces depends on the direction with respect to the

crystallographic axes of the sample.
Key words: crystal, weight, mass, temperature.

It was shown experimentally in [1] that the temperature of a body affects its
weight. According to the phenomenological description, the reason for the temperature
dependence of the weight of a body is the inequality of the increments of the
gravitational forces, acting on the particles of the body, due to the accelerated thermal
motion of these particles along and in the opposite direction to the vector g, of the
normal acceleration due to the gravitational force [1, 2]. In the first approximation, the
temperature dependence of the weight of a uniformly heated body P(7) has the form

P(T)=F(1-aT) | n
where Py = mgy (where m is the mass of the body); 7 is the absolute temperature of the
body, which exceeds the Debye temperature; and « is the interaction factor of the

elastic (electromagnetic) and gravitational forces, which depends on the physical
characteristics of the material of the body (the density, elasticity, the phonon state

density function, etc.) d = (4...9)- 107K s . According to experimental data, for
light elastic metals (dural and titanium) and is considerably less than these values for
heavy and tough metals (lead and brass) [1]. In anisotropic media, the constants of
elasticity and the frequency spectra of thermal vibrations of the particles for different i-
th directions in a crystal may differ consider-ably, which implies that there will also be
a difference between the interaction coefficients a; corresponding to these directions.
For example, for a simple mechanical oscillator of mass # and coefficient of elasticity
¢;, performing vertical harmonic oscillations, the interaction factor a; is proportional to

N2¢; /1 [1, 2]. By representing the crystalline body by an ensemble of similar
periodically arranged oscillators, connected by elastic forces, and assuming that the
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velocity V; of elastic longitudinal waves in the crystal is proportional to % [3], we

can assume the linear relationship @; A; , where O is the density of the material.

In fact, the frequency spectrum and the nature of the elastic thermal vibrations of atoms
(ions) in crystals is much more complex than mentioned above, and a description of
them must include a consideration of both acoustic and high-frequency optical phonons.
Hence, the directions in the crystal for which the interaction factors a; differ
considerably may not coincide with the directions of unequal velocities of longitudinal
elastic waves. Nevertheless, a difference between the weights P, and P, of a crystal,
measured in the positions v, g, and v,1 gy, where v, and v, are the vectors of the
greatest and least velocities of longitudinal waves in the crystal respectively, is probable.

Am-1072, Hg

100

501

0 222324

=50

=100 A

-1560

Fig. 1. Mass difference m of a sample of a rutile crystal, measured in two mutually perpendicular
positions of the optic axis of the crystal with respect to the vertical.

In this case, the relative value 71, of the measured mass difference of the crystal will
be 7/12:(P1_P2)/E):_(al_az)VT , 2

where @) and @, are the interaction factors of the elastic and gravitational forces for
the directions v; and v,.

In our experiment, we used a sample of a rutile crystal (TiO,) of dimensions 6.2 x
7.7 x 40.1 mm and a mass of about 2.876 g. The Z axis ([001]) of the crystal makes an
angle of 14° with the normal n, to the crystal face of dimensions 6.2x 14.1 mm; the
velocity v, of longitudinal elastic waves in the Z direction is equal to 10.94-10m/sec. The
X axis ([100]) is also situated at an angle of 14° to the normal n, to the face of
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dimensions 6.2 x 7.7 mm; the velocity v, of longitudinal waves in the X direction is

8.014-10°m-s™' [4]. The sample was weighed in the positions n; M g

and n,7™ go a SARTORIUS CS5S comparator at normal values of the temperature,
pressure and humidity of the air. The discreteness of the comparator readouts was 0.1
Mg and the root mean square deviation was

0.2 Mg . The individual values of the measured mass difference Am = m, —m, of the
sample were determined from four readings with the orientations of the sample changed
from “1” to “2” in the sequence “1212” and “1221”. The experimental values of the

mass difference Am , obtained in four series of measurements, carried out on different
days, are shown in the figure. From these results, the mean value of the mass difference
of the crystal amounts to (- 0.20) £#g with a root mean square deviation of 0.10 Hg ,

. L -8
which corresponds to a relative difference of the mass ', = =7-107".
In view of the comparatively small amount of data obtained, rigorous statistical
processing of the results of the measurements is difficult. A preliminary statistical

analysis shows that the distribution of the random values of the mass difference Am s
close to normal. The Student distribution coefficient for this series of measurements
amounts to about 2.20, which, for a confidence coefficient of 0.90 corresponds to a

confidence limit of the random error of measurements of the mean value A7 =
0.22 H4g . In subsequent experiments, when the number of experiments is increased and

highly stable (particularly temperature) weighing conditions are ensured, this quantity
will be reduced considerably.

The considerable fluctuations in the measured mass difference, which exceed the
root mean square deviations of the comparator, can obviously be explained by the
temperature instability of the sample being weighed, due to fluctuations in the
temperature of the air in the room and thermal disturbances when the sample is
reorientated (for this, the sample was periodically removed from the glass case of the
comparator for a few seconds). It can be assumed that the mean value of the interaction

factor a for a rutile crystal has an order of magnitude close to 10° K77 , le, it is
close to the value of a for light elastic metals [1]. In this case, temperature fluctuations
of the sample of the order of 0.01° in the neighborhood of 7= 293 K will, according to

(1), cause fluctuations in the measured value of the mass of the sample of about 1 A8 .

On the whole, experiment shows an inequality in the weights of an anisotropic
rutile crystal for different orientations of its crystallographic axes with respect to the

vertical. It is characteristic that a negative sign of the observed mass difference Am of
the sample corresponds to the inequality

vi > v, of the velocities of longitudinal elastic waves in the crystal and agrees with (1)
and (2).
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The results presented in this paper were obtained using standard metrological
equipment under normal conditions of the surroundings and, in view of the
comparatively large measurement error, are of a preliminary nature. Nevertheless, the

non-zero difference in mass A7 and the corresponding sign of the observed difference
are extremely probable. In further experiments to investigate the anisotropy of the
weight of crystals, to obtain more accurate data, high temperature stabilization (not less
than 0.001°) of the samples being weighed and improvements in the method of
reorientating the samples will be necessary. A theoretical analysis of the effects of
anisotropy of the weight in a wide class of anisotropic media, taking into account the
different states, types of oscillations and particular features of the oscillatory spectra of
the crystals, will also be advisable. This analysis will enable the conditions for
observing the anisotropy of the measured mass of the crystals to be rigorously
formulated. These investigations will facilitate a deeper understanding of the phenomena
of gravitation and their applications in physics, technology and metrology.
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ON POSSIBLE CAUSES OF DIVERGENCIES IN
EXPERIMENTAL VALUES OF GRAVITATIONAL CONSTANT

A.L. Dmitriev

St-Petersburg University of Information Technologies, Mechanics and Optics
49, Kronverksky Prospect, St-Petersburg, 197101, Russia

1t is shown that discrepancies in the experimental values of the gravitational con-stant might
be caused by the temperature dependence of the gravitational force and inequality of the
absolute temperatures of sample masses used in various gravitational experiments.
Key words: gravitational constant, gravitational force, temperature.

It is known that some divergences in the absolute values of the
gravitational constant obtained by various authors in various
experiments considerably exceed the accuracy of measurements [1-3].
Differencies of the experimental average values of the gravitational
constant G  reaches the level 107*-107

as compared to  value (G = 6.6742 10" m’kg ~'s7%) recommended

by CODATA, and it is usually explained by the effects of hypothetic
factors: effect of the Earth’s magnetic field, time fluctuations of G value,
dependence of G on direction in space, and some others. The
temperature dependence of gravity force examined in [4] explains the
divergences in the experimental values of G by differences in the
absolute temperatures of sample masses used in those experiments.
According to [4,5], the temperature dependence of the gravi-tational
constant G, in the first approximation, might be presented as

G:Go(l_al\/fxl_az\/z) ) ()

where G, — the constant, a; and a, — temperature factors depending on
the physical properties (density and elasticity) of interacting masses, T}
and 7, — their absolute temperatures exceeding Debye temperature. For
heavy and viscous metals (lead, copper, brass) the experimental values

of factors a;, are approximately in the range of (1.5 - 2.5) Q07K TV

and for light and elastic metals (duralumin, titanium) - (4.0 = 9.5) -10™* K

2 [4]. If the sample masses have been made of one and the same metal
(a; = a = a) and their average temperatures are also equal (7, =7, =T),
the relative temperature shift of the gravitational constant G value being

measured is equal to
48



AG  aAT
G I , @)
where AT — temperature change of both masses.

For example, at a=5-10"K""? T=293K and AT = 5K the relative
temperature shift of the gravitational constant G values being measured

is equal to 5-107*. For the sample masses made of light and elastic

materials (quartz glass, crystals) the value of the temperature factor
might be close to 10~ K ™2, then the corresponding relative temperature

shift A% is in the range of 10~ —107".

In materials of the papers devoted to measurements of the
gravitational constant G values only the stability of the interacting
masses temperatures is usually shown but not its absolute value [2,6].
The variance of the average absolute values of the sample masses
temperatures in the gravitational experiments carried out in different
laboratories practically can not be avoided and might reach a few
degrees. Other physical conditions of experiments on determination of
the absolute value of G might also essentially differ — different
materials, dimensions and form, temperatures of the sample bodies, etc.
The numerical estimates given above show that comparatively small
(units of degrees) differences in the absolute temperatures of sample
masses in different experiments might be one of the imported causes of
the experimental average values scattering of G which has been
observed for a long time.

It should be especially noted the temperature dependence of the
gravitational force [4,5] does not contradict to the known facts of the
classical mechanics. Such dependence is of a great importance for the
present problems of the high-precision metrology of mass, gravimetry,
as well as the astrophysics. Experimental investigations of the body
temperature effects on the force of the gravitational interaction of bodies
are of current interest and expedient.
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Abstract

The consistency of the results of measuring the gravitational force temperature depend-
ence obtained by Shaw and Davy in 1923 and by the author in 2003 was shown. Such depend-
ence is observed in the laboratory experiments, it does not contradict the known facts of classi-
cal mechanics and agrees with astrophysics data. It was pointed out that experimental research
into temperature influence on gravitation was needed and perspectives of developing that trend
in gravitation physics was promising.

The problem of influence of temperature of bodies on their
gravitational interaction was naturally raised at the very early period of
development of gravitation physics. The first attempts to experimentally
determine the relation between temperature and gravitation did not
produce any results due to low accuracy of measurements [1]. Late in
the XIX-th century, following the development of electromagnetic
theories of gravitation predicting an increase in body gravitation force
with an increase in their temperature the interest to relevant experiments
rose. By 1916 the most accurate measurements of dependence of
gravitational force F' (¢) in the temperature interval of ¢ 20 — 220° C
(for big mass),

F@)=F/(+at) (1)
were carried out by Shaw who obtained positive value of
temperature coefficient @& = +(1.20 * 0.05) 10~ degree” [ 2 ]. In

1923 Shaw and Davy pointed out the fallibility of that result and on the
basis of measurements carried out with higher accuracy they concluded

“that the effect, if it exists, is less than 2.107¢ per degree, and may well
be zero” [ 3 ]. Actually, Shaw and Davy obtained a negative value
QA =-2.0-10" degree” which is illustrated in Fig. 1.
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Fig. 1. The generalized results of experiments by Shaw and Davy ([3], Table II).
The abscissa corresponds to the difference in the forces of gravity created by
heated and cold massive bodies.

Nevertheless, the authors did not insist on the accuracy of the
nonzero result which they obtained and regarded it as approximately
equal to the measurement error magnitude; the actual measurement error
of the average magnitude & , according to the data of [3], is less than
40%. Such a conservative estimate probably was caused by the fact that
in the early 20ties the general theory of relativity (GTR) began to
become rather popular, according to which the temperature effect on
gravitation in experiment was practically not observed [4]. The impact
of GTR was so great that over next 80 years any experimental research
into temperature dependence of the force of gravity was not carried out
due to its “nonscientific nature”. Incidentally, the basic in GTR principle
of equivalence was experimentally checked only with strict stabilization
of temperatures of interacting bodies; the direct experimental evidences
justifying that principle under different temperatures of test bodies are
not available till the present time.

In 2003 our work [5] was published which experimentally
confirmed physical dependence of 5b10dy weight on its temperature. The



physical prerequisite of temperature dependence of the force of gravity,
according to the phenomenological model, is the dependence of
acceleration of the force of gravity on the magnitude and sign of
accelerations caused by influence of external elastic forces on the test
body [6]. With increase of body temperature the accelerated movement

of its component particles becomes more intensive which causes

exponential, « T 12 , depend-ence of the force-of-gravity acceleration on

absolute temperature 7 of the body [5,7]. An exam-ple of experimental
dependence of apparent mass of brass rod on duration of its heating (and
temperature) is shown in Fig. 2.
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Fig. 2. Change of apparent mass of brass rod in the process of its
heating [5].

Temperature dependence of attractive force of two bodies, in the
first approximation, can be described by the known Newton’s gravity
law with gravity constant in the form of

G =G,l1-a T f1-a,T; ) @)
where Gy — constant, 7; u 7, — absolute temperatures of interacting

masses (exceeding Debye temperature), @; and a, - temperature
coefficients the magnitude of which depends on density and elastic
properties of body materials. With a constant temperature of one of the
masses (for example, 7 = const ) the coefficients & (see (1)) and a; = a
(see (2)) are directly proportional,
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e ®

where T'= T, — average temperature of the other mass.

According to the experimental estimates the magnitude of coefficient a
is minimal for viscous and dense bodies and, for example, for lead and

brass, it is close to @ ~1.5-10™ K""? [5]. For example, with 7 = 470K

for lead we find @~-3.5-10°degree”". Obviously, the signs of
temperature change of gravitational force in experiments [3] and [5]
coincide, and the magnitudes of corresponding temperature coefficients,
with account for measurement errors, are close to each other. That’s why
both Shaw and Davy’s of 1923 and our experiments of 2003 give
evidence of the laboratory-observed physical temperature dependence of
the force of gravity: decrease of attractive force of bodies with increase
in their temperature.
It is interesting to consider some astrophysical consequences of the
above dependence.
Slow change of the planet average temperature due to either the
radiant heat exchange on its surface or to internal heat processes
within its volume changes, according to (2), the effective magnitude
of gravity constant. As a result, the planet orbit precesses with
angular deflection of perihelion for one planet revolution equal to
kP

20-¢%) “)
where coefficient k describes changes in time of the average planet
temperature,

op =~

_a dT

N ©®)
P —period of planet turnover, e — orbit eccentricity (taken as e <<1), ¢ —
time [7]. For example, in slow cooling of the planet the force of its
gravitational interaction with the sun increases (we take constant the
average temperature of the sun), coefficient & is positive and orbit
precession is direct.

The next example is a double pulsar. Slow cooling of the stars

involved in the system of double pulsar determines the increase in the
force of their gravitational interaction. As a result, the period of turnover
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of twin stars is reduced and their orbit periastrons are deflected. Relative
change in period P of the double pulsar is equal to
AP 1| aAT, a,AT,

| NN T (6)

where T} and T, — average temperatures of stars, a; u a, — their effective
temperature coefficients [7].

While analyzing the complicated movements of near-to-the sun
plasma it was noticed that in the sun vicinity the effective magnitude of
the gravity constant is less than its standard value. Taking into account
the fact that the temperature of plasma near the sun is high, in the or-der
of 10* = 10° K , the fact is directly explained by the dependence (2).

The measuring of gravitational constant. Divergencies of the
experimental values of the gravitational constant might be caused by
inequality of the absolute temperatures of sample masses used in various
gravitational experiments [8].

If the temperature dependence of the force of gravity keeps in
extreme processes of black hole formation then a similar singularity
appears to produce some doubts. Formation of black holes is hindered
by the pressure forces on the part of collapsing substance which might
exceed those of gravitational compression. In so doing, the compression
process slows down and might transform itself into the phase of
scattering (heat explosion) of the substance; on the whole, that process
might be both of monotone and oscillating in time nature.

So, today there are experimental grounds to consider real the
marked dependence of gravitational force on the absolute temperatures
of interacting mass. Such dependence does not contradict the known
experimental facts of classical mechanics and naturally agrees with the
data of astrophysics [7]. Comprehensive research into the temperature
dependence of the gravitational forces in the wide range of temperatures
(including low ones, as well) of the test bodies of various physical
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composition will allow in the perspective to establish new peculiarities
of the gravitational interaction of those bodies. Physics of gravitation
might receive new development similar to that which optics received in
transition from heat to laser light sources.
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TEMPERATURE DEPENDENCE
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As it is known the general theory of relativity (GTR) rejects practically
observed positive temperature dependence of the gravity force due to
extremely small, equal to AE/c* changes of body mass caused by
changes in Ak of its heat energy. It has been thought for a long time that
the final experimental confirmation of the fact was obtained in the work
by Shaw P. E. and Davy N. published in 1923 [1]. Meanwhile, a careful
analysis of the work data [1] reveals than in the authors’ experiments
there was actually observed, with error better than 40%, a negative
temperature dependence of the gravity force in the process of heating a
solid sample body made of lead with temperature coefficient
a=-2-10°K".  In our experiments [2] an accurate weighing on non-
magnetic slowly heated metals was carried out and the results taking into
account the effects of external factors were obtained which also
demonstrate a systematic negative temperature dependence of
the gravity force close in value to the data by Shaw P. E. and Davy N.
For example, the value of temperature coefficient for lead under
conditions corresponding to [1] is equal to «=-3.5-10°k"" with an error
of about 20%. The paper considers the experimental setup,
measurements techniques, sources of measurement errors and the results
of measurements of temperature dependence of rods made of duralumin,
titan brass and lead. Physical grounds for the observed, comparatively
strong negative temperature dependence of the gravity force based on
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the interaction of electromagnetic and gravitational fields [3] were
proposed. According to such a phenomenological model the apparent
change of a body gravitational mass is related to magnitudes of
accelerations of its component microparticles in the process of their
chaotic heat movement, with their acceleration magnitudes being
directly proportional to <7, where T - absolute temperature of the body.
Some physical applications of temperature dependence of the gravity
force are discussed, including scattering of experimental absolute values
of gravity constant, effects of changes in mean temperature of a planet
on its orbit precession, reduction of effective value of the gravity force
acceleration acting on high-temperature plasma in the sun vicinity and
others. It is noted that the observed, comparatively strong temperature
dependence of the gravity force does not contradict to the known
experimental data of the classical and relativistic theories of mechanics
and it might contribute to the further developments of GTR concepts.
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Abstract. A brief review of experimental research of the influence of
acceleration and temperatures of test mass upon gravitation force, executed
between the 1990s and the beginning of 2000 is provided. According to a
phenomenological notion, the acceleration of a test mass caused by external
action, for example electromagnetic forces, results in changes of the
gravitational properties of this mass. Consequences are a dependence upon
gravity on the size and sign of test mass acceleration, and also on its absolute
temperature. Results of weighing a rotor of a mechanical gyroscope with a
horizontal axis, an anisotropic crystal with the big difference of the speed of
longitudinal acoustic waves, measurements of temperature dependence of
weight of metal bars of non-magnetic materials, and also measurement of
restitution coefficients at quasi-elastic impact of a steel ball about a massive
plate are given. A negative temperature dependence of the weight of a brass
core with relative size near 5-10* K' at room temperature was measured;
this temperature factor was found to be a maximum for light and elastic
metals. All observably experimental effects, have probably a general
physical reason connected with the weight change dependent upon
acceleration of a body or at thermal movement of its microparticles. Paper
presented at the 5-th Symposium on New Frontiers and Future Concepts
(STAIF-2008), Albuquerque, New Mexico 10 — 14 Feb. 2008.

Keywords: Gravitational Force, Temperature, Acceleration, Impact, Weight.
PACS: 04.80.-y.
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INTRODUCTION

The deep interrelation of electromagnetic and gravitational forces can
and should be manifested in experiments with exact weighing of the test
bodies moving with acceleration under action of elastic forces. For a
long time the attention given to this problem was unduly not enough
which was in part promoted by theoretical concepts of the general
relativity regarding fictitiousness of the «force of gravitation» concept.
Meanwhile, a number of experimental measurements have tested the
influence of acceleration of external elastic forces on the value of
acceleration of gravity as it will be shown in the present paper.

We propose to characterize this influence as follows. If a test body under
action of external elastic forces moves upwards with acceleration value

a,, an increment Ag, of the gravitational acceleration shall occur,
which is given in a first linear approximation as

Ag. =a.a, . (1)
Similarily, if a body is accelerated downwards under the action of
external forces, then an increment Ag, of the gravitational acceleration
shall occur with a different sign, given by

Ag, =-a,a, : (2)
In Equ. (1) and Equ. (2) the dimensionless factors & . and «,
characterize a degree of interaction of elastic and gravitational forces.

Vertical harmonious oscillations of a test body with a weight P will

therefore lead to an average weight given by
(a,—a,)Aw’
80 ’

where 7 is the mass of a body, & the standard acceleration of gravity,

A the amplitude, and @ the circular frequency of oscillations
(Dmitriev, 2001).
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The experiment should give an answer to a question whether the factors

@ . and ¢, are different from zero, and what their ratio is.
MEASUREMENTS OF INFLUENCE OF ACCELERATION
ON GRAVITY

The simple way of estimation of difference value (¢, —,) is based on

weighing of a rotor of a mechanical gyroscope with a horizontal axis of

rotation. The role of elastic forces is played here by centripetal forces. It

is possible to show that the weight P of the rotor in form of a cylinder
with radiuses R; and R, is equal to

2(}323 B R13) 602

P=Mg,|1-(a,-.)
' 3 37@0(R22_R12) > @)

where @ is the angular speed of rotation. Such an experiment was
executed in 1999-2000 at Saint Petersburg (Dmitriev and Snegov, 2001).
In this case, we weighed a pair of coaxial rotors rotating in opposite
directions for compensation of the total angular moment of the container
(R;=15 mm, R,=25 mm, M=250 g), as shown in Fig. 1. The obtained
experimental dependence is shown in  Fig. 2.

FIGURE 1. The device of the container. 1 - electric coils of the engine of a
gyroscope, 2 - a massive cylindrical part of a rotor, 3 - the case of the first
gyroscope, 4 - plugs of power supplies of engines of gyroscopes, 5 - the case of the
second gyroscope (it is shown without a section), 6 - the case of the container
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FIGURE 2. Mass difference of a horizontal and vertical rotor.

At a speed of rotation of 18.6 thousand rev/min the relative reduction of
weight of a rotor was equal to 3-10°°. The estimated value of (@, —a,)

is near to 107. The factor @, alone was evaluated by precision
measurements for the restitution coefficients of an elastic impact of a
ball against a massive metal plate. In these experiments a plate (and a
ball trajectory) took horizontal and vertical positions (Dmitriev, 2002).
Acceleration of the ball during impact duration exceeded of 10*g,. The
difference of restitution coefficients in vertical (k;) and horizontal (k;)
quasi-elastic impacts of the ball is shown in Fig. 3.
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FIGURE 3. Experimental dependence of coefficient of restitution; the top line
— ko, the bottom line — k;.

The order of value of the factor @ . can be estimated by the formula
kz — kl
a, ~——
© 1+k, : ®)
The speed of the ball before impact is about 3.5 m/s, which gives a
=107 that is unexpectedly big.

aC

Interesting results obtained by M. Tajmar’s group in experiments with a

rotating superconductor (Tajmar el al, 2007) probably have a physical

nature close to the one discussed in the present work.
MEASUREMENTS OF TEMPERATURE DEPENDENCE
OF BODY WEIGHT

If indeed there is an influence of acceleration of elastic (electromagnetic

in nature) forces on gravitation, then there will be the temperature
dependence of body weights due to the thermal movements inside the
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body. The acceleration of microparticles in their thermal movement
directly depend on their energy, and therefore from the absolute
temperature of body. It is possible to show that in a classical
approximation at temperatures higher than the Debye-temperature, the
temperature dependence of body weight is described by the formula
P=Mg0|:l—wC\/?:| (6)
8o ’

where C is a the factor dependent on physical characteristics (including
density and elasticity) of bodies and 7" is the absolute temperature.

According to Equ. (6), an increase in the absolute body’s temperature
will cause a reduction of its weight. Such an effect was indeed observed
in exact weighing of metal samples from nonmagnetic materials heated
with ultrasound (Dmitriev, Nikushchenko and Snegov, 2003).The layout
of the hermetically sealed container shown in Fig. 4.

5 1

~—1lp

5
— L=
[} —
N
7

77

FIGURE 4. 1. Layout of hermetically sealed container. 1 — Dewar flask; 2 — metal rod; 3 —
holder support; 4 — electroacoustic transducer (PZT); 5 — gaskets (foam plastic); 6 — holder base
(ebonite); 7 — cold welding.
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FIGURE 5. Change in mass of a brass rod. Ultrasound frequency 131.25 kHz. The touch lines
indicate the moments when the ultrasound was switched on and off.

An example of the experimental dependence of a sample weight in the
process of its heating and cooling is shown in Fig. 5.
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The temperature dependence of weight of various samples made of lead,
copper, brass, titan and duralumin was measured. Some results of
measurements are shown in Table 1.

TABLE 1. Characteristics of Samples and Results of Measurement, where a=(o,-otc) . C / mgo
and temperature factor o=-a/2\T.

Sample Lead Copper* Brass** Titanium
Duralumin

Length (mm) 80.2 71.6 140.0 140.0
140.0

Diameter (mm) 8.0 10.5 8.0 8.0

8.0

Mass (g) 45.6 39.2 58.5 31.2
19.1

Ultrasound Frequency (kHz) 135.43 129.70 131.27 136.22
134.90

Am/At (mg/min) 1.06 1.15 2.64 1.63
1.66

AT/At (K/min) 5.1 4.5 10.0 6.0

7.5

a.10® (K" at T =300 K 456 6.50 450 8.70
11.60

a.10* (K"?) at T= 300 K 1.6 23 1.6 3.0

4.0

(*) - twist, (**)— Dewar

During weighing, some various physical factors were considered:
convection, buoyancy, action of heat and ultrasound on the balance,
influence of magnetic and electric fields, and others. According to
quantitative estimations, the accuracy of the temperature factors was
about 20-25 %.

The authors also constructed a thermo-physical model of reduction of
the apparent weight of non-uniformly heated samples which model
agreed well with the experiment. It is typical that the negative
temperature dependence of body weight is always observed, with the
greatest values of factor being obtained for the samples made of light
and elastic materials. Let's note that for the first time the negative
temperature dependence of weight of bodies was actually observed in
experiments of Show and Davy described in 1923 (Shaw and Davy,
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1923); however, the authors then did not dare to insist on their results
(Dmitriev, 2006).

MEASUREMENTS OF ANISOTROPYOF RUTILE
CRYSTAL WEIGHT

The elementary analysis shows that the acceleration of microparticles of
a test body in their thermal movement is directly proportional to c/p,
where ¢ is the factor of elasticity and u is the mass of the particles. If V
is the speed of elastic longitudinal waves in a considered body and
P the density of the body’s material, then the following ratio is true

aoc\/Z/,uocV/\/; (7)

The consequence of Equ. (7) should be the dependence of weight of an
anisotropic crystal on its orientation (Dmitriev and Chesnokov, 2004).

If the speeds Vi, V, of longitudinal waves in a crystal for orthogonal
directions noticeably differ, then at the constant crystal temperature the
relative difference P/P of its weight measured in two positions "1" and
"2" is equal to

AP Vl — Vz

P (8)
The experimental results of measurement of weight differences of a
rutile crystal measured at its mutual - perpendicular positions are given
in Fig. 6.
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results of four series of measurements are shown.
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The average weight of a sample is 2.876 g, speeds of longitudinal sound
waves are V,=10.94-10° m/s and V,=8.014:10° m/s. The relative
difference of weights is equal to -7-10™ with root-mean-square deviation
of 0.10 mcg. Big fluctuations of measured differences of weights are
caused by instability of temperature regimes of weighing. Nevertheless,
there prevails the regular character of inequality of weight observed in
case of anisotropic crystal the sign of which corresponds to the ratio in
Equ. (8).

CONCLUSION

So, the four described experiments show that the accelerated movement
of a body caused by action of elastic (electromagnetic in nature) forces
influences the force of its gravitational interaction with others,
conditionally motionless, bodies. Indirectly, such an influence causes a
negative temperature dependence of body weight that has a big practical
value for precision gravimetry, for fundamental problems of physics of
gravitation, and also in interpretation of some phenomena of
astrophysics (Dmitriev, 2005; Dmitriev, 2006a, 2006b).

In the immediate prospects, it seems necessary to conduct the following
experimental research

- precision measurement of physical temperature dependence of weight
of various materials in a wide range of temperatures,

- dynamic measurements of weight of bodies in a condition of elastic
effects: acoustic (including, ultra-and hypersonic) and impact, and also
while their oscillatory and rotary movements,

- measurement of a mutual attraction forces of accelerated moving
weights at the lowest temperatures.

Experimental and theoretical research of problems of interaction of
acceleration and gravitation, and also the problems of temperature
dependence of forces of gravitation connected with them, has rather big
value both for the development of physics of gravitation and for
perspective technologies of the future.
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Abstract

It is shown that gravitational nature of inertial mass (Mach’s
principle) agrees with idea of interaction of gravitational and
electromagnetic forces and does not contradict the laws of classical
mechanics. According to the simple phenomenological model the
body inertial mass is directly proportional to its gravitational mass
and the sum of coefficients &, and @. which characterize degrees
of interaction of gravitational forces in accelerated motion of the
body in accompanying and opposite directions relative to the
gravitational force.

PACS number: 04.80. Cc

Inertial mass of the body which is a component of the second law of
dynamics has long been an object of scientific discussions. A wide-
known concept indicating the cause and physical sense of inertial mass
is presented by Mach’s principle according to which the inertial mass of
the body is a result of that body gravitational interaction with all
surrounding bodies of the universe [1,2]. Gravitational interaction of
bodies is directly connected with the concept of gravitation propagation
rate. Extreme remoteness of massive formations — stars, galaxies,
clusters of galaxies, etc. — provides grounds for assumption that the
condition for Mach’s principle realization must be rather high speed of
gravitation propagation which might considerably exceed light speed.

The present paper shows that the gravitational nature of inertial mass
when described as a phenomenon naturally agrees with the concept of
interaction of electromagnetic and gravitational forces. Such an
interaction is characterized by dependence of gravity force acceleration
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change Ag and acceleration @ which is caused by action of external,
for example, electromagnetic forces on the test body [3]. Similar to

Lenz’s law, directions of vectors Ag and d are mutually opposite, and
coefficients of proportionality &,, &. depend on acceleration direction

a relative to gravitational force acceleration g0 . In the first (linear)
approximation, “the induction” of gravity force acceleration is equal to

Agp,c = _ap,ca (1)

where @, corresponds to parallel vectors @ and g 0,and &,
- to antiparallel ones — Fig. 1.

Fig. 1. a. Changes in gravity force acceleration acting on test body while body is
falling down with acceleration. b. Changes in gravity force acceleration while body
is moving up with acceleration.

Validity of equation (1) is confirmed by experiments on precise
weighing of bodies moving with acceleration, as well as - indirectly — by
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negative temperature dependence of weights of bodies [4-6]. Absolute
magnitude of interaction coefficients &, . measured in experiments with

non-magnetic metal samples is comparatively high @, ~ 107, and the
order of positive difference magnitude (&, —a.) ~107 .

Let’s assume that in conditional-inertial system of coordinates related
to “infinitely remote” masses, a test body with gravitational mass m, is
stationary in the initial state (Fig. 2a).

'
'
N
'
'
'
'
'
’ QU
'
'

Fig. 2. a. Test body in counterbalanced state. b. Increments in gravity force
acceleration under effect of outside non-gravitational force.

In isotropic space along a randomly chosen axis Z , the resultant force
of gravitational forces acting on the body from the side of remote masses
1,2 located on different sides of the body is equal to zero. In so doing,
the accelerations corresponding to those forces which are the sum of
projections on axis Z of gravity forces accelerations created by such

masses are equal in magnitude ‘gm‘ = ‘Eoz‘. If there is an outside non-
gravitational force F acting on the body along the indicated direction,
then according to the second law of dynamics the corresponding
acceleration d of the body is equal to



a=F/m, )

1 )

where ;- body inertial mass. Such an acceleration, according to (1),

= (D = (2) . . .
causes changes Ag, " and Ag p» of gravity force accelerations acting
on the test body from the side of remote masses 1,2, with directions of

=~ D =@ .
vectors AZ, and Ag p»  coinciding (Fig. 2b).
According to the third law of dynamics the resultant force of those
applied to the body is equal to zero,
- - (1) ~ = (2 =
mg(g01+Agc )+mg(g02+Agp )+mla:O . (3)
Whence the inertial mass of test body
m, =(a,+a,)m, . 4)
Expression (4) explains the physical sense of inertial mass: body
inertial mass is proportional to its gravitational mass, caused by
interaction of gravitational and electromagnetic forces applied to the
body, and determined by magnitudes of coefficients &, , &. which
characterize the degree of such an interaction. If the interaction of
gravitational and electromagnetic forces were nonexistent, that is with
Q.= &,=(0 |, the body inertial mass would be equal to zero as well.

Such an assumption directly agrees with Mach principle according to
which inertia of matter is determined by masses surrounding it. On the
other hand, proportionality of gravitational and inertial masses is proved
by numerous experiments and agrees with corpuscular model of matter:
an increase in number of particles making up test body
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proportionally increases both inertial and gravitational masses. Mass

ratio M, /m, is determined by magnitudes of coefficients &, , &,

which might be constants; this expression can be equated to one by
choosing corresponding magnitude of gravitational constant.

Thus, the gravitational nature of inertial mass does not contradict the
principles of classical mechanics supplemented by concept of interaction
of gravitational and electromagnetic forces (in particular, elastic forces).
Experimental and theoretical investigations of gravity force acceleration
“induction” caused by accelerated motion of the body under effect of
outside non-gravitational forces will contribute to development of
physics of gravitation and its supplements.
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Abstract. On the basis of the field’ concept of gravitation and gravitational analogue of the
Faraday’s induction law the difference of inertial mass of a body at its accelerated movement in
horizontal and vertical directions relative to the Earth is shown. For an illustration of such a
distinction the results of comparison of a motion of balance mechanical watch at horizontal and
vertical orientations of balance’ axis are given. The expediency of statement of precision me-
chanical experiments with measurement of anisotropy of the inertial mass is noted, allowing to
estimate the validity of the "field" approach in the description of gravitation.
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In distinction from "geometrical", the "field" concept of gravitation
describes the gravitational interaction of bodies similarly to other kinds
of physical interactions - electric and magnetic. Thus the concept of the
"material" gravitational field related to sources - the gravitational mass -
and characterized by the set of parameters (potential, velocity, impulse,
moment) is considered. The advantage of the field, basically
phenomenological concept of gravitation consists in an opportunity to
use for its development some separate analogies of the gravitational and
electromagnetic phenomena, and in their direct experimental check.
Thus, gravitational fields, certainly, should have the properties similar,
but not identical to properties of electromagnetic fields.

In [1] on the basis of the noted analogies the assumption of original
reaction of the gravity force acting on a test body, on its acceleration d
caused by action of external not gravitational (for example, elastic)
forces is put forward. Change Ag of acceleration of the gravity, similar
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to the phenomenon of Faraday’s induction law in view of Lenz’ rule, is
equal to

Agp,c =a,.4 (1
where indexes p, ¢ indicate mutual, passing ( p ) or a contrary (opposite)
( ¢), orientation of a vector &, of normal acceleration of a gravity and
vector d of acceleration of external force.

Estimations of the order of value of dimensionless factors &, and &, ,

which the gravitational interrelation of gravitational and electromagnetic
fields specify, were executed in mechanical experiments with weighing
of two coupled mechanical rotors with the zero full moment, with a
horizontal axis of rotation, and in the analysis of the shock phenomena
[2,3]. By consideration of thermal chaotic movement of microparticles

of solid bodies the consequence 1, in view of an inequality &, ~ &, | is

the negative temperature dependence of gravity, also ob-served in the
experiment [4-7].

In [8,9] in the description of balance of the elastic (electromagnetic)
and gravitational forces acting on the test mass on the part of remote
mass (for example, stars), according to idea of E. Mach about the
gravitational nature of inertial forces, the ratio between inertial ( m; ) and
gravitational ( m, ) masses is obtained,

m,=m,(a,+a,) . ()
Equation 2 shows the direct proportionality of inertial and gravity
masses of a body, and the relation of theses masses, contrary to the
known postulate of "geometrical" model of gravitation, generally
speaking, is not a constant.

Equation 1 shows the relation of change of gravity acceleration with

acceleration @ of external forces, in so doing it is necessary to take
into account that the absolute size A, . of an increment of acceleration

should also depend on magnitude &, of normal gravity acceleration.

Generally, in view of influence of forces of the gravitation caused by
remote surrounding masses (stars), in movement of a test body on a
vertical there should be carried out the equation

ap,c = Ap,c (gO + g’) (3)
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where g’ - a projection of acceleration of forces of gravitation on the part

of the remote masses located in a solid angle 27 , on the direction of the
accelerated movement of body, and factors 4, . characterize the action
on a test body of not only Earth’ gravitational field, but also a field of
the gravitation created by all surrounding masses.

The resultant forces of gravitation acting on the motionless or
moving with the constant speed test body from direction of remote
masses, uniformly distributed in space in a full solid angle 417 , it is
approximately equal to zero, while the magnitude g' determines the
inertial properties of a body, Fig. 1.
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Fig. 1. Mutual orientation of a vector of acceleration of not gravitational forces d
and increments vectors Ag,,Ag, of accelerations of the gravitation forces acting
on test mass from the direction of remote masses (stars). The resulting
accelerations’ vectors &' and & , caused by action of the remote masses located

in the left and the right half-spaces in the solid angles 27 are equal in magnitude
and are oppositely directed.

The consequence of 2,3 is the difference of inertial masses of a test
body in its accelerated movement relatively to the Earth in horizontal
and vertical directions.

For the harmonious, caused by the action of external elastic force,
oscillatory movement along a vertical, the average, for the period of
oscillation, inertial mass m; of a test body is equal to
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In oscillatory movement of this test body along the horizontal, its
average inertial mass m, is equal to

mo=m, (A +A4)g 5)

In 4.5, the resulting magnitude g’ of projections of accelerations of
gravity forces created by the remote masses in a solid angle 27, is
believed constant and independent from the direction in space. The
relative difference of "vertical" and "horizontal" inertial masses, taking

g' =~ g, ,is equal to

2mi _E ~ gO
m[+E 2¢" - (6)

Experimental estimations of magnitude of inertial mass anisotropy
of a body can be made, comparing the periods of oscillations of linear
mechanical oscillator with vertical and horizontal orientations of its axis.
For the same purpose it is convenient to use the rotation oscillator, for

example a pendulum of high-quality mechanical balance watch, by
changing orientation of the balance axis.

The period T of free oscillations of system a balance - spiral of
mechanical watch is equal to

1
T= Zﬁ\/g , (7)

where [ - the moment of inertia of balance ( / « m; ) and C - factor of
elasticity of the spiral [10].

According to 6,7, the period T of oscillations of balance in a vertical
plane should be more than the period 7 of oscillations of balance moving
in a horizontal plane, that is the ideal mechanical watch in position "on
an edge" goes more slowly, than in position "flatwise".
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The position-sensitivity of mechanical watch is influenced many
factors, including, the moment of inertia of a spiral, conformity of an
axis of rotation and the centre of inertia of a pendulum, friction in axes
of a suspension bracket of a pendulum etc [11]. With high quality of
watch and its careful adjustment, the influence of the specified factors
can be reduced practically to zero, and in that case the comparison of
daily motion of balance watch in vertical and horizontal positions can be
used for an estimation of magnitude of anisotropy of inertial mass 6. In
view of 4-7, the relative difference 7 of the daily motion of an ideal
watch is equal to
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Fig. 2. A difference of a daily motion of mechanical balance watch
"Raketa 2609" in positions "flatwise" and "on an edge".

In Fig. 2 the results of measurements of position sensitivity of twenty
one samples of mechanical watch "Raketa 2609" manufactured by
"Petrodvortsovy watch factory" are given. The difference of an average
daily motion of watch in positions "flatwise" and "on an edge" was
measured, each of them was measured as an average for two different
positions of the head and plane of a dial of watch. The average
magnitude of watch motion delay in position "on an edge" has come to

about 15 seconds over one day which corresponds to ¥ = 1.7 -107*.
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The question of what part of the given value } is caused by action
of physical factors (anisotropy of inertial mass in a gravitational field of
the Earth), and what — by technical imperfection of the mechanism of
watch still remains open. The difficulty is that even with an appreciable
influence on a motion of watch of anisotropy of inertial mass of the
pendulum of watch, the position-dependence of a daily motion of watch
can be reduced almost to zero by technical means of adjustment. Thus
the "physical" delay of a watch motion can be compensated by
adjustment of watch which complicates an objective estimation of
magnitude of such effect. Therefore the careful analysis of all technical
factors influencing the position sensitivity of balance watches and
clockworks used in such experiments is necessary for obtaining of
objective data. Nevertheless, the given average result is in agreement
with physical preconditions noted above and can be the basis for setting
up precision experiments with use of mechanical oscillators on measure-
ments of prospective anisotropy of inertial mass.

For reduction of an error of the measurements connected to
reorientation of an axis of rotation of mechanical pendulum, more
reliable results, probably, will be received in measurements of self-
frequency of linear mechanical oscillator with horizontally located axis
which direction can be changed in a non-uniform gravitational field of
the Earth (for example, in mountains).

If the result shown in Fig. 2 gives a true estimation of magnitude
order of a relative difference of inertial masses in horizontal and vertical

directions, then, according to 8, gravitational field-intensity g’ created by

all indefinitely remote masses located in a solid angle 277 relative to a
point of observation, the said intensity is approximately one thousand
times the magnitude of normal acceleration of gravity on the surface of
the Earth. In view of gravitational analogue of the Faraday’s induction
law 1, such rather strong "interstellar" gravitational field, apparently, is
also the physical reason of inertial properties of bodies.

The precision measurements of anisotropy of inertial mass of bodies
in a non-uniform gravitational field will confirm validity or an fallacy of
the above estimation and as a consequence the validity of the
phenomenological "field" concept of gravitation in the description of
inertial properties of bodies.
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Appendix.

If the average density / of a matter in the volume of sphere of
radius R is constant, from the Newton’s law of gravitation follows

g'=2GpR )

where G — the gravitational constant. Taking into account the
temperature dependence of G and non-uniform distribution of 2 ,
certainly, the 9 only for rough estimates is suitable.
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Resume: In our experiment we measured the free fall accelerations of the closed
container inside which a mechanical rotor (gyroscope) with a horizontal axis of
rotation was installed. There was observed an appreciable, essentially exceeding
errors of measurements increase of acceleration of free falling of the container at
angular speed of rotation of a rotor up to 20 000 rpm.
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To laboratory weighings of rotors of mechanical gyroscopes the set of
works [1, 2] is devoted. Such measurements were usually carried out
with the purpose of experimental check of a equivalence principle, or
various gravitoelectric (gravitomagnetic) models. In most cases, in
these experiments the axis of a rotor was oriented vertically and, as a
whole, the positive effect was absent. In our paper [3] the results of
exact weighing of two coaxial rotors with a horizontal axis and with
the zero total moment J; are given, and its weights which have shown
little change, dependent on angular speed of rotation of a rotor. The
explanation of these results the
possible precession a gyroscope is complicated, connected to
rotation the Earth, which essentially could to influence indications of
weights, owing to inexact performance of equality Js = 0 . In much
smaller degree the precession effects influence on results of
measurement of size of acceleration by freely falling of rotor. Thus
physical conditions of interaction of a falling rotating rotor with the
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centre of gravitation (Earth) essentially differ from conditions of
weighing of a rotor on based laboratory weights.

In described experiment the acceleration of free falling of
container with the two, located coaxially, rotors of mechanical
gyroscopes placed inside it was measured; the device and
characteristics of the container are given in [3]. On the container
the compact highly stable generator of pulses connected to two
differ-coloured light-emitting diodes, located along a trajectory of
falling of the container is fixed. Distance on centre to centre of
aperture stop (holes), established before light-emitting diodes is / =
76.25mm, frequency of impulses F' = 56.25Hz, duration of impulse
optical signals 0.13ms. The trajectory of the falling container was
photographed by the digital camera with exposure 0.6 — 0.8s and
coordinates of marks (the centres of holes) were digitized by
computer.

The calculation of acceleration g of free falling container was carried

out under the formula

_ (A2 — A1)F ’

= V2
where A, , A, - absolute lengths of the next sites of the trajectories,
containing N marks; the scale of the image was defined by distance /
between light-emitting diodes. For reduction of influence of aberration
of the image owing to distorsion, the average scale of the image paid off
on three readout of length / - in the top, central and bottom parts of a

trajectory. The size g in separate measurement was determined as
average value of acceleration, designed on two trajectories appropriate

to two groups of color marks on the image.
The example of the measured values of acceleration of free falling

container in conditions (1) ® =0, (2) @ # 0 and (3) = 0 (upon
termination of time rotation of rotor) is shown in figure.
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(g-970), cmis:s
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Number of measuring

Fig. The example of the measured values of acceleration of free falling
container. I(n. 1-4) ®=0,2(n. 6-10) @#0 ,3(n.12-16) =0

The maximal angular speed of rotation of a rotor @ = 20000rpm ,
rotation time of rotor is 14-15 mines, duration of one cycle of
measurements from 4-5 pictures about 2 minutes.

It was processed over 200 pictures, thus the increase of acceleration
of free falling of a rotor was regularly observed at transition from a

condition (1) to a condition (2) with average size A§ =10+ 2cm / s*.

At smooth reduction of speed @ of rotation of a rotor the size Ag also
decreased, falling up to zero at @ = 0. In the specified in figure
measurements both rotors rotated in one direction and the maximal full
moment of rotation of rotors was equaled Js = 0.2kg x m* / s . At
rotation of rotors in counter directions when Js = 0, small reduction of

size & was observed.
The reason of an appreciable divergence of the measured absolute

value of acceleration & of a gravity at @ = 0 (about 990 cm / s*) and
standard, at latitude of Saint Petersburg (about 982 cm / s%), apparently,
are discrepancies in display of scale /, errors of absolute value of
frequency F of the generator and also the small local (technical)
changes of g . Geographical orientation of a vector of the moment of
rotation of a rotor, N-S or W-O, did not influence on results of
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measurements Ag . Daily dependence of size Ag also it was not
observed.

At horizontal orientation of an axis of rotation of a rotor the each of
its particles simultaneously participates in two linear oscillation in
horizontal and vertical planes.

Thus of acceleration of particles at their vertical oscillations by an
infinite set of derivatives on time from linear displacement are
described. As it was marked in [4,5] in these conditions it is possible to
expect display of "nonclassical" properties of gravitation which
mentioned some more D.Mendeleev [6].

Free falling of masse oscillated along a vertical physically essentially
differs from circular (orbital) movement of such masse. Therefore the
result received by us does not contradict the results of exact
measurements of precession a gyroscope in a circumterraneous orbit.

The further experimental researches of free falling rotating (or
oscillated in a vertical plane) masses with application of precision, for
example, interferometrical measuring engineering, will promote the
deeper understanding of the difficult phenomena of gravitation and
inertia.
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Abstract. Analogies of the various physical phenomena for a long time are
contributed to their understanding and progress of physical science. The
basis of modern theories of gravitation is the equivalence principle,
experimentally confirmed in experiments with slowly moving bodies.
However, the physical situation changes in case of big accelerations of the
bodies caused by external non-gravitational forces. Similarly to Lenz's rule,
the force G of gravitation changes proportionally to value F of external
force. Thus the sign of increment A G is opposite to sign F , and the values
of increments depend on orientation of vectors G and F'. A consequence of
it, for example, is the dependence of weight of a rotor of a mechanical
gyroscope with a horizontal axis on angular speed of rotation, and also the
temperature dependence of weight of bodies according to analysis of
thermal movement of micro-particles. The gravitational analogy of Lenz's
rule, on the basis of a Mach' principle, naturally explains proportionality of
inertial and gravitational mass. The laboratory experiments confirming the
above-stated ideas are briefly considered. Some astrophysical consequences
of temperature dependence of force of the gravitation, agreed with
observations are given. Opportunities of creation of new principles of
propulsion by using the gravitational analogue of Lenz's rule are
considered.

Keywords: Gravitation, Acceleration, Temperature, Weight, Inertial Mass,
Mach’ Principle
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INTRODUCTION

As it is known, the general theory of relativity (GR) is based on the
thesis of equivalence of forces of gravitation and inertia, which are
characteristic for accelerated moving readout systems. The experimental
basis proving the correctness of such a «principle of equivalence» is
thought to be the experiments of Eotvos and others which had
confirmed the direct proportionality of inertial and gravity mass (Chen
and Cook, 1993). The accelerated (not inertial) readout systems are
physically realized as a result of electromagnetic forces action on
massive bodies of electromagnetic nature, for example, of elastic forces
causing acceleration or braking of a body. Therefore, the principle of
equivalence actually contains the idea of the single nature, or strict
interrelation of gravitational and electromagnetic forces in its
phenomenological representation. But does the classical GR
characterize such an interrelation full enough?

Practically in all experiments for check- up of the proportionality of
inertial and gravity mass, the accelerations of test bodies under action of
external, not gravitational forces, were smallest, much smaller than a
normal acceleration of gravity g, . Obviously, the check-up of validity
of the principle of equivalence at big accelerations of test bodies is
natural and necessary. The analysis of the general physical situation is
convenient at first stage for executing with use of simple
electrodynamic analogies (Dmitriev, 2001). Thus, the basic thesis of GR
- «acceleration produces the gravitation» is preserved.

Let the test body be placed in the homogeneous gravitational field of the
Earth characterized by normal acceleration of gravity g, , Figure 1. If
under the action of an external, not gravitational force, for example,
elastic (electromagnetic in nature) force, the body with acceleration a

moves downwards, then an increment Ag, of acceleration of the

gravity, similar to counteraction forces in the Faraday law of induction
with account for Lenz’s rule, is equal to
Ag,=-a,a . (1)
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FIGURE 1.(a) Changes in gravity force acceleration acting on test body while
body is falling down with acceleration and (b) Changes in gravity force
acceleration while body is moving up with acceleration.

At the accelerated upward movement of a body, the corresponding

increment of acceleration of gravity Ag, changes sign and, generally
speaking, value:

Ag 04 cc_i . )
In equations (1) and (2) the dimensionless factors ¢, and &,

characterize a degree of influence of acceleration of external forces on
the force of gravitation or, actually, a degree of interaction of
gravitational and electromagnetic forces. The inequality of these factors
to zero displays the general property of stable, "equilibrium" physical
systems - their conservatism, a tendency to keep a stable state for a long

time. On the other hand, the inequality of &. and &, values to each

other characterizes the specific nature of gravitational fields - absence
(in contrast to electrodynamics) of gravitational field sources of opposite
“charge”.
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MECHANICAL EXPERIMENTS

The results of the first experiments on approximate measuring  of

factors &. and &, were published at the beginning of the second
millennium and reported at conferences “GRG-18" and “STAIF-2008”
(Dmitriev and Snegov, 2001; Dmitriev, 2002; Dmitriev, 2005 2007 and
2008a). In particular, the dependence of weight # of a mechanical rotor
with a horizontal axis on the angular speed of rotation @ ,

2R R

2 N 3)

37mg, (R, —R) ’
( m - mass of a rotor, R; , R, - external and internal radiuses of a
cylindrical rotor) such a dependence allows to estimate a difference of

W:mg() 1_(ap_ac)

-7
factors (@p =) =107 The inequality of coefficient of restoration in
horizontal and vertical quasi-elastic impacts of a ball on a plate surface,

causing acceleration |a| of a sphere exceeds 3-10*g, allows to rough

estimate the order of value for factor a, = 1072.

The most precise measurements of weight of rotors with vertical axis
have shown zero result (Quinn and Picard, 1990; Faller et. al., 1990;
Nitschke and Wilmarth, 1990). Only in experiments of Nitschke the
weight of a rotor with a horizontal axis was measured, in so doing the
size of relative reduction of weight of a rotor was close to our results.
Comparatively big error of those measurements is probably connected
with poor quality of rotor: in Nitschke’s experiments the turn-time of
rotor is about 5 minutes, and in our experiments - 14 minutes.

TEMPERATURE DEPENDENCE OF WEIGHT

The important consequence of difference in values of factors a. and a ,,
is a physical negative temperature dependence of a body weight
(Dmitriev, Nikushchenko and Snegov, 2003; Dmitriev, 2005, 2006b and
2007). Thus, the influence of acceleration on gravitation is caused by the
chaotic accelerated thermal movement of micro-particles of a body. It is
possible to show that in classical approximation at absolute body
temperature 7' higher than Debye temperatures, the temperature

dependence of weight W of a body is described by equation (4)
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(a,
W =mg,|1-—2 "< %) o7
e, { 2, } “4)

where C - the factor dependent on density p and elastic properties of a
body material for the case of solid bodies

Cavip . 5)

where v — the speed of elastic longitudinal waves. In fact, at weighing
the non-magnetic metal samples heated up with ultrasound, the
reduction of apparent mass of samples is observed.

For light elastic materials (duralumin, titan) the experimental values of
factors C are higher than for heavy and viscous metals (lead, brass)
which agrees with equation (5).

If the test body is an anisotropic crystal at constant temperature, but
having various speeds v, , v, of longitudinal sound waves along
orthogonal directions 1, 2, then, according to equations (4) and (5), the
weight of such a crystal measured at different positions of axes of
crystals 1, 2 relative to the perpendicular will be, strictly speaking,
different. Such a difference in weight of a rutile crystal with relative

value near 7-10° was observed in experiments (Dmitriev and
Chesnokov, 2004).

Let's note that temperature dependence of weight of bodies and its
connection to physical characteristics of material C at first sight really
contradicts the equivalence principle: the values of factors C for
different bodies (as seen by equation 4) are included into expression for
the full angular moment of rotation of torsion balance beam in
experiments of Eotvos and Dicke (see; Chen and Cook, 1993). This
question demands a special careful analysis with account for all
conditions of experiments, including the influence of temperature not
only on force of gravitation, but also on the size (for example, length) of
the beam, and directly influencing the value of the angular moment. It is
necessary to take into account that temperature-induced change of force
of gravitation does not mean yet temperature change of gravitational
mass.
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Temperature dependence of weight of bodies indicates that a "weak"
equivalence principle in the usual (“technical”) formulation, strictly
speaking, is not realized: one and the same body at different
temperatures falls with different accelerations. It is remarkable that
experimental researches of temperature dependence of gravity had been
carried out in the 20ies of the last century and negative temperature
dependence of weight of bodies was actually registered in experiments
of Shaw and Davy (1923). Unfortunately, probably owing to growth of
authority of GR which rejected observable temperature dependence of
weight of bodies, these authors have doubted their results, and up to the
end of the 90ies the exact experimental measurements of the major
temperature dependence of weight of bodies were not made.

The temperature correction to the Newtons’ law of gravitation in
classical approximation can be described as temperature dependence of
“gravitational constant”

G=Gy(-aT)1-aT,) | ©)
where Go - a constant, 71> T2 - absolute temperatures of interacting

masses, %> @2 - average effective values of temperature factors
(Dmitriev, 2005 and 2007).

Such temperature dependence of the gravitational constant can cause a
wide scatter of experimental values of G (Dmitriev, 2006a) . The
researches into temperature dependence of force of gravitation until
recently were not given due enough attention (Luo and Hu, 2000; Gilles,
1997) and the time has now come for careful studying of the given
problem.

THE GRAVITATION NATURE OF INERTIAL MASS

It is necessary to note that the above-described experiments, confirming

nonzero values of factors @ and @p, do not contradict the idea of
direct proportionality of inertial and gravity masses, and just point to
the non-trivial character of interrelation of these masses. It is possible to
show it, having considered relations 3, 4 in connection with Mach
principle according to which inertial properties of a body are caused by
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its gravitational interaction with all surrounding bodies, Fig. 2
(Dmitriev, 2008b).

1 2 1
= (2)
Ag, a
28"
a b.

FIGURE 2. Test body in counterbalanced state (a); increments in gravity force
acceleration under effect of outside non-gravitational force (b).

Let’s assume that in conditional-inertial system of coordinates related to
“infinitely remote” masses, a test body with gravitational mass g is
stationary or moving with constant speed in the initial state (Fig. 2a). In
isotropic space along a randomly chosen axis Z, the resultant force of
gravitational forces acting on the body from the side of remote masses 1,
2 located on different sides of the body is equal to zero. In so doing, the
accelerations corresponding to those forces which are the sum of
projections on axis :of gravity forces accelerations created by such

masses are equal in magnitude |g01| = |g02| . If there is an external non-

gravitational force F acting on the body along the indicated direction,
then, according to the second law of dynamics, the corresponding
acceleration a of the body is equal to

a=F/m,, 7)

where i - body inertial mass. Such an acceleration, according to
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—~ (1 -
(1, 2), causes changes Agc() and Ag p(2) of gravity force accelerations

acting on the test body from the side of remote masses 1, 2, with

directions of vectors 42" and Ag,"” coinciding Fig. 2b.

According to the third law of dynamics the resultant force of the forces
applied to the body is equal to zero,

my(Go +A8." ) +m, (8 +A8, )+ mid=0_ (g

Whence the inertial mass of
mi :(ap_l_ac)mg. (9)

Equation (11) explains the physical sense of inertial mass: body inertial
mass is caused by interaction of gravitational and electromagnetic forces
applied to the body, proportional to its gravitational mass and

determined by magnitudes of factors #p, @ which characterize the
degree of such an interaction. If the interaction of gravitational and
electromagnetic forces were nonexistent, that is with % =%p =0 the
body inertial mass would be equal to zero as well. Such an assumption
directly agrees with Mach principle according to which inertia of matter
is determined by masses surrounding it. On the other hand,
proportionality of gravitational and inertial masses is proved by
numerous experiments and agrees with corpuscular model of matter: an
increase in number of particles making up test body proportionally

increases both inertial and gravitational masses. Mass ratio "% / Mg is

determined by magnitudes of factors #p, % which might be constants;

this expression can be equated to one by choosing corresponding
magnitude of gravitational constant.

ASTROPHYSICAL APPLICATIONS

The negative temperature dependence of weight of bodies is of great
importance for metrology, gravimetry and can play an appreciable role
in interpretation of some phenomena of astrophysics (Dmitriev, 2005
and 2006b). So the known significant divergence of experimental values
of the gravitational constant can be explained as a discrepancy of
absolute temperatures of the test bodies used in such experiments. The
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relative change of the measured values of the gravitational constant is
represented by the equation

AG aAT

R (10)
here we assume the test mass to be made of one material (a; =a, =a ),
their average temperatures to be identical (7; =7, =T) and AT change
of temperature of test mass. For example, ata =5 -10 o G , T =293
and AT =5K the relative temperature shift of measured values of the
gravitational constant is equal to 1.5-107*, that is close to modern

scattering of experimental values of G ( Dmitriev, 2006a).
The precession of perihelion of planets to some degree can be caused
by slow change of average temperature of the Sun. At low values of

eccentricity € of orbits (e <<1), the angular displasement OP of
perihelium for one full revolution of a planet is approximately eqal to
P a, dT,

Spn—TT @ 4l
Pra—eyra (1D

where P - a period a planet, 7| - its average absolute temperature, &,

- temperature factor, I - time (temperature of the Sun is assumed to be
a constant) (Dmitriev, 2005).

The known reduction of the period of a double pulsar can also be
connected to reduction of average temperatures 7; , 7, of the stars which
are included in such double system. Relative change of period P of the
pulsar, caused by changes AT, and AT, of stars temperatures is equal
to

AP 1| aAT,  a,AT,
(12)

Pl T

According to equation (12), slow cooling of stars caused, for example,
by radiant heat exchange on their surfaces causes reduction of the period
of a double pulsar.

Temperature dependence of the gravity can appear useful in the analysis
of difficult processes of movement of plasma (solar wind) in vicinities
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of the Sun whose temperature achieves one million K (Hundhausen,
1972).

Taking into account the negative temperature dependence of force of
gravitation, the general astrophysical picture of development of a
gravitational collapse can be supplemented with appreciable corrective
amendments: due to a decrease of gravitational forces with growth of
temperature of collapsed mass, the opportunity of achievement of a
singularity point condition («black hole») becomes doubtful. Such
collapse should demonstrate the monotonous character without
formation of singularity, or to be accompanied by fading periodic
changes of temperature and luminosity of collapsed mass, owing to
consecutive phases of compression (heating) and expansions (cooling)
of such environment.

At last, temperature dependence of force of gravitation of equation (6)
can be cause of the known flyby anomaly: slow reduction of average
temperature of a space vehicle increases the force of its attraction to the
Sun.

The mentioned above examples do not mean a denial of the known
theories explaining the listed astrophysical phenomena (including GR),
and only show a necessity of taking into account the influence of
temperature on force of gravitation in the analysis of difficult
astrophysical processes.

AT PROBLEM OF PROPULSION

The careful experimental searches into the character of influence of a
body’s accelerations, caused by external electromagnetic forces, on
forces of gravitation should be of great importance for search of new
principles of bodies’ movement. The first stage of such researches
should be high-precision measurements of interaction factors a. and a ,
in equations (1) and (2) made in the process of both the analysis of the
centrifugal and impact phenomena and in the course of measurements of
physical temperature dependence of bodies weight. Of special interest
are the measurements of forces of gravitational interaction at low
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temperatures during which the anomalies of these interactions should be
especially appreciable. Today, it is still difficult to present a realistic
breadboard model of propulsion-system of a new type based on the
above-stated principles. Probably, the appreciable integrated effect of
movement will be achieved in case of a joint electromagnetic and
mechanical influence (for example, by means of a hypersound) on a
massive body.

In any case, the detailed researches of influence of acceleration and
temperatures on the gravitation, executed with the samples of materials
of wvarious physical and chemical structures, should precede such
attempts of modelling the new principles of movement. Historical
analogies to development of quantum electronics, the beginning of
which is connected to producing and laboratory analysis of rather weak
maser and laser signals, and the mature period - with development of
high-power generators of light, can be a stimulus in support of a new
direction in experimental physics of gravitation. It is possible that the
old idea of Brillouin about creation of a gravitational analogue of the
laser - "graser" will become a reality in the future.

CONCLUSION

We shall note that research into the features of gravitational interactions
with use of electrodynamic and optical analogies (Lenz's rule, laser
effect and others) certainly does not set as the purpose an intention to
deny known geometrical and field theories of gravitation, including GR.
The question is expansion and specification of existing models of
gravitation, which have already positively distinguished them in
describing the real processes. The gravitational nature of inertial mass
does not contradict the principles of classical mechanics supplemented
by concept of interaction of gravitational and electromagnetic forces (in
particular, elastic forces). Experimental and theoretical investigations of
gravity force acceleration “induction” caused by accelerated motion of
the body under effect of external non-gravitational forces will contribute
to development of physics of gravitation and its applications.
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NOMENCLATURE

- . . -2
|a| = value of acceleration vector of external elastic forces (75 7)

@, = degree of interaction of elastic and gravitational forces by passing

directions of @ and

&, = degree of interaction of elastic and gravitational forces by counter

directions of @ and &

C = coefficient dependent on physical characteristic of bodies
(m-s 2K "2

€ = eccentricity

F = force (N)
o9 = angular displacement of perihelion ( rad )

G = gravitational constant (N - m 2 - kg %)
g = acceleration of gravity (m -s )
m, = inertial mass ( kg )
m, = gravitational mass ( kg )
v = speed of elastic longitudinal waves (2 -s")
P =period (s)
p = density (kg-m)

T = temperature ( K )
W = weight of a body ( N)

@ = angular speed of rotation (7ad - s - )

a,a,,a, = temperature factor for the temperature dependence of weight
of abody (K %)

Ag,, Ag, = increments of acceleration of the gravity (value of vectors,

m .
M, m =mass of body (kg)
R,,R, = internal and external radiuses of cylinder ( m )
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Abstract. Dynamic weighing is a measuring of size of the average gravity force
acting on a test body which is in the state of accelerated movement. The
acceleration of a body, or its microparticles, can be caused both by forces of
gravitation, and by a direct, electromagnetic in nature, influence on the part of
other bodies. It is just dynamic weighing of bodies which is informative in
studying the features of electromagnetic and gravitational forces interaction. The
report gives a brief review of results of experiments with weighing of accelerated
moving bodies — in case of shock phenomena, in state of rotation, and in heating.
Special attention is given to measurements of free fall accelerations of a
mechanical rotor. In majority of the laboratory experiments executed with the
purpose of checking the equivalence principle, the axis of a rotor was oriented
verticallly. In our experiment we measured the free fall accelerations of the closed
container inside which a mechanical rotor (gyroscope) with a horizontal axis of
rotation was installed. There was observed an appreciable, essentially exceeding
errors of measurements increase of acceleration of free falling of the container at
angular speed of rotation of a rotor up to 20 000 rev/min. The physical conditions
of free vertical falling of a body essentially differ from conditions of rotary
(orbital) movement of a body in the field of gravity and the result obtained by us
does not contradict the results of measurements of a gyroscope precession on
satellites. Experiments with dynamic weighing of bodies give useful information
on complex properties of the gravity force which are beyond the scope of well-
known theories. Their careful analysis will allow to expand and supplement the
concepts based on the general theory of relativity, and probably to open a way to
new physics of gravitation and to new principles of movement.

Keywords: Gravity Force, Weighing, Acceleration, Free Falling, Gyro,

Equivalence Principle .
PACS: 04.80.Cc, 04.80.-y.
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INTRODUCTION

Though physics is an experimental science, in modern physics of
gravitation the scale of theoretical researches has considerably surpassed
the scale of experiments. In a solid, over 600 pages, recently published
review «100 Years of Gravity and Accelerated Frames » the
experimental (and besides - astrophysical) tests of gravitational theories
are given less than 30 pages (Hsu and Fine, 2005). Attempts to establish
some new properties of gravitation in laboratory experiments, from the
point of view of classical GR, are usually considered as unpromising.
Meanwhile, the grounds for criticism of experimental basis of GR —
equivalency principle — do exist. Thus, in all Eotvos-experiments the
measurements of forces of gravitation were made in the extremely
limited physical conditions, at constant temperature and small
accelerations of test bodies (Chen and Cook, 1993, Haugan and
Lammerzahl, 2001). The approximation of appropriate GR results in the
area of high accelerations of bodies, strictly speaking, is incorrect. The
interrelation of the external accelerations, for example, of elastic forces
applied to a test body, and force of gravitation acting on this body,
follows from the deep unity of electromagnetic and gravitational
interactions and, according to the phenomenological description, can be
considered as gravitational analogue of Faraday’ law of induction and
Lentz’ rules (Dmitriev, 2001, 2009a). The search for non-classical
effects in gravitation in experiments with precision weighing of
accelerated moving bodies (oscillating, rotating, being heated up etc.) is
logical and expedient. Yet D.[.Mendeleev pointed out: « If it is possible
to achieve something in understanding of gravitation and weight, then in
no other way and most likely by the most precise weighings and
observations of oscillations taking place at that time» (Mendeleev,
1950).

There are distinguished two ways of exact weighing of bodies: static and
dynamic. In static weighing the test body is motionless relative to the
Earth and weight of the body is determined by the size of elastic or
electromagnetic force compensating the gravity; this technique directly
corresponds to definition of concept « weight of a body ». In dynamic
weighing the beam of weights and a test body make slowly fading
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oscillations, and average value of the weight measured is determined by
elongations’method, by fixing and averaging some extreme values of
readings displayed on the scale of weights; in that case the test body
experiences some well marked accelerations, which are described by an
infinite set of time derivatives from body displacement. Obviously, the
physical conditions of dynamic and static weighings essentially differ,
though in practical metrology of weight the results of both techniques of
weighing are often believed to be identical. Just dynamic weighing is
informative in researches into interrelation of gravitational and
electromagnetic (elastic) forces.

Of special interest are the measurements of acceleration of free falling of
the test bodies underlying the ballistic methods of gravimetry. At free
falling a body the interaction of gravitational and foreign forces, by
definition, is excluded, but this ideal state is achieved only under
condition of absence of own oscillatory or rotary movement of a test
body.

Preconditions of search of interaction of electromagnetic and
gravitational forces are the results of various Gravity Electro-
Magnetism theories which are based on modified GR’equations (Bini et
al., 2008, Schmid, 2009). Though the observable effects predicted in
such theories are usually extremely small, some worthy positive results
were received in some laboratory experiments (Tajmar et al., 2008,
Woodward, 2009).

The interrelation of gravitational and electromagnetic forces is
especially important in the analysis of properties and reasons of inertia,
propulsions’ problems, and search for new principles of movement.
Correctly executed gravitational laboratory experiment can and should
be the basis for formulations of new concepts in gravitation including,
supplementing and developing the known GR approaches.

ACCELERATION OF EXTERNAL FORCES, GRAVITY
AND INERTIAL MASS OF A BODY

In distinction from "geometrical", the "field" concept of gravitation
describes the gravitational interaction of bodies similarly to other kinds
of physical interactions - electric and magnetic. Thus the concept of the
"material" gravitational field related to sources - the gravitational mass -
and characterized by the set of parameters (potential, velocity, impulse,
moment) is considered.  The advantage of the field, basically
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phenomenological concept of gravitation consists in an opportunity to
use for its development some separate analogies of the gravitational and
electromagnetic phenomena, and in their direct experimental check.
Thus, gravitational fields, certainly, should have the properties similar,
but not identical to properties of electromagnetic fields.

In (Dmitriev, 2001) on the basis of the noted analogies the assumption
of original reaction of the gravity force acting on a test body, on its

acceleration d caused by action of external not gravitational (for
example, elastic) forces is put forward. Change Ag,. of acceleration of

the gravity, similar to the phenomenon of Faraday’s induction law in
view of Lenz’ rule, at simple linear approximation, is equal to

Agp,c = _ap,c‘_i b (1)
where indexes p,c indicate mutual, passing (p) or a contrary (opposite)
(¢), orientation of a vector &€ of normal acceleration of a gravity and

vector @ of acceleration of external force, Figure 1.

A AZ, a

Ag,

{

|
oQ
=)

FIGURE 1. a. Changes Ag » in gravity force acceleration acting on test body

while body is falling down with acceleration a.
b. Changes Ag,in gravity force acceleration while body is moving up with
acceleration d.
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Rough estimations of the order of value of dimensionless factors &, and

&., which the gravitational interrelation of gravitational and
electromagnetic  fields specify, were executed in mechanical
experiments with weighing of two coupled mechanical rotors with the
zero full moment, with a horizontal axis of rotation, and in the analysis
of the shock phenomena (Dmitriev, 2002). For metal not magnetic test
bodies it is «a, =107, (ap—ac)z10’7, By consideration of thermal
chaotic movement of microparticles of solid bodies the consequence 1,

in view of an inequality &, ~ @., is the negative temperature

dependence of gravity, also observed in the experiment (Dmitriev,
Nikushchenko and Snegov, 2003, Dmitriev. 2008). Measurements of
anisotropy of weight of a crystal with a big spatial difference of speeds
of longitudinal acoustic waves also specify to nonzero value of a

difference (@, —@.) (Dmitriev and Chesnokov, 2004).

Definition of factors &, and &. of electromagnetic (elastic) and

gravitational forces interaction has allowed to give a simple physical
interpretation to inertial mass of a body. In (Dmitriev, 2008b, 2009b) in
the description of balance of the elastic (electromagnetic) and
gravitational forces acting on the test mass on the part of remote mass
(for example, stars), according to idea of E. Mach about the
gravitational nature of inertial forces, the ratio between inertial (7,) and

gravitational (m, ) masses is obtained,

m,=m,(x,+a,). Q)
Equation 2 shows the direct proportionality of inertial and gravity
masses of a body, and the relation of theses masses, contrary to the
known postulate of "geometrical" model of gravitation, generally
speaking, is not a constant.
Equation 1 shows the relation of change of gravity acceleration with
acceleration a of external forces, but in so doing it is necessary to take
into account that the absolute size Ag,. of an increment of acceleration

should also depend on magnitude &, of normal gravity acceleration.

Generally, in view of influence of forces of the gravitation caused by
remote surrounding masses (stars), in movement of a test body on a
vertical there should be carried out the equation
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a, =4,.(g+g), (3)

where g’ - a projection of acceleration of forces of gravitation on the
part of the remote masses located in a solid angle 27, on the direction
of the accelerated movement of body. Here the dimensional factors 4,
are universal and characterize the action on a test body of not only the
gravitational field of the Earth, but also the fields of the gravitation
created in all surrounding masses.
The resultant forces of gravitation acting on the motionless or moving
with the constant speed test body from direction of remote masses,
uniformly distributed in space in a full solid angle 4z, it is
approximately equal to zero, while the magnitude g’ determines the
inertial properties of a body, Figure 2.

v

_— 2,@)
—> 2@

FIGURE 2. Mutual orientation of a vector of acceleration of not gravitational

forces @ and increments vectors Ag p,Agc of accelerations of the gravitation
forces acting on test mass from the direction of remote masses (stars). The
resulting accelerations * vectors €' and g", caused by action of the remote masses
located in the left and the right half-spaces in the solid angles 27, are equal in
magnitude and are oppositely directed.

Expressions 2,3 are in agreement with the principle of Mach according
to which the inertial properties of bodies are determined by action on
them of forces of the gravitation created by all surrounding masses,
including rather remote ones.
INERTIAL MASS ANISOTROPY

As is known, GR excludes the practical observability of anisotropy of
inertia (Hughes, 1960). Consequence of 2,3 is an appreciable difference
of inertial mass of a test body at its accelerated movement relative to the
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Earth in horizontal and vertical directions (Dmitriev, 2009b). Let's show
it on an example of harmonious oscillator.

For the harmonious, caused by the action of external elastic force,
oscillatory movement along a vertical, the average, for the period of

oscillation, inertial mass 7, of a test body is equal to
A g '
iy =m (4, + AN+ 8. (4)

In oscillatory movement of this test body along the horizontal, its
average inertial mass 7; is equal to

mi = mg (Ap + Ac)g’ . (5)

In 4.5, the resulting magnitude & " of projections of accelerations of
gravity forces created by the remote masses in a solid angle 27, is
believed approximately constant and independent from the direction in
space. The relative difference of "vertical" and "horizontal" inertial
masses, taking & == g, is equal to

A J—

m,—m; 8
Yavm, 24 ©

1 1
Experimental estimations of magnitude of inertial mass’ anisotropy of a
body can be made, comparing the periods of oscillations of linear
mechanical oscillator with vertical and horizontal orientations of its
axis. For the same purpose it is convenient to use the rotation oscillator,
for example a pendulum of high-quality mechanical balance watch, by
changing orientation of the balance axis.
The period T of free oscillations of system a balance - spiral of
mechanical watch is equal to

I
T = 27r\E , (7)

where / - the moment of inertia of balance (/ < m,) and C - factor of
elasticity of the spiral.

According to 6,7, the period T of oscillations of balance in a vertical

plane should be more than the period 7" of oscillations of balance
moving in a horizontal plane, that is the ideal mechanical watch in
position « on an edge » goes more slowly, than in position "flatwise".
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The position-sensitivity of mechanical watch is influenced many
factors, including, the moment of inertia and quality of a spiral,
conformity of an axis of rotation and the centre of inertia of a pendulum,
friction in axes of a suspension bracket of a pendulum etc (Paramonov,
1977). With high quality of watch and its careful adjustment, the
influence of the specified factors can be reduced practically to zero, and
in that case the comparison of daily motion of balance watch in vertical
and horizontal positions can be used for an estimation of magnitude of
anisotropy of inertial masse 6.

In view of 4-7, the relative difference yof the daily motion of an ideal
watch is equal to

5 T-T Jlg

T+T Zg' ) (®)

Difference of time motion, second in 24 hour
o .
8
[
[

specimen number

FIGURE 3. A difference of a daily motion of mechanical balance watch «Raketa
2609 » in positions "flatwise" and « on an edge ».

In Figure 3 the results of measurements of position sensitivity of twenty
one samples of mechanical watch «Raketa 2609 » manufactured by
“Petrodvortsovy watch factory” are given. The difference of an average
daily motion of watch in positions "flatwise" and « on an edge » was
measured, each of them was measured as an average for two different
positions of the head and plane of a dial of watch. The average
magnitude of watch motion delay in position «on an edge» has come to

about 15 seconds over one day which corresponds to » #1.7-107* .
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The question of what part of the given value 7 is caused by action of
physical factors (anisotropy of inertial mass in a gravitational field of the
Earth), and what — by technical imperfection of the mechanism of watch
still remains open. The difficulty is that even with an appreciable
influence on a motion of watch of anisotropy of inertial mass of the
pendulum of watch, the position-dependence of a daily motion of watch
can be reduced almost to zero by technical means of adjustment. Thus
the "physical" delay of a watch motion can be artificially compensated
by adjustment of watch which complicates an objective estimation of
magnitude of such effect.

Therefore the careful analysis of all technical factors influencing the
position sensitivity of balance watches and clockworks used in such
experiments is necessary for obtaining of objective data. Nevertheless,
the given average result is in agreement with physical preconditions
noted above and can be the basis for setting up precision experiments
with use of mechanical oscillators on measurements of prospective
anisotropy of inertial mass.

Note, if the result shown in Figure 3 gives a true estimation of
magnitude order of a relative difference of inertial mass in horizontal
and vertical directions, then, according to 8, gravitational field-intensity
g' created by all indefinitely remote masses located in a solid angle 27
relative to a point of observation, the said intensity is approximately one
thousand times the magnitude of normal acceleration of gravity on the
surface of the Earth. In view of gravitational analogue of the Faraday’s
induction law 1, such rather strong "interstellar" gravitational field,
apparently, is also the main physical reason of inertial properties of
bodies.

The precision measurements of anisotropy of inertial mass of bodies in a
non-uniform gravitational field will confirm validity or an fallacy of the
above  estimation and as a consequence the validity of the
phenomenological "field" concept of gravitation in the description of
inertial properties of bodies.

FREE FALLING OF A MECHANICAL ROTOR WITH
A HORIZONTAL AXIS

It is known, that weight of motionless bodies is directly determined by
acceleration & of free falling. For oscillating and rotating test bodies
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the measurement of such acceleration is not trivial.  To laboratory
weighings of rotors of mechanical gyroscopes the set of works (Nitschke
and Wilmarth, 1990, Quinn and Picard, 1990, Faller et al., 1990) is
devoted. Such measurements were usually carried out with the purpose
of experimental check of a equivalence principle, or various
gravitoelectric (gravitomagnetic) models. In most cases, in these
experiments the axis of a rotor was oriented vertically and, as a whole,
the positive effect was absent (Luo et al., 2002). In paper (Dmitriev and
Snegov, 2001) the results of exact weighing of two coaxial rotors with a
horizontal axis and with the zero total moment J; are given, and its
weights which have shown little change, dependent on angular speed of
rotation of a rotor. The explanation of these results the possible
precession a gyroscope is complicated, connected to rotation the Earth,
which essentially could to influence indications of weights, owing to
inexact performance of equality J;=0. In much smaller degree the
precession effects influence on results of measurement of size of
acceleration by freely falling of rotor. Thus physical conditions of
interaction of a falling rotating rotor with the centre of gravitation
(Earth) essentially differ from conditions of weighing of a rotor on based
laboratory weights.

In described simple experiment (Dmitriev, Nikushchenko and
Bulgakova, 2009) the acceleration of free falling of container with the
two, located coaxially, rotors of mechanical gyroscopes placed inside it
was measured Figure 4; the device and characteristics of the container
are given in (Dmitriev and Snegov, 2001).

1 2 3 4

|tn
oy

FIGURE 4. The device of the container. 1 - electric coils of the engine of a
gyroscope, 2 - a massive cylindrical part of a rotor, 3 - the case of the first
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gyroscope, 4 - plugs of power supplies of engines of gyroscopes, 5 - the case of the
second gyroscope (it is shown without a section), 6 - the case of the container.

On the container the compact highly stable generator of pulses
connected to two differ-coloured light-emitting diodes, located along a
trajectory of falling of the container is fixed. Appearance of the
container with the device for throwing down is shown in Figure 5.

Signal-
generator/ A\

LT

LED Container

FIGURE 5. Container with the device for throwing. FIGURE 6. An example of
the  container falling trajectory photo

Distance on centre to centre of aperture stop (holes), established before
light-emitting diodes is /=7625mm, frequency of impulses
F =56.25Hz , duration of impulse optical signals 0.13ms. The trajectory
of the falling container was photographed by the digital camera with
exposure 0.6-0.8s. An example of such photos is shown in Figure 6.
Coordinates of marks (the centres of holes) were digitized by computer.
The calculation of acceleration g of free falling container was carried
out under the formula
g (B A)F?

N ©)

1M



where A,,A, - absolute lengths of the next sites of the trajectories,
containing N marks; the scale of the image was defined by distance /
between light-emitting diodes. For reduction of influence of aberration
of the image owing to distorsion, the average scale of the image paid off
on three readout of length / - in the top, central and bottom parts of a
trajectory. The size € in separate measurement was determined as
average value of acceleration, designed on two trajectories appropriate
to two groups of color marks on the image.

The example of the measured values of acceleration of free falling
container in conditions (1) @=0, (2) @ # 0 and (3) =0 (upon
termination of time rotation of rotor) is shown in Figure 7.

(9-970), cmis.s

2 3 4 5 6 7 8 o 10 1" 2 13 14 15 16
Number of measuring

FIGURE 7. The example of the measured values of acceleration of free falling
container. 1.®@ =0 (N.1-4), 2 @ # O(N. 6-10),3. @ = 0 (N. 12-16).

The maximal angular velocity of rotation of a rotor @ =~ 20000rpm
rotation time of rotor is 14-15 mines, duration of one cycle of
measurements from 4-5 pictures about 2 minutes.

It was processed over 200 pictures, thus the increase of acceleration of
free falling of a rotor was regularly observed at transition from a
condition (1) to a condition (2) with average size AZ =10+2cm/s*. At
smooth reduction of speed @ of rotation of a rotor the size Ag also
decreased, falling up to zero at @=0. In the specified in figure
measurements both rotors rotated in one direction and the maximal full
moment of rotation of rotors was equaled J; ~ 0.2kg-m’/s..
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The reason of an appreciable divergence of the measured absolute value
of acceleration & of a gravity at @ =0 (about 990 cm / s*) and standard,
at latitude of Saint Petersburg (about 982 cm / s°), apparently, are

discrepancies in display of scale [ , errors of absolute value of frequency
F of the generator and also the small local (technical) changes of & .
Geographical orientation of a vector of the moment of rotation of a
rotor, N-S or W-O, did not influence on results of measurements Ag .

Daily dependence of size A also it was not observed.

At horizontal orientation of an axis of rotation of a rotor the each of its
particles simultaneously participates in two linear oscillation in
horizontal and vertical planes.

Thus of acceleration of particles at their vertical oscillations by an
infinite set of derivatives on time from linear displacement are
described. As it was marked in (Dmitriev, 2001, 2008a, 2009a) in these
conditions it is possible to expect display of "nonclassical" properties of
gravitation which mentioned some more D.Mendeleev .

Free falling of masse oscillated along a vertical physically essentially
differs from circular (orbital) movement of such masse. Therefore the
result received by us does not contradict the results of exact
measurements of precession a gyroscope in a circumterraneous orbit.
Relative change Ag/g of acceleration of free falling of the container in
the described experiment is equal to ~10™. Taking into account that the
mass of a rotor (500 gram) amounts to 1/3 mass of the whole container,
the relative change Ag/ g reduced to the rotor mass is equal to ~3-107.
It is possible to assume that if in a capacity of such "rotors" to use the
nuclei of atoms with spatially oriented spins (the set of such atoms
forms a macro-dimensions test body) then at high concentration of
oriented nuclei in a test body the spatial dependence of acceleration of
free falling of a body on orientation of rotors will be much higher than
the specified one.

Further experimental researches into free falling of rotating (oscillating)
in a vertical plane of either masses or samples of materials with oriented
nuclear spins, with use of precision measuring instruments, for example,
interferometric ones, seem rather expedient.
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CONCLUSIONS

The experimental results described above are obtained by simple
technical means and are certainly of a preliminary character. At the
same time, it is known that viable ideas in physics quite often prove
themselves in technically simple experiments. Logical transition from
statics to dynamics, realized in experimental gravitation, opens the
prospect of establishment of new properties of gravitation which in the
future can get the big scientific and practical values. It creates the
prospects of effective solutions and propulsion-problems. The leading
role in achievement of such targets belongs to experiment. The practical
step to new physics of gravitation should be precision experimental
researches into dynamic effects in gravitation. Among them it is
necessary to note:

- measurement of temperature dependence of gravitation force;

- static and dynamic measurements of weights of test bodies rotating or
oscillating in a vertical  plane;

- measurement of anisotropy of crystals weights and measurements of
anisotropy of inertial mass of bodies;

- measurement of acceleration of a free falling rotor at various
orientations of axis of rotation, and also the samples with  artificial
orientation of nuclear moments (spins);

- measurements of spatial dependence of restitution coefficient at
elastic impacts of solid bodies.

Experiments with weighing of accelerated moving bodies will give
useful information on complex, going beyond the scope of well-known
theories properties of gravitation. Careful analysis of these results will
allow to expand and complement the concepts based on the general
theory of relativity, and probably to open the ways to new physics of
gravitation and new principles of movement.

NOMENCLATURE

A, = coefficient of interaction of elastic and gravity forces by counter of
a and total vector of gravity force (m™-s%)

4,= coefficient of interaction of elastic and gravity forces by passing of
a and total vector of gravity force (m™-s%)

a

= acceleration vector of external force (value of vector, m-s?)
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a,= degree of interaction of elastic and gravity forces by counter

of a and g,

a,= degree of interaction of elastic and gravity forces by passing

of & and g,

¢ = factor of elasticity of the spiral (kg -m*-s?)

A,A,= lengths of the next sites of the trajectories (m)

Ag = average difference of measured values of acceleration of free
falling container (m-s?)

Ag,, Ag, = increments of acceleration of gravity (value of vectors, m-s?)
F= frequency (s™)

¢=acceleration of free falling container (m-s?)

g = average acceleration of free falling container (m-s?)

g,= normal acceleration of gravity (m-s?)

¢'= resulting magnitude of projections of accelerations of gravity forces
created by the remote masses in a solid angle 2z (m-s?)

&', g"= The resulting accelerations * vectors, caused by action of the
remote masses located in the left and the right half-spaces (value of
vectors m-s™)

the relative difference of the daily motion of an ideal watch (#)

y =
1 = moment of inertia (kg-m?*)

J,= full angular momentum (kg -m?*-s)
1 = distance (m)

m,= gravitational mass (kg )

m,= inertial mass (kg )

m,= average vertical inertial mass (4g)
m,= average horizontal inertial mass (kg )

N = number of marks

7= period of free oscillations (s)

7= period of oscillations of balance in a vertical plane (s)

7= period of oscillations of balance moving in a horizontal plane (s)
o = angular velocity (rad-s™)
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Abstract. Results of measurements of free falling acceleration of a closed
container with a rotor of a mechanical gyroscope placed inside it on the frequency
of the rotor rotation are briefly described. Time of separate accelerations
measurements is 40 ms, the period of sampling is from 0.5 up to 1.0 minute. In
rotation’s frequencies range of 20-400 Hz, the negative changes of free falling
container acceleration prevail. On individual frequencies the "resonant" maxima
and minima of acceleration are observed. The obtained data apparently contradict
the equivalence principle of inertial and gravitating masses. The expediency of
development of ballistic gravimetry of high time resolution with use of rotating or
oscillating test bodies is noted.

Keywords: gravimetry, gravity acceleration, weight, gyroscope, rotor.

PACS: 04.80.-y

From Galilee’s times the measurements of free falling acceleration
(FFA) of bodies are one of the main techniques of quantitative
determination of gravitation properties. The accuracy of modern
gravimeters comes up to nm/s’ units and long ago the gravimetry has
become a basis of experimental geophysics and a geodesy [1]. High
sensitivity of ballistic gravimeters is basically provided due to two
circumstances. First, thermal and mechanical stability of gravimeters
design and their components, including test bodies. Second, longer time
of integration and bigger number of registered gravimeteric data (in the
best laser gravimeters the observations are conducted daily and the
number of samples runs into thousands). In these measurements it is
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certainly supposed that parameters of the gravitational field of the Earth
are constant, at least during the time of measurements, and that quite
often the observed big scattering of measured samples values of FFA is
caused by measurement errors, geophysical and technical factors, or
artifacts. The results obtained over long observation time periods,
though they give the record values of accuracy in measurements of FFA
average values, are uninformative for researches of short-time changes
of the gravitation field. Such changes can be caused by both external
astronomical influences and complex physical processes in the core and
volume of the Earth.

The high time resolution gravimetry , for example, at the level of the
10th - 100th fractions of a second, will give some valuable information
on non-stationary geophysical processes, including interrelation of
gravitational and magnetic fields of the Earth.

It is necessary to note that in ballistic measurements of FFA the
physical state of a test body is of the basic importance. Movement of an
accelerated, caused by external elastic (electromagnetic in nature) forces
a body or its microparticles affects the measured mass of the body and
the acceleration of its free fall. Such an "active" state of a test body is
created during its heating (increase of intensity of chaotic movement of
its microparticles), rotation, oscillations and impact effects [2-5].
Measurements of acceleration of rotor free falling of a mechanical
gyroscope were usually made with the purpose of verification of
«equivalence principle» (the review of the appropriate publications is
given in [6]). As a rule, in these experiments the axis of a rotor was
positioned vertically, the high accuracy of measurements was achieved
by the big number of sample data, and measurements of FFA in a
narrow range of frequencies of rotor rotation were carried out.

Measurements of free falling acceleration (or mass) of rotor with the
horizontal axis of rotation are interesting due to the fact that in doing so
the accelerated movement of material particles of the rotor is directed
not across but along the vector of gravity force. Just in these conditions,
the display of "nonclassical" properties of gravitation can probably
appear, including effects which can be considered as analogues of
phenomena of Faraday’s law induction and Lentz’s rules known in
electrodynamics [7-9].
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In our experiment we measured the free falling acceleration of the
magnetically-, thermally-and sound-isolated container with a vacuumed
aviation rotor inside it [10]. The maximal rotation frequency of a rotor is
400 Hz, the run out time of rotor is 22 min. Fall path length of the
container is 30 mm, readout time of sample value of gravity acceleration
is near 40 ms, the period of sampling is from 0.5 up to 1.0 minutes. The
principle of measurements is based on photoregistration of movement of
the scale in form of three horizontal strings fixed on the container. At the
maximal falling velocity of the container equal to 60 cm/s and its
dimensions of 82x82x66 mm, the joint influence of buoyancy and
resistance force of air in FFA measurements did not exceed 0.1 cm/s’.
The error of some measurements of the container FFA was within the
limits of 0.3-0.6 cm/s* and was basically determined by accuracy of
readout times of registration of pulse signals in movement of the scale
(near 1 microsecond).

The example of experimental frequency dependence of FFA changes
Ag(f) (in Gal) of the container, containing a rotor with a horizontal
rotation axis, is shown in the Figure.
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The value Ag(0) =0 correspondsto acceleration of free
falling of the container with a motionless rotor; FFA
measurements of the container with a motionless rotor were carried out
till the moment when rotor got going and after its run out time, in so
doing the FFA values of the container, averaged by results of 10
measurements with a motionless rotor, coincided to the accuracy of
0.05%.

The features of frequency dependence of FFA changes are its
stochastic character, narrow extremes which are the most appreciable
near frequencies of 320 and 360 Hz, and prevalence, on the average, of
the negative values of Ag(f). These results do not contradict the
earlier executed measurements of the FFA of the container with two
rotors in which at frequencies of rotation 380-350 Hz the appreciable
increase of FFA was noted [11]. The reduction tendency of size of the
change Ag(f) , averaged for run out time of the rotor, is also in
agreement with the data of measurements of rotor weight carried out
with use of a precision comparator [3]. Statistically significant
prevalence of negative average values of Ag(f) in tens of series of
measurements was observed. The resonant character of negative changes
of Ag(f) clearly expressed in rotation frequencies near 320 Hz, also
proved to be true in repeated experiments. Similar laws at vertical
orientation of an axis of a rotor are observed which can apparently be
explained by a nonzero vertical component of oscillations of particles of
the massive body of a gyroscope in rotation of the rotor.

The "nonclassical" properties of gravitation are just found in dynamic
experiments in which an influence on a test body of external, not
gravitational effects is significant, and the deep interrelation of
gravitational and electromagnetic fields is most clearly expressed. The
development of high time resolution ballistic gravimetry with use of
rotating or oscillating test bodies will contribute to a deeper
understanding of physics of gravitation.
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Conclusions

. The free falling acceleration of a container with a mechanical
gyroscope rotor inside it, measured in period of time less than 0.05
s, considerably differs from normal acceleration of gravity and in
the range of frequencies of rotor rotation equal to 20-380 Hz the
difference of such accelerations achieves several units of cm/s”.

. The frequency dependence of change of free falling acceleration of
the container (rotor) has stochastic, and at some frequencies of
rotor rotation, for example, near 320 Hz, a resonant character. Both
at vertical and horizontal orientations of rotor rotation axis, a
reduction of free falling acceleration of the container with a
rotating rotor prevails.

. A change, including reduction (levitation) of free falling
acceleration of a closed container with a rotating rotor, seems to
contradict the principle of identity of inertial and gravitation
masses of a body.

. The ballistic gravimetric researches made with the high time
resolution and using rotating or oscillating test bodies are
informative in measurements of dynamic characteristics of the
gravitational field of the Earth and also contribute to development
of physics of gravitational interaction.
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Abstract: The experiment with weighing PZT-piezoelectric ceramics, heated up by
a high-frequency signal for the temperature of 1.6 "C is briefly described. The
negative change of piezoelectric ceramics weight having relative value of y » -
4.1%x10°° K 7" is confidently registered. The sign and the order of the value of
relative temperature change of piezoelectric ceramics weight correspond to the
measurements of weight of non-magnetic metal bars which were conducted earlier.
What is emphasized as expedient for development of physics of gravitation is
conducting similar measurements with use of various materials as samples and in
a wide range of temperatures.
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The problem of influence of bodies’ temperature on the force of their
gravitational interaction has been discussed since long ago and the first
precision experiments in this field were already carried out at the
beginning of the XXth century [1]. The decline of interest to such
researches, which followed later, might be explained by the authority of
the general theory of relativity according to which the temperature
dependence of force of gravitation practically can not be observed [2].
The next stage of experimental studies of the said specified problem fell
to the beginning of the current millenium when in Russia there were
published the results of laboratory measurements of temperature
dependence of weight of metal bars, indicating an appreciable negative
temperature dependence of the gravitation forces [3-5]; recently these
results were confirmed in works of Chinese scientists [6].
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The physical substantiation of relatively strong influence of
temperature on force of gravitation consists in deep interrelation of
electromagnetic and gravitational interactions, and their dependence on
the accelerated movement of the microparticles forming a massive body,
with intensity growing with growth of temperature [7,8]. In experiments
[3,6], the weighed samples were heated up to comparatively high
temperatures - from ten degrees up to hundreds.

A possible, in such conditions, influence on results of measurements of
the thermal air convection, the change of temperature of the scales
mechanism, the thermal change of residual magnetization and adsorption
of moisture on the surface of samples, and so on — naturally caused
caution and even mistrust in estimations of the obtained results.
Meanwhile, the results of weighing the heated metal samples were
obtained at high enough levels of an effective signal to noise ratio, with
the careful account for the influence of the mentioned factors.

In the described experiment, there was carried out the weighing of
samples of PZT-piezoelectric ceramics, whose temperature increased by
1.6 degrees in respect to the normal room temperature (24 °C). In so
doing, the influence of temperature factors on accuracy of measurements
of weight of samples was reduced to a minimum.

The design of the weighed container is shown in Fig. 1.

]
5 N\

Fig. 1. The arrangement of container. 1- body, 2 — base, 3 — laying, 4 — PZT-pile,
5 — cover, 6 — hanging bar.
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The container was placed in the closed box of analytical scales, the high-
frequency electric signal was fed to electrodes of piezoelectric ceramics
by means of elastic copper conductors 85um in diameter and 150mm in
length. The weighed s ample is made in form of three "piles"
("sandwiches") of parallel-connected piezoelectric ceramic rings, 5 rings
in each "pile", fixed on the massive brass base; the external diameter of
rings is 22 mm, the internal diameter is 16 mm, height is 6 mm; the full
weight of 15 rings is equal to 112.9g. In parallel to the power supply
terminals of piezoelectric ceramics, there was connected the variable
inductance for adjustment of resonance frequency of the supplied signal
equal to 389 kHz, which allows to achieve the most effective heating of
samples; the amplitude of the resonance signal is equal to 40 V. The
readout of scales was carried out by the elongation method with the
period of scale beam oscillations equal to 19.7 s. At full weight of the
container equal to about 470 g, the error in reading out the changes of
weight in time did not exceed 30 mcg.

An example of typical experimental time dependence of the container
weight change is shown in Fig. 2.
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Fig. 2. Experimental time-dependence of container mass by heating
PZT-pile from 24.0 till 25.6 °C. Touch lines is “in” and “out” moments.
1 period = 19.7 s.

The change of temperature of piezo-ceramic sample during the
time of heating (2.95 min) is equal to 1.6 °C (it is obtained by
control measurements of ceramics temperature before weighing).
The temperature of walls of the container remained practically a
constant, and short-term heating of air inside the non-hermetical
container with volume ¥ = 10° em’ even for AT ~1-2°K
changed the apparent value Am of its weight by no more than 1
meg ( Am = pVAT/ T , where air density p= 1.29%g / m* , T~ 297°
K).

According to Fig. 2, the relative temperature change y of

piezoelectric ceramics weight by 1 degree,

_[Am) L
4 m ) AT ’
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isequalto 7/ = -4.1x10°K™".

This value is close to value 7 for a lead sample, ¥ =-4.6 x10°K
!, obtained in [3].

Let's note that close conformity of 7 measurement results is
realized with essentially different dimensions and configurations of
the samples and containers which were used.

So, the laboratory experimental data, obtained in heating of piezo-
electric ceramic samples for 1.6 °C, confirm the negative
temperature dependence of such sample weights. These data will
essentially agree with high-temperature measurements of weight of
non-magnetic metal bars [3,6]. The further experimental researches
of negative temperature dependence of force of the gravitation,
carried out with use of various samples of materials in a wide range
of temperatures, will promote the progressive development of
physics of gravitation
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Results of weighing of the tight vessel containing a thermo-isolated copper
sample heated by a tungstic spiral are submitted. The increase of temperature
of a sample with masse of 28 g for about 10° C causes a reduction of its
apparent weight for 0.7 mg. The basic sources of measurement errors are
briefly considered, the expediency of researches of temperature dependence of
gravity is recognized.
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Introduction

The question on influence of temperature of bodies on the force of
their gravitational interaction was already raised from the times
when the law of gravitation was formulated. The first exact
experiments in this area were carried out at the end of XIXth - the
beginning of XXth century with the purpose of checking the
consequences of various electromagnetic theories of gravitation (Mi,
Weber, Morozov) according to which the force of a gravitational
attraction of bodies is increased with the growth of their absolute
temperature [1-3]. That period of experimental researches was
completed in 1923 by the publication of Shaw and Davy’s work
who concluded that the temperature dependence of gravitation
forces does not exceed relative value of 2 x10™° K ™' and can be is
equal to zero [4]. Actually, as shown in [5], those authors
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confidently registered the negative temperature dependence of
gravitation force. Nevertheless, probably in the view of growth of
popularity of the general theory of relativity (GR) by Einstein, Shaw
and Davy have not dared to insist on their results. According to GR
doctrines, the positive relative temperature dependence of
gravitation force has the order of 107> K ~' which means that it can
not practically be observed [6].

It is necessary to note that non-relativistic, including ether models
of gravitation, as well as separate (sometimes exotic) hypotheses of
the nature of gravitation, do not exclude rather "strong" temperature
dependence of the force of gravitation [7,8]. Here it is pertinent to
note the experiment by A.P. Shchegolev made in 1983 who,
following the idea of the "thermodynamic" nature of gravitation, had
observed the temperature reduction of weight of the massive steel
sphere which was heated up with a beam of a powerful laser [9];
unfortunately, the accuracy of those experiments was rather
insignificant.

In the 90s, in the process of researches into the influence of the
accelerated movement of a test body on the results of its exact
weighing and on the basis of individual analogies of the
gravitational and electromagnetic phenomena, the author and his
colleagues had executed
measurements of apparent weights of samples of non-magnetic
metal rods exited by ultrasound [10]. The longitudinal ultrasonic
waves in rods, created by the piezoelectric converter, are
accompanied by significant accelerations of the rod material
microparticles which fact was used as a basis of measurements idea.
During the experiments it was found that the results of
measurements of rod weights were significantly influenced by the
increase of their temperature, owing to both absorption of ultrasound
and heat transfer from the piezo-converter. The frequency spectrum
of temperature fluctuations of solid body particles lies in the field of
hypersound frequencies and essentially exceeds the frequency of
ultrasound, therefore such results are natural. The measurements of
temperature dependence of weight (apparent mass) of metal samples

131



executed by the specified technique had shown a rather strong
negative

temperature dependence of their weight with relative value y in the
range from 4.6 x107° K ™' for a lead sample up to 11.6 x107° K ™' for
duralumin one. The elementary phenomenological theoryo f
temperature dependence of samples weight [10,11] had given a
satisfactorily explanation of temperature dependence factor y on
density 2 and elastic properties (speed V of longitudinal ultrasonic
waves) of material:

Ve« 4
Jp M
the same model allowed to prove the orientation dependence of
weight of some crystals [12].

Though the results of measurements of negative temperature
dependence of gravitation are in obvious disagreement with
conclusions of GR, they do not contradict the earlier executed
experiments or are challenged by anybody. On the contrary, in
2010 the work of Chinese physicists (Liangzao Fan, Jinsong
Feng, Wuquing Liu) investigating the temperature dependence of
weight of metal samples (including samples from copper, gold
and silver) was published in which the sign and value of
temperature factor y for a copper sample closely corresponded to
our data [13]. Recently conducted measurements of temperature
dependence of weight of the pile of piezoelectric converters
excited on resonant frequency had also appreciably shown the
reduction of piezo-ceramics weight with the growth of its
temperature [14].

Experiment
In the described experiment a tight vessel was weighed inside

which there was a thermo-isolated copper sample heated by a

tungstic spiral through which the electric current was passed. The

design and appearance of the container are shown in Fig. 1.

Diameter of the vessel is 63 mm, height - §7.5 mm, mass - 127.4 g.

132



1

Fig. 1. The design of the container. 1 - external, sealed tin vessel; 2 - an
envelope of the internal case (foil); 3 - copper cartridge wrapped up by mica
and a tungstic spiral; 4 - a suspension bracket; 5 - «cold welding» (polymeric
glue); 6 - copper conductors; 7 — thermo-isolation envelopes (foam plastic).

Weighing was made by the elongation method (with readout of
extreme angular positions of oscillating scales beam) on laboratory
scales of ADL-200 model. Procedure of weighing consisted of three
stages. At the first stage the container with a cold sample was
weighed for 5-6 minutes. At the second stage of total duration equal
to 2.5 minutes the electrodes of the container heater were connected
for 35 seconds to a power supply source; the current in the heater
circuit is 0.9A, resistance of the winding - 6.5 Ohm. At the third
stage the continuous readout of current values of container weight
was made for 8-9 minute. All mentioned manipulations were
repeatedly and carefully fulfilled, the resulting error of measurement
of weight of the container did not exceed 50 mcg.

During measurements the temperature of walls and bottom of the
container was equal to 24.9 + 0.1° C . The temperature of the
"hottest" central area of the container cover from the moment of the
heater switching ON has grown with speed of less than 0.1° / min ;
so, in the first 2 minutes after switching OFF of the heater power
supply, the temperature of the container cover had increased by no
more than 0.15° K . Under the specified conditions the influence of
the air convection flows caused by difference of temperatures on the
surface of the container and air in a closed box of scales was
practically insignificant. Absence of a leak (hermetic sealing) in the
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container was controlled by usual methods. Typical time
dependence of container apparent weight is shown in Fig. 2.

"
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Fig. 2. Time dependence of changes of the container apparent weight. Shaped
lines specify the moments of the beginning and the end of the second stage of
weighing (the time scale of this stage is reduced). Vertical axis: 1 div 100
mcg; horizontal axis: period of sample 18.3 s.

During the first 2-3 minutes after switching OFF of the heater the
reduction of the container weight is maximal, reaching 200 mcg,
then during approximately 3 minutes a monotonous reduction of
weight down to Am = 700mcg is observed.
Discussion
The calculated amount of heat supplied by the electric heater is
approximately equal to 184 J. A part of this heat is dissipated in
conductors and heat insulator, but significant, in amount of about
1007, part AQ is transferred to copper sample 3 (Fig. 1) which has
mass m =~ 28g . The respective change AT of average
temperature of uniformly heated sample ( AT = AQ / mc , where ¢
=39 x10> J/ kg x K is a specific thermal capacity of copper)

AT ~9°. The relative temperature change of sample weight,

_ Am
Y=SAT o (2)
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is equal to ¥ =-2.8 x10° K ' . This value differs by more than 2
times from the result received in ultrasonic heating of a copper
sample; nevertheless, the sign and the order of value y correspond to
the previous measurements [10-14]; comparing the specified results
it is necessary to consider the difference of physical conditions of
heating the sample by ultrasound and in the process of heat transfer.

The general character of apparent weight reduction in Fig. 3 is
explained by the process of distribution of heat in a copper sample
of complex configuration (the heated part of the copper hollow
cartridge makes approximately half of its length; the diameters of
heated up and no-load parts of the cartridge differ) and, on the
whole, correspond to similar dependence in measurements of weight
of a brass core in Dewar’s vessel [10]. In both cases the monotonous
time dependence of the measured weights is explained by slow
distribution of thermal wave in the samples being weighed.

As shown by the special measurements, the temperature change of
the top part of the container during the experiment did not exceed
0.5°, and the temperature of walls remained constant with accuracy
of 0.1° . Under these conditions, on the basis of Glaser’s theory [15],
the changes of apparent weight of the container, caused by air
convection, and the change of buoyancy of the sample do not exceed
50mcg . So, with a difference of air temperature At and temperatures
of the cylinder surface of the area 4 = 173¢m” and the diameter d =
6.3cm , the change Am of apparent weight of a cylindrical sample is
equal to

Am=-92-10"74d"*At*"* . (3)
With Ar=02° from equation (3) which is obviously
overestimated for conditions of the described experiment it

follows that Am ~ 75mcg which is approximately by an order less
than the total value of the observed weight change.
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It can be shown that the change of buoyancy caused by
temperature change of the container volume owing to temperature
change of the container case even by 1° , causes a measurement
error of its apparent weight of less than 10 mcg.

On the whole, the results of the executed experiment will be
coordinated with the dates [10-13] received earlier, confirming the
fact of rather strong negative temperature dependence of force of the
gravitation acting on the heated test body.

ek

As a note, we shall mark the following. If during the further
experiments it will be shown that the specified temperature
dependence has the universal character there probably will be
necessary to update some conclusions of the well-known theories
and models of gravitation.

In particular, the negative temperature dependence of gravitation
force specifies that in the course of (astrophysical) gravitational
collapse accompanying by an increase of temperature of collapse-
mass, the realization of the so-called condition of "singular point" is
impossible. Hence, the popular hypothesis of “black holes” can
seem to be rather doubtful.

Conclusions

13.An increase of temperature of thermo-isolated copper sample
with mass of 28 g by value of about 10° C is accompanied by
reduction of its apparent weight by more than 0.7 mg.

6. The observed, rather "strong" negative temperature
dependence of body physical weight with relative value by the
order of 107 K ™' does not contradict the known experiments
on exact weighing the heated test body.

3. The experimental researches of temperature dependence of
weight of bodies of the various structures, conducted in a wide
range of temperatures, will promote the development of
concepts of physics of gravitational interaction.
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YACTOTHASA 3ABUCHMOCTDb YCKOPEHUSA
CBOBO/IHOI'O IMTAJEHUA POTOPA

A. JI. Amutpues, E. M. Hukymienko

Canxm-Ilemepbypaeckuil 2ocyoapcmeernnwiil yHueepcumem HHpopmayuonHvix
mexHoaoeuil, mexarnuxu u onmuxu, CI16, 197101, Kpongepxckuii
npocnexkm,49. (812)3154071 alex@dmitriyev.ru

AHHOTauusA. lV3MmepeHa 3aBUCHMMOCTh KpPaTKOBPEMEHHOIO, C BPEMEHEM
usmepennss Menee 0.05 ¢, yckopenus cBobomHoro manenus (YCII)
KOHTEIfHepa ¢ HaXOJAIIUMCA B HEM POTOPOM MEXaHMYECKOTO TMPOCKOIA OT
4acTOThl BpalleHWs poropa. Ha oOTAenbHBIX dYacToTax HaOIromaeTcs
3HAYUTEJbHOE, BEJIMYMHON OKOJIO 2 CM/CZ, ymenbinenne Y CII koHTeliHepa ¢
BpallalomMMcsi  poTopoM, 1o cpaBHeHuto ¢ YCII koHTeliHepa c
HETIOJBIKHBIM POTOPOM. PaccMOTpPEHBI MCTOYHHMKH OLIMOOK W3MEpEeHHH U
BO3MOJKHBIE ~ TPUYMHBI ~ HAOIIOMaeMoOl  «PE30HAHCHOW»  YaCTOTHOM
3aBUCHMOCTH YCKOpPEHHsI CcBOOOIHOrO majgeHuss poropa. OTmedeHa
MEPCHEKTUBHOCTh  Pa3BUTHsL OaNIMCTUYECKOH T'paBUMETPUU  BBICOKOTO
BPEMEHHOI0  pa3pellieHHss C MCHOJIb30BAaHMEM  BpAILAIOIUXCS  JIMOO
KOJICOTFOLIMXCSI TPOOHBIX TEIL.

KnioueBble cjl0Ba: rpaBUMETpUs, yCKOPEHHE CBOOOAHOTO NaJICHHUs, BEC,
THPOCKOII, pOTOP.

BBengenne
Usmepenne yckopenuss cobogHoro manmeHus (YCII) Tten
U3JaBHA SIBJIAETCS OJHOU U3 IVIABHBIX METOIUK 3KCIEPUMEHTAIbHOMN

TpaBUTAIlMM M JIGKUT B OCHOBE JCWCTBUSA OaJUTHCTHUSCKUX
rpaBuMeTpoB [1]. MexaHudeckuii pOTOp TPEJACTaBISAET COOOM
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CHUCTEMY YCKOPEHHO JBUTAIOIIMXCS 110 KPYTOBOW TPAeKTOPHUH
MHKPOYACTHI] («MaTEPHANBHBIX TOUEK)), )KECTKO CBI3aHHBIX MEXIY
co0oif  cunamMu YHOpPYroCTH, W €ro MHCIOJIb30BaHHE B KadecTBE
npoOHOTO Tena B OATMCTHYECKMX OSKCIEPUMEHTaxX CO37aeT
BO3MOXHOCTH TPOBEPKH (U3UUECKUX NMPUHIUIIOB, MOJOXKEHHBIX B
OCHOBY COBpPEMEHHBIX KOHIeNuui rpaBuTanun. CpaBHeHHE
YCKOpEHHUI CBOOOJHOTO MaJCHUs IBYX POTOPOB C BEPTHKAIHHBIMH
OCSIMHM, C TIONMyTHOM M BCTPEYHON OpPHUEHTALUSIMHU BEKTOPOB
MOMEHTOB BpAIlleHHUs, HE Jaj0 MOJOKHUTEIBHBIX PE3yNbTaToB [2].
OTO MNpeacTaBIseTCS E€CTeCTBEHHBIM, BBHAY TOTO, YTO TMIpH
BEPTUKAJIBHON OpPHEHTALMU OCEH MaJaroluX POTOPOB MIHOBEHHBIC
[EHTPOCTPEMHUTENbHBIE YCKOPEHUS] COCTAaBIIAIOMINX WX YacCTHIL
JIeKaT B IUIOCKOCTH, MEPIEHANKYIAPHON BEKTOPY CHIIBI TSKECTH, U
B OTHX YCIIOBHSAX HET OCHOBAaHHMH OXHJATh JIOCTATOYHO 3aMETHBIX
OTKJIOHEHHH OT M3BECTHBIX 3aKOHOMEPHOCTEI CBOOOAHOTO TaeHUS
Tes. HaoOopoT, mpu ropu30HTaIbHON OPUEHTALUN OCH POTOpA €T0
YacTHUIIBl HWCTIBITHIBAIOT 3HAYUTEIBbHBIE IIE€PEMEHHbBIE YCKOPEHHS
BJIOJIb BEKTOpA CHJIBI TSXKECTH, NPH 3TOM (PU3UUECKHE YCIOBUSA
B3aUMOJIEHCTBHSI YaCTHUL] POTOPA C TPABUTALMOHHBIM TOJIEM 3eMIIU
OPUHLIUIUAIBHO OTJIMYAOTCA OT YCIOBHH AKcnepumeHTa [2], u
B3aUMOCBS3b YNPYIHX (SJMEKTPOMAarHUTHBIX IO TPUPOJE) U
TPAaBUTAIlMOHHBIX cWiI  [3-5] 3mech mposBIIsIeTCS HambOoee
oT4eTIMBO. B [6] omucaH SKCIEPUMEHT 10 M3MEPEHHIO YCKOPEHHUS
CBOOOIHOTO MaJeHHUs MEXaHMYECKOTO POTOpa C TOPHU30HTAIbHOM
OCBI0 BpAllleHWs, NPH 3TOM B IEPBbIE MHHYTHI BbIOETa pOTOpa
OTMEYEHO 3HAUUTEIbHOE MPEBBIIICHHE YCKOPEHUS CBOOOIHOTO
MaJieHNs BPAILAIOLIEr0cs POTOpa MO CPaBHEHUIO TAKMM YCKOPEHHEM
JUIst HEMOABW)KHOIO potopa. Meroauka U3MEPEHUH,
WCIoJIb30BaHHas B [6], HE TIO3BOJISUIA TMPSAMO  OMNPEACIINTh
YacTOTHYIO  3aBHUCHMOCTh YCKOPEHHS CBOOOJHOTO  TaJeHHS
Bpamfaronierocss potopa. llens Hacrodmeid paboTel COCTOHUT B
MIOTIBITKE PEIICHUs] UMEHHO TaKOM 3a7auH.

IKcnepuMeHT
B  onuceiBaeMOM  3KCIIEpUMEHTE  M3MEPSUIOCh  YCKOpPEHUE
CBO60,IIHOFO naJgeHusd 3aKpbITOr0 KOHTeﬁHepa C IIOMCIIICHHBIM B HEM
POTOPOM BaKyyMHPOBAaHHOTO MEXaHHMYECKOTO THPOCKONA MAapKH
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I'MC-2. [nst ycTpaHeHUs BIWSHUSA BHEIIHMX MarHUTHBIX MOMEX
KOHTelHep pa3MmepaMu 82x82x66 MM H3rOTOBJIEH U3 MEpMalos,
JUTSI 3BYKO- M TEIUIOM30JISILUYU OKPBIT MSTKON TKAHBIO U MIOBEPX HEe
clioeM alfoMUHIEBOH Qonbru. Cxema sKcIieprMeHTa MpUBe/IeHa Ha
puc.1.

mill

Puc. 1. [lpunnunuanpHas cxema dKCIEpUMEHTa. 1 — KoHTelHep; 2 — mikana; 3
— DIIEKTPOMEXaHHUYECKOE YCTPOWCTBO cOpachiBaHUs KOHTeWHepa; 4 — jiazep; 5
— MHKPOOOBEKTHB; 6 - (GOTONPUEMHHK; 7 — YCHIHMTENb, 8 — JJIEKTPOHHAS
cXeMa BKIIIOUCHUS/BBIKIIOUCHUS JJIEKTPOMArHUTA M PETYJTOP 3aIePXKKH
UMIIyJbca 3amycka; 9 — mudposoii ocipuiorpad «OWONy PDS5022S; 10 —
KOMIIBIOTED.

Ilepen npoBeneHMEM U3MEPEHUN  JBUTATENlb  [HUPOCKOIA
MOJIKITIOYAJICSl K UICTOYHUKY MEPEMEHHOI0 TOKa U B T€YEHHE 3 MUH
pOTOp PACKpY4YUBAICS OO MAaKCHMAIbHOH 4acToThl BpameHus 400
I'; momHOE Bpemst BeiOera poTopa 22 MUH, BpeMEHHAs 3aBUCUMOCTD
YacTOTBl  BpAalllEHUS  pOTOpa  U3MEpsulach  DJIEKTPOHHBIM
4aCTOTOMEPOM.

Ha xopmyce koHTeliHepa 3akperuieHa LIKaja-AepKaTeib B BHIE
TOHKOM METHOHM IUIaCTHHBI C OTBEPCTHSMH, BEpXHEE M3 KOTOPBIX
UCIOJB30BAIOCH JJISI TOJBECKM KOHTEHHepa B MeEXaHU3MeE
cOpacbiBanus.  [lpyrme  Tpu  OTBEepCTUS  TIEPEKPBIBAIHCH
napajijieIbHbIMA MEITHBIMU HUTSAMU TOJIIMHON 75 MKM, PacCTOSHUA
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lplz MEXAY KOTOPBIMH H3MEpSIUCh ¢ To4dHOCThIO 0.05 MM.
DJNEKTPOMarHuT MeXaHu3Ma cOpachlBaHUsI KOHTEHHEpa yNpaBisuICcs
CUTHaJIOM OT OJOKa 8, COOTBETCTBYIOIIMIA CHTHAll 3aIlyCKa C
3aIeP)KKOM 10 BpeMeHH moaaBajics K nudpoBomy ociniorpady 9.
Ilpn mageHun KOHTEHHEpa HUTH WIKAJbl [OCIENOBATEIHHO
nepecexkany c(OKyCHpOBaHHBIN Jyd nasepa 4, opma curHama Ha
BbIXOJIe ()OTONPHEMHHKA MOKa3aHa Ha puc. 2. /limHa TpaekTopun
nageHus koHredHepa 30 MM, Bpemst ojgHoro usmepenus YCII
oxoo 40 mc.

Puc. 2. OcuwuiorpaMma BBIXOJHOTO CHrHama QoromnpueMHuka. OmHO
JleJIeHne TOPH30HTAIBbHONW mKaisl - 10 Mc, BepTukansHoii — 1 B. MomeHTh

t] > tz > t3 NEPEKPBITUA HUTEH HIKaJIbl COOTBETCTBYIOT KOPOTKUM
OTpUIATCIIbHBIM UMITYJIbCaM, CUHUTAsA CJIEBAa HAIIPABO.

Pacuer yckopeHuss cBOOOAHOrO TaFcHUS KOHTEWHEpa, B em/c?,

BBITIOJTHSIICS TI0 (hopMyJie
2-10°(, = Lx/y)
=== (1

(" =xp)
rae [, =12.08mm, 1, =20.37um, x=(t, 1), y=(—1) U ,f,,1;- MOMEHTBI
MOJI0XKEHUH LIEHTPOB MMIIYJIbCOB HAa OCLMIJIOIPAMME PHC. 2, B MC.
Ilpu wmcnons3oBanmm mporpammbel  «Oscilloscope  Softwarey,
MIOTPEITHOCTH OTCYETOB BpeMeH I,f,,f; 1-2 mxc. COpacbiBaHMS
KOHTeWHepa, (QuKcauuss H  3alOMHHAHME  OCLIJUIOTPaMM
BBIMOJHSUIUCh NepuoandeckH, npumepHo deped 0.5-1.0 muH, B
TE€YEeHHE BCEro BPEMEHM BblOera poTopa, a Takxke IpH
HETIOABUKHOM POTOPE.

IIpuMepsl 9acTOTHBIX 3aBUCHMOCTell m3MeHeHus Ag(f) YCII
KOHTEliHepa TIpH BEpPTHKAIbHOH (a) W TOpu3oHTaNbHOU (0)
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OPUEHTANASAX OCU BPAMICHHS POTOPA, W MOTPEITHOCTA U3MEPECHUUN
MIPHUBEICHBI HA
puc. 3;

25

Yacrora, My

Yacrora, My

0.

Puc. 3. UYacrorHble 3aBHUCHMOCTH HM3MEHEHHS YCKOPECHHUS
cBOOOHOrO MaJIeHUs1 KOHTEiHepa. a. — OCh POTOpa BEpTUKAIbHA, 0.
— OChb TOPU30HTAJIBHA.

snadeane Ag(0)=0 COOTBETCTBYET YCKOPEHHIO CBOOOIHOTO
MajieHusl KOHTeHHepa ¢ HeMOABMXHBIM poTopoM (u3mepenust Y CIT
IpU HENOJBMW)XKHOM pOTOpE MNPOBOAWINCH [0 PACKpy4HMBaHUS
poTOpa M Tocjie BpEMEHU €ro BhIOera, MpH 3TOM yCpeIHEHHBIE 110
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pesyaprataMm 10 wusmepeHuit 3Hadenus YCII koHteliHepa c¢
HETIOAIBIKHBIM POTOpPOM coBmamaiau ¢ TouHocThio 0.05 %).
M3MeHeHUsT HampaBieHHUs BpAICHUS POTOpa U reorpaduyeckon
OpUEHTALIMU €ro TOPHU30HTAIBHOM OCH, B IpefesaX YKa3aHHBIX
MOTPELIHOCTEN U3MEPEHUH, HE BIMAIO HA PE3yNbTAaThl U3MEPEHUN

Ag(f).
O0cy:xaeHHe pe3yJbTaTOB

[IpumedaTenbHBIME ~ OCOOEHHOCTSIMHA YaCTOTHBIX 3aBHCHMOCTEH
Ag(f) SIBASIOTCA WX HECTAMOHAPHBIM XapakTep U CPaBHUTEIBHO
y3KHe 3KCTPEMYMBI, B TOM YHCJIe, MHHUMYMBI, HAaHOOJee 3aMETHbIE
BOmu3m vactoT 130 u 320 I'm nmpu BepTukansHOH, 1 135 n 320 I'n
IpU TOPU3OHTAIBHOM OpPUEHTALUU OCH POTOpPa. DTHU MUHHMYMBI,
BEJIMUHMHOM CBBIIE 2 cM/c’, PErUCTPUPOBATIUCH B AECATKAX CEpUi
MIPOBOAMMBIX M3MEPEHUH M MPU TOPU3OHTAIBHONW OPHEHTAllMU OCH
poTopa, Kak TpaBmWio, HaOmomaauchk B okpecTHoctH 320 I'm c
pa3dpocom cpemHux 3HaueHUH okoiyo 5-10 ['m. Crnemyer OTMETHTS,
4yTo Macca poropa rupockona I'MC-1 paBHa 250 r, 4TO cocTaBIsIeT
0.32 gacTe Macchl Bcero CHapspKeHHOTo KoHTeiHepa (770 1), u npu
BpallleHWH pOTOpa KOHTEWHEp HCIBITBIBAET ciadble BHOpAIUH,
COTIPOBOXKJIAIOLINECA KaK TOPU30HTAIBHBIMU, TAK U BEPTUKAJIBLHBIMU
KOJICOaHUSAMH COCTABISIOIIMX ero JacTwil. [lo3ToMy 3akoHOMepHa
6au30cTh uacToT SKcTpeMymoB  3aBucumoctd  Ag(f) mpm
TOPU30HTAJIBHON U BEPTUKANBHON OpUEHTalusX ocH poTtopa. Kak
BUJHO U3 PHUC. 3, B PACCMOTPEHHOM JHAaNa30HE 4acTOT BpaIICHUS
poropa, B CpeaHEM, NpeoOJIaaloT OTPHUIATENIFHBIE 3HAYCHUS
Ag(f), nambornee CHIBHO BBIPAKEHHbIE MPH TOPU3OHTATBLHOM
OpHEHTALIUU OCU POTOpA.

IIpuBeneHHBIE 3aBUCHUMOCTM HE HPOTHBOpEYaT pe3yjbTaTaM
9KCHEPUMEHTOB, ONUCAaHHBIX B [6], B KOTOPBIX B HaudajbHbIE
3HaYEHUs BPEMEHU BbIOETa POTOPOB HAONIOAATIOCH YBEIUYCHHE
YCKOpEeHusT WX cBoOOmHOTO TajeHus. V3mepeHHOoe B 3THX
skcnepuMenTax yBenuuenue Y CII koHTeliHepa, colepikallero asa
poTopa C TOPU3OHTAIBHBIMU OCSMH, OTMEUAIOCh B IEPBBIC
MHUHYTHI BBIOE€Ta pOTOPOB, UTO MMPUMEPHO COOTBETCTBYET IHAIAa30HY
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yactoT Bpamenus 350-380 I, rae u nabmonaerca poct Ag (puc.
3.6.).

TenneHUsT yMEHbLICHUS YCPEAHEHHBIX 3a Bpems 1-2 MuH
3HAUYCHUA  yCKOpPEHHWsS  CBOOOJHOTO  TMAJeHHWS  poTopa ¢
TOPU30HTAJILHOM OChIO, B Juarna3oHe 4acToT BpamieHus 90-320 I,
COOTBETCTBYET IIOJOOHOH  3aBHCHMOCTH yMCHBIICHHS  Beca
THUPOCKOTIA, OMTUCAHHOM B [4].

«Pe30HaHCHBINY» XapakTep YacTOTHOM 3aBUCHUMOCTH YCKOPEHUS
CBOOONHOTO TAJCHUS KOHTEHHEepa MOXKHO, HAIpUMep, OOBSICHUTH
AKyCTHYCCKUMHU s dextamu — HM3MCHEHHEM CHUIBI
a’POIMHAMHYECKOTO COMPOTUBJICHUS BO3IyXa, OOTEKAIOIIETo cl1abo
BHOPHPYIOIIYI0 TOBEPXHOCTh KOHTEWHepa. Ho Takoe BimstHHE
HEJIMHEHHBIX aKyCcTUIeCKUX 3D (HEKTOB (aKyCTHYCCKUX TeUCHHH [7])
IIPH CpPaBHHUTEIHHO HU3KOM (okojio 40 nb) ypoBHE 3BYKOBEIX
IIyMOB, OOYCIIOBICHHBIX BHOpalMsMH KOHTEWHEpa B BO3AYLIHON
cpele, HE3HAuUMTENbHO. OJTO MOATBEPKIACTCS COOTBETCTBUEM
JMAHHBIX WM3MEPEHUH Ag(f), TONYYEHHBIX B OKCIIEPHUMEHTaX C
KOHTCHHEPOM, 3aKIIOUYEHHBIM B 3BYKOM3OJIHPYIONIYI0 000IIOUKY, U
6e3 Hee.

YckopeHue g CBOOOMHOTO TAJCHUS KOHTEHHEpa B BO3IyXe
paBHO

F A ES‘
g=8& ~— —— , (2)

m m
rie g, - HOPMalbHOE YCKOpeHHe CHibl Tshkectd, £, - cmia
Apxumena, Fs - cuma conmpoTuBieHHs BO3lyXa NPH JBUKEHUH

KOHTeiHepa U M - macca KoHTeiHepa. M3MeHeHne Og, YCKOpEHHs
CBOOOJHOTO TaJeHHs, OOYCIIOBICHHOE IUIaBYy4eCThIO (CHIION
ApxuMena), CBA3aHO ¢ M3MeHeHHeM IoTHoctH AP Bosmyxa,

g, = ﬂﬁp (3)

m

o 3
rne ¥V - oOvem kouteiHepa (445 cm’). Ecium u3Mmenenus J&p
CPaBHHUTEJIBHO BEIIMKH W COCTABIAIOT, HampuMmep, 0.1 oT cpemgnero
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3HAYEHHS TUIOTHOCTH Bo3ayxa (okomo 1.20-1072-cu™ mpu 20°C),
2
COOTBETCTBYHOIIEE M3MeHenne O, pasuo 0.07 cm/c”.

N3menenune YCKOpPEHHUS CBOOOTHOTO MaJICHAS gy,
00yCIIOBIIGHHOE  CHJIOW  a3pOJUHAMHYECKOTO  COIPOTHUBIICHUS,
OIIEHNM C HCIOJIb30BaHKeM Gopmyisl CTokca,

67nlu
Ry =——k , “4)

m
-5
rae 77 - BA3KOCTh Bo3ayxa (7=18.2-107 myas), [ - cpeaHue
pa3Mepsl KOHTelHepa (MakcUMyM /~8 cM), U - CpeaHsSsI CKOPOCTb
MaJeHus KOHTeWHepa (Ha KOHEYHOM YYacTKe TPAaeKTOPUU AITUHON

30 MM MakcuManbHasi cKopocTh 70 cwm/c), k =3.7 — ornowenue
KOO(UITMEHTOB CONMPOTUBIICHUST IUIOCKOTO Opycka ©  Iapa
npuMepHO paBHBIX pasmepoB [8,9]. CormacHo 4, MakcHMaIbHOE
3HaueHne OZs B YCIOBUAX OJKCIepMMeHTa He mpeBbimano (.02
em/c?. CpaBHUTENTFHO Majoe 3HAa4YCHHE Og; TOITBEPXKAACT
HE3HAUUTETHHOCTh BIISHUSA HA W3MEPECHHS YIOMSHYTBHIX BBIIIE
HEJIMHEHHO-aKyCTHICCKHX 3(PQPEKTOB, CBI3aHHBIX CO CJIA0BIMHU
BUOpanysMH MOBEPXHOCTH KOHTEHHepa.

Bo3MOXXHBIME MPHYMHAMH pa3bpoca (QUKCHUPYEMBIX 3HAYCHHIMA
YCII Ttaxke MOTyT OBITh CIIydaliHbIe KOJcOaHUS MACCHBHOTO
OCHOBAHUS M3MEPUTENBHOTO CTEHIA M €T0 ONTHKO-MEXaHWYECKHX
9JIEMEHTOB. XOpolasi BOCIIPOU3BOJIUMOCTh OCHOBHBIX Pe3yJIbTaTOB
u3MepeHuid  — TeHnaeHnus ymenbuieHus YCII koHTeliHepa c¢
BpaIIaONIMMCS POTOPOM M COBMAJCHUS «PE30HAHCHBIX» YacTOT
3aBucuMocTed  Ag(f), HW3MEpPeHHbIX B  pasHBIX  CEPHIX
JKCIIEPHMEHTOB, - YKa3bIBAIOT, UYTO BKJIAJ OTMEUCHHBIX apTe(haKkToB
B yacToTHy 3aBucumocTb YCII, mo-BunuMomy, He ABIs€TCA
OTIPEICTISIOLITUM.

OCHOBHBEIM HCTOYHHKOM IOTPENTHOCTEH H3MEPEHUS YCKOPEHUS
cBOOOIHOTO MajeHUs KOHTCHHEPA B OMHUCHIBAEMBIX YKCIEPUMEHTAX

Obum oOmuWOKM B OTCYETaX MOMEHTOB [,ly,f; perumcrpanuu

HUMITYJIbCOB 1o OCLIMJITOTPaMMe puc. 2. ITonnas

OKCIIEPUMEHTANbHAS ~ MOTPEIIHOCTE  BBIOOPOYHBIX  3HAYCHHMA
o 2

YCKOpEHH# cBoOOaHOrO MameHus coctapmia ot 0.3 mo 0.6 cm/c”.
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3akaouenue

OnmcaHHble  pe3yJbTaTbl HE  NPOTHBOPEYAT  HM3BECTHBIM
SKCIIEPUMEHTaM 10 B3BEIIMBAHUIO YCKOPEHHO JABHUTAIOIIMXCS TEI H,
MO-BUIUMOMY, OOYCIIOBIIEHBI MaJOM3yYEHHBIMH OCOOEHHOCTSIMHU
JUHAMHYECKOTO B3BemmBaHus Ten [3-6]. Kak Bumno w3 puc. 3, B
SKCIEpUMEHTaX  MpeobNafaloT  OTpULATeNIbHBIE  HM3MEHEHUS
YCKOpPEeHHsI  CBOOOJHOTO  TajeHWs  KOHTEeHHepa, W  TIpH
TOPU30HTAJIBHON OPHEHTAIlM OCH POTOpa TaKue H3MEHEHHS CO
cpenHel BenmumHOM OKOMO 1 cM/c’ HAGNIONAIOTCS B IIMPOKOM
nuana3zoHe yactor Bpamenus oT 20 mo 350 I'u. «Pe3oHaHcHbII»
XapakTep Kak IOJIOKUTENbHBIX, TaK M HaumbojJee 3aMETHBIX
OTpHULIATEIbHBIX M3MEHEHUU Ag(f), yKa3blBaeT Ha 3aBUCHUMOCTD
YCKOpEHHUsI CBOOOIHOTO TaJeHNsI KOHTelHepa OT KoieOaTenbHBIX,
JNEHCTBYIONIMX Ha KOHTeiHep (poTop), (PU3HYECKUX IPOLIECCOB.
SIBNAIOTCST 7M. OTH TPOLECCHl COOCTBEHHBIMH PE30HAHCHBIMH
MEXaHUYECKUMH KOJeOaHUSMHU KOpITyca KOHTEHHepa, Wi OHHU
0o0yCJIOBIEHBI ~ TEPEeMEHHBIMH  BO  BPEMEHH  BHEIIHHMHU
reoU3NMIeCKUMH, TEXHOTCHHBIMA U  JPYrUMH  (pakTopamu,
MPEACTOUT BBUICHUTH B OymymeMm.  XoTa Oombmioi pa3dpoc
BBHIOOPOYHBIX 3HAYCHHHA T'PaBUMETPHUYCCKUX JAHHBIX OOBIYHO
OOBSICHAIOT OIIMOKAMH HM3MEpEeHWH W BIUsSHHEM apTedakToB [1],
BPEMEHHOH, B JMalla30HE 3BYKOBBIX YacTOT, W, BOOOINE TOBOPS,
CITyJaifHBI XapakTep TPaBUTAMOHHOTO TMOJS 3eMJIM €CTeCTBEH H,
MO-BUANMOMY, CBSI3aH CO CJIOKHBIMH (PM3MUYECKHMHU MPOLECCaMU B
ee o0beme.

Bmustane aprtedakToB (TuraBydecTh, CONPOTHBIIEHHE BO3AYyXa,
CIyJaiilHble BHOpallMd YCTAaHOBKM U [p.) B OIHCHIBAEMOM
OKCIIEPHMEHTE HEJOCTaTOYHO JJsi OOBSICHEHHS IIOJyYeHHBIX
pesynpTaToB. [lepeMeHHBINM, B JAMama3oHe 3BYKOBBIX YacTOT,
XapakTep TpaBUTAIMOHHOTO TIONsA 3eMiu Haubojiee 3aMETHO
JIOJDKEH TPOSIBIIATH ce0s NpU ITUHAMUYECKHX B3BEIIMBAHUSX TEI
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[3,6] m B okcriepuMeHTaxX MO M3MEPEHHIO YCKOPEHH CBOOOHOTO
MAJCHUS BPAIIAOIIUXCA JMOO0 KOJEOMIOMUXCS TPOOHBIX Tel.
Bannuctudeckue rpaBUMETpUUYECKUE U3MEPEHUs, BBIMOTHEHHBIE C
WCIIOJIb30BaHUEM BPAIIAIONINXCS JTHOO0 KOJIEOMIOMHUXCS MPOOHBIX
T€J, C BBICOKUM BPEMEHHBIM pa3pelIeHHeM W IPH TIIATEIbHOM
y4eTe BO3MOXKHBIX CTOPOHHHX BO3JCUCTBUH, MO3BOJIAT YCTAHOBUTH
MPUYUHBl HAOIIOTaEMBIX YaCTOTHBIX 3aBUCUMOCTEH.

BriBoabI

1. Yckopenue  cBOOOZHOTO  MAJCHUS  KOHTeHHepa  C
MIOMEIIEHHBIM B HEM POTOPOM MEXaHHYECKOTO THPOCKOIIA,
u3MepeHHoe 3a Bpems wmenee 0.05 c, 3HAYUTEITLHO
OTIIMYAETCSI OT HOPMAJHHOTO YCKOPCHUS CHIIBI TSKECTH U B
Juana3zoHe 4acTtoT Bpaumienus poropa 20-380 I'u paznuume
TAKMX YCKOPEHHMil JOCTHraeT HEeCKOIBKHX eIMHHI cM/c. Kak
P BEPTUKATHHOMN, TaK W MPU TOPUZOHTATHHON OPHUEHTAITHSIX
OCH BpalICHHS POTOPa, MPeodIagaeT yMEHBIICHHE YCKOPECHUS
CBOOOTHOTO MaJIeHUs] KOHTEWHEpPa ¢ BPALIArOLIIMCS POTOPOM.

2. YacToTHasi 3aBUCUMOCTh M3MCHEHHS yCKOPEHHSI CBOOOIHOTO
MajJieHus KOHTEHepa (poTopa) HOCHUT CIIy4alHBIA, a Ha
OTJIIEJIBHBIX YaCTOTaX BPAIICHUS POTOpa, HATpUMEp, BOIH3U
320 I'y, pe3oHaHCHBIN XapakTep.

3. I'paBuMeTpHUECKUE HCCIEAOBAaHUS, IPOBOJUMBIE C BBICOKHM
BPEMEHHBIM Pa3penieHneM C UCITIOIb30BAHNEM BPAIIafOIIHXCS
00 KOJEOIIOMUXCS MPOOHBIX Ted, HWHPOPMATHUBHBI IIpU
HU3MEPCHHSIX JTUHAMHYECKUX XapaKTEePUCTUK
TPaBUTAIIOHHOTO MO 3eMiu W OyayT CcHocoOCTBOBAaTh
Pa3BUTHIO  TPEACTABICHUA O (U3UKE TPABUTAIHOHHOTO
B3aUMOJEICTBU.
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Physical substantiation of an opportunity of artificial
change of body weight
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Abstract

Evangelical legends about «walking on waters» though they are apparently a fruit of
imagination, can have a natural physical substantiation. Change of weight of accelerated
moving bodies, confirmed with laboratory measurements of temperature dependence of
body weight, in combination with an assumption of non-stationary character of the
gravitational field of the Earth, directly leads to the conclusion regarding an opportunity
of appreciable artificial change of body weight. The simple phenomenological model is
described, according to which at the certain phase ratio of vertical oscillations of a trial
body and small (with a relative level of amplitude equal to the tenth - 100-th fractions of
per cent) own periodic fluctuations of normal acceleration of free falling (AFF) there
are possible both a significant increase and a reduction of average weight of such a
body. It is shown that at frequencies of the vertical fluctuations essentially exceeding
frequency of own fluctuations of AFF the effect of reduction of average body weight
prevails. Results of an experiment with "instant" measurements of acceleration of free
falling of a mechanical rotor with horizontal axis of rotations which have confirmed the
periodic changes of rotor AFF followed from the specified model are given. A good
outlook for development of physics of gravitation and development of new principles of
movement, set-up of precision experiments with weighing of bodies moving with
acceleration, including those oscillating vertically along trial bodies, is noted.

2012 Published by Elsevier Ltd.

Keywords: gravitation, weight, acceleration, phenomenological model, rotor.
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NOMENCLATURE

A, coefficient of interaction of elastic and gravity forces by counter of a and
total vector of gravity force (m™-s*)

A, coefficient of interaction of elastic and gravity forces by passing of a and total
vector of gravity force (m™-s*)

d acceleration vector of external force (value of vector, m-s7)

a(f) variable acceleration of the material point (m-s7)

B amplitude of oscillation ( m )

F  frequency ( s
f(x) frequency function

go normal acceleration of gravity (m -572)

m mass (kg)

T average absolute temperature of air (K )
V' volume of air in the container (cm®)

vV velocity of a sound (m-s™)

x w/Q

B relative amplitude changes of AFF

¥ relative temperature change of piezoelectric ceramics weight by 1 degree (K™)
7 calculated factor (kg "?-m**-s7")
Ag average change of acceleration of free falling (m-s?)
Ag.,Ag » increments of acceleration of gravity (value of vectors, 7- s’z)
AT average change of temperature of air in the container (K)

om change weight of the container (kg)
6 the phase of changes of AFF (rad )
uo A /Ap
p density (kg-m™)
¢ period of oscillation (s)
Q fraquency of changes of AFF (rad-s™)
o  angular velosity of oscillations of test body — material point (rad-s™)
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INTRODUCTION

In [1-3] the gravitational analogy of Faradays’ electromagnetic
induction phenomenon is considered. Accelerated under action of
external (for example, elastic) forces, the movement of a test body
downwards causes the increment Ag, of acceleration of the gravity,

acting on a body and directed from the centre of the Earth. On the
contrary, the accelerated movement of a test body upwards is
accompanied by a value Ag, increase of acceleration of the gravity
acting on the body. Change of acceleration of the gravity acting on a

body, moving with acceleration @ under influence of the elastic force,
elementary (linear) approximation, is represented as

Ag,. =—|§—Z|<§o @), 0
where symbols p,¢ mean passing ( 2 ) and a contrary (C ), in relation
to a direction of vector g, of normal acceleration of a gravity, orientation
of a vertical projection of vector @ of acceleration of external forces,
and factors 4, and 4, characterize a degree of change of values Ag,. .

1. WEIGHT OF MECHANICAL OSCILLATOR

If the massive body (for example, a ball) under action of the external,
electromagnetic in nature, elastic force makes harmonious oscillations
along a vertical with frequency @ and amplitude B , the average for the

period =27/ of fluctuations value Ag of change of acceleration of
free falling (AFF) of -

such mechanical oscillator is equal to the sum of average changes of
AFF in movement of a body passing

and contrary to vector & ,
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Ag =Ag, +Ag. @)

and at constant & = |§ o| it is equal

B 2
_M(Ap_Ac) ' 3)

Ag =

From 3, it follows that at 4, > 4. | the average acceleration of free
falling of mechanical oscillator, for example, a rotor with a horizontal
axis of rotation, is less than value &, of normal acceleration of the
gravity force. The reduction, averaged on several series of the
measurements of the apparent weight of a rotor with horizontal axis,

was observed in experiment [4], by results of which for the material of a
rotor (stainless steel) it is possible to approximately estimate the order

of value of difference (4, —4,)~107g,™" .

The absolute values of factors 4, and 4, can be measured on the basis of
the shock mechanical experiments accompanied by the high, above

10°ms™ accelerations of interacting bodies. For steel samples the order
of values 4, and 4, is approximately equal to 107 2 [1,5].

2. TEMPERATURE DEPENDENCE OF WEIGHT OF BODIES

If to examine, as the considered above test body, a microparticle of a
solid state body linked by elastic forces of inter-atomic interaction with
other similar particles, then formulas 1-3 allow to explain the influence
of temperature on acceleration of free falling (weight) of such a body.
The problem of influence of bodies’ temperature on the force of

their gravitational interaction has been discussed since long ago

and the first precision experiments in this field were already
carried out at the beginning of the XXth century [6]. The next

stage of experimental studies of the said specified problem fell to

the beginning of the current millenium when in Russia there were
published the results of laboratory measurements of temperature
dependence of weight of metal bars, indicating an appreciable
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negative temperature dependence of the gravitation forces [2,7,8],
recently these results were confirmed in works of Chinese
scientists [9].

The physical substantiation of relatively strong influence of
temperature on force of gravitation consists in deep interrelation
of electromagnetic and gravitational interactions, and their
dependence on the accelerated movement of the microparticles
forming a massive body, with intensity growing with growth of
temperature [1,3]. In experiments [7,9], the weighed samples were
heated up to comparatively high temperatures - from ten degrees
up to hundreds.

A possible, in such conditions, influence on results of
measurements of the thermal air convection, the change of
temperature of the scales mechanism, the thermal change of
residual magnetization and adsorption of moisture on the surface
of samples, and so on — naturally caused caution and even mistrust
in estimations of the obtained results. Meanwhile, the results of
weighing the heated metal samples were obtained at high enough
levels of an effective signal to noise ratio, with the careful account
for the influence of the mentioned factors.

In the described experiment, there was carried out the weighing
of samples of PZT-piezoelectric ceramics, whose temperature

increased by near 2°C in respect to the normal room

temperature (24°C). In so doing, the influence of temperature
factors on accuracy of measurements of weight of samples was
reduced to a minimum. The design of the weighed container is
shown in Fig. 1.
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o)
N,

S

Fig. 1. The arrangement of container. 1- body, 2 — base, 3 — laying, 4 — PZT-pile, 5
— cover, 6 — hanging bar.

The container was placed in the closed box of analytical scales, the high-
frequency electric signal was fed to electrodes of piezoelectric ceramics
by means of elastic copper conductors 854m in diameter and 150 mm
in length. The weighed sample is made in form of three "piles"
("sandwiches") of parallel-connected piezoelectric ceramic rings, 5 rings
in each "pile", fixed on the massive brass base; the external diameter of
rings is 22 mm , the internal diameter is 16 mm , height is 6 mm ; the full
weight of 15 rings is equal to 112.9 g . In parallel to the power supply
terminals of piezoelectric ceramics, there was connected the variable
inductance for adjustment of resonance frequency of the supplied signal
equal to 389 kHz , which allows to achieve the most effective heating of
samples; the amplitude of the resonance signal is equal to 40 V. The
readout of scales was carried out by the elongation method with the
period of scale beam oscillations equal to 19.7 s . At full weight of the
container equal to about 470 g , the error in reading out the changes of
weight in time did not exceed 30 mcg .
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An example of typical experimental time dependence of the container
weight change is shown in Fig. 2.

1000

900

800 M

700

600 - 2¢C

500

st), meg

(mass-con

400

200 — -

1 2 3 4 5 & 7 8 9 10 1 12 13 14 15 16 17 18 19
periods of oscillation

Fig. 2. Experimental time-dependence of container mass by heating
PZT-pile from 24.0 till 25.7 °C. Touch lines is “in” and “out” moments.
1 period=19.7 s .

The temperature of walls of the container remained practically a
constant. On Fig. 3 the results of measurements of temperature of PZT-
pile and air in the top (most heated) part of volume of the container are
given.
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Fig. 3. An example the dependence of temperature of PZT-pile (the upper
curve) and temperature of air in the top part of the container (the under
curve) from time of heating. The point 1 on time-axis corresponds to the
moment “in” of signal, a point 4 — “out”.

Change om of weight of the container, caused by temperature
change of density of air taking place in it, equally

i = pVAT /T @)

where p is density of air (1.19 kg / m” ), ¥ - volume of air in the
container (150cm’ ), T— average absolute temperature of air ( 297K ),
AT - average change _of temperature of air in the container. It according
with Fig 3, for duration of heating near 2.7 min, AT ~0.25K and the
corresponding change of weight of the container om ~150mcg , that

much less than full temperature change of weight of the container
(700mcg , Fig. 2).
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According to Fig. 2, for AT =1.75K and Am =550mcg the relative
temperature change 7 of piezoelectric ceramics weight by 1 degree,

Am) 1
"“\Um Jar
(%)
is equal to » ~—2.8-10°K" .

In [3,7] it is shown, that, in classical approximation,

yoo—r==7

o ’ 6
7 ©
where v - velocity of a sound in a sample, £ - density of a material.
Experimental values of /' [7] and calculated sizes of factor 7 are given
in the Table.

Table. Characteristics of Samples and Results of Measurement of } and Calculate
values of 7

Sample Lead Cooper Brass Titanium Duralumin PzZT
p,-10° (kg-m™) 11.34 8.89 8.55 4.50 2.79 72
v, - 10° (m-s™" 264 3.80 345 5.07 5.20 35
7. kg em? s 0.783 1275 1181 2391 3114 1.306
y, 10 (K™) 4.56 6.50 4.50 8.70 11.60 28
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Their magnitudes normalized on the maximal value (for
duralumin) are shown in the Fig. 4.

Calculate (1) and experimental (2) nolmalized values of "gamma"

08
—e—Psnt
’ ——Psap2
-~ S
E—

02

"Gamma"
o
®

1 2 3 4 5 6
1-PZT, 2 - Lead, 3 - Copper (twist), 4 - Brass, 5 - Titanium, 6 - Duralumin

Fig. 4. Calculate (1) and experimental (2) normalized values of "gamma"

Let's note that close conformity of 7 measurement results is
realized with essentially different dimensions and configurations
of the samples and containers which were used.

The satisfactory conformity of calculated and experimental data
proves the correctness of physical preconditions put in a basis of
elementary classical model of temperature dependence of weight
[2,7]. It is necessary to note, that outside of classic approximation
6, by near to absolute zero temperatures of a weighed sample, the
temperature dependence of weight of bodies, apparently, has
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other character and is not so strongly expressed, as at normal
temperatures [10].

So, the laboratory experimental data, obtained in heating of
piezoelectric ceramic samples for near 2 °c, confirm the negative
temperature dependence of such sample weights. These data will
essentially agree with high-temperature measurements of weight
of non-magnetic metal bars.

3. WEIGHT OF OSCILLATOR IN A VARIABLE FIELD OF
GRAVITATION

The considered above elementary model can be formally
generalized, having introduced the time variable go(f) value of
normal acceleration of the gravity. Modern ballistic gravimeters
provide the precision measurements of absolute values of g, , thus
the best results have been obtained in statistical processing of the
thousands of the given selected measurements of acceleration of
free falling (AFF) and long access times of measurements (from
seconds to days) [11,12]. Obviously, with such measurement
techniques, the high-speed, having time of relaxation less than 0.1
s , fluctuations of value g, essentially can not be registered.
Meanwhile, in view of the complex physical processes occurring
in the core and volume of the Earth, and also under influence of
external astronomical factors, the presence of rather strongly
expressed maxima in a high-frequency (for example, a range of
several hundreds — thousands of Hz ) spectrum of fluctuations of
value g is probable. Following such assumption, we shall present
elementary time dependence go(f) as

(1) = go(1 + Bsin(Q +0)) (7)
where Q — frequency of changes of AFF value, f - their relative

amplitude, 0- the phase. Acceleration a(f) of the material point
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making harmonious oscillations along a vertical with amplitude B
is equal to

a(t) = Bo’ sin ot (8)
where @ - frequency of fluctuations.
The averages for oscillation half-cycle T /2 of values of changes
of accelerations Ag » and Ag, are eqal to

72

_ 277 .
AZ, =—4,2,B0" [sinor(+ psin@+opde
0

T

Ag, =-Ag,Ba’ 2 I sin wt(1+ £ sin(Q¢ + 0))dt (10)
4 /2 '
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The relative change of AFF of the oscillator, in view of 2, shall be

presented as
Ag
—==474,BF *f(x) , (11)

8o

where F=Q/27 , x=w/Q and frequency function f(x) is equal

to

b4

fo==2]

0
here #=4./4, and z=at .
Examples of frequency functions (X, 4,60, 8) at various
parameters A, 0,y , and both low (a) and high (b) values of x are

shown in Fig. 5, 6.

sinz(1+ fsin(xz + 6))dz + u fsin z(1+ Bsin(xz + 0))dz} ; (12)

1x1074
5x107°
£(x,0.99999,0,0.0005)
1
f(x, 0.99999,— onoos)
7 0
£(x,0.99999, 7,0.0005)
—5x107°
—1x10~*
02 04 0.6 0.8

Fig.5a
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0.1

£(x,0.99999,0,0.0005)

f(x, 0.99999,%, 0,0005)

(x,0.99999, 7, 0.0005)

-0.1
-

80 100

Fig.5b

Fig. 5. Examples of frequency functions f(x, &,6, ) at low (a) and high (b)
values of argument X ; relative amplitude of fluctuations AFF S = 0.0005 .
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0 500 1x10° 1.5x10° 2:10°
Fig.6b

Fig. 6 . Examples of frequency functions f(x, &,6, ) at the high values of

argument X ; a. - relative amplitude of fluctuations AFF £ =0.005, b -
£=0.0002 .

Obviously, the sign and a general view of functions f (x) essentially
depend on parameters u,0, 3. According to estimations given above,

in the calculations, # = 0.99999 is assumed. The given calculated
dependences show that even at small, with relative value of about the
100-th fractions of percent, amplitudes £ of fluctuations in value of
normal acceleration of the gravity of the Earth, the weight of mechanical
oscillator can be changed appreciably.
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At frequencies @ of oscillations, with an order of the frequency Q of

own fluctuations of AFF, in area X <1 | the weight of oscillator is
periodically changes with frequency, with sign and values of such
changes essentially depending on a difference of phases 6 of
oscillations and AFF (Fig. 5a ). At high (x>>~1) frequencies of
oscillator, the monotonous dependence of average weight of oscillator
on frequency of its fluctuations is taking place, with influence of phase
¢ being insignificant (Fig. 6b). Such reduction of weight of oscillator
at high frequencies of fluctuations will agree with temperature
dependence of weight of bodies as the frequencies of thermal
fluctuations of microparticles of solid state bodies are rather high and
lie in the field of the hypersound [13].

4. EXPERIMENTAL DEPENDENCE OF ACCELERATION
OF FREE FALLING ROTOR

Experimental check of the dependence of average weight of the above-
considered oscillator on frequency of its fluctuations can be executed,
measuring the instant values of acceleration of free falling rotor.
Mechanical rotor is the system of the accelerated, moving on a circular
trajectory microparticles, forming a solid state body, and linked to each
other by forces of elasticity. With horizontal orientation of rotor
rotation axis, the vertical component of trajectories of movement of
particles of the rotor corresponds to the oscillations of such particles
considered in

[3]. Measurements of instant values of free falling acceleration of the
closed container with the rotor of vacuum mechanical gyroscope fixed
inside are described in [14,15]. The rotor (mass is 250 g ) gathered
momentum up to the maximal frequency 400

Hz , then during the run out time (about 22 min) its frequency
smoothly decreased, the container was periodically dropped down, and
by method of falling scale, the instant values of acceleration of free
falling of the container were measured. The example the frequency
dependence of change of acceleration of free falling container with a
rotor fixed inside it, and with horizontally positioned axis of rotor is
shown in Fig. 7.
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Fig. 7. The frequency dependence of free falling acceleration of the container with
horizontally positioned rotor; the changes of AFF ( Gal ) relatively to the value of
AFF with the stopped rotor have been shown.

Comparing Fig. 5a and Fig. 7, it can be seen that the area of steady
periodic changes of AFF in Fig. 7 in a band of frequencies 200-400 Hz

approximately corresponds to the area in a vicinity of value x = 0.5 in

Fig. 5a. Having substituted in 11 the experimental value A%O ~107

assumimg 4, ~ 107 g, f(x)~ 107 | we obtained an estimation of
amplitude B ~ 1.4cm of oscillator. The given size almost coincides with
radius of the rotor used in experiments. At oscillation frequencies tens
times higher than the frequencies F' of own fluctuations of normal
acceleration of the gravity (according to the given estimations, F ~ 300 /
0.5 = 600Hz ) and following the suggested model, there is observed a

monotonous frequency dependence of change A§ of average value of

acceleration of free falling oscillator, with sign Ag beingis directly
determined by the difference of phases & of fluctuations AFF and
oscillator (Fig. 5b, Fig. 6a). Within the limits of applicability of
formulas 7,11 there are possible both substantial growth and reduction
of the average gravity working on mechanical oscillator on the part of
the variable gravitational field of the Earth. Let's note that the
independent measurements of highggquency, in the range of hundreds —



thousands of Hz , spectra of fluctuations of acceleration of the gravity of
the Earth, executed, for example, with use of superconducting
gravimeters, will allow to define modes of the matched fluctuations of
oscillator at which the changes of its average weight can essentially
surpass the ones described by formulas 7-11.

The above-given estimations have the selective, illustrative character.
Nevertheless, the considered simple phenomenological model finely
explains the experimental dependences and agrees with the known data
of measurements of weight of accelerated moving test bodies.
Experimental researches into free falling mechanical oscillators (rotors,
vibrators) will allow to bring the necessary specifications into the
offered models, to determine the borders of their applicability, and to
prove more strictly the size parameters introduced into these models.
Such researches will promote obtaining the new data on dynamic
characteristics and specific features of the gravitational field of the
Earth.

CONCLUSION

The considered above model does not contradict to the known
experiments for exact measurements of masse and weight of bodies,
and explains the influence of temperature and accelerated (oscillatory
or rotary) movements of a body on its average weight. The
experimental researches of gravitational analogies of the electro-
dynamic phenomena should promote the active development of both
physics of gravitation and its applications in metrology of weight and
gravimetry.

In the immediate prospects, the following directions of researches
into features of gravitational interaction of accelerated moving bodies
seem to be expedient.

First, the researches into temperature dependence of weight of bodies
of various physical and chemical structures, conducted in the wide
range of absolute temperatures of test bodies. Second, the exact
measurements of weight of bodies in a condition of oscillatory and
rotary movements, and also in shock mechanical experiments. Third,
the experimental researches into high-frequency ranges up to several
hundreds - thousands Hz , spectra of fluctuations of normal
acceleration of the gravity of the Earth.
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The experimental results obtained during such researches will allow
to specify and improve the phenomenological models in the
description of the "non -classical" gravitational phenomena, breaking
the frameworks of the simple Newton approximation, and probably
to specify the ways of their effective practical applications.
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Negative Temperature Dependence
of a Gravity - A Reality

Abstract—Temperature dependence of force of gravitation - one of
fundamental problems of physics. This problem has got special value in
connection with that the general theory of a relativity, supposing the weakest
positive influence of a body temperature on its weight, actually rejects an
opportunity of measurement of negative influence of temperature on a gravity
in laboratory conditions. Really, the recognition of negative temperature
dependence of gravitation, for example, means basic impossibility of
achievement of a singularity («a black hole») at a gravitational collapse.
Laboratory experiments with exact weighing the heated up metal samples,
indicating negative influence temperatures of bodies on their physical weight
are described. Influence of mistakes of measurements is analyzed.
Calculations of distribution of temperature in volume of the bar, agreed with
experimental data of time dependence of weight of samples are executed. The
physical substantiation of negative temperature dependence of weight of the
bodies, based on correlation of acceleration at thermal movement of micro-

particles of a body and its absolute temperature, are given.
Keywords—Gravitation, temperature, weight.

I. INTRODUCTION

By the papers in the most authoritative scientific journals, the last
experimental work dealing with research of temperature dependence
on the force of gravitation was published in 1923 by Shaw and Davy
in Phys. Rev. [1]. For the next 80 years interest to this theme had
considerably fallen that was promoted much by the statement which
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had been made within the general theory of relativity regarding the
smallest and practically not observable positive temperature
dependence of physical weight of bodies. Meanwhile, a careful
analysis of experimental data of Shaw and Davy shows that even
those authors actually observed appreciable negative temperature
dependence of force of gravitation [2].

At the beginning of the 21% century some works of the Russian
and Chinese researchers showing rather strong negative influence of
temperature on weight of bodies [3-6] became known. Nevertheless,
the enormous reputation of the general theory of relativity till now
sets barriers to the organization of experimental researches of
temperature dependence of gravitation.

Actually, negative temperature dependence of force of gravitation
directly contradicts the general theory of relativity and, in particular,
puts under doubt a reality of achievement of a singularity condition
at a gravitational collapse; hence, it also forces to doubt some
popular cosmological theories.

No matter how reasons of pure theorists were convincing, physics
is primarily an experimental science and it is just experience that
makes basis of adequate physical concepts.

The paper provides the results of recent laboratory experiment s
regarding studying the influence of temperature on physical weight
of bodies and considers some simple phenomenological models
allowing to prove the obtained experimental data.

II. TEMPERATURE «DEFECT OF WEIGHT»

The results of measurements of mass of thermo-isolated
containers containing heated up metal elements in which
temperature reduction of weight is regularly observed and which
can not be explained by the action of artefacts are submitted below.

A. Containers with Electric Heaters

In the first series of measurements a copper sample which is
placed inside a three-layer container was heated up before weighing
by means of an electric spiral. The design of such container (No 1)
is shown in Fig. 1.
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Here 1 — a cooper sample with a winding of an electric heater; 2,3 —
cylinders from titan; 4 - cylinder from brass; 5 - a wire of suspension bracket
of container; 6 — cooper conductors.

Use of container in form of three enclosed tight metal cylinders
with thickness of walls of 1.0 mm, two of which are made of titan -

}\5

- HE

.

a material with low factor of heat conductivity, and the external
cylinder - from brass, improves thermo-isolation properties of the
container. The heated sample is a copper core 10 mm in diameter,
height of 15 mm, weight of 10.3 g which is wrapped up with a layer
of mica and an incandescence filament - Nichrome wire 0.3 mm in
diameter.

Tightness of containers is provided by tight fit of cylinders covers
and by «cold welding» of all elements of the joint, including
electrodes of the heater. Weight of the collected container is 128 g,
diameter of the external cylinder is 40 mm, height is 51 mm. Time of
heating of a copper sample is 60 s, current in the circuit of the heater
is 1.5 A, electric resistance of the heater is 6 Ohm. Under the
specified conditions of the experiment the temperature of the
external of a calibrated thermo-element.

After heating the container was weighed with laboratory scales of
wall of the container was preliminarily measured by means
XP2004S Precision trade mark by firm «Mettler-Toledo GmbH»
under normal conditions of atmosphere in the working room
(temperature of air is 24°C, humidity - 45 %, pressure - 1000 iPa).
Results of measurements of the current values of mass of the
container and temperatures of its surface are given in Fig. 2. Here,
there is also shown calculated according to temperature
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measurements change of weight of the container, caused by
influence of air convection.

11
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Time, 1 div 0.5 min.

Fig. 2 1 - experimental time dependence of weight of container No 1; 2 -
calculated dependence of weight of the container with account for influence
of air temperature convection; 3 - change of temperature of surface of the
external cylinder

The design of container No 2, with external cylinder made of
steel, is shown in Fig. 3.

.

Fig. 3. The design of the container No 2. 1 - a cylinder made of steel, 2 -
cylinder made of titan, 3 - copper electrodes, 4 - a suspension bracket, 5 - an
electric spiral

Here as a heater, there is used a Nichrome spiral with weight of
540 mg, suspended inside the small cylinder. The full weight of the
container is 167 g, thickness of walls of the external cylinder - 1.5
mm, diameter - 40 mm, height - 53 mm; thickness of walls of
internal cylinders from titan - 2.0 mm. An electric heater with 10.5
Ohm resistance was connected to a power source (voltage 15 V,
current 1.3 A4) for 40 min, then the container was weighed. Results
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of measurements of mass of container No 2 and temperatures of the
wall of the external cylinder are given in Fig. 4.
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Fig. 4 1 - experimental time dependence of weight of container No 2; 2 -
calculated dependence of weight of the container with account for the
influence of temperature air convection; 3 - change of temperature of the
surface of the external cylinder

B. A Container with a Chemical Heater

The design of container No 3, in which heating of a tight steel
cylinder made of stainless steel was carried out by a chemical
method, is shown in

Fig. 5.

AT

A

Fig. 5. The design of container No 3 with chemical heating of the internal
cylinder. 1 - the external cylinder; 2 - the internal cylinder; 3 - an open vessel
with distilled water; 4 - an open vessel with crystals of NaOH; 5 - polyfoam; 6
- vacuum sealing

Diameter of the external brass-cylinder is 60 mm, height - 62 mm,
thickness of walls - 3.5 mm, weight - 475 g; diameter of the internal
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cylinder - 45 mm, height - 46 mm, thickness of walls -4.5 mm,
weight - 280 g. In the condition specified in the figure the
temperature of the internal cylinder is constant, the weight of
completely equipped container is equal to 773.7651g.

Measurements of weight with a margin error readout of 0.1 mg
were also carried out with laboratory scale of XP2004S mark at
temperature of air in a working room equal to 19.8 °C, humidity -
31.8 %, pressure - 1022 hPa.

In the course of measurements the container was overturned, then
the current value of its weight was registered. In the overturned
condition, inside the small cylinder, there is going a process of
partial dissolution of crystals NaOH (masse of 5 mg) in distilled
water (masse of 6 mg) which is accompanied by heat release. The
temperature of the mix in the first seconds of reaction grows by 10
%C, and, as have been shown by special measurements, the average
temperature of the internal temperature of the mix in the first
seconds of reaction grows by 10 °C, and, as have been shown by
special measurements, the average temperature of the internal
cylinder, owing to a heat transfer, is smoothly increased by 3-4 °C
within the first two-three minutes. A specific feature of the given
experiment is that, first, the process of dissolution of crystals of
alkali is not accompanied by release of gases and, due to reliable
sealing of covers of containers, the release of air from small and big
cylinders (and the corresponding handicap to weighing) is absent.
Second, due to the big weight of the external cylinder, the
temperature of its surface, owing to a heat transfer, increases during
the first two minutes by no more than by 0.2 °C. As a result,
apparent reduction of weight of the container caused by air
convection, which is determined by differences of temperatures of
the surface of the container and the ambient air, in the first 2-3
minutes of measurements does not exceed 0.1 mg. High durability
of the external cylinder also practically excludes influence of its
weak temperature deformations on change of buoyancy of the
weighed container.
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Fig. 6. 1 - experimental time dependence of change of weight of container No
3 in the overturned position; 2 - calculated dependence of change of weight of
the container with account for influence of temperature air convection; 3 -
experimental dependence of temperature of the surface of the external
cylinder

Fig. 6 shows experimental time dependences of weight of
container No 3, temperatures of its surface, and the calculated value
of weight caused by temperature convection of air close to the walls
of the container. Obviously, the paths of curves 1 and 2 essentially
differ, accompanied by a typical sharp fall of weight of the container
during the first minutes of measurements.

C. Calculation of Influence of the Basic Artefacts

Let's estimate influence of temperature artefacts on the results of
measurements of weights of samples [7].

TABLEI
CALCULATED TOTAL (Amy = Am, + Am, + Am; ) AND EXPERIMENTAL

(Am ) 1S TEMPERATURE REDUCTION OF WEIGHTS OF
CONTAINERS Ne 1-3

E-107"

No d, h, S, a-10°, v AT, | Ams Am,y Am, s Amg 5 Am ,
mm | " mm | g ’ x | mc| mcg | mc | mcg | mcg

o g g
1 |40 |51 1.5 189]0.36| 9 1.4 16.0| <100 | 107 | <213 | 440
2 140 |53 1.3 [11.9]030] 20 | 1.0 |2.8| <80 | 86 | <169 | 225
3 160 (62|35 |189(036] 9 [022]26| <290 | 54 | <346 | 640
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Change an of apparent weight of the container, caused by change
of volume of the steel cylinder owing to thermal expansion of its
material is equal to

3z

L)
Am, = 2 pd “haAT 1)

where £ - density of air, & - factor of linear expansion of material

of the cylinder, d - its diameter, /- height. Change Am, of
apparent weight of the container, caused by deformations of walls of
the cylindrical vessel, owing to temperature change of air pressure
AP within its volume, as it is possible to show on the basis of the
theory of elasticity [8], is equal to:

A, 7phd> AP . apd’ [3(1=v)daP
: AS6E 16 26E @

where O - thickness of walls, E - the modulus of elasticity and V -
Poisson’s ratio . The size AP is connected to change of
temperature AT of air within the volume of the external cylinder

AP=PAT/T, where P - normal pressure of atmosphere and T -
temperature of air in the cylinder. The given estimate is
overestimated, as in the second addend of formula 2, describing
deformation of face walls of a vessel, such walls are presented by
thin membranes; actually, the deflection of end faces is less than it
is supposed in conclusion 2.

The change Am, of apparent weight of the container, caused by air

convection due to difference AT of temperatures of surface of the
external steel cylinder and temperatures of air in the closed box of
analytical balance, will be estimated on the basis of [9] according to
which

Ay -

-7 —9/4 -3/4
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where the area of lateral surface of the cylinder is A = 7dh .
In Table I the experimental and calculated values of change of
weights of containers No 1-3, corresponding to the third minute of
measurements are given. In the given calculations the density of air
p=1.19%g/ m3, AT =3°K (obviously  overestimated value),
AP =1020N /m”.

Obviously, observable (registered) reduction of weights of

containers essentially, with account for errors of measurements,
exceeds calculated one.

III. PHENOMENOLOGICAL MODEL OF TEMPERATURE DEPENDENCE
OF GRAVITY

A. General Provisions

Let's consider the gravitational analogy of the phenomenon of
Faraday electromagnetic induction and Lenz rules - Fig. 7 [10],

[11].
Ag a

AG,
g

(@) (b)

Fig. 7 Gravity analogy of the Faraday induction law and the Lenz rules

Proceeding from the principle of inertness of mechanical system,
that is, its tendency to preserve the stable state, accelerated under
action of external, for example, elastic force of movement of a test

body downwards (Fig. 7 (a)) should cause an increment Ag » of

acceleration of the gravity applied to a body which is directed from
the centre of the Earth. On the contrary, the accelerated movement
of a trial body upwards (Fig. 7b) is accompanied by increase of

acceleration of the gravity applied to a body by value Ag,. Values
Ag, and Ag., generally speaking, can be different. Change of
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acceleration of the gravity acting on a body, moving with

acceleration @ under influence of the elastic force, in the
elementary (linear) approximation, is represented as
) g, . -
Agp,c = _T(gﬂ ) a)Ap,c (4)
|g0|
where symbols P,C mean passing () and a contrary (C), in
relation to a direction of vector &, of normal acceleration of a

gravity, orientation of a vertical projection of vector d of
acceleration of external forces, and factors Ap and 4. characterize

a degree of change of values Ag pc. If the massive body (for

example, a ball) under action of the external, electromagnetic in
nature, elastic force makes harmonious oscillations along a vertical

with frequency @ and amplitude b, the average for the period
7=27/® of fluctuations value AZ of change of acceleration of

free falling (AFF) of such mechanical oscillator is equal to the sum
of average changes of AFF in movement of a body passing and

contrary to vector o,

Ag =Ag,+Ag. (5)

and at constant &, = ‘g}‘ it is equal

(4,-4) . (6)

From (6), it follows that at 4, > 4., the average acceleration of
free falling of mechanical oscillator, for example, a rotor with a

horizontal axis of rotation, is less than value &¢ of normal
acceleration of the gravity force. The reduction, averaged on several
series of the measurements of the apparent weight of a rotor with
horizontal axis, was observed in experiment [12], by results of
which for the material of a rotor (stainless steel) it is possible to
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approximately estimate the order of value of difference
(4,-A)=107g,"

The absolute values of factors 4, and 4. can be measured on the
basis of the shock mechanical experiments accompanied by the
high, above 10°ms ™ accelerations of interacting bodies. For steel
samples the order of values 4, and 4, is approximately equal to

107g, " [13].

If to consider as the mentioned above trial body a microparticle of
a solid body bound together by forces of interatomic interaction
with other similar particles, formulas 1-3 allow to explain influence
of temperature on acceleration of free falling (weight) of such body
[4]. Thermal movement of microparticles of a solid body is
accompanied by their significant accelerations, in so doing, the
average value @, of a projection of these accelerations on a vertical
is proportional to average speed of chaotic movement of
microparticles. In a classical approximation, at a body temperature
higher than the one of Debye-temperatures, the acceleration & is in
direct ratio to a square root from an absolute body temperature 7",

a,=C JT (7)
where C - the factor dependent on physical properties of a material.

In one-dimensional approximation, we can consider a test body as
a chain of microparticles bound by elastic forces, as shown in [3],
[10],

A%

<7 ®)

where V - speed of a longitudinal acoustic wave in a solid test
body and P -its density.

Formally, having replaced in equation (6) the average for the
period of fluctuations magnitude of acceleration b@’ /7  with
average acceleration of particles d@;, we shall present the
temperature dependence P(T) of weight of a body as

P(T)=PB,(1-BJT) 9)
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where M - weight of a body, £, =mg,, B=C(4,-4,).
In a small range of temperatures the linear dependence of changes

apof weight and A7 of a body temperature is satisfied,

AT
AP=-IB AT (10)
Negative temperature dependence of weight of not-magnetic metal
samples at close to normal (300K) temperatures of bodies
experimentally proves to be true, in so doing, the relative change of

weight for a unit of temperature

__ AP B
Ve PAT 2\/? (11)

is equal to several units 10°k " [4].

mg

aah
[ aaasaasd

min

Fig. 8 Change in time of apparent weight of the metal core which is heated up
with an ultrasonic radiator

The typical increase of value y along with reduction of density of
a sample material is observed that is in agreement with (8) (see
Table II). (We should note that outside the limits of considered
classical approximation, for example, at close to zero absolute
temperatures of bodies, formulas 7-8 are not satisfied).

180



TABLE II
CHARACTERISTICS OF SAMPLES AND RESULTS OF MEASUREMENT [4]

S Dura-

Sample Lead |Copper| Brass |Titani-um lumin

Length, mm | 80.2 71.6 | 140.0 | 140.0 140.0
Diameter, | ¢ | 105 | 80 | 80 8.0

mm
Mass, g 45.6 39.2 58.5 31.2 19.1

Ultra-sound

Frequen-cy, |13543 | 129.70 | 13127 13622 | 134.90
kHz

710 K™

C 4.56 6.50 | 4.50 8.70 11.60

(7 =300%)

The magnitude of factor 8 for the mentioned above materials is
within the limits of (1.5+2.4)- 107" K",
B. Calculation of Time Change of Weight of a Core

Strong calculation of time change of weight of the container
containing a heater, is based on the decision thermo-physical tasks
about distribution of heat to elements of its design. Owing to
necessity of the account of boundary conditions and various

Fig. 9 Distribution of temperature (here - u) on length (x) of a bar in initial (a
shaped line) and the subsequent (a continuous line) the moments of time

1.3 T T 1%

g
== 07} g i, 03

physical properties of materials, the decision of such task is carried
out by computing methods. The general tendency of time change of
weight of the container at the initial moments of time of weighing
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can be found at the decision of a simple task on distribution of heat
in a homogeneous bar. The one-dimensional equation of heat
conductivity for thermo-isolated a homogeneous bar looks like

a _ y(or

a cp| a?
where T'(x,t) - function of distribution of temperature, X - factor of
heat conductivity, ¢ - a specific thermal capacity of a material of a
bar, P - density.

The example of temperature distribution on length of a bar in
initial #(0) and the subsequent the moments of time are shown on
Fig. 9.

With the account (6), time dependence 7(f) of weight of a bar in

(12)

length L is represented by integral

m(t) o _L[(I—Bm)dx K

0
The example of settlement dependence 7(?) is shown on Fig. 10.

m(t)

0,99999}

0,99998 ~
\\_
0,99997} \\\
0.99996 L . " L
0 0,2 0,4 0,6 08 t

Fig. 10 Time dependence m(?) full weight of a homogeneous bar (in relative
units)

Apparently from this figure, for the initial moments of process of
distribution of heat typically sharp reduction of weight of a bar. The
similar tendency in experiments is observed that is especially
appreciable on Fig. 2 and Fig. 6.

182



IV. CONCLUSION

Temperature dependence of force of gravitation - one of
fundamental problems of physics. The negative temperature
dependence of weight of bodies is confirmed by laboratory
experiments and similar to Faraday phenomenon in electrodynamics
is a consequence of natural "conservatism" of physical system, its
tendency to preserve a stable condition. Realization of experimental
researches of influence of temperature of bodies on their
gravitational interaction is timely and, undoubtedly, will promote
progress of development of physics of gravitation and its
applications. We welcome consolidation of efforts of various
groups of researchers, both experimenters and theoreticians for
implementation of this important problem.
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CHANGE OF WEIGHT OF AIRTIGHT CONTAINER WITH
BUILT-IN ELECTROMECHANICAL VIBRATOR

A. L. Dmitriev, E. M. Nikushchenko, N. N. Chesnokov

St. Petersburg National Research University of Information Technologies, Mechanics and
Optics, 49 Kronverksky Prospect, St-Petersburg, 197101, Russia

Abstract. Weight of airtight container about 1.1 kg with electromechanical
vibrator built-in inside, with independent supply and contactless control, has
been measured. Decrease of container weight up to 170 wug, basically, is
determined by heating of copper wire of vibrator electromagnet and
practically is not related to artifacts — change of buoyancy, air convection,
electromagnetic interference.

PACS: 06.30. Dr

Problems referring to the influence of accelerated motion and
body temperature on its physical weight have been repeatedly
discussed [1-6]. The results concerning weighing of mechanical
rotor with horizontal axis of rotation and indicative of dependence
of rotor weight being measured on its angular velocity of rotation
are given in [3].The results of experiments concerning precise
weighing of insulated containers with sample of metal being heated
electrically or chemically are described in [7]. Data of these
measurements demonstrate relatively strong negative temperature
dependence of weight of nonmagnetic metals (brass, titanium,
copper etc.) with relative value 7 about 10°K~'. In the given
experiment weighing of massive cylinder container with
electromechanical vibrator installed inside with mild steel core
oscillating along the vertical has been carried out. Structure of
container is given in Fig. 1.
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Fig. 1. Structure of container. 1,2 — hermetically connected parts of housing;
3 — batteries; 4 — electromechanical vibrator (contains electromagnet and core
supported by springs); 5 — heat seal; 6 — pulse generator; 7 — photodiode
generator control.

Parts and details of container were tightly connected and junction
points were filled with bi-component polymer adhesive providing
almost complete tightness of entire construction. Weight of
assembled container - 1104.346 g, batteries - 213 g, vibrator core -
2.36 g. Switching on/off of unipolar pulse generator with amplitude
12 V, duration of 2.9 ms and period of 4.4 ms was carried out by
visual signal setting to photodiode 7. Container was weighted using
Manual Mass Comparator CCE 1005 (“Sartorius AG”) in special
metrological room at air temperature 21.8°C, relative humidity 36%
and atmospheric pressure 1017 hPa. Error (discreteness) of weight
counting didn’t exceed the value of 10 4g . Contactless control of
the pulse generator connected to vibrator was carried out via glass
wall of balance showcase (ordinary laser pointer was used). An
external view of the measuring system is shown in Fig. 2.
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Fig. 2. An external view of comparator and container

An example of typical time dependence of container weight change
is given in Fig. 3.
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Fig. 3. Time dependence of container weight change

Pulse generator was switched on at time «1» and switched off
within 20 sec at time «2»; the readouts of the balance were carried
out every 20 sec. The effective value of the amperage within
exciting coil was 500 mA.

The internal resistance of the battery is significantly lower than
the resistance of the vibrator electric coil with value of 12 o, and
power loss within the battery as well as within generator circuitry is
also much less than on load resistance. Therefore, the heat is being
released basically within vibrator electric coil. In this case relatively
slow propagation of the heat wave within coil copper wire and as a
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result of heat exchange within housing of vibrator coil and
insulating layers is observed.

Energy Q, dissipated in resistance R of vibrator winding is
2
equal Q=I"R7 where 1~0.54 - effective current, R =12 Q

and 7 =20 sec — current duration. Design value 0 , equal to 60 J,
allows to evaluate the order of AT change of temperature of
copper wire, AT =Q /' mc  where m =80 g — weight of wire and

¢=0.38-10°J/ kg-K - specific heat capacity of copper,

therewith AT ~2K . Actual value of AT is about half as much
due to heat exchange processes given above. This fact is proved by
time dependence (shown in Fig. 4) of surface temperature of
vibrator electric coil by passing of direct current with value 500 mA
equal to effective current by weighing; the given dependence is
measured in adiabatic regime of heating when the thermosensor and
coil have been thoroughly thermally insulated. It can be seen that
increase of coil surface temperature within first 3 minutes of

. 0
measurements didn’t exceed 1 C .

o 2 4 6 8 10 2 4 16
Time, 1div15s

Fig. 4. Surface temperature of thermally insulated coil of vibrator
electromagnet by direct current 500 mA (heating time 20 sec, start heating at
time «1», one marking of time scale 15 sec)
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Fig. 5. Time dependence of container lid temperature (one marking of time
scale 30 sec).

Fig. 5 gives time dependence of temperature of container upper lid
obtained at the same switching on regime of vibrator as by
weighing. It follows from the figure that within first 80-100 sec of
observations in which the change of container weight achieves
maximum value of about 170 4g , the temperature of container lid

monotonically increases not more than by 0.2°C . Thereby, as it can
be shown using Glaser theory [8], the apparent decrease of container
weight determined by air convection doesn’t exceed 12 HE .
Insignificant influence of convection on measurement results is
proved as well by the common time course of container weight
dependence shown in Fig. 3 and its comparison with Fig. 5.

The reason of container weight change is obviously of thermal
nature, i. e. it is related to heating and further, within 1-1.5 minutes
after start measurements, slow cooling of vibrator coil, as well as to
lesser extent it is related to heating of power supplies and electronic
devices of signal generators. Deformation of massive steel container
housing caused by insignificant change of air pressure within its
volume is practically equal to zero, therefore, change of buoyancy
(Archimedes force) affecting the results of weighing is also equal to
zero. The extreme nature of time dependence of the container
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weight change considering monotonic, over the period of more than
5 minutes, dependence of the container lid temperature (Fig. 5)
indicates that fundamentally possible insignificant depressurization
of the container (leakage) doesn’t cause the decrease of weight
being observed. The fact that decrease of the container weight
occurs within one minute after vibrator switching off confirms that
electromagnetic and vibrating (acoustic) interference couldn’t cause
the observed time dependence of the weight value. Referring to Fig.
3, the container gross weight slowly returns to its initial value as a
result of heat dissipation within container, heat transfer from its
surface and decrease of temperature of vibrator coil.

Let’s calculate relative temperature weight change of the vibrator

coil copper wire ¥ =Am/m-AT  where AT ~1°, therewith

y~-2-10°K" (Am=170ug | m=~80 g,). Sign and order of the
given magnitude ' are well agreed with values obtained in [4-6].

So, the experimental results displayed in the given article confirm
previously noticed relatively strong negative temperature
dependence of the copper specimen physical weight. It is expedient
to fulfill further experimental studies using precision scales in
vacuum to explain the dependence being observed.

The authors express their gratitude to V. A. Korablev for
consultation with regard to temperature measurement technique.
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Prospects of high-frequency gravimetry

A. L. Dmitriev

Abstract - The gravitational field of the Earth is assumed to be a stochastic
process the wide frequency spectrum of which is conditioned by the influence
of wvarious geophysical, astrophysical and anthropogenic factors. The
frequency range of fluctuations of gravity field at frequencies over 1 Hz has
not been significantly studied yet and still remains a peculiar "Terra
Incognita" of gravimetry. High-frequency changes of a free fall acceleration
data are informative for understanding of the complex physical processes
happening in the core and crust of the Earth. They can be used to solve
practical problems such as prediction of earthquakes, exploration of minerals,
as well as problems of detection and identification of massive underwater or
underground artifacts. The principles of new types of high-frequency
gravimeters — the holographic ballistic gravimeter with the short length of a
trajectory of a trial body and the ballistic gravimeter on the basis of freely
falling mechanical rotor are considered.

Keywords - ballistic gravimeters, free fall acceleration, gravitational field of
the Earth, hologram, rotor

I. INTRODUCTION

The gravitational field of the Earth is assumed to be a stochastic
process the wide frequency spectrum of which is conditioned by the
influence of various geophysical, astrophysical and anthropogenic
factors. High sensitivity of the best modern gravimeters is achieved
primarily through proper stabilization of temperature and
mechanical characteristic of the equipment used and long
integration time of registered signals — from tens of seconds to 24
hours [1]. Obviously, at large times of signal integration, the
information about high-frequency variations of a gravitational field

is lost. The frequency range of fluctuations g£,(¢f) at frequencies

over 1 Hz has not been significantly studied yet and still remains a
peculiar "Terra Incognita" of gravimetry [2].
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Meanwhile, high-frequency changes of a free fall acceleration
(FFA) data are informative for understanding of the complex
physical processes happening in the core and crust of the Earth.
They can be used to solve practical problems such as prediction of
earthquakes, exploration of minerals, as well as problems of
detection and identification of massive dynamic underwater or
underground artifacts. High-frequency (HF) gravimetry data is of a
great scientific and practical importance and the development of
HF-gravimetry as a new research area is inevitable.  Such
gravimeters should provide an accurate measurement of the
“instantaneous” value of FFA in the frequency range from few Hz
to thousands (and probably more) Hz.

For data acquisition about high-frequency fluctuations of the FFA
the following experimental methods can be used

- spectral analysis of output signals of known types of ballistic and
static gravimeters;

- data processing of superconducting gravimeters with the minimum
mass of a trial body;

- data processing of ballistic gravimeters with very small, an order
of units of mm, length of a trajectory of falling of a trial body;

- data processing of ballistic gravimeters on the basis of freely
falling mechanical rotor with a horizontal axis of rotation.

The convenient modern tools of HF-gravimetry include
superconducting gravimeters (SCG). Owing to a rather big proof
mass, the highest frequency of variations in the gravity acceleration
value registered by SCG does not exceed a few tens of Hz, although
the frequency range of such measurements can be essentially
extended after the improvement of these devices. Among HF-
gravimetry measurement methods we should also mention the
application of ballistic gravimeters with extremely small, for
example, less than 1 mm, length of the proof mass fall trajectory.
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II. A BALLISTIC GRAVIMETER WITH FALLED
HOLOGRAPHIC GRATING

In a ‘standard’ ballistic laser gravimeter a corner reflector mounted
on a free-falling trial body acts as a part of the two-beam Michelson
interferometer [1]. The absolute value of the FFA is measured by
counting the number of interference fringes passing in the
photodetector out-plane within a present time interval. A small error
of measurement in these gravimeters is achieved by using a single-
frequency laser, atomic clocks, high vacuum, and with large (from
several dozen seconds up the about a day) time of accumulation and
averaging of measured signal. The large, several dozen centimeters,
length of the falling trajectory restricts the possibility of using these
laser gravimeters for measurement of high-frequency fluctuations of
gravitational field in a frequency range of several hundred Hz and
above.

Principle of holographic ballistic gravimeter is based on variation of
the frequency of light diffracted on a moving holographic grating.
Geometry of light-beam diffraction on the holographic transmission
grating is shown in Fig.1.

Fig.1. Light diffraction on the transmission hologram.

At the movement of the hologram the frequency of the diffracted
light changes. As shown in [3], size of the acceleration & of free
falling hologram is equal

A o
g_sina+sinﬂ(6t) @

and proportional to the grade of variation of the frequency s of
output beam signal of hologram interferometer; here 4 - wavelength
and angles @,f shown in Fig. 1. The optical device of the
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holographic gravimeter and typical form of the registered
frequency-modulated signal of beats are shown in Fig. 2 a,b.
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Fig. 2. a. Basic optical device of the holographic gravimeter; 1 - laser, 2 —
diaphragm, 3 — hologram, 4 — optical multiplexer, 5 — photo-detector.
b. Frequency-modulated output signal of beats.

In our experiments a hologram with 37% diffraction efficiency had
an angular selectivity 10°, a=0,8=37.8",2=632.80m. The
hologram was mounted in the special holder (catapult).

Temporal resolution of measuring is 107s, error of separate
(single) measurement of FAA is near 10 mGal. Using the modern
methods of statistical filtration and processing of the linear
frequency-modulated beat signals, it is possible to obtain the
mobility and high precision of gravimetric measurements. Specific
features of the holographic gravimeter is simple optics-mechanical

design and very small (below 1 mm) length of the trajectory of the
free-falling body.
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II. WEIGHT OF OSCILLATOR IN A VARIABLE FIELD OF
GRAVITATION

Ballistic gravimeters with the test body executed in the form of a
mechanical rotor with a horizontal axis of rotation should also be
considered as new and perspective means of HF-gravimetry. Rotary
motion corresponds to two oscillatory motions of the rotor particles
along the orthogonal axis of coordinates. The accelerated harmonic
motion of the rotor particles on a vertical is characterized by an
infinite set of time derivates. In these condition the interaction of
such rotor with a non-stationary gravitational field of the Earth can
have a specific, not trivial character. Such researches will promote
obtaining the new data on dynamic characteristics and specific
features of the gravitational field of the Earth.

Let's consider interaction of a mechanical rotor with an alternating
gravitational field which is based on the gravitational analogy of the
phenomenon of Faraday and Lenz's Law in electrodynamics [4-6].
According to [5,6] the change of acceleration of the gravity acting
on a body, moving with acceleration @ under influence of the
elastic force, in the elementary (linear) approximation, is
represented as

_ o~ -
Ag,. =—1-(g-a)d,,
P, |g0| 0 P, )

where symbols P,C mean passing (P ) and a contrary (C), in
relation to a direction of vector g, of normal acceleration of a
gravity, orientation of a vertical projection of vector d of
acceleration of external forces, and factors 4, and 4, characterize
a degree of change of values Ag,.. If the massive body under

action of the external, electromagnetic in nature, elastic force makes
harmonious oscillations along a vertical with frequency @ and
amplitude B, the average for the period 7=27/® of fluctuations
value Ag of change of FFA of such mechanical oscillator is equal
to the sum of average changes of FFA in movement of a body

passing and contrary to vector o,

Ag =Ag, +Ag, 3)
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and at constant g, = \go\ it is equal

g,Bw’

Ag=- (4,-4). 4)

We will note that square dependence Ag o o’ shows that changes
of weight of the oscillator will be considerable owing to thermal
fluctuations of particles of material of the oscillator which
frequency is in hyper-sound area. Is shown that temperature
dependence of physical weight P(T) of the oscillator is represented
by a formula
C4,-4)

P(T)—P{l— T } 5)
where T - absolute temperature and C- the coefficient depending on
elastic characteristics of material of the oscillator [4,6].
The effect of negative temperature dependence of body weight was
repeatedly observed in experiments [7,8] that confirms justice of
formulas (1,5).
Some interesting and deserving attention results turn out at
calculations of change of weight of the mechanical oscillator which
is freely falling in a variation field of gravitation.
We shall present elementary time dependence g,(¢) as

() = go(1+ fsin(Q +0)) | (6)
where Q — frequency of changes of FFA value, £- their relative
amplitude, 6- the phase. Acceleration a(f) of the material point
making harmonious oscillations along a vertical with amplitude B
is equal to

a(t) = Bo’ sin ot 7
where o - frequency of oscillations.
The averages for oscillation half-cycle 7/2 of values of changes of

accelerations Ag, and Ag, are equal to
2 /2 ) ]
-A,g,Bw’ - Ism ot(1+ Bsin(Qt + 0))dt (8)

0

Ag

=

Ag, =-A.g,Ba’ 2 J-sin wt(1+ Bsin(Qt + 0))dt 9)
T

/2
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The relative change of FFA of the oscillator, in view of 3, shall be
presented as

5¥§::4ﬂAPBF”j(x) (10)

0

where F=Q/2z, x=w/Q and frequency function f(x) is equal t
V4 2

flx)=-x* j sinz(1 + Bsin(xz + 0))dz + u j sinz(1+ Bsin(xz + 6))dz
0 b4

an
here u=4,/4, and z = @t .

Examples of frequency functions f(x,4,6,5) at various
parameters .6, 5, and both low values of X are shown in Fig. 3.

£,0.99999,0.0005
[ T
1{:0.99999-7.0.000

1(x,0.99999,0.0005

Fig. 3. Frequency functions f(x,,60,[) at low values of argument X ;
relative amplitude of fluctuations of FFA S = 0.0005

Examples of frequency functions f'(x, 1,6, B) at various parameters
4,0, B, and both low (a) and high (b) values of x are shown in Fig.
4 and Fig. 5 a,b.
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Fig. 4. Examples of frequency functions f(x,z,6,/) at high values of
argument X ; relative amplitude of fluctuations of FFA £ =0.0005.
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Fig. 5. Examples of frequency functions f(x, 4,8, /) at the high values of

argument X; a. - relative amplitude of FFA fluctuations £ =0.005,

£ =0.0002.

10* 150’ 210*

b
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Obviously, the sign and a general view of functions f(x)essentially
depend on parameters 4,60, . According to estimations given
above, in the calculations, £#=0.99999 is assumed. The given
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calculated dependences show that even at small, with relative value
of about the 100-th fractions of percent, amplitudes S of
fluctuations in value of normal acceleration of the gravity of the
Earth, the weight of mechanical oscillator can be changed
appreciably.

At frequencies @ of oscillations, with an order of the frequency Q
of own FFA fluctuations, in area x <1, the weight of oscillator
periodically changes with frequency, and sign and values of such
changes essentially depend on a difference of phases 6 of
oscillations (see Fig. 3). At high (x >> 1) frequencies of oscillator,
the monotonous dependence of average weight of oscillator on
frequency of its fluctuations is taking place, with influence of phase
0 being insignificant (Fig. 5. b). Such reduction of weight of
oscillator at high frequencies of fluctuations will agree with
negative temperature dependence of weight of bodies as the
frequencies of thermal fluctuations of microparticles of solid state
bodies are rather high and lie in the field of the hypersound [9].

Obviously, the sign and a general view of functions f(x)essentially
depend on parameters 1,6, . According to estimations [4,5], in
the calculations, #=0.99999 is assumed. The given calculated
dependences show that even at small, for example, with relative
value of about the 100-th fractions of percent, amplitudes B of
fluctuations in value of normal acceleration of the gravity of the
Earth, the weight of mechanical oscillator can be changed
appreciably.

At frequencies @ of oscillations, with an order of the frequency €2
of own fluctuations of FFA, in area x <1, the weight of oscillator
periodically changes with sign and values of such changes
essentially depending on a difference of phases 6 of oscillations and
FFA (Fig. 3).
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II. EXPERIMENTAL FREQUENCY DEPENDENCE OF FREE
FALLING ACCELERATION OF ROTOR

In our experiment the free falling acceleration of the magnetically-,
thermally- and sound-isolated container with a vacuumed aviation
rotor inside it was measured [10,11]. Appearance of a rotor is shown
in Fig. 6.

Fig. 6. Rotor of aviation gyroscope.

The maximal rotation frequency of a rotor is 400 Hz, the run out
time of rotor is 22 min. Fall path length of the container is 30 mm,
readout time of sample value of gravity acceleration is near 40 ms,
the period of sampling is from 0.5 up to 1.0 minutes. The principle
of measurements is based on photo registration of movement of the
scale in form of three horizontal strings fixed on the container

(Fig.7.).

Fig. 7. Basic device of experiment. 1-falled container, 2 — scale, 3 — driver, 4
— laser, 5 — lens, 6 — photodiode, 7 — amplifier, 8 — timer, 9 — oscillograph, 10
— computer.

199



At the maximal falling velocity of the container equal to 60 cm/s
and its dimensions of 82x82x66 mm, the joint influence of
buoyancy and resistance force of air in FFA measurements did not
exceed 0.1 cm/s>. The error of some measurements of the FFA
container was within the limits of 0.3-0.6 cm/s* and was basically
determined by accuracy of readout times of registration of pulse
signals in movement of the scale (near 1 microsecond). The
example of experimental frequency dependence of FFA changes
ag(f) of the container, containing a rotor with a horizontal rotation
axis, is shown (in the Fig. 8. —in Fig.8.

T ; i

1 A N ——

11 P L
AL S T S

108 D i

| SRINS71 LW
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Fig.8. The frequency dependence of free falling acceleration of the container
with horizontally positioned rotor; the changes of FFA (¢.) relatively to the
value of FFA with the stopped rotor have been shown.

The value Ag(0)=0 corresponds to acceleration of free falling of the
container with a motionless rotor; FFA measurements of the
container with a motionless rotor were carried out till the moment
when rotor got going and after its run out time, in so doing the FFA
values of the container, averaged by results of 10 measurements
with a motionless rotor, coincided to the accuracy of 0.05%.

Comparing Fig. 3 and Fig. 8, it can be seen that the area of steady
periodic changes of FFA in Fig. 8 in a band of frequencies 200-400
Hz approximately corresponds to the area in a vicinity of value

x~0.5 in Fig. 3. Having substituted in (10) the experimental value
Ag/g,~107 and assume then 4, ~ 107g,7", f(x)~10", we

obtained an estimation of amplitude B~1.4cm of oscillator. The
given size almost coincides with radius of the rotor used in

200



experiments. At oscillation frequencies tens times higher than the
frequencies F of own fluctuations of normal acceleration of the
gravity (according to the given estimations, F ~300/0.5=600Hz)
and following the suggested model, there is observed a monotonous
frequency dependence of change Ag of average value of

acceleration of free falling oscillator, with sign AgZ being is directly

determined by the difference of phases 0 of fluctuations FFA and
oscillator. Within the limits of applicability of formulas 6,10 there
are possible both substantial growth and reduction of the average
gravity working on mechanical oscillator on the part of the variable
gravitational field of the Earth. Let's note that the independent
measurements of high-frequency, in the range of hundreds —
thousands of Hz, spectra of fluctuations of acceleration of the
gravity of the Earth, executed, for example, with use of SCG, will
allow to define modes of the matched fluctuations of oscillator at
which the changes of its average weight can essentially surpass the
ones described by formulas 6-10.

The above calculated and experimental estimations given above
have an illustrative character. Nevertheless, the considered simple
phenomenological model finely explains the experimental
dependences and agrees with the known data of measurements of
weight of accelerated moving test bodies. Experimental researches
into free falling mechanical oscillators (rotors, vibrators) will allow
to bring the necessary specifications into the offered models, to
determine the borders of their applicability, and to prove more
strictly the size parameters introduced into these models. Such
researches will promote obtaining the new data on dynamic
characteristics and specific features of the gravitational field of the
Earth.
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IV. CONCLUSIONS

1. High-frequency gravimetry — the new direction in gravitation
measurements. Its purpose is research into high-frequency
fluctuations of natural gravitation field of Earth

in the range of tens-hundreds Hz and more.

2. Technical approach of HF-gravimetry:

- spectral and correlation analysis of output signals and noise of
known types of gravimeters;

- creation of broadband gravimeters with the minimum mass of a
trial body;

- development of ballistic gravimeters with very short, about 1
mm, length of a trajectory of falling of a trial body (for example,
hologram gravimeter);

- development of gravimeters with a trial body in the form of a
mechanical rotor with horizontal axis of rotation and the speed of
rotations about hundreds Hz;

3. Data of HF-gravimetry will allow to improve techniques of
investigation of minerals, and techniques of the prevention of
natural disasters (earthquakes, a tsunami and others).

Development of HF-gravimetry techniques and exploration of
above-mentioned "Terra Incognita" carries significant scientific and
applied values.
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Thermogravimetry and the negative temperature
dependence of gravity

A.L. Dmitriev

St. Petersburg National Research University of Information Technologies,
Mechanics and Optics, St. Petersburg, 49 Kronverksky Prospect, 197101, Russia

Abstract. It is shown that data of thermogravimetric measurements confirm the
negative temperature dependence of gravity. The accounting of this dependence is
necessary for increase of accuracy of the thermogravimetric analysis. Physical
prerequisites of the phenomenon are briefly considered. Possible influence of the
observed effect of weight reduction by a form of the electric arc discharge is noted.
PACS 07.20.-n; 04.80.-y.

Keywords: temperature, gravitation, thermogravimetric analysis, mass, plasma

Introduction

The thermogravimetric analysis based on exact weighing of the
heated sample is widely applied in researches of physical and chemical
properties of materials [1-3]. The first stage of thermogravimetric
measurements is receiving a basic curve — temperature dependence of
weight of the empty holder of a sample, for example, of a crucible. At
data processing of temperature measurements the basic curve is
subtracted from experimental temperature dependence of weight. Out of
areas of change of phase structure of substance in which there are sharp
changes of its weight, the main reason for the monotonous increasing
temperature dependence of weight is considered action of forces of
buoyancy. Meanwhile, physical temperature dependence of weight of
bodies [4-8] has essential impact on measurements of weight and has to
be taken into account in the exact thermogravimetric analysis; this
circumstance was noted by M. Grumazesku [9].
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1. Temperature dependence of gravity force

Negative temperature dependence of physical weight of bodies — the
experimental fact confirmed by a set of measurements. The majority of
these measurements were taken in a normal laboratory conditions, thus
influence of artifacts — buoyancy (buoyancy force of pushing out in the
atmosphere), temperature change of the sizes of a sample, thermal air
convection, action of electric and magnetic fields were carefully
considered. Various types of high-precision scales, various designs of
the weighed containers, various materials of samples and various
methods of their heating were used (ultrasound, a heat transfer from the
electric heater and a chemical way) [5-7]. One of the recent experiments
showing negative temperature dependence of weight is described in [8].

1.1.Experiment

The design of container, in which heating of a tight steel cylinder made
of stainless steel was carried out by a chemical method, is shown in Fig.
1.

Fig. 1. The design of container with chemical heating of the internal cylinder. 1 -
the external cylinder; 2 - the internal cylinder; 3 - an open vessel with distilled
water; 4 - an open vessel with crystals of NaOH; 5 - polyfoam
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Diameter of the external brass-cylinder is 60 mm, height - 62 mm,
thickness of walls - 3.5 mm, weight - 475 g; diameter of the internal
cylinder - 45 mm, height - 46 mm, thickness of walls - 4.5 mm, weight -
280 g. In the condition specified in the figure the temperature of the
internal cylinder is constant, the weight of completely equipped
container is equal to 773.7651g.

Measurements of weight with a margin error readout of 0.1 mg were
also carried out with laboratory scale of XP2004S mark at temperature
of air in a working room equal to 19.8 OC, humidity - 31.8 %, pressure -
1022 hPa.

In the course of measurements the container was overturned, then the
current value of its weight was registered. In the overturned condition,
inside the small cylinder, there is going a process of partial dissolution
of crystals NaOH (masse of 5 mg) in distilled water (masse of 6 mg)
which is accompanied by heat release. The temperature of the mix in
the first seconds of reaction grows by 10 °C, and, as have been shown by
special measurements, the average temperature of the internal
temperature of the mix in the first seconds of reaction grows by 10 °C,
and, as have been shown by special measurements, the average
temperature of the internal cylinder, owing to a heat transfer, is
smoothly increased by 3-4 °C within the first two-three minutes. A
specific feature of the given experiment is that, first, the process of
dissolution of crystals of alkali is not accompanied by release of gases
and, due to reliable sealing of covers of containers, the release of air
from small and big cylinders (and the corresponding handicap to
weighing) is absent. Second, due to the big weight of the external
cylinder, the temperature of its surface, owing to a heat transfer,
increases during the first two minutes by no more than by 0.2 °C. As a
result, apparent reduction of weight of the container caused by air
convection, which is determined by differences of temperatures of the
surface of the container and the ambient air, in the first 2-3 minutes of
measurements does not exceed 0.1 mg. High durability of the external
cylinder also practically excludes influence of its weak temperature
deformations on change of buoyancy of the weighed container.
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Time. 1div = 0.5 min

Fig. 2. 1 - experimental time dependence of change of weight of container in the
overturned position; 2 - calculated dependence of change of weight of the
container with account for influence of temperature air convection; 3 -
experimental dependence of temperature of the surface of the external cylinder

Fig. 2 shows experimental time dependences of weight of container,
temperatures of its surface, and the calculated value of weight caused by
temperature convection of air close to the walls of the container.
Obviously, the paths of curves 1 and 2 essentially differ, accompanied
by a typical sharp fall of weight of the container during the first minutes
of measurements.

Let's estimate influence of temperature artefacts on the results of

measurements of weights of samples. Change Amy; of apparent weight
of the container, caused by change of volume of the steel cylinder owing
to thermal expansion of its material is equal to

. kY1 2
Aml _Tpd haAT , (1)

where O - density of air, & - factor of linear expansion of material of

the cylinder, d - its diameter, /- height. ~ Change Am, of apparent

weight of the container, caused by deformations of walls of the
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cylindrical vessel, owing to temperature change of air pressure AP
within its volume, as it is possible to show on the basis of the theory of
elasticity [8], is equal to:

_ 7phd’ AP N rpd’ ,13d —Vv)dAP

Am
2T AsE 16 26E @)

where O - thickness of walls, E - the modulus of elasticity and V -
Poisson’s ratio . The size AP is connected to change of temperature AT
of air within the volume of the external cylinder AP =PAT /T, where P-
normal pressure of atmosphere and 7 - temperature of air in the cylinder.
The given estimate is overestimated, as in the second addend of formula
2, describing deformation of face walls of a vessel, such walls are
presented by thin membranes; actually, the deflection of end faces is less
than it is supposed in conclusion 2.

The change Am; of apparent weight of the container, caused by air

convection due to difference AT of temperatures of surface of the
external steel cylinder and temperatures of air in the closed box of
analytical balance, will be estimated on the basis of [10] according to
which

Amy _ -7 ~9/4 --3/4

where the area of lateral surface of the cylinderis A = 7wdh .
In TABLE the experimental and calculated values of change of weight
of container, corresponding to the third minute of measurements are

given. In the given calculations the density of air p=1.19kg/m’,
AT =3"K (obviously overestimated value), AP =1020N /m?.
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CALCULATED TOTAL (Amg = Am, + Am, + Am;) AND

EXPERIMENTAL (Am) TEMPERATURE
REDUCTION OF WEIGHT OF CONTAINER

d, h, 5, a-10°y | v E-107", AT, Am, 5 Am, 5 Amy 5 Amy 5 Am,

mm | mm | mm K N/m? K mcg | mcg | mcg | mcg mcg

60 162 |3.51891]0.36|9 0.2212.6 | <290|54 | <346]640

Obviously, observable (registered) reduction of weights of containers
essentially, with account for errors of measurements, exceeds calculated
one.

1.2. Simple phenomenological model

Proceeding from the principle of inertness of mechanical system, that
is, its tendency to preserve the stable state, accelerated under action of
external, for example, elastic force of movement of a test body

downwards should cause an increment Ag, of acceleration of the

gravity applied to a body which is directed from the centre of the Earth.
On the contrary, the accelerated movement of a trial body upwards is
accompanied by increase of acceleration of the gravity applied to a body
by value Ag,. Values Ag, and Ag,, generally speaking, can be different.

Change of acceleration of the gravity acting on a body, moving with

acceleration & under influence of the elastic force, in the elementary
(linear) approximation, is represented as

AZ,, =—22(5, @),

2 ’ @
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where symbols p,c mean passing ( P ) and a contrary (€ ), in relation to
a direction of vector g, of normal acceleration of a gravity, orientation
of a vertical projection of vector @ of acceleration of external forces,
and factors 4, and 4. characterize a degree of change of values Ag,,.

If the body under action of the external, electromagnetic in nature,
elastic force makes harmonious oscillations along a vertical with
frequency @ and amplitude b, the average for the period 7 =27/® of
fluctuations value Ag of change of acceleration of free falling (AFF) of
such mechanical oscillator is equal to the sum of average changes of
AFF in movement of a body passing and contrary to vector g,

Ag =Ag, +Ag, : (5)
and at constant g, = \Eo\ it is equal
_ ghd’

From 6, it follows that at 4, = 4., the average acceleration of free
falling of mechanical oscillator, for example, a rotor with a horizontal
axis of rotation, is less than value &, of normal acceleration of the

gravity force. The reduction, averaged on several series of the
measurements of the apparent weight of a rotor with horizontal axis, was
observed in experiment [8], by results of which for the material of a
rotor (stainless steel) it is possible to approximately estimate the order of

value of difference (4, —4,) = 107 g(f] .

The absolute values of factors 4, and 4. can be measured on the basis
of the shock mechanical experiments accompanied by the high, above
10°ms ™ accelerations of interacting bodies. For steel samples the order
of values 4, and 4. is approximately equal to 107 g, .

If to consider as the mentioned above trial body a microparticle of a
solid body bound together by forces of interatomic interaction with
other similar particles, formulas 1-3 allow to explain influence of
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temperature on acceleration of free falling (weight) of such body [4].
Thermal movement of microparticles of a solid body is accompanied by

their significant accelerations, in so doing, the average value @, of a

projection of these accelerations on a vertical is proportional to average
speed of chaotic movement of  microparticles. In a classical
approximation, at a body temperature higher than the one of Debye-

temperatures, the acceleration ¢, is in direct ratio to a square root from
an absolute body temperature 7',

a, =CT (7

s b

where C - the factor dependent on physical properties of a material.
In one-dimensional approximation, we can consider a test body as a
chain of microparticles bound by elastic forces, as shown in [4, 8],

v

Cocﬁ , (8)

where V - speed of a longitudinal acoustic wave in a solid test body and
M - its density.

Formally, having replaced in equation (6) the average for the period of
fluctuations magnitude of acceleration bo' | x with average
acceleration of particles a,, we shall present the temperature dependence
P(T) of weight of a body as

P(T)=P,(1- BJT) , ©)

where 7 - weight of a body, £, =mg,, B= C(Ap -4.).
In a small range of temperatures the linear dependence of changes
AP of weight and AT of a body temperature is satisfied,

AT
AP=-RB_—— . (10)

2T

211



Negative temperature dependence of weight of not-magnetic metal
samples at close to normal (300K) temperatures of bodies
experimentally proves to be true, in so doing, the relative change of
weight for a unit of temperature

_AP B
"TRAT T VT ; (1D

is equal to several units 10 ° K~ [4,8].

The typical increase of value 7 along with reduction of density of a
sample material is observed that is in agreement with (8) [4] (we should
note that outside the limits of considered classical approximation, for
example, at close to zero absolute temperatures of bodies, formulas 7-8
are not satisfied).

2. Thermogravimety

At creation of a basic curve the seeming mass M of the holder
(crucible) in air is equal M =m— pV | where m - the mass of a crucible,
V - its volume and / - air density. Temperature change of the seeming
weight

M _dn_ dv_,dp
dt dt dt dt ’
(12)
where V =V,(1+ fBt), B - volume expansion coefficient of material of a
crucible.
Temperature dependence of ©(Z) is represented by known expression

4 p
)= O
PO=T80 760
(13)
where 4=0.0012932g /cm’ , B=O.00367K71, P - air pressure in mm
Hg[11].

By normal (p=760) air pressure Eq. 12 my be represent as
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A4 p
P ()_1 Bt 760 ’
(14)
where C, =-V,fA(1+Bt)" and C,=V,(1+ pr)AB.

For numerical estimates we will use results of work [2] according to
which the seeming change of mass of a porcelain crucible with the

weight m=4¢ and volume 1.5cm’ measured on Shevenar's thermoscales
in the temperatures range 200-1000°C is equal 4.0-10°gK ™"

Volume coefficient of expansion of porcelain #=9-10°K" [11] and,
for example, at t=200°C, the values of coefficients C,, are equal

C,=-1.0-10"gk™" and C,=7.1-10°gk"'. As the absolute values
C, << C,, the main contribution to the seeming change of mass of a

crucible is made by the effects of buoyancy described by coefficient C,.
Obviously, the consent of the experimental and provided settlement data

dm _ _
is possible only at E——3.1-10 °gK™". This fact directly confirms the

negative temperature dependence of weight of bodies. Temperature
change of weight of the holder, it is generally connected with change of
temperature of a porcelain crucible, the assessment of size of relative
temperature change of the weight of porcelain from where follows the
dm . . .
v= ndt ~-08-10°K" Sign and an order of the specified size
correspond to data of measurements of physical temperature dependence
of weight of various metals [4-6], and also PZT-ceramic [12].

3. About possible "pushing out" of plasma by a gravitational
field

As appears from 8,9, the greatest loss of weight as a result of its
physical negative temperature dependence is reached in materials
with a small density 4, a high speed of a sound V and at high
absolute temperatures. It is interesting to note that it follows from
formula 9 that at very high temperatures I exceeding value of
B™'? , the weight value P of a sample changes a sign, i.e. such
sample has to be pushed out by a gravitational field. Today the
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highest temperatures are achievable in nuclear reactions, and also in
plasma of an arc electric discharge. For example, in the typical arc
discharge in the air, temperature of plasma reaches 12 000 K [13,14].
The shape of the arc discharge is defined by action of an electric and
magnetic fields, and also forces of convection and buoyancy
(Archimedes).

Nevertheless, in certain experimental conditions, for example, in
vacuum, in the absence of Archimedes force, gravitation forces,
including, the effects of loss of weight described by formula 9, have
to influence a shape of the arc discharge considerably. It is
remarkable that though the shape of the electric arc discovered by the
Russian scientist Petrov in 1802 is explained by action of forces of
buoyancy, the electric discharge in “vacuum” (at very low pressure)
also often has a shape of the arc with its top up.

Special research has to show whether the characteristic shape of an
electric arc in vacuum confirms the phenomenon of temperature
dependence of weight. This result is also interesting for interpretation
of dynamics of nuclear explosions in the atmosphere.

Conclusion

For more exact quantitative estimates of influence of temperature
dependence of weight on results of thermogravimetric measurements,
the accounting of the sizes, forms, masses, physical and thermodynamic
characteristics as holder, and the studied sample is necessary.
Temperature dependence of physical weight of bodies will allow to
establish the reasons of anomalies of thermogravimetric dependences
with bigger degree of reliability and to increase the accuracy of the
gravimetric analysis.
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Abstract. It is shown that a characteristic shape of the arc discharge in the air with
a pressure of 0.1 atm is mostly caused not by action of forces of buoyancy, but
expulsion of plasma in a gravitational field.
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The electric arch has been known for more than 200 years. Effects of
buoyancy, convection, air currents, influence of external electric and
magnetic fields [1] traditionally explain its characteristic shape.
Experimentally proven influence of body temperature on its weight [2-5]
gives the grounds to consider a question of extent of impact of a
gravitational field of the Earth on a shape of an electric discharge. High
temperatures, till tens of thousands K, in the channel of a free electric
discharge at low pressure of about 0.1 afm support it. Earlier, a little
attention was paid to the matter and research of physical properties of
"an arch" was, as a rule, conducted in discharge tubes or in special
chambers.

The elementary theory of influence of absolute body temperature 7' on
its physical weight P(7), not connected with action of buoyancy,
convection, thermal expansion and other artifacts, leads to expression

P(T) = P,(1- A\T) (1)

where A4 is the coefficient which depends on physical characteristics
(density and sound velocity) of material of the weighed body and
temperature 7 is more than temperature of Debye [2-4]. From this

formula, it is concluded that at rather high temperatures, exceeding
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T,=1/4%, the body weight is negative. This may be interpreted as
“pushing away” (“expulsion”) a body from the center of gravity (the
center of the Earth). It is possible to estimate to what degree the
specified effect influences the shape of the glow discharge by
considering features of an electric arch in an alternating current.

The example of a photo glow discharge with air pressure of 0.1 atm
amperage range of 30-70 mA , voltage across the electrodes of 0.6-1.0

kV | frequency of current of 50 Hz , is shown in Fig. 1.

i

a. b.
Fig. 1. Arc discharge in alternating current in the air with the pressure
of 0.1 atm. Exposition: a. — 33 ms, b. — 2.5 ms.

During an exposition of 33 ms the two spatially divided discharges are
recorded. Specific current direction lasting 10 ms (the half of period of
fluctuations) corresponds to each discharge. Relative shift of trajectories
of discharges is possibly caused by action of Lorentz force in a magnetic
field of the Earth. Obviously, formation of an arch happens in time less
or about a half-cycle of current fluctuations.

Assuming that the buoyancy force of ejection is the main reason for an
arch shape of the discharge, we will estimate time of "emerging" of the
hot channel of such discharge. The temperature and gasdynamic
processes accompanying formation of an electric arch in the atmosphere
are very complex. Nevertheless, the order of amount of time of
emerging of an arch can be estimated approximately by the following
elementary calculations.

Electric discharge will be presented as chains of the spheres of radius

filled with plasma with a density £, . Force of ejection of such chain is

counterbalanced by its weight and friction force. Stokes formula will be
used to assess its value,
4
3R (p. —p, )g = 6mvRu )
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where o, - air density, g- acceleration of gravity, v- viscosity of air,
u - the average speed of emerging of a chain. Believing £, = £,

time t=h/u of emerging of a chain to a height 7/, equals
9 vh vh

t=— =4.5
2 gR*(p, - p,) gR’p, - (3)

Substituting the numerical values which closely correspond to
experimental conditions in the right part 3)

(h=1.6cm,R ~1mm, p, z0.1~1.3kg/m3,

V~2-10_5kg/m-s,gz9.8m/s2), we will obtain #>1s; 1 atm

corresponds approximately to 1.3 kg/m®, and for viscosity which
value increases with a temperature, the specified minimum value is
chosen [6]. The specified value ¢ significantly exceeds time of
establishment of the arc discharge (about 10 7S ). Therefore, buoyancy
(Archimedes force) is not the main reason of a peculiar shape of an arch.
Since in the presented experimental conditions the influence of slow
convection streams of the rarefied air is insignificant, the given
estimates provide the grounds to assume that the expulsion of plasma by
a gravitational field of the Earth described by formula 1 is the main
reason for a shape of an electric arch.
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Abstract. Concept of gravitational induction the essence of which is in the change
of gravitation force affecting test mass due to influence of gravitational field on
this mass by other masses has been considered. Evaluation of coefficient of
induced increase of the gravity in the titanium sample has been shown based on the
measurement of weight of nonmagnetic metal rod by its vertical and horizontal
orientation.

PACS 04.80.—y ; 06.30.Dr

Term “induction” means “pointing, excitation” and in electromagnetic
theory, generally, associates with appearance of electromotive force
(electric field) in the conductor during change of magnetic flux through
the surface limited by this conductor. Following traditional
phenomenological approach while describing physical processes it is
natural to assume that gravitational interaction of the bodies (masses) is
connected to propagation of some disturbances — particles (gravitons
etc.) within the space between interacting bodies or waves within etheric
environment similar to acoustic and electromagnetic waves. Depending
on approved gravitation model velocity of these waves (particles) is
within wide range — from single cm/s to the values much more
exceeding the velocity of light. At the same time gravitational
disturbances produced by interacting masses propagate along the line of
mass interaction directed towards each other. Similar to ordinary waves
they involve the end space area and in principle should influence the
other bodies or particles within the propagation area. Such influence
may result in change of the force of gravitational interaction of the
bodies analogues to optical phenomena of absorption and amplification
of light within absorbing or active (inversion, excited) medium.

As shown in [1-3], acceleration caused by external, for example, elastic
forces (electromagnetic in nature), body movement is accompanied by
change of the force of its gravitational interaction with massive body
(the Earth). The result of this is deg%ldence of the weight of mechanical



rotor with horizontal axis on speed of its rotation as well as orientation
dependence of coefficients of restitution during elastic impact of the ball
on massive plate [4]. Influence of accelerations of micro-particles on the
gravity due to their chaotic thermal motion allows to confirm observed
negative temperature dependence of the physical body weight [5, 6].
Gravitational effect described below may be called the effect of
“gravitational induction”. Its essence lies in change of the gravity
affecting the test body due to gravitational interaction of this body with
other foreign bodies.

Let’s consider the rod with mass m and length /, being placed within
homogeneous gravitational field of great mass M, for example the Earth
mass, Fig. 1.

z

WD

Fig. 1. Explanation of the effect of gravitational induction. “Active” zone of
increased value of acceleration of the gravity inside the rod is being primed. z =0
corresponds to the upper end of the rod.

Let’s consider the normal acceleration of the gravity along the rod to be
constant and equal to g,. Intensity of gravitational disturbances around
point z of the rod volume, caused by interaction of the particles within
upper area (0,z)of the rod with great mass M equally increases from
upper towards lower end of the rod. Due to proportionality of the
induced changes dg to value g of the gravity inside the rod along the
length dz,
dg=agdz (1)
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dependence g(z) of the acceleration of the gravity inside the rode is
exponential,

g(z)=g.e” , @)
where « - coefficient of induced increase of the acceleration of the
gravity.
Weight of the rod £ in the shape of parallelepiped with sides /..., with
vertical orientation of side / is equal

!
e al,
A =pg01213_!e dZNMgo(l"'?) ’ 3)

where p - density of the rod material, m = pi,/, - rod mass.
According to 3, dimensions of the rod directly influence its weight even
within homogeneous external gravitational field. In horizontal position
the weight pof the rod is described according to the formula 3 with
substitution 4 for 1, (4).
Relative difference s of the weights (masses) of the rod measured by its
vertical and horizontal orientation equals to

S= R-F _ a(l, -1)

. 5 . @)

It is obvious that with / >/, and positive strengthening coefficient « the
value s is also positive.
Dependence of the weight of non-magnetic titanium rod of BT1 model
from its orientation taking into account influence on the change of some
external physical factors has been studied in [7].
Average relative value sof mass difference of the rod 150 mm in length,
30 mm diameter and mass of about 476 g measured by vertical and
horizontal orientation of the rod is 1.1-107with error 10-15%.
Corresponding measurement data of the absolute value of the mass
difference are given at Fig. 2.
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Fig. 2. Mass difference Am (mcg) of the cylindrical titanium rod measured in day-

time in its vertical and horizontal orientations.

Rod weight in vertical position systematically exceeds its weight in

horizontal position within measurement errors. It should be noted that

decrease of the value of mass (weight) difference during hours close to

astronomical noon (about 2.00 p.m. of the standard time at the longitude

of Saint Petersburg).

Taking into account the influence on the measurement of the rod weight
by acceleration caused by the Sun of value g, around noon, formula 3 is

as follows

Tt ’7;7 =T
13 15 T4

B =mgy(1+ 22 - mg,(1+51) )

where g, - acceleration of grav1ty towards the Earth center taking into
account tidal accelerations caused by the Sun, (g, <g,), g - coefficient of
induced change of the gravity due to the Sun influence which value may
differ from «. It is obvious that P <p, that is the cause of decrease of
amon Fig. 2 in noon hours.

Fluctuations and decrease of value sare explained by action of
gravitational field from the Sun, Moon, and other planets on the test
mass, including change of g, determined by tidal accelerations [8].
Accelerations of the gravity produced by these masses are significantly
lower than value ¢, and coefficient g of gravitation amplification may,
in principle, exceed value « due to the Sun impact.

On the basis of the given experimental data, according to (4), the
calculated value of the coefficient « of the induced gravity amplification
for titanium within the Earth gravitational field is a~18-107*m™. More
detailed data on the value of the coefficient of the gravitational
amplification within different materials and its possible dependence on
the oscillation frequency of the masses being weighted will be gained in
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further research. Perspective and closest in physical substance of
researched problems is experimental research with regard to the weight
of oscillating specimens of the test bodies within variable gravitational
field of the Earth [9-11].

Thus, the effect of gravitational induction similar to the phenomenon of
optical amplification in active medium has been proved experimentally.
Thorough study of this effect conducted with the use of the test bodies
of different dimensions and compositions, including by accelerated
(oscillating) motion of the test bodies [12] will provide deeper
understanding of nontrivial properties of the gravity.
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YMEHBHIEHUE BECA BOJIOKOHHOI'O
CBETOBOJA IIPU PACITPOCTPAHEHUU B
HEM JIABEPHOTI'O U3JIYYEHUSA
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DKCNEepUMEHTAIBHO II0KA3aHO yMEHbLIEHHE Beca
BOJIOKOHHOTO ~ CBETOBOJA  (BOJIOKOHHOIO  XKIyTa)  IIpU
pacIpoCTpaHEHMH B HEM H3IY4EHHUs HOITyIpPOBOIHHUKOBOIO
nasepa ¢ yuHOHN BonHbl 650 HM. [Ipy MomIHOCTM BBOJMMOIO B
cBeToBo, u3nydeHus 70 MBT u skcnozunuu 20 ¢ yMeHbllIEHHE
MacChl CBETOBOJIa PaBHO 6 MKTI C TOTPEIIHOCTHIO M3MEpeHui 1
MKT. OTMedeHa WHEPIMOHHOCTh HaOmomaeMoro 3ddexra,
CBUJETEIBCTBYIOLIAS O €r0, HO-BUAUMOMY, TEIUIOBOU IIPUPOLE.

A. L. DMITRIEV, N. N. CHESNOKOV*

Baltic state technical University, Saint-Petersburg, Russia, *Ltd
"Sartogosm", Saint-Petersburg, Russia

REDUCTION OF THE WEIGHT OF OPTICAL FIBER
DURING DISTRIBUTION OF LASER RADIATION

The reduction of the weight of an optical fiber (fiber bundle)
during distribution of semiconductor laser radiation with a
wavelength of 650 nm is shown experimentally. With the power
of radiation input into light guide of 70 mW and exposure of 20
sec., reduction of the weight of the fiber is equal to 6 pug with a
measuring accuracy error of 1 pg. Inertia of the observed effect,
indicating its possible thermal nature, has been detected.
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Brusane rpaBuUTanMM Ha PacIpOCTpPaHEHUE CBETA —
oJHa U3 craperux mpoodaem ¢usuku. Eme B 1801 roay
J[bx. 3onpIep Ha OCHOBE KOPIYCKYJISIPHOM MOJENH
V3ITyYeHHUs] OLCHHWI YIJIOBOE OTKJIOHEHHE CBETOBOTO
Jy4ya TpH ero npoxoxiaeHun BOmu3u  CoiHOa.
HccnepgoBanusiMm  [€WCTBUS  TpaBUTAalMM Ha  CBET
MOCBAIIICHO MHOXECTBO TeopeTndeckux pabor. Takxke

W3BECTHBI TEOPETHUECKUE HCCTIeIOBAHUS
IpaBUTAIIIOHHBIX CBOMCTB cBera [l1]. Mexny Tewm,
My OIIMKaIHid 9KCTIEPUMEHTAIBHBIX pabor,

MIPENIIPUHATHIX C IENBI0 «B3BECUTH CBET», B HAyYHOU
JuTEpaType He  BcTpedaercs. ITO  OOBSACHHUMO
WCKITIOYUTENbHON MaJIOCTBIO 0KU/TaeMOTO
penATUBUCTCKOTO d((eKTa IpaBUTAIIMOHHOTO BIUSHUS
CBETa, MPAKTHYECKH HEIOCTYITHOTO COBPEMEHHBIM
CpeJICTBaM M3MEPEHU.

Bricokue IUIOTHOCTH MOIIHOCTH JA3ePHOTO
M3IIyYeHHs] W BO3MOXHOCTb  €ro  JIOKaJIU3aIuu
MMOCPEJICTBOM  BOJIOKOHHBIX ~ CBETOBOJIOB  CO3/AIOT
MPENNOCEUIKA  TPOBEACHUS  DKCIIEPUMEHTOB o
WCCTIEIOBAHUIO TPABUTAIIMOHHBIX CBOWMCTB  CBETa C
HCIIONB30BAaHUEM COBPEMEHHBIX BBICOKOTOYHBEIX BECOB.
B Hacrosimel paboTe  BBIMOJIHEHO  B3BEIIMBAHHE
TEePMETHYHOTO KOHTEHHEpa ¢ HaxOJIIIeHcs B HEM
KAaTyIIKe BOJOKOHHOTO  CBETOBOJa  (BOJIOKOHHBIM
KryTOM) nanuHOM 4.6 M TIpu BBOJE B CBETOBOJ
M3IyYeHVs TOYIPOBOTHUKOBOTO J1a3zepa. MOIIHOCTh
nmazepa 70 MBT, anuHa BomHBI m3nyueHus 650 HM.
BxomHOW W BBIXOTHOW TOPIIBI CBETOBOZA, B BUIEC TPEX
COCTUHEHHBIX  OTPE3KOB  BOJIOKOHHOTO KTyTa,
3aKJIFOYCHBI B MHJIMHAPUYECKHUE OINPaBbl AUAMETPOM 2.5
MM ¥ 3aKpeIUIeHBl Ha CTEHKaX IIOPATIOMHHHECBOTO
KOHTeliHepa auaMeTpoM 33 MM © AnHHOH 49 MM.
CBeToBOM JAMaMeTp TOpIla BOJOKOHHOTO  JKIyTa
Mpon3BoACTBa JIBITKAPUHCKOTO 3aBOJAa ONTHYECKOTO
crekina - 1.5 mm. H3mydeHue nazepa BBOIOUTCA B
CBETOBOJI Uepe3 TMPO3PaYHyI0 CTCHKY BHUTPUHBI BECOB
(xoMmapaTtopa) MapKu SARTORIUS CC50,

225



HaxXOIIUXCS B  TEPMO3OHE TPH  HOPMATBHBIX
TEeMIIepaType U aTMOCc(hepHOM JaBIICHUU.

Jlazep mepumonmuecku BiIO4Hasnics Ha Bpemsa 20 c,
MOCJIe Yero cjeaoBaja Iay3a AJUTENbHOCThI0 oT 40 110
50 c. OrcyeThl TOKa3aHUW BECOB MPOU3BOJIUINCH C
nepuonoM 5 ¢.  JIUCKpPETHOCTH OTCUETOB  MAaccChl
KOHTelfHepa BenMUMHON oOkoio 37.4 T paBHa 1 MKT.
CTaObWIbHBIA TeMIIepaTypPHBIH Ipeid Mmoka3aHUil BECOB
+ 0.2 Mxr/C.

W3mepenust Maccel LWIMHAPUYECKOIO KOHTEHHEpa
BBINOJIHSUINCh TIPU TOPU3OHTAIBHOW M BEPTHUKAIBHOM
OpPUEHTALUAX €r0 OCH, YTO IMPAKTHUYECKU HE BIHUSIO Ha
HIOJIy4YEHHBIE pe3yJIbTaThL.
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Ilpumep  TUNMWYHOW  BPEMEHHOW  3aBUCHUMOCTH
U3MEHEHUI Macchl KOHTEHHEpa NMPHUBEAECH HA PUCYHKE.
BepTukanbHbIMM ~ JIMHUSIMH ~ OTMEYEHBl  MOMEHTBI
BKIIIOYEHUS (WITPUXOBast JIMHHS) U BBIKJIFOYECHUS
(crutomHas  HMHUA)  Jla3epa. YMEHBIIEHHE — Beca
KOHTElHepa, BBI3BAHHOE JeicTBueM nasepa,
COOTBETCTBYET TOPU30HTAIBHBIM y4acTKaM

3aBUCUMOCTH, IIPH KOTOPBIX IPOUCXOAUT KOMIICHCAIUS
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MIOJIOXKHUTENBHOTO  Jpeiida MoKa3zaHWi KOMITaparopa.
OOpamaer Ha ceOf BHUMaHWe HHEPLHMOHHOCTb
Habmromaemoro 3¢ ¢dekra: yMeHbIIIeHNE Beca KOHTEHHepa
MIPOMCXOJUT HE TOJBKO BO BPEMS 3KCIIO3MLMHU, HO U B
TedeHre NpuMepHo 20 c Mocie BBIKIIOUEHHS Ja3epa.
Kak BumHO m3 rpaduka, yMeHbIIEHHEe Beca KOHTEHHepa
BCJICACTBUE JEWCTBHS Jazepa COCTAaBIsIET 6 MKI ¢
MOTPEIIHOCTBIO U3MEPEHUN 1 MKT.

KoHucTpykuus KOHTEMHepa " TEILIO3aIIUTa
CEpALEBUHBI  BOJOKOHHOTO  KIyTa  INPaKTHYECKU
HCKJIIOYalld 3aMETHOE HarpeBaHHe KOpIlyca KOHTEHHepa
B IIEpBbIE CEKYHJbI NIOCJE BKIOYEHNUs Jasepa. [loatomy
NpUYMHA HW3MEHEHUs Beca KOHTEeHHepa, MO-BUAUMOMY,
HE CBfA3aHAa C BIWSHUEM HAa HErOo CUJ IUIABy4ECTH, a
BbI3BaHAa HAarpeBOM CBETOBOJA BCIEICTBHE MOIJIOIIECHUS
B HEM W3JIyuyeHHs Jasepa. Takoe yMEHBIIEHUE Beca
CBETOBOJA COIJACyeTcs ¢ paHee yCTaHOBICHHOU
OTpULIATEIBHOM TEMIIEPAaTyPHOI 3aBUCUMOCTBIO Beca Tell
[2,3].

HccnenoBanust 0COOEHHOCTEM  HM3MEHEHHUS  Beca
BOJIOKOHHOT'O CBETOBOJIa MPH PACHPOCTPAHCHUH B HEM
JIA3EPHOTO M3IYYCHUS MPEICTABIMIOT OOJNBIION UHTEPEC
JUIT (PU3UYECKON M BOJIOKOHHOW ONTHKH, a TAKXKE YIS
METpPOJIOTUM MAacCChl, W JOJKHBI CTaTh MPEIMETOM
CHeNMaJbHBIX HCCIEIOBAHUMN.
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Change of the weight of optical fiber under the impact of laser
radiation
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Abstract: Authors present results of high-precision weighing of sealed containers
holding coils of fiber optics bundles (plaits) while stimulating these fibers by
radiation of helium-neon and semiconductor lasers. Weight decrease of fiber has
been observed during dissemination of laser light. The weight reduction remains
for a few seconds after the laser is turned off. The article offers qualitative physical
explanation of this effect.

Contemporary physical theories exclude noticeable impact of radiation
disseminating in the optical fiber on its weight [1]. With energy E of
the current of photons, for example with the value of 1 J, increase
Am=E/c* of gravitational mass of the fiber equals about 10* mcg
which is practically impossible to measure. Light might implicitly
impact the weight of the fiber, i.e. as a result of heating of optical fiber
during absorption of radiation which causes the change of the
dimensions of the fiber and therefore the change of buoyancy of
weighed sample (during laboratory weighing in the atmosphere).
Experimental data of high-precision measurements of the weight of
optical fiber stimulated by laser radiation are highly important both in
physics and mass metrology. The article presents the results of weighing
of sealed containers holding coils of optical fiber (plaits) during input of
helium-neon (wavelength 633 nm) and semiconductor (wavelength 650
nm) lasers into fiber.

Appearance of container Nel is presented on Fig. 1.
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Fig. 1 Container Nel.
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Input tip of fiber optic bundle 2m long with light diameter of 4mm
(produced by Lytkarinskiy Factory of Optical Glass — LZOS) is attached
to the wall of cylindrical container. Output tip is covered by the end
mirror which enhanced concentration of radiation in the fiber. Container
with diameter of 60mm and height of 100mm is placed in comparator
CC1000SL SARTORIUS. Laser radiation was introduced to the end of
the fiber optic bundle through transparent wall of comparator which was
located in the tight area with atmospheric pressure of 1007 hPa and
relative humidity of 38%. During weighing the temperature inside
comparator was 22.38°C - 22.16°C. Power of radiation of helium-neon
laser introduced to the fiber optics bundle was 16 mW. Weight of
appointed container was about 350 g. Measurements of comparator were
taken every 5 sec., discontinuity of measurements of the weight was 1
meg.

Example of experimental time dependence of the change of weight
measurements of container Nel is shown on Fig. 2. Vertical lines on Fig.
2 and further down on Fig. 3 and 4 indicate moments when the laser was
turned on (cross-hatching line) and turned off (solid line).

Change of weight

IR

—
+
—
+
7L
V-

megss t S

L

N

Fig. 2. Temporary change of the weight of container Nel. N — number of
measurement.

As shown on Fig.2, reduction of the weight of container caused by the
laser reaches 15-20 mcg with drifting of weight measurements less than
1 mcg/sec.

Results of weighing of container Ne2 holding the coil consisting of three
successively connected fibers (also produced by LZOS) with light
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diameter of 1.5mm and length of 4.6m [2] are presented on Fig. 3.
Measurements were taken on comparator CC50 SARTORIUS. Power of
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Fig. 3. Temporary change of the weight of container Ne2. Horizontal scale -
number of measurement
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semiconductor laser with the wavelength of 650 nm introduced to a
optic fiber was 55 mW. Input and output tips of fiber optic bundle are
attached to the wall of cylindrical container with the weight of 37.4 g,
the diameter of 33mm, and the height of 49mm.

On Fig.3 decrease of the weight of container affected by the laser
corresponds to the horizontal parts of presented correlation which
represents compensation of positive drift of measurements of
comparator with the value of 0.2 mcg/sec. It is interesting to emphasize
the inertia of observed effect: decrease of the weight of container
happens not only during exposure, but also for the duration of 20 sec
after the laser was turned off. As seen on the graph, reduction of the
weight of the container affected by laser is 6 mcg with the error of 1
meg.

On Fig. 4 we showed results of the measurements of the weight of
container Ne2, taken on comparator CC1000SL SARTORIUS. Here,
radiation of semiconductor laser with the wavelength of 650nm and
power of about 50 mW was introduced into the fiber optic bundle with
the help of focusing lens, which made input of radiation more effective.

meg
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Fig. 4. Changes in the weight of container Ne2 during input of focused
radiation of semiconductor laser into the optical fiber bundle. N —
number of measurement.
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Fig. 2, 3, and 4 demonstrate general, well recreated tendency of weight
decrease of fiber optic bundle during input of laser radiation into them.
Questions about why the decrease of weight of the optic fiber continues
for a few seconds after turning off of the semiconductor laser and how
this effect is being affected by coherency of the source of the light, are
still open. Possible causes of the temporary dependency of the weight on
Fig. 3 and 4 are particular qualities of processes of distribution of the
heat inside optical fiber, analogous to qualities earlier observed during
precise weighing of nonmagnetic metal samples heated by ultrasound
[3].

Structure of the container and thermal insulation of the center of the
optical fiber bundle made heating of the container itself almost
impossible, especially during the first seconds after the laser was turned
on. Therefore, the cause of the changing of the weight of containers is
not related to the impact of the forces of buoyance on them, but probably
is related to the heating of fiber optic bundle placed in the containers due
to absorption of laser radiation in them. Such decrease in weight of the
fiber optic bundle is consistent with negative temperature dependency of
their weight [3] observed during precise measurement of non-magnetic
samples. 5.

Presented “thermal” interpretation of produced dependencies is not an
only explanation of the effect of decrease of weight of optical fiber.
Optical radiation even in ideally transparent mediums affects high
frequency, with optical frequency of Hz, change of polarization of the
medium, therefore vibration and accelerated movement of its particles.
Presented in [3-5] a simple phenomenological theory shows that such
vibrations may be accompanied by the change of medium weight of a
sample. 14 10

Experimental and theoretical research of the effect of radiation
spreading in the optical fiber on its weight, are forward-looking both in
physical optics and metrology of the weight.

Authors thank E. M. Nikushchenko and A. A. Sergeev for technical
assistance.
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3akJ/IloueHue

K akryanbHbIM HampaBJIeHUsAM HCCIENOBaHMI B  oOJacTu
9KCIEPHUMEHTAIBHOM MPaBUTALUH CIIEAYET OTHECTU

- BBICOKOTOYHBIE M3MEPEHUS TEMIEPATYPHOM  3aBHCHMOCTU
¢u3HYecKoro Beca TBEPABIX TEN  PAa3IMYHBIX  CTPYKTYPBl U
XUMHUYECKOT0 COCTaBa;

- W3MepeHHs BIMAHUS YCKOPEHHH (B TOM 4YHCIIE, BBI3BAHHBIX
MEXaHUYECKUMHU M aKyCTHYEeCKHMH KOJeOaHMSIMH) Teld Ha CHIIy HX
IFPaBUTALMOHHOTO  B3aUMOJCHUCTBUS, CpPaBHEHUE  pE3yJIbTATOB
CTaTUYECKOT0 M JUHAMUUYECKOI0 PEKHMOB B3BELIMBAHUII;

- HCCIICZIOBAHUS BIIUSHUS pPasMEpOB U OPUEHTAIMM H3OTPOIHBIX U
KPUCTATMYECKHUX TeN Ha UX (PU3N4ecKuil Bec;

- BBICOKOYACTOTHAasl IpaBUMETPUs, HCCIEIOBAaHHE ECTECTBEHHBIX
KoJIeOaHUI HAPSHKEHHOCTH TPaBUTAIIIOHHOTO OIS 3eMJTH.

B oTHOmeHNH TIOMYNSIPHOW WACH TPEOIOJICHUS CHIIBI TSDKECTH 0e3
WCIIONB30BAaHMUS PEAKTHBHON CHWJIBI  OTAAaYM  MOXKHO 3aMETHUThH
cnenyromee. Ckopee BCero, 3Ta «JDKEHay4yHas» (B TEPMHHOJIOTUU
pPEeNATUBUACTOB) TpobOiemMa OyIeT pelieHa B XOJ¢ TIIATeIbHBIX
AKCIIEPUMEHTAIBHBIX (n TEOPETHUSCKHX ) HCCIIeTI0BaHUN
TUHAMUYECKUX  TpaBUTAMOHHBIX 3(ddekroB. Kak mokasano B
pazmemax 20 (C.149-168) wm 23 (C.190-203), TIOITy9IeHUE
OTPHULATEIBLHON TPABUTAIIMOHHOW CHIIBI «TSATH», JACHCTBYIOIIEH Ha
OCIIWJUTATOP, HAXOSIIUICS B TICPEMEHHOM TPaBUTAITMOHHOM TIOJIE,
MPUHLIUAITHAIEHO  BO3MOXKHO. MarepuanbHble  3aTpaTtbl  Ha
MIPOBEJIEHHE TaKWX WCCIEeOBaHUA, ObIM OBl HAMHOTO MEHBIIE,
HapuMep,  CTOMMOCTH  JKCHEPUMCHTOB TI0 TOMCKY MHHIMEBIX
«TPABUTALMOHHBIX  BOJNH»  WIM  CTOMMOCTH  CBEPXMOIIHBIX
KOJUTaiIepoB. OcBOOOIMBIINCH OT HAAYMaHHOH PEIIATHBUCTCKON
CXOJIACTUKU (MHOTOMEpHEIE «KpHBBIE MPOCTPAHCTBAY,
CUHTYJIIPHOCTH,  «4EpHBIE  JBIPB» U TOMY NoJJ00HbIE
MaTeMatudeckue (paHTazum), MOMIMHHAS (U3UKA TPABUTAIMH CIIIe
BEPHETCS U CTAaHET OCHOBOW MPAKTUYECKH 3HAUYUMBIX OTKPBITHHA U
TEXHUYECKUX JOCTIDKCHUH.
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A. L. Dmitriev

Physical Gravity

In the last century mathematic theory of gravitation has gained
great popularity due to active promotion of relativistic methods
in interpretation of universal gravitation. Abstract “mathematical
gravitation”, positivistic inits basis, is not able to describe all gravitation
phenomena. Creation of physical model which describes properties
of gravitation and unveils new ways of its progressive development
is possible only on the basis of experimental data with the limited
set of speculative hypotheses. Realistic physical gravitation similar
to the experimental data is an alternative to the “mathematical” one.
Collection includes texts of author’s articles and reports published
during 1998-2018. They deal with electrodynamic analogies and
“non-classic” experimental effects in gravitation.
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