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Kaanbl caNbICTHIPMAJIBLIBIK TEOPUACHI

JKanmbel canbICThIpMaibLIBIK TEOpUsIChl - AnbOept iHmTerH 1915
KbUIbl KapHsUlaFaH TPABUTAIMSIHbIH TEOMETPHSUIBIK TEOPHSCHI KOHE
3aMaHayu (PU3UKaIaFbl TPABUTAIIMSHBIH Ka31pr1 CUIIaTTaMachl.

JKanmbl canbICTRIPMAITBUIBIK, TEOPUSACH APHANBI CAIILICTBIPMAIIBLIBIK
TEOPUSACHIH JKAMIBUIAWBI KoHE HBIOTOHHBIH OYKLIOJIEMIIIK TapThUIbIC
3aHbIH HAKThUIANIbI, TPABUTALUSAHBI KCHICTIK TIEH YaKbITThIH HEMECE TOPT
OJIIEM/Il  KEHICTIKTIH TE€OMETPUSIIBIK  KACHETI pEeTIHAE  OIpTyTac
CUIIAaTTaMAChIH YChIHA/IBI.

ATan alTKaH/Ia, KEHICTIK-YaKbIT KHCBIKTBIFbI - KE€3-KEIT€H 3aT TeH
COYJICJICHY/IH DHEPrysiCbl MEH HMMITYJIbCIHE TIKEIeH OalaaHbICThL. by
OaiiytTaHbIC DVHINTEUHHIH ©pIC TCHJICYICPIMEH, SIFHU, 1€pOEC TYBIHbLIbI
" PepeHIMAIBIK TEHACYIICP )KYHECIMEH aHBIKTaIA Ibl.




Kannsl caapIcTRIpMadbLILIK Teopusichl (ZKCT) . ?

KCT 6acka METpUKAJIBIK TEOpUsIapbIHAH ©3TEIICIIT1 - DUHIITEeHH TeHACYIEPiH
KOJIJaHy apKbUIbl KEHICTIK-YaKbITThIH KUCHIKTBHIFBIH OHJIAFbI 3aTTICH
OallIaHBICTHIPAIBI.

KCT kazipri ke3ae 0akpliayJlapMeH JJICIICHTCH €H COTTI IpaBUTAIlsl TSCOPHUICHI
OOJIBIIT TaObLIAIbI.

AKCT koamany asichbl:

JKCT ke3-KenreH MHTEHCUBTI IPaBUTALIMSIIBIK ©PICTEPAET] ASHENEPAIH Ke3-KeJIreH
KBUIIaMIBIKTAaFbl KO3FAJIBICHIH 3€PTTEYTre KOJIaHbLIA b, €rep KBAaHTTHIK dhdEeKTTep/al
eckepMmeyre 00JaThIH OoJica.

AKCT KoaaHy HOTHKeECiHIE:

JKCT bIH KOJIJITaHA OTBIPBII, KOCMOJIOTHS MEH acTpo(u3uKa HEUTPOH/IbI
KYIABI3AAP, Kapa KYPAbIMIAP KOHE IPaBUTALIMSIIBIK TOJIKbIHAAD CUSKTHI €PEKIIIE
KYOBLIBICTAp Ibl OOJKAM aJIjIbl.
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ByKUI dJ1eMAIK TAPTHLJIBIC 3aHbI
(HbIOTOHABIK rpaBnTauHﬂ) Newton’s Law of Gravity

NpaBuTtauma ?

Tapmuinvic Kywii Hemece 2pagumayusi 0e2eHiMiz - 0¥l MAccacvbl Hemece IHePeUsiCh
bap Oapnvlk 3ammapobly, COHLIH [WiHOe NIAHemanNap, Hcyaovl30ap, 2alaKmuxkaiap
JiCoHe minmi JHcapvlkmviy- OIpiH-0ipi mapmamsin mabueu Kyovlivlc.

MlMZ

D2 M, = Mass of object 1 (grams)

F. =G

M, = Mass of object 2 (grams)

D = Distance between objects (cm)

G = 6.67x108 cm3/sec?/gm




. M _ M
F = —mGﬁr: _mGr_ze’" : (1.1)
F=-WV(. F=-5-. (12

HBIOTOHHBIH TApTHUILIC 3aHbl «KIIID KbUIIAMABIKTAP YIIIH KapamAbl, SSFHUA >KapbIK
AKbUIIAM/JIBIFBIHAH JKOHE «QJICI3» OPICTEPACH JICKai1a a3 KbUIJAMIBIKTAP.

OJICI3 epicTep ACreHIMI3 - ChIHAJAThIH OOJIIEKTIH I'PaBUTALMSIBIK ITOTCHIIUAIIBIK
DHEPIrUsAChl OHBIH TBHIHBIIITHIK MAcCCAaChIHBIH DSHEPIrUACHIMEH CalbICTBIPFaHAA ©Te a3
OoJIaThIH epicTep

M
mG— < me*? = r> % : (1.3)
r c
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We conclude that the Newtonian gravitational potential at a point in a gravitational
field outside a mass distribution satisfies Laplace’s equation

Vo =0]|. (1.9)




Digression 1.2.1 (Dirac’s delta function) The Dirac delta function has the follow-
ing properties:

. S8(F—r)=0 YV F#/r.
2. [8(F—1r")d*F =1 when 7 =/ is contained in the integration domain. The
integral 1s identically zero otherwise.

3. [f(MS(F—r)d? = f(7).

A calculation of the integral [V--Z==

F—rl|3
the field point is inside the mass distribution is obtained through the use of Gauss’
integral theorem:

d>r which is valid also in the case where

/V-ﬁid3 ’:jgﬁ-di’, (1.10)
v 5

where s is the boundary of v (s = dv is an area).



Definition 1.2.1 (Solid angle)

dQ = ds, : (1.11)

~F—rP

where ds’ ', 1s the projection of the area ds’ normal to the line of sight. ds' | is the

component vector of ds’ along the line of sight which is equal to the normal vector
of ds', (see Fig. 1.3).

ds’ normal to bounding surface




Now, let’s apply Gauss’ integral theorem:

*—Ff e ds’
f d & = j{ f L :fdg. (1.12)
7 — |r—r"|3 |7 —r'|?

v 5

So that,
fv. "—E"' P — 4 %f P %s insic.le the mass dis.tril:-utic?n._ (1.13)
g 7—r'|3 0 if P is outside the mass distribution.
The above relation is written concisely in terms of the Dirac delta function:
— ;_,* .
V.= _ans(F—7). (1.14)
F—r3
We now have
2 b s 5 r 3
V20(F) = Gfp{ﬂ)v- &
|7 —r'|3
(1.15)

e f p(F)4ns (F—F)d*F
=4nGp(F).



1. Mass generates gravitational potential according to
V29 =4nGp . (1.16)
2. Gravitational potential generates motion according to

§=-Vo, (1.17)

where g is the field strength of the gravitational field.




ApHaibl CAJBICTHIPMAJBLIBIK
TEOPUSIChI

ApHaiibl cabICTBIPMATIBUIBIK TEOPHACHIH 1905 sxbutbl AbOepT DUHINTEHH YChIHFaH OOJIaThIH
€Ki MOCTyJIaTTapFa HeT13/1eNreH:

1. ®usuka 3aHIapHI OAPIIBIK TATAIICHIIIK CaHaK JKyhenepinae Oipaci.
2. Boc KeHICTIKTET1 )KapbIKTHIH KbUIIaMIBIFBI OapIIbIK TATMIICHIIIK CaHaK KyHenepinae Oipaci )koHe
JKapbIK K631 KO3FaJIbIChIHA TOYEICi3.

OuHmTelH - Oy nmocTynarrap [anuneit KWuHEMaTUKAachIMEH, aTal alTKaHIa KbULIaMIBIKTap/abl
Kocy Typauibl ['anuieit 3aHbIMEH Kalllibl KeJe Al - IeT KOPCETTI.

[Nanuneil kuHeMaTukachl OOWbIHIIA Oip-OipiHE CaNBICThIPMANbl KO3FajlaThlH €Ki OaKbLIayIIbl
oenrim Oip >KapbIK CUTHAJBI YIIIH OipAeHl >KbUINAMIBIKTHI ©JIIe aniMaiiibl. DUHINTEHH Oyl MoceneH1
KAIIIBIKTBIKTAFbl €K1 CAFaTThl CHHXPOHJIAy apKbUIbI MIEHIYTe OOMAThIHIBIFBIH MYKHST TAJKbLIAy apKbLIbI
KOPCETTI.




CanpICTRIpMATBUIBIK TEOPUACHIH KYPY/IbIH aIFbIIApTHI 19 FackipAa 3J1eKTPOANHAMUKAHBIH JaMybl OOJIIbI

Makcgemn Teraeynepi ['amuneiaig TypaeHaipy/iepinie MHBAPUAHTTHI eMeC OOJIBIT IIBIKTHI, OVJT KITACCHKAIIBIK
MEXaHHMKaFa Kanbl KeJi.

AIIEKTPOMATHUTTIK Opic yiriH MakcBe TeHaeyiepl

Name Differential form Integral form
Gauss' law V:-D=p fﬂ-iﬁ.—fpad‘if
g v

Gauss' law for magn.etisrn V.B =0 fB CdA — 0

(absance of magnetic manopoles): 5

Faraday's law of induction: VxE= _E E dl — B ®xwv-dl = B dA

Ampere's law D ED

(with Maxwell's extension): VxH=J+ E fg H-dl= f J-da+ f
H = 1ot A 1 924 4

’ — —pv
- c2 Ot? c 10
E— 104 Ly divA+-=2=0.
Vep =4mp. c Ot




0 -H. H, E, 1 _ 2 3 _ 4 _
_ = pUz, J =puy, JT=pu., J =cp.
o 0AF oA H. 0 —H, E P Py P g
d:t‘z aﬁ:k _Hy Hx U Ez 1 2 3 4
_EI_Ey_Ez 0 A :AI, A :Ay., A :Az: A :;‘p
E_ dp 10A, 0AY  9A! H - 0A, 04, 0A* 0A°
T 9r e ot (:3':1:1 5174 ' Y Oy 0z  Ory Oz’
0B, 0E, 10H, OF3  gF% o OH, ©OH, 10E, 4x
) + T T =0, TR a2
dy Oz c Ot O1o drs dry dy 0z c Ot c
OE, OE. 10H, OFt | OF | OFY OH, OH, 10E, 4=
T, + =0, - = —pvy, -
0z or ¢ Ot Ory Oy 0334 0z Or c Ot c oF _ am
OE, OE,  10H. OF2 OFt oF | OH, 0H, 10E. 4r Ok ¢
O dy ¢ Ot ’ oz, + Oz dﬁ;d ’ Or dy c ot ¢ PU=
OH, OH, OH, , ,
L od, 0 OF23 . OF31 . IF12 o OF, N OE, N OE, —dnp.
Oz Oy 0z dry  Ory  Oxg oz dy 0z
vy 0 0B
. 0 1 0 0 - | |
Xk = o o0 1 ol T = 1/V 1 -3 Frik = a:_ai“F” u F™* =al osz”';c
-8 0 0 vy
E. =F" =alalF* = alafF" +alaiF? = E, | H. =H,,
E, =F* = alalF”* = a50iF* + a5aF* = y(E, — BH.), H! =~(H, + BE.),
E' =F* = o2a’F* = adalPY + odaF* = 4(E. + 8H,). H! =~(H, — BE,).
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The Analysis

Time t, from A to C and back:

b b 2 :24[ 1 ]

B 1—v*/c*

c+v c—v =V C
Time t, from Ato D and back:

20, 24, 1
Iy = = .
Je2v? ¢ {12/

So that the change in time is:

' t'2 tll ( ; 1 J = hould b meth mall, b
A 2 2 = ? Shou e something sma ut
cl1=v°/c 2, 2 g ,
1 / \/1 e just measurable




Results
m Using the Earth’s orbital speed as:

V=3x10m/s
together with
£,= £, =1.2 m (the longer the better for experiment)
So that the time difference becomes

At’' - At = v3(8,+8,)/c3=8 x 107V s

m  Although a very small number, it was within the experimental range of
measurement for light waves.

- But was measured to be zero 111 0




MalKenbCoH aHe bacKanapablH, KOPbITbIHAbIIAPbI

»  MaiiKeabCOH KOJABIH Y3bIHBIFbl ApACBIHAAFBI YAKBIT albIpMaIIbUIbIFbIHA
OailIaHBICTHI KaAPBIK HHTEP(DHEPEHIUSCHI )KOJTAKTAPBIHBIH (Da3alIbIK BIFbICYBIH
aHBIKTal amybl Kepek eni, Oipak oHbI Tammaabsl. (JKepaiH opOuTagarsl sKbIIIaMIbIFbI
30 kM / ¢ OCBI eJIIIEMJIEP YIIIH KETKUIIKTI )KbUIJaM 00JIap €111, €rep KIaCCUKAIBIK
¢u3HKa KOITaHBLIATEIH 00JIca)

s DOnaeapxa Mopauain (1893-1923) kemeriMeH OipHellle peT KaldTajJaHFaH KoHE
HaKTHIJJaHFAaHHAH KCHI1H Tarbl 1A HOTHIKE KOK OOJIFaH.

s Ochlnaiimia, HOTXKeCIH e 3hUp XKOK , HeMece MakcBeI TeHASYIepiHae Macee
00JTybl MYMKIH, KapBIKTHIH TOIKBIHABIK TCOPHSICH IYPHIC eMec, Analina
TOJIKBIH/IBIK OIITHKA OHBIH JYPBICTHIFBIH KOPCETE/I.




|, WweTki biFbicyabl enwey cunatbl bombIHWA |, -re «TeH» aen caHayfa bonagbl,
COHbIMEH KaTap XapblK Ke3iHe KaTbICTbl annapaTTapablH Ko3fanblC OafFbIThbl
BombIHLIA €Ki XacblS TycneH bernrinieHreH KocbiMLla (green primes) kbickapy 6ap.

t, yakbIT: A gaH C fa, ogaH KanTbIn KernreHre geuiH
¢ 0 2ct; 20 1
[, = + — "2 2 2, 2
c+v c¢c—v ¢ —v c \1-v“/c

CoHpan-ak

t, yakblT: A gaH D fa, ogaH KanTbIn KenreHre geuit

n_ _ 2
2y 20 1 ‘1 "2\ﬁ V%C
2_\/02—1)2_T | \/l—vz/c2

YakbITTap 6ombiHLIA anblpMallblfibIK:

AP =1 2[ b 2l J
A G R R > 9 = 0, nHTepepomMeTpaiH
c\1-v'/c ‘/I_V /c TYpaKTbl MapameTpi




Erep 0131¢ ex1 OakplIayIibl O0JIBIH: O1peyl KO3FaIMalThIH TEIECKOIITa OOJICHIH,
€H/JI1 O1pey1 TYPAKThI TY3Y ChI3bIKTHI JKbLIIaM/IBIKIICH TEIECKOIIKA TYCKEH
’KapbIKKa Napajuieib (HEMEeCce aHTUIapalIe)ib) KO3FaIFasiblll HOTHXKECIH/IE
anaparTa MHTepepeHIUs KacanuThIH OOJICHIH.

Onap opTypJli HOTHKEJIepre Ko »xKeTkize Me? JKok, Tek sKoJ1aKkTapIblH
apajbIKTaphl Oipiiama azasijibl (Hemece OarbITKa OaMJIaHBICThI KEHEUTLIe A1), O1paK
UHTEPHEPECHIIUS CXEMAChI ©3repMeEl.

DOWHIITEHH OOWBIHINA, SKCIIEPUMEHTTE VINIH OJIMEHTIH CIITeHE OK (HOTHXKeci
Hel), eHWTKeHi xepmiH KyHre Hemece sdupre KaTbICThl KO3FaJIaThIHIBIFBIH
AHBIKTAUTBIH JICKTPOJUHAMUKAIIBIK SKCIEPUMEHT KOK, allapaTThliH KAPbIK KO31HE
KaTBICTBI KBUIIAM/IBIFBI MaHBI3ABI eMec (HeMece KYHT€ KaTBICTBI), Y3BIHIBIKTHIH
KbICBUTYbl MYVHBIH OPHBIH TOJTBHIPaAbl, COHABIKTAH KOHUENTyalAbl TYPIE
KBUIJAMIBIKTEI  HeJIre TeH 0ojajabl, COHBIMEH Karap 013 JKCIECPUMEHT
HOTHXKEJIEPIMEH COMKEC KEJIETIH aHAJTUTUKAIBIK HOTHXKE anaMbl3 !




Einstein’s Postulates

m Albert Einstein (1879-1955) began thinking seriously at
the age of 16 about the nature of light and later on about
the deep connections between electric and magnetic
effects

m In 1905, at the age of 26, he published his startling
proposal about the principle of relativity of inertial
frames of reference (special relativity)

m no reference to Michelson’s NULL result, no reference to
any other work, just the work of a genius in his spare time
all by himself (which nobody asked him to do and paid for

)




JlopeH1 TypieHaIpyIiepl

y x = }/(x'Jrv.!") dx= }/(dx'+vdt‘)
= y=y dy=dy
R dz=d?

' ax’

X = -

[ = }/[f‘—l—ﬁ?] dt }’(df—i-ﬁ c J
drl
_dx v dx'+vat') _ 4 df(E+vJ '+

HI T ! ! - 5
dt ){df+ﬁ£} ydf(l+£ﬁ} 1+Eu'x
c c dr c
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dt'| —
dy__dy (dr'}

u',

uv: - ™y ' = p
Yoodt }{df+ﬁ£) ydf(]+éﬁ) ;{l+—ﬁu'x)

c ¢ dt' c




JlopeH1 TypJIeHAIPYIEPIHIH calgapaapsbl.

m YaKbITTbIH 6aaynaybil:
aKbITTbl KEHENTY:

K’ »ymnecenperi cafaTt K KO3FanManTbIH Kyneaeri caFratka KaTbICTbl
bany Kypega,.

m Y3bIHADbIKTbIH KbICKapYbl:

K’ skymeciHgeri y3blHAbIKTAp (TasKwa y3blHAbIFbl, KO3FanbiC
H6afbiTbiHAa 601Cca) Ko3FanmanTbiH K KyneciHaeri TadaKLWwa
V3blHAbIFbIHA KapafaHaa KbiCKapaapbl.




YakbITThIH 0astyJiaybl

Vaxvimmeuly 6asynayvin TYCIHY YIIIIH MEHIIIKTI YAKBIT
UJICSICBIH TYCIHY KEPEK:

MeHIIIKTI YaKbIT AereHIMI3, {, THEpIUJIBIK CAHAK
KYHUEC1H 1€ O1pIer OpbIHAA 6TETIH €K1 OKUFaHbI COJI OPBIH/IA
CaFaTIeH OJIIICHTCH YaKbIT albIpMachl.




¥ 3bIHJIBIKTHIH KbICKAPYHhI

¥ 3bIH/IBIKTHIH KbICKAPYBIH TYCIHY YIIIIH MEHIIIKTI Y3bIHABIK YFBIMBIH TYCIHY
KEpEK:

0 O9poip K xone K “kylienepinaeri 0akpliayIbIHbIH OPKAUCHICH THIHBIIITHIKTA
O1paei Y3bIHABIKTHI OJIIMICHTIH €TiIl, 63 KYUECIHE OJIIICYIIIl OOJICHIH.

0 THIHBIITHIKTA OJIMIEHTEH Y3bIHABIK MEHIIIKTI Y3bIHABIK JICIT aTajlajbl.
MEHIIIKTI Y3bIHABIK KbICKAPMAH/IbI.




Summary Michelson-Morley experiment

1. If the apparatus is not moving with respect to “special” inertial reference
frames (ether or sun), there is no shift of the interference pattern, v=0

2. If the apparatus is moving with respect to the “special” inertial reference frames
(ether or sun) at any velocity, there is no shift of the interference pattern, just
length contraction and time delay (consequences of Lorentz transformations)
foranyv 0

3. If we move with respect of the apparatus with u, (watching the interference pattern
from afar with a telescope), there is also no shift in the interference pattern (just
length contraction of the fringes since we can claim that the apparatus moves with
respect to us) regardless if v =0 or v ¥ 0 in that “special” inertial frame, (but we
would need to apply special relativity velocity additions derived from Lorentz
transformations in the latter case)

Conclusion, relative motion cannot be detected by an experiment that
involves electrodynamics (constant velocity of light) either, there is no
special inertial reference frame at all (and thus no need for the ether), all
inertial frames of reference are equally valid and the speed of light is
constant in all of them!




div[grad f(r)] =

4 N

)+ 2 (1) =0. div (







1. 3apsaTelH KeJeMOIK ThEBI3IBIFEI OCHl HMHEPIHUSUIBIK CaHAK KYHMECIHICTI CabICTBIPMAIbI
KO3FaJIbICTAFbI 3apSIITHIH TBIFBI3IBIFGIHAH KOIl OOJIATBIHBIH KepceTy KEpeK.

4 N

\ /

1 xkr cyabr 0 °C tan 100 °C ka geiiiH KbI3AbIpFaH/ia OHBIH Maccachl KaHIara keoeremi?

¢, =4.2x/bwc k2 K




PenaTUBUCTIK XblNAaMAbIKTapAbl KOCY 3aHbIH LLbIFAaPbIHbI3.

-
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B=v/c






Vi + va

\ /V3: L+ vivy/c?




biprekTi mapasiH Maccackl M oHE paanychl R. mapbIH 1IHACT] TPaBUTAIIUSIIBIK
CBIFBUIY/IaH TYBbIHAAFaH KbICBIMIbI TAOBIHBI3. OHBIH IICHTPIHEH I' apaKaIlbIKThIKKA
Toyenai. XKepai cepa aen ecenten HUEHTPIHACTI P KbICBIMAbI OarajiaHbl3.

4 N




TBIFBI3BIFBI paJNyCKa Tayel 1l chepaliblK CUMMETPHSIIBIK KYJIIIBI3IbI
KapacCThIPAUBIK;

o(r) = oo (1 . R—)

Mynparsl p0 - TYpakKThl, a1 Rp - )KYJIABI3ABIH PaINYCHI.
a. JKyJ1IbI3bIH JKaJIbl MacCaChIH €CENTEHI3.
0. XKyab1311bIH IEHTPAET1 KbICHIMBIH €CEITEH]I3.
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