The thermodynamic properties of zero oscillations of a homogeneous universe are
determined from its size.
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Abstract

It is shown that the zero-point energy determines % of the energy of a homogeneous universe.
The zero-point temperature was calculated, which is close to the background radiation
temperature. The problem of the cosmological constant is solved by wavelength quantization.
The minimum wavelength is determined, which divides any wavelength by an integer number of
parts.

The number of degrees of freedom of a black hole (number of zero oscillations)

A black hole consists of the maximum possible number of elements having the lowest possible
mass-energy. Zero oscillations with the maximum possible wavelength have the minimum mass-
energy.

re = (2GMgn) / ¢? — Schwarzilde black hole gravitational radius (1)

Lpn = 27 1y = 4n GM3pn / ¢? — maximum possible wavelength for a black hole (2)

Mgn = Lpu % ¢? / (4n G) — black hole mass (3)

Eo=hv /2 =hc/ (2 Lgn) — the lowest possible energy of a black hole element (4)

Since E=m c?— energy (5)

mo = Eo /¢ =h / (2cLgn) — the lowest possible mass of a black hole element (6)

N =Mgn / mo = L%y x ¢ / (2m Gh) — black hole zero point number (7)

The hypothesis of quantization of the wavelength of radiation

The wavelength is a multiple of the minimum length.

L =n x |, — wavelength, where n is a positive integer (wave number) (8)

n® = L?/ I’ — square wave number (9)

Minimum wavelength

In 3D space, the maximum number of oscillations with a wavenumber n is equal to

N =4n* (10)

From formulas (7) (10) (9), we obtain the wave number for a black hole and determine the
minimum length.



n’>=N/4=1L%pu x ¢ / (8w Gh) = L?sn x ¢* / (16n* Gh) — square black hole wave number (11)
where h = h / (2n) — is the reduced Planck constant (12)

Pm=L%gn/n*= 161> x Gh/ ¢ = (4n x 11)* — square minimum wavelength (13)

lm =L BH/n =4n % 1p; — minimum wavelength (14)

de 1, = (Gh/c*)"? — Planck length (15)

From the formulas (3) (5) we get:

Fr=Egu/ Len = Mgu x ¢* / Lgn = ¢*/ (4n x G) — fundamental strength (16)

Using formula (13), we obtain:

Fr=2hc / 1% — fundamental strength (17)

The fundamental force is a constant that determines the energy of a black hole based on the
length of its equator (maximum length Lgu) Egn = Fr x Lgn (18)

Zero oscillation energy of the resonator

The quantization of the wavelength by the formula (8) limits the maximum value of the wave
number:

m = (Lim / 1Im)"?> — maximum wave number (19)

where L — 1is the size of the resonator, I — is the minimum length

In the low frequency range, the wave oscillations are determined by the size of the resonator L.
Wavelength L=Ln/n (20)

Oscillation frequency f=n X% c/Ln (21)

In the high frequency region, the wave oscillations are determined by the minimum length In.
Wavelength L =n x 1, (22)

Oscillation frequency f=c/ (n x lm) (23)

At the boundary of the region of high and low frequencies, the wave number reaches the
maximum value of ny, for the wavelength L = (L % 1m)"? (24)

The energy of zero-frequency oscillations of low frequency is calculated through the sum of
polynomials



Ei=Y4n’>x (n x hc/2 Lm)=32n>x (hc / Lm) where n runs through all integer values from 1 to
nm (26)

Ei = (2/4) n*n % (he / L) = (1/2) (L2 / Pm) % (he / L) = (1/2) Lin X (he / ) = (1/4) Loy ¥ F
(27)

The energy of zero-frequency high-frequency oscillations is calculated through the sum of
polynomials

E>=Y4n?x (hc /2 n lm) = Y2n x (hc / lm) where n runs all integer values from 2 to nm (28)
E2 = (2/2) n*n % (he / Im) = (L / Im) X (he / Im) = L % (he / Pm) = (1/2) L % Fr (29)
E=E| +E2=(3/4) Ln x Fr (30)

If the size of the resonator and the size of the black hole coincide, L, = Lan (31)
then the formula (30) is given to the form:

E = (3/4) Len x Fr = (3/4) Esn (32)

where Epn — is the total energy of the black hole in which we are.
This equation solves the problem of the cosmological constant.

Entropy of zero oscillations of the resonator

The number of oscillations in the low frequency region is equal to the number of oscillations in
the high frequency region. Therefore, we add polynomials in one of the areas and multiply by 2.
The polynomial is simple. In fact, it is a monomial :)

> 4n” where n runs over all integer values from 1 to nm (33)

N=2x4n’,/3=(8/3) xn’n=(8/3) X (Lm/1m)*? (34)

S=knN=kn(83)* (Lm/Im)** - zero-point entropy (35)

where k — is the Boltzmann constant

Zero Vibration Temperature

AE = ((3/4) L % Fp)' X ALy = (3/4) x F¢ x ALm (36)

AS = (k 7 (8/3) X (L / Im)*?)' x ALm =k 7 (8/3) (3/2) x (L' /1¥%) X AL =
=AS =4 1k 1?2, x L2, x ALm (37)

T=AE/AS = (3/4) x Fr / (4 nk 1725 x LY2)) = (3/(16 mk)) x 3%, x Fex L2, (38)
Because Fr=2hc / I, — is a fundamental force (19)

The formula for the zero-point temperature is given to

T = (3hc / (8 mk)) X (Im X Lm) " [K] (39)



Replacing the Planck constant by the reduced Planck constant simplifies the formula:
T=Bhc/(4k)) X (Im * Lm)"? = (3/4) x (A c / k) X (Im x Lm)"? [K] (40)
Cosmological Black Hole Hypothesis

I used the hypothesis of a cosmological black hole. According to this hypothesis, we are inside a
big black hole. Our universe is viewed as the surface of a 4-dimensional ball. This form of the
universe (resonator) determines the oscillations in the low-frequency region and the symmetry
between the low and high frequencies.

Fundamental constants:

h = 6,626 070 040(81) x 10734 J-s
h=h/(2n)=1,0545718 x 103*J-s
c=2,99792 45810 m /s

k=1,380 648 52(79) x 10 J /K
hc/k=4364957188 x 10° m-K

(3/4) x (hc)/ k=3,27371789 x 10° m'K
lpt=1,616 229(38)-10 3 m

Im =47 x 1, =1,015506 x 10** m

Calculation of the CMB temperature:

Billion light years = 9,46073047258 x 10** m
Time of existence of the universe t = 13.7 x 10’ years

With L =2 x 13.7 x 10° [light years] = 2,59224 x 10°® m
zero point temperature T = 20,18 K

The size of the universe is not set with acceptable accuracy. Quote from wikipedia:
"Approximate radius of the observable universe (14.3 billion parsecs or 4,4-10%° m)"
AtLn=2%x44%10*m=28,8 x 10*°m, zero-point temperature T = 10,95 K

AtLm =27 x 4,4 x 10° m = 27,6 x 10?® m, zero-point temperature T = 6,18 K

The temperature of zero-point oscillations of a homogeneous (early) universe differs from the
temperature of the background radiation by less than an order of magnitude. The contribution of
the energy of these oscillations to the total mass-energy of the universe is close to the
contribution of dark energy.
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TepmoauHaMu4YecKne CBOCTBA HYJIEBbIX KOJIEOAHUI OTHOPOIHOI BCeJeHHOM
onpeaesIOTCA U3 ee pa3Mepa.

Agtop: Muxees Cepreit Binanumuposuy

BBenenue

[TokazaHo, YTO PHEPTUS HYJIEBBIX KOJICOAHUM ONpeesisaeT ¥4 SHEPTUH OJHOPOIHOM BCEICHHOM.
Paccunrana TemnepaTypa HyJeBbIX Kosie0aHUil, KOTopas OJIM3Ka K TeMIepaType pelTuKTOBOIO
u3nydenus. [IpoGiema KOCMOIOTHYECKOM MOCTOSIHHOM pelieHa KBaHTOBAaHUEM JIJTUHBI BOJIHBI.
Onpenenena MUHUMAaJIbHOHM JUTMHA BOJHBI, KOTOpAst JENUT JIIO0YIO AJTMHY BOJHBI Ha LEJI0E
YHCJIO YACTEH.

YucJio creneHeil cBOOObI YePHOIi AbIPHI (UMCIIO HYJIEBBIX KOJICOaHMIN)

UYepHas AbIpa COCTOUT U3 MAaKCUMaJIbHOI'O BO3MOKHOI'O YHCJIA 3JIEMEHTOB, HUMEIOLIUX
MUHUMAaJIbHO BO3MOYKHYIO MacCy-3Heprui0. MUHUMAaIbHYIO MacCy-3HEPIUI0 HMEIOT HYJIEBbIE
KoJIe0aHUsl C MAKCUMAIIEHO BO3MOYKHOM JUTHHOHN BOJTHBI.

1z = (2GMagn) / ¢* — rpaBUTALMOHHBIN paauyc YepHoii apipsl IBapuuibaa (1)

Lpn = 27 1y = 41 GMBpn / ¢? — MaKCHUMalIbHO BO3MOKHAS JTHHA BOJIHBI /ISl UepHOM JBIPHI (2)
Mg = Lpn % ¢?/ (4n G) — Macca uepHoii pipsI (3)

Eo=hv /2 =hc /(2 Lsu) — MUHUMaJIbHO BO3MO>KHAsI SHEPTHS DJIECMEHTA YEPHOM JIBIPHI (4)
[ockonbky E =m c? — sueprus (5)

mo=Eo/c¢*=h/(2cLpn) — MUHUMaIBLHO BO3MOKHAS MAcca 2eMEHTa YepHOi JbIpsI (6)

N =Msgn / my=L%px x ¢’ / (2 Gh) — uncno HyneBbIX KonebaHuil yepHOii bIpHI (7)
I'mnore3a 0 KBAHTOBAHMHU JJIMHBI BOJIHbI H3J1y4eHU S

JInvHa BOJIHBI KpaTHa MUHUMAJIBHOM JJIMHE Lim

L =n X ln — AyTMHA BOJIHBL, TJI€ N — IIEJI0€ MOJIOKUTEITHLHOE YHCIIO (BOJTHOBOE YUCIIO) (8)

n® = L?/ I>n — kBajipaT BOMHOBOTO Yncna (9)

MunumMaabHas JJIMHA BOJHbBI

B 3-x MepHOM IpOCTpaHCTBE MAaKCUMATBHOE YHUCIIO KOJeOaHU C BOTHOBBIM YHCIOM N paBHO

N =4n? (10)

N3 popmya (7) (10) (9) momydaeM BOTHOBOE YMCIIO JUIsl YEPHOH JBIPBI U ONpeAeIsieM
MUHUMAJIbHYIO JJINHY.



n’=N/4=1L%pu x ¢/ (8n Gh) = L?sn x ¢* / (16n* Gh) — KBaJpaT BOJHOBOTO YHCIIA YEPHOH
nbIpbl (11)

rae h =h/ (2n) — penynupoBanHas nocrossHHas [lanka (12)

Pm=L%gn/n*=16n> x Gh/ ¢ = (4n x 1,1)* — kBagpaT MUHMMAILHOH JUIMHBI BONHBI (13)
lm =L BH/n =4n X lp) — MUHUMaIbHAS AJIMHA BOJHEI (14)

rae 1y = (Gh / ¢*)V2 — nnuna Inanka (15)

U3 popmyn (3) (5) nonyyaem:

Fr=Epn/Lpn=Msan x ¢?/ Lpn = ¢*/ (4n x G) — pynnamenTansHas cuna (16)

C nmomorsio popmyiel (13) momyyaem:

Fr=2hc / 1°m — pynnamentansaas cuna (17)

dyHIaMeHTalIbHAS CHJIA 3TO TTOCTOSTHHAS BEJIMYUHA, OTIPEIICIISIONIAS YHEPTUIO YSPHOU JIBIPBI
WCXOJI U3 JUTMHBI ee dkBaTopa (MakcuMmanbHas jiiiHa Len) Esn=Fr x Leu (18)

JHeprus HyJIeBbIX K0JIeOaAHMIA pe3oHATOpa

KBantoBanue AnuHbI BOJIHEI IO (hopmyrie (8) orpaHMYUBaeT MaKCUMAJIbHOE 3HAUCHHE
BOJIHOBOTO YHMCJIA:

N = (L / Im)"? — MakcumansHoe BomHOBOE umcio (19)

rae L — pa3mep pe3zonaropa, Im — MUHMMasIbHAs JJIUHA

B 00acti HU3KUX 9acTOT, BOJTHOBBIE KOJICOAHUS OMPEEISIOTCS pa3MepoM pe30HaTopa L.
Jmwnaa Bomabl L =Ly /n . (20)

Yacrota konebanuit f=nxc /Ln.(21)

B o65acT BBICOKHX 4acTOT, BOJIHOBBIE KOJIEOAHUS ONPENESIOTCS MUHUMAIBHON JITUHOH .
Jnuna Bonsbl L =n X Iy . (22)

Yacrora konebanuii f=c/ (n X ly) . (23)

Ha rpanure o6acti BEICOKUX M HU3KUX YaCTOT BOJHOBOE YHCIIO JOCTUTAET MAaKCHUMAILHOTO
3HAYEHHMS Nm AT ATUHBI BOIHBL L = (L X Im)"2. (24)

[Tpu 5TOM L/ iy = iy X 1 . (25)

SHCpF W HYJICBBIX KoJIeOAHHMI HU3KOM YaCTOThI BEIYMCIISCTCS 4epe3 CyMMY MHOT'OYJICHOB



Ei=Y4n’>x (n x hc/2 Lm) =32n> x (hc / Lm) rie n mpoberaeT Bee Ienble 3HAY€HUs OT 1 10 Nim
(26)

Ei = (2/4) n*n % (he / L) = (1/2) (L2 / Pm) % (he / L) = (1/2) Lin X (he / Pm) = (1/4) Loy ¥ F
(27)

DHeprus HyJIeBbIX KOJICOaHUI BRICOKOI YaCTOTHI BBIYUCIISIETCS Y€Pe3 CYMMY MHOTOYJICHOB
E>=Y4n’>x (hc/2nlm) =32nx (hc/lm) rae n nmpoberaeT Bee leble 3HAYEHHUS OT 2 10 Nm (28)
E> = (2/2) n%m % (he / Im) = (L / Im) X (he / Im) = L % (he / 12m) = (1/2) L % Fr (29)

E=E| +E>=(3/4) L x Fr (30)

Ecnu pa3mep pe3oHaTtopa u pazmep 4epHO# IbIpbI coBManaT Lm = Lpn , (31)
toraa ¢popmyna (30) mpuBOAUTCS K BUAY:

E = (3/4) Len x Fr = (3/4) Esn (32)

rae Epn — nonHas 3Heprus 4epHOU AbIpbl, B KOTOPOU MbI HAXOJAUMCSL.
3T0 ypaBHEHHE pelIaeT npodaeMy KOCMOJIOTHUECKOM MOCTOSIHHOM.

JHTPONHUA HYJEBbIX KOJIeOaHUI pe30HaTOpPa

Yucno konebanuii B 0071aCTH HU3KUX YaCTOT PABHO YUCITY KOJIEOaHHH B 00JIACTH BBICOKUX
yactoT. [loaToMy ckilajpiBaeM MHOTOWIEHBI B OTHOM U3 o0acTell 1 yMHOKaeM Ha 2.
MHuorounex npoctoil. PakKTUUECKH 3TO OJHOUJIEH :)

Z4n2 r7e n npoOeraer Bce Ienble 3HaueHus ot 1 10 ny (33)

N=2x4n%n/3=(8/3) x n’n=(8/3) x (Lm/1m)*?* (34)

S=knaN=kn(83)x (Ln/ln)*? - sarponus HyneBsIx Konedanuii (35)

riae k — nmocrossauas bonsiiMana

TemnepaTtypa HyJIeBbIX KOJIeOaHU

AE = ((3/4) L % Fy)' X ALm = (3/4) X Fg x ALm (36)

AS = (k 7 (8/3) X (L / Im)*?)' x ALm =k 7 (8/3) (3/2) x (L / 1¥%m) X AL =
=AS =4 1k 1?2, x LY, x ALm (37)

T=AE/AS =(3/4) x Fr / (4 nk 1772 x L2, = (3/(16 1k)) x 132, x Frx L2, (38)
[ockoneky Fr=2hc / 1 — dynnamentansHas cuna (19)

®dopmyna s TeMIiepaTypbl HyJeBbIX KOJIeOaHWH TPUBOAUTCS K BUTY

T = (3hc / (8 mk)) X (Im % Lm)? [K] (39)



3amena nocrosiHHOM [1manka Ha peaynupoBaHHyIO MOCTOsIHHYIO [lmanka, ynporiaer Gpopmyiy:
T=Bhc/(4k)) X (Im x Lm)"? = (3/4) x (h c / k) % (Im ¥ Ln)"? [K] (40)
I'mmore3a KOCMOJIOTHYECKOH YePHOM ABIPHI

MHo10 HCToNb30BaHa FUIOTE3a KOCMOJIOTUYECKOM YepHO# AbIpbl. COrIacHO 3TOM TUNoTe3e, Mbl
HAXOJUMCsI BHYTpU OOJIBIION YepHOii IbpIphl. Hallla BcenenHas paccMaTpuBaeTcs Kak
MOBEPXHOCTH 4-X MepHOTO mapa. Takast opMa BCeIeHHOH (pe30HaTOpa) OnpeAeseT KoieOaHus
B 00/1aCTH HU3KHUX YacCTOT U CUMMCTPUIO MCIKIY HU3KUMH U BBICOKMMH YaCTOTaMMU.

(I’yH)IaMeHTaJ'[LHLIe MMOCTOAHHBIC:

h = 6,626 070 040(81) x 1073* IIx-c
h=h/(2n)=1,0545718 x 1073* JIx-c

¢ =2,99 792 458-10° m/c

k=1,380 648 52(79) x 102* Ilx/K
hc/k=4364957188 x 107 m-K

(3/4) x (hc)/k=3,27371789 x 10° Mm-K
lpi=1,616 229(38)-10 3 m

Im =47 % 11 =1,015506 x 103* m

Pacuer TeMnepaTypbl peJIMKTOBOr0 M3JIy4YeHH S :

Musinuap/ cBeToBbIX JieT = 9,46073047258 x 104 m
BpeMs cymecTBoBaHus BeeleHHoi t = 13.7 x 107 ner

Ipu Lm =2 x 13.7 x 10” net x ¢ [cBeToBBIX neT] = 2,59224 x 10?° m
TeMIiepaTypa HysneBbix kojebanuit T = 20,18 K

Pa3mep BcelleHHOI HE yCTaHOBJIEH ¢ IPUEMIIEMON TOUYHOCTBIO. [{uTata n3 Bukunenuu:
«ITpumMepHbIii paauyc Habmoaaemoii Beenennoii (14,3 munapaa napeek win 4,4-10°° m)»
Ipu Lm =2 x 4,4 x 10?° M = 8,8 x 10%° M Temneparypa Hynesbix konebanuii T = 10,95 K
[pu Lm =2 7 x 4,4 x 10°° M= 27,6 x 10* m Temneparypa Hynesbix konebanuii T = 6,18 K

TemmnepaTypa HyJIeBBIX KOJe€OaHU OJHOPOAHON (paHHEH) BCEJICHHON OTJIMYAETCS OT
TEMIEPATyphl PETUKTOBOTO U3ITy4YEHUsI MEHEee YeM Ha MOpsIoK. Bkiag sHepruu 3Tux KoseGaHui
B MIOJIHYIO MacCy-3HEPIHUI0 BCEIEHHOM OIM30K K BKJIaJy TEMHOM SHEPIHUH.
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