The Hubble frequency and the Hawking temperature Espen Gaarder Haug ⇤ and Eugene Terry Tatum ⇤⇤ ⇤ Norwegian University of Life Sciences, Christian Magnus Falsensvei 18, Aas, Norway Ås, Norway; espenhaug@mac.com ⇤⇤ Independent Researcher, Bowling Green, Kentucky, USA December 6, 2023 We suggest that there should be a minimum frequency in the Hubble sphere and that this seems to be directly linked to the Hawking Temperature and our recent discovery that the CMB temperature could simply be a geometric mean temperature between minimum and maximum temperatures in the Hubble sphere.

Around the circumference of the Earth, Schumann resonance waves [START_REF] Schumann | Über die dämpfung der elektromagnetischen eigenschwingungen des systems erde -luft -ionosphäre[END_REF] are known to travel. This fact was predicted as early as 1893 by FitzGerald [START_REF] Fitzgerald | On the period of vibration of electrical disturbances upon the earth[END_REF], so they are also known as "Schumann-FitzGerald resonances". It took many years before the suggestion by FitzGerald was taken seriously and even longer before it was confirmed. It takes about 0.13 seconds for electromagnetic waves to circumnavigate the Earth (in the ionosphere), leading to an expected frequency of approximately 7.5 Hz. The observed Schumann resonance waves are in this frequency range. The "exact" frequency depends on how high up in the ionosphere the waves travel and other factors. The conductive ionosphere acts as a closed waveguide. The Schumann resonance is currently considered to be linked to lightning storms in the atmosphere, where some part of their electromagnetic waves circumnavigate circumnavigate the Earth.

We will here ask if there could be similar very low-frequency electromagnetic waves that travel around the circumference of the Hubble sphere. That the Hubble radius is identical to the Schwarzschild radius [START_REF] Schwarzschild | Über das gravitationsfeld eines massenpunktes nach der einsteinschen theorie[END_REF][START_REF] Schwarzschild | über das gravitationsfeld einer kugel aus inkompressibler flussigkeit nach der Einsteinschen theorie[END_REF] of a sphere with the expected average mass density of our universe could mean that this horizon and this circumference are very special. Some researchers [START_REF] Pathria | The universe as a black hole[END_REF][START_REF] Stuckey | The observable universe inside a black hole[END_REF] have even asked if we could be living inside a gigantic black hole. Others have asked if our universe was created from a black hole [START_REF] Easson | Universe generation from black hole interiors[END_REF]. Therefore, that one could have special electromagnetic events linked to the Schwarzschild radius and Schwarzschild circumference of our critical density universe is far from unthinkable, or perhaps even to be expected. We entertain the distinct possibility that frequency waves related to these Schwarzschild geometric relationships could be circumnavigating the Hubble sphere and perhaps even spilling over into the Hubble sphere. Bear in mind that there can be many di↵erent interpretations of a "black hole universe". One does not even necessarily require the theory of general relativity to imagine such a possibility. Newton's classical theory [START_REF] Newton | Philosophiae Naturalis Principia Mathematica[END_REF][START_REF] Michell | On the means of discovering the distance, magnitude &c.of the fixed stars, in consequence of the diminution of the velocity of their light, in case such a diminution should be found to take place in any of them, and such other data should[END_REF] predicts that, for a given mass, one can get a sphere with an escape velocity of c. So, in more general terms, our universe could be a sphere of our current average critical density of matter (on a cosmic scale) where the escape velocity of c occurs at the circumference of the sphere. Di↵erent theories can lead to di↵erent behaviours in such a sphere, where general relativity theory and the Schwarzschild metric provide only one possible framework and perspective by which to construct a circumnavigating wave theory as above. Already in 1916, Einstein [START_REF] Einstein | Näherungsweise integration der feldgleichungen der gravitation[END_REF] predicted that one needed to unify gravity with some quantum gravity theory to understand gravity even better, or in his own words: "Because of the intra-atomic movement of electrons, the atom must radiate not only electromagnetic but also gravitational energy, if only in minute amounts. Since, in reality, this cannot be the case in nature, then it appears that the quantum theory must modify not only Maxwell's electrodynamics but also the new theory of gravitation." - [START_REF] Einstein | Näherungsweise integration der feldgleichungen der gravitation[END_REF] So, our point is that much could still be unsolved. Therefore one should leave some room for scientific speculation around these topics, particularly inside a Hubble sphere that is identical to a Schwarzschild sphere with a mass density one can get from substituting the Hubble constant into the Friedmann equation:

⇢ = Mc 4 3 ⇡R 3 h = 3H 2 0 8⇡G
. Naturally, this assumes that H 0 is defined as c/R H . The Hubble sphere circumference frequency would be expected to be approximately

f H = c 2⇡R h ⇡ 3.61 ⇥ 10 19 Hz. (1) 
where R h is the Hubble radius. Figure 1 illustrates this. This calculation would perhaps put a lower limit on the frequency inside our Hubble sphere, similar to the assumptions by many physicists that the Planck frequency f p = c lp would be the upper limit on the frequency anywhere in the universe.

The Hubble frequency further corresponds to a temperature of

T H = ~fH 1 k b ⇡ 2.64 ⇥ 10 30 k (2) 
This also just happens to be very close to the Hawking temperature of a black hole with the Friedmann critical mass M c of our own Hubble sphere. This can be interpreted as the minimum possible temperature in the Hubble sphere, and it could exist at the very horizon itself. Very little is known about what is going on precisely at the event horizon of a black hole, which is the very surface of the black hole. In a theory of Planck scale quantum cosmology, such a horizon would be the Hubble sphere surface. It is far from unthinkable that photons could be trapped in the horizon shell, as suggested for example by [START_REF] Haug | Cosmological scale versus Planck scale: As above, so below![END_REF]. The photons trapped in the horizon shell would then be circumnavigating the Hubble sphere. And, if Hawking's black hole temperature theory and Planck scale quantum cosmology theory are indeed correct, the longest possible circumnavigating wave should have a reduced Compton wavelength connected to the Hawking temperature. So, we can think of the Hawking temperature as the minimum possible temperature of the Tatum et al Hubble sphere. We have called this the "Hawking Hubble temperature", see [START_REF] Haug | The Hawking Hubble temperature as a minimum temperature, the Planck temperature as a maximum temperature and the CMB temperature as their geometric mean temperature[END_REF]. We have shown in the paper just cited above that this temperature would be exactly the Hawking temperature of the Hubble sphere multiplied by a calibration factor of 1 2 , which we can also demonstrate here below. The Hawking [START_REF] Hawking | Black hole explosions[END_REF][START_REF] Hawking | Black holes and thermodynamics[END_REF] temperature, as given by for the critical Friedmann [START_REF] Friedmann | Über die krüng des raumes[END_REF] universe, is

T Hw = ~g 4⇡k b = ~GMc R 2 h 4⇡k b = ~GMc ( 2GMc c 2 ) 2 4⇡k b = ~c3 k b 8⇡GM c = ~c k b 4⇡R h = ~fH 1 k b 1 2 (3) 
In a black hole universe model which grows as a R h = ct model, the minimum temperature will fall adiabatically as the sphere increases in size. The Cosmic Microwave Background (CMB) temperature, at any point in cosmic time t, time will be given by

T CMB = ~c p 2⇡R H 4⇡l p 1 k b 2 = ~c 4⇡ p nct p 2l p 1 k b = ~fgm 1 2k b ( 4 
)
Where n is the number of Planck times since the beginning of the universe, and t p is the Planck time, and the geometric mean frequency f gm = c ¯ gm , where ¯ gm = p ¯ max ¯ min is simply the geometric mean reduced Compton wavelength between the maximum and minimum wavelengths ( ¯ max = 2⇡R h , ¯ min = 2⇡R pl = 4⇡l p ), at any point in time in the universe, from the beginning of the universe to this day. This has recently been discussed in detail by Haug and Tatum [START_REF] Haug | The Hawking Hubble temperature as a minimum temperature, the Planck temperature as a maximum temperature and the CMB temperature as their geometric mean temperature[END_REF]. The above formula is known from Tatum et al [START_REF] Tatum | The basics of flat space cosmology[END_REF][START_REF] Tatum | Temperature scaling in flat space cosmology in comparison to standard cosmology[END_REF], even if written then in a slightly di↵erent form. However, it has recently been explored in much more depth from multiple angles and, for example, derived also from the Stefan-Boltzmann law [START_REF] Haug | How to predict the temperature of the CMB directly using the Hubble parameter and the Planck scale using the Stefan-Boltzman law[END_REF]. Thus, it seems that this is how one can model the CMB temperature consistently over the course of cosmic time [START_REF] Tatum | High precision Hubble constant determinations based upon a new theoretical relationship between CMB temperature and H 0 . Hal archive[END_REF].

This way to express the CMB temperature seems fully consistent with at least some classes of R h = ct cosmological models. R h = ct cosmological models are actively discussed to this day, see for example [START_REF] John | Generalized Chen-Wu type cosmological model[END_REF][START_REF] John | Comparison of cosmological models using bayesian theory[END_REF][START_REF] Melia | The R h = ct universe[END_REF][START_REF] Melia | The R h = ct universe without inflation[END_REF][START_REF] Melia | The linear growth of structure in the R h = ct universe[END_REF][START_REF] Tatum | How a realistic linear R h = ct model of cosmology could present the illusion of late cosmic acceleration[END_REF][START_REF] John | R h = ct and the eternal coasting cosmological model[END_REF]. But the approach above should also be carefully investigated in relation to the ⇤-CDM model. Today we have defined the Hubble time according to t H = 1 H 0 so we have n = t H tp ⇡ 8.55 ⇥ 10 60 which is the number of Planck times since the beginning of the universe, so this gives

T CMB = ~c 4⇡ p nct p 2l p 1 k b ⇡ 2.72 +0.082 0.069 k
based upon the recent Hubble parameter value given by Kelly et al [START_REF] Kelly | Constraints on the Hubble constant from supernova Refsdal's reappearance[END_REF] of 66.6 +4.1 3.3 (km/s)/M pc. Our aim in this paper is not to predict the most accurate CMB temperature, but to highlight that there seems to be a close relationship between the Hubble frequency, the Hawking temperature and the Planck scale. Our aim is also to show how this is in line with our recent geometric mean interpretation of the CMB temperature. This discussion naturally does not exclude Hawking radiation, but it also seems likely that the Hawking radiation could be connected to a temperature within the Hubble shell. In such a way, black hole R h = ct models can be a particularly useful category of R h = ct models. In comparison to the ⇤ CDM model, Planck scale quantum cosmology models referenced herein appear to model the universe in a unique and highly interesting way.
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