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Introduction: Basic Concept

I energy is a basic concept, providing ...
I ... structure
I ... law of energy conservation, LEC
I ... strategies for problem solving

I new
I LEC in general relativity and cosmology
I time evolution of energy from Big Bang until today
I many exact analytic tools appropriate for pupils
I ab initio calculations without fit parameters
I precise accordance with observations
I well documented (Carmesin (2019b), Carmesin (2020b), Carmesin (2021))

I in PhyDidB: (Carmesin (2018), Carmesin (2019a), Carmesin (2020a))

I experience with pupils ...
I ... since 2000
I ... established parts: physics, mathematics, Seminarfach,

astronomy club
I ... innovative parts: research club → many awards



Introduction
Development of the Concept of Energy

m

Gravity: Newton (1686): ... Egr = −G ·M·m
r

Leibniz (1686): Ekin = m·v2

2

Mayer (1842): ∆Σforms
j Ej = 0

Relativity: Einstein (1905): Ekin = m0c
2(γ − 1)

with 1/γ =
√

1− v 2/c2

Einstein (1915): EEP, SSM with RS = 2GM
c2

Carmesin (2016): EEP → E = m0c
2γε ; ε =

√
1− RS

r
=̂SSM

Quanta: Planck (1900): E = h·c
λ

Planck (1911): Emin = ZPE = Zero − Point Energy > 0

Tryon (1973): ’ZPE hypothesis’: Euniverse = ZPE?

M



Quantum Gravity
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Figure: Limits of observation (Carmesin (2017)): the standard
deviation ∆x̃ and the Schwarzschild radius r̃ limit the range
of observation .



Law of energy conservation, LEC

ρ
mj bj

Mj

aj

rj

HUF

ρ

HUF: homogeneous universe frame

I No field ~G ∗ in a HUF (Newton (1686), Birkhoff (1921),
Carmesin (2021), Carmesin (2020c))

I → E (r , v) = mj ,0c
2γ(v)ε(r)

I ε(r) =
√

1− RS

r

I 1/γ(v) =
√

1− v2/c2

I γ(v) · ε(r) = 1 (Carmesin (2016)) → LEC



LEC
Photon mj,dyn

ρ
mj bj

Mj

aj

rj

HUF

I No field ~G ∗ in a HUF (Carmesin (2021), Carmesin (2020c))

I E (r ,T ) = h
T∞
· γ(T )ε(r)

I γ(T ) · ε(r) = 1 ↔ LEC
I Eobs(r ,T ) = h

T (r) = Ekin(r ,T ) = h
T∞
· γ(T )

I we insert → T (r) = T∞ · ε(r)



LEC in the expanding universe

ρ

HUF
I Excess energy Ē =

E2(r ,v)−m2
0c

4

2γ2m0c2

I Ē = m0c
2

2 (ε2 − 1
γ2 ) (Carmesin (2021), Carmesin (2020c))

I we insert Ē = m0c
2

2 ( v2

c2 − RS

r )

I we insert Ē = m0v
2

2 − GMm0

r combined appr. is exact!

I we average pairs [vj ] = Ṙ; [ 1
rj

] = 1
R ≈ [ 1

r2
j

]
1
2 ; kj =

−2Ēj

mj,0c2
c2

r2
j

I [kj ] = −2Ē
m0c2

c2

R2 = Ṙ
R2 − 8πG ·ρ

3 expansion DEQ: FLE
I LEC → Ē = 0 → [kj ] = 0 flatness problem solved

I included cases
I photon mj,dyn is included via [vj ] = Ṙ
I photon Mj,dyn = MP

LP

r is included via Φj = −GMPLP

r2 is a
potential → LEC

I photon that was emitted after the Big Bang



Dark energy, DE

I symmetry analysis yields waves with vanishing classical energy
(Carmesin (2021))

I quantization yields the following energy (Carmesin (2021))
I quanta have

I EDE = h·c
λDE

= ~ω ·
(

1
2 + n

)



Energy conservation

I for all constituents ρmatter , ρphoton and ρDE :
I LEC holds
I description with dynamical mass mj is possible → FLE
I objects start at LP
I → v = vescape
I Ē = Ekin + Egr = 0
I observers measure in their frame:

I mass: vpeculiar ≈ 0→ E = mj,0c
2

I wave: E = h·c
λ

I name E = Eobs or E = Eown

I Eown can be traced back from today back to the Big Bang



Measured energy traced back
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Figure: Time evolution of E : DE (squares, �, dashed).
Photons (◦, dotted). Dark matter (×, dashdotted).



Discussion

I pupils discover: energy is a superb concept, also in cosmology
I pupils can apply the basic concept energy more clearly:

I LEC holds for a closed system only
I LEC is now globally understood → orientation
I constituents of E are globally understood
I time evolution of E is globally understood
I many new tools

I appropriate for pupils ε, γ, [kj ], ...
I can be applied in most curricula of physics
I and exact and in precise accordance with observation
I appropriate for quantum gravity
I ab initio → orientation
I pupils become competent for research projects
I many innovative and interesting results have been derived

I Homepage: hans-otto.carmesin.org → Gravitation

I E-Mail: hans-otto.carmesin@t-online.de



Thank you

for your attention ;-)



Appendix
Calculations 1

I Own energy at t0

I uv (t0) = ρcr ,t0 · ΩΛ · c2

I uv (t0) = 8.66 · 10−27 kg
m3 · 0.6847 · c2 = 5.329 · 10−10 J

m3

I Vlh(t0) = 4π
3 R3

lh(t0)
I Rlh = 4.142 · 1026m So we get Vlh(t0) = 2.977 · 1080m3

I Ev (t0) = uv (t0) · Vlh(t0) = 1.586 · 1071J

I Own energy during expansion: Ev (Rlh) = Ev (t0) · R3
lh

R3
lh(t0)

I Own energy at ρ̃D=3,c

I kρD=3,c→t0 =
(
ρD=3,c

ρr (t0)

)1/4

I kρD=3,c→t0 =
(

5.353·1095

8.335·10−31

)1/4

= 2.831 · 1031

I Rlh,D=3,c = Rlh(t0)
kρD=3,c→t0

= 1.463 · 10−5m

I Ev (Rlh,D=3,c , backward) = Ev (t0) · R
3
lh,D=3,c

R3
lh(t0)

= 6.992 · 10−24J



Appendix
Calculations 2

I Own energy at the Planck scale
I Ẽv, Dhorizon

= 1
2

I Ev, Dhorizon
= 9.781 · 108J

I Own energy during dimensional unfolding

I Eown, vac, D =
Eown, vac, Dhorizon

(Dhorizon−D)/2·ZDhorizon→D

I ZDhorizon→D = 2
Dhorizon−D

D

I For instance we get: qDhorizon→t0 = Rlh

LP
= 2.563 · 1061

I kLP→t0 =
(

ρ̄P
ρr (t0)

)1/4

= 3.486 · 1031

I ZDhorizon→3 =
qDhorizon→t0

kLP→t0
= 7.352 · 1029

I Dhorizon = 3 + 3 · ln(ZDhorizon→3)

ln(2) = 300.64

I Eown, vac, D=3, cr., forward =
Eown, vac, Dh.

Dh.−3

2 ·ZDh.→D=3

= 8.869 · 10−24J

I Ev (Rlh,D=3,c , backward) = 6.992 · 10−24J→ ∆E = 21.2 %
I all quanta Ev (t0) within Rlh(t0) are traced back to one

quantum Ev at the Planck scale



Appendix
Calculations 3

I Own energy Eown, rad, Dhorizon
: 2Dhorizon quanta of radiation

I → Eown, rad, Dhorizon
= 3.985 · 1099J

I Own energy during dimensional unfolding

I kDhorizon→ρ̃D=3,c
=
(

ρ̃P
ρ̃D=3,c

)1/4

= 1.231

I Eown, rad, ρ̃D=3,c , forward =
Eown, rad, Dhorizon

kDhorizon→ρ̃D=3,c
= 2.525 · 1099J

I Transformation of arrangement: cube → ball
I radiation enters central ball from corners of cube
I inwards ∝ πR2, outwards ∝ 4πR2 → E

4 inside ball:

I Eown, rad, ρ̃D=3,c , forward, ball =
Eown, rad, ρ̃D=3,c , forward

4 = 0.63126 ·1099J



Appendix
Calculations 4

I Own energy at t = 0
I we divide the energy Eown, rad, ρ̃D=3,c , forward, ball by the redshift:

I kρ̃D=3,c→t0 =
(
ρ̃D=3,c

ρ̃t0

)1/4

= 2.8309 · 1031

I Er (t0) =
Eown, rad, ρ̃D=3,c , forward, ball

kρ̃D=3,c→t0
= 0.63126·1099J

2.8309·1031 = 2.2299 · 1067J

I test:
I direct calculation: ur (t0) = ρcr ,t0 · Ωr · c2

I ur (t0) = 8.66 · 10−27 kg
m3 · 9.265 · 10−5 · c2 = 7.491 · 10−14 J

m3

I Er (t0) = ur (t0) · Vlh(t0) = 2.2299 · 1067J
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[Carmesin 2018] Carmesin, Hans-Otto: A Model for the
Dynamics of Space - Expedition to the Early Universe. In:
PhyDid B, FU Berlin, hal-02077596 (2018), S. 1–9

[Carmesin 2019a] Carmesin, Hans-Otto: A Novel Equivalence
Principle for Quantum Gravity. In: PhyDid B - Didaktik der
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