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@ What is Physmatics? jQué es la Fismatica?
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What Physmatics IS/Lo que es la Fismatica

Grafica de lo que es la Ciencia de la Fismatica en comparacién a otros
enfoques/Plot of what Physmatics is compared to other approaches. ..
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© Teaching with Physmatics/Ensefiando con Fismatica
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The hypersphere(l)/la hiperesfera(l)

Hypersphere

Hypersphere (euclidean) or n-sphere is the geometrical locus or manifold
S with (n-1)-dimensional constraint Y7, x? = x2 + --- + x2 = R2.

Hypervolume and hypersurface for n-spheres

The hypervolume V/(S5") and hypersurface £(S") is calculated as follows:

_ IR _dV, _ ar"(1/2)R"!
Vo= r (g + 1) 1= R - (g N 1) (1)

where '(1/2) = /m = (—1/2)!. Remark: V(5°) = 0, and the volume of
the 23-sphere unit sphere is equal to the Leech lattice volume

N4 = 712 /12! behind the symmetry of the monster group M. Dimensional

Rzn—l
recurrence: V, = .
n

4

= = = = = - &
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The hypersphere/La hiperesfera(l)

Hypersphere

Hypersphere (euclidean) or n-sphere is the geometrical locus or manifold
S with (n-1)-dimensional constraint Y7, x? = x2 + --- + x2 = R2.

Hypervolume and hypersurface for n-spheres

The hypervolume V/(S5") and hypersurface £(S") is calculated as follows:

_ IR _dV, _ ar"(1/2)R"!
Vo= r (g + 1) 1= R - (g N 1) (2)

where '(1/2) = /m = (—1/2)!. Remark: V(5°) = 0, and the volume of
the 23-sphere unit sphere is equal to the Leech lattice volume
N4 = 712 /12! behind the symmetry of the monster group M. Dimensional

ShaR
nl , V(N) =27R2V(N — 2)/N.

= = = = = - &

recurrence: V,, =
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Grafica/Graphics
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Special functions/Funciones especiales

Solve, exactly, the following equations/Resolver, exactamente, las
siguientes ecuaciones:
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Special functions/Funciones especiales

Solve, exactly, the following equations/Resolver, exactamente, las
siguientes ecuaciones:

o xe¥ =1z

e xa*=Y

o x"e" =7

o x"a¥" =Y

e In(A+ BX) + CX =In(D)
e _

e A x=Bx+c
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Special functions/Funciones especiales

Solve, exactly, the following equations/Resolver, exactamente, las
siguientes ecuaciones:

o xe¥ =1z

e xa*=Y

o x"e" =7

o x"a¥" =Y

e In(A+ BX) + CX =In(D)
e _

o A x=Bx+c

Hint: Use Lambert W-function! Should we teach it at
(high)-school /University?

Pista: Usar la funcién W de Lambert. j Deberiamos enseiiarla en la
Universidad o en el IES?
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Deformed calculus/Calculo deformado

Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)
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Deformed calculus/Calculo deformado

Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)

Sure?
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Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)

Sure? Take these. ..
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Deformed calculus/Calculo deformado

Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)

Sure? Take these. .. ; ;
Dpof = (pX)_— (9x)
(p—q)x
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Deformed calculus/Calculo deformado

Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)
Sure? Take these. .. ; ;
Dpof = (pX)_— (9x)
(p—q)x
and in the space of analytic functions if v/« € Z
—a -8 _ a) 4B
DOBAE(7) flp~"z)p™" — f(q*)q )
P4 (=7 —qn)27/®
Moreover, take the fractional Riemann-Liouville derivative
1 X
DIYf(x) = / f(t)(x — t)>~ L dt. 5
(x) ) /. (t)(x—1) (5)

There are more, but...
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Deformed calculus/Calculo deformado

Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)

Sure? Take these. .. ; ;
b, ¢ [P = Fla
(p—q)x
and in the space of analytic functions if v/« € Z

—a\p—B _ a)qB
Dgc,qﬁ;yf(z) _ f(p Z)p f(q )q (4)
’ (p=7 = q)z/

Moreover, take the fractional Riemann-Liouville derivative
1 X
aDX_O‘fX:/ f(t)(x — t)>~ L dt. 5
(x) ) /. (t)(x — 1) (5)

There are more, but...| will not talk here of fractional calculus.
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Deformed calculus/Calculo deformado

Everyone knows what a derivative is...

f(x+ h) — f(x)

Df(x) = (3)

Sure? Take these. .. ; ;
b, ¢ [P = Fla
(p—q)x
and in the space of analytic functions if v/« € Z

—a -8 _ a) 4B
DOBAE(7) flp~"z)p™" — f(q*)q )
. (P~ = q)z7/e
Moreover, take the fractional Riemann-Liouville derivative
1

DIYf(x) = (o) /a ) f(t)(x — t)>~ L dt. (5)

There are more, but...| will not talk here of fractional calculus.NOT
TODAY!
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Proportion and dimensional analysis

@ A tool for Black hole chemistry? jUn instrumento para la Quimica de
agujeros negros?
@ Via power laws/Via leyes de potencias. ..

Autor (JFGH) Multiverse of Madness 10 /49



Proportion and dimensional analysis

8nGkpT
—=z.3 Black hole temperature, in certain units T=T:r
he: :

20 A

M/M,

0.5 & L5 2

Autor (JFGH) Multiverse of Madness 10 /49



Proportion and dimensional analysis

hicta,t,
5 Black hole evaporation time in certain units, . = KM

51207 G~*
500

400 +
300 A
200 A

100 A

M/M,

2 4 6 8 10

Autor (JFGH) Multiverse of Madness 10 /49



Proportion and dimensional analysis

; Black hole area in certain units, 5=, A
S/kp

101

2 4 6 8 10

A/AL?
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Proportion and dimensional analysis

C:th‘

TG
10

Time to singularty in certain units, ts=xM

M/M,

2 4 6 8 10
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Kepler 3rd law variants(l)

4 2
Usual Kepler 3rd law: T2 = G%R3' What about some variants? For Kerr

B
black holes:
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Kepler 3rd law variants(l)

4 2
Usual Kepler 3rd law: T2 = G%R3' What about some variants? For Kerr
B
black holes: /o
M
=t s i )

where M = Gym is the mass in gravitational natural units, a is the Kerr
rotation parameter a = cJ/M = J/Mec. In terms of complete dimensional
constants reads

3 2\ 3/2\ 1
e ()]
r3/2jzx( GNM) N
c
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Kepler 3rd law variants(Il): beyond standard gravity

For gravitational theories with effective potential:

circular orbit condition reads V/ = 0, and with L = ur?Q? you get the
generalized Kepler 3rd law

GM MPA(p + 1)
2 _ 27 _\F
@ = G (14 ALY ®)
More? Take the Finslerian-like 3rd law modification:
r3 A(r)\ GM
72" (1 T ) an? )
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Kepler 3rd law variants(ll): strong gravity modified QG?

Recently, it has been proposed a modified gravitational law with effective
potential energy:

Uo = —M™ _ \ Mimin <r>
r h
giving
GMm  AMm Mm
F(r) = — r2 — . = 7Ger72 (10)
where you get an effective gravitational constant
Ge:G+)\r:G<1+)g> (11)
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Kepler 3rd law variants(ll): strong gravity modified QG?

Recently, it has been proposed a modified gravitational law with effective
potential energy:

Uo = —M™ _ \ Mimin <r>
r h
giving
GMm  AMm Mm
F(r) = — r2 — . = 7Ger72 (10)
where you get an effective gravitational constant
Ge:G+)\r:G<1+)g> (11)

Similar ideas are proposed by asymptotically safe gravity approaches(by
Weinberg and others), where G, = G(r), or even superstrings with
G = G(r,t) = g212e%(nt).
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Quantum gravity, string theory and molecular forces

We can practice the usual F = —VE, between conservative fields/forces
and gravity. For instance, General Relativity plus Quantum Gravity at one
loop corrections (effective theory) provide the potential energy
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Quantum gravity, string theory and molecular forces

We can practice the usual F = —VE, between conservative fields/forces
and gravity. For instance, General Relativity plus Quantum Gravity at one
loop corrections (effective theory) provide the potential energy

EPZUZ—GM1M2 (1+2G(M1+M2) Gh)

+b
r

c?r c3r? (12)

with a = 3 (GR) and b = 41/107 (QG at one loop). Reciprocally, we could
take the effective force in 26d bosonic string theory, namely

Mm
Fn = Go6d 55 (13)
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Quantum gravity, string theory and molecular forces

We can practice the usual F = —VE, between conservative fields/forces
and gravity. For instance, General Relativity plus Quantum Gravity at one
loop corrections (effective theory) provide the potential energy
GM;1 M. G(M1 + M, Gh
~ GM M, (1 ‘a (M1 + Mp) )

+b
r

E —U~—
P c?r c3r?

(12)

with a = 3 (GR) and b = 41/107 (QG at one loop). Reciprocally, we could
take the effective force in 26d bosonic string theory, namely

Mm
Fn = Go6d 55 (13)

Exercise: calculate Uxgg!. It can be shown Gogy = g2L2* in certain units.
Intermolecular force between diatomic molecules can be approximated by
the central force: p p
1 2
f(r)y=——+ —=
(r) 6 12
Find out the potential energy for this force.
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Waves(l): inspiral GW

Certain oscillating system moves with waveform, S.I. units,:
W = 100(1000 — £)~/4 cos ((10(1000 - t)5/8)

a) Is this a SHO? Explain the answer.

b) Plot y(t).

c) Calculate the vibrational speed and acceleration, v = dW¥/dt,
a=d?V/de.

d) Calculate when is maximum the vibrational speed and its value, and the
value of W at that value. Comment the results.
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Waves(l): inspiral GW

Inspiral gravitational wave waveform
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Waves(l): inspiral GW

Inspiral gravitational wave waveform
60

-60 -
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Waves(Il): Axion DM model

A model for dark matter [5], which density reads ppy = 0,4GeV /cm?3,
predicts a distribution with waveform due to ultralight (pseudo)scalar
particles. Scalar waves along positive OX are given by:

V2 2t
P(x,t) =2 POM. os (27rm¢TCX) sin <27r m¢hc )

m¢c2

with ¢ = 3-108m/s is the speed of light, h = 6,63 - 10734 - s is the
Planck constant, mg and is the mass of particles ¢. Determine, if

Ey = mgc® =10- 10722V = 1zeV :

a) Type of wave and explanation, the propagation speed v,, wavevelength
Mg, frequency f, and period Ty. (0.5 points=0.1x5).

b) Amplitudes for ¢ and ¢? with S.1. units (0.5 points).
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Waves(Il): Axion DM model

c) The number of maxima we would expect to see in the square of particle
distribution ¢(0, t)?, using a haloscopic detector, in a time equal to the
period, t = T4. (0.5 points)

d) Number of particles per cubic meter if all the dark matter is locally
made of ¢ particles. What happens to the field and the wavefunction in the
limit of massless field, i.e. my =07 (0.5 points)

Data: e=1,6-1071°C
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Cosmography(1)

In Cosmography we define, for a(t):
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Cosmography(1)

In Cosmography we define, for a(t):

sl fmeren © M) %% (14)

deceleration function : q(t) = _all-l26cliztj (15)

jerk : j(t) = all-li“jt;? ] [ snap: s(t) = al{l“ccfi[ltf (16)
crackle/lerk function : /(t) = 311‘-15(:;';) (17)
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Cosmography(I1)

Cosmographic parameters in current time are denoted by (Ho, qo, jo, S0, lo)
and are a target of present and future cosmological measurements. Since:

a(t) = a(0) + da (0)t—|—d2 (0)t? + - +%Z:n( 0)t" + O(t"1) (18)

and then H with redshift z

H(z) = H(0) + %(0)2 + ‘;—'Z(O)f oot % i{"tf’ (0)2"+0(z"1) (19)

a) Check, with explicit calculations, the relationships below :

H=—H?*1+q)
H=H3Bg+j+2), H=H*(-3¢>—12g—4j+5s—6)
H = H5(30¢% + 60q + 10qj + 20j — 55 + | + 24)

b) Find out the dimensions and units of cosmographic parameters
explaining why the Hubble law is related to them, v = H(z)d(z).
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Cyclic model of the universe

In the talk and article [1], cosmic equation for a Universe dominated by a

network of “domain walls” is proposed and written, and solved as a cyclic
model:
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Cyclic model of the universe

In the talk and article [1], cosmic equation for a Universe dominated by a

network of “domain walls” is proposed and written, and solved as a cyclic
model:

A A7 G,
a—l—u 7r3NC, with solution a(t) <1+\/1—7cos (wt) )
(20)
where the frequency and width of oscillation are defined as:
A| 3[A a_
— =t = 21
“ 30 7 (47Gpnc)?  ay (21)

We used the Friedmann equations for FRW and the state equation p = wp,
with p = —2/3 (domain walls).
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Inflation and the Multiverse (1)

How many Universes in the Multiverse? [3], i.e., jcudntos universos hay en
el Multiverso? Respuestas posibles (A.Linde et al.; cf. ideas de A. Vilenkin
y A. Guth):
@ Slow-roll inflation provides Neggs ~ e If N =60 (usual
hypothesis), then A/ ~ '™ ~ 10107 ~ 105en(1Mo).
@ (Chaotic) Eternal inflation provides, N = cSys ~ ¢/m:
N ~e e/ L1010 5 1080080

e Cosmological constant universes, A non-zero, imply
1+ 3w 143w

SpaH1+w A 2+2w = H32|A|7%* 5 N ~ 10107,
@ Universes in the string landscape (M is the number of dS vacua):

M
N =~ Zexp <‘/\‘73/4> ~ % 75M Popularly M ~ 10590 N ~ 1010°7
j=1

Other options: M ~ 10272900 (F_theory), M ~ 10'°. A ~ 107122,
Nmax ~ log|\| ~ 290, and N(efolds) ~ 70.
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Inflation and the Multiverse (I1)

@ Our (observable) Universe has an entropy bound
Sas < |A|73/* ~ 10%.

e Milky way black hole entropy: Spwer ~ 1019°

~ googol.
@ The number of observers with masses about M ~ 10%kg, and height
1m is bound by Bekenstein formula

45
Nobs < SBek = e27rMR < elO

Remarkly, the number of an intelligent brain observer is about

16 . . .
N ~ 101" >> Nys_\acua, @ brain seems to have more configurations
than the expected possible geometries of the Universe(Multiverse).

Autor (JFGH) Multiverse of Madness 21/49



Inflation and the Multiverse (I1)

@ Our (observable) Universe has an entropy bound
Sas < |A|73/* ~ 10%.

e Milky way black hole entropy: Spwer ~ 1019°

~ googol.
@ The number of observers with masses about M ~ 10%kg, and height
1m is bound by Bekenstein formula

45
Nobs < SBek = e27rMR < elO

Remarkly, the number of an intelligent brain observer is about

16 . . .
N ~ 101" >> Nys_\acua, @ brain seems to have more configurations
than the expected possible geometries of the Universe(Multiverse).

En la inflacién, un campo escalar en modelos de inflacién caotica eterna
V(¢) = 0,5m?¢? tiene un comportamiento de MAS modulado en amplitud

M, M,
V3rmt 2wV 3nN

and N is the number of oscillations since the end of inflation!
Autor (JFGH) Multiverse of Madness 21/49
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Inflation energy scale and tensor-to-scalar ratio

General inflation models use ODE like the Lame or Mathieu equations (H
is a friction term), or elliptic functions. Moreover, the energy scale of
inflation is related to the tensor-to-scalar perturbation ratio.

Inflation energy scale

1/4 372 o r 1/4 16
VT TrPs Mp = 001 -1,06 - 10°GeV (23)

Primordial gravitational waves triggered by inflation in the Early Universe
(even in the beginning of time or “before” the Big Bang) are a hot target of
current and future research!

References for the last 2 slides:

@ Primordial Gravitational Waves from Cosmic Inflation. Mike S. Wang.
Mathematical Tripos Part Il Essay 75 (colour in electronic version)
Submitted 5th May 2017, updated 26th August 2017.

@ Towards the Theory of Reheating After Inflation. Lev Kofman, Andrei
Linde, Alexei A. Starobinsky.
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| could do this every day of my life...

I can do this all day. j
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My passion is Physmatics...Do | ever sleep?

C [ -
- y
L
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Please. ..l am
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| know... Things just got out of hands...| apologize!
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Gracias/Thank youl!
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Objetos geométricos: la hiperesfera(ll)

V(5% =2R (24)
V(S') = 7R? ~ 3,14159R? (25)
o _ 4 3

V(S?%) = 3R ~ 411879 (26)
3 7T2 4 4

V(S%) = 5 R* ~ 4,9348R (27)

4 g 5 5
V(s = 5 R° ~ 5,26379R (28)
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Objetos geométricos: la hiperesfera(ll)

3

V(S®) = %R6 ~ 5,16771R® (24)
6 1673 7 7

V(S°) = o5 R R ATATIR (25)

7 ™ 8 8

V(§") = ﬂR ~ 4,05871R (26)
8 327 9 9

V(5°) = WR ~ 3,20851R (27)
9 > 10 10
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Objetos geométricos: la hiperesfera(ll)

647>

V(510) = lel ~ 1,8841R!! (24)
7I'6
V(S') = -5 R ~ 1,33526R" (25)
1287
V(51?) = 1358717;5,‘?13 ~ 0,019629R"3 (26)
7.[.7
V(S®) = cragR™ ~ 0.509265R™ (27)
2 7
V(s1) = 202%25 R ~ 0,381443R* (28)
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Objetos geométricos: la hiperesfera(ll)

8

15 16 16
_ ~ 0.2 1 24
V(S™) = JozssR'® ~ 0,235331R (24)
1278
V(519 = 34545%/?” ~ 0,140081RY (25)
7_1_12
V(SB) = mr\ﬁ“ ~ 0,00192957R?* (26)
24 8192712 25 25
V(5*) = —soeaeanaogas K~ 0:000957722R (27)
71_13
V(5%) = 337030856 R?® ~ 0,000466303R° (28)
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Objetos geométricos: la hiperesfera(ll)

16384713
V(5%) = R? ~ 222872R?’ 24
(57) 213458046676875 0,0002228 (24)
7.1_46 R92
Ve, | 5502622150812088949850305428800254892961651752960000000000
91
~ 1,34377 - 10735 R%?
(25)
Two more...The 4096-dimensional sphere
V/(5%09) ~ 8,70008138919055 x 104877 R40% (26)

with a fantastic fraction that can not be written in the margin or space of
this page easily. Surprisingly, the infinite-dimensional sphere volume is zero:
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Objetos geométricos: la hiperesfera(ll)

V(5%) =0 (24)
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Bohr-logy in XD

2d Bohr energy levels and radius

In any 2d Universe, the Bohr-Rydberg energy and radius are:

E = Ke? G + In(n)) , fn=nao(2d) =

For gravitational case, take Ke? — GMm.

Dd Bohr energy levels and radius
In any Dd Universe, the Bohr-Rydberg energy and radius are:

D —4 m f_;g _2D-4 4 m ﬁ 2(2—-D)
- (2) " m (72)

= m ? 4-D eﬁ’ rn(D) = emnﬁ

(26)
For gravitational case, take Ke? — GMm.
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Gravity in XD

Newton in higher dimensions

In any Dd (D = d + 1) Universe (spacetime), the gravitational force, the
gravitational field, the potential energy and the potential read
Mm Mm M M
Fn=0Cp 55 = Gdt1 g1 8= 6pp = Gat1 gy (27)
r r r r
Mm Mm
Ug = GD*,D—a = Gdt1 yd—2
2r((b - 1)/2)Mm 2r(d/2)M
Vg =Gp ~(D=3)/2,D—3 Ga+1 m(d=2)/2(d — 2)rd72(28)

Dilution of gravity: Gy(4d) = Gp/Vp. gy (4d) = g%,M,dR_d ,
h
Mp = \/hc/G ~ 1075g, My, = - A/3 ~107%g.GhA/c3 ~ 107121,

2 /A
MU:%\/E',T/\Nlo%g, My, =\ PVA3

Autor (JFGH)
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Uniform sphere total energy in XD

Gravitational /electric energy for uniform density sphere

d(d —2)M? 1 _ ¢ (D-1)(D-3)M? 1
d+2 RdI2 P D+1 RD-3

with D = d + 1 and M the mass. If M = pV/, then

(29)

Ug = —Gyq1

d(d — 2)79p? D —1)(D — 3)79p?
Ug — _Gd+1 ( )7; P Rd+2 _ _GD ( )( = 3377- 4 RD+1
(d+2)r2 (5 +1) (D+1)r2 (242 +1)
(30)
Trickery for the electric case: substitute G, — K¢, M — Q, with Q = pV. |
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Entropic gravity in XD

Hypothesis for D = d + 1 hyperdimensional Newton gravity:

oxd/2 pd—1
Ay =L
° A=)
A
o N=A(T)/LeY, E = mc® = NkgT /2, AS = 2mkg '"Ch al
Then: AS Y
m
F= T A =GRt
where

37d-1
Gy = 2 ’ = 271=9/21 <d> £ Lo

2 h

bg = —QiGaM;  ¢e = UKsQ = Q/eco(d) Qu = 219/?/T(d/2)
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Zeta function and gravitational constant

Take the functional equation:
¢(s) =257 Lsin (%S) N1—s)¢(1—s)forl—s=d/2. Then, since

d C3Ld71
_ o 1-d/2 (9 P
Gy =27 r <2) W

you can derive that

Gravitational constant and zeta function

d/2 _d 37d—1
. ¢(1—9) (c Ld ) 1)

C(§)cos () \ 7
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Classical atom instability

Hypothesis: non quantum atoms are unstable. To prove this:

E 2e%a°
— (ZTt — %(Larmor formula)

Le2 B mv? > Kie2 B mv?  Ke? B Ke?

R2 ~ R Vo= mR’ ~ 2 R R

1 dE 3 m?*c3R%dR /tc 3m?c3 /0

dt = —— "—dR=—-——"~- """ _ dt = ————~— R?dR

dE dR 16 (EoRo)? 0 (EoRo)? Jr,

dt

We finally get:

Decay time of classical em-atoms

m’c*Ry,  m?ARy  4An?eimPc3Rg
16E2 4Kcet et

~1,6-10"s ~ 20ps

te
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Gravitational music equations

Binary system with M = My + Mo, fow = 2fo, Mc = (MyM3)3/5/MY/5

yields (GR):
G7/3
Lew = — ( ) [Mcrfow] /3

. 9 G5/3
fow == ( ) 8/3 (fGW)ll/3

5

2 GM 5/3
tc—28( = ) [rfow]®

Autor (JFGH) Multiverse of Madness 38 /49



Neutrino oscillations: the equations

Supposing transitions between different neutrino species, via |v,) to |vg)

Neutrino oscillations

A=Pla—pB)=|( V5|Va

Amic3L
A=005—4) Re(Uz;UpiUg; Ug;) sin? ( —ihE ) +
]

Am2c3L

—|—2Z|m Ug,UBJUBJ)sm( 27’iE )(33) with
i>j

Neutrino transition matrix

|vg) = Up|va)

™ = - = .
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Multitemporal physics(l)

_ , dv d?r
Usual 1T newtonian physics: F = ma = mo o =moy = -V U(r),
assuming conservative forces only. Let W = F;dx' the work form, in a ND
manifold V C RV, with submanifold nd M c R" c RV, y! = y/(x),
dy'
ox’

w = fidy' implies dy' = dx’, and also

dy!
oxi

W = Fi(x)dx" — F; = fi(y(x))

Single time manifold approach

dyJ d2yl
f — _— =
| = mdyy pm mdyy gt
Fi = mé dj/’ ayJ =m 7d2y’ 8—}/J
! Woat axi — "M a2 axi
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Multitemporal physics(II)

Going multitemporal with timelike coordinates (t) = t*, a=1,--- ,m

Multitime tensorial Newton 2nd law

82 yJ

fi = my6°?

dt*oth
82)// ayJ

otaotP Ox'

with anti-trace F; = F{, given by the tensor 1-form

f; = myy 0P

o aZyI 8yJ
Otxoth Oxi
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Multitemporal physics(lIl)

Single time Euler-Lagrange 1st order EOM

oL d [dL
6S:O—>E(L):8Xi—dt<6)_<i>:

(Multitime) Euler-Lagrange EOM

§5=0— E(L) = oL —Da<aL.>:o

Ox! 0D, x'

(Multitime) Euler-Lagrange EOM: nth order

E(L) = (-1y (

Jj=0

oL oL
aa{xf) Z( y < DJX)_O
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Multitemporal physics(IV)

Single time Hamilton EOM

Define 1T hamiltonian as H = x’ 6— L, and p; = OL/OX', then
5

d&' 9H . dpi  OH
dt  Op; Pi= gt = oxi

ofi

Multi-time Hamilton EOM

. . L .
Define nT hamiltonian as H = Dax’agi — L, and p® = 0L/0D,x', then
0 X

ox' _oH  Op _ 5 0H

ote — 9p* Ot X
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Detecting exoplanets(|)

30 M, (J)
(P(yr))/* Mc(©)*/3

sin(i)
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Detecting exoplanets(Il)

Microlensing

AGMD Dd Dd RE

R2 = D — S th = —

E ¢z D; ' 0 v

. _ 2D _ 20 |4GM(1 — Ds/D)
0~ 178 B 178 C2 Dd

The impact parameter u reads

- u?+2
T u(u? + 4)1/2

€
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Detecting exoplanets(lIl)

Direct detection

B>£~ A D ( r >—1m
= r 7 10pmu 10pc 1AU
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Detecting exoplanets(IV)

Radial velocity

o _ (275w V3 My (M, + M)Y3sin(i) 1
=|p M, Vi—e

Also, it is usually written with M, + Mp ~ M, as follows

1/3
M, sin(i) = < P ) K.M23/1— e

227G
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Bohr-like quantization of magnetic monopoles

Hypothesis:
@ Magnetic and electric field of a point monopole charge with Q,, = g
and dual charge e, = eg/c = egv/c.

2K eq mv? c?eg  mvRkR nh

et Fn=2Fme=Foor o =T 5 S E -T2 _ 10
Th nhc2(QED) Equivalently: & = 7% & nce
en, eg — .c.D.). ulvalen L= = Oleg — —
& 2Kc a Ve 20 ° 2g

e Dirac-Zwanziger-Schwinger dyonic quantization Z = (e, g):

e182 — €281 = 2mnhc
1
From this, it follows that @ = ne, or Q = (n + 2) e and

Kc hc2F
M=,]Ce="C .
Gn g V KcGpn

The existence of magnetic monopoles implies the quantization of_ Q.
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Doctor Strange in the Multiverse of Madness!
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